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1-Introduction

In the present study, the lower part of the Pabdeh Formation was sampled at the Tang-e-Hati section, located
within the Koh-e Gurpi anticline, to investigate and define the Paleocene—Eocene boundary. The studied
interval is approximately 50 meters thick and consists predominantly of shale and marl. Calcareous
nannofossils identified in this section exhibit moderate to relatively good diversity, abundance, and
preservation. Based on taxonomic analysis, 24 genera and 58 species were recorded in the lower part of the
Pabdeh Formation. Using the identified calcareous nannofossils and their index taxa, the following
biozones were recognized: NP5, NP6, NP7/8, NP9, NP10, and NP11, along with two subzones, NP9a and
NP9b. According to the established biozones and the assemblages observed on the prepared slides, biozones
NP5-NP9a correspond to the late Paleocene (Selandian—Thanetian), while NP9b, NP10, and NP11 fall
within the early Eocene (Ypresian). The Paleocene—Eocene boundary is placed at a depth of 26.5 meters,
between biozones NP9a and NP9b. In the Tang-e-Hati section, the transition from the Paleocene to Eocene
(Thanetian—Ypresian) is marked by the co-occurrence of Discoaster araneus and Rhomboaster spp.

Calcareous nannofossils from the Pabdeh Formation were studied in the Mangesh section, where the
formation was dated to the Early Paleocene-Oligocene (Bayat, 2005). In addition, based on planktonic
foraminifera, the Pabdeh Formation in the Sultan-Ebrahim section was dated to Late Paleocene to Middle
Eocene (Sadeghi & Hadavandkhani, 2010). Furthermore, the upper part of the Gurpi Formation and the
lower part of the Pabdeh Formation in the Koh-e Gurpi anticline were investigated, with the base of the
Pabdeh Formation assigned to the onset of the Late Paleocene (Parandavar et al., 2013).

Other studies, including Hadavandkhani et al. (2017), Senemari and Dehbozorgi (2017), Azami et al.
(2018), and Taherizadeh et al. (2023), have also focused on the analysis of planktonic foraminifera and
calcareous nannofossils within the Pabdeh Formation. According to Senemari (2021), the presence of
temperature-sensitive calcareous nannofossil assemblages during the Late Paleocene—Early Eocene interval
has been interpreted as indicative of oligotrophic conditions and warm surface waters. Moreover, the low
latitudinal dependency observed among the studied nannofossil taxa suggests that tropical-to-subtropical
climatic conditions prevailed throughout the Late Paleocene to Early Eocene.

Despite numerous previous investigations on the Pabdeh Formation, no systematic study has yet been
conducted on calcareous nannofossils across the Paleocene—Eocene boundary in the Tang-e-Hati section.
Calcareous nannofossils are widely recognized as a powerful and reliable tool for biozonation and
paleoenvironmental reconstruction across the Paleocene—Eocene transition globally (e.g., Wang et al.,
2023; Self-Trail & Watkins, 2018). Therefore, in the present study, samples were collected from the base
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of the Pabdeh Formation in the Tang-e-Hati section (Koh-e Gurpi anticline) to investigate the Paleocene—
Eocene boundary using these fossil groups.

2-Materials and methods

In the present study, the biostratigraphic significance of calcareous nannofossil events across the
Paleocene—Eocene boundary has been investigated. The acronyms FO (First Occurrence) and LO (Last
Occurrence) are used to denote the first and last appearances of each taxon, respectively. The preservation,
diversity, and abundance of the recorded nannofossil assemblages in the Tang-e-Hati section range from
moderate to relatively good. This study employs the biozonal scheme introduced by Martini (NP zones,
1971), with the modification proposed by Romein (1979), which combines NP7 and NP8 into a single
interval. Additionally, following the proposal by Aubry et al. (1999), Biozone NP9 has been subdivided
into two subzones: NP9a and NP9b. The recognized biozones have also been compared with alternative
zonation schemes, including those of Agnini et al. (CNP and CNE, 2014), Okada and Bukry (CN zone,
1980), and Varol (NTp zone, 1989).

3-Results and discussions

In the present study, the biostratigraphic significance of calcareous nannofossil events across the
Paleocene—Eocene boundary has been investigated. The acronyms FO (First Occurrence) and LO (Last
Occurrence) are used to denote the first and last appearances of each taxon, respectively. The preservation,
diversity, and abundance of the recorded nannofossil assemblages in the Tang-e-Hati section range from
moderate to relatively good. This study employs the biozonal scheme introduced by Martini (NP zones,
1971), with the modification proposed by Romein (1979), which combines NP7 and NPS into a single
interval. Additionally, following the proposal by Aubry et al. (1999), Biozone NP9 has been subdivided
into two subzones: NP9a and NP9b. The recognized biozones have also been Various studies have
documented a significant decline in both diversity and abundance of the genus Fasciculithus in the upper
Paleocene (Kasem et al., 2020a; Agnini et al., 2007a, b). In this study, a decrease in the diversity and
abundance of Fasciculithus is observed at the base of subzone NP9b, precisely below and above the
Paleocene—Eocene boundary.

The genus Tribrachiatus has been widely used in biostratigraphic zonations (Martini, 1971). Previous
studies indicate that T. bramlettei first appears slightly above the base of the Eocene and is commonly
considered the lower boundary of Biozone NP10. However, the FO of this species is occasionally very rare,
which may be due to the diachronous nature of this bioevent or dissolution affecting early Eocene sediments
(Agnini et al., 2007b).

Moreover, some authors consider T. bramlettei and Rhomboaster cuspis to be synonymous (e.g., Von
Salis et al., 2000), whereas others regard them as distinct species (e.g., Raffi et al., 2005; Salem & Aubry,
2012; Kasem et al., 2020a, b; Faris et al., 2021). In the study by Khavari-Khorassani et al. (2014) on the
Pabdeh Formation, this taxon was not observed either. When the index species Tribrachiatus bramlettei is
absent, the FO of Discoaster binodosus has been proposed as the upper boundary of Biozone NP9 (Perch-
Nielsen, 1985). In the present study, T. bramlettei was not recorded, and instead, D. diastypus was used to
mark the base of Biozone NP10.

The taxonomic position of Tribrachiatus digitalis has also been questioned by Raffi et al. (2005), thereby
reducing its biostratigraphic significance (Kasem et al., 2020a, b). Among other species of this genus, T.
contortus holds importance in biostratigraphic studies (Martini, 1971). Its first occurrence is particularly
useful for subdividing Biozone NP10 into subzones NP10a and NP10b (Faris et al., 2021). The appearance
of T. orthostylus can occur in the upper part of Biozone NP10 and may serve as an alternative marker when
no definitive index species are present (Perch-Nielsen, 1985). In this study, T. orthostylus appears near the
top of Biozone NP10.

The simultaneous occurrence of Tribrachiatus contortus and Discoaster diastypus has previously been
recognized (Raffi et al., 2005). Therefore, in the absence of T. contortus, D. diastypus can be used as a
proxy (Bukry, 1973), which corresponds to Zone CP9 as described by Okada and Bukry (1980).
Furthermore, the LO of T. contortus is generally regarded as the onset of Biozone NP11, which occurs
slightly after the appearance of T. orthostylus in the studied section. Compared with alternative zonation
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schemes, including those of Agnini et al. (CNP and CNE, 2014), Okada and Bukry (CN zone, 1980), and
Varol (NTp zone, 1989).

4-Conclusion

In the present study, the lowermost part of the Pabdeh Formation was sampled to investigate and determine
the Paleocene-Eocene transition. The studied section was 50 m thick and consisted of shale and marl. The
target group in this study was calcareous nannofossils, comprising 24 genera and 58 species. Based on the
identified calcareous nannofossils and their index species, biozones NP5, NP6, NP7/8, NP9, NP10, and
NP11 were distinguished. Based on the distinguished biozones and the calcareous nannofossil assemblages
recorded on the slides, biozones NP5-NP9a are located within the Late Paleocene interval. At the same
time, NP9b, NP10, and NP11 are situated within the Eocene age interval. The Paleocene-Eocene boundary
i1s 26.5 m thick and lies between biozones NP9a and NP9b. The association of Discoaster araneus and
Rhomboaster spp characterizes it at the Paleocene-Eocene boundary.
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Plate 1: (1, 8) Discoaster backmanii Agnini et al. (2008); (2, 4) Discoaster multiradiatus Bramlette and Reidel (1954); (3)
Cruciplacolithus frequens (Perch-Nielsen, 1977) Romein (1979); (5) Discoaster araneus (Bukry, 1971); (6).
Cruciplacolithus tenuis (Stradner) Hay and Mohler; (7, 19) Braarudosphaera bigelowii (Gran and Braarud, 1935)
Deflandre (1947); (9). Ericsonia universa (Wind and Wise, 1977) Romein (1979); (10). Fasciculithus bobii Perch-Nielsen
1971; (11). Cruciplacolithus tenuis (Stradner, 1961) Hay and Mohler in Hay et al. (1967); (12). Biantholithus sparsus
Bramlette & Martini, 1964; (13). Ericsonia media Bown, 2016; (14). Sphenolithus moriformis (Bronnimann and Stradner,
1960) Bramlette and Wilcoxon (1967); (15). Toweius serotinus Bybell & Self-Trail, 1995; (16). Fasciculithus
tympaniformis Hay & Mohler in Hay et al., 1967; (17). Reticulofenestra sp.; (18). Sphenolithus primus Perch-Nielsen,
1971.
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Plate 2. (1) Rhomboaster spineus (Shank and Stradner, 1971) Perch-Nielsen (1984); (2, 18). Discoaster multiradiatus
Bramlette and Reidel (1954); (3) Rhomboaster cuspis Bramlette and Sullivan (1961); (4) Rhomboaster sp.; (5, 10)
Tribrachiatus orthostylus Sharnrai (1963); (6) Discoaster mohleri Bramlette and Percival (1971); (7) Diascoaster sp.; (8).
Tribrachiatus sp.; (9) Sphenolithus primus Perch-Nielsen (1971); (11). Discoaster cf. araneus Bukry (1971); (12)
Thoracosphaera sp.; (13). Coccolithus pelagicus (Wallich, 1877) Schiller (1930); (14) Discoaster mediosus Bramlette and
Sullivan (1961); (15) Cruciplacolithus primus Perch-Nielsen (1977); (16, 17) Ericsonia subpertusa Hay et al. (1967); (19)
Fasciculthus involutus Bramlette & Sullivan, 1961.
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