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Fig. 1. A) Map of Kopeh-Dagh Basin in NE of Iran (modified after Agha nabati, 2004); B) Rouds map of the studied 
section, Aghband section (modified after Google map, 2023). 
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Fig. 2. A view of the Sanghaneh Formation in the studied section, Western Koppeh-Dagh Basin (see the North). 
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Fig. 3. A) Shale with cherty nodules in studied section, B) Pencil shale in Sanganeh Formation in studied section.   
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4-2-2-F!�	  �	2NC6 =   �	��	 �� 3��P�CC7a   

B=�� � �/� ���/� ��Y, ��2/ � �K��� &+�, (�)

 &���Hyassites irregularis   &��� ��Y, ��2/ ��

Eprolithus floralis �� �>�?� ���5; �/� �� �� .���

�/���� 7��?� / �	� ���?� ����5 CC7a  (��2 �

) S��=��1977 .B� (  

-  �/� B=��CC7  �/���� /� &'CC7a,b  / �	� l�=V�

�/� �' 7��?� (�)NC6, NC7 &+�, �� �� K��� .	��'

�/� ���CC7a  &��� ��Y, ��2/ �Hyassites 

irregularis ��  &��� ��Y, ��2/Eprolithus floralis 

�� �>�?�B=�� �� �� .��� ��Y, ��2/ �/�&��� (�)

2 Chiastozygus litterarius Zone 
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Hq� ��� ��g�q�) Bq��0q& (�)LB10  ��LB15.( 

|k,<�=>���� ��	� -�H � �/� �� (�) (G) ��

]����(M)   i�?+ /(P) �� ���^�.	�$  

  

  
 8<�4F!�	 �NA2 �� ��Z�2�1 .���K �	 F!�	 �2�^ �� ��&�# ���+�� ��N�;�	�� �� ��^�� �� ���� ,�� �� ����� ���� ��

) �PA�Q�.(T��I�  �;�   

Fig. 4. Two biostratigraphic schemes of the Early Cretaceous toward biozones of the formations in the studied section 

(No Scale). 
  

 3�;^1 .F!�	 �	�� �!��I� �� ���N�� � ��&K�� ��;�	�� �� ��^�� �� �)�* � .��+ �PA�Q� ���� ,�� �� ��2;����2  

Table 1. Biozones of Sarcheshmeh and Sanganeh formations based on Tethyan province (NC) and standard (CC) 

sachems in the studied section 

    

  

  

  

  

 9�' �� B��4+

(���) &?2�@� ����  
&��0� ���0� 

(LB)  

K��� l� C  

 NC (Roth, 1978)   

CC ����L (��2 

(Sissingh, 1977)  
�� 

46  36-52  NC8(C), � ��4' 

 NC9A 
CC8a 

  � ��4' / CC8b  

 

��=5 

��62; ����� 

53  18-36  NC8(A, B) ����5 

9  15-18  NC7  
CC7(a, b)  

��=5  

���5; 13  10-15  NC6 ����5 

14  0-10   � ��4'NC5(E, D)   � ��4'CC6  ��=5 �����'  
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W�� �� �����2 ��.�PA�Q� ���� ,�� �� ���N�� � ��&K�� ��;�	�� ����� 

Fig. 5. The distribution chart of calcareous nannofossils and correlation with international sea level changes (Haq, 2014) 
based on the lithology column of upper Sarcheshmeh and Sanganeh formations in the studied section. 

  

4-2-3- F!�	   �	NC71=   �	��	 �� 3��P� CC7b   

B=�� ��&��� ��Y, ��2/ � �/�Eprolithus floralis   ��

 &��� ��Y, ��2/Prediscosphaera columnata  �>�?�

�� �	� O4�� ��=5 ���5; �� ��/� B=�� �� (�' .���

                                                
1 Rhagodiscus angustus Zone 

 B��4+ /9 &��1 9�' � ��� ��� ��g�H ��H &' � �����

 &��0� ���0�) B� LB15��  &��0� ���0�LB18.(  

- B=���/�Chiastozygus litterarious Zone (CC7b)  

) S��=�� (��21977( � &��� ��Y, ��2/ �Chiastozygus 
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 &��� ��Y, ��2/ B� �$u &'Hayesites albiensis   �� &$

.	� B>�� &?2�@� ���� R�'��� �� �B� ����5 ��62;  
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 �/� � ��4' /CC8b  ��62; � �����L ��	���� (��2 �
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 �M,)2014<
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Sissingh, 1977; Perch-Nielsen, 1985; Bown, 1998; 

Herrle et al., 2003; Linnert and Mutterlose, 2009; 

Do Monte Guerra et al., 2011).   
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Fig. 6. Calcareous nannofossil studies in the Kopeh-Dagh Basin with the correlation of the studied section  
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Fig. 7. Calcareous nannofossils in the studied section (All pictures are with Cross polarized light=XPL). 

Scale bars = 2µm and 5µm. 
1. Staurolithites imbricatus (Gartner, 1968) Burnett, 1997 (sample No. LB37); 2. Hayesites irregularis (Thierstein in Roth & Thierstein, 1972) 

Applegate et al. in Covington & Wise, 1987 (sample No. LB10); 3. Tetralithus cassianus Jafar, 1983 (sample No. LB26); 4. (XPL) Eprolithus 

antiquus (sample No. LB6); 5, 6 (30⁰ rotated). Zeugrhabdotus embergeri (Noel, 1958) Perch-Nielsen, 1984 (sample No. LB22); 7. Rhagodiscus 

amplus Bown, 2005 (sample No. LB9); 8. Rhagodiscus asper (Stradner, 1963) Reinhardt, 1967 (sample No. LB20); 9. Prediscosphaera 

columnata (Stover, 1966) Perch-Nielsen, 1984 (sample No. LB37); 10. Rhagodiscus asper (Stradner, 1963) Reinhardt, 1967 (sample No. 

LB20); 11. Rhagodiscus angustus (Stradner, 1963) Reinhardt, 1971 (sample No. LB20); 12. Rhagodiscus gallagheri Rutledge & Bown, 1996 

(sample No. LB20); 13. Biscutum constans (Gorka, 1957) Black in Black and Barnes, 1959 (sample No., LB21); 14. Discorhabdus ignatus 

(Gorka, 1957) Perch-Nielsen, 1968 (sample No. LB20); 15. Manivitella pemmatoidea (Deflandre in Manivit, 1965) Thierstein, 1971 (sample 

No. LB28); 16. Chiastozygus litterarius (Gorka, 1957) Manivit, 1971 (sample No. LB13).  
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Fig. 8. Calcareous nannofossils in the studied section (XPL= Cross Polarized Light, PPL= Polarized Plain Light) 

GYPL= XPL with Gypsum plate). Scale bars = 2µm and 5µm. 
1. (XPL), Eprolithus floralis (Stradner, 1962) Stover, 1966 (sample No. LB16); 2. (XPL), Retecapsa angustiforata Black, 1971; 3. (XPL), 

Nannoconus troelsenii Alves, Lima and Shimabukuro, 2017 (sample No. LB14); 4. (XPL), Watznaueria biporta Bukry, 1969 (sample No. 

LB1); 5. (XPL), Watznaueria britannica (Stradner, 1963) Reinhardt, 1964 (sample No. LB6); 6. (XPL), Manivitella pemmatoidea 

(Deflandre in Manivit, 1965) Thierstein, 1971 (sample No. LB28); 7. (XPL), Braarudosphaera bigelowii (Gran and Braarud, 1935) 
Deflandre, 1947a (sample No. LB20); 8. (XPL), Thoracosphaera operculata Bramlette & Martini 1964 (sample No. LB12); 9. (XPL), (30⁰ 

rotated) Nannoconus elangatus Bronnimann, 1955 (sample No. LB6); 10. (XPL), Nannoconus truitti Bronnimann, 1955 (sample No. 

LB14); 11. (PPL), Nannoconus truitti Bronnimann, 1955 (sample No. LB14); 12. (XPL), Eprolithus sp. (sample No. LB22); 13. (XPL), 
Tranolithus orionatus (Reinhardt, 1966a) Reinhardt, 1966b (sample No. LB28); 14. (XPL), Tranolithus orionatus (Reinhardt, 1966a) 

Reinhardt, 1966b (sample No. LB30); 15. (XPL), 16. (GYPL), Tranolithus gabalus Stover, 1966 (sample No. LB30).  
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Abstract 
The Lower Cretaceous strata, upper Sarcheshmeh, and lower Sanghaneh formations in the western 

Koppeh-Dagh Basin, North of Gonbad-Kavoos, Aghband section were selected and studied based on 

calcareous nannofossils. A total of 53 samples of dark gray shale, marlstones, and argillaceous 

limestones of these rock units of 138 meters thick were collected. The sixty calcareous nannofossil 

species belonging to 25 genera and 6 families were identified. According to the biozones of the Tethyan 

schemes, the NC5 (E, D) to NC9B biozones, and according to the global standard schemes, the CC6 to 

CC8 biozones were recognized. Based on the biozones detected in the uppermost Sarcheshmeh and 

Sanganeh formations, the late Barremian to Middle-late Albian? age was proposed for the studied strata. 

These studies showed that the sea level of the Tethys Ocean (Koppeh-Dagh mountains) increased, 

similar to other parts of the world in the Barremian and Aptian, and the global sea level of the oceans 

decreased in the Albian ages. Also, the gray to yellow marlstone of the Agche-Gil Formation with 

Neogene age has stayed on the Sanganeh Formation and shows a hiatus from the late Albian to Neogene 

in the studied section. The assemblages of warm water species such as Rhagodiscus asper, Ragodiscus 

gallagheri, Rhagodiscus angustus, Rhagodiscus achylostaurion, and Tranolithus orionatus indicate 

these strata has located in the low to middle latitudes of the Tethyan province in the Koppeh-Dagh Basin. 
 

Keywords: Late Barremian to middle- late Albian?, Aghband section, Lower Cretaceous, Calcareous 

nannofossils 

 

Introduction 
The Koppeh-Dagh Basin is located in the 
North and Northeast of Iran. The complete 

Cretaceous rock units are in this basin, with a 

6500 m thick. The Lower Cretaceous includes 

Shourijeh, Tirgan, Sarcheshmeh, and 

Sanganeh formations, and the Upper 

Cretaceous with Aitamir, Abderaz, Abtalkh, 

Nayzar, and Kalat formations are well exposed 

in this basin. The Sarcheshmeh and Sanghaneh 

formations contain light to dark gray shales, 

with interlayers of nodules of clay or ammonite 

cores. The boundary of these two formations 

can be separated from the yellow to limonitic 

limestones of the Sarcheshmeh Formation. The 

Sarcheshmeh and Sanganeh formations, due to 

the origin of hydrocarbon resources in the 

Koppeh-Dagh basin, have always been 

interested by the experts of the National Iranian 

Oil Company (NIOC), which have been 

studied in the different projects of outcrops and 

wells. One of the most important fossil groups 

for determining the age of Lower Cretaceous 

strata is calcareous nannofossils. One of the 

objectives of this study is to investigate the age 
of the upper part of the Sarcheshmeh and 

Sanganeh formations based on calcareous 

nannofossils in the western Koppeh-Dagh 

Basin, northern Tethyan province.  

For the biostratigraphy, two schemes of the 

Tethyan province (NC) by Roth (1978) and the 

global schemes of Sissingh (1977) were used 

and then matched with each other. Also, 

determining the sea level changes in the ocean 

and how the type of sediments formed of the 

Sanganeh Formation in the western Koppeh-

Dagh Basin, in the north of the Tethys Ocean, 

is another goal of the study. 

 

Materials   & Methods 
The Agh-Band section is located in the west of 

the western Koppeh-Dagh Basin. The upper 

part of the Sanghaneh and Sarcheshmeh 

formations are studied. These formations 

contain light to dark gray shales, marlstones, 

and argillaceous limestones. Fifty-three 
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samples were taken from 138 m thick of the 

Lower Cretaceous rock units of the studied 

section. The studied section is located north of 

Gonbad Kavoos and prepared for calcareous 

nannofossil studies. The samples were 

prepared using the gravity settling technique. 

The Zeiss Axioplan X40 polarized and 

Olympus BX53 microscope was used for this 

study. The pictures of calcareous nannofossils 

were taken with X1000 and X2000 

magnification. The 3 to 5, and sometimes up to 

7 rows were examined from each slide, and the 

First occurrence (FO) and last occurrence (LO) 

of the index species were used to determine the 

relevant biozones. The schemes of the Tethyan 

province (NC) Roth (1978) and global standard 

biozonation (Sissingh, 1977) were considered.  

 

Discussion and Results  

1. Lithostratigraphy 
The Sarcheshmeh and Sanganeh formations 

consist of light to dark gray silty shale and 

marlstone without layering, in which clay and 

cherty concretions with ammonites in the core 

and with yellow to white argillaceous 

limestone. The Agh-chegil Formation is stayed 

upper Sanganeh Formation with distinct 

unconformity, based on color, material, and 

age. Fifty-three samples (9 samples of 

Sarcheshemeh, 43 of Sanghaneh, and 1 sample 

from Agh-chegil formations) and 138 m thick 

of the studied section were sampled and 

studied. 

2. Biostratigraphy 
Based on biozonation schemes, Tethyan 

province (NC, Roth, 1978) and standard 

scheme (CC, Sissingh, 1977 emended by 

Perch-Nielsen, 1985), were recognized in the 

upper part of the NC5 (E-D) Zone to the upper 

part of NC9A Zone. Based on the standard 

pattern, the upper part of the CC6 Zone to part 

of the CC8b Zone was detected as the 

following: 

2.1. Watznaueria oblongata Zone= NC5 (E, 

D) equivalent of CC6  
This biozone is recognized with the Last 

Occurrences (LO) of Cruciellipsis cuvillieri 

species to the FO of Rucinolithus irregularis= 

Hyassites irregularis, indicating the late 

Barremian age. The FO of Hayesites 

irregularis is recognized in the LB10 sample, 

15 m thick from the base of the section. 

Therefore, 14 m of Sarcheshmeh and 1 m 

thickness of Sanganeh formations belong to the 

NC (E, D) Zone (LB1-LB10 sample nos.). The 

FO of Chiastozygus litterateurs is recognized 

in this strata, sample NO. LB3 with the 

assemblages of Rhagodiscus angustus, 

Rhagodiscus gallageri, Rhagodiscus 

achylostaurion, and Retecapsa angustifora. 

The preservation of calcareous nannofossils is 

poor (P) to moderate (M).  

- Micrantholithus hoschulzii Zone (CC6) is 

introduced by Thierstein, from the LO of 

Calcicalathina oblongata to the FO of 

Chiastozygus litterarius. The age of 

Chiastozygus litterarius has changed, and the 

FO of this species based on more studies in the 

world especially in the middle to low latitudes, 

is recorded late Barremian. 

2.2. Chiastozygus litterarius Zone= NC6 

CC7a equivalent of CC7a 
This biozone was introduced by the FO of 

Hyassites irregularis to the FO of Eprolithus 

floralis and revealed the early Aptian age and 

the equivalent of CC7a (LB10- LB15 sample 

nos.). This zone is 13 m thick and preservation 

of calcareous nannofossils is good (G) to 

moderate (M), sometimes poor (P).  

2.3. Rhagodiscus angustus Zone= NC7 

equivalent of CC7b 
This biozone was determined by the FO of 

Eprolithus floralis to the FO of 

Prediscosphaera columnata and showed the 

late Aptian age, the equivalent of CC7b Zone 

(LB15- LB18 sample nos.). The thickness of 

this subzone is 9m and preservation of 

calcareous nannofossils is good (G) to 

moderate (M) and sometimes poor (P).  

2.4. Prediscosphaera columnata Zone = 

NC8 (A, B) equivalent of CC8a 
This biozone was introduced in Tethyan 

province and consisted of NC8 (A, B, C). The 

subzones NC8 (A, B) were informed by the FO 

of Prediscosphaera columnata to the FO of 

Tranolithus orionatus and determined the early 

Albian age. The CC8a equivalent of these 

subzones (NC8A, B) and 53m thick (LB18-

LB36 sample nos.). The preservation of 

calcareous nannofossils is changed from poor 

(P) to moderate (M). 

2.5. NC8C and NC9A sub-zones= Part of 

CC8b sub-zone 
The FO of Tranolithus orionatus introduced 

the subzone NC8C to the FO of 

Axopodorhabdus albianus. The NC9 Zone was 

considered by the FO of Axopodorhabdus 

albianus to the Eiffellithus turriseiffelii. These 

subzones show the late Albian. This zone is 

divided into two subzones NC9A and, B. The 
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Eiffellithus turriseiffelii and Eiffellithus 

monechiae do not exist in the strata. Therefore, 

The NC9A or NC9b sub-zones do not 

completely exist in the strata.  

The FO of Tranolithus orionatus introduces 

the CC8b subzone to the FO of Eiffellithus 

turriseiffelii and the equivalent of existing NC 

subzones. The thickness of these biozones is 46 

m of the studied section (LB 37- LB 52) and 

shows probably the late Albian. Based on two 

biozonation schemes the studied section was 

detected as late Barremian to the middle-late 

Albian? age. This study is based on the global 

sea level change, the late Barremian and Aptian 

the sea level has risen and it fell in the Albian 

ages. This study shows the Koppeh-Dagh basin 

is changed by global sea level, during this age, 

and the upper section has silt and sand in the 

strata.  

 

Conclusions 
1. The Agh-band section is in the west of the 

western Koppeh-Dagh Basin, North of 

Gonbad-Kavoos in North Eastern Iran.  

2. The light to dark gray silty shale and 

marlstone with yellow to white argillaceous 

limestones of the upper Sarcheshmeh and 

Sanghaneh formations have been sampled and 

studied based on calcareous nannofossils.  

3. Fifty-three samples from 138 m thickness 

are processed (gravity settling technique and 

studied.  

4. Sixty species belonging to 25 genera and 6 

families were recognized. 

5. Based on Tethyan province, the upper part 

of NC5 (E-D) to part of NC9A, and based on 

standard schemes, the upper part of CC6 to the 

part of CC8b is detected.  

6. Based on the recognized zones of the studied 

section the late Barremian to middle-late 

Albian age is proposed for the studied section. 

7. The Agche-Gil Formation with Neogene age 

(no calcareous nannofossils) and yellow 

marlstones are placed on the Sanganeh 

Formation. This boundary indicates the 

existence of a large-scale disconformity 

(Hiatus) from the late Albian to Neogene ages. 

8. These studies showed that the sea level of 

the Ocean Koppeh-Dagh Basin increased at the 

same time as other regions of the earth in the 

Barremian and Aptian and at the Albian, the 

sea level decreased.  

9. In terms of calcareous nannofossils, the 

studied sediments have medium to high 

abundance and richness and contain the fossil 

assemblages of the Tethyan province. The 

existing fossil collections and the presence of 

warm water species such as Rhagodiscus 

asper, Rhagodiscus angustus, Rhagodiscus 

achlyostaurion, and Tranolithus Orionatus 

showed that this formation was deposited in the 

open sea in the north of the Tethyan province 

in the low to medium latitudes.  
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