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SHORT NOTE

Blueschist relics in the Mesozoic cover series of the Menderes
Massif and correlations with Samos Island, Cyclades

by Osman Candan’, O. Ozcan Dora!, Roland Oberhiinsli, Frederike Oelsner? and Stefan Diirr’

Abstract

In the western part of the Menderes Massif, Selguk-Dilek Peninsula, relics of Tertiary HP metamorphism under epi-
dote-blueschist facies conditions were recognized in the Mesozoic cover series. This subduction-related high-pres-
sure metamorphism, with temperature of less than 470 °C and minimum pressure of about 10 kbar, was subsequently
followed by a Barrovian-type overprint under greenschist facies conditions during Late Eocene / Early Oligocene.
Based on the lithostratigraphy and the two-fold Tertiary metamorphism, the Mesozoic cover series in this area can
be correlated with the Vourliutes unit on Samos Island, belonging to the Cycladic Crystalline Complex.

Keywords: blueschist, eclogite, Menderes Massif, Samos Island, Cycladic Crystalline Complex.

Introduction

The Menderes Massif (MM), composed of a large
crystalline nucleus within the Alpidic orogenic
belt, is exposed in western Anatolia. This crys-
talline complex is bordered to the north and west
by the Izmir-Ankara Zone and to the south by the
Lycian nappes of the Taurides. The MM is consid-
ered to be linked to the Cycladic Crystalline Com-
plex to the west in the Central Aegean Sea, as a
part of Median Crystalline Belt (DURR et al,
1978). The latter is one of the world’s typical
blueschist belts.

Some relic eclogites related to high-pressure
metamorphism in the MM were recorded in the
Precambrian "core series” (CANDAN et al., 1994;
OBERHANSLI et al., 1995). In recent years, some
evidence for high-pressure metamorphism, most
probably not related to the HP event in the "core
series”, has been detected in the "cover series".
The aim of this short note is to document the pres-
ence of blueschists as well as eclogites in the
Mesozoic cover series of the MM, and to correlate
the Selguk region, in the western part of the MM,
with the Island of Samos in the Cycladic island
arc.

Geology and phase relationships in the
high-pressure rocks

The relics of Tertiary high-pressure metamor-
phism in the Mesozoic cover series were recog-
nized in the areas of Selguk, Kusadase and Dilek
Peninsula (Fig. 1). The relevant rocks include
i) blueschist metabasites and metapelites, and
i) high-pressure blocks in a metamorphosed
olistostrome.

Blueschist relics were only detected in the
Dilek Peninsula, where marble-schist successions
with minor metabasite intercalations display pre-
dominantly greenschist facies assemblages. In
three localities, well-preserved blue amphiboles
were found in metabasites within thin epidote-
crossite-rich layers and lense-shaped bodies,
which are suggesting a protolith of mafic volcanic
tuffs (Fig. 1). Furthermore, carbonate-rich meta-
pelites, most probably mixed with volcanic mate-
rial, contain blue amphibole porphyroblasts up to
2 cm in length. Some of the crossites rimmed by
barroisitic green amphiboles are altered into acti-
nolite and chlorite. Phyllitic metapelites, inter-

! Dokuz Eyliil Universitesi Miih. Fak. Jeoloji Miih. Béliimii Bornova-Izmir, Turkey.
2 Institut fiir Geowissenschaften Universitit Potsdam — PF 601553, D-14415 Potsdam, Germany.
3 Institut fiir Geowissenschaften Johannes Gutenberg Universitit Mainz, D-55099 Mainz, Germany.
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BLUESCHISTS OF THE MENDERES MASSIF

Tab. 1 Representative microprobe analyses of Na and
Na—Ca amphiboles from blueschist facies metabasites.
H,O recalculated from stochiometry.

Na amphibole Na—Ca amphibole

335 338 341 343 319 330
Si0, 5624 56.65 5636 56.21 50.89 50.35
TiO, 003 000 004 0.04 010 012
ALO;, 733 614 787 17.35 483 5.09
Cr,O; 003 0.02 002 0.00 0.05 0.00
Fe,O; 857 914 684 1737 8.65 742
FeO 8§83 914 938 997 1828 1047
MnO 014 018 011 0.07 031 0.35
MgO 918 9.00 905 884 1169 11.71
CaO 065 038 075 0.62 781 813
Na,O 691 685 673 6.99 338 313
K,O 000 000 003 0.00 017 019
H,O* 213 212 213 212 206 204
Total 100.04 99.61 9930 99.57 10020 98.98

Numbers of ions on the basis of 23 O and 2 OH

Si 7.898 8.006 7.943 7942 7394 7.395
Ti 0.003 0000 0.004 0004 0.011 0.013
Al 1.213 1.023 1.306 1.224 0.827 0.880
Cr 0.003 0.002 0.002 0.000 0.005 0.000
Eert 0906 0972 0.726 0.783 0.946 0(.820
Fe?* 1.037 1.080 1.106 1.178 1249 1.286
Mn 0016 0.021 0013 0.008 0.038 0.043
Mg 1923 1.896 1902 1.861 2.532 2.563
Ca 0.097 0.057 0.114 0.093 1215 1.279
Na 1.881 1.876 1.840 1.914 0.952 0.891
K 0.001 0.000 0.005 0.000 0.031 0.035
OH 2.000 2.000 2.000 2.000 2.000 2.000

bedded with marbles, exhibit a greenschist assem-
blage of chlorite + albite + chloritoide + white
mica + quartz. Irrespective of the retrograde min-
erals, the mineral assemblages of blueschists can
be summarized as:

Metabasites
crossite + epidote + albite + phengite
crossite + epidote + albite

Metapelites

crossite + calcite + epidote + albite
crossite + calcite + epidote + phengite
All assemblages also contain additional
quartz.

Blocks with high-pressure mineral assemblages
occuring in the metamorphosed olistostrome unit
(Fig. 1) are mainly composed of eclogite,
smaragdite-omphacite metagabbro and flaser
metagabbro. The high-pressure relics, mostly as-
sociated with strongly foliated metaserpentinites,
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Fig. 2 Compositional diagrams of (A) alkaliampbi-
boles and (B) Na—Ca amphiboles from blueschist facies
metabasites (after LEAKE, 1978).

are well defined around the Selcuk area. Transi-
tional metamorphic stages from gabbro to eclo-
gite are recognized in some blocks. Most of the
eclogites display retrograde alteration to garnet
amphibolites. Fresh eclogites with zoisite/clino-
zoisite-omphacite-rich layers, forming lenses and
schlieren up to 10 meters, are characterized by the
following assemblages:

Eclogite
omphacite + garnet + zoisite + epidote
omphacite + garnet + zoisite + rutile

Zoisite-omphacite-rich rocks
omphacite + epidote + zoisite
omphacite + zoisite

Mineral geochemistry and P-T estimations

Representative sodic and sodic-calcic amphibole
analyses of the blueschist metabasites are given in
table 1. Textural evidence reveal that sodic am-
phiboles which were generated by the high-pres-
sure metamorphism are partly or completely al-
tered into green amphibole and chlorite. Al,O,
and Na,O contents in blue amphiboles range

00
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between 6.1-7.9 and 6.3-7.0 wt% respectively and
CaO is lower than 1.2 wt%. Sodic amphiboles
plotted on the LEAKE (1978) diagram concentrate
in the crossite field (Fig. 2a). Green amphiboles,
which are partly scattered into the winchite field,
generally display a barroisitic composition in the
Na-Ca amphibole diagram (Fig. 2b).

Distribution of the blueschist relics coincides
roughly with the diaspore-corundum isograde in
the Dilek Peninsula, as well as on the Island of
Samos. In the eastern part of Samos, metamorphic
temperature and pressure for the HP metamor-
phic phase was estimated at 440 °C and 12 kbar
(OKRUSCH et al., 1985). If such a temperature val-
ue is accepted for the Dilek Peninsula, the
crossitic sodic amphiboles, which have a composi-
tional scatter between groups 5 and 3 in the epi-
dote-blueschist facies sytem after Evans (1990),
lead to assume minimum pressures between 7.5
and 9.5 kbar, respectively. At 9.5 kb pressure, a
maximum temperature of 470 °C is given experi-
mentally by Haas (1972) for the diaspore-corun-
dum isograde. Therefore, as a consequence of the
absence of corundum in the metabauxites coex-
isting with blueschist assemblages on the Dilek
Peninsula, the maximum temperature must have
been less than 470 °C during high-pressure meta-
morphism.

Discussion

The Attica-Cycladic crystalline complex in the
central Agean Sea is characterized by spectacular
outcrops of eclogites and blueschists. This com-
plex underwent high-pressure metamorphism at a
grade corresponding to the transition between
eclogite and epidote-blueschist facies metamor-
phism in Late Eocene / Early Oligocene time, and
was subsequently overprinted by a medium-pres-
sure Barrovian-type metamorphism under green-
schist to amphibolite facies conditions at the
Oligocene/Miocene boundary (ALTHERR et al.,
1979).

The Island of Samos is a part of the Cycladic
Blueschist Belt, and is situated two kilometers
NW of the Dilek Peninsula. According to
THEODOROPOULOS (1979) the crystalline series of
Samos form a normal stratigraphic succession,
whereas PAPANIKOLAOU (1979) and OKRUSCH et
al. (1985) regard it as a nappe pile. The Ampelos
nappe, which contains widespread blueschist
relics, glaucophane metagabbro, glaucophanite
and omphacitic rocks (MYPOSKOs and PERDIKAT-
s1s, 1984; OKRUSCH et al., 1985; CHEN, 1992), is
made up of three tectonic units: Vourliutes, Am-
pelos and Aghios. The Vourliutes unit which is ex-

posed in the eastern part of Samos, consists of in-
terbedded marbles and metapelites with minor ul-
tramafic and mafic intercalations (OKRUSCH et al.,
1985). This isoclinally folded succession (CHEN,
1992) with widespread blueschist relics is typified
by metaclastic quartzitic phyllites with the strik-
ing assemblage of kyanite + chloritoide. One sam-
ple containing kyanite + chloritoide + Mg-
charpholite is reported (OKRUSCH et al., 1985).
Metabauxite deposits in the marbles with coexist-
ing diaspore + chloritoide, but without corundum,
were documented by PAPANIKOLAOU (1979). The
same authors also recognized traces of rudist
fossils, suggesting an Upper Cretaceous age
(Ozer, 1993) for the metabauxite-bearing marbles
(Fig. 1).

The age of the HP metamorphism, which af-
fected the core series (CANDAN et al., 1994; OBER-
HANSLI et al., 1995) and most probably was ac-
companied by a HT-granulite facies event, is un-
known. The blueschist and eclogite relics in the
Mesozoic cover series are restricted to the Selguk-
Dilek Peninsula, in the western part of the MM
(DoRra et al., 1995). The rock succession of this re-
gion can be divided into two main units, from bot-
tom to top, (i) interbedded marbles and schists,
and (ii) a metamorphosed olistostrome unit. Al-
though a gradational contact between these two
units is suggested by ERDOGAN and GUNGOR
(1992), the true character of this contact is con-
troversial. An isoclinally folded marble-schist suc-
cession is dominated in its lowest part by meta-
clastites, metaconglomerates with quartzite peb-
bles, quartzites and quartz phyllites, which are
characterized by assemblages of chloritoide +
kyanite. The metaclastic units include blueschist
bearing metabasites, and change gradually up-
ward to thick metacarbonate series interbedded
with minor carbonate-rich blueschists and chlori-
toide-chlorite phyllites. The marbles with well-
preserved rudist fossils indicating an Upper Cre-
taceous age (OZER, 1993), are characterized by
the widespread occurrence of metabauxites, dia-
sporites and corundum-bearing rocks. In terms of
lithostratigraphic succession and the presence of
blueschist relics the marble-schist succession in
particular can be correlated with the Vourliutes
unit of Samos.

Although the metamorphosed olistostrome
unit comprise spectacular high-pressure blocks,
no high-pressure relics have been recognized in
the matrix which is dominated by chlorite-albite
schists. It is still open to discussion whether these
high-pressure blocks are exotic or whether they
suffered high-pressure metamorphism together
with the matrix under transitional conditions
from epidote-blueschist to eclogite facies as on



BLUESCHISTS OF THE MENDERES MASSIF 99

Syros and Syfnos islands (MATTHEWS and
SCHLIESTED, 1984; RIDLEY and DIXON, 1984). As
an alternative interpretation, we suggest that the
matrix has been completely overprinted by the
later greenschist assemblages, while the mafic
blocks mostly preserved their HP assemblages.
This olistostromal unit, which does not crop out
on the Island of Samos, could be correlated with
the metamorphosed olistostrome unit in Syros
(RIDLEY and Dixon, 1984; OkxRrRuscH and
BROCKER, 1990).

The blueschist relics from the Selguk area re-
veal that a subduction-related high-pressure/low-
temperature metamorphism affected the western
end of the MM under epidote-blueschist to eclo-
gite (?) facies conditions during Tertiary time. The
HP/LT assemblages were subsequently overprint-
ed by a Barrovian-type medium-pressure meta-
morphism under greenschist to amphibolite facies
conditions during Late Eocene / Early Oligocene
boundary (SATIR and FRIEDRICHSEN, 1986; DORA
et al., 1995; HETZEL and REISCHMANN, 1996). The
newly presented evidence of a HP event during
the Tertiary metamorphic evolution provides
strong support for the correlation of the
Menderes Massif and the Cyclades crystalline
complexes, as previously proposed by DURR et al.
(1978) and OKRUSCH et al. (1985).
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