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Abstract: The formation, geology and geochemistry of Triadion chromite deposits
{ Thessaloniki} are studied. From the bibliographic data doubts arise whether these
deposits belong to the «stratiforms» or «podiforms type of deposits. The geoche-
mical research of the chromites of the whole series of the Chalkidiki mafie-ultrama-
fic complexes, to which the Triadion chromites belong, gives a Fet+: Mg ratio
between 0.75-1.35. This ratio corresponds to the distriet of mazximum frequency
of chromites from podiform depoesits, but this is not a sufficient criterion, because
the existence of chromites from siratiform deposiis within the same district of
Fett: Mg ratio, is not excluded. The Cr: Cr4-Al ralio varies between 0.528-0.754
t.e., it covers partly the district of chromites from podiform and partly the dis-
trict of stratiform deposits. The Fet+%: Cr4-Al+Fet+ ¥ ratio varies between
0.014-0.067 and shows a low oxygen fugacity during the crysitallization of chro-
miles.

The geockemical rescarch of the minor and rare elements of the Triadion chro-
mites proves an exceplionally low titanium conteni, lower than 20p.p.m. This means
that these chromites belong lo the podiform deposits. The manganese content (av.
value 1483 p.p.m} and vanadium (av. value 367 p.p.m) is much lower than the
corresponding values in chromites from the known siratiform deposits of the world.
Alse the vanadium value is almost equal with that one of chromites from the po-
diform decposits of Bourinos' Generally, the geochemical research of the minor and
rare elements of the Triadion chromites proves their subjection to the podiform
type of deposits. It shows also their origin from the same initial magma with the
gabbros of mount Lanari.

The geological rescarch shows that the Triadion chromites appear in two dis-
tricts of deposiits. In the first district the ore appears scatiered in the form of schlie-
ren with clecar movings during its formation. In the second district the ore appears
in preference, as massif in the form of plates, which are often curved or become
vertical. Sometimes in the first district appears also ore in the form of nodules
in schlieren. The conclusions from the geochemical research of the minor and rare
elements, as well as those from the formation research leave no one doubt that
the chromite deposits of Triadion belong to the podiform type. Consequently, the
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complex gabbro-dunite of the Panorama mount Lanari area belongs to the alp
ne - iype ophiolite complexes. The same conclusions can be extended to the resi
mafic - ultramafic rocks complexes of Chalkidiki which are situated on the NW
to SE series: Height 465 (Exochi of Thessaloniki) - Triadion- Vasilica - Gealarinos -
Vavdos - Ormilia - Nikiti (except the Gomation area).

INTRODUCTION

During the last 15 years it was established and was generally ac-
cepted the distinction of chromite deposits into two great categories:
the stratiform deposits with typical examples the Bushveld deposits
of S. Africa, the Great Dyke of Rodesia and the Stillwater of N. Ame-
rica and the podiform with typical examples the Gulleman deposits
of Turkey, the Coto of Philippines,t he Camagiiey of Cuba e.t.c. {(Thayer,
1962, Kern, 1968). The first are always connected with mafic intru-
gions which are characterized as layered or «non orogenic»gabbro-
peridotite complexes. The second are always connected with ophiolite
complexes which are characterized as alpine - type intrusions. As op-
hiolite complexes were recently characterized only the alpine - type
intrusions (Dickey, 1976) which consist of marine sediments, pillow -
lavas, gabbro and tectonite peridotidore (in descending order) when
the whole suite is preserved. Small amounts of diorite or albite-gra-
nite may also be present in the upper part of the suite. These associa-
tions have been found in alpine - type orogenic belts, in island arcs
{Davies, 1968) and in dredge hauls from the see floor (Bonatti et al.,
1971). Many authors consider that ophiolite complexes are fragments
of oceanic crust, which have been tectonically placed in continental
margins {Mazwell, 1969. Moores and Vire, 1971). Except the ophiolite
complexes, at least other two kinds of gabbro - peridotite complexes
are recognized: the layers in which, as we have said, the stratiform chro-
mite deposits occur, and the concentric in which the ore mineralization
consist mainly of magnetite and platinum (Jacksorn and Thayer 1972).

Especially, for the Greek chromite deposits, Panagos (1965) was
the first one who was occupied with the problem of their distinction,
according to the new ideas. He came to the conclusion that the Greek
mafic - ultramafic formations belong to the ophiolite complexes (or al-
pine - type as it was elucidated above) and consequently, all the chro-
mite deposits belong to the podiform type. In the same category he
classifies the gabbro - peridotite complexes of Chalkidiki as well as the
related chromite deposits, with the deposits of Triadion Thessaloniki
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included. Kern (1968), relying on the relative bibliography, considers
that the chromite deposits of Ormilia Chalkidiki and Xerolivadon of
Bourinos belong to an intermediate category between the stratiform
and the podiform. Jackson and Thayer (1972) consider the complex
of mount Troodos (Cyprus) as alpine - type. Papadakis and Tronmt-
sios {1974) consider the chromite deposits of the Vermion - Bora area
as podiform.

Doubts arise from bibliography concerning the type of Chalkidiki
chromite deposits and especially the deposits of Triadion Thessaloniki.
These deposits are in fact found in dunites underlying the mount La-
nari gabbros. This gabbro-dunite complex shows the following chara-
cteristics, (from bibliography) which after Jackson and Thayer (1972),
constitute the basic criteria for their classification into the layered
complexes:

1) Age over than 1.200 million years (Sepountzis 1969).
2) Cumulate texture of the rocks (Sepourtzis 1973).

3) Existence of a norite gabbro horizon enriched in magnetite with
exsolutions of ilmenite (Sapountzis and Katagas 1975)

To the above main characteristics we can add, the considered by
Sapountzis (1973) as probable, second unit of rocks overlying the
first one i.e., a circular layering which characterizes the layered comp-
lexes. Likewise the Paragos (1965) description of the Chalkidiki chro-
mite as partly massif ore in the form of plates surrounded by scatte-
red ore type, consists rather an indication for the stratiform $ype. The
appearance of only the gabbro-dunite complex in the area of mount
Lanari, and generally the lack of the whole suite of rocks of the ophiolite
complex (marine sediments, pillow - lavas e.t.c.) from Chalkidiki area,
consist also an indication for the stratiform type, but not a sufficient
one, because it is possiple the higher mumbers of the ophiolite suite
to have been removed by corrossion.

The present work treats with the elucidation of this problem, i.e.,
the definition of the genetical type of the Triadion Thessaloniki chro-
mite deposits. For this purpose the known from bibliography chro-
mite analyses of Chalkidiki are used. To these chromites belong the
Triadion chromites which are elaborated with the modern methods
(Irvine 1965, 1967, Dickey 1976). The data of new analyses exclusive-
ly made on Triadion chromites are also used to define the minor and trace
elements of them. The geological study and the form of ore minerali-
zation follows at the end.
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ON THE CHEMISM OF CHALKIDIKI CHROMITES

The chemism of the chromites of one deposit or a group of depo-
sits which occur in a gabbro-peridotite complex constitutes a significant
criterion for the classification of the deposit into the stratiform or
into the podiform type. The chromites of the podiform deposits are,
as a rule, more magnesian and in the histogram of the Fe++: Mg ra-
tio (atomic proportions) they show a maximum of frequency in the
district between 0.3 and 0.7. On the contrary the chromites of the
stratiform deposits show the maximum of frequency in the district
between 0.7 and 1.0. Except these two maxima there are chromite sam-
ples from both categories which cover all the width between 0.3 and
2.3 and consequently, the value of this ratio does not constitute a safe
criterion. The Cr: Al+Cr ratio (also in atomic proportions) shows a
great dispersion in the chromites of the pofidorm deposits, ranging from
0.4 to 0.9 with a small gap in the district from 0.55 to (.62, while in
the chromites of the stratiform deposits it shows a smaller dispersion
limited between 0.58 and 0.7. The TiO, content of the chromites consti-
tutes also a decisive criterion. In the chromites from podiform depo-
gits the content is below the 0.3% in weight while from stratiform is
over this limit. Dickey’s (1976) results are based on 117 new analyses
of chromites, from different deposits of the world from both categories
and agree with Thayer's (1970) results as regards the Cr: Al4Cr ratio.

For the study of the chemism of Chalkidiki chromites, 11 analyses
known from bibliography were used (Donath 1968, Panagos 1967a).
In these analyses titanium, which plays such a decisive role in the
distinction of the two categories, has not been calculated. The calcu-
lation of titanium and other minor and rare elements was made in
individual analyses only on the Triadion chromites, as it is mentioned
in the next chapter.

The chemical composition of the Chalkidiki chromites is given in
table I.

Their high Ca content causes an impresion at once. But, given
that the high calcium values are accompanied with corresponding high
gilicon values, it i8 very probable the hight calcium values to be due
to impurities of secondary dolomite with Si0,, which sometimes ap-
pears in ultramafic rocks, or besides to Ca-rich pyroxene. In the num-
ber 1 analysis, which concerns a chromite from Triadion, the high
calcium value (Ca0=2.5%) is not accompanied with high silicon (SiOs=
1.45%,) and at least part of this high percentage exists in the cromite.

WYnoeiakh BiBAI0BAKN Ocd@paaTog - TuAua MewAoyiag. A.lM.O.



TABLE T

Chemical analyses of Chalkidiki Chromites
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1 2 3 & 5 6 ? 8 9 10 11
8i0, 1.45 3.7 418 490 509 660 490 392 594 11.86 913
Cry0y 52.65 51.05 38.75 51.69 5240 4545 48.09 48.36 51.45 42.33 46.16
FeQ 16.80 1510 15.45 1131 1424 16.40 1421 12,98 13.27 12.11
Fe,0, 19.90* 5.21 1.69 194 1.57 2,57 1.32 169 125 1.07 3.27
Al Oy 12.32 12.03 2321 13.41 1402 14,76 13.69 13.56 13.89 9.28 14.53
Ca0 2.5 0.22 1.37 260 182 2.07 260 2.29 1.36 2.03 0.87
MgO 10.85 10.47 12,96 10.20 13.62 12,98 13.96 15.02 13.34 17.55 14.26
Sum 99.67 99.55 97.256 99.89 99.53 100.37 100.96 99.06 100.23 97.39 100.33
MgO fin. 9.40 7.66  8.78 530 853 6.38 9.06 1110 7.40 569 513

* It is evidently about the total iron which was determined in the analysis number one as
Fe,0,. From this, after calculations (on the stoichiometric basis of 32 oxygeu atoms, § atoms of
bivalent and 16 atoms of trivalent metal) results FeO=15.84 and Fe,0,=2.24.

Localities:

1. Triadion 2, 3, 5: Ormilia &, 6, 7, 8: Galarinos 9, 10, 11: Vavdos
Sourche:

1: Donath (1962)

2-11: Panagos (1967}

This is in agreement with Sapountzis (1973) results that the magma
of the gabbroic rocks of the area was very rich in caleium.

From the data of the chemical analyses of table I we calculate
the atomic proportions (percentage) for the main components of the
Chalkidiki chromites, The results are given in table IL

TABLE ]I

Atomic proportions (percentage} caleulated from Table I

1 2 3 4 5 6 7 8 9 10 11
Fet+ 6.93  8.32 7.02 8.88 6.11 7.95  7.20 5.97 7.09 8.09 820
Mg .36 5.97 7.27 5.4 8418 6.3& .09 832 7.20 6.20  6.09
Cr 20.58 19.74 1497 20.20 20.02 1854 19.77 1977 20.08 21.22 18.59
Al 7.19  6.93 13.18 7.63  8.07 9.04 837 846 810 692 8.73
Fet++  0.81 1.9 0.63 073 0.49 100 (.44 0.64 0.4 044 125
O 5744 57.43 5713 5745 5748 5743 5743 5744 5743 5743 5744
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From the data of table I the Fe+t+: Mg and Cr: Cr+Al (Dickey

1976) as well as the Fet+: Mpg+-Fet+, Mg:Mg-lFet+ and Fe+++
Ctr+Al4+Fet+++ (Freine 1967) ratios were calculated, The results are
given in table III. From them the following conclusions result, as re-
gards the chromites of Chalkidiki:

1. The Fe++: Mg ratio varies between 0.72 and 1.35, i.e. it coin-

cides with the district of maximum frequency for the chromi-
tes from stratiform deposits. But as it was emphasized before,
this value does not constitute a sufficient criterion.

. The Cr: Cr4Al ratio varies between 0.528 and 0.754, i.e. it

covers partly the district of the chromites from stratiform and
partly the district from podiform deposits with a greater diver-
gence to the second

. The Fet++: Cr+Al+-Fet+++ ratio varies between 0.014 and

0.067 i.e it 1s exceptionally low which shows a low oxygen fu-
gacity. This is in agreement with Sapountzis and Katages {(1975)
same conclusions for the gabbros of mount Lanari.

From the above results that the chemism of Chalkidiki chromites

does not give clear indications for the type of the chromite deposits.

Fe++: Mg

TABLE III.

Ion ratios for the Chalkidiki chromites (atomic proportions)

1 2 3 4 5 6 7 8 9 10
094 1.39 097 164 075 1.25 1.00 072 098 1,30

Fet+:Mg+Fett+  0.485 0.582 0.491 0.621 0.428 0.556 0.504 0.418 0.496 0.566
Mg: Mg+t-Fet+ 0.545 0.418 0.509 0.379 0.572 0.44% 0.296 0.582 0.504 0.43%

Cr:Cr+ Al

0.741 0.740 0.528 0.726 0,713 0.672 0.703 0.708 0.713 0.754

Fet+: Cr+Al4-Fed+ 0.028 0.067 0.022 0.026 0.017 0.035 0.015 0.022 0.01% 0.016

GEOCHEMISTRY OF THE MINOR AND RARE ELEMENTS
OF THE TRIADION CHROMITES

For the study of the chemism of the minor and rare elements of

the Triadion chromites, chemical analyses for the elements Ti, Mn,
Co, Ni, V and Zn were carried out on six chromite samples. The chemi-
cal analyses were carried out in the mineralogical Laboratory of Hei-
delberg (W. Germany) using the method of atomical absorption. The
results are given in table IV.
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TARLE IV.
Chemical analyses on chromite samples from Triadion, Thessaloniki

Ti p.p.m. Mn p.p.m. Co p.pm. Nip.pm V p.pm. Zn p.p.m.

1 <20 1400 300 600 480 440
2 <20 1400 500 700 460 500
3 <20 1300 300 1,000 240 200
& <20 1700 300 600 350 210
5 <20 1700 500 500 310 245
6 <20 1400 300 600 260 245

Chemist who performed the analyses: E. Krouzed. Heidelberg (W.
Germany).

From table IV the following conclasions result:

Titanium: The Triadion chromites are exceptionally poor in titanium.
Their titanium content is below the sensitivity limit of the used appa-
ratus (20 p.p.m.). The low titanium content of the chromites (TiOy<0.3%)
constitutes, after Dickey (1976), a safe criterion for their classification
in the category of the chromites from podiform deposits which are
always connected with alpine - type ophiolite complexes.

It must be noted that the overlying gabbros of meunt Lanari,
show also a relatively low titanium content which varies between (.01
and 0.73% in TiO, with an average value, from 36 analyses of 0.178%,
in TiO, {Sapountzs 1973). In these gabbros titanium is found in the
form of ilmenite exolved in magnetite. Any way, the value of 0.178%,
TiO, is very high in comparison with that of the chromites.
Manganese: The manganese content of the Triadion chromites varies
between 1300 and 1700 p.p.m. with an average value of 1483 p.p.m.
in Mn or 0.188% in MnO. Manganese consequently, appears in rela-
tively constant proportion or with a small fluctuation. The found a-
verage manganese content is lower than of the chromites from the
Fiskenaesset stratiform deposit of Greenland where the average con-
tent amounts 4,120 p.p.m. (Ghisler 1976). It is also lower than that
of other chromites with 0.8 - 0.58% in MnO (Berger 1968) and slightly
lower than the average content of peridotites with 0.21% in Mn (Noc-
kolds 1959) and of the mafic rocks generally, i.e. basalts, diabases,
gabbros and norites with 0.22% in MnO (Vinogradov 1956). It must
be noted that the overlying gabbros of mount Lanari contain 0.1 to
0.18%, MnO with average value of 0.13% in MnO (Sapountzis 1973)
i.e., they are also poorer in Mn than the mafic rocks of other localities
as was noted before.
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Cobalt: The cobalt content of the Triadion chromites varies between
300 and 500 p.p.m. with an average value of 367 p.p.m. Cobalt con-
sequently, appears in relatively constant proportion or with a small
fluctuation. The found average cobalt content is 2.5 times higher than
that of the dunites with 148 p.p.m., 3 times than that of peridotites
with 127 p.p.m. (Kuhkr 1968) and nearly 9 times than that of the tho-
leiitic basalts with 42 p.p.m. (Wedepoh! 1963)}. Unfortunately, we have
not data on the cobalt content of the overlying gabbros.

It must be noted that the chromites from the Fiskenaesset stra-
tiform deposit (Greenland) have an average cobalt content of 250
p.p.m. {Ghisler 1976), i.e., about 2, of the Triadion chromites content.
Nickel: The nickel content of the Triadion chromites varies between
500 and 1000 p.p.m. with an average value of 667 p.p.m. It consequently
shows a perceptible fluctuation in the different samples. For compari-
son, we state that the chromites from the stratiform deposit of Bushveld
have an average NiO content of 1.3%, or 10.216 p.p.m. in Ni (Donath
1962), i.e., an amount 15 times higher than that of Triadion.

The overlying gabbros of mount Lanari have a Ni content varying
between 11 and 283 p.p.m., with an average value of 148 p.p.m. (Sa-
pountzis 1975). This value is low in comparison with the average va-
Iue of norites with 300 p.p.m., gabbros with 222 p.p.m. and basalt with
220 p.p.mi. {(Kuhrn 1968). Boldt and Quenean only (as Prokop 1975
states on p. 13) give an average Ni content of 160 p.p.m. for gabbros.
The average Ni content of the ultramafic rocks is very higher.

Thus, dunites have an average Ni content of 2, 187 p.p.m., peridoti-
tes 1,167 p.p.m. and pyroxenites 607 p.p.m. (Kuhrn 1968). Dunites
of the ophiolite complex of Vourinos contain 0.35% NiO or 2,765 p.p.
m. Ni, while the harzburgites 0.28% NiO or 2,200 p.p.m. Ni (Moores
1969). The Ni content of dunites from the layered complex of Muscox
(Canada) changes in a circle with depth, varying between 1,400 to
2,300 p.p.m. to a depth from 800 to 1,000 ft, 1,100 to 2,700 p.p.m. for
the depth 1,100-1,500 ft, 1,700 - 3,100 p.p.m. for the depth 1,520-1,850
ft and 1,500-2,800 p.p.m. to a depth from 1,900 to 2,000 ft (Irvine and
Smith 1967). Given tbat the Ni slips especially in the olivine structure
(Burrps and Fyfe 1966), the great difference in content between ma-
fic und ultramafic rocks as well as between dunites and pyroxenites,
is justified.

Varadium: The Vanadium content of the Triadion chromites varies
between 310 and 480 p.p.m. with an average value of 367 p.p.m., i.e.,
it shows a rather small fluctuation. For comparison we mention the
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semiquantitatif analyses for vanadium which were carried out on the
chromites from the podiform deposits of Vourinos (Panagos 1967b)
by the spectroscopic method. From these analyses an average content
results, for 35 samples, equal to about two crosses (), where one
cross (+) corresponds to 0.01% V and 4 crosses (++++) to 0.1% V.
If we accept an analogous change of the content with the number of
crosses, a content results expressed with two crosses, equal to 0.04%
V or 400 p.p.m. V, a value very similar with that for the Triadion chro-
mites. On the contrary, the V content of the chromites from the stra-
tiform deposits rises to 2070 p.p.m. for the chromites of Fiskenaesset
{Ghisler 1976) and 0.8%, in V,05 (Dorath 1962) or 4521 p.p.m. V,
for the chromites of Bushveld. These values are almost sixfold and
tenfold than those of Triadion chromites correspondingly.

The content of the overlying gabbros of mount Lanari varies bet-

ween 87 and 569 p.p.m. with an average value, of 164 p.p.m. This va-
lue is clearly lower than the mentioned by Upton and Wadsworth (1972)
average vanadium value for the cumulate gabbros (200 to 215 p.p.m.)
as well as the mentioned by Bose (1973) average vanadium value for
the olivine gabbros (180 to 320 p.p.m.) and the tholeiitic basalts {230
p-p-m.} as stated by Wedepohl {1963).
Zine: The zinc content of the Triadien chromites varies between 2
and 500 p.p.m. with an average value of 307 p.p.m., i.e. it shows a
perceptible fluctuation. The zinc content of the overlying gabbros of
mount Lanari varies between 1 and 47 p.p.m. with average value of
17.5 p.p.m. This value is very low in comparison with the stated by
Upton and Wadsworth (1972) average value of 200 to 215 p.p.m. Zn
for the cumulate gabbros and the stated by Bose (1973) average va-
lue of 180 to 320 p.p.m. for the olivine gabbros. Exceptionally high
zinc contents of chromites are stated by Pearre and Heyl (1960) from
the Woods Mine deposit of Maryland (U.S.A) with 5000 p.p.m. Zn
and by Thayer et al (1964) Tor the Qutocumpu decosit of Filland with
2.62 to 5.829%, in ZnO. Weiser (1967) states a zinc content 9.69, within
zonal chromite from the same deposit. However, it must be noted that
the Outocumpu deposit contains mainly sulphide ores.

From the above mentioned the folowing conclusions result, for the
geochemistry of minor and rare elements of the Triadion chromites:

1. The titanium content is exceptionally low (<20p.p.m. Ti} and
classifies the deposits of Triadion into the podiform type.

2. The manganese and vanadiwn content are lower than the cor-
responding contents of the same elements in the chromites of the known
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stratiform deposits of Fiskenaesset and Bushveld. This confirms the
conclusion 1.

3. The nickel content is very lower than the corresponding in the
chromites from the Bushveld stratiform deposit. This also confirms the
conclusion 1.

4, The vanadium content is about equal to that of the chromites
from Vourinos podiform deposits. This alse confirms the conclusion 1.

5. The low content of the elements Ti, Mn and V corresponds
also to a low content of the overlying gabbros of mount Lanari. This
shows that the chromites and the gabbros originate from the same
primitive magma which is confirmed by geological observations.

GEOLOGY AND CHROMITE MINERALIZATION OF THE TPIADION AREA

The chromiferous area of Triadion Thessaloniki lies on the we-
stern slope of mount Lanari, to the east of the homonymous village
and at a distance of 1 kilometer from it. Fig. 1. The mount Lanari
and the south - western slopes of the mount Chortiatis till the Pa-
norama district, consist of gabbroic rocks, i.e., gabbronorites, olivine
gabbronorite and gabbros with clinopyroxene (Sapountzis 1973). These
rocks at the lower part, i.e., on the western and southern slopes, change
into dunite in which the ore mineralization occurs. According to our
observations, the gabbroic rocks appear also near the village Exochi,
on the height 465 at a distance of 1.5 km to the southwest of the vil-
lage. The complex Lanari-Panorama as well as the small appearance
of gabbros on the height 465 belong to the complex of mafic and ul-
tramafic rocks of Chalkidiki, which extends from the area of Thessalo-
niki to the Toronean gulf as a suite with a NW to SE direction, Fig. 2.
It consists of the districts: height 465, Panorama-Lanari, Vasilika,
Galarinos, Vavdos, Gerakini and Nikiti after the names of the nearest
mount or village (Fig. 2). Between them small appearances are inter-
posed. This district constitutes, with the NW of Thessaloniki and till
the Greek-Yugoslavian frontiers extending mafic - ultramafic suite, the
eastern branch of ophiolites (Hiesslestner und Clar 1951) of the for-
merly Axios zone after Kossmat (1924). After Mercier (1966), this part
belongs to the tectonic zone of Paeonia.

The ore mineralization develops especially in two discernible di-
stricts. The first occurs 500 to 700 m far from the last houses and to
northeast of the village and the second at a distance of lkm to the east
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Fig. 1. Geological map of the Triadion aree with ehromite mineralization.

of the village. The two districts consist of dunite with chromite mine-
ralization. The first contains the height 350 while the second extends
over this height. (Fig. 1).

- The metalliferous dunite appears almost unaltered in the first di-
strict. The chromite appears as scattered ore in the form of schlieren.
(Fil. 3, 4, 5, 6). Eleven such schlieren, overying one another, have been
counted, but probably there are more in the depth. These schlieren
are almost parallel, (Fig. 3} they have a thickness of 15 to 20 cm and
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Fig. 2. A map skowing hie meafic and ultramafic rocks complex.

they are 1m far from each other. They have a constant SE - NW atti-
tude and dip 27°to SW. In this area 13 ancient galleries, shafts or sur-
face excavations have been enumerated. According to the oral infor-
mations from the villagers, the last exploitation in both the metal-
liferous districts refers to the period of German occupation (1941-44)

Microscopically examined the ore appears in the form of euhedral
and intensily magmatically corroded crystals inside a slightly serpen-
tinized dunite. (Fig. 7,8, 9). This magmatic corrosion shows a re - equi
libration which is characteristic for the ophiolite complexes of alpine
type (Jackson and Thayer 1972). Measurements of the optic axial an-
gle 2V on the unaltered olivine of dunite have always given 2V=90°¢
Consequently, it is about an olivine with Foy - Fay,, (Tréger 1971).
The difference which appears in the olivines of the overlyinggabbros
with Fogy g9 to Foqg .3 (Sapourtzis 1973) is justified, because, as it is
known the olivine of the initial stages of crystallization is more magne-
sian. The serpentinization appears as beginning under the microscope
(Fig. 1) and often advances within the fructures of the chromite cry-
stals, (Fig. 10, 11, 12),
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In a careful observation, the ore shows clear indications of tecto-
nic texture, which is characteristic for the ophiolite complexes of al-
pine type (Jackson and Thayer 1972). Thus, the schlieren often ap-

Fig. 4. Cromite crystals scattered in dunite in the form of slightly curved shlieren.
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pear with varying thickness wedging at the rims, (Fig. 5). Sometimes,
two systems of schlieren appear crosscutfing each other in an acute
angle. The curvat‘on and generally the distortion of the schlieren is
not rare, (Fig. 4).

Fig. 6. Magnesite veinlets (white) crosseutting the chromite schliren.
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Fig. 7. Euhedral chromite erystal in slightly serpeniinized dunite. Thin section.
One niecol, 46X,

Fig. 8. Euhcdral chromite crystal in slightly serpentinized dunite. Thin section.
One nicol, 123X.
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Fig. 9. Magmatically corroded chromile crystals in serpeniinized dunite. Thin se-
ction. One nicol, 46X.

Fig. 10. Advanced serpentinization within the fractures of the chromite crystals
Thin section. One nicol, 46X,
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Fig. 11. Adeanced serpentinization within the fractures of the chromite crystals.
Thin section. One nicol, 46X.

Fig. 12, Advanced serpentinization within the fractures of the chromiir crysrals,
Thin section. One nicol, 46X,

WnoeiakA BiBAI0BAKN Ogd@pacTog - TuAua MewAoyiag. A.MN.O.



,
]

316

A particular characteristic of this district is the fact that the ore

appears also in nodular form to leopard type ore. In some cases chro-
mite nodules appear surrounded by schlieren, (Fig. 13) something that

ia?

Fig. 14. Massif chromite in the form of a plate.
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is observed for the first time, at least according to the accessible for
us bibliography. The appearance of chromite in the nodular form con-
sists also a characteristic of the alpine - type ophiolite complexes (Jack-
son and Thayer 1972),

The formation of magnesite is very limited in the area of the chro-
miferous duites and ag a rule it appears in the form of veinlets crosscut-
ting the chromite schlieren vertically or obliquely, ( Fig. 6). The forma-
tion of magnesite is very posterior as it is shown by its limitation within
posterior faults of the rock and/or of the ore.

The second metalliferous district lies to the southeast of height
305. Here, 19 galleries, shafts and surface excavations have been enu-
merated totally. As a rule, the shafts and the galleries are deeper than
those of the first district. The difference in the ore is characteristic.
Here, the schlierens do not appear but instead of them rather massif
ore. The thickness of the plates (Fig. 14),is over than 15c¢cm and the
distance between them over than 1m. The initially horizontal plates,
often appear folded or changing in attitude and dip becoming verti-
cal or oblique in an irregular way. The surrounding the ore dunite ap-
pears under the microscope more intensily serpentinized and someti-
mes changed into tale. On the unaltered parts of the olivine the optic
axial angle 2V is also 90° and consequently, it is about an olivine with
‘Foyy - Fay,. The chromite appears under the microscope less euhedral
and also less magmatically corroded than that of the first district
(schlieren type). Cataclasis of the chromite crystals is observed nowhere
and consequently, the moving had taken place when the material (cry-
stals--intercumulus liquid) was in a plastic condition.

Consequently, the conclusions from the study of chromite mine-
ralization of Triadion, state that the gabbro - dunite complex of the
Panorama - Lanari district is an alpine - type ophiolite complex and its
chromite deposits of podiform type. This conclusion may also be extended
to the rest mafic-ultramafic rocks of Chalkidiki, which (except the Go-
mation district) belong to the same locality. A confirmation to this
constitutes the fact that, nowhere in Chalkidiki have been observed
{or stated in bibliography) phenomena of thermal metamorphism with
the mafic rocks, a phenomenon which is also characcteristic of the al-
pine type ophiolite complexes (Jackson and Thayer 1972).

WYnoeiakh BiBAI0BAKN Oed@paaTog - TuAua MewAoyiag. A.MNM.O.



10.

11.

12.

13.

14.

15.

16.

REFERENCES

. BErGER, A. (1968): Zur Geochemie und Lagerstittenkunde des Mangans,

Glausthaler Hefte zur Lagerstitienkunde und Geochemie der Minerali-
schen Rohstoffe. Hef 7 276 p. Stuitgart G. Borntriger.

. Boxatri, E. Honnorez, I. and FeErrara G. (1971): Peridotite-gabbro-basalt

complex from the equatorial Mid-Atlantic Ridge. Phil. Trans. Roy,
Soc. Lond A 268 p. 385-402,

. Bosg, M. K. (1973): Petrology and Geochemistry of the Ignecus complex of

Mount Girnat, Gujarat, India. Contr. Min. and Peir. 39 p. 247-266.

. Burns, R. O. and Fyre, W. 8. (1966): Behavior of Nickel during magmatic

crystallization. Nature 210 1147-1148.

. Davigs, H. L. (1968): Papuan ultramafic belt. 23rd Int. Geol. Congr. Prague

Rep. 8ect. 1 p. 209-220.

. Diceey, J. 8. (1976): A hypothesis of origin for podiform chromite deposits.

In chromium (Editor T. N. IRVINE) p. 1061-107%. Pergamon Press

. DoNatu, M. (1962): Chron. Die Minerallischen Rohstoffe Band 14 Ferdinand

Enke Verlag. Stuttgart. 371 p.

. CEisLEr, M. {1976}: The Geology, Mineralogy and Geochemistry of the Pre-

Orogenic Archaean stratiform chromite deposits at Fiskenaesset, West
Greenlaud. Monograph Series on Mineral Deposits. No 14 156 p. Geb.
Borntrager. Berlin.

. HigssariTER, G. und Crar, E. {1951): Ein Beitrag zur Geologie und Lagerstit-

tenkunde (chromerz - und Nickellagerstiiten) basischer Gesteinzuge in
Griechenland. Akad. d. Wiss, math - nat. Kl. Abt I 160 p. 679-709.

Irving, T. N. (1965): Chromian spinel as a petrogenetic indicator Part 1 The-
ory. Can. Journ. Earth Sci. 2 p. 648-672.

Inving, T. N. {1967}: Chromian spine as a pelrogenetic indicator Part 2. Pe-
trological Applications Can, Jounr. Earth Sei. 4 p. 71-103.

Imving, T. N. and Smrra, C. H. (1967): The ultramafic rocks of the Muscox
intrusion northwest territories, Canada. In: Ultramafic and related Rocks
{Editor P. J. Wyllie}. John Willy and Sons New York p. 38-49.

Jackson, E. D. and Taaver, T. P.{1972): Some Criteria for Distinguishing Bet-
ween Stratiform, concenfric and Alpine Peridotite - Gabbro comple-
xes. 24 Int. Geol. Congr. Section 2 p. 289-296.

Kern, H. (1968}: Zur Geochemie und Lagerstittenkunde des chroms und zur
microskopie und Genese der Chromerze. Glausthaler Hefle zur Lagers-
téttenkunde und Geochemie der mineralischen Kohstoffe Heft 6 236
p. Geb. Borniriger. Berlin.

Kosmuar, F. (1924): Geologie der zentrales Balkanhalbinsel (Dio Kringsschau-
plitze 1914-18 geologisch dargestelit) 12 198 p.

Kuenn, K. (1968}: Zur Geochemie von Nickel und Kobalt. Ges. {. Strablen-
forschung m bH. GSF. Report T 13. Miinchen.

WYnoeiakh BiBAI0BAKN Ocd@paaTog - TuAua MewAoyiag. A.lM.O.



17.

18.

19.

20.

21

22,

24.

25,

26.

27.

28,

29,

3.

32.

33.

319

MaxweLL, J. C. (1969): <Alpine> mafic and ultramafic rocks. The ophiolite
suite: a contrihution to «The discussion of the paper> The origin of
ultramafic and ulirabasic rocks> by F. J. Wyllie. Tectonophysics 7 p.
4B89-494,

MEeRcIER, J. [1966): Etude Geologique des zones internes des Hellenides en Ma-
cedoine centrale (Gréce). I these présenté a la faculte de sciences de
I'Université de Paris..

Moongs, E. M. {1969): Petrology and structure of the Vourinos ophiolitic com-
plex of northern Greece. Geol. Soc. Am. Spec. Pap. 118 60 p.

Moores, E. M. and Ving, F. J. (1971}): The Troodos Massif, Cyprus and other
ophiolites as occeanic crust: evaluation and implications. R. Sec. Lond,
Phil. Truns, Ser. A 268 p. 443-466.

. Nockowrps, S. R. (1954): Average chemical compositions of some igneous

rocks. Bull. Geol. Boc. Am. 65 p. 1007-1032.

Parapakis, A. and Trontsios, G. (1974): Contribution to the study of chro-
mites of the Vermion-Vora area. Sci. Annals, Fac. Phys and Mathem,
Univ. Thessaloniki, 14, p. 289-303.

. Pearng, N. €. and HEevr, A. V. (1960): Cromite and other mineral deposits

in serpentine rocks of the Piemont upland, Maryland, Pennsylvania
and Delaware-U, 8. Geol. Burvey. Bull 1082-K p. 707-833.

Panacos, A. (1965}: Beitrag zur Kenntnis der griechischen chromite (gr.e-
chisch mit dt. Zusammenfassung). Ann. Geol. des Pays Hell. 18 p,
1-42.

Pawacos, A. {1967 a): Zur chemismus der Chromite von Chatkidiki (griechi-
sch mit at. Zusammenfassung) Prakt. Akad. Athen 42 p. 124-134.

Panacos, A. {1967b): Die Verteilung einiger Spurenelemente in den Chromi-
terzen von Vourinon. {griechisch mit dt. Zusammenfassung). Ann. Geol,
des Pays Hell. 18 p. 421-435.

Prokor, F. W. (1975): The future econom.c significance of large lowgrade
Copper and Nickel deposits. Mon. Ser. on Mineral Deposits 13 67 p.
Geb. Borntriagr. Berlin.

garouwTzis, E. (1969): Petrography and Geclogical position of the Thessalo-
niki green gneisses Sci. Ann. facult phys. and math. Univ. Thessaloniki
11 25-124. (in Greek, Engl. summary),

Sarountzis, E. (1973): Geochemical and Petrogenetic study of the gabbroic
rocks of the Thessaloniki area. 1-218 (in Greek, Engl. summary).

. SapounTzis, E. and Katacas, C. (1975): The iron-titanium oxides of the Thes-

saloniki gabbros (North Greece). Ann. Geol. d. Pays Hell. 26 p. 410-416.

Taaver, T. P. (1962): Application of structural petrology in exploration for
podiform chromite deposits. Rep. 5th Meet. Geol. of F.B.R. of Yugo-
slavia, Beograd.

Taaver, T. P. (1970): Chromite segregations as petrogenetic indicators. Geol.
Boc. S. Africa Spec. Pube 1 p. 330-390.

Taavynr, T. P. Mivton, C. Dinniw, J. and Rosg, H (1964): Zincian chromite

from Outokumpu, Finland. Am. Min 49 p.1178-1183..

. Trecer, W. E. (1971): Optische Bestimmung der gesteins-bildenden Mine-

rale Teil. 1 Bestimmungstabellen, Stuttgart 188 p.

WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.



320

35. Upron, B. G. and Wapswora, W. J. (1972): Peridotitic and Gabbroic Rocks
assosiated with the Shield-Forming Lavas of Reunion. Contr. Min. and
Petrol. 35 139-158.

36. Vinocrapov, A. P. (1956): Regularity of distribution of chemical elements
in the earth’s crust. Geochemistry 1-i4.

37. Weperoni, K. H. 1963}: Die Nickel-und Chromgehalte von basaltischen Ge-
steinen und deren Olivin - filhrenden Einschliissen. N. Jb. Min. Petr,
Mh. p. 237-242.

38. Weisen, T. (1967): Zink-und Vanadium - fiihrende chromite von Outokumpu
Finland N, Jb {. Miner. Mh. p. 234-243.

WnoeiakA BiBAI0BAKN Ogd@pacTog - TuAua MewAoyiag. A.MN.O.



IIEPIAHYIZ

ZXHMATIZEMOZ, I'EQAOTTA KAI TEQXHMEIA TOQN
KOITAZMATQN XPOQMITOY TOY TPIAAIOY GEXIAAONIKHI

‘Trd
A. ITATTAAAKH

{’ Egyactijowy *Oguxcrolovias xai Herpoygapios 1oi Havemotnulov ®ealvixns)

Meketdvrar 6 oynpatiopds, § yewhoyla xal yeoymueln &y xorrooud-
Tov ypopitov tob Tpdlov Ocosdrovixnsg *Ex tév Sedopbvav tHsfifioype-
plog Spiovpyobyvron apguBoline ddv dvijxouy eig Tdv Thmoy Tév aTpwpaTOPbp-
qwv 3 tiv Aofopbppwv xotaapatwv. “H yeoymusd Epsuva tav ypopitéy
GAordNpov T oetplic T Baotndy - drtepPaaikév suyrpoTnpdTey THE Xoh-
iy, elg whv bmolay dviixouv xat of ypwplitwe ol Tpwdlov, 3ider oyéary
Fe++: Mg peratd 0.75-1.35. “H oyéors abmn dvramoxplveton lg mhv mepro-
v peylomg ougvbryrog TAY Ypwpitidv Ex hoBopbppwy xortagudTwoy, dA-
Az Tolro 3tv elvon dopadris xprripiov Sbmt Bdv dmoxdheteton 9 Smaphig ypepu-
6y E&x otpwpatopbpwy xottacudtwy elg Thy Slav mepoyyy 7ol Adyou
Fe+t+: Mg. 'H oyfog Cr:Cr+Al xvpaiveton petald 0.528-0.754, wodrd-
wree Snhadd &v péper Thy meploydy OV ypwpitdy Ex Aofopbppwy xotTacud-
Ty xat &v pépet Ty Teployy TAY ypopitdy &k orpwpatopdppuy. ‘H oyé-
owg Fe+++: Cr4+Al4+-Fr+++ xopoiverat petebd 0.014-0.067 xai Sexvie
XNy Evepydmyra dEuybvou xotd THY XPUSTEAAWGLY TGV YpwUtTdv.

‘H yeopnuxd) Epeuve tév EAxoodvay xat oravioy oroueiny TGV ypw-
perdv ol Tpadlov dmodewevder Eapetindic wixpav wpdv wetaviov, pixpo-
wépav Tév 20p.p.m. Tobro oypaiver 81t ol ypwpiton adrol dvixouy elg Aofb-
poppa xortdopata. ‘H wmpextmixbryg elg poyydviov (p.o 1.483 p.p.m}) xai
Bavddiov (.0 367 p.p.m) elvat mord pixpotépu Tév dvrmiorolywy Tipdv elg
reopitag éx Yvootdy otpupatépoppuy xotacspdrey Tl xbapov. 'Eniemg
7 T Tob Pavadlov slvar oyeddv Tom pd mhy tdv ypourttdvéx Ty AoPopdp-
v xowtacpdtev Tol Bovpiveu. Fevixdie f yewymund) Epevva &y Ehasoovay
xat emaviay stouyeloy Tév ypouitdv 1ol Towdlov drodewvier Ty dmoywyiy
tov elg tiv Aofbpoppov Timoy xortropdtov. Actviet énlomg xal v mpoé-
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Aevow adtiv dg mal Thv YEBBwv Tol Bpoug Aavipr &x Tl adTol &pyuel
Q&Y LATOS,

‘H yewdoymd) Epeuva Sewvier 7t ol ypopirar 7ol Tpradiov Eppavilov-
tar elg Vo meployas xotteopdTev, Big Thy mpatry meploxmv TO peTdhdeu-
pa dppaviletar g Sikomagtov Omd popedy schlieren pé capels petaxwoelg
xaTd TOv eyuatiopéy Tou. Elc mhv Scutépay mepioyiy To perdiievpa Eppa-
vileTar xata mwpotipnow &g cupmaydc dmd poppRy mhaxdv ol Swolmt cuyva
sapmuholvron # dvopldivovtan. *Eviete Eupaviletar xal perddhevpa Smd pop-
phv xov8ihewv &vtog schileren. T cupmepdopata tHe yewynuixhg Epedvng
T0v Ehaoodvwy xal omaviwy orouyeiwy G xal Tol eynpartiopod oddsulay
guoBorlay dofvouy dti Tk xoutdopata ypwpitdv Tob Texdion &viprouy elg
oy AoBbpoppoy timov. Kata guvémeray nal 78 adpmieyps y&pBeov - Souvitov
e meproxis Havopduatog - dpoug Axvdpt dvixel elg 1& dpstohbina auynpo-
wpate GAmtxold tomov. T I cuumzpdopare Sdvavrar v Emextoboly xal
els T dméhoima suyxpothpata Baoxdv - tnepfactriv weTpwpdTov Ti Xok-
widixfig Ta xelpeva émi thg &x BA mpdg NA Extewvopbvrg oepdg: "Thwpa
465 ("Efoxn Oecoadovizng) - Tpuadiov - Bagihixd - Takapivdg - Béfdog - "Op-
ik - Nuchon (mddyv g mepuoxis Topatiou).
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