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Fig. 1. a. Geographical and geological location of studied area at the north of Fars province, legend of geological maps
and Sanandaj- Sirjan zone (draw base on zonation of Stocklin, 1968), b. location of studied regions in complex deformed

zone and Late Palaeozoic- Early Mesozoic subzone (modified after Mohajjel et al., 2003), c. geographical location of
studied sections on the satellite image of Google earth
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Fig. 2. Field photo of studied succession, a. panorama photo of Abadeh and Hambast formations and Elika Formation
equivalent deposits at the Shurjestan stratigraphic section, view to NE., b. Abadeh formation at stratigraphy section A,
view to N., c. continuous boundary of Hambast formation in down and Elika equivalent Formation at up, the North
Abadeh stratigraphic section, the action of the normal fault has caused a slight displacement at the right part of photo,

the view of the photo is toward the NW., d. close-up view of macrofossil fragments of Abadeh formation at the Dehdagh
stratigraphic section

Yangchienia  haydeni,  Chusenella  sinensis,
Schwagerina sp., Staffella sp., Misellina sp.,
Kahlerina  sp.,  Neoschwagerina  simplex,
Afghanella schenki, Afganella sp., Archaediscus
krestovnikovi, Genitzina taurica, G. postcarbonica.,
Baisalina pulchra, Frondina permica,
Nodosinelloides mirabilis, Tauridia nudiseptata,
Psedolangella fragilis, Ichtylaria latilimbata.
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Gymnocodium sp., Mizzia velebitana, Vermiporella

nipponica, Anthracoporella spectabilis, Tubiphytes
obscures.
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Laevigatosporites sp., Florinites sp., Alisporites
nuthallensis, Alisporites sp., Falcisporites sp.,
Vittatina lata, Florinites balmei.
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Ammodiscus sp., Glomospirella sp., Glomomidiella
nestellorum, Tuberitina sp., Earlandia minor., E.
vulgaris, Colaniella parva., Pachypholia enormis,
Climacammina grandis, Cribrogenerina sp., C.
sumatrand., Deckerella composita.,
Palaeotextularia sp., Globivalvulina
vonderschmiti., Dagmarita cf. chanakchiensis,
Neoendothyra reicheli, Textularia lata, Reichelina
media, Sichotenella sp., Rauserella sp., Dunbarula

o gluls nana, Dunbarula sp., Schubertella  kingi,
Minojapanella cf. elongate, Palaeofusulina sp.,
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Fig. 3. Stratigraphic column of studied sections at the Abadeh area
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nestellorum, Vachard et al., 2008, 3- Tuberitina sp. 4, 10- Globivalvulina vonderschmiti, Reichel, 1945, 5- Colaniella parva,
Colani, 1924, 6- Pachyphloia enormis, Gaillot and Vachard, 2007, 7- Climacammina grandis, Reitlinger, 1950, 8- Cribrogenerina
sumatrana, Volz, 1904, 9- Deckerella composita Reitlinger, 1950, 11- Dagmarita chanakchiensis Reitlinger, 1965, 12-
Neoendothyra reicheli, Reitlinger, 1965, 13- Tetrataxis lata, Spandel, 1901, 14- Rauserella sp. 15- Dunbarula nana Kochansky-
Devide and Ramovs, 1955, 16- Minojapanella elongate Fujimoto and Kanuma, 1953, 17- Schubertella kingi Dunber Skinner,
1973, 19- Chusenella sp., Thompson, 1946, 20- Baisalina pulchra Reitlinger, 1965, 21- Genitzina Taurica Civrieux and Dess,
1965, 22- Pseudolangella fragilis Sellier De Civrieux and Dessauvagie, 1965, 23- Mizzia velebitana Schubert, 1909, 24-

Cawl 950 Voo b while Job Vermiporella nipponica Kochansky-Devide and Herak, 1960.

Fig. 4. The photo of some identified microfossils in Permo-Triassic at the studied sections, 1- A discus sp. 2- Gl idiell
nestellorum, Vachard et al., 2008, 3- Tuberitina sp. 4, 10- Globivalvulina vonderschmiti, Reichel, 1945, 5- Colaniella parva, Colani, 1924,
6- Pachyphloia enormis, Gaillot and Vachard, 2007, 7- Climacammina grandis, Reitlinger, 1950, 8- Cribrogenerina sumatrana, Volz,
1904, 9- Deckerella composita Reitlinger, 1950, 11- Dagmarita chanakchiensis Reitlinger, 1965, 12- Neoendothyra reicheli, Reitlinger,
1965, 13- Tetrataxis lata, Spandel, 1901, 14- Rauserella sp. 15- Dunbarula nana Kochansky-Devide and Ramovs, 1955, 16- Minojapanella
elongate Fujimoto and Kanuma, 1953, 17- Schubertella kingi Dunber Skinner, 1973, 18- Neoschwagerina simplex Ozawa, 1927, 19-
Chusenella sp., Thompson, 1946, 20- Baisalina pulchra Reitlinger, 1965, 21- Genitzina Taurica Civrieux and Dess, 1965, 22-
Pseudolangella fragilis Sellier De Civrieux and Dessauvagie, 1965, 23- Mizzia velebitana Schubert, 1909, 24- Vermiporella nipponica
Kochansky-Devide and Herak, 1960., the length of linear scales is 100 micron.
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a. Larvigatosporites ovatus Wilson and Webster, «oobl a>b b g 5 ity S5e) gl (6lgizn 51 cdtinn 9 glai.d S5

1946, b,c. Florinites balmei Stephenson and Filatoff, 2000, d. Alisporites nuthallensis Clarke, 1965, e. Vittatina lata
Sl 99 550 Vo s wlio Jsb Wilson, 1962, f. Foraminiferal test lining, g. Fungal spores, h.i. Plant remains.

Fig. 5. Selected photo of Permo-Triassic palynological content at the Abadeh area, a. Larvigatosporites ovatus Wilson
and Webster, 1946, b,c. Florinites balmei Stephenson and Filatoff, 2000, d. Alisporites nuthallensis Clarke, 1965, e.
Vittatina lata Wilson, 1962, f. Foraminiferal test lining, g. Fungal spores, h,i. Plant remains. the length of linear scales
is 300 microns.
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chanakchiensis, Chusenella sinensis, Earlandia
minor, E. vulgaris, Cribrogenerina sumatrana,
sp., Paleotextularia Tuberitina sp., Glomospirella
Sichotenella sp., Deckerella composita, sp.,
Afghanella sp., A. schenki., Paleofusulina sp.,
Tetrataxis lata, Dunbarula sp., D. nana, Staffella
sp., Rauserella sp., Pseudolangella fragilis,
Minojapanella elongate, Ichtyolaria latilimbata,
Cribrogenerina sp., Misellina sp., Genitzina
Taurica, G.  postcarbonica,  Archaediscus
krestovnikovi, Baisalina pulchrea, Kahlerina sp.,
Schwagerina  sp.,  Neoendothyra  reicheli,
Ammodiscus sp., Schubertella kingi, Glomomidiella

oglle 5403 o, nestellorum, Yangchienia haydeni
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Reichelina media, Globivalvulina vonderschmiti,

Permian

System

Triassic

Early Dzhulfian

Late Dzhulfian- i o
Dorashamian

Age

Abadeh

Hambast Shotori

Formation

Elika equi.

z
+
o]
5
oo1—|
oz1—
ar 1=
091
prom

orz—]

I | 1
2 @ 2
i g H
3 e g

07—

"1 [Thickness (m.)

00—
oz
oo

Units

Sample No.

Lithology

(Section A)

. i sp.

of. elongata

simplex

reicheli

Pachyphtoia enormis

Eariandia minor

Cribrog

sp.

) Earlandia cf. vulgaris

lomospirella sp.

-

*
L]

Cli ina grandis
.- .o Sich fla sp.
-

Deckereila cf. composita

Afghanella schenki

Afshanella sp.

Dunbarula nana

D, ita of. chanakchi

* & Te is lata

™ Staffella sp.

sp.

R la sp.

| Pseudolangelta tragitis

S Frondina permica

& PR

EIAJIUTWE.10,]

mirabilis

Misellina asiatica

Feinitzing taurica

Geinitzina p

Archaediscus

Baisaling pulchra

Kahlerina sp.

S sp.

C) sinensis

Yangchienia haydeni

l; i sp.

Sc kingi

* Reichelina media

Py Crib

vondersclmiti

PR, 1 Ii

us Sp.

- Colaniella parva

Tauridia nudi;

Gl idiell L

Frondica permica- Climacammina grandis Range Zone

Tauridia -
nundiseptata Foraminiferal zone

Biozonation

Range Zone|

oy i ey = |

Laevi sporites ovans

- Alisparites

?Florinites balmei

Haoy snoaud -.nmmnn (e fr=:

Vistatina lata

sp.
Faleis ifes sp.

Fungal spore

rymaocodium sp.
Py PR i

'} 1
» i lebi

Anthracoporelta spectabilis

CPuE W Sman uaaan) s !

Tubiphytes abscures

sdnoas seqQ |sydiowousjeg

LEGEND

Palynological zone | Biozonation

A B |

(A) Gons (omlisdbaso (b 30 0o (Byre (o) G193 3 L rundy 5Somo (cuwlibitiony (b yiuns ( ulidddny (g £ JS0
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Abstract

In this research, Permo-Triassic boundary was studied in three stratigraphic sections at Abadeh area
(Fars Province). For microfossils identification, was taken 170 samples from limestone strata (for
foraminifera and algae) and 15 fine-grained clastic samples (for palynomorph identification) from upper
parts of the Abadeh fm., the Hambast fm., and lower parts of the Elika Fm. (equivalent deposits). The
study of thin sections and palynological slides led to identification of 48 species belong 43 genera of
foraminifera and algae and 7 species belong to 6 genera of palynoflora. Based on appearance and
stratigraphy range of foraminifera in the upper parts of the Abadeh fm., four biozone including Frondina
permica-Climacammina grandis Range Zone, Climacammina grandis-Chusenella sinensis Range Zone,
Cribrogenerina sumatrana-Frondina permica Range Zone, Frondica permica Range Zone were
proposed to early Julfian (early Wuchiapingian). In Hambast formation, based on foraminifera
stratigraphic range three biozone including Tauridia nudiseptata Range Zone, Nodosinelloides mirabilis
Range Zone, Globivalvulina vonderschmiti Range Zone were identified and base ond palynoflora
stratigraphic range in this formation, was introduced informally an assemblage zone A and for these
deposits was suggested late Julfian-Durashamian (late Wuchiapingian- Changhsingian). In equivalent
deposits of FElika Formation was identified foraminifera (Globivalvulina Vonderschmiti) and
palynomorphs (Alisporutes sp., Falcisporites sp.), spore and fungi. Based on stratigraphic range of
palynoflora, was introduced an informal biozone assemblage zone B. Based on presence of fungal
spores, the same dip, gradational of Permian-Triassic deposits boundary and absence of retrogradation
and unconformity evidences, for equivalent deposits of Elika Formation was suggested Early Triassic
(Induan). In this research, introduced biozones, have well correlation with introduced biozones from
another region of the Iran and world.

Keywords: Abadeh Formation, Hambast Formation, Elika Formation, Late Permian, Early Triassic

Introduction

Permian and Triassic deposits have been
reported from different parts of Iran. The
Permian to Triassic transition is discontinuous
in most parts of the Iran and world. In very few
cases such as Iran (e.g., southern areas
of Amol, Abadeh, Shahreza, Dehbid, and Jolf
a), Azerbaijan, south China and Russia, this
boundary is gradational and continuous.
According to great similarity of Permo-
Triassic deposits in Iran, seems as a result of
the closure of the Paleo-Tethys Ocean in late
Permian, a sedimentary basin has been created
by North West-South East from the Jolfa area

to Hambast mountain range, which sediment of
Permian-Triassic ~ transition  have  been
deposited  continuously.  This  research
determines  relative age of  Permo-
Triassic  boundary deposits based on
microfossils studies in the Abadeh area.

Material and Methods

In order to study of Permian to Triassic
transition, three stratigraphic sections were
selected from the end of Abadeh-Hambast belt
in the Abadeh and Shorejestan areas in north of
Fars Province. Overall, from outcrops of upper
parts of the
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Abadeh formation, Hambast formation and
equivalent deposits of Elika Formation, 170
carbonate samples was taken for study
of foraminifera and algae, and 15 fine-
grained clastic samples (shale and black-
gray siltstone) were taken for identification of
palynomorphs  systematic. All steps of
palynomorphs preparation from sediments
done by HCI-HF-HCI acids and other common
methods in palynology. Stratigraphic columns
design and time range
of microfossils conducted by Corel Draw 2022,
redraw of geological map conducted by
ArcGIS 10.5, and finally illustration of field
images conducted by Photoshop 2020 and
Panorama Maker 6.0.

Geographical and geological location of
studied stratigraphic sections were shown in
Figure 1. The studied sections are located in
north of the Fars Province and Abadeh city: (1)
east of Abadeh (section A), (2) north of
Abadeh (section B) and northeast of Shurjestan
village (section C). Based on geological
subdivision of Iran, the studied area is located
in the Sanandaj-Sirjan zone. Also, in
subdivision of Sanandaj-Sirjan zone modified
by Mohajjel et al. (2003), this area is located in
complex deformation subzone which covered
by late Paleozoic and early Mesozoic rocks.
These are covered by quadrangles of the
Abadeh (e.g., Taraz et a., 1983) and the
Borojen (e.g., Navai et al., 1996) and the
Abadeh and Shorejestan sheets.

Discussion and Results

Study of microscopic thin sections and
palynological slides prepared from Permian
and Triassic sequences in the Abadeh area,
were identified 48 species belonging to 43
genera of benthic foraminifera. Identified
foraminifera including:

Ammodiscus  sp.,  Glomospirella  sp.,
Glomomidiella nestellorum., Tuberitina sp.,
Earlandia minor., Earlandia vulgaris.,
Colaniella parva., Pachypholia enormis.,
Climacammina grandis., Cribrogenerina sp.,
Cribrogenerina  sumatrana.,  Deckerella
composita., Palaeotextularia sp.,
Globivalvulina vonderschmiti., Dagmarita cf.
chanakchiensis.,  Neoendothyra  reicheli.,
Textularia lata., Reichelina media.,
Sichotenella sp., Rauserella sp., Dunbarula
nana., Dunbarula sp., Schubertella kingi.,
Minojapanella cf. elongate., Palaeofusulina
sp., Yangchienia  haydeni.,  Chusenella

sinensis., Schwagerina sp., Staffella sp.,
Misellina sp., Kahlerina sp., Neoschwagerina
simplex., Afghanella schenki., Afganella sp.,
Archaediscus krestovnikovi., Genitzina
taurica, Genitzina postcarbonica., Baisalina
pulchra., Frondina permica., Nodosinelloides
mirabilis., Tauridia nudiseptata.,
Psedolangella fragilis., Ichtylaria latilimbata.
Genera and species of algae including:
Gymnocodium  sp., Mizzia velebitana.,
Vermiporella nipponica., Anthracoporella
spectabilis., Tubiphytes obscures.

And were identified 6 species belonging to 5
genera of spores and pollen including:
Laevigatosporites  sp.,  Florinites  sp.,
Alisporites nuthallensis., Alisporites sp.,
Falcisporites sp., Vittatina lata., Florinites
balmei.

The most of identified foraminifers belong to
the Abadeh formation and they have been
reported in lower amount than the Hambast
formation. Due to great extinction of late
Permian, early Triassic strata are poor in fossils
all over the world. In clastic layers of Hambast
formation, were identified monolet spores such
as Laevigatosporites ovatus Wilson, 1962,
monosaccate  pollen  Florinites  balmei
Stephenson and Filatoff, 2000, bisaccate pollen
Alisporites nuthallensis Clarke, 1965 and
Vittatina lata Wilson, 1962. From equivalent
deposits of Elika Formation in studied sections,
there are only a foraminifer specie
Globivalvulina vonderschmiti, some algae
spore, fungis and bisaccate pollan Alisporites
sp. Falcisporites sp. Based on fossil contents
was suggested for upper parts of the Abadeh
formation in studied sections early Julfian for
the Hambast formation, late Julfian-
Durashamin, and for equivalent deposits of the
Elika Formation early Triassic (Indoan).
According to great extinction in boundary of
Permian- Triassic and long period of time for
vegetation recovery (Grauvogel-Stamm and
Ash, 2005) and organic matter, spore and fungi
that are represented post-extinction conditions.
They are seen in abundance in palynological
slides, clastic layers of Early Triassic.

Conclusion

(1) Permian-Triassic stratigraphic sequence in
the studied sections, consists of the Abadeh
formation, Hambast formation and equivalent
deposits of Elika Formation. Abadeh
Formation consists of cliff-forming, dark gray,
algal limestone and marly limestone with marl
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intercalation. Base of the Hambast Formation
consists of marly limestone with thin-bedded,
gray, green and red shale intercalation (contain
palynomorph), which changes facies upward to
red to purple limestone with intercalation of
red and gray shale and thin-bedded horizons of
gypsum. Early Triassic deposits begin with
purple to gray shale (thickness of 0.5 m), which
covered by fossiliferous marly limestone,
green, red and gray shale and volcanic rocks.
The boundary between these rock units is
continuous.

(2) Based on index forms of foraminifera and
palynomorphs, was suggested for Early Julfian
age for Abadeh Formation, late Julfian-
Durashamin for the Hambast Formation and
early Triassic (Indoan) for equivalent deposits
of Elika Formation.

(3) In stratigraphic section of east of the
Abadeh (section A), in upper parts of Abadeh
Formation was identified Frondina perica-
Climacamminia grandis Range Zone. This
biozone with of 311lmeter thickness was
identified with appearance and extinction of
two mentioned species. In deposits of the
Hambast Formation was identified Tauridia
nudiseptata Range Zone. This bizone with 32
meters. thickness was identified with
appearance and extinction mentioned species.
Based on presence and stratigraphic range of
palynomorphs Hambast formation in section
A, was introduced an informal assemblage
zone A. In equivalent deposits of Elika
Formation, based on stratigraphic range of
palynomorphs, was introduced an informal
assemblage zone B with thickness of 38 m.

(4) In stratigraphic section of north of Abadeh
(section B), in upper part of the Abadeh

formation was identified Climacammina
gandis- Chusenell sinensis Rang Zone. In the
Hambast formation, was identified
Nodosinelloides mirabilia Range Zone. This
biozone with thickness of 25 meter is
distinguished with appearance and extinction
mentioned species. Also, based on presence
and stratigraphy range of palynoflora such as
Laevigatosporites ovatus, Alisporites
nuthallensis, Florinites balmei, Vittatina lata,
was introduced informal assemblage zone A.
In early Triassic deposits (equivalent to Elika
Formation) in stratigraphic section B, based on
presence and  stratigraphic  range  of
palynomorphs Falcisporites sp., Alisporites
sp., and spore fungi, was introduced informal
assemblage zone B with thickness of 42 m.

(5) The deposits of upper parts of the Abadeh
formation in Shorjestan stratigraphic section
(section C), was identified Cribrogenerina
sumatrana- Frondiana permica Range Zone.
In deposits of the Hambast formation, also, was
identified Pachypholia enormis Rang Zone.
Furthermore, based on  presence of
palynomorphs such as Alisporites nuthallensis,
Florinites  balmei, Vittatina lata was
introduced informal assemblage zone A.

(6) Fossil collection and introduced biozones
of the Abadeh, Hambast and Elika Formations
in three studied sections, have many
similarities with biozones introduced for
equivalent deposits in other regions of the Iran
(e.g., Abadeh, Shahreza and Jolfa) and world
(e.g., Saudi Arabia, Oman, Greece, China,
Japan and Vietnam).



