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GEOTECTONIC EVOLUTION OF THE AEGEAN

D.PAPANIKOLAQU

Abstract

The Aegean area has been for long considered as an old area, stabilised before the alpine
cyele with only minor block movements creating transgressions and regressions of the sea
during Late Paleozoic-Mesozoic and with final characteristic event the Quaternary subsidence
of major parts of the present day Aegean. These views were based on immobilistic concepts
and on the assumption that the metamorphic rocks of the Aegean were of pre-Alpidic age.

The plate tectonics theory in the Aegean accepted that the Axios ocean separated Rhodope
and adjacent areas to the North from “Pelagonian” and the External Hellenides to the South in
the period Triassic-Early Cretaceous. Lateron, another ocean was considered, developed
during Triassic-Late Cretaceous more to the South, running along the ophiolitic outcrops of
Northern Pindos-Cyclades-Izmir,

The evolution of the Aegean area has been considered to be controled by the continuous
growth of the active European margin through successive orogenic arcs migrating to the
South. The Tertiary evolutionary stages can be restored especially on the grounds of the
position of the palacovolcanic arcs with distinet zones from the present day volcanics in the
South to the early Tertiary volcanics in the North. The Late Jurassic-Early Cretaceous
volcanic arc has been tectonically translated to a more external position, ovelaping the
Miocene volcanic arc.

The new concept of tectonostratigraphic terranes introduced the existence of several large
continental fragments within the Aegean area, which are of African origin and have been
rifted and drifted northwards during Late Paleozoic-Triassic and have successively collided
and accreted to the Southern European margin during Jurassic-Tertiary.

Thus, from the most internal Upper Rhodopean units in the North to the most external lower
units of Crete in the South we can distinguish the large continental Pre-Alpine crustal
fragments, separated by the oceanic material of the temporary basins of the Tethyan ocean,
occurring in the form of ophiolite suture zones or ophiclite tectonic klippen. The genesis of
the present day Aegean lithosphere is due to the combination of distinct micro collision
events resulting from the accretion of the continental terranes and a rather continuous
subduction process of southward derived oceanic lithosphere beneath the European margin in
the North.

*University of Athens, Department of Geology, Dynamic-Tectonic-Applied Geology
Panepistimioupoli Zografou, 157 84 Athens, Greece,
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1. Introduction-Evolution of geotectonic concepts in the Aegean.

The views on the evolution of the Aegean have been developed throughout this
century starting from immobolistic and ending to extremely mobile concepts. In the old
views, the Aegean area has been regarded as a stable area, which existed already in
Palacozoic times (Lepsius, 1893, Philippson, 1898, 1901, 1930; Renz, 1940, 1955,
Brunn, 1956 and others) with rather simple palaeogeographic evolution throughout
Mesozoic ‘and Cenozoic, consisting of vertical block movements with temporary
transgressions and regressions of the sea (e g. in the Late Cretaceous, Trikkalinos,
1954). In this aspect, the Aegean lithosphere should have been created before the
Alpine cycle and even before the birth of the Tethys Ocean, implying that the rocks
cropping out in the Aegean islands should represent either pre-Alpine basement rocks,
belonging to the Variscan or older orogenic cycles, or sediments covering the pre-
Alpine basement rocks during the transgressive periods. Some diverging views have
contested the above general assumptions (Negris, 1915, Kober, 1929, 1931, Marinos &
Petrascheck, 1956) but were not convictive due to lack of data.

The more recent and actual views on the geotectonic structure and evolution of
the Aegean are based on plate tectonics (McKenzie, 1970, 1972, 1978, Ninkovich &
Hays, 1972, Dercourt, 1972; Dewey et al, 1973; Aubouin, 1977; Durr et al 1978;
Jacobshagen et al, 1986) and consider that its lithosphere is still in the process of
stabilization. Its southern part below the present-day Cretan Basin lies within the active
Hellenic Arc (Fig. 1) and its northern part from the Cyclades islands up to the
Rhodopean coastal area has been gradually transformed in a rather stabilized status in
the back-arc area within Cenozoic times (Early Tertiary-Late Miocene). These new
ideas have been based on the documentation of the Alpine character of the Cycladic
blueschists both from new stratigraphic evidence and radiochronologic data (Durr et al,
1978, Papanikolaou, 1978, 1979, 1980, Andriessen et al, 1979, Blake et al, 1981,
Altherr et al, 1982) resulting in the notion of the Metamorphic Hellenides
(Papanikolaou, 1980).

The overall structure of the Aegean is the result of a continuous process of
tectonic activity within the evolving orogenic arc of the Hellenides which started since
Late Jurasic-Early Cretaceous but has been documented throughout Cenozoic with
geodynamic phenomena occurring both at its deep and shallow tectonic levels
(Papanikolaou, 1984).

The palaeogeographic organisation of the Hellenides according to the plate-
tectonics theory has started with the assumption of the existence of one major ophiolite
suture zone in the Vardar/Axios zone, separating Rhodope s.l. from the Pelagonian
block and the external Hellenides to the South (Smith, 1971, Dewey et al, 1973).
Lateron, after controversing views (Robertson & Dixon, 1984) the existence of the
Pindos-Cyclades ophiolite suture zone was documented, including the outcrops of the
Northen Pindos ophiolite and several outcrops spread all over the Cycladic
blueschists, characterised by the Eocene tectonic emplacement in contrast to the Pre-
Cenomanian tectonic emplacement of the Axios ophiolite. This Pindos-Cyclades ocean
separated two large continental fragments within the Aegean lithosphere along the
medial tectonometamorphise belt of the Hellenides, the Ios-Menderes continental

crustal block at the base and the Pelagonian crystalline basement nappe on top
(papanikolaou 1986, Fig. 2 & 4). A

The above crustal continental fragments have been interpreted as
tectonostratigraphic terranes of Gondwanian origin, which during Late Palacozoic-
Triassic have been rifted and drifted from Northern Africa and subsequently have been
accreted to the European margin in Jurassic-Tertiary (Papanikolaou , 1989, 1990).

The geotectonic evolution of the Aegean will be described in the following, first
focusing on the physicogeographic character of the Aegean Sea and its
palaeogeographic representations and second on the evolution of its lithosphere.

2. The paleogeographic Evolution of the Aegean

2.1 The Tertiary Evolution

The present-day physicogeographic character of the Aegean is the result of its
geotectonic position and of its geotectonic history. The geotectonic position of the
Aegean includes the back-arc basin, the volcanic arc and the back-arc area of the
present-day Hellenic Orogenic Arc (Fig. 1). The island arc, represented by
Peloponnese, Crete and the Dodekanese Islands and the Hellenic Trench south of
Crete are the outer parts of the Hellenic Orogenic Arc, which are not included in the
Aegean Sea. Thus, the southern Aegean Sea, including mainly the Cretan Basin, is part
of the active arc whereas from the Cyclades Islands to the Rhodope area the Central
and Northern Aegean Sea lies outside the present active arc. The boundary betweer
this active arc area and the inactive area of the Aegean lies along the present volcanic
arc in the southern margin of the Cycladic platform.

If one takes into consideration the geotectonic history of the Aegean and the
tertiary evolution of the Hellenic Arc (Papanikolaou, 1984, 1986), then it is obvious
that the presently inactive parts of the Aegean have been active parts in the previous
geological periods, constituting the former back-arc basins and volcanic arcs. This
palinspastic restoration of the former arcs in the Aegean area has been elaborated for
the Late Miocene- Pliocene period (Fig. 2), the Oligocene-Early Miocene period (Fig.
3) and the Eocene period (Fig. 4).

The extension of the paleo-back-arc basins has been determined mainly on the
basis of the outcrops of molassic sediments occurring in the Aegean area, either on
land along the Aegean coastlines or the Aegean islands or offshore at the sea-bottom
below the Aegean Sea. These outcrops of molassic sediments can be grouped in former
molassic basins which occurred in the Aegean area, like the Upper Miocene-
Q‘Iﬂtmty sediments of the Cretan Basin (Jongsma et al, 1977), the Lower Miocene
molasse of the Cyclades - islands, which is the SEward prolongation of the
Mﬁsiﬂ)hellenic Molassic basin (Dermitzakis & Papanikolaou, 1980) and the early
Tmla-}?( molassic sediments of the Northern Aegean (Kopp, 1966, Papanikolaou &

Itzakis, 1981),

The extension of the paleo-volcanic arcs is based on the outcrops of tertiary
Volcanic rocks (Bellon et al, 1979, Fytikas et al, 1984) or of their corresponding
Plutonites (Altherr et al, 1982, Schliested et al, 1987, Schuiling et al, 1987). In several
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Fig. 1: Present day geotectonic situation of the Aegean indicating the actualistic configuration of the
Hellenic Orogenic Arc with the succession of a) the fore-arc basin along the Hellenic Trench, b) the
island arc along Peloponnese, Crete and Dodekanese, c) the back-arc basin along the Cretan Basin and
d) the volcanic arc along the Southern border of the Cyclades.

1:Depths more than 3.000 m,

2: Depths between 1000-3000 m. (white areas offshore represent depths between 0-1000 m).
3: Active volcanic arc.

4: Mountainous area of the island arc.
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Fig. 2: Palacogeographic representation of the Aegean at Late Miocene-Pliocene times.
1: Fore-arc basin along the palaco-trench.

2: Marine environment (in white the emerged land).

3: Volcanic arc.

4: Mollasic sedimentation of the back-arc basin

5: Pre-Orogenic area to the South of the Pliocene orogenic arc

6: Island arc
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cases, like in Lemnos and Lesvos islands, the volcanic rocks are preserved in extended
outcrops. However, in other cases the volcanic rocks have been eroded in the
meantime, mainly due to important tectonic uplift of the area, as in the case of the
Cyclades Islands, where the Miocene volcanic arc is represented by numerous
granodiorite plutons and dykes (Serifos, Tinos, Naxos, Ikaria, Andros) without
outcrops of volcanic rocks. This uplift has been followed by epidermic deformation of
gravitational character with low angle nornal faults and extension of the rocks
(Dermitzekis & Papanikolaou, 1979, Papanikolaou, 1980, Lister et al, 1984, Avigad &
Garfunkel, 1989, Gautier et al, 1990, Lee & Lister, 1992).

In the Late Miocene-Plioccene and the Oligocene-Early Miocene
paleogeographic representations, (Fig. 2 and Fig. 3) the volcanic arc is occurring
parallel to and behind the molassic back-arc basins, as this is the case also in the actual
tectonic setting (Fig. 1). On the contrary, at the early Tertiary paleogeographic
representation (Fig. 4) the extension of the paleo-volcanic arc largely overlaps with the
extension of the paleo-back-arc basin. This coincidence indicates that either the
subduction was effected with higher angle or the subduction rate was lower and thus
the melting of the subducted rocks occurred closer to the back-arc basin.

The first conclusion is that the Aegean area has existed since early Tertiary,
when the molassic back-arc basin of the Rhodope and Northern Aegean was formed
and then successively it was grown up to its present extension by a southward
migration of the arc, which resulted in the present-day back-arc basin in the Cretan Sea
and the back-arc area covering the Central and Northern Aegean Sea. In other words,
the Northem Aegean area has been, in fact, a permanent marine environment
throughout Cenozoic with dominance of deep sedimentation first of molassic type,
during Eocene-Oligocene times and second of post-orogenic sedimentation within the
Saros Neotectonic Graben since Miocene times. ‘

During this Cenozoic evolution of the Aegean there have been periods when the
Aegean was dominated by a unique marine environment and periods when the Aegean
was divided in a Northern Aegean basin and a Southern Aegean Basin, separated by an
intermediate land area, known as “Aegaeis” (Philippson, 1898, 1930, Trikkalinos,
1954). This basic change of the Aegean geography has occurred in Early Miocene
times, when the Cycladic molassic back-arc basin was formed approximately at the
area of the Southern Cyclades, separated by the Northern Aegean Basin in the North
(Fig. 3). At this period the areas of continental Greece were linked to Minor Asia
through Attica, Southern Evia, Northemn Cyclades, Tkaria and Samos. This Aegaeis
land area separating the Northern Aegean from the molassic basin in the South was
maintained also in Late Miocene times (Fig. 2), when intensive volcanic activity
dominated. Well known Miocene mammal fossils indicate the existence of the bridge
between the two Aegean coasts.

In the meantime, the new molassic basin was formed in the Cretan Basin
between Aegaeis and Crete, representing the island arc, whereas the previous molassic
basin of the Cyclades has been uplifted and slightly displaced in parautochthonous
position by gravidational movements (Dermitzakis & Papanikolaou, 1979). The
reorganization of the arc is related to the lateral escape of Anatolia (Papanikolaou &
Dermitzakis, 1981) under the new tectonic regime established after the collision of
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Fig. 3: Palacogeographic representation of the Aegean at Early Miocene times
1: Forg-arc basin along the palaeotrench

2: Volcanic arc

3: molassic sedimentation along the back-arc basin

4: pre-orogenic areas

5: island arc
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Fig. 4: Palacogeographic representation of the Aegean at Late Eocene-Oligocene times.
1: fore-arc basin along the palaeo-trench (flysch sedimentation)

2: volcanic arc

3: back-arc basin (molassic sedimentation)

4 pre-orogenic areas

5: island arc
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Arabia with Eurasia in Late Middle Miocene times (McKennzie, 1970, 1972, 1978,
Mercier, 1979). This lateral escape resulted in the beginning of the bending of the
Hellenic Arc, which step by step obtained its high curvature of more than 90", as this
has been calculated by Le Pichon & Angelier (1981) and has been verified recently by
geodetic measurements (Biliris et al, 1991).

Since Late Miocene times the Aegean area has been modified in two parts: (1)
the opening of the Cretan Basin and the resulting southward migration of Crete from
the Cyclades area and (ii) the subsidence of the Aegaeis intermediate land, which
resulted in the creation of the Cyclades Islands, representing the summits of the former
land area. The first linkage of the Northern Aegean basin with the Cretan basin has
occurred in latemost Miocene-Pliocene, as the very few outcrops of marine sediments
on the islands of Skyros, Tkaria and Milos permit to suggest. In any case, the
generalized subsidence of the Cyclades area has occurred quite recently in Quaternary
and this is also reflected in the submarine cycladic platform unifying all the islands ata
depth of 100-140 m. The edge of this platform delineates the submerged paleocoast of
the recent glacial period, which subsided due to vertical eustatic movements, following
the climatic flunctuations of Quaternary.

2.2 The pre-Tertiary situation.

The evolution of the Aegean area from Present to early Tertiary has been
previously described and illustrated in Figs 1-4. The earliest paleogeographic
representation, representing the Eocene period, includes the northern parts of the
Aegean which were configurated at first. These areas can not be accepted as parts of
the Aegean in prior times because the arc should occupy other areas more to the North
within Rhodope, outside the Aegean coastal areas.

Aubouin (1977) demonstrated the existence of an orogenic arc in the Internal
Hellenides during Late Jurassic-Early Cretaceous, which resulted in the so-called
paleo-alpine (or eo-alpine) orogeny. This paleo-geodynamic reconstruction includes the
subduction of the Vardar-Axios QOcean below the Serbo-Macedonian Massif with a
back-arc basin in the Peonia Unit and a volcanic arc in the Paikon Unit and the Serbo-
Macedonian Massif. The Granodiorite of Fanos and the Rhyolites of Paikon of Upper
Jurassic age (Mercier, 1968) are characteristic indicators of this early paleo-volcanic
arc of the Hellenides.

Nevertheless, the position of these paleo-volcanic outcrops within the tectonic
structure of the Hellenides is not where it would be expected, following the overall
evolution of the orogenic arcs. Thus, the Upper Jurassic-Lower Cretaceous volcanic
are is occurring approximately at the area on the Miocene volcanic arc. Instead, the
“normally” expected position should be in more internal position than the Eocene
voleanics of Rhodope shown on Fig. 4. It is remarkable that the volcanic arc of Late
Cretaceous occurs in the area of the Sredno-Gorie zone in the Southern Balkanides as
at is expected (Fig. 5). The “anomalous” position of the Late Jurassic-Early Cretaceous
Volcanic arc is attributed to the very important tectonic reworking of the European
margin during the Late Cretaceous-Early Tertiary period, when the nappe structure of
the internal tectonometamorphic belt was formed (Papanikolaou, 1984, 1985).
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Fig. §: Sa;hemanc representation of the actual Hellenic Orogenic Arc and of the previous positions of
the volcanic arcs. The general outcome is that the previous positions of the volcanic arcs can be traced
back to the anh, step by step, as early as Late Cretaceous times (Ks), whereas the paleo-volcanic arc
of Late Jurassic-Early Cretaceous is lying within the zone of early Tertiary orogenic volcanic arcs. This

“anomalous” position implies a great scale allochthon of lithosphaeric fr i i
1 Actual Hellenic Trench —fore-arc basin ¥ SRR culy Teiary

2: Actual Hellenic Island Arc

3: Actual Hellenic back-arc basin

4: Actual Hellenic volcanic arc (P1-Q)

5: Volcanic arc during Late Miocene (Ms)

6: Volcanic arc during Oligocene-Early Miocene (O1-Mi)
7: Volcanic arc during Eocene (E)

8: Volcanic arc during Late Cretaceous (Ks)

9: Volcanic arc during Late Jurassic (Js)

In conclusion, the history of the Aegean can not be traced back beyond
Cenozoic, even if the concept of the Aegean is understood as the back-arc basin of
each orogenic arc of the Hellenides.

3. The geotectonic structure and evolution of the Aegean Lithosphere.

The Aegean Lithosphere is consolidated only in the northern part, belonging to
the Eurasian Plate, whereas the southern part is in the process of consolidation and/or
deformation, belonging to the active European margin. If one accepts as basic criterion
for the consolidation process the effect of the volcanic arc activity on the rocks,
through the granite intrusions and the infiltration of magmatic fluids, creating HT/LP
greenschist and amphibolite metamorphic assemblages and contact metamorphic
aureoles around the intruding plutons, then the stabilised lithosphere of the Aegean
extends to the North of the Southern Cyclades Islands, where the actual volcanic arc
occurs (Fig. 6). Instead, the lithosphere in the Cretan Basin is subjected to stretching
and internal deformation, related to the overall activity of the orogenic arc.

The previous description of the tertiary paleogeographic evolution of the
Aegean, shown on Figs. 1-4, indicates also the gradual growth of the consolidated
Eurasian lithosphere, which followed the southward migration of the volcanic arc.
Thus, during early Tertiary the newly consolidated parts of the Eurasian Plate were
extending until the Rhodope area, whereas in Miocene times they reached successively
the Limnos, Lesvos, Chios and Samos 1slands until the present position in the Southern
Cyclades Islands.

The structure of the Aegean Lithosphere comprises several tectonostratigraphic
terranes, representing either pre-alpine continental crustal fragments together with their
alpine sedimentary cover, which is usually shallow-water carbonate platforms or
oceanic lithosphere and associated abyssal-pelagic sediments of the Tethyan basins
(Papanikolaou, 1989). The N-S profile of the Aegean area showes the terrane structure
(Fig. 6) which is characterized by the extended masses of the continental crustal rocks
External Hellenides Platform-H;, Internal Hellenides Platform-H; and Rhodope
Massif-H;, separated by the two main oceanic terranes forming the ophiolite suture
Zones of the Vardar-Axios-H; and the Pindos-Cyclades-H, Between the Axios
ophiolites-H, and the Rhodope Massif, represented mainly by the Pangeon Unit-H;
there are several terranes of small dimensions both of continental character, like Paikon
BIOCk—HS and Serbo-Macedonian-East Rhodope Massif-Hy and of oceanic character,
like the Circum Rhodope-H; and the Volvi-East Rhodope ophiolites-Hs.

The three major continental terranes H;, H; and H; are composed of pre-alpine
Mmetamorphic rocks and of Mesozoic carbonate cover as follows: (i) los-Menderes
basement rocks/ External carbonate platform, including the units of Olympus,
Amorgos, Tripolis, Mani e.t.c. (ii) Pelagonian basement rocks including the
Flambouron and Kastoria Units/ Internal carbonate platform including the Sub-
Pelagonian, and Almopia Units, (iii) Rhodope Massif, including the basement rocks of
Pangeon Unit and possibly also of Sidironero and Kerdylia Units/ Metamorphosed
Carbonate cover of Pangeon Unit. The above terranes constitute huge tectonic windows

Ow the allochthonous rocks of the oceanic terranes. Especially at the Olympus Mt
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one can observe the tectonic superposition of the Vardar-Axios Oceanic terrane Hy
over the Internal Hellenides Platform of the continental terrane Hz, which in turn is
overlying the blueschists and ophiolites of the oceanic terrane of the Pindos-Cyclades
H,, which in turn is tectonically overlying the External Hellenides Platform of the
Olympus Unit Hi. This structure started with the Late Jurassic-Early Cretaceous
emplacement of Hy over Hs, as the Cenomanian transgression indicates (Brunn, 1956,
Mercier, 1968) and ended with the late Eocene-Oligocene emplacement of terranes Hy,
H; and H; over the relative autochthonous Olympus Unit Hy, as the Eocene flysch of
Olympus Unit indicates (Godfriaux, 1968).

It is remarkable that the more internal terranes are observed in the form of
tectonic klippen over more external terranes in various Aegean islands, demonstrating
the southward tectonic transport. Thus, the oceanic terrane H, of Vardar Axios is
observed on the island of Paros, where Barremian limestones are covering the
ophiolites of the higher nappe of the island (Papanikolaou, 1980). The Internal
Hellenides Platform-H; is observed in several outcrops, as in the case of Mykonos,
where Triassic non-metamorphic carbonates tectonically overlie the crystalline
basement (Papanikolaou, 1980). On Tinos Island there are important ophiolite outcrops
over the blueschists of the Pindos-Cyclades terrane (Avigad & Garfunkel. 1989, 1991).
On Jos Island the pre-alpine metamorphic basement of H; crops out below the Southern
Cyclades blueschists of H, (Van der Maar & Jansen, 1983). Finally, in Crete the
metamorphic rocks of the Asteroussia tectonic klippen (Bonneau, 1972, 1984) may be
attributed to the basement of H; which is tectonically imbricated with the ophiolites
and related sediments of the Pindos oceanic terrane H, which in tum is tectonically
emplaced during Oligocene-Early Miocene times over the External Hellenides

In conclusion, the geotectonic structure and evolution of the Aegean is the result
of a continuous convergence between the European and the African Plate, This
convergence includes subduction of oceanic basins of the Tethys Ocean and micro-
collision events corresponding to the accretion of continental terranes of Gondwanian

origin to the European margin.

SSE

D.P. 1992

100 km

REFERENCES

ALTHERR, R., KREUZER, H.,,WENDT, I, LENZ, H., WAGNER, G., KELLER, J., HARRE, W. &
HOHNDORF, 1982. A late Oligocene/Early Miocene High Temperature Belt in the Attic-Cycladic
Crystalline Complex (SE Pelagonian, Greece), Geol. Jb., E 23, 97-164.

ANDRIESSEN, P., BOELRIK, N., HEBEBA, E., PRIEM, N., VERDUERMEN, E.,, VERSHURE
R., 1979. Dating the events of Metamorphism and Granitic Magmatism in the Alpine Orogen of

- Naxos (Cyclades, Greece), Contrib. Mineral. Petrol., 69, 215-225.

WGELIER. J., 1979.Neotectonique de I'arc Egeen. Soc. Geol. Nord, Publ,, 3, 1-417.

ANGELIER, J., & LE PICHON, X., 1978. L' arc hellenique, cle de 1" evolution cinematique de la

. Mediterranee orientale depuis 13 M.A. C.R. Acad. Sc. Paris, 287, 1325-1328.

AUBOUTN, J., 1959. Contribution a I' etude geologique de la Grece septentrionate: Les confins de I
~_ Epire et de la Thessalie. Ann. Geol. Pays Hellen., 10, 1-483.

AUBOUIN, J.1977. Alpine Tectonics and Plate Tectonics: Thoughts about the Eastern Mediterranean.

In: Europe from crust to core, 143-158, Wiley.

Fig. 6: The terrane structure of the Aegean Region along the tectonic profile Rhodope-Crete.

SOSSBYJ

alpine carbonate platform
pre-alpine continental crust

pelagic sediments
Tethyan oceanic crust

adopouy -
P+
(il 4

Ynoeiakn BiBAIoBrkn "OedppacT

a [ewAoyiag. A.T.0.



- L4F &

AVIGAD, D., GARFUNKEL, Z., 1989. Low-angle faults below and above a blueschist belt -Tinos
Island, Cyclades, Greece. Terra Nova, 1: 182-187.

AVIGAD, D., GARFUNKEL, Z., 1991 Uplift and Exhurnation of high-pressure metamorphic
terrains: the example of the Cycladic blueschist belt (Aegean Sea). Tectonophysics, 188, 357-372.

BELLON, H., JARRIGE, J. & SOREL, D.1979. Les activites magmatiques egeennes de 1’Oligocene a
nos jours et leurs cadres geodynamriques. Domnees nouvelles et synthese. Rev. Geol. Dyn. Geogr.
Rhys.21;1,41-55.

BILIRIS H., PARADISIS, D., VEIS, G., ENGLAND, P., FEATHERSTONE, W., PARSONS, B.,
CROSS, P, RANDS, P, RAYSON, M, SELLERS, P., ASHKENAZI, V., DAVISON, M,
JACKSON; J. & AMBRASEYS, N.: 1991. Geodetic determination of tectonic deformations in
Central Greece from 1900 to 1988, Nature, 350, 124-129.

BLAKE, M.C., BONNEAU, M., GEYSSANT, J., KIENAST, JR., LEPVRIER, C., MALUSKIL, H.,
PAPANIKOLAOU, D., 1981. A geologic reconnaissance of the Cycladic Blueschist Belt, Greece,
Bull. Geol. Soc. Amer., 92, 247-254.

BONNEAU, J. 1972, La nappe metamorphique de I'Asteroussia, laupean d’attinitis pelagoniennes
charrie juspue sur la zone de Tripolitza de la Cretemooyenne (Grece). C.R.Acad, Sc. Paris, 275,
2303-2306.

BONNEAU, J. 1984, Correlation of the Hellenide nappes in the Southeast Aegean and their tectonic
reconstruction. Geol.Soc.London, Sp.Publ.17, 517-527.

BRUNN, J., 1956. Contribution a I' etude Geologique du Pinde Septentrional et d'une partie de la
Macedoine Occidental, Ann. Geol. Pays Hellen., 7, 1-358.

DERCOURT, J., 1972. The Canadian Cordilliera, the Hellenides and the sea-floor spreading Theory.
Canad. Journ. Earth Sci., 9, 709-743.

DERMITZAKIS, M.D. & PAPANIKOLAOU, D., 1979, Paleogeography and geodynamics of the
Aegean region during the Neogene. Annales Geol. Pays Hell., VII Int. Co.Med. Neogene, Athens,
245-289, 1981,

DERMITZAKIS, M. & PAPANIKOLAOU, D. with contr.of S, THEODORIDIS & R.MIRKON, 1980.
The Molasse of Paros [sland, Aegean Sea. Ann. Naturhist. Mus. Wien,83,59-71.

DEWEY, JF., PITMANN, W.C., BRYAN, W.B.F. & BONNIN, J., 1973. Plate tectonics and the
evolution of the Alpine system. Bull. Geol. Soc. Amer., 84, 3137-3180.

DURR, ST. & ALTHERR, R., KELLER, J., OKRUSCH, M., SEIDEL, E., 1978. The median Aegean
crystalline belt: Stratigraphy, Structure, Metamorphism, Magmatism, In: Alps, Apennines,
Hellenides, 455-477.

FAURE, M., BONNEAU, M. & PONS J. 1991. Ductile deformation and syntectonic granite
emplacement during the late Miocene extension of the Aegean (Greece). Bull. Soc. Geol. France,
162, 3-11.

FYTROLAKIS, N., PAPANIKOLAOU, D. in collabor, with PANAGOPOULOS, A., 1981.
Stratigraphy and structure of Amorgos Island, Aegean Sea. Ann, Geol. Pays Hellen., 30/2, 455-472,

GAUTIER, P., BALLERVE, M., BRUN, JP. & JOLIVET, L. 1990. Extension ductile et bassins
sedimentaires Mio-Pliocenes dans les Cyclades (iles de Naxos et Paros). C.R. Acad. Sci. Paris, 310,
147-153.

GODFRIAUX, 1. 1968. Etude geologique de la region de I Olympe (Grece). Ann geol. Pays Hellen.,
19, 1-281.

JACOBHSHAGEN, V., DURR, S, KOCKEL, F., MAKRIS, J, MEYER, W, ROWER, P,
SCHRODER, B., SEIDEL, E. & WACHENDORF, H., 1986, Geologie von Griechenland.
Gebruder Borntraeger, 363 p. Berlin.

JONGSMA, D., WISMANN, E., HINZ, K. & GARDE, $. 1977. Seismic Studies in the Cretan Sea. 2.
The Southern Aegean Sea: An extensional marginal basin without sea-floor spreading? Meteor.
Forsch. Ergebnisse, C, 27, 3-30.

KOBER, L., 1929. Beltrage zur Geologie von Attica. Sitz. Akad. Wiss. Wien, 138, 299-327,

KOBER, J., 1931. Das Alpine Europa. Verlang von Gebruder Bomtraeyer, Berlin,

KOPP. K.O. 1966. Geologie Thrakiens IIi: Dar Tertiar zwischen Rhodope und Evros. Amn.Geol Pays
Hellen., 16,315-362.

Ynoeiakn BiBAoBrikn "Oed¢pp

KTENAS, C., 1923. Les pliisemmjt;;i'sg%e primaire dans la region centrale de la mer Egee. Congr.
ii, Session. Liege, -583.

L'Ehgf(t:}?g;l,’;(l? & ANGELI%ER, J., 1979. The Hellenic Arc and Trench sys:em: a key to the
neotectonic evolution of the Eastern Mediterrancan area. Tct{tonophysms, 60, 1-42.

LE PICHON, X, & ANGELIER, J.,, 1981, The Aegean sea. Phlxl. R. Soc. London, A BOQ, 357-372.

LEE, J. & LISTER, G.S. 1992. Late Miocene ductile extension and detachment faulting, Mykonos,
Greece, Geology, 20, 121-124.

LEPSIUS, R., l;9gyl Geologie von Attica. 196 S, Berlin. _ i

LISTER, GS., BANGA, G, FEENS’I(;RAI, A, 1158;2 {ﬂzc';e;morphlc core complexes of the Cordilleran

i lades, Aegean Sea. Geology, 12, 221-225.
M&p;,lgimgfl\l D?R 8ngANSEN, J.B. 1983, The geology of the polymetamorphic complex of los,
lades, Greece and its significance for the Cycladic Massif. Geql_ Rundschau, 727 1',283-299.'

MAKRIS, J., (1978). The crust and upper mantle of the Aegean region from deep seismic soundings.
Tectonophysics, 46, 269-284. . ’

MARINOS, G., & PETRASCHECK, W.E. 1956. Laurium, Geoli Geoph. Res. 'V, 1-247.

McKENZIE, D.P. 1970. Plate tectonics in the Mediterranean Reglon: Nature, 226, 239-243.

McKENZIE, D.P. 1972. Active tectonics of the Mediterranean Region. Geoph. J.R. Astron. Soc., 30,

185. - )

Mﬁg?l:lZSIE, D., 1978. Active tectonics of the Alpine-Himalayan belt: The Aegean sea surrounding

jons. Geophys. J.R. Ast. Soc., 55 (1), 217-254.

ME?&?}ISI;, J.L? 1y968. Etude geologjque) des zgones internes des Helienides en Macedoine centrale
(Grece). Ann.Geol.Pays Hellen,, 20, 1-792, 1973.

MERCIEI;, J.L. 1979, ;ji{gniﬁcaﬁon neotectonique de I' Arc Egeen. Une revue des idees. Rev. Geol.

Geogr. Phys. 21, 1, 5-15.

MG]?J“T;I'TRAKIS, )[’)5 1984, Structural enolution of the Pelagonian zone in the Northwestern
Macedonia, Greece. Geol. Soc. London, Sp. Publ. 17, 581-590.

NEGRIS, PH. 1915. Roches cristallophyllienes et tectonique de la Grece. 123 p. Athenes.

NINKOVICH, D. & HAYS, J.D. 1972. Mediterranean island arcs and origin of high potash volcanoes.
Earth & Planet. Sci. Letters, 16, 331-345, _ o

OKRUSCH, M. & BPOCKER, M. 1990. Eclogites associated with high-grade blueschists in the
Cycladic archipelago, Greece: a review. Eur. J. Mineral,, 2, 451-478.

PAPANIKOLAOU, D., 1978. Contribution to the Geology of Ikaria Island, Aegean Sea. Ann. Geol.
Pays Hellen., 29/1, 1-28. )

PAPANIKOLAOU, D., 1978. Contribution to the Geology of the Aegean Sea. The island of Andros.
Ann, Geol. Pays Hellen., 29/2, 477-553.

PAPANIKOLAOU, D., 1979. Unites tectoniques et phases de deformation dans ' ile de Samos, Mer,
Egee, Grece. Bull. Soc. Geol. France, (7), xxi, no 6, 745-752.

PAPANIKOLAOU, D., 1980. The Metamorphic Hellenides, 26" Int. Geol. Paris, 1980, Abstracts 1,
371.

PAPANIKOLAOU, D., 1980. Contribution to the Geology of Aegean Sea. The island of Paros.
Ann.Geol.Pays Hellen., 30/1, 65-96. i ]
PAP, ANIKOLAOU, D., 1980. Les ecailles de Thyamaena; temoins d’nn mouvement tectonique

Miocene vers I'interieur de 1"arc egeen. C.R.Acad. Sc.Paris, 290, 307-310. .

PAPAN]KOLAOU, D., 1984, The three metamorphic belts of the Hellenides: a review and a kinematic
interpretation. Geol. Soc. London, Spec. Publ. 17, 551-561.

PAPANIKOLAOU, D., 1984. Tectonic Evolution of the Hellenides, 27" Intern. Geological Congress,

, 1984, Abstracts III, 351-352.

P”ANH(OLAOU, D., 1985. A new approach on the geotectonic significance of Rhodope and on the
Ophiolite suture zones of the Hellenides. In NATO, H.S.L, ketin Symposium, Instambul 1985,
Abstracts p,28.

PAPANIKOLAOU, D., 1986 Geology of Greece, 240 p. Athens.

I"”"‘""‘-1"‘11(0LA'DU, D., 1986. Late Cretaceous Paleogeography of the Metamorphic Hellenides. Geol.
& Geoph. Res. IGME, Special issue, 315-328.

106" - TuRua MewAoyiag. A.MN.O.




PAPANIKOLAOU, D., 1986. The Medial tectonometamorphic belt of the Hellenides. 34 Congress
Geol. Soc. Greece, Bull Geol.Soc. Greege, 20/1, 101-120, 1988.

PAPANIKOLAOU, D, 1987, Tectonic evolution of the Cycladic Blueschist Belt (Aegean Sea,
Greece). In: Chemical Transport in Metasomnatic Processes, Reidel Publ. Co., 429-450.

PAPANIKOLAOU, D., 1989. Are the Medial crystalline Massifs of the Eastern Mediterranean drifted
Gondwanian fragments? Geol. Soc. Greece, Sp, Publ. No. 1, 63-90,

PAPANIKOLAOU, B, 1990 Tectonostratigraphic ferranes in the Eastern Mediterranean? 5™ Slovak
Geological Conference, Bratislava, Abstracts, p. 20.

PAPANIKOLAOU, D. & DEMIRTASLI, E. 1987. Geological Correlation between the Alpine
segments of the Hellenides-Balkanides and Taurides-Pontides. Mineralia Slovaca-Monography,
387-396. -

PAPANIKOLAOU, D. & DERMITZAKIS, M. 1981. The Aegean Arc during Burdigalian and
Messinian: a comparison. Riv. Ital. Paleont., 87, 1, 83-92,

PAPANIKOLAOU, D. & DERMITZAKIS M. 1981, Major changes from the last siage of the
Hellenides to the actual Hellenic Arc and Trench system. Intern. Symp. Hellenic Arc Trench,
(HE.AT.), Athens, 1981, Proc,, II, 57-73.

PAPANIKOLAOU, D. & STOJANOV, R, 1983. Geological correlation between the Greek and the
Yugoslave part of the Pelagonian Metamorphic Belt. In. Sassi F.P. (ed.), IGCP No 5, Newsletter, 5,
146-152.

PHILIPPSON, A. 1898. La tcctc;nique de 1" Egeide. Ann, De Geographie, 112-141,

PHILIPPSON, A, 1901. Beitrage zur Kenntnis der griechischen Inselwet. Peterm. Milt. Erganzunheft,
134, 1-172, Gotha.

PHILIPPSON, A. 1930. Beitrage zur Morphologie Griechenlands. Geogr. Abh., 3, 1-96.

PHILIPPSON, A. 1959, Die Griechischen Landshaften 1-V, V. Klostermann, Frankfurt,

RENZ, C. 1940. Die Tektonik der griechischen Gebirge. Pragm. Akad. Athinon, 8.

RENZ, C. 1955 Die vomeogene Stratigraphie der normal sedimentaren Formationen Griechelands,
1.G.S.R, 237 P., Athens.

ROBERTSON, A. & DIXON J. 1984, Introduction: aspects of the geological evolution of the Eastern
Mediterranean. Sp. Publ. Geol. Soc. London, 17, 1-74.

SCHERMER, ER., LUX, D. & BURCHFIEL, B.C. 1989, Age and fectonic significance of
metamorphic events in the Mt. Olympos region, Greece. Bull. Geol. Soc. Greece, 23/1, 23-27.

SCHLIESTEDT, M., ALTHERR, R. & MATHEWS, A. 1987, Evolution of the Cycladic Crysialline
complex: Petrology, isotope geochemistry and geochronology. In: Helgeson (ed.) Chemical
Transport in Metasomatic Processes, 389-428 Reidel.

SCHUILING, R.D., KREULEN, R. & SALEMINK, J. 1987, Metamorphic Events in the Cyclades and
their associated fluids. In: Helgeson (ed.) Chemical Chemical Transport in Metasomatic Processes,
451-466 Reidel.

SMITH, A. 1971. Alpine deformation and the oceanic areas of the Tethys, Mediterranean and the
Atlantic. Bull. Geol. Soc. Amer., 82, 2039-2070.

SMITH, A.G. 1977. Pindos and Vourinos ophiolites and the Pelagonian Zone. VI Geol. Aegean
Region, Athens 1977, Proc. I1I, 1369-1374.

TRIKALLINOS, 1, 1954, Ubder die palaogeographische Bedeutung der Kykladen-Masse fur die
tektonische Entwicklung des ostlichen Teiles Griechenlands. Pragm. Akad. Athinon, 18, 2, 1-48.

Wneiakn BiBAIoBAkn "OedppacTog” - Turnua MewAoyiag. A.M.0.





