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1. Introduction
The late Cretaceous is one of the most important epoch 
in the geological history of the Eastern Taurid Region 
because of the significant tectonic events in the Neotethys 
Ocean (Şengör et al., 2003; Robertson et al., 2016). 
Orbitoidal larger benthic foraminifera such as Orbitoides, 
Omphalocyclus, and Lepidorbitoides, late Cretaceous in 
age indicate Tethyan platforms’ relatively tropical and 
subtropical marine carbonate platforms and ramps (Van 
Gorsel, 1978; Loeblich and Tappan, 1987; Goldbeck and 
Langer, 2009). They are significant foraminiferal fauna 
to note for reliable dating and detailed interpretations of 
upper Cretaceous sediments.

The study area is located northeast and southwest of 
Elazığ in the Eastern Anatolian region, Turkey (Figures 
1A, 1B). In the foraminiferal literature, in the Arabian 
platform (Meriç, 1967; Özcan, 1993, 1995; Görmüş et al., 
1995; Özcan and Özkan Altıner, 1999a, 1999b; Özcan, 
2007; Özer et al., 2009; Özcan et al., 2021), in the Anatolid-
Taurid platform (Görmüş, 1992, 1994, 1997; Matsumaru, 
1997; Görmüş and Meriç, 2000; Özcan and Özkan Altıner, 
2001; Görmüş et al., 2003; Görmüş, 2015; Görmüş and 
Akoraller, 2019; Görmüş et al., 2019), and in the Pontid 
(Özcan and Özkan Altıner, 1999a, 1999b; Özcan, 2007; 
Özer et al., 2009; Consorti and Köroğlu, 2019; Özcan et al., 
2019; Erdem et al., 2021; Özcan et al., 2021) systematics 
of the late Cretaceous orbitoidal forms were recorded. 

There are also many micropaleontologic studies on the 
orbitoidal forms worldwide (Caus et al., 2016; Malarkodi 
et al., 2017; Kayğılı et al., 2021; Özcan et al., 2021, 2022). 
Although the Harami Formation has already been studied 
in the vicinity of Elazığ, there are very limited studies 
in the northeast and southwest of Elazığ (Özgen et al., 
1993; İnceöz, 1996; Aksoy et al., 1999; Kaya and İnceöz, 
2001) (Table), dating of the formation in these areas is 
controversial, and systematics of orbitoidal foraminifers 
are not well documented. The Harami Formation, in the 
vicinity of Elazığ, was previously recorded as the late 
Maastrichtian-Tanetian Harabekayış Formation (Özgen 
et al., 1993) based on its LBF and rudist content. Later 
was named as the Harami Formation by İnceöz (1996) 
and Kaya and İnceöz (2001). In the last two studies, it is 
dated as late Maastrichtian and middle-late Maastrichtian, 
respectively. The late Campanian-early Maastrichtian aged 
was also attributed to Harami Formation (Aksoy et al., 
1999) (Table). The purpose of this study is to reevaluate 
the Harami Formation’s age and depositional environment 
based on its LBF content.

2. Geological setting
Sedimentary, magmatic, and metamorphic units of 
Devonian-Jurassic to Quaternary in age crop out in the 
study area (Figures 2–5). These units are, from bottom 
to top, the Devonian-Jurassic Keban Metamorphics, 
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the upper Cretaceous Elazığ Magmatics, the upper 
Campanian-Maastrichtian Harami Formation, the middle 
Eocene-Oligocene Kırkgeçit Formation, the Neogene-
Quaternary Karabakır Formation, and the Quaternary 
Palu Formation (Figures 2–5).

The Harami Formation, first described by Erdoğan 
(1975) around Harami village in the north of Gölbaşı 

district of Adıyaman province, crops out in very limited 
areas in the eastern Taurus Orogenic Belt.

The Harami Formation in the vicinity of Elazığ overlies 
the Elazığ Magmatics/Yüksekova Complex (Tekin et al., 
2015; Beyarslan and Bingöl, 2018; Ural and Kaya Sarı, 
2019) consisting of island arc product. The formation 
begins with red-colored conglomerates and sandstones and 

Figure 1. A) Main tectonic outline of Turkey and the location of the study area (Elazığ). B) Location of the measured sections 
belonging to Harami Formation. 
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Table. Benthic foraminifera content and age correlation of the upper Cretaceous units in the previous studies and this study in the 
Elazığ.

Author Study Area Formation Benthic Foraminifera Assemblages Age

Özgen et al., 
1993

SW, NE, and W 
of Elazığ

Harabekayış 
Formation

I: Orbitoides medius, O. apiculatus, Omphalocyclus macroporus, 
Hellenocyclina beotica, Lepidorbitoides minor, Siderolites 
calcitrapoides, Smoutina cruysi, Planorbulina aff. antiqua, 
Sulcoperculina sp., miliolidae, textulariidae.
II: Rotalia perovalis, Scandonea aff. samnitica, Rotalia sp., 
Anomalina sp., Eponides sp., Mississipina sp., miliolidae, 
textulariidae.
III: Idalina sinjarica, Mississipina binkhorsti, Daviesina danieli, 
Cuvillierina sireli, Rotalia trocidiformis, Rotalia perovalis, 
Kathina selveri, Miscellanea miscella, Orbitoclypeus seunesi, 
Anomalina sp., Eponides sp., Linderina sp., Operculina sp., 
miliolidae, textulariidae.

late Maastrichtian-
Tanetian

I: late Maastrichtian
II: Danian 
III: Tanetian

İnceöz, 1996 NE Elazığ Harami 
Formation

Orbitoides medius, O. apiculatus, Orbitoides spp., 
Omphalocyclus macroporus, Sirtina orbitoidiformis, 
Hellenocyclina beotica, Lepidorbitoides spp., Siderolites 
calcitrapoides, Smoutina cruysi, Scandonea samnitica, 
Triloculina sp., Quinqueloculina sp., rotaliidae, textulariidae.

late Maastrichtian

Aksoy et al., 
1999 SW Elazığ Harami 

Formation

Orbitoides cf. medius, Orbitoides sp., Lepidorbitoides spp., 
Pseudosiderolites vidali, Pseudosiderolites sp., Praesiderolites 
dordoniensis.

late Campanian-early 
Maastrichtian

Kaya and 
İnceöz, 2001

NE, SW, and W 
of Elazığ

Harami 
Formation

Orbitoides medius, O. apiculatus, Omphalocyclus macroporus, 
Sirtina orbitoidiformis, Hellenocyclina beotica, Lepidorbitoides 
minor, L. cf. socialis, Lepidorbitoides sp., Pseudorbitoides 
trechmanni, Siderolites calcitrapoides, Smoutina sp.

middle-late 
Maastrichtian

This Study NE and SW 
Elazığ

Harami 
Formation

Orbitoides medius, O. megaloformis, O. gruenbachensis, 
Orbitoides sp., Pseudomphalocyclus blumenthali, Omphalocyclus 
macroporus, Sirtina cf. orbitoidiformis, Hellenocyclina beotica, 
Lepidorbitoides campaniensis, L. bisambergensis, L. cf. minor, 
Pseudosiderolites vidali, Siderolites gr. calcitrapoides, Siderolites 
sp., Sulcoperculina sp., miliolidae, textulariids, rotaliids.

late Campanian-
Maastrichtian

grades upward to sandy limestone and massive limestone 
(Aksoy, 1993; İnceöz, 1996). Some researchers (Aksoy, 
1993; İnceöz, 1996) state that the Harami Formation 
unconformably rests on the Elazığ Magmatics, while some 
(Aksoy et al., 1999) argued that it conformably overlies it.

3. Materials and methods
The LBF samples of the Harami Formation were collected 
while measuring sections at seven localities in the 
northeastern and southwestern of Elazığ (Figure 1B). 
These measured sections were named as Silsilekaya Tepe, 
Ziyaret Taşı Tepe, Nohutlupınarı, Guremağalan, Eskişehir 
Tepe, Tepeköy, and Ürünveren. Following the preliminary 
examination, 612 oriented thin sections were prepared 
from the loose samples (Orbitoides, Lepidorbitoides, 
Pseudosiderolites) and 170 thin sections from the rock 
samples. The determination of the LBF content of the 
Harami Formation was conducted by utilizing equatorial 

and axial sections in these thin sections. All specimens 
have been stored in the paleontological collections 
at the Geology Department of  Fırat University. The 
determination of carbonates was done by following 
Dunham (1962).

4. Foraminiferal micropaleontology of the Harami For-
mation 
4.1. Silsilekaya Tepe Section 
This section was measured in Harput, located 4.2 km 
northeast of Elazığ (38° 42' 2. 35" N, 39° 15' 32. 93" 
E; 38° 42' 07. 44" N, 39° 15' 40. 00" E) (Figure 1B). The 
Harami Formation overlying conformably the upper 
Cretaceous Elazığ Magmatics comprises, from bottom 
to top, reddish conglomerate, reddish sandy limestone, 
grey-white limestone, and grey-white massive limestone 
(Figures 2A–2C). Samples S1–S13 were collected from 
this measured section (Figure 2C). The thickness of the 
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Figure 2. A) The geological map of the Harput area (İnceöz, 1996). B) Field photograph of the Silsilekaya Tepe Section. C) 
Silsilekaya Tepe measured columnar section.  D) Field photograph of the Ziyaret Taşı Tepe Section. E) Ziyaret Taşı Tepe measured 
columnar section.
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Figure 3. A) The geological map of the Nohutlupınarı and Guremağalan areas (Aksoy, 1993). B) Field photographs of the Nohutlupınarı 
and Guremağalan sections. C) Nohutlupınarı measured columnar section. D) Guremağalan measured columnar section.  
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Figure 4. A) The geological map of the Eskişehir Tepe and Tepeköy areas (Aksoy, 1993). B) Field photograph of the Eskişehir Tepe 
Section. C) Eskişehir Tepe measured columnar section. D) Field photograph of the Tepeköy Section. E) Tepeköy measured columnar 
section.
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Figure 5. A) The geological map of the Ürünveren area (Aksoy et al., 1999). B) Field photograph of the Ürünveren Section. C) Ürünveren 
measured columnar section. 
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unit is 30 m. Loose samples are scarce. Orbitoides medius, 
O. megaloformis, O. gruenbachensis, Pseudomphalocyclus 
blumenthali, Omphalocyclus macroporus, Sirtina cf. 
orbitoidiformis, Hellenocyclina beotica, Lepidorbitoides cf. 
minor, Siderolites gr. calcitrapoides, miliolidae, rotaliids, 
textulariids, algae, corals, and rudist fragments represent 
the fossil content of this section (Figure 2C). The limestone 
of this section is represented by grainstone, packstone, 
grainstone-packstone, and wackestone facies (Figures 2C, 
6A–6H).
4.2. Ziyaret Taşı Tepe Section
This section was measured at the northeast of Elazığ (38° 
42' 23. 24" N, 39° 17' 46. 83" E; 38° 42' 27. 83" N, 39° 17' 
21. 41" E) (Figure 1B). Overlying conformably the upper 
Cretaceous Elazığ Magmatics, the Harami Formation 
consists of grey-white massive limestone (Figures 
2A, 2D, 2E). Z1–Z3 samples were collected from this 
section (Figure 2E). The unit has a thickness of 34 m. 
No loose specimens were available. Orbitoides medius, 
O. gruenbachensis, Omphalocyclus macroporus, Sirtina 
cf. orbitoidiformis, Siderolites gr. calcitrapoides, rotaliids, 
textulariids, algae, and rudist fragments were determined 
in thin sections prepared from hard rocks (Figure 2E). The 
limestone of this section is represented by packstone and 
grainstone-packstone facies (Figures 2E, 6D–6G).
4.3. Nohutlupınarı Section
Samples N1–N8 were collected from this measured section 
at the southwest of Elazığ (38° 36' 26. 02" N, 39° 8' 55. 30" 
E; 38° 36' 23. 57" N, 39° 8' 50. 10" E) (Figure 1B). The 
44-m thick formation is represented by reddish sandstone, 
reddish sandy limestone, grey-white limestone, and 
grey-white massive limestone (Figures 3A–3C). The unit 
contains dominantly Orbitoides medius, O. megaloformis, 
Orbitoides sp., also Lepidorbitoides bisambergensis, 
Siderolites sp., textulariids, algae, corals, and rudist 
fragments (Figure 3C). The limestone of this section is 
represented by packstone and grainstone-packstone facies 
(Figures 3C, 6D–6G).
4.4. Guremağalan Section
Samples G1–G8 were collected from the 55-m thick 
Harami Formation at the southwest of Elazığ (38° 36' 
32. 64" N, 39° 9' 5. 81" E; 38° 36' 30. 81" N, 39° 9' 2. 08" 
E) (Figures 1B, 3D). The formation consists of reddish 
pebbly sandstone, reddish sandy limestone, grey-white 
limestone, and grey-white massive limestone (Figures 3A, 
3B, 3D). The unit contains dominantly Orbitoides medius, 
O. megaloformis, Orbitoides sp., also Lepidorbitoides 
bisambergensis, textulariids, and rudist fragments were 
determined (Figure 3D). The limestone of this section is 
represented by packstone facies (Figures 3D, 6D–6G). 
4.5. Eskişehir Tepe Section
E1–E7 samples were collected from this measured section 
at the southwest of Elazığ (38° 35' 59. 6" N, 39° 7' 54. 

39" E; 38° 36' 1. 93" N, 39° 7' 51. 31" E) (Figure 1B). The 
formation comprises reddish sandy limestone, grey-white 
limestone, and grey-white massive limestone (Figures 
4A–4C). The sequence has a thickness of 29 m. The unit 
contains dominantly Orbitoides medius, O. megaloformis, 
Orbitoides sp., also Lebidorbitoides bisambergensis, 
miliolidae, textulariids, algae, and rudist fragments were 
determined (Figure 4C). The limestone of this section is 
represented by grainstone facies (Figures 4C, 6A–6C).
4.6. Tepeköy Section
Samples T1–T7 were collected from the 43-m thick 
Harami Formation at the southwest of Elazığ (38° 36' 
9. 74" N, 39° 8' 40. 51" E; 38° 36' 8. 53" N, 39° 8' 36. 25" 
E) (Figures 1B, 4E). The formation consists of reddish 
sandy limestone, grey-white limestone, and grey-white 
massive limestone (Figures 4A, 4D, 4E). The formation 
contains dominantly Orbitoides medius, O. megaloformis, 
also Lepidorbitoides bisambergensis, Sulcoperculina sp., 
textulariids, algae, and rudist fragments were determined 
(Figure 4E). The limestone of this section is represented 
by grainstone, packstone, and grainstone-packstone facies 
(Figures 4E, 6A–6G).
4.7. Ürünveren Section
Samples Ü1–Ü19 were collected from the Harami 
Formation at the southwest of Elazığ (38° 31' 14. 16" N, 
39° 8' 33. 34" E; 38° 31' 19. 29" N, 39° 8' 29. 42" E) (Figure 
1B). At the lower part of this section, the volcanic rocks of 
the upper Cretaceous Elazığ Magmatics are laterally and 
vertically transitional with grey limestone with lenticular 
beds of the Harami Formation. This level grades upwards 
into a limestone sequence which contains sandstone 
intercalations (Figures 5A–5C). In this 69-m thick section, 
Orbitoides medius, O. megaloformis, Orbitoides sp., 
Lepidorbitoides campaniensis, Pseudosiderolites vidali are 
the dominant species, but miliolidae, rotaliids, textulariids, 
planktonic foraminifera, algae, and rudist fragments were 
also determined (Figure 5C). The limestone of this section 
is represented by grainstone, packstone, grainstone-
packstone and wackestone-packstone facies (Figures 5C, 
6A–6G, 6I).

5. Systematic paleontology
In this paper, the classification scheme is based on Loeblich 
and Tappan (1987) and the reviewed classification of 
Boudagher-Fadel (2018) (Figures 7–14). The systematic 
descriptions of Van Hinte (1976), Van Gorsel (1975, 1978), 
and Robles-Salcedo et al. (2018) were also taken into 
consideration.
Order: Rotaliida Delage and Hérouard, 1896
Superfamily: Orbitoidoidea, Schwager, 1876
Family: Orbitoididae Schwager, 1876
Subfamily: Orbitoidinae Schwager, 1876
Genus: Orbitoides d’Orbigny, 1848
Type species: Lycophris faujasii Defrance 1823, p. 271. 
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Orbitoides medius (d’Archiac, 1837)
Figures 7A, 7B, 8, 9A–9F
1837 Orbitolites media d’Archiac, p. 178.
1852 Orbitoides media (d’Archiac) d’Orbigny, p. 852.
Samples no: Three hundred and ninety-nine specimens 
from samples E1–E7, G1–G7a, N1–N7, S5–S10, S10a, T1–
T7, Ü1, Ü3, Ü5–Ü13, Ü15, Ü16, Ü18, Ü19, and Z1–Z3.
Description: The shape of the test varies, but it is generally 
lenticular with a circular outline (Figures 7A, 7B). It is 
generally symmetric with respect to the equatorial plane, 
but asymmetry is seen in some specimens (Figures 8D, 
8E). The test diameter ranges from 2.03 mm to 6.61 mm, 
with sample averages of 4.03 mm. The test thickness 

ranges from 0.40 mm to 3.33 mm, with sample averages of 
1.60 mm. The coarse granules covering the test surface and 
fused into the ridges are common in the axial part of the 
test. Consisting of a protoconch, a deuteroconch, and two 
tritoconch, the embryo forms configurations with three 
or four chambers in its equatorial sections, depending on 
the sectioning level on the equatorial plane (Figures 8A, 
8B, 9A–9F). Based on its outline, the embryo is commonly 
semispherical. The embryo ranges in size (Li+li) from 
279 μm to 839 μm, with an average of 454–600 μm (seven 
measured sections, samples from 53 different levels, 399 
specimens). This embryo followed by orbitoidal cycles 
of arc-shaped equatorial chamberlets, and primary and 

Figure 6. A–I) Photomicrographs of the microfacies views. A–C) Grainstone, samples Ü7-3, E4-1, E6-9. D–G) 
Packstone, samples G4-1, N8-3, G1-4, T1-2. H) Wackestone, sample S1-1. I) Wackestone-packstone, sample Ü3-
5. c: corals, p: Pseudosiderolites vidali, t: textulariid, r: rudist fragment. 
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accessory epi-embryonic chamberlets. The number of epi-
embryonic chamberlets ranges from 4 to 8, with a mean 
of 4.00–5.33. The average of the stolons connecting the 
equatorial chamberlets in the late stages of ontogenetic 
development is about 31–49 µm in diameter (Figure 8C).
Remarks: Using different species concepts (typological 
vs. morphometric), the O. hottingeri-O. douvillei-O. 
tissoti-O. medius-O. megaloformis-O. gruenbachensis-O. 
apiculatus-O. gensacicus species succession is considered 
to be a single evolutionary series (Van Hinte, 1976; Van 
Gorsel, 1978; Caus et al., 1996). Based on the previous 
literature data, the morphometric species concept was also 
used for the species assignment in this study. Orbitoides 
specimens were assigned to O. medius based on the limits 
of the internal parameters as follows: 454 µm < (Li+ li)mean 
< 600 µm and 4 < Emean < 5.33.
Age: Despite uncertainty about the distribution of 
the aforementioned species along the Campanian-
Maastrichtian boundary, O. medius is accepted as late 
Campanian species (Van Hinte, 1966, 1976; Van Gorsel, 
1978; Baumfalk, 1986; Caus et al., 1996). While O. medius 
is known from the Oman Campanian Qahalah Formation 
(Kayğılı et al., 2021), it is also stated to exist from the 
Maastrichtian Simsima Formation overlying it (Özcan et 
al., 2021, 2022). O. medius were also reported from early-

late Campanian (Özcan et al., 2019), late Campanian 
(Kayğılı et al., 2021), and Maastrichtian (Meriç, 1980; 
Özgen et al., 1993; Görmüş, 1994, 1997; İnceöz, 1996; 
Aksoy et al., 1999; Abdelghany, 2006; Consorti and 
Köroğlu, 2019; Özcan et al., 2021, 2022). It indicates the 
late Campanian-Maastrichtian in age.
Orbitoides megaloformis Papp and Küpper, 1953
Figures 7C, 9G–9I
1953 Orbitoides media megaloformis n. sp., Papp and 
Küpper, p. 74, pl. 1, figs. 8A, 8B, and 9.
Samples no: Eighty-three specimens from samples E5, 
G4–G7a, N1, N2, N7, S10, T1–T4, T6, T7, Ü1, Ü6, Ü8, Ü9, 
Ü13, and Ü16.
Description: The test has a lenticular outline and a densely 
granulated outer surface (Figure 7C). The test diameter 
ranges from 1.72 mm to 6.13 mm, with sample averages 
of 3.69 mm. The test thickness ranges from 0.87 mm to 
2.60 mm, with 1.52 mm sample averages. The embryo 
is composed of a protoconch, a deuteroconch, and a 
tritoconch, resulting in four chambered configurations 
in the equatorial sections (Figures 9G–9I). The embryo is 
typically semispherical in shape. The embryo size (Li+li) 
ranges from 332 μm to 934 μm, with sample averages 
ranging from 633 μm to 714 μm (six measured sections, 
samples from 21 different levels, 83 specimens). Principal 

Figure 7. A–D) External views of Orbitoides medius, O. megaloformis, and O. gruenbachensis. A–B) O. medius, samples 
Ü3-1, T3-17. C) O. megaloformis, sample G8-2. D) O. gruenbachensis, sample S10-9. 
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and accessory epi-embryonic chamberlets and orbitoidal 
cycles of arc-shaped equatorial chamberlets follow the 
embryo. Epi-embryonic chamberlets’ number ranges 
between 6 and 9. The average number of epi-embryonic 
chamberlets is between 6 and 8.50.
Remarks: For the species assignment, the morphometric 
species concept has been used, and Orbitoides specimens 
were assigned to O. megaloformis based on species limits 
of 633 µm < (Li+li)mean < 714 µm and 6 < Emean < 8.50.
Age: O. megaloformis has often been reported from 
Campanian (Erdem et al., 2021) and Maastrichtian 
(Gunter et al., 2002; Özcan et al., 2021). It indicates the late 
Campanian-Maastrichtian in age.

Orbitoides gruenbachensis Papp, 1955
Figures 7D, 9J–9L
1955 Orbitoides apiculata gruenbachensis n. sp., Papp, p. 
305, pl. 2, figs. 1–8, 9a–9 b, 10, 12, pl. 3 fig. 2.
Samples no: Twelve specimens from samples S10 and Z1.
Description: The embryo size (Li+li) ranges between 
752 µm and 1417 μm, with sample averages between 956 
μm and 982 μm (two measured sections, samples from 2 
different levels, 12 specimens). Following the embryo are 
primary and accessory epi-embryonic chamberlets. Epi-
embryonic chamberlets number ranges between 10 and 14. 
There are 11–12 epi-embryonic chamberlets on average.
Remarks: O. gruenbachensis is characterized by a large 

Figure 8. A–E) Photomicrographs showing Orbitoides medius. A–B) Equatorial sections, samples T3-9, 
G4-8. C) Stolons in axial section, sample G5-10. D–E) Axial sections, T3-21, T2-7.
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bilocular embryonic apparatus, that is like the embryonic 
chamber configuration extensively observed in O. 
apiculatus (Figures 9J–9L) (Özcan et al., 2021). For the 
species assignment, the morphometric species concept 
was used in this study, and Orbitoides specimens were 
assigned to O. gruenbachensis based on species limits of 
956 µm < (Li+li)mean <  982 µm and 11 < Emean <12.
Age: O. gruenbachensis Papp was defined as early 

Maastrichtian in Austria (Papp, 1955); in Turkey, it was 
defined in the middle-late Maastrichtian (Meriç, 1967; 
Görmüş, 1997; Meriç and Görmüş, 1999). It indicates the 
middle-late Maastrichtian age.
Genus: Pseudomphalocyclus Meriç, 1980
Type species: Pseudomphalocyclus blumenthali Meriç, 
1980, p. 85.
Pseudomphalocyclus blumenthali Meriç, 1980

Figure 9. A–L) Photomicrographs showing equatorial sections of various embryonic views in Orbitoides 
medius, O. megaloformis, and O. gruenbachensis. A–F) O. medius, samples Ü3-1, G4-2, N2-10, G5-2, Ü8-4, 
Ü8-7. G–I) O. megaloformis, samples N2-14, Ü8-12, T2-9. J-L) O. gruenbachensis, samples S10-8, S10-9, S10-
10. A–L: Equatorial sections.
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Figure 10. A–H) Photomicrographs showing Pseudomphalocyclus blumenthali, Omphalocyclus macroporus, 
Sirtina cf. orbitoidiformis, and Hellenocyclina beotica. A-B) Pseudomphalocyclus blumenthali, samples S9-6, S9-1. 
C–E) Omphalocyclus macroporus, samples S10-3, S10-2, S10-6. F) Sirtina cf. orbitoidiformis, sample S10-3. G–H) 
Hellenocyclina beotica, samples S10-2, S10-3. A, B, C, F, G, H: Axial and near axial sections. D, E: Equatorial and 
near equatorial sections.

Figures 10A, 10B
1980 Pseudomphalocyclus blumenthali n. sp., Meriç, p. 87, 
pl. 1, p. 89, pl. 2.
Samples no: Two specimens from sample S9.
Description: Because no free specimens were available, 
no direct observation of the nature of the test surface was 
possible. The macrospheric embryo can be observed as 

bilocular, trilocular, and quadrilocular (Figures 10A, 10B) 
(Meriç, 1980). The test diameter varies from 3536 μm to 
5102 μm, and the peripheral thickness ranges from 540 μm 
to 710 μm. The centre thickness ranges from 268 μm to 442 
μm. The embryo size (Li+li) ranges between 342 μm and 
461 μm, with a sample average of 402 μm.
Remarks: This form shows great similarity to the genus 
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Figure 11. A–C) External views of Lepidorbitoides campaniensis, L. bisambergensis, and 
Pseudosiderolites vidali. A) L. campaniensis, sample Ü7-9.  B) L. bisambergensis, sample N1-5. 
C) P. vidali, sample Ü13-1. 

Figure 12. A–E) Photomicrographs showing Lepidorbitoides campaniensis, samples Ü7-9, Ü13-11, Ü16-18, Ü7-18, 
Ü6-15. A, C, D, E: Equatorial sections.  B: Axial section.
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Figure 13. A–E) Photomicrographs showing Lepidorbitoides bisambergensis and Lepidorbitoides cf. minor. A–D) L. bisambergensis, samples 
T3-12, T5-14, N5-6. E) L. cf. minor, sample S10-2. A, C, D, E: Equatorial sections. B: Axial section.

Omphalocyclus Bronn in its test shape and the general 
characteristics observed in axial and equatorial sections of 
the type species. However, it is clearly differentiated from 
Omphalocyclus by the presence of lateral chambers and 
pillars in axial sections. The height of equatorial chambers 
also increases toward the periphery giving a general 
papilion-shape to the test (Figures 10A, 10B) (Meriç, 
1980).
Age: P. blumenthali is definitely to be regarded as an 
index fossil of the Maastrichtian (Meriç, 1980; Özcan, 
1993; Matsumaru, 1997; Özer et al., 2009; Meriç et al., 
2010). In this study, P. blumenthali was determined in the 
middle-late Maastrichtian in the Silsilekaya Tepe Section 
is associated with O. gruenbachensis, O. macroporus, 
S. cf. orbitoidiformis, H. beotica, L. cf. minor, and S. gr. 
calcitrapoides.
Subfamily: Omphalocyclinae Vaughan, 1928
Genus: Omphalocyclus Bronn, 1853
Type species: Orbulites macropora Lamarck, p. 197. 

Omphalocyclus macroporus (Lamarck, 1816)
Figures 10C–10E 
1853 Omphalocyclus Bronn, in Bronn and Roemer, p. 95. 
Samples no: Fourteen specimens from samples S9, S9a, 
S10, Z1, and Z2.
Description: No free specimens were available; therefore, 
no direct observation was possible on the nature of the test 
surface. The test diameter ranges from 1742 μm to 3818 
μm, with sample averages of 2295 μm. The test thickness 
ranges from 403 μm to 667 μm, with sample average 
514 μm. The centre and peripheral thickness are 264 μm 
and 420 μm, respectively. The embryo size (Li+li) ranges 
between 440 μm and 1054 μm, with sample averages of 650 
μm.
Remarks: The most widespread species in this genus 
is O. macroporus, which has a comparatively large four-
chambered embryon and a discoidal, bilaterally depressed 
test (Figure 10D). During its ontogenic development, this 
test consists of a number of annular equatorial chamberlets 
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that double or treble in axial directions (Küpper, 1954; 
Papp, 1954; Neumann, 1958; MacGillavry, 1963; Meriç, 
1967; Van Gorsel, 1978). The genus is characterized by the 
absence of lateral chamberlets layers (Figure 10C).
Age: Omphalocyclus occurrences of several stratigraphic 
levels from Campanian to late Maastrichtian have been 
documented by Özcan (2007) and Kayğılı et al. (2021). O. 
macroporus has often been reported from Maastrichtian 
(Meriç, 1967, 1980; Özcan, 1993; Özgen et al., 1993; 
İnceöz, 1996; Matsumaru, 1997; Abdelghany, 2006; Özcan, 
2007; Caus et al., 2016; Kayğılı et al., 2021; Özcan et al., 
2022). In this study, O. macroporus which was determined 
in the middle-late Maastrichtian in the Silsilekaya Tepe 
and Ziyaret Taşı Tepe sections is associated with O. 
gruenbachensis, P. blumenthali, S. cf. orbitoidiformis, H. 
beotica, L. cf. minor, and S. gr. calcitrapoides.
Family: Lepidorbitoididae Vaughan, 1933

Subfamily: Clypeorbinae Sigal, 1952
Genus: Sirtina Brönnimann and Wirz, 1962
Type species: Sirtina orbitoidiformis Brönnimann and 
Wirz, 1962.
Sirtina cf. orbitoidiformis Brönnimann and Wirz, 1962
Figure 10F
1962 Sirtina orbitoidiformis Brönnimann and Wirz, p. 520–
526, figs. 1–6.
Samples no: Ten specimens from samples S10, Z1, and Z2.
Description: No loose specimens were available; therefore, 
no direct observation was possible on the nature of the test 
surface. The diameter of the test ranges from 572 μm to 1024 
μm, with an average of 794 μm. The thickness of the test 
ranges from 310 μm to 649 μm, with an average of 527 μm.
Remarks: S. orbitoidiformis is a rotaliid form with well-
developed ventral umbilical pillars and with orbitoidal 
lateral chambers on the dorsal side (Figure 10F) (Van 

Figure 14. A–E) Photomicrographs showing Pseudosiderolites vidali and Siderolites gr. calcitrapoides. A–C) P. vidali, samples Ü3-7, Ü4-1, Ü8-10. 
D–E) Siderolites gr. calcitrapoides, samples Z1-1, S10-3. A–E: Equatorial and near equatorial sections.
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Gorsel, 1978). Test is lenticular with pustulate umbos 
and acute margin (Van Gorsel, 1978). Young individuals 
have clearly differentiated dorsal and ventral sides (Van 
Gorsel, 1978). In adult specimens, the final whorls tend 
to become involute and the dorsal and ventral sides are 
similar (Van Gorsel, 1978).
Age: Sirtina reported from the early Maastrichtian in the 
Persian Gulf, Iran (Van Gorsel, 1978). S. orbitoidiformis 
was recorded in the late Campanian in some studies 
(Özcan, 1993; Erdem et al., 2021), while it was recorded 
in the late Maastrichtian (İnceöz, 1996; Consorti and 
Köroğlu, 2019) and Maastrichtian (but not the latest) 
(Özcan et al., 2022). In this study, S. cf. orbitoidiformis 
reported from the middle-late Maastrichtian in the 
Silsilekaya Tepe and Ziyaret Taşı Tepe sections is 
associated with O. gruenbachensis, P. blumenthali, O. 
macroporus, S. cf. orbitoidiformis, H. beotica, L. cf. minor, 
and S. gr. calcitrapoides.
Subfamily: Lepidorbitoidinae Vaughan, 1933
Genus: Hellenocyclina Reichel, 1949
Type species: Hellenocyclina beotica Reichel, 1949, p. 140.
Hellenocyclina beotica Reichel, 1949
Figures 10G, 10H
1949 Hellenocyclina beotica n. sp., Reichel, p. 140.
Samples no: Four specimens from sample S10.
Description: Lateral sides of the equatorial layer 
thickened with hyaline calcareous material, thickest in the 
central part (Figures 10G, 10H). No loose specimens were 
available; therefore, no direct observation was possible 
of the nature of the test surface. The test diameter ranges 
from 519 μm to 1021 μm, with an average of 835 μm. The 
thickness of the test ranges from 175 μm to 319 μm, with 
an average of 250 μm. Proloculus (?) is small and about 
164 μm in diameter.
Remarks: H. beotica was introduced for small, flat, 
or slightly conical, discoidal orbitoidal foraminifer 
without lateral chambers from Greece (Van Gorsel, 
1978). Diameter of up to 1.7 mm, usually less than 1 
mm, thickness of 0.2–0.42 mm (Van Gorsel, 1978). The 
diameter of the protoconch (?) is 45 μm (Van Gorsel, 
1978).
Age: H. beotica is definitely to be regarded as an index 
fossil of the late Maastrichtian (Özgen et al., 1993; İnceöz, 
1996; Matsumaru, 1997; Consorti and Köroğlu, 2019). 
In this study, H. beotica determined in the middle-late 
Maastrichtian in the Silsilekaya Tepe Section is associated 
with O. gruenbachensis, P. blumenthali, O. macroporus, S. 
cf. orbitoidiformis, L. cf. minor, and S. gr. calcitrapoides.
Genus: Lepidorbitoides Silvestri, 1907
Type species: Orbitoides socialis Leymerie, 1851, p. 191.
Lepidorbitoides campaniensis Van Gorsel, 1973
Figures 11A, 12A–12E
1973 Lepidorbitoides campaniensis n. sp., Van Gorsel, p. 
263–271, pl. 1, figs. 1–6, pl. 2, figs. 1–4, pl. 3, figs. 1–4, pl. 

4, figs. 1–3, fig. 3.
Samples no: Fifteen specimens from samples Ü6, Ü7, 
Ü12, Ü13, and Ü16.
Description: Megalospheric specimens’ diameters range 
from 1.27 mm to 3.57 mm, with sample averages of 2.70 
mm. Megalospheric specimens’ thickness ranges from 0.52 
mm to 1.43 mm, with averages of 1.03 mm. Protoconch 
and deuteroconch average diameters vary between 85 μm–
97 μm and 124 μm–132 μm, respectively (one measured 
section, samples from 5 different levels, 15 specimens). 
The average deuteroconch to protoconch ratio ranges from 
1.33 to 1.58. The embryo is characterized by following with 
an auxiliary chamber, which results in the formation of two 
spirals that terminate in a closing chamber (Figures 12A, 
12C–12E) (biserial nepionic arrangement of Van Gorsel, 
1975). In contrast, some specimens have almost never two 
auxiliary chambers, giving rise in a quadriserial nepionic 
arrangement of short spirals. The embryons in these 
specimens appear to be larger than those in specimens 
with a single auxiliary chamber.
Remarks: The biserial peri-embryonic arrangement is 
the diagnostic feature for this species (Van Gorsel, 1975). 
The outline of the test is lenticular, circular-discoidal, 
and densely granulated (Figure 11A) (Van Gorsel, 1975). 
Equatorial chambers are open arcuate (Van Gorsel, 1975).
Age: L. campaniensis has often been reported from late 
Campanian (Erdem et al., 2021) and late Campanian-
early Maastrichtian (Van Gorsel, 1978). In this study, 
late Campanian age is proposed for L. campaniensis 
determined in the Ürünveren Section.
Lepidorbitoides bisambergensis (Jaeger, 1914)
Figures 11B, 13A–13D
1914 Orbitoides (Lepidorbitoides) socialis var. 
bisambergensis, Jaeger, p. 146, 147, 158–160.
Samples no: Fifty-eight specimens from samples E1-E6, 
G1, G3-G6, G8, N1, N5, T1-T3, and T5-T7. 
Description: The megalospheric specimens’ test diameters 
range from 2.00 mm to 4.30 mm, with sample averages of 
3.03 mm. The test thickness of the megalospheric specimens 
ranges between 0.74 mm and 2.24 mm, with sample 
averages of 1.40 mm. The protoconch and deuteroconch 
average diameters are 82–108 µm and 101–151 µm, 
respectively (four measured sections, samples from 20 
different levels, 58 specimens). The average deuteroconch 
to protoconch ratio ranges from 1.20 to 1.70.
Remarks: A quadriserial nepionic arrangement, without 
adauxiliary chambers, is a distinctive feature of this species 
(Figures 13A, 13C, 13D) (Van Gorsel, 1975). Primitive 
specimens have an asymmetric nepiont (asymmetric 
deuteroconch and a little small second principal auxiliary 
chamber, from which only a few and small subsequent 
chambers are formed) (Van Gorsel, 1975). The majority 
of equatorial chambers are arcuate, with ogival chambers 
appearing around the edges of larger specimens (Van 
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Gorsel, 1975).
Age: L. bisambergensis has often been reported from early 
Maastrichtian (Van Gorsel, 1978; Özcan, 1995; Özcan 
and Özkan Altıner 1999a, 1999b, 2001). In this study, 
early Maastrichtian L. bisambergensis was determined 
in the Guremağalan, Nohutlupınarı, Eskişehir Tepe, and 
Tepeköy sections.
Lepidorbitoides cf. minor (Schlumberger, 1901)
Figure 13E
1901 Orbitoides minor, Schlumberger, p. 466, pl. VIII, figs. 
2, 3, 5, pl. IX, figs. 2–3.
Samples no: One specimen from sample S10.
Description: The test diameter of the only megalospheric 
specimen determined is 3 mm. The megalospheric 
specimen has a test thickness of 1.2 mm. The diameters of 
the protoconch and deuteroconch are 149 µm and 204 µm, 
respectively (one measured section, sample from 1 level, 1 
specimen). The deuteroconch to protoconch ratio is 1.4.
Remarks: The quadriserial arrangement and a small 
number of adauxiliary chambers distinguish this 
species from others (Figure 13E) (Van Gorsel, 1975). 
The appearance of the ontogenetically early equatorial 
chambers in the horizontal section is arcuate, with ogival 
and spatulate equatorial chambers commonly occupy the 
outer half of the horizontal section (Van Gorsel, 1975).
Age: L. cf. minor has often been reported from the 
Maastrichtian (Van Gorsel, 1978; Meriç, 1980; Özgen 
et al., 1993; Özcan and Özkan Altıner, 1999a, 1999b; 
Abdelghany, 2006). In this study, L. cf. minor determined 
in the Silsilekaya Tepe Section is dated as middle-late 
Maastrichtian.
Genus: Pseudosiderolites Smout, 1955
Type species: Siderolites vidali Douvillé, 1907, p. 599.
Pseudosiderolites vidali (Douville, 1906)
Figures 11C, 14A–14C
1955 Pseudosiderolites Smout, p. 206.
Samples no: Forty-four specimens from samples Ü1, Ü3-
16, Ü18, and Ü19.
Description: The test, in addition to being large, has an 
inflated, lenticular outline and is also densely granular 
(Figure 11C). The test diameter ranges from 1.35 mm to 
4.10 mm, with an average of 2.53 mm. The megalospheric 
specimens’ test thickness ranges from 0.67 mm to 1.70 
mm, with sample averages of 1.12 mm. The arrangement 
of the chamber is planispiral. Radial canals in the marginal 
crest cause the bilamellar wall to become thicker. The 
spherical protoconch’s mean diameter ranges from 66 μm 
to 101 μm (one measured section, sample from 17 levels, 
44 specimens). The second chamber’s mean diameter is 
larger than the proloculus and ranges between 81 μm and 
132 μm. Following these two chambers are 2–3 whorls of 
large spiral chambers (Figures 14A–14C).
Remarks: Pseudosiderolites Smout is a larger benthic 
foraminifer genus. According to Zakrevskaya (2009), it is 

prevalent in the Campanian-early Maastrichtian outcrops 
of the central regions of the Tethys, as well as the northern 
and southern Mediterranean and southeastern Asia.
Age: P. vidali (Douvillé) was recorded from late 
Campanian (Özcan, 1993; Özcan and Özkan Altıner, 
1999a, 1999b; Özcan et al., 2019; Erdem et al., 2021). It was 
also recorded from late Campanian-early Maastrichtian 
(Aksoy et al., 1999; Zakrevskaya, 2009). In this study, P. 
vidali reported from the late Campanian in the Ürünveren 
Section is associated with O. medius, O. megaloformis, L. 
campaniensis.
Superfamily: Rotalioidea Ehrenberg, 1839
Family: Calcarinidae Schwager, 1876
Genus: Siderolites Lamarck, 1801
Type species: Siderolites calcitrapoides Lamarck, 1801, p. 
376.
Siderolites gr. calcitrapoides Lamarck, 1801
Figures 14D, 14E
1801 Siderolites calcitrapoides Lamarck, p. 181, figs. 9-16.
Samples no: Four specimens from samples S10, Z1, and 
Z2.
Description: Because no loose specimens were available, 
no direct observation of the nature of the test surface was 
possible. There are 1/2 spines (Figures 14D, 14E). The 
test diameter ranges from 1137 μm to 3304 μm, with an 
average of 2143 μm. A dense network of piles covers the 
test surface. The smaller proloculus has an inner cross 
diameter of 49 µm to 85 µm with sample averages of 70 µm, 
followed by a slightly larger second chamber. The second 
chamber is large, with an inner cross-diameter varying 
from 52 μm to 100 μm and sample averages of 84 μm.
Remarks: The Siderolites genus is characterized by the 
externally canaliferous spines or denticulate periphery, and 
internally by the presence of short radial marginal canals. 
These diagnostic features determined in the geological 
record in the uppermost Campanian continue to be 
present until the upper Maastrichtian (Robles Salcedo et 
al., 2018).
Age: S. calcitrapoides has been reported from late 
Campanian (Erdem et al., 2021) and mostly Maastrichtian 
(Özcan, 1993; Özgen et al., 1993; İnceöz, 1996; 
Matsumaru, 1997; Caus et al., 2016; Özcan et al., 2022). In 
this study, S. gr. calcitrapoides determined in the middle-
late Maastrichtian in the Silsilekaya Tepe and Ziyaret 
Taşı Tepe sections is associated with O. gruenbachensis, 
P. blumenthali, O. macroporus, S. cf. orbitoidiformis, H. 
beotica, L. cf. minor.

6. Discussion and conclusions
Several stratigraphically important LBF such as 
Orbitoides, Pseudomphalocyclus, Omphalocyclus, Sirtina, 
Hellenocyclina, Lepidorbitoides, Pseudosiderolites, and 
Siderolites were determined in the Harami Formation. 
This genus were recorded from Central America to Asia 
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in the tropical and subtropical shallow marine carbonate 
platforms and ramps (Van Gorsel, 1978; Loeblich and 
Tappan, 1987; Goldbeck and Langer, 2009).

The general evolutionary trend of Orbitoides 
specimens, from Campanian to the end of Maastrichtian, 
is characterized by increasing embryo size and having a 
greater number of epi-embryonic chamberlets (Figure 
15). However, Orbitoides specimens having only small 
embryons and several epi-embryonic chambers, such as O. 
medius and O. megaloformis, have been frequently reported 
as being associated with phylogenetically advanced 
specimens, such as O. gruenbachensis, O. apiculatus, and 
O. gensacicus, during the Maastrichtian period (Baumfalk, 
1986; Özcan and Özkan Altıner, 1997, 1999b; Özer 
et  al., 2009; Özcan et al., 2021, 2022). Small embryons 
containing a few epi-embryonic chamberlets, such as O. 
medius and O. megaloformis, were determined in the late 
Campanian-Maastrichtian, while advanced species, such 
as O. gruenbachensis in the middle-late Maastrichtian.

Lepidorbitoides are grouped into seven successive 
species based on morphometric criteria and some 
characteristic features such as the spiral chambers 
arrangement, shape of the equatorial chambers, and 
stolons’ type (Papp, 1954, 1955; Van Gorsel, 1975; Özcan, 
1995; Özcan and Özkan Altıner, 1999a, 1999b, 2001). The 
nepionic configuration is defined by the sample means of 
the number of adauxiliary chamberlets, the deutroconch 
and protoconch sample means, and their ratios (Malarkodi 
et al., 2017). Because of its morphological evolution over 
time, as recorded in the embryon and the test equatorial 
layer, and its extensity, Lepidorbitoides is a valuable 
stratigraphic marker (Papp, 1954, 1955; MacGillavry, 1955; 
Van Gorsel, 1975, 1978; Özcan, 1995; Özcan and Özkan 
Altıner, 1999a, 1999b, 2001). Based on the biometry of 
the populations, the different developmental stages in L. 
pembergeri, L. campaniensis, L. bisambergensis, L. minor, 
L. socialis have been described and illustrated (Van Gorsel, 
1978; Özcan and Özkan Altıner, 1999a, 1999b). The general 
evolutionary trend of Lepidorbitoides specimens, from 
Campanian to the end of Maastrichtian is characterized by 
increasing embryo size and occur of a greater number of 
adauxiliary chambers and biserial and quadriserial nepionic 
arrangement (Figure 15). The biserial peri-embryonic 
arrangement, with auxiliary chamber is diagnostic feature 
for L. campaniensis. A quadriserial nepionic arrangement, 
with secondary auxiliary chamberlets, without adauxiliary 
chambers is a distinctive feature for L. bisambergensis 
and the quadriserial arrangement and a small number of 
adauxiliary chambers for L. cf. minor (Figure 15).

Based on the rudist and larger benthic foraminifera 
content of the outcrops in northeast Elazığ, the late 
Maastrichtian age was assigned to Harami Formation 
(İnceöz, 1996). On the other hand, based on the foraminifera 
content of the outcrops in the northeast, southwest, and 

west of Elazığ, the middle-late Maastrichtian age was 
assigned to the Harami Formation by Kaya and İnceöz 
(2001). In the southwest of Elazığ, the late Campanian-
early Maastrichtian age was given to the unit based on 
larger benthic foraminifera and planktonic foraminifera 
assemblage (Aksoy et al., 1999).

Based on the larger benthic foraminifera such as O. 
medius, O. megaloformis, O. gruenbachensis, P. blumenthali, 
O. macroporus, S. cf. orbitoidiformis, H. beotica, L. 
campaniensis, L. bisambergensis, L. cf. minor, P. vidali, and 
S. gr. calcitrapoides, the late Campanian-Maastrichtian age 
was assigned to Harami Formation in this study.

Findings from this study are partly compatible with 
those from previous studies carried out by Aksoy et al. 
(1999), İnceöz (1996), and Kaya and İnceöz (2001).

In Turkey, sequences of the Campanian-Maastrichtian 
are typically characterized by medium-to coarse-grained 
clastics at the bottom and grade upward into shallow 
marine limestone, reefal limestone, and deep marine fine-
grained clastics (Özer et al., 2009). In the Elazığ region, 
the Harami Formation has generally restricted outcrops 
and begins with reddish conglomerate and sandstone at 
the base and passes into sandy limestone, limestone, and 
massive limestone upwards (İnceöz, 1996; Aksoy et al., 
1999). According to previous studies, Harami Formation 
overlies the Elazığ Magmatics with an unconformity 
(İnceöz, 1996). The conglomerate and sandstone at the 
bottom of the Harami Formation was interpreted as 
fan delta deposits (İnceöz, 1996; Aksoy et al., 1999). 
The vertical and horizontal relationships between the 
lenticular limestone and the pyroclastic rocks point that 
the Harami Formation was deposited on the shallow 
parts of the Neotethys Ocean during the last stage of the 
arc that formed the Elazığ Magmatics and that there is 
no unconformity between the Elazığ Magmatics and the 
Harami Formation (Aksoy et al., 1999).

The conformable boundary relationship between these 
two units is also consistent with the geotectonic evolution 
of the region. Otherwise, a basin, on which the Harami 
Formation was deposited, is expected to be formed after 
the closure of the southern branch of the Neotethys 
Ocean. There is no field data supporting this approach. 
For that reason, the Harami Formation has a key role in 
understanding the geotectonic evolution of the southern 
branch of Neotethys.

The new age findings and field observations indicate 
that the Harami Formation was deposited conformably 
on the Elazığ Magmatics in a shallow ramp environment 
during the last closure stage of the southern branch of the 
Neotethys Ocean.
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Figure 15. The evolutionary scheme of the late Campanian-Maastrichtian larger benthic foraminifera of the Harami Formation.

is grateful to Prof. Dr. Mehmet ÖZKUL (Pamukkale 
University) for his support in the petrographic 
investigation of the thin sections. I would like to thank 
Prof. Dr. Hükmü ORHAN (Konya Technical University) 
for proofreading earlier versions of the manuscript. The 
author would like to thank Prof. Dr. Muhittin GÖRMÜŞ 

(Ankara University) and two anonymous referees for their 
critical and constructive reviews of the manuscript. Since 
it encourages the study of the Harami Formation, this 
paper is dedicated to Prof. Dr. Ercan ÖZCAN (İstanbul 
Technical University), who passed away on 15 December 
2022.



KAYĞILI / Turkish J Earth Sci

507

References

Abdelghany O (2006). Early Maastrichtian larger foraminifera of 
the Qahlah Formation, United Arab Emirates and Sultanate of 
Oman border region. Cretaceous Research 27: 898-906.

Aksoy E (1993). Elazığ batı ve güneyinin genel jeolojik özellikleri. 
Doğa-Türk Yerbilimleri Dergisi 2: 113-123 (in Turkish).

Aksoy E, Türkmen İ, Turan M, Meriç E (1999). Harami 
Formasyonu’nun (Üst Kampaniyen-Maastrihtiyen) stratigrafik 
konumu ve çökelme ortamıyla ilgili yeni bulgular, Elazığ 
güneyi. Türkiye Petrol Jeologları Derneği Bülteni 11 (1): 1-15 
(in Turkish).

Baumfalk YA (1986). The evolution of Orbitoides media 
(foraminiferida) in the late Campanian. The Journal of 
Foraminiferal Research 16 (4): 293-312.

Beyarslan M, Bingöl AF (2018). Zircon U-Pb age and geochemical 
constraints on the origin and tectonic implications of late 
Cretaceous intra-oceanic arc magmatics in the Southeast 
Anatolian Orogenic Belt (SE-Turkey). Journal of African Earth 
Sciences 147: 477-497.

BouDagher Fadel MK (2018). Evolution and Geological Significance 
of Larger Benthic Foraminifera. 2st ed. London: UCL Press.

Bronn HG, Roemer E (1853). Lethaea Geognostica; vierte Periode; 
Kreide-Gebirge: Aufl. 3, Bd. 2, Theil 5 (1851-1852). Stuttgart: 
E. Schweizerbart, p. 95 (in German).

Brönniman P, Wirz A (1962). New Maastrichtian rotaliids from Iran 
and Libya. Eclogae Geologicae Helvetiae 55: 519-528.

Caus E, Bernaus JM, Gomez Garrido A (1996). Biostratigraphic 
utility of species of the genus Orbitoides. The Journal of 
Foraminiferal Research 26 (2): 124-136.

Caus E, Frijia G, Parente M, Robles Salcedo R, Villalonga R (2016). 
Constraining the age of the last marine sediments in the late 
Cretaceous of central south Pyrenees (NE Spain): insights from 
larger benthic foraminifera and strontium isotope stratigraphy. 
Cretaceous Research 57: 402-413.

Consorti L, Köroğlu F (2019). Maastrichtian-Paleocene larger 
foraminifera biostratigraphy and facies of the Şahinkaya 
Member (NE Sakarya Zone, Turkey): insights into the Eastern 
Pontides arc sedimentary cover. Journal of Asian Earth 
Sciences 183: 103965.

D’Archiac A (1837). Mémoire sur la Formation Crétacée du sud-
quest de la France. Mémoires de la Société Géologique de 
France 2 (7): 157-192 (in French).

Defrance JLM (1823). Dictionnaire des Sciences Naturelles.  F.G. 
Levrault, Strasbourg, 26: 272 (in French).

D’Orbigny AD (1852).  Prodrome de paléontologie stratigraphique 
universelle des animaux mollusques et rayonnés, faisant 
suite au cours élémentaire de paléontologie et de géologie 
stratigraphiques. 3: 196 (in French).

Douvillé H (1907). Èvolution et enchainements des foraminiferes. Bulletin 
de la Société Géologique de France. 4 (6): 588-602 (in French).

Dunham RJ (1962). Classification of carbonate rocks according 
to depositional texture. In: Ham WE (editor). Classification 
of carbonate rocks. A symposium. American Association 
Petroleum Geologists Memoir 1, pp. 108-121.

Erdem ME, Özcan E, Yücel AO, Okay AI, Erbay S et al. (2021). Late 
Campanian larger benthic foraminifera from the Zekeriyaköy 
Formation (İstanbul, NW Turkey): taxonomy, stratigraphy and 
paleogeography. Turkish Journal of Earth Sciences 30: 1-21.

Erdoğan T (1975). Gölbaşı (Adıyaman) yöresinin jeolojisi. Türkiye 
Petrolleri Anonim Ortaklığı Raporu 229: 1-18 (in Turkish).

Goldbeck EJ, Langer MR (2009). Biogeographic provinces and 
patterns of diversity in selected upper Cretaceous (Santonian-
Maastrichtian) larger foraminifera. Geologic problem solving 
with microfossils: a volume in Honor of Garry D. Jones. SEPM 
Special Publication 93: 187-232.

Görmüş M (1992). Quantitative data on the relationship between 
the Orbitoides genus and its environment. Revista Espanola de 
Micropaleontologia XXIV (3): 13-26.

Görmüş M (1994). Campanian-Maastrichtian foraminiferid fauna 
in the Hekimhan area. In: 10th. Petroleum Congress Geology; 
Ankara, Türkiye. pp. 165-198.

Görmüş M (1997). Osmaneli (Bilecik) yöresindeki Orbitoides’lerin 
biyometrik incelemesinin ön bulguları. Çukurova Universitesi 
Geosound 30: 151-173 (in Turkish).

Görmüş M (2015). Türkiye Orbitoides’lerindeki çalışmalar ve olağan 
olmayan görünümler. In: 16. Paleontoloji-Stratigrafi Çalıştayı; 
Rize, Türkiye. pp. 87-100 (in Turkish).

Görmüş M, Akoraler H (2019). Benthic foraminifera of the 
Maastrichtian sediments from the Malıboğazı (Kalecik, 
Ankara) and Irmak (Kırıkkale) areas in Türkiye. IOP Conf. 
Series Earth and Environmental Science 362 (012020): 1-11.

Görmüş M, Demircan H, Kadıoğlu YK, Yağmurlu F, Us MS 
(2019). Microborings as indication of cryptic life modes in 
the foraminifer Orbitoides: Maastrichtian sediments of the 
Haymana and Nallıhan districts (Ankara, Turkey). Turkish 
Journal of Earth Sciences 28: 232-251.

Görmüş M, Meriç E (2000). Unusual forms of orbitoidal foraminifera 
in the Maastrichtian of Turkey. Cretaceous Research 21 (6): 
801-812.

Görmüş M, Meriç E, Avşar N (1995). Pazarcık (K. Maraş) yöresi Maastrihtiyen 
bentik foraminiferlerinin sistematik incelemesi, paleoekolojisi ve 
Hekimhan (KB Malatya) Malatya yöresi ile karşılaştırılması. SDÜ Fen 
Bilimleri Enstitüsü Dergisi 1: 65-84 (in Turkish).

Görmüş M, Meriç E, Bozcu M, Poisson A (2003). Başpınar (Yeleme) 
(Korkuteli, KB Antalya) yöresi Kretase-Tersiyer havzasının 
tektono-stratigrafik özellikleri, Orbitoides ve Loftusia sayısal 
verileri ve Üst Kretase bentik foraminiferleri. Türkiye Petrol 
Jeologları Bülteni 15 (2): 109-127 (in Turkish).

https://www.researchgate.net/journal/Journal-of-Asian-Earth-Sciences-1367-9120
https://www.researchgate.net/journal/Journal-of-Asian-Earth-Sciences-1367-9120


KAYĞILI / Turkish J Earth Sci

508

Gunter GC, Robinson E, Mitchell SF (2002). A new species of 
Omphalocyclus (foraminiferida) from the upper Cretaceous 
of Jamaica and its stratigraphical significance. Journal of 
Micropalaeontology 21: 149-153.

İnceöz M (1996). Elazığ yakın kuzeyinde Harami Formasyonu’nun 
(Üst Maastrihtiyen) stratigrafisi ve çökelme ortamları. Türkiye 
Petrol Jeologları Derneği Bülteni 8 (1): 130-136 (in Turkish).

Jaeger R (1914). Grundzüge einer stratigraphischen Gliederung 
der flyschbildungen des Wienerwaldes.  Mitteilungen der 
Geologischen Gesellschaft in Wien. 7 (1-2): 122-172. 

Kaya M, İnceöz M (2001). Elazığ çevresinde Harami Formasyonu’nun 
foraminifer içeriği ve fasiyes özellikleri. Geosound 39: 143-154 
(in Turkish).

Kayğılı S, Yücel AO, Abbasi İA, Catanzariti R, Özcan E (2021). A new 
species of Omphalocyclus Bronn, O. omanensis sp. nov., from 
the upper Campanian of Oman: phylogenetic and stratigraphic 
implications. Cretaceous Research 124: 104801.

Küpper K (1954). Notes on upper Cretaceous larger foraminifera. 
II. Genera of the subfamily Orbitoidinae with remarks on the 
microspheric generation of Orbitoides and Omphalocyclus. 
Contributions from the Cushman Foundation for Foraminiferal 
Research 5: 179-184.

Lamarck JB (1801). Systéme des animaux sans vertébres. Paris: The 
Author. pp. 1-432 (in French).

Leymerie A (1851). Mémoire sur un nouveau type pyrénéen paralléle 
á le Craie proprement dite. Mémoires de la Société Géologique 
de France 2 (4): 177-202 (in French).

Loeblich AR, Tappan H (1987). Foraminiferal genera and their 
classification. New York: Van Nostrand Reinhold Company, 
pp. 970.

MacGillavry HJ (1955). Two evolving species of the genus 
Lepidorbitoides Silvestri, a biometrical study. Mededelingen 
Van de Geologische Stichting 9: 11-42.

MacGillavry HJ (1963). Phylomorphogenesis and evolutionary trends 
of Cretaceous orbitoidal foraminifera. In: Von Koenigswald 
GHR, Emeis JD, Buning WL, Wagner CW (Eds). Evolutionary 
Trends in Foraminifera. Amsterdam: pp. 139-197.

Malarkodi N, Özcan E, Venkataraman D, Somappa SC, Gowda S 
et al. (2017). Lepidorbitoides (foraminifera) from the lower 
Maastrichtian Kallankuruchchi Formation, Cauvery Basin, 
India: morphometry and paleobiogeography. Cretaceous 
Research 77: 143-157.

Matsumaru K (1997). On Pseudorbitoides trechmanni Douvillé 
(orbitoidal foraminifera) from Turkey. Revue de 
Micropaléontologie 40 (4): 339-346.

Meriç E (1967). An aspect of Omphalocyclus macroporus (Lamarck). 
Micropaleontology 13 (3): 369-380.

Meriç E (1980). Pseudomphalocyclus blumenthali, a new genus and 
species from the upper Maastrichtian of Southern Turkey. 
Micropaleontology 26 (1): 84-89.

Meriç E, Görmüş M (1999). Orbitoides gruenbachensis Papp’ın 
morfolojik özellikleri ve Maastrihtiyen (Geç Kretase) Tetis 
Okyanusundaki paleocoğrafîk yayılımı. Türkiye Jeoloji Bülteni 
42 (2): 1-11 (in Turkish).

Meriç E, Görmüş M, Luger P, İnan N, Çoruh T (2010). 
Palaeogeographical distribution of Pseudomphalocyclus 
blumenthali Meriç (foraminiferida) in the Maastrichtian 
of the eastern central Tethys with a short taxonomical 
review of some orbitoidid foraminifera. Revista Española de 
Micropaleontologia 42 (2): 119-127.

Neumann M (1958). Revision des Orbitoididés du Crétacé et de 
l’Eocéne en Aquitaine Occidentale. Mémoires de la Societe 
Géologique de France 37: 1-174 (in French).

Özcan E (1993). Late Cretaceous benthic foraminiferal proliferation 
on the Arabian platform: taxonomic remarks on the genus 
Orbitoides d’Orbigny, 1848. Geological Journal 28: 309-317.

Özcan E (1995). Evaluation of the nepionic chamber arrengement 
in Lepidorbitoides bisambergensis (Jaeger, 1914), early 
Maastrichtian, SE Turkey. Revue de Paléobiologie 14 (1): 195-
208.

Özcan E (2007). Morphometric analysis of the genus Omphalocyclus 
from the late Cretaceous of Turkey: new data on its 
stratigraphic distribution in Tethys and description of two new 
taxa. Cretaceous Research 28: 621-641.

Özcan E, Özkan Altıner S (1997). Late Campanian-Maastrichtian 
evolution of orbitoidal foraminifera in Haymana Basin 
succession (Ankara, Central Turkey). Revue de Paléobiologie 
16 (1): 271-290. 

Özcan E, Özkan Altıner S (1999a). The genus Lepidorbitoides: 
evolution and stratigraphic significance in some anatolian 
basins (Turkey). Revue de Micropaléontologie 42 (2): 111-131.

Özcan E, Özkan Altıner S (1999b). The genera Lepidorbitoides and 
Orbitoides: evolution and stratigraphic significance in some 
anatolian basins. Geological Journal 34: 275-286.

Özcan E, Özkan Altıner S (2001). Description of an early ontogenetic 
evolutionary step in Lepidorbitoides: Lepidorbitoides 
bisambergensis asymmetrica subsp. n. early Maastrichtian 
(Central Turkey). Rivista Italiana di Paleontologia e Stratigrafia 
107 (1): 137-144.

Özcan E, Abbasi İA, Yücel AO, Aşcı SY, Erkızan LS et al. (2022). 
First record of the foraminiferal genera Clypeorbis Douvillé 
and Ilgazina Erdoğan from the Maastrichtian of the 
Arabian Peninsula (Simsima Formation, North Oman): 
Paleobiogeographic implications. Cretaceous Research 138: 
105290.

Özcan E, Van Gorsel JT, Sarı B, Yücel AO, Erbay S et al. (2019). 
Primitive Helicorbitoides (foraminifera) and associated larger 
benthic foraminifera from the Campanian Tonya Formation, 
Trabzon, eastern Pontides, NE Turkey. Cretaceous Research 
101: 30-42.

Özcan E, Yücel AO, Catanzariti R, Kayğılı S, Okay AI et al. (2021). 
Multiple Orbitoides d’Orbigny lineages in the Maastrichtian? 
Data from the Central Sakarya Basin (Turkey) and Arabian 
platform successions (Southeastern Turkey and Oman). Swiss 
Journal of Palaeontology 140: 8.

Özer S, Meriç E, Görmüş M, Kanbur S (2009). Biogeographic 
distribution of rudists and benthic foraminifera: an approach 
to Campanian-Maastrichtian palaeobiogeography of Turkey. 
Geobios 42: 623-638.



KAYĞILI / Turkish J Earth Sci

509

Özgen N, İnan N, Akyazı M (1993). Harabekayış Formasyonu’nun 
(Elazığ) tanımlaması. Türkiye Jeoloji Kurultayı Bülteni 8: 135-
147 (in Turkish).

Papp A (1954). Über die Entwicklung von Pseudorbitoides und 
Lepidorbitoides in Europa. Verhandlungen der Geologischen 
Bundesanstalt 3: 162-170.

Papp A (1955). Orbitoiden aus der oberkreide der Ostalpen 
(Gosauschichten). Sitzungsberichte der Akademie der 
Wissenschaften mathematisch-naturwissenschaftliche 164: 
303-315 (in German).

Papp A, Küpper K (1953). Die Foraminiferenfauna von Guttaring und 
Klein St. Paul. (Kärnten). III. Foraminiferen aus dem Campan 
von Silberegg. Sitzungsberichte  /  Österreichische  Akademie 
der Wissenschaften Mathematik Naturwiss 162: 345-357 (in 
German).

Reichel M (1949). Sur un nouvel Orbitoidé du Crétacé Supérieur 
Hellénique.  Verhandlungen Schweizerische Naturforschende 
Gesellschaft 129: 140 (in French).

Robertson AHF, Parlak O, Yıldırım N, Dumitrica P, Taslı K (2016). 
Late Triassic rifting and Jurassic-Cretaceous passive margin 
development of the southern Neotethys: evidence from the 
Adıyaman area, SE Turkey. International Journal of Earth 
Sciences (GR Geologische Rundschau) 105: 167-201.

Robles Salcedo R, Vicedo V, Caus E (2018). Latest Campanian and 
Maastrichtian siderolitidae (larger benthic foraminifera) from the 
Pyrenees (S France and NE Spain). Cretaceous Research 81: 64-85.

Schlumberger C (1901). Premiére note sur les Orbitoïdes. Bulletin de 
la Societe Geologique de France 4: 459-467 (in French).

Smout AH (1955). Reclassification of the rotaliidea (foraminifera) 
and two new Cretaceous forms resembling Elphidium. Journal 
of the Washington Academy of Sciences 45 (7): 201-210.

Şengör AMC, Özeren S, Genç T, Zor E (2003). East Anatolian high 
plateau as a mantle-supported, north-south shortened domal 
structure. Geophysical Research Letters 30 (24): 1-4.

Tekin UK, Ural M, Göncüoğlu MC, Arslan M, Kürüm S (2015). 
Upper Cretaceous Radiolarian ages from an arc–back-arc 
within the Yüksekova Complex in the southern Neotethys 
mélange, SE Turkey. Comptes Rendus Palevol 14: 73-84.

Ural M, Kaya Sarı M (2019). Paleogeographic and age findings on 
planktonic foraminiferal assemblages of Yüksekova Complex 
in the northeast of Elazığ (Eastern Turkey). Earth and 
Environmental Science 362: 012146.

Van Gorsel JT (1973). Lepidorbitoides from the Campanian type 
region. Proceedings Koninklijke Nederlandse Akademie van 
Wetenschappen 76 (4): 260-272.

Van Gorsel JT (1975). Evolutionary trends and stratigraphic 
significance of the late Cretaceous Helicorbitoides-
Lepidorbitoides lineage. In: Drooger, CW (editor). Utrecht 
Micropaleontological Bulletins. Netherlands: Krips Repro 
Meppel, pp. 1-99.

Van Gorsel JT (1978). Late Cretaceous orbitoidal foraminifera. In: 
Hedley, RG, Adams CG (editors). Foraminifera. London: 
Academic press, pp.1-120.

Van Hinte JE (1966). Orbitoides from the Campanian type section. 
Proceedings of the Koninklijke Nederlandse Akademie Van 
Wetenschappen Series B 69: 79-109.

Van Hinte JE (1976). A Cretaceous time scale. American Association 
of Petroleum Geologists Bulletin 60: 498-516.

Zakrevskaya YE (2009). The first find of Pseudosiderolites Smout 
(foraminifera) in the upper Cretaceous of the Rostov region. 
Paleontological Journal 43 (1): 19-33.

https://www.zobodat.at/publikation_series.php?id=7341
https://www.zobodat.at/publikation_series.php?id=7341
https://www.springer.com/journal/531/
https://www.springer.com/journal/531/

	Foraminiferal micropaleontology of the Harami Formation (Elazığ, Eastern Turkey), and reassessment of its age based on larger benthic foraminifera
	Recommended Citation

	tmp.1685516408.pdf.CyEl9

