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1. Introduction

ABSTRACT

Investigating the hydrocarbon generation of the Kazhdumi Formation is of significant importance,
which is considered one of the most important sources of oil in the Zagros sedimentary basin. The
expansion of the Kazhdumi Formation in the Zagros Basin has been associated with differences
in the sedimentation depth of the basin leading to diversity in sedimentary facies and the organic
matter preservations. In this study, five black shale samples were selected from Perchestan and
Tang-E Maghar sections for analysis by Rock-Eval pyrolysis. These samples were compared to
data from 25 Kazhdumi samples previously studied from different oil fields, including Nowrouz,
Soroush, Azadegan, and Chah-E Binak in the Zagros Basin. Additionally, sedimentary environment
and depositional conditions were investigated. Sedimentary and geochemical evidences indicate
a dominant condition of high organic content shale deposition in the reducing to semi-oxidative
environments. The total organic carbon (TOC) values ranged from 1.2 to 6.9%. and the thermal
maturity of the samples indicates a wide range, from the immature range to the middle oil window,
which are often in the range of type II and III kerogens. Finally, the TOC vs. S2 diagram represents
the higher hydrocarbon generation potential of the Kazhdumi Formation in the Tang-E Magher
section, and the TOC vs. HI diagram shows the greater oil generation in the Soroush field, compared

to the other studied areas.

All over the world, the Albian stage has reflected warm and
greenhouse conditions along with the relative increase in the ocean
water level and decreased in dissolved oxygen in the deep parts
of the sedimentary basins (Leckie et al., 2002; Jarvis et al., 2006;
Jenkyns, 2010; Robinson et al., 2017). Predominance of
these conditions during the Albian caused deposition of shale
and marl rich in organic matter in the oceans including the
Zagros Basin. The Kazhdumi Formation has been introduced

as one of the most important source rocks of the Zagros

Basin (Vincent et al., 2010; Bordenave and Hegre, 2010;
Burberry, 2015). The study of source rock plays an important role
in the exploratory studies of hydrocarbon sources and one of the
most important analyzes used in the evaluation of source rock is
Rock-Eval pyrolysis (Mrkic et al., 2011; Zohrabzadeh et al., 2020).
In this research, an attempt has been made to compare the data
obtained from the Rock-Eval analysis of the black shale samples
of the Kazhdumi Formation in the Tang-E Maghar and Perchestan

sections to determine the type of kerogen, the organic facies and
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finally the degree of maturity heat the samples. In addition, by
using the data of previous studies, the hydrocarbon potential of
the Kazhdumi Formation and oil generation will be compared in

different sections.

2. Geological setting

The Zagros Basin is located along the eastern margin of the
Arabian Plate (Sharland et al., 2001; Bahroudi and Koyi, 2003;
Agard et al., 2011) where has been studied by many
researchers due to abundant hydrocarbon reservoirs in this
region (Bordenave, 2002; Sherkati and Letouzey, 2004;
Carruba et al., 2006; Allen and Talebian, 2011). The Kazhdumi
Formation (Aptian to Albian in age) is considered as one of the
most important source rocks of hydrocarbons and therefore, many
studies have been conducted on it. In this study the Kazhdumi
Formation have been investigated in 6 different section and oil
fields of Perchestan section (located in Izeh zone), the Tang-E
Maghar section (located in Dezful Embayment), Soroush oil field
(located in the Persian Gulf, 80 km southwest of Khark Island),
Nowrouz oil field (located in the Persian Gulf, 93 km northwest
of Khark Island), Azadegan oil field (located in Abadan plain,
80 km west of Ahvaz) and Chah-E Binak (located in Dezful
Embayment) (Fig.1).

3. Study method

Totally 30 black shale samples (TOC>1%) of the Kazhdumi
Formation were selected from 6 different regions in the Zagros
basin in order to study the hydrocarbon production potential
of this Formation. The shale samples were analyses using the
Rock-Eval 6. This method, which has been conducted by heating
organic matter in the absence of oxygen (Espitali¢ et al., 1977) is
one of the most important geochemical methods (Behar et al., 2001)

to obtain the parameters such as TOC, S1, S2, S3 and Tmax.

4. Results and discussion

The results of the analyzed samples are shown in Table 1. The
samples are free of any contamination based on the data plot
below the specified line in the “S1 vs. TOC diagram” (Fig. 2).
The amounts of total organic carbon (TOC) of the studied samples
fluctuated between 1.2 and 6.9%, which indicate that the black
shales are in the range of good to excellent in terms of organic
matter quantity. Nevertheless, the use of TOC values alone is not
enough to evaluate the potential of source rocks, and usually, other
parameters such as S2 values (residual hydrocarbon production
potential in kerogen), along with TOC values, are used as indicators
to evaluate the hydrocarbon generation potential (Fig. 3). It is also
possible to use the diagram of total organic carbon (TOC) vs. genetic

potential (PP=S1+S2) in order to check the hydrocarbon generation

potential (Fig. 4). In the S1 vs. S2 diagram, the higher values of S2
indicate the relatively good hydrocarbon generation potential of the
Kazhdumi Formation (Fig. 5). Since the quantity and quality of the
produced hydrocarbons is controlled by the type of organic matter
(Tissot and Welte, 1984), determining of the kerogen type is
important (Hosseiny et al., 2016). The graph of hydrogen index
(HI) vs. oxygen index (OI) was used to identify the type of kerogen
(Fig. 6), and for more accuracy, the graph of hydrogen index
(HI) vs. Tmax (Peters, 1986) was used (Fig. 7). To identify the
possible type of hydrocarbon, the TOC graph versus the hydrogen
index (HI) (Jackson et al., 1980) was used (Fig. 8). The TOC
versus Tmax diagram was used to evaluate the thermal maturity
(Mukhupadhyay, 1995) of the studied samples (Fig. 9). Finally,
the OI vs. HI diagram (Jones, 1987) has been used (Fig. 10) to
determine the organic facies of the samples. In this diagram different
parts of A, B, BC, C, CD and D, represent different conditions of
sedimentary environment as following. A: strongly reductive lake
environment; B: relatively reductive lake or marine environment;
BC: environments containing detritus and semi-oxidized marine
sediments with a high sedimentation rate; C: reductive environment
with moderate sedimentation rate, CD: deep environments adjacent
to orogenic areas and D: highly oxidized continental environments
(Jones, 1987; Mukhupadhyay, 1995). Since hydrocarbon production
depends on the thermal evolution of organic matter, determining the
thermal maturity of organic matter is a very important issue in the
source rock evaluation process (Hosseiny et al., 2016). The thermal
evolution of organic matter can be evaluated using the diagram
Tmax vs. PI (production index) (Dembicki, 2016). This diagram
shows that the Kazhdumi Formation is located in three immature
zones, close to the oil window and within the oil window (Fig. 11).

The investigations carried out on the selected samples showed
that in terms of hydrocarbon generation potential, the Tang-E
Magher section is at excellent level, but the Perchestan section,
Soroush, Nowrouz, Azadegan and Chah-E Binak fields are at
a good to excellent level, which it indicates a more favorable
situation of hydrocarbon generation in Tang-E Maghar section
compared to other investigated areas. Usually, increasing the
maturity of samples is directly related to increasing their depth
(Peters, 1986). The results obtained from the examined samples
indicate that the amount of organic matter is relatively high in
the Tang-E Maghar section, which is probably located in the
deepest marine part of the Dezful embayment, and the high depth
has led to increase in the preservation of organic matter. On the
other hand, although Tang-E Maghar shows a high hydrocarbon
generation potential, but the Soroush field has been more oil-
producing than the other investigated areas, which can be attributed
to the increase in depth and the increase in the geothermal gradient

in this area, which has led to an increase in thermal maturity in
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the samples of Soroush field.

Generally, the measured values for the S2 parameter showed
that the selected samples are at a poor to excellent level, and the
data related to this parameter also indicate the more favorable
condition of the Tang-E Magher section in terms of hydrocarbon
generation. Our study results show that although the Kazhdumi
Formation is in a favorable condition based on the amount
of total organic carbon, but according to the S2 peak, which
represents the amount of hydrocarbon remaining in the rock, it
has a weak ability to produce the oil. This means that even if the
samples were placed under favorable conditions for hydrocarbon
generation, there was no increase in hydrocarbon production,
and this difference in TOC and S2 parameters and hydrocarbon
generation potential can be related to the presence of neutral or

non-productive organic carbon in the studied sample.

29

5. Conclusion

The conclusion is only based on the limited data available.
Comparison of different samples of Kazhdumi Formation in
terms of hydrocarbon generation potential, shows that Tang-E
Maghar section has more organic matter than other investigated
sites. This issue can be justified due to the location of this
section in the central part of the Dezful Embayment and under
dysoxic to anoxic conditions prevailing in the sea at the time of
shale deposition. Kazhdumi Formation samples in this study are
mainly in the range of type II and III kerogens and indicate the
ability of these black shales to produce oil and gas. The results
of Rock-Eval pyrolysis show that although the Soroush oil field
has less total organic carbon (TOC) compared to the Tang-E
Maghar section, it is more oil generative, which can be related

to the depth and burial history in this field.
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(Hunt, 1995).

Yy



EP—PV (1) PP FoP guoj pgle/ 5l 455358020 (pam>3020 g iulB ol /... gl o 9 sélo Sas Gl 43 50338 33 jlw 21 92593309 Jauily )y g

w5235 A5l 55 Jgl =Sy g w5 edd G55l plend 55 Sl e ) g
O 0L 5 Slg (F (O¥AF) 0L 5 Liwa (M COFAF) 080 5 315 camls (Y COTAR) (3UT 2 5 315 amls (1

Table 1. Geochemical parameters evaluated by Rock-Eval pyrolysis in Kazhdumi Formation.
1) Ghasemi Nezhad and Ghani Abadi (2009); 2) Ghasemi Nezhad et al. (2015); 3 (Habib Nia et al. (2015); 4) Jahani et al. (2012).

Formation Area Depth Lithology Samples S, S, S, T, .. HI (0) 4 PI TOC(%wt)
(m)
5
‘g ° Q4-14 0.01 | 7.02 | 2.19 | 440 | 390 | 122 | 0.13 1.8
g Outcrop Z Q4-52 0.09 | 3.73 35 432 | 187 | 175 | 0.02 2
@ . Q1-63 0.11 | 22.04 | 5.27 | 438 | 380 | 91 0.05 5.8
%ﬂ Eﬂ E Q1-137 0.3 | 17.43 | 10.72 | 417 | 260 | 160 | 0.02 6.7
S Outcrop n
Q1-147 0.5 | 30.48 | 16.14 | 436 | 442 | 234 | 0.02 6.9
2140 No-1 1.66 | 133 | 231 | 436 88 152 | 0.55 1.52
2154 No-2 1.15 | 1.52 | 3.04 | 434 86 172 | 0.43 1.77
S) 2174 No-3 2.64 | 3.48 | 5.82 | 436 86 143 | 0.43 4.07
E 2200 2 No-4 320 | 3.56 | 6.64 | 434 76 142 | 0.32 4.67
§ 2218 Z No-5 1.23 | 1.48 | 3.21 | 432 81 175 | 0.47 1.83
E 2320 No-6 207 | 2.64 | 594 | 436 71 160 | 0.44 3.71
2470 No-7 096 | 195 | 3.05 | 439 | 125 | 196 | 0.33 1.56
% 2510 No-8 0.79 | 23 2.86 | 434 | 132 | 162 | 0.25 1.76
g 2104 So-1 0.14 | 1.08 | 096 | 437 | 106 | 94 | 0.11 1.2
E o 2118.5 So-2 029 | 2.09 | 1.32 | 437 | 157 | 99 | 0.12 1.34
= 21248 So-3 031 | 2.21 1.95 | 438 | 133 | 118 | 0.12 1.65
i 2145.5 é So-4 038 | 2.25 1 434 63 181 | 0.14 1.22
§ 2157.8 So-5 094 | 3.67 | 083 | 427 | 257 | 58 0.2 1.43
s 2164.8 So-6 132 | 462 | 0.83 | 425 | 332 | 60 | 0.22 1.39
2232 So-7 04 | 243 1.59 | 434 | 185 | 121 | 0.14 1.31
3265 Az-1 0.85 | 15.29 | 521 | 421 | 496 | 137 | 0.13 3.8
a 3275 Az-2 0.78 | 13.75 | 3.54 | 424 | 482 | 124 | 0.05 2.85
% 3315 Az-3 0.69 | 6.9 296 | 427 | 459 | 159 | 0.09 1.86
En 3325 § Az-4 0.63 | 12.86 | 4.58 | 427 | 371 | 163 | 0.05 2.8
)
= 3415 Az-5 0.69 | 536 | 6.12 | 431 194 | 222 | 0.09 2.76
2 3425 Az-6 1.24 | 11.27 | 3.81 | 408 | 242 | 81 0.1 4.65
3575 Az-7 058 | 2.64 | 1.98 | 433 | 193 | 53 0.9 3.68
P 3994 Bi-1 44 | 846 | 632 | 434 | 193 | 144 | 0.34 4.39
:«I! g 4103 Bi-2 3.17 | 32 246 | 433 | 143 | 110 | 0.3 2.23
= 4028 Bi-3 1.6 1.38 | 3.11 426 | 209 | 192 | 043 1.62
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Figure 4. S1+S2 vs. TOC chart in order to evaluate the genetic potential of the studied

samples (Espitali¢ et al., 1977).
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Figure 5. S1 vs. S2 chart showing the hydrocarbon generating potential of Kazhdumi Formation.
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Figure 6. HI vs. OI chart to distinguish the kerogen type of Kazhdumi Formation (Espitalié et al., 1977).
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Figure 7. HI vs. Tmax plot on the van-Crolen plot to identify possible hydrocarbon type and organic matter type (Peters, 1986).
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(Jackson et al., 1980).
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Figure 9. HI vs. Tmax diagram to identify the thermal maturity of the Kazhdumi Formation (Mukhupadhyay, 1995).
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Figure 10. HI vs. OI diagram to determine the organic facies of Kazhdumi Formation (Jones, 1987).
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Figure 11. hydrocarbon generation index (PI) vs. Tmax to determine the maturity of Kazhdumi Formation

samples (Al-Ameri and Zumberge, 2012).
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