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Abstract

Seventy three species of calcareous nannofossils are recorded from the studied
section of Tanjero Formation at Azmer anticline, Sulimaniya, Northern Iraq. The
studied section reveals four biozones arranged in an ascending order from oldest to
youngest as follows; Tranolithus phacelosus Interval Biozone (CC23) Part,
Rienhardtites lives Interval Biozone (CC24), Arkhangelskilla cymbiformis Interval
Biozone (CC25), and Nephrolithus frequens Rang Biozone (CC26) Part. These
biozones are correlated with other calcareous nannofossil biozones of both local and
regional sections, leading to conclude a possible age of Late Campanian-
Maastrichtian.
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Introduction

Tanjero Formation is exposed in the high folded zone of Iraq. It was first defined and described
from Sirwan valley, 2 Km to the south of Kani Karweshkan village, near Halabja town, Sulimaniya,
Northern Iraq [1], laying at Azmer anticline. Tanjero Formation is composed of sandstone, claystone,
and shale from the bottom, followed by a common vertical alternation of marls and limestone at the
upper part of the studied section. Therefore, the lower part is deposited under deep marine shelf
environments, while the upper part is deposited under open marine environments (Fig.1). Tanjero
Formation is correlated with Shiranish Formation in northern Iraq [2, 3], but it is almost younger.
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The aim of the present work is to determine the age of the Tanjero Formation by using calcareous
nannofossils.
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Figure 1-Location map of Tanjero Formation in Azmer anticline, Northern Iraq [4, 5].

Materials and methods

Fifty samples of marl, marly limestone , siltstone, and shale were selected for studying the
calcareous nannofossils by using thin sections (under transmitted- light microscope). The calcareous
nannofossils were extracted by using the method described in an earlier work (H) [6]. It is favorable
extraction method for microfossils that can be properly examined when extracted from the rocks.
Sample preparation was performed based on decanting and smear slide techniques, which provide a
method for producing slides of calcareous nannofossils by using a small amount of the disaggregated
sample, which is placed in distilled water with the addition of a drop of cellosize to act as a dispersant.
To make permanent mounts, the slide and residue were allowed to dry at a low temperature away from
possible sources of contamination. A drop of the mounting medium (Canada Balsam) was placed on a
clean dry cover slip which was dropped over the residue. to the preparation was allowed to dry before
examination with the transmitted light microscope.
Results and discussion
1 - Systematic Paleontology
I- Heterococcolith
Family: Chistozygaceae, Rood, Hay and Barnard
Genus Bukyrlithus Black
Bukyrlithus ambiguus Black (PI.1, Fig.1)
Genus Chiastozygus Gartner
Chiastozygus platyrhethum Hill (PI.1, Fig.2)
Chiastozygus sp. (P1.1, Fig.3)
Genus Glaukolithus Reinhardit
Glaukolithus diplogammus Deflander and Fert (P1.1, Fig.4)
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Genus Reinhardtites Perch- Nielsen

Reinhardtitus levis Prins and Sissingh in Sissingh (Pl.1, Fig.5)
Genus Staurolithites Caratini

Staurolithites flavus Burnett (Pl.1, Fig.6)

Staurolithites imbricatus (Gartner) Burnett (PI.1, Fig.7)
Staurolithites laffittei Caratini (PI.1, Fig.8)

Genus Tranolithus Stover

Tranolithus phacelosus Stover (P1.1, Fig.9)

Genus Zeugrhabdotus Reinhardt

Zeugrhabdotus embergeri (Noél) Perch-Nielsen (PI.1, Fig.10)
Family Crepidolithaceae Black

Genus Neocrepidolithus Romein

Neocrepidolithus watkinsii Pospichal and Wise (PI.1, Fig.11)
Family Eiffellithaceae Reinhardt

Genus Eiffellithus Reinhardt

Eiffellithus eximius (Stover) Perch-Nielsen (PI.1, Fig.12)
Eiffellithus gorkae Reinhardt (PI.2, Fig.1)

Eiffellithus parallelus Perch-Nielsen (PI1.2, Fig.2)

Eiffellithus turriseiffeli (Deflander and Fert) Reinhardt (P1.2, Fig.3)
Eiffilithus cf. parvus Watkins and Bergen (PI.2, Fig.4)

Eiffilithus sp. (PI1.2, Fig.5)

Family Rhagodiscaeae Hay

Genus Rhagodiscus Reihardit

Rhagodiscus splendens (Deflandre) Verbeek (PI.2, Fig.6)
Family Axopodorhabdaceae Wind and Wise in Wise and Wind
Genus Cribrocorona Perch-Nielsen

Cribrocorona gallica (Stradner) Perch- Nielsen (PI.2, Fig.7)
Genus Cribrosphaerella Deflandre in Piveteau

Cribrosphaerella dania Perch-Nielsen (P1.2, Fig.8)
Cribrosphaerella ehrenbergii (Arkhangelsky) Deflandre (PI.2, Fig.9)
Cribrosphaerella romanica Reinhardt (Pl.2, Fig.10)

Genus Nephrolithus Gorka

Nephrolithus frecuens Gérka (P1.2, Fig.11)

Nephrolithus sp. (PI.2, Fig.12)

Family Prediscosphaeraceae Rood et al.

Genus Prediscosphaera Vekshina

Prediscosphaera cf.grandis Perch-Nielsen (P1.3, Fig.1)

Family Cretarhabdaceae Thierstein

Genus Retecapsa Black

Retecapsa crenulata (Bramlette and Martini) Grun in Griin and Allemann (P1.3, Fig.2)
Family Watznaueriaceae Rood et al.

Genus Cyclagelosphaera Noél

Cyclgelosphaera margerelii Noél (PI.3, Fig.3)

Genus Watznauria Reinhardt

Watznaueria barnesae (Black and Barnes) Perch-Nielsen (P1.3, Fig.4)
Watznauria biporta Bukry (P1.3, Fig.5)

Family Arkhangelskiellaceae Bukry, emend. Bown and Hampton
Genus Arkhangelskiella Vekshina

Arkhangelskiella cymbiformis Vekshina (P1.3, Fig.6)
Arkhangelskiella maastrichtiensis Burnett (PI.3, Fig.7)
Arkhangelskiella sp. (P1.3, Fig.8)

Genus Broinsonia Bukry

Broinsonia parca (Stradner, 1963)Bukry (PI.3, Fig.9)
Broinsonia sp. (PI.3, Fig.10)
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Genus Gartnerago Bukry

Gartnerago segmentatum (Stover) Thierstein (PI.3, Fig.11)
Gartnerago sp. (PI.3, Fig.12)

I1- Holococcolith

Family Calyptrosphaeraceae Boudreaux and Hay

Genus Calculites Prins and Sissingh in Sissingh

Calculites obscurus(Deflander) Prins and Sissingh in Sissingh (P1.4, Fig.1)
Calculites ovalis (Stradner) Prins and Sissingh in Sissingh (Pl.4, Fig.2)
Calculites sp. (P1.4, Fig.3)

Genus Russellia Risatti

Russellia bukryi Risatti (Pl.4, Fig.4)

Russellia laswellii Risatti (P1.4, Fig.5)

I11- Nannolith

Family Microrhabdulaceae Deflandre

Genus Lithraphidites Deflandre

Lithraphidites acutus Verbeek and Manivit in Manivit et al. (Pl.4, Fig.6)
Lithraphidites carniolensis Deflandre (P1.4, Fig.7)
Lithraphidites grossopectinatus, Bukry (Pl.4, Fig.8)
Lithraphidites praequadratus Roth (P1.4, Fig.9)

Lithraphidites cf. praequadratus Roth (PI.4, Fig.10)
Lithraphidites quadratus Bramlette and Martini (P1.4, Fig.11)
Lithraphidites cf. quadratus Bramlette and Martini (Pl.4, Fig.12)
Lithraphidites sp. (PI.5, Fig.1)

Genus Microrhabdulus Deflandre

Microrhadulus decuratus Deflandre (PI1.5, Fig.2)

Microrhadulus stradneri Bramlette and Martini (PI.5, Fig.3)
Microrhabdulus undosus Perch-Nielsen (P1.5, Fig.4)
Microrhadulus sp. (PI1.5, Fig.5)

Family Polycyclolithaceae Forchheimer

Genus Micula Vekshina

Micula adumbrata Burnett (P1.5, Fig.6)

Micula clypeata Lees and Bown (PI.5, Fig.7)

Micula cubiformis Forchheimer (PL.5, Fig.8)

Micula decussata Vekshina (PI.5, Fig.9)

Micula murus (Martini) Bukry (P1.5, Fig.10)

Micula staurophora (Gardet) Stradner (P1.5, Fig.11)

Micula premolisilvae Lees and Bown (PI.5, Fig.12)

Micula praemurus (Bukry) Stradner and Steinmetz (PI.6, Fig.1)
Micula sp. (PL.6, Fig.2)

Genus Quadrum Manivit et al.

Quadrum gartneri Manivit et al. (PI.6, Fig.3)

Quadrum gothicum (Deflander)Manivit et al. (PI.6, Fig.4)
Quadrum trifidum (Stradner In Stradner and Papp) Prins and Perch-Nielsen in Manivit et al. (PL.6,
Fig.5)

Genus Ceratolithoides Bramlette and Martini

Ceratolithoides aculeus (Stradner) Prins and Sissingh in Sissingh (PI.6, Fig.6)
Ceratolithoides brevicorniculans Burnett (PI.6, Fig.7)
Ceratolithoides longissimus Burnett (P1.6, Fig.8)
Ceratolithoides prominens Burnett (P1.6, Fig.9)

Ceratolithoides sesquipedalis Burnett (P1.6, Fig.10)
Ceratolithoides ultimus Burnett (P1.6, Fig.11)

Ceratolithoides cf.ultimus Burnett (PI.6, Fig.12)
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Plate 1

11

Plate (1): Cross-polarized light microscope photos of significant calcareous nannofossil taxa
fromTanjero Formation. (1)Bukyrlithus ambiguus Black; (2)Chiastozygus platyrhethum Hill;
(3)Chiastozygus sp.; (4)Glaukolithus diplogammus Deflander and Fert; (5)Reinhardtitus levis Prins
and Sissingh in Sissingh; (6)staurolithites flavus Burnett; (7)staurolithites imbricatus (Gartner)
Burnett; (8)staurolithites laffittei Caratini; (9)Tranolithus phacelosus Stover; (10)Zeugrhabdotus
embergeri (Noél) Perch-Nielsen; (11)Neocrepidolithus watkinsii Pospichal and Wise; (12)Eiffellithus
eximius (Stover) Perch-Nielsen.
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Plate 2
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Plate (2): Cross-polarized light microscope photos of significant calcareous nannofossil taxa
fromTanjero Formation. (1)Eiffellithus gorkae Reinhardt; (2)Eiffellithus parallelus Perch-Nielsen;
(3)Eiffellithus turriseiffeli (Deflander and Fert) Reinhardt; (4)Eiffilithus cf. parvus Watkins and
Bergen; (5)Eiffilithus sp.; (6)Rhagodiscus splendens (Deflandre) Verbeek; (7)Cribrocorona gallica
(Stradner) Perch- Nielsen; (8)Cribrosphaerella dania Perch-Nielsen; (9)Cribrosphaerella ehrenbergii
(Arkhangelsky) Deflandre; (10)Cribrosphaerella romanica Reinhardt; (11)Nephrolithus frecuens
Gorka; (12)Nephrolithus sp.
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Plate 3
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Explanations Plate (3): Cross-polarized light microscope photos of significant calcareous nannofossil
taxa from Tanjero Formation. (1)Prediscosphaera cf.grandis Perch-Nielsen; (2)Retecapsa crenulata
(Bramlette and Martini) Grun in Grin and Allemann; (3)Cyclgelosphaera margerelii Noél;
(4)Watznaueria barnesae (Black and Barnes) Perch-Nielsen; (5)Watznauria biporta Bukry;
(6)Arkhangelskiella  cymbiformis  Vekshina;  (7)Arkhangelskiella maastrichtiensis  Burnett;
(8)Arkhangelskiella sp.; (9)Broinsonia parca (Stradner)Bukry, 1969; (10)Broinsonia sp.;
(11)Gartnerago segmentatum (Stover) Thierstein; (12)Gartnerago sp.
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Explanations Plate (4): Cross-polarized light microscope photos of significant calcareous nannofossil
taxa from Tanjero Formation. (1)Calculites obscurus(Deflander) Prins and Sissingh in Sissingh;
(2)Calculites ovalis (Stradner) Prins and Sissingh in Sissingh; (3)Calculites sp.; (4)Russellia bukryi
Risatti; (5)Russellia laswellii Risatti; (6)Lithraphidites acutus Verbeek and Manivit in Manivit et al.;
(7)Lithraphidites carniolensis Deflandre; (8)Lithraphidites grossopectinatus, Bukry; (9)Lithraphidites

praequadratus Roth; (10)Lithraphidites cf. praequadratus Roth; (11)Lithraphidites quadratus
Bramlette and Martini; (12)Lithraphidites cf. quadratus Bramlette and Martini.
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Plate 5
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Explanations Plate (5): Cross-polarized light microscope photos of significant calcareous nannofossil
taxa from Tanjero Formation. (1)Lithraphidites sp.; (2)Microrhadulus decuratus Deflandre;
(3)Microrhadulus stradneri  Bramlette and Martini; (4)Microrhabdulus undosus Perch-Nielsen;
(5)Microrhadulus sp.; (6)Micula adumbrata Burnett; (7)Micula clypeata Lees and Bown; (8)Micula

cubiformis Forchheimer; (9)Micula decussata Vekshina; (10)Micula murus (Martini) Bukry;
(11)Micula staurophora (Gardet) Stradner,; (12)Micula premolisilvae Lees and Bown.
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Explanations Plate (6): Cross-polarized light microscope photos of significant calcareous nannofossil
taxa from Tanjero Formation. (1)Micula praemurus (Bukry) Stradner and Steinmetz; (2)Micula sp. ;
(3)Quadrum gartneri Manivit et al.; (4)Quadrum gothicum (Deflander)Manivit et al.; (5)Quadrum
trifidum (Stradner In Stradner and Papp) Prins and Perch-Nielsen in Manivit et al.; (6)Ceratolithoides
aculeus (Stradner) Prins and Sissingh in Sissingh; (7)Ceratolithoides brevicorniculans Burnett;
(8)Ceratolithoides longissimus Burnett; (9)Ceratolithoides prominens Burnett; (10)Ceratolithoides
sesquipedalis Burnett; (11)Ceratolithoides ultimus Burnett; (12)Ceratolithoides cf.ultimus Burnett.

2 - Nannobiostratigraphy

Depending on the stratigraphic distribution of the recorded species, three Biozones were
identified [4] (Figs. 5, 6, 7).
Tranolithus phacelosus Interval Biozone (CC 23) )1
Definition: Interval biozone of Tranolithus phacelosus Stover.
Boundaries: The biozone was determined by the last occurrence of Eiffilithus eximus (Stover) Perch-
Nielsen to the last occurrence of Tranolithus phacelosus Stover.
Correlation and Discussion: This biozone is correlated with CC23 (Tranolithus phacelosus biozone)
that was studied by [8] and aged as late Campanian - early Maasterchtian. Also, it is correlated with
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UC16 and UC17 biozones studied by [9, 10] and aged as Campanian. Therefore, the present study
suggests that this Reinhardtites biozone belongs to the Campanian age.

2) Reinhardtites levis Interval Biozone (CC24)

Definition: Interval biozone of levis Prins and Sissingh, in Sissingh.

Boundaries: The biozone was determined by the last occurrence of Tranolithus phacelosus Stover to
the Last occurrence of Reinhardtites levis Prins and Sissingh, in Sissngh.

Correlation and Discussion: This biozone is correlated with CC24 (Reinhardtites levis biozone) which
was studied by [8] and assigned to the age of the late Campnian - early Maastrichtian. It is also
correlated with UC18 biozone which was studied by [9, 10] which aged as the Maastrichtian.
Therefore, the present study suggests that this biozone belongs to the Maastrichtian age.

3) Arkhangelskiella cymbiformis Interval Biozone (CC25)

Definition: Interval biozone of Arkhangelskiella cymbiformis Vekshina.

Boundaries: The biozone was determined by the last occurrence of Reinhardtites levis Prins and
Sissingh to the first occurrence of Nephrolithus frequens Gorka.

Correlation and Discussion: This biozone is correlated with (CC25) (Arkhangelskiella cymbiformis
Biozone) [8] which is divided into three subdivisions (CC25a, CC25h, CC25c) by the first appearance
of the species Arkhangelskiella cymbiformis and the first appearance of the species Lithraphidites
guadratus at the Maastrichtian age. It is also correlated with UC19 biozone which was studied by [9,
10] and aged as the Late Maastrichtian. Therefore, the present study suggests that this biozone belongs
to the Maastrichtian age [11]..

4) Nephrolithus frequens Rang Biozone (CC26)

Definition: Rang biozone of Nephrolithus frequens Gérka (1957).

Boundaries: The biozone is determined by the first occurrence to the last occurrence of Nephrolithus
frequens Gorka. This biozone has a thickness of 50 m.

Correlation and Discussion : This biozone is correlated with Nephrolithus frequens biozones (CC26)
described by [8] and UC20 described by [9] and [10], all belonging to the Late Maastrichtian.
Therefore, the present study suggests that this biozone belongs to the Maastrichtian age..
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Figure 2- Biostratigraphic range chart of Tanjero Formation in Azmer anticline, Northern Irag.
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3 - Response of calcareous nannofossils Paleoclimatology
The end of the Cretaceous age was associated with a global warming event as described in the
geological record. Based on the calcareous nannofossils from forty nine samples from Tanjero
Formation in Azmer anticline, Northern Iraq, seventy two species were identified and can be marked
by higher speciation for the calcareous nannofossils. The occurrence of Micula and Watznauria is
closely related to the global warming during the end of the Cretaceous (Fig.5) [18, 19, 20].
Conclusions
On the basis of the stratigraphic ranges of the recorded calcareous nannfossils, we determined four
biozones that are arranged, from the oldest to the youngest, in an ascending pattern as follows:
4 - Nephrolithus frequens Rang Biozone (CC26) Part
3 - Arkhangelskilla cymbiformis Interval Biozone (CC25)
2 - Rienhardtites lives Interval Biozone (CC24)
1 - Tranolithus phacelosus Interval Biozone (CC23) Part
This study is correlated with a previous study performed by Al- Maamari and Al-Badrani (2019), that
deals with Shiranish Formation which is distributed at the central, low, and high folded zones of Iraq,
compared with Tanjero Formation which is distributed at the imbricated zone of Irag.
These biozones are correlated with other calcareous nannofossil biozones from both local and regional
sections, leading to conclude that they belong to the age of Late Campanian- Maastrichtian.
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