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Abstract: The Bitlis complex, SE Anatolia, constitutes a crystalline complex derived from the
north of the Arabian Plate, accreted to the South Armenian block. Metamorphic studies in the
cover sequences of the Bitlis complex allow constraining the thermal evolution of the massif by
metamorphic index minerals. A regionally distributed low temperature-high pressure (LT-HP)
metamorphic evolution is documented by glaucophane, relics of carpholite in chloritoid-bearing
schists and pseudomorphs after aragonite in marbles. The metamorphic age of these HP assem-
blages is constrained by Ar isotope dating as 74 + 2 Ma. This indicates that (i) the Bitlis
complex represents a terrane detached from the Arabian indenter that was subducted and
stacked to form a nappe complex during the closure of the Neo-Tethys and (ii) that during
Late Cretaceous to Cenozoic evolution the Bitlis complex never underwent temperatures over
450 °C. The consequences of the metamorphic evolution of the Bitlis complex — a cold continental
block within a hot environment- for the Eastern Anatolian plateau are complied in a crustal section.

The Bitlis complex is situated at the front of the
Eurasian plate collage overriding the Arabian plat-
form. This mountain belt, pinched between the
Taurids and Zagros (east—west) as well as Caucasus
and Arabian plate (north—south), is part of the
southern edge of a high plateau that extends north-
ward to the Caucasus. Recent investigations in
southern Armenia revealed blueschists along the
Sevan Akera suture zone, the metamorphic age of
this high-pressure (HP) metamorphism event is 95
to 90 Ma (Rolland et al. 2008). Recent seismologic
work revealed normal crustal thickness (c. 40 km)
and a reduction in seismic velocities at depth (Zor
et al. 2003; GOk et al. 2007). This is interpreted as
asthenospheric upwelling and a missing of the litho-
spheric mantle lid (Sengor et al. 2003; Lei & Zhao
2007). Geophysics showed that this is a critical
area for the geodynamic evolution as well as the
dynamics of the North Anatolian fault system
(Facenna et al. 2006). All geodynamic models,
mostly supported by geochemical investigations of
volcanic rocks (Keskin 2003) presented so far

(Sengor et al. 2003; Keskin 2003; Lei & Zhao
2007) assume that the Bitlis-Piiturge complex was
situated in an arc position. As far as geological
information is considered, some of the early
reports of the geological survey (MTA) are difficult
to access for international readers. Gonciioglu and
co-workers mapped part of the Bitlis metamorphic
complex, between Bitlis and Mus, during the
1980s. Parts of this work were published as a short
compilation (Gonciioglu & Turhan 1984).

We present new investigations on the meta-
morphic petrology of the Bitlis complex, gathered
in the context of the Middle East Basins Evolution
programme (MEBE). The aim of this study is to
understand the Alpine geodynamics of the eastern
Bitlis complex by adding knowledge to the struc-
tural and thermal evolution. The consequences of
these new findings for the geodynamic evolution
of Eastern Anatolia and the high plateau that built
up between the Arabian and the Eurasian plates
are discussed. In this paper we report occurrence
and age of HP metamorphism indicative minerals
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in meta-sediments and mafic metamorphic rocks
from the Palaecozoic to Mesozoic cover of the
Bitlis complex.

Geological setting of SE Turkey

The Bitlis complex forms an arcuate metamorphic
belt, about 30 km wide and 500 km long, rimming
the Arabian Platform in SE Anatolia (Fig. 1). It is
separated from the Arabian Platform by a narrow
belt of Upper Cretaceous to Eocene flysch and
ophiolitic mélange and Miocene sediments. Along
the Northern front of the Arabian indenter a set of
collisional ~autochthonous and allochthonous
massifs is known. From south to north, these are:
the Great Zap anticlinorium; the Eocene olistos-
trome of the Hakkari complex overlain by Cretac-
eous mélanges of the Yiiksekova complex; the
metamorphics of the Bitlis complex; and finally
the Quaternary volcanics north of Lake Van. The
Bitlis metamorphic complex comprises Precam-
brian to Cretaceous rocks and builds up the upper-
most tectonic unit of the area. It is covered by
Cenozoic sediments and Quaternary volcanics in
the north and overlies Cretaceous (Yiiksekova
complex) and Eocene to Miocene series, the
Hakkari and Maden complexes (Baykan and
Ziyaret Formations, south of Bitlis), as well as the
sediments of the northern margin of the Arabian
autochthon. In an early description, Tolun (1953)
interpreted the metamorphic rocks of the Bitlis
complex as forming the basement of the region.
According to Kellogg (1960) and Gonciioglu &
Turhan (1984) the Bitlis metamorphics are equiva-
lents of the Arabian autochthonous succession and
are assigned a Devonian—Upper Cretaceous deposi-
tional age to the meta-sediments. First detailed
descriptions of the Bitlis complex were given by
Boray (1975), Cailavan et al. (1984), Yilmaz,
(1978) and Hall (1976). Horstink (1971), Sungurlu
(1974) and Sengdr & Yilmaz (1981) proposed
various geodynamic interpretations. In their paper
Gonciioglu & Turhan (1984) suggested that the
basic geological data used in earlier interpreta-
tions were remarkably incomplete. A remark that
still holds true for these eastern areas! The legend
of Figure 1 adapts the formation names after
Perincek (pers. comm. MEBE). For our compilation
we used older literature and different formation
names.

Lithostratigraphy and metamorphism of
the Palaeozoic to Mesozoic Bitlis complex
In the following paragraphs we present a synthesis

of the geology of the Bitlis complex mainly
based on Turkish literature. A generalized
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lithostratigraphic section is comprised as follows
from bottom to top.

e The pre- to infra-Cambrian Hizan group,
composed of gneisses, meta-basic rocks and
schists separated into three formations: the
Andok augengneiss with biotite, muscovite,
amphibole, the Unaldi Formation with amphi-
bolites and garnet-amphibolites with relics of
eclogite (Okay et al. 1985) and the Ohin
schists containing biotite, muscovite, garnet
and amphibole.

e Palaeozoic rocks of the Mutki group unconform-
ably overlie the Hizan group. The base of this
rock group is made of the Devonian Meydan
Formation comprising meta-conglomerates,
quartzites and greenschists with limestone
interlayers, reef limestones and albite-chlorite-
actinolite-chloritoid schist’s of probably volca-
nogenic origin. The Meydan Formation grades
into the volcanoclastic Cesme Formation con-
sisting of felsic meta-volcanic and meta-tuffs.
Both formations are intruded by the Mus meta-
granite and the Cesme Formation is considered
to be the product of this magmatism. The age
of the felsic meta-volcanic rocks is reported as
c. 454 Ma based on Rb—Sr whole rock analyses
(Yilmaz et al. 1981) The leucocratic granitoids
have wide exposures north of Hizan, north of
Mutki and southwest of Mus. Their age is
badly constrained (Helvaci & Griffin 1984).
They are not affected by the Precambrian
regional metamorphism but feldspathized meta-
volcanic rocks reveal an age of c¢. 91 Ma while
from the Avnik granite an amphibole-whole-
rock-feldspar age of 71 Ma, a biotite-whole-rock
age of 41 Ma and from micaschist a chlorite-
muscovite age of 38 Ma are reported (Helvaci
& Griffin 1984). These late Alpine mineral
ages are interpreted to reflect recrystallization
during emplacement deformation. Rb—Sr and
K—Ar white mica ages from the Mus granite
are Late Cretaceous (73—107 Ma) (Gonciioglu
1984).

e All three units, Meydan Formation, Cesme fm,
and Mus meta-granite are unconformably over-
lain by the Cirrik Limestone, which is a sequence
of recrystallized limestone inter-bedded with
chloritoid schists and graphite schists. This
sequence grades up into calcschists and thin-
bedded recrystallized limestones. A Lower
Permian age is assigned to these rocks. On top
of these thinly bedded meta-carbonates a
sequence of coarsely bedded recrystallized lime-
stones with interlayers of calcschists, meta-
sandstones and chlorite schists of Upper
Permian age, the so-called Malato Formation,
was deposited.
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e The Triassic rocks of the Tiitli Formation form
the upper part of the Mutki group, the base of
which consists of recrystallized limestones and
calcschists grading upward into meta-shales,
met tuffs, meta-diabases and meta-basalts and
finally meta-conglomerates, meta-mudstones
and shales, indicating a drastic change in deposi-
tional conditions. The upper part of the Mutki
group contains meta-quartzporphyres. They are
interpreted as being the result of the opening of
the Tethys Ocean.

The Bitlis complex has undergone a low to medium-
grade Alpine metamorphism (Sengiin 1993). K—Ar
ages from the western part of the Bitlis complex near
Piitiirge gave 71.2 + 3.6 Ma (Hempton 1985).
Helvagi & Griffin (1984) reported similar mineral
ages from the Bingdl area in the western part of
the Bitlis complex.

The Mesozoic ophiolitic sequences

Tectonically underlying the Tiitii Formation ophio-
litic mélanges are found. They have been termed the
Giileman ophiolites (Gonciioglu & Turhan 1984)
after the Upper Jurassic—Lower Cretaceous sequ-
ence found far to the SW of the Bitlis region. East-
ward in the Van and Hakkari regions, the term
Yiiksekova complex is used because it is more of
an ophiolitic mélange than a regular ophiolite. In
the ophiolitic mélanges near Mutki glaucophane-
bearing blocks have been described (Hall &
Mason 1972). In the Hakkari-Narli region it forms
large flat-lying klippen over the Eocene-aged
Hakkari complex, and is tectonically overlain by
the Bitlis metamorphic rocks. In the Bitlis-Baykan,
region it forms tectonic slivers between the Bitlis
metamorphic rocks and the underlying Maden
complex. The Yiiksekova complex has a mélange-
like internal structure and represents a strongly
deformed accretionary complex. It consists of a
chaotic jumble of basalt, gabbro, serpentinite, pela-
gic limestone, radiolarian chert, neritic limestone,
granodiorite, sandstone, siltstone, and shale with an
estimated vertical thickness of about 2000 metres.
The youngest limestone blocks found in the Yiikse-
kova complex give Coniacian—Campanian ages
(Peringek 1990). SE of the mélange complex in
the Cilo mountains the Oramar and Karadas ophio-
lites are reported (Ozkaya 1982). Ophiolitic rocks
also crop out north of the Bitlis complex on the
shores of Lake Van. This Gevas ‘ophiolite’ is of
special importance as it lays directly under the
Bitlis metamorphic rocks (Y1ilmaz et al. 1981), imp-
lying large-scale allochthony for the Bitlis complex.
The Gevas ‘ophiolite’ is a disordered ophiolite con-
sisting of serpentinite, gabbro, basalt and limestone
blocks. Some of the limestone blocks have yielded
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Maastrichtian rudists (Ozer 1992) showing an
Arabian rather than a Taurid affinity.

Lithostratigraphy of Cenozoic complexes

From the western parts of the Bitlis complex, mél-
anges discontinuously overlie non-metamorphic
wildflysch and olistostromal units of the Upper
Maastrichtian (Kinzu Formation and Kizilgic
Formation after Gonciioglu & Turhan 1984). The
upper contacts of these Eocene formations have
been described as tectonic. This indicates that the
Bitlis complex acquired its structure after the Late
Eocene times.

In the area of investigation, a belt of two
complex assemblages occurs below the Bitlis com-
plex and the ophiolitic mélanges: the Hakkari
complex and the Maden complex.

The Hakkari complex covers large areas south-
east of the Bitlis complex, between Narl1 and Yiik-
sekova, where it tectonically overlies the Eocene
and Miocene formations of the autochthon. It is
equivalent in time to the Maden complex, which
crops out widely farther west. The Hakkari complex
differs from the Maden complex by the scarcity
of the volcanic rocks. The Hakkari complex is
divided into two formations, a lower unit called
Urse Formation and an upper mélange-type unit
named as the Durankaya complex (Peringek 1979,
1990; Yilmaz & Duran 1997). The Urse Formation
consists predominantly of slightly metamorphosed
siltstone, shale and fine-grained sandstone with
limestone intercalations. It is well exposed on the
Baskale-Hakkari road, where it starts with fine-
grained metabasites and passes into a very thick
slate series. Near Hakkari, the slates are overlain
by medium-bedded dark carbonates.

The Durankaya complex tectonically overlies
the Urse Formation and consists of blocks of
pelagic and neritic limestone, serpentinite, gabbro,
basalt and amphibolite in a strongly deformed
shale matrix. Some of the pelagic limestone
‘blocks’ probably represent original limestone
intercalations. Such limestones have yielded pelagic
and neritic foraminifera of Early to Mid-Eocene
age (Peringek 1990; Yilmaz & Duran 1997).

The Maden complex is of the same age as the
Hakkari complex in regions west of Narli. It
differs from the Hakkari complex by the presence
of abundant volcanic rocks. It widely crops out
along the southern margin of the Bitlis complex,
as tectonic slivers either directly under the Bitlis
metamorphic rocks or through an intervening
thrust sheet of the ophiolitic mélange (Yiiksekova
complex). The Maden complex consists of sand-
stone, conglomerate, red pelagic limestone, basaltic
lava, and tuff. Limestones in the Maden complex
yield Lower to Middle Eocene foraminifera. In a
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few localities the Maden complex is reported as
lying unconformably over the Bitlis metamorphic
rocks. However, in most places it is positioned
between the Cenozoic formations of the Arabian
Platform and the Bitlis complex. Yigitbas &
Yilmaz (1996) regard the Maden complex as pro-
ducts of a short-lived Mid-Eocene back-arc basin,
above the northward-dipping subduction zone
between the Arabian Platform and the Anatolide-
Tauride Block as represented by the Bitlis
complex. Around Baykan, south of Bitlis, the
Maden complex (locally named as the Baykan
complex by Gonciioglu & Turhan 1992) is lithologi-
cally highly variable. It ranges from a regular flysch
sequence to an ophiolitic mélange. It is difficult to
put a boundary between the flyschoid Maden
complex and the overlying ophiolitic mélange
(Yiiksekova complex or the Giileman ophiolite).

The Kirkgecit Formation occupies large areas
southeast of Van, where it lies unconformably
over the Bitlis metamorphic rocks, the Yiiksekova
complex and the Hakkari complex. It consists of
siliciclastic turbidites with extensive olistostrome
horizons (Peringek 1990). Scarce fossils indicate a
Late Eocene to Early Miocene age for the Kirkgecit
Formation. Post-Miocene tectonics has resulted into
the imbrication of the Kirkgecit Formation with the
underlying units.

Autochthonous sequence of SE Anatolia
(Arabian Platform)

An account of the stratigraphy of the Arabian Plat-
form as exposed in the anticlines south of Hakkari
is given in the following. The authochthonous
sequence (Ketin 1980) is well exposed in two
faulted anticlines along the Zap River between
Hakkari and Cukurca (Rigo de Rhigi & Cortesini
1964) the Great Zap anticline in the north and the
Cukurca anticline in the south (Fig. 1). The anticli-
nes are major regional east—west-trending struc-
tures with half wavelengths of 10-15km, and
extend along strike for over 100 km. Their southern
margins are cut by thrust faults. The Great Zap and
Cukurca anticlines expose a thick sedimentary
sequence from Early Cambrian to Eocene, albeit
with major gaps. Clastic rocks dominate the
Cambrian to Carboniferous (Janvier et al. 1984)
sequence, whereas the Permian (Koyliioglu &
Altiner 2001) to Eocene sequence is largely
formed by shallow marine carbonates. The lower-
most authochthonous sequences in the core of the
Great Zap anticline are medium to thickly bedded
sandstones and siltstones belonging to the Derik
Group. In the Great Zap anticline this group has a
minimum thickness of 600 m and, based on scarce
fossils, is of Early Cambrian age (Peringek 1990;

Yilmaz & Duran 1997). The Middle Cambrian dolo-
mites and limestones of the Koruk Formation con-
formably overlie the arenites of the Derik Group.
The Koruk Formation is equivalent to the Caltepe
Limestone in the Taurides. It is in turn overlain by
yellowish brown siltstone, sandstone, and shale
intercalation of the Seydisehir Formation of Late
Cambrian—Ordovician age, which forms the core
of the Cukurca anticline farther south. The Seydise-
hir Formation is unconformably overlain by the
strikingly variegated, thickly bedded quartzites of
Upper Devonian age belonging to the Yiginh
Formation. The Late Devonian age is based on
fish fossils (Janvier et al. 1984). The quartzites
show strong current bedding and have thin shale
and siltstone interlayers, and have a measured thick-
ness of 295m. The quartzites of the Yiginh
Formation are conformably overlain by the shale,
sandstone, sandy dolomite and limestone of the
Kopriilii Formation. The Kopriilii Formation strad-
dles the Devonian-Carboniferous boundary
(Peringek 1990; Yilmaz & Duran 1997) and has a
thickness of about 200 m. The Upper Devonian—
Lower Carboniferous Kopriilii Formation is uncon-
formably overlain by a thick carbonate sequence of
Late Permian age. This Tanin Group has a thickness
of nearly 1000 m, and consists of dark, bituminous,
limestone and dolomitic limestone locally with
chert nodules. A rich foraminifera fauna indicates
the presence of all the Upper Permian stages from
Murgabian to Dorashamian (Koyliioglu & Altiner
1989). The dark Upper Permian carbonates are over-
lain by purple, green, yellow shale, siltstone, shaley
and lithographic limestone of Early Triassic age
belonging to the Cigli Group. The Cigli Group has
a thickness of about 500 m, and is conformably
overlain by the thickly bedded, neritic limestone
and dolomite of the Cudi Group of Middle Triassic
to Early Cretaceous age. The thickness of the Cudi
Group increases from west to east, and in the
Hakkari-Cukurca region is more than 1000 metres.
The youngest ages from the Cudi Group are
Aptian-Albian, however, in many regions the Lower
Cretaceous sequence is eroded, and the Upper Cre-
taceous rests unconformably over the older for-
mations (Peringek 1990). In the northern margin
of the Great Zap anticline the neritic carbonates of
the Cudi Group are unconformably overlain by the
shaly pelagic limestones of the Sayindere For-
mation, about 200 m thick. A rich pelagic foramini-
fera fauna in the limestones indicates a Campanian
age for the Saymndere Formation. The Sayindere
Formation is unconformably overlain by the Cam-
panian—Lower Paleocene sandstone, shale and
marl of the Germav Formation. In several localities
south of Hakkari, the Sayindere Formation is eroded
and the Germav Formation rests directly on the
neritic carbonates of the Cudi Group. The Lower
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to Upper Eocene Midyat Group unconformably
overlies the Germav Formation. The Midyat
Group starts with red conglomerates and sand-
stones, and passes up into thinly to thickly bedded
limestones locally with chert nodules and inter-
layers. The Midyat Group is tectonically overlain
by the allochthonous Hakkari complex along the
frontal thrust. Slivers of Miocene continental sand-
stone, siltstone and mudstone (Selmo Formation)
indicate a Miocene and younger age for the thrusting
(Peringek 1990).

New geological observations, metamorphic
data and age constraints

Cross-sections in the Eastern
Bitlis complex

Hakkari section. The easternmost cross-section
runs along the main road from Van to Hakkari and
Cukurca. From Van towards the SE, Oligo—
Miocene sediments of the Kirkgegit Formation are
crossed, that exhibit phenomena of late tectonic
movements typifying in the whole region. The Cen-
ozoic and recent deformation led to faulting and
block tilting. This sequence overlies Cretaceous
ophiolitic coloured mélanges, with a serpentinitic
and shaly matrix that contain large limestone
blocks (Yiiksekova fm). The contacts of the
Oligo—Miocene sediments on the Cretaceous
mélange are reported as transgressional although
near Van thrusting of Cretaceous mélange and
Eocene sequences is evidenced.

Between Baskale and Hakkari, SW of the Yiikse-
kova junction, the rocks of the Urse Formation
consist of silvery slates that show excellent kink
bands (Fig. 2a) deformation patterns, which relate
to metamorphism. Nearby, volcanoclastic and vol-
canic rocks show a bluish tint. While arkosic meta-
sediments did not show any evident macroscopic
trace of a low-grade HP-LT metamorphism the
meta-volcanics contain blue amphibole. The
blueschists of the Urse Formation are overlain by
non-metamorphic Eocene flysch-type sediments
(Fig. 2b).

Gevas — Catak — Narli section (Fig. 3). Starting
from Van, the first observation of the Northern con-
tacts of the Bitlis complex is exposed around Gevas.
There, the so-called Gevas ophiolite (Yilmaz 1978)
is actually an ophiolitic mélange with a serpentinitic
matrix that contains blocks of gabbros, basaltic
rocks, cherts, limestones, and radiolarites. This
mélange clearly dips southwards below the meta-
morphic sediments of the Bitlis complex with an
angle of ¢. 20-30° (Fig. 4). The rather flat-lying
contact is easily recognized by an alignment of
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springs. Strongly deformed and brecciated rocks
of both complexes dominate the contact: the ophio-
litic mélange and the overlying Bitlis meta-
morphics. Inspection of the contact at several
locations however revealed that between the ophio-
litic mélange and the Palacozoic marbles of Cadir
dag a typical rock sequence consisting of meta-
sandstones and reddish marly calcitic marbles as
well as marbles with chert layers occur. The reddish
marly marbles resemble ‘couche rouge’-type sedi-
ments. This rock sequence resembles in many
aspects the Cretaceous assemblages found in the
Western Taurides. A cross-section east of Gevas
(Fig. 4b) exhibits radiolarites of the mélange
complex in direct steep contact with mylonitic
marbles (Fig. 5a). These marble-mylonites are part
of a metamorphic marble-schist sequence that typi-
cally occurs at the base of the Triassic sequence. In
the investigated area the metamorphic sequence
comprises calcareous and dolomitic marble seams
in a greyish chlorite albite schist sequence. In
some metapelitic layers phengite and chloritoid
occur. Upward in the sequence the amount of

(a)

Eocene
Micaschist
(Urse Formation)

(b)

Unmetamorphic
Eocene flysch

Eocene
Blueschist
(Urse Formation)

Fig. 2. Photographs of metamorphic rocks of the Eocene
Urse Formation along the Bashkale Hakkari road. Top:
slaty micaschist with kink bands. Bottom: Tectonic
contact between Eocene Urse blueschists and Eocene
flysch type clastic sediments.
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@ Eocene basalts

(pillow lavas)

Triassic series ?
Carboniferous (?) series

Gt-Bi-Cld-bearing

Complex o ;.
carbon-rich schists Metabasites with

glaucophane relics

Metabasites with

£
Fresh carpholite
<> Carpholite relics

¢ Glaucophane
X Chloritoid

Fig. 3. Cross-section along the Catak valley in the Eastern part of the meta-sedimentary cover of the Bitlis complex.
Mafic and metapelitic rocks exhibit relicts of a HP-LT metamorphic event throughout the section.

dolomitic marbles diminishes and thin tuffitic mafic
layers are intercalated within the schists. The mafic
layers may also become more substantial and are
composed of chlorite, epidote, amphibole and
albite. In the uppermost part of the schist-marble
sequence the mafic layers show intercalation of
greenschist and blueschists (Fig. 5b). The

(@)

(b) Marbles
Platform sediments

‘Basal’
Meta-conglomerate

Greenschist-blueschist
intercalation

Blueschists  Bjyeschists with chloritoid

Sandy ’
meta-marls

Quartzites
purple schists ,

Dolomitic marble
with greenschist
intercalation

Radiolarite

SE contact of the Gevas melange

blueschists contain albite, chlorite, glaucophane
and epidote (Fig. 5c). The schist-marble sequence
is conformably overlain by Megalodon (Fig. 5d)
bearing massive grey marbles of possible Triassic
age. Another section across the contact shows
strongly deformed serpentinites that are capped by
lysvenitic layers. Above these, light grey marbles

Fig. 4. (a) Photograph of the inverted contact putting the sediments of the Bitlis metamorphic complex over the
mélange sequence of Gevas. View westward from NE. The village of Gevas is located at the right margin of the image.
The box indicates the location of the section (b) taken over the tectonic contact. (b) Section trough the inverted tectonic
contact Gevas mélange — Bitlis complex. At the base mylonitic dolomite marbles tectonically overlies radiolarian
cherts. These grade into metabasites, schists, quartzites and, finally meta-conglomerate at the base of the Bitlis marbles.

In the schistose part of the section blueschists occur.
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Fig. 5. Photographs (a) Mylonitic marbles at the base contact of the Bitlis with the Gevas complex. (b) Blueschist and
greenschists, intercalated within the marbles. (¢) Microphotograph of glaucophane rimmed by blue-green amphibole.
(d) Triassic (?) Megalodon occurring in marbles of the Bitlis complex (Fig. 4b top left). (e) Calcitic rosetta

(pseudomorphs after aragonite?) from the Bitlis marbles. (f) Cretaceous Rudist of Arabian faunal affinity (Ozer 2005)
found in limestones of the Gevas complex.

with whitish elongated calcite aggregates occur.
Some of these aggregates show fibrous calcite,
possibly pseudomorphs after aragonite (Fig. 5Se).
To some extent this resembles the upper Cretaceous
‘rosetta’ type marbles with their conspicuous cherty
layers. Overlaying these rocks dark grey Permian

marbles occur. A third section exhibits cataclastic
contact relations. However, between the Permian
Bitlis marbles and the ophiolite complex again a
conspicuous sequence resembling closely the Cre-
taceous Tiitli formation occurs. This metamorphic
sequence contains relics of carpholite fibres, this
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again points to a low-grade high-pressure meta-
morphism. The limestone blocks within the Gevas
ophiolitic mélange revealed rudists (Fig. 5f) that
according to Ozer (2005) show an Arabic
facies affinity.

Entering the Catak valley the first outcrops of the
Palaeozoic marbles show strong cataclastic disrup-
tion and earlier ductile folding. These marbles are
calcitic but show in some places relict whitish crys-
tals that might have formed as sedimentary arago-
nite (Fig. 5e). In ductile shear bands around these
rosetta-forming aggregates, fibrous calcite replaces
metamorphic aragonite. These fibrous features are
a clear hint to a low-grade HP-LT overprint close
to the base of the Bitlis metamorphic complex.
Intercalated with these Palaeozoic marbles, a
sequence of black to silvery schist with mafic inter-
calations occur some 5 km southward, near Kayabo-
gaz. In those schists, we identified the very first
occurrence of carpholite relics in Eastern Anatolia.
In these rocks carpholite has reacted to form chlor-
itoid and quartz. Sometimes kyanite can be found in
these chloritoid bearing rocks. The associated mafic
rocks exhibit a bluish tint and glaucophane was
found in thin section from these meta-basic
intercalations.

Further downstream of the Catak valley the
series are strongly disrupted by complex folding
and thrusting. The general structure is an open
folding superimposed on overturned south vergent
folded structures (Fig. 3).

Along this cross-section, the Bitlis metamorphic
complex exposes only meta-sediments of upper
Palaeozoic to Mesozoic sequences. North of Catak
spectacular chloritoid-bearing rocks with crystal
sizes up to 2-3 cm are exposed. South of Catak
near Narli chloritoid-garnet-bearing parageneses
occur in the metapelitic rocks. These higher-
grade metapelites and their marble envelope are
locally thrust on top of non-metamorphosed
Eocene pillow lavas. Below this tectonic sliver,
steep and strongly folded Palacozoic to Permo-
Triassic marbles forms the southern frontal part of
the Bitlis complex. Along the Catak River, the
marbles contain fresh carpholite without chloritoid.

Metamorphic evolution

In the Bitlis cover (Fig. 6) silvery Al-rich metapelitic
schists, intercalated with calcareous marbles, gener-
ally contain the assemblage chlorite-phengite-
quartz. Along the frontal (south) and basal parts
the assemblage carpholite-chlorite-phengite-quartz
occurs. In rare cases pyrophyllite-chlorite-carpho-
lite assemblages testify prograde relicts. In internal
parts of the nappe complex most of the carpholite
has reacted to form chloritoid and only carpholite

relics included in quartz veins and nodules remain.
The mineral stable assemblage is chloritoid-
phengite-quartz-chlorite sometimes associated with
paragonite. A few samples contain kyanite and
chloritoid, others chloritoid and epidote and one
sample containing garnet together with chloritoid,
chlorite and phengite was found. Mafic rocks associ-
ated with these metapelites contain glaucophane and
testify blueschist metamorphic conditions.

At regional scale the distribution of Fe,
Mg-carpholite and glaucophane documents the
extent of high-pressure low-temperature meta-
morphism all over the meta-sedimentary part of
the Eastern Bitlis complex. Up to now we were
not able to identify a similar HP metamorphism in
the crystalline basement rocks. A first report on
eclogites was given from the central part of the
Bitlis complex at Mt Gablor (Okay et al. 1985)
south of Mus. There, eclogites occur within garnet
mica schists and contain kyanite. P—T estimates
are reported with temperatures between 600° and
650 °C at 1.0 to 2.0 GPa. Based on findings of
eclogite pebbles in Lower Palaeozoic micro-
conglomerates a Pan African age was assumed for
these eclogites (Gonctiioglu et al. 1997).

Both high-pressure index minerals, glaucophane
in metabasites and carpholite in metapelites can
only be used for a rough estimate of the P—7 con-
ditions (e.g. Oberhinsli er al. 1995, 2001). There-
fore we apply the multi-equilibrium approach
developed and tested for chlorite-phengite-quartz
bearing meta-sediments (Vidal et al. 1999; Vidal
& Parra 2000; Parra et al. 2002; Rimmele et al.
2005). Fe, Mg-carpholite occurs overall the schist
in the Bitlis complex (Fig. 6). Microprobe analysis
document a homogenous chemical composition
of Fe, Mg-carpholite (Table 1) with a relatively
high Mg-content (Xy;;=0.65 — 0.70) in marbles
(Fig. 7), and a lower Mg-content (Xy=0.33 —
0.50) in metapelitic schists. Chloritoid (Table 2)
always shows significantly higher Fe contents
(Xmg=0.05 — 0.35) (Fig. 7). Thus the Fe-Mg parti-
tioning coefficient [Kp=( Fe/Mg )A/( Fe/Mg )zl
for a carpholite/chloritoid pair is equal to 8. This
Kp value is similar to those reported in the literature
for the same rock-type and the equivalent P—T con-
ditions (Crete: Theye et al. 1992; Oman: Vidal &
Theye 1996, Alps: Bousquet et al. 2002).

Using microprobe analyses and recalculated end
members of chlorite such as clinochlore, daphnite,
sudoite and amesite as well as white mica such as
celadonite, pyrophyllite and muscovite (Tables 3
& 4) it is possible to calculate P—T conditions for
each chlorite-phengite mineral pair. Calculated P,
T conditions indicate P=8-10 kb and 7=320 °C
for the prograde relicts, P=10-11 kb and 7=350
— 400 °C for peak conditions and a wide distribution
of temperatures (7: 370 - 480 °C) at lower
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Table 1. Representative electron microprobe analyses of HP-LT index minerals Fe-Mg carpholite and
glaucophane. All electron microprobe analyses using natural and synthetic mineral standards at standard
conditions (15 kV, 20 nA) were performed on Cameca SX 100 at GFZ Potsdam and at CAMPARIS Paris VI

Sample VAN VAN VAN VAN VAN VAN  Sample VAN VAN VAN
7 7 7 11 41 41 55 55 55
car car car car car car glauc  glauc  bl-gna

Si0O, 37.62 38.19 38.44 42.46 39.35 39.32 Si0, 58.18 57.84 48.81

ALO; 31.81 32.08 32.33 29.60 32.29 32.36 TiO, 0.09 0.21 0.63
FeO 13.58 12.16 11.50 10.45 7.29 7.70 Al,O3 4.54 2.35 8.98
MnO 0.12 0.03 0.16 0.20 0.14 0.10 FeO 16.00  17.56 6.54
MgO 5.01 5.62 5.87 5.89 8.78 8.80 MnO 0.15 0.11 0.17
F 0.11 0.61 0.86 0.08 245 1.80 MgO 11.36 11.88 18.46
Total 88.25 88.69 89.15 88.68 90.30 90.07 CaO 0.49 1.17 12.31

Na,O 6.95 6.82 1.75

K,O 0.00 0.02 0.21

Total 9177  97.97 97.86

Structural formula based

Structural formula on 13 cations

Si 2.00 2.02 2.02 2.23 2.03 2.02 Si 8.04 8.06 6.82
Al 1.99 2.01 2.02 1.99 1.99 1.98 Ti 0.01 0.02 0.07
Fe** 0.01 0.00 0.00 0.01 0.01 0.02 Al 0.74 0.39 1.48
Fe?* 0.60 0.54 0.51 0.49 0.31 0.31 Fe 1.85 2.05 0.76
Mn 0.01 0.00 0.01 0.01 0.01 0.00 Mn 0.02 0.01 0.02
Mg 0.40 0.45 0.46 0.50 0.68 0.68 Mg 2.34 2.47 3.85
F 0.02 0.10 0.14 0.01 0.41 0.29 Ca 0.07 0.17 1.84

Na 1.86 1.84 0.47
Xnmg 0.397 0.451 0.473 0.501 0.684 0.681 K 0.00 0.00 0.04

pressures (P: 3—6 kb) for the retrograde evolution ~ Age of metamorphism

(Fig. 8). These observations from Bitlis meta-

sediments fit well with those made in Tethyan meta-  Phengites from carpholite bearing metasediments
sediments in Western Turkey: the Lycian nappes Ef)om 3$he Catak valley were dated by laser
(Rimmele er al. 2002) and the Afyon Zome  Ar/ Ar method. Small amounts of pure phengite

(Candan et al. 2005). separated from carpholite fibbers in quartz exudates
Mg Mg
o VAN 10 [0 VAN 41 (Schists)
me 2(7) @ VAN 11 (Schists)
« VAN 31 ¢ VAN 7 (marbles)
""" X VAN 36 SN

o VAN 28

OVAN 17

A VAN 29

10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90

Chloritoid Carpholite

Fig. 7. Composition of carpholite and chloritoid from the Bitlis meta-sediments. As generally observed chloritoid is
more iron rich than associated carpholite. The data presented fits well with data reported from Western Turkey (Lycian
nappes and Afyon zone).
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(see text).

with grain sizes in the range of 30—80 microns were
hand picked and carefully washed by ultrasonic
treatment in acetone, ethanol and distilled water.
The samples were irradiated in the FRG-1 facility
of the research reactor in Geesthacht (Germany).
The neutron flux variation over the length of the
sample capsule was monitored by Fish Canyon
Tuff Sanidine (FC-3, 27.5 Ma; Ishizuka 1998; Uto
etal. 1997) and calculated using a linear fit. Interfer-
ence correction factors were obtained by analysing
CaF, and K,SO, irradiated together with the
samples.

After irradiation the samples were loaded on a
copper disc in the sample chamber. The system
was baked for two days for reduction of atmospheric

argon contamination. Mean blank values during the
experiments for 40Ar, 39Ar, 37Ar and °Ar were
1.46e-4, 7.32e-08, 8.95e-09 and 4.35e-06 respect-
ively. During the experiment Ar was extracted
from the samples using a S0 W CO, laser and
isotopes were measured in a Micromass5400
spectrometer. Age spectra were produced from
3 respectively 7 grains that were heated by a
moving beam with a diameter of 1600 microns for
90 seconds with 50 microseconds scan sped.
Data have been corrected for blank, mass discrimi-
nation, *’Ar and *°Ar decay. They have been
fitted on *°Ar/*°Ar v. ¥Ar/*Ar isochron plots
(York 1969). Results are presented in Table 5 and
Figure 9.
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Both samples are from the northernmost carpho-
lite locality near Gevas. Both age spectra show a first
step that is severely contaminated by atmospheric
argon. Five respectively six gas fractions yield
concordant apparent ages, which define plateau
dates of 74.5 + 1.5 Ma, and 74.4 + 2.8 Ma. Iso-
chron ages are similar to the plateau ages with inter-
cept ages of 73.8 + 7.7Ma and 73.6 + 4.4 Ma
respectively (Fig. 9).

Excess argon may hamper the interpretation of
40Ar/39Ar phengite ages subjected to very high-
pressure conditions (e.g. Li e al. 1994; Arnaud &
Kelly 1995; Rufet er al. 1995). Strongly deformed,
K-poor bulk compositions at low high-pressure con-
ditions close to closure temperatures (350 + 450 °C;
Andriessen 1991) are barely suitable to incorporate
excess argon in phengites (Oberhénsli ef al. 1998;
Sherlok & Kelly 2002). The Late Cretaceous age
for the blueschist metamorphism in the Bitlis
complex is compatible with the geological con-
straints as well as observations from the Lesser
Caucasus, where H-P metamorphism is dated at
95-90 Ma (Rolland 2008). It is also younger than
the H-P metamorphism of the Tavsanli zone in
western Anatolia (e.g. Okay & Kelly 1994;
Sherlok et al. 1999) but fits the age (K-Ar;
71.2 + 3.6 Ma; Hempton 1985) of metamorphism
from the Piitiirge massif.

Discussion

As shown in figure 6, HP-LT metamorphism is dis-
tributed overall in the cover sequence of the eastern
Bitlis complex.

Along the Catak River, the marbles contain fresh
carpholite without chloritoid. This clearly proves
that the frontal part at the base of the western
Bitlis complex experienced HP-LT metamorphism
and that the temperatures never exceeded 450 °C
since carpholite remained stable. On the contrary,
the northern portion of the basal thrust experienced
a slight heating after the HP-LT overprint, as
attested by the reaction of carpholite retrogressed
into chloritoid and quartz. Figure 8, a petrogenetic
grid for Al-rich carpholite bearing metapelites, evi-
dences low temperatures at elevated pressures for
samples from the area where pyrophyllite was
found. For samples with carpholite and carpholite
relicts higher temperatures at high pressures are
documented. Chloritoid bearing samples with car-
pholite relicts in quartz indicate similar conditions.
Chloritoid samples without carpholite relicts indi-
cate a wider range of temperatures at lower press-
ures. The stability of kyanite together with
chloritoid indicates temperatures below 560 °C at
11 kb or 480 °C at 5 kb: the characteristic reaction,
for Al-rich metapelites, chloritoid + kyanite=
chlorite + staurolite (Spear & Cheney 1989) was

R. OBERHANSLI ET AL.

never overstepped (Fig. 8). Garnet and epidote indi-
cate decompression (Bousquet 2008). Form these
observations we can conclude, that the retrogression
from high-pressure low-temperature took place
under conditions of isothermal decompression or
at only a slightly elevated temperature conditions.
The recorded temperature in metamorphic rocks
of the Bitlis complex never exceeded 450 °C
during the Mesozoic and Cenozoic evolution.

Along its northern contact of the Bitlis complex,
Yilmaz (1978) described the Gevas complex as an
ophiolite that was thrust over the Bitlis complex.
Our investigations show that the Gevas complex is
a mélange with a serpentinic matrix containing
radiolarites and limestone blocks. The limestone
blocks exhibit a rudist fauna with Arabic facies
affinity, which is different from the rudist faunas
of the Taurids (Ozer 2005). The metamorphic
sequence does not represent a metamorphic sole
as inferred by Yilmaz (1978) but contains either
relics of carpholite fibres or glaucophane. This
points to a low-grade high-pressure metamorphism
typical for cold geotherms only present in sub-
duction related settings. Our investigation clearly
shows that the Bitlis complex experienced a late
Alpine subduction related history while the Gevas
ophiolite material does not show any metamorphic
overprint. Therefore the contact must be interpreted
as late back thrust of the Bitlis complex towards
the North.

The faunistic finding of Arabian facies affinity in
the limestone blocks of the mélange contradicts the
hypothesis of an obducted ophiolite block of north-
ern provenance. In addition, HP-LT metamorphic
conditions (<450 °C) evidenced in the Bitlis
complex but not in the Gevas ophiolitic mélange
exclude obduction. It is obvious from petrography
that the Bitlis complex and some Eocene formations
experienced a subduction event and remained cold
during its later geodynamic evolution. These facts
were not considered in geodynamic evolution
schemes published earlier (Yilmaz 1993; Sengor
et al. 2003; Keskin 2003). Most of these scenarios
do not consider the metamorphic evolution of the
Bitlis complex at all.

Based on Cenozoic sediment evolution south of
the Bitlis complex Yilmaz (1993) assumes during
Late Maastrichtian to Early Eocene an intraoceanic
subduction between a northern block and the
Arabian Plate. This model accounts for Eocene to
Oligocene subduction south of the Bitlis complex
but does not detail the metamorphic evolution
neither in the Bitlis complex not in the underlying
Cenozoic nappes. Timing of the geodynamic evol-
ution south of the Bitlis complex is well constrained
in this model. However, geodynamically the nappe
stacking of the ‘metamorphic massifs’ during
Early Eocene is not well constrained (Yilmaz
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1993, fig. 13). Later models (e.g. Sengor et al. 2003;
Keskin 2003) focus on the geodynamic and volcanic
evolution north of the Bitlis complex. While Sengor
(2003) reflects on the tectonic building of the East
Anatolian high plateau, Keskin (2003) focuses on
its volcanic and magmatic evolution. In Sengdrs
model (Sengdr et al. 2003, fig. 3) the Bitlis
complex is thrust over the Arabian platform some
time between Late Eocene and Middle Miocene
without any clear geodynamic reason. In Keskin’s
model (Keskin 2003, fig. 3) the Bitlis complex is
exhumed before Early Eocene and is part of a volca-
nic arc. The collision of the Arabian plate with the
Bitlis Arc terminated during Late Oligocene—
Early Miocene, while closure of the East Anatolian
Accretion complex continued. At 11-13 Ma slab
brake off followed since 6 Ma by asthenospheric
upwelling is postulated (Sengdr et al. 2003;
Keskin 2003).

New geophysical observations in Eastern Anato-
lia infer seismic velocities smaller than expected for
lithospheric mantle (Zor et al. 2003; Gok et al.

) Gondwana devired

2007). Thus similarly to earlier models astheno-
spheric up welling following a slab break off event
is assumed (e.g. Facenna et al. 2006; Barazangi
et al. 2006). From seismic data (Gok et al. 2007)
infers north directed major thrusts that fit well
with our observations along the Gevas mélange.

To respect the metamorphic evolution and
especially the preservation of HP-LT assemblages
we propose a scenario (Fig. 10) that accounts for
the Late Cretaceous (c¢. 74 Ma) metamorphic evol-
ution. The Bitlis complex is routed northwards
below the South-Armenian Block while its frontal
parts are thrust southward over the Arabian
platform and the Cenozoic complexes. Investi-
gations of the Sevan-Akera suture zone in the
Lesser Caucasus (Sosson et al. 2010) and new
finding of HP assemblages along the ophiolitic
suture near Stepanavan (Rolland er al. 2008) and
its correlation to the Izmir Ankara Erzincan
suture led us to assume that the Bitlis block col-
lided with the South Armenian block during the
Late Cretaceous.

Eurasia N

Meélange

Meélange
7 ost Maastr

post Eocene

———

Co-Sant

2L HP-LP metamorphism

Neogene volcanics
Volcanics Cretaceous (?)

Eocene melanges

m Ophiolitic melanges (Cret)
|:| Permo-Mesozoic marbles
|:| Metapelitic schists

D Basement rocks (Gondwana)
Basement rocks (Eurasia)

R Lithospheric mantle
Low seismic velocity material

Fig. 10. Schematic geodynamic cross-section including data from ‘MEBE Caucasus Group’ by Sosson et al. (2010).
In order to maintain cool conditions we consider a strong underthrust of the Arabian platform and separation of areas
with asthenospheric upwelling for the Bitlis complex (see text).
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This implies that the Bitlis complex was part of
the Arabian platform and cannot be strictly corre-
lated with the Tauride block. It separated from
Arabia probably during Jurassic to Cretaceous
time. After northward subduction the Bitlis
complex had to be exhumed rapidly (supported by
pyrophyllite relicts) probably already during Late
Cretacous, since the Bitlis metamorphic units are
imbricated with non-metamorphic Eocene pillow
lava in the frontal part of the nappe complex
(Fig. 1). To preserve its subtle HP-LT phases later
significant heating must be excluded. This is poss-
ible if exhumation is rapid and the Bitlis complex
further on remained close to the surface or if subduc-
tion processes are ongoing in the south as it is docu-
mented by blueschist assemblages in the Eocene
Urse formation.

The non-metamorphic ophiolitic mélanges of the
Yiiksekova complex derive from the oceanic realm
between the South Armenian and Bitlis blocks and
were thrust over the exhuming Bitlis complex
(Fig. 10). After collision of the Arabian plate with
the Bitlis complex back thrusting led to the exhuma-
tion of basement rocks and the northern part of the
Bitlis complex along Lake Van and the Yiiksekova
complex in Gevas. Our Interpretation with an Oligo-
cene subduction of a mid oceanic ridge allows for
later asthenospheric up welling without the need
of subduction rollback and slab break off.

Conclusions

Petrological investigations in the eastern Bitlis
complex clearly demonstrate subduction related
HP-LT metamorphic conditions. These findings
must be taken into consideration when reconstruct-
ing the geodynamic evolution of eastern Anatolia
in front of the Arabian indenter, and especially for
the delamination processes of the South Armenian
block and its relation with recent volcanism. A
first and obvious result is that the Gevas complex
should not be considered as a complete ophiolite
sequence but rather composes a serpentinitic
mélange similar the Yiiksekova complex. Now
overturned, it overlays the Bitlis complex which
exhibits relics of HP-LT metamorphism. Faunistic
and petrographic investigations support an
Arabian/Gondwanian origin for the Bitlis complex
rather than a Tauride provenance. The fact that
HP-LT parageneses are distributed over the whole
of the Bitlis complex demonstrates that this
complex experienced a subduction event and
remained cold during its later geodynamic evol-
ution. Geophysical data point to material with
lower seismic velocities, interpreted as hot astheno-
spheric mantle situated just north of the Bitlis
complex. Despite this, subtle HP-LT metamorphic

assemblages are preserved indicating that after the
subduction event no significant rise of temperatures
has occurred.

The Bitlis complex is part of the complex Alpine
belt with a collage of terranes and clearly more than
one subduction zone. The blueschist metamorphism
(c. 75Ma) found distributed within the Bitlis
complex points to a second subduction zone south
of the major Izmir—Ankara—Erzincan—Sevan—
Akera suture with a metamorphic H-P age of
¢. 90 Ma. The finding of blue amphibole and mica
with in the Eocene mélanges south of the non-
metamorphic Yiiksekova ophiolitic mélange points
to an even younger subduction type feature south
of the Bitlis complex. Thus the region forming a
high plateau in it status nascendii in eastern Anatolia
composes a set of Gondwana derived blocks separ-
ated by oceanic domains that successively collided
to with Eurasia.
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