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Fig. 1. a-b) The general map of Iran. The study area is located in the Kopet-Dagh Basin and marked by a yellow star.
¢) Simplified geological map of the Shirvan area, including the location of the Sorkh -Ghaleh section. Base map: sheets

of 1:100.000 map of Shirvan (Nadim and Haftlang, 2003).
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with the Abderaz formation view towards the northwest. P- Separation of the lower and upper parts of the Tirgan
formation view towards the northwest. T- The upper boundary of the Tirgan with Sarcheshmeh Formations view

towards the northeast.
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a5 ates Flogge ;oo ke 4 b gl oo (Fyne
Ll glabaze 4 by o a5 Jlo i (5595 Lul0 5o
Sldle g 5 00ke) s SOlo aslsl 4 0B wil
SoaS Il ojlasl (Voo V o) Ken g djlo oVere
Sl aS Wigd oo 000 JolS 2 g 00g puiia S
(Y USS) Canl oals  Sgiwdgy sloo,lusy o anigs
Olee 4 FGesnS Gble ) lo)lus ) dsgome (nl o
g dmll Jolis 1281 g o0l 00938l cdSul 8 sloos,>
Ol 5l Gome Al L ()b 5l astes CldST i
yoiim Sl Slgly8 g o3l oads asls Sl 5
Sy5 5 bamn (5550 53, Ul LSS ol 5w
5p8ke) w3l 5510 5 FBeenS slalaze 4 ad
4 SalfS pldp polie 352y (Veer (Silila
Sl 5 Sl G sl 01y ol g
oo el g e 6550 omb bl Silo o)lus,
5 T wile o)l nl JeSis pley o dare

TARER RTINS

bl 0,5 slbol o sawll slaojlus, 3,b
L) Vg oo JSA5 o 93 5l j1aS Bas g Jloy 5595
CodS g 5 STl b (oS5l ol ol en a5 (149
Ohles g 55ele el) Conl o aniy Lalyd wge
e 5 S5 e F nl, 5 Lgazs 1349
ol o bz oo glel 0 (V¥ (Cseilem Ve -8
sowdsal sl jpax L alapsinn 5 @esons
S Bgdion one Jloy (590 b sladize 4 bgy
Sl ar gy slegide @ ) be s ol Bl oo
OFinyS oyl 50 dsh dezg s S o
il L Ll onims (Lis aS 009y (Siws £53 51 S5k
Anled dcgasme 4y azgi b ol g0 bao L ol o UL
Sy Glojles; acsezme (nl a5 S Oliee 393
el ooy JSid (g iy S aibe (65,0l b
oo bz, 1iST ol a8 A (glo bk, dsgazme o
Ol gl pgyg i pelad (109290 a5 Al ge (9315
Slogzge plaiius gl S ol 0 090,51 s (glaaS g0
Soph @ ol (G llagiinl Slagzse plyie 4



Y4

‘fof OL.'.-"“QU 9 )LQJ. EYA G)Laa:# 5“‘ 0)5.} ‘¢5~>)€)‘S @“w%’yﬁ)

g log yiwl ygrwail — o (10 oyleuds —0,y5 (5) Slambe (ygiwdle — . (1e oylods = 8y ) (SewdST yul (yginsS = ALY JSCh

F oylon 3,35 5) (gl oy ginwsloglyd — 5 (F 0 ylon) gebamce

Fig. 7. a) Intraclastic (yeloow allow-number 10) packstone, b) Sandy (yellow allow) mudstone (number 15), c)
Stromatolite boundstone (number 6), d) Sandy (yellow allow) dolomudstone (number 4).
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Fig. 7. Sedimentary model of Tirgan Formation in the studied area (FWWB: Fair weather wave base, SWB: Storm
wave base, MF: Microfacies, D: open sea facies, C: barrier facies, B: lagoon facies, A: intertidal facies)
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Table 1. The information of the identified facies is shown in order from the sea side to the land side.
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TOC | HI mg Hc/g S2 mg Hce/g S1 mg He/g

No D Formation Area wt % Rock T max ¢ Rock Rock
1 i Tirgan Chamanbid 1.4 39.6 520 0.52 1.31
2 » Tirgan Chamanbid 1.8 35.1 495 0.61 0.86
3 28 Tirgan Chamanbid 0.2 91.2 481 0.61 1.42
4 20 Tirgan Chamanbid 0.71 95.1 475 0.51 0.92
5 » Tirgan Chamanbid 0.96 25.1 465 0.27 0.46
6 » Tirgan Chamanbid 0.85 25.7 443 0.36 0.73
7 108 Tirgan Chamanbid 1.41 56.1 475 0.2 0.79
8 ' Tirgan Chamanbid 0.65 46.2 465 0.39 0.9
9 12 Tirgan Chamanbid 0.47 59.2 461 0.06 0.75
10 149 Tirgan Chamanbid 0.75 37.9 456 0.17 0.71
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Abstract

The Lower Cretaceous Tirgan Formation (Barremian-Aptian) is exposed in the west of the Kopet Dagh
sedimentary basin and in the northwest of Chaman-Bed village. In this study, the Sarkh Qhale section
of the Tirgan Formation with a thickness of 315 meters was selected and measured in this area. Based
on field studies, petrological studies, textural and facies characteristics, 16 carbonate rock microfacies
have been identified. Facies analysis led to the identification of tidal environments, lagoon, shoal and
open marine environments with low to high energy conditions. Due to the wide lateral distribution of
microfacies and the absence of distinct depth changes, the sedimentary paleosystem probably represents
a hemoclinal ramp towards the west. Investigating the facies sequence and the formation and deposition
conditions of the facies has led to the identification of four sedimentary sequences and three sequence
boundaries of the SB2 type in the studied sequences. During the Aptian, the basin is transformed into
an open marine system. The occurrence of such changes reflects tectonic events and global sea level rise
during the deposition of the Tirgan Formation in the Kopet Dagh basin. Based on the organic
geochemical characteristics of the Tirgan Formation in the region, the studied samples have type 111
kerogen and are in the mature stage of the oil window to the stage of wet gas production.

Keywords: Microscopic facies, Carbonate ramp, Barremian-Aptian, Kerogen

Intraduction

The Barremian-Aptian Tirgan formation consists
of thick-layered limestones and bioclasts with
small interlayers of marly limestone, marl and
calcareous shale. The lower boundary of the
Tirgan Formation is with the Shourijeh
Formation and its upper boundary is with the
Sarcheshmeh Formation. The most graine in rock
of Tirgan Formation is Orbitulin, which forms
most of the nuclei of ooids. Considering that most
of the studies of the Tirgan Formation are related
to the eastern parts of the Kopet Dagh
sedimentary basin, therefore, in this research, this
formation has been investigated in the west of the
basin. The Lower Cretaceous sequences of
northeastern Iran in the Kopet Dagh sedimentary
basin are the result of the advance of the Briasian-
Barremian sea, which were deposited after the
first erosional cycle of the Late Jurassic-Early

Cretaceous. In the end, in order to investigate the
role of Rock-first parameters in determining the
type of kerogen, tract system and hydrocarbon
generation potential in the studied area, 10
samples were selected and analyzed. The purpose
of this study is to identify and separate the rock
facies, interpret the depositional environment and
evaluate the organic geochemistry of the Tirgan
Formation in the study section.

Method and material

After the preliminary studies, the desired
stratigraphic section was selected and sampled in
the direction perpendicular to the layers and
based on changes such as color, grain size,
structure and layering. The field naming of the
samples was done using Grabo's classification
(1904) and a total of 150 samples were collected.
From the collected samples, 100 samples were
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selected for preparing thin sections. These studies
include the identification of skeletal and non-
skeletal components and determining the
frequency percentage of each of them using
comparative charts (Flugle, 2004) and the names
of the rocks are based on the method of Dunham
(1962) and Embry and Klovan (1971). In order to
investigate and interpret the sedimentation
conditions from the sedimentary models (Read,
1985, Tucker & Wright 1990, Einsele, 2000)
which have been presented for the environments
of the present era and past periods, the
sedimentary model of the Tirgan formation has
been interpreted and presented. The microscope
used is Technisin Cold CL and MK3 8200 model
with a maximum voltage of 30 kV. All
thinsections were studied under vacuum
conditions of 0.01 Torr, voltage of 12 kV and
current intensity of 190 to 210 milliamperes, and
they were photographed with 400 sensitivity
film. In the geochemical studies, 10 rock samples
of possible origin from the Tirgan formation were
evaluated. For this purpose, 50 to 70 mg of the
treated sample was homogenized and pyrolyzed
by the Rock-Eval 2 machine in the GEUS
laboratory in Denmark. In this method, as a result
of pyrolysis of the powdered samples in a
specified thermal program, the kerogen in the
sample produces hydrocarbons, and then the
desired parameters are determined as a result of
the oxidation process. In this method, the amount
of free hydrocarbon (S1), the power of
hydrocarbon generation (S2), the amount of
carbon dioxide (CO2) in the kerogen that is
produced from the sample due to thermal
cracking (S3), the total amount of organic carbon
in the sample , the maximum temperature at
which all kerogen is converted into hydrocarbon,
the maximum temperature and also using the
above parameters (Hydrogen Index, HI), Oxygen
Index (OI) and Hydrocarbon Potential Index (PI)
, the analyzed samples have been calculated.

Discussion and result

The Lower Cretaceous Tirgan Formation
(Barremian-Aptian) is exposed in the west of the
Kopet Dagh sedimentary basin and in the
northwest of Chaman-Bed village. In this study,
the Sorkh Qhale section of the Tirgan Formation
with a thickness of 315 meters was selected and
measured in this area. Based on field studies,
petrological studies, textural and facies
characteristics, 16 carbonate rock microfacies
have been identified. Facies analysis led to the
identification of tidal environments, lagoon,
shoal and open marine environments with low to
high energy conditions. Due to the wide lateral

distribution of microfacies and the absence of
distinct depth changes, the sedimentary
paleosystem probably represents a hemoclinal
ramp towards the west. Investigating the facies
sequence and the formation and deposition
conditions of the facies has led to the
identification of four sedimentary sequences and
three sequence boundaries of the SB2 type in the
studied sequences. During the Aptian, the basin
is transformed into an open marine system. The
occurrence of such changes reflects tectonic
events and global sea level rise during the
deposition of the Tirgan Formation in the Kopet
Dagh basin. Based on the organic geochemical
characteristics of the Tirgan Formation in the
region, the studied samples have type III kerogen
and are in the mature stage of the oil window to
the stage of wet gas production.

Conclusion

Laboratory and petrographic studies have shown
that the lithology of the Tirgan formation in the
Sorkh Qhale area is completely carbonate with
shale interlayers. In the lower part of the section,
there are thicknesses of dolomite and dolomitic
lime. The studies conducted on the microscopic
facies of Tirgan Formation showed that the
sediments of this formation consist of 16
sedimentary facies that are scattered in four
facies groups. The sedimentary environment of
the Tirgan Formation sediments in the studied
areas can be interpreted as a hemoclinal
carbonate ramp with a barrier ridge. The relative
sea level changes in Tirgan Formation sediments
have been identified as four tertiary sedimentary
sequences in these sequences. Each of these
sequences consists of TST and HST facies, each
of  which  includes shallow  upward
parasequences. In these studies, three sequence
boundaries have been identified, and all these
boundaries are of the second type in the section
under study. Investigations and interpretation of
the results of Rock First pyrolysis on the Tirgan
formation samples in the studied areas show that
these samples have kerogen type III and are in the
oil stage until the window gas production stage.
are The hydrogen index of the studied samples
being between 25 and 100, so it seems that the
potential of the Tirgan formation in the studied
area is mostly focused on the production of
gaseous hydrocarbons. The study of most of the
analyzed samples in the studied area at the stage
of low water level has undergone advances and
regressions, and this causes the samples to appear
and reduce their TOC, and as a result, reduces the
hydrocarbon potential. Stone formation has
originated.



