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SBummary: In the western borders of the "fl?cm'zone and in the sebzone of Almopia oc-
eurs an extended branch of ophiolitie rocks, in many parts of whiek ehromite ore depo-
sits are observed. The ore deposits of the Vermion - Vora area not studied so far, show
a greal variety of types but generally they belong to the Mﬁﬁftype_ The form of
the ore varies from the massif to the scattered type. The reflectivity of the studied ehro-
mites show slight changes with the chemical composition. The lowest reflectioity is shown
by the argillaceous chromites of Giannakohori. In the fissures of the mineral oecur parts
with higher reflectivity. In rare cases inclusions of uvarovile, magnetite, pyrrhotite, py-
rite and chalcopyrite were obscrved. The x - ray study showed that the lattice constant
a of the studied chromites changes with the chemical composition. The highest calue
(8.2977 A) corresponds to the iron rich chromites of Polykarpi while the lowest (8.
1960 A) by the argillaceous chromites of Giannakohori. The data of the chemical ana-
lyscs show that the chromites of the Vermion - Vora arca belong to two groups, that of
Giannakahori with aluminium rich members and that of all the rest occurrences, poorcr
in aluminium and richer in chromium and iron. Worth noticing is the fact that the ore
of Giannakohort is found in serpentinized harzburgite, whilc all the rest in serpenti-
nized dunite. The fraction Cr/Fe varies between £.21 (Koukouli) and 2.87 (Gianna-
kohori). The results of optical, © - ray and chemical study are in complete agreement
with the observations of PANAGOS (1965) on the chromites of Greece.

INTRODUCTION

Extended areas in Greece are covered with basic and ultrabasic
rocks, a number of which show locally rich to poor ore occurrence of
chromite. Studies, descriptions and communications on the chromites,
of the Greek region have been published in the past (Cayevx 1901,
DepraT 1904, KtENas 196-17, Dovrter 1916, Grorciapis 1920,
Dupark 1928, Lerrz 1929a, 1929b, HiessvErTwER 1937, HIESSLEITNER
and Crar 1951, HiesscerrNen 1937, HiessLeiTnErR 1951, ZacHos
1953, MamraTos 1960). The main investigator of the Greek chromites
Panacos (1960, 1964, 1965a, 1965b, 1965¢, 1965d, 1966, 1969) collected
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all the data on the known chromites in Greece and made a detailed
optical, chemical and x - rays study {(PaNacos 1965e). However in this
study are absent data on the chromites of the Vermion - Vora area,
which extends from the northeastern area of the Alyakmon river to
the Greek - Yugoslavian border, where appears a whole series of ophio-
litic occurrences and corresponding chromite ores. The ophiolite and
chromite area southeast of Alyakmon near Vergina were studied by
Dmmou (1968).

The present paper aims at completing the research with the study
of the chromitic ores of the Vermion and Vora mountains. The experi-
mental part of the research was carried out at the Laboratory of Minera-
logy and Petrography of the University of Thessaloniki.

GEOLOGICAL SETTING - PETROGRAPHY - ORE DEPOSITS.

The Vermion - Vora area belongs to the western part of the Axios
zone (Kossmatr 1924) and borders in the west on the pelagonian mass.
According to AnasTasorouros and Koukouzas (1970) the Axios zone
was overthrust on the eastern side of the pelagonian mass and consists
of parallel slices overthrust from east to west. MERcIER (1973) subdi-
vides the original Axios zone of KossMAT into three subzones from west
to east, the subgone of Almopia, that of Paikon and that of Peonia.
The swbzone of Almopia, where the ophiolites occur, consists of a set
of slices upthrust from east to west, and their cutting off was made in
the base as well as sometimes at the top of the ophiolites-in such a way
that the ophiolitic background can be characterized as aboriginal. The
general stratigraphy of the undisturbed pelagonian mass is Triassic
limestones, schists, ophiolites, transgressional conglomerate Cretaceous
limestones, flysch. In this general setting the ophiolites of the Vermion -
Vora district occupy a considerable area to the north and south of Edessa,
north and south of Naoussa and northwest to southwest of Veria. They
are part of the western branch of ophiolites of the Axios zone, which
begins from Yugoslavia and through Orma, Edessa, Naousa ,Veria and
the Pieria mountains ends at the scattered ophiolitic occurrences of
mountains Olympus and Ossa. The northern part of the above branch
of ophiolites cousists of the original rocks of the chromites studied.
The ophiolites of the above district are not unaffected by tectonic
influences and they usually appear to be serpentinized. Generally do-
minates serpentinized dunite, but also serpentinized pyroxene peridotite
occurs (Giannakohori of Naoussa). The later is recognized easily in
macroscopic speciments from its large and unchanged pyroxene cry-
stals. Under the microscope the pyroxene is recognized as orthorombic
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(enstatite) showing that the rock is a harzburgite.

The mineralogical composition of the serpentinized dunites is dif-
ferent types of serpentine (cellular, with intersected dikes, fibrous) tra:
versed usually by veinlets, consisting of aggregates of magnetite grains
which proves that the original olivine contained enough iron. Rests of
the original olivine is preserved at rare instances only and the size of
its crystals is so small that it is impossible to determine the optical
constants. Next, single crystals of chromite are observed, and rarely
crystals chlorite, kemererite and uvarovite. In some samples we observed
magnetite in thin veinlets within the serpentine. Occurrence of chryso-
tile is not rare and sometimes it forms typical concentrations which
can be characterized as ore deposits (Lycohori of Edessa).

The mineralogical composition of the serpentinized harzburgites
is again different types of serpentine, without any original olivine, Cha-
racteristic i3 the occurrence of large crystals of enstatite of a size up
to 1.5 cm. The crystals are easily distinguished macroscopically from
the rest of the rock because of the characteristic yellowgreen to honey
brown colour. Under the microscope they are colourless and a little
serpentinized at the rim. They are euhedral with a short prismatic
form and occur always in single crystals. They have a weak birefringence,
about 0.008, optic axial angle 60° - 65 and a very weak dispersion p < V.
Characteristic is the presence of numerous very thin platelets of diop-
side, arranged along the (100) direction of enstatite.

These were evidently formed from exsolution, and they are so thin,
numerous and perfectly arranged that at first sight they give the im-
pression of cleavage.

In the serpentinized harzburgites also appear grains of magnetite
as well as single crystals of chromite. At several points of these ophio-
litic masses have been occasionally recognized concentrations. Thus,
Lerez (1929) reports a chromitic ore in serpentine north of Veria; Os-
swaLDp (1938) mentions, chromitic occurrences in Polykarpi, Edessa,
Naoussa and Veria. According to our investigation the concentrations
of chromite appear scattered at various points and differ from simple
occurrences to ore deposits.

Small ore deposits, partly exploited in the past, were found in the
districts Polykarpi of Edessa, Giannakohori of Naoussa and Fytia of
Veria. According to what local people say the last exploitation took
place during the German occupation.

There are also numerous small occurrences in some of which re-
search mining was made in the past. The ore deposits show a great va-
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riety of types which may be generally described as flask - like to lenti-
cular ores with wedging ends.

Tubular bodies as well as sill like formations are rarer. Many of
these formations appear to be inclined and distorted or completely
irregular, a fact showing that the tectonic influence was considerable
during and after the original crystallization period of the magma and
the derivation of chromite crystals from this.

Considerable and extremely variable is the inclination of the chro-
mitic bodies but it does not generally follow a certain law in the Ver-
mion - Vora area.

The shape of the ore shows a smaller variation of types. Generally
dominates the massif ore deposit of chromite, which in some cases are
surrounded by scattered chromite {(Fytia, Veria). The Scurieren plate
type is rare. The scattered ore type is also rare, while the leopard ore
type or bulb type has not been observed in any of the investigated de-
posits and occurrences.

The form, occurrence of the ore deposits and their connection with
the neighbouring rock shows that it is undoubtedly about ores of pedi-
form type. This type of chromife ores is met in basic and ultrabasic rocks
of alpine type.

These data are in absolute agreement with the observations of
Panacos (1965) on the chromite ore deposits of all Greece.

OPTICAL STUDY

Under the microscope the chromite crystals appear either as inde-
pendent grains, of size 0,1 -2 mm, or as aggregates with difficult to
distinguish borders Eugedral crystals are nearly absent. Usuvally they
occur as hypidiomorphic with slightly rounded rims. The magmatic
erosion is usual in chromites of the scattered type (Fig. 1) butitis also
observed in the ScHL1EREN type. On the contrary it is absent from the
chromites of the massif type, but many times the original hypidiomor-
phic crystals are later broken on the (III) plane. Fissures of the mineral
filled with serpentinic material, are very usual. Rarer is the case of fis-
sures without intersecting serpentine. Besides, many times there are
observed very small pores spread regularly in the whole mass the mi-
neral. In polished sections chromite appears with a greyish colour and
a slightl brown shade. Internal reflections are rare in the iron and chro-
mium rich chromites, while the opposite happens with the argillaceous
ores (Giannakobori), The latter can better be distinguished with oil
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immersion and they always appear brownish red.

g, 1
Hypidiomorphic crystal of chromite showing mogmatie ercsion and slight cala-
clasts. Houkouli. Polished section 73 X Nicols//.

The reflectivity of the mineral is weak to usual, and varies slightly
in the different types. The highest (but always weak) reflectivity was
observed in the chromites of Koukoull and the weakest in the argilla-
ceous ores of Giannakohori. Zonal change of the reflectivity was not
observed anywhere. On the contrary in the chromites of Fytia was
noticed a considerably increased reflectivity along the fissures of the
mineral {¥Fig. 2).

This fact was also observed by Dimovu (1968) in the chromites of the
neighbouring Vergina. There, however this fact is connected with pe-
netration of serpentine in the fissures and their enlargment, a fact which
changes the reflectivity in the bordes of the mineral.

Thus, this investigator connects this phenomenon with serpenti-
nization and considers that during serpentinization takes place a gra-
dual substitution of the chromium and aluminium atoms by iron atoms
released during, serpentinization.

According to Ramponr (1969} the case of increased reflectivity in
the fissures is due to erosion or to hydrothermal decomposition with
formation of iron rich chromspinel. Rovtuter (1964) describes the phe-
nomenon as «imonitizationy of chromites because of solutions which
circulate through the fissures. According to our observations the pre-
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Fig, 2

A chromite crystal with breaks where we observe an increased reflectivity. Fytia,
Polished section 73 X Nicols //.

sence of serpentine was never noticed in the {issures, nor was observed
any correspondence between the phenomenon of increased reflectivity
of the mineral along or near the fissures and the phenomenon of serpe-

Fig. 3

Strong cataclasis of a chromite crystal with a eomplete breaking of iL. Giannakohori,
Polished section 78 % Nicols //
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ntinization. At all events the reflectivity of those parts never reaches
that of rhagnetite.

Hence we can not characterize these parts as magnetite but as an
intermediate product. Cataclastic events are not rare. Breaking of the
mineral due to serpentinization of dunite have already been described.
Apart from these, strong breaking due to absolutely tectonic reasons
was also observed. The chromites of Giannakohori show in the borders
of the ore hody a zone of strong mylonitization. The corresponding
polished sections show under the metallographic microscope broken
and pulverized crystals of chromite (Fig. 3 and 4). The change is limited
only in the tecture of the ore and 1s not acompanied by a change of co-
mposition or of reflectivity. Inclusion of other minerals in the chromite
crystals are rather rare.

Fig. 4
Very adearced cataelosis of a crystal of chromite (pulverized crystal}, Giannako-
hori, Polished section 73 X Nicols //.

A part from the serpentinized olivine there ware observed small
melusions of uvarovite, pyrrhotite, pyrite, and chalcopyrite. Exsolu-
tion of ilmenite or myrmekitic texture with magnetite were never ob-
served. -

X - RAY sTUDY'

The x -ray investigation aimed at finding the lattice constant a
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of the chromites studied. The value of this parameter varies with the
chemical composition (CLark and Aepe 1932) and usually is smaller
in the argillaceous members of the group. Powder diagrams from the
chemically analyzed samples were taken so that a comparison of the
values obtained with the chemical composition could be rendered pos-
gible. The diagrams were taken with a Phillips powder diffractometer
with Fe Ka (Mn filter) radiation.

The parameter was calculated from the 113 reflection, which is
the strongest line in chromites. The results are given in the following
Table 1.

TaBLE 1

Latice constant of chromdzs of the Vermion - Vora area

Sample Locality a(A)
1 Polykarpi 8,2077
2 Koukouli 8,2955
3 » 8,2065
4 Giannakohori 8,1960
5 > 8,2040
6 Fytia 8,2774
7 ’ 8,2032

From the Table follows that:

1} The highest value of the constant is shown by the chromites of
Polycarpi, which are also the richest in iron from the group of non - ar-
gillageous chromites of the Vermion - Vora area.

2) A little smaller but neverthless high value is shown by the
chromites of Koukouli, which are the chromium richest from the non -
argillageous group.

3) The lowest value is shown by the chromites of the argillaceous
group of Giannakohori, which have been thus characterized from the
results of chemical analysis.

These data are in absolute agreement with the conclusions of
Panacos (1965) regarding the rest of the Greek chromites.

CHEMICAL STUDY

To determine the chemical evolution of the Vermion - Vora area
chemical analysis on 7 samples were made. The iron was determined
in the total as ferrous, but this does not cause error since no crystal
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chemical calculations were necessary. The results of the analysis are
given in the following Table II. .

TasLe 11

Analysis of chromites of the Vermion - Vore area

Sample Cr,O, ALO, FeO MgO 8i0, Total Locality
1 58,96 10,33 15,28 14,51 traces 98,58 Polykarpi
2 62,43 8,47 13,06 15,67 » 99,43 Koukouli
3 59,01 7,52 13,558 18,25 » 99,26 »
4 46,63 14,32 13,29 24,19 » 98,43 Giannakohori
5 49,98 1510 15,31 18,80 » 99,19 »
6 55,98 7,81 16,71 17,78 » 98,28 Fytia
7 59,41 7,06 1560 16,93 » 99,00 »

Analyst: G. TroNTS108

Since the analysed samples of chromites were carefully separated
from the coexisting serpentine, the Si0; does not enter in the results
except as traces. Thus it was not necessary to calculatet the «final MgO»
that is the resulting MgO after the substraction of MgO corresponding
to the serpentine molecule, from the total determined value. From the
chemical data the partial totals Cr,0, + MgO + FeQ, Cr,0, + ALO, +
FeO and Cr,0; + Al,O, + MgO were calculated as well as the percentage
of the above components in each partial total. The following Table I1I
gives the partial totals of Cr,0, MgO and FeO from the analysis of
Table Il as well as the percentage of the above components in the
total.

Tarre 111

Partial total and percentage of Cry0,, MgO and FeO according
to the analyses of Table II.

Sample Locality Cry0y + MgO + FeO Cry0, % Mg0O?9%  FeO 9,
1 Polykarpi 88,65 66,51 16,25 17,24
2 Koukouli 94,96 68,63 17,01 14,36
3. » 91,74 65,30 19,90 14,30
4 Giannakohori 84,11 55,44 28,76 15,80
5 » 84,09 59,44 22,35 18,21
6 Fytia 90,47 61,88 19,65 18,47
7 » 91,94 64,62 18,41 16,97
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From the calculated values of Table III the projection diagram
of them an equilateral triangle, shown in Fig. 5 (page32Q).

Table IV gives the partial totals of Cr,0,, Al,O, and FeOQ from the
analyses of Table IT, as well as the percentage of the above components
in the total.

TasLE IV
Partial total and percentage of Cr,0;, ALO and FeQ from the analyses of table IT

Sample Locality Cr,0, + ALO, + FeO Cr,04 ALO, FeO
1 Polykarpi 84,57 69,71 12,22 18,07
2 Koukouli 83,66 74,62 9,76 15,62
3 » 81,04 73,95 9,29 16,76
4 Giannakohori 74,24 62,81 19,29 17,90
5 » 80,39 62,17 18,78 19,05
6 Fytia 80,50 69,54 9,70 20,76
7 » 82,07 72,39 8,60 19,01

From the values of Table IV the projection diagram on an equila-
teral triangle shown in Fig. 6 (page30@).

Table V gives the partial totals of Cr,0,, Al,O,, and MgO from the
analyses of Table II as well as the percentage of the above components
in the total.

TABLE V
Partial total and percentage of CryOy, ALOy and MgO from the analyses of Table 11.

Sample Locality Cr,0y + ALO,+ MgO  Cr,0, 9% ALO,% MgO0%
1 Polykarpi 83,70 70,44 12,34 17,22
2 Koukouli 86,07 79,54 9,49 17,97
3 » 85,68 69,92 8,72 21,30
4 Giannakohori 85,14 54,77 16,82 28,41
5 » 83,88 59,58 18,01 292,41
6 Fytia 81,57 68,63 9,57 21,80
7 » 83,40 7,24 8,46 20,30

Fromthe calculate values of Table V the projection diagram of
their projection on an equilateral triangle, shown in fig. 7, (pagedQ).

Finnaly, Table VI gives the percentage of the metallic elements
according to the analyses of Table II as well as the franction Cr/Fe.
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TasLE VI

Percentage of metiallic components and fraction Cr/Fe.

Sample Locality Cr % Fe %, Al oy Mg 9% Cr/Fe
1 Polykarpi 40,34 11,88 5,47 8,69 3,39
2 Koukouli 42,72 10,15 4,32 9,33 521
3 » 40,99 10,56 3,98 11,01 3,98
4 Giannakohori 31,91 10,33 7,57 14,59 3,09
5 » 34,20 11,90 7,99 11,34 2,87
6 Fytia 38,31 12,99 413 10,72 2,95
7 » 40,65 1213 3,73 10,21 3,35

From the diagrams we conclude that the chromites of the Vermion -
Vora area are divided into two groups: the group of Giannakohori chro-
mites and that of all the others. The distinction is very clear in the dia-
grams of Figs 2 and 3 and mainly along the line Al,Q, - Cr,0,. The group
of Giannakohori includes chromites rich in aluminium and iron. It is
remarkable the fact that the parent rock of chromites of the Giannakoho-
ri group is serpentinized pyroxen peridotite (harzburgite), while that
of all the others is serpentinized dunite. THAYER (1940) and BATEMAN
(1950) found out in the chromites of Oregon that the aluminium rich
raembers are connected with feldspar parent rocks, ie. with gabbros
and norites, while the chromium rich are connected with rocks without
feldspars and poor in iron and aluminium. Pawacos (1965) concludes
that the Greek argillaceous chromites are connected with pyroxen pe-
ridotites and the chromium - rich chromites with dunites. This con-
clusion is in absolute agreement with our observations as aiready men-
tioned above.

The chromites of the Giannakohori group show, as mentioned, the
smallest fraction Cr/Fe. From the members of the other group the highest
chromium composition as well as the highest fraction Cr/Fe is shown
by the chromites of Koukouli. In the same group the lowest fraction
Cr/Fe is shown by the chromites of Fytia while those of Polykarpi
occupy an intermediate position.

The results of the chemical study are in complete agreement with
the optical results as regards the reflectivity and with the x - ray ana-
lysis as regards the lattice parameter.
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