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1-Introduction

The eastern part of Iran forms a long north-south belt, primarily composed of Mesozoic and Cenozoic rocks,
which extends between the Afghan Block in the east and the Lut Block in the west (Stocklin, 1968). The
Sistan ophiolitic suture zone on the Lut block's eastern border reveals the Neotethyan Ocean's subduction
(Dercourt et al., 1986; Golonka, 2004; Bagheri & Stampfli, 2008). The evidence of Early Cretaceous or
even older normal faulting suggests that the continental margin thinned during the subduction phase of the
Sistan Ocean. The intrusion of magmatism associated with Late Cretaceous subduction indicates tension in
the continental-to-oceanic transition basin or fore-arc basin (Zarrinkoub et al., 2012; Jentzer et al., 2022).
The Birjand ophiolites also represent a normal fault zone of several kilometers, indicating a slow or very
slow spreading basin during the Aptian-Albian period, which makes it relatively narrow.

Calcareous nannofossils are crucial tools for paleoecological and biostratigraphic studies of marine
sediments. In this research, we investigated the calcareous nannofossils found in the Lower Cretaceous
deposits of the Lut Block to reconstruct past tectonic events. Our findings from the stratigraphic section
around Qaen, located on the eastern margin of the Lut Block, first reflect the characteristics of the basin
and its sedimentary history. Additionally, they illustrate the tectonic conditions of the basin during the
Cretaceous period.

This study enhances our understanding of the basin's situation and confirms the tectonic and geodynamic
assumptions regarding the Lut Block. The sections examined include Braz, Khonik, Rumshtik, Tighdar,
Mal Abad, Fath Abad, and Charmeh, all situated around Qaen. This study aims to determine the age and
depositional conditions of the Lut Block basin based on the identified nannofossil species.

2-Materials and methods

In this study, samples from the lower Cretaceous successions in Lut Block from the Baraz (42 samples),
Khunik (55 samples), Rumeshtik (98 samples), Tighdar (22 samples), Maleabad (102 samples), Fathabad
(30 samples), and Charmeh (91 samples) sections have been studied. Samples were prepared following the
standard smear slide technique (Bown & Young, 1998). Smear slides were made directly from unprocessed
samples of freshly cut rock fragments without centrifuging to avoid changes in the composition of the
original assemblages. All slides were studied under crossed polarized light (XPL) and the plane polarized
light (PPL) of the BH2 Olympus microscope. In this study, bibliographic references Perch-Nielsen (1985)
and Burnett (1998) have been used to identify taxa.

3-Results and discussions
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In the investigated sequences, biostratigraphic studies of calcareous nannofossils led to the identification
of the nannofossil biozones that will be discussed below:

CC3- CCS in Baraz and Rumeshtik sections

CC3- CC4- lower boundary of CC5 in Khunik section

CC7- CC9 in the Tighdar section

CC4- CCS5 with index species for Baremian in the Maleabad section

CC4- CCS in Fathabad and Charmeh sections

Considering the suggested biozones, the ages of these deposits in the studied sections are as follows:

The studied sequence in the Baraz and Rumeshtik sections: late Valanginian- late Hauterivian

The studied sequence in the Khunik section: early Valanginian- late Hauterivian

The studied sequence in the Tighdar section: Aptian-late Albian

The studied sequence in the Maleabad section: early Hauterivian- early Barremian

The studied sequence in Fathabad and Charmeh sections: early Hauterivian- late Hauterivian

The observed distribution patterns of nannofossils have been interpreted as characterizing a low-
productivity, oligotrophic setting with high abundances of cosmopolitan species (Watznaueriaceae). In
other words, the existence of Watznaueria barnesiae, Eiffelithus spp., Nannoconus spp., Lithraphidites spp.
Microrhabdulus spp., and the absence of the species that index for high productivity, refer to low
productivity and low fertility of the Lut Block basin. Considering the abundance of some species, such as
Watznaueria spp., the studied samples indicate that the sediments were deposited in warm weather and
shallow waters.

The biozones identified in the lower Cretaceous sections indicate the presence of CC3, CC4, and CC5
biozones in all areas except for the Tighdar section (CC7-CC9). Geological maps and geomagnetic lines
reveal the Ferdous and Sarab basement faults striking northwest to southeast, with a thrust mechanism
between the Tighdar section and the others. Compared to the others, the delay in the Tighdar section
suggests that these faults likely influenced the extension of the basin and led to the development of the
Lower Cretaceous sedimentation basin in the northeast, which propagated southwest during the Aptian to
Albian period. These faults are associated with a normal fault zone, indicating a slow or very slow spreading
oceanic basin to the north of Birjand during this time. The development of normal faults has resulted in the
formation of horsts, grabens, and semi-grabens in the region. Over time, the expansion of these faults and
the associated horsts and grabens toward the southwest has resulted in a delayed appearance of the
carbonates deposited in the Tighder area compared to other sections. Subsequently, due to a reversal in the
tectonic regime, these normal faults transformed into reverse faults.

4-Conclusion

Based on the index calcareous nannofossil species, the studied sequence in the investigated sections belongs
to the lower Cretaceous (from Valanginian to Albian). Based on the index of nannofossil species, the
investigated sequences were deposited in a shallow marine environment at relatively low latitudes with
warm surface water. The difference in nannofossil biozones in the studied sections indicates varying
sedimentation rates in different parts of the basin.

The subduction of the Neotethian Ocean began around 90 million years ago (Ma) as it moved northeast
under the Afghan block; due to this subduction, a compressive regime developed in the region by 86 Ma,
causing previously normal faults to switch to a reverse mechanism that led to further deformations and the
creation of thrusts and uplifts, significantly altering the landscape of the area.
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Khunik section, (d) shale unit of the Rumeshtik section, (e) general view and silty marl unit of the Fathabad section, (f)
marly unit of the Tighdar section, (g) studied marly unit and limestone unit of the Chermeh section and (h) silty marl unit

of the Malehabad section
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Fig. 4. Images of identified calcareous nannofossils in the studied stratigraphic sections (Ch: Charmeh; Kh: Khunik; B:
Baraz; T: Tighdar; Ma: Maleabad; Fa: Fathabad/ Scale bar: 5pm)
1, 2:Lithraphidites bollii (Thierstein, 1971) Thierstein, 1973 (Ch; Kh); 3:Lithraphidites carniolensis Deflandre, 1963
(Kh); 4:Micrantholithus brevis Jakubowski, 1986 (Ch); 5: Cruciellipsis cuvillieri (Manivit, 1966) Thierstein, 1971 (Ch);
6:Calcicalathina oblongata (Worsley, 1971) Thierstein, 1971 (Ch); 7:Speetonia colligata Black, 1971 (Kh);
8:Zeugrhabdotus erectus (Deflandre in Deflandre & Fert, 1954) Reinhardt, 1965 (Kh); 9: Nannoconus steinmannii
Kamptner, 1931(B); 10:Nannoconus kamptneri Bronnimann, 1955 (Ch); 11:Nannoconus bucheri Bronnimann,
1955(Kh); 12:Nannoconus quadrates (No€l 1959) Deres & Achéritéguy 1980 (Kh); 13:Nannoconus wassallii
Bronnimann, 1955 (Ma); 14, 15: Watznaueria barnesiae (Black in Black & Barnes, 1959) Perch-Nielsen, 1968 (Fa; R);
16:Watznauria biporta Bukry, 1969 (T); 17:Cyclagelosphaera margerelii Noél, 1965 (B); 18:Cribrosphaerella ehrenbergii
(Arkhangelsky ,1912) Deflandre in Piveteau ,1952 (T); 19:Cretarhabdus loriei Gartner 1968 (Ch); 20:Assipetra
infracretacea (Thierstein, 1973) Roth, 1973 (B)
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Fig. 5. Distribution of calcareous nannofossils, biozones, and abundance of index species in the Baraz section
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Fig. 12. Position of the studied stratigraphic sections in the geomagnetic map
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