Geological Quarterly, 2026, 70, 11
DOI: https://doi.org/10.7306/gq.1856

Geochemical and palaeontological insights into Middle Triassic Intra-Pontide ocean
island fragments: EImadag Olistostrome, Central Anatolia

Kaan SAYIT" *, Cengiz OKUYUCU?, U. Kagan TEKIN®, Alaettin TUNCER? and Melikan AKBAS*

1 Middle East Technical University, Department of Geological Engineering, 06800, Ankara, Turkiye;
ORCID: 0000-0001-6859-4536

2 Ankara Haci Bayram Veli University, School of Land Registry and Cadastre, 06500, Ankara, Tlrkiye;
ORCID: 0000-0002-5574-7852

3 Hacettepe University, Department of Geological Engineering, 06800, Beytepe, Ankara, Turkiye;
ORCID: 0000-0001-5551-498X [U.K.T], 0000-0002-6623-3101 [A.T.]

4 Konya Technical University, Department of Geological Engineering, 42250, Konya, Turkiye;
ORCID: 0000-0001-8144-8939

Sayit, K., Okuyucu, C., Tekin, U.K., Tuncer, A., Akbas, M., 2026. Geochemical and palaeontological insights into Middle Tri-
assic Intra-Pontide ocean island fragments: EImadag Olistostrome, Central Anatolia. Geological Quarterly, 70, 11;
https://doi.org/10.7306/gq.1856

The Late Cretaceous closure of the Neotethyan Intra-Pontide Ocean generated mélanges in front of southward-advancing
nappes. These include the EImadag Olistostrome, which consists of blocks embedded in a Coniacian (Upper Cretaceous)
siliciclastic to calcareous-siliciclastic matrix. This olistostrome locally contains basaltic blocks alternating with platform lime-
stones. Benthic foraminifera from these limestones yielded Anisian ages in two localities east/southeast of Ankara (Central
Anatolia). At the Tasonu locality, the Anisian to lower Ladinian basalt-limestone succession is overlain by an upper Ladinian
sequence of volcanogenic clastic rocks, chert, and detrital limestone. At all localities, the basalts display alkaline composi-
tions with typical OIB-like trace element signatures. High abundances of incompatible elements, coupled with high Nb/Zr,
Zr/Y, and Nb/Y ratios, indicate a contribution from enriched/recycled components in their petrogenesis. Geological and geo-
chemical evidence suggests that the basalt-limestone assemblage represents fragments of Anisian ocean islands in the
Intra-Pontide Ocean. These islands were accreted to the southern Pontide margin during the late Ladinian. Following the clo-
sure of the Intra-Pontide Ocean during the Late Cretaceous, the EImadag Olistostrome was emplaced onto the Middle Trias-
sic basement and the Jurassic-Cretaceous carbonate cover of the Sakarya Continent, as well as on the Izmir-Ankara-
Erzincan ophiolitic mélange.
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INTRODUCTION and that the Anisian (Middle Triassic) was marked by oceanic
back-arc magmatism (Sayit et al., 2017). The other northern

realm, the Intra-Pontide Ocean, was a deep basin by at least

The Anatolian landmass is composed of several micro-
continents (or terranes) whose final amalgamation occurred
through the closure of Neotethys during the Alpine Orogeny
(Sengor and Yilmaz, 1981; Goncuoglu et al., 1997). Neotethys
is a multi-branched oceanic entity, in which the Intra-Pontide
and Izmir-Ankara-Erzincan (IAE) oceans (represented by their
respective suture zones in Fig. 1) characterize the Northern
Neotethyan oceanic domains. These two branches were previ-
ously thought to have opened during Liassic rifting (Sengor and
Yilmaz, 1981). However, recent studies have shown that the
IAE oceanic basin was already deep by the early Permian
(Tekin et al., 2019), significantly earlier than previously thought,

* Corresponding author; e-mail: ksayit@metu.edu.tr

Received: January 19, 2026; accepted: March 23, 2026; first
published online: April 21, 2026

the latest Permian (Tekin et al., 2025). Therefore, it appears
that these two domains were already open before the closure of
Palaeotethys.

The Sakarya Zone (Okay, 1989) or Sakarya Composite
Terrane (Goncuoglu et al., 1997) is a landmass comprising the
Sakarya Continent of Sengor and Yilmaz (1981) as well as the
Central and Eastern Pontides. The Sakarya Terrane is bor-
dered by the Intra-Pontide Ocean to the north and the IAE
Ocean to the south. This terrane contains a variably deformed
and metamorphosed unit, called the Karakaya Complex, which
stretches from NW to NE Tiurkiye (Sengor et al., 1984; Okay
and Goncuogdlu et al. 2004). This unit has long been linked to
the Palaeotethyan events due to its presumed pre-Lower Ju-
rassic age. However, its relationship with Palaeotethys, an
older Middle/Late Paleozoic-Early Mesozoic oceanic realm
(e.g., Sengor, 1979; Stampfli and Borel, 2002), remains de-
bated (for detailed information, the reader is referred to Okay
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Fig. 1. Tectonic map of Tirkiye and its surroundings with major suture zones and terranes, and the location of the study area
east and south-east of Ankara city (slightly revised after Okay and Tiysiiz, 1999; Okay and Goénciioglu, 2004)

and Goncuioglu, 2004; Sayit and Goncuoglu, 2013). Within this
context, this unit is viewed to represent either the continental
back-arc basin of Palaeotethys (the Karakaya Marginal Sea of
Sengor and Yilmaz, 1981) or Palaeotethys itself (e.g., Pickett
and Robertson, 1996; Okay, 2000). A critical issue in these in-
terpretations is that the Karakaya Complex is traditionally
regarded as a pre-Liassic unit, due to the uppermost Triassic clo-
sure of Palaeotethys in the Anatolian region and the Karakaya
Sea (Sengor and Yilmaz, 1981; Okay, 2000). This assumption is
mainly based on the ages of the limestone blocks, which yielded
ages no younger than Upper Triassic (e.g., Bingdl et al., 1975;
Okay et al., 1990, 1991; Okay and Altiner, 2004), and that the
Karakaya Complex is unconformably overlain by Liassic sedi-
mentary rocks (Altiner et al., 1991). The inferred pre-Liassic
age has served as a primary criterion for distinguishing the
Karakaya Complex from the Neotethyan branches, whose clo-
sure is dated to Late Cretaceous-Paleocene (e.g., Sengor and
Yilmaz, 1981; Goncuoglu et al., 2000). In this regard, the recent
finding of Tekin et al. (2025) challenges the previous interpreta-
tions. They showed that a major part of the Karakaya Complex,
assumed to be the slightly metamorphic or non-metamorphic
portion (the so-called Upper Karakaya Complex), is Cretaceous
in age, rather than Triassic. Tekin et al. (2025) also reclassified
the Upper Karakaya Complex as part of the Coniacian (Upper
Cretaceous) EImadag Olistostrome (Erol, 1956; Tekin et al.,
2024), a sedimentary mélange derived from the Intra-Pontide
domain, rather than the Palaeotethys.

The discovery of an Upper Cretaceous age is crucial, as it
challenges the classical view of the Karakaya Complex and its
Palaeotethyan affinity, and necessitates a reassessment of the
geodynamic evolution of the Sakarya Continent. In this study,
we focus on a part of the Elmadag Olistostrome in the Ankara
region (Central Anatolia) that contains basalt-bearing blocks.
These basalts, displaying OIB-type geochemistry (see also

Sayit and Gonciioglu, 2009; Sayit et al., 2010; Sayit, 2023), are
primarily associated with Anisian (Middle Triassic) platform
limestones and are overlain by an upper Ladinian (Middle Trias-
sic) sedimentary sequence including spiculite/radiolarian cherts
and detrital limestones. By combining whole-rock geochemistry
with precise palaeontological ages extracted from the associ-
ated sedimentary rocks (from both platform limestones and
spiculite/radiolarian cherts), we shed light on: i) the tectonic set-
ting of the OIB-type basalts, ii) the geodynamics of the
Intra-Pontide realm during the Middle Triassic, and iii) the
mechanisms by which these basaltic masses were incorpo-
rated into the EImadag Olistostrome, and subsequently trans-
ported and emplaced onto the Sakarya Continent and
accretionary deposits of the IAE Ocean.

GEOLOGICAL SETTING

The Ankara region contains a part of the Sakarya Zone
(Okay, 1989) or Sakarya Composite Terrane (Gonctoglu et al.,
1997), which is delimited by two suture zones: the Intra-Pontide
Suture Zone to the north and the Izmir-Ankara-Erzincan Suture
Zone to the south (Fig. 1). The Ankara region hosts four major
rock units (Fig. 2); i) The Dikmen Greywacke (Erol, 1956; Tekin
et al., 2025), the oldest unit exposed in the region, mainly char-
acterized by very low- to low-grade metaclastic rocks of Middle
Permian to middle Upper Triassic age; ii) the Upper Creta-
ceous Elmadag Olistostrome (Erol, 1956; Tekin et al., 2024),
consisting of different types of blocks (platform/pelagic car-
bonates and cherts) within a clastic/carbonate matrix; iii) The
Ankara Ophiolitic Mélange, chiefly made up of remnants of the
IAE oceanic lithosphere (e.g., Rojay, 2013); and iv) Upper
Cretaceous (Santonian) to Quaternary clastic, carbonate, and
volcanic rocks.


https://doi.org/10.1144/gsl.sp.2000.173.01.06
https://doi.org/10.1007/978-94-009-2253-2_6
https://doi.org/10.1144/GSL.SP.2000.173.01.02
https://doi.org/10.1144/GSL.SP.2000.173.01.02
https://doi.org/10.1144/GSL.SP.1999.156.01.22
https://doi.org/10.1144/gsjgs.153.6.099
https://doi.org/10.1144/gsjgs.153.6.099
https://doi.org/10.1016/j.jog.2012.06.006
https://doi.org/10.1016/j.geogeo.2022.100139
https://doi.org/10.1007/s00531-007-0251-6
https://doi.org/10.1016/j.lithos.2010.08.004
https://doi.org/10.1016/0040-1951(81)90275-4
https://doi.org/10.1016/0040-1951(81)90275-4
https://doi.org/10.1016/0040-1951(81)90275-4
https://doi.org/10.1016/0040-1951(81)90275-4
https://doi.org/10.1016/0040-1951(81)90275-4
https://doi.org/10.2110/carnets.2024.2413
https://doi.org/10.2110/carnets.2024.2413
https://doi.org/10.2110/carnets.2024.2413
https://doi.org/10.18261/let.58.1.7
https://doi.org/10.18261/let.58.1.7
https://doi.org/10.18261/let.58.1.7
https://doi.org/10.18261/let.58.1.7
https://doi.org/10.1016/j.jog.2012.04.009

Kaan Sayit et al. / Geological Quarterly, 2026, 70, 11 3

49q000

520000

HUSEYINGAZI
MOUNTAIN

4420000

4410000

'\ Golbag!

"~ g Virancik

50q000

510000

i
i
i

Middle Permian Upper Accretionary Upper
to middle Upper  Cretaceous  prism deposits  Cretaceous
Triassic Dikmen  (Coniacian) of the Izmir-  (Santonian) to
Greywacke of Elmadag Ankara- Quaternary
the Sakarya Olistostrome Erzincan Ocean  deposits
Continent of the Intra-
Pontide
Ocean

Stratigraphic ~ Normal fault Main road

contact

Drainage
system

Fig. 2. Geological map of the east and southeast of the Ankara region (simplified and revised after Erol, 1956), showing the
locations of study areas (indicated by red rectangles) at Yakupabdal (Fig. 3), Kutludiigiin Yayla (Fig. 6) and Tasonii (Fig. 9)

GEOLOGICAL CHARACTERISTICS OF THE SECTIONS STUDIED

Samples for geochemical and palaeontological determina-
tions were collected from three stratigraphic sections (Cayirlik,
Zincancinin-1, and Tagdnu) on blocks within the Elmadag
Olistostrome (east/southeast Ankara, Central Anatolia; Fig. 2).
Details of the stratigraphic sections from west to east are as fol-
lows.

CAYIRLIK SECTION

This stratigraphic section, located on the SE bank of
Cayirlik creek in the Yakupabdal region (between coordinates
4411351N/498950E and 4411425N/499000E, UTM Zone 36S;
Fig. 3) has a total thickness of 61 m and is named after the
creek (Fig. 4). The section was measured on a single block
within the EImadag Olistostrome. This block exceeds 200 m in
thickness and is composed of alternating green to yellowish
green altered basalt, and grey to beige medium- to thick-bed-
ded platform limestone (Figs. 3-5). Five samples (Cay-1 to
Cay-5) were collected from the section (Figs. 4 and 5); three
samples (Cay-2, Cay-3, and Cay-4) were selected for benthic
foraminifera determinations, while two samples (Cay-1 and
Cay-5) were chosen for geochemical analysis (Figs. 4 and 5). In
previous studies (Akyurek et al., 1984), an Anisian (Middle Tri-
assic) age was assigned to this block based on its benthic
foraminifera content.

ZINCANCININ-1 SECTION

The Zincancinin-1 section, located in the eastern part of
Kutludigiin Yayla on the SE bank of the Zincancinin creek (be-
tween coordinates 4413069N/509623E and 4413093N/
509632E, UTM Zone 36S), has a total thickness of 26 m
(Figs. 6 and 7). The section was measured on a small block
within the mélange and is composed of an alternation of green-
to yellowish green-coloured altered pillow basalts and grey- to
beige-coloured, very thick-bedded platform limestones (Fig. 8).

TASONU SECTION

The Tasonu section, located on the northern bank of the
Tasonu creek (between coordinates 4419017N/513414E and
4419000N/513323E, UTM Zone 36S), was measured on a
block within the Elmadag Olistostrome (Figs. 9 and 10) and has
a total thickness of 88.3 m. The basal part of the section con-
sists of green to yellow altered pillow basalts with intra-pillow
platform limestone lenses (Figs. 10 and 11A-C). This is fol-
lowed by alternating green to yellow thin-bedded volcaniclastic
sandstone and mudstone with platform limestone lenses
(Fig. 11D). Higher in the section, green to yellow altered pillow
basalts with intra-pillow platform limestone lenses form the
dominant lithology (Fig. 11E, F). This part is followed by
volcanogenic conglomerate with limestone clasts. This is over-
lain by thick (~40 cm) grey to beige thin- to medium-bedded
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platform limestone lenses (Fig. 11G, H). The upper part of the
section (~6.7 m) is made up of alternating green thin-bedded
spiculite/radiolarian chert, mudstone, and grey detrital lime-
stone (Fig. 111-K). The uppermost part of the section is repre-
sented by alternating green to yellow thin-bedded volcanogenic
sandstone and mudstone (Fig. 11L).

Among the basalt samples collected from the section, four
(Tas-4, Tas-5, Tas-6, and Tas-13) were suitable for geochemi-
cal analysis. Benthic foraminifera were obtained from three
samples (Tas-8, Tas-17, and Tas-25). Several samples were
collected from overlying chert layers, but only one (Tas-21) was
suitable for radiolarian analysis.

A

Fig. 4. Log of the Cayirlik section and sampling levels
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Fig. 5. Field photographs from the Cayirlik section, showing the sampled block within the EImadag Olistostrome in
the Yakupabdal region

A — general view of the Cayirlik section showing the relations between mafic volcanic rocks and platform limestones, along with
sampling points; B — the contact between mafic volcanic rocks and platform limestones in the central part of the section, where
samples Cay-3 and Cay-4 were collected; C — detailed view of the grey to beige thick-bedded platform limestone from which
sample Cay-3 was retrieved; D — mafic volcanic rocks in the upper part of the section where the sample Cay-5 was taken;
abbreviations: MV — mafic volcanic rocks, PL — platform limestone
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(corresponding to the Zincancinin section in Tekin et al., 2025) stratigraphic sections
(slightly revised after Tekin and Tuncer, 2024)
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Fig. 8. Field photographs of the Zincancinin-1 section, measured along a block within the EImadag Olistostrome

A — general view of the section, showing the block in olistostrome overlying the Dikmen Greywacke; B — side view of the same block, illustrat-
ing the relationship between green to yellowish green altered mafic volcanic rocks and grey to beige very thick-bedded platform limestone; C
— detailed view of the mafic volcanic rocks; D — view of the basal mafic volcanic rocks and platform limestone; E — detailed view from the cen-
tral part of the section, showing the relation between mafic volcanic rocks and platform limestone; F — view from the uppermost part of the
section, highlighting the relationship between mafic volcanic rocks and very thick platform limestone; other explanations as in Figure 5
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BIOCHRONOLOGY OF THE BENTHIC carbonate level is rich in benthic foraminifera (Endotriadella
FORAMINIFERA AND RADIOLARIAN wirzi (Koehn-Zaninetti), Endotriada tyrrhenica Vachard et al.,
ASSEMBLAGES Diplotremina sp. 1, and Diplotremina sp. 2, which enabled age

assignment (Fig. 12).

Endotriadella wirzi, a characteristic taxon, is a typical Trias-
sic species. Its first occurrence datum was reported by Rettori
(1995) as Aegean (lower Anisian), and it is widely known world-

From the Cayirlik section, three samples (Cay-2, Cay-3,  wide in Lower-Middle Triassic strata, corroborated by conodont
and Cay-4) were collected to examine foraminiferal assem-  ages (e.g., Mietto et al., 1991). This species was first described
blage from the limestone beds interlayered with the maficvolca- by Koehn-Zaninetti (1969) from the upper Anisian strata in
nic rocks (Fig. 4). Two samples, Cay-2 and Cay-3, proved bar-  Almtal, Austria. Subsequently, it has been reported from mid-
ren. However, sample Cay-4 taken from a three-metre-thick  dle-upper Anisian strata in the Carpathian Mountains (Salaj et

BENTHIC FORAMINIFERA ASSEMBLAGE OF THE CAYIRLIK SECTION
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Fig. 11. Field photographs from the Tagonii section measured along a block within the EImadag Olistostrome

A, B — view from the basal part of the section, showing the matrix of the olistostrome with a possible Lower Carboniferous grey-coloured
clastic block and block of mafic volcanic rocks forming the basal part of the Tasonu section; C — general view of the green to yellow pillow bas-
alts with intrapillow limestones at the base of the section; D — view of the alternating green to yellow, thin- to medium-bedded sandstones and
mudstones with platform limestone lenses where sample Tas-8 was collected; E, F — general view of the green- to yellow-coloured pillow
basalts and platform intrapillow limestones in the central part of the section; G — grey to beige thin- to medium-bedded platform limestone
lens (sample Tas-17) of Anisian to Carnian age, overlying green to yellow volcanogenic conglomerate; H — view from the upper part of the
section, showing the boundary between underlying green to yellow thin-bedded sandstone and mudstone and overlying alternating green
thin-bedded chert, mudstone, and grey detrital limestone; | — detailed view of the alternating chert, mudstone and detrital limestone corre-
sponding to the interval between sample Tas-19 to Tas-24; J — detailed view of the alternating chert, mudstone and detrital limestone where
sample Tas-19 was collected from the chert layer; K — detailed view from the alternating chert, mudstone and detrital limestone where sam-
ple Tas-21 was collected from a spiculite/radiolarian chert layer, indicating an upper Ladinian age; L — view from the uppermost part of the
section, showing alternating green to yellow thin-bedded sandstone and mudstone overlying the grey to beige thick-bedded detrital lime-
stone where sample Tas-26 was collected; abbreviations: MV — mafic volcanic rocks, VSM — alternating volcanogenic sandstone and
mudstone, PLL — platform limestone lens, DLCM — alternating detrital limestone, chert and mudstone, DL — detrital limestone
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Fig. 12. Foraminifera of Anisian age from sample Cay-4 in the Cayirlik section

1, 2 — Endotriadella wirzi (Koehn-Zaninetti); 3, 4 — Diplotremina sp. 1; 5 — Diplotremina sp. 2; 6, 7 — Endotriada tyrrhenica Vachard et al;
Scale bar for 1, 2 is 0.5 mm and for 3-7 is 0.25 mm

al., 1983), from uppermost Pelsonian strata in Bulgaria (Trifo-
nova and lvanova, 2001), from uppermost Spathian (Olene-
kian)-lowermost Cordovelian (lowermost Carnian) strata in
South China (Lehrmann et al., 2015; Song et al., 2015; Altiner
et al., 2021), from Pelsonian (Anisian) beds in central Vietham
(Ueno et al., 2019), from lllyrian (upper Anisian) strata in Upper
Silesia, Poland (Bucur and Matysik, 2020), from lower Anisian
to lower Middle Anisian strata in Hungary (Hips, 2022), and
middle-upper Anisian strata in Slovenia (Gale et al., 2023).
The upper Anisian-lower Norian occurrence of Endotriada
tyrrhenica Vachard et al., another important taxon in the as-
semblage of sample Cay-4, was first described by Vachard et
al. (1994). It has been reported from Upper Triassic strata in
Slovenia (Gale et al., 2012), Tlrkiye (Beccaletto et al., 2005),
northern Thailand (Miyahigashi et al., 2012; Ueno et al., 2012),
and Japan (Chablais et al., 2010; see brief discussion in Altiner
etal., 2021); itis common in Anisian strata in Italy (Emmerich et
al., 2005), southern China (Lehrmann et al., 2015; Altiner et al.,
2021), and Vietnam (Ha et al., 2019; Ueno et al., 2019). In sam-
ple Cay-4, undetermined specimens of the genus Diplotremina
(Diplotremina sp. 1 and Diplotremina sp. 2) were previously re-
ported from Middle-Upper Triassic strata by Zaninetti (1976).
The genus Diplotremina has been described from Aegean
(lower Anisian) beds in Japan (Kobayashi, 2008), from Norian-
Rhaetian beds in Slovenia (Gale et al., 2011), from Pelsonian
(Anisian) deposits in Vietnam (Ueno et al., 2019), and from up-
permost Spathian (Olenekian)-Longobardian (Ladinian) strata
in South China (Altiner et al., 2021). The evaluation of these

taxa present in Cay-4 encompasses a relatively long strati-
graphic range (Middle-Upper Triassic), but they are probably
Anisian in age (Figs. 4 and 12).

BENTHIC FORAMINIFERA ASSEMBLAGE
OF THE ZINCANCININ-1 SECTION

Sample Zin-1-1 from the Zincancinin-1 section (Fig. 7) con-
tains a diverse benthic foraminifera assemblage, including
Krikoumbilica pileiformis He, Endotriadella wirzi (Koehn-
Zaninetti), Endoteba badouxi (Zaninetti et al.), Gaudryina ex gr.
triadica Kristan-Tollmann, Polarisella sp., Endotriada sp. and
Lamelliconus? sp. (Fig. 13). Except for some long-ranging
small foraminifers (e.g., Polarisella sp. and Endotriada sp.),
some of the stratigraphically important taxa (e.g., Krikoumbilica
pileiformis, Endotriadella wirzi, Endoteba badouxi and Gaudry-
ina ex gr. triadica) in this sample are crucial for the age assign-
ment.

The age-diagnostic taxon, Krikoumbilica pileiformis, was
originally described from Anisian-Ladinian strata in Guizhou,
southern China by He (1984). It has been subsequently re-
ported from strata of the same age in western Australia
(Apthorpe, 2003), Northern Italy (Emmerich et al., 2005), and
southern China (Lehrmann et al., 2015; Altiner et al., 2021).

A typical Triassic species, Endotriadella wirzi, was first de-
scribed by Koehn-Zaninetti (1969) from upper Anisian strata of
Almtal, Austria. It has been subsequently reported from upper-
most Spatian (Olenekian) to lowermost Cordovelian (Carnian)
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Fig. 13. Foraminifera of Anisian age from sample Zin-1-1 from the Zincancinin-1 section

*1-3 — Krikoumbilica pileiformis He; 4 — Lamelliconus ? sp.; 5, 6 — Gaudryina ex gr. triadica Kristan-Tollmann; 7, 8 — Endoteba badouxi
(Zaninetti et al.); 9, 10 — Endotriada sp.; 11 — Polarisella sp.; 12 — Endotriadella wirzi (Koehn-Zaninetti); scale bar is 0.25 mm for all
specimens

strata in different places within the Tethyan realm (e.g., Salaj et
al., 1983; Trifonova and lvanova, 2001; Lehrmann et al., 2015;
Altiner et al., 2021; Gale et al., 2023).

Endoteba badouxi, another taxon identified in this sample,
was first described from the upper Anisian strata of Switzerland
by Zaninetti et al. (1972). Its range is Anisian to Carnian based
on studies in various parts of the Tethyan realm (e.g., He and
Wang, 1990; Rettori, 1995; Emmerich et al., 2005; Velledits et
al.,, 2011; Altiner et al., 2021). The other important Triassic
taxon, Gaudryina ex gr. triadica Kristan-Tollmann, has been re-
ported from Spathian strata in southern China (Song et al.,
2011), from Anisian to Carnian-Rhaetian beds in Japan
(Kobayashi, 1996; Kobayashi et al., 2005; Chablais et al., 2010;
Peyrotty et al., 2020), and from Carnian beds in Thailand
(Kobayashi et al., 2006; Miyahigashi et al., 2012).

The genus Polarisella is a long-ranging taxon in this sample,
and its range was from Cisuralian to Anisian (Middle Triassic;
Gaillot and Vachard, 2007). It may range into the Jurassic,
based on studies in Germany (Gaillot and Vachard, 2007;

Vachard, 2016). Endotriada sp. is another long-ranging taxon in
sample Zin-1-1, and has been described from Anisian to
Rhaetian strata in previous studies (e.g., Vachard et al., 1994;
Kobayashi, 2008; Gale et al., 2012; Altiner et al., 2021). Taking
into consideration the first and last occurrences of the taxa de-
termined in sample Zin-1-1, the age represented is most proba-
bly Anisian (Fig. 7).

BENTHIC FORAMINIFERA AND RADIOLARIAN ASSEMBLAGES
OF THE TASONU SECTION

BENTHIC FORAMINIFERA ASSEMBLAGE OF THE TASONU SECTION

Foraminiferal assemblages were obtained from three sam-
ples (Tas-8, Tas-17 and Tas-25) from the Tasdnl section. Two
samples (Tas-8 and Tas-17) were obtained from platform lime-
stone lenses, and one (Tas-25) was retrieved from a detrital
limestone layer located in the upper part of the section (Fig. 10).
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Sample Tas-8 was retrieved from a small, lens-shaped plat-
form limestone within interbedded green to yellow, thin-bedded
volcaniclastic sandstones and mudstones (Fig. 10). This sam-
ple includes a very characteristic foraminiferal taxon, Meandro-
spira dinarica Kochansky-Devidé and Panticé (Fig. 14A), anim-
portant species in Anisian strata, especially in the Tethyan Belt,
that first appears at the base of the Anisian based on previous
studies (e.g., Rettori, 1995; Altiner et al., 2021). It has also been
reported from Anisian strata in the southern Carpathians (Bucur
et al., 1994), in Japan (Kobayashi, 1996; Kobayashi et al.,
2005), Vietnam (Martini et al., 1998), northern Italy (Fugagnoli
and Posenato, 2004; Berra et al., 2005), Hungary (Velledits et
al., 2011), southern China (Altiner et al., 2021) and Croatia
(Kukog et al., 2023).

Sample Tas-17 was collected from a green to beige, thin- to
medium-bedded platform limestone lens within the interbedded
green to yellow, thin-bedded volcaniclastic sandstones and
mudstones (Fig. 10). Only Turriglomina mesotriasica (Koehn-
Zaninetti) was recovered from this sample (Fig. 14); it has been
reported from Triassic strata within the different parts of the
Tethyan realm (Zaninetti, 1976; Rettori, 1995). The range of
this species is Anisian to Carnian according to previous studies
(e.g., Rettori et al., 1994; Bucur et al., 1994; Emmerich et al.,
2005; Bedi et al., 2013; Altiner et al., 2021).

Sample Tas-25 was taken from a detrital limestone in the
upper part of the Tasonu section (Fig. 10), a part of the section
mainly represented by alternating green, thin-bedded chert-
mudstone and grey detrital limestone (Fig. 10). Together with
some long-ranging foraminiferan species, calcareous algae,
cyanobacteria, and microproblematica (e.g., Tauridiopsis sp.,
Bisphaera sp., Mizzia sp., Girvanella sp., and Tubiphytes sp.),
this sample includes many age-diagnostic taxa.

The faunal and floral assemblages of this detrital limestone
include relatively diverse assemblages from different strati-
graphic levels, including Kalijanella karpinensis Petrova, Lan-
gella conica Sellier de Civrieux and Dessauvagie, L. perforata
(Lange), Geinitzina ex gr. postcarbonica Spandel, Langella sp.,
Robuloides sp., Uralogordiopsis? sp., Bisphaera sp., Tauri-
diopsis sp., Archaediscus sp., Mizzia sp., Girvanella sp.,
Koninckopora sp., Tubiphytes sp. (microproblematica; Fig. 14).

Kalijanella karpinensis, represented by a typical specimen
in terms of morphology and wall structure, was first described
by Petrova (1981) from the Middle Devonian succession in the
central and northern Urals. Two Langella taxa (Langella conica
and L. perforata) are other important taxa recovered from this
sample, and they have been widely described from the Middle
to Upper Permian strata of different parts of the Tethyan realm
(e.g., Leven and Okay, 1996; Unal et al., 2003; Hamdi et al.,
2009; Sahin et al., 2012; Nejad et al., 2015).

Geinitzina ex gr. postcarbonica is among the long-ranging
taxa, having been recorded throughout the entire Permian suc-
cession (e.g., central America by Spandel, 1901; Groves and
Boardman, 1999; Iran by Bozorgnia, 1973; southern China by
Wang, 1982; Japan by Ueno, 1989; Mexico by Vachard et al.,
1993; Bolivia by Mamet, 1996; Turkiye by Unal et al., 2003 and
Tekin etal., 2019). Although not identifiable to species level due
to insufficient material, the genus Robuloides in the assem-
blage has been previously reported from Capitanian to upper-
most Changhsingian strata in Greece, Cyprus, Hungary,
Turkiye, Iran, NW Caucasus, southern China, Japan, and New
Zealand (e.g., Gaillot and Vachard, 2007; Nejad et al., 2015).

Koninckopora, an important calcareous alga with worldwide
distribution found in this sample, is known from middle to upper
Viséan strata (MFZ11 to MFZ15 biozones; Vachard et al.,
2014). Recent studies (e.g., Mamet, 1991; Cozar et al., 2008;
Groves et al., 2012; Vachard et al., 2016) have also recorded it

from lower Serpukhovian strata. The genus Archaediscus is a
long-ranging taxon and has been reported from middle Viséan
to lowermost Moscovian strata (e.g., Pille, 2008; Kobayashi and
Vachard, 2022; Cozar et al., 2023).

The youngest age inferred from this sample is the upper-
most Changhsingian, hence the depositional age of this sample
can be interpreted as the uppermost Changhsingian or younger
(Fig. 10). Based on the radiolarian assemblage of the sample
derived from the underlying level (sample Tas-21), the upper
part of this section can be dated as upper Ladinian (Fig. 10).

RADIOLARIAN ASSEMBLAGE OF THE TASONU SECTION

Although seven samples (Tas-19 to Tas-24 and Tas-26)
were collected from spiculite/radiolarian chert layers from the
upper part of the Tagdnu section, they are mainly rich in sponge
spicules (Fig. 10) and only one sample (Tas-21) includes less-
diverse and moderately-preserved radiolarians (Fig. 15). Based
on the presence of very rich sponge spicules and rare
radiolarian assemblages, it can be inferred that sedimentation
of this part of the section took place in shallow sea conditions
with circulation from the open sea and rich in SiO, saturation re-
lated to the volcanic activities (De Wever et al., 2001; Flugel,
2004).

Five radiolarian taxa from the Entactinaria (Muelleritortis
cochleata cochleata (Nakaseko and Nishimura), M. expansa
Kozur and Mostler, Tritortis kretaensis dispiralis (Bragin),
Pseudostylosphaera sp. cf. P. canaliculata (Bragin), P. imper-
spicua (Bragin) were determined from sample Tas-21 from the
Tasonl section (Fig. 15). Three important taxa (Pseudo-
stylosphaera imperspicua, Muelleritortis cochleata cochleata
and M. expansa) first appear at the base of the upper Ladinian
(base of the Longobardian corresponding to the base of
Pterospongus priscus Subzone of the Muelleritortis cochleata
Zone) based on previous studies (e.g., Nakaseko and Nishi-
mura, 1979; Kozur, 1988; Bragin, 1991; Kozur and Mostler,
1994; Sugiyama, 1997; Tekin, 1999; Gorican et al., 2005; Tekin
and Goncioglu, 2007; Tekin and Sénmez, 2010; Bragin et al.,
2016; Fig. 16). While the LAD of Pseudostylosphaera
imperspicua is at the top of the Spongoserrula fluegeli Subzone
of the Muelleritortis cochleata Zone based on the zonal scheme
by Kozur and Mostler (1994, 1996) and Kozur (2003) in the up-
per Ladinian, two of the taxa (Muelleritortis cochleata cochleata
and M. expansa) last appear in the basal part of the lower
Carnian.

On the other hand, the FAD of the Tritortis kretaensis
dispiralis is at the base of the Spongoserrula fluegeli Subzone
of the Muelleritortis cochleata Zone, whereas it last appears at
the base of the lower Carnian based on previous studies (e.g.,
Bragin, 1991; Cordey et al., 1988; Kozur, 1988; Dosztaly, 1989;
Kozur and Mostler, 1996; Kametaka et al., 1997; Tekin, 1999;
Hauser et al., 2001; Tekin and Génclioglu, 2007). Based on the
co-occurrence of Pseudostylosphaera imperspicua and
Tritortis kretaensis dispiralis in sample Tas-21, the age of this
sample is upper Upper Ladinian (upper Longobardian) corre-
sponding to the Spongoserrula fluegeli Subzone of the
Muelleritortis cochleata Zone based on the zonal scheme by
Kozur and Mostler (1994, 1996) and Kozur (2003).

According to the previous study (Tekin et al., 2025), a
roughly coeval radiolarian assemblage including Baumgart-
neria curvispina Dumitrica, Pterospongus sp., Sarla sp.,
Spongoxystris? sp. cf. S. cf. slovenica (Kolar-Jurkovsek),
Pseudostylosphaera gracilis Kozur and Mock, P. inaequata
(Bragin), P. multispinata Tekin and Mostler, P. nazarovi (Kozur
and Mostler) and Muelleritortis cochleata koeveskalensis Kozur
was obtained from the Zincancinin-2 section (marked as the
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Fig. 14. Foraminifera of Anisian to Ladinian age from samples Tas-08, Tas-17, and Tas-25 in the Tasonii section

1 — Meandrospira dinarica Kochansky-Devidé and Panti¢, Tas-08; 2 — Turriglomina mesotriasica (Koehn-Zaninetti), Tas-17; 3 — Langella
conica Sellier de Civrieux and Dessauvagie, Tas-25; 4 — Langella perforata (Lange), Tas-25; 5 — Langella sp., Tas-25; 6 — Geinitzina ex gr.
postcarbonica Spandel, Tas-25; 7 — Tauridiopsis sp., Tas-25; 8 — Robuloides sp., Tas-25; 9 — Bisphaera sp., Tas-25; 10 — Kalijanella
karpinensis Petrova, Tas-25; 11 — Koninckopora sp., Tas-25; 12 — Mizzia sp., Tas-25; 13 — Tubiphytes sp., Tas-25; scale bar for figures 1, 2
and 5-8 is 0.25 mm, and for figures 3, 4 and 9-13 is 0.5 mm
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Fig. 15. Radiolaria of late Ladinian age from sample Tas-21 from the Tasonii section

1 — Muelleritortis cochleata cochleata (Nakaseko and Nishimura); 2—-4 — M. expansa Kozur and Mostler; 5 —Tritortis kretaensis dispiralis
(Bragin); 6 — Pseudostylosphaera sp. cf. P. canaliculata (Bragin); 7, 8 — P. imperspicua (Bragin). Scale bar for specimens: 1 - 200, 2-5 —
220, 6 - 270, 7, 8 — 320um, respectively
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Fig. 16. Stratigraphic distribution of the radiolarian taxa from sample Tas-21 in the
Tasonii section

The grey area indicates the range of sample Tas-21 in the upper Ladinian corresponding to
the Spongoserrula fluegeli Subzone of the Muelleritortis cochleata Zone according to Kozur
and Mostler (1994, 1996) and Kozur (2003). The Anisian-Ladinian boundary is as defined by
Brack et al. (2005). The star symbol at the side of the figure shows the range of sample
Zin-2-1 in the Zincancinin-2 section studied by Tekin et al. (2025) corresponding to the
Spongoserrula rarauana Subzone of the Muelleritortis cochleata Zone in the middle Upper
Ladinian
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Table 1

Whole-rock chemical data of the mafic lithologies from the Elmadag Olistostrome

SAMPLE | CAY-1 CAY-5 TAS-4 TAS-5 TAS-6 TAS-13 ZIN-1-2 ZIN-1-3
Locality | Cayirlik | Cayirlik | Taséni Tagoni Tasgonu Tagbnl | Zincancinin | Zincancinin
SiO, 46.4 52.5 40.8 39.5 38.6 40.8 314 26.5
MgO 1.73 1.97 2.52 1.7 2.37 2.22 4.47 4.67
Al,O3 14.75 16 14 13.1 13.35 15 8.89 7.83
Fe 05" 10.45 9.12 11.35 8.74 10.25 10.4 8.7 7.75
CaO 7.92 6.05 10.4 14.7 13.1 9.99 21.9 26.6
Na,O 5.83 6.24 4.73 4.51 3.76 3.86 1.92 1.37
K20 1.98 1.86 0.24 1.06 0.93 2.26 0.02 0.01
Cr;03 0.014 0.005 b.d. b.d. b.d. b.d. 0.048 0.08
TiO, 1.95 1.62 3.8 3.51 3.61 3.78 1.97 2.07
MnO 0.15 0.14 0.12 0.13 0.15 0.14 0.24 0.15
P20s 0.5 0.55 0.51 0.47 0.46 0.6 0.33 0.48
LOI 7.04 5.66 11.85 14.2 14.25 11.9 19.9 23.3
Total 98.75 101.83 100.37 101.68 100.89 101.02 99.82 100.84
Ni 34 10 5 6 4 12 104 211
Co 18 11 33 29 36 41 32 39
Cr 120 40 10 10 10 10 360 562
Sc 13 12 19 19 18 20 20.7 231
\Y 103 70 270 273 214 257 253 162
Cs 0.55 0.08 0.37 0.69 0.75 3.22 0.06 0.11
Rb 31.5 25.7 4.5 16.9 11.2 41.2 0.6 0.4
Ba 198 471 138 141 168 186.5 26.3 34.9
Sr 167 528 382 352 353 399 268 297
Nb 43.5 62.4 43.2 38.7 39.6 39.6 18.3 17.8
Ta 2.6 3.7 1.8 1.1 04 0.5 1.2 1.1
Zr 289 410 290 251 254 260 134 136
Hf 7.1 9.5 71 6.5 6.7 6.5 3.72 3.81
Y 36 46.5 29.7 28.9 29.1 294 20.9 26.9
La 36.5 51.2 31.8 31.3 28.5 255 17.9 21
Ce 75.2 102.5 721 68.7 63.5 59.6 39.3 335
Pr 10.2 13.2 9.95 9.71 8.96 8.47 5.29 6.01
Nd 40.7 52.2 40.8 40 36.1 35.8 23.6 26.9
Sm 9.14 11.6 9.33 8.87 8.6 8.89 5.5 6.72
Eu 3.06 4.07 2.96 3.06 27 2.83 1.72 1.94
Gd 9.44 11.9 8.2 8.84 8.58 8.25 4.86 6.28
Tb 1.29 1.7 1.17 1.21 1.15 1.09 0.72 0.88
Dy 7.67 9.9 6.47 6.71 6.42 6.42 4.24 4.49
Ho 1.47 1.91 1.2 1.26 1.22 1.13 0.76 0.88
Er 3.64 4.99 2.94 3.16 3.06 3 1.8 2.21
m 0.49 0.69 0.39 0.41 0.38 0.38 0.22 0.31
Yb 2.95 4.23 24 2.51 243 24 1.48 1.97
Lu 0.46 0.61 0.34 0.36 0.35 0.35 0.21 0.29
Th 4.59 6.06 2.97 2.88 2.8 2.77 1.34 1.26
u 0.65 1.41 1.92 2.15 1.62 1.08 0.51 0.6

* Fe,O3 — total iron; b.d. — ‘below detection limit

Zincancinin section in Tekin et al., 2025) in the Kutludigun
Yayla region (Figs. 6 and 16). According to this study, this
radiolarian assemblage indicates the Spongoserrula rarauana
Subzone of the Muelleritortis cochleata Zone according to
Kozur and Mostler (1994, 1996) and Kozur (2003), revealing a
middle Upper Ladinian (upper Middle Triassic) age (Fig. 16).

GEOCHEMISTRY OF THE MAFIC VOLCANIC
ROCKS

ANALYTICAL METHOD

To constrain the petrogenesis and tectonic setting of the
Intra-Pontide mafic volcanic rocks exposed in the Elmadag re-
gion (south-east of Ankara), eight samples were analyzed for
their whole-rock major and trace element geochemistry at the
ALS Laboratories (Dublin; Table 1).

Samples were collected from the same stratigraphic sec-
tions used for palaeontological dating, namely the Tasond,
Cayirlik and Zincancinin-1 sections. Dissolution of samples for
major and most trace elements was accomplished by lith-
ium-tetraborate fusion, while for the others, multi-acid dissolu-
tion was employed. The samples were subsequently digested
using dilute nitric acid and measured by ICP-AES for major ele-
ments and ICP-MS for trace elements. Based on standards and
duplicates, the analytical accuracy and precision were better
than 5% for most elements. All the oxide concentrations given
below were calculated on an anhydrous basis.

RESULTS

Given the low-grade alteration of the samples, we employed
the classification diagram of Winchester and Floyd (1977),
which relies on immobile element ratios (Fig. 17). Based on this
plot, all samples were classified as alkaline basalts, with high
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Fig. 17. Immobile element-based chemical classification of
the mafic lithologies from the EImadag Olistostrome (after
Winchester and Floyd, 1977)

Nb/Y ratios. The samples display a broad range of SiO,
(34.2-54.7 wt.%). The Cayirlik samples have the highest val-
ues (50.6-54.7 wt.%), while those from the Zincancinin-1 sec-
tion show the lowest, falling below 40 wt.%. Most of of the
Cayirlik samples are either close to or below 4 wt.% MgO, while
the Zincancinin-1 samples have MgO contents exceeding
5 wt.%. The samples from the Tasonu section show the highest
TiO, concentrations (average 4.2 wt.%), whereas other locali-
ties have lower averages (~2.2 wt.%). While most samples con-
tain ~16 wt.% Al,O3, those from the Zincancinin-1 section show
markedly lower values (10.1-11.1 wt.%).

On the multi-element and rare earth element (REE) plots
(Fig. 18), all samples display enrichment in incompatible ele-
ments and show similar HREE fractionation. When the entire
dataset is considered, absolute abundances vary widely. In de-
tail, the Cayirlik samples span a broad range across the entire
elemental spectrum. The Zincancinin-1 samples are very simi-
lar in terms of incompatible element concentrations; however,
the variability increases towards less incompatible elements. In
contrast, the Tasoni samples display enrichment levels re-
stricted to a narrow interval. A common feature for all samples
is the relative Nb enrichment (Nb/Nb*; calculated as Nbpw/[Thpy

I-Ta§6nu'
@ Cayirhk
© Zincancinin-1

Sample/Primitive Mantle

Th Nb La Ce PrNd Zr Hf SmEu Ti Gd Dy Y Er YbLu

x Lapy]*®), which ranges between 1.2 and 1.6. This feature be-
comes most prominent for the Tasénl samples (Nb/Nb* =
1.4—1.6), which also exhibit positive Ti anomalies (Ti/Ti* =
1.1-1.3, calculated as Tipw/[Eupy X Gdpy]*®). In contrast, the
samples from the Cayirlik section display significant negative Ti
anomalies (Ti/Ti* = 0.3-0.6).

DISCUSSION

POST-MELTING MODIFICATIONS

The influence of low-grade hydrothermal alteration on the
samples is also evident in the geochemistry, as indicated by the
loss on ignition (LOI) values reaching up to 19.9 wt.%. During
water-rock interaction, some elements can be mobilized, lead-
ing to modifications of the pristine chemistry (e.g., Humpris and
Thompson, 1978). To test this idea, selected elements were
plotted against Zr (Fig. 19), which is known as a highly stable el-
ement (i.e., immobile) during low-grade alteration (e.g., Pearce,
1975). In the diagrams, high-field-strength elements (HFSE)
(e.g., Nb, Ti, Th, REE) show linear trends, whereas low-ionic
potential elements (e.g., Sr, K, and Ba) have a scattered distri-
bution with low correlation. This suggests that while HFSE have
largely remained immobile in the samples, the distribution of
low-ionic potential elements has been modified through alter-
ation.

SiO, displays a broad variation that might initially be attrib-
uted to fractional crystallization. However, its strong correlation
with LOI (not shown) suggests post-magmatic modification. No-
tably, the most silica-rich samples show the lowest LOI values.
Therefore, while the high-silica end of the spectrum likely repre-
sents evolved compositions, the lower values appear to be con-
trolled by alteration. This issue can also be assessed using Co
and TiO,, which are stable during low-grade alteration. Co con-
centrations range from 11 to 50 ppm, with the lowest values ob-
served in the relatively Si-rich samples. Also, these silica-rich
samples have the lowest TiO, contents and display prominent
negative Ti anomalies on a multi-element diagram (Fig. 18), re-
inforcing the interpretation that the high-silica end represents
more evolved compositions. On the other hand, the lack of Ti
anomaly in the other samples may suggest that they are rela-
tively more primitive than those from the Cayirlik section. How-
ever, since Co concentrations remain significantly lower than
those of primary magmas, even these samples appear to have
been modified by fractional crystallization.

500

100

10

Sample/Chondrite

La Ce Pr Nd Sm EuGd Tb Dy Ho Er Tm Yb Lu

Fig. 18. Multi-element and REE patterns of the mafic lithologies from the EImadag Olistostrome

Normalization data for the primitive mantle and chondrite are from McDonough and Sun (1995) and Sun and McDonough (1989),
respectively
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Fig. 19. Plots of selected elements against zirconium for the mafic lithologies from the EImadag
Olistostrome

NATURE OF THE SOURCE REGION

All samples have high Nb/Nb* values (1.2-1.6), coupled
with low Th/Nb and La/Nb ratios (Fig. 20A). Among these ele-
ments, Th and La are non-conservative during the subduction
processes and are added to the mantle wedge. In contrast, Nb
is highly conservative; it is retained in the oceanic crust without
being mobilized by slab-derived melts/fluids (Pearce and
Peate, 1995). Therefore, melts derived from mantle sources
metasomatized by slab-derived materials will be characterized
by high Th/Nb and La/Nb ratios. While such ratios are typical of
subduction-related melts, such as those from arcs (e.g., Pear-
ce, 1983), this is in strong contrast with the samples studied,

which show Nb enrichment (relative to Th and La; Fig. 18A).
This suggests that the samples lack a subduction component.
Also, since the continental crust shares, in general, geochemi-
cal signatures with subduction-derived materials (e.g., high
Th/Nb and La/Nb; Taylor and McLennan, 1995), the low Th/Nb,
La/Nb, and high Nb/Nb* ratios may preclude continental crustal
input in the samples. Therefore, the Nb enrichment in the man-
tle source of the samples is neither subduction-related nor due
to crustal contamination. Rather, it can be attributed to the in-
volvement of recycled mantle materials, such as oceanic crust
and oceanic lithospheric mantle (McDonough, 1991; Sayit,
2023).
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Data sources: South Sandwich from Pearce et al. (1995), EPR data from Niu and Batiza (1997); Galapagos from Saal et al. (2007); St.
Helena from Kawabata et al. (2011)

All samples show OIB-like trace element patterns (Fig. 18).
As a first-order approximation, this may eliminate the strong in-
volvement of a depleted mantle source. To assess this issue in
greater detail, we use Zr-Nb-Y systematics, which is based on
immobile elements with different incompatibilities during upper
mantle melting (Nb-Zr-Y, in order of decreasing incompatibility)
(e.g., Sun and McDonough, 1989). Due to the more incompati-
ble nature of Nb, the depleted mantle domains have a defi-
ciency of this element relative to Zr and Y (e.g., Workman and
Hart, 2005). Similarly, since Zr is more incompatible than Y,
such domains are characterized by Zr depletion relative to Y.
Regarding Y, the relative depletion becomes even more signifi-
cant if garnet remains as a residual phase during melting (e.g.,
McKenzie and O’Nions, 1991). Thus, depleted mantle domains
and their high-degree melt products are characterized by low
Nb/Zr, Zr/Y and Nb/Y ratios (e.g., East Pacific Rise, ultra-de-
pleted MORB, sample R74-6; Nb/Zr = 0.01, Zr/Y = 1.5, Nb/Y =
0.01; Niu and Batiza, 1997). This contrasts with undepleted or
enriched reservoirs, which have high Zr/Y and Nb/Y ratios (e.g.,
primitive mantle, Nb/Zr = 0.06, Zr/Y = 2.4, Nb/Y = 0.2;
McDonough and Sun, 1995). The samples studied display a
range of these ratios, all of which are significantly higher than
those of N-MORB (Average values; Nb/Zr = 0.15, Zr/Y = 8.5,
Nb/Y = 1.3; Fig. 20B). Such high ratios are comparable with
those of ocean island basalts (OIBs; Average OIB; Nb/Zr =
0.17, Zr/Y = 9.7, Nb/Y = 1.7; Sun and McDonough, 1989),
which are regarded as including enriched mantle components
(relative to the depleted mantle) characterized by recycled
crustal/lithospheric materials (e.g., Niu and O’Hara, 2003; Jack-
son et al., 2007; Salters and Sachi-Kocher, 2010; Sayit, 2023).

A notable feature of the samples from the TasdnU section is
their high degree of relative Nb enrichment. This feature, also
called the ‘Nb-kick’ (McDonough, 1991), is associated with low
Th/Nb and La/Nb ratios, and is particularly common among
melts with FOZO/C- and HIMU-like isotopic signatures from
mid-ocean ridges and OIBs (e.g., Jackson et al., 2008; Sayit,
2013). Recently, some Tethyan mafic lithologies of Middle Tri-
assic age from a megablock in the Imrahor region (east of An-
kara, Central Anatolia) (now identified as a part of the Elmadag
Olistostrome sensu Tekin et al., 2024) were identified to have
high Nb positive anomalies (up to 2.1) and are suggested to dis-

play FOZO/C-like characteristics (Sayit, 2023). The samples
from the Tatonl section have somewhat similar trace element
signatures, implying that they may have tapped the FOZO/C-
like component to a greater extent compared to the other sam-
ples in this study. The positive Ti anomalies of the Tasonu sam-
ples, a feature also typical of FOZO-like melts, further support
this interpretation.

DISCUSSION

AGE CONSIDERATIONS AND CORRELATIONS

Mafic lithologies (predominantly basalts), which occur as
blocks, constitute a relatively minor component of the Elmadag
Olistostrome. Akytrek et al. (1984) mapped these lithologies
beneath the Ortakdy Formation, assigning a Middle-Upper Tri-
assic age based on the occurrence of Meandrospira dinarica
Kochansky-Devidé and Panti¢, Glomospira sp., Trochammina
sp., and Endothyra sp. taxa. Even though Meandrospira
dinarica is considered a characteristic Anisian species of the
Tethyan realm (e.g., Rettori, 1995; Kobayashi, 1996; Velledits
et al., 2011; Altiner et al., 2021), the age of the formation, in-
cluding limestones intercalated with the mafic volcanic rocks,
was given rather broadly as Middle-Upper Triassic. The
foraminiferal assemblages recovered and their corresponding
ages from the volcanic/carbonate blocks from the Cayirlik,
Zincancinin-1, and TasénU sections in this study are consistent
with those described by Akyurek et al. (1984; Fig. 21).

Akylrek et al. (1984) interpreted the Ortakdy Formation as
stratigraphically transitional to the Elmadag Formation, consid-
ering the latter to comprise siliciclastic deposits and limestone
blocks. They assigned a similar age to the ElImadag Formation
based on the presence of Meandrospira dinarica Kochansky-
Devidé and Panti¢, a characteristic Anisian taxon, which was
described from carbonate beds within the lower part of the for-
mation. However, the recent study of Tekin et al. (2025) showed
that the basaltic and carbonate blocks belong to the Elmadag
Olistostrome (Erol, 1956; Tekin et al., 2024), which overlies the
siliciclastic-dominated, non-metamorphic to low-grade meta-
morphic Dikmen Greywacke (Erol, 1956; Tekin et al., 2024).
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Fig. 21. Correlation of the stratigraphic sections examined in this study (Gayirlik, Zincancinin-1 and Tagonii) with the
Zincancinin-2 section by Tekin et al. (2025)

The volcanic-dominated interval in the lower part of the sequence is of Anisian-lower Ladinian age based on the benthic foraminifera
data from the Zincancinin-1, Cayirlik and Tas6ni sections. The upper part of the sequence is upper Ladinian, based on radiolarian data
from spiculite/radiolarian cherts in the Tasonu section (this study) and the Zincancnin-2 section (Tekin et al., 2025)
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Tekin et al. (2024) noted that the Dikmen Greywacke lacks car-
bonate blocks, and that the degree of metamorphism de-
creases towards its upper levels. Furthermore, our field obser-
vations in the Elmadag region (Ankara, Turkiye) reveal that the
upper part of this formation includes rare carbonate interlayers.
Therefore, we suggest that the Middle-Upper Triassic carbon-
ate beds within the clastic rocks of the Elmadag Formation de-
scribed by Akylrek et al. (1984) may actually belong to the up-
per levels of the Dikmen Greywacke.

Another Triassic mafic volcanic/carbonate block, located
in the Hasanoglan region (north-east of Ankara), was de-
scribed by Altiner and Kogyigit (1993) as an Anisian
megablock within the Triassic Karakaya Nappe (equivalent to
the EImadag Olistostrome of Erol, 1956). According to Altiner
and Kogyigit (1993), this megablock includes pillow lavas,
fine-grained pyroclastic rocks and shallow-water carbonates.
Palaeontological analyses of these shallow-water carbonates
yielded a typical Anisian foraminiferal assemblage, including
Meandrospira dinarica, Plammina densa, and Glomospirella
grandis. In particular, the occurrence of Meandrospira dinarica
within the carbonates intercalated with the OIB-type mafic vol-
canic rocks (Altiner and Kogyigit, 1993; Sayit and Goénclioglu,
2009) aligns with the fossil assemblage from the Tasoni sec-
tion (sample Tas-08) of the Elmadag Olistostrome described
in this study. A similar age was also suggested by Sayit and
Goéncuoglu (2009) for the carbonates associated with mafic
lithologies in a megablock in the Imrahor region (east of An-
kara).

In summary, the similarity between the ages obtained from
carbonate layers within OIB-type basaltic blocks in this study
and those from previous studies provides important constraints
on the age of basalt-bearing sequences in the Elmadag
Olistostrome. These mafic fragments are widespread across
central and western Anatolia. For example, the Triassic mafic
lithologies in the Biga peninsula (NW Anatolia), formerly called
the Nilufer Unit, are now identified as part of the Elmadag
Olistostrome (Tekin et al., 2024). In this regard, it is critical that
these lithologies, previously assumed to be of Palaeotethyan
origin, are now interpreted as Neotethyan-derived.

GEODYNAMIC IMPLICATIONS

The geochemical data show OIB-type geochemical signa-
tures with no evidence of slab-derived input, therefore preclud-
ing a subduction-related setting. Furthermore, the strong rela-
tive Nb enrichment (i.e., low Th/Nb and La/Nb) argues against
crustal contamination. Thus, in terms of a pure geochemical
standpoint, a non-subduction oceanic setting (e.g., oceanic is-
land/seamount, oceanic plateau, or mid-ocean ridge) is the
most plausible explanation. Moreover, the incompatible ele-
ment-enriched nature of the basalts may eliminate an oceanic
plateau origin, which is typically characterized by chondritic or
depleted La/Sm ratios (e.g., Fitton and Godard, 2004; Sano et
al., 2012).

Some studies (Bingdl et al., 1975; Akyurek et al., 1984;
Altiner and Kogyigit, 1993), based solely on geological observa-
tions, suggested a genetic link between the basalts (found as
blocks) and the terrigenous deposits (i.e., the Dikmen
Greywacke), interpreting the basalts as products of a continen-
tal rift. However, the geochemistry of the basalts indicates no
crustal contamination, and field observations reveal no primary
association between the basalts and the terrigenous deposits,
thus precluding a genetic link between them (Sayit and
Goncuoglu, 2009; Sayit et al., 2010; Tekin et al., 2025; this
study). Therefore, the combined geochemical and geological
evidence strongly favours an oceanic rather than continental

origin. The question then arises as to whether these basalts are
fragments of an ocean island/seamount or a mid-ocean ridge
setting. Incompatible element enrichment and alkaline compo-
sitions are typical of ocean islands but rare in mid-ocean ridges.
Thus, even though such signatures strongly suggest an ocean
island origin, a mid-ocean ridge setting cannot be entirely ex-
cluded based on geochemistry alone. However, the intercala-
tion of platform limestones with the basalts provides a compel-
ling argument for an ocean island setting; mid-ocean ridge to-
pography (including off-axis seamounts) does not usually reach
the shallow depths required for shallow-water limestone deposi-
tion.

All available evidence, therefore, points to an ocean island
setting for the origin of the basaltic blocks within the Elmadag
Olistostrome. Similar occurrences, found at several other locali-
ties in the Ankara region, as well as to the west (Biga peninsula)
(e.g., Akylrek et al., 1984; Okay et al., 1990, 1991), appear to
share this same origin, i.e., ocean island (Sayit and Goncuoglu,
2009, 2013; Sayit et al., 2010). A similar interpretation has also
been suggested for the variably metamorphosed mafic
lithologies of the Nillfer Unit sensu Okay et al. (1990, 1991)
(e.g., Pickett and Robertson, 1996; Sayit et al., 2010). Regard-
ing the Ankara region, at all localities (also including the Imrahor
and Hasanoglan regions reported by Altiner and Kogyigit, 1993;
Sayit and Goncloglu, 2009), basalts are intimately associated
with platform limestones. Pelagic limestones, on the other
hand, are absent. In this context, the platform limestones likely
represent reefs that were deposited on the top of an ocean is-
land during its subsidence. This depositional environment is
well-observed in the Cayirlik section, where a thick sequence of
interfingered basalt-limestone is present. In the Tasoni section,
the basaltic lavas include limestone lenses, but this alternation
passes into the spiculite/radiolarian cherts and detrital lime-
stones of upper Ladinian age. We think that these detrital lime-
stones are external to the main basalt-limestone association
and were supplied from a different source. It is critical that the
uppermost pillow basalts are not followed by volcaniclastic fa-
cies, which are purely derived from the fragmentation of basalt.
Instead, the pillow lava sequence is interrupted by a sedimen-
tary package that begins with a volcanogenic conglomerate
with limestone clasts. Within this package, which is mainly car-
bonate-dominated (with subordinate chert), volcaniclastic rocks
are interbedded with either chert or detrital limestone. Also,
while some detrital limestones contain basalt clasts, others
comprise Carboniferous and Permian clasts. Based on these
observations, it seems that this sedimentary package was de-
posited on top of the basaltic lavas, but contains exotic material
supplied to the volcanic system from somewhere else.

Within a broader geodynamic context, the basaltic blocks
characterize the fragments of Middle Triassic ocean islands
from the Intra-Pontide Ocean (Fig. 22). While the Intra-Pontide
Ocean was initially thought to have opened during the Early Ju-
rassic (Sengor and Yilmaz, 1981), the finding of Middle-Upper
Triassic radiolarians suggested that the opening of the
Intra-Pontide basin is pre-Jurassic (Tekin et al., 2012). A
pre-Jurassic opening is also consistent with the Middle-Late Ju-
rassic subduction in the Intra-Pontide realm (Goncuoglu et al.,
2012; Okay et al., 2014; Marroni et al., 2014; Cimen et al., 2016,
2017; Frassi et al., 2018). The Upper Triassic eclogite exposed
in Bandirma (Biga peninsula, NW Ttrkiye), which was previ-
ously interpreted in the context of the Karakaya Complex (Okay
and Monie, 1997), now appears to be linked to the Intra-Pontide
events in the light of new data. The reinterpretation of this
eclogite is critical because it implies that the Late Triassic
subduction occurred within the Intra-Pontide basin, rather than
within Palaeotethys. The Dodurga Pluton, which is interpreted
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island fragments during the Conician
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to represent a Middle Triassic continental arc (239 Ma; Ballato
etal., 2018; Cimen, 2020), is also consistent with this view and
suggests that the subduction was possibly taking place in the
Intra-Pontide Ocean as early as the Middle Triassic. Collec-
tively, these data suggest that the Intra-Pontide was probably a
mature oceanic basin already before the Middle Triassic. In a
recent study, Tekin et al. (2025) suggested that the rifting of the
Intra-Pontide basin may have occurred during the middle-late
Permian, based on the presence of palaeontological data ob-
tained from limestone/chert pebbles/blocks at Kutludigin
Yayla, SE Ankara.

When the Middle Triassic ocean islands are integrated into
this geodynamic picture, it can be suggested that the
Intra-Pontide Ocean was wide enough during the Anisian (Mid-
dle Triassic) to develop mature oceanic lithosphere and oce-
anic islands (Fig. 22). The geochemical features observed are
consistent with a plume source, which possibly involved FOZO-
and EM-type components. Traces of Triassic OIB-type
magmatism are also encountered in the other Tethyan
branches (e.g., Lapierre et al., 2007; Varol et al., 2007; Borto-
lotti et al., 2013). This idea is also consistent with wide-scale
plume-related magmatism across the Tethyan realm (e.g., Wil-
son and Guiraud, 1998; Sayit, 2013). During the Anisian-
Ladinian (Fig. 22), the Intra-Pontide oceanic lithosphere was
subducting northwards beneath the Pontides, as reflected by
the Dodurga continental arc magmatism (Cimen, 2020). With
ongoing subduction and subsequent motion of the lithosphere,
these ocean islands drifted away from the plume source. Con-
sequently, they subsided to or below sea level, allowing the de-
position of shallow-water platform carbonates (syndepositional
with basalts) as barrier reefs. During the late Ladinian, exotic
sedimentary material, including detrital limestone, was depos-
ited atop the Anisian ocean island sequence. Considering that
the detrital limestone includes Devonian to Permian limestone
clasts, it is unlikely that such older carbonate material was de-
rived from the ocean island itself. Therefore, the detrital mate-
rial seems most likely to be continent-derived. We propose that
during the late Ladinian, the oceanic islands became frag-
mented, sliced, and incorporated into the accretionary prism,
while the detrital carbonate was supplied from the continental
margin.

From the late Ladinian onwards (Fig. 22), the Intra-Pontide
Ocean experienced several episodes of subduction, resulting in
continental and intra-oceanic arc magmatism (e.g., Okay et al.,
2014; Cimen et al., 2016, 2017). During the Late Cretaceous,
the Intra-Pontide Ocean was closed (e.g., Tuysuz, 2018;
Marroni et al., 2020), which was followed by the southwards
nappe emplacement. The Elmadag Olistostrome was depos-
ited in front of these nappes, within trench-like basins (e.g.,
Gawlick et al. 1999), and covered an extensive area, stretching
from western to Central Anatolia. During the Coniacian, the de-
position of the ElImadag Olistostrome was completed, and its
southern extent blanketed the basement (the Dikmen
Greywacke) and Jurassic-Cretaceous carbonate-dominated
cover of the Sakarya Continent, in addition to the accretionary
material of the IAE Ocean (Tekin et al., 2024; Fig. 22).

CONCLUSIONS

The Elmadag Olistostrome, of the Intra-Pontide realm, con-
tains blocks of basaltic volcanic/volcaniclastic rocks interca-
lated with platform limestones. The basalts show OIB-type geo-
chemical signatures with no trace of subduction input or crustal
contamination. When the geological and geochemical charac-
teristics are taken into account, these basaltic fragments ap-
pear to represent ocean islands formed during the Anisian-early
Ladinian (Middle Triassic) within the Intra-Pontide Ocean. With
ongoing subduction in the Ladinian, these ocean islands were
integrated into the accretionary prism at the southern continen-
tal margin of the Pontides. Later, following the Late Cretaceous
closure of the Intra-Pontide Ocean, the Elmadag Olistostrome
was deposited in front of southward-verging nappes and blan-
keted the deposits of the Sakarya Continent and the ophiolitic
mélange of the IAE Ocean in the Coniacian.
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