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Abstract 
The study area is located in the Zard-Darreh village nearby Damavand city in the eastern part of Tehran 
province. Late Cretaceous strata are well-exposed in the Zard-Darreh village, comprising siliciclastic 
sediments with limestone stringers, which are overlain by red conglomerate deposits of the Fajan 
Formation. This study was carried out on a 96 m interval of the K3 and Fajan Formation to determine 
the precise age of the sampling interval. Eighty-nine surface samples were collected and treated for 
calcareous nannofossils. 53 species (27 genera) and 15 families were identified and nine biozones were 
established. Biozone CC20/UC15bTP occurs in the lowermost part of the K3 and represents the Late 
Cretaceous (Campanian) age. The NP1 to NP8 biozones are present the rest of the study interval, 
suggesting Early Paleocene (Danian-Thanetian) age. Based on calcareous nannofossils the Early 
Paleocene is recorded for the first time in the Zard-Darreh village in the Alborz Mountains. Likewise, a 
hiatus exists between the Late Cretaceous (CC20/UC15bTP) and Early Paleocene (NP1), which 
encompasses the Maastrichtian stage and part of Early Paleocene. Finally, some small size calcareous 
nannofossils such as Biantholithus sparsus, Cruciplacolithus primus, Cruciplacolithus intermedius, and 
Cruciplacolithus asymmetricus are present in the NP1 biozone of Early Paleocene, which may indicate 
the effect of various environmental factors. Furthermore, some calcareous nannofossils such as 
Sphenolithus spp. and Discoaster mohleri are present in NP6 and NP7 biozones of the study area that 
may indicate a warning climatic condition toward the Eocene. 
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Introduction 
 
The study area is called Zard-Darreh village, which locates near Damavand city in northeastern 
Tehran province, and in turn, it is part of the Central Alborz Mountain (Fig. 1A). The Alborz 
Mountains stretches from the border of Azerbaijan along the western and entire southern coast 
of the Caspian Sea and finally runs northeast and merges into the Aladagh Mountains in the 
northern parts of Khorasan province (Fig.1A). The Alborz Mountains are divided into the 
Western, Central, and Eastern areas that the Cretaceous and Paleocene deposits rock units 
extend throughout this mountain ranges. The Cretaceous deposits have not been assigned to a 
standard rock unit yet, whereas the Paleogene strata have standard names. However, Dellenbach 
(1964) suggested the stratigraphic units K1, K2a, K2b, K2c, and K3 for the Cretaceous deposits 
at the Sepayeh Mountain area and Steiger (1966) divided these strata into the rock units of C1, 
C2, C3, and C4 at Firoz-Kuh and Damavand areas, eastern Tehran province. The Zard-Darreh 
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village is part of the Firoz-Kuh-Damavand areas, which the Upper Cretaceous and Paleogene 
strata are well-exposed and accessible for measurement and sampling. Hence, it was selected 
as a pilot project to study the calcareous nannofossils for the age relationships of the 
Cretaceous-Paleogene strata. The aims of this study are 1) determination of calcareous 
nannofossils at the levels of species and genera; 2) establishment of calcareous nannofossil 
biozones and 3) clarify age relationships of the study interval to Cretaceous vs. Paleogene. 
 
Geological setting and Previous works 
 
The Zard-Darreh village is located approximately 76 Km eastern Tehran province (Fig. 1A). In 
this area, the Fajan and Tiz-e Kuh formations have an exposure, which are briefly discussed in 
ascending stratigraphic order: The Tiz-e Kuh Formation is 170 m thick and contains detrital 
limestone (Assereto & Ippolito, 1964). This formation rests on the Lar Formation (Upper 
Jurassic), and the Fajan Formation overlies it. The upper contact of the Tiz-e Kuh Formation 
has angular unconformity with underlying formation (Lar Formation) and conformable contact 
with overlaying formation (Fajan Fm). This formation contains both macro and microfossils 
and its age relationship range from Upper-Lower Cretaceous (Assereto & Ippolito, 1964). Later 
on, this formation was assigned to Upper Cretaceous by Sadeghi, 1999 (unpublished PhD 
thesis) and Upper Paleocene by Ghiasi, 1993 (unpublished MSC thesis) in the southern Alborz 
Mountains. The Fajan Formation was named after the Fajan village, which is located 100 km 
eastern Tehran city. This formation has a thickness of 1500 m at the type section (Fajan village) 
and it consists of polymictic conglomerates, red sandstone, and sandy marls intercalated with 
Andesite and agglomerate deposits (Dellenbach, 1964). The Fajan Formation does not contain 
any fossils in its type locality. Therefore, based on its stratigraphic position with the Ziarat 
Formation (Lower Eocene), assigning to the Paleocene-Lower Eocene (Dellenbach, 1964). The 
Fajan Formation has a thickness of 1500 m at the type locality village of Fajan, east of Tehran 
(Dellenbach, 1964), but its consistency is restricted to a few meters in the Zard-Darreh village 
and overlain by the Ziarat Formation. The Ziarat Formation contains abundant foraminiferal 
with Early to Middle Eocene age. Therefore, based on the stratigraphic position, the Fajan 
Formation has been assigned to the Paleocene-Lower Eocene age (Allenbach, 1966).  
 

 
Figure 1. Location map of the study area (1. A) and connection to adjacent cities (1. B) southern central 
Alborz Mountains, Northern Iran 
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    According to Dellenbach (1964), the thickness of the Fajan Formation reduces rapidly until 
a few-meter conglomerate. At the same time, the overlying foraminiferal limestone of the 
Middle Eocene in the Fajan area includes older stages down to the Paleocene in the area. There 
are conglomerate deposits in other parts of the Iranian platform that are closely comparable in 
stratigraphic position with the Fajan Formation. Therefore, these changes appear not only in the 
Alborz Mountains but also in Central and Eastern Iran. The conglomerate deposits are a key, 
which fills Late Cretaceous-Paleocene relief. Because of lateral interfingering with the Ziarat 
and Fajan formations. The Fajan Formation seems comparable with some of the various 
conglomerate deposits in eastern and central Iran, which have collectively been called "Kerman 
Conglomerate" and correspond to the "Pesteligh Red Beds" in the Koppeh-Dagh region 
(Stöcklin & Setudehnia, 1971). Hence, the Paleogene strata are present through the Alborz 
Mountains, Kopeh-Dagh region, and Central Iran. This study aims to determine the relative age 
of study interval strata based on calcareous nannofossils. It should be mentioned, that the 
Paleogene strata are registered for the first time in the Alborz Mountains by using calcareous 
nannofossils. 
 
Materials and Methods 
 
The study section comprises grey-green and yellow-red calcareous silty shales and argillaceous 
limestones, which have been assigned to the Late Cretaceous age (Figs. 2; 3). Likewise, the 
Cretaceous strata are overlain by the polymictic conglomerate of the Fajan Formation (Stöcklin 
& Setudehnia, 1971). This stratigraphic interval is 96 m thick, and 89 surface samples were 
systematically collected and treated in the Geological Department of Tehran University 
laboratory. The coordination of the study area is 51° 53' 31" E longitudes and 35°36' 52.1" N 
latitudes (Fig. 1B). The samples were treated using the gravity settling technique of Bown 
(1998). In this study, the stratigraphic potential of each species was considered by the First 
Occurrence (FO) and the Last Occurrence (LO) that they plotted on Fig. 4 and illustrated in 
plates (I, II). Likewise, some thin sections were prepared to study the foraminifer entities of 
underling (K3) and overlying (Fajan and Ziarat formations).  
 

 
Figure 2. Geological outcrop of the study area and illustration contact of Paleocene and Cretaceous 
boundary, in the Zard-Darreh village, southern central Alborz Mountains, Northern Iran 
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Figure 3. Geological outcrop of study interval and its contact with the Fajan Formation in the Zard-
Darreh village, southern central Alborz Mountains, Northern Iran 
 
    All samples contain calcareous nannofossils by using the visual criteria concerning the 
degree of etching and overgrowth (Roth, 1973; Watkins, 2007). Nannofossils were analyzed 
using an Axioskop Imaging 40 Pol Zeiss Light Microscope (LM) at a magnification of X1000. 
All photographic images were taken in either cross-polarized light (XPL) or normal light (BF). 
The encountered nannofossils have fairly Moderate (M) to Poor (P) preservation and are 
counted semi-qualitatively for all specimens. The counts were presented as the followings: 
abundant (A) where the number of specimens is > 10 which are observed in a FOV (= Field of 
view); common (C) is used where 1-10 specimens were observed in a FOV; few (F) where one 
specimen was observed in 10 FOVs; rare (R) where only one specimen was observed in 11-100 
FOVs. 
 
Biostratigraphy results 
 
Several Cenozoic calcareous nannofossil biozonations have been established over the past four 
decades (e.g., Martini, 1971, 1976; Bukry, 1973, 1975, 1978; Stow et al. 2013) and individual 
biostratigraphers (Toffanin et al., 2013). Backman et al. (2012) made a major revision of the 
Miocene through Pleistocene calcareous nannofossil biozonations and he stated that these 
biozonations introduce a consistent result, but other biozonations cannot be reliable (Agnini et 
al., 2014). Herein, we used Martini’s biozonation for the study interval of the Zard-Darreh 
village in the Alborz Mountains.  In this study, 53 species (27 genera) and 15 families of 
calcareous nannofossils were identified and some of the index taxa plotted on Plates (I, II), Fig. 
4 and Table 1. Based on the FO and LO of identified calcareous nannofossils nine biozones 
were established which are discussed below: 
 
(Pro Parte) Ceratolithoides aculeus Zone (CC20/UC15bTP)  

 
This biozone is characterized by the first occurrence (FO) of Ceratolithoides aculeus to the FO 
of Uniplanarius sissinghii and it shows the late Early Campanian age. The youngest key of 
Cretaceous calcareous nannofossils of these strata except Ceratolithoides aculeus was not 
found in the interval study.  
    So far, Ceratolithoides aculeus has been recorded from the Late Cretaceous (Campanian) 
elsewhere: Campanian, W. Indian Ocean, (Müller, 1974); Campanian, Tunisia (Sissingh, 
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1977); middle Campanian, USA (Hattner & Wise, 1980); Campanian, Indian Ocean (Burnett, 
1998); Campanian, N. Pacific (Lees & Bown, 2005); Campanian, USA (Stradner, 2010).  
    This species is associated with other Late Cretaceous species such as Broinsonia parca 
constricta, Arkhangelskiella cymbiformis, Prediscosphaera cretacea, Micula decussata, 
Eiffelithus eximius, Microrhabdulinus ambiguus (curve spine), and Watznaueria barnesiae 
based on Perch-Nielsen, 1985; Burnett, 1998; Bown, 1998 studies. This biozone is the base of 
interval study through a thickness of 1 m (samples HGZ1-HGZ4) and youngest keys of 
calcareous nannofossils are Ceratolithoides aculeus and Microrhabdulinus ambiguus. The 
calcareous nannofossil species from the Maastrichtian age does not present in this interval.  
 

 
Plate I. The pictures of calcareous nannofossil of interval study: Cross-Polarized Light (XPL) and 
Normal Light (PPL). The scale bar is 5μ݉. 1. Chiasmolithus bidens, (XPL); 2. Coccolithus plagicus, 
(XPL); 3. Prinsius martinii, (XPL); 4. Cruciplacolithus neohelis, (XPL); 5. Cruciplacolithus primus, 
(XPL); 6 (XPL), 7 (PPL). Cruciplacolithus intermedius; 8. Cruciplacolithus tenuis, (XPL); 9. 
Cruciplacolithus edwardesii, (XPL); 10. Cruciplacolithus latipons, (XPL); 11. Cruciplacolithus 
frequens, (XPL); 12. Ellipsolithus macellus, (XPL); 13. Chiasmolithus danicus, (XPL); 14. 
Zygrhablithus bijugatus, (XPL); 15. Zygodiscus sheldoniae, (XPL); 16. Heliolithus kleinpellii, (XPL) 
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Plate II. The pictures of calcareous nannofossil of interval study: Cross-Polarized Light (XPL) and 
Normal Light (PPL). The scale bar is 5μ݉. 1, 3 & 8. Biantholithus sparsus, (XPL); 2 & 4, Biantholithus 
sparsus, (PPL); 5. Fasciculithus involutus (XPL); 6, 7. Fasciculithus tympaniformis, (XPL); 9, 10, 11. 
Sphenolithus anarrhopus, (XPL); 12. Sphenolithus moriformis, (XPL); 13. Eiffellithus eximius, (XPL); 
14. Micula decussata, (XPL); 15. Arkhangelskiella cymbiformis, (XPL); 16. Watznaueria barnesiae, 
(XPL) 
 
(Pro Parte) Markalius inversus Zone (NP1) 
 
This biozone is characterized by LO of Cretaceous calcareous nannofossil forms or acme zone 
of Thoracosphaera operculata and Micula decussata or Biantholithus sparsus (Perch-Nielsen, 
1998b). Based on this biozone occur in the lowermost part of the study interval that continues 
through a thickness of 2.3 m (samples HGZ5- HGZ10) with rare (R) to few (C) frequencies of 
Micula decussata and Biantholithus sparsus (Fig. 4; Table 1).  
    The accompanied calcareous nannofossil species of this biozone are Biantholithus sparsus, 
Markalius inversus, Cruciplacolithus primus, Cruciplacolithus intermedius, and 
Cruciplacolithus asymmetricus. 
    The above-mentioned, accompanied calcareous nannofossils have been recorded from 
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elsewhere that they are discussed below:  
    Up to now, Biantholithus sparsus has been recorded from Early Paleocene strata many 
localities: Early Paleocene (Danian, NP2), Tunisia (Okada & Thierstein, 1979); Late 
Maastrichtian, Weddell Sea, Leg 113 (Pospichal & Wise, 1990a); Early Paleocene (Danian), 
Weddell Sea, Leg 113 (Pospichal & Wise, 1990a); Late Paleocene (NP4), USA (Bybell & Self-
Trail, 1995); Early Paleocene (NP1, Danian), Netherland (Romein et al., 1996; Mai, 1997); 
Upper Campanian-Maastrichtian, Denmark (Thibault, 2010). 
    Up to now, Markalius inversus has been recorded from Upper Cretaceous (UC14 biozone) 
to Cenozoic (NP21) strata in many localities: Danian, Denmark (Perch-Nielsen, 1969); NP14, 
N. Atlantic (Müller, 1979); NP9 (Late Paleocene), USA (Bybell & Self-Trail, 1995); NP1 
(Danian), France (Mai et al., 1997); NW. Atlantic, M. Eocene (Bown et al. 2014). Hence, this 
species has reported from the Maastrichtian stage and continued to the Danian.   
    Cruciplacolithus intermedius has so far been recorded from the Paleocene nannofossil 
biozones of NP3 and NP6, Atlantic (Perch-Nielsen, 1977); Paleocene (NP6), Atlantic (Perch-
Nielsen, 1977); Early Paleocene (NP3), S. Atlantic, ODP 356 (Perch-Nielsen, 1977); Early 
Paleocene (NP2), NW. Atlantic, ODP 348 (Okada & Thierstein, 1979); Danian, Elles Tunisia 
(van Heck & Paris, 1987); Early Paleocene (Danian, NP5), Tanzania (Bown, 2016) and Early 
Paleocene (Danian), Elles Tunisia (Thibault et al., 2018).  
    Cruciplacolithus asymmetricus has been recorded from Early Paleocene (Danian), Weddell 
Sea, Southern Ocean, Leg 113 (Pospichal & Wise, 1990a); Early Paleocene (Eocene, NP14B-
NP15A), Tanzania (Bown, 2005), and Eocene (NP17), Tanzania (Bown, 2005).  
    Cruciplacolithus primus has been recorded from Early Paleocene (NP1), Netherland 
(Romain et al., 1996); Early Paleocene (NP3), S. Atlantic (Perch-Nielsen, 1977); Early 
Paleocene (NP5), S. Atlantic, DSDP 39 (Mai et., 1977); Early Paleocene (NP1), Netherland 
(Mai et al., 1997, 2001); Early Paleocene (NP1), El Kef, Tunisia (Burnett, 1998); Early 
Paleocene (NP5), S. Atlantic (Mai et al., 1998); Early Paleocene (NP9B & NP10), Tanzania 
(Bown, 2005); Eocene (NP21), Tanzania (Dankly Jones et al., 2009); Middle Eocene, Tanzania 
(Bown et al., 2014) and Early Paleocene (NP10), Tanzania (Bown, 2016). Therefore, not only 
Biantholithus sparsus but also, associated species are restricted to the Early Paleocene.  
    Furthermore, it should be mentioned that some calcareous nannofossil species are long-
ranging, extending from Cretaceous into the Paleocene maybe there are reworked (e.g.) 
Eiffelithus turriseiffelii, Watznaueria barnesiae, Arkhangelskiella cymbiformis, Broinsonia 
parca constricta, Eiffelithus eximius, Ceratolithoides aculeus, Micula decussata, 
Microrhabdulinus ambiguus and Prediscosphaera cretacea. 
    The calcareous nannofossils of the study interval of the Zard-Dareh village indicate the early 
Paleocene (Danian) age or a part of (Pro Parte) NP1 biozone. Some authors believe that several 
Cretaceous calcareous nannofossils in low to middle latitudes can pass through the K/Pg 
boundary, such as Micula decussata, Braarudosphaera bigelowii, and Thoracosphaera 
operculata (Perch-Nielsen, 1985; Gardin & Monechi, 1998; Gardin, 2002; Bown, 2005b) that 
the K/Pg boundary is determined by their acme zones. In this study, Thoracosphaera operculata 
and Braarudosphaera bigelowii are not present to identify the K/Pg interval that may indicate 
the absence of a part of (Pro Parte) NP1 in this interval.  
 
Cruciplacolithus tenuis Zone (NP2) 
 
This biozone is marked at its base by the first occurrence (FO) of Cruciplacolithus tenuis to the 
first occurrence (FO) of Chiasmolithus danicus at its up. This biozone extends through a 
thickness of 3.2 m (samples HGZ 11- HGZ 16) with common (C) to abundant frequencies of 
Cruciplacolithus tenuis (Fig. 4, Table 1). 
   Up to now, Cruciplacolithus tenuis has been recorded from Early Paleocene (NP7), N. 
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Atlantic (Perch-Nielsen, 1972); Early Paleocene (Danian), W. Indian Ocean (Müller, 1978); 
Early Paleocene (Danian), NW. Atlantic (Okada & Thierstein, 1979); Early Paleocene 
(Danian), Weddell Sea, Leg 113 (Pospichal & Wise, 1990a); Early Paleocene (Danian), Asteria 
(Stradner et al., 2010) and Early Paleocene (Danian, NP2), Tanzania (Bown et al., 2014).  
   Likewise, Prinsius dimorphosus is present in this interval that has been recorded from Early 
Paleocene elsewhere (e.g.,) Early Paleocene (NP4), N. Atlantic (Perch-Nielsen, 1972); 
Paleocene (NP1), S. Atlantic, DSDP 39 (Mai et al., 1977); Early Paleocene (Danian), Leg 113 
(Pospichal & Wise, 1990a); Paleocene (NP2), S. Atlantic, DSDP 39 (Mai et al., 1998); 
Paleocene (NP1), Netherland (Mai, 2001); Paleocene (NP4), N. Atlantic (Perch-Nielsen, 1972); 
Paleocene (NP3), S. Atlantic (Perch-Nielsen, 1977); Early Paleocene (NP1), El Kef, Tunisia 
(Burnett, 1998); Early Paleocene (Selandian, CP4), Leg 113 (Pospichal & Wise, 1990a); Early 
Paleocene (NP3-NP4), NW. Atlantic (Okada & Thierstein, 1979); Paleocene (NP1), Netherland 
(Mai et al., 1997); Early Paleocene (NP1), S. Atlantic (Mai et al., 1998). Therefore, 
Cruciplacolithus tenuis reveals Early Paleocene for this thickness of study interval.  
 
Chiasmolithus danicus Zone (NP3)  
 
This biozone is marked by the first occurrence (FO) Chiasmolithus danicus to the first 
occurrence (FO) of Ellipsolithus macellus, which are the index species of the succeeding 
biozone. This biozone extends through a thickness of 2.8 m (samples HGZ 17- HGZ 20) with 
common (C) to abundant (A) frequencies of Chiasmolithus danicus (Fig. 4, Table 1). 
   The Chiasmolithus danicus has up to now been recorded from Paleocene (NP3), S. Atlantic 
(Perch-Nielsen, 1977); Paleocene (NP3), NW. Atlantic (Okada & Thierstein, 1979); Danian 
(CP2), Southern Ocean (Pospichal & Wise, 1990a); Danian, Denmark (Perch-Nielsen, 1969); 
Danian (CP3), Southern Ocean (Pospichal & Wise, 1990a) and Paleocene (NP5), Tanzania 
(Bown, 2016). In this biozone are present specimens of Neochiastozygus spp. (Neochiastozygus 
perfectus and Neochiastozygus modestus). Neochiastozygus spp. has been recorded from 
Paleocene (NP12 & NP13), USA (Bramlette & Sullivan, 1961); Danian, USA (Bramlette & 
Martini, 1964); Paleocene (NP9), N. Atlantic (Perch-Nielsen, 1971a); Paleocene (NP3 & NP4), 
S. Atlantic (Perch-Nielsen, 1977) and Paleocene (low NP1), El Kef, Tunisia (Burnett, 1998). 
Therefore, this biozone suggests the Early Paleocene (Late Danian) age for this thickness of 
study interval. 
 
Ellipsolithus macellus Zone (NP4) 
 
This biozone is characterized by the first occurrence (FO) of Ellipsolithus macellus to the first 
occurrence (FO) of Fasciculithus tympaniformis, which is the index species of the succeeding 
biozone. This biozone extends through a thickness of 11 m (samples HGZ 21- HGZ 35) with 
few (F) to common (C) frequencies of Ellipsolithus macellus (Fig. 4, Table 1). 
   Up to now, Ellipsolithus has been recorded from Paleocene (NP7 & NP10), USA (Bramlette 
& Sullivan, 1961); Paleocene (NP8), W. Indian Ocean (Müller, 1974); Paleocene (NP8), Eq. 
Atlantic (Perch-Nielsen, 1977); Paleocene (NP9), Paleocene (NP6), Eq. Atlantic (Perch-
Nielsen, 1977); Paleocene (NP9), N. Atlantic (Müller, 1979); Paleocene (NP4, NP6, NP7 & 
NP9), NW. Atlantic (Okada & Thierstein, 1979); Early to Late Eocene (NP9 & NP11), USA 
(Bybell & Self-Trail, 1995); Paleocene (NP10), Island (Bybell & Self-Trail, 1998); Paleocene 
(NP10), Tanzania (Bown, 2005); Paleocene (NP4), French Pyrenees (Steurbaut & Sztrakos, 
2008); Paleocene (NP9), Tanzania (Bown, 2010); Early Eocene (NP11), Maryland USA (Self-
Trail, 2011); Paleocene (mid NP12), Denmark (Steurbaut, 2011); Paleocene (NP12), Belgium 
(Steurbaut, 2011); Paleocene (NP12 & NP13), E. Eq Pacific (Bown & Dunkley Jones, 2012) 
and Paleocene (NP5), Tanzania (Bown, 2016).  
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   Likewise, Fasciculithus involutus is present in the upper part of this biozone. Up to now, 
Fasciculithus involutus has been recorded from Paleocene (NP7-NP8-NP9), USA (Bramlette 
& Sullivan, 1961); Paleocene (NP7 & NP9), N. Atlantic (Perch-Nielsen, 1971a); Paleocene 
(NP7, NP8), Falkland S. Atlantic (Wise & Wind, 1977); Late Paleocene, France (Wise & Wind, 
1977); Late Paleocene (NP9), Falkland S. Atlantic (Wise & Wind, 1977); Paleocene (NP7, 
NP8), Falkland Plateau S. Atlantic (Wise & Wind, 1977); Late Paleocene, S. Atlantic (Wise & 
Wind, 1977); Paleocene (NP7, NP8), Falkland S. Atlantic (Wise & Wind, 1977); Late 
Paleocene, California (Wise & Wind, 1977); Thanetian (CP8), Southern Ocean (Pospichal & 
Wise, 1990b); Late Paleocene (NP9), USA (Bybell & Self-Trail, 1995); Late Paleocene (NP9), 
USA (Bybell & Self-Trail, 1995); Early Eocene (NP10), USA (Bybell & Self-Trail, 1995); 
Paleocene (NP8), Belgium (Steurbaut, 1998); Paleocene (NP9), Tanzania (Bown, 2005); 
Paleocene (NP4 ), French Pyrenees (Steurbaut & Sztrakos, 2008); Paleocene (NP9), Tanzanian 
(Bown, 2010); Late Paleocene (NP9), Maryland USA (Self-Trail, 2011); Early Eocene (NP10), 
Maryland USA (Self-Trail, 2011); Paleocene (NP9), USA (Self-Trail et al., 2012); Early 
Eocene (NP10), New Zealand (Shepherd & Kulhanek, 2016) and Paleocene (NP4, NP6, NP7), 
Tanzania (Bown, 2016).  As the result, the Ellipsolithus macellus indicate the Early Paleocene 
(Late Danian). 
 
Fasciculithus tympaniformis Zone (NP5) 
 
This biozone is highlighted by the first occurrence (FO) of Fasciculithus tympaniformis to the 
first occurrence (FO) of Heliolithus kleinpellii which are present through a thickness of 10.2 m 
(samples HGZ 36- HGZ 47) with few (F) to common (C) frequencies of Fasciculithus 
tympaniformis (Fig. 4, Table 1).  
    Up to now, Fasciculithus tympaniformis has been recorded from Paleocene (NP7), N. 
Atlantic (Perch-Nielsen, 1971a); Paleocene (NP6-NP9), W. Indian Ocean (Müller, 1974); 
Paleocene (NP7-NP8), Eq. Atlantic (Perch-Nielsen, 1977); Paleocene (NP6-NP7), NW. 
Atlantic (Okada & Thierstein, 1979); Danian (CP2), S. Ocean (Pospichal & Wise, 1990b); 
Ypresian (CP10-11), S. Ocean (Pospichal & Wise, 1990b); Paleocene (NP7), NW. Atlantic 
(Okada & Thierstein, 1979); Selandian (CP4), S. Ocean (Pospichal & Wise, 1990b); Thanetian 
(CP8), S. Ocean (Pospichal & Wise, 1990b); Late Paleocene (NP9), USA (Bybell & Self-Trail, 
1995); Paleocene (NP9), Tanzania (Bown, 2005); Paleocene (NP5), French Pyrenees (Steurbaut 
& Sztrakos, 2008); Paleocene (NP9), USA (Self-Trail et al., 2012); Paleocene (NP5- NP7), 
Tanzania (Bown, 2016) and Paleocene (NP10), New Zealand (Shepherd & Kulhanek, 2016).  
   Therefore, not only Fasciculithus tympaniformis, but also, associated species are restricted to 
the Early Paleocene (Selandian-Thanetian) age.  
 
Heliolithus kleinpellii Zone (NP6) 
 
This biozone is marked by the first occurrence (FO) of Heliolithus kleinpellii to the first 
occurrence (FO) of Discoaster mohleri of the succeeding zone. This biozone extends through 
a thickness of 34.5 m (samples HGZ 48- HGZ 73) with a few (F) frequencies of Heliolithus 
kleinpellii (Fig. 4, Table 1).  
    Heliolithus kleinpellii has up to now been recorded from Paleocene (NP7), Eq. Atlantic 
(Perch-Nielsen, 1971b); Paleocene (NP6), N. Atlantic (Perch-Nielsen, 1971a); Paleocene 
(NP6), W. Indian Ocean (Müller, 1974); Late Paleocene, France (Wise & Wind, 1977); 
Paleocene (NP6), NW. Atlantic (Okada & Thierstein, 1979); Paleocene (NP6), SW Atlantic 
Ocean (Wei, 1988); Thanetian (CP5), Southern Ocean (Pospichal & Wise, 1990b); Paleocene 
(NP6), Maaseik (Steurbaut, 1998) and Paleocene (NP6 & NP7), Tanzania (Bown, 2016). 
    Therefore, the Heliolithus kleinpellii and associated species are appeared in this biozone and 
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were restricted to the Early Paleocene (Selandian-Thanetian) age for study interval.  
 
Discoaster mohleri Zone (NP7)  
 
This biozone is highlighted by the first occurrence (FO) of Discoaster mohleri to the first 
occurrence (FO) of Heliolithus riedelii. This zone immediately occurs above NP6 and extends 
through a thickness of 16 m (samples HGZ 74- HGZ 80) of the study interval with a rare (R) 
frequency of Discoaster mohleri (Fig. 4, Table 1).  
   Discoaster mohleri has up to now been recorded from Paleocene (NP8), W. Indian Ocean 
(Müller, 1974); Paleocene (NP7 & NP8), Eq. Atlantic (Perch-Nielsen, 1977); Paleocene (NP7 & 
NP8), NW. Atlantic (Okada & Thierstein, 1979); Paleocene (NP8, NP12 & NP13), Israel 
(Theodoridis, 1984); Paleocene (NP9, NP10), USA (Bybell & Self-Trail, 1995); Paleocene 
(upper NP8), Belgium (Steurbaut, 1998); Paleocene (NP7), NE. France (Steurbaut, 1998); 
Paleocene (NP9), Tanzania (Bown, 2005); Paleocene (NP10), USA (Bralower & Self-Trail, 
2016) and Paleocene (NP7), Tanzania (Bown, 2016). Likewise, the Discoaster mohleri species 
has appeared in this biozone and it is restricted to the Early Paleocene (Selandian-Thanetian) age.   
 
Heliolithus riedelii Zone (NP8) 
 
This biozone is characterized by the FO Heliolithus riedelii which continues to the basal part 
of the Fajan Formation. This biozone is the youngest in the study interval and includes a 
thickness of 15 m (samples HGZ 81- HGZ 90) of the study interval with a rare (R) frequency 
of Heliolithus riedelii (Fig. 4, Table 1). The associated calcareous nannofossils in this biozone 
are restricted to Sphenolithus sp. 
    Up to now, Heliolithus riedelii has been recorded from Paleocene (NP7 & NP9), N. Atlantic 
(Perch-Nielsen, 1971a); Late Paleocene, California (Wise & Wind, 1977); Paleocene (NP8 & 
NP9), NW Atlantic (Okada & Thierstein, 1979); Paleocene (upper NP8), Belgium (Steurbaut, 
1998) and Thanetian (CP7), Southern Ocean (Pospichal & Wise, 1990b). Based on the 
stratigraphic distribution of these two species, the upper part of the study interval is assigned to 
the Late Paleocene (Selandian-Thanetian). The brief distribution of biozones in the study 
interval has shown in Table 1. 
 
 

Table 1. The brief distribution of biozones in the study interval 

Age Sample nos. 
Thickness 

(m) 
Description of biozones 

Interval study 
Biozones 

Selandian-
Thanetian 

HGZ 81-HGZ 90 15 
FO Heliolithus riedelii to FO Discoaster 

multiradiatus 
NP8 

Selandian-
Thanetian 

HGZ 74-HGZ 80 16 
FO Discoaster mohleri to FO Heliolithus 

riedelii 
NP7 

Selandian-
Thanetian 

HGZ 48-HGZ 73 34.5 
FO Heliolithus kleinpellii to FO Discoaster 

mohleri 
NP6 

Selandian-
Thanetian 

HGZ 36-HGZ 47 10.2 
FO Fasciculithus tympaniformis to FO 

Heliolithus kleinpellii 
NP5 

Late Danian HGZ 21-HGZ 35 11 
FO Ellipsolithus macellus to FO 

Fasciculithus tympaniformis 
NP4 

Late Danian HGZ 17-HGZ 20 2.8 
FO Chiasmolithus danicus to FO 

Ellipsolithus macellus 
NP3 

Early Danian HGZ 11-HGZ 16 3.2 
FO Cruciplacolithus tenuis to FO 

Chiasmolithus danicus 
NP2 

Early Danian HGZ 5-HGZ 10 2.3 
Pro Parte LO Cretaceous taxa to FO 

Cruciplacolithus tenuis 
Pro Parte NP1 

Late 
Cretaceous 

(Campanian) 
HGZ 1-HGZ 4 1 

Pro Parte FO Ceratolithoides aculeous to 
Uniplanarius sissinghii 

Pro Parte 
CC20/UC15bTP 
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Figure 4. Stratigraphic distribution of identified calcareous nannofossil taxa within the uppermost 
Cretaceous and study interval strata in the Zard-Darreh village (numbers refer to taxa listed in the 
caption. 1. Watznaueria barnesiae; 2. Arkhangelskiella cymbiformis; 3. Broinsonia parca constricta; 4. 
Micula decussata; 5. Eiffelithus eximius; 6. Ceratolithoides aculeus; 7. Microrhabdulinus ambiguus; 8. 
Prediscosphaera cretacea; 9. Markalius inversus; 10. Cruciplacolithus neohelis; 11. Biantholithus 
sparsus; 12. Cruciplacolithus primus; 13. Cruciplacolithus intermedius; 14. Cruciplacolithus 
asymmetricus; 15. Cruciplacolithus tenuis; 16. Preprinsius dimorphosus; 17. Chiasmolithus danicus; 
18. Neochiastozygus perfectus; 19. Neochiastozygus modestus; 20. Crusiplacolithus edwardesii; 21. 
Prinsius martini; 22. Ellipsolithus macellus; 23. Neochiastozygus sp.; 24. Zeugrhabdotus sigmoides; 25. 
Fasicolithus involutus; 26. Fasciculithus tympaniformis; 27. Coccolithus plagicus; 26. Toweius sp.; 29. 
Cruciplacolithus latipons; 30. Heliolithus kleinpellii; 31. Chiasmolithus bidens; 32. Zygodiscus 
sheldoniae; 33. Sphenolithus sp.; 34. Sphenolithus anarrhopus; 35. Discoaster mohleri; 36. 
Zygrhablithus bijugatus; 37. Heliolithus riedelii; 38. Placozygus spiralis; 39. Sphenolithus moriformis 
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   Sphenolithus sp. has been recorded from Late Eocene, USA (Gartner, 1971); Miocene (NN4 
& NN5), N. Atlantic (Perch-Nielsen, 1972); Oligocene (NP23), N. Atlantic (Perch-Nielsen, 
1972); Eocene (NP13 & NP14), N. Atlantic (Perch-Nielsen, 1972); Paleocene (NP22), S. 
Atlantic (Perch-Nielsen, 1977); Paleocene (NP16), S. Atlantic (Perch-Nielsen, 1977); Miocene 
(NN5), Eq. Atlantic (Perch-Nielsen, 1977); Paleocene (NP5), S. Atlantic (Perch-Nielsen, 
1977); Paleocene (NP21, 23 & 25), E. Eq Pacific (Bown & Dunkley Jones, 2012); Paleocene 
(NP12), E. Indian Ocean (Shamrock & Watkins, 2012); Oligocene (NP14), NW. Atlantic 
(Bown & Newsam, 2017); Paleocene (NP15), NW. Atlantic (Bown & Newsam, 2017) and 
Paleocene (NP16), NW. Atlantic (Bown & Newsam, 2017). This species ranges from Paleocene 
to Miocene ages.  The brief distribution of biozones in the study interval has shown in Table 1. 
 
Discussion 
 
Several Cenozoic calcareous nannofossil biozonations have been established over the past four 
decades (e.g., Martini, 1971, 1976; Bukry, 1973, 1975, 1978; Stow et al. 2013; Toffanin et al., 
2013). Backman et al. (2012) made a major revision of the Miocene through Pleistocene 
calcareous nannofossil biozonations and he stated that these biozonations introduce a consistent 
result, but other biozonations cannot be reliable (Agnini et al., 2014). Herein, we used Martini’s 
biozonation for the study interval of the Zard-Darreh village in the Alborz Mountains. In this 
study, 53 species (27 genera and 15 families) of calcareous nannofossils were identified.  
    This first biozone occurs in the argillaceous limestone and it is characterized by the FO of 
Ceratolithoides aculeus to the FO of Uniplanarius sissinghii. Based on the chronostratigraphic 
chart adapted from Sissingh (1977) emended by Perch-Nielsen (1985) and Burnett (1998), 
Ceratolithoides aculeus suggests the late Early Campanian age (CC20/UC15bTP). This species 
is associated with other calcareous nannofossils such as Watznaueria barnesiae, 
Arkhangelskiella cymbiformis, Broinsonia parca constricta, Micula decussata, Eiffelithus 
eximius, Microrhabdulinus ambiguus and Prediscosphaera cretacea. These species are key 
components of the Late Cretaceous (Perch-Nielsen, 1985; Burnett, 1998; Bown, 1998).  
    The next biozone NP1 is characterized by presence of calcareous nannofossils including 
Biantholithus sparsus, Cruciplacolithus primus, Cruciplacolithus intermedius, and 
Cruciplacolithus asymmetricus, which are critical components of Early Paleocene (Danian) 
age. The calcareous nannofossils of this biozone are small in size, which may indicate various 
environmental conditions (e.g., agitation, water-mass temperature, acidity changes (PH), 
oceanic currents, nutrients). Therefore, based on the preceding biozone (CC20/UC15bTP) and 
the NP1 biozone, a hiatus is present between the Late Cretaceous and Early Paleocene (Danian) 
in the Zard-Darreh village, encompasses the latest Late Cretaceous (Maastrichtian) to earliest 
Early Paleocene (early Danian). This biozone follows with other succeeding biozones of Early 
Paleocene (NP3-NP8) suggesting Early Paleocene (late Danian-late Thanetian). It should be 
mentioned, that some calcareous nannofossils are present such as Sphenolithus spp. and 
Discoaster mohleri within the Early Paleocene biozones, which might indicate the warming 
climatic condition toward the Eocene.  
 
Conclusions  
 
    In this study, 53 species (27 genera and 15 families) of calcareous nannofossils were 
identified and 9 biozones were established.  
    Based on calcareous nannofossils, we recorded the Paleocene strata for the first time in the 
southern Alborz Mountains. 
    The study interval was previously assigned to Late Cretaceous by using foraminifers whereas 
one calcareous nannofossil (CC20/UC15bTP) indicates Late Cretaceous (Campanian) and the 
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remainder (NP2-NP8) suggests the Early Paleocene (Danian-Thanetian). 
    A hiatus is present between CC20/UC15bTP and NP1 encompasses the latest Late Cretaceous 
to earliest Early Paleocene (early Danian).  
    There are some small size calcareous nannofossils such as Biantholithus sparsus, 
Cruciplacolithus primus, Cruciplacolithus intermedius, and Cruciplacolithus asymmetricus, 
which may indicate the effect of various environmental factors (e.g., agitation, water-mass 
temperature, acidity changes (PH), oceanic currents, nutrient).  
    Some calcareous nannofossils such as Sphenolithus spp. and Discoaster mohleri are present 
in NP6 and NP7 Late Paleocene (Selandian-Thanetian) strata of Zard-Darreh village that may 
indicate the warming climatic condition toward the Eocene.  
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Taxonomic Index: 
 
Alphabetical list of calcareous nannofossil species cited in the text, figures, plates, and Table. 
Arkhangelskiella cymbiformis Vekshina, 1959 
Biantholithus sparsus Bramlette & Martini, 1964 
Broinsonia parca sub sp. constricta Hattner et al., 1980 
Chiasmolithus bidens (Bramlette & Sullivan, 1961) Hay & Mohler, 1967 
Braarudosphaera bigelowii (Gran & Braarud 1935) Deflandre, 1947 
Chiasmolithus danicus (Brotzen, 1959) Hay & Mohler, 1967 
Neochiastozygus rosenkrantzii (Perch-Nielsen, 1971) Varol, 1989 
Coccolithus plagicus (Wallich, 1871) Schiller, 1930 
Cruciplacolithus neohelis (McIntyre & Bé 1967) Reinhardt, 1972 
Cruciplacolithus primus Perch-Nielsen, 1977 
Cruciplacolithus asymmetricus van Heck & Prins, 1987 
Cruciplacolithus edwardsii Romein, 1979 
Cruciplacolithus frequens (Perch-Nielsen, 1977) Romein, 1979 
Cruciplacolithus intermedius van Heck & Prins, 1987 
Cruciplacolithus latipons Romein, 1979 
Cruciplacolithus tenuis (Stradner, 1961) Hay and Mohler in Hay et al., 1967 
Discoaster mohleri Bukry & Percival, 1971 
Eiffellithus eximius (Stover, 1966) Perch-Nielsen, 1968 
Ellipsolithus macellus (Bramlette & Sullivan, 1961) Sullivan, 1964 
Fasciculithus involutus Bramlette & Sullivan, 1961 
Fasciculithus tympaniformis Hay & Mohler in Hay et al., 1967 
Heliolithus kleinpellii Sullivan, 1964 
Heliolithus riedelii Bramlette & Sullivan 1961 
Markalius inversus (Deflandre in Deflandre and Fert, 1954) Bramlette and Martini, 1964 
Micula decussata Vekshina, 1959 
Microrhabdulinus ambiguus (curve spine) Deflandre, 1963 
Neochiastozygus modestus Perch-Nielsen, 1971 
Prediscosphaera cretacea (Arkhangelsky, 1912) Gartner, 1968 
Prinsius martinii (Perch-Nielsen, 1969) Haq, 1971 
Placozygus spiralis (Bramlette & Martini, 1964) Hoffmann, 1970 
Sphenolithus moriformis (Brönnimann & Stradner, 1960) Bramlette & Wilcoxon, 1967 
Toweius Hay and Mohler, 1967 
Watznaueria barnesiae (Black in Black & Barnes, 1959) Perch-Nielsen, 1968 
Zygrhablithus bijugatus (Deflandre in Deflandre and Fert, 1954) Deflandre, 1959 
Zygodiscus herlyni Sullivan 1964  
Zeugrhabdotus sigmoides (Bramlette & Sullivan, 1961) Bown & Young, 1997 
Zygodiscus sheldoniae Bown, 2005 
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