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Fig. 1 . The access road and location of Tochal stratigraphic section  
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Fig. 2. Lithostratigraphic column of the studied deposits in the Tochal stratigraphic section  
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Plate 1. Images of some identified calcareous nannofossils in the Ziyarat Formation in the Tochal stratigraphic section 

 +�!����� ����0 &�GB �4�5 
��1  :(Scale bar: 5µm) : &�ST)  
��R�Q0 
��PNU  ����� 
�0)#*� +U� V�;� ���	 ��*D���	5 �� ��  ��*D�0� �����

 9��B���0 ���  ��0�Q   �����KZt  �2�'�" 3�� �� (���	 )�	�� V�;�XPL: Cross Polarized Ligh   �PPL: Normal Light or Plain Polarized 

light (&�0 . 

1: Fasciculithus involutus Bramlette & Sullivan, 1961; PNU. Zt6 (XPL); 2: Fasciculithus richardii Perch-Nielsen, 1971; PNU. Zt8 (XPL); 3: 
Fasciculithus tympaniformis Hay & Mohler in Hay et al., 1967; PNU. Zt16 (XPL); 4: Fasciculithus clinatus Bukry, 1971; PNU.Zt4 (XPL); 5: 

Fasciculithus thomasii Perch-Nielsen, 1971; PNU. Zt12 (XPL); 6: Fasciculithus alanii Perch-Nielsen, 1971; PNU. Zt3 (XPL); 7: 

Rhabdosphaera gladius Locker, 1967; PNU. Zt97 (XPL); 8: Chiasmolithus bidens (Bramlette & Sullivan, 1961) Hay & Mohler, 1967; PNU. 

Zt14 (XPL); 9: Coccolithus pelagicus (Wallich 1877) Schiller, 1930; PNU. Zt103 (XPL); 10: Helicosphaera seminulum Bramlette & Sullivan, 

1961; PNU. Zt92 (XPL); 11: Reticulofenestra minuta Roth, 1970; PNU. Zt80 (XPL); 12: Pontosphaera multipora (Kamptner, 1948 ex 

Deflandre in Deflandre & Fert, 1954) Roth, 1970; PNU. Zt72 (XPL); 13: Nannotetrina alata (Martini, in Martini & Stradner 1960) Haq and 

Lohmann, 1976; PNU. Zt101 (XPL); 14: Nannotetrina fulgens (Stradner, in Martini & Stradner 1960) Achuthan and Stradner, 1969; PNU. 

Zt104 (XPL); 15: Tribrachiatus bramlettei (Bronnimann & Stradner, 1960); PNU. Zt30 (XPL); 16: Tribrachiatus contortus (Stradner, 1958) 

Bukry, 1972; PNU. Zt27 (PPL); 17 (XPL), 18 (PPL): Tribrachiatus orthostylus Shamrai, 1963; PNU. Zt56; 19 (XPL), 20 (PPL): Discoaster 

lodoensis Bramlette & Riedel, 1954; PNU. Zt77; 21 (XPL), 22 (PPL): Discoaster barbadiensis Tan Sin Hok, 1927; PNU. Zt87; 23: Discoaster 

sublodoensis Bramlette & Sullivan, 1961; PNU. Zt81 (XPL); 24: Discoaster multiradiatus Bramlette & Riedel, 1954; PNU. Zt9 (XPL)     
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Fig. 3. Distribution of calcareous nannofossils and identified biozones of Ziyarat Formation in the Tochal stratigraphic 

section 
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Abstract 

In this study, biostratigraphy of the the Ziyarat Formation was investigated based on calcareous 

nanoplankton in the Tochal section (southeast of Tehran). In this section the Ziyarat Formation 

conformably overlies the Fajan conglomerate and is overlain the Karaj Formation. The thickness of the 

formation in Tochal section with four rock units is 212 meters and it mainly consists of limestone, and 

marl. In this study, investigation of 105 prepared samples and calcareous nannoplanktons has led to the 

identification of 37 species belonging to 16 genera. Based on the first and last occurences of nannofossil 

species and assemblage species such as Discoaster sublodoensis, Nannotetrina fulgens, Tribrachiatus 

orthostylus, Discoaster lodoensis and Tribrachiatus contortus the NP9-NP15 and CNP11-CNE9 

biozones in the Ziyarat Fsormation were determined. The nannofossil biozones and their stratigraphic 

location indicate the age of the late Paleocene - middle Eocene (Thanetian- Lutetian) for the Ziyarat 

Formation in the Tochal section.  
 

Keywords: Biozone, Calcareous nannofossils, Ziyarat, Tochal, Alborz 

 
Introduction 

The Ziyarat formation is a carbonate sequence, 

located in the north of Tochal Village (south-

east of Tehran). The Ziyarat formation mainly 

consists of marl and limestones with a total 

thickness of 212 m conformably overlie the 

Fajan conglomerate and are overlain by 

greenish tuffaceous siltstone of the Karj 

Formation. In this research biostratigraphy of 

the Ziyarat Formation based on calcareous 

nannofossils were investigated. Several studies 

have been carried out by other researchers on 

Ziyarat formation. Some previous 

biostratigraphic studies base on foraminifera 

and reconstruction of depositional 

environment of Ziyarat formation includes: 

Khatibimehr et al., (2008), Maleki (2010), 

Alimi et al., (2010), Gravand et al., (2013), 

Khatibimehr and Adabi (2013), Hadi et al., 

(2021). Whereas, previous calcareous 

nannofossils study on this formation was done 

by Notghi Moghaddam et al., (2014) in the 

Mojen section.    

The aim of this study is to determine the 

calcareous nannofossil assemblages, discuss 

the possibility of applying the standard 

zonation, and age determination of the Ziyarat 

formation in the studeid section. 

 

Material and methods  

For nannofossil studies, a total of 105 samples 

were obtained. Samples were prepared 

following the standard smear slide technique 

(Bown and Young, 1998) and were studied 

under crossed polarized light and the plane 

polarized light of Olympus microscope.  All 

calcareous nannofossil specimens were 

identified by using the taxonomic schemes of 

Perch- Nielsen (1985) and Bown and Young 

(1998). For biostratigraphic analysis references 

of Martini (1971) and Agnini et al. (2014) have 

been applied. 
 

Results and discussions 

As a result of this study, thirty-seven species 

belonging to sixteen genera were recorded in 

these strata. Structures of the central area in 

many species indicate that the preservation of 

the nannofossil assemblages is good at the 

studied section, and many nannofossil species 

have been recognized. The most important 

identified species are species belong to 

Coccolithus, Chiasmolithus and Discoaster 
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that are present in most of samples. In the 

present study, the standard nannofossil 

zonation of Martini (1971) was applied. 

According to marker species of nannofossils 7 

calcareous nannofossil biozones were 

recognized, ranging in age from late Paleocene 

to middle Eocene.  

The identified biozones are as follows: 

Discoaster multiradiatus zone (NP9) 

equivalent to CNP11: The Discoaster 
multiradiatus zone is identified from the FO of 

Discoaster multiradiatus to the FO of 

Tribrachiatus bramlettei or FO Discoaster 

diastypus. The age of this zone is the late 

Paleocene. The thickness of this zone in the 

studied section is 23 m. 

Tribrachiatus contortus zone (NP10) 

equivalent to CNE1, CNE2 and the beginning 

part of CNE3: The Tribrachiatus contortus 

Zone is identified from the FO of Tribrachiatus 

bramlettei or FO Discoaster diastypus to the 

LO of the Tribrachiatus contortus. The age of 

this zone is the early Eocene. The thickness of 

this zone in the studied section is 38 m. 

Discoaster binodosos Zone  (NP11) equivalent 

to CNE3: The Discoaster binodosos Zone is 

identified from the LO of the Tribrachiatus 

contortus to FO of the Discoaster lodoensis. 

The age of this zone is the early Eocene. The 

thickness of this zone in the studied section is 

16 m. 

Tribrachiatus orthstylus Zone  (NP12) 

equivalent to CNE4: The Tribrachiatus 

orthstylus is identified from the FO of the 

Discoaster lodoensis to LO of the 

Tribrachiatus orthostylus or FO of the Toweius 

crassus. The age of this zone is the early 

Eocene. The thickness of this zone in the 

studied section is 37 m. 

Discoaster lodoensis Zone (NP13) equivalent 

to CNE5: The Discoaster lodoensis Zone is 

identified from the LO of the Tribrachiatus 

orthostylus or FO of the Toweius crassus to FO 

of the Discoaster sublodoensis. The age of this 

zone is the early Eocene. The thickness of this 

zone in the studied section is 36 m. 

Discoaster sublodoensis Zone (NP14) 
equivalent to CNE6, CNE7 and CNE8: The 

Discoaster sublodoensis Zone is identified 

from the FO of the Discoaster sublodoensis to 

FO of the Nannotetrina fulgens or LO of the 

Rhabdosphaera inflata. The age of this zone is 

the middle Eocene. The thickness of this zone 

in the studied section is 41m.   
Nannotetrina fulgens Zone  (NP15) equivalent 

to CNE9, CNE10, CNE11 and the beginning 

part of CNE12: The Nannotetrina fulgens 

Zone  is identified from the FO of the 

Nannotetrina fulgens or LO of the 

Rhabdosphaera inflata  to LO of the 

Rhabdolithus glandius. The age of this zone is 

the middle Eocene. The thickness of this zone 

in the studied deposits is not determined.  
 

Conclusion 

Based on index nannofossil species and 

assemblages species the NP9-NP15 of Martini 

(1971) and CNP11-CNE9 of Agnini et al. 

(2014) biozonation in the the Ziyarat formation 

were determined that indicate the age of the 

late Paleocene - middle Eocene (Thanetian- 

Lutetian) for the Ziyarat formation in the 

Tochal section. 
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