
INTRODUCTION

The Neotethyan oceanic branches in NW Turkey has been
the topic of several studies (e.g., ≤engör and Yılmaz, 1981;
Yılmaz et al., 1995; 1997; GöncüoÀlu et al., 1997; Okay and
Tüysüz, 1999; Stampfli, 2000; Robertson, 2004; Robertson
and Ustaömer, 2004). The initial suggestion of ≤engör et al.
(1984) is that the northern branch of Neotethys was repre-
sented by two oceanic seaways. From north to south these
are Intra-Pontide Ocean (IPO) between the Rhodope-Pontide
(Fig. 1a) and the Sakarya and the Izmir - Ankara - Erzincan
Ocean between Sakarya and the Tauride-Anatolide terranes.
The geological history of the Izmir-Ankara Ocean as well as
its western (Vardar Ocean in broader sense) and eastern
(Erzincan - Sevan - Akera) continuation had been well-docu-
mented (for a brief review see GöncüoÀlu et al., 2006a;
2006b; 2007). The IPO as proposed by ≤engör and Yılmaz
(1981), however, is poorly known even though its suture is a
“profound stratigraphic, metamorphic and structural bound-
ary (e.g., Okay and Tüysüz, 1999)”. Its geological setting,
age, evolution and even presence is a matter of debate (e.g.,
Kaya and Kozur, 1987; Elmas and Yigitbas, 2001; Moix et
al., 2008). Published suggestions on the paleogeographic set-
ting, opening and closure ages and the subduction polarity of
the IPO are controversial. The tectonic scenarios proposed
(≤engör and Yılmaz, 1981; GöncüoÀlu et al., 1987; Yılmaz,
1990; GöncüoÀlu and Erendil, 1990; Yılmaz et al., 1995;
1997; Elmas and Yigitbas, 2001; Robertson and Ustaömer,
2004) are based on a few local field-studies (e.g., GöncüoÀlu
and Erendil, 1990, Yılmaz et al., 1997; Elmas et al., 1997;
Yigitbas et al., 1999). The basis of these scenarios is a dis-
continuous sedimentary mélange between the Sakarya and
the Rhodope-Pontide continental microplates (Fig. 1b), in-
cluding blocks of cherts, recrystallized limestones, basic vol-

canic rocks and rarely serpentinites and ultramafic rocks
(e.g., ArkotdaÀ Mélange of Tokay (1973) and Abant Com-
plex of Yılmaz et al. (1982)).

As recently reviewed by Robertson and Ustaömer (2004)
and Ustaömer and Robertson (2005), the main tectonic hy-
potheses for the formation of this mélange are: (1) the
oceanic material is of Precambrian age and no sea-floor
spreading was realized since then (Kaya, 1977); (2) the
mélanges are formed during the closure of the IPO that ex-
isted in Mesozoic between the Sakarya microcontinent to
the south and the Rhodope-Pontide terrane to the north and
closed by northward (Sengör and Yılmaz, 1981; Göncüoglu
et al., 1987; Yılmaz, 1990; Yılmaz et al., 1997; Elmas and
Yigitbas, 2001; Robertson and Ustaömer, 2004) or south-
ward (Robertson and Ustaömer, 2004) subduction. A variant
of this hypothesis is (3) the oblique northward subduction
(GöncüoÀlu and Erendil, 1990); the IPO was formed as an
embayment within the Izmir - Ankara Ocean (Okay et al.,
1996; 2006); (4) no evidence exists for the IPO to the north
of the Sakarya Terrane (Moix et al., 2008). In this scenario,
the mélanges formed during the closure of the Neotethyan
Izmir - Ankara Ocean to the south of Sakarya Terrane and
were emplaced to their present position by strike-slip fault-
ing (Elmas and Yigitbas, 2001). 

These contrasting ideas are due to the fact that the Intra-
Pontide Suture (IPS) complex is not yet studied in detail in
regard to the constituting rock-units. In addition to the pre-
neotectonic geological complexity, the suture belt is juxta-
posed with the branches North Anatolian Transform Fault
(Fig. 1b) and the original features of this suture complex are
largely erased (e.g., GöncüoÀlu et al., 1997). Moreover, the
data on the geochemical characteristics and ages of the basic
volcanic rocks in the mélange are scattered and difficult to
interpret. 
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ABSTRACT 

Tectonically disrupted outcrops of a mélange (ArkotdaÀ Mélange) between the Rhodope-Pontide and Sakarya micro-continents in NW Anatolia are con-
sidered as remnants of the little-known Intra-Pontide oceanic branch of Neotethys. A tectonic sliver of this mélange to the east of the town of Bolu comprises
a mega-block of massive and pillow lavas that includes radiolarian chert interlayers and intra-pillow mudstones. The silicified mudstones from the upper part
of an intact section yielded moderately preserved but diverse radiolarians of late Kimmeridgian to early Tithonian age. 

Geochemical data (major, trace and REE) obtained from the tholeiitic basalts suggest generation in a mid-ocean ridge setting. Magma was likely derived
from a spinel lherzolite source by 5-10% partial melting and fractional crystallization processes. The Nd isotopic data suggests heterogeneity of the source.
Combined with comparative evidence from a number of similar mélanges along the inferred suture belt in NW Anatolia, it is concluded that the ridge-spread-
ing in the Intra-Pontide Ocean continued at least from middle Middle Jurassic to middle Late Cretaceous. 



In this study, we report the first detailed geochemical da-
ta from the basalts and micro-palaeontological evidence
from associated radiolarian limestones within the IPS
mélange complex in Bolu area. Based on these new data, we
then discuss the proposed models on the geological evolu-
tion of the IPS and correlate it with the surrounding NW
Anatolian subduction-accretion complexes. This study is
important because it provides solid evidence for the evolu-
tion of the IPO.

GEOLOGICAL FRAMEWORK

Rock-units studied are located to the east of the town of
Bolu (Figs. 1b, c), along the Bolu - Mengen road within the
Kocaçay Valley, along one of the main strands of the North
Anatolian Transform Fault. The original contacts of the
rock-units in this area are affected by oblique and strike-slip
movements within the still active North Anatolian Trans-
form Fault. The studied rocks occur as tectonic slivers of
variable size and represent dismembered parts of an Upper
Cretaceous mélange, which is known as ArkotdaÀ Mélange
(Tokay, 1973) to the east and Abant Complex (Yılmaz et
al., 1982) to the west of Bolu. The mélange character of the
formation was first recognized by Blumenthal (1949). To
the south of the North Anatolian Transform Fault, the

ArkotdaÀ Mélange is thrust upon the Lower Cretaceous
pelagic limestones (Sogukcam Formation) that belong to the
northern slope of the Sakarya microcontinent. In the study
area (Fig. 1c), the representatives of the ArkotdaÀ Mélange
are imbricated with basement rocks of the Istanbul -
Zonguldak Terrane of the Rhodope-Pontide unit and their
Eocene cover. The basement rocks of the Istanbul - Zongul-
dak Terrane in the studied area include Late Neoproterozoic
meta-ophiolites and arc-related rocks, known as the Bolu
Massif (e.g., Ustaömer and Rogers, 1999). A tectonically
disrupted series of Ordovician - Silurian siliciclastics and
Devonian - Carboniferous recrystallized limestones consti-
tute the Paleozoic cover. The Jurassic - Lower Cretaceous
sediments of the Istanbul - Zonguldak Terrane, are mainly
represented by sandstones and volcanoclastic rocks to the
North of Bolu, known as the Yemisliçay Formation (e.g.,
Sevin et al., 2002), were not encountered in the study area. 

The ArkotdaÀ Mélange is composed of a sedimentary
mélange with blocks of serpentinites, gabbros, and pillow-
basalts, pelagic limestones and radiolarian cherts. To the SE
of the study area, the unit is several (3-8) kilometers thick
and associated with intensively deformed and slightly meta-
morphosed debris flows. Its contact with the rock-units of
the Bolu Massif of the Istanbul - Zonguldak Terrane is al-
ways fault-related. The oldest Paleogene rocks in the Ko-
caçay Valley are known as the Soganlı Formation, compris-
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Fig. 1 - a) Location of the Intra-Pontide Suture
Belt and surrounding terranes in North Anato-
lia (modified after GöncüoÀlu et al., 1997); b)
Tectonic map of NW Anatolia and the loca-
tion of the study area (modified after Elmas
and Yigitbas, 2001). c- Geological map of the
study area (modified after Sevin et al., 2002). 



ing sandstones and limestones of Middle Eocene. The So-
ganlı Formation unconformably overlies both the ArkotdaÀ
Mélange and the Bolu Massif and hence postdates the initial
juxtaposition of the ArkotdaÀ Mélange of the IPO and the
continental crust of the Istanbul - Zonguldak Terrane.

Samples analyzed in this study are volcanic and sedimen-
tary rocks that occur within the mélange on the Bolu-
Gokcesu. The outcrop is about 7 km long and 1.5 km wide.
It forms a tectonically disrupted complex with blocks of
gray siltstones and greenish shales, basalts, red radiolarian
cherts, sheared serpentinites and pink to red micritic lime-
stones alternating with greenish altered pillow-basalts (Figs.
2a, b). Infrequently, the mélange includes radiolarian chert
blocks in a matrix of debris flow deposits. The size of these
blocks ranges between 0.5-8m.

A single block with more or less continuous succession
of volcanic rocks alternating with sediments was measured
and sampled (Fig. 1c). Individual chert layers in the studied
block reach up to 1.5 meters. The cherts are intensively
folded, thinly-bedded and include brick-red and violet mud-
stone alternations. The pillow-lavas are alternating with
massive lavas and cut by diabase dykes. The rims of the pil-
lows include calcite-filled amygdales. Intra-pillow-fillings
of red chert and greenish hyaloclastics are common. The
starting and end-points of the section is: 0397546 N/ 451863
E and 0397654 N/ 4518797E, respectively. The columnar
section of the measured section with the sample locations of
petrologic and paleontological samples is given in Fig. 3.
The section is bounded by shear-zones towards the melange
units and comprises massive lavas interlayered with thin
chert bands in its lower part (Fig. 3). A thick interval of pil-
low lavas with rare micritic limestone lenses and radiolarian
chert bands constitutes the middle part of the sequence. The
upper part, from where the fossil-bearing sample is taken, is
dominated by red radiolarian cherts with thin mudstone in-
terlayers. The upper contact of the section is another shear-
zone with foliated and serpentinized mafic rocks. 

PETROGRAPHY

The basaltic samples that were analyzed are commonly
amygdaloidal and contain rarely subhedral plagioclase phe-
nocrysts (< 5%, generally 0.32-0.96 mm) which are set in a
fine-grained groundmass (Fig. 4a). The plagioclase laths in
the groundmass generally are occupied by chloritized wedge
shaped glass and between others by fine grained anhedral
clinopyroxene (0.02-0.06 mm) and ± olivine (0.02-0.03
mm) crystals as interstitial texture (both intersertal and in-
tergranular) co-exits in the samples (Fig. 4b). Primary mag-
netite rarely occurs as subhedral grains. Plagioclase phe-
nocrysts and laths are albite in composition and the amyg-
dales are mainly filled with secondary calcite minerals. The
calcite + quartz + chlorite + epidote mineral assemblage are
observed in the fractured zones and the groundmass which
is altered to clay minerals (partly chlorite) related to the hy-
drothermal alterations. 

GEOCHEMISTRY OF BASALTIC ROCKS 

Methods

From several whole-rock samples analyzed in Geochem-
istry Laboratories of Acme in Canada (Vancouver) using
their standard analytical procedures, eleven fresh and repre-

sentative samples were considered. Major, trace and rare
earth elements (REE) were determined by using inductively
coupled plasma atomic emission spectrometry (ICP-AES)
after fusion with LiBO2/Li 2B4O7 and inductively coupled
plasma-mass spectrometry (ICP-MS) after acid decomposi-
tion (HNO3 of 5%), respectively. The results are shown in
Table 1. Major elements detection limits are (in wt.%):
SiO2, Al2O3, MgO, CaO, Na2O, K2O, MnO, TiO2 = 0.01;
Fe2O3 = 0.04; P2O5, Cr2O3 = 0.001-0.002; LOI = 0.10. Trace
elements and REE detection limits are (in ppm): V = 8; Ba,
Sn = 1; Sr, Gd, W = 0.5; Nd = 0.3; Co = 0.2; Cs, Hf, Nb,
Rb, Ta, U, Y, Zr, Th, La, Ce = 0.1; Sm, Dy, Yb = 0.05; Er =
0.03; Pr, Eu, Ho = 0.02; Tb, Tm, Lu = 0.01. Analytical pre-

155

Fig. 2 - Field-view of the basaltic rocks and associated radiolarian cherts.
a) Alternation of pillow-lavas and thin-bedded mudstones and radiolarian
cherts. b) Deformed radiolarian chert lens between pillow-lavas. PL-pil-
low-lavas, RC-radiolarian chert, MD-mudstone.



cision is 0.05 - 0.15% for major elements and 0.5 - 1.5% for
trace elements and REE.

Isotope geochemistry analyses (Sr-Nd) were performed
at the Radiogenic Isotope Laboratory of Middle East Tech-
nical University Central Laboratory (Ankara, Turkey). The
analytical procedures were described in detail by Köksal
and GöncüoÀlu (2008). Isotope ratios were measured by a
Triton TI Mass Spectrometer using static multi-collection.
87Sr/86Sr and 143Nd/144Nd data are normalized with 86Sr/88Sr
= 0.1194, and 146Nd/144Nd = 0.7219, respectively. Analytical
uncertainties are given at 2sm level. During the course of the
measurement Sr NIST SRM 987 and Nd La Jolla was mea-
sured as 0.710243 ± 6 and 0.511850 ± 2, respectively. No
corrections for instrumental bias were applied to Nd and Sr
isotopic compositions. 

Whole rock geochemistry

All studied samples are variably affected by alteration, as
reflected by the petrographic observations and the scatter of
alkali elements (e.g., Na2O: 3.02-5.31 wt.% and K2O: 0.04-
0.21 wt.%). Hence, the rocks have experienced element mo-
bility, particularly of large ion lithophile elements (LILE)
(e.g., Floyd et al., 2000). However, some high field strength
elements (HFSE) and rare earth elements (REE) can be uti-
lized to determine the petrogenetic features and source char-
acteristics of the magmatic rocks, as they are relatively im-
mobile (e.g., Pearce and Cann, 1973; Floyd and Winchester,
1978; Floyd et al., 2000). By this, only these immobile
HFSE (i.e., Ce, Y, Nb, Zr, Ti, Ta and Yb) and REE were
used for the petrogenetic discriminations and interpretations.

The studied samples plot in the sub-alkaline basalts field
based on Zr/TiO2 - Nb/Y diagram (Winchester and Floyd,
1977) (Fig. 5). The incompatible elements as Nb (1.8-4.8
ppm) and Y (27.5-46.4 ppm) show a general decrease with
Zr (82.2-142.9 ppm) as an index of differentiation (Table
1), which is related to the clinopyroxene + plagioclase frac-
tionation. 

In terms of high field strength elements, the tholeiitic
basalts are more akin to normal mid-ocean ridge basalts (N-
MORB; Sun and McDonough, 1989) than enriched mid-
ocean ridge basalts (E-MORB) and oceanic island basalts
(OIB). The chondrite normalized multi-element pattern of
tholeiitic basalts are slightly enriched in Th, Nb elements
and display positive anomalies in light REE (LREE) and
heavy REE (HREE) (Fig. 6). 

Chondrite normalized multi-element profiles of the studied
samples show no geochemical signatures of lithospheric cont-
amination or subduction. The samples are relatively enriched
in LREE relative to chondrite (La = 10.5-37.5 x chondrite)
(Fig. 6), primitive mantle (La = 3.6-12.9 x primitive mantle)
and N-MORB (La = 1-3.5 x N-MORB). Compared with
LREE, all samples have significant flattening of REE patterns
from Sm to Ho and display Eu anomalies. The marked nega-
tive Eu anomaly ((Eu/Eu*)N = 0.76-0.98) in basalts (Fig. 6) is
indicative for extensive fractional crystallization involving
plagioclase. Chondrite normalized HREE of the samples
show roughly flat unfractionated patterns (Lu = 14.1-27.1 x
chondrite; Lu = 4.8-9.3 x primitive mantle; L u= 0.79-1.51 x
N-MORB). Chondrite-normalized (La/Sm)N, (La/Yb)N and
(Gd/Yb)N ratios in basalts are not scattered (0.58-1.43, aver-
age 0.84; 0.78-2.10, average 1.12; 1.09-1.48, average 1.26)
and have similarities to an N-MORB source (0.55, 0.60, 0.98)
rather than E-MORB (1.80, 1.53, 1.02) or OIB (11.58, 2.33,
2.86) (all correlative data from Sun and McDonough, 1989).

An important feature of the chondrite normalized REE pat-
tern is that it reflects a slight enrichment in LREE and dis-
plays a flat pattern in MREE and HREE and resembles the N-
MORB pattern of Sun and McDonough (1989). The unfrac-
tionated HREE and Y patterns clearly show that the parent
mafic magmas were produced within the garnet-free field. 

To summarize, geochemical signatures of the studied
basalts clearly indicate a tholeiitic affinity. All samples have
marked depletion in Eu with enrichment of HFSE (high
field strength elements). The slightly enriched but parallel
pattern in LREE and flattening from MREE to HREE (ex-
cept Eu) clearly indicate that basalts may have been pro-
duced from an N-MORB type source followed by low-grade
fractional crystallization.
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Fig. 3 - Measured columnar section of the sampled succession within the
basalt-chert block on the Bolu-Mengen road and location of the studied
samples (crossed dot indicates the fossil-bearing sample).



To determine the source heterogeneity and/or mixing ef-
fects, we used HFSE ratios (e.g., Ce/Y, Nb/Y, Zr/Nb, Ti/Yb,
Ta/Yb (e.g., Taylor and McLennan, 1985; Leeman and
Hawkesworth, 1986; Hart et al., 1989; Coish and Sinton,
1992). The analyzed samples have similar Ce/Y (0.25-0.5;
average 0.37), Nb/Y (0.076-0.108; average 0.081) and higher

Zr/Nb (28.14-47.83; average 38.88), Ti/Yb (2486-4593; aver-
age 2905.9), Th/Yb (0.027-0.089; average 0.054) and Ta/Yb
(0.027-0.10; average 0.65) ratios which correlate well with N-
MORB source (Sun and McDonough, 1989) and suggest that
crustal contamination has not been significant in the genesis
of the mafic magmas. The negative trend in Nb/Y - Zr/Nb

Table 1 - Representative chemical analyses of basalts in the investigated area.

Chondrite normalization data taken from Sun and McDonough (1989).
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variation also suggests that the observed fractionation is a
function of the partial melting of the N-MORB source (Fig.
7). The diagram also shows that the mafic magmas were gen-
erated from the partial melting of a N-MORB source and do
not imply any source heterogeneity and/or mixing effects. 

Various tectonic discrimination diagrams were proposed
to determine the geotectonic setting of the basic rocks (e.g.,
Floyd and Winchester, 1975; Pearce and Norry, 1979). On
Zr/Y-Zr binary diagrams (Pearce and Norry, 1979), all stud-
ied samples distinctly plot within the MORB field (Fig. 8).
Cr-Y variations (Fig. 9a) and negative Eu anomaly in the
basalts clearly indicate the fractionation of the Fe-Ti oxides,
clinopyroxene and/or olivine and plagioclase fractionation,
respectively. Similarly, Cr (164-383 ppm) contents of sam-
ples decrease with increasing Y (26.2-46.4 ppm) related to
the clinopyroxene and plagioclase differentiation and all
samples might be produced by low-degree (< 20%) mantle
melting (Fig. 9a). 

To determine the partial melting of the source rock, we
used MREE/HREE ratios, which can distinguish the spinel
and garnet stability fields (e.g., Thirlwall et al., 1994; Baker
et al., 1997). Fig. 9b presents (Sm/Yb)N - (Yb)N data for the
studied basalts for non-modal batch melts of spinel and gar-
net lherzolite source (spinel lherzolite: 0.578 ol, 0.27 opx,
0.119 cpx, 0.033 sp; garnet lherzolite: 0.598 ol, 0.211 opx,
0.076 cpx, 0.115 gr) (Thirlwall et al., 1994; Baker et al.,
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Fig. 4 - a) Microphotographs of the basalts with plagioclase phenocrysts,
enclosed within fine-grained groundmass, XPL; b) plagioclase laths are oc-
cupied with clinopyroxene minerals with intergranular texture, XPL. (XPL-
cross-polarized light, Pl-plagioclase, Cpx-clinopyroxene, Cal-calcite) 

Fig. 5 - Zr/TiO2-Nb/Y classification diagram of Winchester and Floyd
(1977). (Open squares: basalts). 

Fig. 6 - Chondrite normalized multi-element and REE diagrams of the
studied samples (open squares). Solid circle: ocean-island basalt (OIB),
gray circle: enriched mid-ocean ridge basalt (E-MORB), diamond: normal
mid-ocean ridge basalt (N-MORB). Normalization values are from Sun
and McDonough (1989).

Fig. 7 - Nb/Y vs. Zr/Nb diagram for basalts, compared with N-MORB, E-
MORB and OIB. Symbols as in Fig. 5. 



1997). The primitive mantle source concentrations are taken
from Sun and McDonough (1989). The low MREE/HREE
[e.g., (Sm/Yb)N] ratio with variable degrees of partial melt-
ing are formed by the spinel lherzolite source (about 5-10%)
than garnet lherzolite (Fig. 9b). Partial melting of about 5-
10% of spinel lherzolite source can be produced significant
co-variations in (Sm/Yb)N-(Yb)N diagram although some
scatter in (Sm/Yb)N array in the studied samples may be ac-
counted to the fractional crystallization process. 

To summarize, geochemical and petrogenetic evaluation
suggests that the studied basalts were erupted in a MORB-
related environment and were produced from a spinel lher-
zolite source by 5-10% partial melting and fractional crys-
tallization processes. 

Sr and Nd isotope geochemistry

Sr and Nd isotopic data determined from the studied
basaltic samples are given in Table 2. (87Sr/86Sr)i ratios of the

samples yield a range of 0.707442-0.709016, which is consid-
erably higher than that of N-MORB (e.g., 0.702540-
0.702920; Dupré and Allègre, 1980). The whole-rock geo-
chemical data infer that Rb and Sr are highly mobile, as they
do not correlate with the immobile elements. Therefore, the
main cause of the elevated (87Sr/86Sr)i ratios may be the mo-
bility of these elements, although the effects of low tempera-
ture seafloor alteration and metamorphism and subsequent ra-
diogenic ingrowth should be considered (e.g., Hoernle, 1998). 

High (143Nd/144Nd)i ratios of the samples, ranging from
0.512471 to 0.512786, are consistent with the whole-rock
geochemical data, although slightly lower than the charac-
teristic Nd isotopic data of the N-MORB (e.g., 0.512992-
0.513269, Chauvel and Blichert-Toft, 2001). Nd isotopic ra-
tios are not susceptible to seawater alteration or metamor-
phism (e.g., Hoernle, 1998; Kamenetsky et al., 2000).
Therefore, the lower (143Nd/144Nd)i ratios of the analyzed
samples relate to the source characteristics, and are likely
due to the heterogeneity in the source melt. The heterogene-
ity of the mantle, an accepted phenomenon (e.g., Zindler
and Hart, 1986; Hofmann, 1989), is valid also for the
MORB environments. Potential sources of the mantle het-
erogeneity are the recycling of oceanic crustal component
into the mantle (e.g., Rehkämper and Hofmann, 1997; Hof-
mann, 2003; Rudge et al., 2005; Sobolev et al., 2007) or
partial melting of complex mantle including deep-mantle
plume-derived enriched mantle and enriched upper-mantle
asthenosphere (e.g., Kamanetsky et al., 2000). For the stud-
ied samples, the possible sources/processes decreasing the
(143Nd/144Nd)i ratios is likely to be an earlier subduction of
the late Paleozoic - early Mesozoic Tethys (e.g., Paleotethys
sensu ≤engör and Yılmaz, 1981). 

RADIOLARIAN DATA AND DATING

From eleven paleontological samples taken from the stud-
ied succession (Fig. 3) and 4 samples from other radiolarian
chert blocks within the mélange, moderately preserved but
diverse radiolarians were obtained only from a single silici-
fied mudstone in sample UKF-14 in the upper part of the
measured section (Fig. 3). Although radiolarian fauna of this
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Fig. 8 - Zr/Y vs. Zr discrimination diagram (Pearce and Norry, 1979) of the
studied samples. Solid triangle: basaltic rocks of Alacam Melange (data from
Robertson and Ustaömer, 2004). N-MORB-normal mid-ocean ridge basalts,
WPB-within-plate basalts, IAB-island-arc basalts. Symbols as in Fig. 5.

Fig. 9 - a) Cr vs. Y diagram (Floyd et al., 1991) of the studied samples; b) Variation of (Sm/Yb)N-(Yb)N for the studied samples. Melt curves are non-modal,
batch partial melting of garnet and spinel lherzolite source (garnet lherzolite: 0.598 ol, 0.211 opx, 0.076 cpx, 0.115 gr; spinel lherzolite: 57.8 % ol, 27 % opx,
11.9 % cpx, 3.3 % sp (Thirlwall et al., 1994; Baker et al., 1997). Symbols as in Fig. 5. pl: plagioclase, ol: olivine, opx: orthopyroxene, cpx: clinopyroxene,
spl: spinel, amph: amphibole.



sample is mainly dominated by Nassellaria (Archaeodicty-
omitra apiarium (Rüst), A. excellens(Tan Sin Hok), A. mi-
noensis(Mizutani), Archaeodictyomitrasp., Hsuumspp.,
Cinguloturris cylindraKemkin and Rudenko, C. primorika
Kemkin and Taketani, Wrangelliumokamurai (Mizutani),
Xitus sp., Parvicingula sp., Triversus sp., Loopus doliolum
Dumitrica in Dumitrica et al. (1997),Loopussp., Syringo-
capsa sp., Sethocapsa accinctaSteiger, Zhamoidellum ovum
Dumitrica, Z. ventricosumDumitrica and Pseudoeucyrtis ?
sp.), rare specimens of Spumellaria (Pantanellium sp.) was
also encountered in the fauna (Plate 1).

Within the fauna, two taxa (Cinguloturris primorikaand
Archaeodictyomitraexcellens) have first appearance datum
in the basal part of late Kimmeridgian (Baumgartner et al.,
1995; Kemkin and Taketani, 2004; Fig. 10).This level cor-
responds to the basal part of UAZ 11 ofBaumgartner et al.
(1995). Although Cinguloturris primorika was not con-
trolled in many localities, Archaeodictyomitraexcellens is
well-known from many Tethyan and Pacific regions
(Goriçan, 1994; Baumgartner et al., 1995; Hori, 1999). 

Three taxa as Zhamoidellum ovum, Z. ventricosumand
Wrangelliumokamurai in the fauna last appear at the end of
early Tithonian corresponding to top of UAZ 11 of Baum-
gartner et al. (1995). These taxa are very well-known both
from Tethyan and Pacific regions (Dumitrica, 1970;
Goriçan, 1994; Baumgartner et al., 1995; Hori, 1999). Dis-
appearance of two taxa (Sethocapsa accincta andCingulo-
turris primorika) had been reported in middle Tithonian
(Steiger, 1992; Goriçan, 1994; Kemkin and Taketani, 2004).
As these taxa have not been determined and found in many
regions, we prefer the early Tithonian age for the upper lim-
it of the fauna.

According to previous study (Baumgartner et al., 1995),
although Cinguloturris cylindra appear for the first time at
early late Tithonian (basal part of UAZ 12), Kemkin and
Taketani (2004) reported the presence of it in middle Oxfor-
dian to upper Tithonian strata. Therefore we accepted the to-
tal range of Cinguloturris cylindra as middle Oxfordian to
late Valanginian. 

Based on these assumptions, it can be concluded that the
age of the sample UKF-14 from the Intra-Pontide mélange
prism is late Kimmeridgian to early Tithonian correspond-
ing to UAZ 11 of Baumgartner et al. (1995) (Fig. 10). 

DISCUSSION

The initial suggestion of ≤engörand Yılmaz (1981) and
Yılmaz (1990) is that the IPO formed during the Jurassic be-
tween the Eurasian continent to the north and the Sakarya mi-
crocontinent to the south and closed in Early Tertiary.

GöncüoÀlu et al. (1987, 1997) and GöncüoÀlu and Erendil
(1990) suggest an older (Late Triassic) opening age. Pelagic
limestone blocks with planktic foraminifers of Late Creta-
ceous (Santonian) age within the mélanges is taken as an evi-
dence that the ocean was in existence by the Late Cretaceous
(e.g., Okay and Tüysüz, 1999; Robertson and Ustaömer,
2004). However, it is not clear whether these blocks are real-
ly part of the IPS or if they are later reworked from an over-
lying unit (e.g., Greber, 1997; Beccaletto et al., 2005). More-
over, the presence of an oceanic basin between the Rhodope -
Pontide and Sakarya micro-continents is disputed (Elmas and
Yigitbas 2001, 2005). Elmas and Yigitbas (2001; 2005) sug-
gest that “the ophiolite blocks must be derived from either
the Precambrian metaophiolites in the basement of Istanbul -
Zonguldak unit or Palaeotethys” and were transported by the
left-lateral strike-slip faults during the Late Cretaceous.

The new data obtained by this study is indicative for
basaltic rocks within the IPO formed from a depleted
MORB source (spinel lherzolite source) by 5-10% partial
melting and fractional crystallization processes. The rocks
are distinctly MORB, formed by sea floor spreading. The
(143Nd/144Nd)i data on the other hand suggests that the
source was not homogenous. This heterogeneity can be best
explained by an earlier subduction. The foremost candidate
is the oceanic crust of the Upper Paleozoic - Triassic Tethys
(Palaeotethys) that subducted beneath the Sakarya micro-
continent (GöncüoÀlu et al., 2000). 

Limited geochemical data for MORB and OIB-type vol-
canic rocks were obtained by Robertson and Ustaömer
(2004) from the mélanges to the east of Armutlu Peninsula,
about 150 km to the west of the study area. The mélange
complex in this area includes highly sheared serpentinites,
gabbros, meta-basalts and red ribbon cherts (GöncüoÀlu et
al., 1987). Two samples taken from meta-basic rocks of the
Upper Cretaceous Alacam Mélange in the Armutlu Peninsu-
la (Robertson and Ustaömer, 2004; Ustaömer and Robert-
son, 2005) were evaluated together with our data from the
Bolu area on Zr/Y-Zr diagram (Fig. 8). These Alacam
Mélange samples roughly plot on the MORB-field. Howev-
er, the MORB normalized multi-element pattern of the Ala-
cam Mélange clearly differs from the Bolu samples. They
are enriched in LREE and display negative Nb anomaly and
interpreted as subduction-related basalts by Robertson and
Ustaömer (2004). There is no direct evidence for the age of
the basalts except that one micritic limestone knocker in the
mélange includes Globotruncanasp. (GöncüoÀlu et al.,
1987; 1992; GöncüoÀlu and Erendil, 1990). Based on this
evidence, the mélange must have been derived from the
Neotethys and unrelated to the Precambrian or Paleotethyan
ophiolites as advocated by Kaya (1977) or Elmas and Yigit-
bas (2001; 2005). 
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Table 2 - Sr and Nd isotopic compositions of the studied samples.



The age of the MOR basalts are more precisely dated in
this study by radiolarians. Our new findings demonstrate a
Late Jurassic (late Kimmeridgian to early Tithonian) age for
the basalt formation. Beccaletto et al. (2005) have also re-
ported recently the radiolarian assemblage withTranshsuum
brevicostatum(Ozvoldova), Parahsuumsp. S (sensu Baum-
gartner et al., 1995), Tethysetta dhimenaensis dhimenaensis
Baumgartner, Archaeodictyomitra(?) amabilis Aita, Sti-
chocapsa robustaMatsuoka, Protunuma japonicusMatsuo-
ka and Yao indicating late Bathonian - early Callovian time
interval from the ArkotdaÀ Mélange. However, the age of
this single sample from an unknown locality and geological
setting, is slightly older than the radiolarian assemblage de-
scribed in this study. From “an additional sample of pelagic
limestone in Couches Rouges facies from the same locality”
these authors reported the pelagic foraminifer fauna with
Dicarinella asymetrica(Sigal), D. concavata(Brotzen),
Globotruncanita elevata(Brotzen), Marginotruncana coro-
nata (Bolli) and M. pseudolinneianaPessagno indicating a
Santonian age.

Interestingly, in the Cetmi Mélange in the Biga Peninsula
the same authors (Beccaletto et al., 2005) have obtained
from the mudstone and radiolarites six different radiolarian
assemblages with ages of late Bajocian - early Bathonian,
latest Bajocian - early Tithonian, late Oxfordian - Hauteriv-
ian, middle Oxfordian - early Tithonian, Tithonian - earliest
Berriasian Hauterivian - Aptian. Based on these assem-
blages, the authors suggest that pelagic sedimentation oc-
curred during late Bajocian to Aptian in an oceanic basin.
However, they put forward that the Cetmi Mélange is the

western continuation of the Izmir - Ankara Suture and can-
not be correlated with the mélanges of the Intra-Pontide su-
ture. The “decisive point” for this statement is, according to
Beccaletto et al. (2005), “the younger age of the Izmir -
Ankara mélanges”. This statement is not in accordance with
the data from the Izmir - Ankara Suture in NW Anatolia, as
Bragin and Tekin (1996), GöncüoÀlu et al. (2000; 2006a;
2006b; 2007), Tekin et al. (2002, 2006), Yalınız and
GöncüoÀlu (2005) and Tekin and GöncüoÀlu (2007) have
proven by radiolarian findings and geochemical data that
this ocean was open from late Ladinian to early Turonian.
By this, the Izmir-Ankara and the Intra-Pontide oceanic
branches of the Neotethys coexisted at least from Late
Jurassic onwards. Moreover, the Cetmi Mélange in Biga
Peninsula may  well represent the westernmost outcrops of
the IPS, as initially proposed by GöncüoÀlu et al. (1997).

CONCLUSIONS

To the east of Bolu within the North Anatolian Fault
Zone, discontinuous tectonic slivers of an ophiolitic
mélange occur between the crustal assemblages of the
Rhodope - Pontide and Sakarya Composite terranes. One of
these slivers comprises pillow-lavas, alternating with mas-
sive lavas and cut by diabase dykes. The pillow basalts are
interlayered with radiolarian cherts and silicified mudstones.
Geochemical evaluation of these basalts based on major,
trace and REE elements indicates a single and chemically
coherent suite displaying tholeiitic affinity. The trace and
REE ratios as well as the tectonomagmatic discrimination
diagrams are indicative for N-MORB type volcanism. The
petrological evaluation suggests that basalts were derived
from depleted MORB source (spinel lherzolite source) by 5-
10% partial melting and fractional crystallization processes. 

The (143Nd/144Nd)i ratios of the studied samples, ranging
from 0.512471 to 0.512786, are lower than the Nd isotopic
data of the N-MORB. This is ascribed to the heterogeneity
of the source, possibly triggered by the Triassic subduction
of the Paleo-Tethys. 

Moderately preserved but diverse radiolarians were ob-
tained from silicified mudstones in the upper part of the
measured section. This level is dated as late Kimmeridgian
to early Tithonian corresponding to UAZ 11 of Baumgartner
et al. (1995). 

This finding evidences that the MOR-type basalts were
generated in the Intra-Pontide Ocean during the Late Jurassic. 

A correlation with previous fossil findings along the In-
tra-Pontide suture belt in NW Anatolia suggests that the In-
tra-Pontide Ocean existed at least between late Bathonian to
Santonian. 

The available evidence suggests that the western continu-
ation of the Intra-Pontide suture belt can be followed from
Bolu via southern Armutlu to western Biga Peninsula.

More detailed sampling of the radiolarian cherts com-
bined with geochemical evaluation of the volcanic rocks
may help to better understand the geological history of this
little-known branch of Neotethys in NW Anatolia. 
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Plate 1 -Scanning electron micrographs of late Kimmeridgian - early Tithonian radiolarians from the sample UKF-14 obtained from Arkotdag Mélange. Scale
- number of microns for each figure: a) Pantanellium sp., scale bar – 55 µm; b-c) Archaeodictyomitraapiarium(Rüst), scale bar, 60 µm; d) Archaeodictyomi-
tra excellens(Tan Sin Hok), scale bar, 75 µm; e-f) Archaeodictyomitra minoensis(Mizutani), scale bar for both figures, 50 µm; g) Archaeodictyomitra sp.,
scale bar, 50µm; h-i) Hsuum ? spp., scale bar, 45 and 40 µm; j-k) Cinguloturris cylindraKemkin and Rudenko, scale bar for both figures, 70 µm; l) Cingulo-
turris primorikaKemkin and Taketani, scale bar, 65 µm; m) Wrangelliumokamurai (Mizutani), scale bar, 70 µm; n) Xitussp., scale bar, 70 µm; o)Parvicin-
gula sp., scale bar, 55 µm; p) Triversus sp., scale bar, 35µm; q)Loopus doliolumDumitrica in Dumitrica et al., scale bar, 60 µm; r-s) Loopus sp., scale bar for
both figures, 65 µm; t) Syringocapsa sp., scale bar, 75 µm; u) Sethocapsa accinctaSteiger, scale bar, 70 µm; v-w) Zhamoidellum ovumDumitrica, scale bar
for both figures, 45 µm; x) Zhamoidellum ventricosumDumitrica, scale bar, 40 µm; y) Pseudoeucyrtis ?sp., scale bar, 60 µm.


