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ABSTRACT

‘The thrust stacking geological structure of the western Vermion Mountain includes Triassic - Jurassic
rphic rocks, overthrusted ophiolites, transgressive “middle” Cretaceous - lower Senonian
ates and Senonian flysch, of the eastern margin of the Pelagonian Zone, tectonically overlaid by
imafic and carbonate rocks ol the Almopias Zone.

e Late Jurassic - Early Cretaceous in-situ lateritization of the ophiolites created Fe-Ni ore deposits.
¢ carbonate sedimentation started with Cenomanian - Turonian, clastic facies, continued with platform
agic carbonates and recessed during the middle Coniacian - early Santonian, with the arrival of the
material announcing the beginning of the flysch deposition in the western Vermion mountain
the Santonian. The facies differentiation indicates an important relief with different environmental

During the Eocene post-flysch compressive tectonic phase, sheared serpentinite outliers with
rlying carbonate conglomerates of Almopias origin, overthrusted the Pelagonian fysch.
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NTRODUCTION

As the title implies, this note aims to provide new evidences on the stratigraphic and paleogeographic

on of the eastern Pelagonian margin, with certain implications on the emplacement and the

zation of the ophiolites.

e investigated area is a part of the western Vermion and consists of formations deposited on the
margin of the Pelagonian Zone and on the western Almopias border (BRAUD, 1967; BRAUD et

fact, the southern part and the western slopes of the Vermion mountain range belong to the
nian Zone, while the eastern and northern parts include tectonic klippes of the western Almopias
overthrusted during the Eocene and vsually referred as “High Vermion Nappe” (BRUNN, 1956,
MERCIER 1960, 1966). These  klippes consist of Cenomanian conglomerates with a serpentinite

onic sole (BRAUD et al.. op. cit.).

RATIGRAPHIC DATA
ie stratigraphic sequence of the Pelagonian Zone, exposed in the area of investigation (Profitis Ilias -
stallia) includes, from the bottom to the top, the following formations (Fig. 1):
! arbles of Triassic-Jurassic age, overlaid by metavolcanosedimentary rocks, mainly schists;
pphiolitic nappe, consisting of dismembered units of serpentinized hartzburgites and dunites and
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e prudist - hearing limestones and

‘he ophiolitic nappe with the lateritic horizon

he emplacement of the ophiolitic nappe in the area of investigation ook place during the Late

f)flysch
. ¢ (PICHON, 1977 SPRAY er al.. 1984). The ophiolitic complex consists of ultramafic rocks with
= 1' . Figli: Geological map and Gross section (X pites and dunites, with chromite ore deposits, carried along with serpentinitic masses, schistosed
.2 . ¥ %) B Profitis [lias - Metallia area of ewe‘m _wnsely crushed in their base. They present imlhricated and dismembered unit structures with sub-
.. Pelagonian margin (Western Vermion). olite tectonic soles, underlined by the presence of amphibolire and marble lens-like blocks.
f i a. gneiss; b. pelagonian marble; c. ophiolites; i the upper part of these ultramalic rocks a Fe-Ni lateritic horizon with an ochreous transitional zone
monitic alterations 1s developed.

d. ophiolite cover: e. High Vermion nappe;
f. molasse; g. Plio-Quaternary. 1. pelagonian
marble; 2. metavoleunosedimentary
fofrmation; 3. ophiolites and lateritic horizon:
docarbonare conglomerates, 5. debris flows:
6. rudist-hearing limestones: 7. flysch and

¢ 1y

[y
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[he carbonate conglomerates
e carbonate conglomerates formation overlies, uncomformably, either the Fe-Ni horizon or its

equivalent, & thin. lateritic argilo-pelitic bed, or, finally, directly, the ultramatic rocks. It develops in
various thickness and consists of well-rounded carbonate elements, with a diameter 2
d from the Triassic-Jurassic marbles and platy fragments of green schists, 1n a
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ppact banks of
)5 ¢cm, mainly originate

I ":‘i‘f | .: i lrunsil:(.mﬂl_btdsz 8. High Vermion nappe ;M ! . : . . . _ .
v PROFITISH -¥ ] (Almopias Zone), g.post-flysh compressive ‘pray, micritic oF microclastic carbonate matrix, often becoming, red due 1o the concentration of Fe
[ !”I‘_s = Ay tectome phise. xides-hydroxides. No ophiolitic element has been observed.
!.' (HTINT (a) The marbles and the Occasionally. recrystallized Iragments of lamellibranchiates and gastropods occur in the matrix
CR - s metavolcanosedimentary rocks CHON. 1977) and the age is considered 1o be smiddie” Cretaceous.
p (schists) (d) The debris flows
fLe They include banks, 10 to 30cm thick, | They form (lyschoidal alternations of fine- and coarse- grained sandstones. with many intercalations of
! o ol white to gray micracrystalline . calcareous conglomerates and microconglomerates, consisting of marble elements in a white-gray
'} -36 o |Tr1arhles. with white silex nodules and ' red micritic matrix. Locally, reworked lateritic muterial is observed, forming red-brownish horizons,
ks \lﬁzq 6 ";\‘ . ‘-" 5 . ‘l;]\;[:l;d II‘.t‘Tt;c.ulutl.rly|ls. becoming thin- fﬁ yith rare and poor Fe-Ni cunccmruuu.ns. | "
o gk ,‘_, i i S S{;hthq lt;jw;r S lht:!r upp.er part and ' ___I.'-I'owards. .[ht top ol the formation, coarser. white-red, carbonate conglomerales prevail. often
b ' I'”'];:'" I:wi ol |‘10 2m thick. | ( alternating thh_plaly..durk.-brown_ clastic hmestones. | |
. o €rmost  parts  consist o |’" The whole formation 15 genetically connected with the Turonian tectonic phase, that provoked the
= dolomitic marbles. containing algae of ~emersion and erosion ol extended parts of the Pelugonian ridge. Consequently. 4 Turonian age is
Triassic age. The deposition of the entire ! tributed to it

carbonate sequence did not exceed the
Early Jurassic (BRUNN, 1956:
MERCIER, 1968).

During the Late Jurassic, an early
tangential  tectonic phase  affected Ih;:
marbles  and  created  characteristic
isoclinal and recumbent folds of long
length, accompanied by low schismshv.h

Towards the top. the Cill'hl_m-itlt

| The rudist-bearing limestones

Over the ahove clastic, platy, dark-brown limestones. rudist-bearing reetal
brown colour are deposited. They are biomicrites, mainly floatstones, with Tudist lragments and &
/ small, badly preserved. toraminiters  as Ataxophragmiidae, Textulariidae and small-sized
epresentatives of Nezzazala gr. £yra (SMOUT). indicating a reetal 1o back-reefal environment passing to
~clastic to micro-bioclastic limestones, wackestones to packstones, with numerous Stomiosphaera
erica (K AUFMANN) and Pithonelfd ovalis (KAUFMANN) and rare, recrystallized. globotruncanids
the species Margmolruncana coronara (BOLLL, Marginotruncana pseudolinnelana PESSAGNO and
sequence with: siléx passes: gradially: o : 'notrun_cana i:l.xgafi:RF.lCHEl.) indicating an external p!zlti'orTno : :
cilesehists And Brown melap;mic :\Cliisl.s.. ble action of turbidity cum_’:ms, The age ranges [rom late T Iuronmn to early Samorrlan. -
containing quartz veins and passing, in ' hThe above. dark.-coh'mred. limestones are ow:rhmq b.y whm:—gr:ay limestones with plenulull I.(_)SS'J
their turn. to chloritoschists with Icm;.s of ents. mainly of I.‘LIGIS—L bw.a!ves and Iuthe_r‘ macr.omssnls. co.nunnmg a]SfJ a rathf:r |)9()r [oraminiferal
metavolcanic rocks. ofauna. of Turonian-Senonian age. with Cuneolina pavonia D'ORBIGNY, Dicyclina schiumbergeri
These: Middie: furassic memvolcaio- M IER-CHP_\I_.MAb. .f\aezzazatmeﬁa picardi tHENbQN) and some Mllt.(}lld?:lt‘ anq passing. graduall.y
_ - : sedimentary beds include material ol ards to .lhir\-platy hmesu_mes. of dark-gray 1o white-gray colour, with Senonian  globotruncanid

S S volcanle: ‘and  'sedfmeniary Gt crofauna, mducuu_ng a pelagic environment. _ .
Ll Tt LT Pl accumulated on the sinking -Pc‘lagnl;i'm This succession is. usually. observed in the hthostratigraphic sequence ol the Pelagonian Zone, while in
- ' case of the “High Vermion™. placed to the Almopias Zone, deeper environmental  conditions
ailed, preventing the development of rudist-reefs and the deposition of rudist-bearing limestongs, over

continental margin, due to the vicinity
Fripg il emAQViag: Adl@rates and the clustic senes.

limestones ol the same
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oL S CHOMIAN PiaLy LInestones lies the eiagonian diysch, through a transitional formation of thin-
platy - white-gray, marly limestones, with characteristic globotruncanid microfauna,

Ii§ Jower part Consists of marly and silty beds passing, wpwards, to alternations of sandstones and
conglomerates: with plendril)pebbles Jof Gliartz and clastic clements, coming from the erosion of the

*"metamorphic rocks of the Pelagonian substratum.

#Inyilie Tower parteof this siccessTor, ghin ¢aleareons beds are intercalated,consisting of fossiliferous
micritic: Tmestopes; wackestones fo_packstones, with, various clastic grains and a rich planktonic
microfatina - with  Marginotruncana coronata (BOLLI), Marginotmncana sigali (REICHEL),
Globorrunicana fippeiana (DIORBIGNY ), nﬁrg:_i}g;oglob(geﬁna cretacea (D'ORBIGNY), Stomiosphaera
sphagrica’ (KAUFMANN) and Pithonella ovalis (KAUFMANN), often silicified, indicating a middle
Coniacian « early Sanfonian age.

“THe " flysch ‘is tectonically overlaid by the “High“Vermion Nappe”. This thrusting tectonism is
“accompanied by a contact metamorphism of the flysch, forming chloritic and sericitic schists.

3. THE YVERMION OPHIOLITES AND THE Fe-Ni HORIZON

In the wider area of Vourinos - Kozani - Vermion, various rocks, mainly serpetinitic, overlay the
Pelagonian marbles of Triassic - Jurassic age.

During the compressive tangential tectonic phase of the Late Jurassic, the Vermion ophiolites. of the
eastern areas. as well as the western Kozani - Vourinos - Krapa - Asprocampos ophiolites, overthrusted
the metavolcanosedimentary formations and marbles of the Pelagonian Zone (MERCIER. 1968; SPRAY
et al,, 1984) and the kinematic features indicate a SW to NE movement (NAYLOR & HARLE, 1976:
GRIVAS et al., 1993). According to SMITH et al. (1979). SMITH & SPRAY (1984), JONES &
ROBERTSON (1991) and SMITH (1993), their origin is placed in the paleogeographic area of the “Pindos
ocean”, extended to the west of the Pelagonian continental margin.

More precisely the ophiolitic rocks of Vermion cover a 7one of 40km long and of several hundrends
to some dekades of meters wide. They consist of serpentinized tectonites, of hartzburgitic {olivine-
orthopyroxene-chromite) and dunitic composition, with high concentrations of chromite. dismembered
and deformed, due to the  [racturing tectonism and the mylonitization.

The deeper parts of the ultramafic unit contain schistosed serpentinites, serpentinitic rhauwackes. with
the characteristic network of dolomitic veinlets, amphibolitic blocks and lenses, as well as meter-sized.
lenses of thin-banded marbles, with chert nodules.

The upper parts. with high contents of hematite and argillaceous minerals, have suffered intense
lateritization, originated 1o the uplift movements of the Pelagonian domain and the simultaneous closure
of the “Pindos™ and the Almopias oceanic basins. during the Late Jurassic - Early Cretaceous and resulted
to the formation of a Fe-Ni mineral horizon, often forming lenses, with a maximum thickness of 10m.

The directly underlying this mineral horizon beds, present mineral impregnations and a network ol
veinlets of carbonate minerals (calcite and dolomite), quartz and Ni-siliceous minerals, of green to olive-
green colour. The creation of this network is epigenetic and it has no connection with the typical lateritic
alterations.

This Fe-Ni mineral deposits of Vermion, occur, mainly. in its western slope and their stratigraphic
position is equivalent to that of the mineral occurrences in Fuboea, in leropigi (near Kastoria) and in
Albania, more to the north. They always lie over peridotites and are transgressively overlaid by carbonate

rocks of "middle” Cretaceous age or they are covered by Miocene molassic conglomerates
(MOUNTRAKIS, 1982).

4. PALEOGEOGRAPHIC CONDITIONS

During the Triassic and the Jurassic, a shallow marine environment prevailed along the Pelagonian

ridge. In the Middle Jurassic. it was affected by a fracturing distentional tectdM@g< &R "Redopac

srts and radiolarites, or cherty nodules and intercalations in carbonate 1aclcs. r_muuy; e
marked by the propagation of the extensive ophiolitic nappes nnfj the conc.omnant 1(.>T-mat1.orc1l
nosedimentary deposits. In the area of Vermion, the compressive tectonism of this pen_o
the overthrust of the ultrabasic ophiolitic rocks on the folded and metamorphosed Pelagonian
margin (MERCIER, 1968: MOUNTRAKIS. 1984). o i
the Late Jurassic - Early Cretaceous, the simultaneous closure ‘nf the “Pindos" and I e
oceanic basins took place, causing compressive movements and uplifts all over thv.: Pelagonian
The whole area emerged and stayed under oxidation conditions. T!I1e altemn(.)n and_lhe
tion of the ultrabasic rocks created extensive occurrences of laterites, while the f:rosmn of Fhe
ing areas supplied with clastic elements, of marbles and schists, the overlain transgressive
“middle™ Cretaceous age. .
- r:slﬁz (s)zdinr:':::jntanon continued and reached a maximum duri_ng. l.he Turon‘ian. whenl extensw.e
flows deposits were formed, due to an intra-Turonian rTormal faulting tectonism, forming a horst
ben reliel (e.g. the “Kozani straits”, alter BRUNN, 1956). . _ .
is accentuated relief was reflected to the differentiation of the sedimentary facies, deposited during
ian - Early Senonian interval. .
I.ﬁ?;z:;?nmargm};, rudist-reefs were developed. while pelagic limestones \fitr! globplmnc@1¢
na were deposited in the deeper areas, Peri-reefal (fore- and back- reef) lacies, with plentiful
ag 50 lormed. ‘
' ;?;Z‘]ew:.‘fn?;;ian. pelagic conditions prevailed in the area of Vermion, while, gradually, fine-
clastic material. coming [rom the emerged neighbouring areas, was addeq Fo the carbonatﬁ
tation. As a result, marly limestones were tormed, announcing the beggining of the flysc

ition. _ . .
nally, during the Late Senonian the largest part of the Pelagonian ridge remained emerged and

ed to an intense erosion suppling the clastic facies of the flysch with big quantities of quartzo-
i i 1 i its foli i bstratum.

material, originated from its foliated crystalline su ‘ . .

erally, during the Late Cretaceous the uplift was associated with ductile normal faulting, at depth
onic unroofing, at shallow crustal levels (DOUTSOS et al., 1993).

ONIC DATA
The ological setting of the Vermion area is the result of '
r' e?im;l:l [Eh‘; prgopagalion of the ophiolitic nappes. during the Latg Jurassic, as. \‘vell as by ::e
ive tectonic phase of the Eocene, resulting to the overthrust ol the ‘Allmoplz?.b Zone (;n he
jan Zone and to the formation of extensive nappes. affecting the visible thickness of the
i ig. 1, cross section).
mﬂt?ngssc(oi:i)ressive tectonic phase caused the nvcnhrus} of the ophiolites as well as the
and the metamorphism of the underlying Pelagonian carbnnal_e tlnm.muons: R
= ophiolites formed successive folded nappes with a N-S axis of Ioldmg. while amphlt?o itic . a[e.
from the subophiolitic sole and marble lenses from the undeﬂ_ylng‘ me[s!Jan?;?hic, ca‘: on
ental margin, of Triassic - Jurassic age. were detached and carried with LI'.|.e Ophm“u‘-‘T‘ast::SmO"
other compressive tectonic phase. of probably Eocene age, succeding the flysc . ph .d.
d the final overthrust of the Internal Zones on the External Zones, corfnectec] with ¢ E v::
nents of the serpentinites and the Cretaceous formations of the Pelagonian Zone and the N-

and macro- folding structures. o _ .
During the same tectonic phase the less plastic formations suffered dextral and strike-slip faulting with

! or E-W direction, _ R .
On the other side, the very complex relationships of the basic and ultrabasic units, in the Almopias

MR MicehANis A tinitic tectonic melange (MERCIER, 1968; MERCIER et VERGELY', 1972), are

successive tectonic deformations,

-

_..rﬁ-.o/r:‘



I?’?‘Sg?:iﬁ::lf {1991). Tectono-stratigraphy and evolution of the Mesozoic Pindos

. 267288,
lite and related units, northwestern Greece. J.Geof.boc.f.c;nc?on, Me'?’;l;f?;jfsoc b
” i t zone du Vardar en Macedoing grecque. .Soc. Fr (7
_(1960). Zone pelagonienne €
gil.%s} Frude geologique des zones internes des Hellenides en Macedoine centrale
; [.Pays Hellen., 20. 1-792. . -
J}Iffzg:gai P. (1972). Les melanges ophiolitiques de Macedoine (Grece): decrochements
b & " j1sC 1.Ges.Bd. 123, 469-489.
-Cretace supeneur. Zeitsch.deutsch.geo . . o -
E amr()'(?:?) Une trﬁsversale dans la 7one pelagonienne, depuis les col'nm.:T de ]\rhapfl (SW ).quun
| J'F.i(l' du \’:crmion (NE): Les premieres series transgressives sur les ophiolites. 6™ Colloquium o
mass Y, Il
) [ 5 ‘ol 1:163-171
he Aegean region. Athens 1977, vo . ‘ ' Z
GC(:‘IJSHI;)!(IISSZ)‘ Emplacement of the Kastoria ophiolite on the western edge of the intern il
] s (Greece). Ofioliti. 2/3, 397-406. - . . -
eilgTS(D {1984). Structural evolution of the Pelagonian zone m :Igt;nhweuem Mace
; 2eCE ln‘Dixon & Robertson (eds). Geol Soc. London Sp. Publ. 17, 58!--I d JO—
M-A & HARLE T.). (1976). Paleogeographic significance of rocks and struc
s ol — soc. London. 132, 667-675.
U hiolite Northern Greece. J. geol.Soc, il PO _ .
Ari(r;(l: :;[t)ﬂ] Tectonic significance of the Hellenic-Dinaric ophiolites. FZOT';ZThard et al. (eds.)
; 0 .]v.[agrn-alic Processes and Plate Tectonics, . Geol. Soc. .Spfub!.no 76, -I.. E) 3 B
G. & SPRAY J.G. (1984). A half - ridge transform model tor the Hellenic-Dinaric op 5
; ). Geol.Soc. London, Sp.Publ. {7, 629-644. . »
. OH&R(Z?(;T;(?;S:S;I H. & NAYLOR M.A. (1979} The structural evolution of a Mesozoic
AG W H. A s
tinental margin. Othris Mnumains.(ireece.J.Geo!.Soc.London, 136, ‘589 6(?. F—
J.G.. BEBIEN )., REX D.C. & RODDICK J.C. (1984). Age constraints on dsg i
i i M ioli i ). Geol.Soc.
. orphic evolution of the Hellenic-Dinaric ophiolites. In Dixon & Robertson {eds.)

‘London Sp.Publ. 17. 581-590.

_ R?Iljﬁiﬁ Eﬁlﬁ- Iyr'lth the overlying tong
elago éa:évsch during the above postflysch compressive tectonic phase.
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, perpendictilar to the N-S general dinaric direction. This fa

M OEOBPATTOL"
My 6.@Nc;,u510Ns )
| TﬁT@l’b}HlﬁmEﬂ&hﬁﬁﬂﬁEhﬂ’ﬁmon includes the complete sequence of the eastern margin

~of the Pélagonian Zone, consisting of Triassic - Jurassic
. - loyer :Senonia nates and Senonian flysch,

i

orphic rocks, ophiolites, middle Cretaceous
qﬂ?’ by carbonate and ultramafic rocks of the

It is generally accepted that the emplacement of the ophiolites, in the area of Vermion, took place
during the Late Jurassic.

These ultrabasic ophiolites, of western origin, overthrusted metavolcanosedimentary rocks and
marbles and have suffered intense in-situ lateritization, resulting to the formation of Fe-Ni ore deposis,
during the Late Jurassic - Early Cretaceous, after the compressive tectonic phase that caused the uplifl of
the Pelugonian domain and the closure of the *Pindos™ and the Almopias oceanic basins.

The transgression ol the overlying carbonate sedimentary formations started during the “middle”

. Cretaceous, probably earlier than the Cenomanian. The clastic sedimentation continued and reached a
| maximum during the Turonian, when extensive debris flows deposits were formed. due to an intra-
Turonian normal faulting tectonism. The carbonate sedimentation recessed during the middle Coniacian -
early Santonian. with the first arrival of the detrital material announcing the flysch deposition.

The facies differentiation indicates an important reliel, where different environmental conditions cin
be identified.

After the transgression of the sea during the “middle™ Cretaceous, and the concomitent depostion of
conglomerates and clastic facies, rudist-reefs were developed in the margins, peri-reefal facies with
plentiful rudists fragments were deposited, both in the fore- and in the back-reel areas, while pelagic
limestones were formed in the deeper parts.

By the beginning ol the Senonian, the sea invated the whole area and deeper conditions prevailed. In
this pelagic environment the arrival of fine grained clastic material duning the middle Coniacian - early
Santonian. announced the deposition of the detrital facies of the Pelagonian flysch, in the western
Vermion. Sheared serpentinite slices with overlying carbonate conglomerates, of Almopias origin.

overthrusted the Pelagonian flysch during the Eocene, lorming the Tertiary thrust stacking of Vermion
mountain,
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