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AND DILEK PUL
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Abstract

Geological and geochemical characteristics of the Mid-Cretaceous olistostromal ophiolitic
mélange exposed in the southern part of the eastern Pontide magmatic arc indicates that it originally
formed during the drifting stage of a back-arc basin (Neotethys). This view conflicts with the popular
idea that this ophiolitic mélange represents a typical tectonic mélange or an accretionary prism
developed in the fore-arc of the eastern Pontide magmatic arc by northward subduction of Neotethys
or Paleotethys during the Cretaceous.

This Mid-Cretaceous ophiolitic mélange is composed of the three distinct lithological facies that
may reflect a strike-slip cycle—from transtensional to transpressive tectonic regimes—in the deep
spreading troughs of pull-apart basins. The lower part of the mélange is represented by redeposited
carbonate rocks that occur as an upward thinning and fining sequence. The middle level of the
mélange comprises basaltic pillow lavas, hyaloclastics, and intercalated pelagic sediments such as
radiolarite, mudstone, and red pelagic limestone. The upper part of the mélange is represented by
an olistolith-olistostromal facies that includes sandstone, siltstone, marl, and intervening olistoliths
and olistostromes—mainly limestone, peridotite-gabbro, and metamorphic blocks derived from the
continental shelf and a nearby peridotitic-metamorphic ridge.

Trace-element and REE contents of the basaltic rocks belonging to the Mid-Cretaceous ophi-
olitic mélange show distinct geotectonic settings (IA, WP, MOR) with various enrichment and deple-
tion trends with respect to MORB and chondrite. Moreover, this ophiolitic mélange is overlain by
analcime-bearing Upper Cretaceous-Paleocene(?) shoshonitic basalts in the Bayburt-Maden area.
These geological and geochemical data imply that mélange formed in the back-arc basin of the

eastern Pontide magmatic arc.

Introduction

OPHIOLITIC MELANGES—masses of mixed sedimen-
tary and ophiolitic rocks—developed through pro-
cesses of fragmentation and mixing (Hsii, 1968;
Cloos, 1982; Raymond, 1984) occur at convergent
(Raymond and Terranova, 1984; Tankut et al., 1998;
Onen, 2003; Rojay et al., 2004), divergent (Dewey
et al., 1973; Burchfiel, 1979; Marroni et al., 1998)
and strike-slip (Reading, 1980; Einsele, 1992) plate
boundaries. Ophiolitic mélanges are classified into
two groups (tectonic and sedimentary mélanges)
depending on the sedimentary or tectonic processes

!Corresponding author; email: eyuboglu@ktu.edu.tr;

obektas@ktu.edu.tr

that gave rise to a particular deposit (Raymond and
Terranova, 1984). Many mélange terranes are
intensely deformed and include blocks of oceanic
and continental material and high-P/low-T meta-
morphic rocks (Tankut et al., 1998). Therefore,
recognition of ophiolitic mélange in orogenic belts is
especially important for delineating ancient conti-
nental margins. Some ancient passive margins are
eroded, such that deeper parts of the lithosphere are
exposed. In the southern Alps, an entire section of
the continental crust and several kilometers of its
upper mantle are exposed (Burchfiel, 1980). Geo-
logical evidence indicates that this area was the site
of a divergent plate boundary that evolved into a
passive margin during the Mesozoic. Study of
ancient passive margins permits the direct examina-
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tion of geological features produced at greater
depths than those of modern plate margins. For
example, Marroni et al. (1998) suggested that an
Upper Cretaceous sedimentary mélange—including
large slide-blocks of ophiolites and lower and upper
continental crust rocks—are representative of a
continent-ocean transition that reflects the opening
of the Jurassic western Tethys. On the other hand,
gulf-type pull-apart basins in the stage of early drift-
ing include spreading centers (oceanic crust) and
associated mass flow sediments (Einsele, 1992).
The eastern Pontide ophiolitic mélange can be sub-
divided into: (1) a basement of redeposited carbon-
ate rocks, including limestone breccia, calcarenite,
and pelagic limestone; (2) submarine basalts inter-
calated with red pelagic limestone and radiolarites;
(3) upper-level turbidite, including olistostromes
with various types of blocks, derived from oceanic
and continental lithosphere. The nature of the
blocks gives important clues not only about
the source of block material, but also about the
processes of integration of this material into the
depocentres of mélange formation. A sedimentary
origin for the mélange units, for example, helps to
constrain the nature of the environment of the depo-
sition, evaluation of the source areas, and the
magnitude of uplift of the mélange material, whereas
a tectonic origin for the mélange units places signif-
icant constraints on the mechanics of growth and
movement of accretionary wedges (Cloos, 1984).

In this paper, we suggest that the eastern Pontide
olistostromal ophiolitic mélange is a typical strike-
slip or divergent boundary mélange, in contrast to
the popular collective suggestion that the eastern
Pontide olistostromal ophiolitic mélange represents
a typical accretionary wedge that developed at a
south-facing convergent margin within the northern
branch of Neotethys (Bailey and McCallien, 1953;
Tankut et al., 1998). Instead, after Liassic rifting
and formation of the Neotethys as a back-arc basin
of the eastern Pontide magmatic arc, the first true
deep-pelagic sediments (e.g., radiolarite and red
pelagic limestone) and associated basaltic pillow
lavas accumulated in the Mid-Cretaceous—corre-
sponding to the drifting stage of Neotethys, but not
the consuming stage. Similarly, our findings indi-
cate that the WPB, MORB, and IA character of the
Neotethyan oceanic crust during the Mid-Creta-
ceous developed by progressive partial melting of
the supra-subduction mantle (from rifting to drifting
stages), in contrast to the interpretation that the
WPBs represent volcanic build-up and/or sea-

mount-related volcanism on the Neotethyan oceanic
floor (Tankut et al., 1998; Onen, 2003). On the other
hand, ophiolitic mélange and ophiolites are found to
be emplaced onto the Pontide and Anatolide/
Tauride tectonic units by northward and southward
thrusting, implying a positive flower structure (on a
strike-slip fault zone) rather than a subduction zone.

Main Geological Features
of the Eastern Pontides

Although the eastern Pontides coincide with a
magmatic arc, the southern boundary is not
precisely defined (Robinson et al., 1995). According
to Bektas et al. (1995), the eastern Pontides can be
divided into three zones (northern, southern, and
axial) based on characteristic lithological assem-
blages (Fig. 1) and gravity and magnetic data (Fig.
2). Each zone is separated by E-W—, NE-SW—, and
NW-SE—trending fault zones that display the block-
faulting tectonic style of the eastern Pontides
(Bektas and Capkinoglu, 1997; Eyuboglu et al.,
2000). Insofar as these faults form boundaries along
which the facies and thickness of the sediments
change abruptly, relative uplift or subsidence may
have occurred during Mesozoic sedimentation.
These fault zones also control the alignment of Late
Cretaceous calderas and intrusive rocks in the
northern zone, and the extension of the Hercynian
crystalline basement, the Pulur and Agvanis meta-
morphic massifs, and the Giimiishane and Kose
granites in the southern zone. (Fig. 1). The axial
zone or back-arc basin of the eastern Pontides
(Bektas et al., 1984) or Anatolides (Ketin, 1966) is
characterized by Alpine-type Cretaceous ophiolites
and ophiolitic mélange.

The active, dextral North Anatolian fault and
sinistral Northeast Anatolian fault—trending NW-
SE and NE-SW, respectively—are parallel to the
Mesozoic fault system, indicating that neotectonic
activity was controlled by paleotectonics (Fig. 1).
Moreover, Bouguer gravity, magnetic, and residual
gravity anomalies also parallel paleo- and neo-fault
systems, trending NW, E-W, and NE (Maden, 2005;
Eyiiboglu et al., 2006).

Characteristic Magma Series of the
Cretaceous in the Eastern Pontide
Magmatic Arc

The eastern Pontide magmatic arc parallels
the southeastern coast of the Black Sea. This arc
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FIG. 3. Characteristic Cretaceous magma series in the eastern Pontide magmatic arc.

comprises three distinct Cretaceous magmatic
provinces—TH, CA, and A, from north to south—
reflecting the southward subduction polarity of the
arc. Bimodal arc volcanism and associated Kuruko-
type ore deposits and granitic rocks of the TH-CA
provinces are widespread in the northern zone of
the magmatic arc (Fig. 3). Farther south, the inten-
sity of Cretaceous arc volcanism decreases, and
volcanism changes from bimodal (basalts and
dacites) to monogenic CA andesites in the southern
zone. In addition to these, Cretaceous volcanism
began before Campanian sedimentation of the red
pelagic limestones, in the northern zone and post-
Campanian in the southern zone. This temporal
change in magmatism implies the migration of Late
Cretaceous arc magmatism from north to south and
from TH to CA along the south-facing subduction
zone. The back-arc side of the eastern Pontide mag-
matic arc is characterized by shoshonitic volcanism
(CA-A)—exposed in the southern and axial zones
during the Cretaceous—in which two belts of
Cretaceous ophiolitic mélange extend E-W (Fig. 3).
Cretaceous basaltic lavas belong to the ophiolitic

mélanges, with geochemical characteristics of
MOR, WP, and IA basalts. These distinct geochem-
ical characteristics imply a back-arc basin geotec-
tonic environment (Smedley, 1986; Bektas et al.,
1987).

Geologic and Geotectonic Position
of the Eastern Pontide Ophiolitic Mélanges

The Cretaceous ophiolitic mélange, extending
E-W, is composed of two distinct parallel belts sur-
rounding the eastern Pontide magmatic arc to the
south. The Mid-Cretaceous ophiolitic mélange
extends from the city of Amasya, through Kelkit, to
the city of Bayburt, on the back-arc side of the east-
ern Pontide magmatic arc (Bektas et al., 1984). The
Upper Cretaceous ophiolitic mélange is the other
parallel belt lying farther south, near the cities of
Erzincan and Sivas, in the same geotectonic envi-
ronment. Although the Mid- and Upper Cretaceous
ophiolitic mélanges have many similar properties,
herein we will only treat the Mid-Cretaceous ophi-
olitic mélange.
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FIG. 4. Internal stratigraphy of the Mid-Cretaceous ophiolitic mélange.

Main Geological Features of the
Mid-Cretaceous Ophiolitic Mélange

In addition to its internal stratigraphy and litho-
facies, its sedimentary contact with basement (Fig.
4) suggests that the Mid-Cretaceous ophiolitic
mélange is not a typical accretionary prism devel-
oped in the fore-arc of the eastern Pontide magmatic
arc by northward subduction. The chaotic structure
of the mélange developed via sedimentary pro-
cesses, such as gravity sliding and slumping, rather
than through tectonic events. Accordingly, this
mélange is classified as olistostromal ophiolitic
mélange (Raymond and Terranova, 1984).

Nature of the basement rocks of the mélange

The Mid-Cretaceous ophiolitic mélange is
exposed, along with its basement, and displays a
typical intact section, reflecting its internal struc-
ture and stratigraphy in places where these were
preserved from subsequent tectonic events (Fig. 4).
Basement rocks of the mélange comprise uplifted
and eroded platform carbonate rocks, pelagic car-

bonate rocks of the Malm Lower Cretaceous, and
metamorphic-peridotite assemblages that were
exposed on the seafloor prior to Mid-Cretaceous
time in the areas of the present-day cities of Amasya
and Bayburt (Fig. 4). Different members of the rede-
posited Mid-Cretaceous carbonate rocks—Ilime-
stone breccia to calcarenite and red pelagic
limestone-radiolarite— overlap the different types
of basement rocks in these asymmetric basins.

Internal stratigraphy of the mélange

The Mid-Cretaceous ophiolitic mélange is com-
posed of the three distinct lithological facies that
may reflect a strike-slip cycle, from transtensional
to transpressive tectonic regimes, in the deep
spreading troughs of pull-apart basins (Reading,
1980; Einsele, 1992). The lower part of the mélange
is represented by redeposited carbonate rocks that
show a thinning and fining upward sequence—{rom
monogenic limestone breccia, through calcarenite,
to red pelagic limestone-radiolarite (Fig. 4). The
thickness and mode of distribution of the redepos-
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ited carbonate rocks on the basement rocks suggest
basin asymmetry in the half graben.

The middle levels of the mélange comprise
basaltic pillow lavas and hyaloclastics, and inter-
calated pelagic sediments—such as radiolarite,
mudstone, and red pelagic limestone—in Bayburt
province (Lipana-Kelkit-Petekkaya) and the city of
Amasya (Fig. 5). The upper level of the mélange is
represented by an olistolith-olistostromal facies,
comprising sandstone, siltstone, marls, and inter-
vening olistoliths and olistostromes—mainly lime-
stone, peridotite-gabbro, and metamorphic rock
(Fig. 5) derived from a continental shelf and nearby
peridotitic-metamorphic ridge.

Cover of the mélange

The Mid-Cretaceous ophiolitic mélange is over-
lain by shoshonitic andesite, pyroclastic rocks, and
succeeding reefal limestone with Campanian rudists
in the cities of Bayburt and Amasya (Figs. 4 and 5).
The Paleocene is represented by a lagoonal facies
and associated analcime-bearing shoshonitic
basalts as mélange cover in the Bayburt-Maden and
Amasya areas.

City of Amasya

The nature of the basement rocks and lower con-
tacts of the ophiolitic mélange are well displayed
near the Amasya city center and in Karasenir vil-
lage, 10 km south of Amasya. The Mid-Cretaceous
ophiolitic mélange has depositional lower contacts
with the underlying extended continental and
transitional crusts in the Amasya area (Fig. 5). The
continental and transitional crusts are represented
by the platform and pelagic carbonate rocks of the
Malm-Lower Cretaceous system and a peridotite-
gabbro-parametamorphite association, respectively.
The extension of the carbonate platform and the for-
mation of a half graben during the Mid-Cretaceous
are manifested by the presence of neptunian dikes
in the platform carbonate rocks and rift-related
redeposited carbonate rocks, which constitute a
thinning and fining upward sequence that accumu-
lated above the basement rocks, with neptunian
dikes in the Amasya city center. The dikes in the
platform carbonate rocks occur in vertical crack
zones that are filled and overlain by Albian red
pelagic limestones of the mélange (Bektas et al.,
2001; Eyiiboglu et al., 2006). These relationships
imply that the contact between the platform carbon-
ate rocks and the ophiolitic mélange was originally
sedimentary, not tectonic. However, in many places,

these types of contacts became tectonic through the
post-Cretaceous inversion of the basins. On the
other hand, near Karasenir village, 10 km south of
Amasya, the pelagic facies of the mélange—
comprising radiolarites and alternating red pelagic
limesones—has a transitional lower contact with
platform carbonates rocks and Malm—Lower Creta-
ceous pelagic carbonate rocks. These two distinct
sedimentary lower contacts of the mélange imply
that the sedimentary mélange formed by break-up of
the carbonate platform, on the hanging walls and
footwalls of listric faults that were active during the
Mid-Cretaceous.

City of Bayburt

The Mid-Cretaceous ophiolitic mélange exposed
near Bayburt has similar lower sedimentary contacts
with the underlying extended continental and
transitional crust. Redeposited carbonate rocks
derived from the platform accumulated on eroded
Malm-Lower Cretaceous platform carbonate rocks
(Bayburt-Maden and Lipana villages, Kelkit) or on
metamorphic rocks (Bayburt-Petekkaya village),
and pass into the pelagic facies of the mélange, such
as radiolarites and Mid-Cretaceous red pelagic
limestone (Figs. 4 and 5).

Geochemistry and Geotectonic
Classification of Basalts in the Mélange

Representative samples of basaltic lava were
collected from six different locations (Petekkaya,
Kelkit, Maden, Lipana, Karasenir, and the Amasya
city center) for geochemical studies, and were ana-
lyzed at ACME Analytical Laboratories (Canada) by
inductively coupled plasma/mass spectrometry
(ICP/MS). The results of major-, trace-, and rare-
earth element analyses of the samples are given in
Tables 1 and 2. Basalts in the mélange are altered
and spilitized. However, many studies have shown
that high-field-strength elements (HFSE) and rare-
earth elements (REE) in magmatic rocks are not
affected during alteration (Pearce and Norry, 1979).
Therefore, we have used trace and REE elements,
immobile during alteration, for elucidating the
magma genesis and geotectonic settings of the
basalts. Geochemistry of the back-arc basin basalts
vary widely because of different water content pro-
vided by subducting slab (Taylor and Martinez,
2003; Wiens et al., 2006). The basaltic lavas of the

Middle Cretaceous ophiolitic olistostromal mélange
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are of tholeiitic character except for two samples, as
shown in the Nb/Y versus Zr/P,0 diagram (Fig. 6).

Spider diagrams of MORB-normalized trace-
element values for basaltic pillow lavas (Fig. 7) from
the Amasya and Bayburt areas show apparent
deflections in Ti, Zr, Y, and Nb from those of normal
MORB, suggesting that synchronous basalts are of
polygenetic origin, namely the IAB, MORB, and
WPB associations of back-arc basins (Bektas et al.,
1984; Smedley, 1986; Farahat, 2004). A chondrite-
normalized REE diagram for the same basaltic
pillow lavas of the mélange (Fig. 8) also suggests a
polygenetic origin, yielding trends characteristic of
the MORB, WPB, and IAB associations of back-arc
basins. At the very least, the TA affinities of the
basalts (Fig. 7) imply that they formed in a geotec-
tonic environment related to subduction (Shervais,

2001).

Moreover, most basalts from the eastern Pontide
ophiolitic mélange plot in the within-plate, mid-
ocean ridge and island-arc fields on the Zr-Ti, Zr-Zr/
Y, and TiO,-MnO-P,0.*10 diagrams (Fig. 9). The
association of basaltic rocks from these distinctive
geotectonic settings may be explained using a back-
arc basin model.

Classification of the Mélange

Most researchers have considered that the Mid-
Cretaceous ophiolitic mélange represents a tectonic
mélange that developed at the southern active
margin of the eastern Pontides (Tankut et al., 1998;
Onen, 2003; Rojay et al., 2004). However, our field

—@— Bayburt Area
Petekkaya 1
Maden E
Kelkit
Lipana

Sample/MORB

Sr K RbBa Th TaNbCe P Zr Hf SmTi Y Yb

O Bayburtarea
@ Amasya area

O Alkalic

Nb/Y
N
@)

Tholeiitic

0.0 0.08 0.12
Zr/P,0s5 * 10000

FIG. 6. Nb/Y versus Z1/P,0; diagram for the analyzed
basaltic rocks (Winchester and Floyd, 1976).

and geochemical evidence suggest that the mélange
formed along the southern passive margin of the
eastern Pontides during the sea-floor spreading
stage of Neotethys. The matrix of the mélange com-
prises pelagic and fine-grained detrital sediments
that do not show widespread, intensive shearing.
The chaotic internal structure of the ophiolitic
mélange was mainly produced by gravity sliding
and the formation of ophiolitic olistoliths and
olistostromes. Thus, we classify the Mid-Cretaceous
ophiolitic mélange with its sedimentary fabric not as
a tectonic ophiolitic mélange, but rather as a sedi-
mentary olistostromal ophiolitic mélange.

—e— Amasya Area|
Karasenir
City center

Sample/MORB

Sr K RbBa Th TaNbCe P Zr Hf SmTi Y Yb

FIG. 7. MORB-normalized trace-element spider diagrams for the analyzed basaltic rocks. A. Bayburt area. B.

Amasya area. Normalization values from Sun and McDonough (1989).
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FIG. 8. Chondrite-normalized rare-earth element variation diagrams of the basaltic rocks. A. Bayburt area. B.

Amasya area. Chondrite data from Taylor and McLennan (1985).

Formation of Mélange in Strike-Slip Cycles

In the eastern Pontides, after the break-up of the
Malm-Lower Cretaceous carbonate platform during
the transtensional tectonic regime, the deep Creta-
ceous basins—with radiolarite and associated
basalts—formed diachronously in the Mid- and Late
Cretaceous (Figs. 10 and 11). These deep Creta-
ceous basins are interpreted as deep spreading
troughs that developed in the drifting stage of
Neotethys, which opened via Liassic rifting as a
back-arc basin in the southern zone of the Pontide
magmatic arc. On the other hand, opening and
closing of the deep basins at a coeval Cretaceous
spreading center characterized the strike-slip
tectonic regime. As the Middle Cretaceous deep
troughs were filled and deformed during the Campa-
nian in the Amasya, Kelkit, and Bayburt areas, new
spreading centers with similar orientations devel-
oped farther south along a line extending from
Erzincan to Sivas. In addition to the “duality” of the
deep Cretaceous basins, the internal stratigraphy
and lithofacies of the basins support the idea of a
strike-slip tectonic regime in the eastern Pontides.
Therefore, we suggest that three distinct lithological
facies of the mélange can be explained by strike-slip
cycles, without subduction of a large ocean, such as
the Atlantic or Pacific.

Strike-slip cycles of the Mid-Cretaceous basins
included two main phases: (1) transtension and for-
mation of the deep spreading troughs; and (2)
transpression and basin filling.

Transtensional Phase and Formation
of the Deep Spreading Troughs

After Liassic rifting of the eastern Pontide mag-
matic arc and following Malm—Early Cretaceous
thermal subsidence, a second Mesozoic rifting
episode began with the break-up of the carbonate
platform (Figs. 10 and 11). Tectonic subsidence in
the Mid-Cretaceous corresponds to the accumula-
tion of redeposited carbonate rocks, derived from
monogenic carbonate breccias and calcarenite to
pelagic limestone. The asymmetric distribution of
rift-related sediments suggests that further exten-
sion might have allowed true oceanic crust to form,
giving rise to ophiolites and associated deep pelagic
sedimentation in the deep troughs of the present-day
Amasya-Bayburt area (seafloor stage of Neotethys).
The Gulf of California is the best modern analogue
of this type of setting (Einsele, 1992).

Transpressional Phase and Basin Filling

Mid-Cretaceous deep basins influenced sedi-
mentation and volcanism in the Amasya-Bayburt
area. These changes are apparent from the accumu-
lation of clastic sediments rather than pelagic sedi-
ments, and the cessation of basaltic volcanism and
the initiation of high-K CA andesitic volcanism, the
products of which comprise cover of the mélange.
Further filling and shallowing of the deep spreading
troughs caused deposition of reefal limestones in
the Campanian. The Palaeocene is represented by
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FIG. 9. Tectonic-setting discrimination diagrams for the basaltic rocks in the mélange. A. Ti versus Zr diagram
(Pearce and Cann, 1973). Legend: A and B = IA basalts; B and C = CA basalts; B and D = MOR basalts; D = WP
basalts. B. Zr/Y versus Zr diagram (Pearce and Norry, 1979). Legend: A = WP basalts; B = IA basalts; C = MOR basalts.

C. TiO,-MnO*10-P,0,*10 diagram (Mullen, 1983).

continental sedimentation and associated shosho-
nitic basaltic volcanism in the uppermost levels of
the mélange in the Bayburt-Maden district. CA
and shoshonitic volcanic products that cover the
ophiolitic mélange imply that the mélange formed in
the back-arc part of the eastern Pontide magmatic
arc—in the deep pull-apart basins of southern zone.
Mid-Cretaceous closing of the deep pull-apart
basins in the Bayburt area was compensated for by
the opening of the new (Campanian) deep spreading
troughs farther south in Erzincan; this also suggests
that deep spreading troughs of the pull-apart basins
formed diachronously, depending upon the strike-
slip tectonic regime in the back-arc basin of the
eastern Pontide magmatic arc.

Fault Model for the Mesozoic Basins
of the Eastern Pontide Orogenic Belt

In order to identify ancient basin boundary faults
and their linked system, we generally use indirect
geophysical methods (gravity, magnetic, and seis-
mic) rather than direct geological observation inso-
far as all of the faults that constructed the basin were
buried beneath/overlain by basin-filling sediments.
However, since some faults may have been exhumed
by late basement uplift and sediment erosion, the
ages and senses of motion of the faults remain prob-
lematic due to inversion on the faults.

The fault model used to explain the formation of
Mesozoic basins in the eastern Pontides was
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TRANSFORM
FAULT TROUG

SHELF OR
SUBMARINE HIGH

(CZANTRNAN

TURB

SEDIMENTS

(post rift)

TRANSFORM FAULT

PULL-APART BASIN
WITH SPREADING CENTER
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FIG. 10. Simplified plan view and block diagram of gulf-type pull-apart basins in the stage of early drifting, and

formation of sill-sediment complexes in spreading troughs (Einsele, 1992).

deduced from the full horizontal gradient lineament
map (Fig. 12) and gravity-anomaly profiles (A, B, C
and D) that traverse the orogenic belt in a N-S
direction, from Samsun in the west to Trabzon in the
east (Fig. 13). Many separate deformation zones,
corresponding to flower structures along strike-slip
fault zones, are features common to all of the cross-
sections. Upright, narrow master fault zones origi-
nated from the mantle and branch upward into
lower and upper crust to form more extensive defor-
mation zones—akin to strike-slip faults (flower
structures) or pull-apart basins formed above these
deformation zones. These main fault zones also
coincide with individual block edges and bound-
aries of the different lithofacies in the Mesozoic
basins (on the geological map), suggesting that each

individual block formed separately during the
Mesozoic. For example, in the C and D profiles from
north to south (Fig. 13C and 13D), the Samsun-
Artvin (mostly on the Black Sea shelf), Niksar-Ispir,
Northeast Anatolian (NEAFZ), and North Anatolian
(NAFZ) fault zones correspond to the boundaries of
the subunits of the eastern Pontide orogenic belt,
namely the northern, southern, and axial zones (see
Fig. 1).

Modern seismicity is also controlled by these
block-edge faults, implying that active faults are
derived from paleofaults that constructed the Meso-
zoic basins of the eastern Pontides (Maden, 2005;
Bektas et.al,. 2007). The closing of the Bayburt-
Maden basin, which corresponded to the opening
of the contemporaneous Giimiishane basin in
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FIG. 12. Full horizontal gradient lineament map of the eastern Pontides, calculated from Bouguer gravity data using

the finite differences method (Maden, 2005).

the southern zone, also provides supporting
evidence for a different stress regime in the strike-
slip fault zone during the Late Cretaceous. The
duality of the two basins is characterized by the
accumulation of reefal limestone and deep-red
pelagic Campanian limestone in the Maden and

Giimiishane basins, respectively. A system of

orthogonal (mutually perpen-dicular) folds, parallel
to the block-edge faults, are interpreted as drag or
wrench folds that formed in the conjugate strike-slip
fault zones having NW-SE, E-W, and NE-SW orien-
tations (see Fig. 1).

Consequently, the upright main faults originated
from the mantle, and their flower structures in the
lower and upper crusts may represent strike-slip
fault zones that are responsible for the formation
of the Mesozoic pull-apart basins of the eastern
Pontides. Magmatic zonality in the eastern Pontide
magmatic arc, from TH-CA to CA-A, suggests that
Cretaceous subduction polarity was from north to
south, and that a strike-slip fault system formed on
this oblique subduction zone during the Cretaceous
(Bektas et al., 1999).

Late Cretaceous Subduction Polarity in the
Eastern Pontide Magmatic Are

Paleomagnetic evidence

Although debate is ongoing regarding the sub-
duction polarity of the eastern Pontide magmatic arc
during the Late Cretaceous, most researchers (e.g.,
Adamia et al., 1981; Sengér et al., 1981) have
accepted northward subduction polarity, except for
Dewey et al. (1973) and Bektas (1986), who favored
southward underflow.

The reason for the suggestion of northward sub-
duction is that an ophiolitic suture zone, situated
south of the magmatic arc, is a remnant of an open
ocean (Paleotethys)}—such as the Pacific—which
was consumed by northward subduction during the
Paleozoic and/or Mesozoic (Adamia et al., 1981;
Sengor et al., 1981). On the other hand, on the basis
of palacomagnetic data (Van der Voo, 1968), the
same suture zone was interpreted as the remnant of
the back-arc basin to the eastern Pontide magmatic
arc (Dewey et al., 1973). More recent paleomagnetic
data suggest that the eastern Pontide magmatic arc
was situated at 22° Lat. in the Late Cretaceous
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(Channel et al., 1996), and drifted to 42° during the
Cenozoic as the leading edge of the Pontides, thus
also supporting the southward subduction model.

Magmatic zonality of the eastern Pontide
magmatic arc

The results of major-, trace-, and rare-earth ele-
ment analyses of Upper Cretaceous volcanic rock
samples collected from the northern, southern and
axial zones are given in Tables 3 and 4. In the east-
ern Pontides, the zoning of Late Cretaceous arc
magmatism (arranged TH-CA and CA-A, from north
to south) also supports of the southward subduction
model (Fig. 14). TH-CA bimodal (basalt-dacite) arc
volcanism is widespread along the Black Sea coast,
but monogenic andesitic volcanism is limited in the
southern zone, near the cities of Giimiishane and
Bayburt. Campanian andesitic volcanism passes
into Paleocene shoshonitic basalts in the Bayburt-
Maden and Amasya—Merzifon areas (see Figs. 1 and
2). Moreover, Late Cretaceous volcanic rocks are
enriched in LILE, HFS, and REE with respect to
MORB and chondrite, respectively. These enrich-
ments in trace- and rare-earth element values
increase from north to south in the eastern Pontides
(Fig. 15). Farther south, in the axial zone, Late
Cretaceous basalts associated with ophiolite and
ophiolitic mélange have MORB, A, and WPB asso-
ciations, reflecting a back-arc basin environment—
also supportive of the southward subduction model.
On the other hand, Late Cretaceous volcanism
decreases volumetrically from north to south, sug-
gesting a decrease in partial melting from arc to
back-arc (Bektas et al., 1999). The north-to-south
migration of Late Cretaceous volcanism is another
piece of evidence that supports the southward
subduction model.

Discussion

As already noted, the subduction polarity of the
eastern Pontide magmatic arc is a subject of debate.
The ophiolitic mélange in the eastern Pontide
orogenic belt is conventionally regarded as an
accretionary prism that developed in the fore-arc
area by northward subduction processes during the
Cretaceous.

Thus, an evaluation of the ophiolitic mélange of
the eastern Pontides throws light on the geotectonic
evolution of the eastern Pontide orogenic belt, espe-
cially the subduction polarity of the eastern Pontide
magmatic arc during the Cretaceous. According to

northward subduction models, Late Cretaceous arc
magmatism developed by northward subduction of
Neotethys, which opened in the Liassic as a back-
arc basin to the eastern Pontide magmatic arc
(Sengor et al., 1981), or by northward subduction of
Paleotethys, which was situated south of the
magmatic arc since the Paleozoic (Adamia et al.,
1981). Conversely, the southward subduction model
suggests southward subduction of Paleotethys and
formation of the Cretaceous ophiolitic mélange in a
back-arc basin (Dewey et al., 1973; Bektas et al.,
1984; Bektas, 1986). Magmatic zonation of the Late
Cretaceous arc—from TH to CA-A—and palaeo-
magnetic data support the southward subduction
model. The IA affinity of the basalts in the ophiolitic
mélange is another piece of evidence in favor of
southward subduction.

Northward underflow of Neotethys during the
Cretaceous should be critiqued when viewed as the
seafloor-spreading stage or consuming stage of
Neotethys. After Liassic rifting, true deep pelagic
sediments—such as radiolarite and red pelagic
limestone—conventionally used as markers of
seafloor spreading of Neotethys, first appeared in
the Cretaceous section. Thus, the Cretaceous must
coincide with the seafloor stage of Neotethys, but not
with its subduction. In addition, the northward
subduction of Neotethys or Paleotethys requires that
the southern zone of the eastern Pontides be a fore-
arc in which the products of volcanism should be
absent. However, this zone is characterized by
intense shoshonitic volcanism that constitutes the
cover to the mélange in the back-arc of the eastern
Pontide magmatic arc.

In the axial zone or back-arc basin (Bektas et al.,
1984, 1999) or Anatolides (Ketin, 1966), Alpine-
type peridotite and gabbro-diorites and overlying
metamorphic units of continental affinity constitute
the basement to Senonian ophiolitic basaltic rocks
that have MORB and IAB affinities (Bektas, 1981).
This thin (<100 m) basaltic cover is not continuous
laterally. Consequently, radiolarites and Senonian
red pelagic limestones locally lie directly on the
ultramafic basement.

Chondrite-normalized rare-earth element con-
tents of the Kop (Bayburt) ultramafic rocks can be
used to infer the origin of the subcontinental mantle
(Aslaner and Kolayli, 1996). According to many
researchers, the ultramafic-mafic and metamorphic
rock association in the axial zone can be defined as
ophiolite. This ophiolite has been interpreted as
having formed as transitional crust (Bektas et al.,
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F1G. 14. K,0-Si0, discrimination diagram for the Upper Cretaceous volcanic rocks exposed in the eastern Pontides.

1995, 1999) that existed during the late stages of
rifting of the back-arc prior to emplacement of the
oceanic lithosphere, an interpretation that has also
been applied to the Red Sea (Bonatti and Seyler,
1987) and the Northern Apennines (Marroni et al.,
1998). Thus, we can conclude that the Mid- and
Upper Cretaceous ophiolitic mélange formed on
transitional crust or on true oceanic crust restricted
by deep spreading troughs of the pull-apart basins.

Conclusions

On the basis of field and geochemical evidence,
we have reached several conclusions related to the
formation, classification and geotectonic position of
the ophiolitic mélange in the eastern Pontides.

1. Mid-Cretaceous olistostromal ophiolitic
mélange does not represent a typical tectonic
mélange or accretionary prism that developed in the
fore-arc of the eastern Pontide magmatic arc by
northward subduction of Neotethys (back-arc basin)
or Paleotethys (open ocean, such as the Pacific).

2. Rather, we suggest that the mélange formed in
pull-apart basins with deep spreading troughs dur-
ing a transtensional tectonic regime in the back-arc
area of the eastern Pontide magmatic arc.

3. Deformation of the deep-spreading troughs in
which the mélange formed was initially extensional,

but became increasingly compressional as the
strike-slip cycle progressed.

4. Mid- and Upper Cretaceous olistostromal
ophiolitic mélanges formed diachronously in the
same strike-slip zone, parallel to the eastern Pontide
magmatic arc.

5. Trace-element and REE contents of basalts in
the Mid-Cretaceous mélange and of shoshonitic
volcanites that cover the mélange both imply that
the mélange formed in the back-arc of the eastern
Pontide magmatic arc.

6. Along the southern part of the eastern Pon-
tides, Cretaceous deep spreading troughs of the
pull-apart basins have been essentially conserved
as the ophiolitic mélange, which characterizes the
strike-slip orogenic belt. If this interpretation is
correct, neither an open ocean (such as the Atlantic
or Pacific) nor northward subduction were necessary
for the formation of the ophiolitic mélange in the
eastern Pontides.
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