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Abstract

This study is based on some new observations made from Southern and Central Evia, Argolis and
North-central part of Pindos. Our observations lead us to adopt a simplified view of the paleo-
geography of Greek mainland just before the Alpine orogeny. The subsequent varied tectonic units
originate mainly from the following paleogeographic areas:

• A carbonate Arab-African shelf margin which displays several lateral transitions, ridges and
basins. In the Greek mainland this margin is represented by the Preapulian, Ionian, Gavrovo-
Tripolis, Parnassos zones, Olympus platform and probably the Kavala and Thassos Marbles.

• A transition zone from the shelf units to the Tethys ophiolites (Pindos Zone, Styra, Argolis and
Hydra, Eretrias new unit).

• Tethys ophiolites, which might represent an “ocean” fault zone or subduction of lithosphere
along a weak zone.

• An Hercynian continental mass (Servomacedonian).

1. Introduction

New field observations made from Southern (IA) and Central Evia (IA and MM), Argolis (IA and
PN) and North-central part of Pindos (IA). The combination of them, leads us to adopt a new aspect
of the structure of internal Hellenides. Starting with a briefly description for each area we will pass
through the conclusions to the new aspect.

In southern Evia three main tectonic units are exposed, the Almyropotamos unit, Tsakaioi-Ochi unit
and Styra unit while in the northern part of the island, we distinguished a new unit consisting of
Seta’s Paleozoic and Dirfis-Olympus (Eretrias) Mesozoic limestones. This complex is underlying the
ophiolitic complex of Central Euboia separated by a thick mylonitic zone.

In the Argolis area, three main units are present: Mesozoic limestones at the bottom, a mylonitized
zone consisting of ophiolitic and chert matrix including limestone remnants in the middle and the
ophiolitic complex of Eastern Greece at the top of succession.

In northern and central Pindos area, we describe the existence of Late Cretaceous (Campanian) trans-
gressions over ophiolitic bodies indicating the presence of Pindos Zone east of Parnassos Zone, near
the ophiolitic complex of Eastern Greece.
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2. Evia

Evia belongs to the internal Hellenides and for many years many scientists argue for the geological
composition. We will consider the south part first and then the central part.

2.1 Southern Evia

Southern Evia constitutes part of Attica-Cyclades massif; a stack of metamorphic formations, which
their age and the structure, has been an argument issue since the dues of 19th century. Since 1967 an
announcement was made (Argyriadis 1967), according to which Southern Evia is a tectonic window,
underlying the units of Central Evia and Northern Attica. This interpretation assumes four (4) units:

• Almyropotamos unit consisting of Mesozoic marbles.
• Tsakaioi unit consisting of schist and amphibolite including large bodies of serpentine.
• Styra unit consisting of thin plate marble, sipoline, quartzite and amphibolitic schist.
• Ochi unit is consists of glaucophane schist, large bodies of amphibolite and manganese mi-

croquartzite.

Since then, many researchers (Argyriadis et al 1976, Aubouin 1977, Dubois & Bignot 1979, Gerneut
1971, Katsikatsos 1971, 1977, 1991, Katsikatsos et al 1986, Lensky et al 1997, Maluski et al 1981,
Papanikolaou 1987, Shaked et al 2000) adopt that subdivision fulfilling and refining the details: Pa-
leocene’s metaflysch over Almyropotamo’s marbles, “blue schists” over the other units, adopting also
new nomenclature (see Geological Map of IGME). However, this first subdivision contained “errors
of youth“ that are retracted by the newer observations of the author and thus today, the dominate as-
pect is that exists only three units which are multiple folded: the Almyropotamos unit at the bottom
and the other two units, Styra and Tsakaioi-Ochi, at the top of succession. Depending the later fold-
ing the upper unit change. For example, at the site Rouklia-Lala, Styra unit is overthrusted marbles
which form an anticline while a thin ophiolitic intercalation exists. Furthermore Styra unit is over-
thrust over the ophiolitic assemblage of Ochi unit from Platanisto to the Ochi shelter.

2.2 Central Evia

Central Evia is considered as a sedimentary succession consisting by Paleozoic slates and limestone,
Mesozoic limestone of Triassic and Jurassic period bearing ophiolites. This succession is «sealed»
by transgressive Cenomanian limestone followed by thin bedded Late Campanian limestone where
they progressively pass to flysch (Maastrichtian to Paleocene) (Argyriadis 1966, Aubuin 1977,
Aubuin et al 1976, Deprat 1904, Guernet 1971, Renz 1940).
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Fig. 1: Geological section of South Evia (I. Argyriadis, 2005).



Our researches in the region led us to distinguish a new unit. The fossiliferous Mesozoic limestone
of Dirfis-Olympus unit is placed tectonically below the Paleozoic Seta’s unit although the contact
between the two units seems to be a stratigraphic conformity. This conformity can be seen on the sec-
tion of the road from Eretria to Geronta. In other words the whole system seems to be reversed.

The lineaments that differentiate the new unit from the so far called Central Evia’s unit are:

• The unit is intensely folded. The plunge direction of the main fold axes are 90° to 100°, 45° and
300°.

• The folds whose main axis trends to E-W are mainly isoclinals, upright or inclined to NNE
while those whose main axis trends to NW-SE are inclined to SW (Dinaric folds).

• The Paleozoic component of the unit is constituted by clastic sediments containing intercala-
tions of limestone. Triassic begins with volcanic rocks and tuffs while Jurassic and probably
Early Cretaceous turns to cherts, quartzites and thin plate limestones (J. Deprat in 1904 found
Early Cretaceous fossils SW of Dirfi’s mountain and M. Lys had mention “ghosts“ of Early Cre-
taceous foraminifera).

• There seems to be no emersion, unconformity or transgression except local “hard ground” of
Late Paleozoic

There is tectonic relationship between the new unit and Central Evia’s unit with the last one being
over the first one. The overthrust plane, folded after the thrust movement, is characterized by the
presence of a remarkable broad mylonite, frequently many hundreds meters thick. The new unit is
surrounded by that mylonite:

• Westwards, is present from Malakonta surrounding the folded west side of Olympus Mountain
(with remnants of gabbros, pillow lavas, radiolarite, which can be seen from Ag. Anna’s church
near Geronta), covered by newer sediments until Kambia where there is a remarkable zone of
fragmented dolomite. The mylonite continues around Dirfi, Steni, Ag. Athanasios, Glyfada
(Tserges) to the Aegean Sea. It has to be noticed that the new unit is reversed and that is obvi-
ous at Liri (East side of Dirfi’s cone) and at Tsougaraki col on the road from Ag. Athanasio to
Glyfada, where we can see Paleozoic slates above the Mesozoic limestones.

• From north-eastern the mylonite arises in the land in Metoxi in order to turns to Manikia and
Paramerites (tectonic remnants and mylonite of ophiolites) heading towards Aliveri.

• In the southern, the mylonite is present in Oropos region as the last formation towards the sea.

We underline that the new unit includes the mountain range from Dirfi to Xerovouni and Skotini
which is constituted by limestone. This limestone pass under Seta’s slates and reappears in Olym-
pus region.

It is therefore a unit (paleogeographic area) with many of its constitutive formations been known but
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Fig. 2: The contact between Central Evia’s
unit and mylonite. Position’s coordinates 38°
25΄54΄΄ N and 23° 42΄30΄΄E.



they were consider to be part of Central Evia’s ophiolites. Furthermore, remarkable mylonite has not
been mentioned before, considering being “schists-chert“ formation. We believe that this unit is a
completely different paleogeographic area than ophiolitic complex of Eastern Greece which is pres-
ent northern of Chalkida city. We will call this new unit as Eretria’s unit.

3. Argolis

Geological maps of this area suffer from a confusion presenting an extended Late Cretaceous fly-
sch formation of “sediments of passage from Eastern Greece zone to Pindos zone“ (Bachmann &
Risch 1978, Bannert & Bender 1968, Baumgartner 1985, Clift 1996, Dercourt 1970, Leibundgut et
Attinger 1986, Renz 1940). Actually, there are limited occurrences of flysch formation. However the
majority of occurrences are a formation that we will refer to as “mélange”. It is a thick mylonite zone
with intense deformation that includes radiolarite, remnants of serpentine, blocks of limestone usu-
ally of Late Cretaceous period and mainly clastic sediments with ophiolite origin. This clastic ma-
terial is characterized by the presence of roundstones which are strongly orientated and cleaved.
Here are some examples:

• In Tolo city, geοlogical map presents flysch formation placed tectonically over Late Creta-
ceous limestone or under Triassic limestone. Actually, mylonite is overthrust recrystallized
limestone probably of Triassic age. This can be seen on the road towards Tolo’s port. This mass
includes blocks of underlying limestone, sandstones with ophiolite origin, fragmented radio-
larite and pillow lavas and blocks of black limestone. Moving north-westwards to the waste
bank of Tolo, at the col of Seitan-bachtse site we see the tectonic contact between the mylonite
and subjacent limestone. Limestone is karstified before upthrust and ophiolitic material seems
to be depressed inside karstic cavities. The same mylonite can be seen under the ancient cas-
tle of Asini.

• In the area of Pyrgiotika village, flysch formation exists but it is under the mylonite with the
contact between these two formations being intensely folded. Easternly of the village we ob-
serve remnant of serpentine inside the mylonite, covered by white and purple calcschists with
Globotruncana sp.. Nearby there is a tectonic remnant of white limestone and radiolarite always
inside the mylonite.

• In the area of Marathea village, peaks of Goumouria and Aetovigla are chisel out in thick bed-
ded limestone in the base of which Lower Triasic lavas exists. Despite what geological map de-
scribe, this limestone is not over the flysch formation but below it. Even more this formation
is not flysch but mylonite which is overthrust onto the Triassic limestone. This overthrust can
be seen clearly near the Ag. Georgios’s church which is founded on limestone tectonic remnants
inside the mylonite.

• In Argos city, Aspida’s hill consists of highly altered ophiolite with transgressive bioclastic
limestone, probably of Late Cretaceous epoch. Flysch is totally absent and Larrisa’s hill con-
sists of radiolarite and thin plate, pink, limestone of Pindos Zone, covered by thick bedded
limestones, probably Cretaceous (near Panagias’s Monastery).

• Westwards of Argos City in the area of Ag. Triada’s church there is an extended appearance
of highly altered ophiolite which contains old, pedogenetic surfaces covered by lateritic crusts
and angeritic dolomites continental or lacustrine origin. On that surface seems to lie in strati-
graphic conformity limestone with hornstone intercalations containing ostracodes.

• In site Akova, limestone of the eastern front of Loutses Mountain is below tectonically frag-
mented ophiolite which in turn is below intensely folded sandstone with ophiolitic origin.
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Constructively in Argolis area, three paleogeographic areas are present: a carbonate shelf belonging
to Paleo-African margin, a continental slope (Pindos Zone) which now forms tectonic slices and the
ophiolitic complex of Eastern Greece tectonically placed at the top of succession. The original fin-
gerprint of this research is the recognition of the broad mylonite just like Evia.

4. Pindos

4.1 Northern Pindos

A Late Cretaceous transgression over ophiolitic complex has been described (Argyriadis 2004, 2007).
In this region, ophiolitic complex has been tectonically placed over Pindos Zone (Philippson 1890,
Reinhardt 1911, Kober 1931, 1952, Renz 1940, Brunn 1956). Inside ophiolitic complex there are
limestones of Triassic, Jurassic age, or Upper Cretaceous, even Eocene epoch, embedded or inter-
calated. An array of limestone outcrops is observed eastern of Katara site. From south to north we
meet Tragopetra, Petra Portas, anonymous outcrops and Megali Petra. Common attribute between
these outcrops is the Late Cretaceous epoch. Although Brunn (1956), primary, had interpreted these
outcrops as tectonically placed, today it has been proved (Argyriadis 2004) that they are transgres-
sion’s remnants.

The most reachable outcrop is Tragopetra, beside the National Road 6, about 2 km eastern of Katara’s
col. Here, the origin of ophiolite is peridotite and gabbros which fluctuates to doleritic lavas. It is
fully serpentinized and has strong tectonic deformation. The columnar section of the specific site is
(microfauna determinations by G. Tronchetti, Marseille):

• Ophiolitic lavas at the bottom (1).
• Transgressive conglomerate (2) consisting of ophiolitic rounded shingles mainly peridotite and

gabbros and sometimes radiolarite. Conglomerate fulfils concavities on ophiolite’s surface.
Thickness range from 10 to 100 cm.

• Thin layer (about 10 cm thick) of red coloured limestone.
• White coloured bedded limestone (3) up to 7-8 m thick. At the bottom they contain ophiolitic

pebbles same as the previous ones. In the last two calcareous horizons founded Globotruncana
linneiana, Gl. bulloïdes, Gl. arca, Contusotruncana fornicata, as well as Rugoglobigerina sp.,
Heterohelix striata, Pseudotextularia sp., Plassoglobulina sp., Calcisphaerulidae showing Late
Campanian age.
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Fig. 3: Tragopetra’s geological section (see text for explanation).



• Miscellaneous conglomerate (4) up to 1-2 m thick, containing ophiolitic, quartzite, crystallic
rock and limestone pebbles.

• Pink coloured limestone (5), up to 2-3 m thick, with cleavages and lenticular intercalations of
conglomerate. It has the same microfauna with layer (3).

• White coloured thick bedded limestone (6) up to 30 m thick. Only small orbicular foraminifera
have been founded without key fossils.

• Pink coloured, thin bedded limestone (7), up to few meters thick, with lenticular intercalations
of conglomerate same as previous. It has the same Globotruncana microfossils but even more,
Globotruncanella havanensis, showing Early Maastrichtian age. The limestone series ends up-
wards in a karstic surface with big concavities.

• Effusions of doleritic lavas (8), completely different than previous one of ophiolite, also fully
alterated. Locally lava penetrates and discharges inside the concavities of subjacent karst. The
thickness is estimated to 50 m.

• Superimposed red carbonate schists (9), fulfilling the concavities of subjacent doleritic lavas,
up to 1-2 m thick.

• Conglomerate (10), of Auversian age over previous lava formation, in stratigraphic conform-
ity. It is also miscellaneous but different than previous one, consisting of big boulders (up to
20 cm diameter) of crystallic rock. It is the base of MesoHellenic Trench.

About a kilometre north of Tragopetra, in site “Tzina” an array of outcrops begins trending north.
The first outcrop is called “Petra Portas” and constitutes of transgressive limestone with Globotrun-
cana, up to 20 m thick, over peridotite. The limestone fluctuates to red coloured, cleavage limestone
and then to altered doleritic lavas. A fingerprint of “Petra Portas” is the active karst big enough to
supply a spring.

Northernly thus Tzina’s col, we can observe other three similar outcrops with reducing thickness of
limestone. In the outcrop which is 200 m easternly of the col, above the limestone instead of doleritic
lavas there is a series of red, green and white radiolarite, up to 5 m thick. Upwards this series dis-
continues by tectonic contacts with superjacent ophiolite.

The northern and last outcrop, Megali Petra, is the thickest outcrop of limestone, more than 50 m
thick. It is intensively folded, with main axis trending N-S and E-W. Some of them have an intense
vertical component. The whole structure forms a rock mass extending for many hundreds meters.
The columnar section of the specific site is (microfauna determinations by G. Tronchetti, Marseille):
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Fig. 4: Detailed view of Tragopetra’s limestone outcrop.



• High altered peridotite (serpentine) at the bottom.
• Coarse-grain arkose of varying thickness (fulfils concavities of subjacent surface).
• Thin bedded, purple coloured limestone, up to 5 m thick. There are signs of intense thermal in-

fluence while intrusions of altered lava are present. Many non determinable shells of elasmo-
branches have been found.

• Red, cleavage limestone, up to 5-6 m thick.
• Thin bedded, white or pink coloured limestone, up to 20 m thick, with Globotruncana fossils

just like Tragopetra’s outcrop and conglomerates intercalations with boulders and pebbles of
peridotite, lavas, radiolarite in a calcareous matrix. In the upper horizons of this formation
Globotruncanita cf. Calcarata has been founded showing Upper Campagnian age.

• Succession of sandstone and clastic limestone at the bottom and authentic red radiorarite and
plate limestone with Globotruncana upwards.

4.2 Central Pindos

Something similar can be observed at Vardousia Mountain, in the area of Artotina, about 6 km south
of the village. In Arenta Mountain (1604 m), in a site, called “Melana Litharia“, a serpentinized
ophiolitic mass covered northwards by transgressive limestone with Globotruncana, is tectonically
placed between flysch formations.
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Fig. 5: Outcrop of serpentine in “Melana
Litharia”. 1: serpentine, 2: pink calcschists, 3:
transgressive limestone of Campanian.

Fig. 6: Outcrop of serpentine in “Melana Litharia” 300 m southernly from previous outcrop. 1: serpentine, 2:
breccias up to 20 cm thick, with limestone and ophiolite fragments, 3: Crust up to 5 cm thick of altered vol-
canic matrix 4: Altered volcanic rock up to 1 m thick, 5: thin plate limestone with Globotruncana arca, 6:
white limestone with Gl. Arca and Gl.cf calcarata.



This ophiolitic mass is constituted of serpentines, gabbros, pillow lavas, radiolarite, etc. Transgres-
sive limestone, up to 25 m thick, becomes upwards thin bedded, pink coloured ending up as pink-
violet calcschists. This formation is intensively deformed and is under and simultaneously over
flysch formation. It is just the case of tectonic insertion defined up and down by tectonic unconfor-
mities. The subjacent flysch formation contains clastic material of ophiolitic origin indicate that Pin-
dos Zone and Tethys ophiolites was in direct adjacency. We remind that in Parnassos unit the carbonic
sedimentation goes up to Eocene and flysch begins afterwards (Renz 1940, Aubuin 1977).

5. Conclusions

According to Ch. Lyell’s principle of “actualism“ we can conclude for each studied area:

• In South Evia, the lower unit (Almyropotamos) is considering to be a carbonate shelf-margin.
This unit is identified as part of the Paleo-African – Arab shelf margin. Styra unit, identified
as part of the continental slope from the shelf units to the Tethys ophiolites is overthrust Almy-
ropotamos unit. The contact between the two units is strongly multi-phase folded. At least one
folding phase is younger than main thrust movement, trapping Tethys’s ophiolite which had to
be over Styra unit.

• In Central Evia, we describe the Eretria unit identified as part of the same continental slope,
also strongly folded with isoclinal or inclined folds but significant less extent of metamor-
phism. Above Eretria unit we find overthrust Central Evia’s unit consisting of ophiolites, trans-
gressive limestone of Late Cretaceous and flysch. This overthrust is characterized by the strong
folding of contact’s surface and the existence of a broad mylonite.

• In Argolis, except the minimal metamorphism (or the lack of it) we have the same situation:
a carbonate shelf at the bottom and over that, fragmented, discontinuous wedges of a paleo-
geographic continental slope (Pindos Zone and relative transition sediments). At the top we
find overthrust an ophiolitic complex (SubPelagonian Zone).

• In Pindos, our observations answer a question of the classic conception for internal Hellenides:
the existence, Easternly from Pindos Zone, Parnassos Zone, namely an insertion of carbonic
shelf between Pindos continental slope and Tethys’s ophiolites. In Northern Pindos, we have
the evidence that ophiolites were deformed and repeatedly had emerged and corroded before
the Campagnian (transgression of Late Jurassic in Vermio, Middle Cretaceous westwards from
Vourino and Campagnian in the region of Metsovo) and that also the Dinaric thrust movements
before Auversian became in sculptural conditions and in no case in depths of subduction zone.
In Southern Pindos, the existence of ophiolite wedges - or even olistholites – inside flysch of
Late Cretaceous-Paleocene shows obviously that the period before the trust movements of Late
Eocene, Pindos continental slope was next Tethys’s ophiolites, Easternly of Parnassos shelf, and
the overthrust of Parnassos on Pindos became in later phase.

Synthetic interpretation. Our observations lead us to adopt a simplified view of the paleogeogra-
phy of Greek mainland just before the Alpine orogeny. The subsequent varied tectonic units origi-
nate mainly from the following paleogeographic areas:

• A carbonate Arab-African shelf margin which displays several lateral transitions, ridges and
basins. In the Greek mainland this margin is represented by the Preapulian, Ionian, Gavrovo-
Tripolis, Parnassos zones, Olympus platform and probably the Kavala and Thassos Marbles
(Argyriadis & Fourquin, 1987).

• A transition zone (continental slope) from the shelf units to the Tethys ophiolites (Pindos Zone,
Styra, Argolis and Hydra, Eretrias new unit.
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• Tethys ophiolites, which might represent an “ocean” fault zone or subduction of lithosphere
along a weak zone.

• An Hercynian continental mass (Servomacedonian).

Already in Middle Cretaceous or even earlier, Tethys’s ophiolite was deformed and at least folded
but also was emerged (see laterites, transgressions and disagreements of Middle and Late Creta-
ceous, etc). This emersion possibly characterizes and certain parts of African shelf. Immediately af-
terwards ophiolites overthrust on the African shelf in an enormous movement, which drifted,
fragment and disintegrated the continental slope, like Pindos. This movement is accompanied also
by proportional locomotion of European-Asian mass. It is deformed in the scale of planet. It is ob-
vious that this major movement was followed by a phase of compaction and strongly, isoclinal fold-
ing, trending from SSW to NNE (see Southern and Central Evia). Most obvious today (because
newest) deformation during Late Eocene and Oligocene are relatively more limited and rather of
minor importance if we examine the total area of deformation that is extended from Caribbean to In-
donesia.
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