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ABSTRACT

carbonate unit of the foreland. The emplacement
was possible due to changes in the rate or in the
direction of plate convergence. Large scale antithetic
normal movement of masses towards NE or SW,
took place during the second stage causing the final
uplift and exhumation of the high pressure rocks
and the underlying sediments, of the Olympus-Ossa
unit, in the form of a tectonic window. This extension
regime is related with a large scale underplating of
cold continental material of the foreland under the
extending nappe pile of the upper plate, during the
continuing plate convergence, as well as to the
formation of the thrust belts and nappes in the
external Hellenides.

Through a rapid uplift, mechanism (<50 million
years ENGLAND and THOMPSON 1984) without
any major contribution of heat and retrograde
postburial heating, the HP/LT parageneses were
preserved in places, so that nowadays these rocks
form the inner belt of the blueschists of the
Hellenides. Distinctive occurences are preserved
in the Olympus-Ossa area in eastern Thessaly, also
known as the Ambelakia unit (GODFRIAUX 1968,
KATSIKATSOS et al. 1982, SCHERMER 1990,
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KILIAS. et-al, 1991 b), as well as in the areas of
Pelion, (FERRIERE 1977), Euboea (KATSIKATSOS
1977))1and the Cyclades (ALTHERR et al. 1979,
BLAKE et al. 1981, SCHLIESTEDT et al. 1987,
AVIGAD 1990) (Fig. 1.).
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FIGURE |: Location of the study area in the Hellen-
ides. Development of the two HP/LT metamorphic belts
in the Hellenic orogen: The inner one of eocenic age
and the outer one of Late Oligocene/Early Miocene

age.

Wherever the post-Eocene reheating of the crust
was significant, as in the case of the Cyclades the
high pressure parageneses were intensely
overprinted by high temperature barrovian type
metamotphism (ANDRIESSEN et al 1979, ALTHERR
et al. 1982, WIJBRANS & McDOUGALL 1988).

In this paper a new concept for the uplift and
emplacement regime of the bilueschists of eastern
Thessaly is snggested. It includes the overlying
Pelagonian nappes, and the nearly nonmeta-
morphosed carbonate Olympus-Ossa unit of the
foreland (Fig. 2, 3). Furthermore, we offer an
interpretation of the exhumation mechanism of
the high pressure rocks and the underlying
sediments of the foreland in the form of a tectonic
window.

To reach our conclusions we have used the
following: a) the symmetry and geometry of all
recognizable structures of the blneschists and of
the rectonic units directly underlying and overlying
them, b) the modern methodology of kinematic
analysis (RAMSAY & HUBER 1983/1987, SIMPSON
& SCHMID 1983), ¢) the relations between
metamorphism and tectonics and d) the method of

strain analysis (Rf/® method, LISLE 1985; Fry
method, HANA & FRY 1979; quartz c-axis diagrams
LISTER & HOBRBS 1980).

GEQLOGICAL SETTING

The geology of the Olympus-Ossa area has been
studied by many investigators. It attracts the
geologists’ interest, since numerous questions
concerning the evolution of the Hellenides are
closely associated with the evolution of the suture
zone between the lower Apulian plate and the
upper Pelagonian continental fragment. This is
actually reflected in the structure and tectonic
evolution of the blueschists of the area (FFig. 1).

The blueschists unit in the Olympus-Ossa area
consists  of alternations of metabasites and
metasediments which was subducted below the
Pelagonian continental block, during the Eocene
and was metamorphosed under HP/LT conditions
(SCHERMER et al. 1989, SCHERMER 1990, KILIAS
et al. 1991a). During the Oligocene, it was
progressively affected by a retrograde low grade
metamorphism, (KATSIKATSOS et al. 1982, KILIAS
et al. 1991b).

This HP/LT-rock unit is emplaced over the slightly
metamorphosed to nonmetamorphosed carbonate
sediments of the Olympus-Ossa unit, ranging from
the Triassic to the Eocene, and terminating in a
flysch of late Eocene age (GODFRIAUX 1968).

The Olympus-Ossa unit belongs to the “lower
plate”, which acted as the foreland during the
Tertiary collision of the southern branch in the
Alpine orogene (GODFRIAUX 1968, JACOBSHAGEN
et al. 1978, KILIAS et al. 1991a). Nowadays it
appears in the form of a tectonic window. A similar
tectonostratigraphy is recognized in the tectonic
windows of Kranea, west of Qlympus-Ossa (KILIAS
& MOUNTRAKIS 1987, KILIAS et al. 1991a) and
of Rizomata further to the north (KILIAS &
MOUNTRAKIS 1985) (Fig. 2, 3).

The pile of the Pelagonian nappes constitutes
the “upper plate” of the Tertiary collision zone,
which was originally emplaced over the blueschists
{(GODFRIAUX 1968, YARWOOD & DIXON 1977,
JACOBSHAGEN et al. 1978, KILTIAS 1980, KILIAS
1991, NANCE 1981, KATSIKATSOS et al. 1982,
MIGJROS 1983, MOUNTRAKIS 1983, KILIAS &
MOUNTRAKIS 1987/1989, DOUTSOS et al. 1993).
The unit of ophiolitic rocks (Eohellenic nappe.
JACOBSHAGEN et al. 1976, VERGELY 1984),
together with the Cretaceous transgressive carbonate
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FIGURE 2: Geological map of the Olympus-Ossa area. Compilation of shear criteria for D2 deformation. Arrows
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Miocene. Geological mapping: BRUNN 1956, GODFRIAUX 1968, SCHMITT 1983, MIGIROS 1983 MIGIROS et
al. 1985, KILIAS & MOUNTRAKIS 1985, 1987, 1989, SCHERMER 1990, KILIAS et al 1991a,b).

which terminates in Eocene flysch (GODFRIAUX
1968, MERCIER; 1968, FERRIERE 1982,
CLEMENT 1983), is recognized as the uppermost
nappe (Fig. 2,3).

DATA AND OBSERVATIONS

Geometry and kinematics of the deformation

An Sl-schistosity and BI- intrafolial isoclinal
folds, as well as sheath folds, forming representative
structures of the earliest DJ-event are identified
in the blueschist unit. A kinematic analysis of this
initial stage is not possible since the D I-structures
are almost entirely affected by the second D2-
penetrative ductile event (Photo 1a). D2 causes an
intense transposition of the S1-schistosity in S2,
so that S1 and S2 develop almost parallel and they
cannot often be distinguished from each other (Fig.
4, Photo la, b, ¢). The associateq with the S2

fabric L2 stretching lineation, defined hy elongated
and ruptured minerals and mineral aggregales
mainly develops with a NE-SW trend (Fig. 5). The
L2-stretching lineation west of the carbonate
Olympus-Ossa window plunges SW while, on the
contrary, east of the window it plunges NE,
following the general trend of the S2-schistosity
(Fig. 3, 4). The B-axes of the isoclinal folds usually
develop parallel to the L2 stretching lineatiou.
(KILIAS et al. 1991a, b).

During this second D2-event all kinematic
indicators and the strain analysis, register either a
majot component of coaxial deformation or
movement of the tectonic top towards SW. In places,
diplacement develops also antithetic to the overal
top to SW sense of shear, due to downwards glide
along steep NE dipping glide surface (Fig. 9).

A map scale evolution of the sense of shear
indicators is presented in Fig. 2. Coaxial strain
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seems-to be predominate mainly in the lower parts
of the blueschist unit whereas the hanging wall
parts, of the blueschists seems to have suffered
non-coaxial flow,

The coaxiality of the deformation is stressed by
the development .of symmetrical conjugate shear
zones, associated with the main S2 foliation, with
an opposite sense of shear, (Photo 1b), symmetrical
boudinage of competent layers. and symmetrical
elongation of clasts and mineral aggregates. (Photo
Ib).

Southwestwards sense of shear of the tectonic
top show: S-C structures (LISTER & SNOKE 1984),
asymmetricaly rotated clasts of rigid minerals or
mineral aggregates in their surrounding ductile
matrix (PASSCHIER & SIMPSON 1986), extensional
shear bands of high shear strain formed
synchronously with the main S2-foliation (PLATT
& VISSERS 1980), asymmetric mica fish (LISTER
& SNOKE 1984), asymetric boudins (SIMPSON &
SCHMIDT 1983, HOOPER & HATHCER 1988),
S-Z-type folds in heterogeneous shear zones (VAN
DEN DRIESSCHE & BRUNN [987). A top to SW
large scale movement in the Mt. Olympus region
was also described by previous workers (KILIAS
et al 1991, SFEIKOS et al 1991, SCHERMER 1993).

The partitioning of coaxial and non-coaxial flow
cinenatics is also demonstrated by comparison of
quartz-c-axis fabrics. Fig. 5 schows quartz-c-axis
fabrics with orthorhombic symmetry (1,2,4: coaxial)
and monoclinic symmetry top to SW (3: non-
coaxial).

Progressively, during the development of the D2-
event there develops locally, a compression parallel
to the Y-axis of the finite strain ellipsoid. Thus
typical compressional structures (thrust faults and
asymmetric open folds) are produced orientared
parallel to the maximum stretching. (Fig. 2, 8).

The D2-deformation is also conveyed, with similar
symmetry and kinematics, to the Pelagonian nappes
of the upper plate, over the blueschist unit (KILIAS
et al. 1991 ab, SFEIKOS et al. 1991, SFEIKOS
1992).

A significant component of coaxial flow also
prevails in the underlying Olympus-Ossa lower
plate and particularly towards the boundaries with
the blueschists or the overlying nappes of the upper
plate. In the sediments of the Olympus-Ossa unit
(Photo 2) develop two coeval sets of shear bands
and abundant symmetric boudinage of competent
layers. The maximum extension is NE-SW, similar

fo that of the bluschist unit, during the D2-event.
The S2 mylonitic fabric and the boundary between
upper and lower plate, are always parallel (Fig. 3).

The results obtained from the strain analysis
(Rf/®- and Fry-methods) of the blueschists and
the gneissic mylonites of the Pelagonian nappe,
revealed a considerable thinning, perpendicular to
the S2 schistosity, as well as a subhorizontal
development of the maximum stretching (x-axis)
with a NE-SW trent (KILIAS et al. 1991b, SFEIKOS
et al. 1991, KILIAS 1991, SFEIKOS 1992).

The low angle (10° to 30°) conjugate shear zoues
(SB), with a movement of top downwards and the
Jlow angle normal faults (LAF), with aNW-SE strike,
are also important tectonic structures in the
blueschist unit. These structures persist with a
similar intensity also in the Pelagonian and ¢phiolite
nappes.

The geometry of these discrete extensional shear
zones is illustrated in figure 3 and Photo l¢, d, e.
The listric surfaces of these zones terminate in
the main detachment zone of the two plates. The
kinematics and geometry of these extensional shear
zones exhibit a symmetry similar to that of the
ductile D2-stretching. This is indicated by tbe NE-
SW striations on their sliding planes. It is recognized
that a top to the SW sense of shear prevails ro the
west of the Olympus-Ossa dome, while a NE scnse
of movement prevails to the east (Fig. 2, 3). Similar
condirions of kinematics are also preserved in the
Kranea and Rizomata tectonic windows (Fig. 2, 3)
(KILIAS et al. 1991a, SFEIKOS et al. 1991).
Asymmetrical open folds or kink zones with
vergence sometimes NE and sometimes SW, often
accompany this downward sliding of the rocks (Fig.

4).

A large scale downwards slide of rock masses
along these extensional conjugate shear structures,
resulted in the juxtaposition of the tectonically
higher units of the nappe edifice with the lower
ones (Fig. 3). Thus, we see normal displacements
between the difference tectonic nappes, in places
associated with an omission or intense thinning,
of whole nappes. For example, we see the
pelagonian basement in the western side of the
Olympus carbenate dome, in direct tectonic contact
with the rocks of the underlying Olympus-Ossa
unit. In contrast, in the eastern side of the Olympus
dome the ophiolitic nappe mouving downwards to
the NE is emplaced directly on the blueschist unit
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or still-onthe Jowermost Olympus-Ossa unit (Fig.
2.3

It is recognized that the movement of rock masses
towards NE at the eastern side of the Olympus-
Ossa, Kranea and Rizomata windows displays a
greater throw (Fig. 2, 3). The preservation of the
uppermost ophiolitic nappe in two narrow zones
along the eastern sides of the Olympus-Ossa and
Kranea carbonate domes, in direct tectonic contact
with the rocks of the lower plate units, confirm
this asymmetrical collapse of the nappes (Fig. 2,
3).

The asymmetrical distribution of_these conjugate
extensional shear zones on either side of the
Olympus-Ossa and Kranea tectonic windows, also
combined with the D2-kinematic regime previously
described, produces a mega-domino structure in

the nappe pile of the inner Hellenides, in the

wider Olympus-Ossa area. This asymmetry is
reflected also in the asymmetry of the Olympus-
Ossa and Kranea carbonate domes, as demonstrated
by the steeper development of their intense
fractured eastern side (Fig. 2, 8, 9).

Finally, younger high angle normal fanlts, in
various directions and with corresponding
complicated neotectonic kinematics, fragment the
rocks of the study area (CAPUTO 1990, MERCIER
et al. 1989, PAVLIDES et al. 1990, CAPUTO &
PAVLIDES 1993, MOUNTRAKIS et al. 1993).

Stratigraphy criteria of the syntectonic basins in
the wider Olympus-Ossa area (BRUNN 1936,
GODFRIAUX 1968, LALECHOS & SAVOYAT 1979,
BENDA & STEFFENS 1982, MIGIROS et al. 1985,
TRIANTAFILLIS et al. 1987, CAPUTO 1990) and
the kinematic analysis of the brittle tectonics,
showed that the older generation of these tectomnic
faults developed mainly with a NW-SE strike. These
display a kinematic symmetry similar to that of
the preceeding ductile to semiductile tectonics.
Paleostress analyses by the ANGELIER (1979) and
CAPUTO & CAPUTO (1988) methods yielded a
finite stress ellipsoid, with an almost subhorizontal
NE-SW striking axis of the minimum 03 stress
and with an almost vertical axis of the maximuni
ol stress (g1>02>a03 Fig. 6).

Metamorphism-tectonics relations. Timing of
deformation

Some microscopic and mesoscopic features show
that D1 in the blueschist unit took place
simultaneously with the HP/LT metamorphism (M1-

FIGURE 5: Quartz-c-axis fabrics in samples from the
biue schist unit. The distribution symmetry of the qu-
artz c-axis plot appearing in diagrams I, 2 & 4, indjc-
ates a coaxial deformation regime. X, Y, Z, are the
finite strain ellipsoid axes, X > Y > Z.
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FIGURE 6: Paleostress analysis diagrams of the ojder
generation of neotectonic normal faults from the Oly-
mpus-0Ossa area (Schmidt equal-area net, lower hemis-
phere).

a. Schinidt equai-area, lower hemisphere projection of
fault planes and their striations

PROGRAM FAULT (CAPUTO & CAPUTO, 198%).
bl. The results of the right-diedrons method.

b2. Ofientation of the three principal axes of stress
ellipsoid (s1>s2>53) ‘

INVERSE METHOD (ANGELIER 1979).

¢. Position of the three main axes of the stress ellips-
oid, R=ellipticity, F=fluctuation.
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metamorphism). These are as follows: (1) Sl-
schistosity is defined by elongate minerals of the
M1-high pressure paragenesis such as: blue
amphibole, epidote, white mica, chlorite, and
remnants of lawsonite (Photo la), (2) tension gashes,
D1 microshear zones and pull apart ruptures in
augite minerals, in the basic members of the unit,
are filled up with blue amphibole minerals, epidote
and chlorite, (3) growth of blue amphibole in the
pressute shadows of pyroxene and amphibole
crystals having rotated during D1 in the basic
members of the unit.

Metamorphic P-T conditions derived from mineral
equilibria (LIOU et al. 1985) and compositions
(SCHERMER et al. 1989 and KILIAS et al. 1991b)
indicate T~300°-350° C and P-5-8 kbr for the
syn-D1 M1 event (Fig. 7).

The penetrative mylonitic fabric aud the L2
stretching lineation are defined by the growth of
the following minerals (Phote la, b, ¢): white mica,
chlorite, actinolite, stilpnomelane, albite, and
dynamically recrystallized quartz, which determine
a syn-D2 M2-metamorphism under conditions of
a low grade greenschist phase (Fig. 7, KATSIKATSOS
et al. 1982, KILIAS et al. 1991b). A sigmoidal
development of the internal Si-texture in rotated
albite crystals and the concordant transition of the
Si-texture to the external Se=S2 texture, indicates
the syntectonic nature of the M2-albite. Frequently
also blue amphibole is observed reorientated within
the S2-fabric, following the LL.2-stretching lineation
(Photo 1a, b).

Comparisous of microfabrics under the
microscope have shown that the greenschist phase
partly overprints the high pressure MI
metamorphism. Thus M2 in places causes a
decomposition of the blue amphibole into actinolite
or chlorite. Furthermore, a breakdown is often
observed of blue amphibole into aggregates of
chlorite and stilpnomelane. Albite porphyroblasts,
syntectonic with S2 fabric, were probably derived
in part from breakdown of sodic amphibole.

These relations of replacement of the MI1-
parageneses under the conditions of the greenschist
phase of M2, indicate that the syn-M2 D2
deformation took place outside the field of the
figh pressure M 1-metamorphism (Fig. 7). The local
preservation of the blue amphibole on the S2-
{nliation iudicates that at least during the early
evolutiovary stages of the D2-event, the high

pressure conditions were still maintained, and also

that the uplift and exhumation of the blueschists
occurred rapidly.

The Olympus-Ossa lower plate underlying the
blueschists does not exhibit a similar tectonometa-
morphic process. Although tectonically it comprises
a deeper tectonic unit, it completely lacks the high
pressure syn D1 metamorphic fabric, while the
S2-mylonitic foliation is characterized only by low
pressure low temperature minerals (GODFRIAUX
1968, KATSIKATSOS et al. 1982).

White mica, chlorite, and dynamically recrystal-
lized quartz develop along the low angle conjugate
extensional shear zones (SB) and the low angle
normal faults (LAF) of the blueschists unit and
the overlying tectonic nappes. The local
development of these extensional shear structures,
their style. the syntectonic nature of the low grade
minerals observed along their surfaces, as well as
their symmetry in relation to the D2 mylonitic
fabric (as it was described above), indicate that
these extensional =zones must constitute a
progressive stage of the ductile D2-deformation.
This stage took place at least in its initial steps, in
a still hot environment (T reaching at least 250°
C).

The high pressure syn-D1 M1 metamorphism
evolved during the Middle-Late Eocene (55-40
million years), (GODFRIAUX 1968, KATSIKATSOS
et al. 1982, SCHERMER et al. 1989}. Consequently
the younger syn-D2 M2 metamorphism must have
taken place during or after the Late Eocene.

Ar/Ar data on microcline samples from the
footwalls of the low angle normal shear zones
showed that the cooliug of the metamorphic rocks,

Kb Km
30 - D1=m1
8 | Compression ’l Eocene
& burial
6 120 RN
. ? Upper Eocene /
10 extensi D2=M2 Oligocens
> | - cooling  Miocene
4"sp & uplift

100 200 300 400 T

FIGURE 7: Pressure-temperature-time-deformation re-
lations at the blueschists unit. P-T estimates arc from
KATSIKATSOS et al. 1982, SCHERMER et af. 1989.
SCHERMER 1990, and KILIAS et al. 1991 a.b.
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during-crustal stretching and thinning, started in
early ro.middle Miocene
SCHERMER et al. 1989).

Consequently there remains an interval within
the Upper Eocene to Oligocene. during which the
syn-D2 M2 metamorphism of the low grecnschist
phase must have taken place.

The age of the younger normal faults, which
may be still active, is characterized by the
syntectonic basins filled with Miocene and younger
sediments (BRUNN 1956, GODFRIAUX 1968,
LALECHOS & SAVOYAT 1979, BENDA & STEFFENS
1982, MIGIROS et al 1985, TRIANTAFILLIS et al.
1987, CAPUTO 1990) and bounded, to the west
and east of the Olympus-Ossa window, by these
high angle normal faults.

time (~16-23 Ma,

EVIDENCE FOR CRUSTAL EXTENSION

The geomertry and style of structural and map
relations as well as the metamorphism-tectonics
relations described here, indicate that during the
D2 tectonics and its progressive stage of the Jow
angle normal shear zones the blueschists unit and
the overlying nappes are simultaneously subjected
to a total thinning in the vertical sense, and to a
subhorizontal stretching Some of the criteria are
summarized below:

(1) Progression of the ductile D2-structures
overprinted by brittle structnres with similar
summetry, and thus decreasing pressure conditions
(Fig. 7). (2) The mylonitic rocks exhibit a normal
sense of shear relative to the present orientation
of the mylonitic foliation, (3) A significant

OLYMPOS-OSSA

Compressmn

n mﬁExtensIon

blueschist unit

HP\LT
Eocene

D1

(SW)X
; |
F 4

cene to Miocene

Upper Eocene/Ollgocene
greenschist overprint

FIGURE 8: Iflustration of the Tertiary tectonic evolution, of the eastern Thessaly blueschist unit and of the adjacent
underlying (Olympus-Ossa unit) and overlying (Pelagonian and Ophiolitic nappes) units. A. Nappe stacking and
crustal overthickening. Development of the HP/LT metamorphism.in the subducted materials, B. Emplacement of
the blueschist unit and the overlying nappe pile, simultaneously with a subhorizontal stretching and vertical
thinning of the overthickened pile nappe, which took place under a regional plate convergence regime. Compression
subparallel to the Y-axis of the finite strain ellipsoid also develops. C. Opposed downwards nappe sliding and
exhumation of the bjueschist rocks and the Olympus Ossa carbonate dome.
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-
- PHOTO 1: Thin sections illustrating the main tectonic structures and the symmetry of deformation of the blues-

- chists unit in eartern Thessaly (location of the samples in Fig. 2, Ph la): a. S1 and S2 mylonitic fabric. S{ is defined

d by elongated blue amphibole (Gla). Blue amphibole deformed during D2 and reorientated along the S2. Here, top

of to SW-movement. Gli-white mica. b. Conjugate shear bands and symmetrical development during D2 of amphibole

il  clasts (Amphi). Significant component of coaxial deformation. S1 lje parallel to S2 fabric due transposition. c. S}

n schistosity with blue amphibole (Gla) development oblique to S2 fabric. Top to SW sense of shear. NE dipping low

o %ﬁg?é, extensional shear bands. d Low angle, asymmetric, NE dipping, shear bands, indicating normal northe-
@twards sense of shear.
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PHOTO 2: Symmetiic boudinage of compefent layers,
produced during D2 in the carbonate rocks of Olymp-
us-Ossa unit. Tension gashes in the competent boudins
bodys develop perpendicular to the S2-mylonitic fabric,
Coaxial deformation. Tectonic contact between bluesc-
hists and Olympus-Osse Unit at the SE side of the
Olympus dome (exactly location of the sample in Fig.
2),

component of coaxial extension subparallel to the
layering with associated S2 mylouitic fabric nearly
parallel to the boundaries of the nappes as well as
to the wain detachment zone between the
blueschists and the lower plate. (4) The
subhorizontal development of the maximum
stretching (X-axis) and the correspondiug almost
vertical development of the maximum thinuing
(Z-axis) of the D2 final strain ellipsoid in the
whole pile of mylonitic rocks. (5) The justaposition,
after the peak of the M2 metamorphism, of the
uppermost nappes over the HP/LT blueschist unit
or directly over the lower Olympus-Ossa plate, by
sliding along the semiductile low angle extensional
shear zones. (6) The normal low angle shear zones
exhibit a southwest-directed down-dip sense of shear
to the west of the Olympus-Ossa dome and a
northeast-directed down-dip sense of shear to the
east of the dome. (7) Parallelism between the
mylonitic L2 elongarion lineation and the striation
on the sliding plane of the low angle extensional
shear zones. (8) The possible connection of the
ductile D2 deep tectonics, with its relatively
contemporary syntectonic basins of the upper plate
at the higher tectonic levels, which exhibit a similar
symmetry with a maximum extension of a NE-SW
direction (eg the Mesohellenic trough BRUNN
1956, PAPANIKOLAOU et al. 1988).

In this way during the D2 tectonics and its

progressive stage of the low angle normal shear
zones, the blueschists unit and the overlying nappes
are simullaneously subjected to a total thinning in
the vertical sense, and to a subhorizontal stretching,
Combining these with the results of the strain-
analysis (KILIAS et al. 1991b, SFEIKOS et al. 1991,
SFEIKOS 1992), it was found that the structure of
the upper plate nappes underwent a vertical
thinning by half or even more of its initial thickness,
during the D2-deformation and its progressive
stages.

DISCUSSION

Emplacement during extension

The inital Dl-tectonics and its contemporary
high pressure M l-metamorphisim, should be
interpreted as having evolved in the period of the
middle-upper Eocene, during the subduction of
the blueschist unit, under the Pelagonian continental
block. This event took place in a regime of plate
convergence and compression. Thus during this
Eocene period the stacking of the nappes and the
overthickening of the continental crust, must have
been combined with the burial of the blueschist
unit under the Pelagoniau (Fig 8A).

The absence of HP/LT mineral parageneses from
the Olympus-Ossa, Kranea, and Rizomata units of
the lower plate, suggests that these units have never
participated in the high pressure comnpressional
deep tectonics of the blueschists. This means that,
although the Olympus-Ossa, Kranea, and Rizomata
units comprise the lower tectonic units of the inner
Hellenides, they have not been snbducted to a
great depth.

FIGURE 9: Reconstruction of the initial domino-stru-
cture development of the nappes in the Olympus-Ossa
region, during the nappe emplacement. Progressively,
the gradual uplift of the underlying lower plate of Ol-
ympus-Ossa was the result of the opposed escape of the
overlying nappes.
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Moreover, ~we should assume that the
emplacement of the nappes with the blueschists at

the lower plate, occurred during or after the Late
Eocene, after the peak of the high pressure
metamorphism.

The problem is: how these deep crustal high
pressure rocks have been emplaced over the
sediments of the nonmetamorphosed foreland at
higher tectonic levels, without any significant
change of the high pressure mineral parageneses.

An emplacement mechanism of the high pressure
tocks, according to the model of “buoyant uprise”,
by return flow in the subduction zone (ENGLAND
& HOLLAND 1979, CLOOS 1982, ERNST 1984)
does not seem well supported: the blueschist unit
is not a well defined unit with an opposite sense
of shear at its upper and lower boundaries and the
stretching lineations are nearly subhorizontal
throughont the study area. Furthermore, the
:ﬁiln‘nundings of the blueschists have been intensely
! mied during the D2-deformation, so that the
ssibility of motion of the rising blueschist body
rough an otherwise static medium is also rejected.
ty contrasts between the blueschist unit and
uy rocks cannot be regarded as a driviug
: for the buoyant uprise, it relative proportions
etabasites and metasediments are taken into

e or horizontal stretching lineation on
tion planes as required by the “wrench
model” for emplacemeut of high pressure
higher tectonic levels (KARIG 1980), are

ved in the field. Steep S2 foliation
ith NE-SW trending subhorizontal
tion, as for example along the NW
he Olympus carbonate dome, should
regarded as the result of the late updoming of
the Olympus carbonate dome or the perpendicular
to the maximum stretching compression (Fig. 2 &
8B).

On the other hand, the geometry of the kinematics
and the deformation regime of the D2-tectonics,
sufficiently warrant the emplacement of the
blueschists and the overlying pile of nappes over
the foreland, as a result of the subhorizontal
stretching of an overthickened accretional wedge,
according to the “underplating and extension” model
(PLATT 1986).

Thus, we suggest that during the initial stages of
the D2-deformation, at the Upper Eocene-Oligocene,

their base, over the nonmetamorphosed rocks of

right after the compression stage and the deep
tectonics, the unit of the blueschists and the
overlying pile nappes were emplaced over the
sediments of the Olympus-Ossa, Kranea, and
Rizomata units, in a regime of subhorizontal ductile
stretching and simultaneous subvertical thinning
of the crust, covering the cold foreland units
outwards (Fig. 8B). This proposal is in contrast to
the previous works by SCHERMER et al. 1989,
SCHERMER 1990, which interpret the emplacement
mechanism of the blueschists as the result of thrust
tectonics after the peak of the high pressure
metamorphism.

The stretching regime during the emplacement
of the nappes also warrants, to a large extent, the
lack of high pressure parageneses in the rocks of
the lower Olympus-Ossa, Kranea, and Rizomata
units since, according to this pattern these do not
participate in the deep underthrusting tectonics
during the nappe stacking. On the contrary, if the
emplacement of the blueschists and the overlying
unit had developed simultaneously with the nappe
stacking, the lower unit should have normally
undergone the most intense high pressare deep
tectonics,

However, due to the contiuuing convergence of
the plates compression and nappe stacking migrate
further out at the front of the stretching masses.
Thus, the Upper Eocene-Oligocene thrust tectonics
of the external Hellenides (BRUNN 1956) develops

simultaneously with the crustal stretching and
thiuuing in the inner Hellenides (Fig. 8B).

In DAVIS et al. 1983, PLATT 1986 it is mentioned
that the slowing down of the plate convergence
rate, the change of direction of the plate
convergence, or even a roll-back of the subduction
zone, may cause the stretching of the overthickened
wedge and 1ts emplacement over the cold orogenic
foreland.

Such changes in the kinematics of the plate
convergence in the Alpine orogenic system have
been described by many investigators (DEWEY et
al. 1973, SAVOSTIN et al. 1986, MEULENKAMP
et al. 1988) so that shape adjustments of the scheme
of the Alpine orogenic wedge are likely, resulting
in the stretching of the Eocene nappe pile and its
emplacement over the foreland.

Exhumation of the blueschists and the lower plate

The continuous underplating of cold sialic
material of the foreland under the stretching wedge,
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combined with the considerable slide downwards
of ‘masses along the low angle extensional shear
zones with an opposite sense of shear are the cause
of the rapid upward rebound of the blueschists
and the lower plate dnring the Oligocene-Miocene.
At the same time, a further thiuning and collapse
of the nappe pile takes place, finally resulting in
the uplift and exhumation of the lower plate in
the form of the Olympus-Ossa, Kranea, and
Rizomata tectonic windows in the inner Hellenides
"as is proposed also by SCHERMER 1990, 1993,
and KILIAS et al. 1991 ab (Fig. 8C, 9).

This Oligocene-Miocene stretching and thinning
of the inner Hellenides in a NE-SW direction is
also supported by the simultaneous evolution and
filling of the Mesohellenic trough with Oligocene-
Miocene sediments. (BRUNN 1956, PAPANIKOLAQU
et al. 1988). Therefore, this trough initially formed
at the tectonically higher levels of the Eocene
nappe pile simultaneously with the ductile D2-
deformation at depth, east and behind of the
simultaneous (Oligocene-Miocene) imbrication of
the external Hellenides (Fig. 8B).

Moreover, considerable ophiolitic masses of the
upper tectonic units during the same Oligocene-
Miocene period moving dowuwards to SW are
emplaced over the Oligocene imbricated flysch of
the external Hellenides (MOUNTRAKIS et al. 1992
a, b).

The syn-D2 uplift of the blueschists was not
accompanied by any major reheating of the system.
This is an uncommon case of the P-T-t paths
evolution that is proposed from SPEAR &
SELVERSTONE 1983, and ENGLAND & THOMPSON
1984.

This event can indeed be interpreted if we take
into account a tectonic Sceuario where the
blueschists are detached from a relatively hot
(~350°C) substratum to be emplaced outo colder
crust that has not suffered deep burial and heating.

Thus, the preservation of the high pressure
parageneses of the blueschists and the presence of
nonmetamorphosed to slightly metamorphosed
foreland units, under the intensely metamorphosed
rocks of the nappes of the inner Hellenides, can
also be accounted for.

The Oligocene-Miocene annealing (ATHER et al.
1982, BUICK 1991), of the Cyclades blueschists,
whose HP/LT metamorphism also dates to the
Eocene (ANDRIESSEN et al. 1979), as well as the
preseuce of metamorphosed wunits below the

blueschists (DURR 1975, DURR et al. 1978) must
be associated with the development of a new
subduction cycle. A significant crustal thinning
aud stretching accompanying this Oligocene-
Miocene thermal overprint of the Cycladic Massif
(LISTER et al 1984, BUICK 1991, FAURE et al
1991). The HP/LT phyllite-quartzite unit of Mani
and Creta offers clear evidence of the existence of
this new orogenic cycle of Oligocene-Miocene age
(Fig. 1, WACHENDOREF et al. 1980, SEIDEL et al.
1982, MEULENKAMP et al. 1988, KILIAS et al.
1992, FASOULAS et al. 1993). This event, however,
did not take place further north in the mainland
of Greece, where the orogenic process was definitely
concluded with the emplacement of the blueschists
and the overlying nappe pile over the cold foreland
and its subsequent uplift and exhumation.

CONCLUSIONS

Structures, kinernatic analysis, strain analysis and
metamorphism-tectonics relations of the Olympus-
Ossa blueschists, show that their tectonic evolution
began in the Eocene with a rapid subduction and
burial under the Pelagonian with the result that
they were metamorphosed under high pressure low
temperature couditions. Nappes stacking and crustal
thickening takes place during this period.

The postburial history of the blueschists is
characterized by an Upper Eocene-Oligocene ductile
deformation under conditions of lower greenschist
facies metamorphism. During this event the
blueschists together with the overlying nappe pile
of the Pelagonian stretchends, and thinnends cover
the cold sediments of the Olympus-Ossa unit of
the foreland.

The underplating of the cold plate beneath the
nappe pile and the continuous supply of cold
foreland materials to the subduction zcne,
progressively causes the uplift and further tectonic
thinning of the whole nappe pile, with no significant
reheating, during the Oligocene-Miocene. As a result
of the significant opposite escape of nappe masses
during this upward isostatic movement, the
Olympus-Ossa unit is revealed in the form of an
extensional dome.

The stretching and emplacement of the blueschists
and the overlying nappe pile over the foreland in
a total compression regime, due to the continuing
convergence of the plates, can be attributed either
to a retardation of the rate of convergence of the
plates, during the Oligocene.
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HNEPIAHWH

TEKTONIKH EZEAIZH THZ OPOXEIPAY OAYMIIOY-OZZAY: ANOAOXL/TOHOGETHXH
TON KYANOEXIEZETOAIOON THEZ ANATOAIKHE OEXZAATAY KAI AIIOKAAYWH TOY ANOPAKIKOY
AOMOY OAYMIIOY-OXXAX QX AHOTEAEEMA EPEAKYIMOY KATA TO TPITOTENEX

Adondvuog Kiktag®

To meTpparTa TG eVOTNTUS TWY RVEVOsLLeTOMBWY oty
neguoyny Oldumov-Ocoas oty evatoiixy Oesouolkia,
Gubionray xotd to Hoxawvo, ot Lovn vrobvbiong tng
Amoviiog ThOxog ®ATH GO TO NIEWOTIRG TEPALOS TS
Iebayovinng, o’ éva 6abog >20 km, pe omotéheona va
petepogenboly e ouvlBnxes vyming micong-gauning
Begpoxgaoiog (P=6-9 kb xa T=300-350°C). Kabfeotdg
OUUTLEGNS, GUGOMQEVTT TEXTOVIXOY ROAVUUATOV %l
UTEQIAYUVOT] TOV @hotoD) yuguxtnoifovy tny meplodo autr
aoUyzxhrang tov mhaxdv xotd to Hoxavo. H dvodog =
1] EMOTPOPN YOS TO BUAXG EMITEDO TWY XVAVOOLLOTOIL-
0oy Eexivnoe téhog Homaivov-ugyés Olryoxaivov xou
ouvvodevinxe and zauniov 6aluol mgaowoayiotorifinig
oG UETAUODPWAT].

AVEAVOT] TS TOQUUORPMUONGS XL AIVNUOTIXAG TOVY
RUAVOSYLOTOMBLY %01 TOV TEQBCAAGVTIWY TEXTOVIRGDY
EYOTHTOV £0E1EE, HTL 1) (vodog o Tomobétnon cutdv TOv
VYNNG TEDTS METOOUATWOY, CUVHEOVTOL IE L GIEYTL~
#1] EXTUON ®OL AETTUVEY NS TRONYOUREVMS, ®OTH TO

* Avaminouris Kalnynoie, Thqpo Cewhoyicg Aprotoreheiov Maver.
Oenfvixng.

Manuseript received from:
— the author on 10.3.95
— the Review Committee on 10.7.95
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Hoxowo, vremayvuévig opoyeveTinis ogivas ernaltn-
ons. H éxtaon éhabe yopo o¢ dvo otadu: To mpmto
otadto ouvdfeTan pe ™Y TomoBETNON TV VYNAAS ieong
TETQWUATOV AU TG UTEQREIUEVNS OTHANG ®aAvuudrov
MAVQ) OTNY CUETOUGQPWTY fmG EAOMPOR UETAUOQPOUEVY
evomnie Oriumov-0coag g epmpoodoympag »oL ogei-
et mbovéy oty ahhayn tov gulpov, 1§ g SrevBuv-
ang ovyxhiong Tov Abooguiguxdy mhandv. Katd to dev-
TE00 OTGOW fhade YOO onuavti avridetixn duwpuyn
pelov Tov textovik@v xelvppdtov mpog ta BA xw
NA, pe omotéheona Ny 1000ToTR exTiveEn g »oti-
TEQNG MAOMOG, TG EUTQOGHOXMOUS XL TH aTEdLART] €IT0-
w@Avyn tov xvovooylotohibov xar twv WInuatov g
tumooloympug pe 1 poo@Y) TexTovinoy Tupddugou ratd
g agyés Mewoxaivou.

H éxtaon ovvdéetar pe peyahng zhipoxoag oLo0mOQEVON
YuyooU relpmTixol gholol e epmpoabaydeag, »aTo
Ao TNV EXTEWWOUELVY OTHAT TEXTOVIXDY XCAVUPATOV TS
avOTEONG TAGROG, ®RoTA T1) SLAQxele oUyxAiang axouy
TOV TAAXOV 2RO TNY CVARTUEN TOV TEXTOVIXOV %ehuj-
UATOY %0 TOV av@otogony ovay, Eotegtxdtega 010
100 tov tEutegxmy ehlvidwy.

[Maparadn coyasiog:
— gyt and tov ovyypagéa otg 10.3.95
— ek amd my Koronn Envtgon? otig 10.7.95
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