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ABSTRACT ARTICLE INFO 

Generally, few studies have been carried out on the organic petrographic 

and organic geochemical aspects of Devonian black shales in Iran. This 

paper is focused on the organic petrography, organic geochemistry and 

hydrocarbon generation potential of six intervals (with a total thickness of 

44.5m) of black shales in an Upper Devonian stratigraphic succession of 

the Bahram Formation in the north of the city of Kerman. 

Stratigraphically, the Bahram Formation in the studied area contains one 

the thickest interval of Upper Devonian black shales in the central Iran. 

Based on detailed organic petrographic analysis, the organic materials in 

the studied black shale intervals derived from the land and inertinite is the 

only maceral identified in the intervals. The inertinite reflectance in the 

shale intervals ranges from 1.56 to 3.37 and the TAI ranges between+4 

and- 4. Additionally, the total organic carbon (TOC) in the black shale 

intervals ranges from 0.76 (wt %) to 2.79 (wt %). The organic 

petrographic evidence and the organic geochemical diagrams show that 

the studied organic materials are highly mature and they display kerogen 

type IV. This research proposes that the investigated black shale intervals 

in the Bahram Formation have low hydrocarbon generation potential. 

However, the black shale inetrvals have limited gas generation potential 

and tend to the dry-gas prone area. 
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Extended Abstract 

Introduction 
Black shales are organic-rich dark sedimentary 

clastic rocks (mainly marine) that contain 

different amounts of muds and clay, silt and 

silicate particles. Black shales were deposited in 

different sedimentary environments including:  

marine serttings, oceanic abyssal plains, 

continental settings (mainly lakes) and 

intermediate environments. The total organic 

carbon (TOC) of black shales usually ranges 

from about 1% to 15%. Although, black shales 

were deposited widely during the Proterozoic, 

Paleozoic (Late Ordovician, Late Silurian–Late 

Devonian and Lower Carboniferous–Lower 

Permian), Jurassic, Cretaceous and Cenozoic but 

they were considerably common and abundant 

in the Devonian. Black shales are economically 

important due to their hydrocarbon generation 

potential and their metal content. Generally, few 

investigations have been carried out on the 

organic petrography and geochemical 

characteristics of the Devonian black shales in 

Iran, particularly those in the central Iran. Upper 

Devonian Organic-rich black shales can be well 

correlated in the central Iran (e.g., in the Hutk 

and Gazestan stratigraphic sections in the 

Kerman Province and the Chahriseh section in 

the Isfahan. This research is focused on the 

organic petrographic and geochemical features 

of intervals of Upper Devonian black shales in 

the Bahram Formation in north of Kerman, 

south of the Central-East Iranian Microcontinent 

and evaluation of their hydrocarbon generation 

potential. The results of this study can contribute 

to hydrocarbon explorations and economical 

geology prospecting in Iran.    
 

Materials and Methods 

Six intervals of black shales were identified and 

fresh rock samples of black shales were 

collected from them during the fieldtrips in the 

north of the city of Kerman. In order to 

determine and identify the organic petrographic 

content and organic geochemical features of the 

black shale intervals, shale samples were 

examined and analyzed by reflecting and 

transmitting microscopes, fluorescence 

microscopy and Rock-Eval pyrolysis. The main 

organic geochemical parameters measured by 

Rock-Eval pyrolysis include: TOC (wt%), HI, 

OI, S1, S2, S1+S2, S3 and Tmax. The data 

generated during the petrographic and 

geochemical analysis were added to tables and 

illustrations and also plotted on diagrams by 

using relevant software. The organic 

pterographic and organic geochemical analyses 

were carried out at the Research Institute of 

Petroleum Industry (RIPI), Tehran, Iran.  
 

Results and Discussion  

In this research, six intervals of black shales 

were recognized in an Upper Devonian 

stratigraphic succession of the Bahram 

Formation in the north of the city of Kerman, 

near the Hutk village. The total thickness of the 

black shale shale intervals is 44.5m. Detailed 

organic petrographic analysis indicated that the 

organic materials in the studied black shales 

consist of palynomorphs (spores and pollens), 

phytoclasts and amorphs with terrestrial origin. 

The analysis also indicated that the organic 

materials are highly mature and the black shales 

intervals are dominated by inertinite maceral. 

The inertinite maceral comprises macrinite, 

inertodetrinite, fusinite and semifusunite sub-

macerals. inertinite reflectance and the Thermal 

Alteration Index (TAI) of the studied black shale 

intervals were measured during the petrographic 

analysis. The determined inertinite reflectance 

for the shale intervals ranges from 1.56 to 3.37 

and the TAI ranges between+4 and- 4. The total 

organic carbon (TOC) in the black shale 

intervals ranges from 0.76 (wt%) to 2.79 (wt%). 

Generally, the organic petrographic and organic 

geochemical analyses show that the organic 

materials in the black shale intervals represent 

type IV Kerogen. Overall, our studies suggest 

that the investigated black shale intervals in the 

Bahram Formation have low hydrocarbon 

generation potential. The black shale inetrvals 

have limited gas generation potential and tend to 

the dry-gas prone area. 
 

Conclusions 
Based on the field studies, six black shale 

intervals were identified in the Upper Devonian 

Bahram Formation in the north of the city of 

Kerman. Based on detailed petrographic studies, 

the recognized organic materials in the studied 

black shales derived from the land and are 

highly mature. The black shales intervals are 

dominated by inertinite maceral. Also, the 

identified kerogen in the shale intervals is of 

type IV. This research indicates that the 

investigated Upper Devonian black shale 

intervals have low hydrocarbon generation 

potential. However, these shale intervals 

represent the dry-gas prone area and have 

restricted gas generation potential. The results of 

this study can be useful in future investigations 

on hydrocarbon generation potential of black 

shales and exploration and evaluation of coal 

shales in Iran. 
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stratigraphic succession of the Bahram Formation. 
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Fig. 2. The stratigraphic succession of the Bahram Formation and the inertinite reflectance and the thermal aleration 

index (TAI) of the black shale intervals in the studied area. 
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Fig. 3. A. Outcrop view of the Upper Devonian stratigraphic succession of the Bahram Formation in the north of the 

city of Kerman, near the Hutk village. B and C. The studied black shale intervals in the Bahram Formation.  
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Table 1. The identified organic matters in the studied black shale intervals. The organic matters include: phytoclast, 
palynomorphs (spores and pollens) and amorphs. 
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Fig. 4. Microphotographs of the identified organic matters in the studied black shale intervals. 
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Fig. 5. Microphotographs (reflected light) of the identified sub-macerals of the inertinite group in the studied black 
shale intervals.   
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Table 2. Inertinite reflectance and the thermal alteration index (TAI) in the studied black shale intervals.  

.�/ 
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H���!���/ Q�BW�/:  
 Inertinite Reflectance data 

(Ro% in oil) 

�!�/�< ����/��,- [6��   
Thermal Alteration Index (TAI)  

:�,��- Hm/�7 ?�W�� �/;W! S7/;< �n�/;< o���� +2 -3 3 +3 -4 4 5 

6 16 1.61 2.92 2.34        

5 54 1.69 3.37 2.23        

4 40 1.56 3.10 2.58        

3 26 1.93 3.14 2.36        

2 34 1.98 2.94 2.45        

1 43 1.67 2.66 2.16        

 

 SB�6 ?/���V! �/���� .S2 ��/�� ��TOC1;� �W,�X� �0�� .�/ q� 
/�� )H���U 1996.(  
Fig. 6.  S2 vs TOC diagram for the identified black shale intervals (Hunt, 1996). 
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Table 3. Some of the important organic geochemical parameters measured by Rock Eval analysis for the identified 
black shale intervals. 
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Fig. 7.  HI vs Tmax diagram for the identified black shale intervals (Hunt, 1996). 
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HC/g Rock) 
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HC/g Rock) 
Tmax (oC) 

S3 ( mg CO2/g 

Rock) 

TOC 

(wt%) 

HI ( mg HC/g 

TOC) 

OI 

(mg HC/g 

TOC) 

6 0 0 0 439 0.33 0.98 0 33 

5 0 0 0 593 0.45 0.79 0 57 

4 0 0.06 0.06 599 0.69 0.95 6 73 

3 0 0 0 594 0.37 0.87 0 43 

2 0 0.14 0.14 604 0.49 0.76 19 64 

1 0 0.35 0.35 608 1.2 2.79 13 43 
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Fig. 8.  HI vs TOC diagram for the identified black shale intervals (Peters, 1986). 
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