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The Late Cre ta ceous clo sure of the Neotethyan Intra-Pontide Ocean gen er ated mélanges in front of south ward-ad vanc ing
nappes. These in clude the ElmadaÈ Olistostrome, which con sists of blocks em bed ded in a Coniacian (Up per Cre ta ceous)
siliciclastic to cal car e ous-siliciclastic ma trix. This olistostrome lo cally con tains ba saltic blocks al ter nat ing with plat form lime -
stones. Ben thic foraminifera from these lime stones yielded Anisian ages in two lo cal i ties east/south east of An kara (Cen tral
Anatolia). At the Taºönü lo cal ity, the Anisian to lower Ladinian ba salt-lime stone suc ces sion is over lain by an up per Ladinian
se quence of volcanogenic clastic rocks, chert, and de tri tal lime stone. At all lo cal i ties, the bas alts dis play al ka line com po si -
tions with typ i cal OIB-like trace el e ment sig na tures. High abun dances of in com pat i ble el e ments, cou pled with high Nb/Zr,
Zr/Y, and Nb/Y ra tios, in di cate a con tri bu tion from en riched/re cy cled com po nents in their petro gen esis. Geo log i cal and geo -
chem i cal ev i dence sug gests that the ba salt-lime stone as sem blage rep re sents frag ments of Anisian ocean is lands in the
Intra-Pontide Ocean. These is lands were accreted to the south ern Pontide mar gin dur ing the late Ladinian. Fol low ing the clo -
sure of the Intra-Pontide Ocean dur ing the Late Cre ta ceous, the ElmadaÈ Olistostrome was emplaced onto the Mid dle Tri as -
sic base ment and the Ju ras sic-Cre ta ceous car bon ate cover of the Sakarya Con ti nent, as well as on the Izmir- An ka ra-
 Erzincan ophiolitic mélange.

Key words: geo chem is try, Neotethys, man tle plume, mélange, nappe, OIB.

INTRODUCTION

The Ana to lian land mass is com posed of sev eral micro -
continents (or ter ranes) whose fi nal amal gam ation oc curred
through the clo sure of Neotethys dur ing the Al pine Orog eny
(�engØr and YÏlmaz, 1981; GöncüoÈlu et al., 1997). Neotethys
is a multi-branched oce anic en tity, in which the Intra-Pontide
and Izmir-An kara-Erzincan (IAE) oceans (rep re sented by their
re spec tive su ture zones in Fig. 1) char ac ter ize the North ern
Neotethyan oce anic do mains. These two branches were pre vi -
ously thought to have opened dur ing Li assic rift ing (�engör and
YÏlmaz, 1981). How ever, re cent stud ies have shown that the
IAE oce anic ba sin was al ready deep by the early Perm ian
(Tekin et al., 2019), sig nif i cantly ear lier than pre vi ously thought,

and that the Anisian (Mid dle Tri as sic) was marked by oce anic
back-arc magmatism (Sayit et al., 2017). The other north ern
realm, the Intra-Pontide Ocean, was a deep ba sin by at least
the lat est Perm ian (Tekin et al., 2025). There fore, it ap pears
that these two do mains were al ready open be fore the clo sure of 
Palaeotethys.

The Sakarya Zone (Okay, 1989) or Sakarya Com pos ite
Terrane (Göncüoglu et al., 1997) is a land mass com pris ing the
Sakarya Con ti nent of �engör and YÏlmaz (1981) as well as the
Cen tral and East ern Pontides. The Sakarya Terrane is bor -
dered by the Intra-Pontide Ocean to the north and the IAE
Ocean to the south. This terrane con tains a vari ably de formed
and meta mor phosed unit, called the Karakaya Com plex, which
stretches from NW to NE Türkiye (�engör et al., 1984; Okay
and GöncüoÈlu et al. 2004). This unit has long been linked to
the Palaeotethyan events due to its pre sumed pre-Lower Ju -
ras sic age. How ever, its re la tion ship with Palaeotethys, an
older Mid dle/Late Pa leo zoic-Early Me so zoic oce anic realm
(e.g., �engör, 1979; Stampfli and Borel, 2002), re mains de -
bated (for de tailed in for ma tion, the reader is re ferred to Okay
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and GöncüoÈlu, 2004; Sayit and GöncüoÈlu, 2013). Within this
con text, this unit is viewed to rep re sent ei ther the con ti nen tal
back-arc ba sin of Palaeotethys (the Karakaya Mar ginal Sea of
�engör and YÏlmaz, 1981) or Palaeotethys it self (e.g., Pickett
and Rob ert son, 1996; Okay, 2000). A crit i cal is sue in these in -
ter pre ta tions is that the Karakaya Com plex is tra di tion ally
regarded as a pre-Li assic unit, due to the up per most Tri as sic clo -
sure of Palaeotethys in the Ana to lian re gion and the Karakaya
Sea (�engör and YÏlmaz, 1981; Okay, 2000). This as sump tion is
mainly based on the ages of the lime stone blocks, which yielded
ages no youn ger than Up per Tri as sic (e.g., Bingöl et al., 1975;
Okay et al., 1990, 1991; Okay and AltÏner, 2004), and that the
Karakaya Com plex is un con form ably over lain by Li assic sed i -
men tary rocks (AltÏner et al., 1991). The in ferred pre-Li assic
age has served as a pri mary cri te rion for dis tin guish ing the
Karakaya Com plex from the Neotethyan branches, whose clo -
sure is dated to Late Cre ta ceous-Paleocene (e.g., �engör and
YÏlmaz, 1981; GöncüoÈlu et al., 2000). In this re gard, the re cent 
find ing of Tekin et al. (2025) chal lenges the pre vi ous in ter pre ta -
tions. They showed that a ma jor part of the Karakaya Com plex,
as sumed to be the slightly meta mor phic or non-meta mor phic
por tion (the so-called Up per Karakaya Com plex), is Cre ta ceous 
in age, rather than Tri as sic. Tekin et al. (2025) also re clas si fied
the Up per Karakaya Com plex as part of the Coniacian (Up per
Cre ta ceous) ElmadaÈ Olistostrome (Erol, 1956; Tekin et al.,
2024), a sed i men tary mélange de rived from the Intra-Pontide
do main, rather than the Palaeotethys.

The dis cov ery of an Up per Cre ta ceous age is cru cial, as it
chal lenges the clas si cal view of the Karakaya Com plex and its
Palaeotethyan af fin ity, and ne ces si tates a re as sess ment of the
geodynamic evo lu tion of the Sakarya Con ti nent. In this study,
we fo cus on a part of the ElmadaÈ Olistostrome in the An kara
re gion (Cen tral Anatolia) that con tains ba salt-bear ing blocks.
These bas alts, dis play ing OIB-type geo chem is try (see also

Sayit and GöncüoÈlu, 2009; Sayit et al., 2010; Sayit, 2023), are
pri mar ily as so ci ated with Anisian (Mid dle Tri as sic) plat form
lime stones and are over lain by an up per Ladinian (Mid dle Tri as -
sic) sed i men tary se quence in clud ing spiculite/radiolarian cherts 
and de tri tal lime stones. By com bin ing whole-rock geo chem is try
with pre cise palaeontological ages ex tracted from the as so ci -
ated sed i men tary rocks (from both plat form lime stones and
spiculite/radiolarian cherts), we shed light on: i) the tec tonic set -
ting of the OIB-type bas alts, ii) the geodynamics of the
Intra-Pontide realm dur ing the Mid dle Tri as sic, and iii) the
mech a nisms by which these ba saltic masses were in cor po -
rated into the ElmadaÈ Olistostrome, and sub se quently trans -
ported and emplaced onto the Sakarya Con ti nent and
accretionary de pos its of the IAE Ocean.

GEOLOGICAL SETTING

The An kara re gion con tains a part of the Sakarya Zone
(Okay, 1989) or Sakarya Com pos ite Terrane (GöncüoÈlu et al.,
1997), which is de lim ited by two su ture zones: the Intra-Pontide
Su ture Zone to the north and the Izmir-An kara-Erzincan Su ture
Zone to the south (Fig. 1). The An kara re gion hosts four ma jor
rock units (Fig. 2); i) The Dikmen Greywacke (Erol, 1956; Tekin
et al., 2025), the old est unit ex posed in the re gion, mainly char -
ac ter ized by very low- to low-grade metaclastic rocks of Mid dle
Perm ian to mid dle Up per Tri as sic age; ii) the Up per Cre ta -
ceous ElmadaÈ Olistostrome (Erol, 1956; Tekin et al., 2024),
con sist ing of dif fer ent types of blocks (plat form/pe lagic car -
bon ates and cherts) within a clastic/car bon ate ma trix; iii) The
An kara Ophiolitic Mélange, chiefly made up of rem nants of the 
IAE oce anic litho sphere (e.g., Rojay, 2013); and iv) Up per
Cre ta ceous (Santonian) to Qua ter nary clastic, car bon ate, and
vol ca nic rocks.
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Fig. 1. Tec tonic map of Türkiye and its sur round ings with ma jor su ture zones and ter ranes, and the lo ca tion of the study area
east and south -east of An kara city (slightly re vised af ter Okay and Tüysüz, 1999; Okay and GöncüoÈlu, 2004)
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GEOLOGICAL CHARACTERISTICS OF THE SECTIONS STUDIED

Sam ples for geo chem i cal and palaeontological de ter mi na -
tions were col lected from three strati graphic sec tions (ÇayÏrlÏk,
ZincancÏnÏn-1, and Taêönü) on blocks within the ElmadaÈ
Olistostrome (east/south east An kara, Cen tral Anatolia; Fig. 2).
De tails of the strati graphic sec tions from west to east are as fol -
lows.

ÇAYIRLIK SECTION

This strati graphic sec tion, lo cated on the SE bank of
ÇayÏrlÏk creek in the Yakupabdal re gion (be tween co or di nates
4411351N/498950E and 4411425N/499000E, UTM Zone 36S;
Fig. 3) has a to tal thick ness of 61 m and is named af ter the
creek (Fig. 4). The sec tion was mea sured on a sin gle block
within the ElmadaÈ Olistostrome. This block ex ceeds 200 m in
thick ness and is com posed of al ter nat ing green to yel low ish
green al tered ba salt, and grey to beige me dium- to thick-bed -
ded plat form lime stone (Figs. 3–5). Five sam ples (Çay-1 to
Çay-5) were col lected from the sec tion (Figs. 4 and 5); three
sam ples (Çay-2, Çay-3, and Çay-4) were se lected for ben thic
foraminifera de ter mi na tions, while two sam ples (Çay-1 and
Çay-5) were cho sen for geo chem i cal anal y sis (Figs. 4 and 5). In 
pre vi ous stud ies (Akyürek et al., 1984), an Anisian (Mid dle Tri -
as sic) age was as signed to this block based on its ben thic
foraminifera con tent.

ZINCANCININ-1 SECTION

The ZincancÏnÏn-1 sec tion, lo cated in the east ern part of
KutludüÈün Yayla on the SE bank of the ZincancÏnÏn creek (be -
tween co or di nates 4413069N/509623E and 4413093N/
509632E, UTM Zone 36S), has a to tal thick ness of 26 m
(Figs. 6 and 7). The sec tion was mea sured on a small block
within the mélange and is com posed of an al ter na tion of green-
to yel low ish green-col oured al tered pil low bas alts and grey- to
beige-col oured, very thick-bed ded plat form lime stones (Fig. 8).

TAªÖNÜ SECTION

The Taºönü sec tion, lo cated on the north ern bank of the
Taºönü creek (be tween co or di nates 4419017N/513414E and
4419000N/513323E, UTM Zone 36S), was mea sured on a
block within the ElmadaÈ Olistostrome (Figs. 9 and 10) and has
a to tal thick ness of 88.3 m. The basal part of the sec tion con -
sists of green to yel low al tered pil low bas alts with intra-pil low
plat form lime stone lenses (Figs. 10 and 11A–C). This is fol -
lowed by al ter nat ing green to yel low thin-bed ded volcaniclastic
sand stone and mudstone with plat form lime stone lenses
(Fig. 11D). Higher in the sec tion, green to yel low al tered pil low
bas alts with intra-pil low plat form lime stone lenses form the
dom i nant li thol ogy (Fig. 11E, F). This part is fol lowed by
volcanogenic con glom er ate with lime stone clasts. This is over -
lain by thick (~40 cm) grey to beige thin- to me dium-bed ded
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Fig. 2. Geo log i cal map of the east and south east of the An kara re gion (sim pli fied and re vised af ter Erol, 1956), show ing the
lo ca tions of study ar eas (in di cated by red rect an gles) at Yakupabdal (Fig. 3), KutludüÈün Yayla (Fig. 6) and Taêönü (Fig. 9)



plat form lime stone lenses (Fig. 11G, H). The up per part of the
sec tion (~6.7 m) is made up of al ter nat ing green thin-bed ded
spiculite/radiolarian chert, mudstone, and grey de tri tal lime -
stone (Fig. 11I–K). The up per most part of the sec tion is rep re -
sented by al ter nat ing green to yel low thin-bed ded volcanogenic
sand stone and mudstone (Fig. 11L).

Among the ba salt sam ples col lected from the sec tion, four
(Taº-4, Taº-5, Taº-6, and Taº-13) were suit able for geo chem i -
cal anal y sis. Ben thic foraminifera were ob tained from three
sam ples (Taº-8, Taº-17, and Taº-25). Sev eral sam ples were
col lected from over ly ing chert lay ers, but only one (Taº-21) was
suit able for radiolarian anal y sis.
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Fig. 3. Geo log i cal map of the Yakupabdal area and its sur round ings, show ing the lo ca tion of the ÇayÏrlÏk strati graphic sec tion
(slightly re vised af ter Tekin and Tuncer, 2024)

Fig. 4. Log of the ÇayÏrlÏk sec tion and sam pling lev els
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Fig. 5. Field pho to graphs from the ÇayÏrlÏk sec tion, show ing the sam pled block within the ElmadaÈ Olistostrome in
the Yakupabdal re gion

A – gen eral view of the ÇayÏrlÏk sec tion show ing the re la tions be tween mafic vol ca nic rocks and plat form lime stones, along with
sam pling points; B – the con tact be tween mafic vol ca nic rocks and plat form lime stones in the cen tral part of the sec tion, where
sam ples Çay-3 and Çay-4 were col lected; C – de tailed view of the grey to beige thick-bed ded plat form lime stone from which
sam ple Çay-3 was re trieved; D – mafic vol ca nic rocks in the up per part of the sec tion where the sam ple Çay-5 was taken;
abbreviations: MV – mafic vol ca nic rocks, PL – platform lime stone

Fig. 6. Geo log i cal map of the KutludüÈün Yayla re gion, show ing the lo ca tions of ZincancÏnÏn-1 and ZincancÏnÏn-2
(cor re spond ing to the ZincancÏnÏn sec tion in Tekin et al., 2025) strati graphic sec tions 

(slightly re vised af ter Tekin and Tuncer, 2024)
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Fig. 7. Log of the ZincancÏnÏn-1 sec tion and sam pling lev els

Fig. 8. Field pho to graphs of the ZincancÏnÏn-1 sec tion, mea sured along a block within the ElmadaÈ Olistostrome

A – gen eral view of the sec tion, show ing the block in olistostrome over ly ing the Dikmen Greywacke; B – side view of the same block, il lus trat -
ing the re la tion ship be tween green to yel low ish green al tered mafic vol ca nic rocks and grey to beige very thick-bed ded plat form lime stone; C
– de tailed view of the mafic vol ca nic rocks; D – view of the basal mafic vol ca nic rocks and plat form lime stone; E – de tailed view from the cen -
tral part of the sec tion, show ing the re la tion be tween mafic vol ca nic rocks and plat form lime stone; F – view from the up per most part of the
sec tion, high light ing the re la tion ship be tween mafic vol ca nic rocks and very thick plat form lime stone; other ex pla na tions as in Fig ure 5
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Fig. 9. Geo log i cal map of the vi cin ity of Taêönü, show ing the lo ca tion of the Taêönü strati graphic sec tion 
(slightly re vised af ter Tekin and Tuncer, 2024)



BIOCHRONOLOGY OF THE BENTHIC
FORAMINIFERA AND RADIOLARIAN

ASSEMBLAGES

BENTHIC FORAMINIFERA ASSEMBLAGE OF THE ÇAYIRLIK SECTION

From the ÇayÏrlÏk sec tion, three sam ples (Çay-2, Çay-3,
and Çay-4) were col lected to ex am ine foraminiferal as sem -
blage from the lime stone beds interlayered with the mafic vol ca -
nic rocks (Fig. 4). Two sam ples, Çay-2 and Çay-3, proved bar -
ren. How ever, sam ple Çay-4 taken from a three-metre-thick

car bon ate level is rich in ben thic foraminifera (Endotriadella
wirzi (Koehn-Zaninetti), Endotriada tyrrhenica Vachard et al.,
Diplotremina sp. 1, and Diplotremina sp. 2, which en abled age
as sign ment (Fig. 12).

Endotriadella wirzi, a char ac ter is tic taxon, is a typ i cal Tri as -
sic spe cies. Its first oc cur rence da tum was re ported by Rettori
(1995) as Aegean (lower Anisian), and it is widely known world -
wide in Lower-Mid dle Tri as sic strata, cor rob o rated by cono dont
ages (e.g., Mietto et al., 1991). This spe cies was first de scribed
by Koehn-Zaninetti (1969) from the up per Anisian strata in
Almtal, Aus tria. Sub se quently, it has been re ported from mid -
dle-up per Anisian strata in the Carpathian Moun tains (Salaj et
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Fig. 10. Log of the Taêönü sec tion and sam pling lev els
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Fig. 11. Field pho to graphs from the Taêönü sec tion mea sured along a block within the ElmadaÈ Olistostrome

A, B – view from the basal part of the sec tion, show ing the ma trix of the olistostrome with a pos si ble Lower Car bon if er ous grey-col oured
clastic block and block of mafic vol ca nic rocks form ing the basal part of the Taêönü sec tion; C – gen eral view of the green to yel low pil low bas -
alts with intrapillow lime stones at the base of the sec tion; D – view of the al ter nat ing green to yel low, thin- to me dium-bed ded sand stones and
mudstones with plat form lime stone lenses where sam ple Taê-8 was col lected; E, F – gen eral view of the green- to yel low-col oured pil low
bas alts and plat form intrapillow lime stones in the cen tral part of the sec tion; G – grey to beige thin- to me dium-bed ded plat form lime stone
lens (sam ple Taê-17) of Anisian to Carnian age, over ly ing green to yel low volcanogenic con glom er ate; H – view from the up per part of the
sec tion, show ing the bound ary be tween un der ly ing green to yel low thin-bed ded sand stone and mudstone and over ly ing al ter nat ing green
thin-bed ded chert, mudstone, and grey de tri tal lime stone; I – de tailed view of the al ter nat ing chert, mudstone and de tri tal lime stone cor re -
spond ing to the in ter val be tween sam ple Taê-19 to Taê-24; J – de tailed view of the al ter nat ing chert, mudstone and de tri tal lime stone where
sam ple Taê-19 was col lected from the chert layer; K – de tailed view from the al ter nat ing chert, mudstone and de tri tal lime stone where sam -
ple Taê-21 was col lected from a spiculite/radiolarian chert layer, in di cat ing an up per Ladinian age; L – view from the up per most part of the
sec tion, show ing al ter nat ing green to yel low thin-bed ded sand stone and mudstone over ly ing the grey to beige thick-bed ded de tri tal lime -
stone where sam ple Taê-26 was col lected; abbreviations: MV – mafic vol ca nic rocks, VSM – alternating volcanogenic sand stone and
mudstone, PLL – platform lime stone lens, DLCM – alternating de tri tal lime stone, chert and mudstone, DL – detrital lime stone



al., 1983), from up per most Pelsonian strata in Bul garia (Trifo -
nova and Ivanova, 2001), from up per most Spathian (Olene -
kian)-low er most Cordovelian (low er most Carnian) strata in
South China (Lehrmann et al., 2015; Song et al., 2015; AltÏner
et al., 2021), from Pelsonian (Anisian) beds in cen tral Viet nam
(Ueno et al., 2019), from Illyr ian (up per Anisian) strata in Up per
Silesia, Po land (Bucur and Matysik, 2020), from lower Anisian
to lower Mid dle Anisian strata in Hun gary (Hips, 2022), and
mid dle-up per Anisian strata in Slovenia (Gale et al., 2023).

The up per Anisian-lower Norian oc cur rence of Endotriada
tyrrhenica Vachard et al., an other im por tant taxon in the as -
sem blage of sam ple Çay-4, was first de scribed by Vachard et
al. (1994). It has been re ported from Up per Tri as sic strata in
Slovenia (Gale et al., 2012), Türkiye (Beccaletto et al., 2005),
north ern Thai land (Miyahigashi et al., 2012; Ueno et al., 2012),
and Ja pan (Chablais et al., 2010; see brief dis cus sion in AltÏner
et al., 2021); it is com mon in Anisian strata in It aly (Emmerich et
al., 2005), south ern China (Lehrmann et al., 2015; AltÏner et al.,
2021), and Viet nam (Ha et al., 2019; Ueno et al., 2019). In sam -
ple Çay-4, un de ter mined spec i mens of the ge nus Diplotremina
(Diplotremina sp. 1 and Diplotremina sp. 2) were pre vi ously re -
ported from Mid dle-Up per Tri as sic strata by Zaninetti (1976).
The ge nus Diplotremina has been de scribed from Aegean
(lower Anisian) beds in Ja pan (Kobayashi, 2008), from Norian-
 Rhaetian beds in Slovenia (Gale et al., 2011), from Pelsonian
(Anisian) de pos its in Viet nam (Ueno et al., 2019), and from up -
per most Spathian (Olenekian)-Longobardian (Ladinian) strata
in South China (AltÏner et al., 2021). The eval u a tion of these

taxa pres ent in Çay-4 en com passes a rel a tively long strati -
graphic range (Mid dle-Up per Tri as sic), but they are prob a bly
Anisian in age (Figs. 4 and 12).

BENTHIC FORAMINIFERA ASSEMBLAGE 
OF THE ZINCANCININ-1 SECTION

Sam ple Zin-1-1 from the ZincancÏnÏn-1 sec tion (Fig. 7) con -
tains a di verse ben thic foraminifera as sem blage, in clud ing
Kriko umbilica 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). Ex cept for some long-rang ing
small foraminifers (e.g., Polarisella sp. and Endotriada sp.),
some of the stratigraphically im por tant taxa (e.g., Krikoumbilica
pileiformis, Endotriadella wirzi, Endoteba badouxi and Gaudry -
ina ex gr. triadica) in this sam ple are cru cial for the age as sign -
ment.

The age-di ag nos tic taxon, Krikoumbilica pileiformis, was
orig i nally de scribed from Anisian-Ladinian strata in Guizhou,
south ern China by He (1984). It has been sub se quently re -
ported from strata of the same age in west ern Aus tra lia
(Apthorpe, 2003), North ern It aly (Emmerich et al., 2005), and
south ern China (Lehrmann et al., 2015; AltÏner et al., 2021).

A typ i cal Tri as sic spe cies, Endotriadella wirzi, was first de -
scribed by Koehn-Zaninetti (1969) from up per Anisian strata of
Almtal, Aus tria. It has been sub se quently re ported from up per -
most Spatian (Olenekian) to low er most Cordovelian (Carnian)
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Fig. 12. Foraminifera of Anisian age from sam ple Çay-4 in the ÇayÏrlÏk sec tion

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
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strata in dif fer ent places within the Tethyan realm (e.g., Salaj et
al., 1983; Trifonova and Ivanova, 2001; Lehrmann et al., 2015;
AltÏner et al., 2021; Gale et al., 2023).

Endoteba badouxi, an other taxon iden ti fied in this sam ple,
was first de scribed from the up per Anisian strata of Swit zer land
by Zaninetti et al. (1972). Its range is Anisian to Carnian based
on stud ies in var i ous parts of the Tethyan realm (e.g., He and
Wang, 1990; Rettori, 1995; Emmerich et al., 2005; Velledits et
al., 2011; AltÏner et al., 2021). The other im por tant Tri as sic
taxon, Gaudryina ex gr. triadica Kristan-Tollmann, has been re -
ported from Spathian strata in south ern China (Song et al.,
2011), from Anisian to Carnian-Rhaetian beds in Ja pan
(Kobayashi, 1996; Kobayashi et al., 2005; Chablais et al., 2010; 
Peyrotty et al., 2020), and from Carnian beds in Thai land
(Kobayashi et al., 2006; Miyahigashi et al., 2012).

The ge nus Polarisella is a long-rang ing taxon in this sam ple, 
and its range was from Cisuralian to Anisian (Mid dle Tri as sic;
Gaillot and Vachard, 2007). It may range into the Ju ras sic,
based on stud ies in Ger many (Gaillot and Vachard, 2007;

Vachard, 2016). Endotriada sp. is an other long-rang ing taxon in 
sam ple Zin-1-1, and has been de scribed from Anisian to
Rhaetian strata in pre vi ous stud ies (e.g., Vachard et al., 1994;
Kobayashi, 2008; Gale et al., 2012; AltÏner et al., 2021). Tak ing
into con sid er ation the first and last oc cur rences of the taxa de -
ter mined in sam ple Zin-1-1, the age rep re sented is most prob a -
bly Anisian (Fig. 7).

BENTHIC FORAMINIFERA AND RADIOLARIAN ASSEMBLAGES 
OF THE TAªÖNÜ SECTION

BENTHIC FORAMINIFERA ASSEMBLAGE OF THE TAªÖNÜ SECTION

Foraminiferal as sem blages were ob tained from three sam -
ples (Taº-8, Taº-17 and Taº-25) from the Taºönü sec tion. Two
sam ples (Taº-8 and Taº-17) were ob tained from plat form lime -
stone lenses, and one (Taº-25) was re trieved from a de tri tal
lime stone layer lo cated in the up per part of the sec tion (Fig. 10).
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Fig. 13. Foraminifera of Anisian age from sam ple Zin-1-1 from the ZincancÏnÏn-1 sec tion

`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

spec i mens
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Sam ple Taº-8 was re trieved from a small, lens-shaped plat -
form lime stone within interbedded green to yel low, thin-bed ded
volcaniclastic sand stones and mudstones (Fig. 10). This sam -
ple in cludes a very char ac ter is tic foraminiferal taxon, Meandro -
spira dinarica Kochansky-Devidé and Panticì (Fig. 14A), an im -
por tant spe cies in Anisian strata, es pe cially in the Tethyan Belt,
that first ap pears at the base of the Anisian based on pre vi ous
stud ies (e.g., Rettori, 1995; AltÏner et al., 2021). It has also been 
re ported from Anisian strata in the south ern Carpathians (Bucur 
et al., 1994), in Ja pan (Kobayashi, 1996; Kobayashi et al.,
2005), Viet nam (Mar tini et al., 1998), north ern It aly (Fugagnoli
and Posenato, 2004; Berra et al., 2005), Hun gary (Velledits et
al., 2011), south ern China (AltÏner et al., 2021) and Croatia
(Kukoè et al., 2023).

Sam ple Taº-17 was col lected from a green to beige, thin- to
me dium-bed ded plat form lime stone lens within the interbedded 
green to yel low, thin-bed ded volcaniclastic sand stones and
mudstones (Fig. 10). Only Turriglomina mesotriasica (Koehn-
 Zaninetti) was re cov ered from this sam ple (Fig. 14); it has been
re ported from Tri as sic strata within the dif fer ent parts of the
Tethyan realm (Zaninetti, 1976; Rettori, 1995). The range of
this spe cies is Anisian to Carnian ac cord ing to pre vi ous stud ies
(e.g., Rettori et al., 1994; Bucur et al., 1994; Emmerich et al.,
2005; Bedi et al., 2013; AltÏner et al., 2021).

Sam ple Taº-25 was taken from a de tri tal lime stone in the
up per part of the Taºönü sec tion (Fig. 10), a part of the sec tion
mainly rep re sented by al ter nat ing green, thin-bed ded chert-
 mudstone and grey de tri tal lime stone (Fig. 10). To gether with
some long-rang ing foraminiferan spe cies, cal car e ous al gae,
cyanobacteria, and microproblematica (e.g., Tauridiopsis sp.,
Bisphaera sp., Mizzia sp., Girvanella sp., and Tubiphytes sp.),
this sam ple in cludes many age-di ag nos tic taxa.

The fau nal and flo ral as sem blages of this de tri tal lime stone
in clude rel a tively di verse as sem blages from dif fer ent strati -
graphic lev els, in clud ing 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, rep re sented by a typ i cal spec i men
in terms of mor phol ogy and wall struc ture, was first de scribed
by Petrova (1981) from the Mid dle De vo nian suc ces sion in the
cen tral and north ern Urals. Two Langella taxa (Langella conica
and L. perforata) are other im por tant taxa re cov ered from this
sam ple, and they have been widely de scribed from the Mid dle
to Up per Perm ian strata of dif fer ent parts of the Tethyan realm
(e.g., Leven and Okay, 1996; Ünal et al., 2003; Hamdi et al.,
2009; ªahin et al., 2012; Nejad et al., 2015).

Geinitzina ex gr. postcarbonica is among the long-rang ing
taxa, hav ing been re corded through out the en tire Perm ian suc -
ces sion (e.g., cen tral Amer ica by Spandel, 1901; Groves and
Boardman, 1999; Iran by Bozorgnia, 1973; south ern China by
Wang, 1982; Ja pan by Ueno, 1989; Mex ico by Vachard et al.,
1993; Bolivia by Mamet, 1996; Türkiye by Ünal et al., 2003 and
Tekin et al., 2019). Al though not iden ti fi able to spe cies level due 
to in suf fi cient ma te rial, the ge nus Robuloides in the as sem -
blage has been pre vi ously re ported from Capitanian to up per -
most Changhsingian strata in Greece, Cy prus, Hun gary,
Türkiye, Iran, NW Cau ca sus, south ern China, Ja pan, and New
Zea land (e.g., Gaillot and Vachard, 2007; Nejad et al., 2015).

Koninckopora, an im por tant cal car e ous alga with world wide 
dis tri bu tion found in this sam ple, is known from mid dle to up per
Viséan strata (MFZ11 to MFZ15 biozones; Vachard et al.,
2014). Re cent stud ies (e.g., Mamet, 1991; Cózar et al., 2008;
Groves et al., 2012; Vachard et al., 2016) have also re corded it

from lower Serpukhovian strata. The ge nus Archaediscus is a
long-rang ing taxon and has been re ported from mid dle Viséan
to low er most Moscovian strata (e.g., Pille, 2008; Kobayashi and 
Vachard, 2022; Cózar et al., 2023).

The youn gest age in ferred from this sam ple is the up per -
most Changhsingian, hence the depositional age of this sam ple 
can be in ter preted as the up per most Changhsingian or youn ger 
(Fig. 10). Based on the radiolarian as sem blage of the sam ple
de rived from the un der ly ing level (sam ple Taº-21), the up per
part of this sec tion can be dated as up per Ladinian (Fig. 10).

RADIOLARIAN ASSEMBLAGE OF THE TAªÖNÜ SECTION

Al though seven sam ples (Taº-19 to Taº-24 and Taº-26)
were col lected from spiculite/radiolarian chert lay ers from the
up per part of the Taºönü sec tion, they are mainly rich in sponge
spicules (Fig. 10) and only one sam ple (Taº-21) in cludes less-
 di verse and mod er ately-pre served radio lar ians (Fig. 15). Based 
on the pres ence of very rich sponge spicules and rare
radiolarian as sem blages, it can be in ferred that sed i men ta tion
of this part of the sec tion took place in shal low sea con di tions
with cir cu la tion from the open sea and rich in SiO2 sat u ra tion re -
lated to the vol ca nic ac tiv i ties (De Wever et al., 2001; Flügel,
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 de ter mined from sam ple Taº-21 from the
Taºönü sec tion (Fig. 15). Three im por tant taxa (Pseudo -
stylosphaera imperspicua, Muelleritortis cochleata cochleata
and M. expansa) first ap pear at the base of the up per Ladinian
(base of the Longobardian cor re spond ing to the base of
Pterospongus priscus Subzone of the Muelleritortis cochleata
Zone) based on pre vi ous stud ies (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 GöncüoÈlu, 2007; Tekin and Sönmez, 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 ap pear 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 ap pears at
the base of the lower Carnian based on pre vi ous stud ies (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 GöncüoÈlu, 2007). Based on the
co-oc cur rence of Pseudostylosphaera imperspicua and
Tritortis kretaensis dispiralis in sam ple Taº-21, the age of this
sam ple is up per Up per Ladinian (up per Longobardian) cor re -
spond ing to the Spongoserrula fluegeli Subzone of the
Muelleritortis cochleata Zone based on the zonal scheme by
Kozur and Mostler (1994, 1996) and Kozur (2003).

Ac cord ing to the pre vi ous study (Tekin et al., 2025), a
roughly co eval radiolarian as sem blage in clud ing Baumgar t -
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 ob tained from the ZincancÏnÏn-2 sec tion (marked as the
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Fig. 14. Foraminifera of Anisian to Ladinian age from sam ples Taê-08, Taê-17, and Taê-25 in the Taêönü sec tion

1 – Meandrospira dinarica Kochansky-Devidé and Pantiæ, Taê-08; 2 – Turriglomina mesotriasica (Koehn-Zaninetti), Taê-17; 3 – Langella
conica Sellier de Civrieux and Dessauvagie, Taê-25; 4 – Langella perforata (Lange), Taê-25; 5 – Langella sp., Taê-25; 6 – Geinitzina ex gr.
postcarbonica Spandel, Taê-25; 7 – Tauridiopsis sp., Taê-25; 8 – Robuloides sp., Taê-25; 9 – Bisphaera sp., Taê-25; 10 – Kalijanella
karpinensis Petrova, Taê-25; 11 – Koninckopora sp., Taê-25; 12 – Mizzia sp., Taê-25; 13 – Tubiphytes sp., Taê-25; scale bar for fig ures 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 sam ple Taê-21 from the Taêönü sec tion

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 spec i mens: 1 – 200, 2–5 – 

220, 6 – 270, 7, 8 – 320µm, re spec tively

Fig. 16. Strati graphic dis tri bu tion of the radiolarian taxa from sam ple Taê-21 in the
Taêönü sec tion

The grey area in di cates the range of sam ple Taê-21 in the up per Ladinian cor re spond ing to
the Spongoserrula fluegeli Subzone of the Muelleritortis cochleata Zone ac cord ing to Kozur
and Mostler (1994, 1996) and Kozur (2003). The Anisian-Ladinian bound ary is as de fined by
Brack et al. (2005). The star sym bol at the side of the fig ure shows the range of sam ple
Zin-2-1 in the ZincancÏnÏn-2 sec tion stud ied by Tekin et al. (2025) cor re spond ing to the
Spongoserrula rarauana Subzone of the Muelleritortis cochleata Zone in the mid dle Up per
Ladinian

https://doi.org/10.18814/epiiugs/2005/v28i4/001
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ZincancÏnÏn sec tion in Tekin et al., 2025) in the KutludüÈün
Yayla re gion (Figs. 6 and 16). Ac cord ing to this study, this
radiolarian as sem blage in di cates the Spongoserrula rarauana
Subzone of the Muelleritortis cochleata Zone ac cord ing to
Kozur and Mostler (1994, 1996) and Kozur (2003), re veal ing a
mid dle Up per Ladinian (up per Mid dle Tri as sic) age (Fig. 16).

GEOCHEMISTRY OF THE MAFIC VOLCANIC
ROCKS

ANALYTICAL METHOD

To con strain the petro gen esis and tec tonic set ting of the
Intra-Pontide mafic vol ca nic rocks ex posed in the ElmadaÈ re -
gion (south-east of An kara), eight sam ples were an a lyzed for
their whole-rock ma jor and trace el e ment geo chem is try at the
ALS Lab o ra to ries (Dub lin; Ta ble 1).

Sam ples were col lected from the same strati graphic sec -
tions used for palaeontological dat ing, namely the Taêönü,
ÇayÏrlÏk and ZincancÏnÏn-1 sec tions. Dis so lu tion of sam ples for
ma jor and most trace el e ments was ac com plished by lith -
ium-tetraborate fu sion, while for the oth ers, multi-acid dis so lu -
tion was em ployed. The sam ples were sub se quently di gested
us ing di lute ni tric acid and mea sured by ICP-AES for ma jor el e -
ments and ICP-MS for trace el e ments. Based on stan dards and 
du pli cates, the an a lyt i cal ac cu racy and pre ci sion were better
than 5% for most el e ments. All the ox ide con cen tra tions given
be low were cal cu lated on an an hy drous ba sis.

RESULTS

Given the low-grade al ter ation of the sam ples, we em ployed 
the clas si fi ca tion di a gram of Winchester and Floyd (1977),
which re lies on im mo bile el e ment ra tios (Fig. 17). Based on this
plot, all sam ples were clas si fied as al ka line bas alts, with high
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T a  b l e  1

Whole-rock chem i cal data of the mafic lithologies from the ElmadaÈ Olistostrome

* Fe2O3 – to tal iron; b.d. – ‘be low de tec tion limit
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Nb/Y ra tios. The sam ples dis play a broad range of SiO2

(34.2–54.7 wt.%). The ÇayÏrlÏk sam ples have the high est val -
ues (50.6–54.7 wt.%), while those from the ZincancÏnÏn-1 sec -
tion show the low est, fall ing be low 40 wt.%. Most of of the
ÇayÏrlÏk sam ples are ei ther close to or be low 4 wt.% MgO, while
the ZincancÏnÏn-1 sam ples have MgO con tents ex ceed ing
5 wt.%. The sam ples from the Taêönü sec tion show the high est
TiO2 con cen tra tions (av er age 4.2 wt.%), whereas other lo cal i -
ties have lower av er ages (~2.2 wt.%). While most sam ples con -
tain ~16 wt.% Al2O3, those from the ZincancÏnÏn-1 sec tion show 
mark edly lower val ues (10.1–11.1 wt.%).

On the multi-el e ment and rare earth el e ment (REE) plots
(Fig. 18), all sam ples dis play en rich ment in in com pat i ble el e -
ments and show sim i lar HREE frac tion ation. When the en tire
dataset is con sid ered, ab so lute abun dances vary widely. In de -
tail, the ÇayÏrlÏk sam ples span a broad range across the en tire
el e men tal spec trum. The ZincancÏnÏn-1 sam ples are very sim i -
lar in terms of in com pat i ble el e ment con cen tra tions; how ever,
the vari abil ity in creases to wards less in com pat i ble el e ments. In
con trast, the Taêönü sam ples dis play en rich ment lev els re -
stricted to a nar row in ter val. A com mon fea ture for all sam ples
is the rel a tive Nb en rich ment (Nb/Nb*; cal cu lated as NbPM/[ThPM

x LaPM]0.5), which ranges be tween 1.2 and 1.6. This fea ture be -
comes most prom i nent for the Taêönü sam ples (Nb/Nb* =
1.4–1.6), which also ex hibit pos i tive Ti anom a lies  (Ti/Ti* =
1.1–1.3, cal cu lated as TiPM/[EuPM x GdPM]0.5). In con trast, the
sam ples from the ÇayÏrlÏk sec tion dis play sig nif i cant neg a tive Ti
anom a lies (Ti/Ti* = 0.3–0.6).

DISCUSSION

POST-MELTING MODIFICATIONS

The in flu ence of low-grade hy dro ther mal al ter ation on the
sam ples is also ev i dent in the geo chem is try, as in di cated by the
loss on ig ni tion (LOI) val ues reach ing up to 19.9 wt.%. Dur ing
wa ter-rock in ter ac tion, some el e ments can be mo bi lized, lead -
ing to mod i fi ca tions of the pris tine chem is try (e.g., Humpris and
Thomp son, 1978). To test this idea, se lected el e ments were
plot ted against Zr (Fig. 19), which is known as a highly sta ble el -
e ment (i.e., im mo bile) dur ing low-grade al ter ation (e.g., Pearce, 
1975). In the di a grams, high-field-strength el e ments (HFSE)
(e.g., Nb, Ti, Th, REE) show lin ear trends, whereas low-ionic
po ten tial el e ments (e.g., Sr, K, and Ba) have a scat tered dis tri -
bu tion with low cor re la tion. This sug gests that while HFSE have
largely re mained im mo bile in the sam ples, the dis tri bu tion of
low-ionic po ten tial el e ments has been mod i fied through al ter -
ation.

SiO2 dis plays a broad vari a tion that might ini tially be at trib -
uted to frac tional crys tal li za tion. How ever, its strong cor re la tion
with LOI (not shown) sug gests post-mag matic mod i fi ca tion. No -
ta bly, the most sil ica-rich sam ples show the low est LOI val ues.
There fore, while the high-sil ica end of the spec trum likely rep re -
sents evolved com po si tions, the lower val ues ap pear to be con -
trolled by al ter ation. This is sue can also be as sessed us ing Co
and TiO2, which are sta ble dur ing low-grade al ter ation. Co con -
cen tra tions range from 11 to 50 ppm, with the low est val ues ob -
served in the rel a tively Si-rich sam ples. Also, these sil ica-rich
sam ples have the low est TiO2 con tents and dis play prom i nent
neg a tive Ti anom a lies on a multi-el e ment di a gram (Fig. 18), re -
in forc ing the in ter pre ta tion that the high-sil ica end rep re sents
more evolved com po si tions. On the other hand, the lack of Ti
anom aly in the other sam ples may sug gest that they are rel a -
tively more prim i tive than those from the ÇayÏrlÏk sec tion. How -
ever, since Co con cen tra tions re main sig nif i cantly lower than
those of pri mary mag mas, even these sam ples ap pear to have
been mod i fied by frac tional crys tal li za tion.
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Fig. 17. Im mo bile el e ment-based chem i cal clas si fi ca tion of
the mafic lithologies from the ElmadaÈ Olistostrome (af ter

Winchester and Floyd, 1977)

Fig. 18. Multi-el e ment and REE pat terns of the mafic lithologies from the ElmadaÈ Olistostrome

Nor mal iza tion data for the prim i tive man tle and chondrite are from McDonough and Sun (1995) and Sun and McDonough (1989),
re spec tively
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NATURE OF THE SOURCE REGION

All sam ples have high Nb/Nb* val ues (1.2–1.6), cou pled
with low Th/Nb and La/Nb ra tios (Fig. 20A). Among these el e -
ments, Th and La are non-con ser va tive dur ing the subduction
pro cesses and are added to the man tle wedge. In con trast, Nb
is highly con ser va tive; it is re tained in the oce anic crust with out
be ing mo bi lized by slab-de rived melts/flu ids (Pearce and
Peate, 1995). There fore, melts de rived from man tle sources
metasomatized by slab-de rived ma te ri als will be char ac ter ized
by high Th/Nb and La/Nb ra tios. While such ra tios are typ i cal of
subduction-re lated melts, such as those from arcs (e.g., Pear -
ce, 1983), this is in strong con trast with the sam ples stud ied,

which show Nb en rich ment (rel a tive to Th and La; Fig. 18A).
This sug gests that the sam ples lack a subduction com po nent.
Also, since the con ti nen tal crust shares, in gen eral, geo chem i -
cal sig na tures with subduction-de rived ma te ri als (e.g., high
Th/Nb and La/Nb; Tay lor and McLennan, 1995), the low Th/Nb,
La/Nb, and high Nb/Nb* ra tios may pre clude con ti nen tal crustal
in put in the sam ples. There fore, the Nb en rich ment in the man -
tle source of the sam ples is nei ther subduction-re lated nor due
to crustal con tam i na tion. Rather, it can be at trib uted to the in -
volve ment of re cy cled man tle ma te ri als, such as oce anic crust
and oce anic lithospheric man tle (McDonough, 1991; Sayit,
2023).
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Fig. 19. Plots of se lected el e ments against zir co nium for the mafic lithologies from the ElmadaÈ
Olistostrome

https://doi.org/10.1098/rsta.1991.0055
https://doi.org/0.1146/annurev.ea.23.050195.001343
https://doi.org/10.1016/j.geogeo.2022.100139
https://doi.org/10.1016/j.geogeo.2022.100139
https://doi.org/10.1029/95RG00262


All sam ples show OIB-like trace el e ment pat terns (Fig. 18).
As a first-or der ap prox i ma tion, this may elim i nate the strong in -
volve ment of a de pleted man tle source. To as sess this is sue in
greater de tail, we use Zr-Nb-Y sys tem at ics, which is based on
im mo bile el e ments with dif fer ent in com pat i bil i ties dur ing up per
man tle melt ing (Nb-Zr-Y, in or der of de creas ing in com pat i bil ity)
(e.g., Sun and McDonough, 1989). Due to the more in com pat i -
ble na ture of Nb, the de pleted man tle do mains have a de fi -
ciency of this el e ment rel a tive to Zr and Y (e.g., Work man and
Hart, 2005). Sim i larly, since Zr is more in com pat i ble than Y,
such do mains are char ac ter ized by Zr de ple tion rel a tive to Y.
Re gard ing Y, the rel a tive de ple tion be comes even more sig nif i -
cant if gar net re mains as a re sid ual phase dur ing melt ing (e.g.,
McKenzie and O’Nions, 1991). Thus, de pleted man tle do mains
and their high-de gree melt prod ucts are char ac ter ized by low
Nb/Zr, Zr/Y and Nb/Y ra tios (e.g., East Pa cific Rise, ul tra-de -
pleted MORB, sam ple R74-6; Nb/Zr = 0.01, Zr/Y = 1.5, Nb/Y =
0.01; Niu and Batiza, 1997). This con trasts with undepleted or
en riched res er voirs, which have high Zr/Y and Nb/Y ra tios (e.g., 
prim i tive man tle, Nb/Zr = 0.06, Zr/Y = 2.4, Nb/Y = 0.2;
McDonough and Sun, 1995). The sam ples stud ied dis play a
range of these ra tios, all of which are sig nif i cantly higher than
those of N-MORB (Av er age val ues; Nb/Zr = 0.15, Zr/Y = 8.5,
Nb/Y = 1.3; Fig. 20B). Such high ra tios are com pa ra ble with
those of ocean is land bas alts (OIBs; Av er age OIB; Nb/Zr =
0.17, Zr/Y = 9.7, Nb/Y = 1.7; Sun and McDonough, 1989),
which are re garded as in clud ing en riched man tle com po nents
(rel a tive to the de pleted man tle) char ac ter ized by re cy cled
crustal/lithospheric ma te ri als (e.g., Niu and O’Hara, 2003; Jack -
son et al., 2007; Salt ers and Sachi-Kocher, 2010; Sayit, 2023).

A no ta ble fea ture of the sam ples from the Taêönü sec tion is
their high de gree of rel a tive Nb en rich ment. This fea ture, also
called the ‘Nb-kick’ (McDonough, 1991), is as so ci ated with low
Th/Nb and La/Nb ra tios, and is par tic u larly com mon among
melts with FOZO/C- and HIMU-like iso to pic sig na tures from
mid-ocean ridges and OIBs (e.g., Jack son et al., 2008; Sayit,
2013). Re cently, some Tethyan mafic lithologies of Mid dle Tri -
as sic age from a megablock in the Imrahor re gion (east of An -
kara, Cen tral Anatolia) (now iden ti fied as a part of the ElmadaÈ
Olistostrome sensu Tekin et al., 2024) were iden ti fied to have
high Nb pos i tive anom a lies (up to 2.1) and are sug gested to dis -

play FOZO/C-like char ac ter is tics (Sayit, 2023). The sam ples
from the Taþönü sec tion have some what sim i lar trace el e ment
sig na tures, im ply ing that they may have tapped the FOZO/C-
 like com po nent to a greater ex tent com pared to the other sam -
ples in this study. The pos i tive Ti anom a lies of the Taêönü sam -
ples, a fea ture also typ i cal of FOZO-like melts, fur ther sup port
this in ter pre ta tion.

DISCUSSION

AGE CONSIDERATIONS AND CORRELATIONS

Mafic lithologies (pre dom i nantly bas alts), which oc cur as
blocks, con sti tute a rel a tively mi nor com po nent of the ElmadaÈ
Olistostrome. Akyürek et al. (1984) mapped these lithologies
be neath the Ortaköy For ma tion, as sign ing a Mid dle-Up per Tri -
as sic age based on the oc cur rence of Meandrospira dinarica
Kochansky-Devidé and Pantiæ, Glomospira sp., Trochammina
sp., and Endothyra sp. taxa. Even though Meandrospira
dinarica is con sid ered a char ac ter is tic Anisian spe cies of the
Tethyan realm (e.g., Rettori, 1995; Kobayashi, 1996; Velledits
et al., 2011; AltÏner et al., 2021), the age of the for ma tion, in -
clud ing lime stones in ter ca lated with the mafic vol ca nic rocks,
was given rather broadly as Mid dle-Up per Tri as sic. The
foraminiferal as sem blages re cov ered and their cor re spond ing
ages from the vol ca nic/car bon ate blocks from the ÇayÏrlÏk,
ZincancÏnÏn-1, and Taºönü sec tions in this study are con sis tent
with those de scribed by Akyürek et al. (1984; Fig. 21).

Akyürek et al. (1984) in ter preted the Ortaköy For ma tion as
stratigraphically tran si tional to the ElmadaÈ For ma tion, con sid -
er ing the lat ter to com prise siliciclastic de pos its and lime stone
blocks. They as signed a sim i lar age to the ElmadaÈ For ma tion
based on the pres ence of Meandrospira dinarica Kochansky-
 Devidé and Pantiæ, a char ac ter is tic Anisian taxon, which was
de scribed from car bon ate beds within the lower part of the for -
ma tion. How ever, the re cent study of Tekin et al. (2025) showed 
that the ba saltic and car bon ate blocks be long to the ElmadaÈ
Olistostrome (Erol, 1956; Tekin et al., 2024), which over lies the
siliciclastic-dom i nated, non-meta mor phic to low-grade meta -
mor phic Dikmen Greywacke (Erol, 1956; Tekin et al., 2024).
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Fig. 20. Plots of A – Th/Nb vs. La/Nb and B – Zr/Y vs Nb/Y for the mafic lithologies from the ElmadaÈ Olistostrome

Data sources: South Sand wich from Pearce et al. (1995), EPR data from Niu and Batiza (1997); Galapagos from Saal et al. (2007); St.
Hel ena from Kawabata et al. (2011)
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Fig. 21. Cor re la tion of the strati graphic sec tions ex am ined in this study (ÇayÏrlÏk, ZincancÏnÏn-1 and Taêönü) with the
ZincancÏnÏn-2 sec tion by Tekin et al. (2025)

The vol ca nic-dom i nated in ter val in the lower part of the se quence is of Anisian-lower Ladinian age based on the ben thic foraminifera
data from the ZincancÏnÏn-1, ÇayÏrlÏk and Taêönü sec tions. The up per part of the se quence is up per Ladinian, based on radiolarian data

from spiculite/radiolarian cherts in the Taêönü sec tion (this study) and the ZincancnÏn-2 sec tion (Tekin et al., 2025)
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Tekin et al. (2024) noted that the Dikmen Greywacke lacks car -
bon ate blocks, and that the de gree of meta mor phism de -
creases to wards its up per lev els. Fur ther more, our field ob ser -
va tions in the ElmadaÈ re gion (An kara, Türkiye) re veal that the
up per part of this for ma tion in cludes rare car bon ate interlayers.
There fore, we sug gest that the Mid dle-Up per Tri as sic car bon -
ate beds within the clastic rocks of the ElmadaÈ For ma tion de -
scribed by Akyürek et al. (1984) may ac tu ally be long to the up -
per lev els of the Dikmen Greywacke.

An other Tri as sic mafic vol ca nic/car bon ate block, lo cated
in the HasanoÈlan re gion (north-east of An kara), was de -
scribed by AltÏner and KoçyiÈit (1993) as an Anisian
megablock within the Tri as sic Karakaya Nappe (equiv a lent to
the ElmadaÈ Olisto strome of Erol, 1956). Ac cord ing to AltÏner
and KoçyiÈit (1993), this megablock in cludes pil low lavas,
fine-grained pyroclastic rocks and shal low-wa ter car bon ates.
Palaeonto logical anal y ses of these shal low-wa ter car bon ates
yielded a typ i cal Anisian foraminiferal as sem blage, in clud ing
Meandro spira dinarica, Plammina densa, and Glomospirella
grandis. In par tic u lar, the oc cur rence of Meandrospira dinarica 
within the car bon ates in ter ca lated with the OIB-type mafic vol -
ca nic rocks (AltÏner and KoçyiÈit, 1993; Sayit and GöncüoÈlu,
2009) aligns with the fos sil as sem blage from the Taºönü sec -
tion (sam ple Taº-08) of the ElmadaÈ Olistostrome de scribed
in this study. A sim i lar age was also sug gested by Sayit and
GöncüoÈlu (2009) for the car bon ates as so ci ated with mafic
lithologies in a megablock in the Imrahor re gion (east of An -
kara).

In sum mary, the sim i lar ity be tween the ages ob tained from
car bon ate lay ers within OIB-type ba saltic blocks in this study
and those from pre vi ous stud ies pro vides im por tant con straints
on the age of ba salt-bear ing se quences in the ElmadaÈ
Olistostrome. These mafic frag ments are wide spread across
cen tral and west ern Anatolia. For ex am ple, the Tri as sic mafic
lithologies in the Biga pen in sula (NW Anatolia), for merly called
the Nilüfer Unit, are now iden ti fied as part of the ElmadaÈ
Olistostrome (Tekin et al., 2024). In this re gard, it is crit i cal that
these lithologies, pre vi ously as sumed to be of Palaeotethyan
or i gin, are now in ter preted as Neotethyan-de rived.

GEODYNAMIC IMPLICATIONS

The geo chem i cal data show OIB-type geo chem i cal sig na -
tures with no ev i dence of slab-de rived in put, there fore pre clud -
ing a subduction-re lated set ting. Fur ther more, the strong rel a -
tive Nb en rich ment (i.e., low Th/Nb and La/Nb) ar gues against
crustal con tam i na tion. Thus, in terms of a pure geo chem i cal
stand point, a non-subduction oce anic set ting (e.g., oce anic is -
land/seamount, oce anic pla teau, or mid-ocean ridge) is the
most plau si ble ex pla na tion. More over, the in com pat i ble el e -
ment-en riched na ture of the bas alts may elim i nate an oce anic
pla teau or i gin, which is typ i cally char ac ter ized by chondritic or
de pleted La/Sm ra tios (e.g., Fitton and Godard, 2004; Sano et
al., 2012).

Some stud ies (Bingöl et al., 1975; Akyürek et al., 1984;
AltÏner and KoçyiÈit, 1993), based solely on geo log i cal ob ser va -
tions, sug gested a ge netic link be tween the bas alts (found as
blocks) and the terrigenous de pos its (i.e., the Dikmen
Greywacke), in ter pret ing the bas alts as prod ucts of a con ti nen -
tal rift. How ever, the geo chem is try of the bas alts in di cates no
crustal con tam i na tion, and field ob ser va tions re veal no pri mary
as so ci a tion be tween the bas alts and the terrigenous de pos its,
thus pre clud ing a ge netic link be tween them (Sayit and
GöncüoÈlu, 2009; Sayit et al., 2010; Tekin et al., 2025; this
study). There fore, the com bined geo chem i cal and geo log i cal
ev i dence strongly fa vours an oce anic rather than con ti nen tal

or i gin. The ques tion then arises as to whether these bas alts are
frag ments of an ocean is land/seamount or a mid-ocean ridge
set ting. In com pat i ble el e ment en rich ment and al ka line com po -
si tions are typ i cal of ocean is lands but rare in mid-ocean ridges.
Thus, even though such sig na tures strongly sug gest an ocean
is land or i gin, a mid-ocean ridge set ting can not be en tirely ex -
cluded based on geo chem is try alone. How ever, the in ter ca la -
tion of plat form lime stones with the bas alts pro vides a com pel -
ling ar gu ment for an ocean is land set ting; mid-ocean ridge to -
pog ra phy (in clud ing off-axis seamounts) does not usu ally reach 
the shal low depths re quired for shal low-wa ter lime stone de po si -
tion.

All avail able ev i dence, there fore, points to an ocean is land
set ting for the or i gin of the ba saltic blocks within the ElmadaÈ
Olistostrome. Sim i lar oc cur rences, found at sev eral other lo cal i -
ties in the An kara re gion, as well as to the west (Biga pen in sula)
(e.g., Akyürek et al., 1984; Okay et al., 1990, 1991), ap pear to
share this same or i gin, i.e., ocean is land (Sayit and GöncüoÈlu,
2009, 2013; Sayit et al., 2010). A sim i lar in ter pre ta tion has also
been sug gested for the vari ably meta mor phosed mafic
lithologies of the Nilüfer Unit sensu Okay et al. (1990, 1991)
(e.g., Pickett and Rob ert son, 1996; Sayit et al., 2010). Re gard -
ing the An kara re gion, at all lo cal i ties (also in clud ing the Imrahor 
and HasanoÈlan re gions re ported by AltÏner and KoçyiÈit, 1993; 
Sayit and GöncüoÈlu, 2009), bas alts are in ti mately as so ci ated
with plat form lime stones. Pe lagic lime stones, on the other
hand, are ab sent. In this con text, the plat form lime stones likely
rep re sent reefs that were de pos ited on the top of an ocean is -
land dur ing its sub si dence. This depositional en vi ron ment is
well-ob served in the ÇayÏrlÏk sec tion, where a thick se quence of 
interfingered ba salt-lime stone is pres ent. In the Taºönü sec tion, 
the ba saltic lavas in clude lime stone lenses, but this al ter na tion
passes into the spiculite/radiolarian cherts and de tri tal lime -
stones of up per Ladinian age. We think that these de tri tal lime -
stones are ex ter nal to the main ba salt-lime stone as so ci a tion
and were sup plied from a dif fer ent source. It is crit i cal that the
up per most pil low bas alts are not fol lowed by volcaniclastic fa -
cies, which are purely de rived from the frag men ta tion of ba salt.
In stead, the pil low lava se quence is in ter rupted by a sed i men -
tary pack age that be gins with a volcanogenic con glom er ate
with lime stone clasts. Within this pack age, which is mainly car -
bon ate-dom i nated (with sub or di nate chert), volcaniclastic rocks 
are interbedded with ei ther chert or de tri tal lime stone. Also,
while some de tri tal lime stones con tain ba salt clasts, oth ers
com prise Car bon if er ous and Perm ian clasts. Based on these
ob ser va tions, it seems that this sed i men tary pack age was de -
pos ited on top of the ba saltic lavas, but con tains ex otic ma te rial
sup plied to the vol ca nic sys tem from some where else.

Within a broader geodynamic con text, the ba saltic blocks
char ac ter ize the frag ments of Mid dle Tri as sic ocean is lands
from the Intra-Pontide Ocean (Fig. 22). While the Intra-Pontide
Ocean was ini tially thought to have opened dur ing the Early Ju -
ras sic (�engör and YÏlmaz, 1981), the find ing of Mid dle-Up per
Tri as sic radio lar ians sug gested that the open ing of the
Intra-Pontide ba sin is pre-Ju ras sic (Tekin et al., 2012). A
pre-Ju ras sic open ing is also con sis tent with the Mid dle-Late Ju -
ras sic subduction in the Intra-Pontide realm (GöncüoÈlu et al.,
2012; Okay et al., 2014; Marroni et al., 2014; Çimen et al., 2016, 
2017; Frassi et al., 2018). The Up per Tri as sic eclogite ex posed
in BandÏrma (Biga pen in sula, NW Türkiye), which was pre vi -
ously in ter preted in the con text of the Karakaya Com plex (Okay
and Monie, 1997), now ap pears to be linked to the Intra-Pontide 
events in the light of new data. The re in ter pre ta tion of this
eclogite is crit i cal be cause it im plies that the Late Tri as sic
subduction oc curred within the Intra-Pontide ba sin, rather than
within Palaeotethys. The Dodurga Pluton, which is in ter preted
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Fig. 22. Car toon model il lus trat ing the geodynamic evo lu tion of the ocean is lands within the Intra-Pontide Ocean dur ing the
Anisian to Ladinian timespan, and the sub se quent trans port and de po si tion of the ElmadaÈ Olistostrome car ry ing these ocean

is land frag ments dur ing the Conician



to rep re sent a Mid dle Tri as sic con ti nen tal arc (239 Ma; Ballato
et al., 2018; Çimen, 2020), is also con sis tent with this view and
sug gests that the subduction was pos si bly tak ing place in the
Intra-Pontide Ocean as early as the Mid dle Tri as sic. Col lec -
tively, these data sug gest that the Intra-Pontide was prob a bly a
ma ture oce anic ba sin al ready be fore the Mid dle Tri as sic. In a
re cent study, Tekin et al. (2025) sug gested that the rift ing of the
Intra-Pontide ba sin may have oc curred dur ing the mid dle-late
Perm ian, based on the pres ence of palaeontological data ob -
tained from lime stone/chert peb bles/blocks at KutludüÈün
Yayla, SE An kara.

When the Mid dle Tri as sic ocean is lands are in te grated into
this geodynamic pic ture, it can be sug gested that the
Intra-Pontide Ocean was wide enough dur ing the Anisian (Mid -
dle Tri as sic) to de velop ma ture oce anic litho sphere and oce -
anic is lands (Fig. 22). The geo chem i cal fea tures ob served are
con sis tent with a plume source, which pos si bly in volved FOZO- 
and EM-type com po nents. Traces of Tri as sic OIB-type
magmatism are also en coun tered in the other Tethyan
branches (e.g., Lapierre et al., 2007; Varol et al., 2007; Borto -
lotti et al., 2013). This idea is also con sis tent with wide-scale
plume-re lated magmatism across the Tethyan realm (e.g., Wil -
son and Guiraud, 1998; Sayit, 2013). Dur ing the Anisian-
 Ladinian (Fig. 22), the Intra-Pontide oce anic litho sphere was
subducting north wards be neath the Pontides, as re flected by
the Dodurga con ti nen tal arc magmatism (Çimen, 2020). With
on go ing subduction and sub se quent mo tion of the litho sphere,
these ocean is lands drifted away from the plume source. Con -
se quently, they sub sided to or be low sea level, al low ing the de -
po si tion of shal low-wa ter plat form car bon ates (syndepositional
with bas alts) as bar rier reefs. Dur ing the late Ladinian, ex otic
sed i men tary ma te rial, in clud ing de tri tal lime stone, was de pos -
ited atop the Anisian ocean is land se quence. Con sid er ing that
the de tri tal lime stone in cludes De vo nian to Perm ian lime stone
clasts, it is un likely that such older car bon ate ma te rial was de -
rived from the ocean is land it self. There fore, the de tri tal ma te -
rial seems most likely to be con ti nent-de rived. We pro pose that
dur ing the late Ladinian, the oce anic is lands be came frag -
mented, sliced, and in cor po rated into the accretionary prism,
while the de tri tal car bon ate was sup plied from the con ti nen tal
mar gin.

From the late Ladinian on wards (Fig. 22), the Intra-Pontide
Ocean ex pe ri enced sev eral ep i sodes of subduction, re sult ing in 
con ti nen tal and intra-oce anic arc magmatism (e.g., Okay et al.,
2014; Çimen et al., 2016, 2017). Dur ing the Late Cre ta ceous,
the Intra-Pontide Ocean was closed (e.g., Tüysüz, 2018;
Marroni et al., 2020), which was fol lowed by the south wards
nappe em place ment. The ElmadaÈ Olistostrome was de pos -
ited in front of these nappes, within trench-like bas ins (e.g.,
Gawlick et al. 1999), and cov ered an ex ten sive area, stretch ing
from west ern to Cen tral Anatolia. Dur ing the Coniacian, the de -
po si tion of the ElmadaÈ Olistostrome was com pleted, and its
south ern ex tent blan keted the base ment (the Dikmen
Greywacke) and Ju ras sic-Cre ta ceous car bon ate-dom i nated
cover of the Sakarya Con ti nent, in ad di tion to the accretionary
ma te rial of the IAE Ocean (Tekin et al., 2024; Fig. 22).

CONCLUSIONS

The ElmadaÈ Olistostrome, of the Intra-Pontide realm, con -
tains blocks of ba saltic vol ca nic/volcaniclastic rocks in ter ca -
lated with plat form lime stones. The bas alts show OIB-type geo -
chem i cal sig na tures with no trace of subduction in put or crustal
con tam i na tion. When the geo log i cal and geo chem i cal char ac -
ter is tics are taken into ac count, these ba saltic frag ments ap -
pear to rep re sent ocean is lands formed dur ing the Anisian-early 
Ladinian (Mid dle Tri as sic) within the Intra-Pontide Ocean. With
on go ing subduction in the Ladinian, these ocean is lands were
in te grated into the accretionary prism at the south ern con ti nen -
tal mar gin of the Pontides. Later, fol low ing the Late Cre ta ceous
clo sure of the Intra-Pontide Ocean, the ElmadaÈ Olistostrome
was de pos ited in front of south ward-verg ing nappes and blan -
keted the de pos its of the Sakarya Con ti nent and the ophiolitic
mélange of the IAE Ocean in the Coniacian.

Ac knowl edge ments. The au thors grate fully ac knowl edge
the fi nan cial sup port pro vided by Hacettepe Uni ver sity, Sci en -
tific Re search Pro ject De part ment (Pro ject No:
FHD-2022-20129). The com ments and sug ges tions from Ioan
Bucur and an anon y mous re viewer are greatly ap pre ci ated.

REFERENCES

Akyürek, B., Bilginer, E., Akbaê, B., Hepêen, N., Pehlivan, �.,
Sunu, O., Soysal, Y., DaÈer, Z., Çatal, E., Sözeri, B., YÏldÏrÏm,
H., Hakyemez, Y., 1984. The ba sic geo log i cal prop er ties of the
An kara-ElmadaÈ-Kalecik re gion (in Turk ish with Eng lish sum -
mary). Jour nal of Geo log i cal En gi neer ing, 20: 31–46.

AltÏner, D., KoçyiÈit, A., 1993. Third re mark on the ge ol ogy of the
Karakaya ba sin. An Anisian megablock in north ern cen tral
Anatolia: micropaleontologic, strati graphic and tec tonic im pli ca -
tions for the rift ing stage of Karakaya ba sin, Tur key. Re vue de
Paléobiologie, 12: 1–17.

AltÏner, D., KoçyiÈit, A., Farinacci, A., Nicosia, U., Conti, M.A.,
1991. Ju ras sic-Lower Cre ta ceous stra tig ra phy and paleogeo -
graphic evo lu tion of the south ern part of north west ern Anatolia.
Geologica Romana, 27:13–80.

AltÏner, D., Payne J.L., Lehrmann, D.J., Özkan-AltÏner, S., Kelley, 
B.M., Sum mers, M.M., Yu, M., 2021. Tri as sic foraminifera from
the Great Bank of Guizhou, Nanpanjiang Ba sin, south China:

tax o nomic ac count, biostratigraphy, and im pli ca tions for re cov -
ery from end-Perm ian mass ex tinc tion. Jour nal of Pa le on to l ogy,
95: 1–53; https://doi.org/10.1017/jpa.2021.10

Apthorpe, M., 2003. Early to low er most Mid dle Tri as sic fora minifera 
from the Locker Shale of Hampton-1 well, West ern Aus tra lia.
Jour nal of Micropalaeontology, 22: 1–27;
https://doi.org/10.1144/jm.22.1.1

Ballato, P., Parra, M., Schildgen, T.F., Dunkl, I., YÏldÏrÏm, C.,
ÖzsayÏn, E., Sobel, E.R., Echtler, H., Strecker, M.R., 2018.
Mul ti ple ex hu ma tion phases in the cen tral Pontides (N Tur key):
new tem po ral con straints on ma jor geodynamic changes as so -
ci ated with the clo sure of the Neo-Tethys Ocean. Tec ton ics, 37:
1831–1857; https://doi.org/10.1029/2017TC004808

Brack, P., Rieber, H., Nicora, A., Mundil, R., 2005. The Global
Bound ary Stratotype Sec tion and Point (GSSP) of the Ladinian
stage (Mid dle Tri as sic) at Bagolino (south ern Alps, north ern Tur -
key) and its im pli ca tions to for the Tri as sic time scale. Ep i sodes,
28: 233–244; https://doi.org/10.18814/epiiugs/2005/v28i4/001

22 Kaan Sayit et al. / Geo log i cal Quar terly, 2026, 70, 11

https://doi.org/10.1017/jpa.2021.10
https://doi.org/10.1144/jm.22.1.1
https://doi.org/10.1029/2017TC004808
https://doi.org/10.1029/2017TC004808
https://doi.org/10.18814/epiiugs/2005/v28i4/001
https://doi.org/10.4454/ofioliti.v38i2.424
https://doi.org/10.4454/ofioliti.v38i2.424
https://doi.org/10.1007/s00531-020-01831-x
https://doi.org/10.1007/s00531-020-01831-x
https://doi.org/10.3906/yer-1603-11
https://doi.org/10.1016/j.lithos.2017.06.020
https://doi.org/10.1007/s005310050237
https://doi.org/10.1017/S0016756806002937
https://doi.org/10.1144/jgs2013-104
https://doi.org/10.1111/jmg.12058
https://doi.org/10.1111/jmg.12058
https://doi.org/10.4454/ofioliti.v38i1.419
https://doi.org/10.2110/carnets.2024.2413
https://doi.org/10.18261/let.58.1.7
https://doi.org/10.1144/SP464.9
https://doi.org/10.4454/ofioliti.v32i2.355
https://doi.org/10.1144/GSL.SP.1998.132.01.14
https://doi.org/10.1144/GSL.SP.1998.132.01.14


Beccaletto, L., Bartolini, A.-C., Mar tini, R., Hochuli, P.A., Kozur,
H., 2005.  Biostratigraphic data from the Çetmi Melange, north -
west Tur key: palaeogeographic and tec tonic im pli ca tions.
Palaeo ge ogra phy, Palaeoclimatolology, Palaeo ec ol ogy, 221:
215–244; https://doi.org/10.1016/j.palaeo.2005.02.011

Bedi, Y., Vasilev, E., Dabovski, C., Ergen, A., Okuyucu, C.,
DoÈan, A., Tekin, U.K., Ivanova, D., Boncheva, I., Lakova, I.,
Sachanski, V., Kuêcu, I., Tuncay, E., Saydam-Demiray, G.,
Soycan, H., GöncüoÈlu, M.C., 2013. New age data from the
tectonostratigraphic units of the Istranca ‘‘Mas sif” in NW Tur key: 
a cor re la tion with SE Bul garia. Geologica Carpathica, 64:
255–277; https://doi.org/10.2478/geoca-2013-0019

Berra, F., Rettori, R., Bassi, D., 2005. Re cov ery of car bon ate plat -
form pro duc tion in the Lom bardy Ba sin dur ing the Anisian:
paleoecological sig nif i cance and con strain on paleogeographic
evo lu tion: Fa cies, 50: 615–627;
https://doi.org/10.1007/S10347-004-0043-4

Bingöl, E., Akyürek, B., Korkmazer, B., 1975. The ge ol ogy of the
Biga pen in sula and some fea tures of the Karakaya For ma tion
(in Turk ish with Eng lish sum mary). In: Pro ceed ings of the 50th

An ni ver sary of the Turk ish Re pub lic Earth Sci ence Con gress:
70–77. In sti tute of the Min eral Re search and Ex plo ra tion of Tur -
key Pub li ca tions.

Bortolotti, V., Chiari, M., Göncüolu, M.C., Marcucci, M., Principi,
G., Tekin, U.K., Saccani, E., Tassinari, R., 2013. Age and geo -
chem is try of ba salt-chert as so ci a tions in the ophiolites of the
Izmir-An kara Mélange East of An kara, Tur key: Pre lim i nary
Data. Ofioliti, 38: 157–173;
https://doi.org/10.4454/ofioliti.v38i2.424

Bozorgnia, F., 1973. Pa leo zoic foraminiferal biostratigraphy of cen -
tral and East Alborz Moun tains, Iran. Na tional Ira nian Oil Com -
pany, Geo log i cal Lab o ra tory Pub li ca tion, 4: 1–185.

Bragin, N.Yu., 1991. Radiolaria and Lower Me so zoic units of the
USSR, east re gions (in Rus sian with Eng lish sum mary). Trudy
Geologicheskogo Instituta (Moskva), 469.

Bragin, N.Yu., Dronov, A., Raimbekov, Y., 2016. Mid dle Tri as sic
radio lar ians from the South east ern Pamirs (Re pub lic of
Tajikistan). Re vue de Micropaléontologie, 59: 297–310;
https://doi.org/10.1016/j.revmic.2016.04.004

Bucur, I.I., Matysik, M., 2020. Dasycladalean green al gae and as -
so ci ated foraminifers in Mid dle Tri as sic (Lower and Mid dle
Muschelkalk) car bon ates of the south-east ern Ger manic Ba sin
(Up per Silesia, Po land). Annales Societatis Geologorum
Poloniae, 90: 391–407; https://doi.org/10.14241/asgp.2020.18

Bucur, I.I., Strutinski, C., Pop, D., 1994. Mid dle Tri as sic car bon ate
de pos its and cal car e ous al gae from the Sasca Zone (South ern
Carpathians, Ro ma nia). Fa cies, 30: 85–100;
https://doi.org/10.1007/BF02536891

Chablais, J., Onoue, T., Mar tini, R., 2010. Up per Tri as sic reef-lime -
stone blocks of south west ern Ja pan: new data from a Pantha -
lassan seamount. Palaeo ge ogra phy, Palaeoclimatolology,
Palaeo ec ol ogy, 293: 206–222;
https://doi.org/10.1016/j.palaeo.2010.05.022

Cordey, F., De Wever, P., Dumitrica, P., Danelian, T., Kito. N.,
Vrielynack, B., 1988. De scrip tion of some new Mid dle Tri as sic
radio lar ians from the Camp Cove for ma tion, South ern Brit ish
Co lum bia, Can ada. Re vue de Micropaléontologie, 31: 30–37.

Cózar, P., Vachard, D., Somerville, I.D., Berkhli, M., Me dina-
 Varea, P., Rodríguez, S., Said, I., 2008. Late Viséan-
 Serpukhovian foraminiferans and cal car e ous al gae from the
Adarouch re gion (cen tral Mo rocco), North Af rica. Geo log i cal
Jour nal, 43: 463–485; https://doi.org/10.1002/gj.1119

Cózar, P., Somerville, I.D., Hounslow, M.W., 2023. Foraminiferal
evo lu tion as a ba sis for the sub di vi sion of the mid dle Viséan in
Eu rope. Jour nal of Foraminiferal Re search, 53: 338–361;
https://doi.org/10.61551/gsjfr.53.4.338

Çimen, O., 2020. Geo chem i cal char ac ter is tics of the adakite-like
Dodurga Pluton (Cen tral Pontides, N Tur key): im pli ca tions for
Mid dle Tri as sic con ti nen tal arc magmatism in south ern Black
Sea re gion. In ter na tional Jounal of Earth Sci ences, 109:
809–829; https://doi.org/10.1007/s00531-020-01831-x

Çimen, O., GöncüoÈlu, M.C., Sayit, K., 2016. Geo chem is try of the
meta vol can ic rocks from the ÇangaldaÈ Com plex in the cen tral
Pontides: im pli ca tions for the Mid dle Ju ras sic arc-back-arc sys -
tem in the Neotethyan Intra-Pontide Ocean. Turk ish Jour nal of
Earth Sci ences, 25: 491–512;
https://doi.org/10.3906/yer-1603-11

Çimen, O., GöncüoÈlu, M.C., Simonetti, C., Sayit, K., 2017.
Whole rock geo chem is try, Zir con U-Pb and Hf iso tope sys tem at -
ics of the ÇangaldaÈ Pluton: ev i dences for Mid dle Ju ras sic Con -
ti nen tal Arc Magmatism in the Cen tral Pontides, Tur key. Lithos,
290: 136–155; https://doi.org/10.1016/j.lithos.2017.06.020

De Wever, P., Dumitrica, P., Caulet, J.P., Nigrini, C., Caridroit, M., 
2001. Radio lar ians in the sed i men tary re cord. Gordon and
Breach Sci ence Pub., Lon don;
https://doi.org/10.1201/9781482283181

Dosztaly, L. 1989. Tri as sic radio lar ians from Dallapustza (Mount
Darno, N. Hun gary). Mag yar Állami Földtani Intézet évi
jelentése 1988: 193–201.

Emmerich, A., Zamparelli, V., Bechstädt, T., Zühlke, R., 2005.
The reefal mar gin and slope of a Mid dle Tri as sic car bon ate plat -
form: the Latemar (Dolomites, It aly). Fa cies, 50: 573–614;
https://doi.org/10.1007/s10347-004-0033-6

Erol, O., 1956. A study of the ge ol ogy and geo mor phol ogy of the re -
gion SE of An kara in Elma Daðý and its sur round ings (in Turk ish 
with Eng lish sum mary). In sti tute of Min eral and Re search
Explorition of Tur key, Spe cial Pub li ca tion, Serie D, 9: 1–99.

Fitton, J.G., Godard, M., 2004. Or i gin and evo lu tion of mag mas on
the Ontong Java Pla teau. Geo log i cal So ci ety Spe cial Pub li ca -
tions, 229: 151–178;
https://doi.org/10.1144/GSL.SP.2004.229.01.1

Frassi, C., Marroni, M., Pandolfi, L., GöncüoÈlu, M.C., Ellero, A.,
Otrria, G., Sayit, K., Mc Don ald, C.S., Balestrieri, M.L.,
Malasoma, A., 2018. Burial and ex hu ma tion his tory of the
Daday Unit (cen tral Pontides, Tur key): im pli ca tions for the clo -
sure of the Intra-Pontide oce anic ba sin. Geo log i cal Mag a zine,
155: 356–376; https://doi.org/10.1017/S0016756817000176

Fugagnoli, A., Posenato, R., 2004. Mid dle Tri as sic (Anisian) ben -
thic foraminifera from the Monte Pra’ della Vacca/Küh -
wiesenkopf sec tion, Dont For ma tion, Braies Dolomites, north -
ern It aly. Bollettino della Societa Paleontologica Italiana, 43:
347–360.

Flügel, E., 2004. Microfacies of Car bon ate Rocks. Anal y sis, In ter -
pre ta tion and Ap pli ca tion. Springer. ISBN: 3 540 22016 X

Gaillot, J., Vachard, D., 2007. The Khuff For ma tion (Mid dle East)
and time-equiv a lents in Tur key and south China: biostratigraphy 
from Capitanian to Changhsingian times (Perm ian), new
foraminiferal taxa, and palaeo geo graphi cal im pli ca tions. Colo -
quios de Paleontología, 57: 37–223.

Gale, L., Rettori, R., Mar tini, R., Smuc, A., Kolar-Jurkovsek, T.,
Rozic, B., 2011. Duostominidae (Foraminifera, Robertinida)
from the Up per Tri as sic beds of the Slovenian Ba sin (South ern
Alps, Slovenia). Rivista Italiana di Paleontologia e Stratigrafia,
117: 375–397; https://doi.org/10.13130/2039-4942/5982

Gale, L., Kolar-Jurkovšek, T., Šmuc, A., Roži¹, B., 2012. In te -
grated Rhaetian foraminiferal and cono dont biostratigraphy
from the Slovenian Ba sin, east ern south ern Alps. Swiss Jour nal
of Geosciences, 105: 405–462;
https://doi.org/10.1007/s00015-012-0117-1

Gale, L., Kadivec, K., Vrabec, M., Celarc, B., 2023. Sed i ment infill
of the Mid dle Tri as sic half-graben be low Mt. Vernar in the Julian
Alps, Slovenia. Geologia Croatica, 76: 1–12;
https://doi.org/10.4154/gc.2023.03

Gawlick, H.J., Frisch, W., Vecsei, T., Steiger, T., Böhm, F., 1999.
The change from rift ing to thrust ing in the North ern Cal car e ous
Alps as re corded in Ju ras sic sed i ments. Geologische Rund -
schau, 87: 644–657;
https://doi.org/10.1007/s005310050237

Gorican, S., Halamic, J., Grgasovic, T., Kolar-Jurkovsek, T.,
2005. Strati graphic evo lu tion of Tri as sic arc-backarc sys tem in
north west ern Croatia. Bul le tin de la Société Géologique de
France, 176: 3–22; https://doi.org/10.2113/176.1.3

Kaan Sayit et al. / Geo log i cal Quar terly, 2026, 70, 11 23

https://doi.org/10.1016/j.palaeo.2005.02.011
https://doi.org/10.2478/geoca-2013-0019
https://doi.org/10.1007/S10347-004-0043-4
https://doi.org/10.4454/ofioliti.v38i2.424
https://doi.org/10.1016/j.revmic.2016.04.004
https://doi.org/10.14241/asgp.2020.18
https://doi.org/10.1007/BF02536891
https://doi.org/10.1016/j.palaeo.2010.05.022
https://doi.org/10.1002/gj.1119
https://doi.org/10.61551/gsjfr.53.4.338
https://doi.org/10.1007/s00531-020-01831-x
https://doi.org/10.3906/yer-1603-11
https://doi.org/10.1016/j.lithos.2017.06.020
https://doi.org/10.1201/9781482283181
https://doi.org/10.1007/s10347-004-0033-6
https://doi.org/10.1144/GSL.SP.2004.229.01.1
https://doi.org/10.1017/S0016756817000176
Gale,%20L.,%20Rettori,%20R.,%20Martini,%20R.,%20Smuc,%20A.,%20Kolar-Jurkovsek,%20T.,%20Rozic,%20B.,%202011.%20Duostominidae%20(Foraminifera,%20Robertinida)%20from%20the%20Upper%20Triassic%20beds%20of%20the%20Slovenian%20Basin%20(Southern%20Alps,%20Slovenia).%20Rivista%20Italiana%20di%20Paleontologia%20e%20Stratigrafia,%20117:%20375%E2%80%93397;%20https://doi.org/10.13130/2039-4942/5982
https://doi.org/10.13130/2039-4942/5982
https://doi.org/10.4154/gc.2023.03
https://doi.org/10.1007/s005310050237
https://doi.org/10.2113/176.1.3


GöncüoÈlu, M.C., Dirik, K., Kozlu, H., 1997. Pre-Al pine and al pine
ter ranes in Tur key: ex plan a tory notes to the terrane map of Tur -
key. Annales Geologique de Pays Hellenique, 37: 515–536.

GöncüoÈlu, M.C., Turhan, N., Þentürk, K., Özcan, A., Uysal, S.,
YalÏnÏz, M.K., 2000. A geotraverse across NW Tur key: tec tonic
units of the Cen tral Sakarya re gion and their tec tonic evo lu tion.
Geo log i cal So ci ety Spe cial Pub li ca tions, 173: 139–161;
https://doi.org/10.1144/gsl.sp.2000.173.01.06

GöncüoÈlu, M.C., Marroni, M., Sayit, K., Tekin, U.K., Ottria, G.,
Pandolfi, L., Ellero, A., 2012. The AylÏ DaÈ ophiolite se quence
(cen tral-north ern Tur key): a frag ment of Mid dle Ju ras sic oce -
anic litho sphere within the Intra-Pontide Su ture Zone. Ofioliti,
37: 77–92; https://doi.org/10.4454/ofioliti.v37i2.407

Groves, J.R., Boardman, H., 1999. Cal car e ous smaller foramini -
fers from the lower Perm ian Coun cil Grove Group near Hooser,
Kan sas. Jour nal of Foraminiferal Re search, 29: 243–262.

Groves, J.R., Yue, W., Yuping, Q., Rich ards, B.C., Ueno, K.,
Xiangdong, W., 2012. Foraminiferal biostratigraphy of the
Visean–Serpukhovian (Mis sis sip pian) bound ary in ter val at
slope and plat form sec tions in south ern Guizhou (South China).
Jour nal of Pa le on tol ogy, 86: 753–774;
https://doi.org/10.2307/23254503

Ha, T.T.N., Takayanagi, H., Ueno, K., Asahara, Y., Yamamoto, K.,
Iryu, Y., 2019. Litho-, bio-, and chemostratigraphy of the Mid dle
Tri as sic car bon ate suc ces sion in the north-cen tral coast re gion
of Viet nam. Prog ress in Earth and Plan e tary Sci ence, 6, 47;
https://doi.org/10.1186/s40645-019-0293-y

Hamdi, B., Sadeghi, A., Kohansa, E, Ardestani, M.S., Balmaki,
B., 2009. Biostratigraphy of the Ruteh For ma tion at Ha ri jan sec -
tion (cen tral Alborz) north ern Iran us ing foraminifera and cono -
dont. Na ture Precedings, 459: 1–8;
https://doi.org/10.1038/npre.2009.3376.1

Hauser, M., Mar tini, R., Burns, S., Dumitrica, P., Krystyn, L., Mat -
ter, A., Pe ters, T., Zaninetti, L., 2001. Tri as sic strati graphic
evo lu tion of the Ara bian-Greater In dia embayment of the south -
ern Tethys Mar gin. Eclogae Geologicae Helvetiae, 94: 29–62.

He, Y., 1984. Mid dle Tri as sic Foraminifera from cen tral and south ern 
Guizhou, China (in Chi nese with Eng lish sum mary). Acta
Palaeontologica Sinica, 23: 420–431.

He, Y., Wang, L., 1990. Tri as sic foraminifera from Yushu Re gion,
Qinghai, in De vo nian–Tri as sic stra tig ra phy and palae on tol ogy
from Yushu Re gion of Qinghai, China, Part 1 (in Chi nese with
Eng lish sum mary): 59–96. Nanjing Uni ver sity Press, Nanjing.

Hips, K., 2022. Sed i men tary as pects of the on set of Mid dle Tri as sic
con ti nen tal rift ing in the west ern end of Neotethys; in fer ences
from the Sil ica and Torna Nappes, NE Hun gary: a re view. Fa -
cies, 68, 8; https://doi.org/10.1007/s10347-022-00646-3

Humphris, S.E., Thomp son, G., 1978. Trace el e ment mo bil ity dur -
ing hy dro ther mal al ter ation of oce anic bas alts. Geochimica et
Cosmochimica Acta, 42: 127–136
https://doi.org/10.1016/0016-7037(78)90222-3

Jack son, M.G., Hart, S.R., Koppers, A.A., Staudigel, H., Konter,
J., Blusztajn, J., Kurz, M., Rus sell, J.A., 2007. The re turn of
subducted con ti nen tal crust in Sa moan lavas. Na ture, 448:
684–687; https://doi.org/10.1038/nature06048

Jack son, M.G., Hart, S.R., Saal, A., Schimizu, N., Kurz, M.D.,
Blusztajn, J.S., Skovgaard, A.C., 2008. Glob ally el e vated ti ta -
nium, tan ta lum, and ni o bium (TITAN) in ocean is land bas alts
with high 3He/4He. Geo chem is try, Geo phys ics, Geosystems, 9,
Q04027; https://doi.org/10.1029/2007GC001876

Kametaka, M., Kojima, S., Kemkin, I.V., 1997. Me so zoic radio lar -
ians from the Taukha terrane, Far East Rus sia. News of Osaka
Micropaleontologists, Spe cial Vol ume, 10: 143–154.

Kawabata, H., Hanyu, T., Chang, Q., Kimura, J.-I., Nichols,
A.R.L., Tatsumi, Y., 2011. The pe trol ogy and geo chem is try of
St. Hel ena al kali bas alts: eval u a tion of the oce anic crust-re cy -
cling model for HIMU OIB. Jour nal of Pe trol ogy, 52: 791–838;
https://doi.org/10.1093/pe trol ogy/egr003

Kobayashi, F., 1996. Mid dle Tri as sic (Anisian) foraminifers from the 
Kaizawa For ma tion, south ern Kanto Moun tains, Ja pan. Trans -
ac tions and Pro ceed ings of the Palaeontological So ci ety of the
Ja pan, New Se ries, 183: 528–539;
https://doi.org/10.14825/prpsj1951.1996.183_528

Kobayashi, F., 2008. Early Anisian (Tri as sic) foraminifers from the
Hiraki For ma tion of the Maizuru Terrane in the Tatsuno-Aioi
area, Hyogo Pre fec ture, Ja pan. The Jour nal of Geo log i cal So ci -
ety of Ja pan, 114: 80–87;
https://doi.org/10.5575/geosoc.114.80

Kobayashi, F., Vachard D., 2022. Car bon if er ous foraminifers and
biostratigraphy of lower Akiyoshi Lime stone (Ja pan). Re vue de
Paléobiologie, 41: 99–239;
https://doi.org/10.5281/zenodo.6858353

Kobayashi, F., Mar tini, R., Zaninetti, L., 2005. Anisian foraminifers 
from allochthonous lime stones of the Tanoura for ma tion (Kuro -
segawa Terrane, West Kyushu, Ja pan). Geobios, 38: 751–763;
https://doi.org/10.1016/j.geobios.2004.06.004

Kobayashi, F., Mar tini, R., Rettori, R., Zaninetti, L., Ratana -
sthien, B., Saegusa, H., Nakaya, H., 2006. Tri as sic
foraminifers of the Lampang Group (north ern Thai land). Jour nal
of Asian Earth Sci ences, 27: 312–325;
https://doi.org/10.1016/j.jseaes.2005.04.003

Koehn-Zaninetti, L., 1969. Les foraminifÀres du Trias de la région
de l’Almtal (Haute-Autriche). Jachrbuch der Geologischen
Bunde sanstalt A Spe cial Vol ume, 14: 1–155.

Kozur, H., 1988. Muelleritortiidae n. fam., eine characteristiche
longobardische (oberladinische) Radiolarienfamilie, Teil 1.
Freiberger Forschungshefte, 419: 51–61.

Kozur, H., 2003. In te grated ammonoid, cono dont and radiolarian
zonation of the Tri as sic and some re marks to stage/substage
sub di vi sion and the nu meric age of the Tri as sic stages. Alber -
tiana, 28: 57–74.

Kozur, H., Mostler, H., 1994. Anisian to mid dle Carnian radiolarian
zonation and de scrip tion of some stratigraphically im por tant
radio lar ians. Geologisch-Paläontologische Mitteilungen Inns -
bruck, 3: 39–255.

Kozur, H., Mostler, H., 1996. Longobardian (late Ladinian)
Muelleritortidae (Radiolaria) from the Re pub lic of Bosnia-
 Hercegovina. Geologisch-Paläontologische Mitteilungen Inns -
bruck, 4: 83–103.

Kukoè, D., Smirèiæ, D., Grgasoviæ, T., Horvat, M., Belak, M.,
Japundžiæ, D., Kolar-Jurkovšek, T., Šegviæ, B., Badurina, L.,
Vukovski, M., Slovenec, D., 2023. Biostratigraphy and fa cies
de scrip tion of Mid dle Tri as sic rift-re lated vol cano-sed i men tary
suc ces sions at the junc tion of the south ern Alps and the
Dinarides (NW Croatia). In ter na tional Jour nal of Earth Sci ences, 
112: 175–1201; https://doi.org/10.1007/s00531-023-02301-w

Lapierre, H., Bosch, D., Narros, A., Mascle, G.H., Tardy, M.,
Demant, A., 2007. The Mamonia Com plex (SW Cy prus) re vis -
ited: rem nant of Late Tri as sic intra-oce anic vol ca nism along the
Tethyan south west ern pas sive mar gin. Geo log i cal Mag a zine,
144: 1–19; https://doi.org/10.1017/S0016756806002937

Lehrmann, D.J., Stepchinski, L., Altýner, D., Or chard, M.J.,
Mont go m ery, P., Enos, P., Ellwood, B.B., Bowring, S.A.,
Ramezani, J., Wang, H., Wei, J., Yu, M., Griffiths, J.D.,
Minzoni, M., Schall, E.K., Li, X., Meyer, K.M., Payne, J.L.,
2015. An in te grated biostratigraphy (cono donts and foramini -
fers) and chronostratigraphy (paleomagnetic re ver sals, mag -
netic sus cep ti bil ity, el e men tal chem is try, car bon iso topes and
geo chron ol ogy) for the Perm ian–Up per Tri as sic strata of
Guandao sec tion, Nanpanjiang Ba sin, South China. Jour nal of
Asian Earth Sci ences, 108: 117–135;
https://doi.org/10.1016/j.jseaes.2015.04.030

Leven, E.Ja., Okay, A.I., 1996. Foraminifera from the ex otic
Permo- Car bon if er ous lime stone blocks in the Karakaya Com -
plex, north west Tur key. Rivista Italiana di Paleontologia e Strati -
grafia, 102: 139–174.

Mamet, B., 1991. Car bon if er ous cal car e ous al gae. In: Cal car e ous
Al gae and Stromatolites (ed. R. Rid ing): 370–451. Springer,
Berlin.

24 Kaan Sayit et al. / Geo log i cal Quar terly, 2026, 70, 11

https://doi.org/10.1144/gsl.sp.2000.173.01.06
https://doi.org/10.4454/ofioliti.v37i2.407
https://doi.org/10.2307/23254503
https://doi.org/10.1186/s40645-019-0293-y
https://doi.org/10.1038/npre.2009.3376.1
https://doi.org/10.1007/s10347-022-00646-3
https://doi.org/10.1016/0016-7037(78)90222-3
https://doi.org/10.1038/nature06048
https://doi.org/10.1029/2007GC001876
https://doi.org/10.1093/petrology/egr003
https://doi.org/10.14825/prpsj1951.1996.183_528
https://doi.org/10.5575/geosoc.114.80
https://doi.org/10.5575/geosoc.114.80
https://doi.org/10.1016/j.geobios.2004.06.004
https://doi.org/10.1016/j.jseaes.2005.04.003
https://doi.org/10.1007/s00531-023-02301-w
https://doi.org/10.1017/S0016756806002937
https://doi.org/10.1016/j.jseaes.2015.04.030


Mamet, B., 1996. Algues calcaires ma rines du PaléozoÎque
Supérieur (Equateur, Bolivie). Annales de la Société Géol ogique
de Belgique, 17: 155–167.

Marroni, M., Frassi, C., GöncüoÈlu, M.C., Di Vincenzo, G.,
Pandolfi, L., Rebay, G., Ellero, A., Ottria, G., 2014. Late Ju ras -
sic am phi bo lite-fa cies meta mor phism in the Intra-Pontide Su -
ture Zone (Tur key): an east ward ex ten sion of the Vardar Ocean
from the Bal kans into Anatolia? Jour nal of Geo log i cal So ci ety,
171: 605–608; https://doi.org/10.1144/jgs2013-104

Marroni, M., GöncüoÈlu, M.C., Frassi, C., Sayit, K., Pandolfi, L.,
Ellero, A., Ottria, G., 2020. The Intra-Pontide ophiolites in
North ern Tur key re vis ited: from birth to death of a Neotethyan
oce anic do main. Geoscience Fron tiers, 11: 129–149;
https://doi.org/10.1016/j.gsf.2019.05.010

Mar tini, R., Zaninetti, L., Cornée, J.-J., Villeneuve, M., Tran, N.,
Ta, T.T., 1998. Découverte de foraminifÀres du Trias dans les
calcaires de la région de Ninh Binh (Nord-Viet nam). Comptes
Rendus de l’Académie des Sci ences Paris, 326: 113–119;
https://doi.org/10.1016/S1251-8050(97)87455-1

McDonough, W.F., 1991. Par tial melt ing of subducted oce anic crust 
and iso la tion of its re sid ual eclogitic li thol ogy. Philo soph i cal
Trans ac tions of the Royal So ci ety, A 335: 407–418;
https://doi.org/10.1098/rsta.1991.0055

McDonough, W.F., Sun, S.-S. 1995. The com po si tion of the Earth.
Chem i cal Ge ol ogy, 120: 223–253;
https://doi.org/10.1016/0009-2541(94)00140-4

McKenzie, D., O’Nions, R.K., 1991. Par tial melt dis tri bu tions from
in ver sion of rare earth el e ment con cen tra tions. Jour nal of Pe -
trol ogy, 32: 1021–1091;
https://doi.org/10.1093/pe trol ogy/32.5.1021

Mietto, P., Fratoni, R.P., Perri, M.C., 1991. Spathian and Aegean
cono donts from the Capelluzzo Calcarenites of the Monte Facito
Group (Lagonegro Se quence, south ern Apennines). Memorie di
Scienze Geologiche, Universita di Padova, 43: 305–317.

Miyahigashi, A., Ueno, K., Charoentitirat, T., Kamata, Y., 2012.
Foraminiferal as sem blage and depositional en vi ron ment of the
Doi Long For ma tion (Tri as sic Lampang Group), north ern Thai -
land. Acta Geoscientica Sinica, 33: 45–49;
https://doi.org/10.14863/geosocabst.2012.0_477

Nakaseko, K., Nishimura, A., 1979. Up per Tri as sic Radiolaria from
south west Ja pan. Sci en tific Re port, Col lege of Gen eral Ed u ca -
tion, Osaka Uni ver sity, 28: 61–109.

Nejad, M.E., Vachard, D., Siabeghodsy, A.A., Abbasi, S., 2015.
Mid dle-Late Perm ian (Murgabian-Djulfian) foraminifers of the
north ern Maku area (west ern Azerbaijan, Iran). Palaeontologia
Electronica, 18.1.19A: 1–63; https://doi.org/10.26879/453

Niu, Y., Batiza, R., 1997. Trace el e ment ev i dence from seamounts
for re cy cled oce anic crust in the East ern Pa cific man tle. Earth
and Plan e tary Sci ence Let ters, 148: 471–483;
https://doi.org/10.1016/S0012-821X(97)00048-4

Niu, Y., O’Hara, M.J., 2003. Or i gin of ocean is land bas alts: A new
per spec tive from pe trol ogy, geo chem is try, and min eral phys ics
con sid er ations. Jour nal of Geo phys i cal Re search, 108 (B4),
2209; https://doi.org/10.1029/2002JB002048

Okay, A.I., 1989. Tec tonic units in the Pontides, north ern Tur key. In:
Tec tonic Evo lu tion of the Tethyan Re gion (ed. A.M.C. ªengör):
109–116. Kluwer Ac a demic Pub lish ers;
https://doi.org/10.1007/978-94-009-2253-2_6

Okay, A.I., 2000. Was the Late Tri as sic orog eny in Tur key caused by 
the col li sion of an oce anic pla teau? Geo log i cal So ci ety Spe cial
Pub li ca tions, 173: 139–161;
https://doi.org/10.1144/GSL.SP.2000.173.01.02

Okay, A.I, AltÏner, D., 2004. Up per most Tri as sic Lime stone in the
Karakaya Com plex-Strati graphic and Tec tonic Sig nif i cance.
Turk ish Jour nal of Earth Sci ences, 13: 187–199.

Okay, A.I., GöncüoÈlu, M.C., 2004. The Karakaya Com plex: A re -
view of data and con cepts. Turk ish Jour nal of Earth Sci ences,
13: 77–95.

Okay, A.I., Monie, P., 1997. Early Me so zoic subduction in the East -
ern Med i ter ra nean: Ev i dence from Tri as sic eclogite in north west 
Tur key. Ge ol ogy, 25: 595–598;
https://doi.org/10.1130/0091-7613

Okay, A.I., Tüysüz, O., 1999. Tethyan su tures of north ern Tur key.
Geo log i cal So ci ety Spe cial Pub li ca tion, 156: 475–515;
https://doi.org/10.1144/GSL.SP.1999.156.01.22

Okay, A.I., Siyako, M., Bürkan, B.A., 1990. Ge ol ogy and tec tonic
evo lu tion of the Biga pen in sula (in Turk ish with Eng lish sum -
mary). Turk ish As so ci a tion of Pe tro leum Ge ol o gists Bul le tin, 2:
83–121.

Okay, A.I., Siyako, M., Bürkan, K.A., 1991. Ge ol ogy and tec tonic
evo lu tion of the Biga pen in sula, north west Tur key. Bul le tin of the 
Tech ni cal Uni ver sity of Is tan bul, 44:191–256.

Okay, A.I., Sunal, G., Tüysüz, O., Sherlock, S., Keskin, M., Kylan -
der- Clark, A.R.C., 2014. Low-pres sure–high-tem per a ture
meta mor phism dur ing ex ten sion in a Ju ras sic mag matic arc,
cen tral Pontides, Tur key. Jour nal of Meta mor phic Ge ol ogy, 32:
49–69; https://doi.org/10.1111/jmg.12058

Pearce, J.A., 1975. Ba salt geo chem is try used to in ves ti gate past
tec tonic en vi ron ments on Cy prus. Tectonophysics, 25: 41–67;
https://doi.org/10.1016/0040-1951(75)90010-4

Pearce, J.A., 1983. The role of sub-con ti nen tal litho sphere in
magma gen e sis at ac tive con ti nen tal mar gins. In: Con ti nen tal
Bas alts and Man tle Xe no liths (eds. C.J. Hawkesworth and M.J.
Norry): 230–249. Shiva, Nantwich.

Pearce, J.A., Peate, D.W., 1995. Tec tonic im pli ca tions of the com -
po si tion of vol ca nic arc mag mas. An nual Re view of Earth and
Plan e tary Sci ences, 23: 251–285;
https://doi.org/0.1146/annurev.ea.23.050195.001343

Pearce, J.A., Baker, P.E., Harvey, P.K., Luff, I.W., 1995. Geo chem -
i cal ev i dence for subduction fluxes, man tle melt ing and frac -
tional crys tal li za tion be neath the South Sand wich Is land Arc.
Jour nal of Pe trol ogy, 36: 1073–1109;
https://doi.org/10.1093/pe trol ogy/36.4.1073

Petrova, L.G., 1981. Foraminifera from the Mid dle De vo nian of the
east ern slope of the Urals. Pro ceed ings of the In sti tute of Ge ol -
ogy and Geo phys ics, Novosibirsk, Nauka, 482: 81–101

Peyrotty, G., Ueda, H., Peybernes, C., Rettori, R., Mar tini, R.,
2020. Up per Tri as sic shal low-wa ter car bon ates from the Nai -
zawa Accretionary Com plex, Hokkaido (Ja pan): new in sights
from Panthalassa. Palaeo ge ogra phy, Palaeoclimatolology, Pa -
laeo ec ol ogy, 554, 109832;
https://doi.org/10.1016/j.palaeo.2020.109832

Pickett, E.A., Rob ert son, A.H.F., 1996. For ma tion of the Late
Palaeozoic–Early Me so zoic Karakaya Com plex and re lated
ophiolites in NW Tur key by Palaeotethyan subduction-ac cre -
tion. Jour nal of the Geo log i cal So ci ety, 153: 995–1009;
https://doi.org/10.1144/gsjgs.153.6.099

Pille, L., 2008. ForaminifÀres et algues calcaires du Mississippien
supérieur (Viséen supérieur-Serpoukhovien): rôles biostrati -
graphique, paléoécologique et paléogéographique aux échelles 
lo cale, régionale et mondiale. ThÀse de 3e cy cle, Université de
Lille, 3 vol umes.

Rettori, R., 1995. Foraminiferi del Trias inferiore e medio della
Tetide: Revisione tassonomica, stratigrafia et interpretazione
filogenetica. Université de GenÀve, Pub li ca tion of De part ment
of Ge ol ogy and Pa le on tol ogy, 18: 1–147.

Rettori, R., Angiolini, L., Muttoni, G., 1994. Lower and Mid dle Tri -
as sic Foraminifera from the Eros Lime stone, Hy dra Is land,
Greece. Jour nal of Micropaleontology, 13: 25–46;
https://doi.org/10.1144/jm.13.1.25

Rojay, B., 2013. Tec tonic evo lu tion of the Cre ta ceous An kara
Ophiolitic Mélange dur ing the Late Cre ta ceous to pre-Mio cene
in ter val in cen tral Anatolia, Tur key. Jour nal of Geodynamics, 65: 
66–81; https://doi.org/10.1016/j.jog.2012.06.006

Saal, A.E., Kurz, M.D., Hart, S.R., Blusztajn, J.S., Blichert-Toft,
J., Geist, D.J., 2007. The role of lithospheric gab bros on the
com po si tion of Galapagos lavas. Earth and Plan e tary Sci ence
Let ters, 257: 391–406;
https://doi.org/10.1016/j.epsl.2007.02.040

Salaj, J., Borza, K., Sam uel, O., 1983. Tri as sic foraminifers of the
West Carpathians. Geologický Ustav Dionýza Stúra, Bratislava.

Salt ers, J.M., Sachi-Kocher, A., 2010. An an cient metasomatic
source for the Walvis Ridge bas alts. Chem i cal Ge ol ogy, 273:
151–167; https://doi.org/10.1016/j.chemgeo.2010.02.010

Kaan Sayit et al. / Geo log i cal Quar terly, 2026, 70, 11 25

https://doi.org/10.1144/jgs2013-104
https://doi.org/10.1016/S1251-8050(97)87455-1
https://doi.org/10.1098/rsta.1991.0055
https://doi.org/10.1016/0009-2541(94)00140-4
https://doi.org/10.1093/petrology/32.5.1021
https://doi.org/10.14863/geosocabst.2012.0_477
https://doi.org/10.26879/453
https://doi.org/10.1016/S0012-821X(97)00048-4
https://doi.org/10.1029/2002JB002048
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/10.1130/0091-7613
https://doi.org/10.1144/GSL.SP.1999.156.01.22
https://doi.org/10.1111/jmg.12058
https://doi.org/10.1016/0040-1951(75)90010-4
https://doi.org/0.1146/annurev.ea.23.050195.001343
https://doi.org/10.1093/petrology/36.4.1073
https://doi.org/10.1016/j.palaeo.2020.109832
https://doi.org/10.1144/gsjgs.153.6.099
https://doi.org/10.1144/jm.13.1.25
https://doi.org/10.1016/j.jog.2012.06.006
https://doi.org/10.1016/j.epsl.2007.02.040
https://doi.org/10.1016/j.chemgeo.2010.02.010


Sano, T., Shimizu, K., Ishikawa, A., Senda, R., Chang, Q., Kim -
ura, J-I., Widdowson, M., Sager, W.W., 2012. Va ri ety and or i -
gin of mag mas on Shatsky Rise, north west Pa cific Ocean. Geo -
chem is try, Geo phys ics, Geosystems, 13: 1–25;
https://doi.org/10.1029/ 2012GC004235

Sayit, K., 2013. Im mo bile trace el e ment sys tem at ics of ocean is land 
bas alts: the role of oce anic litho sphere in cre at ing the geo chem -
i cal di ver sity. Ofioliti, 38: 101–120;
https://doi.org/10.4454/ofioliti.v38i1.419

Sayit, K., 2023. In sights into the Tethyan man tle het er o ge ne ity:
Trace el e ment ev i dence from the Karakaya Com plex, cen tral
Anatolia. Geosystems and Geoenvironment, 2, 100139;
https://doi.org/10.1016/j.geogeo.2022.100139

Sayit, K., GöncüoÈlu, M.C., 2009. Geo chem is try of mafic rocks of
the Karakaya Com plex, Tur key: ev i dence for plume in volve ment 
in the Palaeotethyan extensional re gime dur ing the Mid dle and
Late Tri as sic. In ter na tional Jour nal of Earth Sci ences, 98:
367–385; https://doi.org/10.1007/s00531-007-0251-6

Sayit, K., GöncüoÈlu, M.C., 2013. Geodynamic evo lu tion of the
Karakaya Mélange Com plex, Tur key: a re view of geo log i cal and
pet ro log i cal con straints. Jour nal of Geodynamics, 65: 56–65;
https://doi.org/10.1016/j.jog.2012.04.009

Sayit, K., GöncüoÈlu, M.C., Furman, T., 2010. Pet ro log i cal re con -
struc tion of Tri as sic seamounts/oce anic is lands within the
Palaeo tethys: Geo chem i cal im pli ca tions from the Karakaya
subduction/ac cre tion com plex, north ern Tur key. Lithos, 119:
501–511; https://doi.org/10.1016/j.lithos.2010.08.004

Sayit, K., Bedi, Y., Tekin, U.K., GöncüoÈlu, M.C., Okuyucu, C.,
2017. Mid dle Tri as sic back-arc bas alts from the blocks in the
Mersin Mélange, south ern Tur key: im pli ca tions for the geody -
namic evo lu tion of the North ern Neotethys. Lithos, 268–271:
102–113; https://doi.org/10.1016/j.lithos.2016.10.032

Song, H., Tong, J., Chen, Z.Q., 2011. Evo lu tion ary dy nam ics of the
Perm ian–Tri as sic foraminifer size: ev i dence for Lilliput ef fect in
the end-Perm ian mass ex tinc tion and its af ter math. Palaeo ge -
ogra phy, Palaeoclimatolology, Palaeo ec ol ogy, 308: 98–110;
https://doi.org/10.1016/j.palaeo.2010.10.036

Song, H., Wang, L., Tong, J., Chen, J., Tian, L., Song, H., Chu, D., 
2015. Re cov ery dy nam ics of foraminifers and al gae fol low ing
the Perm ian-Tri as sic ex tinc tion in Qingyan, south China.
Geobios, 48: 71–83;
https://doi.org/10.1016/j.geobios.2014.11.004

Spandel, E., 1901. Die Foraminiferen des Permo-Car bon von
Hooser, Kan sas, Nord Amerika. In: Saecular-Feier der
Naturhistorischen Gesellschaft in Nürnberg 1801–1901 (eds.
S.V. Forster, M. Versen and A. Frankenburger): 175–194.
Festschrift. U.E. Sebald, Nürnberg.

Stampfli, G.M., Borel, G.D., 2002. A plate tec tonic model for the
Pa leo zoic and Me so zoic con strained by dy namic plate bound -
aries and re stored syn thetic oce anic isochrons. Earth and Plan -
e tary Sci ence Let ters, 196: 1733;
https://doi.org/10.1016/S0012-821X(01)00588-X

Sugiyama, K., 1997. Tri as sic and Lower Ju ras sic radiolarian bio -
stratigraphy in the si li ceous claystone and bed ded chert units of
the south east ern Mino Terrane, cen tral Ja pan. Bul le tin of the
Mizunami Fos sil Mu seum, 24: 79–193.

Sun, S.-S., McDonough, W.F., 1989. Chem i cal and iso to pic sys -
tem at ics of oce anic bas alts: im pli ca tions for man tle com po si tion 
and pro cesses. Geo log i cal So ci ety Spe cial Pub li ca tions, 42:
313–345; https://doi.org/10.1144/GSL.SP.1989.042.01.19

�ahin, N., AltÏner, D., Ercengiz, M.B., 2012. Dis cov ery of Mid dle
Perm ian vol ca nism in the Antalya nappes, south ern Tur key: tec -
tonic sig nif i cance and global mean ing. Geodinamica Acta, 25:
286–304; https://doi.org/10.1080/09853111.2013.858949

ªengör, A.M.C., 1979. Mid-Me so zoic clo sure of Permo-Tri as sic
Tethys and its im pli ca tions. Na ture, 279: 590593;
https://doi.org/10.1038/279590a0

�engör, A.M.C., YÏlmaz, Y., 1981. Tethyan evo lu tion of Tur key: a
plate tec tonic ap proach. Tectonophysics, 75: 181–241;
https://doi.org/10.1016/0040-1951(81)90275-4

ªengör, A.M.C., Yilmaz, Y., Sungurlu, O., 1984. Tec ton ics of the
Med i ter ra nean Cimmerides: na ture and evo lu tion of the west ern 
ter mi na tion of Paleo-Tethys. Geo log i cal So ci ety, Lon don, Spe -
cial Pub li ca tions, 17: 77112;
https://doi.org/10.1144/GSL.SP.1984.017.01.04

Tay lor, S.R., McLennan, S.M., 1995. The geo chem i cal evo lu tion of
the con ti nen tal crust. Re views of Geo phys ics, 33: 241–265;
https://doi.org/10.1029/95RG00262

Tekin, U.K., 1999. Biostratigraphy and sys tem at ics of late Mid dle to
Late Tri as sic radio lar ians from the Taurus Moun tains and An -
kara re gion, Tur key. Geologisch-Paläontologische Mitteilungen
Innsbruck, 5: 1–297.

Tekin, U.K., GöncüoÈlu, M.C., 2007. Dis cov ery of old est (late
Ladinian to mid dle Carnian) radiolarian as sem blages from the
Bornova Flysch Zone in west ern Tur key: im pli ca tions for the
evo lu tion of the Neotethyan Izmir-An kara Ocean. Ofioliti, 32:
131–150; https://doi.org/10.4454/ofioliti.v32i2.353

Tekin, U.K., Sönmez, I., 2010. Late Ladinian radio lar ians from the
TahtalÏdað nappe of the Antalya nappes, SW Tur key: re marks
on the late Mid dle and Late Tri as sic evo lu tion of the TahtalÏdaÈ
nappe. Acta Geologica Polonica, 60: 199–217.

Tekin, U.K., Tuncer, A., 2024. Dat ing of sed i men tary units of Kara -
kaya Com plex ex posed in the near south and north east of An -
kara city cen tre (cen tral Anatolia) based on radiolarian and
foraminiferal fauna, in ter pre ta tion of geo chem is try, pe trog ra phy
and geodynamic evo lu tion of vol ca nic/volcanosedimentary units 
(in Turk ish with Eng lish sum mary). Re port for Hacettepe Uni ver -
sity Sci en tific Re search Coor. Unit, Re port Num ber:
FHD-2022-20129.

Tekin, U.K., GöncüoÈlu, M.C., Pandolfi, L., Marroni, M., 2012.
Mid dle-Late Tri as sic radiolarian cherts from the ArkotdaÈ
mélange in north ern Tur key: im pli ca tions for the life span of the
north ern Neotethyan branch. Geodinamica Acta, 25: 305–319;
https://doi.org/10.1080/09853111.2013.859345

Tekin, U.K., Okuyucu, C., Sayit, K., Bedi, Y., No ble, P.J., Krystyn,
L., GöncüoÈlu, M.C., 2019. In te grated Radiolaria, ben thic
Foraminifera and cono dont biochronology of the pe lagic Perm -
ian blocks/tec tonic slices and geo chem is try of as so ci ated vol ca -
nic rocks from the Mersin Mélange, south ern Tur key: Im pli ca -
tions for the Perm ian evo lu tion of the north ern Neotethys. Is land
Arc, 28, e12286:1–36; https://doi.org/10.1111/iar.12286

Tekin, U.K., SarÏ, B., Tuncer, A., Sayit, K., Okuyucu, C., Güzgün,
Ç., 2024. Radiolarian and plank tonic foraminiferal bio chrono -
logy of the Soðukçam Lime stone Group, ElmadaÈ Olistostrome, 
and Unaz For ma tion (An kara re gion, cen tral Türkiye): in sights
into the Cre ta ceous evo lu tion of the Sakarya Con ti nent and
over ly ing units. Carnets de Geologie, 24: 187–263;
https://doi.org/10.2110/carnets.2024.2413

Tekin, U.K., Okuyucu, C., Tuncer, A., Akbaþ, M., Sayit, K., 2025.
Up per Cre ta ceous fore land flysch de pos its from the Neotethyan
Intra-Pontide Ocean: geo log i cal and palaeontological ev i dence
from the ElmadaÈ Olistostrome of An kara, cen tral Türkiye.
Lethaia, 58: 1–30; https://doi.org/10.18261/let.58.1.7

Trifonova, E., Ivanova, D., 2001. Foraminiferal as sem blages and
zonation across the Lower-Mid dle Tri as sic bound ary in Bul garia. 
Geologica Balcanica, 31: 49–58;
https://doi.org/10.52321/GeolBalc.31.3-4.49

Tüysüz, O., 2018. Cre ta ceous geo log i cal evo lu tion of the Pontides.
Geo log i cal So ci ety Spe cial Pub li ca tions, 464: 69–94;
https://doi.org/10.1144/SP464.9

Ueno, K., 1989. Car bon if er ous and Lower Perm ian foraminiferal
biostratigraphy in the Akiyoshi Lime stone Group-stud ies of the
Up per Pa leo zoic foraminifers in the Akiyoshi Lime stone Group,
south west Ja pan, Part 1 (in Jap a nese). Bul le tin of the Akiyoshi-
 dai Sci ence Mu seum, 24: 1–40.

Ueno, K., Miyahigashi, A., Kamata, Y., Kato, M., Charoentitirat,
T., Limruk, S., 2012. Geotectonic im pli ca tions of Perm ian and
Tri as sic car bon ate suc ces sions in the Cen tral Plain of Thai land.
Jour nal of Asian Earth Sci ences, 61: 33–50;
https://doi.org/10.1016/j.jseaes.2012.04.015

Ueno, K., Ha, T.T.N., Iryu, Y., 2019. Foraminiferal biochronology of
the Tri as sic Hoang Mai for ma tion, cen tral Viet nam. Jour nal of
Foraminiferal Re search, 49: 339–354;
https://doi.org/10.2113/gsjfr.49.3.339

Ünal, E., AltÏner, D., YÏlmaz, I.Ö., Özkan-AltÏner, S., 2003. Cy clic
sed i men ta tion across the Perm ian-Tri as sic bound ary (cen tral
Taurides, Tur key). Rivista Italiana di Paleontologia e Strati -
grafia, 109: 359–376; https://doi.org/10.13130/2039-4942/5511

Vachard, D., 2016. Macroevolution and biostratigraphy of Palaeo -
zoic Foraminifers: stra tig ra phy and timescales. First Edi tion, 1:
257–323; https://doi.org/10.1016/bs.sats.2016.10.005

26 Kaan Sayit et al. / Geo log i cal Quar terly, 2026, 70, 11

https://doi.org/10.1029/ 2012GC004235
https://doi.org/10.4454/ofioliti.v38i1.419
https://doi.org/10.1016/j.geogeo.2022.100139
https://doi.org/10.1007/s00531-007-0251-6
https://doi.org/10.1016/j.jog.2012.04.009
https://doi.org/10.1016/j.lithos.2010.08.004
https://doi.org/10.1016/j.lithos.2016.10.032
https://doi.org/10.1016/j.palaeo.2010.10.036
https://doi.org/10.1016/j.geobios.2014.11.004
https://doi.org/10.1144/GSL.SP.1989.042.01.19
https://doi.org/10.1080/09853111.2013.858949
https://doi.org/10.1016/0040-1951(81)90275-4
https://doi.org/10.1029/95RG00262
https://doi.org/10.4454/ofioliti.v32i2.353
https://doi.org/10.1080/09853111.2013.859345
https://doi.org/10.1111/iar.12286
https://doi.org/10.2110/carnets.2024.2413
https://doi.org/10.18261/let.58.1.7
https://doi.org/10.52321/GeolBalc.31.3-4.49
https://doi.org/10.1144/SP464.9
https://doi.org/10.2113/gsjfr.49.3.339
https://doi.org/10.1016/j.jseaes.2012.04.015
https://doi.org/10.13130/2039-4942/5511
https://doi.org/10.1016/bs.sats.2016.10.005
https://doi.org/10.1144/GSL.SP.1984.017.01.04
https://doi.org/10.1038/279590a0
https://doi.org/10.1016/S0012-821X(01)00588-X


Vachard, D., Oviedo, A., Flores de Dios, A., Malpica, R., Brun ner, 
P., Guerrero, M., Buitron, B.E., 1993. Barranca de Olinala
(Guerrero): une coupe de référence pour le Permien du Mexique 
cen tral; étude préliminaire. Annales de la Société Géologique
du Nord, 2: 153–160.

Vachard, D., Mar tini, R., Rettori, R., Zaninetti, L., 1994. Nou velle
clas si fi ca tion de foraminifÀres endothyroÎdes du Trias. Geo bios, 
27: 543–557;
https://doi.org/10.1016/S0016-6995(94)80249-1

Vachard, D., Haig, D.W., Mory, A., 2014. Lower Car bon if er ous
(mid dle Visean) foraminifers and al gae from an in te rior sea,
south ern Carnarvon Ba sin, Aus tra lia. Geobios, 47: 57–74;
https://doi.org/10.1016/j.geobios.2013.10.005

Vachard, D., Cózar, P., Aretz, M., Izart, A., 2016. Late Viséan–early 
Serpukhovian cyanobacteria and al gae from the Montagne
Noire (France); tax on omy and biostratigraphy. Bul le tin of Geo -
sciences, 91: 433–466;
https://doi.org/10.3140/bull.geosci.1613

Varol, E., Tekin, U.K., Temel, A., 2007. Age and geo chem is try of
mid dle to late Carnian bas alts from the AlakÏrçay Nappe
(Antalya Nappes, SW Tur key): im pli ca tions for the evo lu tion of
south ern branch of Neotethys. Ofioliti, 32: 163–176;
https://doi.org/10.4454/ofioliti.v32i2.355

Velledits, F., Péró, C., Blau, J., Senowbari-Daryan, B., Kovács,
D., Piros, O., Pocsai, T., Szúgyi-Si mon, H., Dumitrica, P.,
Palfy, J., 2011. The old est Tri as sic plat form mar gin reef from the 
Al pine-Carpathian re gion (Aggtelek, NE Hun gary): plat form evo -

lu tion, reefal biota and biostratigraphic frame work. Rivista Ital -
iana di Paleontologia e Stratigrafia, 117: 221–268;
https://doi.org/10.13130/2039-4942/5973

Wang, E., 1982. Car bon if er ous and Perm ian foraminifera of Xizang. 
Palae on tol ogy of Xizang, The se ries of sci en tific ex pe di tions to
the Qinghai-Xizang Pla teau. Book IV: 1–32.

Wil son, M., Guiraud, R., 1998. Late Perm ian to re cent mag matic
ac tiv ity on the Af ri can-Ara bian mar gin of Tethys. Geo log i cal So -
ci ety Spe cial Pub li ca tions, 132: 231–263;
https://doi.org/10.1144/GSL.SP.1998.132.01.14

Winchester, J.A., Floyd, P.A., 1977. Geo chem i cal dis crim i na tion of 
dif fer ent magma se ries and their dif fer en ti a tion prod ucts us ing
im mo bile el e ments. Chem i cal Ge ol ogy, 20: 325–343;
https://doi.org/10.1016/0009-2541(77)90057-2

Work man, R.K., Hart, S.R., 2005. Ma jor and trace el e ment com po -
si tion of the de pleted MORB man tle (DMM). Earth and Plan e tary 
Sci ence Let ters, 231: 53–72;
https://doi.org/10.1016/j.epsl.2004.12.005

Zaninetti, L., 1976. Les foraminifÀres du Trias. Essai de synthÀse et 
corr¾lation en tre les do mains mésogéens europ¾en et
asiatique. Rivista Italiana di Paleontologia e Stratigrafia, 82:
1–258.

Zaninetti, L., Brönnimann, P., Baud, A., 1972. MicrofaciÀs
particuliers et ForaminifÀres nou veaux de l’Anisien supérieur de 
la coupe du Rothorn (Préalpes médianes rigides, Diemtigtal,
Suisse). Mitteilungen der Gesellschaft der Geologie- und
Bergbaustudenten in Wien, 21: 465–498.

Kaan Sayit et al. / Geo log i cal Quar terly, 2026, 70, 11 27

https://doi.org/10.1016/S0016-6995(94)80249-1
https://doi.org/10.1016/j.geobios.2013.10.005
https://doi.org/10.3140/bull.geosci.1613
https://doi.org/10.4454/ofioliti.v32i2.355
https://doi.org/10.13130/2039-4942/5973
https://doi.org/10.1144/GSL.SP.1998.132.01.14
https://doi.org/10.1016/0009-2541(77)90057-2
https://doi.org/10.1016/j.epsl.2004.12.005



