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U-Pb and Ar-Ar geochronological data
from the Pelagonian basement in Evia (Greece):
geodynamic implications for the evolution of Paleotethys

by I. Vavassis', A. De Bono', G.M. Stampfli', D. Giorgis’, A. Valloton!, and Y. Amelin’

Abstract

High precision U-Pb zircon and “’Ar/¥ Ar mica geochronological data on metagranodiorites, metagranites and mica
schists from north and central Evia island (Greece) are presented in this study. U-Pb zircon ages range from 308 to
1912 Ma, and indicate a prolonged magmatic activity in Late Carboniferous. Proterozoic ages represent inherited
cores within younger crystals. Muscovite “’Ar/“Ar platcau ages of 288 to 297 Ma are interpreted as cooling ages of
the magmatic bodies and metamorphic host rocks in upper greenschist to epidote-amphibolite metamorphic condi-
tions. The multistage magmatism had a duration between 308 and 319 Ma but some older intrusions, as well as meta-
morphic events, cannot be excluded. Geochemical analyses and zircon typology indicate calc-alkaline affinities for
the granites of central Evia and alkaline to calc-alkaline characteristics for the metagranodiorites from the northern
part of the island. The new data point towards the SE continuation, in Evia and the Cyclades. of a Variscan conti-
nental crust already recognised in northern Greece (Pelagonian basement). The Late Carboniferous magmatism is
viewed as a result of northward subduction of the Paleotethys under the Eurasian margin.

Keywords: Greece, Variscan, Evia, Pelagonia, zircon and mica dating, Late Carboniferous, Permian, Eocimmer-

ian, Paleotethys.

Introduction

The Internal Hellenides comprise several imbri-
cated tectonic units of which the Pelagonian unit
is the largest, affected by two main orogenic
events. The first event (the Eo-Hellenic phase) oc-
curred during Late Jurassic-Early Cretaccous
time, following the obduction of the Vardar ocean
ophiolites (JACOBSHAGEN and ROEDER, 1976).
The second event is related to the Alpine orogeny
(the Meso-Hellenic phase) and corresponds to
the final closure of the ocean during the Late Pa-
leocene to Late Eocene. A characteristic of the In-
ternal Hellenides is the Late Cretaceous trans-
gression sealing the obduction. The upper Creta-
ceous sequence consists of Cenomanian conglom-
erates and neritic limestones as well as bauxitic
and iron-nickel deposits overlain by pelagic
Maastrichtian limestones and Paleocene flysch

(KATSIKATSOS et al., 1986). In contrast, the Exter-
nal Hellenides record only Alpine tectonic events.
The Attica-Cyclades Crystalline Belt of the Hel-
lenides contains tectonic units which underwent
high pressure / low temperature (HP/LT) meta-
morphism in the Late Cretaceous to Late Eocene
as well as Barrovian metamorphism and intrusion
of granitoids during the Late Oligocene and
Miocene (ALTHERR et al., 1982; LISTER et al., 1994
and BROCKER and FrRANZ, 1998; BROCKER and
ENDERS, 1999). Rare findings of fossils found at
Andros (PAPANIKOLAOU, 1978), Paros (PAPANIKO-
LAOU, 1980), Naxos (NEGRIS, 1915; DURR and
FLUGEL, 1979), Tinos (MELIDONIS, 1980) and
Samos (PAPANIKOLAOU, 1979) have shown that
these sequences are post-Variscan. In an attempt
to refine the paleoreconstruction of the Western
Tethys from the Early Paleozoic to the Late
Mesozoic, the age and origin of the Internal Hel-
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lenides and its Pelagonian zone is of major im-
portance. The Pelagonian zone has been consid-
ered a fragment of the Cimmerian Continent
which separated the Paleotethys from the
Neotethys oceans (MOUNTRAKIS, 1986). In con-
trast, the present study shows that the Pelagonia
terrane is part of Variscan Europe. In Greece, this
zone is represented by rocks of continental affini-
ty,located between the External Hellenides to the
south and the Rhodopian units to the north (Fig.
1). The basal sequences of the Pelagonia terrane
include meta-plutonic rocks considered as pre-
Alpine basement (PAPANIKOLAOU and ZAMBE-
TAKIS-LEKKAS, 1980; MOUNTRAKIS, 1986; SIDERIS,
1989). In order to define the age of these rocks and
their significance for the evolution of Pelagonia
(STAMPFLL, 1996; STAMPFLI et al., 1998), two key
areas in northern and central Evia have been in-
vestigated (Fig. 2).

Previous geochronological and
geochemical studies

Isotopic ages reveal the presence of pre-Alpine,
especially Late Carboniferous plutonic rocks in
northern and southern Greece. Most of the data
concern the Internal Hellenides domain and the
Attica-Cyclades Crystalline Belt (Fig. 1,Tab.2).In
the Internal Hellenides and particularly in the
Flambouron unit (part of the Pelagonian base-
ment overthrusting the neritic platform of Olym-
pos mountain), U-Pb zircon data for the Kastania
granite indicate magmatic activity around 302 Ma
(YARWOOD and AFTALION, 1976). In Othrys, K-Ar
hornblende ages done on amphibolites from the
Pelagonian basement (FERRIERE, 1982), range
between 332 and 307 Ma. The younger ages may
represent Late Carboniferous magmatic activity,
the older ages may be the result of extraneous Ar
or may indicate an earlier stage of metamorphism.
Meta-plutonic rocks of similar age have also been
reported from the Cyclades islands (Tab.2). These
data suggest a correlation between the basement
sequences of the Cyclades with those of the Inter-
nal Hellenides, rather than with the Menderes
Massif which is of Panafrican origin and where
Variscan metamorphic events were not recog-
nised (SENGOR, 1984; HETZEL et al., 1998; DANNAT
and REBCHMANN, 1999) (Tab. 2). On Ios island,
Rb/Sr whole rock analysis gave an age of approx-
imately 520 Ma for granodioritic to tonalitic rocks
(HENJES-KUNST and KREUZER, 1982) which is dif-
ficult to interpret due the method used and the
large uncertainties (+ 55 Ma) (see ENGEL and
REISCHMANN, 1998). K-Ar biotite and hornblende
ages reported by HENJES-KUNST and KREUZER

(1982) range between 790 and 1600 Ma, and are
possibly related to extraneous argon. These au-
thors also report Late Carboniferous zircon ages
(300-305 Ma) attributed to Variscan metamor-
phism, as well as Rb-Sr muscovite ages of 294 + 4
and 288 + 8 Ma. ANDRIESEN et al. (1987) also ob-
tained a hornblende K-Ar age of 268 + 27 Ma for
augengneiss from the los gneiss dome.

Among the scarce geochemichal studies car-
ried out on the Pelagonian basement, are those
describing gneissic rocks of plutonic origin from
northern Thessaly and Cyclades areas (PE-PIPER,
et al.,, 1993; PE-PipER and KotoprouLl, 1997). They
analyzed late Carboniferous granodiorites from
Verdikoussa area in northern Thessaly and de-
fined their chemical affinities of subduction relat-
ed magma. They describe also diorites and horn-
blende gabbros with chemical signatures similar
to continental flood basalts. These rocks were like-
ly crystallized during Late Carboniferous but
their relationships with the granodiorites are not
very clear: they sometimes seem to cut them and
sometimes to predate them. Amphibolites are re-
ported from the Miocene metamorphic core com-
plex of Naxos island as enclaves within the
Variscan I-type granitoids. The metabasites re-
semble those found in Thessaly, with high-Ti con-
tinental flood basalts affinities, whereas the gran-
odiorites show a subduction-related origin.

Geological setting

As shown in the structural map (Fig. 2), Evia is-
land consists of a nappe pile comprising the fol-
lowing tectonic units, from south to north: (1) The
formations of Ochi Mt. (Makrotantalon-Ochi
unit), (2) the Styra Blueschists unit, (3) the Almy-
ropotamos unit, (4) the Liri unit, (5) the Stropones
limestones, tentatively attributed here to the ex-
ternal Pelagonian domain, (6) the formations of
the Pelagonian zone and (7) the Vardar-Axios
ophiolites (RENZ, 1955; PARROT and GUERNET,
1972; GUERNET, 1975; BAUMGARTNER and
BERNOULLI, 1976; CELET and FERRIERE, 1978;
KATsikaTsos et al., 1986; ROBERTSON, 1990;
RICHTER et al., 1996).

Field observations and samples characteristics

NORTH EVIA GRANITOIDS AND
AMPHIBOLITES

The granitoids of the "basement sequences” from
northern Evia form either extensive outcrops
where they are found together with mica schists
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and amphibolites such as in the adjacent localities
of Neos Pyrgos and Aghios villages, or large
stocks of unfoliated granitoids showing typical
equigranular granitic texture found near Rovies
(23°15" E / 38°50" N, Istiea topographic sheet,
1 :50°000; HAGS ed. 1971) and Edipsos adjacent
regions (Fig. 3). As shown by previous works the
Pelagonian basement outcrops form nappes over-
thusting younger metamorphic or sedimentary
lithologies (SCHERMER et al., 1990). Our own

study in Edipsos and neighbouring areas con-
firmed this assumption (DE Bono et al., 1999;
Vavassis, 2000 in prep.). There is no clear intru-
sive contact between the granitic bodies and the
micas schists, on the contrary, all contacts appear
to be syn-formational. Enclaves of mafic as well as
of schistose country rocks are observed and veins
and sheets of pegmatite and aplite within the
country rocks are frequent, especially in Neos
Pyrgos-Aghios regions. The samples are medium
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grained lithologies with a mineral assemblage
made of saussuritized plagioclase, K-feldspar,
quartz, biotite transformed to chlorite and epi-
dote (allanite), + muscovite, + hornblende as well
as sericite. Apatite, zircon and sphene also occur.

The analyzed meta-basic rocks represent lay-
ers or boudins obviously associated with the gran-
ites, granodiorites and gneisses of basement-type
lithologies found in northern Evia. After hard ef-
forts to find unaltered outcrops, four samples were
selected from the Neos Pyrgos-Aghios region.
These samples of mafic lithologies are amphibo-
lites in close relation with the granitoids and the
mica schists, and have been apparently formed
within the same geotectonical context. They are
found as centimeter thick-bedded horizons or
boudins parallel to the dominant folliation of the
host basement rocks. Mafic enclaves probably of
the same origin found also within the Variscan
granites have not been analyzed during this study.
The Late Paleozoic age of these rocks has been
confirmed by our own geochronological data
(Vavassis, 2000 in prep.) as well as by FERRIERE,
(1982) who reported Late Paleozoic ages for the
amphibolites of the Pelagonian basement in Oth-
rys region.

SKOTINI GRANITES

The Skotini granites (Fig. 3) were collected from
the outcrops stratigraphically resting at the base
of the Neopaleozoic units of central Evia (DE
Bono, 1998; DE Bono et al., 1999), located about
6 km NE of Kato Seta village (Steni Dhirfios topo-
graphic sheet, 1 : 50°000; HAGS ed. 1971). They
are homogeneous, coarse grained hypersolvus
granites. Their typical paragenesis include quartz,
albite, alkali feldspar, biotite, white mica, chlorite,
stilpnomelane, titanite, apatite, zircon and calcite.
Their original granitic textures are badly pre-
served and these rocks are usually not foliated.
The Skotini granites have undergone a complex
history. The study of quartz aggregates shows that
there has been at least one event of static recrys-
tallization followed by a dynamic recrystalliza-
tion. Deuteric processes, such as hydrothermal-
ism, affect the mineralogy of the rocks and result-
ed in the transformation of feldspaths to sericite
and kaolinite and the formation of veins of stilp-
nomelane, quartz, aciculate white micas, chlorite
and calcite. Biotite is usually altered to chlorite
and associated with neoformed stilpnomelane.
Almost every mineral show undulate extinction
and deformation features such as lamellae in
quartz. Hence these granites went through low-
grade metamorphic conditions.

LIRT GRANITES

The samples from Liri (Fig. 3) come from olis-
toliths belonging to the Permo-Triassic Liri unit,
situated about 3.5 km in the NE of Kato Seta vil-
lage or 1 km west of Manikia village (Steni Dhir-
fios topographic sheet, 1 :50°000; HAGS ed. 1971).
The granitic blocks and pebbles included in the
Liri flyschoid sequence are mineralogically simi-
lar to the granites from Skotini. However, small
differences exist: Lir1 granites are less affected by
deuteric processes and some samples have not
been affected by static recrystallization.

Geochemistry

Together with the zircon typology described
thereafter, 26 granitic rocks and amphibolites
have been analysed for major and trace element
chemistry in order to characterise the geotectonic
setting of the Pelagonia Terrane (Tab. 1).

MAJOR ELEMENTS

Because all samples underwent several deforma-
tion events, low to medium grade metamorphism,
including weathering and late hydrothermal alter-
ation for some of them, we expected element mo-
bility to induce changes in the rock bulk chem-
istry. This was confirmed by field and petrograph-
ic observation as well as by the results of the ma-
jor elements analyses, which show, for almost all
the samples, unusually high content in K,O and
low content in Na,O.

TRACE ELEMENTS

Interpretations based on trace elements and rare
earth elements are considered useful. The granit-
oid samples, when plotted on a Rb vs. Y+Nb dis-
criminative diagram (Fig. 4a), show a "volcanic
arc granite" affinity, also shown by the Nb -Y dia-
gram. Multitrace element variations, normalized
to ocean ridge granites (ORG), indicate also calc-
alkaline affinities for the Liri, Skotini and Edipsos
granitoids (Fig. 4b).

The negative anomalies in Nb may be due to
continental crust contamination. Most of the sam-
ples show similar normalized values of Ba and Th
typical of Within Plate Granites (WPG). Rela-
tively low normalized contents in K,O and Ba to-
gether with peaks of Rb and Th and a negative
anomaly in Hf, indicate collisional granites. Addi-
tionally, the observed positive anomaly in Ce and




GEOCHRONOLOGICAL DATA FROM THE PELAGONIAN BASEMENT IN EVIA (GREECE)

a)

Rb (ppm)

1000 T

1(

I

A N. Evia orthogneisses

o C. Evia granitoids

T T

T LT

-

3

8|

]

1

ORG }

FE A | L4 aa

100 1000

T TTTTT

)

bt aaanl

| 10
Y+Nb (ppm)

b) 100 =

10

0.1

0.0]

100

10

0.1

0.01

100

10

0.1

0.01

rock / ORG

N. Evia orthogneisses

o211
e 62|
o 1271
= 1531
+ 188l

T T T T T T T T T T T T

K2O Rb Ba Th Ta Nb Ce Hf Zr Sm Y Yb

11 Illllll

Liri granites

0 G6
® 87E
06708
= 3395
44018
44748
v 476S

Il IHHH' L IHHH‘

11 IIIIIII

T T T T T T T T T T T T

K>O Rb Ba Th Ta Nb Ce Hf Zr Sm Y Yb

rock / ORG

11 lIlIIl‘

Skotini granites
0G2.3
® G4
03535
® 3495
+ 3488
4 6698
v 3548
v 668S
+ 4028

1 ]HHUi 1 IIIIIII[

[ HIIIII

T T T T T T T T T T T T

K>O Rb Ba Th Ta Nb Ce Hf Zr Sm Y Yb

e)

rock / chondrite

d)

Ti (ppm)

1000 5
3 Skotini granites
- o G4
100 = s
10 3
' T Nd L Eu To_ Ho, Tm..L
e Nd “u 0 m, Lu
La  Pr Sm Gd Dy Er Yb
1000 = rock / chondrite
] Liri granites
B (=]
100 =
10 =
] ICIIN"d"E"I'I'rh'HY“I"'ly
(<] I “u o0 1 A
La Pr o Sm Gd Dy “Er "Yb
1000 = rock / chondrite
3 North Evia
1 211 granite
1o E e 1221 amphibolite
10 3
I l(“(_‘Nyl' 'I"lul‘]"‘h']-i)"r‘n| Li,ll
€ [¢ L ¢
La Pr Sm Gd Dy Er Yb
North Evia
4 amphibolites
If); —Pearce et al (1984) . -
basic
evolved
trend
i0' e
WPB
1000 P . o
10 100 1000
Zr (ppm)

Fig. 4

7

Fig. 4 Geochemical discrimination and spider diagrams of the analyzed rocks. (a) Rb vs Y + Nb discriminative
diagram after PEARCE et al. (1984); VAG: volcanic-arc granites; COLG: collisional granites; WPG: within-plate gran-
ites; ORG: ocean ridge granites. (b) Ocean-ridge granite (ORG )-normalized spider-diagrams after PEARCE et al
(1984). (¢) REE patterns; normalization values from HASKIN et al. (1968) and NAKAMURA (1974). (d) Ti vs Zr dis-
criminative diagram after PEARCE (1982): VAB: volcanic-arc basalts; MORB: middle ocean ridge basalts; WPB: with-
in-plate basalts.



28

1. VAVASSIS. A. DE BONO, G.M. STAMPFLI, D. GIORGIS, A. VALLOTON AND Y. AMELIN

Tab. 1 Whole rock geochemical analyses of Evia samples.

N. Evia amphibolites & orthogneisses C. Evia Skotini granites
amphibolites orthogneisses
samples @ 201 1221 1231 1241 211 621 1271 1531 1861 G23  Gl4 6685 3495 3485  669S 3545 5058 4028
major wt-
Si02 5025 5359 4933 4955 | 7785 6923 6539 6338 6562 6834 68.69 6848 6582 67.6 68.12 6846 6393 68.17
TiO2 052 053 | 1.16 011 038 074 0.58 0.48 044 040 042 053 044 041 04 049 05
Al203 1646 1279 1623 2055 1233 1568 167 1659 1644 1583 1606 156 1689 1571 159 1549 1749 1524
Fe203 848 846 1061 10.14 087 3.1 418 4.66 387 294 296 36 415 3.78 332 343 423 458
FeO 0381 037
MnO 0.13  0.14 0.15 0.12 0 004 003 0.06 0.06 0.06 0.02 006 003 005 005 004 007 005
MgO 765 971 5.36 4.1 0.34 102 098 191 1.35 1.27 1.22 1.62 224 1.23 1.29 1.28 1.67 1.66
CaO 10.34 8.16 9.5 777 0.61 25 254 3.33 249 0.19 023 0.14 004 0.17 0.6 0.3 0.07 0.31
Na20 2.34 1.09 1.35 I'25 221 379 347 3.88 4.17 2.35 324 248 438 546 1 2.59 1.79 237 324
K20 156 294 263 403 487 249 265 242 2.62 5.23 477 434 301 300 571 578 ° 5.56 2.88
P205 004  0.13 0.15 0.26 0.02 007 023 0.11 0.14 0.13 0.12 0.13 0.1 0.13 0.16 0.1 0.08 0.18
LOI 207 204 288 022 0.77 16 214 26 1.95 2.13 170 239 279 1.71 2.12 2.16 3.08 2.27
Cr203 003 0.2 001 000 | 000 000 000 000 000 000 000 000 000 000 000 000 000 000
NiO 0.01 003 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 9988 99.73 992 99.15 99 98 999 9905 9952 99.19 9972 9977 9926 9998 9928 9983 9907 9904 99.09
traces (ppm)
Nb 0 (1] 0 2 0 0 0 0 0 7 6 9 10 11 9 12 10 11
Ir 32 75 87 131 140 94 236 149 141 157 146 171 157 188 154 159 156 210
Y 14 12 23 30 21 10 18 27 11 45 32 40 24 30 21 29 36 31
Sr 109 15 488 521 159 254 388 197 203 40 56 30 38 47 65 53 76 84
U 0 0 0 3 0 0 0 (1] 0 3 2 4 6 4 4 3 4 4
Rb 88 135 126 151 101 96 121 101 96 207 178 178 139 233 166 207 82 113
Th 0 4 2 9 10 0 7 3 5 17 18 14 18 17 21 11 18 14
Pb 0 0 0 0 30 0 0 0 0 35 28 27 31 30 37 22 24 17
Ga 12 11 I 19 15 17 19 17 15 20 18 19 20 21 19 18 18 I8
Zn 75 86 89 121 20 43 68 62 51 59 59 51 63 72 50 53 66 57
Cu 0 0 0 0 ] 0 0 0 0 13 10 14 11 11 9 7 16 12
Ni 7 166 4 0 0 0 1 1 0 6 4 5 5 9 4 5 4 7
Co 52 46 46 51 26 35 32 29 28 28 28 35 29 38 45 39 31 46
Cr 216 862 73 16 0 7 6 15 13 25 18 16 22 18 17 18 23 17
v 194 190 281 297 3 56 67 97 65 56 46 53 94 62 49 51 62 81
Ce 0 31 29 65 56 28 59 48 54 116 47 75 36 67 98 76 87 63
Nd 0 13 8 33 15 | 22 21 17 79 26 36 15 36 45 40 33 27
Ba 99 505 325 987 1130 475 452 411 744 1110 721 882 320 921 1473 1149 635 613
La 0 18 10 43 33 13 38 25 33 84 33 39 24 46 64 43 39 32
S 68 81 66 72 55 34 39 38 34 7 8 14 3 67 68 28 2 26
Hf 0 0 0 | 4 2 3 2 | 6 4 6 6 6 5 2 6 6
Sc << <0< 7 7 5 7 6 6 6 10 13
As <0< << <3< <3< 3 <0< 4 3 6 11 27
C. Evia Liri granites N.Evia C.Evia C.Evia
zranites & amphibolites Skotini granites Liri granites
samples G6 87E  670S  339S  401S 4748 4768
major wt-% samples 211 1221 Gl4 668S 3398 670S 4765 40IS
Sin2 6886 7261 6296 6326 643 6198 68.19 REE (ppm) granite amphib
TiO2 040 021 0.66 06 072 065 033 La 488 20.2 307 46.9 30.1 586 422 17.8
Al203 1490 1489 1606 1649 1809 1676 13.35 Ce 843 389 65.6 929 599 101 81.3 336
Fe203 294 241 504 492 437 526 23 Pr 10.4 58 74 1.5 6.8 115 9.7 43
FeO 0.38 Nd 37.7 22 29.6 40.5 232 36.3 322 16.7
MnO 0.06 003 0.08 0.08 0.04 008 005 Sm 7.6 52 62 92 5.1 6.6 6.6 42
MgO 131092 279 293 187 251 106 Eu 1.55 1.57 099 1.22 121 161 138 124
CaO 0.31 0.19 249 2.24 0.33 2.34 395 Gd 6.2 4 64 76 4.1 54 4.9 39
Na20 3.61 439 1.39 1.59 168 276 488 Th 09 0.6 09 13 0.6 09 0.7 0.7
K20 4.38 199 507 509 504 3.01 1.18 Dy a8 34 6 74 36 45 37 38
P205 013 007 016 014 026 011 0.3 Ho 0.94 0.69 125 1.62 071 093 071 075
LOI 2.11 168 267 275 283 405 409 Er Y] 18 3.6 43 2 24 19 1.9
Cr203 000 000 001 000 001 001 000 Tm 03 0.3 05 0.6 0.3 04 03 0.3
NiQ 0.00 (.00 0.00 0.00 0.00 0.00 0.00 Yb 19 17 3.6 4 2 23 1.8 1 8
Total 9939 9939 9938 100.1 9954 9952 995] Lu 0.29 0.29 0.51 0.58 0.31 0.37 0.28 0.23
traces (ppm) Th 18.3 8.2 168 18.9 13,3 287 1757 F<d
b 7 8 6 3 6 9 U 29 24 32 35 26 28 1.8 1.1
Zr 130 122 165 129 123 169 132
Y 31 30 26 23 26 20 19
Sr 98 53 128 240 43 135 303
U 2 3 3 3 2 3 1
Rb 183 91 209 205 210 125 49
Th 18 10 18 10 3 14 15
Ph 34 15 13 16 7 12 14
Ga 18 15 20 21 23 20 13
Zn 51 41 67 62 55 69 36
Cu 8 1 10 11 10 18 8
Ni 4 4 14 13 19 16 |
Co 30 81 46 49 46 41 47
Cr 18 10 46 40 49 61 12
v 51 37 103 100 117 143 43
Ce 72 57 83 56 25 70 59
Nd 33 23 40 27 13 38 28
Ba 799 309 1329 905 1146 776 276
La 42 21 70 38 24 31 31
S <3< << 7 8 14 <0< 5
Hf 5 7 2 5 3 6 6
Sc 9 6 9 8 5 13 8
As 4 5 7 4 23 12 4
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Tab. 2 Zircon geochronological data of Paleozoic-Early Mesozoic magmatism in Greece and W. Turkey.

No Place or Unit Age in Ma Method References
([} |FongeonSidieuees | g Pb/Pb KOKKINAKIS (1978)
(Rhodope) - ‘ :
| @: Thassos 300 U-Pb WAWRZENITZ (1997)
' (Rhodope) ST
@ Flambouron 302 +5 U-Pb YARWOOD and AFTALION (1976)
@ Evia 308 - 319 U-Pb This study
@ Dilos 295+4-327+4 | Pb/Pb ENGEL and REISCHMANN (1999)
(6) |Paros 302+2-325+4 | Pb/Pb ENGEL and REISCHMANN (1999)
\
i @ Antiparos 292+1-308+3 | Pb/Pb ENGEL and REISCHMANN (1999)
w 316 = 4
| Naxos 275 + 3 Pb/Pb REISCHMANN (1998)
233 +£2
@ Sikinos 301 +2-325+4 Pb/Pb REISCHMANN (1998)
305+5 U-Pb HEeNJES-KUNST and KREUZER (1982)
los 302 - 311 Pb/Pb ENGEL and REISCHMANN (1999)
Kazdag 308 =16
D | (Sakarya) 00 5 T8 Pb/Pb OxAY et al. (1996)
(12 |Bozdas 551+ 1.4 U-Pb HeTzEL et al. (1998)
(Menderes) = o :
(13) snderes 528 - 541 o o
Menderes 227 - 240 Pb/Pb DANNAT and REISCHMANN (1998)

the slightly negative anomaly in Ba in most of the
samples point to a volcanic arc setting (VAG).

REE patterns show high LREE enrichment
and a moderately fractionated pattern (Fig. 4c).
The negative Eu anomaly is distinct and indicates
segregation of feldspar, except for the Liri granit-
oids where this anomaly is small.

The amphibolitic samples, except sample 1241,
show low content in Nb (< 1 ppm) often charac-
teristic for subduction zone basalts (Tab. 1). For
sample 1221 the Rare Earth elements spectrum
normalized to chondrites, clearly shows an enrich-
ment in light elements, probably due to crustal
contamination (Fig. 4c). The flat pattern with
chondrite-normalized factors of about 10 for
HREE is similar to patterns of either MORB-

type basalts or subduction zone basalts. On the
Ti-Zr discriminative diagram for volcanic rocks,
all amphibolitic samples plot in the field of Vol-
canic Arc Basalts (VAB) (Fig. 4d).

Zircon typology

The basis of this empirical method is to determine
what kind of prisms {100} or/and {110} and what
pyramids {211} or/and {101} the zircon has devel-
oped. The growth of these crystal faces is roughly
controlled by the agpaicity index (index L.A.).
(Pupin, 1976), the temperature of crystallization
and the percentage of water in the magma (index
[.T.) (PupiN, 1978; PupPIN and TURCO, 1972). It is



30 [. VAVASSIS, A. DE BONO, G.M. STAMPFLI, D. GIORGIS, A. VALLOTON AND Y. AMELIN

Tab. 3 U-Pb data for Evia samples. (a) total common Pb in fraction; (b) model Th/U ratio calculated from radi-
ogenic ““Pb/"Pb ratio and **Pb/>*U age: (¢) the **Pb/*"Pb and *7Pb/**Pb ratios are corrected for spike and frac-
tionation, but not for procedure blank: (d) atomic ratios corrected for blank, spike, fractionation and initial common
Pb when present: error estimates (95 % confidence level) refer to the last significant digits of the isotopic ratios and
reflect reproducibility of standards, measurement errors and uncertainties in the common Pb correction.

Mass Concentrations Atomic ratios Apparent ages (Ma)
U ComPb ThuU 206Pb/  206Pb/ 207Pb/ 207Pb/ 206Pb/ 207Pb/ 207Pb/
number (M) ppm  pg  (model) 204Pb 238U 235U 206Pb 238U 235U 206Pb
of grains a b c d d d
Rovies metagranodiorite - 186 1
| (1) 23 358 123 0.16 21147 00500124 03640+ 19 005279+ 12 3146 3152 3198
2 (2) 33 228 1.37  0.15 17324 005001+ 10 03638+ 8 005276+ 5 314.6 315.1 3184
3 (3) 32 267 543 0.26 4966 0.05000+ 14 03638+ 11 0.05277+ 7 3145 315.1 3189
4 (3) 26 370 238 0.19 12941 0.05083=11 03703 9 0.0528 = 6 3196 3199 3218
Edipsos metagranite - 153 1
5 (4) 40 287 1.83 038 19415 0.04906= 15 0.3556=+ 16 0.05258+ 17 308.7 309.0 3105
6 (4) 32 338 267 046 12495 0.04889+ 32 0.3556=26 0.05275=17 307.7 3089 3183
7 (3) 28 522 324 034 13926 004904+ 12 03553+ 10 005254+ 6 308.6 308.7 3089
8 2) 20 489 277 031 10876 0.04892+ 9 03545+ 8 0.05256+ 6 307.9 308.1 3098
Skotini granite - 668S
9 (1) 16 165 0.73  0.26 11558 005089 =11 03720+ 10 005302+ 8 3200 321.1 329.7
10 (0 11 110 0.62 036 6966 0.05656+=12 04250+ 14 005450+ 13 3547 3596 391.7
1l (@8] 5 328 098 0.31 33678 0.07506 =20 0.6474 +22 0.06255+ 12 466.6 5069 693.1
12 (@) 3 163 058 041 7944 0.05026 =20 03658 =32  0.05279+ 39 316.1 3166 3198
13 (1) 4 135 097 043 8256 0.05231 £ 36 0.3861 =59 0.05353+50 328.7 3315 3513
Skotini granite - 6695
14 )] 12 44 078 044 2157  0.05026+ 35 0.3657=45  005277+50 3161 3165 3190
15 (3) 23 237 126 0.23 13959 00512511 03835=10 005427+ 7 3222 3296 3825
16 3) 12 339 266 0.32 4840 0.05011= 14 03634=15 005260+ 14 3152 3148 3116
17 (3) 13 284 194 033 6415 0.05330+ 14 0.3959=15 005388+ 13 3347 338.7 3659
Liri granite - 670S
18 (2) 10 310 2.14 042 4599  0.05016+15 0364716 005274+17 3155 3157 3175
19 (4) 20 367 330 045 7013 00498711 03625=+10 005272+ 8 3137 314.1 3168
20 (4) 17 196 073 044 14313 004976+ 9 03616+10 005269+ 6 313.1 3134 3156
21 2) 13 389 280 044 5619 004926=13 03574=12 00526211 3100 3103 3126
22 (4) 12 342 480 0.8 2683 0.04960+ 13 03598 +13  0.05262+13 3120 312.1 3125
Liri granite - 665S
23 (n ¢ 432 323 044 3362 00496015 03603=16 005269+ 16 312.1 3125 3154
24 (5) 21 189 1.32 0.30 10175 005364+ 14 0405113 005477+ 9 3369 3454 4029
25 (2) 9 356 129 040 7572 0.04833=12 0.3503=«11 005257+ 9 3043 3050 310.2
26 () 4 502 550 043 1575 004930+ 21 0.3580 =« 25 005267 «27 3102 3107 3146
27 (1 3 787 340 041 3916 0.04903 =18 03557+22  0.05261 =24 308.6 309.0 312.1
28 (1) 3 744 1.30 041 12535 0.04928 12 0.3575=+ 13 005261 =13 310.1 3107 3119

also controlled by the rate of crystallization and by
chemical substitutions in the lattice (BENISCHEK
and FINGER, 1993; VAVRA, 1992). The partition of
the population in the typologic diagram and typo-
logical evolution trend (T.E.T.) for the sample,
give information about their magmatic evolution
(Fig.5).Nine samples, with a population of 100 un-
broken zircons per sample, were studied by scan-
ning microscopy (SEI mode). Data are shown in
the discriminant diagram of PUPIN, (1988) (Fig.6).
Seven samples are from central Evia (668S, 669S
6658, 6708, G2, G6, G14), and two samples from
the northern part of the island (1531 from Edipsos
and 186l from the Rovies region).

The typologic study of zircon population was
undertaken to better define the petrogenesis of
granitic rocks from Evia and to assess the poly-
genic nature of the granitic basement. As zircon is
stable in near-surface environments this method

is quite useful for granitic rocks which experi-
enced hydrothermal alteration and weathering af-
fecting their chemical and mineralogical composi-
tion. All samples from central Evia converge to-
wards the G characteristic of late crystallization
stages (PupIN, 1980). Sample 668S is an especially
well differentiated granite with over 40% of G
type zircons. Samples G2, G6, G14,6658S,669S and
6708 contain smaller amounts of G type zircons.

In northern Evia both samples 1531 and 1861
show poorly evolved (or early) zircons with pre-
dominant {100} prisms; sample 1861 being more
differentiated. Itis not clear in which environment
these rocks crystallized. However, the {211} pyra-
mids are well developed in both samples. In the
discriminant diagram (Fig. 6) all samples plot in
the field of calc-alkaline granites, except G2 which
is found in the domain of the aluminous monzo-
granites.
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Fig. 5 Typologic distribution diagrams and A/T coordinates (PUPIN, 1980) for the analyzed samples. Each sample

corresponds to 100 zircons analyses.

Results of U-Pb dating

Zircon used for U/Pb data have been isolated us-
ing conventional heavy liquid and magnetic sepa-
ration techniques. Chemistry and measurements
were made following the conventional procedure
developed at the Royal Ontario Museum
(KROGH, 1973).

Air-abrasion was applied systematically to re-
duce or eliminate surface-correlated lead loss and
younger overgrowths (KrRoGH, 1982). U-Pb ana-
Iytical data for zircon fractions are presented in
table 3 and in figure 7.

ROVIES GRANITE

Sample 1861

Zircons are euhedral and pale-brown in
colour. There is no evidence for inherited compo-
nents. Most of the obtained zircon ages are slight-
ly discordant (fractions [1], [2], [3]) with a

200Ph/>33U weighted mean value at 314.6 + 0.5 Ma
and a *Pb/*Pb mean age of 318 + 0.5 Ma. The
fourth fraction is concordant at 319.6 + 0.4 Ma
(Fig. 7A).The most likely interpretation is that the
concordant age of fraction [4] at 319.6 + 0.7 Ma is
the crystallization age and the remaining fractions
are affected by a slight Pb loss.

EDIPSOS GRANITE

Sample 1531

Zircons from this sample are pink in colour,
but are similar to the other samples in terms of
habit, U concentrations and Th/U ratios. The ana-
lyzed zircon fractions [5],[7],[8] are concordant or
close to Concordia providing a **Pb/>*U weight-
ed mean value of 308.3 + 0.4 Ma, interpreted as
the crystallization age of the granite. (Fig. 7B).
Fraction [6] is subconcordant at a similar U-Pb ap-
parent age.
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Fig. 6 Discriminant diagram for the north and central
Evia granites and principal granitic types according to
their zircon populations (Pupin, 1988).

Crustal origin: (1) Autochthonous and intrusive alumi-
nous leucogranite; (2) (Sub)-autochthonous monzo-
granites and granodiorites; (3) Intrusive aluminous
monzogranites and granodiorites.

Hybrid origin: (4) Calk-alkaline series granites; (5) Sub-
alkaline series granites. Continental tholeiitic granites.
Granites of mantle or mainly mantle origin; (6) Alkaline
series granites: (7) Tholeitic series granites.

SKOTINI GRANITES

Sample 6688

Among the five analyzed fractions [9-13].[12]
is concordant within one o error at a mean U-Pb
age of 316 + 1.3 Ma. All other fractions have high-
er apparent U-Pb ages pointing to lead inheri-
tance. Three of them [9,10 and 13] are collinear to-
gether with [12] (MSWD = 0.071), defining a dis-
cordia line with lower and upper intercept ages of
311 £ 4.1 and 612 + 47 Ma, respectively (Fig. 7C).
Relying preferentially on the concordant data
point, 316 + 1.3 Ma is interpreted as the best esti-
mated crystallization age of the 6688 Skotini gran-
ite, whereas the upper intercept age of 600 Ma
point to a Pan-African component in the source
material of the magma. Fraction [11] (not shown
in Fig. 7C) has a much higher *"Pb/*"Pb apparent
age (693 + 4 Ma) than all other fractions, pointing
to an additional inherited component about 1025
Ma old (upper intercept age of a discordia line
drawn through fractions [12] and [11]).

. VAVASSIS, A. DE BONO. G.M. STAMPFLI, D. GIORGIS. A. VALLOTON AND Y. AMELIN

Sample 6698

This sample yielded two concordant zircon
fractions, [14] and [16], with a weighted mean
206Pb/>8U age of 315.3 + 0.8 Ma (Fig. 7D and Tab.
3). This 1s considered to be the best estimate for
the timing of crystallization; this age is identical
within error to that obtained on sample 668S. Two
other fractions, [15] and [17] show the presence of
different inherited components of Mesoprotero-
zoic to Neoproterozoic ages.

LIRI GRANITES

Sample 670

Five multigrain zircon analyses are concordant
with “*Pb/**U ages between 310.0 + 0.8 Ma and
315.5 + 0.9 Ma (Fig. 7E,Tab. 3). These data provide
no indication for the presence of a much older
component from the basement. A possible inter-
pretation could be a protracted crystallization
with a minimum duration of ca. 5 Ma, possibly as
a result of multiple magma injection. More realis-
tically, a slight lead loss and/or inheritance effect
is probably hidden within the error ellipses. Frac-
tion [21] for instance (Fig. 7E), which has the same
“"Pb/?%Pb age as the perfectly concordant frac-
tion [22]. might well have slightly shifted down in
response to a residual lead loss incompletely re-
moved by the air abrasion process. Alternatively,
[18] might incorporate a very small inherited com-
ponent. To stay on the safe side, we consider the
crystallization time of the Liri granite 670S to be
in the age range of 310 to 315 Ma.

Sample 665 S

The single grain fractions [23], [26], [27] and
[281 are cuhedral, brown, elongated prismatic
grains, containing multiple small fluid inclusions
distributed uniformly through the grain volume
(Fig. 7F). No features that are usually related to
the presence of a core (e.g. variations in color, tur-
bid spots, radial fractures etc.) were detected.
They are all concordant between *“Pb/>U ages
of 308.6 and 312.1 Ma, but do not completely
overlap within errors. A slight lead loss and /or in-
heritance effects could be responsible for this dis-
crepancy, but can hardly be evidenced. Conse-
quently we propose a mean value of 310 + 3 Ma
for the crystallization age of the Liri granite block.
The other analyzed fractions are discordant and
point either to inheritance [24] or lead loss [25].

YAr/¥Ar Mica geochronology

Muscovite and biotite were selected and ana-
lyzed at the University of Lausanne by conven-
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tional ““Ar/*Ar furnace step methods (for details
about the analytical procedures, see Cosca et al.,
1998).

Muscovite and biotite samples of micaschist
and gneisses have been selected in order to esti-
mate the age of the metamorphic event(s) record-
ed in the northern part of Evia island.

The results of the ““Ar/*”Ar step heating ex-
periments are presented in Fig. 8. Data obtained
for muscovite of the less deformed samples 9991
and 1991 from Edipsos and Aghios indicate
plateau and near plateau dates at 297.1 + 0.3 Ma
and 288 Ma respectively (Fig. 8b). In addition, an
isochron plot (MSWD = 1.2) of sample 9991 ex-
cludes the presence of excess argon (**Ar/**Ar ra-
tio = 295.5). However muscovite “’Ar/*’Ar spec-
tra of samples 3241, 2011, 98I, and 1331 from
Aghios — Neos Pyrgos region did not allow a strict
calculation of an age plateau (Fig. 8a) and the in-

tegrated dates range from 272 to 290 Ma for all
these deformed samples. The data are tightly clus-
tered when plotted on an isochron diagram, pre-
cluding an independent check on the isotope
composition of the nonradiogenic argon. The
staircase shaped conventional ““Ar/*°Ar spectra
are consistent with some Ar loss in mylonitic
gneisses and deformed micaschists, whereas the
less deformed plutonic rocks yield flat age spec-
tra. Similar patterns have been interpreted to re-
flect argon loss concentrated in shear bands with-
in the mica of rocks having experienced simple
shear deformation and metamorphism at low to
moderate temperatures (KRAMAR et al., 1998).
This simple shear deformation could be Variscan
Or younger.

Two biotites from the same samples used for
muscovite analysis (3241 and 2011) have been an-
alyzed. The biotites yielded highly perturbed

muscovite
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Fig. 8 “Ar/*Ar age spectra of muscovite and biotite from micaschists and metagranitoids from Aghios, Neos Pyr-
gos and Edipsos (north Evia). Analytical data can be obtained from the authors upon request.
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spectra (Fig.8c), with integrated dates of 113.6 Ma
and 91.1 Ma. These dates are not considered geo-
logically meaningful and possible explanations
for this kind of **Ar/*Ar degassing shape are: (1)
partial argon resetting of pre-Alpine biotites dur-
ing the Alpine orogenic event, (2) excess argon in
Alpine biotites, (3) partial mixture of Alpine and
pre-Alpine biotites and (4) *Ar recoil effects as-
sociated with interlayered chlorite.

To summarize geochronological data, we in-
terpret the “Ar/*?Ar muscovite data of samples
9991 and 1991 to record regional metamorphic
cooling below temperatures of about 400 °C
(KIRSCHNER et al., 1996) at 288-297 Ma.

Discussion and geodynamic implications

The basement rocks from Evia represent the
Pelagonia continental crust consolidated during
Carboniferous time. Figure 9 shows a compilation
of the most recently dated intrusive bodies of
Evia (this paper), Flambouron (YARWOOD and
AFTALION, 1976), Olympos mountain (SCHERMER
et al., 1990), Othrys mountain (SmiTH et al., 1975;
SMITH et al., 1979; FERRIERE, 1982), the Cyclades
(HENJES-KUNST and KREUZER, 1982; REISCH-
MANN, 1998; ENGEL and REISCHMANN, 1998; EN-
GEL and REISCHMANN, 1999) and other basement
sequences in the Internal Hellenides (Serbomace-
donian) which have similar Early Permian to Late

Carboniferous ages (Borsi et al., 1966). The
Rhodope intrusives (Pangeo, Sidironero) yield
identical as well as slightly older Early Carbonif-
erous ages (KOKKINAKIS, 1978; WAWRZENITZ,
1997) whilst Triassic ages have been found on Nax-
os (REISCHMANN, 1998) and Crete (SEIDEL et al.,
1982). This Pelagonian type basement extends
northwestward to Croatia where PamIC et al.,
(1996) describe I-type together with S-type grani-
toids of Late Carboniferous age. Together with our
own data, they confirm the extension of a Variscan
cordillera towards south-east Europe. Eastward
the Sakarya zone of northern Turkey is also char-
acterised by Variscan intrusives of similar ages
(e.g. Kazdag orthogneiss, zircon *’Pb/"Pb step
age of 308 + 16 Ma, OKAY et al., 1996).

This study has shown that crystallization ages
(U-Pb on zircon) of Pelagonian basement grani-
toids range between 308 and 319 Ma. As can be
expected from the lower closure temperature, Ar-
Ar muscovite ages are 22 to 11 Ma younger than
the zircon ages. Petrographic study on mylonitic
gneisses and mica schists show syn-deformational
crystallization for their mica. Together with the
geochronological data this confirms a tectono-
metamorphic event under Barrovian conditions
in late Variscan time, most likely related to the
emplacement of the intrusive bodies. The pres-
ence of variably deformed magmatic rocks leads
to several interpretations for this Late Carbonif-
erous event:
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Fig. 10

Early Permian reconstruction of the western Tethyan realm. (Modified from StamprLI et al., in press). Ca:

Carnic Alps; Ch: Chios; Cr: Late Carboniferous-Permian pelagic sequences from Eastern and Western Crete (Tri-
pali);: HE: marine Permian formation from Hydra and Evia; So: Flysch and pelagic Permian sequences from the
Sicanian basin of Sicily: TO: Early Permian platform from the Talea Ori group, Crete; Tu: Tuscan Alps.

—The less deformed granitoids were emplaced
at 319 and 308 Ma, just after deformation (and
perhaps peak of metamorphism) and formation
of mylonites in a compressional setting. Following
decompression and uplift, the whole sequence
comprising metasediments and older intrusive

rocks experienced cooling during Early Permian
times.

— Late Carboniferous lithospheric attenuation
and decompression of a thickened crust triggered
the intrusion of granitoids. This was accompanied
by widespread upper greenschist facies metamor-
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Fig. 11 Late Permian-Middle Triassic reconstruction of the Tethyan realm. (Modified from STAMPFLI et al.,in press):

Cimmerian blocks: Ar: central Afghanistan: AL: Alborz: Ap: Apulia; Bo: Bey-Daglari; GR: autochthonous of Greece:
LT: Lut-Tabas; ME: Menderes; SS: Sanandaj-Sirjan; sT: south Tibet; Ta: Taurus.

Eurasia: AA: Austro-Alpine; AG: Agh-Darband: BU: Bukk: Ca: Carpathian: Cr: Crimea; Do: Dobrogea; EP: east Pon-
tides: Is: Istanbul; Ka:Karakaya, KU: Kiire: RH: Rhodope; Sk: Sakarya: Sv: Svanetia; PL: Pelagonia.

phism and activation of crustal scale ductile shear
zones.

Two geodynamic models can be proposed: a
subduction-related plutonic arc model for the
southern Late Carboniferous Variscan orogen
(ZIEGLER, 1984; FINGER and STEYER, 1990;
StaMPFLI and MOSAR, 1996), as opposed to a Car-
boniferous to Early Permian intracontinental
subduction and collision model as proposed by
MATTE (1991) for continental Europe; a solution
which could be envisaged in view of the presence
of I-type granitoids of calc-alkaline affinity of the
Pelagonian basement in continental Greece (KA-
TERINOPOULOS and MARcoOPOULOS, 1987); how-
ever ENGEL and REISCHMANN (1999) suggested a
S-type composition for gneisses of similar age
from the Cycladic islands.

We prefer a Late Variscan geodynamic setting
of Cordillera-type for the Pelagonian domain in a

context of oblique Carboniferous subduction of
the Paleotethys, included its mid-ocean ridge and
followed by slab detachment. This situation would
have evolved in a widespread Permian "Basin and
Range" type (KEAREY and VINE, 1996) exten-
sional event, affecting not only this cordillera, but
the entire European Variscan orogen. This event,
was accompanied by large scale strike slip move-
ments due to the final docking of Gondwana with
Laurasia.

This Permo-Carboniferous extension eventu-
ally resulted in the opening of back arc basins
since Early Permian time along the margin (Mali-
ak, Meliata, Kiire, Karakaya... Fig. 10 and 11).
Elsewhere in Europe, tectonic collapse of the
Variscan orogen, between the Late Carboniferous
and the Early Permian, resulted in the develop-
ment of small intra-continental rifts (Fig. 10). The
subduction of the mid-oceanic ridge and/or the
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detachment of the Paleotethys oceanic slab
caused substantial heating which could be re-
sponsible for the emplacement of syn- to post-
orogenic granitoids in the Variscan domain in
Carboniferous times (BONIN et al., 1998). For ex-
ample, the Mont-Blanc and central Aar granites
dated at 303 Ma by Bussy and vON RAUMER
(1993) and 298 Ma by SCHALTEGGER (1994), re-
spectively, have a geochemistry and zircon typol-
ogy of alkali-calcic affinity. Other Late Carbonif-
erous to Early Permian granitoids from the
Alpine domain display the same characteristics
(SCHALTEGGER and GEBAUER, 1999; SCHALT-
EGGER and CORFU, 1992). Most of these granites
often grade into within plate syn-rift, mostly rhy-
olitic effusives in Early Permian time (SCHALT-
EGGER, 1994); most of these rifts aborted in Late
Permian times.

Large scale strike-slip movements and wide-
spread rifting in the Variscan domain, imply the
presence of a free border or active margin located
southward of the orogen and not a complete clo-
sure of the Paleotethyan domain in Permian time
(Fig. 10). Subduction related high Mg-K calc-al-
kaline plutons, containing stocks or enclaves of
melanocratic rocks, have been interpreted as syn-
tectonic pulses of subduction enriched magma
and crustal contaminated magma, strongly linked
to strike-slip faults. The ages of these granites are
between 345 and 330 Ma in the Alpine domain for
example (SCHALTEGGER and CORFU, 1992: Bussy
et al., 1998), but can be as young as 310 Ma. The
older ages show that subduction of Paleotethys al-
ready started during the Early Carboniferous and
the arc migrated southward in time.

The idea that the Paleotethys remained open
south of the Alpine Variscides until the Early
Triassic, is supported by the presence of Early
to Late Permian pelagic sediments in the Sicann-
ian basin in Sicily (CATALANO et al., 1988; CATA-
LANO et al., 1995) (So, in Fig. 10) and a complete
Late Carboniferous to Early Triassic pelagic se-
quence found in western (KRAHL et al., 1983) and
eastern Crete (Cr,in Fig. 10) (KRAHL et al., 1986),
where they are overthrusted by the Variscan Sitia
basement. These two occurences belong to the
southern Paleotethys passive margin. Besides
these, continental to marine Late Carboniferous
to Early Permian occurences are found around
the arc of the Eurasian active margin, for example
1mn:

— the Tuscan Alps (GATTIGLIO et al., 1989), and
south Apennines (Mte Amiata)

— the deep-water Kungurian to Roadian flysch
of the clastic Trogkofel beds of RaMovs (1968)
found just south of the Periadriatic line (e.g.
KozUR and MOSTLER, 1992;: KOZUR, 1999)

— deep marine clastic sequences of the Carnic
and Karawanken Alps (Ca, in Fig. 10).

The Cimmerian unconformity in Crete can be
placed between the Early Triassic and the Norian
according to KrRAHL et al. (1988), and it corre-
sponds to the instalment of a carbonate platform
over the deep water deformed sediments of the
Paleotethyan accretionary prism such as:

—the Arna unit, with ultramafites and Variscan
orthogneiss blocks (PAPANIKOLAOU, 1981; SKAR-
PELIS, 1982; PAPANIKOLAOU, 1984; DANAMOS,
1992)

— part of the Tyros beds, where pelagic Permi-
an is followed by Triassic arc volcanites (KTENAS,
1924; DANAMOS, 1990).

The concomitant Permian opening of the East
Mediterranean basin (STAMPFLI et al., 1991;
StaMPFLI and PILLEVUIT, 1993; STAMPFLI et al.. in
press) between Gondwana and the western Cim-
merian blocks (Ap, Gr & Bd,in Fig. 11A,i.e: Apu-
lia, external Hellenides and western Taurides) im-
plies the subsequent closure of Paleotethys along
a Hellenic transect during the Permian. This Cim-
merian orogenic event was accompanied by the
emplacement of a few granitoids in Greece (Nax-
os, Kastoria and Crete) and in the Menderes mas-
sif in western Turkey (ME, in Fig. 11A) (DANNAT
and REISCHMANN, 1998), dated from Early to
Middle Triassic.

In that context, the Pindos basin of Greece
(Fig. 11B) with its pelagic sequence starting with a
Middle to Late Triassic flysch sequence (FLEURY,
1980) could be regarded as a remnant of a fore-arc
basin (PE-PiPER and KoTtopouLl, 1991) also rep-
resented by Late Permian (?) to Late Triassic
wildflysch of the Liri unit originating from the
most external Pelagonian domain (STAMPFLI et
al., 1995; STaMPFLI, 1996; DE BoNoO et al., 1999) in
which blocks and pebbles of Late Carboniferous
granites are recycled.

Eastward, the suture of Paleotethys in Turkey
is represented by the Karakaya mélanges (SEN-
SOR et al., 1980; OKAY and MOSTLER, 1994 and
OKAY et al., 1996) where Paleotethyan material is
actually re-cycled in a younger Triassic wildflysch
related to the closure of a back-arc rather than the
major Paleotethyan ocean (Fig. 11B).

Concerning the dubious Cretaceous ages ob-
tained from the biotites of northern Evia it should
be noted that other late Early to Late Cretaceous
geochronological ages (120-65 Ma) on white mica,
biotite and hornblende have been found in the
Pelagonian s.s. realm, such as Othrys (SMITH et al.,
1975), Flambouron (MERCIER, 1968; YARWOOD
and DIXON, 1977) and Olympos (BARTON, 1976;
YARWOOD and DiXoN, 1977; SCHERMER et al.,
1990), as well as in the Cyclades (Ios) (ANDRIESEN
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et al., 1987) and Asteroussia mountains (Crete)
(LippoLT and BARANYI, 1976; SEIDEL et al., 1976).
i'hese data suggest a Cretaceous metamorphic
cvent in the Hellenides.

A well constrained Early Cretaceous meta-
morphic phase is known in the Rhodope and on
Thassos (WAWRZENITZ and MproOskos, 1997) and
also in the Intra-Pontides suture of NW Turkey
(e.g. OKAY et al., 1996). This orogenic phase creat-
ed the Balkanide mountain belt in late Early Cre-
taceous (e.g. GEORGIEV et al., 1997), but should
not have affected units more external than the
Circum-Rhodope/Vardar zone regions, as a rem-
nant Vardar ocean separated both areas at that
time. The subduction of this Vardar ocean gener-
ated HP ages from Late Cretaceous to Eocene
(BROCKER and ENDERS, 1999), affecting the
Pelagonian and Vardar zone.

Older Mid- to Late Cretaceous ages may cor-
respond to re-heating during this time because of
rifting processes in the flexured Pelagonian sub-
ducting plate (BONNEAU, 1984). Older Early Cre-
taceous ages (125-115 Ma) should be related to
the obduction of the Vardar ophiolites (BARTON,
1976; YARWOOD and Dixon, 1977) and the de-
tachment of the Maliak ocean slab whereas initial
intra-oceanic shearing of these ophiolites has
been dated as Middle to Late Jurassic (SPRAY et
al., 1984). Obviously, more data are needed to test
the significance of these Cretaceous ages.

Conclusions

Analysis of the available pre-Alpine geochrono-
logical data from the Pelagonian basement shows
that three main tectonometamorphic and mag-
matic events can be traced through the Carbonif-
erous to Middle Triassic period (Fig. 9):

— Event 1 1s well constrained in Evia, Cyclades,
Othrys and Crete, ranging in age from late Early
Carboniferous to Early Permian. It is considered
asrelated to the Variscan magmatic activity at that
time accompanying the northward subduction of
Paleotethys (Fig.10) in a context of collision of
Gondwana with Laurasia.

— Event 2 corresponds to poorly constrained
late Early Permian magmatic activity, traces of
which are found in the Cyclades and in Crete. Sub-
duction of Paleotethys slowed down and slab roll-
back started to be the dominant geodynamic fac-
tor accompanied by the collapse of the Variscan
cordillera.

— Event 3 1s only recognised in a few places in
Greece and Turkey: it represents the final stage of
subduction and closure of Paleotethys. This was
concomitant with or followed by the detachment

of the oceanic Paleotethyan slab and final collapse
of the outer board of the Variscan cordillera (e.g.
Pelagonian and Sitia basements). This gave rise to
a large scale mid-Triassic volcanic event (Pietra
Verde) from northern Italy to western Turkey
(Fig. 11B).

The second and third magmatic events are
poorly constrained by available data (U/Pb ages
of 275 Ma and 233 Ma from the Naxos gneisses re-
ported by REISCHMANN, 1998).

According to STAMPFLI (1996), the European
Variscan belt was an active Andean-type margin
during Carboniferous-Early Permian times, the
Paleotethys oceanic crust being subducted north-
wards beneath the southern margin of the Euro-
pean continent (Fig. 10). This subduction is consid-
ered responsible for the Late Carboniferous to
Permian calc-alkaline intrusions found every-
where in the South Alpine and South European
Variscan terrains. The widespread Variscan Early
Carboniferous magmatic and metamorphic event
is directly related to the subduction of the Pale-
otethys mid-ocean ridge followed by the roll-back
of the remnant southern half of Paleotethys and
the detachment of its slab accompanied by the col-
lapse of the Variscan cordillera. This led to the Late
Permian opening of the Maliak and associated
back-arc oceans (Fig. 11 A), the syn-rift sequence of
which started in Early Permian and characterizes
the Pelagonian northern margin (e.g. Hydra island,
BAaup et al., 1990 and GRANT et al., 1991; Evia is-
land, DE BoNO, 1999 and Vavassis, 2000).

The Variscan overprint, characteristic of the
Pelagonian basement, was not recorded on the
Menderes massif Pan-African basement in west-
ern Turkey (SENGOR, 1984; HETZEL and REISCH-
MANN, 1996; REISCHMANN, 1998). For this reason
the Menderes massif cannot be considered as the
eastern continuation of the Attica-Cyclades Mas-
sif, as proposed by DURR (1986) and JACOBS-
HAGEN (1986). The Menderes Massif is part of the
Cimmerian continents detached from Gondwana
by the Permian opening of Neotethys.
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