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ABSTRACT ARTICLE INFO 

The sedimentary rock deposits of the studied section are found in the 

northern subzone of Fars province and within the sedimentary-

structural zone of central Iran. This carbonate-clastic sedimentary 

sequence has a thickness of 222 meters, mostly includes sandy 

limestone, sandstone and shale units, which are thin, medium and thick 

layers, and can be considered equal to Shishtu 1 sub-formation based 

on lithological studies and geological age. In this sub-zone of Fars, the 

Late Devonian series rocks are widely spread and covered with the 

Early Carboniferous series limestone units (equal to the Shishtu 2 sub-

formation). From the point of view of stratigraphy and based on field 

research, the Late Devonian deposits in this section have been 

classified into ten stratigraphic units or lithofacies (Sh.I-X). Based on 

the presence of Famennian conodonts, the age of the stratigraphic units 

in the selected section is Late Devonian. By studying, identifying and 

classifying the microfacies, six packages of microfacies and one type 

of petrofacies were separated, from the sea to the coast in five 

sedimentary sub-environments: deep sea from basin to outer ramp 

(DSB-O.), sub-deep sea in middle ramp (SDSM.), open-restricted 

marine in inner ramp (O-RMI.), carbonate sand hills/bioclastic shoal 

in inner ramp (SI.) and lagoon-peritidal zone in inner ramp (L-PI.). 

Also, by obtaining these data and comparing them with standard 

patterns, it can be suggested that this sedimentary sequence was 

deposited on a carbonate platform of the low-slope ramp or homoclinal 

ramp type. 
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Extended Abstract 

Introduction 
The Shishtu Formation (Late Devonian-Early 

Carboniferous), belongs to the Ozbak Kuh 

Group in Central Iran and is divided into two 

sub-formations, Shishtu 1 at the bottom and 

Shishtu 2 at the top. Their border is defined by a 

horizon of black coal shales called Mush 

Horizon. The Shishtu 1 sub-formation is Late 

Devonian (Frasnian-Famennian) and has a 

succession of shale, marl, limestone, and 

sandstone. A key layer of 28 meters of red 

limestone and shale with well-preserved 

cephalopods (Goniatite layer) lies above it. The 

Shishtu 2 sub-formation is Early Carboniferous 

age (Tournaisian-Visean) and has an interval of 

dark gray limestone and shale. The Shishtu 

Formation is located on the Bahram Formation 

and under the Sardar Formation. The studied 

area is located 10 kilometers northeast of 

Abadeh in Fars province, 285 kilometers from 

Shiraz, 220 kilometers southeast of Isfahan and 

in the central Iran zone and has geographic 

coordinates: 31° 14´ 22˝ N and 52° 41´ 59˝ E. 

Bakhshaei (1983) conducted exploration 

operations in block 1 of Esteghlal refractory 

mine (East of Fars province) and Tamadon 

(1990) supervised exploration operations in 

block 2 of this mine. Vaseliof et al. (1982) 

examined the remains of plant fossils in Abadeh. 

Yazdi et al. (2000) reported Famenian 

conodonts of Esteghlal Abadeh mine. Sattari et 

al. (2020) also evaluated the microfacies, 

sedimentary environment, and sequence 

stratigraphy of the Bahram and Shishtu 1 

formations in the Anarak section of Isfahan. 

Karimian-Torghabeh et al. (2022) also studied 

the petrography and geochemistry of the Late 

Devonian sandstones of the Shishtu Formation 

in the Howz-e-Dorah section of Tabas. The 

purpose of this study is to describe and interpret 

the microfacies, paleo-sedimentary environment 

and present the sedimentation model of the Late 

Devonian deposits in the northeast of Abadeh. 

 

Materials & Methods 
Initially, using the 1:250,000 map of Abadeh 

taken from the geological organization 

(Mahdavi, 1996) and satellite images, the Late 

Devonian deposits in the northeast of Abadeh 

were investigated. These deposits are 222 meters 

thick, mostly including sandy limestone, 

sandstone and shale. Field investigations by 

collecting features such as: extension and slope 

of units, lithology, stratification, thickness, 

color, Lateral extension, sedimentary structures, 

etc. Systematic sampling was done at intervals 

of 2 meters and sometimes 1 meter with facies 

changes. In this section, 69 microscopic thin 

sections were prepared and examined by 

polarizing microscope. For the naming of clastic 

rocks, the methods of Folk (1980) and Pettijohn 

et al. (1987) was used, and for naming and 

classification of carbonate rocks, the basic 

method of Dunham (1962) with the view of 

Wright (1992) has been used. The classification 

of microfacies and sub-environments is based on 

the models provided by Wilson (1975), 

Burchette and Wright (1992), Machel and 

Hunter (1994) and Flugel (2010). 

 

Discussion and Results 
Based on field studies and microscopic thin 

sections of the Late Devonian sedimentary 

sequence in northeastern Abadeh, six packages 

of microfacies and one package of petrofacies 

were distinguished. These packages of facies, 

looking at various characteristics, are arranged 

from seaward to shore in five sedimentary sub-

environments: deep sea in the basin zone to the 

outer ramp (DSB-O.), semi-deep sea in the 

middle ramp (SDSM.), open to restricted marine 

in the inner ramp (O-RMI.), bioclastic 

hills/carbonate sand shoals in the inner ramp 

(SI.), and finally the lagoon to peritidal sub-

environment in the inner ramp (L-PI.). 

First sedimentary sub-environment: 

Microfacies 1-1) skeletal elements of 

echinoderms and graptolites are arranged in a 

mortar of fine-grained calcareous mud (micrite) 

as a supporting mud, which, according to the 

nomenclature of Dunham (1962), represents an 

immature Mudstone texture. The predominance 

of carbonate mud over grains is evidence of low 

energy and deposition in a sub-environment far 

from the influence of waves. Graptolites also 

confirm deposition in a deep and pelagic marine 

sub-environment, and it seems that this facies 

was deposited in the deep sea basin and the outer 

part of the ramp platform. 

Microfacies 1-2) With the co-occurrence of 

echinoderms, brachiopods, peloids, sponge 

spicules, trilobites, tentaculites, calcispheres, 

bryozoans, bivalves, ostracods, foraminifera, 

and some quartz in a micrite matrix with a 

wackestone to packstone texture, indicate 

sedimentation in the deep shelf marine to shelf 

margin (toe-of-slope) on the outer ramp and 

below the storm waves base. 

Second sedimentary sub-environment: 

Microfacies 2-1) Main components: 

echinoderms, brachiopods, trilobites, minor 

components: gastropods, bivalves, calcispheres, 

conodonts, fish teeth, orthochem: micritic mud 
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and some quartz and textural dominance from 

wackestone to packstone. Of the open-marine 

allochems, echinoderms, brachiopods, trilobites 

are mostly seen, and the presence of crinoids and 

brachiopods in the grain-supported texture 

indicates a decrease in water energy and entry 

into the open marine sub-environment. Crinoids, 

along with brachiopods and calcispheres, lived 

in the fore-reef part of the Middle and Late 

Devonian seas. This facies was deposited in the 

semi-deep sea of the distal middle ramp and 

between the bases of storm and normal waves. 

Microfacies 2-2) The co-occurrence of more 

than 10% of shell fragments larger than 2 mm 

shows echinoderms (Crinoids+Echinoids), 

brachiopods and bryozoans in a background 

with high mud, medium quartz and low cement 

and a packstone-rudstone texture. Echinoderms 

and brachiopods are distributed at various 

depths, even up to the continental slope, 

depending on salinity, temperature and water 

energy, and bryozoans are also stenohaline 

fauna of the open marine. This facies is more 

representative of the semi-deep sea in the 

proximal part of the middle ramp and between 

the base of storm and normal waves. 

Third Sedimentary Sub-environment: 

Microfacies 3-1) Skeletal grains of echinoderms 

and brachiopods and non-skeletal grains of 

peloids are seen in a mortar of carbonate mud 

and some quartz with a supporting grain fabric 

of packstone. Allochems are poorly-moderately 

sorted, sub-angular to sub-rounded and low 

sphericity. This facies seems to have been 

deposited in shallow seas (open to restricted) in 

the two terminal (front) parts of the inner ramp 

and above the base of normal waves. 

Fourth Sedimentary Sub-environment: 

Microfacies 4-1) The sedimentary setting of this 

biofacies that is a collection of shelly rocks 

(coquina/lumachelle) grain-supported of 

crinoids (>95% allochems), >10% of which are 

larger than 2 mm, together with cortoids, ooids 

and quartz, all well-sorted and moderately 

rounded  and have appeared in a mixture of mud 

and cement with good textural maturity 

(packstone-grainstone-rudstone), is the 

carbonate sand banks (bioclastic hills/shoals) in 

the very shallow marine of the middle part of the 

inner ramp and above the base of the normal 

waves. 

Fifth sedimentary sub-environment: 

Microfacies 5-1) This siltstone or shale and 

sandstone facies (litharenite + sublitharenite + 

quartzarenite) with well-sorted quartz grains, 

mostly sub-angular to sub-rounded, moderately 

to high sphericity and high compactness, which 

has a chevron cross stratification (CCS.) or 

herringbone cross stratification (HCS.) 

sedimentary structure and is faced with a lack of 

sedimentary lithic fragments and the absence of 

clay, and also shows good textural-mineral 

maturity, mostly corresponds to the shallow-

very shallow marine sub-environment in the two 

initial/back parts of the inner ramp (lagoon-

peritidal) and above the base of normal waves. 
 

Conclusions 
According to the field observations and studies 

of the stratigraphic sequence of the Late 

Devonian in the northeast of Abadeh and the 

microscopic examination of 70 thin sections, the 

type, size and number of allochems (skeletal and 

non-skeletal) and orthochems (mud, cement, 

quartz, etc.) were determined and 70 microfacies 

were named. Then the microfacies were grouped 

and six packages of microfacies and one 

package of petrofacies were separated from each 

other. Based on the different characteristics of 

the microfacies packages, they are located in 

five sedimentary sub-environments, from the 

deep sea to the shallow coast: 

1- Deep sea sub-environment in basin to outer 

ramp (DSB-O.) 

1-1) Deep sea basin and the outer part of the 

ramp platform and under the storm waves base 

(SWB.) 

1-2) Deep shelf marine to shelf margin (toe-of-

slope) on the outer ramp and below the storm 

waves base (SWB.) 

2- Semi-deep sea sub-environment in middle 

ramp (SDSM.) 

2-1) Distal Middle Ramp 

2-2) Proximal Middle Ramp 

3- Open-Restricted marine sub-environment in 

Inner ramp (O-RMI.) 

4- Sand shoal/Bioclasts shoal sub-environment 

in Inner Ramp (SI.) 

5- Lagoon-Peritidal zone sub-environment in 

Inner Ramp (L-PI.) 

Therefore, it is possible to suggest the paleo-

sedimentary environment and the hypothesized 

sedimentation model of the Shishtu 1 sub-

formation in the northeast of Abadeh as a 

carbonate platform of the low-slope ramp or 

homoclinal ramp type. 
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Fig. 1. Geographic coordinates and access roads to the stratigraphic section of the Late Devonian series deposits in 
northeastern Abadeh, Fars Province. 
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Table 1. Lithostratigraphic characteristics of 10 lithological units of the Late Devonian deposits (Shishtu 1 Sub-

formation) in the northeastern Abadeh stratigraphic section. 
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Fig. 2. Stratigraphic column of Late Devonian deposits in northeastern Abadeh. 
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Fig. 3. Separated lithostratigraphic units in the northeastern Abadeh stratigraphic section: 1) A view from the outcrop of Late 

Devonian sedimentary rocks; 2) lithological unit "Sh.I": six meters of thin to medium stratification sandy limestone in yellow, orange, 

brown, and gray colors containing crinoids, brachiopods, trilobites, and bryozoans; 3) lithological unit "Sh.II": Two meters of 

medium-thick stratification sandy limestone in yellow, orange, brown, gray colors containing goniatite, bivalves, brachiopods, and 

crinoids; 4) Lithological unit "Sh.III": Fifty-three and six tenths meters of medium-thick stratification sandy limestone in yellow, 

orange, brown, gray colors containing bivalves, brachiopods, and crinoids; 5) Lithological unit "Sh.IV": Eleven meters of dolerite-

diabase intrusive sill in gray to burnt brown color. 

  

                                                   
1 Deep sea basin – Outer ramp sub-environment (DSB-O.) 
2 Microfacies 1-1 (DSB.): Graptolites Echinoderms Mudstone 

3 Mud-Supported 
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Table 2. Classification of microfacies and petrofacies of the Shishtu 1 sub-formation in the stratigraphic section of NE. 
Abadeh. 
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Fig. 4. Separated lithostratigraphic units in the northeastern Abadeh stratigraphic section:1) View of the outcrop of rock units 

Sh.IV to Sh.X; 2) View of the outcrop of rock units Sh.VI to Sh.X; 3) rock unit "Sh.V": Two and seven tenths of a meter of 

thin-medium stratification sandy limestone in yellow, orange, brown, gray containing trilobites, brachiopods, and crinoids; 4) 

rock unit "Sh.IX": Five and two tenths meters of green siltstone; 5) rock unit "Sh.X": Fifty meters of thick stratification 

quartzarnite sandstone in purple to burnt brown color. 

  

:�
��� ()�*�%Y �)� � X�4�"/-+,��-�0�� *- ��7�� 
���4�� )�+D	�= �
�	* �*�� X���- 3� �����/ +I���+=  :� ���

�	  �!-��J�� � !��+IpN) >��?14033"1$
 �� 3= (  7��
[= 3"�-� ���F
 (A�R�`/) ������ Q�R �# Q�R 3� �>
- 
�,3  7-

) ):
`�� 3=1975) C,�`< � (2010 L�c"
- �� (SMF.3 �

                                                   
4 Deep sea or cratonic deep water basin 

!?�� -� �� ��-�0�� +0�� ���= ��� � X��� 7��
3I=��) ):"J
�`//����� 7-Halobia sp.34�4 � �!-+D
*�� �!��E�

 7���� 3�$/ !��� �(... � ���2F"
:0�4:- ���>�`F�:�V4�= �����4���-�
A�
�#-+= Q�R ��? 3S�@ �� Q�R4  3DE4 3�$/ )��Z�� �

���� ]�� �
�1�/ �� Q�R ���J� 7-5  .>
���
 7�-Y0��N  

5 Toe-of-slope apron (deep shelf margin / basin margin) 
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6 BF.a: Biofacies a 
7 FR.II-FR.III: Forereef II to III facies zones 
8 Integrated reef/ramp model for Devonian carbonates; modified 

from Machel & Hunter, 1994 
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11 FZ.2: Deep shelf / Open sea shelf / Open deep shelf & FZ.3: 

Toe-of-slope apron (deep shelf margin / basin margin) 
12 Middle ramp 
13 Microfacies 2-1 (SDSM.1): Trilobites Brachiopods 

Echinoderms Wackestone-Packstone 
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14 Umbrella effect fabric 
15 Geopetal filling fabric 
16 Intraparticle & Shelter porosity 
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Fig. 5. Images of microscopic thin sections of the microfacies identified in the northeastern Abadeh stratigraphic section: 1&2) 
Microfacies1-1 (DSB.): Graptolites Echinoderms Mudstone (A42&A34), 3-6) Microfacies1-2 (DSO.): Peloidal Brachiopods 

Echinoderms Wackestone/Packstone with Sponge Spicules/Trilobites/Tentaculitids (A36, A9, A14, A5), 7) Microfacies2-1 

(SDSM.1): Trilobites Brachiopods Echinoderms Wackestone-Packstone (A6). 

                                                   
17 Reef-flank facies 
18 Distal middle ramp 

19 RMF.7: Bioclastic packstone, abundant echinoderms, RMF.9: 

Wackestone/Packstone/Floatstone with ramp derived intra- and 

bioclasts 
20 Slope 
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Fig. 6. Images of microscopic thin sections of the microfacies identified in the northeastern Abadeh stratigraphic section: 1-4) 

Microfacies2-1 (SDSM.1): Trilobites Brachiopods Echinoderms Wackestone-Packstone (A43, A43, A6, A46), 5-8) Microfacies2-2 

(SDSM.2): Quartziferous Bryozoers Brachiopods Echinoderms Packstone (Rudstone) (A51, A7, A50, A1). 
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21 Microfacies 2-2 (SDSM.2): Quartziferous Bryozoers 

Brachiopods Echinoderms Packstone (Rudstone) 
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22 SMF.6: Densely packed reef rudstone 
23 Open - Restricted marine sub-environment (O-RMI.) 
24 Inner ramp 
25 Microfacies 3-1 (O-RMI): Peloidal Brachiopods Echinoderms 

Packstone 
26 RMF.14: Packstone/Grainstone with various bioclasts 
27 SMF.10: Bioclastic packstone/wackestone with worn skeletal 

grains 
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Fig. 7. Images of microscopic thin sections of the microfacies identified in the northeastern Abadeh stratigraphic section: 1&2) 

Microfacies3-1 (O-RMI.): Peloidal Brachiopods Echinoderms Packstone (A19, A22), 3-6) Microfacies4-1 (SI.): Quartziferous Ooids 

Brachiopods Echinoderms Packstone-Grainstone (Rudstone) (A55, A58, A54, A57), 7) Microfacies 5-1(L-PI.): Siltstone/Shale (A62), 

8) Petrofacies5-1 (L-PI.): Quartzarenite (A68). 
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Fig. 8. Field view of the sedimentary structure/pattern of the chevron cross stratification (CCS.) or herringbone cross 

stratification (HCS.). 1) Shallow marine bioclastic limestone of the Jurassic period of England (Tucker, 2013); 2) Sandstone 

(Nichols, 2023); 3) Paleocene sandstone of the Fajan Formation in the Eastern Alborz (Farrokhnejad et al., 2016); 4) Late 

Devonian Quartz arnite sandstone of northeastern Abadeh, Fars. 
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Fig. 10. Microfacies column and sedimentary subenvironments of the Shishtu 1 sub-formation in the northeastern 
stratigraphic section of Abadeh. 
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Fig. 11. Proposed model of the paleo-sedimentary environment of the Shishtu 1 sub-formation on the homoclinal ramp 

platform (Stratigraphic section of northeastern Abadeh). 
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