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Introduction

In Okay (2001), | described the geology of the southern
Odemis submassif, where there is evidence for metamor-
phic and stratigraphic inversions. Based on previous
work, | suggested that the whole of the Odemis sub-
massif forms an inverted sequence over an area of 85 by
70 km. In contrast, the stratigraphic and metamorphic se-
guences in the Cine submassif in the south are known to
be upright. On the basis of a lithostratigraphic correla-
tion between the Odemis and Cine submassifs, | put for-
ward a recumbent fold model for the Menderes Massif.
Gessner et al. (2001a) address four topics related to this
model: (1) lithological correlations, (2) thrusting versus
normal faulting, (3) the structural and geometric viabili-
ty, and (4) implications for the Alpine orogeny. | discuss
these points below:

Lithostratigraphic correlation

Lithostratigraphic correlation between the Cine and
Odemis submassifs and the existence of inverted meta-
morphism in the Odemis submassif form the basis of the
Menderes fold model, and, therefore, require a critical
discussion. In the late 1970s and 1980s a stratigraphy of
the Menderes Massif was established based on work in
the Cine submassif (Fig. 1; Durr 1975; Caglayan et al.
1980; Konak et al. 1987). In this region, orthogneisses
with Pan-African zircon (~550 Ma) and Eocene
(43-38 Ma) Ar—Ar mica ages form the base of the se-
guence (Hetzel and Reischmann 1996; Loos and Reisch-
mann 1999). They are overlain by the Selimiye forma-
tion of unfossiliferous garnet-mica-schists with rare
quartzite and metabasite interlayers. The Selimiye for-
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mation passes up into avery characteristic marble—phyll-
ite—quartzite series, the Goktepe formation, which have
yielded Permian and Carboniferous coral, algae, brachio-
pods and fusulinid-type foraminiferain several localities
(e.g., Phillippson 1918; Onay 1949; Durr 1975). The
Goktepe formation is overlain by emery- and metabaux-
ite-bearing marbles, which contain Triassic and Creta-
ceous macro and microfossils (Diirr 1975; Ozer et al.
2001). The neritic carbonate series extend up to Cam-
panian, and are overlain by red pelagic marbles with
Late Campanian-L ate Maastrichtian Globotruncana spe-
cies (Ozer et al. 2001). Slightly metamorphosed flysch
and wildflysch with Middle Paleocene foraminifera lie
over the pelagic carbonates and mark the end of sedi-
mentation in the Menderes Massif (Fig. 1). The Lower
Tertiary flysch of the Menderes Massif is tectonically
overlain by the Triassic clastic and carbonate rocks of
the Lycian nappes. This well-established stratigraphy can
be traced for 200 km aong the southern rim of the Men-
deres Massif from the Bafa Lake to Babadag (cf. Fig. 2
of Okay 2001).

| extended this well-known stratigraphy of the Cine
submassif 120 km north to the Odemis submassif.
Gessner et al. (2001a) object to this correlation on the
grounds that in the Menderes Massif “mylonitisation and
metamorphism, the latter of which in part reached an-
atectic conditions, occurred during at least two oroge-
nies... large-scale lithological correlations in high-grade
multiply metamorphosed and deformed rocks are prob-
lematic”. However, as discussed below, there is evidence
only for a single Phanerozoic orogeny including meta-
morphism in the Menderes Massif, and most of the Men-
deres Massif consists of low-grade greenschist-facies
metamorphic rocks (Fig. 2).

It is not clear as which two orogenies Gessner et a
(2001) refer when they discuss metamorphism in the
Menderes Massif. Ashworth and Evirgen (1984), which
they cite in support of their statement, write in their ab-
stract “Local retrograde effects are noted but no evidence
is found for a polymetamorphic record in the mineral
compositions’. Hetzel et a. (1998) and Ring et al.
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Fig. 1 Stratigraphic, metamorphic and isotopic data from the Cine
and Odemis submassifs (stratigraphy: Durr 1975; Caglayan et al.
1980; Okay 2001; Ozer et a. 2001; metamorphism: lzdar 1971,
Evirgen and Ataman 1982; Ashworth and Evirgen 1984, 1985;
Evirgen and Ashworth 1984; Okay 2001; isotopic data: Satir and
Friedrichsen 1986; Hetzel and Reischmann 1996; Hetzel et a.
1998; Loos and Reischmann 1999; Koralay et al. 2001). The “nap-
pe’ terminology of Ring et a (1999) and Gessner et al. (20014,
2001b) is shown for comparison. Note that in the Cine submassif
these “nappes’ emplace younger rocks over older rocks, and the
stratigraphic range of each “nappe” is mutually exclusive, unlike
any known nappe pile. L. Late; M. middle

(1999) refer to Pan-African, Cimmerian and Alpide de-
formation and metamorphism in the Menderes Massif.
The existence of a Pan-African regional metamorphism
and deformation, reaching granulite and eclogite facies
conditions, followed by the intrusion of 550 Ma granites
is accepted by all workers in the Menderes Massif (e.g.,
Doraet a. 2001; Candan et al. 2001). Paleozoic to Low-
er Tertiary sediments were laid down on this Pan-African
basement followed by the Alpide deformation and meta-
morphism during the Eocene. The only data for a Trias-
sic orogeny are small Lower Triassic metagranitic intru-
sives in the Odemis submassif (Fig. 1; Koralay et al.
2001). Garnet—mica-schists of the Selimiye formation ly-
ing immediately above the Pan-African metagranites in
the Cine submassif have yielded muscovite Ar—Ar ages
of 40-35 Ma with no indication of a Triassic heating
event (Fig. 1; Hetzel and Reischmann 1996) or poly-
metamorphism (Ashworth and Evirgen 1984). The isoto-
pic data, absence of polymetamorphism in the Phanero-
zoic sequence of the Menderes Massif, stratigraphic con-
tinuity between the Permo-Carboniferous and Triassic
series leaves little room for a Permo-Triassic metamor-
phism and deformation, as speculated by Akkok (1983)
and Ring et al. (1999). The stratigraphic sequences in the
Tauride nappes, which have shared the same paleogeo-

graphic realm as the Menderes Massif, extend from
Cambrian to Late Cretaceous/Eocene with no evidence
of a Permo-Triassic metamorphism or orogeny (e.g.,
Gutnic et al. 1979). Stratigraphic, isotopic and petrologi-
cal data indicate that the post-550 Ma sequence of the
Menderes Massif has been affected by a single contrac-
tional metamorphic and deformational event during the
Eocene.

Although | agree that “large-scale lithological correla-
tions in high-grade multiply metamorphosed and de-
formed rocks are problematic”, the major part of the
Odemis and Cine submassifs is neither high-grade nor
multiply metamorphosed (Figs. 1 and 2). Most of the re-
gion shows only greenschist-facies metamorphism with
the exception of a small area north of Odemis. Primary
structures, such as bedding, are readily recognizable in
the field in the Odemis and Cine submassifs. The mar-
ble—phyllite—quartzite series in the Odemis submassif (in
both Bozdag and Aydin Dadlari), which | correlated with
the Goktepe formation, is in lower greenschist-facies.
Typical metamorphic minerals in metapelites in this se-
riesis quartz + plagioclase + muscovite + chlorite + biot-
ite + chloritoid (lzdar 1971; Evirgen and Ataman 1982;
Okay 2001). The overlying Selimiye formation is in
greenschist-facies in the southern Odemis submassif
(Okay 2001) and in greenschist to amphibolite facies in
the northern Odemis submassif (Evirgen and Ataman
1982). Furthermore, petrological studies have shown that
a single Barrovian-type metamorphism has affected the
Selimiye and Goktepe formations in the Odemis and
Cine submassifs (Ashworth and Evirgen 1984, 1985;
Okay 2001). Contrary to the statement of Gessner et al.
(2001), metabasites intercalated with the mica-schists in
the Selimiye formation in the Odemis submassif (the
Bozdagd “nappe”’ of Ring et al. 1999) do not contain any
evidence for any early eclogite-facies metamorphism
(Okay 2001; Hetzel et al. 1998).



Fig. 2 Metamorphic map of | ]
the Menderes Massif showing
the isograds of the Eocene
Barrovian regional metamor-
phism (Evirgen and Ataman
1982; Ashworth and Evirgen
1984; Evirgen and Ashworth
1984; Okay 2001). Black
arrows indicate the general
stratigraphic younging direc-
tion in the Phanerozoic se-
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A second important point is that the correlation of the
Goktepe and Selimiye formations between the Cine and
Odemis submassifs is not lithological, but lithostrati-
graphic. Therefore, the statement that “ metapelite, which
appears similar in the field (to the Goktepe formation)
occurs as xenoliths in 550 Ma orthogneiss’ is not very
relevant. In the Cine submassif, the Goktepe formation
lies stratigraphically over monotonous garnet—mica-
schists of the Selimiye formation (Fig. 1). In the Odemis
submassif, the sequence is inverted and monotonous gar-
net—-mica-schists overlie a lower-grade marble—phyll-
ite—quartzite sequence, which | correlated with the
Goktepe formation. Citing unpublished work, Gessner et
al. (2001a) suggest that the boundaries in the Odemis
submassif are in fact greenschist-facies shear zones. In
a deformed metamorphic area such as the Menderes
Massif, shearing and thrusting will be expected to con-
centrate along major lithological boundaries. In the
Aydin Mountains part of the contact between the Se-
limiye formation and the underlying Goktepe formation

is a thrust (Okay 2001). However, these shear zones
of unconstrained offsets are not evidence against the
Menderes fold model.

Second, critical evidence for the Menderes fold model
is the large-scale metamorphic inversion in the Odemis
submassif. |zdar (1971), who is credited by Gessner et a
(2001a) with the initial description of the metamorphic
inversion, does not mention or even imply an inversion
of metamorphic isograds in the Bozdaj, where he
worked. Hetzel et al. (1998) described a metamorphic in-
version from the northern Odemis submassif, which they
related to the “numerous north-directed thrusts’, al-
though evidence for these thrusts was not provided. It is
also difficult to envisage numerous thrusts creating a
regular inverted metamorphic sequence over a vertical
thickness in excess of seven kilometers (Evirgen and
Ataman 1982). In the southern Odemis submassif the
metamorphic inversion with the garnet zone overlying
the biotite zone is well exposed in the rugged topography
(Okay 2001).
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Lithostratigraphic correlation between the Cine and
Odemis submassifs involves greenschist-facies Phanero-
zoic cover units of the Menderes Massif, namely the
Goktepe and Selimiye formations. These formations
have undergone only a single period of orogeny and re-
giona metamorphism, and retain many of their sedimen-
tary features. There is little ambiguity in correlating
these distinctive lithostratigraphic units across a distance
of 120 km.

Thrusting versus normal faulting

In orogenic belts, such as Western Alps, Himalaya or
Appalachians, low-angle faults that emplace older se-
guences on younger sequences are generally thrusts, and
those that emplace younger units over older units are
normal faults or extensional shear zones. Disregard of
this simple rule have led to the thrust interpretation of
the extensional detachments in the Basin and Range
province in USA or in the Cyclades in the Aegean. Natu-
rally there are exceptions to this rule, but these have to
be demonstrated as such.

In the southern Odemis submassif, flat-lying sheets of
Pan-African augen-gneiss lie tectonically over lower-
grade metamorphic rocks (fault 1 of Gessner et al.
20014d). There is no spatial or temporal relation between
these flat-lying gneiss klippen distributed throughout the
southern Odemis submassif, and the southward-dipping,
much steeper Neogene to active normal faults of the
Blylk Menderes Graben. Therefore, | interpreted the
gneiss klippen as part of amajor thrust sheet, which pos-
sibly also includes the high-grade schists and gneisses of
the Kiraz region. An extensiona detachment interpreta-
tion of the fault zone under the gneiss klippen, as fa
vored by Emre and Sozbilir (1997) and Gessner et al.
(2001a), poses more problems, and there is no data to
prefer this complex interpretation. In fact, Lips et al.
(2001) dated schists directly below the gneiss klippen in
the Aydin Mountains and obtained an Ar—Ar muscovite
age of 36 Ma. This isotopic datum indicates that the
emplacement of the gneiss thrust sheet is related to the
Eocene contractional tectonics rather than to the Early
Miocene extension.

The gneiss klippen described by Hetzel et al. (1995)
from the northern margin of the Odemis submassif are
two small bodies, caught up in the normal fault system
of the Gediz graben. In contrast to the much larger
gneiss klippen in the Aydin Mountains, the small gneiss
klippen in the northern Bozdag are strongly affected by
the Neogene to recent extensiona tectonics. The Neo-
gene structures in these gneisses have no relevance to the
Eocene contractional history of the Menderes Massif.

Structural and geometric viability

Gessner et a (20014a) argue that no structural evidenceis
presented for the two folding events (D, and Dg) in

Okay (2001). The apparent antiformal axis (Dg) aong
the BlyuUk Menderes and Gediz grabens are largely
caused by the Neogene to Recent shoulder uplift along
the grabens, and are not related to a contractional folding
episode. However, the gentle east—west trending synfor-
mal anticline along the Kiiglk Menderes valley must be
related to a late folding event, possibly represented by
the open folds, and late stage kink bands with east—west
trending axis described in the southern Odemis sub-
massif (Okay 2001).

The outcrop pattern of the Menderes Massif and the
orientation of foliation in the Menderes Massif (Fig. 2
of Okay 2001) indicate that the Menderes fold has the
shape of a north—south-elongated sheath fold with the
hinge line folded around a north—south axis. The ubig-
uitous north—south mineral stretching lineations in the
Menderes Massif, often ascribed to extensional tecton-
ics, is most probably related to the D, folding event.
In strongly deformed areas minor fold axis are known
to rotate towards the extension direction, which ex-
plains the parallelism of the minor fold axis and the
stretching lineation in the Menderes Massif. As only
the upper limb of the Menderes fold is exposed in the
Cine submassif (cf. Fig. 8 of Okay 2001), no change of
vergence of minor folds are to be expected along this
transect.

Implications for the Alpine orogeny
of the Menderes Massif

Gessner et al. (2001a) calculate that the Menderes fold
model implies a large amount of shortening and, there-
fore, they question its validity. This argument is difficult
to understand because if the Menderes fold model is cor-
rect, then a large amount of shortening must have oc-
curred in western Anatolia, which is what is expected in
an orogenic belt. The pile of cover nappes in the Tau-
rides also suggest a large shortening of the upper crust
(Gutnic et a. 1979). The lower crust was possibly re-
moved by continental subduction, a phenomenon that is
recognized in several orogenic belts.

Western Anatolia is part of the Alpide orogenic belt
formed during the Late Cretaceous and Tertiary through
subduction of the Tethys ocean and subsequent continen-
tal collision of Gondwana and Laurasia, as well as
smaller continental fragments in between (Sengér and
Yilmaz 1981; Okay and Tiyslz 1999). The amount
of north—south shortening since the Late Cretaceous
between stable Africa and Europe along the western
Anatolia transect, based on the Atlantic ocean floor data,
exceeds 2,500 km, and is far greater than that along the
Western Alps (Patriat et al. 1982; Livermore and Smith
1984). North—south shortening along the western Anato-
lian transect since the Middle Eocene, when most of the
Tethyan oceans were completely subducted, is about
800 km. A significant amount of this shortening must
have been taken up by the continental crust of the west-
ern Anatolia, including the Menderes Massif.



Recent studies in the Menderes Massif place undue
attention on the shear zones in the metamorphic rocks,
which often give different shear senses (e.g., Hetzel et al.
1998; Bozkurt 2001; Gessner et al. 2001b; Lips et a.
2001). In these studies cumulative offsets in the shear
zones are not constrained. In almost all cases there is no
noticeable change of metamorphic grade across the shear
zones, and many shear zones occur within a single litho-
stratigraphic unit, all indicating that the cumulative off-
sets across the shear zones are minor. It is unlikely that
these shear zones accommodate much of the shortening
as suggested by the ocean floor data or much of the ex-
tension. In the nappe model of Ring et a. (1999) young-
er sequences are emplaced over older sequences in the
Cine submassif and each nappe has a mutually exclusive
sequence age (Fig. 1), unlike any known nappe pile in
orogenic belts. Therefore, the problem in the Menderes
Massif is not the excess of shortening, but rather the lack
of it.

Conclusions

The stratigraphy as well as isotopic and petrological da-
ta from the Menderes Massif indicate a single period of
Phanerozoic contractional deformation and metamor-
phism during the Eocene. At the present exposure level,
most of the Menderes Massif consists of greenschist-
facies metamorphic rocks. Lithostratigraphic correlation
in low-grade metamorphic terrains affected by a single
orogeny is a valid method. As discussed above, avail-
able data do not contradict the Menderes fold model,
which is based on a lithostratigraphic correlation be-
tween the Cine and Odemis submassifs and on the meta-
morphic inversion in the Odemis submassif. Further
work to verify the stratigraphic inversion in the Odemis
submassif, and establish the depositional and metamor-
phic age of the phyllite—quartzite—marble series in the
Bozdag, which | ascribed to the Permo-Carboniferous
Goktepe formation, will be critical tests for the Mende-
res fold hypothesis.
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