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The Shishtu section is located in the north of Tabas Ghezelin and Asselian sequences of Zaladou
formation with 60 m thickness are divided into five units, includes sandstone, limestone, shale,
sandy limestone and limestone. The lower boundary of the Gzhelian deposits with disconformity
on top of the Moscovian deposits of the Abshani formation. The upper boundary of these deposits
with the Tighe-Madanou formation is continuous. The assemblages of fusulinids in the Shishtu
section such as Ruzhenzevites-Rauserites-Triticites are identified in the upper part of Gzhalian
previously reported from equal deposits in Darvaz, Fergana, Southern Urals, Donetsk and Carnic
of Alps, as well as, Central Iran, Central Alborz and Sanandaj-Sirjan zones. Also, different species
of Sphaeroschwagerina, Pseudoschwagerina and Likharevites, which illustrate the Asselian age,

represent the Carboniferous-Permian boundary in the studied section and allow for comparability

with other structural-sedimentary zones of Iran, including Central Iran , Central Alborz (Doroud

Group) and Sanandaj-Sirjan zone. This equivalence expresses the transgressive of sea level in

different parts of Iran in the late Carboniferous and early Permian periods. In Shishto section 15

genera , 35 species and 2 subspecies of Fusulins have been identified, some of which are reported for

the first time from Iran.

1. Introduction

Late Carboniferous and Early Permian deposits in central Iran
show various differences from other deposits of the same age
in Iran in terms of lithology and facies (Yarahmadzahi, 2011).
The lithology charactersied bya sequences of conglomerate,
shale, sandstone, calcareous sand, limestone, and intercalation of

dolomite. The fusulind foraminifera are the characteristic fossil

groups of the Carboniferous-Permian and have been commonly
found in carbonates and other marine facies lithologies. Fusulinds
show diverse and fast evolutionary patterns, in addition to their
easy to identify in the outcrops subsurface sequences. They also
have great implications in the upper Palacozoic stratigraphy. For

instance, fusulinids have been used to compile the international
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scale of Carboniferous time sacle and to determine the boundaries
of Tethyan paleobiogeography in Permian. The scale used in this
reserch is based on the Late Carboniferous and Permian time
scale of the Western Tethys (Leven and Gorgij, 2009). The late
Pennsylvanian includes the Kasimovian and Gzhelian rocks, and
the early Permian (Cisuralian) includes the Uralian and Darvasian
series. The Uralian series includes the Asselian and Sakmarian
rocks. A systematic study was carried out to identify as well as
the evolutionary trends of small foraminifers and fusulinids in the
Carboniferous-Permian boundary beds of the Shishtu section, east
-central Iran.

The central Iran was particularly focused by the geoscientists
since the beginning of 20th century. Due to several reasons such
as unfavorable weather, lack of security and remoteness of the
sections from large population centers, only few studies have
been done in comparison to those of the Alborz, Zagros and Kope
Dagh. Fortunately, during recent decades, articles have been
published that have provided us new information about Central
Iran fusulinids, namely Kahler (1974) who studied the fusulinid
limestones of Sardar Formation in Zaladou section; Gorgij (2002)
has examined the biological and sequence stratigraphy of the
Carboniferous sediments of the Kalmard area in the Shah-Kamali,
Madbiki and Gachal sections in his doctoral thesis; Taheri (2002)
introduced a member named Zaladou in the uppermost part of the
Sardar Formation in his doctoral thesis based on the content of
the biozones and the foraminifera found, he proposed a Gzhelian-
Asselian age for the detrital sequences of this member in his doctoral
thesis; Leven and Taheri (2003) investigated the Zaladou section
and suggested a Late Carboniferous and Early Permian age for this
sequence; Leven and Gorgij (2006, 2007, 2008, 2009, 2011a,b)
studied several sections based on fusulinids in the Carboniferous
and Permian sequences of Central Iran and Sanandaj- Sirjan;
Geatani et al. (2009) described fusulinids species and their host
rocks in central and eastern Alborz; Yarahmadzahi et al. (2015)
have studied the Pre-Permian micro-foraminifera (Sakamarine) in
the south of Lut Block (Sarab section); Yarahmadzahi and Vachard
(2018) have studied the stratigraphy and microfaminifers of the Late
Carboniferous (Gzhelian)-Early Permian (Asselian-Sakmarine) in
the Ozbak kuh area; Yarahmadzahi and Vachard (2019) analyzed
micro-foraminifera of Moscovian-Asselian age in the Asadabad
section of the Sanandaj-Sirjan zone in central Iran; Leven and
Yarahmadzahi (2020) comprehensively studied the fossils of the
earlier Permian (Asselian) of Emarat formation in Gaduk section
which is located in Central Alborz; Jalali et al. (2021) have provided
new information about the Rectogordius compaction zone with
the Late Carboniferous age (Gzhelian) by examining the Zaladou
formation in the Shishtu section (Tabas Block).

The main purpose of this research is to accurately identify

fusulinid taxa of late Carboniferous and early Permian to outline
the stratigraphic distribution of identified taxa in the Zaladou
formation. Furthermore, illustrate the evolutionary trends of early
Permian foraminifers and their relationship with late Carboniferous
foraminifers, as well as, present a detailed lithostratigraphic units
of the Zaladou formation in Shishtu section. During this study the
correlation and lithology of late Carboniferous (Gzhelian) and early
Permian (Asselian) deposits in Central Iran are comparable with

other regions of Iran.

2. Research methodology

Based on satellite images and geological maps best and detailed
Shishtu outcrop have been chosen, systematic sampling has been
done from limestone beds of Zaladou formation. Samples were
prepared for small (2.5%7.5 Cm) and large sized (10*15 Cm) thin
sections. Thin sections were studied by “Levitz Wetzlar (Laborlux
11 pol)” microscope, and microphotographs were taken with a
Nikon digital camera mounted on Leitz Wetzlar (Laborlux 11
pol) microscopein the laboratory of the university and “Superior
Statistical Analysis Pro” (version 9.0 of LIMDEP, 2008) software
used for imagery. Stratigraphic logs were drawn by Corel Draw
(version 18). The earlier geological maps (scales 1:250K and
1:100K were modified and redrawn within Arc GIS software
(Arcgis 10.3) and satellite images were processed in Global Mapper

version 21 software.

3. Results

The thickness of Zaladou formation in the Shishtu section is about
60 meters, based on detailed field studies, and divided into five rock
units in an ascending order (Figures 2 and 3). The boundary at the
base of Zaladou formation in the research area marks an erosional
disconformity with the green lithologies of shale and sandstone of
Absheni formation, of Moscovian age. It gradationally overlaid by
dolomites of Tighe-Madanoue formation.

On the basis of stratigraphic distribution of fusulinids in
Shishtu section, two assemblage zones were identified, (Plate
1-3). Ruzhenzevites-Rauserites- Triticites Assemblage zone
has been identified from samples 28 to 50, in the upper parts
of unit 3 to the middle part of unit 5, (Figures 4 and 5).The
most notable is the diversity of Rauserites, Ruzhenzevites,
and Triticites genera, which suggest a Late Carboniferous age
(Gzhelian). Pseudoschwagerina-Likharevites Assemblage zone
is known from samples 51 to 56 in the upper parts of Unit
S, (Figures 4 and 5). The significant feature of the biozone
is the diversity of Pseudoschwagerina and the presence of
Ruzhenzivites, Sphaeroschwagerina and Likharevites species.
The representative species of these genera in most of the Iran

structural zones (Central Iran, Alborz and Sanandaj-Sirjan)
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shown Asselian age (Figure 6). Distribution of fusulinids and
index fusulinids in Shishtu section represented in Figures 4 and
5. Faunal comparisons of Zaladou, Anark, Asadabad and Central

Alborz sections with Shishtu section displayed in Figure 6.

4. Discussions

Fusulinids from most structural-sedimentary zones of Iran with
Carboniferous-Permian age have been well studied and identified,
except the Kasimovin fusulinids. In the description of Late
Carboniferous (Gzhelian) fusulinids of Iran, it should be noted
that compare to European platform the identified species from Iran
shows less diverse (Leven and Gorgij, 2011a,b). A large number of
fusulinids identified in the Shishtu section belong to the Rauserites,
Triticites, Ruzhenzevites, Schwageriniformis genera, and have
common taxa with the material found in the northern Tethys basin.
In the studies conducted by Leven and Gorgij (2011a,b) in the
different sedimentary structural zones of Iran, besides the above-
mentioned taxa, Ultradaxina, Schellwiena, Anderssonites and
Likharevites were also found in the Yazd block. In other blocks, the
stratigraphic intervals either lack these genera or other fusulinids
appear. In the early Permian, a large number of spherical to semi-
spherical fusulinids with large and bulky twists are related to the
genera Sphaeroschwagerina, whose occurrence indicates the
base of Asselian, as well as other genera such as Likharevites,
Dutkevitchia, Quasifusulina, Pseudofusulinoides, Ruzhenzevites
and Pseudoschwagerina, but the genus Likharevites appears at
the end of the Gzhelian and quickly disperses in the Asselian.
In the upper part of Asselian, Likharevites is replaced by other
genera. These forms were known as Paraschwagerina in the past.
Considering the independent and reliable origin of Paraschwagerina
from the Americas, Leven and Gorgij, (2011a,b) are of the opinion
that the said these should be assigned to a genus of Likharevites or
to other genus. The genus Pseudoschwagerina appears in higher
parts than the genera Sphaeroschwagerina and Likharevites and
they are also included in the Sacmarian. The genera Quasifusulina

and Ruzhenzevites, often seen in Asselian strata, were also present
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in the Gzhelian layers, while Pseudofusulinoides are only restricted

to Asselian.

5. Conclusion

In general, the following results have been obtained by
studying the sediments of the Shishtu section in the Ozbak
kuh region:

- The thickness of the studied sequence in the Shishtu section is 60
meters, which is divided into five rock units. The Zaladou formation
in this region contain sandstone, calcareous sandstone, shale, sandy
limestone, coral and fusulinids limestone with thin intercalation of
microconglomerate.

-15 genera, 35 species and 2 subspecies of fusulinids have been
identified from Shishtu section (Zaladou formation), and some
species are reported for the first time from Iran.

- Based on the distribution of fusulinids, the Ruzhenzevites-
Rauserites-Triticites Assemblage zone was dated as Gzhelian age
and the Pseudoschwagerina-Likharevites Assemblage zone was
dated as Asselian age.

- The two assemblage zones of fusulinids identified in the Shishtu
section are comparable to the assemblage zones reported from
Darvaz, Fergana, Southern Urals, Donetsk basin and Carnic Alps,
Anark, Central Alborz, and Sanandaj-Sirjan zone.

- In the investigated section, the Gzhelian deposits gradually change
to the Asselian deposits, which is characterized by the appearance
of the genus Pseudoschwagerina in sample 51.

- Comparison of the studied sections with equivalent sequences
with other structural-sedimentary zones of Iran, including Central
Iran, Central Alborz and Sanandaj - Sirjan zone, has shown the
wide transgressive of the sea level in the late Carboniferous and
early Permian in large parts of Iran.

- The dolomite member in the upper part of the Zaladou formation
(Tighe-Madanou formation) lacks any diagnostic fossils, but based
on the stratigraphic position of the member between the Asselian
strata and the overlying Bagh Vang formation, the mentioned

dolomite is most likely of Sakmarian.
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Figure 2. Stratigraphic column of Zaladou formation in Shishtu
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Figure 3. Shishtu cross section and images of rock units including Unit 1: Gray to green and purple shales and brown
thin to medium bedded sandstones with intercalations of thin-bedded micro-conglomerates and sandy limestone,
contains small foraminifers, echinoderms and bryozoans. Unit 2: Gray limestone containing small foraminifera,
echinoderms, bryozoans and brachiopoda, with medium bedded gray limestone and gray to brown brachiopoda bearing
shale. Unit 3: Gray thick bedded coral bearing limestone, and gray to purple thin to medium fusulin bearing limestone.
Unit 4: Green to gray shale with thin intercalations of limestone which containing brachiopoda. Unit 5: Gray thin to
medium bedded limestone containing bryozoans and echinoderms with gray to purple thin to thick bedded fusolinid

limestone and intercalation of brick color limestone containing bryozoans, echinoderms and small foraminifers.
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Figure 5. Distribution diagram of the indicator fusulinids in Shishtu section.

Ruzhenzevites zaladuensis zaladuensis, R. parasolidus, R. subcylindricus,
R. cf. vesiculosa, Rugosofusulina cf. paravalida, R. cf. pseudotomoderata,
Pseudofusulina cf. macilenta, Benshiella restricta, Anderssonites nanus.
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Figure 6. Fauna comparison of Zaladou, Anark, Asadabad and Central Alborz sections with Shishtu section.
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R. cf. vesiculosa, Rugosofusulina cf. paravalida, R. cf. pseudotomoderata,

Pseudofusulina cf. macilenta, Benshiella restricta.
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Plate 1

Fusulinids from the Shishtu section. Magnification is x 10 in all figs.(scale bar D= 0.5 mm).

Fig. 1. Ferganites ex gr. ferganensis M.-Maclay, axial section, sample SH 48; Fig. 2. Ruzhenzevites
cf. praeferganensis Davydov, tangential section, sample SH 28; Fig. 3. Ferganites ex gr. Ferganensis
Miklukho-Maklay, subaxial section, sample SH 49; Fig. 4. Ruzhenzevites cf. praeferganensis Davydov,
axial section, sample SH 50; Fig. 5. Ruzhenzevites subcylindricus (Bensh), axial section, sample SH
52; Fig. 6. Ruzhenzevites subcylindricus (Bensh), axial section sample SH 52; Fig. 7. Ruzhenzevites
ferganensis (Dutkevich), axial section, sample SH 54; Fig. 8. Ruzhenzevites parasolidus (Bensh), sub
axial section, sample SH 54; Fig. 9. Ruzhenzevites zaladuensis zaladuensis Leven, tangential section,
sample SH 51; Fig. 10. Ruzhenzevites zaladuensis zaladuensis Leven, tangential section, sample
SH 51; Fig. 11. Ruzhenzevites zaladuensis zaladuensis Leven, tangential section, sample SH 51;

Fig. 12. Ruzhenzevites zaladuensis Leven, axial section, sample SH 52.
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Fusulinids from the Shishtu section. Magnification is x 10 in all figs. (scale bar D= 0.5 mm).

Fig. 1. Ruzhenzevites zaladuensis brevis Leven, sub axial section, sample SH 52; Fig. 2. Ruzhenzevites
zaladuensis brevis Leven, axial section, sample SH 48; Fig. 3. Ruzhenzevites zaladuensis Leven,
axial section, sample SH 50; Fig. 4. Pseudofusulina macilenta Leven, axial section, sample SH
52; Fig. 5. Pseudoschwagerina aff. uddeni (Beede et Kniker), axial section, sample SH 52; Fig. 6.
Pseudoschwagerina extensa F. et G. Kahler, axial section, sample SH 52; Fig. 7. Pseudoschwagerina
cf. velebitica K. Devide, axial section, sample SH 52; Fig. 8. Pseudoschwagerina cf. beedei Dunbar et
Skunner, sub axial section, sample SH 51; Fig. 9. Likharevites kokpectensis (Scherbovich), axial section,
sample SH 52; Fig. 10. Likharevites sp., transverse section, sample SH 52; Fig. 11. Sphaeroschwagerina
cf. vulgaris (Scherbovich), transverse section, sample SH 54; Fig. 12. Sphaeroschwagerina cf. vulgaris

(Scherbovich), transverse section, sample SH 54.
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Plate 3

Fusulinids from the Shishtu section. Magnification is x 15 in all figs. (scale bar D= 0.5 mm).

Fig. 1. Rauserites tabasensis Leven, axial section, sample SH 28; Fig. 2. Rauserites fusoideus Leven, axial section, sample SH 28;
Fig. 3. Rauserites sp. sample, axial section, SH 28; Fig. 4. Rauserites infrequentis Leven, axial section, sample SH 48; Fig. 5. Rauserites
cf. persicus Leven, axial section, sample SH 48; Fig. 6. Rauserites sp., sample SH 48; Fig. 7. Jigulites turanixus Bensh, subaxial section,
sample SH 50; Fig. 8. Rauserites infrequentis Leven sample SH 51; Fig. 9. Rauserites sp., axial section, sample SH 28; Fig. 10. Rauserites
fusoideus Leven, tangential section, sample SH 28; Fig. 11. Rauseritis variabilis Rosovskaya, tangential section, sample SH 28;
Fig. 12. Triticites karlensis Rosovskaya, subaxial section, sample SH 28; Fig. 13. Triticites ovalis Rozovskaya, axial section, sample
SH 48; Fig. 14. Rauserites quentilus (Zolotova), axial section, sample SH 28; Fig. 15. Rauserites quentilus (Zolotova), axial section,
sample SH 28; Fig. 16. Rauserites sp., axial section, sample SH 28; Fig. 17. Anderssonites? sp., subaxial section, sample SH 53;
Fig. 18. Anderssonites nanus (Sjomina), axial section, sample SH 48; Fig. 19. Nonpseudofussulina ex gr. gregaria (Lee), axial section,
sample SH 50; Fig. 20. Nonpseudofusulina ex gr. gregaria (Lee), axial section, sample SH 53; Fig. 21. Benshiella restricta (Sjomina),
axial section, sample SH 52; Fig. 22. Rugosofusulina cf. paravalida Bensh, axial section, sample SH 52; Fig. 23. Triticites? sp.,
axial section, sample SH 48; Fig. 24. Triticites sp., axial section, sample SH 48; Fig. 25. Triticites? sp., tangential section, sample
SH 48; Fig. 26. Triticites sp., axial section, sample SH 48; Fig. 27. Rauserites ex gr. persicus Leven, axial section, sample SH 50;
Fig. 28. Schwageriniformis cf. nanus (Rozovskaya), axial section, sample SH 50; Fig. 29. Triticites? sp., axial section, sample SH 25;

Fig. 30. Triticites? sp., axial section, sample SH 48.
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