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ABSTRACT

Using palynoflora findings, the present study was conducted to determine paleoecology of Permo-Triassic boundary in
Shourjestan Region in north of Fars Province. Permo-Triassic boundary in this region is gradational (transitional) and
continuous. Four stratigraphic sections were selected and 7 spore and pollen instances were identified after sampling and
performing needed experiments for separation of palynomorph samples. Based on the achieved palynomorphs on pyroclastic
deposits in the studied sections, it can be concluded that Coniferophyta, Equisetopsids, Filicopsids, Progymnosperms and
Cordaitales had probably higher relative frequency in plant tissue around the basin environment. According to relatrvely high
Srequency of land palynomorphs in the studied deposits and on the basis of association of land and marine palynomorphs in the
studied palynoflora, it can be concluded that pyroclastic deposits of upper Permian are formed in shallow marine setting.
Regarding studies on the identified palynomorphs of Elika Formation equivalent deposits, one might infer that probably in
plant tissue around these deposits, Triassic seed ferns and Coniferophyta had higher frequency and distribution and also the
aforementioned deposits are settled in shallow marine settings.
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1. INTRODUCTION
As of today, Permo-Triassic deposits have been studied with objectives such as identification of sedimentary
environment, organic accumulations and determination of boundary type between Permian and Triassic sediments
in different parts of Tethys Basin. The main examples of studies on Permo-Triassic deposits of Iran Basin include:
e Iran-British Petroleum Company experts investigated Abadeh Region and southwestern areas of Iran
during 1935-1936. Later, results of this investigation were published by British Petroleum Company
(1963) and Permian and Triassic deposits of Hambast Formation and Abadeh regions were also illustrated
on 1:250,000 maps of Iran.
e Iranian-Japanese Research Group (1981) analyzed deposits of Permian-Triassic system in central Iran
(Abadeh Region) and considered the boundary between these deposits as para-conformity.
e Having investigated Upper Permian-Lower Triassic sequence in Abadeh Region, Bando (1979) studied the
Ammonoidea of the region and rendered a detailed report.
e  Baghbani (1996) studied Permian deposits of Abadeh Region and Gol-Faraj stratigraphic section near Ali-
Bashi stratigraphic section. In his point of view, Permian sequence is complete in these stratigraphic

sections and encompasses all the Permian epochs of Tethys Region.
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e Having studied Late Permian-Early Triassic sequence of Abadeh Region, Heydari e al. (2003) and Baud et
al. (1989) carried out a geochemical investigation (carbon and strontium isotopes) and sedimentological
survey on the respective deposits.

e Partoazar (2002) studied conodonts of Permian-Triassic boundary of Abadeh-Jolfa Belt in central Iran and
northwestern expanses of the country.

e Noroozpour et al. (2013); Richoz et al. (2010); Angiolini and Stephenson (2008) and Muttoni et al. (2009) are
also among the researchers each of whom conducted significant studies on the Permian-Triassic deposits in
different basins of Iran.

The area under study is situated in Central Iran sedimentary basin and northern part of Fars province.

Stratigraphic Section A is located 6.6 km south of Esteghlal (2) Incombustible Clay Quarry at geographical
coordinates of 52° 82" eastern longitude and 31° 26” northern latitude.

Stratigraphic Section B is located at geographical coordinates of 52° 32" eastern longitude and 31° 26” northern
latitude near Shiraz-Isfahan Road (22 km from Izadkhast), 14 km advancing in Ramsheh branched road, and then, 8
kilometer northward along the dirt road.

Stratigraphic Section C is located at geographical coordinates of 52° 32" eastern longitude and 31° 29” northern
latitude near Shiraz-Isfahan Road (85 km from Abadeh City), 18 km from Shourjestan village along the unpaved
road. The aforementioned stratigraphic section is situated behind the dormitory of staft working in Esteghlal (2)

Incombustible Clay Quarry (Fig. 1).
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Fig-1. Land use map and approximate location of the studied section, Shourjestan area (This study).

2. DISCUSSION

Samples were taken in order to conduct palynology studies on appropriate horizons of Permian and Triassic
deposits in Shourjestan Region. Strew slides were then prepared from the respective samples. The work procedure
in the current study comprises the following three stages:

e A-Sampling

e  B- Separation of palynomorphs from the host sediments and preparation of strew slides

e  C- Studying the palynomorphs using microscopic and imaging tools

Lithological characteristics of Hambast Formation in the studied stratigraphic sections are as follow:
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(Figure 2):

e Total thickness of this Formation varies between 23 to 82 meters in the studied stratigraphic sections.

e Lithology of Member 6 of this Formation consists of marly limestones with intercalations of green, red,
and grey shales containing palynomorphs.

e Lithology of Member 7 of this Formation consists of red to purple limestones with interbeds of red and
grey shales, and occasionally, gypsum intercalations as thick as 3-10 cm are observed. Presence of
extremely thin gypsum intercalations indicates gradual and intense shallowing of the basin and
extinction occurrence at the Permian-Triassic boundary. Red color of limestones in this unit can be
differentiated throughout the region (Figure 3).

e Both upper and lower boundaries of Hambast Formation deposits are continuous and gradational with
respect to Abadeh Formation and equivalent deposits of Elika Formation.

Lithological characteristics of equivalent Elika Formation in the studied stratigraphic sections are as below:
(Figure 2):

e Early Triassic deposits in the studied stratigraphic sections starts with red to occasionally grey shale

layers (suitable for palynology studies) with approximate thickness of 0.5 meter followed by sequence of

marly limestones, red, green and grey shale strata and 1-3 meters of igneous rocks (Figure 3).
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2.1. Palynology
In the Permian-Triassic deposits of Shourjestan region in northern part of Fars Province encompassing

Abadeh and Hambast formations and equivalent Elika Formation deposits, there exists relatively well-preserved
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but poorly diverse marine and land palynomorphs including myospores, internal walls of foraminifera as well as
plant tissues. Overall, 6 genus and 7 species were identified in the respective palynomorphs (Fig 4).

The findings include a relatively long time needed for recovery of vegetation (Eshet et al, 1995; Looy et al.,
1999; Grauvogel-Stamm and Ash, 2005) and accumulation of large volume of decomposable organic matters and
tungal spores, which indicate post-extinction circumstances (Steiner et al., 2008; Vajda and McLoughlin, 2007) as
well as bisaccate pollens such as Falcisporites sp. & Alisporites sp. It is noteworthy that Early Triassic palynoflora
is by far poorer in terms of diversity and abundance, and mainly contains fungal spores.

The following species were identified in samples from the pyroclastic layers of Hambast Formation: monolete
spores such as Laevigatosporites ovatus Wilson & Webster 1946, and monosaccate pollens such as Florinitesbalmei
(Stephenson and Filatoff, 2000b); bisaccate pollens such as Alisporitesnuthallensis (Clarke, 1965) and Vittatinalata
(Wilson, 1962).

Fungal spore Fungal spore Fungal spore

Alisporites nuthallensis
Clarke, 1965 Falcisporites sp. Plant tissue Foraminiferal test lining

10 micron

Fig-4. Palynomorphs from the Hambast Formation, Shourjestan area, Central Iran (This study).

2. 1. 1. Systematic Myospores
Anteturma Proximegerminates Potonie, 1970
Turma Triletes Reinsch emend. Dettmann, 1963
Subturma zonotriletes Waltz, 1935
Infraturma Cingulati Potonie & Klaus emend. Dettman, 1963
Unknown spore
Description: The spore features radial symmetry, trilete structure, triangular amb, relatively pointed radial
zones, and somewhat convex inter-radial zones. Arms of trilete sign are distinctive and straight, equal to spore
radius, with lips of 8-micron wide, undecorated proximal and distal surfaces, and the equatorial part of the sample
contains a singulum with thickness of 10 microns. There is folding at the edge of corpus.
Dimensions: total diameter: 60 microns
Stratigraphic distribution: this sample was found in the studied stratigraphic sections from Elika Formation
equivalent deposits (Early Triassic).
Turma Monoletes Ibrahim, 1933
Suprasubturma Acavatomonoletes Dettmann, 1963
Subturma Azonomonoletes Luber, 1935
Infraturma Laevigatomonoleti Dybova & Jachowicz, 1957
Genus Laevigatosporites Ibrahim emend. Schopf et al. (1944
1933 Laevigatosporites Ibrahim, p. 89.
1944 Laevigatosporites Ibrahim emend. Schopf, Wilson, & Bentall, p. 36.
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Type species: Laevigatosporites vulgaris (Ibrahim) Ibrahim, 1988; by original designation.
Laevigatosporites ovatus Wilson & Webster, 1946
1946 Laevigatosporites ovatus Wilson & Webster, p. 273, fig. 5.

Description: The spore is characterized by bilateral symmetry, monolete structure, oval to elliptical amb,
completely distinctive and simple laesura; length of laesura is 25 micron or % of spore length. The exine is single-
layered, undecorated, and has thickness of 1-1.5 microns. The total length-to-width ratio of amb of the samples is
1:1.5.

Dimensions: total size is 22¥23 microns

Stratigraphic distribution: This species has broad stratigraphic distribution and has been reported in Lower
Carboniferous deposits in Canada (Playford, 1971) Middle Jurassic in Koppeh-Dagh (Sajjadi et al., 2007) and also,
Upper Devonian and Early Permian deposits in northern part of Persian Gulf (Hashemi and Nezam, 2015). This
species has been also found in stratigraphic sections of the studied area (Shourjestan Region) from deposits of
Hambast Formation.

Resemblance: The plants producing this species are classified as Equisetopsida (Order: Bowmanitales),
Filicopsida (Order: Marattiales, Family: Polypodiaceae), and Progymnospermopsida (Order: Noeggerathiales)
(Balme, 1995).

Anteturma Variegerminantes Potonie, 1970

Turma Saccites Erdtman, 1947

Subturma Monosaccites Chitaley, 1951 emend. Potonie & Kremp, 1954
Infraturma Aletesacciti Leschik, 1955

Genus Florinites (Schopt et al., 1944)

1944 Florinites Schopt et al., p. 56.

Type species: Florinites antiques Schopf'in S. W. & B. 19445 by original designation.
? Florinites balmei (Stephenson and Filatoft, 2000b)

2000 P Florinites balmei Stephenson & Filatoff, p. 24.

Description: The spore is characterized by monosaccate pollen with bilateral symmetry, lack of laesura sign,
elliptical to oval amb where the pollen corpus is nearly circular to elliptical in the polar view. The sac cannot be
generally differentiated, and is occasionally identifiable due to presence of a narrow elliptical folding. The
longitudinal axis of sac and the corpus are orientated along the same direction. The sac diameter is often half of the
diameter of the corpus. Also, the sacs feature infra-reticulate structure and their muri width does not exceed 1
micron. In some samples, thickening is observed in the equatorial margin.

Dimensions: longitudinal axis: 35-45 microns and lateral axis: 25%38 microns

Stratigraphic distribution: This species has been so far widely reported in the southern margin of neo-
Tethys. The instance are Late Permian deposits of Saudi Arabia (Stephenson and Filatoff, 2000b; Stephenson et al,
2003) Middle Permian deposits in Pakistan (Jan et al, 2009) pyroclastic deposits of basal Khowt Formation in UAE,
Qatar, and Kuwait (Tanoli ef al., 2008). Also, the respective species was found in the studied stratigraphic sections
in the pyroclastic deposits of Hambast Formation.

Resemblance: This species was produced by primitive conifers such as Ernestiodendron, Lebachia, and
Walchiostrobus and also by cordaitalesincluding Cordatanthus (Potonié and Kremp, 1956; Bharadwaj and
Venkatachala, 1968; Rothwell, 1982; Trivett and Rothwell, 1985)

Subturma Disaccites Cookson, 1947

Genus Alisporites Daugherty, 1941

1941 Alisporites Daugherty, p. 98.

Type species: Alisporites opii Daugherty, 1941; by original designation.
Alisporites nuthallensis (Clarke, 1965).
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1965 Alisporites nuthallensis Clarke, p. 325.

Description: Bisaccate pollen, bilateral symmetry, elliptical corpus, lacking longitudinal and lateral thickening
lines (non-taeniate), having two generally interconnected sacs (haploxylonoid); the connection of two sacs to corpus
is observed thicker and darker. The internal structure of the sacs is poorly preserved.

Dimensions: Length of corpus: 51-62 microns, width of corpus: 25-87 microns, length of sacs: 45-50 microns,
width of sacs: 24-35 microns

Stratigraphic distribution: This species has been reported from Late Permian deposits of England (Clarke,
1965) Permian deposits in Australia (Foster, 1975) Early Permian deposits in Turkey (Akyol, 1975) Late Permian
sediments in Saudi Arabia (Stephenson and Filatoff, 2000b) Permian deposits of Saudi Arabia and Oman
(Stephenson et al., 2003) and Middle Permian sediments of Pakistan (Jan et al, 2009). The respective species has
been also observed in Iran’s Early Permian deposits in Doroud Formation (Hashemi, 1991) Faragan Formation
(Ghavidel-Syooki, 1996; Nezam-Vafa and Hashemi, 2013) Early Permian sediments of Alborz Region (Muttoni et
al., 2009). In addition, it was found in the studied stratigraphic section in different horizons of Hambast Formation.
Alisporites sp.

Description: Bisaccate pollen, bilateral symmetry, circular to elliptical corpus, lacking longitudinal and lateral
thickening lines, two interconnected relatively symmetrical sacs; the connection of two sacs to the corpus is
observed thicker and darker with a width of 5 microns. The internal structure of sac is not preserved.

Dimensions: length of corpus: 47 microns, width of corpus: 32 microns, length of sacs: 39 microns, and width
of sacs: 23 microns

Stratigraphic distribution: This species has been found in the studied stratigraphic sections at different
horizons of Elika Formation equivalent deposits (Early Triassic).

Resemblance: This species has been produced by conifers such as Pteruchus, Lelestrobus, Willstostrobus
(Townrow, 1962; Grauvogel-Stamm, 1978; Srivastava, 1984).

Infraturma Disacciatrileti (Leschik, 1955) R. Pot, 1958

Genus Falcisporites Leschik emend. Klaus, 1963

1955 Falcisporites Leschik, p. 47.

1963 Falcisporites Klaus, p. 54.

Type species: Pityosporites zapfei Potonie & Klaus, 1954; by original designation.
Falcisporites sp.

Description: bisaccate pollen with overall globular shape, bilateral symmetry, rounded to elliptical corpus,
lacking longitudinal and lateral thickening lines (non-taeniate), having two separate sacs (diploxylonoid);
connection of two sacs to the corpus is observed thicker and darker. The sacs are convergent on the distal surface
and a wide furrow (sulcus) is observed. The internal structure of the sac is poorly preserved.

Stratigraphic distribution: This species was found in the studied stratigraphic sections in Elika Formation
equivalent deposits (Early Triassic).

Resemblance: The same as Esignisporites and Vitrisporites, Falcisporites have been generated by Triassic
seed ferns such as Harristothechan (Townrow, 1962).

Turma Plicates Naumova emend. Potonie, 1960

Subturma Costates Potonie, 1970

Genus Vittatina Luber ex Samoilovich emend (Wilson, 1962).

1940 Vittatina Luber, p. 63. (nom nud)

1958 Vittatina Luber ex Samoilovich, p. 85.

1962 Vittatina Luber ex Samoilovich; Wilson, p. 24.

Type species: Vittatina subsaccata Smaoilovich, 1953 by subsequent designation; (Wilson, 1962).
Vittatina lata (Wilson, 1962).
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1962 Vittatina lata Wilson, p. 22.

Description: bisaccate pollen, elliptical corpus, having 8-14 longitudinal thickenings which widens in the
central part (4-5 microns) and tapers toward the edges; having two separate tiny sacs much smaller than the corpus;
exine thickness of the corpus is 1-1.5 microns.

Dimensions: total length: 45 and 37 microns, total width: 82 and 21 microns

Stratigraphic distribution: This species has been reported in Late Permian deposits of USA (Wilson, 1962)
and Permian deposits of India (Venkatachala and Kar, 1968). The respective species have been also recorded in
Iran’s Lower Permian deposits in Doroud Formation (Hashemi, 1991) and also in Faraghan Formation by Nezam-
Vafa and Hashemi (2013). It was found in the studied stratigraphic sections at different horizons of Hambast
Formation.

Resemblance: This species has been probably produced by coniferous plants (Potonié, 1967).

3. DISCUSSION

This study is one of few studies which have investigated as analysis the samples taken from Hambast
Formation in the stratigraphic sections of Shourjestan Region for palynology is indicative of the fact that
palynoflora is characterized by low diversity and relatively good preservation, comprising monosaccate pollens,
non-striped bisaccate pollens, striped bisaccate pollens, few monolete spores, inner wall of foraminifera, and plant
tissues within the respective deposits.

The identified samples include terrestrial palynomorphs together with few marine palynomorphs. Based on the
certain and probable resemblances determined for the palynomorphs (such as the study by Balme (1995))
palynomorphs can be used for determining probable vegetation around the studied sedimentary basin.

- Florinites have been probably generated by cordaitales (Schopf ez al., 1944)

- Alisporites have been produced by conifers such as Pteruchus, Lelestrobus, and Willsiostrobus (Townrow,

1962; Grauvogel-Stamm, 1978; Srivastava, 1984).

- Vittatina have been also produced by conifers (Wilson, 1962; Potonié, 1967)

- Laevigotosporites have been generated by equisetopsides, filicopsids, progymnosperms (Balme, 1995).

Based on this study documents and according to above-mentioned discussions, it can be assumed that
Coniferophyta, Equisetopisds, Progymnosperms, and Cordaitale shad higher relative abundance in the vegetation
surrounding the sedimentary basin of Hambast Formation. Furthermore, various palynomorph groups have been
used as of today to analyze the depositional environment and also distance from paleo-shoreline. Due to relative
frequency of terrestrial palynomorphs in the studied deposits and also based on coexistence of continental and
marine palynomorphs in the studied sample, one might conclude that pyroclastic deposits of Hambast Formation
have been formed in highly shallow marine environment of continental margin.

Taking into account occurrence of the massive extinction at the end of Permian, elimination of most of
vegetation and lack of sufficient time for their recovery in Lower Triassic deposits of the studied stratigraphic
section,

A palynoflora with poor diversity including Alisporites sp., Falcisporites sp., and fungal spores was found.
Remarkable abundance of fungal spores and plant tissues in Lower Triassic deposits most probably results from
extinction of vegetation in the Permo-Triassic boundary and accumulation of decomposable organic matters. It is
also noteworthy that relative frequency of terrestrial palynomorphs as well as poor presence of marine
palynomorphs leads to the inference that the respective sediments settled in a highly shallow marine environment
at the edge of continent. Additionally, regarding resemblance of the identified palynomorphs, conifers and Triassic
seed ferns had larger frequency and distribution in the vegetation surrounding the depositional environment of the

respective sediments (Townrow, 1965; Taylor, 2009).
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4. RESULTS AND CONCLUSIONS

Based on the analysis of the pyroclastic deposits of Hambast Formation in the studied stratigraphic sections, it
can be concluded that Coniferophyta, Equisetopsids, Filicopsids, Progymnosperms, and Cordaitales probably had
the largest relative frequency in the vegetation surrounding the sedimentary basin of respective Formation. Besides,
due to relative abundance of terrestrial palynomorphs in the studied deposits and also based on simultaneous
presence of terrestrial and marine palynomorphs in the studied samples, it can be inferred that the pyroclastic
deposits of Hambast Formation were formed in highly shallow marine environment of continental margin.

According to the study on the palynomorphs identified in the Elika Formation equivalent deposits, another
conclusion is that conifers and Triassic seed ferns had the largest relative frequency in the vegetation surrounding
the depositional environment of the respective sediments which have been deposited in a highly shallow marine

environment at the edge of continent.
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