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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 (T AI) 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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Fig. 1. The structural map of Iran (based on Wilmsen et al., 2009) and the geographical location of the studied

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. 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.

DB o uL\») L®4.39A.3 O u,..,.)|)9| L ‘nm ‘5%,|]9| L,.,)_q_,
slye (Tmax) gsb s ,Sojlail yal)ly al  loasily (!
2l WS (8 Jguz) ol -1, olSiws aliasgay < J]

R alty

o (6 15031l JT (oo po; sl ol s —0-F
ol e @S )0 Joh STy aj alewgay

o asllbae
28 ot I alardimey @byl 5l ol
~ST) a5 alewgas oot anllas ol ot 381 i

Dblge patie ¥ gz )0 g 5 sl Jﬁ‘

& "_A
— o Ol Gl cpl o 0ads plil (6 S Slallas

olow Lot sla 38l 1o og>g0 JT Slge Lice a5 aims
..).3‘0093 L§|°)L§ uLbLf ‘ﬁ‘)@t’ .).))Lw ) 03 @L.;LM»

iy oSl g ()l (ol T (5L —F—F

ooy axlllae olws oo (sl BS! 5
(TAD 5,1 el T a0 b Gasls 5 JUT mls
ASEl 5 (g 5 59l lodygasidly Golol 5 Gaes
B b 5"l Jlle 555 5 08 85
Y Li.w 5Y Jjbﬁj ol A.’JLEA(; (4 \)OL.M: >J.....u
UW‘)’J] ua}[.w aS el ;0 Le) ‘D)U sleacds 43|)|
=Bl )58 50 Loyl Wl g 600 555 50 Sl
&9y 2 ‘swlixﬂ ).JL»] C)L.) d"‘"" Qloads Lgﬂfo)‘b.ﬂ
2 Sty Jhmle 3529 pas s 4 (b slad!
.).M;L)‘so.) )5.).0.0 M).».}j J"K"" djjo)l.»‘ u&a‘ ‘bu]
Bl @l bl (250 S gyiee (Sl o394
Wodgame ool o a4 s @l LB s g
Jlrle &8 cois ol Jlmle 950 il 5505l
oo bl (Al o 15 5 190 ol s (clo g8l o I

” Inertinite Reflectance



O | BN, P S L T S ol o>

)

S Bl 50 oo pns (TAD 5> (yguml ]
Js.).? 9 Y J&M) )o—\‘ L+¥ 03 gd50) ol @L..:L.M: olew
ssbie o] o 8350 JT olpe UL gsb 31 (ST (¥
sl 155 25 53 (oS Sam Sl s et
olw Lot sl 38l 0 5g>g0 JT olge aS sl oty (L
&5 s ol il sld Cols 4gS 0 W3 95
LT)‘ )o Mb IR ‘swb ‘5” o‘j.a dUb 591) )| J.)‘})‘so ).A‘
Jolis cass il 09,8 sl Jlwlbecls jea> ((Guiss
2P S Sle g Cuijgd oo (Caijed clud g ]
aS ol VJJOA Lf" OMOQL...Q ).!a) S99 ‘;.w L;LQ@S‘
oged Grizmon a3l o IV g5 51T 0 99250 (59,5
-0 obas 58 (VA7 (2ile) TOC Jilaw ;0 S2 &l s
€9 05955 hyls oo asdllae ol Lol (slo 33l 45" a0
Tmax il 0 HI Ol s jloges (F JS0) ail o IV
350 glo 38l 45" el (pl snimslis 5o (VA7 wile)

AV JS8) wita IV g9 0395 59l Sk

ooy aslllas obow Lo 33l 55 (TAD) )1,

ol (et 3 (b 3 (n Somb 5 ool o 4z S
S ye Jolge ol wisla 0 (V Joaz 5 ¥ JS2 501
635 50 glulis pac 4 azgi b Ll aidlbioe B jgal g4
oo e Slagdl adS jo Qb Lo b JT olge
38l s b gel g slo)B 1 olgi oo conds anlllas
Sy b Esl lie b Al pe (it O90d ST 55
oo o kel 3 (o Glgreas Liie i yo JT olse
)5 515 50 1 erdine) 5 )t Slalllas 5o
Ohles 5 Slald pe VA GlSen 5 595) 09 oo
Slye Gyl Esl b (K (lime s Sz (WWAF
a3l 5l Gl 0550 olow (Lo sla Gl j0 5250 I
5 ¥V USE) Cewl 0030 )5 ool (TAD 5,1, gl 1
Sl ol (a3l oS el S3 a0 30 (Y g
Sl &5 09d(o0 Dgmie (K5 230 Sy a5 (TAD
00335 i VAPA Jlo o pblbinl bawgs (b o
0 ls oogaze (VYAP ) Kan g Slali ) ol

Ogml T 4z y0 b (a3l 5 G yiol oSlLY Jgur

Table 2. Inertinite reflectance and the thermal alteration index (TAI) in the studied black shale intervals.
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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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Fig. 8. HI vs TOC diagram for the identified black shale intervals (Peters, 1986).
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