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1- Introduction

Lut block in the eastern part of the subcontinent of Central Iran and a stretched structural zone with a north-south
trend that is 900 km long and about 150 to 200 km wide. Lut blocks east to Nehbandan fault; it ends in Nayband
fault from the west and the Daruneh fault from the north, and the southern border of this structural zone is the
Jazmourian depression.

The characteristic features of the Lut block are the presence of intense magmatic activity and the presence of
intrusive masses, the presence of many faults and joints and different metamorphic facies in different rock units,
which shows the similarity of the stratigraphic history of Lut block with other subcontinent areas of Central Iran.
Moreover, sedimentary rocks such as lime, marl, sandstone are also more limited in this structural zone.

The Paleogene sediment sequence is exposed in areas of the Lut block sedimentary basin. However, due to the
tectonic dynamics of the Lut block, especially in its eastern margin in this area, faulting, drift, fragmentation, and
metamorphism are significant. In many places, due to these special tectonic conditions, the existing sequences are
not thoroughly studied. Therefore, most of the studies conducted in the Lut block are related to the preparation of
geological maps or tectonic studies.

Therefore, to complete previous studies and conduct bio-stratigraphic studies, sampling and study of deposits in
this area seems necessary. Therefore, the present study aimed to identify calcareous nanofossils, determine
nanozones based on the presence of indicator species and finally determine the exact age of some Eocene deposits
of Lut block in the stratigraphic section Alanj (northeast of Ghaen).

It is worth mentioning that according to Aghanbati (2004) Segmentation, the study area is located in the eastern
margin of the Lut block in eastern Iran.

The studied sequence is located in South Khorasan Province, northeast of Qaen city, and three kilometres north of
Alanj village.

The thickness of the sequence studied in the stratigraphic section of Alanj is 633m and includes marl deposits
with interbedded sandstone and shale layers and sandstone units. The sampled sequence with a normal boundary
is located on the andesitic unit in the map attributed to the Paleocene, and at the upper boundary of this sequence
is a conglomerate unit that is normal to it.

2- Materials and methods

Sampling is often from shale and marl layers and takes samples without weathering from a depth of 50cm. It
should be noted that the sandstone units of the mentioned section were also sampled, but they did not contain
nanofossils.

* Corresponding author: farah_jalili@yahoo.com
DOI: 10.22055/AAG.2021.35701.2180

Received 2020-11-15
Accepted 2021-09-20 ISSN: 2717-0764

OMOoM

393



Autumn 2022, Vol 12(3): 393-406 Adv. Appl. Geol. ﬁ‘r“

Shabkd Chamran Universiry of Ahvaz

The collected samples were prepared by the smear slide method. Bown and Young (1998) studied and
photographed with Olympus polarizing microscope model BH2 with 100 lenses. In order to investigate the
properties of nanofossils, the prepared samples were studied under PPI and XPL light.

3-Results and discussion

The factors influencing how nanofossils are preserved, according to Bown and Young (1998); Andruleit (1997);
Honjo (1976), includes dissolution, the incidence of diagenesis and secondary growth. Therefore, the nanofossil
species identified in the Alanj stratigraphic section have relatively good to good preservation.

3-1- Biostratigraphy and age determination:

In the current study, Martini (1971) zoning has been used, and in cases where the Agnini zoning index species
were also present in the study sequence, the Martini biological zones were matched with their equivalents in the
Agnini zoning. Thus, the identified biozones are as follows:

Discoaster binodosus Zone (NP11): In the studied section, because the Fo of Tribrachiatus orthostylus was
reported in the first sample, it is impossible to determine the actual thickness of the CNE3 biozone
(approximately equivalent to the Np11 of Martini (1971)) zoning.

However, the CNE3 biozone from the base of the studied sequence is probably 38m, which includes the
alternation of shale and marl and one shale unit. Therefore, the age range of this biozone belongs to the early
Eocene (Iperzin).

Tribrachiathus Orthostylus Zone (NP12): The NP12 biozone (CNE4 biozone equivalent) is 42m thick and
consists of a shale unit in the studied sequence. The age range of this biozone is early Eocene (Iperzin).

Dicoaster lodoensis Zone (NP13): The thickness of this biozone in the mentioned sequence is 60 meters, which
includes the shale unit. The age of this biozone is Early Eocene (Iperzin).

Discoaster sublodoensis Zone (NP14): In the present study, the NP14 biozone corresponds to the range of the
CNE6-CNE8 composite zone of Agnini et al. (2014) zoning. The thickness of NP14 in the Allenj stratigraphic
column is 122m, including part of a shale unit, a sandstone unit, and a marl unit with intercalations of sandstone.
This biozone belongs to the end of the early Eocene (Iperzin) and the beginning of the middle Eocene (Lutein).

Nannotetrina fulgens Zone (NP15): Based on the biological indicators introduced in the Alanj section, the
thickness of the NP15 biozone in the stratigraphic column of the mentioned sequence is 93m in a marl unit.
Therefore, the age range of this biozone is the middle Eocene (lutein).

Discoaster taniinodifer Zone (NP16): NP16 biozone in the studied stratigraphic column is 177m thick,
lithologically composed of marl with sandstone layers and a unit of sandstone. The age range of this biozone is
middle Eocene (lutein-bartonin).

Discoaster saipanensis Zone (NP17): The thickness of NP17 biozone in the mentioned sequence is 50m, the
lithology of which includes marl unit with intercalations of sandstone and sedimentary units consisting of shale
and marl alternation. The age range of this biozone is middle Eocene (Bartonin).

Chiasmolithus oamaroensis Zone (NP18): The thickness of the NP18 biozone in the stratigraphic column of the
studied sequence is 33m, and its lithology consists of shale and marl alternation. The age range of this biozone is
Late Eocene (Priabonin).

Isthmolithus recurvus ZONE (NP19): In the studied sequence, the lower boundary of NP19 biozone was
determined with the fossil of Istmolithus recurvus, but in the remaining samples until the end of the sequence
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of Sphenolithus pseudoradians was not observed. Therefore, the thickness of this biozone in the Alanj sequence
can include the last 18 meters of the sequence. The lithology of this biozone consists of shale and marl
alternations.

4- Conclusions

Calcareous nanofossils identified in the studied deposits in the stratigraphic section of Alanj are 45 species of 20
genera and have relatively good diversity and relatively good to good preservation. In the studied stratigraphic
section, based on the recorded nannofossil indices and compliance with the global standard Martini (1971)
zoning, biozones NP11 to NP19 were identified. In the range of biozones where Agnini et al. (2014) zoning
indices were observed, it is compatible with the biozones presented by Agnini et al. (2014) in Eocene. Based on
the identified index species and stratigraphic value. Information about the introduced biozones and the
stratigraphic incisions of the Eperciane (early Eocene) to Priabonian (late Eocene) stratigraphic sections are
suggested.
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Plate.1. Light microscope images of some identified limestone nanofossils (for all images Scale bar: 5um).

Names of platel calcareous nanofossils
a. Discoaster sublodoensis Bramlette & Sullivan, 1961
b. Discoaster barbadiensis Tan, 1927
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c. Rhabdosphaera gladius Locker, 1967

d. Chiasmolithus solitus (Bramlette and Sullivan, 1961) Locker, 1968

e. Nannotetrina fulgens (Stradner, 1960) Achuthan & Stradner (1969)

f. Discoaster lodoensis Bramlette and Riedel, 1954

g. Chiasmolithus oamaruensis Hay, Mohler,& Wade, 1966

h. Coccolithus crassus Bramlette & Sullivan, 1961

i.j. Tribrachiatus orthostylus Shamrai, 1963

k I.. Sphenolithus radians Deflander, 1952

m. n. Sphenolithus obtusus Bukry, 1971

0.p. Sphenolithus editus Perch- Nielsen in Perch Nielsen, 1978

g . Discoaster kuepperi Stradner, 1959

r. s. Sphenolithus spiniger Bukry, 1971

t. Isthmolithus recurvus Deflandre in Deflandre and Fert, 1954

u . Reticulofenestra minuta Roth, 1970

v .w. Sphenolithus cuniculus Bown, 2005

x .Dictyococcites bisectus (Hay, Mohler and Wade, 1966) Bukry and Percival, 1971.

y.. Discoaster distinctus Martini, 1958

z. Cribrocentrum erbae Fornaciari et al., 2010
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