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Abstract: The Ankara region (central Tlrkiye) comprises a part of the Sakarya Terrane and the accre-
tionary remnants inherited from the Izmir-Ankara-Erzincan (IAE) branch of the Northern Neotethys.
The Sakarya Terrane is characterized by a pre-Jurassic basement overlain by Jurassic-Cretaceous sedi-
mentary assemblages, collectively known as the Sakarya Continent Cover. In this study, we aim to
elucidate the Jurassic-Cretaceous evolution of the Sakarya Terrane through detailed geological map-
ping in the regions of Haymana, Yakacik, north of Alagéz and west of Memlik, located to the west and
southwest of Ankara city, central Tirkiye. By analyzing radiolarian and planktonic foraminiferal assem-
blages, we provide precise dating for three key lithological units: the Sogukgam Limestone Group (part
of the Sakarya Continent Cover), the EImadag Olistostrome, and the Unaz Formation (from the overly-
ing units). The oldest rock unit exposed in the Haymana region, south of Ankara city, is the Bilecik
Limestone Group, consisting of Tithonian to lower Berriasian platform carbonates. A drowning uncon-
formity separates the Bilecik Limestone Group from the overlying middle Berriasian-uppermost Albian
Sogukgam Limestone Group, which has been elevated to "group" status in this study. The Sogukgam
Limestone Group is subdivided into two formations -the Seyran Formation and the Akkaya Formation-
separated by a disconformity surface. The Seyran Formation, at the base, consists of middle Berriasian
limestone breccia in a micritic pelagic matrix, and upper Berriasian-lower Aptian micritic clayey, cherty
pelagic limestones with abundant and diverse radiolarians in its upper part. The disconformity between
the Seyran and Akkaya formations represents a small depositional gap corresponding to the middle to
late Aptian. The lower part of the Akkaya Formation contains lower to middle Albian debris flow de-
posits while the upper part is composed of clayey pelagic limestones rich in glauconite and planktonic
foraminifers, dating to the latest Albian. Overall, the Akkaya Formation is roughly assigned to the Albi-
an stage.
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The Akkaya Formation within the Sogukgam Limestone Group is unconformably overlain by the Conia-
cian Elmadag Olistostrome, which also covers the ophiolitic mélange of the IAE Ocean (containing Tu-
ronian radiolarian blocks) to the west of the Memlik region. The basal part of the EImadag Olistostrome
is characterized by an unstratified, loosely-packed, gray- to beige-colored carbonate matrix, while its
upper part features stratified, highly-sheared gray- to beige-colored clayey carbonate/marl matrix with
embedded carbonate blocks. These blocks, dated through radiolarians and planktonic foraminifers,
range from the early Callovian to Coniacian. These blocks, observed in the Haymana, north of Alagdz,
and Yakacik regions, primarily originated from the underlying Sogukgam Limestone Group. The Elma-
dag Olistostrome was likely deposited in a peripheral foreland flysch basin, resembling trench-like set-
tings, in front of the southward-moving nappes derived from the Neotethys Intra-Pontide Ocean. This
olistostrome is unconformably overlain by the Unaz Formation, which represents the lowermost unit of
the fore-arc basin within the Galatean Arc and is present in all four studied regions. The Unaz
Formation mainly consists of thin-bedded, gray- to red-colored clayey limestones with abundant
planktonic foraminifers, along with red- to pink-colored marls. In the northern part (west of Memlik),
the Unaz Formation also includes basal clastics. Based on its characteristic planktonic foraminiferal
assemblages, the formation is dated to the late Santonian and correlates well with the type locality in
the Pontides, northwestern Tirkiye. Following this sequence, a brief period of continental arc mag-
matism occurred in the Santonian-Campanian, accompanied by the deposition of fore-arc sediments
(the Haymana Formation, consisting of clastics) during the Campanian-Maastrichtian interval.

In this study, an abundant, well-preserved, and diverse radiolarian microfauna (146 taxa, including
fourteen new species and four new subspecies from the early Hauterivian to early Aptian) were recov-
ered from the clayey micritic limestones of the Seyran Formation in the Sogukgam Limestone Group.
The vertical distributions of these radiolarians and their age correlations with previous studies are also
documented.
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Résumé : Biochronologie des radiolaires et des foraminiféres planctoniques du Groupe des
calcaires de Sogukcam, de I'Olistostrome d'Elmadag et de la Formation d'Unaz (région d'An-
kara, centre de la Turquie) : Perspectives sur I'évolution crétacée du Continent de Sakarya
et des unités sus-jacentes.- La région d'Ankara, située au centre de la Turquie, englobe une partie
du Terrane de Sakarya ainsi que des vestiges d'accrétion hérités de la branche Izmir-Ankara-Erzincan
(IAE) de la Néotéthys septentrionale. Le Terrane de Sakarya est caractérisé par un socle pré-jurassi-
que surmonté de séries sédimentaires jurassiques et crétacées, regroupées sous |'appellation collective
de "Couverture du Continent de Sakarya". Cette étude vise a clarifier I'évolution jurassico-crétacée du
Terrane de Sakarya en s'appuyant sur une cartographie géologique détaillée des régions d'Haymana,
d'Yakacik, du nord d'Alag6z et de I'ouest de Memlik, situées a I'ouest et au sud-ouest de la ville d'An-
kara. En analysant les associations de radiolaires et de foraminiféres planctoniques, nous fournissons
des datations précises pour trois unités lithologiques clés : le Groupe des Calcaires de Sogukgcam (fai-
sant partie de la Couverture du Continent de Sakarya), I'Olistostrome d'ElImadag et la Formation d'U-
naz (appartenant aux unités sus-jacentes). Dans la région d'Haymana, au sud de la ville d'Ankara, I'u-
nité rocheuse la plus ancienne exposée est le Groupe des Calcaires de Bilecik, constitué de calcaires de
plateforme datant du Tithonien au Berriasien inférieur. Une discordance d'ennoiement le sépare du
Groupe des Calcaires de Sogukgam, qui lui succéde et couvre l'intervalle Berriasien moyen a Albien
terminal. Cette derniére unité, élevée au rang de "groupe" dans cette étude, est subdivisée en deux
formations distinctes : la Formation de Seyran et celle d'Akkaya, séparées par une surface de disconti-
nuité. La Formation de Seyran est composée, pour sa base datant du Berriasien moyen, de bréches
calcaires avec une matrice micritique et, pour sa partie supérieure datant du Berriasien supérieur a
I'Aptien inférieur, de calcaires micritiques argileux, a silex et riches en radiolaires. La discontinuité en-
tre les formations de Seyran et d'Akkaya correspond a un court hiatus sédimentaire équivalent a I'in-
tervalle Aptien moyen a supérieur. La partie inférieure de la Formation d'Akkaya est constituée de dé-
pots de coulées de débris, datant de I'Albien inférieur a moyen, alors que sa partie supérieure est com-
posée de calcaires argileux et glauconieux, riches en foraminiféres planctoniques, datant de I'Albien
terminal. En généralisant, on peut dire que la Formation d'Akkaya correspond approximativement a I'é-
tage Albien.

La Formation d'Akkaya, appartenant au Groupe des Calcaires de Sogukgcam, est recouverte de maniére
discordante par I'Olistostrome d'Elmadag d'édge Coniacien, qui recouvre également le mélange ophioliti-
que de I'océan IAE (contenant des blocs a radiolaires d'age Turonien) a 'ouest de la région de Memlik.
La partie basale de I'Olistostrome d'Elmadag est caractérisée par une matrice carbonatée non strati-
fiée, faiblement compactée, de couleur grise a beige, alors que sa partie supérieure présente une ma-
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trice stratifiée, fortement cisaillée, composée de calcaires argileux et de marnes, gris a beiges, embal-
lant des blocs calcaires. Les radiolaires et les foraminiferes planctoniques permettent d'attribuer ces
blocs a l'intervalle Callovien inférieur a Coniacien. Observés dans les régions d'Haymana, de Yakacik et
au nord d'Alagoéz, ils proviennent principalement du Groupe des Calcaires de Sogukgam sous-jacent.
L'Olistostrome d'Elmadag s'est probablement déposé dans un bassin de flysch périphérique de type a-
vant-pays, analogue a une fosse, en avant des nappes se déplagant vers le sud et provenant de la
branche Intra-Pontide de I'océan Néotéthys. Cet olistostrome est surmonté en discordance par la For-
mation d'Unaz qui représente I'unité la plus basse du bassin d'avant-arc au sein de I'Arc de Galatea et
est présente dans les quatre régions étudiées. La Formation d'Unaz est composée principalement de
calcaires argileux gris a rouge, finement lités, riches en foraminiféres planctoniques, ainsi que de mar-
nes rouges a roses. Dans la partie nord, a I'ouest de Memlik, la Formation d'Unaz comprend également
des sédiments clastiques a sa base. Grace aux associations caractéristiques de foraminiféres plancto-
niques, cette formation est datée du Santonien supérieur et est bien corrélée avec sa localité-type
dans les Pontides au nord-ouest de la Turquie. Par la suite, au Santonien-Campanien, une bréve période de
magmatisme d'arc continental est observée. Elle est suivie du dépo6t de sédiments clastiques d'avant-
arc regroupés dans la Formation d'Haymana datée du Campano-Maastrichtien.

Dans cette étude, une abondante microfaune de radiolaires bien préservés et trés variés (avec 146 ta-
xons, parmi lesquels quatorze nouvelles espéces et quatre nouvelles sous-espéces datant de I'Hauteri-
vien inférieur a I'Aptien inférieur) a été identifiée dans les calcaires micritiques argileux de la Formation
de Seyran du Groupe des Calcaires de Sogukcam. Les répartitions verticales de ces radiolaires ainsi
que leurs calibrations stratigraphiques étayées par des études antérieures sont également renseignées.

Mots-clefs :

e région d'Ankara ;

e Anatolie centrale ;

e Turquie ;

e biochronologie ;

e radiolaires ;

« foraminiféres planctoniques ;

e stratigraphie ;

e évolution géodynamique crétacée

1. Introduction

The present-day tectonic mosaic of Anatolia was
established by the closure of the multi-branched
Neotethys Ocean (SENGOR & YiLMAZ, 1981). Among
these branches, the remnants of the northern o-
ceanic domains are preserved in the Intra-Pontide
and Izmir-Ankara-Erzincan (IAE) suture zones.
From the Biga peninsula (NW Turkiye) to the Cau-
casus in the east, including the Ankara region
(northern Tirkiye), the terrane bounded by the
Intra-Pontide and IAE suture zones is termed the
Sakarya Zone by Okay (1989) or the Sakarya
Composite Terrane by GOncUoGLU et al. (1997;
Fig. 1.A). This zone is composed of two main
components:

1) a pre-Jurassic rock assemblage comprising the
Karakaya Complex and its pre-Permian basement.
The Karakaya Complex developed due to the clo-
sure of the "Karakaya Marginal Sea" in the Late
Triassic, together with the basement forming the
"Sakarya Continent", and

2) Jurassic to Cretaceous sedimentary deposits
overlying the Karakaya Complex, termed the "Sa-
karya Continent Cover" by SENGOR and YILMAZ
(1981) and SENGOR et al. (1984).

In the Sakarya Zone, the Early Cretaceous saw
the deposition of turbiditic sediments, known as
the Caglayan Formation, in the central Pontides
(e.g., TUysuz, 2018). These turbidites were subse-
quently covered by a volcano-sedimentary se-
guence in the Late Cretaceous, represented by
the Derekdy, Unaz, and Cambu formations (TUy-
sUz et al., 2012). This volcano-sedimentary suc-
cession, representing a portion of the so-called

Pontide magmatic arc, is considered to have de-
veloped in response to arc-rifting during the Turo-
nian-Maastrichtian (TUys0z et al., 2012; KESKIN &
TUvysUz, 2018). The Late Cretaceous also marked
the closure of the Intra-Pontide oceanic realm,
which was possibly completed before the Turonian
(e.g., TuysUz et al., 2012; MARRONI et al., 2020).
Remnants of the Pontide Arc magmatism are also
suggested to occur further south, in the Ankara
region (central Anatolia), situated in the southern
part of the Sakarya Terrane (Fig. 1.A; e.g., Kogyi-
GIT, 1991; Okay et al., 2019). The Campanian-
Maastrichtian siliciclastic turbidites and overlying
Paleocene-middle Eocene sediments of the Hay-
mana Basin were suggested by KogyiGit (1991) to
have been deposited in the fore-arc basin of the
Galatean Arc. This arc, representing the active
margin of the Sakarya Terrane, is thought to have
developed by the northward subduction of the IAE
oceanic lithosphere.

With regard to the Ankara region, KogviGiT
(1991) proposed a long lifespan for the IAE oce-
anic lithosphere, which existed until the middle
Eocene. In contrast, the youngest age obtained
from the chert blocks within the Ankara Ophiolitic
Mélange thus far is Turonian (BRAGIN & TEKIN,
1999). Ages of the subophiolitic metamorphic
soles from the western sector of the IAE (Orhaneli
and Kinik ophiolites) are comparable, having Tu-
ronian-Coniacian ages (101 to 93 Ma; HARRIS et
al., 1994; Onen, 2003). Furthermore, ages ob-
tained from continental and oceanic arc-related
magmatism linked to the IAE events yield Ceno-
manian-Maastrichtian ages (TuUvysUz et al., 1995;
KogYiGIT et al., 2003; ELLERO et al., 2015; BEYAZPI-
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Figure 1: A: Tectonic map of Turkiye with major suture
zones/terranes and location of the study area (slightly
revised after OkAY & TUysUz, 1999; OKAY & GONCUOGLU,
2004), B. Location map showing the distribution of
studied regions (west of Ankara city).

RINC et al., 2019). Thus, these data, reflecting the
age of oceanic crust and associated magmatism,
contrast with the notion of an in-situ oceanic crust
of the IAE Ocean extending to the middle Eocene.
Consequently, the lifetime of the IAE Ocean re-
mains unclear, which also limits interpretations
regarding the duration of the Sakarya active con-
tinental margin.

Another major issue concerns the relationship
between the Sakarya Continent Cover sediments
(e.g., the Bilecik Limestone Group and the Soguk-
gam Limestone Group), the Elmadag Olisto-
strome, and the overlying fore-arc deposits (Ko-
catepe Formation sensu YUkseL, 1970, and the
Haymana Formation sensu ScHMIDT, 1960) in the
Ankara region (e.g., KogviGit, 1991; OkAY & ALTI-

NER, 2016, 2017; OkAY et al., 2019; SARIASLAN et
al., 2020, for a brief review). Regarding this, the
origin of the Elmadag Olistostrome (adopted from
the "Elma Dadi Exotic-Block Serie" by ErRoL, 1956)
also remains uncertain, as there is no consensus
on its contact relationship with the Ankara Ophio-
litic Mélange. Overall, the Jurassic-Cretaceous as-
semblages of the Ankara region present several
critical issues for understanding the geological
framework of the Ankara region and the Sakarya
Continent. Therefore, in this study, we examine
the lithological and biostratigraphical characteris-
tics (using radiolarians and planktonic foramini-
fers) of several key units and their relationships in
the Ankara region: i) the Sogukcam Limestone
Group, which is the uppermost unit of the Saka-
rya Continent Cover, ii) a sedimentary mélange,
for which the name "Elmadag Olistostrome" is
used here as proposed by ERrRoL (1956), and iii)
the "Unaz Formation" sensu AkyoL et al. (1974),
subsequently cited by TuysUz et al. (1997, 2012)
and TOvysUz (1999). Accordingly, we study four
critical regions (the Haymana, north of Alagéz,
Yakacik, and west of Memlik) southwest and
northwest of Ankara city, central Turkiye (Fig.
1.B). Based on the characteristic features of these
units, we interpret the Cretaceous geodynamic
evolution of the Sakarya Continent Cover and
overlying units.

2. Geological framework

The Ankara region, part of the Sakarya Ter-
rane, is bordered by remnants of an accretionary
complex tied to the Neotethys IAE Ocean (SENGOR
& YiLmAaz, 1981; SENGOR et al., 1984; Fig. 1.A). In
this region, the "Ankara Mélange", a term first in-
troduced by BaILEy and McCaLLIEN (1950), spans
from the Ankara city center to the Kizilirmak
River, covering a 50 km width from NNE to SSW
(CAPAN, 1981; Fig. 1.A). According to BAILEY and
McCALLIEN (1950), the Ankara Mélange formed as
a result of tectonic processes fragmentating a sin-
gle nappe stack, known as the Anatolian Thrust,
which comprises rock units from the Triassic and
Jurassic periods. Since then, the Ankara Mélange
has been extensively studied from 1919 through
the early 1990s (e.g., PHiLippsoN, 1919; NowaAck,
1928; CHapuT, 1931, 1936; LEucHs, 1939; SALA-
MON-CALVI, 1940; ERoL, 1956; GANNSER, 1959;
BoccALETTI et al., 1966; SesTINI, 1971; NORMAN,
1975; CApAN & BUKET, 1975; BATMAN et al., 1978;
CAPAN, 1981; Erk, 1981; UnaLAN, 1981; CaPAN et
al., 1983; KogviGiT et al., 1988; Kocyi&it, 1991).
These studies have identified two main types of
mélanges:

1) Blocks of Carboniferous, Permian, and Tri-
assic rocks are found within a highly deformed,
sheared graywacke and shale matrix belonging to
the Karakaya Complex (for a brief review, see
OkAYy & GONcUOGLU, 2004; SaviT & GONcCUOGLU,
2013; OkAy & ALTINER, 2017). The Karakaya Com-
plex is characterized as a strongly deformed and
variably metamorphosed Permo-Triassic orogenic
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series in the Sakarya Continent (Okay & GON-
cUoGLU, 2004). These lithologies were initially in-
troduced by BINGOL et al. (1975) under the name
"the Karakaya Formation" to describe a pre-Juras-
sic low-grade metamorphic, blocky series widely
distributed in the Biga peninsula, NW Tirkiye.
This formation was later renamed the "Karakaya
Complex" by SENGOR et al. (1984). The Karakaya
Complex can be divided into two main tectonic
units, i.e., the "Lower Karakaya Complex" and the
"Upper Karakaya Complex" (OkAy & GONCUOGLU,
2004).

In the east and southeast of the Ankara re-
gion, two primary lithological units equivalent to
the Karakaya Complex were defined by ERrROL
(1956) as the "Dikmen Graywacke Serie" at the
base, and the "Elma Dagdi Exotic-Block Series" at
the top. A recent study conducted in this area
(TeExIN & TUNCER, 2024) indicates that the Middle
Triassic basal unit, i.e., the Dikmen Graywacke, is
primarily composed of very low-grade metaclas-
tics (including graywacke, conglomerate, and
slate), with rare interlayers of carbonate and
chert, along with basic volcanics at the top. While
the Dikmen Graywacke is correlated with part of
the Karakaya Complex in the Biga peninsula (for
a brief review, see OkAY & GONCUOGLU, 2004; SAYIT
& GONcUoGLU, 2013; OkAY & ALTINER, 2017), the
Orhanlar Graywacke, as defined by OkAay et al.
(1990, 1991), within the Upper Karakaya Com-
plex, is the local equivalent of the Dikmen Gray-
wacke. Contrary to the original definition, the Dik-
men Greywacke does not contain blocks, as clari-
fied in previous studies (Okay et al., 1990, 1991).
However, isolated patches of the Elmadag Olisto-
strome can be observed over the Dikmen Gray-
wacke. This unit dates to the Middle Triassic and
forms the rift-related basement of the Sakarya
Continent sensu SENGOR and Yimaz (1981) and
SENGOR et al. (1984).

The overlying olistostromal unit, which con-
tains various blocks within the matrix, was named
the "Elma Dagi Exotic-Block Series (=Boulder Bed
Series)" by EroL (1956) based on outcrops ex-
posed in the ElIma Dadi region to the southeast of
Ankara city center (Fig. 1.B). In this study, we a-
dopted the name "Elmadag Olistostrome", follow-
ing the nomenclature by ErRoL (1956). This unit
was previously correlated with a part of the Kara-
kaya Complex in the Biga peninsula (for a brief
review, see OkAY & GONcUoGLU, 2004; SaAvIT &
GONcUoGLU, 2013; OkAY & ALTINER, 2017). How-
ever, the Nilifer Unit, as identified by Okay et al.
(1990, 1991), which characterizes the Lower Ka-
rakaya Complex, the "Arkosic Sandstone Series"
by OkAY and GONcUoGLU (2004) - corresponding to
the Hodul Unit by Okay et al. (1990, 1991) -, and
the "Basalt, Limestone, Grain Flows, Debris Flows
and Olistostrome Series" by Okay and GONCUOGLU
(2004) - corresponding to the Cal Unit by Okay et
al. (1990, 1991) -, both included in the Upper Ka-
rakaya Complex (OkAYy & GONcUoGLu, 2004), are
parts of the Coniacian (Upper Cretaceous) Elma-

dag Olistostrome (sensu EroL, 1956), according
to TekIN and TUNCER (2024).

To the south of the Ankara city center, similar
olistostromal units occur, which include pelagic
blocks ranging from Callovian (Middle Jurassic) to
Coniacian (Late Cretaceous) age, embedded with-
in a Coniacian (Late Cretaceous) silt, clay, and
marl matrix (BATMAN et al., 1978; UnaLan, 1981;
KogyiGiT, 1991; DeLI & OrHAN, 2007; RolAY, 2013;
OKAY & ALTINER, 2017; OKAY et al., 2019; SARIASLAN
et al., 2020). According to our new findings, these
units are the local equivalents of the Elmadag
Olistostrome (TEkIN & TUNCER, 2024). The Elma-
dag Olistostrome was previously termed the "Ak-
kayatepe Mélange" by BATMAN et al. (1978), the
"Mélange with limestone blocks" by UNALAN
(1981), the "Damlaagacderesi Formation" by Ko-
CYIGIT (1991), and the "Alacaath Olistostrome" by
Okay and ALTINER (2017). Also, all these
olistostromal units appear to have originated from
the Intra-Pontide Ocean, which was located north
of the Sakarya Continent sensu SENGOR and YILMAZ
(1981) and SENGOR et al. (1984) (TekIN & TUNCER,
2024).

2) Ophiolitic mélange as a part of the accre-
tionary prism of the Neotethys IAE Ocean (CAPAN
& BUKET, 1975; BRAGIN & TEKIN, 1996; DANGERFIELD
et al., 2011; Rolay, 2013; SARIFAKIOGLU et al.,
2014; OkAy et al., 2022; ROBERTSON et al., 2023),
comprising slices and blocks of basalt, radiolarian
chert, serpentinite, limestone, gabbro, diabase,
shale, and sandstone from the Ladinian (Middle
Triassic) to Turonian (Late Cretaceous) interval
(ages were obtained from different parts of the
Izmir-Ankara Suture Belt: Moix & Gorican, 2013,
from the Izmir Flysch; TekiN et al., 2006; GONcUo-
GLu et al., 2006a, 2006b; TekIN & GONCUOGLU,
2007, 2009; TekIN et al., 2012a, from the Borno-
va Flysch Zone; Servals, 1982; GONcUoGLU et al.,
2000, 2006a, 2006b, 2010; Tekin et al., 2002,
from the Central Sakarya Ophiolitic Complex/Dag-
kipli Mélange; BRAGIN & TEKIN, 1996; TEKIN et al.,
2002; Ro3AY et al., 2004; BorTtoLoTTI et al., 2013,
2018, from the Ankara Ophiolitic Mélange; TUys(z
& TekiN, 2007; BozkurT et al., 1997, from the
central part of this zone; for the block ages, see
brief review of ROBERTSON et al., 2023). It is note-
worthy that the Mersin Mélange and the mélange
cropping out near the Taskent town (southern
Turkiye) were recently revealed to represent
transported foreland deposits in front of the
southwardly advancing nappes that originated
from the IAE Ocean. This finding is critical since
these mélange units suggest a latest Carbonifer-
ous-early Permian rifting of the Northern Neo-Te-
thys, which subsequently gave way to the open-
ing of this ocean (TEkIN et al., 2016, 2019; SaviT
et al., 2017, 2020; Okuyucu et al., 2024).

Within the scope of this study, four target
areas were chosen to check the upper and lower
stratigraphical boundaries of the Elmadag Olisto-
strome. For dating, samples were collected from
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a) the underlying Sogukcam Limestone Group
(the Seyran and Akkaya formations) belonging to
the Sakarya Continent Cover, b) the blocks of the
Elmadag Olistostrome, and c) the overlying Unaz
Formation. Based on the age findings extracted
from these units, we evaluate the stratigraphy of
the upper part of the Sakarya Continent Cover
(the Sogukgam Limestone Group consisting of the
Seyran and Akkaya formations), the formation
mechanism of the Elmadag Olistostrome, and the
depositional age of the Unaz Formation.

3. Lithological characteristics
of sections and spot samples

Detailed studies were performed in four differ-
ent regions: Haymana and north of Alagéz re-
gions to the southwest Ankara city center,
Yakacik and east of Memlik regions to the
northwest of Ankara city center (Fig. 1.B) as
follows.

3.1. HAYMANA REGION

To the east of Haymana town, located at the
southwest of Ankara city, stratigraphically older
rock units belonging to the cover of Sakarya Con-
tinent are exposed along the well-known Hayma-
na anticline (Fig. 2). The Haymana region has
been subject of many studies since the 1940s
(LokMAN & LAHN, 1946; ScHMIDT, 1960; YUKSEL,
1970, 1973; UNALAN et al., 1976; Batman, 1978;
UNALAN & YUKSEL, 1978; SENALP & GOKCEN, 1978;
ToOKER, 1979, 1980; GOKCEN & KELLING, 1983; SIREL

et al., 1986; Ozcan & OzkAN-ALTINER, 1997; ESME-
RAY-SENLET et al., 2015; OkAY & ALTINER, 2016; GU-
LYUz et al., 2019; KARABEYOGLU et al., 2019). The
Haymana anticline was mapped and studied in
detail by YukseL (1970), UnALaN et al. (1976), and
OkAY and ALTINER (2016). To clarify the strati-
graphical features of the units exposed in the
Haymana anticline, samples from the Uyuzhama-
mi section were collected along the Uyuzhamami
creek in the northern flank of the Haymana anti-
cline (Figs. 2-3, 4.a). In addition, one of the mega-
blocks in the EImadag Olistostrome along the Ci-
trik creek was studied in the Citrik section (Figs.
2,5, 6.a-c).

3.1.1. The Uyuzhamami section (US)

This section, named after the Uyuzhamami
creek (Figs. 2, 4.a), is located approximately 900
meters northeast of the Haymana city center on
the northeast side of Uyuzhamami creek, within
the Ankara J29-al quadrangle sheet (between
4365250N/0458650E and 4365787N/0458498E,
UTM Zone 36S; GPS coordinates 39°26'3.14"N
32°31'8.83"E and 39°26'20.55"N 32°31'02.37"E;
Figs. 2, 4.a). The total thickness of the section is
about 402 meters, and forty-one samples were
collected (Fig. 3). The basal part corresponds to
the base of the northern flank of the Haymana
anticline to the southwest (Figs. 2, 4.b), while the
top lies at the boundary between the Unaz and
Haymana formations to the northwest (Fig. 2).
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Alternating green- to dark green-colored,
medium- to thick-bedded conglomerate,
sandstone and mudstone

Conformable boundary
Gray-, red- and purple-colored, thin-bedded, pelagic,
clayey limestone with abundant planktonic
foraminifera and rare radiolarians

Angular Unconformity

Different type olistoliths (mainly pelagic
limestones and brecciated platform carbonates)
within the loosely-packed, calcerous mudstone
matrix. While lower and central part of melange
are dominated by matrix, upper part of it
includes different types of blocks

Angular Unconformity

Gray- to beige-, slightly redish-colored, thin- to
medium-bedded, clayey, pelagic limestone with
abundant glauconite/planktonic foraminifera
and very rare calcified radiolarians at the basal
part

Gray- to beige-colored, medium- to thick-
bedded, closely-packed debris flow  deposits
(calciturbidite with clasts/blocks of the Bilecik
and Soguk¢am Limestone Groups)

Disconformity

Gray- to yellow-colored, thin- to medium-
bedded micritic, clayey, cherty pelagic
limestones with abundant radiolarians

Collapse breccia with different subrounded

carbonate clasts from the Bilecik Limestone Group in

the pelagic, white-colored carbonate matrix
Drowning Unconformity

Gray to beige-colored, medium- to thick-
bedded platform carbonates with benthonic
foraminifers

[¢] [¢]

Radiolaria Calcified Planktonic
occurrence  Radiolaria  Foraminifera
occurrence  occurrence

Figure 3: Log of the Uyuzhamami section and sampling levels. Abbreviation: U. Ber.- Val.: Upper Berriasian-Valan-

ginian.
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Figure 4: Field photographs from the Uyuzhamami section in the Haymana region; a. Panoramic view showing all
the lithostratigraphic units along the section, view from southwest to northeast. b. The basal part of the Uyuzhama-
m1 section, composed of gray to beige-colored, medium to thick-bedded platform carbonates of the Bilecik Limestone
Group at the center of the Haymana anticline, c. View from the lowermost part of the Seyran Formation within the
Sogukgam Limestone Group, including collapse breccia with the platform carbonate pebbles and blocks in a white-
colored pelagic matrix of the middle Berriasian age, d. View from the upper part of the Seyran Formation within the
Sogukgcam Limestone Group consisting of gray- to yellow-colored, thin- to medium-bedded micritic, clayey radiolari-
an-rich pelagic limestones from which sample Uy-5 of early Barremian age was collected, e. View from the Seyran
Formation within the Sogukgam Limestone Group, made up of radiolarian-rich clayey limestones of early Aptian age,
and the overlying Akkaya Formation within the Sogukgam Limestone Group composed of gray- to beige-colored, me-
dium- to thick-bedded, closely-packed debris flow deposits of the ? middle to late Aptian-Albian age, f. Photograph
showing the boundary between underlying debris flow deposits of early to middle Albian age belonging to Akkaya
Formation within the Sogukgam Limestone Group and overlying clayey pelagic limestone part belonging to Akkaya
Formation within the Sogukgam Limestone Group of the ? late (latest) Albian age and overlying units, g. Detailed
view from the upper part of the Akkaya Formation within the Sogukcam Limestone Group consisting of gray- to
beige-, slightly reddish-colored, thin- to medium-bedded, clayey pelagic limestone with abundant glauconite and
planktonic foraminiferal assemblages of the latest Albian age, h. Close-up view from the Elmadag Olistostrome,
showing the block of carbonate breccia within a loosely packed, calcareous mudstone matrix of Coniacian age, i. De-
tailed view from a pelagic block within a loosely packed, calcareous mudstone matrix of the Coniacian Elmadag Olis-
tostrome.
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3.1.1.1. The Bilecik Limestone Group in the US

Although the central part of the Haymana anti-
cline, composed of platform carbonates, was cal-
led the "Caltepe Formation" of the Barremian-Ap-
tian age by YUksEL (1970, 1973), the recent study
by Okay and ALTINER (2016) named this unit the
Bilecik Limestone Group (sensu GRANIT & TINTANT,
1960, and subsequently ALTINLI, 1965; EROSKAY,
1965; ALTINLI et al., 1970; ALTINLI, 1975a, 1975b;
etc.; see ALTINER et al., 1991, for a comprehen-
sive list on the studies related to the Bilecik Lime-
stone) with correlation to the sequences exposed
at the NW Pontides. In their study (OkaAy & ALTI-
NER, 2016), the Bilecik Limestone was raised to
the Bilecik Limestone Group, including Callovian-
Kimmeridgian Tascibayiri Formation and Kimme-
ridgian-Hauterivian Ginéren Limestone studied in
the NW Pontides (ALTINER et al., 1991). In the same
study, it was also mentioned that the lithologies
examined in the Uyuzhamami region correspond
to the Gindéren Limestone (ALTINER et al., 1991).

Following the study of OkAy and ALTINER
(2016), we applied the same terminology for this
part of the section. The Bilecik Limestone Group
corresponding to the Glndren Limestone (ALTINER
et al., 1991) at the base of the section is about
52 meters thick and covers the central part of the
Haymana anticline (Figs. 2-3, 4.b). It comprises
gray- to beige-colored, medium- to thick-bedded
platform limestones rich in benthonic foraminiferal
assemblages (Figs. 3, 4.b). The age of the Bilecik
Limestone Group was reported by OkAy and ALTI-
NER (2016) as the latest Jurassic (Tithonian) to
earliest Cretaceous (Berriasian), based on the com-
prehensive studies of benthonic foraminiferal as-
semblages. This age assignment was also applied
to this study (Fig. 3).

3.1.1.2. The Sodukcam Limestone Group in
the US

The name "Seyran Formation" was attributed
by YUKSEL (1970) to the units overlying the Bilecik
Limestone Group in the US, with the contact rela-
tionship with the underlying unit defined as an
unconformity (YUkseL, 1970, 1973). The Seyran
Formation was originally subdivided into three
subunits, from bottom to top: "Bréches calcaires
polygéniques" (polygenic limestone breccias),
"calcaires sublithographiques" (fine-grained lime-
stone), and "marnes plus ou moins calcaires et
plus ou moins détriques" (marls more or less cal-
careous and detrital)" of the early Late Creta-
ceous (Cenomanian-Turonian) age (YUkseL, 1970,
1973). Based on our field studies, since a clear
disconformity surface is observed between the
second unit (fine-grained limestone) and third
unit (marls, more or less calcareous and detrital),
we have revised the definition of this formation:
only the lower two units were retained in the Sey-
ran Formation, while the third unit (marls, more
or less calcareous and detrital) was reassigned to
the Akkaya Formation, following the revision by
OkAY and ALTINER (2016). The rank of Sogukcam

Limestone, which contains a pelagic rock suite
from the middle Berriasian to latest Albian, was
raised to the group status in this study, now com-
prising two formations: Seyran and Akkaya (Fig. 3).

3.1.1.2.1. The Seyran Formation within the
Sogukcam Limestone Group

Based on new observations from this study,
the Seyran Formation within the Sogukcam Lime-
stone Group is now interpreted as comprising two
parts instead of three, as follows (Fig. 3):

1) The basal part of this formation consists of
limestone breccia with various subrounded clasts
from the Bilecik Limestone Group embedded in a
white-colored pelagic carbonate matrix (Figs. 3,
4.c). The total thickness of this typical collapse
breccia is about 11 meters and OkAY and ALTINER
(2016) identified Calpionellids [specifically, Cal-
pionella alpina LorReNz and Remaniella cadischiana
(CoLoM)] in the pelagic matrix of this "collapse"
breccia, suggesting a middle Berriasian age (based
on sample 9595E from their study) through com-
parison with the study of GALE et al. (2020);

2) The basal part of the Seyran Formation is
overlain by gray- to yellow-colored, thin- to medi-
um-bedded micritic, clayey, cherty pelagic lime-
stone, which is rich in radiolarians (Fig. 3). With a
total thickness of 72 meters, this section also
contains rare thin calciturbidite levels. Eleven
samples (Uy-1 to Uy-11) were collected from this
part of the section (Figs. 3, 4.d-e), which yielded
abundant and diverse radiolarians, with the ex-
ception of sample Uy-8 (Fig. 3). In total, 146 ra-
diolarian taxa from the lower Hauterivian to lower
Aptian were identified in these limestones, includ-
ing fourteen new species and four new subspe-
cies. The first radiolarian-bearing sample (Uy-1)
was taken nine meters above the breccia unit, in-
dicating an early Hauterivian age (Fig. 3). Accord-
ingly, the age interval between the collapse brec-
cia and the basal nine meters of the micritic, clay-
ey, pelagic limestone is assigned to the late Ber-
riasian-Valanginian, marking the gradual platform
drowning. Towards the upper part of the Seyran
Formation, from sample Uy-1 to Uy-11, stepwise
younger radiolarian assemblages were identified,
with the last sample Uy-11 ascribed to the early
Aptian (Fig. 3). Based on this observation, the
late Berriasian age previously assigned to the cal-
citurbidite level within pelagic limestone by OkAy
and ALTINER (2016) should be reconsidered, as it
was possibly derived from reworked material.

3.1.1.2.2. The Akkaya Formation within the
Sogukcam Limestone Group

This formation was first proposed by Okay and
ALTINER (2016) and corresponds to the upper unit
of the Seyran Formation as defined by YUKSEL
(1970, 1973). Although the type locality (Akkaya
hill and surroundings, Fig. 2) for this formation
corresponds to the Elmadag Olistostrome sensu
ErRoL (1956), which includes pelagic limestone
blocks in the matrix, the definition of Okay and
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region and sampling levels.

ALTINER (2016) was based on observations from
the Uyuzhamami region. Because of this, the term
Akkaya Formation is accepted here, but with
some revisions. Since age findings from the
blocks in the ElImadag Olistostrome were also fac-
tored in the age assignment to this formation by
OkAY and ALTINER (2016), this aspect has been re-
vised in this study.

The basal part of the formation consists of de-
bris flow deposits (Figs. 3, 4.e-f). The contact of
the debris flow deposits of the Akkaya Formation
over the radiolarian-rich fine-grained clayey lime-
stone of the Seyran Formation is not gradual,
suggesting a sedimentation gap between these
two units (Fig. 4e). Since the layer positioning
does not change drastically across the contact, a
disconformable relationship with a minor sedimen-
tation gap is inferred for this boundary (Fig. 4e).

Debris flow deposits of the Akkaya Formation
consist of gray- to beige-colored, medium- to
thick-bedded, closely-packed calciturbidites with
clasts and blocks derived from both the Bilecik
Limestone Group and the Seyran Formation with-
in the Sodukgam Limestone Group. The 56-me-
ter-thick sequence shows larger blocks concen-
trated in the lower and upper sections, with smaller
clasts in the central part. Two samples (Uy-12
and Uy-13) were retrieved from this unit (Fig. 3).
The age of the matrix of this sequence was deter-
mined to be Albian (sample 9598) by Okay and
ALTINER (2016). Given the early Aptian age find-
ings from the underlying Seyran Formation and
the Albian age assigned to the matrix of the de-
bris flow deposits from the Akkaya Formation, the
interval from middle to late Aptian may represent
the sedimentation gap (Fig. 3).

The upper part of the Akkaya Formation is ap-
proximately 32 meters thick. Fifteen samples (Uy-
14 to Uy-24d, Fig. 3) were collected from gray- to
beige-colored, slightly reddish-colored, thin- to
medium-bedded, clayey, pelagic limestone rich in
glauconite and planktonic foraminifers (Figs. 3,

4.f-g). The lowermost sample (Uy-14) contained
limited remnants of radiolarians, which could not
be extracted due to low silica content and exten-
sive calcification of the radiolarian skeletons.
While calcified radiolarians are rarely found, sam-
ples Uy-17 to Uy-24d contain abundant and di-
verse planktonic foraminifers, providing a latest
Albian age (Fig. 3).

The depositional age of the Akkaya Formation
is approximated as Albian based on both plank-
tonic foraminiferal dating from the matrix of the
basal debris flow deposits (OkAy & ALTINER, 2016)
and the upper clayey pelagic limestone dated in
this study. The Cenomanian pelagic limestone
block within the Elmadag Olistostrome at Citrik
creek (see locality in Fig. 2) was mistakenly in-
cluded in the age dating of the Akkaya Formation
by Okay and ALTINER (2016). Thus, the age of the
Akkaya Formation is revised to roughly Albian,
rather than Albian-Cenomanian as previously sug-
gested by OkAy and ALTINER (2016). The upper-
most part of this unit exhibits a typical uncon-
formity surface and forms the final stratigraphic
unit of the Sakarya Continent Cover (Fig. 3).

3.1.1.3. The Elmadag Olistostrome in the US

In the US, the upper clayey limestone unit of
the Akkaya Formation within the Sogukgam Lime-
stone Group is unconformably overlain by a sedi-
mentary mélange unit (Figs. 3, 4.h-i), which we
have named the "Elmadag Olistostrome" in this
study, following the definition by ErRoL (1956). Our
recent study on the Elmadag Olistostrome (TEKIN
& TUNCER, 2024) reveals block ages from Artinski-
an (late Early Permian) to late Hauterivian (Early
Cretaceous), obtained from both platform and pe-
lagic facies embedded into either a calcareous
clayey or clayey calcareous matrix. While this
sedimentary mélange has been defined by various
authors at different localities [e.g., "Akkayatepe
Mélange" by BATMAN et al. (1978) near Alacaatli
village, close to Ankara city; "Unit with limestone
blocks" by UnaLan (1981) around Yakacik region,
NW Ankara; "Damlaadacderesi Formation" by Ko-
CYIGIT (1991) near Baglum and Yakacik villages,
NW Ankara; and "Alacaath Olistostrome" by Okay
and ALTINER (2017) and OkAy et al. (2019) in the
Alacaath region, SW Ankara], all of these are con-
sidered junior synonyms of the "Elmadag Olisto-
strome" sensu ERoL (1956).

The Elmadag Olistostrome has a total thick-
ness of 165 meters in the US (Fig. 3). The thick-
ness and lithological characteristics of the olisto-
strome vary in different locations; with wider out-
crops mostly observed on the southern flank of
the Haymana anticline, where it was erroneously
mapped as the Akkaya Formation by Okay and AL-
TINER (2016; Fig. 2). The lower part of the Elma-
dag Olistostrome is dominated by gray- to beige-
colored, loosely-packed carbonate matrix without
stratification. In contrast, the upper part of the
olistostrome (with 10 meters thick) contains larger
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Figure 6: Field photographs from different parts of the Haymana anticline; a. Detailed photographs from the basal
part of the Citrik section, including the Citrik block composed of gray- to beige-colored, thin- to medium-bedded marl
with clayey limestone interlayers where the sample Cit-3 was collected, b. Detailed view from the gray to beige-col-
ored clayey limestone bed, which is also the locality of sample Cit-3, c. Detailed photograph from the upper part of
the Citrik section, including the Citrik block composed of the same lithology as the lower part where the sample Cit-8
was retrieved, d. General view from the southern flank of anticline (around the Adapinar ridge in Fig. 2) showing the
pelagic limestone blocks within the Elmadag Olistostrome overlain by the Unaz and Haymana formations, respective-
ly, e. View from the type locality of the "Kocatepe Formation" by YUKSEL (1970); Sandstone beds overlain by con-
glomerates are situated at the base of the Haymana Formation, f. Green mudstone beds with red mudstone inter-
layer over the conglomerate beds in the Haymana Formation from the type locality. Red mudstone break was erro-
neously mapped and illustrated as red pelagic limestones of the Kocatepe Formation by YUKSEL (1970), g. View from
the basal part of the Unaz Formation in the US, made up of gray-, red- and purple-colored, thin-bedded, pelagic
clayey planktonic foraminifer-rich limestones, h. Detailed view of the medial part of the Unaz Formation in the US,
where sample Uy-30 was collected.

carbonate blocks (approximately 50x100 cm, The sedimentary mélange mainly includes two
50x200 cm, 200x400 cm, some even pebble- types of blocks and pebbles, i.e., pelagic and plat-
sized) within gray- to beige-colored, stratified, form carbonates (Fig. 4h-i). Gray- to beige-color-
highly-sheared, clayey carbonate and marl matrix  ed, micritic pelagic limestone blocks and pebbles
(Figs. 3, 4.h-i).
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are widespread (Fig. 4i). Three samples (Uy-25,
Uy-26a, and Uy-26b) were collected from these
limestone blocks in the section; however, no ra-
diolarian assemblages were extracted due to ex-
tensive calcification (Fig. 3).

It must be noted that to the northwest of the
Haymana anticline, two pelagic limestone blocks
(Kugukyayla and Caldag blocks), dated by Okay
and ALTINER (2016) as Turonian to Coniacian
based on planktonic foraminifers, were mistakenly
assigned to the basal part of the Kocatepe Forma-
tion by these authors. Our detailed mapping in
this locality indicates that these pelagic fragments
are actually blocks within the Elmadag Olisto-
strome (Fig. 2). Although the third section (Citrik
section) was shown in the geological map by Okay
and ALTINER (2016) at the western bank of the Ci-
trik creek, three kilometers northwest of the
Uyuzhamami creek locality (Fig. 2), no age deter-
mination was provided in their study. Therefore,
we measured the Citrik section for paleontological
dating, which included gray- to beige-colored
clayey marl with interlayers of clayey marl and
planktonic foraminifers that indicate a Turonian to
Coniacian age (Figs. 2, 5, 6.a-c). Based on our
new observations, the Turonian-Santonian age
assigned to the Unaz Formation (formerly Kocate-
pe Formation sensu YUkseL, 1970) should be re-
vised. We now propose a Santonian (more pre-
cisely, the late Santonian, although an early San-
tonian age cannot be excluded), based on the fo-
raminiferal datings from four localities (e.g., the
US in Haymana, the Guduk section to the north of
Alagdz, and the Cetinyatak section to the west of
the Memlik region). Detailed characteristics of the
Citrik section will be discussed in the next section
(Chapter 3.1.2).

Outcrops of larger blocks are primarily found
on the southern flank of the Haymana anticline,
between the Kiiglkgal hill and the Adapinar ridge
(Figs. 2, 6.d). The presence of these large olisto-
liths was first noted by YUkseL (1970, p. 20-22) as
the "Le probléme des olistolithes du Crétacé infé-
rieur" (Problem of Lower Cretaceous Olistoliths).
According to YUksEL (1970), these olistoliths likely
formed due to the gravity sliding of Early Creta-
ceous blocks into younger sediments (possibly
Late Cretaceous). However, this unit was not de-
fined as a separate formation in YUKSEL's studies
(1970, 1973), nor was it addressed in the study
of OkAY and ALTINER (2016). The age of the Elma-
dag Olistostrome could be Cenomanian to Conia-
cian, based on the unconformable relationship be-
tween the underlying middle Berriasian to latest
Albian Sogukcam Limestone Group and the over-
lying Santonian Unaz Formation. However, con-
sidering the overlying position of the Elmadag
Olistostrome above the previously-formed ophio-
litic mélange of the IAE Ocean (with Turonian ra-
diolarian blocks, e.g., BRAGIN and TEkIN, 1996, in
the north of the Ankara city close to the Memlik

region, and TEkIN et al., 2006, in the Mersin Mé-
lange, southern Tirkiye), it is apparent that the
depositional age of Elmadag Olistostrome is
younger than Turonian and should be confined to
the Coniacian (Fig. 3). The presence of a younger
block (Citrik block, dated Turonian-Coniacian)
within the matrix of the Elmadag Olistostrome
further supports the Coniacian age for its forma-
tion. In previous studies, the Coniacian age was
also assigned by Okay and ALTINER (2017) and
OkAY et al. (2019) to an equivalent unit (the Ala-
caatli Olistostrome by OkAy and ALTINER, 2017) in
their study conducted south of Ankara city. Addi-
tionally, radiolarian datings from the blocks within
the ElImadag Olistostrome have been performed in
two other localities (north of Alagéz and Yakacik
regions), and the results will be discussed in the
following subchapters.

3.1.1.4. The Unaz Formation in the US

According to YUkseL (1970, 1973), the upper
part of the US consists of lithological units attrib-
uted to the Kocatepe Formation sensu YUKSEL
(1970) in the Haymana region. YUkseL (1970,
1973) identified two distinct rock units in this for-
mation: 1) a basal unit, 20-50 meter-thick, con-
sisting of breccia, wild flysch, conglomerate, and
sandstone; and 2) an upper unit, 15-50 meter-
thick, composed of purple-colored limestones
dated to the Coniacian. However, detailed studies
conducted at the type locality (the Kocatepe hill,
southeast of Haymana town) and in the US indi-
cate that the basal unit, previously mapped as
part of the Kocatepe Formation sensu YUKSEL
(1970), does not represent basal conglomerates
associated with this formation but instead belongs
to the overlying Haymana Formation (Figs. 2,
6.e). Additionally, green mudstone beds with red
mudstone interlayers above the conglomerate
beds in the Haymana Formation (Fig. 6.f) were
incorrectly mapped as red pelagic limestones of
the Kocatepe Formation by YUksSEL (1970). There-
fore, the so-called Kocatepe Formation, as applied
to the Upper Cretaceous pelagic limestones, re-
quires revision. In previous studies, similar pelagic
limestones in the Pontide region were mapped as
the "Unaz Clayey Limestone Unit" of the "Kuru-
casile Formation" near the Amasra region, NW
Turkiye, by AkvoL et al. (1974). These were later
defined as the "Unaz Formation" by TUysUz et al.
(1997, 2012). In its type locality, the pelagic
clayey limestones of this formation vary in thick-
ness from 5 to 20 meters and were dated to the
late Santonian by TUvsUz et al. (2012). These
same lithological characteristics are also found in
the red pelagic limestones around the Ankara re-
gion (Haymana, north of Alagéz, and west of
Memlik, as observed in this study). Due to their
close resemblance with the Unaz Formation, we
have assigned the name "Unaz Formation" to the
Upper Cretaceous pelagic limestones in the Anka-
ra area (Figs. 2-3).
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The Unaz Formation in the US begins with
gray- to beige-colored, thin-bedded, clayey lime-
stone, followed by red- to purple-colored, thin-
bedded clayey limestones (Figs. 3, 6.g-h). The
upper part of the formation consists of red marl
(Fig. 3). These two sections contain abundant
planktonic foraminifers, and nine samples (Uy-27
to Uy-35) were taken from this formation. Plank-
tonic foraminiferal assemblages primarily suggest
a late Santonian age, though an early Santonian
age could not be ruled out for the lower part of
the formation. Additionally, samples Uy-28 and
Uy-28a from the Unaz Formation in the US yield-
ed abundant and moderately preserved radiolari-
ans (Fig. 3). Based on data collected from the US,
the Guduk section from the north of Alagéz, and
the Cetinyatak section from the west of Memlik, it
is shown that the carbonate portion of the forma-
tion does not exceed 14.5 meters in thickness,
and its age is limited to the Santonian (mainly
late Santonian). This contrasts with YUkseL (1970),
who reported a Coniacian age, and with the Turo-
nian-early Campanian age suggested by Okay and
ALTINER (2016).

3.1.1.5. The Haymana Formation in the US

Near the section locality, the pelagic lime-
stones of the Unaz Formation gradually transition
into the well-known, clastic-dominated lithologies
of the Haymana Formation, first described by
ScHMIDT (1960; Fig. 3). Although the Yilanlhisar
Formation, composed of alternating sandstone
and marl layers, was proposed by YUkseL (1970,
1973) to overlie the Kocatepe Formation, sub-
sequent studies (e.g., UnaLaN, 1976; Toker, 1979,
1980; SIREL et al., 1987; Ozcan & OzKAN-ALTINER,
1997; OkAY & ALTINER, 2016; GULYUz et al., 2019;
KARABEYOGLU et al., 2019) have generally included
this unit within the Haymana Formation. The Hay-

mana Formation is characterized by turbiditic se-
quences of green- to dark green-colored, medi-
um- to thick-bedded conglomerates, sandstones,
and mudstones. The total thickness of this forma-
tion was reported as 1295 meters by ScHMIDT
(1960), while UnALAN et al. (1976) measured up
to 1842 meters in different areas. Although this
formation was first described as ranging from ear-
ly Coniacian to early Maastrichtian by YUKSEL
(1970, 1973), more recent studies (e.g., TOKER,
1979, 1980; Ozcan & OzkAN-ALTINER, 1997; Okay
& ALTINER, 2016) indicate a Campanian-Maastrich-
tian age based on planktonic foraminifers and
nannoplankton assemblages.

3.1.2. The Citrik section (CS) from the Citrik
block within the Elmadag Olistostrome on
the NW flank of the Haymana anticline

The Elmadag Olistostrome contains numerous
limestone blocks, especially in the upper sections,
which are prominently exposed along the south-
ern and southeastern flanks of the Haymana anti-
cline (Fig. 2). One significant block, located along
the western bank of Citrik creek on the northern
flank of the Haymana anticline (situated within
the Ankara J29-al quadrangle sheet, coordinates
4366495N/0461201E and 4366522N/0461177E,
UTM Zone 36S; GPS coordinates 39°26'43.95"N
32°32'55.27"E to 39°26'44.84"N 32°32'54.26"E;
Figs. 2, 5, 6.a), is known as the Citrik block. Ten
samples (Cit-1 to Cit-10) were collected from the
CS, which has a total thickness of 17.2 meters
and a length of approximately 60 meters (Figs. 5,
6.a). This block consists of gray- to beige-colored,
thin-bedded marl with interlayered clayey lime-
stone (Fig. 5). Although numerous samples were
taken, mainly from the clayey limestone inter-
layers, only sample Cit-2 from the basal part
contained a planktonic foraminiferal assemblage
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(Fig. 5). Based on the long-ranging planktonic
foraminiferal species present, a Turonian to Co-
niacian age has been assigned to this block (Fig.
5). Although OkAY and ALTINER (2016) showed the
CS on their map, they did not provide detailed
section information. Also, lacking specific age
data, the lithologies of the Citrik block were as-
sumed to be the lower levels of the Kocatepe For-
mation (Fig. 11 in OkAy & ALTINER, 2016). By com-
bining data from these discrete units, these au-
thors assigned a Turonian to Santonian age to the
Kocatepe Formation sensu YUkseL (1970). Our de-
tailed studies in this region indicate that the San-
tonian Unaz Formation (gray- to beige-colored,
thin-bedded clayey limestone with clear stratifica-
tion) overlies the ElImadag Olistostrome (soft and
clayey carbonate matrix without clear stratifi-
cation) in an unconformable contact. Blocks with-
in this olistostrome do not have direct contact
with the overlying Unaz Formation (Fig. 6.a).

3.2. NORTH OF ALAGOZ REGION

This region is situated approximately 40 km
southwest of Ankara city center and very close to
the highway between Ankara and Eskisehir (Figs.
1.B, 7). Three main units (Elmadag Olistostrome,
Unaz, and Haymana formations) are exposed
here and exhibit similar lithological characteristics
to those observed in the Haymana region. Re-
cently, BILGIN (2014) provided a detailed study of
this region. Basic stratigraphical features were
presented by Okay and ALTINER (2017), and OkAY
et al. (2019), and subsequent dating for the
stratigraphical units was performed by SARIASLAN
et al. (2020). To analyze the stratigraphical se-
quence here and correlate them with those in the
Haymana region, the Glduik section was meas-
ured (Figs. 7-8).

3.2.1. The Giidiik section (GS)

This section is situated 1300 me-
ters southwest of Kargabedir hill and
northwest of Alag6z village (Ankara
I128b3 quadrangle sheet between
4400944N/0456443E and 4400943N/
0456442E, UTM Zone 36S; GPS coor-
dinates 39°45'20.53"N 32°29'28.07"E
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and 39°45'20.51"N 32°29'28.03"E in
the first part and shifted approximate-
ly 50 meters along the baseline of the
Unaz Formation, then continues in the
second part located between 4401057N/
0456372E and 4401048N/0456355E,
UTM Zone 36S; GPS coordinates 39°
45'24.17"N 32°29'25.06"E and 39°45'
23.88"N 32°29'24.36"E; Figs. 7-8).
Seventeen samples (Gud-1 to Gid-
17) were retrieved from the GS over a
total of 15.75-meter-thick sequence
(Fig. 8).

The Elmadag Olistostrome consti-
tutes the basal part of the GS (Figs. 7-
8,9.a-c). Different types of blocks
(mainly pelagic, sometimes platform-
type carbonates, sandstones, clay-
stones, breccia, and cherts) of poorly-
sorted, subrounded materials with va-
rying sizes up to 100 meters occur in
this region within a carbonate-marl-
dominated matrix. A small pelagic
block measuring 1.5 meters by 1.6
meters and composed of gray- to
beige-colored, thin-bedded limestone
with black chert lenses is present in
the upper part of the Elmadag Olisto-
strome (Figs. 8, 9.a-c). Although two
samples were retrieved (Gid-1 and
Gud-2) from chert lenses in this

« Figure 8: Log of the Gudik section and
sampling levels.
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part of the Guduk section, including small pelagic limestone blocks of the Early Cretaceous age within the matrix of
the Elmadag Olistostrome, b-c. Detailed view of radiolarian-rich cherty limestone block of the latest Valanginian-
early late Hauterivian age where sample Gud-2 was retrieved, d. Panoramic view from SE to NW showing the distri-
bution of rock units (the Elmadag Olistostrome, Unaz, and Haymana formations) on the deviation of section locality
of the GlUduk section, e. Another panoramic view from NW to SE showing the lithostratigraphic units in the Giduk
section, f. Detailed view of sampling levels (Giid-3 to Glid-15a) from the red pelagic limestones of the Santonian
Unaz Formation, g. View from the top of the Gudik section, showing the red pelagic limestone of the Santonian Unaz
Formation passing to the alternating red- to green-colored sandstone and mudstone of the Campanian-Maastrichtian

Haymana Formation.

cherty limestone block, only sample Gid-2 yield-
ed a radiolarian assemblage dating to the late Valan-
ginian-early middle Hauterivian (Early Creta-
ceous) (Fig. 8). Higher in the section, loosely
packed, gray- to beige-colored marl matrix con-
stitutes the dominant lithology in the Elmadag
Olistostrome (Figs. 8, 9.a).

The Elmadag Olistostrome lies unconformably
beneath the pelagic limestones of the Unaz For-
mation with a sharp contact (Figs. 8, 9.d-f). No

clastic sediment appears at the base of this for-
mation. Beige-, red- to violet-colored, thin- to
medium-bedded clayey limestone with abundant
planktonic foraminifers and 6.25 meters in thick-
ness occurs at the base of this formation (Figs. 8,
9.e-f). This part is followed by a 4.5 meters-thick,
pale violet- to purple-colored, very fine-grained,
thin-bedded marl level (Figs. 8, 9.e-g). The up-
permost part of this formation is represented by a
0.5 meter-thick, pink-colored pelagic clayey lime-
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« Figure 10: Geological map of the Ya-
kacik region showing the stratigraphi-
cal/structural units and locations of the
samples collected in this study. Key: a.
The Dikmen Graywacke consisting of
Middle Triassic metaclastics belonging to
the basement of Sakarya Continent, b.
The Early Jurassic Bayirkdy Formation
(clastics and limestones of rosso ammo-
nitico facies) overlying the basement of
the Sakarya Continent (the Dikmen
Graywacke), c¢. Ankara Ophiolitic Mé-
lange with dismembered oceanic suit
belonging to the Izmir-Ankara Ocean, d.
The Coniacian Elmadag Olistostrome
with platform and pelagic carbonate
blocks, e. The Neogene deposits, f. The
Quaternary deposits, g. Location of the
Acisu section, h. Main roads, i. Drainage
system, j. Radiolaria occurrence in spot
samples from blocks in the Elmadag
Olistostrome (redrawn, mainly revised
after DURU & AksAY, 2002; OkAY & ALTI-
NER, 2017; OKAY et al., 2019). The red
arrow indicates the direction of the pho-
tograph in Fig. 25.a.
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stone, with characteristics similar to the basal part
of the Unaz Formation (Figs. 8, 9.g). The total
thickness of the Unaz Formation is 10.25 meters,
and fifteen samples (Gld-3 to Gld-15a) were col-
lected for dating (Fig. 8). These samples yielded
abundant Santonian planktonic foraminifers
matching well with those determined by SARIASLAN
et al. (2020).

The Unaz Formation transitions to the over-
lying Haymana Formation, characterized by alter-
nating shales and sandstones (Figs. 8, 9.e-g).
While the lower part of the Unaz Formation is
mainly composed of red-colored clastics, the color
transitions to green towards the upper part. The
age of the basal part of the Haymana Formation
is precisely dated to the Campanian stage, based
on planktonic foraminiferal assemblages by SArI-
ASLAN et al. (2020), an age assignment that has
also been adopted in this study (Fig. 8).

3.3. YAKACIK REGION

The third locality in this study is located ap-
proximately 17 km northwest of Ankara city, near
the Yakacik village and its surroundings (Fig.
1.B). Detailed studies on the lithostratigraphic
units of this area were conducted by Duru and Ak-
SAY (2002), OkAY and ALTINER (2017), and Okay et
al. (2019).

In this locality, the oldest rock unit in the An-
kara region, the Middle Triassic Dikmen Gray-
wacke by EroL (1956), is exposed (Fig. 10). Rock
units belonging to the Dikmen Graywacke in the
Yakacik region are represented by deformed clas-
tics, consisting mainly of shale and sandstone.
This unit is unconformably overlain by a clastic-
dominated sequence (sandstone, mudstone, con-
glomerate, shale, and rosso ammonitico lime-
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stone). This unit was first introduced as "Bayirkdy
Sandstone" by GRANIT and TINTANT (1960), and
subsequently named Bayirkdéy Formation by AL-
TINLI (1975a) in the Bilecik region, NW Turkiye.
Its age is assigned to the Early Jurassic by many
authors (e.g., ALTINLI, 1975a; ALTINER et al., 1991;
ALKAYA & MEISTER, 1995; VOROs, 2014; DELIKAN &
ORHAN, 2020). To the west of Yakacik, the "Anka-
ra Ophiolitic Mélange" (the Anatolian Complex
sensu KogviGit, 1991), which is a part of Ankara
Mélange, is exposed. This unit represents the
remnants of the Izmir-Ankara Ocean sensu SEN-
GOR and YIiLMAZ (1981) and SENGOR et al. (1984)
with hundreds of meters in thickness (Fig. 10).

In this region, all these older units are uncon-
formably overlain by the Coniacian Elmadag Olis-
tostrome, which is made up of carbonate blocks
of different origins (e.g., platform and pelagic car-
bonates) with irregular contacts (Fig. 10). Al-
though this olistostromal unit is also exposed in
other parts of the region, a major part of it crops
out east of the Yakacik region around Damlaagag-
deresi creek. The Elmadag Olistostrome is com-
posed of carbonate blocks of various sizes and
origins (mainly pelagic) within a gray- to beige-
colored, loosely- to slightly-stratified marl matrix
(Figs. 10, 11.a). KogviGit (1991) designed this
unit "Damlaadacderesi Formation", which is con-
sidered a junior synonym of Elmadag Olisto-
strome sensu ErRoL (1956). To determine the ages
of the pelagic blocks in this olistostrome, eight
spot samples (Damla-1 to Damla-8) were collect-
ed on the southeast bank of Damlaagagderesi
creek (Figs. 10, 11.a-d). In addition to these sin-
gle-point samples, five samples (Aci-1 to Aci-5)
were retrieved from a large block (the Acisu
block) in the Acisu section within the Elmadag
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Figure 11: View from the Elmadag Olistostrome in the Yakacik region; a. General view of the eastern bank of
Damlaadacgderesi creek, showing the gray- to beige-colored pelagic cherty limestone and rare green-colored tuffite
blocks in the ElImadag Olistostrome, b. General view of the beige- to gray-colored cherty limestone block within the
calcareous fine-grained matrix at the southeastern bank of the Damlaagacderesi creek, c. Detailed view of the same
block shown in Fig. 11.b, where sample Damla-1 with radiolarians of Hauterivian age was retrieved, d. Detailed view
from the small block (sample Damla-6) made up of alternating gray- to red-colored cherty limestone and mudstone
with abundant early Callovian-early Kimmeridgian radiolarians in the EImadag Olistostrome, e. General view of the
Acisu section measured on the Acisu mega-block at the southeastern bank of Damlaadacderesi creek; f. Detailed
view from the central part corresponding to sample Aci-3 of the Acisu section, highlighting the alternating gray- to
red-colored cherty limestone with abundant ammonoids and radiolarians and red mudstone of the early Callovian-
early Kimmeridgian age, g. View from the overlying level (sample Aci-4), showing the red chert drops within the
gray- to green-colored limestone beds with the early Callovian-middle to late Tithonian radiolarians, h. Ammonoid
from the upper part of the Acisu section where the sample Aci-5 was collected.

Olistostrome (Figs. 10, 11.e-h, 12). Determinable
radiolarian assemblages were obtained from two
single-point samples (Damla-1 and Damla-6) and
two additional samples (Aci-3 and Aci-4) from the
Acisu section (Figs. 10-12). The locality and
lithological descriptions of these samples are as
follows.

3.3.1. Sample Damla-1

This sample was retrieved from a limestone
block within a loosely-packed marl matrix in the
Elmadag Olistostrome (H29c4 quadrangle sheet,
4433277N/0483091E, UTM Zone 36S; GPS coor-
dinates 40°02'52.67"N 32°48'04.91"E; Figs. 10,
11.b-c). This block is medium-sized (3 meters in
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Figure 12: Log of the Acisu section from the Acisu
block within the Elmadag Olistostrome in the Yakacik re-
gion and sampling levels.

width and 25 meters in length) and is located on
the southeast bank of Damlaadacderesi creek
(Figs. 10, 11.b). It consists of gray- to beige-col-
ored, thin-bedded pelagic limestones with gray-
colored chert nodules and drops (Fig. 11.c). The
radiolarian assemblage obtained from this block
reveals a Hauterivian (Early Cretaceous) age.

3.3.2. Sample Damla-6

A small block (1 meter in width and 3 meters
in length) within the same type of matrix is situ-
ated on the southeast bank of Acisu creek (H29c4
quadrangle sheet, 4432260N/0482906E, UTM
Zone 36S; GPS coordinates 40°02'19.69"N 32°47"
57.21"E; Figs. 10, 11.d). It consists of red- to green-
colored, thin- to medium-bedded silicified mud-
stone alternating with brown-colored limestone
with chert nodules (Fig. 11.d). Early Callovian
(late Middle Jurassic) to early Kimmeridgian (mid-
dle Late Jurassic) radiolarian assemblage was ob-
tained from this block (Fig. 10).

3.3.3. The Acisu section (AS)

Although the blocks in the Elmadag Olisto-
strome are generally small- to medium-sized to
the east of the Yakacik region (Fig. 11.a), one
mega-block with 31.5 meters thickness is ex-
posed on the ridge between Damlaagagderesi and
Acisu creeks (H29-c4 quadrangle sheet, between
4432930N/0482625E and 4432880N/0482597E,
UTM Zone 36S; GPS coordinates 40°02'41.39"N
32°47'45.28"E and 40°02'39.77"N 32°47'44.10"E;
Figs. 10, 11.e). This block was called "the Acisu
block" based on its location close to the Acisu
creek (Fig. 10). The Acisu section (AS) measured
on the Acisu block was subdivided into three parts
(Fig. 12). The lower part is composed of red- to

pink-colored, thin-bedded limestones with rare
chert nodules and laminated mudstones. Two
samples (Aci-1 and Aci-2) were taken from this
part. This is followed by gray- to red-colored
cherty limestones with abundant ammonoids and
radiolarians interbedded with red mudstones
(Figs. 11.f-g, 12). Two samples (Aci-3 and Aci-4)
obtained from the central part of this section
yielded abundant radiolarians revealing an early
Callovian-middle to late Tithonian age (Fig. 12).
The upper part of the section includes an alterna-
tion of gray-, yellow- to red-colored, thin- to me-
dium-bedded ammonoid-rich limestones with
chert bands and red-colored laminated mudstones
(Figs. 11.h, 12). No radiolarian assemblage was re-
covered from the upper part of the sequence due
to the extensive calcification of radiolarian tests.

3.4. WEST OF MEMLIK REGION

To the 25 km northwest of Ankara city, the
west of Memlik village (Fig. 1.B), extensive out-
crops of ophiolitic mélange and overlying units
are exposed (Fig. 13). This region was studied
and mapped in detail by KocyiGit (1991), OkaAy
and ALTINER (2017), and Okay et al. (2019). To
understand the relationship between the ophiolitic
mélange and the overlying units, the Cetinyatak
section was measured in this region (Fig. 14).

3.4.1. Cetinyatak section (CS)

Well-exposed outcrops of the Upper Creta-
ceous sequence are located near Cetinyatak creek
(Ankara H29-d3 quadrangle sheet, between
4436043N/0476500E and 4436195N/ 0476680E,
UTM Zone 36S; GPS coordinates 40°04'21.81"N
32°43'26.37"E and 40°04'26.76"N 32°43'33.95"E;
Fig. 13). The section derives its name from this
creek (Fig. 13). The total thickness of the section
is 94.5 meters, and five samples (Cet-1 to Cet-5)
were collected from the Unaz Formation (Figs. 13-
14) for dating using planktonic foraminifers.

The basal part of the CS is represented by the
ophiolitic mélange, a chaotic mixture of various
blocks and slices, mainly originating from an
ophiolitic suite and its cover (e.g., serpentinite,
spilitic basalt, spilitic olistostrome, tectonic brec-
cia, radiolarite, etc.). This basal part comprises two
slices (Figs. 13-14): 1) Spilitic basalt: This unit
exhibits green to dark green alteration and occa-
sionally displays pillow structures (Figs. 14,
15.a); 2) Spilitic olistostrome: This slice contains
semi-rounded spilitic basalt pebbles and blocks
within a volcaniclastic matrix (Figs. 14, 15.b).

A 12-meter-thick sedimentary chaotic se-
quence (the Elmadag Olistostrome) unconforma-
bly overlies the ophiolitic mélange with an abrupt
contact (Figs. 14, 15.c). The olistostrome primari-
ly consists of pelagic, clayey limestone with dark
gray-colored chert lenses, set within a gray to
beige-colored, loosely-packed clayey carbonate
matrix (Figs. 14, 15.d). Although KogviGIT et al.
(1988) and KogviGiT (1991) suggested that the
pelagic limestone-bearing olistostromal unit oc-
curs as tectonic slices within the ophiolitic mé-
lange, our detailed mapping in this area dem-
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Carnets Geol. 24 (13)

« Figure 13: Geological map of the
west of Memlik region, showing the strati-
graphical/structural units and location of
the Cetinyatak section. Key: a. Ophiolit-
ic mélange with dismembered oceanic
suite belonging to the Neotethys Izmir-
Ankara-Erzincan Ocean, b. The Conia-
cian Elmadag Olistostrome with mainly
pelagic carbonate blocks, ¢. The Santo-
nian Unaz Formation with basal clastics,
d. The Campanian-Maastrichtian Hay-
mana Formation, e. Neogene deposits,
f. Strike-slip fault, g. Location of the Ce-
tinyatak section, h. Main roads, i.
Drainage system, j. Limestone quarry
(redrawn and mainly revised after Ka-
ZANCI & GOKTEN, 1986; GOKTEN et al.,
1988; KocYIGIT et al., 1988; KOGYIGIT,
1991). Red arrows indicate the direc-
tions of the photographs in Fig. 25.b-c.

« Figure 14: Log of the Cetinyatak sec-
tion and sampling levels.

onstrates that this unit (the Elmadag Olisto-
strome) unconformably overlies the ophiolitic mé-
lange (Fig. 13). Small remnants of this olisto-
stromal unit are also observed resting atop of the
ophiolitic mélange in various localities west of the
Memlik region, including Cal hill to the east and

Klglkgoksivrisi hill in the central part of the area
(Fig. 13).

Towards the upper part of the sequence, the
overlying units (Figs. 13-14, 15.e) consist of clas-
tics, marl, and clayey carbonates, which transition
upwards into clastic units. These were collectively
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Figure 15: Field photographs from the Cetinyatak section (CS) in the west of the Memlik region, a. View from the
basal part of the section, including spilitic basalt slice of the ophiolitic mélange, b. Detailed view of the second slice
in the ophiolitic mélange composed of an olistostrome of semi-rounded spilitic basalt pebbles and blocks within a vol-
caniclastic matrix, c. Unconformable relations between the ophiolitic mélange, the ElImadag Olistostrome, and the
basal clastics of Unaz Formation, respectively, d. Detailed view from the Elmadag Olistostrome composed of mainly
pelagic, clayey limestone with dark gray-colored chert lenses within a gray- to beige-colored, loosely packed clayey-
carbonate matrix, e. View from the basal clastics of the Unaz Formation consists of alternating gray- to green-color-
ed, thin- to medium-bedded conglomerate and sandstone, f-h. Views from the upper limestone part of the Santonian
Unaz Formation, f. View from the lower part of the clayey limestone in the Unaz Formation showing red- to pink-col-
ored, thin-bedded marl with coarse volcaniclastics, g. General view from the upper limestone part of the Santonian
Unaz Formation, displaying the lower red-colored marl, central red-colored, thin-bedded pelagic limestone with
planktonic foraminifers, and upper red-colored marl, h. Detail view from the central red-colored, thin-bedded clayey
limestone of the Unaz Formation from which planktonic foraminifer-bearing sample Cet-3 was retrieved, i-j. Views
from the Campanian-Maastrichtian Haymana Formation; i. Detailed view from the uppermost part of the CS, showing
alternating green- to dark green-colored, medium- to thick-bedded claystone and sandstone, j. View from the upper-
most part of the section to the northeast direction, highlighting the general outline of the Haymana Formation; thick
interlayers in this unit with gravel and coarse sandstone constitute the distributary channels within the turbiditic fa-
cies formed in the fore-arc basin.

referred to as the "Kizilyaka Formation" in this lo- 2) an upper unit of clayey limestone, both equiva-
cality by KogviGit et al. (1988) and KogviGiT  lent to the "Unaz Formation" (AkyoL et al., 1974;
(1991). However, this unit can be subdivided into  TuUyvsUz et al., 1997, 2012). We have adopted the
two parts: 1) a lower unit of clastic and marl, and name "Haymana Formation" sensu ScHMIDT (1960)
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for the upper clastic sequence, correlating it with
the Haymana Basin.

The Elmadag Olistostrome is unconformably
overlain by the 40.5-meter-thick Unaz Formation
(Figs. 14, 15.f-h), which begins with an alterna-
tion of gray- to green-colored, thin- to medium-
bedded conglomerate and sandstone. The con-
glomerate pebbles include pelagic limestone,
green-colored basalt, and red-colored radiolarian
chert, indicating derivation from both the Elma-
dag Olistostrome and ophiolitic material from the
underlying units. These lithologies transition into
gray- to green-colored, thin- to medium-bedded
volcaniclastic sandstone and claystone (Figs. 14,
15.e). Overlying these is a carbonate-bearing se-
quence composed of three distinct parts. The ba-
sal portion consists of red- to pink-colored, thin-
bedded marl interspersed with coarse clastics de-
rived from volcanic material (Figs. 14, 15.f). The
central portion, approximately two meters thick is
composed of red-colored, thin-bedded clayey
limestone containing planktonic foraminifers (Figs.
14, 15.g-h). The uppermost portion closely resem-
bles the basal part and is characterized by red-
colored marl. Five samples (Cet-1 to Cet-5) were
collected from the clayey limestone section of the
Unaz Formation to analyze planktonic foraminifer-
al content. However, only one sample (Cet-3)
yielded a discernible planktonic foraminiferal as-
semblage (Fig. 14). While KogyiGIT et al. (1988)
and KogviGit (1991) originally assigned an early-
middle Campanian (Late Cretaceous) age to this
limestone, the planktonic foraminiferal assem-
blage identified in sample Cet-3 from this study
indicates a Santonian age. This revised age is
consistent with findings from the Haymana and
north of Alag6z regions in this study, as well as
the observations of TUyvsuz et al. (2012) in the
type locality (Figs. 3, 8, 14).

The Unaz Formation transitions gradually into
the Haymana Formation, which is characterized
by red-colored, thin-bedded mudstones alternat-
ing with green-colored, thick-bedded sandstones
(Figs. 13-14, 15.i-j). Although KocviGIT et al.
(1988) and KogyiGIT (1991) defined this unit as
the "Tesrekyayla Formation" in this locality, we
adopt the name "Haymana Formation" sensu
ScHMIDT (1960), based on correlations with the
Haymana region (Figs. 13-14). Although KogviGiT
et al. (1988) and KogYIGIT (1991) reported a mid-
dle Campanian to Maastrichtian (Late Cretaceous)
age for the 1000-meter-thick formation, correla-
tions with the Haymana region (this study) and
north of the Alagdz region (SARIASLAN et al., 2020;
this study) assign the Haymana Formation to the
broader Campanian-Maastrichtian interval (Fig. 14).

4. Biochronology of the radiolarian
and planktonic foraminiferal
assemblages

4.1. The Seyran Formation within the Soguk-
¢am Limestone Group from the Uyuzhamami
section in the Haymana region

4.1.1. Radiolarian biochronology of the upper
part of the Seyran Formation within the Soguk-
cam Limestone Group

The upper part of the Seyran Formation within
the Sogukcam Limestone Group, overlying the
limestone breccia (Fig. 3), contains highly-diverse
and well-preserved radiolarians, indicating an ear-
ly Hauterivian to early Aptian (Early Cretaceous)
time span (Fig. 16; Pls. 1-8; Table 1). A total of
eleven samples (Uy-1 to Uy-11) were collected
from this unit along the Uyuzhamami section (Fig.
3). Only one sample (Uy-8) was devoid of radiola-
rian content. The age determinations for these
samples are as follows.

Eleven meters above the platform carbonates
of the Bilecik Limestone Group, the first radiolari-
an-bearing sample (Uy-1, Fig. 3) was retrieved.
This sample contains several significant radiolari-
an taxa (e.g., Halesium palmatum DuMITRICA, Te-
trapaurinella staurus DUMITRICA, Becus gemmatus
Wu, Archaeodictyomitra longovata DUMITRICA, Spi-
nosicapsa agolarium (FOREMAN), and Arcanicapsa
leiostraca (FOREMAN), etc.; Table 1). The presence
of taxa such as Halesium palmatum DUMITRICA,
Tetrapaurinella staurus DUMITRICA, Spinosicapsa
agolarium (FOREMAN), Pseudodictyomitra nodocos-
tata DuMITRICA, and Arcanicapsa leiostraca (FORE-
MAN), which have their last appearance datum
(LAD) at the end of the Hauterivian, along with
taxa that first appear (FAD) at the beginning of
the Hauterivian (e.g., Archaeodictyomitra longo-
vata DuMITRICA, Becus gemmatus Wu, and Pseu-
dodictyomitra nodocostata DUMITRICA), supports a
Hauterivian age for this sample (Jup, 1994; Dumi-
TRICA et al., 1997). This age corresponds to Zone
F2 (UA 26-28) by Jup (1994) and UAZ 19 by
BAUMGARTNER et al. (1995). Furthermore, the ab-
sence of characteristic taxa from the Berriasian-
Valanginian interval [e.g., Emiluvia chica decussa-
ta STEIGER, E. hopsoni PESSAGNO, E. pessagnoi FORE-
MAN s.l., Obesacapsula cetia (FOREMAN), O. polye-
dra (STEIGER), Parapodocapsa amhitreptera (FORE-
MAN), Cinguloturris arabica Jup, Ristola cretacea
(BAUMGARTNER), Spinosicapsa coronata (STEIGER),
Tethysetta sphaerica (STEIGER)] corroborates the
Hauterivian age (STEIGER, 1992; Jup, 1994; BauMm-
GARTNER et al., 1995; Table 1). Therefore, the age
of the pelagic limestones below Uy-1 corresponds
to the late Berriasian-Valanginian interval (Fig. 3).

The radiolarian assemblage of sample Uy-2 is
less diverse but shares similarities with Uy-1
(Table 1). The first appearance of Stylospongia ?
titirez Jup in Uy-2 indicates the base of Zone F3
(UA 29) by Jup (1994), corresponding to the mid-
dle to late Hauterivian (Fig. 16; Table 1).
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Figure 16: Proposed radiolarian zones and unitary associations for Bajocian (Middle Jurassic) to Aptian (Early Creta-
ceous) time interval (after Jup, 1994; O'DOGHERTY, 1994; BAUMGARTNER et al., 1995; MATSUOKA, 1995; DUMITRICA et
al., 1997; L1 et al., 2017; Cut et al., 2021). The shaded area corresponds to the chronostratigraphic position (Hau-
terivian to early Aptian) of the radiolarian assemblages obtained from the Seyran Formation within the Sogukgam
Limestone Group, from the Uyuzhamami section in the Haymana region.

Higher in the section, a significant radiolarian
taxon, Aurisaturnalis carinaus inconstans DUMITRI-
cA & DumrITrICA-JUD, is identified for the first and
only time in sample Uy-3 (Table 1). According to
DumITRICA and DuMITRICA-JUD (1995), this taxon is
a diagnostic marker of the uppermost Hauterivian
strata, corresponding to UA 32 (Zone F3) by Jup
(1994) and UAZ 20 by BAUMGARTNER et al. (1995).
Additionally, another key taxon, Cecrops ? sexa-

spina Jub, with its last appearance datum (LAD) in
the uppermost Hauterivian, is also exclusive to
this sample (Zone F3 and UA 31 by Jup, 1994;
Fig. 16; Table 1). These findings establish the age
of sample Uy-3 as latest Hauterivian, correspond-
ing to the F3 Zone (UA 31-32) by Jup (1994) and
UAZ 20 by BAUMGARTNER et al. (1995; Fig. 16;
Table 1).
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Towards the upper part of the section, sample
Uy-4 contains the very characteristic taxon, Ce-
crops septemporatus (PARONA), which has its last
appearance datum (LAD) in Zone G1 (UA 34) by
Jup (1994), corresponding to the early Barremi-
an-early late Barremian time interval (Fig. 16; Ta-
ble 1). Additionally, another important and indica-
tive taxon described by DuMiTRICA and DUMITRICA-
Jubp (1995), Aurisaturnalis carinatus inconstans
DumITRICA & DuMiITRICA-JUD, which characterizes
the same zone, is only present in sample Uy-5
(Table 1). Based on these two important taxa, the
ages of samples Uy-4 and Uy-5 are assigned to
the early Barremian-early late Barremian (Zone
G1, UA 33-34 by Jup 1994, UAZ 21 by BAUMGART-
NER et al., 1995; Fig. 16). According to DUMITRICA
and DuMITRICA-JuD (1995), the first appearance
datum (FAD) of Aurisaturnalis carinatus perfora-
tus DuMITRICA & DUMITRICA-JUD occurs in the middle
to latest Barremian, corresponding to the base of
Zone G2 (UA 35) by Jup (1994) and UAZ 22 by
BAUMGARTNER et al. (1995; Fig. 16). This taxon
first appears in sample Uy-6 (Table 1). Sample
Uy-7 exhibits a similar assemblage to sample Uy-
6 and contains radiolarians characteristic of the
latest Barremian [e.g., Thanarla pacifica NAKASEKO
& NISHIMURA, Thanarla pulchra (SQUINABOL), Cryp-
thamporella clivosa (ALIEV)]. This assemblage cor-
responds to UA1l by O'DoGHERTY (1994, base of
the Hiscocapsa asseni Zone) and Zone G2 (UA
35) by Jup (1994), as well as UAZ 22 by Baum-
GARTNER et al. (1995; Fig. 16; Table 1). Although
DuMITRICA et al. (1997) reported the age of the
Thanarla pacifica NAKASEKO & NISHIMURA as Hau-
terivian-Barremian, our results align with O'Do-
GHERTY (1994), assigning it to the latest Barre-
mian to middle Aptian.

Sample Uy-8, however, lacks radiolarian as-
semblages, while sample Uy-9 yielded only a rare
radiolarian taxon. As a result, determining the
exact age of these samples is challenging. By
comparing the underlying sample Uy-7 and the
overlying samples Uy-10 and Uy-11, the age of
these samples is tentatively assigned to the early
Aptian (basal part of Zone G2, UA 35 by Jup,
1994; basal part of UAZ 22 by BAUMGARTNER et al.,
1995; basal part of the Verbeeki Subzone of the
Turbocapsula Zone, UA 2-3 by O'DOGHERTY, 1994;
Fig. 16; Table 1).

The last two samples (Uy-10 and Uy-11) from
the Uyuzhamami section contain similar radiolari-
an assemblages [e.g., Dibolachras tytthopora
FOREMAN, Spinosicapsa typica (RUST), Praexitus
alievi (FOREMAN), Tethysetta usotanensis (TUMAN-
DA), Thanarla pacifica NAKASEKO & NISHIMURA, Te-
thysetta boesii (PARONA), Crypthamporella clivosa
(ALev), Crococapsa uterculus (PArRONA)], all of
which have their last appearance datum (LAD) in
the early Aptian. These samples correspond to UA
3 to 7 by O'DOGHERTY (1994; Fig. 16; Table 1).
Additionally, several long-ranging taxa [e.g., Rho-

palosyringium fossile (SQUINABOL), Crucella gavalai
O'DOGHERTY, Paronaella grapevinensis (PESSAGNO)],
first appear in the lower part of the lower Aptian
(UA 4 to 5 by O'DOGHERTY (1994). Based on these
observations, the age of these samples is as-
signed to the earliest Aptian, corresponding to the
lower part of the Turbocapsula Zone (Verbeeki
Subzone, UA 4-5 by O'DoGHERTY, 1994), the lower
part of G2 Zone, UA 35 by Jup (1994), and UAZ
22 by BAUMGARTNER et al. (1995; Fig. 16; Table 1).

4.1.2. Planktonic foraminiferal biochronology
of the upper part of the Akkaya Formation within
the Sogukcam Limestone Group

The upper part of the Akkaya Formation within
the Sogukgcam Limestone Group, situated over the
debris flow deposits composed of pelagic lime-
stones, contains a less-diverse planktonic forami-
niferal microfauna, indicating a latest Albian time
span (Figs. 17-18; Table 2). A total of fifteen
samples (Uy-14 to Uy-24d) were collected from
this unit along the Uyuzhamami section (Fig. 3)
for planktonic foraminiferal analysis. However,
two samples from the basal part (samples Uy-14
and Uy-15) did not yield planktonic foraminifers
but contained some calcified undeterminable ra-
diolarians (Fig. 3). The dating of the remaining
twelve samples, based on the planktonic forami-
niferal content, is interpreted as follows.

Wackestone-mudstone depositional textures
with planktonic foraminifers (mainly Ticinellids)
are observed in the upper pelagic limestone unit
of the Akkaya Formation, which belongs to the
Sogukcam Limestone Group. The planktonic
foraminiferal assemblages are dominated by low
to mid-high trochospiral coiling, globular-subglob-
ular chambered morphotypes (i.e., Microhedber-
gella spp. and Ticinella spp., Figs. 17-18; Table
2). Within the assemblages, relatively small
specimens  (150-190 microns)  with low
trochospiral coiling, thin tests, and moderately
enlarging chambers could be attributed to
Microhedbergella sp. cf. M. rischi (MouLLADE) (Fig.
18.A). Ticinella spp. are identified by their thick,
hispid walls and relatively larger tests (180-250
microns) (Fig. 18.B-D). A single specimen with a
planispiral coiling and a peripheral keel
throughout the test can be attributed to the
species Planomalina buxtorfi (GANDOLFI) (Fig.
18.E). Microhedbergella rischi (MouLLADE) and the
genus Ticinella REICHEL are characteristic taxa for
the Albian strata (PrRemoLl SiLvA & SLITER, 1995;
BELLIER & MouLLADE, 2002; HuBer & LEckig, 2011).
Planomalina buxtorfi has a relatively short
stratigraphic range within the Ilatest Albian
(PeTRIZZO & HUBER, 20062, 2006b; Fig. 17).
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Table 1. Distribution of radiolarian taxa obtained from the clayey, pelagic limestone of the Seyran Formation within
the Sogukgam Limestone Group along the Uyuzhamami section, Haymana region.

EPOCH/STAGE EARLY CRETACEOUS

Hauterivian Barremian early Aptian
Unitary Association by Jup (1994) 26-28 29-32 33-34 35
Unitary Association by BAUMGARTNER et al. (1995) 19 20 21 22
Unitary Association by O'DOGHERTY (1994) 1 2-3 4-5
TAXA/SAMPLES Uy-1  Uy-2 Uy-3 Uy-4 Uy-5 Uy-6 Uy-7 Uy-9 Uy-10 Uy-11
Halesium palmatum DUMITRICA X
Tetrapaurinella staurus DUMITRICA X
Haliodictya ? sp. A X
Spinosicapsa agolarium (FOREMAN) X
Spinosicapsa limatum (FOREMAN) X
Arcanicapsa leiostraca (FOREMAN) X
Cecrops septemporatus (PARONA) X X X X
Crucella angulata YANG X X X X X
Archaeotritrabs gracilis STEIGER X ? ? ? ? X
Archaeodictyomitra mitra DUMITRICA X ? X ? X X
Pseudodictyomitra carpatica (LOZYNIAK) X ? ? ? ? X
Alievium regulare (Wu& L1) X X X ? X X X
Haliodictya crucelliforma DUMITRICA X X X ? X X X
Halesium biscutum JuD X ? ? ? ? X X X
Acastea diaphorogona (FOREMAN) X X X X X ? X ? X
Triactoma merici TEKIN nov. sp. X ? ? X ? X ? ? X
Crucella ? inflexa (RUST) X ? ? ? ? ? ? ? X
Deviatus diamphidius (FOREMAN) X ? ? ? X X X ? X
Paronaella ? tubulata STEIGER X ? ? ? X X ? ? X
Godia coronata (TUMANDA) X ? ? X ? ? X X X
Tetrapaurinella lepida TEKIN nov. sp. X ? ? ? X X ? ? X
Archaeodictyomitra lacrimula (FOREMAN) X ? ? ? ? ? X ? X
Archaeodictyomitra longovata DUMITRICA X ? ? ? ? ? X X X
Xitus vermiculatus (RENZ) X ? X ? ? ? X X X
Pantanellium squinaboli (TAN SINHOK) X X X X ? X X X X X
Acaeniotyle umbilicata (RUST) X X ? ? X X X ? X X
Suna echiodes (FOREMAN) X ? X ? ? X X X X X
Crucella bossoensis JuD X ? X ? X X X ? X X
Cyclastrum infundibuliforme RUST X X X X X X X X X X
Paronaella ? annemariae annemariae JuD X ? X X X X X X X X
Paronaella trifoliacea OzZvVOLDOVA X X X X X X X ? X X
Halesium crassum (OzVOLDOVA) X X X ? X X X X X X
Halesium ? lineatum JubD X ? ? ? ? X ? ? X X
Halesium medium (STEIGER) X X X ? X X X ? X X
Becus gemmatus WU X ? X ? X ? X ? X X
Dicerosaturnalis amissus (SQUINABOL) X ? X X X X X X X X
Archaeodictyomitra leptocostata (WU& LI) X ? X X ? X ? X X X
Pseudodictyomitra nodocostata DUMITRICA X ? ? ? ? X ? X X X
Dibolachras tytthopora FOREMAN X ? X ? X X X ? X X
Spinosicapsa triacantha tetraradiata (STEIGER) X ? X ? ? ? X ? X X
Arcanicapsa trachyostraca (FOREMAN) X ? X ? ? ? X X X X
Dicerosaturnalis major (SQUINABOL) X
Godia ? orbicula TEKIN nov. sp. X ? X
Svinitzium pseudopuga DUMITRICA X X ? ? X
Hexapyramis precedis JuD X ? X X ? X
Crucella collina Jub X ? X ? X X
Loopus nudus (SCHAAF) X X ? X X ? X
Dicerosaturnalis trizonalis dicranacanthos (SQUINABOL) X X ? X ? ? X X
Pantanellium aff. cantuchapai PESSAGNO & MACLEOD sensu JUD X X ? ? X X ? X X
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Angulobracchia portmanni s.|. BAUMGARTNER

Godia ? satoi (TUMANDA) X
Stylospongia ? titirez JuD X
Cecrops ? sexaspina JUD

Dicroa periosa FOREMAN

Homoeparonaella irregularis (SQUINABOL)

Tritrabs ewingi s.|. (PESSAGNO)

Aurisaturnalis carinatus inconstans DUMITRICA & DUMITRICA-JUD

Eospongosaturninus breggiensis DUMITRICA & HUNGERBUHLER

Pyramispongia spinosa TEKIN nov. sp.

Archaeodictyomitra mostleri TEKIN nov. sp.

Pseudodictyomitra matsuokai DUMITRICA

Pseudoeucyrtis sp. A

Acanthocircus italicus (SQUINABOL)

Acanthocircus multidentatus (SQUINABOL)

~
~

Paronaella ? annemariae oezgenerdemae TEKIN nov. subsp.

Acanthocircus horridus SQUINABOL

~
xX X
xX X X

Acanthocircus hueyi (PESSAGNO)

Acanthocircus levis (DONOFRIO & MOSTLER)

~
-~
~

Pyramispongia sphaerica TEKIN nov. sp.

Spongocapsula obesa Jub

X X X X

Homoeparonaella peteri JuD

Godia florealis (JuD)

~
~
~
~
~

X X X

Pseudoeucyrtis tenuis (RUST)

xX X
xX X
-~
~

Stylosphaera macroxiphus (RUST)

Godia lenticulata JuD

x
~
~
~
~

x

Acanthocircus venetus (SQUINABOL)

Praexitus alievi (FOREMAN)

X X X X X X X X X X X X X X X X X X X X X X X X X X x X

~
xX X X
N
~
SCRIEN]
~

xX X X X X

-~

Xitus normalis (WU & LI)
Triactoma sp. A

Homoeparonaella elegans bulbosa TEKIN nov. subsp.

X X X

Spongocapsula coronata (SQUINABOL)

Triactoma tithonianum RUST

Aurisaturnalis carinatus carinatus DUMITRICA & DUMITRICA-JUD
Solenotryma ichikawai MATSUOKA & YAO

Becus multispinosus TEKIN nov. sp.

Archaeospongoprunum obesum TEKIN nov. sp.

X X X

Acanthocircus simplex (SQUINABOL)
Pseudoxitus laguncula DUMITRICA
Acaeniotyle helicta FOREMAN

Clavaxitus clava (PARONA)

x
~
~

X X X

Crolanium bipodium (PARONA)

~
~
~
~

Cyclastrum ? planum Jub

~
-~
~

Archaeospongoprunum tortilum TEKIN nov. sp.
Savaryella cruciforma TEKIN nov. sp.

Savaryella pseudoguexi breva TEKIN nov. subsp.

X X X X X X X X X X X X X X X X X
x
~
x

X X X

~
X X X X
X X X X X

Pseudoeucyrtis zhamoidai (FOREMAN)

Crucella remanei JubD

X X X X X

Pseudocrucella ? elisabethae (RUST)
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Alievium ? fatuum DUMITRICA X

Pyramispongia sp. B

Aurisaturnalis carinatus perforatus DUMITRICA & DUMITRICA-JUD
Pseudodictyomitra thurowi DUMITRICA

Hemicryptocapsa capita TAN SIN HOK

Archaeospongoprunum ankaraense TEKIN nov. sp.
Archaeospongoprunum carrierensis globosum TEKIN nov. subsp.
Obeliscoites dorysphaeroides (NEVIANI)

Pseudocrolanium puga (SCHAAF)

~
~

Noviitus robustus Wu

X X X X X X X X X X
~
~

X X X X X X
X X X X X X

Crococapsa asseni (TAN SIN HOK)
Pantanellium masirahense DUMITRICA
Homoeparonaella sp. A

Pyramispongia barmsteinensis (STEIGER)
Archaeodictyomitra excellens (TAN SIN HOK)
Napora praespinifera (PESSAGNO)
Triactoma haymanaense TEKIN nov. sp.
Cyclastrum ? trigonum (RUST)

Mirifusus chenodes (RENZ)

Tethysetta usotanensis (TUMANDA)
Thanarla pulchra (SQUINABOL)

Becus helenae (SCHAAF)

Godia concava (LI & Wu)

Haliodictya ? quadrata TEKIN nov. sp.
Haliodictya ? sp. B

Thanarla pacifica NAKASEKO & NISHIMURA
Tethysetta boesii (PARONA)

Pseudoxitus seriola DUMITRICA

X X X X X X X X X X X X X X X X X X X
~
X X X X X X

~
~
X X X X X X X X

Crypthamporella clivosa (ALIEV)

Neorelumbra tippitae KIESSLING

xX X X

Spinosicapsa spinosa (SQUINABOL)
Xitus sandovali JuD
Rhopalosyringium fossile (SQUINABOL)
Trimulus parmatus O'DOGHERTY
Archaeodictyomitra sp. A

Suna hybum (FOREMAN)

Crucella gavalai O'DOGHERTY
Paronaella grapevinensis (PESSAGNO)

Spongostichomitra elatica (ALIEV)

X X X X X X X X X X

Spinosicapsa producta TEKIN nov. sp.

Pantanellium sp. A

Archaeospongoprunum sp. A

Archaeospongoprunum carrierensis carrierensis PESSAGNO
Bernoullius spelae Jub

Vitorfus campbelli PESSAGNO

Amphipyndax mediocris (TAN SIN HOK)

Pseudoeucyrtis corpulentus DUMITRICA

X X X X X X X X X X X X X

Crococapsa uterculus (PARONA)
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Table 2. Distribution of planktonic foraminiferal taxa obtained from the pelagic clayey limestone of the Akkaya For-
mation within the Sogukgam Limestone Group in the Uyuzhamami section, Haymana region.

EPOCH/STAGE EARLY CRETACEOUS
earliest Albian
BIOZONE Thal inell. inica

/4

Uy Uy Uy Uy

TAXA / SAMPLES -14 -15 -16 -17

Uy Uy Uy Uy Uy Uy Uy Uy Uy Uy Uy
-18 -19 -20 -21 -22 -23 -24 -24a _-24b -24c__-24d

Planomalina buxtorfi (GANDOLFI) X

Microhedbergella sp. X X
Ticinella sp. X X
Microhedbergella rischi (MOULLADE) cf.

4.2. Biochronology of the pelagic assem-
blages from blocks within the EImadag Olis-
tostrome at the Yakacik, north of Alagoz,
and Haymana regions

In three different regions (Yakacik, north of
Alag6z, and Haymana), pelagic blocks were dated
based on the radiolarian and planktonic forami-
niferal assemblages. These are listed in chrono-
logical order below:

4.2.1. Radiolarian biochronology of the blocks
within the Elmadag Olistostrome at the Yakacik
region

Although several spot samples (Damla-1 to
Damla-9) were collected from the southeastern
bank of Damlaadacderesi creek, only two of these
samples (Damla-1 and Damla-6) yielded deter-
minable radiolarians in the Yakacik region (Fig.
10). In addition to these samples, one of the me-
ga-block (Acisu) was studied in detail based on
five samples (Aci-1 to Aci-5; Figs. 11-12). From
this block, well-preserved radiolarians were ob-
tained from two samples (Aci-3 and Aci-4). The
radiolarian assemblages from these samples are
discussed chronologically as follows.

4.2.1.1. Sample Damla-6

The pelagic limestone block, with gray chert
nodules, contains a radiolarian microfauna [i.e.,
Emiluvia salensis PessaGgNo (Pl. 9, fig. A), Parona-
ella kotura BAUMGARTNER (Pl. 9, fig. B), Homoepa-
ronaella argolidensis BAUMGARTNER (Pl. 9, fig. C),
Tritrabs exotica (PessagNo) (Pl. 9, fig. D), Halio-
dictya ? antiqua antiqua (RusT) (Pl. 9, fig. E), H. ?
hojnosi RIeDEL & SaNFiLippo (PI. 9, fig. F), Perispy-
ridium ordinarium (PessaGnoO) (Pl. 9, fig. G), Cin-
guloturris carpatica DumiTricA (Pl. 9, fig. H), and
Spinosicapsa triacantha tetraradiata (STEIGER) (PI.
9, fig. I)] characteristic of a Middle to Late Juras-
sic age (BAUMGARTNER et al., 1995). The first ap-
pearance datum (FAD) of Cinguloturris carpatica
DuMITRICA occurs at the base of upper Bathonian-
lower Callovian strata, corresponding to the base
of UA7 by BAUMGARTNER et al. (1995), while the
last appearance datums (LAD) of two key taxa
(Haliodictya ? hojnosi RIEDEL & SANFILIPPO and Pa-
ronaella kotura BAUMGARTNER) is at the top of the
lower Kimmeridgian (UA10 by BAUMGARTNER et al.,
1995). Based on these FAD and LAD, the age of
the sample can be assigned as late Bathonian to
early Kimmeridgian. However, according to sever-
al studies (DumiTrRicA & MEeLLO, 1982; GORICAN,

1994; SaAsHIDA & UEMATSU, 1996; Hori, 1999), Cin-
guloturris carpatica DUMITRICA first appears at the
base of the Callovian. Additionally, a diverse ra-
diolarian assemblage from UAZ 7 was described
from a sample above lower Callovian ammonites,
supporting the interpretation that UAZ 7 is mainly
Callovian in age (Beccaro, 2006). Based on these
interpretations, the age of this sample is there-
fore assigned to the Callovian (late Middle Juras-
sic; middle part of UA7 by BAUMGARTNER et al.,
1995) to early Kimmeridgian (Late Jurassic; UA10
by BAUMGARTNER et al., 1995; Fig. 16).

4.2.1.2. Samples from the Acisu section

Sample Aci-3 from the Acisu section contains
rich radiolarian microfauna [e.g., Emiluvia pessa-
gnoi ForemAN s.l. (Pl. 9, fig. J), E. orea s.l. BAuM-
GARTNER (PI. 9, fig. K), Tetratrabs zealis (OzvoLDO-
va) (Pl. 9, fig. L), Angulobracchia digitata BAuM-
GARTNER (Pl. 9, fig. M), Paronaella kotura BAum-
GARTNER (PI. 9, fig. N), P. mulleri PessagNno (PI. 9,
fig. O), Perispyridium ordinarium (PessAGNO) (PI.
9, fig. P), Cinguloturris carpatica DumiTrICA (PI. 9,
fig. Q), Praewilliriedellium convexum (Yao) (PI. 9,
fig. R)]. The First Appearance Datum (FAD) of
Cinguloturris carpatica is at the base of the Callo-
vian, while the Last Appearance Datums (LAD) of
Paronaella kotura BAUMGARTNER, P. mulleri PESSA-
GNo, and Angulobracchia digitata BAUMGARTNER OC-
cur at the top of the lower Kimmeridgian. Based
on this range, the age of sample Aci-3 is assigned
to the early Callovian (late Middle Jurassic) to
early Kimmeridgian (Late Jurassic), corresponding
to the middle part of UA7-10 by BAUMGARTNER et
al., 1995; Fig. 16).

Stratigraphically younger sample Aci-4 in the
Acisu section contains a different radiolarian as-
semblage compared to the underlying sample Aci-
3. This assemblage includes Homoeparonaella ar-
golidensis BAUMGARTNER (PI. 9, fig. S), Transhsuum
sp. aff. T. maxwelli (PEssaGNo) (PI. 9, fig. T), Cin-
guloturris primorika KeMKIN & TAKETANI (PI. 9, fig.
U), Mirifusus sp. (Pl. 9, fig. V), Svinitzium mizuta-
nii DumITricA (Pl. 9, fig. W), Palinandromeda sp.
aff. P. podbielensis (OzvoLbovA) (Pl. 9, fig. X), and
Spongocapsula palmerae Pessagno (Pl. 9, fig. Y),
as well as ammonoid remains (Pl. 9, fig. Z). The
taxon range zone of Cinguloturris primorika Kem-
KIN & TAKETANI as reported by KEMKIN and TAKETANI
(2004) and Suzuki and GawLick (2009) supports
an age assignment for this sample to the early
Callovian (late Middle Jurassic) to middle-late Ti-
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thonian (Late Jurassic). This age roughly corre-
sponds to the middle part of UA7-12 by BAUMGART-
NER et al. (1995; Fig. 16).

Figure 18: Thin-section photomicrographs of the plank-
tonic foraminifers from the upper part of the Akkaya
Formation within the Sogukgam Limestone Group stud-
ied in the Uyuzhamami section, Haymana region: A. Mi-
crohedbergella sp. cf. M. rischi (MoULLADE): Uy-17; B-D.
Ticinella spp.: B. Uy-16, C-D. Uy-24b; E. Planomalina
buxtorfi (GANDOLFI): Uy-16. The scale bar is indicated at
the bottom of the figure.

4.2.1.3. Sample Damla-1

Sample Damla-1 contains a diverse radiolarian
microfauna, including Cecrops septemporatus (PA-
RONA) (PI. 9, fig. AK), Triactoma tithonianum RUST
(PI. 9, fig. AL), Crucella angulata YanG (PIl. 9, fig.
AM), C. collina Jup (Pl. 9, fig. AN), Paronaella ?
annemariae Jup (Pl. 9, fig. AO), P. ? tubulata STEI-
GeR (Pl. 9, fig. AP), Godia florealis (Jub) (Pl. 9, fig.
AQ), Halesium crassum (OzvoLpova) (Pl. 9, fig.
AR), Haliodictya ? crucelliforma DumiTricA (Pl. 9,
fig. AS), Archaeodictyomitra mitra DuMITRICA (PI.
9, fig. AT), Mirifusus sp. (PIl. 9, fig. AU), Xitus ele-
gans (SquinasoL) (Pl. 9, fig. AV), X. normalis (Wu
& L1) (Pl. 9, fig. AW), Obesacapsula verbana (Pa-
RONA) (PIl. 9, fig. AX), and Arcanicapsa leiostraca
(ForemaNn) (PI. 9, fig. AY). According to DuUMITRICA
et al. (1997), Xitus normalis (Wu & LI) in the as-
semblage first appears at the base of the Hau-
terivian, while Cecrops ? sexaspina Jup last ap-
pears near the top of the Hauterivian (Jup, 1994;
DumITRICA et al., 1997). The assemblage is as-
signed to the early Hauterivian (base of the Zone
F2, UA26 by Jup, 1994) to late Hauterivian (near
the top of Zone F2, UA31 by Jub, 1994; Fig. 16).

4.2.2. Radiolarian biochronology of the block
in the Elmadag Olistostrome at the base of the
Gudik section, north of Alagéz region

Sample Gld-2, retrieved from a block of the
Elmadag Olistostrome in the lower part of the Gu-
dik section (Fig. 8), reveals a radiolarian assem-
blage including Cecrops septemporatus (PARONA)
(Pl. 9, fig. AA), C. ? sexaspina Jup (Pl. 9, fig. AB),
Crucella angulata YanG (Pl. 9, fig. AC), Cyclastrum
infundibuliforme RUsT (Pl. 9, fig. AD), Paronaella
trifoliacea OzvoLbova (PIl. 9, fig. AE), D. trizonalis
dicranacanthos (SquinasoL) (Pl. 9, fig. AF), Spon-
gocapsula coronata (SquinaeoL) (Pl. 9, fig. AG),
Spinosicapsa agolarium (ForemAN) (PI. 9, fig. AH),

S. sp. aff. S. coronata (STEIGER) sensu Jub (Pl. 9,
fig. Al), and Arcanicapsa leiostraca (FOREMAN) (PI.
9, fig. Al), characteristic mainly of the late Valan-
ginian to late Hauterivian time interval (Jup,
1994; BAUMGARTNER et al., 1995; DuMITRICA et al.,
1997). The co-occurrence of Spongocapsula coro-
nata (SQuINABOL) and Spinosicapsa sp. aff. S.
coronata (STEIGER) sensu Jub places the assem-
blage within the late Valanginian (base of F1
Zone, UA22 by Jup, 1994) to the early middle
Hauterivian (base of F3 Zone, UA29 by Jup, 1994;
Fig. 16).

4.2.3. Planktonic foraminiferal biochronology
of the Citrik block within the Elmadag Olisto-
strome in the Haymana region

Clayey limestones interlayered within the marl
of the Citrik block are characterized by carbonate
mudstone with few planktonic foraminiferal as-
semblages (Fig. 5). The planktonic foraminiferal
assemblage, comprising Marginotruncana sp. cf.
M. pseudolinneiana and Marginotruncana sp. (Fig.
19), suggests a Turonian-Santonian age interval
for the Citrik block within the Elmadag Olisto-
strome (Fig. 17). Taking into consideration its po-
sition beneath the Santonian Unaz Formation, a
Turonian-Coniacian age can be assigned to the
Citrik block.

Figure 19: Thin-section photomicrographs of the
Turonian-Coniacian planktonic foraminifers observed
from the Citrik block within the EImadag Olistostrome in
the Citrik section, Haymana region: A. Marginotruncana
sp. cf. M. marginata (Reuss), Cit-2; B. Marginotruncana
sp., Cit-2. Scale bar is indicated at the bottom of the
figure.

4.3. Biochronology of the planktonic forami-
niferal assemblages from the Unaz Forma-
tion in the Haymana, north of Alagdz, and
west of Memlik regions

In this study, planktonic foraminiferal assem-
blages of the Unaz Formation were studied in de-
tail in three different sections: the Uyuzhamami
section in the Haymana region, the Gulduk section
in the north of Alag6éz region, and the Cetinyatak
section in the west of Memlik region. The bio-
chronology of the planktonic foraminiferal assem-
blages from these sections is as follows.

4.3.1. The Unaz Formation in the Uyuzhamami
section, Haymana region

The pelagic limestones of the Unaz Formation
in the Uyuzhamami section are represented by
wackestone-carbonate mudstone with planktonic
foraminifers, predominantly marginotruncanids.
The planktonic foraminiferal assemblage com-
prises Dicarinella asymetrica (SiGaL) (Fig. 20.A),
Globotruncana hilli PEssaGNo (Fig. 20.C-D), Margi-
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notruncana sp. cf. M. marginata (Reuss), M. pseu-
dolinneiana PessaGNo (Fig. 20.E-G), and M. sp.
aff. M. sigali (ReicHEL) (Fig. 20.H) (Table 3). With-
in the assemblage, Dicarinella asymetrica is the
eponymous taxon of the D. asymetrica Zone,
which is characteristic of the latest Coniacian to
Santonian age (Fig. 17). Globotruncana hilli is a
taxon commonly reported in several Tethys Cam-
panian-Maastrichtian strata. It has also been
rarely recorded in the middle to upper parts of
the Dicarinella asymetrica Zone in the Exmouth
Plateau (NW Australia) (PeTrizZzO, 2000), the Gub-
bio section (Italy) (Coccioni & PREMOLI SILVA,
2015), and the SE Indian Ocean (PeTrizzO et al.,
2022). The first occurrence (FO) of Globotruncana
hilli was recently reported from the uppermost
Santonian strata of the Bottaccione section (M-
NIATI et al., 2020; GALE et al., 2023). According to
the mikrotax database, its first appearance is ac-
cepted as being the latest Santonian. Considering
the co-occurrence of the two important taxa (Di-
carinella asymetrica and Globotruncana hilli) in
sample Uy-28a, which is located just 1.5 meters
above the base of the Unaz Formation (Fig. 3),
the age of this formation is interpreted to be pri-
marily the late Santonian (Table 3).

Figure 20: Thin-section photomicrographs of the San-
tonian planktonic foraminifers observed in the Unaz For-
mation from the Uyuzhamami section, Haymana region.
A. Dicarinella asymetrica (SIGAL): Uy-28a; B. Dicarinella
sp. cf. D. asymetrica (SiGAL): Uy-31; C-D. Globotrunca-
na hilli PEssaGgno: C. Uy-28a, D. Uy-29; E-G. Margino-
truncana pseudolinneiana PESSAGNO: E. Uy-27. F. Uy-28,
G. Uy-29; H. Marginotruncana sp. aff. M. sigali (REI-
CHEL): Uy-29. The scale bar is indicated at the bottom of
the figure.

4.3.2. The Unaz Formation in the Guduk sec-
tion, north of Alag6z region

Wackestone depositional texture with plank-
tonic foraminifers and recrystallized allochems are
observed in the limestones from the Unaz Forma-
tion at the Guldik section (Fig. 8). Planktonic
foraminifers are abundant and diverse in the
lower part of the succession, while they become
rare in the upper part (Fig. 21, Table 4). The
amount of recrystallized allochems increases in
some levels at the upper part of the section,
whereas planktonic foraminifers and other clasts
show inclination in some intervals.

The planktonic foraminifers observed in the
GUudlik section are dominated by double-keeled
marginotruncanids, which are associated with
rare dicarinellids (Fig. 21). The planktonic forami-
niferal assemblages include Dicarinella asymetrica
(SicaL) (Fig. 21.A-C), D. concavata (BROTZEN)
(Fig. 21.F-H), D. primitiva (DaLBIEZ) (Fig. 21.K),
Globotruncana arca (CusHmMAN) (Fig. 21.L), G. lin-
neiana (OrRBIGNY) (Fig. 21.N), Marginotruncana co-
ronata (BoL.1) (Fig. 21.0), M. sp. cf. M. marginata
(Reuss) (Fig. 21.P-R), M. paraconcavata POR-
THAULT, M. pseudolinneiana PessagNo (Fig. 21.S-
T), M. sp. cf. M. schneegansi (SiGAL) (Fig. 21.U),
M. sp., and Muricohedbergella sp. cf. M. flandrini
(PorTHAULT) (Fig. 21.W-X). Within the assem-
blage, the lowest occurrence of Dicarinella asy-
metrica, the eponymous taxon of the D. asymetri-
ca Zone, is observed in sample Glid-3a at the
base of the succession. This taxon is found in sev-
eral stratigraphic levels throughout the section
(Table 4). These data suggest that the age of the
approximately 10.25 m thick pelagic succession is
not older than the latest Coniacian and not
younger than the Santonian (IoN & Szasz, 1994;
IoN et al., 1999; RoBaszYNKi et al., 2000; GALE et
al., 2007; LamoLbA & PauL, 2007; GRADSTEIN et al.,
2012; LamoLbA et al., 2014; Coccionl & PREMOLI
SiLvA, 2015). Some morphotypes of D. asymetrica
and D. concavata recorded in the Gldik section
have slightly wider carinal bands (Fig. 21) com-
pared to the typical D. asymetrica and D. conca-
vata. The first occurrence of Globotruncana arca
is observed at the base of the Guldik section
(sample Gid-3, Table 4). The taxon is widely

Table 3. Distribution of planktonic foraminiferal taxa obtained from the Unaz Formation in the Uyuzhamami section,

Haymana region.

EPOCH/STAGE LATE CRETACEOUS
Santonian
BIOZONE Dicarinella asymetrica
TAXA/SAMPLES Uy-27 Uy-28 Uy-28a Uy-29 Uy-30 Uy-31 Uy-32 Uy-33 Uy-34 Uy-35
Marginotruncana marginata (REUSS) cf. cf.
Marginotruncana sp. X X X ? X
Marginotruncana pseudolinneiana PESSAGNO X X X ? X X X
Marginotruncana tarfayaensis (LEHMANN) cf.
Globotruncana hilli PESSAGNO X X
Dicarinella asymetrica (SIGAL) X ? ? cf.
Dicarinella sp. X

Marginotruncana sigali (REICHEL)
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Figure 21: Thin-section photomicrographs of the Santonian planktonic foraminifers observed in the Unaz Formation
from the Gidik section, north of Alag6z region. A-C. Dicarinella asymetrica (SIGAL): A. Gid-8; B. Gud-3a; C. Gud-
15; D-E. Dicarinella sp. cf. D. asymetrica (S1GAL): D. Gld-3a, E. Gud-13; F-H. Dicarinella concavata (BROTZEN): F-G.
Gud-4; H. Gud-7; I-J. Dicarinella sp. cf. D. concavata (BROTzEN): 1. GUd-3, J. Gud-4; K. Dicarinella primitiva (DAL-
BIEZ): Gud-15a; L. Globotruncana arca (CUsHMAN): GUd-3; M. Globotruncana sp. cf. G. arca (CusSHMAN): Glid-13; N.
Globotruncana linneiana (D'ORBIGNY): Gud-3; O. Marginotruncana coronata (BoLL1): Gud-3a; P-R. Marginotruncana
sp. cf. M. marginata (Reuss): P-Q. Gud-3, R. Gid-10; S-T. Marginotruncana pseudolinneiana PESSAGNO: S. Gud-10,
T. Gud-5; U. Marginotruncana sp. cf. M. schneegansi (SIGAL): Gud-5; V. Marginotruncana sp. cf. M. tarfayaensis
(LEHMANN): Gud-15a; W=X. Muricohedbergella sp. cf. M. flandrini (PORTHAULT), W. Gld-13, X. GlUd-11. The scale bar
is indicated at the bottom of the figure.

« Figure 22: Thin-section photomicrographs of the
Santonian planktonic foraminifers observed in the Unaz
Formation from the Cetinyatak section, west of Memlik
region. A. Dicarinella sp. cf. D. asymetrica (SIGAL): Cet-
3; B. Marginotruncana sp. cf. M. pseudolinneiana PESSA-
GNO: Cet-3; C-D. Marginotruncana sp.: both are from
Cet-3. The scale bar is indicated at the bottom of the fig-
ure.
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Table 4. Distribution of planktonic foraminiferal taxa obtained from the Unaz Formation in the Gudlk section, north

of Alagdz region.
EPOCH/STAGE

BIOZONE

LATE CRETACEOUS
Santonian

Dicarinella asymetrica

TAXA / SAMPLES

Giid Giid Giid Giid Giid Giid Giid Giid Giid Gid Giid Giid Giid Giid Giid Giid Giid

-3 -3a -4 -5 -6 -7 -8 -9 -10 -11 -12 -13 -14 -15 -15a -16 -17
Globotruncana linneiana (ORBIGNY)
'pill-boxmorphotype' X ? X
Dicarinella sp. X ? ? ? X
Marginotruncana marginata (REUSS) cf. cf. cf.
Dicarinella concavata (BROTZEN) @i, ? X ? ? X
Globotruncana arca (CUSHMAN) X cf. cf.
Marginotruncana pseudolinneiana PESSAGNO X X X X X X X X X X X
Marginotruncana coronata (BOLLI) X X ? ? ? ? ? ? X cf
Dicarinella asymetrica (SIGAL) X ? ? X ? ? ? cf. ? X

Marginotruncana paraconcavata PORTHAULT
Marginotruncana tarfayaensis (LEHMANN)
Marginotruncana schneegansi (SIGAL)
Muricohedbergella flandrini (PORTHAULT)
Dicarinella primitiva (DALBIEZ)

X X v X X
~

cf.

known from several Campanian-Maastrichtian suc-
cessions; however, its first appearance is within
the Santonian at the base of the Dicarinella asy-
metrica Zone (Fig. 17).

4.3.3. The Unaz Formation in the Cetinyatak
section, west of Memlik region

Wackestone with rare planktonic foraminifers,
recrystallized allochems, and abundant siliciclas-
tics are observed in the Cetinyatak section, with
inclination being common in many taxa (Fig. 22).
A few planktonic foraminifers are obtained from
sample Cet-3, including Dicarinella sp. cf. D. asy-
metrica (SicaL) (Fig. 22.A), Marginotruncana
pseudolinneiana PessaGgNo (Fig. 22.B-C), and M.
sp. (Fig. 22.D). The presence of Dicarinella sp. cf.
D. asymetrica suggests the D. asymetrica Zone,
indicating the latest Coniacian-Santonian time in-
terval (Fig. 17). Based on a comparison with
planktonic foraminifers from the Uyuzhamami and
GudUk sections, the age of the Unaz Formation in
this section is assigned to the Santonian.

5. Results and discussion

5.1. THE BILECIK LIMESTONE GROUP

The Bilecik Limestone Group constitutes the
basal part of the sequence studied in the Uyuzha-
mami section in the Haymana region. It is com-
posed of gray- to beige-colored, medium- to
thick-bedded platform carbonates of Tithonian to
early Berriasian age based on the study of Okay
and ALTINER (2016).

5.2. THE SOGUKCAM LIMESTONE GROUP

Lithological units of the Bilecik Limestone
Group are unconformably overlain by a rather
continuous middle Berriasian to uppermost Albian
pelagic rock sequence, with a minor gap during
the middle to late Aptian time interval (Figs. 2-3).
These rock units are included in the Sodgukcam
Limestone Group and are represented by two for-
mations (the Seyran and Akkaya formations). The
rank of the "Sogukgam Limestone" has been

cf.
cf.

ciif ? @i,
X

raised to the "Sogukcam Limestone Group" in this
study.

5.2.1. The Seyran Formation

The Seyran Formation, originally described by
YUKSEL (1970), was revised in this study to include
the lower two units, while the upper unit was re-
assigned to the Akkaya Formation, as described
by Okay and ALTINER (2016; Fig. 3).

In its basal part, the Seyran Formation is cha-
racterized by an 11-meter-thick limestone brec-
cia, which was assigned to the middle Berriasian
by Okay and ALTINER (2016). The boundary be-
tween the overlying Seyran Formation and the
underlying Bilecik Limestone Group may cor-
respond to the early/middle Berriasian boundary
(i.e., a version of the Kbe2 sequence boundary),
which has been overprinted by local tectonism
and represents a drowning unconformity (GODET,
2013). According to GobeT (2013), drowning un-
conformities indicate that "changes in nutrient in-
put, clastic delivery, temperature, or a combina-
tion of them may be responsible for a decrease in
light penetration in the water column and the pro-
gressive suffocation and poisoning of photosyn-
thetic carbonate producers". This drowning event
suggests that the middle Berriasian marks the
time of platform collapse, transitioning into a
deep, pelagic environment as evidenced by radio-
larian-rich, thin-bedded clayey limestones (FLU-
GEL, 2004) during the late Berriasian to early Apti-
an time interval (Fig. 3).

The basal limestone breccia of the Seyran For-
mation is overlain by micritic, clayey and cherty pe-
lagic limestone with abundant radiolarians (Fig.
3). The lower part of this sequence lacks fossil
microfauna but can be ascribed to the late Berria-
sian-Valanginian based on well-dated strata a-
bove and below. In contrast, the upper part of
these limestones yielded a diverse and abundant
radiolarian assemblage (Fig. 3), which indicates
an early Hauterivian to early Aptian age based on
a total of 146 taxa. These data suggest that the

218



early Hauterivian to early Aptian (Early Creta-
ceous) interval was the time of a well-stratified
basin, with minimal tectonic activities (FLUGEL,
2004). Due to these facts, the age of the Seyran
Formation can be assigned to the middle Berria-
sian to early Aptian, primarily based on radiolari-
an dating (Fig. 3). Therefore, the age assignment
of this formation as Cenomanian-Turonian by YUk-
SEL (1970, 1973) and as Berriasian by Okay and
ALTINER (2016) (Sodukgam Limestone in their
study) should be revised.

5.2.2. The Akkaya Formation

The type locality of the Akkaya Formation is lo-
cated at the outcrops of the EImadag Olistostrome
(Fig. 2). However, this formation was first defined
from the Uyuzhamami region by OkAY and ALTINER
(2016). Because of this, the Akkaya Formation
was included in this study, but the age assign-
ment by OkAY and ALTINER (2016) has been revised.

The Akkaya Formation overlies the Seyran For-
mation with a typical disconformity surface, indi-
cating a relatively minor gap in deposition (Fig.
3). It can be subdivided into two parts: 1) debris
flow deposits and 2) clayey pelagic limestones.
The debris flow deposits at the basal part consist
of closely-packed calciturbidites containing clasts
and blocks from the Bilecik and Sogukgam lime-
stone groups. An Albian age was assigned by
OkAY and ALTINER (2016) to this unit, based on the
foraminiferal assemblages found in the matrix of
these debris flow deposits. These debris flow de-
posits may indicate tectonic destabilization in
their depositional environment, possibly linked to
the initiation of the South Atlantic Ocean opening
during the late Barremian (126 Ma) (Torsvik et
al., 2009). Post-rift and drift processes began in
the South Atlantic Ocean at the onset of the early
Albian (110 Ma), triggering the subsequent south-
west-to-northeast clockwise rotational movement
of the African Plate (Torsvik et al., 2009). As a
result of these movements, the closure of the
Neotethys Ocean (e.g., Intra-Pontide and IAE of
Northern Neo-Tethys sensu SENGOR and YILMAZ,
1981) began during the late early (Albian) to Late
Cretaceous time interval (Torsvik et al., 2009).
The upper part of the Akkaya Formation com-
prises clayey, pelagic limestones with abundant
glauconite and planktonic foraminifers. According
to VELDE (2014), glauconite primarily forms from
fecal pellets in an environment with low deposi-
tional rates, independent of the water depth. The
presence of glauconite, the absence of chert in-
terlayers in the clayey limestone, and the rare si-
lica content (with planktonic foraminifers replac-
ing radiolarians) suggest that these limestones
were deposited in a shallower pelagic condition
with low sedimentation rates (FLUGEL, 2004).

The planktonic foraminiferal assemblage of this
unit suggests a latest Albian age, though a late
Albian age cannot be ruled out. Therefore, an Al-
bian age has been roughly assigned to this forma-
tion (Fig. 3). Based on this evidence, it can be
concluded that the middle to late Aptian time in-
terval corresponds to the sedimentation gap be-
tween the deposition of the underlying Seyran
Formation and the overlying Akkaya Formation
within the Sogukcam Limestone Group. This group
is unconformably overlain by the Elmadag Olisto-
strome (Fig. 3).

5.3. THE ELMADAG OLISTOSTROME

This unit is widely distributed around the An-
kara region and was examined in all areas in this
study (Fig. 1.B). Due to the unconformable rela-
tionship of the ElImadag Olistostrome with the un-
derlying middle Berriasian to latest Albian Soguk-
gam Limestone Group and the overlying Santo-
nian Unaz Formation in the Uyuzhamami section
from Haymana region, the depositional age of this
olistostrome can be constrained to the Cenoma-
nian to Coniacian interval (Fig. 3). However, due
its overlying position on the accretionary prism of
the IAE Ocean, with the final deposition age being
Turonian (Late Cretaceous, BRAGIN & TEKIN, 1996)
in the west of the Memlik region, the depositional
age of this olistostrome can also be assigned to
the Coniacian (Fig. 3).

The thickness of the Elmadag Olistostrome va-
ries in different regions (e.g., 165 m in the Uyu-
zhamami section, Haymana region, and 12 me-
ters in the Cetinyatak section, west of the Memlik
region, Fig. 23). In general, there are two distinct
types of blocks and pebbles (pelagic limestones
and brecciated platform carbonates) within the
mélange. Gray- to beige-colored, micritic pelagic
limestone blocks and pebbles are common in the
mélange, with sizes ranging from mega-blocks
(over 100 meters in size) to small pebbles (Okay
& ALTINER, 2016). The radiolarian ages from pel-
agic blocks mainly range from the early Callovian
(late Middle Jurassic) to late Hauterivian (Early
Cretaceous) (BRAGIN & TekiN, 1999; this study),
while the planktonic foraminiferal assemblages
reveal the presence of younger blocks, dated to
the late Aptian to Coniacian age (OKAY & ALTINER,
2017; SARIASLAN et al., 2020; this study; Fig. 24).
This configuration may indicate that pelagic
blocks of Callovian to Albian age primarily origi-
nated from the Sodgukgam Limestone Group.
While the first pelagic sediments within the So-
gukgcam Limestone Group appeared in the middle
Berriasian-Hauterivian (Early Cretaceous) in the
Haymana region, the first pelagic sedimentation
over the Bilecik Limestone Group occurred in the
Callovian (late Middle Jurassic) to Oxfordian (ear-
ly Late Jurassic) interval in the Pontides (ALTINER
et al., 1991). The younger blocks, dated as Ceno-
manian-Coniacian in the olistostrome (e.g., the
Turonian-Coniacian Citrik block), may have syn-
sedimentary origins within the foreland flysch,
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<« Figure 23: Correlation of the Elma-
dag Olistostrome, Unaz, and Haymana
formations in different stratigraphic sec-
tions (the Cetinyatak section in the west
of Memlik region, the Gldlk section in
the north of Alagdz region and the Uyu-
zhamami section in the Haymana re-
gion) in this study to the west of Ankara
region. Abbreviation: Akkaya Fm. within
the S.L.G.: The Akkaya Formation within
the Sogukgam Limestone Group.

« Figure 24: Chronostratigraphic dis-
tribution of the pelagic blocks in the El-
madag Olistostrome based on this study
and previous studies (BRAGIN & TEKIN,
1999; OKAY & ALTINER, 2017; SARIASLAN
et al., 2020); A. Radiolarian dating (ear-
ly Callovian-early Kimmeridgian) on the
small block (sample Damla-6) from the
Yakacik region in this study; B. Radiola-
rian dating (early Callovian-middle Ti-
thonian) on the Acisu block (samples
Aci-3 and Aci-4) from the Yakacik region
in this study; C. Composite planktonic
foraminiferal datings (partial ages from
Callovian to Coniacian) from the differ-
ent blocks around the Ankara region by
OkAY and ALTINER (2017), D. Radiolarian
ages from the middle Oxfordian to late
Valanginian mega-block from the Elma-
dag Olistostrome (Alacaath, Ankara city
center) by BRAGIN and TEkIN (1999); E.
Radiolarian dating (late Late Valangini-
an- early Late Hauterivian) on sample
Gld-2 from the base of the Guduk sec-
tion, north of Alagdz region in this
study; F. Radiolarian dating (Hauterivi-
an) on the small block (sample Damla-
1) in the Yakacik region in this study; G.
Planktonic foraminiferal dating (latest
Cenomanian-middle Turonian) in the
north of Alagdz region by SARIASLAN et
al. (2020); H. Planktonic foraminiferal
dating (Turonian to Coniacian) from the
Citrik section (sample Cit-2) in the Hay-
mana region in this study. Key: a. Ra-
diolarian bearing cherty limestone, b.
Alternating calciturbidite and radiolarian
bearing clayey limestone, c. Calciturbi-
dite, d. Planktonic foraminifer bearing
clayey limestone.
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Figure 25: Field photographs showing the contact relations of the Elmadag Olistostrome with the underlying and
overlying units: a. View from the Caltepe (in the west of Yakacik region) towards NE, showing the relation between
the ophiolitic mélange and the overlying Elmadag Olistostrome (see Fig. 10), b. View from the south of Yapihyol hill
in the east of west of Memlik region to NW direction showing the contact relations between the ophiolitic mélange,
Elmadag Olistostrome, Unaz, and Haymana formations (see Fig. 13), c. View from northwest of the west of the Mem-
lik region to the east, showing the contact relations between the ophiolitic mélange, Elmadag Olistostrome, Unaz,

and Haymana formations (see Fig. 13).

formed in front of the advancing nappes moving
from north to south. Considering the three differ-
ent regions, the Elmadag Olistostrome uncon-
formably overlies the Sogukcam Limestone Group
in the Haymana region, while in both the Yakacik
and west of Memlik regions, it has an unconform-
able relation with the underlying ophiolitic mé-
lange of the accretionary prism of the Neotethys
IAE Ocean (Fig. 23). These observations signifi-
cantly contrast with the previous interpretations
(e.g., BATMAN et al., 1978; OkAy & ALTINER, 2016).
BATMAN et al. (1978) suggested that the Akkaya-
tepe Mélange, a local equivalent of the Elmadag
Olistostrome, formed as a result of tectonic activi-
ty in the Basagactepe Limestones (locally equiva-
lent of the SoJukcam Limestone Group). They
linked the formation of this blocky material to
gravitational movements within a tectonically ac-
tive environment (BATMAN et al., 1978). In con-
trast, according to KocyiGit (1991), the general
tectono-stratigraphic column for the Ankara re-
gion indicated that the sedimentary mélange (the
Damlaadacderesi Formation sensu  Kocgyiérr,
1991), equivalent of Elmadag Olistostrome, un-
conformably overlies older carbonate sequences
(Bilecik and Sogukgam limestone groups) and is
tectonically overlain by the ophiolitic mélange
(i.e., Anatolian Complex sensu KogyiGit, 1991).
The unconformable lower contact of the sedimen-
tary mélange (Elmadag Olistostrome) with the
older units was also observed in this study in the
Haymana region, but the nature of the upper con-
tact between the Elmadag Olistostrome and the

ophiolitic mélange remains uncertain. Kogvigit's
(1991) observations on the upper contact were
based on a slightly overturned contact in the Alc
region (southwest of Ankara, Fig. 1.B). He pro-
posed that the sedimentary mélange formed in an
extensional regime, where the limestone blocks
slid into the matrix. Meanwhile, Okay and ALTINER
(2017) attributed the formation of the olisto-
strome to uplift in a fore-arc basin situated above
the accretionary complex, positioned over the
subducting aseismic ridge. All these three inter-
pretations suggest that the ElImadag olistostromal
unit formed via gravitational movements within a
basin. However, considering its position over old-
er units (i.e., over the Sodukcam Limestone
Group of the Sakarya Continent Cover sediments
and the Ankara Ophiolitic Mélange of the Neote-
thys IAE Ocean; Fig. 25) as well as its morpholog-
ical characteristics, we propose an external origin
for the olistostrome. Specifically, it is likely to
have formed in a trench-like basin in front of the
southward-advancing nappes derived from the
Neotethys Intra-Pontide Ocean (Fig. 1.A). Accord-
ing to SENGOR and YILMAZ (1981) and SENGOR et al.
(1984), this branch of Neo-Tethys opened in the
Early Jurassic to the north of the Sakarya Conti-
nent. However, recent research on the Intra-Pon-
tide Suture Zone in northern Tirkiye suggests
that deposition within this basin may date back to
the Permian. Evidence includes findings from the
Ezine Zone in the Biga peninsula (BECCALETTO,
2004; BECCALETTO & JENNY, 2004), the Cetmi Mé-
lange in the Biga peninsula (BeccaLetTto, 2004;
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BECCALETTO et al., 2005), the Arkotdag Mélange in
the NE Bolu City (GONcUoOGLU et al., 2008), the Ar-
kotdag Mélange in the Bayraméren-Arag-Akpinar
area, west of Kastamonu (TekiN et al., 2012b;
GONCUOGLU et al., 2014), the sedimentary cover of
the Aylidag ophiolitic sequence in the Arag area,
west of Kastamonu city (GoncUoGLU et al., 2012;
Fig. 26).

Pelagic limestones interspersed with debris
flow deposits from the upper Olenekian to middle
Carnian within the Camkdy Formation in the Ezine
Zone, and red nodular limestones of the upper
Olenekian to Ladinian within the Cetmi Mélange in
the Biga peninsula, were documented by BEcca-
LETTO (2004), BeccaLetto and Jenny (2004), and
BeccaLETTO et al. (2005; Fig. 26). Additionally, the
deposition of alternating radiolarian chert and
mudstone occurred from the late Bajocian (Middle
Jurassic) to Aptian (Early Cretaceous), as re-
ported by BEcCALETTO (2004) and BECCALETTO et al.
(2005; Fig. 26). Comparable interbedded radiola-
rian chert and mudstone sequences, ranging from
the late Anisian (Middle Triassic) to the early Tu-
ronian (Late Cretaceous), were documented with-
in the Arkotdag Mélange in the Intra-Pontide Su-
ture Zone of northern Tirkiye by TekIN et al.
(2012b) and GONcUoGLU et al. (2008, 2014; Fig.
26). Evidence pointing to a possible northernly
origin of the olistostrome includes our preliminary
studies around the Ankara region. These studies
demonstrate that the Sakarya Continent sedi-
ments are tectonically overlain by Middle Jurassic
cherts, which are attributed to Intra-Pontide origins.

5.4. THE UNAZ FORMATION

The Kocatepe Formation, initially introduced by
YUKSEL (1970) has been referenced in numerous
subsequent studies (e.g., OkAY & ALTINER, 2016;
SARIASLAN et al., 2020, etc.). However, our recent
field observations indicate that the formation re-
quires revision. These observations reveal that
the Kocatepe Formation was incorrectly mapped
as the Haymana Formation in several areas, such
as the Kocatepe hill southeast of Haymana town
and regions around the Haymana anticline (Figs.
2, 6.e-f). When compared to the Pontides region,
the Upper Cretaceous pelagic limestones ob-
served in the Ankara region show a strong corre-
lation with the "Unaz Formation" as described by
TUYsUz et al. (1997, 2012).

The Unaz Formation was examined in this
study across three key sections: the Uyuzhamami
section in the Haymana region, the Gldik sec-
tion, north of the Alagéz region, and the Cetinya-
tak section, west of the Memlik region (Fig. 23).
In the Uyuzhamami and Gldik sections, the Unaz
Formation unconformably overlies the Elmadag
Olistostrome, with a sharp and distinct contact
between the two formations. It is predominantly
composed of gray- to beige-colored, thin-bedded,
clayey limestone transitioning into red- to purple-
colored, thin-bedded, clayey limestones rich in

planktonic foraminifers. Additionally, in the Gldik
section, the upper portion of the formation in-
cludes pale violet- to purple-colored, very fine-
grained, thin-bedded marl (Figs. 8, 23). The litho-
logical composition of the Unaz Formation in the
Cetinyatak section (west of Memlik region) shows
some differences compared to the other two sec-
tions. Here, it predominantly consists of red- to
purple-colored, thin-bedded clayey limestones,
which are underlain by clastic deposits including
conglomerates, sandstones, and siltstones (Fig.
23). The type locality of the Unaz Formation is lo-
cated in the western Black Sea region, north of
the study area (TUvysUz et al., 2012). In this area,
pink- to red-colored, thin-bedded clayey lime-
stones of the Unaz Formation overlie the Derekéy
Formation in a suddenly subsided basin (TUysuz et
al., 2012). This is followed by the deposition of
more voluminous volcanic materials, including an-
desite, basalt, agglomerate, tuff, and volcaniclas-
tics, of the Campanian Cambu Formation, repres-
enting the second volcanic phase (TUysuz et al.,
2012). In the Ankara region, due to subsidence in
the arc basin during the Santonian stage, the El-
madag Olistostrome was covered by the pelagic
limestones of the Unaz Formation, forming a very
sharp contact. Basal clastics are only present in
the northern part of the region, specifically in the
area west of Memlik, at the base of the Unaz For-
mation. The overlying volcaniclastics, which be-
long to the Campanian-Maastrichtian Haymana
Formation in the Ankara region, correlate with the
second volcanic phase represented by the Cambu
Formation in the northwestern Black Sea region.

The thickness of the upper carbonate portion
of the Unaz Formation varies across different lo-
calities: it measures 14.5 meters along the Uyu-
zhamami section in the Haymana region, 10.25
meters in the GlUdik section, north of the Alagéz
region, and 12.5 meters along the Cetinyatak
section, west of Memlik (Fig. 23). With basal clas-
tics, the total thickness of the Unaz Formation at
the Cetinyatak section (west of Memlik region) is
approximately 40.5 meters (Fig. 14). The age of
the Unaz Formation is primarily Santonian, corre-
lating to the Dicarinella asymetrica Zone. How-
ever, the co-occurrence of Globotruncana hilli and
Dicarinella asymetrica near the base of this for-
mation in the Uyuzhamami section (the Haymana
region) suggests a late Santonian age, though the
possibility of an early Santonian age cannot be
ruled out, based on other sections. Overall, the
age of the Unaz Formation does not correspond to
the Coniacian as reported by YUkseL (1970), nor
does it align with the Turonian to early Campa-
nian range by OkAY and ALTINER (2016). There-
fore, these previous age assignments require re-
vision. The age determined in this study, how-
ever, is consistent with the findings of TUysUz et
al. (2012), whose results from the western Black
Sea region, to the north of the study area.
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5.5. GEODYNAMIC REMARKS

In the northern Tethys realm during the Late
Cretaceous subduction-related activity and basin
development were widespread, as seen in the
Ulus Basin, Sinop Basin, and Haymana Basin
(e.g., Kogviéit, 1991; TUysUz, 2018). During this
period, the Sakarya Terrane was positioned above
the northwardly subducting IAE oceanic litho-
sphere, acting as an active margin. KogYIGIT
(1991) proposed that this subduction system,
which hosted the Haymana fore-arc basin, contin-
ued until the middle Eocene. However, based on
new and existing evidence, we propose a revised
geodynamic scenario for the Cretaceous evolution
of the Sakarya Terrane, suggesting that the sub-
duction system may not have persisted as long as
previously suggested (Fig. 27).

Ezme Zone
(Beccaletto, 2004)
(Beccaletto &
Jenny, 2004) ==
=
—
|
T—T—T~ og d0a
i B
b d e

During the Albian time, the Sakarya Terrane
was still covered by the last deposits of the So-
Jgukcam Limestone Group, while the northern
branches of the Neotethys Ocean (IAE and Intra-
Pontide oceans) were undergoing contraction,
driven by the opening of the South Atlantic Ocean
(Fig. 27). For the IAE Ocean, contraction is evi-
denced by the formation of intra-oceanic subduc-
tion zones and associated accretionary prisms. A
key piece of evidence for this is the presence of
oceanic arc relics, such as the Albian-Cenomanian
Koésdag Unit, which has zircon U-Pb ages ranging
from 112 to 95 Ma (AvGUL et al., 2015; BERBER et
al., 2021). In the Albian, the Intra-Pontide Ocean
was also undergoing a contraction, with the ac-
cretion of oceanic materials to the northern mar-
gin of the Sakarya Terrane (e.g., MARRONI et al.,
2020).
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The intra-oceanic subduction continued in the
IAE Ocean during the Cenomanian to Turonian,
evidenced by the Késdag and Kartal arcs, with the
Kartal Arc yielding Cenomanian plagioclase Ar-Ar
ages (99 Ma, BEYAzZPIRING et al., 2019). The con-
tinued contraction led to the intra-oceanic decou-
pling and subduction, which is reflected in the for-
mation of subophiolitic metamorphic soles, with
Cenomanian-Conician Ar-Ar ages (101-93 Ma,
HARRIS et al., 1994; ONeN, 2003). In contrast, the
lifetime of the Intra-Pontide Ocean nearly came to
an end towards the end of the Turonian (e.g.,
TUvsUz, 2018; MaARRONI et al., 2020; Fig. 27). For
the Sakarya Terrane, the Cenomanian-Turonian
interval was marked by non-deposition, uplift,
and significant erosion, which exposed parts of

Deposition of the Unaz
Formation (with basal clastics)
/ in the fore-arc basin

Aceretionary ing the Albian- Maastrich-
tian (Cretaceous) time in-
terval. Abbreviations; TAP:
Tauride-Anatolide Platform,
IZT: Istanbul-Zonguldak Ter-

rane.

North

the basement (Fig. 27). In the Coniacian, the So-
Jukcam Limestone Group and the ophiolitic mé-
lange were unconformably overlain by the Elma-
dag Olistostrome, which was deposited in front of
the advancing nappes originating from the north
of the Sakarya Terrane, i.e., from the Intra-Pon-
tide realm (Fig. 27). The deposition of the olisto-
strome can be envisioned as occurring through
the mobilization of continental margin units, fol-
lowed by the infill of sediments in trench-like ba-
sins, as explained by GawLick et al. (1999) and
MissonI and GawLick (2011). The Elmadag Olisto-
strome likely began to develop after the closure
of the Intra-Pontide Ocean.

The Santonian stage was characterized by the
deposition of the Unaz Formation over the Elma-
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dag Olistostrome (Fig. 27). In the central and
western Pontides, these units are interpreted to
have formed in an extensional environment re-
lated to continental back-arc rifting, which ulti-
mately led to the opening of the Black Sea Basin
(Tuysuz et al., 2012; TovysUz, 2018; KeskIN & TUy-
sUz, 2018). For the Ankara region, we propose a
similar extensional system for the deposition of
the Unaz and Haymana formations. However, this
event appears to be unrelated to rifting; it occur-
red within a continental arc setting known as the
Galatean Arc (KogyiGit, 1991; Okay et al., 2019).
While the IAE slab triggered arc magmatism in
the Santonian, Black Sea rifting, initiated by the
Intra-Pontide slab, had already progressed in the
north. During the deposition of the Unaz Forma-
tion in the Santonian, the Incirli Formation (com-
posed of graded-bedded fluvial conglomerate at
the base and pinkish to yellowish-colored sand-
stone and marl on top) and the overlying Kapi-
kaya Formation (made up of reefal limestone) de-
posited in relatively shallow sea conditions at the
southern distal end of this continental arc setting
(KogviGiT & LUNEL, 1987; KocviGiT et al., 1988;
Roiay & SUzen, 1997; Fig. 27). This arc magma-
tism in the Sakarya Terrane appears to have been
short-lived, possibly taking place in the Campa-
nian, as indicated by the paleontological and ra-
diometric ages obtained from the Saragkdy Vol-
canics, Beypazarn Granitoid, and the sandstones
from the Alc (local equivalent of the Haymana
Formation) and Haymana formations (KogyiGIT et
al., 2003; SpreciALE et al., 2012; Okay et al., 2019,
2020; Fig. 27). In the Central Pontides, the late
Santonian-middle Campanian Tafano Unit could
be an extension of this continental arc magma-
tism (ELLERO et al., 2015; SaviT et al., 2022). After
the Santonian, accretion and mélange formation
in the IAE Ocean may have continued until the
Maastrichtian (e.g., TUysUz et al., 1995; RoAy,
2013). However, there seems to be no evidence
of subduction or in-situ oceanic crust beyond the
Late Cretaceous for this oceanic domain. The
youngest age obtained thus far from the chert
blocks within the Ankara Ophiolitic Mélange (the
IAE Suture Belt) is Turonian (BRAGIN & TEKIN,
1996). The age of blueschist metamorphism,
which characterizes the age of subduction, does
not exceed the Campanian (78.2 Ma Ar-Ar phen-
gite age; OkAay et al., 2020). The Sarikaraman
Ophiolite, a Central Anatolian Ophiolite obducted
onto the TAP platform, is cut by the post-collision-
al Terlemez Granitoid (a Central Anatolian Granit-
oid) of late Campanian-early Maastrichtian age
(81.5-67.1 Ma hornblende K-Ar amphibole age;
YALINIZ et al., 1999). The Central Anatolian ophio-
lites and granites are unconformably overlain by
the latest Maastrichtian-early Paleocene sedi-
ments. Therefore, it appears that the IAE Ocean
was consumed during the latest Cretaceous,
which negates the possibility of active subduction
beneath the Sakarya Terrane until the middle Eo-
cene, as suggested by KocgyiGiT (1991; Fig. 27).
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Appendix

Taxonomic notes
on the new radiolarian assemblages
from the pelagic carbonates
of the Seyran Formation
within the Sogukcam Limestone Group

Radiolarian-bearing limestone samples in this
study were processed using diluted acetic acid (5-
10% CH5COOH), while the chert samples contain-
ing radiolarians were etched with diluted hydroflu-
oric acid (5-10 % HF), following the methods of
DuMITRICA (1970) and PessaGNO and NEWPORT
(1972). The illustrated radiolarian specimens and
types from this study are housed in the collec-
tions of Hacettepe University, Department of Geo-
logical Engineering, Tirkiye.

Previously, radiolarians from the Sodukcam
Limestone have been partly studied by Mekik et
al. (1999) and Mekik (2000) in northern Turkiye.
In this study, detailed analyses of the clayey mi-
critic limestones of the Seyran Formation within
the Sojukcam Limestone Group revealed a highly
diverse and well-preserved assemblage of radiola-
rians, including 146 taxa, with fourteen new spe-
cies and four new subspecies from early Hauterivi-
an to the early Aptian time interval (Pls. 1-8).

In this appendix, remarks on some taxa and the
nomenclature of the new species are provided.

Subclass Radiolaria MULLER, 1858
Order Polycystina EHRENBERG, 1838
Suborder Spumellariina EHRENBERG, 1875
Superfamily Actinommaceae HAECKEL, 1862
Family Pantanelliidae PEssaGNO, 1977a
Subfamily Pantanelliinae PessaGNO, 1977a
Genus Pantanellium PEssAGNO, 1977a

Type species: Pantanellium riedeli PESSAGNO,
1977a.

Pantanellium sp. aff. P. cantuchapai
PESSAGNO & MAcLEOD in PeEssAGNoO et al., 1987,
sensu Jup, 1994
(PI. 1, figs. H-J)
aff. 1987 Pantanellium cantuchapai PESSAGNO & MACLEOD
in PESsAGNO et al., p. 20, Pl. 1, figs. 8-9, 13-15,
22; Pl. 7, fig. 2.

1994 Pantanellium sp. aff. P. cantuchapai PESSAGNO &
MACLEOD in PESSAGNO et al., Jup, p. 89, PIl. 15, figs.
7-9.

Locality and age: Samples Uy-2, Uy-3, Uy-6,
Uy-7, Uy-10, Uy-11, the Seyran Formation, So-
dukcam Limestone Group, Haymana Basin, south
of Ankara, central Turkiye; Early Cretaceous,
Hauterivian-early Aptian (Table 1).

Remarks: This species is distinguished from
the holotype of Pantanellium cantuchapai PESSA-
GNO & MAcLEOD in PeEssAGNO et al. (1987, Pl. 1,
figs. 8-9, 13-15, 22; Pl. 7, fig. 2) by its longer
and wider polar spines and narrower cortical shell,
in accordance with the definition by Jup (1994).

Pantanellium sp. A
(PI. 1, fig. O)

Locality and age: Sample Uy-11, Seyran For-
mation, Sogukcam Limestone Group, Haymana
Basin, south of Ankara, central Tirkiye; Early
Cretaceous, early Aptian (Table 1).

Description: The subspherical cortical shell is
composed of large, polygonal (mainly hexagonal
and pentagonal) pore frames with slightly elevat-
ed rims. Four pores are visible on the cortical
shell along the axis perpendicular to the polar
spines. One polar spine is short and slightly twist-
ed dextrally, while the other is long and straight.
Polar spines are tricarinate, featuring three shal-
low grooves and relatively wider ridges. They de-
crease in size towards the distal end and termi-
nate in sharp tips.

Remarks: This taxon can be distinguished from
other species of the genus Pantanellium PESSAGNO
by its unequal polar spines, with one spine slight-
ly twisted dextrally.

Family Xiphostylidae HAeckeL, 1881
Genus Triactoma Rist, 1885

Type species: Triactoma tithonianum RUsT, 1885.
Triactoma haymanaense TEKIN nov. sp.
(Pl. 1, figs. AH-AJ)

Etymology: This species is named after the
town of Haymana, referring to its type locality.

Types: Holotype: Sample Uy-10 (PI. 1, fig.
AH; registration number (DN): HU.JMB.0164).
Paratypes: Both from sample Uy-7 (Pl. 1, fig. Al;
DN: HU.JMB.0165 and 17AJ; DN: HU.JMB.0166).

Locality and age: Samples Uy-7 and Uy-10,
Seyran Formation, Sodgukcam Limestone Group,
Haymana Basin, south of Ankara, central Tirkiye;
Early Cretaceous, early Barremian-early Aptian
(Table 1).

Material: Five specimens, three of which are
photographed and measured.

Diagnosis: Cortical shell lenticular with a
sharp side, including numerous small pores within
polygonal pore frames on the surface. Three pri-
mary spines approximately equal in length, trica-
rinate, thin, and tapering distally.

Description: The cortical shell is circular in
outline and lenticular with a sharp distal side. It
features many small, subspherical pores within
polygonal (mainly trigonal and hexagonal) pore
frames, which have slightly elevated rims. Three
primary spines are approximately the same
length, thin, and taper gradually towards their
sharp ends. Tricarinate primary spines are
straight to very slightly twisted dextrally, charac-
terized by thin ridges and shallow grooves.
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Measurements (pm): Based on the three spec-
imens.

HT Min. Max. Mean

Diameter of cortical shell 200 200 260 226
Length of primary spines 110 110 140 130

Remarks: This species can be distinguished
from Triactoma tithonianum RUsT (1885, p. 289,
Pl. 28 (3), fig. 5) by its a lenticular cortical shell
with smaller and more numerous pores rather
than a spherical to subtriangular shell. It also dif-
fers from T. tithonianum in having shorter, equal-
ly sized primary spines positioned at varied an-
gles unlike the spines in T. tithonianum, which are
arranged at 120° angles and are of different
lengths.

Triactoma merici TEKIN nov. sp.
(PI. 1, figs. AK-AN)

Etymology: Name in honor of the late Prof.
Dr. Engin Meri¢ (Istanbul University, Tirkiye) for
his significant contributions to Cretaceous to Re-
cent foraminiferal taxonomy.

Types: Holotype: Sample Uy-1 (Pl. 1, fig. AK;
DN: HU.JMB.0167), Paratypes: Samples Uy-1 (Pl
1, fig. AL; DN: HU.JMB.0168), Uy-6 (Fig. 7AM;
DN: HU.JMB.0169), Uy-10 (PI. 1, fig. AN; DN: HU.
JMB.0170).

Locality and age: Samples Uy-1, Uy-4, Uy-6
and Uy-10, Seyran Formation, Sogukcam Lime-
stone Group, Haymana Basin, south of Ankara,
central Tirkiye; Early Cretaceous, early Hauterivi-
an-early Aptian (Table 1).

Material: More than ten specimens, of which
four are photographed and measured.

Diagnosis: Cortical shell lenticular, slightly in-
flated at the center, containing many small, irreg-
ular pores within polygonal pore frames. Three
primary spines positioned at right angles, approx-
imately equal in length. Spines tricarinate with
wide ridges and shallow grooves, gradually taper-
ing distally and terminating in blunt ends.

Description: The cortical shell has a lenticular
shape with convex sides, slightly inflated in the
center and tapering toward the edges. The sur-
face of the shell is covered with numerous small,
irregular, circular to subcircular pores within
slightly elevated polygonal pore frames. The pri-
mary spines are arranged at 120° angles in a sin-
gle plane. They are tricarinate with wide, elevated
ridges and shallow grooves, tapering gradually
and ending blunty.

Measurements (um): Based on the four speci-
mens.

HT Min. Max. Mean

Diameter of cortical shell 183 160 200 176
Length of primary spines 166 120 166 143

Remarks: This species can be distinguished
from Triactoma foremanae Muzavor (1977, p. 55,
Pl. 1, fig. 11) of Middle to Late Jurassic age, by its
lenticular cortical shell with numerous irregular
pores rather than large pores in regular polygonal
frames and by blunt-ended, less pronounced tri-
carinate primary spines, unlike the sharp-ended
primary spines of T. foremanae. It also differs
from T. haymanaense TekIN nov. sp. described in
this study by having a smaller cortical shell and
broader, more robust primary spines with blunt
ends, as opposed to the sharp-ended primary
spines of T. haymanaense.

Triactoma sp. A
(Pl. 1, fig. AP)
Locality and age: Sample Uy-4, Seyran For-
mation, Sogukcam Limestone Group, Haymana

Basin, south of Ankara, central Tlrkiye; Early
Cretaceous, early to early late Barremian (Table 1).

Description: The cortical shell is large, rang-
ing from hemispherical to lenticular in shape, with
numerous small, spherical to hemispherical pores
set within pore frames. Three primary spines are
nearly equal in length and arranged at 120° an-
gles. They are very wide at the base, gradually
tapering distally to a sharp tip. These spines fea-
ture wide ridges and deep grooves and exhibit
strong dextral twisting.

Remarks: This species can be differentiated
from other species within the genus Triactoma
RUST by its large test and the wider, strongly dex-
trally twisted primary spines near the base.

Superfamily Pyloniacea (HAECKEL, 1881)
DuMITRICA, 1989
Subsuperfamily Dactyliospaerilae
SQUINABOL, 1904
Family Hagiastridae RiEDEL, 1967
Genus Savaryella Jup, 1994
Type species: Savaryella guexi Jup, 1994.
Savaryella cruciforma TEKIN nov. sp.

(PI. 2, figs. O-U)

Etymology: Derived from the Latin crucifor-
ma, meaning "cross-shaped", in reference to the
cross-like arrangement of rays.

Types: Holotype: Sample Uy-10 (PIl. 2, fig. O;
DN: HU.JMB.0171). Paratypes: Samples Uy-6 (PI.
2, fig. P; DN: HU.JMB.0172), Uy-7 (Pl. 2, fig. Q;
DN: HU.JMB.0173), Uy-7 (PIl. 2, fig. R; DN: HU.
JMB.0174), Uy-10 (Pl. 2, fig. S; DN: HU.JMB.
0175), Uy-11 (Pl. 2, fig. T; DN: HU.JMB.0176),
Uy-11 (Pl. 2, fig. U; DN: HU.JMB.0177).

Locality and age: Samples Uy-5, Uy-6, Uy-7,
Uy-8, Uy-9, Uy-10, and Uy-11, Seyran Formation,
Sogukcam Limestone Group, Haymana Basin,
south of Ankara, central Tirkiye; Early Creta-
ceous, early to early late Barremian- early Aptian
(Table 1).

Material: More than thirty specimens, nine-
teen of which are photographed and measured.
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Diagnosis: Test with four equal-length rays
arranged mostly at right angles, though occasion-
ally slightly inclined. Central part and initial sec-
tions of rays flattened to slightly depressed and
exhibit a spongy texture. Rays gradually increas-
ing slightly in width distally and taper the end,
lacking distinct ray tips.

Description: The test is moderately large,
featuring a small central area and four long rays.
The central area and the beginning of the rays are
flattened, slightly depressed, and have a spongy
appearance. Rays extend at approximately right
angles, are equal in length, and lie perpendicular
to the central area, sometimes showing slight in-
clination. They are cylindrical and subcircular in
axial section, gradually increasing in width distally
before narrowing rapidly near the tips. Rays con-
tain longitudinal rows of subcircular pores and are
slightly twisted sinistrally. Four to five longitudinal
rows of pores are visible along one side of each
ray, with nodes present at the vertices where the
pores intersect.

Measurements (pm): Based on the nineteen
specimens.

HT Min. Max. Mean

Diameter of central area 75 71 100 84.4
Maximum width of ray 63 45 63 54.8

Length of the longest ray 213 157 272 218.6

Remarks: This species can be distinguished
from Savaryella sinistra O'DOGHERTY (1994, p.
371-372, Pl. 73, figs. 9-12) by its small, flattened
and depressed central area and shorter rays with-
out expanded tips. It also differs from Savaryella
guexi Jup (1994, p. 103, PI. 19, figs. 10-11) in
that it has shorter rays with longitudinally ar-
ranged pores lacking the bulbous tips seen in the
spongy rays of S. guexi.

Savaryella guexi Jup, 1994
Savaryella guexi guexi Jup, 1994

1994 Savaryella guexi Jup, p. 103, Pl. 19, figs.
10-11.

Locality and age: Fuime Bosso, Umbria-
Marche, Italy; Early Cretaceous; middle Berria-
sian-early late Barremian.

Savaryella guexi breva TEKIN nov. subsp.

(PI. 2, figs. V-AB)

Etymology: Derived from the Latin breva,
meaning "short, small”, in reference to its shorter
rays compared to Savaryella guexi guexi Jup.

Types: Holotype: Sample Uy-10 (PI. 2, fig. V;
DN: HU.JMB.0178). Paratypes: Samples Uy-5 (PI.
2, fig. W; DN: HU.JMB.0179), Uy-7 (Pl. 2, fig. X;
DN: HU.JMB.0180), Uy-9 (PI. 2, fig. Y; DN: HU.
JMB.0181), Uy-10 (Pl. 2, fig. Z; DN: HU.JMB.
0182), Uy-11 (PI. 2, fig. AA; DN: HU.JMB.0183),
Uy-11 (PI. 2, fig. AB; DN: HU.JMB.0184).

Locality and age: Samples Uy-5, Uy-6, Uy-7,
Uy-8, Uy-9, Uy-10, and Uy-11, Seyran Formation,

Sogukcam Limestone Group, Haymana Basin,
south of Ankara, central Tirkiye; Early Creta-
ceous, early Barremian-early Aptian (Table 1).

Material: Over twenty specimens, with thir-
teen photographed and measured.

Diagnosis: Test with four equal rays. Central
part consisting of a small lacuna. Rays rectangu-
lar in cross-section and spongy throughout, thin
at the base, widening in the middle, and termi-
nating with rounded tips.

Description: The test is typical of the genus
with four equal, small rays arranged at right an-
gles around a small central area featuring a slight
depression. Rays are rectangular in cross-section
and spongy, starting thin at the base and increas-
ing in width toward the middle before terminating
in bulbous tips.

Measurements (pm): Based on the thirteen
specimens.

HT Min. Max. Mean

Diameter of central area 72 50 88 69.4

Maximum width of ray 72 63 100 80.6

Length of the longest ray 171 150 198 155.9

Remarks: Savaryella guexi breva TEKIN nov.
subsp. differs from Savaryella guexi guexi Jub
(1994, p. 103, PI. 19, figs. 10-11) by its shorter
rays, which widen at the middle rather than ta-
pering toward a terminal expansion.

Subsuperfamily Patulibracchilae
PEssAGNO, 1971
Family Angulobracchiidae BAUMGARTNER, 1980
Genus Paronaella PEssAGNO, 1971

Type species: Paronaella solanoensis PESSA-
GNO, 1971.

Paronaella ? annemariae Jup, 1994
Paronaella ? annemariae
annemariae Jup, 1994
(PI. 2, figs. AQ-AS)

1981 gen. et sp. indet. ScHAAF, Pl. 10, fig. 1a-b.

1988 gen. et sp. indet. THUROW, PI. 10, fig. 16.

1994 Paronaella ? annemariae Jup, p. 90-91, PI. 15, fig. 14

1995 Paronaella ? annemariae JubD, BAUMGARTNER et al., p.
390, Pl. 5314, figs. 1-2.

1997 Paronaella ? annemariae Jub, DUMITRICA et al., p. 29,
Pl. 4, fig. 13.

Locality and age: Mid-Pacific Ocean; North
Atlantic Ocean; Fuime Bosso, Umbria-Marche, Ita-
ly; Fayah Unit, Oman; Sogukcam Limestone
Group, Haymana Basin, south of Ankara, central
Tlrkiye; Early Cretaceous; middle Berriasian-ear-
ly Aptian (Table 1).

Paronaella ? annemariae
oezgenerdemae TEKIN nov. subsp.

(PI. 2, figs. AT-AU)

Etymology: Named in honor of Prof. Dr. Nazi-
re OzGeN-ERDEM (Sivas Cumhuriyet University, Si-
vas, Tirkiye), recognizing her contributions to Cre-
taceous-Neogene foraminifera taxonomy.
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Types: Holotype: Sample Uy-6 (Pl. 2, fig. AT;
DN: HU.JMB.0185). Paratypes: Sample Uy-3 (Pl.
2, fig. AU; DN: HU.JMB.0186).

Locality and age: Samples Uy-3 and Uy-6,
Seyran Formation, Sogukcam Limestone Group,
Haymana Basin, south of Ankara, central Tlrkiye;
Early Cretaceous, late Hauterivian-late Barremian
(Table 1).

Material: Two specimens, photographed and
measured.

Diagnosis: Test flat, triangular, with one con-
vex and two concave sides. Surface of test spon-
gy with large central nodes surrounded by 8-9
smaller, circular nodes. Two corners terminated
with porous, tapering tubes and one corner termi-
nating in two spines.

Description: The test is roughly flat and trian-
gular, with one convex and two concave sides.
Surface of the test is predominantly spongy fea-
turing a large central tubercule surrounded by 8
to 9 slightly smaller and circular tubercules. Two
corners of the test terminate in porous, tube-like
contracting extensions, while a third corner has
two unequal and bifurcated spines. The shorter
spine is tricarinate with wide grooves and thin
ridges, while the longer spine is needle-like, ta-
pering distally.

Measurements (pm): Based on the two speci-
mens.

HT Min. Max. Mean

Max. length of test 233 233 238 235.5

Length of tube 76 ? ? ?
Length of tricarinate spine 67 67 69 68
Length of needle-like spine 76 76 87 81.5

Remarks: Paronaella ? annemariae oezgener-
demae TEKIN nov. subsp. is distinguished from P. ?
annemariae annemariae Jub in possessing two tu-
bular extensions at two corners and two spines at
a third, rather than three tubular projections at
each corner.

Family Patulibracchiidae PessaGnOo, 1971
Genus Homoeparonaella BAUMGARTNER, 1980

Type species: Paronaella elegans PESSAGNO,
1977a.

Homoeparonaella elegans (PeEssAGNO, 1977a)
Homoeparonaella
elegans elegans (PEssAGNO, 1977a)
1977a Paronaella elegans PEssAGNO, p. 70, Pl. 1, figs. 10-
11.
1980 Homoeparonaella elegans (PESSAGNO), BAUMGART-
NER, p. 289, Pl. 2, figs. 2-6; Pl. 11, fig. 6.
Locality and age: Worldwide; Middle to Late
Jurassic, early Bajocian-early Kimmeridgian.

Homoeparonaella
elegans bulbosa TEKIN nov. subsp.
(PI. 3, figs. U-Y)

Etymology: Derived from the Latin bulbosa,
meaning "bulbous", in reference to the enlarged
ray tips.

Types: Holotype: Sample Uy-5 (PI. 3, fig. U;
DN: HU.JMB.0187). Paratypes: Samples Uy-4 (PI.
3, fig. V; DN: HU.JMB.0188), Uy-5 (PI. 3, fig. W;
DN: HU.JMB.0189), Uy-5 (PI. 3, fig. X; DN: HU.
JMB.0190), Uy-5 (Pl. 3, fig. Y; DN: HU.JMB.
0191).

Locality and age: Samples Uy-4 and Uy-5,
Seyran Formation, Sodgukcam Limestone Group,
Haymana Basin, south of Ankara, central Tirkiye;
Early Cretaceous, early Barremian-early late Bar-
remian (Table 1).

Material: Seven specimens, five of which are
photographed and measured.

Diagnosis: Test with three slender, equal-
length rays terminating in bulbous tips. Rays
composed of 8-10 longitudinal beams, uniform in
width, except of their ellipsoidal, expanded tips.
Ray axis consisting of polygonal pore frames con-
taining subcircular pores with central spines.

Description: The test has three long, ellipsoi-
dal rays. Each ray consists of straight, longitudi-
nal beams, with four to five beams visible along
one side, creating rectangular pore frames and
large, subcircular pores. The ray width remains
uniform, expanding only at the tip, which are
large, bulbous, ellipsoidal, and oriented perpen-
dicular to the ray axis. These tips feature large
polygonal pore frames containing circular to sub-
circular pores. The central spines are thin and
elongated, tapering distally. They are tricarinate,
featuring thin ridges and shallow grooves, and
terminate in sharp points. No auxiliary spines are
present on the tips.

Measurements (pm): Based on the five speci-
mens.

HT Min. Max. Mean

Width of ray at the base 57 57 90 69.6

Width of ray at the tip 100 100 150 120

Length of the longest ray 257 200 320 256.4

Length of the longest spine 86 86 110 99

Remarks: Homoeparonaella elegans bulbosa
TEKIN nov. subsp. can be distinguished from Paro-
naella elegans PessaGNO (1977a, p. 70, PI. 1, figs.
10-11) by its longer rays and significantly larger,
ellipsoidal tips compared to the smaller, subcircu-
lar tips in the latter.

Homoeparonaella sp. A
(Pl. 3, fig. AD)

Locality and age: Sample Uy-7, Seyran For-
mation, Sogukgam Limestone Group, Haymana
Basin, south of Ankara, central Tlrkiye; Early
Cretaceous, late Barremian (Table 1).
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Description: The test has a narrow central
area and three very long, thin rays, which are
equal in length and positioned at right angles.
Rays are slender at the base and gradually widen
towards the distal end. They consist of straight,
thin longitudinal beams; five to six beams are
visible at one side of each ray, forming rectangu-
lar pore frames with small, circular pores. Small,
tricarinate central spines are present at the ray
ends.

Remarks: This species differs from Homoepa-
ronaella peteri Jup (1994, p. 80, Pl. 11, figs. 9-
12) by having significantly longer, thinner rays
that gradually widen distally and have small cen-
tral spines, rather than the broader, uniform rays
with bulbous tips and auxiliary spines.

Family Pseudoaulophacidae RiepEL, 1967
Genus Becus Wu, 1986

Type species: Becus gemmatus Wu, 1986.
Becus multispinosus TEKIN nov. sp.
(Pl. 3, figs. AN-AR)

Etymology: Derived from the Latin multispi-
nosus, meaning "many thorned", referring to the
numerous spines on the cortical shell.

Types: Holotype: Sample Uy-5 (PI. 3, fig. AN;
DN: HU.JMB.0192). Paratypes: Samples Uy-7 (PI.
3, fig. AO; DN: HU.JMB.0193), Uy-5 (PI. 3, fig.
AP: DN: HU.JMB.0194), Uy-6 (PI. 3, fig. AQ; DN:
HU.JMB.0195), Uy-5 (PI. 3, fig. AR; DN: HU.JMB.
0196).

Locality and age: Samples Uy-5, Uy-6, and
Uy-7, Seyran Formation, Sodukcam Limestone
Group, Haymana Basin, south of Ankara, central
Turkiye; Early Cretaceous, Barremian (Table 1).

Material: Eight specimens, five of which are
photographed and measured.

Diagnosis: Test large and lenticular, with a
circular to subcircular outline and numerous
spines. Central area featuring a large central node
surrounded by a ring of nodes. Area between the
circle of nodes and the distal end covered by ran-
domly dispersed small tubercules and pores. Out-
er rim exhibiting numerous tricarinate, needle-like
spines.

Description: The test is large and lenticular,
with an inflated central area that tapers gradually
to a sharp distal end. The central part of the test
contains a large, subspherical to slightly ellipsoi-
dal node, surrounded by a single, subcircular to
subellipsoidal ring of fourteen pores. The region
between the circle of nodes and the distal end of
the test includes numerous small, randomly
dispersed tubercules and pores. The distal part of
the test has twelve to seventeen primary spines
of two types: shorter, needle-like spines that
taper to pointed ends, and longer, tricarinate
spines with thin ridges and broad grooves, also
tapering to pointed ends. All spines are shorter
than the diameter of the cortical shell.

Measurements (Hm): Based on the five speci-
mens.

HT Min. Max. Mean

Diameter of the cortical shell 205 170 225 207

Length of the longest ray 90 75 100 86.2

Remarks: This species can be distinguished
from Becus gemmatus Wu (1986, p. 356, PI. 1,
figs. 13, 23-24, 26) by having a single large cen-
tral node surrounded by a ring of fourteen strong
nodes instead of three nodes, and by possessing
a greater number (twelve to seventeen) of pe-
ripheral spines on the test.

Genus Godia Wu, 1986
Type species: Godia floreusa Wu, 1986.
Godia ? orbicula TEKIN nov. sp.
(Pl. 4, figs. I-K)

Etymology: Derived from the Latin orbicula,
meaning "rounded", referring to the rounded out-
line of the test.

Types: Holotype: Sample Uy-2 (Pl. 4, fig. I;
DN: HU.JMB.0197). Paratypes: Samples Uy-2 (PI.
4, fig. J; DN: HU.JMB.0198), Uy-4 (PI. 4, fig. K;
DN: HU.JMB.0199).

Locality and age: Samples Uy-2 and Uy-4,
Seyran Formation, Sodukcam Limestone Group,
Haymana Basin, south of Ankara, central Tlrkiye;
Early Cretaceous, Hauterivian-early Barremian
(Table 1).

Material: Four specimens, all photographed
and measured.

Diagnosis: Test lenticular, circular to subcir-
cular in outline, with a central part that includes a
large subcircular node surrounded by a raised cir-
cle. Small depression encircling this area, followed
by a slight elevation at distal end. Test spongy,
featuring numerous fine pores and lacking periph-
eral spines.

Description: The test is circular to subcircu-
lar, lenticular, and smooth along the distal edge
with no peripheral spines. The central part of test
is slightly elevated, with a single large node encir-
cled by a raised ring. A slight depression is pre-
sent toward the distal end, followed by a slightly
elevated platform. The surface is spongy and po-
pulated with small, randomly dispersed, subcircu-
lar pores.

Measurements (pm): Based on the four speci-
mens.

HT Min. Max. Mean

Diameter of the circle of nodes 100 90 117 105.3

Diameter of the test 250 230 271 254.5
Remarks: This species differs from Godia no-
docentrum DUMITRICA in DUMITRICA et al. (1997, p.
24, Pl. 2, fig. 15) by its smaller size and central
node encircled by a single raised ring rather than
multiple (11-12) small nodes. This taxon is tenta-
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tively assigned to the genus Godia Wu due to the
presence of a single raised circle at the centre of
test, contrasting with the multiple rings of nodes
as defined by Wu (1986).

Family Veghicycliidae Kozur & MOSTLER, 1972
Subfamily Tetrapaurinellinae
DuMITRICA & TEKIN in DUMITRICA et al., 2013
Genus Tetrapaurinella Kozur & MOSTLER, 1994

Type species: Tetrapaurinella discoidalis Ko-
ZUR & MOSTLER, 1994.

Tetrapaurinella lepida TEKIN nov. sp.
(Pl. 4, figs. R-W)
Etymology: Derived from the Latin lepida,

meaning "pleasant, charming, neat", referring to
the aesthetically pleasing appearance of the test.

Types: Holotype: Sample Uy-5 (Pl. 4, fig. R;
DN: HU.JMB.0200). Paratypes: Samples Uy-1 (Pl
4, fig. S; DN: HU.JMB.0201), Uy-5 (PI. 4, fig. T;
DN: HU.JMB.0202), Uy-6 (Pl. 4, fig. U; DN: HU.
JMB.0203), Uy-6 (Pl. 4, fig. V; DN: HU.JMB.
0204), Uy-10 (PI. 4, fig. W; DN: HU.JMB.0205).

Locality and age: Samples Uy-1, Uy-5, Uy-6,
and Uy-10, Seyran Formation, Sogukgcam Lime-
stone Group, Haymana Basin, south of Ankara,
central Tirkiye; Early Cretaceous, Hauterivian-
early Aptian (Table 1).

Material: Eight specimens, six of which are
photographed and measured.

Diagnosis: Test large, subspherical, and len-
ticular with an inflated central part covered with a
spongy surface containing small and scattered
pores. Four primary spines at each corner that ta-
per to needle-like, pointed tips.

Description: The test is large and subspheri-
cal with four primary spines at each corner and
has convex sides. It is lenticular in outline, slight-
ly inflated at the center, and narrows distally to a
pointed end. The surface is spongy, covered with
a meshwork of small, randomly distributed, sub-
circular pores. The primary spines are slightly
shorter than the test width and taper gradually to
needle-like, pointed tips. No auxiliary spines are
present along the rim.

Measurements (pm): Based on the six speci-
mens.

HT Min. Max. Mean

Diameter of cortical shell 167 150 202 171.5

Length of the longest ray 150 110 150 127.5

Remarks: This species differs from Tetrapau-
rinella staurus DUMITRICA in DuUMITRICA et al. (1997,
p. 25, Pl. 3, figs. 1-2) by having a wider, subcir-
cular test with convex sides rather than a square
shape.

Superfamily Sponguracea HAECKEL, 1862
Family Archaeospongoprunidae
PEssAGNO, 1973
Genus Archaeospongoprunum
PEssAGNO, 1973

Type species: Archaeospongoprunum vena-
doensis PESSAGNO, 1973.

Archaeospongoprunum ankaraense
TEKIN nov. sp.

(Pl. 4, figs. Y-AB)

Etymology: Named after Ankara, the capital
city of Turkiye.

Types: Holotype: Sample Uy-10 (Pl. 4, fig. Y;
DN: HU.JMB.0206). Paratypes: Samples Uy-10
(Pl. 4, fig. Z; DN: HU.JMB.0207), Uy-6 (PI. 4, fig.
AA; DN: HU.JMB.0208), Uy-11 (PI. 4, fig. AB; DN:
HU.JMB.0209).

Locality and age: Samples Uy-6, Uy-10, and
Uy-11, Seyran Formation, Sogukcam Limestone
Group, Haymana Basin, south of Ankara, central
Turkiye; Early Cretaceous, late Barremian-early
Aptian (Table 1).

Material: Four specimens, all photographed
and measured.

Diagnosis: Cortical shell large, drum-like,
subspherical with flat surfaces and a central con-
striction. Surface meshwork consisting of polygo-
nal pore frames with subspherical to ellipsoidal
pores. Two polar spines straight, unequal, tricari-
nate with thin ridges and deep grooves.

Description: The cortical shell is large, sub-
spherical, drum-like with a flat surface and a cen-
tral constriction. The surface of cortical shell is
covered by polygonal pore frames of varying
sizes, containing subspherical to ellipsoidal pores.
Two polar spines are unequal, straight, uniform in
width from the medial to distal part, tapering to
pointed ends. These spines are tricarinate with
thin ridges and deep grooves.

Measurements (pm): Based on the four speci-
mens.

HT Min. Max. Mean

Diameter of cortical shell 200 200 200 200

Length of shorter spine 142 120 150 134.5

Length of the longer spine 200 143 200 181

Remarks: This species can be distinguished
from other Archaeospongoprunum PESSAGNO spe-
cies by its medially constricted, drum-like cortical
shell.

Archaeospongoprunum carrierensis
PESSAGNO, 1977a
Archaeospongoprunum
carrierensis carrierensis PESSAGNO, 1977a

(Pl. 4, fig. AC)

1977a Archaeospongoprunum carrierensis PESSAGNO, p.
29, PI. 1, figs. 6-7, 9.

1993 Archaeospongoprunum carrierensis PESSAGNO, ELLIS,
Pl. 3, figs. 3-4.
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Locality and age: Worldwide; Early Creta-
ceous, Aptian-Albian (Table 1).

Archaeospongoprunum
carrierensis globosum TEKIN nov. subsp.

(Pl. 4, figs. AD-AI)

Etymology: Derived from the Latin globosum,
meaning "ball, sphere", referring to the spherical
outline of the cortical shell.

Types: Holotype: Sample Uy-10 (PIl. 4, fig.
AD; DN: HU.JMB.0210). Paratypes: Samples Uy-7
(Pl. 4, fig. AE; DN: HU.JMB.0211), Uy-11 (PI. 4,
fig. AF; DN: HU.JMB.0212), Uy-11 (PI. 4, fig. AG;
DN: HU.JMB.0213), Uy-11 (PI. 4, fig. AH; DN: HU.
JMB.0214), Uy-11 (Pl. 4, fig. AI; DN: HU.JMB.
0215).

Locality and age: Samples Uy-7, Uy-10, and
Uy-11, Seyran Formation, Sogukcam Limestone
Group, Haymana Basin, south of Ankara, central
Turkiye; Early Cretaceous, late Barremian-early
Aptian (Table 1).

Material: More than ten specimens, six photo-
graphed and measured.

Diagnosis: Cortical shell subspherical, globu-
lar, with polygonal pore frames. Two polar spines
tricarinate and unequal, tapering distally to point-
ed ends: shorter spine straight and longer spine
slightly sinistrally twisted.

Description: The cortical shell is subspherical,
slightly widened perpendicular to the polar spines.
The surface is composed of polygonal pore frames
with pores in varying sizes and shapes. The two
polar spines, featuring thick ridges and thin
grooves, are tricarinate and unequal in length.
The shorter one is thin, straight, and tapers dis-
tally to a point. In contrast, the longer spine is
wider with a slight sinistral twist near the pointed
end.

Measurements (pm): Based on the six speci-
mens.

HT Min. Max. Mean

Diameter of cortical shell on the axis of

polar spines 140 114 140 126.3

Diameter of cortical shell, perpendicular

: 160 125 160 141.6
to polar spines

Length of shorter spine 145 113 162 134.3

Length of the longer spine 180 133 185 168.5

Remarks: This subspecies differs from the Ar-
chaeospongoprunum carrierensis carrierensis PEs-
SAGNO by its larger, more globular cortical shell,
and by having one longer and thinner, less-twist-
ed polar spine compared to the ellipsoidal cortical
shell with a strongly twisted polar spine.

Archaeospongoprunum obesum
TEKIN nov. sp.

(PI. 4, figs. AJ-AM)

Etymology: Derived from the Latin obesum,
meaning "fat, plump, coarse", referring to the
large cortical shell.

Types: Holotype: Sample Uy-7 (Pl. 4, fig. AJ;
DN: HU.JMB.0216). Paratypes: Samples Uy-5 (PI.
4, fig. AK; DN: HU.JMB.0217), Uy-5 (Pl. 4, fig.
AL; DN: HU.JMB.0218), Uy-6 (Pl. 4, fig. AM; DN:
HU.JMB.0219).

Locality and age: Samples Uy-5, Uy-6, and
Uy-7, Seyran Formation, Sodukcam Limestone
Group, Haymana Basin, south of Ankara, central
Turkiye; Early Cretaceous, Barremian (Table 1).

Material: Seven specimens, four of which are
photographed and measured.

Diagnosis: Cortical shell large and lenticular
with an inflated central region and a sharply ta-
pered distal end. Shell surface covered with dis-
persed, mainly unequal pores within polygonal
pore frames. Two polar spines unequal in length;
the shorter spine straight and the longer one
straight proximally, becoming slightly dextrally
twisted distally. Both spines tricarinate, featuring
wide grooves and small ridges, gradually narrow-
ing towards the distal end.

Description: The cortical shell is lenticular,
characterized by an inflated central region and a
sharply pointed distal end. Some specimens are
flattened, maintaining the sharply tapered form.
The surface displays numerous dispersed pores of
varying sizes, enclosed within polygonal pore
frames. Two polar spines are unequal, tricarinate
with wide, shallow grooves and thin ridges, termi-
nating in a sharp point. The shorter polar spine is
entirely straight, while the longer spine is straight
from the proximal to medial parts, transitioning
into a slight dextral twist distally.

Measurements (pm): Based on the four speci-
mens.

HT Min. Max. Mean

Diameter of the cortical shell on the axis

X 188 188 283 233.5
of polar spines

Diameter of cortical the shell, perpendic-

) 188 188 316 248
ular to polar spines

Length of the shorter spine 100 63 100 82.5

Length of the longer spine 100 100 117 104.3

Remarks: This species can be distinguished
from other species within Archaeospongoprunum
PessaGNO by its lenticular cortical shell and rela-
tively short polar spines. It differs from the Ar-
chaeospongoprunum sp. A in this study by pos-
sessing a spherical shell instead of an ellipsoidal
form, as well as shorter, thinner, and less pro-
nounced polar spines.
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Archaeospongoprunum tortilum
TEKIN nov. sp.
(PI. 4, figs. AN-AQ)
pars 1994 Archaeospongoprunum patricki Jub, p. 63-64,
Pl. 4,fig. 3, nonPl. 4, fig. 2 (=Archaeospongoprunum
patricki Jup), non Pl. 4, fig. 3 (=Archaeospongopru-
num sp.)

Etymology: Derived from the Latin tortilum,
meaning "twisted", in reference to twisted prima-
ry spines.

Types: Holotype: Sample Uy-5 (PI. 4, fig. AN;
DN: HU.JMB.0220). Paratypes: Samples Uy-10
(Pl. 4, fig. AO; DN: HU.JMB.0221), Uy-10 (PIl. 4,
fig. AP; DN: HU.JMB.0222), Uy-11 (PI. 4, fig. AQ;
DN: HU.JMB.0223).

Locality and age: Ticino, Switzerland, and
samples Uy-5, Uy-10, and Uy-11, Seyran Forma-
tion, Sojgukgam Limestone Group, Haymana Ba-
sin, south of Ankara, central Tirkiye; Early Creta-
ceous, early to early late Barremian-early Aptian
(Table 1).

Material: Seven specimens, four of which are
photographed and measured.

Diagnosis: Cortical shell medium in size,
spherical to subspherical, and covered with nu-
merous small, dispersed pores. Two polar spines
unequal, tricarinate, with wide ridges and thin,
deep grooves. Shorter spine very slightly dextral-
ly twisted and longer one strongly sinistrally
twisted.

Description: The cortical shell is medium-
sized, spherical to subspherical in outline. It is
composed of numerous small, subcircular pores
arranged within polygonal (mainly trigonal) pore
frames. Two polar spines are unequal and tricari-
nate, featuring wide ridges and deep, thin
grooves. The shorter polar spine is slightly dex-
trally twisted while the longer spine is strongly si-
nistrally twisted. Both spines decrease slightly in
width distally and terminate with in sharp ends.

Measurements (pm): Based on the five speci-
mens.

HT Min. Max. Mean

Diameter of the cortical shell on the axis

X 171 117 171
of polar spines

136.5

Diameter of the cortical shell, perpendic-

: 143 117 143
ular to polar spines

127.5

143 117 188 144
170 167 183 180

Length of the shorter spine

Length of the longer spine

Remarks: Archaeospongoprunum patricki Jup,
as erected by Jub (1994), includes three different
morphotypes. The paratype illustrated by Jubp
(1994, PI. 4, fig. 3) exhibits quite different char-
acteristics and is included into this new species.
Archaeospongoprunum tortilum TEKIN nov. sp. can
be distinguished from the holotype of Archaeo-
spongoprunum patricki Jup (1994, PI. 4, fig. 2) by
possessing a shorter cortical shell with much
smaller pores and two twisted spines (the shorter

one with slightly dextrally twisted, while the long-
er one is strongly sinistrally twisted) instead of a
shorter spine is straight and a longer spine is dex-
trally twisted.

Archaeospongoprunum sp. A
(Pl. 4, figs. AR-AS)
Locality and age: Sample Uy-11, Seyran For-
mation, Sogukgam Limestone Group, Haymana

Basin, south of Ankara, central Tirkiye; Early
Cretaceous, early Aptian (Table 1).

Description: The cortical shell is large, slight-
ly ellipsoidal, and extended along the polar
spines. It is covered by numerous small pores
dispersed within the polygonal pore frames. The
two polar spines are wide, short, unequal,
straight, and taper slightly distally, terminating in
pointed ends. They are tricarinate, with very
wide, shallow grooves and thin ridges.

Remarks: This species was compared to Ar-
chaeospongoprunum obesum TEKIN nov. sp. in the
previous discussion.

Family Pyramipongiidae
Kozur & MOSTLER, 1978
Genus Pyramispongia PEsSAGNO, 1973
Type species: Pyramispongia magnifica PEs-
SAGNO, 1973.
Pyramispongia sphaerica TEKIN nov. sp.
(PI. 5, figs. C-F)

Etymology: Derived from the Latin sphaerica,
meaning "ball, globe, sphere", in reference to the
spherical outline of the cortical shell.

Types: Holotype: Sample Uy-7 (PIl. 5, fig. C;
DN: HU.JMB.0224). Paratypes: Samples Uy-7 (PI.
5, fig. D; DN: HU.JMB.0225), Uy-3 (PIl. 5, fig. E;
DN: HU.JMB.0226), Uy-4 (PI. 5, fig. F; DN: HU.
JMB.0227).

Locality and age: Samples Uy-3, Uy-4, Uy-6,
and Uy-7, Seyran Formation, Sogukcam Lime-
stone Group, Haymana Basin, south of Ankara,
central Tlrkiye; Early Cretaceous, late Hauterivi-
an-Barremian (Table 1).

Material: Five specimens have been photo-
graphed and measured, with four illustrated.

Diagnosis: Tetrahedral cortical shell, sub-
spherical to subpyramidal in shape, featuring four
primary spines at each corner. Meshwork of the
test including two different pore structures with
large pentagonal and hexagonal pore frames,
overlain by a spongy cover with dispersed pores
in varying sizes. Four spines tricarinate, wide at
the base, and tapering distally.

Description: The cortical shell is tetrahedral,
subspherical to subpyramidal in shape with con-
vex sides. The tetrahedral test includes four, prom-
inent primary spines at each corner. The surface
of cortical shell includes underlying large pentago-
nal and hexagonal pore frames covered by spon-
gy pore frames with dispersed pores. Four prima-
ry spines tricarinate with very wide grooves and
thin ridges. Their length is always shorter than
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the diameter of the test and they are gradually,
contracting distally and terminated with the point-
ed end.

Measurements (pm): Based on the five speci-
mens.

HT Min. Max. Mean

Diameter of shell 176 118 176 148.8

Maximum length of spine 112 83 117 100.6

Maximum width of spine at the base 32 27 41 33.2

Remarks: This species can be distinguished
from Pyramispongia barmsteinensis (STEIGER, 1992,
p. 33, Pl. 4, figs. 9-14) by having a smooth sur-
face without by-spines and tricarinate main spines
instead of needle-like ones. It also differs from
Pyramispongia spinosa TEKIN nov. sp. in this study
by possessing a smooth surface on the test with-
out needle-like by-spines.

Pyramispongia spinosa TEKIN Nnov. sp.
(Pl. 5, figs. G-H)
Etymology: Derived from the Latin spinosa,

meaning "thorny, prickly", in reference to the test
with many spines.

Types: Holotype: Sample Uy-3 (Pl. 5, fig. G;
DN: HU.JMB.0228). Paratype: Sample Uy-3 (PI. 5,
fig. H; DN: HU.JMB.0229).

Locality and age: Sample Uy-3, Seyran For-
mation, Sodukcam Limestone Group, Haymana
Basin, south of Ankara, central Turkiye; Early
Cretaceous, late Hauterivian (Table 1).

Material: Three specimens have been photo-
graphed and measured, with two illustrated.

Diagnosis: Tetrahedral cortical shell medium-
sized, subspherical to subpyramidal with highly
convex sides. Cortical shell including four primary
spines and many by-spines. Needle-like by-spines
on the surface of the test shorter than the prima-
ry spines and terminating in a sharp end. Primary
spines tricarinate with wide grooves and relatively
thin ridges, wide at the base and tapering distally.

Description: The cortical shell is tetrahedral
with four primary spines at each corner and nu-
merous by-spines on its surface. The subspherical
to subpyramidal cortical shell has convex sides,
and its surface consists of many subspherical
pores within polygonal pore frames. The by-
spines on the surface of the cortical shell are nee-
dle-like, solid, tapering distally, pointed, and al-
ways shorter than the primary spines. The prima-
ry spines are prominent, equal in size, and tricari-
nate, featuring wide grooves and relatively thin
ridges. They are wide at the base, gradually ta-
pering distally to terminate in a sharp end.

Measurements (Um): Based on the three spec-
imens.

HT Min. Max. Mean

Diameter of the shell 138 120 150 136

Maximum length of the spine 100 100 113 107.6

Maximum width of the spine at the base 25 20 27 24

Remarks: This species was compared to Pyra-
mispongia sphaerica TEKIN nov. sp. It differs from
Pyramispongia barmsteinensis (STEIGER, 1992, p.
33, Pl. 4, figs. 9-14) by having tricarinate primary
spines instead of needle-like ones.

Pyramispongia sp. A
(PI. 5, figs. I-])

Locality and age: Sample Uy-6, Seyran For-
mation, Sodukcam Limestone Group, Haymana
Basin, south of Ankara, central Tirkiye; Early
Cretaceous, late Barremian (Table 1).

Description: The tetrahedral cortical shell is
large, slightly elongated in one direction, sub-
spherical at the base and triangular at the apex,
resembling a roughly elongated pyramid. The sur-
face of the cortical shell is covered by small sub-
spherical pores. Each corner of the test is termi-
nated with shorter, tricarinate primary spines,
which feature wide grooves and relatively thin
ridges that taper distally to a sharp point.

Remarks: This species can be distinguished
from other species of the genus Pyramispongia
PessaGNO by its unique elongated subpyramidal
cortical shell.

Family Spongodiscidae HAECKEL, 1862
Genus Haliodictya Hoinos, 1916

Type species: Haliodictya loerentheyi HoinOS,
1916.

Remarks: Although the genus Haliodictya was
assigned to "Nomina dubia" by O'DOGHERTY et al.
(2009), and its original generic definition (skele-
ton square and latticed, with four elongated lat-
tice-like prolongations at the corners) by Hoinos
(1916) was considered insufficient, the new spe-
cies (Haliodictya ? quadrata TeKIN nov. sp.) and
two taxa left in open nomenclature (Haliodictya ?
sp. A and Haliodictya ? sp. B) are questionably in-
cluded to this genus as they exhibit the main
characteristics of Haliodictya HoiNos.

Haliodictya ? quadrata TEKIN nov. sp.
(PI. 5, figs. N-R)

Etymology: Derived from the Latin quadrata,
meaning "square", in reference to the square out-
line of the test.

Types: Holotype: Sample Uy-11 (PI. 5, fig. N;
DN: HU.JMB.0230). Paratypes: Samples Uy-10
(Pl. 5, fig. O; DN: HU.JMB.0231), Uy-10 (Pl. 5,
fig. P; DN: HU.JMB.0232), Uy-10 (Pl. 5, fig. Q;
DN: HU.JMB.0233), Uy-11 (Pl. 5, fig. R; DN: HU.
JMB.0234).
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Locality and age: Samples Uy-7, Uy-10, and
Uy-11, Seyran Formation, Sodgukcam Limestone
Group, Haymana Basin, south of Ankara, central
Turkiye; Early Cretaceous, late Barremian-early
Aptian (Table 1).

Material: Eight specimens are photographed
and measured, with five illustrated.

Diagnosis: Shell square in outline, featuring
four strong primary spines at each corner. Prima-
ry spines thin, tricarinate with deep thin grooves
and wide ridges, tapering distally.

Description: The cortical shell is square in
shape with straight linear sides. The central part
of the test is marked circular elevated region,
while the test is medially depressed, and the rim
of the test is slightly elevated. The surface is
spongy and characterized by numerous, dis-
persed, and subcircular pores. Each corner of the
test is terminated by four relatively thin primary
spines that are equal in length and tricarinate,
featuring very thin grooves and wide ridges.

Measurements (pm): Based on the eight spec-
imens.

HT Min. Max. Mean

Minumum diameter of shell 200 178 238 199.1

Maximum diameter of shell, between two

. ] 244 211 275
opposite spines

238.5

Maximum length of spine 11178 111 95.8

Maximum width of spine at the base 33 23 38 31.4

Remarks: This species can be distinguished
from Haliodictya crucelliforma DUMITRICA (in DuMi-
TRICA et al., 1997, p. 25, Pl. 3, fig. 4) by its
straight linear sides instead of concave sides. It
differs from Haliodictya ? sp. A in this study by
possessing a medially depressed cortical shell
with longer primary spines.

Haliodictya ? sp. A
(PL. 5, fig. S)

Locality and age: Sample Uy-1, Seyran For-
mation, Sodukcam Limestone Group, Haymana
Basin, south of Ankara, central Tirkiye; Early
Cretaceous, early Hauterivian (Table 1).

Description: The test is perfectly square with
straight sides and each corner is terminated by
four very short primary spines. The central part of
the test is elevated and marked by a circular fea-
ture, then tapers in thickness toward the rim. The
spongy test surface is covered with numerous
subcircular pores. The primary spines are very
short, tricarinate, and feature wide grooves and
relatively thin ridges.

Remarks: This taxon is compared to Haliodic-

tya ? quadrata TekIN nov. sp. with differences not-
ed in previous descriptions.

Haliodictya ? sp. B
(PI. 5, figs. T-U)

Locality and age: Samples Uy-7 and Uy-11,
Seyran Formation, Sodukcam Limestone Group,
Haymana Basin, south of Ankara, central Tlrkiye;
Early Cretaceous, late Barremian-early Aptian
(Table 1).

Description: The test is approximately square
with projections at each corner. The spongy test
is covered with numerous small, dispersed subcir-
cular pores. Four primary spines are positioned
medially on each side. These spines are robust,
straight, equal in size, and taper distally. They
have a tricarinate structure with thin, deep
grooves and relatively wide ridges.

Remarks: This species can be distinguished
from Haliodictya ? quadrata TEKIN nov. sp. by the
location of its primary spines, which are posi-
tioned medially on each side of the square test,
rather than at the test corners.

Suborder Nasselariina EHRENBERG, 1875
Superfamily Archaeodictyomitraceae
PESsAGNO, 1976
Family Archaeodictyomitridae
PEssAGNO, 1976
Genus Archaeodictyomitra PESSAGNO, 1976

Type species: Archaeodictyomitra squinaboli
PessaGNO, 1976.

Archaeodictyomitra mostleri TEKIN nov. sp.
(Pl. 6, figs. AB-AD)

Etymology: This species is dedicated to the
late Prof. Dr. Helfried MosTLER (Innsbruck Univer-
sity, Austria) in honor of his significant contribu-
tions to radiolarian biochronology.

Types: Holotype: Sample Uy-3 (Pl. 6, fig. AB;
DN: HU.JMB.0235). Paratypes: Samples Uy-3 (PI.
6, fig. AC; DN: HU.JMB.0236), Uy-3 (Pl. 6, fig.
AD; DN: HU.JMB.0237).

Locality and age: Sample Uy-3, Seyran For-
mation, Sodukcam Limestone Group, Haymana
Basin, south of Ankara, central Tirkiye; Early
Cretaceous, late Hauterivian (Table 1).

Material: Three photographed and measured
specimens.

Diagnosis: Test large and roughly spindle-
shaped, composed of ten segments. Cephalis
dome-shaped, followed by a trapezoidal thorax,
both mainly poreless or weakly costate. Lumbar
and post-abdominal strictures less distinct,
marked by constrictions and a row of pores. First
inflated segment, the abdomen, including thin
and continuous costae. First to third post-abdomi-
nal segments subtrapezoidal in outline, and last
two segments inversely subtrapezoidal. Some
specimens with a vertical row of pores visible be-
tween costae.
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Description: The large, roughly spindle-
shaped test has a smooth surface and lacks a
horn. The dome-shaped cephalis and subtrapezoi-
dal thorax are mainly poreless, though the thorax
may be weakly costate. The lumbar stricture is
generally indistinct, occasionally with a row of
pores. The first inflated chamber, the abdominal
segment, has thin costae that continue to the end
of the test, with 11 to 12 costae visible on one
side. The first to third post-abdominal segments
are subtrapezoidal, while the fourth and fifth are
inversely subtrapezoidal. The lumbar stricture and
other post-abdominal strictures marked by shal-
low constrictions with a row of pores. A continu-
ous row of pores is also visible between the cos-
tae. The pores on the test surface are circular to
subcircular and vary in size.

Measurements (pm): Based on the three spec-
imens.

HT Min. Max. Mean

Total length of the test 400 363 400 377.7

Maximum width of the test 167 150 180 165.6

Remarks: This species differs from Archaeo-
dictyomitra leptocostata (Wu & Li, 1982, PI. 1,
figs. 18-19) by having a spindle-shaped test with
a smooth surface, rather than a conical test with
distinct constrictions and a greater number of less
distinct costae and constrictions.

Archaeodictyomitra sp. A
(Pl. 6, fig. AE)

Locality and age: Sample Uy-10, Seyran For-
mation, Sogukcam Limestone Group, Haymana
Basin, south of Ankara, central Tirkiye; Early
Cretaceous, early Aptian (Table 1).

Description: The test is spindle-shaped with
eight segment, increasing in width until the fourth
post-abdominal segment then decreasing in width
at the fifth post-abdominal segment, which is the
last one. The cephalis is poreless and dome-
shaped, lacking a horn, and the collar stricture is
indistinct. The thorax is subtrapezoidal with weak
costae. The abdomen, up to the fourth post-ab-
dominal segment, is ring-like to subtrapezoidal in
outline with distinct costae. 10 costae are visible
on the test surface. The line of thin costae shifts
at the constriction between the third and fourth
post-abdominal segments. The lumbar stricture
and other strictures between post-abdominal seg-
ments are distinctly marked by deep constrictions
and a row of pores. The last post-abdominal seg-
ment is inversely subtrapezoidal in outline.

Remarks: This taxon can be distinguished
from other species of Archaeodictyomitra PESsA-
GNO by the shifted costae on the surface between
the third and fourth post-abdominal segments.

Family Eucyrtidinae TAKEMURA, 1986
Genus Pseudoeucyrtis PEssAGNO, 1977b

Type species: Eucyrtis ? zhamoidai FOREMAN,
1973.

Pseudoeucyrtis sp. A
(Pl. 7, fig. AR)
pars 1997 Pseudoeucyrtis zhamoidai (FOREMAN), DUMITRI-
CA et al., p. 65, figs. 6, 13, non fig. 2 (= Pseudo-
eucyrtis zhamoidai (FOREMAN)).

Locality and age: Maghilah Unit, Masirah Is-
land, Oman; Sample Uy-3, Seyran Formation, So-
gukgcam Limestone Group, Haymana Basin, south
of Ankara, central Turkiye; Early Cretaceous, late
Hauterivian-Barremian (Table 1).

Description: The test is spindle-shaped with
five segments and a long tube. The cephalis is
dome-shaped and poreless, featuring a small,
needle-like horn. The thorax is much broader and
subtrapezoidal in outline. From the thorax to the
second post-abdominal segment, the test displays
small thorns or tubercules on its surface. The col-
lar stricture is indistinct, while the lumbar stric-
ture is more pronounced, marked by a relatively
deep constriction. The abdomen is ring-like, and
the stricture between the abdomen and the first
post-abdominal segment is distinct characterized
by a wide and deep constriction with numerous
small, dispersed pores. The first post-abdominal
segment is subtrapezoidal in outline, whereas the
second post-abdominal segment is inversely sub-
trapezoidal in outline with small pores. This seg-
ment is followed by a long tube with many larger
pores in varying shapes. The tube is gradually de-
creasing in width distally and terminating with a
blunt end.

Remarks: This species can be distinguished
from Pseudoeucyrtis zhamoidai (FOREMAN, 1973,
p. 264, Pl. 10, figs. 9-10; PI. 16, figs. 1-2) by its
much wider proximal part and the presence of
segments with tubercules on their surface.

Unnamed pro Stichocapsidae HAEckeEL, 1881
Subfamily Favosyringiinae STEIGER, 1992,
nom. corr. by O'DOGHERTY et al., 2009
Genus Spinosicapsa OzvoLbova, 1975

Type species: Spinosicapsa ceblienica OzvoL-
DOVA, 1975.

Spinosicapsa producta TEKIN nov. sp.
(PI. 8, figs. O-W)

Etymology: Derived from the Latin producta,
meaning "lengthened, long", in reference to the
elongated test.

Types: Holotype: Sample Uy-10 (PI. 8, fig. O;
DN: HU.JMB.0238). Paratypes: Samples Uy-10 (PI.
8, fig. P; DN: HU.JMB.0239), Uy-10 (PI. 8, fig. Q;
DN: HU.JMB.0240), Uy-10 (PI. 8, fig. R; DN: HU.
JMB.0241), Uy-10 (PI. 8, fig. S; DN: HU.JMB.
0242), Uy-10 (PI. 8, fig. T; DN: HU.JMB.0243),
Uy-10 (PI. 8, fig. U; DN: HU.JMB.0244), Uy-10 (PI.
8, fig. V; DN: HU.JMB.0245), Uy-11 (PI. 8, fig. W;
DN: HU.JMB.0246).
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Locality and age: Samples Uy-10 and Uy-11,
Seyran Formation, Sogukgam Limestone Group,
Haymana Basin, south of Ankara, central Tlrkiye;
Early Cretaceous, early Aptian (Table 1).

Material: More than 20 specimens, with 15
photographed and measured; 9 are illustrated.

Diagnosis: Test of four segments and a long
tube. Cephalis, thorax, and abdomen conical, with
rare pores and a needle-like horn. Collar and lum-
bar strictures indistinct. Post-abdominal segment
subspherical and inflated with fine pore frames.
Eight needle-like spines present on the medial
portion of the post-abdominal segment. Post-ab-
dominal segment followed by a relatively long
tube with much wider pores of various shapes.

Description: The test is composed of four
segments and an elongated, porous tube. The
proximal part (cephalis, thorax, and abdomen) is
conical with a short, needle-like horn and is most-
ly poreless or with very few pores. Collar and
lumbar strictures are indistinct, with no strictures
or pores. The post-abdominal segment is sub-
spherical and features fine, scattered pores. The

medial part of the post-abdominal segment con-
tains eight needle-like spines that are not aligned
and gradually taper distally. A long tube follows,
with rather larger, irregularly shaped pores. This
tube gradually narrows distally, ending in a point-
ed tip.

Measurements (Pm): Based on the fifteen
specimens.

HT Min. Max. Mean

Total length of the test (including horn

and tube) 400 328 428 399.5

Max. width of the test at first post-abdo-

: 142 114 157
minal segment

132.6

Length of spine on the post-abdominal

57 33 57 41.9
segment

Remarks: This species can be distinguished
from Spinosicapsa triacantha octaradiata (STEIGER,
1992, p. 74, Pl. 20, figs. 6-7) by its bulbous, sub-
spherical post-abdominal segment with finer
pores and eight needle-like spines, in contrast to
the ellipsoidal post-abdominal segment with eight
tricarinate spines.

Plates

P Plate 1: Scanning electron micrographs of the Early Cretaceous (early Hauterivian- early Aptian) radiolarian mi-
crofauna from the Seyran Formation within the Sogukgam Limestone Group in the Uyuzhamami section. A-C. Hexa-
pyramis precedis Jub: A-B. Uy-5, C. Uy-7, scale bar = 200, 300 and 200 um, respectively; D-F. Cecrops septempo-
ratus (PARONA): D. Uy-1, E. Uy-3, F. Uy-4, scale bar for all specimens = 200 pm; G. Cecrops ? sexaspina Jup: Uy-3,
scale bar = 150 um; H-J. Pantanellium sp. aff. P. cantuchapai PESSAGNO & MACLEOD sensu JuD: H. Uy-6, I. Uy-10, J.
Uy-11, scale bar for all specimens = 200 um; K. Pantanellium masirahense DUMITRICA: Uy-7, scale bar = 180 pym; L-
N. Pantanellium squinaboli (TAN SIN HOK): L. Uy-9, M. Uy-10, N. Uy-11, scale bar for all specimens = 150, 180, and
180 pm, respectively; O. Pantanellium sp. A: Uy-11, scale bar = 180 ym; P-Q. Acaeniotyle helicta FOREMAN: P. Uy-5,
Q. Uy-7, scale bar for both specimens = 250 um; R=S. Acaeniotyle umbilicata (RUsT): R. Uy-10, S. Uy-11, scale bar
for both specimens = 300 ym; T-V. Acastea diaphorogona (FOREMAN): T. Uy-3, U. Uy-5, V. Uy-7, scale bar for all
specimens = 250 ym; W-X. Dicroa periosa FOREMAN: both from Uy-3, scale bar for both specimens = 200 pm; Y-Z-
AA. Stylosphaera macroxiphus (RUsT): Y. Uy-3, Z. Uy-5, AA. Uy-7, scale bar = 250, 250, and 330 um, respectively;
AB-AD. Suna echiodes (FOREMAN): AB. Uy-1, AC. Uy-3, AD-AE. Uy-10, scale bar for all specimens = 250 ym; AF-
AG. Suna hybum (FOREMAN): Both from Uy-11, scale bar for both specimens = 70 um; AH-AJ. Triactoma hayma-
naense TEKIN nov. sp.: AH. Holotype, Uy-10, AI-AJ. Paratypes both from Uy-7, scale bar = 230, 280, and 280 pm,
respectively; AK-AN. Triactoma merici TEKIN nov. sp.: AK. Holotype, Uy-1, AL-AN. Paratypes, AL. Uy-1, AM. Uy-10,
AN. Uy-6, scale bar = 260, 260, 200, and 200 um, respectively; AO. Triactoma tithonianum RUsT: Uy-5, scale bar =
200 um; AP. Triactoma sp. A: Uy-4, scale bar = 200 um; AQ-AS. Crucella angulata YANG: AQ. Uy-1, AR-AS. Uy-3,
scale bar = 370, 370, and 290 um, respectively.
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P Plate 2: Scanning electron micrographs of the Early Cretaceous (early Hauterivian- early Aptian) radiolarian mi-
crofauna from the Seyran Formation within the Sogukgam Limestone Group in the Uyuzhamami section.A-C. Crucella
bossoensis Jub: A. Uy-5, B. Uy-10, C. Uy-11, scale bar = 250, 250, and 150 um, respectively; D-F. Crucella collina
Jup: D. Uy-2, E. Uy-6, F. Uy-7, scale bar for all specimens = 200 um; G-I. Crucella gavalai O'DOGHERTY: G-H. Uy-10,
I. Uy-11, scale bar for all specimens = 250 um; J-L. Crucella ? inflexa (RUsT): J-K. Uy-1, L. Uy-10, scale bar for all
specimens = 350 ym; M. Crucella remanei Jub: Uy-6, scale bar = 330 um; N. Pseudocrucella ? elisabethae (RUST):
Uy-6, scale bar = 300 ym; O-U. Savaryella cruciforma TEKIN nov. sp.: O. Holotype, Uy-10, P-U. Paratypes, P. Uy-6,
Q. Uy-5, R. Uy-7, S. Uy-10, T-U. Uy-11, scale bar for all specimens = 280 um; V-AB. Savaryella guexi breva TEKIN
nov. subsp.: V. Holotype, Uy-11, W-AB. Paratypes, W. Uy-5, X. Uy-7, Y. Uy-9, Z. Uy-10, AA-AB. Uy-11, scale bar for
all specimens = 240 ym; AC-AE. Angulobracchia portmanni s.|. BAUMGARTNER: AC. Uy-6, AD. Uy-7, AE. Uy-11, scale
bar for all specimens = 250 um; AF-AH. Cyclastrum infundibuliforme RUST: AF. Uy-1, AG. Uy-7, AH. Uy-10, scale
bar for all specimens = 330 uym; AI-AJ. Cyclastrum ? planum Jubp: Al. Uy-5, AJ. Uy-11, scale bar for both specimens
= 230 pym; AK-AM. Cyclastrum ? trigonum (RUST): AK-AL. Uy-7, AM. Uy-10, scale bar for all specimens = 330 pym;
AN-AP. Deviatus diamphidius (FOREMAN): AN. Uy-7, AO-AP. Uy-10, scale bar for all specimens = 220 pm; AQ-AS.
Paronaella ? annemariae annemariae JuD: AQ. Uy-3, AR. Uy-5, AS. Uy10, scale bar = 180, 200, and 180 pm, respec-
tively; AT-AU. Paronaella ? annemariae oezgenerdemae TEKIN nov. subsp.: AT: Holotype, Uy-6, AU. Paratype, Uy-3,
scale bar for both specimens = 200 pm.
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P Plate 3: Scanning electron micrographs of the Early Cretaceous (early Hauterivian-early Aptian) radiolarian mi-
crofauna from the Seyran Formation within the Sogukgam Limestone Group in the Uyuzhamami section. A. Paronael-
la grapevinensis (PESSAGNO): Uy-11, scale bar = 240 uym; B-D. Paronaella trifoliacea OzvoLbovA: B. Uy-4, C. Uy-5, D.
Uy-6, scale bar = 190, 210, and 190 um, respectively; E-G. Paronaella ? tubulata STEIGER: E. Uy-9, F-G. Uy-10,
scale bar = 210, 160, and 160 um, respectively; H-3. Halesium biscutum Jub: H. Uy-1, I. Uy-7, J. Uy-9, scale bar =
340, 280, and 340 pm, respectively; K-M. Halesium crassum (OzvoLbovA): K. Uy-1, L. Uy-2, M. Uy-11, scale bar for
all specimens = 300 pm; N-P. Halesium ? lineatum Jup: N. Uy-1, O. Uy-7, P. Uy-11, scale bar = 280, 240, and 280
pum, respectively; Q-S. Halesium medium (STEIGER): Q. Uy-3, R. Uy-7, S. Uy-10, scale bar = 240, 240, and 260 ym,
respectively; T. Halesium palmatum DUMITRICA: Uy-1, scale bar = 210 ym; U-Y. Homoeparonaella elegans bulbosa
TEKIN nov. subsp.: U. Holotype, Uy-5, V-Y. Paratypes, V. Uy-4, W-X-Y. Uy-5, scale bar = 300, 350, 330, 300, and
280 um, respectively; Z. Homoeparonaella irregularis (SQUINABOL): Uy-3, scale bar = 300 um; AA-AC. Homoeparo-
naella peteri Jup: AA. Uy-3, AB. Uy-5, AC. Uy-10, scale bar = 360, 300, and 360 pm, respectively; AD. Homoeparo-
naella sp. A: Uy-7, scale bar = 260 um; AE. Alievium ? fatuum DUMITRICA: Uy-6, scale bar = 240 ym; AF-AH. Alievi-
um regulare (Wu & L1): AF. Uy-3, AG. Uy-5, AH. Uy-7, scale bar = 230, 200, and 200 um, respectively; AI-AK. Be-
cus gemmatus Wu: Al. Uy-7, AJ. Uy-10, AK. Uy-11, scale bar for all specimens = 220 um; AL-AM. Becus helenae
(ScHAAF): AL. Uy-10, AM. Uy-11, scale bar = 220 and 180 pm, respectively; AN-AR. Becus multispinosus TEKIN nov.
sp.: AN. Holotype, Uy-5, AO-AR. Paratypes, AO. Uy-7, AP. Uy-5, AQ. Uy-6, AR. Uy-5, scale bar = 230, 250, 250,
250, and 250 pym, respectively; AS-AU. Godia concava (LI & Wu): AS. Uy-7, AT-AU. Uy-11, scale bar = 280, 260,
and 260 um, respectively.
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P Plate 4: Scanning electron micrographs of the Early Cretaceous (early Hauterivian-early Aptian) radiolarian mi-
crofauna from the Seyran Formation within the Sogukgam Limestone Group in the Uyuzhamami section. A-C. Godia
coronata (TUMANDA): A. Uy-1, B. Uy-4, C. Uy-7, scale bar = 260, 280, and 260 um, respectively; D-E. Godia florealis
(Jub): D. Uy-3, E. Uy-10, scale bar = 240 and 180 um, respectively; F-H. Godia lenticulata Jupb: F. Uy-3, G. Uy-10,
H. Uy-11, scale bar = 260, 260, and 220 um, respectively; I-K. Godia ? orbicula TEKIN nov. sp.: I. Holotype, Uy-2, J-
K. Paratypes, J. Uy-2, K. Uy-4, scale bar = 180, 160, and 200 pm, respectively; L-N. Godia ? satoi (TUMANDA): L.
Uy-5, M. Uy-6, N. Uy-10, scale bar = 310, 310, and 230 um, respectively; O-P. Archaeotritrabs gracilis STEIGER: O.
Uy-1, P. Uy-6, scale bar for both specimens = 290 um; Q. Tritrabs ewingi s.l. (PESSAGNO): Uy-3, scale bar = 300 pm;
R-W. Tetrapaurinella lepida TEKIN nov. sp.: R. Holotype, Uy-5, S-W. Paratypes, S. Uy-1, T. Uy-5, U-V. Uy-6, W. Uy-
10, scale bar = 280, 240, 240, 260, 300, and 280 um, respectively; X. Tetrapaurinella staurus DUMITRICA: Uy-1,
scale bar = 220 ym; Y-AB. Archaeospongoprunum ankaraense TEKIN nov. sp.: Y. Holotype, Uy-10, Z-AB. Paratypes,
Z. Uy-10, AA. Uy-6, AB. Uy-11, scale bar = 260, 240, 280, and 260 uym; AC. Archaeospongoprunum carrierensis car-
rierensis PESSAGNO: Uy-11, scale bar = 160 ym; AD-AIL. Archaeospongoprunum carrierensis globosum TEKIN nov.
subsp.: AD. Holotype, Uy-10, AE-AL. Paratypes, AE. Uy-7, AF. Uy-10, AG-AH-AL. Uy-11, scale bar = 200, 210, 220,
200, 180, and 210 ym, respectively; AJ-AM. Archaeospongoprunum obesum TEKIN nov. sp.: Al. Holotype, Uy-7, AK-
AM. Paratypes, AK. Uy-5, AL. Uy-6, AM. Uy-5, scale bar = 200, 240, 270, and 200 um, respectively; AN-AQ. Ar-
chaeospongoprunum tortilum TEKIN nov. sp.: AN. Holotype, Uy-5, AO-AQ. Paratypes, AO-AP. Uy-10, AQ. Uy-11,
scale bar = 180, 180, 160, and 200 um, respectively; AR-AS. Archaeospongoprunum sp. A: both from sample Uy-
11, scale bar for both specimens = 230 pym.
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P Plate 5: Scanning electron micrographs of the Early Cretaceous (early Hauterivian- early Aptian) radiolarian mi-
crofauna from the Seyran Formation within the Sogukgam Limestone Group in the Uyuzhamami section. A. Bernoul-
lius spelae Jup: Uy-11, scale bar = 120 ym; B. Pyramispongia barmsteinensis (STEIGER): Uy-7, scale bar = 150 pm;
C-F. Pyramispongia sphaerica TEKIN nov. sp.: C. Holotype, Uy-7, D-F. Paratypes, D. Uy-7, E. Uy-3, F.Uy-4, scale bar
= 180, 130, 150, and 180 um, respectively; G-H. Pyramispongia spinosa TEKIN nov. sp.: G. Holotype, Uy-3, H. Para-
type, Uy-3, scale bar = 170 and 190 pm, respectively; I-J. Pyramispongia sp. A: both from Uy-6, scale bar for both
specimens = 200 ym; K-M. Haliodictya ? crucelliforma DuMITRICA: K. Uy-3, L. Uy-5, M. Uy-7, scale bar for all speci-
mens = 230 ym; N-R. Haliodictya ? quadrata TEKIN nov. sp.: N. Holotype, Uy-11, O-R. Paratypes, O-P-Q. Uy-10, R.
Uy-11, scale bar = 210, 260, 250, 260, and 260 um, respectively; S. Haliodictya ? sp. A: Uy-1, scale bar = 260 ym;
T-U. Haliodictya ? sp. B: T. Uy-7, U. Uy-11, scale bar for both specimens = 250 ym; V-X. Stylospongia ? titirez JuD:
V. Uy-3, W. Uy-5, X. Uy-7, scale bar for all specimens = 240 um; Y-AA. Dicerosaturnalis amissus (SQUINABOL): Y.
Uy-3, Z. Uy-5, AA. Uy-10, scale bar = 260, 330, and 360 pm, respectively; AB. Dicerosaturnalis major (SQUINABOL):
Uy-2, scale bar = 220 uym; AC-AE. Dicerosaturnalis trizonalis dicranacanthos (SQUINABOL): AC. Uy-3, AD. Uy-5, AE.
Uy-10, scale bar for all specimens = 350, 330, and 300 pm, respectively; AF-AH. Acanthocircus horridus SQUINABOL:
AF. Uy-3, AG. Uy-5, AH. Uy-6, scale bar for all specimens = 300 um; AI-AK. Acanthocircus hueyi (PESSAGNO): Al.
Uy-3, Al. Uy-5, AK. Uy-6, scale bar = 260, 280, and 260 pm, respectively; AL-AM. Acanthocircus italicus (SQuI-
NABOL); AL. Uy-3, AM. Uy-5, scale bar for both specimens = 270 um; AN-AP. Acanthocircus levis (DONOFRIO & MOST-
LER): AN. Uy-3, AO-AP. Uy-7, scale bar for all specimens = 300, 260, and 280 uym; AQ. Acanthocircus multidentatus
(SqQuinaBoL): Uy-3, scale bar = 310 um.
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P Plate 6: Scanning electron micrographs of the Early Cretaceous (early Hauterivian-early Aptian) radiolarian mi-
crofauna from the Seyran Formation within the Sogukcam Limestone Group in the Uyuzhamami section. A-B. Acan-
thocircus multidentatus (SQUINABOL): A. Uy-3, B. Uy-5, scale bar = 270 and 300 um, respectively; C-D. Acanthocir-
cus simplex (SQuUiNABoL): C. Uy-5, D. Uy-7, scale bar for both specimens = 300 um; E-G. Acanthocircus venetus
(SqQuinaBoL): E. Uy-3, F. Uy-5, G. Uy-11, scale bar 400, 400, and 320 um, respectively; H-3. Aurisaturnalis carinatus
inconstans DUMITRICA & DuMITRICA-JUD: all from Uy-3, scale bar for all specimens = 270 um; K. Aurisaturnalis carina-
tus carinatus DUMITRICA & DUMITRICA-JUD: Uy-5, scale bar = 240 um; L. Aurisaturnalis carinatus perforatus DUMITRICA
& DuMITRICA-JUD: Uy-6, scale bar = 300 ym; M. Eospongosaturninus breggiensis DUMITRICA & HUNGERBUHLER: Uy-3,
scale bar = 230 um; N. Vitorfus campbelli PESSAGNO: Uy-11, scale bar = 220 pm; O. Archaeodictyomitra excellens
(TAN SIN Hok): Uy-7, scale bar = 180 ym; P-R. Archaeodictyomitra lacrimula (FOREMAN): P. Uy-1, Q. Uy-7, R. Uy-10,
scale bar = 180, 140, and 130 um, respectively; S-U. Archaeodictyomitra leptocostata (Wu & L1): S. Uy-1, T. Uy-10,
U. Uy-10, scale bar for all specimens = 180 um; V-X. Archaeodictyomitra longovata DUMITRICA: V. Uy-7, W. Uy-9, X.
Uy-10, scale bar for all specimens = 170 um; Y-AA. Archaeodictyomitra mitra DUMITRICA: Y. Uy-1, Z-AA. Uy-3, scale
bar = 160, 160, and 140 um, respectively; AB-AD. Archaeodictyomitra mostleri TEKIN nov. sp.: AB. Holotype, Uy-3,
AC-AD. Paratypes, all from Uy-3, scale bar = 210, 180, and 190 ym, respectively; AE. Archaeodictyomitra sp. A: Uy-
10, scale bar = 170 ym; AF-AG. Thanarla pacifica NAKASEKO & NISHIMURA: AF. Uy-7, AG. Uy-11, scale bar for both
specimens = 170 ym; AH-AIL. Thanarla pulchra (SQUINABOL): AH. Uy-7, AL. Uy-10, scale bar for both specimens =
150 um; AJ. Amphipyndax mediocris (TAN SIN HOK): Uy-11, scale bar = 150 um; AK-AM. Obeliscoites dorysphaeroi-
des (NeviANI): AK-AL. Uy-10, AM. Uy-11, scale bar = 240, 230, and 270 um, respectively; AN-AP. Mirifusus cheno-
des (RENZ): AN-AO. Uy-7, AP. Uy-10, scale bar = 220, 210, and 200 pm, respectively; AQ-AS. Svinitzium pseudopu-
ga DuMITRICA: AQ. Uy-3, AR-AS. Uy-6, scale bar = 150, 160, and 170 pym, respectively.
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P Plate 7: Scanning electron micrographs of the Early Cretaceous (early Hauterivian-early Aptian) radiolarian mi-
crofauna from the Seyran Formation within the Sogukgam Limestone Group in the Uyuzhamami section. A-B. Tethy-
setta boesii (PARONA): A. Uy-7, B. Uy-11, scale bar = 150 and 130 pm, respectively; C-D. Tethysetta usotanensis
(TumANDA): both from Uy-10, scale bar for both specimens = 140 um; E-G. Pseudocrolanium puga (SCHAAF): E. Uy-
6, F. Uy-9, G. Uy-10, scale bar = 140, 140, and 160 um, respectively; H-J. Loopus nudus (SCHAAF): H. Uy-5, I. Uy-
6, J. Uy-9, scale bar for all specimens =150 um; K. Pseudodictyomitra carpatica (LozyNIAK): Uy-6, scale bar = 160
um; L. Pseudodictyomitra matsuokai DUMITRICA: Uy-3, scale bar = 160 ym; M-0. Pseudodictyomitra nodocostata
DuMITRICA: M. Uy-9, N-O. Uy-11, scale bar for all specimens= 160 upm; P. Pseudodictyomitra thurowi DUMITRICA: Uy-
6, scale bar = 140 uym; Q. Clavaxitus clava (PARONA): Uy-10, scale bar = 190 um; R-T. Praexitus alievi (FOREMAN): R.
Uy-5, S. Uy-7, T. Uy-11, scale bar = 200, 210, and 180 pm, respectively; U. Pseudoxitus laguncula DUMITRICA: Uy-6,
scale bar = 160 ym; V-W. Pseudoxitus seriola DUMITRICA: V. Uy-7, W. Uy-11, scale bar for both specimens = 170
pm; X-Z. Xitus normalis (Wu & L1): X. Uy-7, Y-Z. Uy-10, scale bar = 160, 170 and 210 pym, respectively; AA. Xitus
sandovali Jub: UY-10, scale bar = 260 um AB-AD. Xitus vermiculatus (RENZ): AB-AC. Uy-7, AD. Uy-10, scale bar =
170, 150, and 190 pm, respectively; AE. Novixitus robustus (Wu): Uy-11, scale bar = 140 pym; AF. Neorelumbra
tippitae KIESSLING: Uy-9, scale bar = 160 pm; AG-AI. Crolanium bipodium (PARONA): AG. Uy-5, AH-AIL. Uy-10, scale
bar = 180, 140, and 180 pm, respectively; AJ. Rhopalosyringium fossile (SQUINABOL): Uy-10, scale bar = 150 pm;
AK. Solenotryma ichikawai MATSUOKA & YAO: Uy-5, scale bar = 170 um; AL. Pseudoeucyrtis corpulentus DUMITRICA:
Uy-11, scale bar = 160 pm; AM-AN. Pseudoeucyrtis tenuis (RUST): AM. Uy-5, AN. Uy-7, scale bar for both
specimens= 180 pm; AO-AQ. Pseudoeucyrtis zhamoidai (FOREMAN): AO. Uy-5, AP. Uy-6, AQ. Uy-11, scale bar =
210, 190, and 220 um, respectively; AR. Pseudoeucyrtis sp. A: Uy-3, scale bar = 170 ym.
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P Plate 8: Scanning electron micrographs of the Early Cretaceous (early Hauterivian- early Aptian) radiolarian mi-
crofauna from the Seyran Formation within the Sogukgam Limestone Group in the Uyuzhamami section. A. Napora
praespinifera (PESSAGNO): Uy-7, scale bar = 260 ym; B-D. Spongocapsula coronata (SQuINABOL): B. Uy-7, C. Uy-9,
D. Uy-10, scale bar = 180, 160, and 200 um, repectively; E-G. Spongocapsula obesa Jup: E. Uy-3, F. Uy-7, G. Uy-9,
scale bar = 200, 220, and 220 pm, respectively; H-I. Spongostichomitra elatica (ALIEV): H. Uy-10, I. Uy-11, scale
bar = 150 and 170 um, respectively; J-L. Dibolachras tytthopora FOREMAN: J. Uy-3, K. Uy-5, L. Uy-10, scale bar =
220, 260, and 210 pm, respectively; M. Spinosicapsa agolarium (FOREMAN): Uy-1, scale bar = 190 pym; N. Spinosi-
capsa limatum (FOREMAN): Uy-1, scale bar = 230 um; O-W. Spinosicapsa producta TEKIN nov. sp.: O. Holotype, Uy-
10, P-W. Paratypes, P-V. Uy-10, W. Uy-11, scale bar = 190, 180, 190, 180, 190, 190, 180, 180, and 190 pym, re-
spectively; X-Y. Spinosicapsa spinosa (SQUINABOL): X. Uy-9, Y. Uy-10, scale bar for both specimens = 180 ym; 2Z-
AB. Spinosicapsa triacantha tetraradiata (STEIGER): Z. Uy-1, AA. Uy-3, AB. Uy-11, scale bar = 290, 230, and 220
um, respectively; AC-AD. Arcanicapsa leiostraca (FOREMAN): both from Uy-1, scale bar for both specimens = 220
pum; AE-AF. Arcanicapsa trachyostraca (FOREMAN): AE. Uy-1, AF. Uy-11, scale bar = 220 and 240 pm, respectively;
AG-AH. Crococapsa asseni (TAN SIN HOK): Uy-11, scale bar = 150 and 130 um, respectively; AI. Crococapsa utercu-
lus (PARONA): Uy-11, scale bar = 130 ym; AJ-AL. Crypthamporella clivosa (ALIEV): AO. Uy-9, AP-AQ. Uy-11, scale
bar for all specimens = 120 ym; AM. Hemicryptocapsa capita TAN SIN Hok: Uy-6, scale bar = 240 um; AN. Trimulus
parmatus O'DOGHERTY: Uy-10, scale bar = 130 pm.
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P Plate 9: Scanning electron micrographs of the late Middle Jurassic-earliest Cretaceous radiolarian microfauna
from the pelagic blocks in the Elmadag Olistostrome from the Yakacik and north of Alagéz regions in chronological
order; A-I. Assemblage from sample Damla-6 of early Callovian--early Kimmeridgian age from the Yakacik region A.
Emiluvia salensis PESSAGNO; B. Paronaella kotura BAUMGARTNER; C. Homoeparonaella argolidensis BAUMGARTNER; D.
Tritrabs exotica (PESSAGNO); E. Haliodictya ? antiqua antiqua (RUST) sensu PESSAGNO; F. Haliodictya ? hojnosi RIEDEL
& SANFILIPPO; G. Perispyridium ordinarium (PESSAGNO); H. Cinguloturris carpatica DUMITRICA; I. Spinosicapsa triacan-
tha tetraradiata (STEIGER); scale bar for figures A to I = 240, 300, 420, 330, 310, 160, 190, 160, and 220 pym, re-
spectively. J-R. Assemblage from Aci-3 in the Acisu section of Callovian-early Kimmeridgian age from the Yakacik re-
gion 3. Emiluvia pessagnoi s.|. FOREMAN; K. E. orea s.|. BAUMGARTNER; L. Tetratrabs zealis (OzvoLDOVA); M. Angulo-
bracchia digitata BAUMGARTNER; N. Paronaella kotura BAUMGARTNER; O. Paronaella mulleri PESSAGNO; P. Perispyridium
ordinarium (PESSAGNO); Q. Cinguloturris carpatica DUMITRICA; R. Praewilliriedellium convexum (YAO); scale bar for
figures J to R = 400, 340, 500, 230, 370, 180, 210, 170, and 210 pm, respectively. S-Z. Assemblage from the sam-
ple Aci-4 in the Acisu section of Callovian-early Tithonian age from the Yakacik region, S. Homoeparonaella argoli-
densis BAUMGARTNER; T. Transhsuum sp. aff. T. maxwelli (PESSAGNO); U. Cinguloturris primorika KEMKIN & TAKETANI;
V. Mirifusus sp.; W. Svinitzium mizutanii DUMITRICA; X. Palinandromeda sp. aff. P. podbielensis (OzvoLDOVA); Y.
Spongocapsula palmerae PESSAGNO; Z. Mould of juvenile ammonoid; scale bar for figures S to Z = 310, 180, 230,
280, 160, 210, 190, and 830 um, respectively. AA-AJ. Assemblage from sample Gid-2 in the Gudik section of lat-
est Valanginian-early late Hauterivian age from the north of Alagdz region AA. Cecrops septemporatus (PARONA); AB.
Cecrops ? sexaspina Jub; AC. Crucella angulata YANG; AD. Cyclastrum infundibuliforme RUsT; AE. Paronaella trifolia-
cea OzvoLDOVA; AF. Dicerosaturnalis trizonalis dicranacanthos (SQUINABOL); AG. Spongocapsula coronata (SQUINA-
BOL); AH. Spinosicapsa agolarium (FOREMAN); AIL. S. sp. aff. S. coronata (STEIGER) sensu JuD; AJ. Arcanicapsa leio-
straca (FOREMAN), scale bar for figures AA to AJ = 170, 170, 190, 350, 190, 350, 140, 180, 250, and 150 um, re-
spectively. AK-AY: Assemblage from the sample Damla-1 of Hauterivian age from the Yakacik region AK. Cecrops
septemporatus (PARONA); AL. Triactoma tithonianum RUST; AM. Crucella angulata YANG; AN. C. collina Jup; AO. Pa-
ronaella ? annemariae JuD; AP. Paronaella ? tubulata STEIGER; AQ. Godia florealis (Jup); AR. Halesium crassum (Oz-
VOLDOVA); AS. Haliodictya ? crucelliforma DUMITRICA; AT. Archaeodictyomitra mitra DUMITRICA; AU. Mirifusus sp.; AV.
Xitus elegans (SQUINABOL); AW. X. normalis (Wu & L1); AX. Obesacapsula verbana (PARONA); AY. Arcanicapsa leio-
straca (FOREMAN); scale bar for figures AK to AY = 190, 200, 430, 240, 330, 220, 190, 260, 230, 160, 280, 190, 230,
320, and 200 pm, respectively.
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Nomenclatural note:
Life Sciences Identifier (LSID)
https://zoobank.org/References/8C18D2FB-AF9F-4AB5-A300-3FA05753B403

Species Group

e  Archaeodictyomitra mostleri TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/CE16055F-FF97-4B39-B9CB-792A4081D03F
e Archaeospongoprunum ankaraense TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/440967FC-7BB7-4A8A-AFDB-C96A37A2B00C
e Archaeospongoprunum obesum TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/BCC610C9-4D85-4CA0-A92A-AB876CCDS8EF6
e Archaeospongoprunum tortilum TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/F3886955-2545-41E2-9CEB-D73FAODCO30E
e Becus multispinosus TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/7C9003AF-7500-46FF-BA74-E043DF11441D
e Godia ? orbicula TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/D824997C-1610-4C78-B2D8-31F27763DAD4
e  Haliodictya ? quadrata TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/3FDBA1F1-867B-446C-880C-DA8205C3F2DA
e Pyramispongia sphaerica TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/47E68077-BABB-489B-A2DC-95580374823A
e  Pyramispongia spinosa TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/7C4C6965-F3F5-41AF-8AFF-81FE36CC6255
e  Savaryella cruciforma TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/E83F6B60-B313-48FB-9E48-EA30CAFASAFC
e  Spinosicapsa producta TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/7843A913-3B9D-4194-A127-C76453B6C461
e Tetrapaurinella lepida TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/8BECO9DAE-98FC-4B66-9C07-3FBF045F96C1
e Triactoma haymanaense TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/0D922088-0C8B-4B87-AE6F-56DE014467A4
e Triactoma merici TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/D3046097-8EDD-4372-A569-32FC32AA2E71

Subspecies Group

e  Archaeospongoprunum carrierensis globosum TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/5A9197E7-8352-4FB9-8FCE-8D185144E7FA
e  Homoeparonaella elegans bulbosa TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/3928FF28-FAC4-4866-BFC7-D7BC31EECDCF
e Paronaella ? annemariae oezgenerdemae TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/38E95BE1-2715-4D1C-9BBA-1FD084BB609F
e  Savaryella pseudoguexi breva TEKIN in TEKIN et al., 2024
https://zoobank.org/NomenclaturalActs/37DE1415-2F10-4D37-AA3D-2AD7A58A2C91
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