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1- Introduction

Inorganic geochemical studies of hydrocarbon generating rocks, optical techniques, and pyrolysis methods can
be used to evaluate the quality of the source rock. The Rock-Eval pyrolysis method is a method of direct heating
of samples and is the best tool for determining the amount of organic matter. Conventional pyrolysis methods
are inexpensive and fast and can be used under normal and straightforward conditions. This tool provides
valuable information on total organic carbon (TOC) content, quality, and type of organic matter, maturity,
potential, and actual potential, biological facies of the study area, the depositional environment in terms of
oxidant conditions, and hydrocarbon reduction and migration from source rock (Kotarba et al., 2003). Kamali et
al. (2006) studied the Pabdeh Formation in Dezful embayment. Pabdeh Formation is the youngest source rock in
this area, and its kerogen is often of type I1, and a mixture of types Il and I11; and this formation has reached the
stage of oil spawning in most of the Dezful embayment. Most of the oil produced is confined to the deep and
central parts of the basin, which have received relatively higher temperatures. Based on thermal modeling,
Pabdeh Formation is currently in the early to middle maturity stages in terms of maturity. The Zagros Basin is
one of the essential hydrocarbon basins globally and the Middle East (Morris, 1980).

2-Material and methods

Thirty stone samples were collected intact at regular intervals. These samples were quickly packed and
transferred to the laboratory of the Tehran Petroleum Industry Research Institute for analysis with the Rock-
Eval 6.

3-Results and discussion

The results of the pyrolysis of the Rock-Eval and the geochemical parameters are given in Table 1. Using Rock-
Eval device parameters S1 (hydrocarbons released at a temperature of 300 °C), S2 (hydrocarbons released at a
temperature of 300 to 600 °C), S3 (carbon dioxide produced at a temperature of temperature 300 to 390 °C), S1
+ S2 (reproductive potential), HI (hydrogen index; S2 x 100 / TOC), and Ol values (oxygen index, mg CO /
gTOC), Tmax (maximum heat value) in which the kerogen decomposes (degrees Celsius) is calculated (Table
1).
Hydrogen index (HI) is an index obtained from the ratio (S2 x 100) / TOC and is expressed as (mg HC / g
TOC). The hydrogen index of the Pabdeh Formation samples varies between 112 to 724 (mg HC / g TOC).
Thus, 60% of the samples have HI more than 300, 33% between 150 to 300, and 7% between 0 to 150 (mg HC).
/ gTOC). The amount of total organic carbon (TOC) of the samples of Pabdeh Formation, expressed as (Wt%),
varies between 0.39 to 2.58, so that 53% of the samples have TOC between 0.5 to 1, 30% between 1 to 2, 10%
are more than 2 and 7% are between zero and 0.5. The values of Tmax, expressed as (°C), is the temperature at
which the peak S2 reaches its maximum and is used as an excellent parameter to assess the source rock sample's
thermal maturity. The Tmax values of f Pabdeh Formation samples are between 433 to 457 (°C), so that 90% of
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the samples have Tmax between 435 to 470 (°C), and 10% of the samples have Tmax less than 435 (°C).
According to the first studies by Espitalie et al. (1985) and Peters (1986) on source rocks, if these rocks have S2
between 5 to 10 and more than 10 mgHc / gRock, respectively, source rocks with good hydrocarbon potential.
Moreover, excellent is the source rocks with S2 between 2.5 to 5 and less than 2.5 mgHc / gRock is in the row
of source rocks with medium and low hydrocarbon potential, respectively. Therefore, Pabdeh Formation in the
study area with values of 20% S2 less than 2.5, 60% between 2.5 to 5, and 20% between 5 to 10 mgHc / gRock
can be a source rock with moderate hydrocarbon potential.

Types of kerogens can be identified using a graph of S2 versus TOC values (Langford and Blanc-Valleron,
1990). The samples of Pabdeh Formation in the study area are a mixture of type Il and Il kerogens, type IlI
kerogen has an abundance of 27%, and type Il kerogen has an abundance of 73%.

Based on studies (e.g., Demasion and Huizinga, 1991), the density of source rocks has been estimated at 2.5
tons per cubic meter. They also stated that source rocks with SPIr less than 2, between 2 and 7, and more than 7
have low, medium, and high source rock potentials, respectively. The thickness of the Pabdeh Formation in the
study area is about 550 meters. The samples of Pabdeh Formation in the study area have a SPIr of 6.4, and a
source rock with medium potential is evaluated.

4-Conclusion

According to the S2 / TOC diagram of Pabdeh Formation, in this part of the Zagros Basin, it is a source rock
with medium to relatively good potential, and its SPIr index is 6.4, and its production potential is in the middle
category. The effects of dead mineral and organic carbon matrix were not observed in the samples of Pabdeh
Formation, and also according to the S1 diagram in front of TOC, the samples of Pabdeh Formation are free of
contamination and have hydrocarbons in place. Pabdeh Formation in the study area has the dominant type Il
kerogen and has the ability to produce liquid hydrocarbons. Tmax's presence of less than 470 °C and RO less
than 1.3% also indicate that the source rock is in the immature stage, but about 20% of the samples have entered
the oil window. HI values against TOC showed that two-thirds of the samples of Pabdeh Formation were left in
the high sea level stage, which increases the potential of the source rock. The HI versus Toc diagram shows the
organic facies C and BC and, to a lesser extent, B and AB for the Pabdeh Formation. This facies diversity can
be due to the diversity of marine, and continental organic matter and its deposition mainly in relatively
regenerative environments such as the Pro-Delta, the outer shelf, and the upper parts of the continental slope
have been developed, and if it undergoes thermal maturation, it will be able to generate condensate and gas.
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Table 1. Results of the pyrolysis of Rock -Eval Pabdeh Formation in the study area; statistical

parameters of mean, maximum and minimum are also reported.

Sample

S1

S2

S3

HI

Ol

Tmax

Toc

No. (mgHc/gRock) | (mgHc/gToc) | (mgHc/gToc) | (mgHc/gToc) | (mgCo2/gToc) (C9 (Wt%) Pl
Pa-1 0.65 3.25 15 411 190 433 0.79 0.17
Pa-2 13 3.7 15 463 188 439 0.8 0.26
Pa-3 1.44 25 0.89 424 151 438 0.59 0.37
Pa-4 1.49 25 2 245 196 450 1.02 0.37
Pa-5 0.26 4.2 0.8 724 138 453 0.58 0.06
Pa-6 0.42 15 1.9 169 213 435 0.89 0.22
Pa-7 0.92 1.89 11 193 112 448 0.98 0.33
Pa-8 1.17 3.68 0.79 511 110 438 0.72 0.24
Pa-9 0.88 25 1.6 195 125 433 1.28 0.26
Pa-10 0.83 2.69 2.8 137 142 449 1.97 0.24
Pa-11 0.39 4.1 1.7 423 175 434 0.97 0.09
Pa-12 2.68 35 0.75 603 129 440 0.58 0.43
Pa-13 1.75 2.7 0.6 692 154 435 0.39 0.39
Pa-14 1.71 34 2.3 420 284 445 0.81 0.33
Pa-15 1.35 21 11 216 113 457 0.97 0.39
Pa-16 0.98 3.7 0.3 569 46 449 0.65 0.21
Pa-17 0.39 3.82 24 255 160 452 15 0.09
Pa-18 0.78 8.1 3.2 355 140 435 2.28 0.09
Pa-19 1.25 6.8 0.67 425 42 439 1.6 0.16
Pa-20 2.6 5.7 4.2 254 188 437 2.24 0.31
Pa-21 1.29 34 0.97 213 61 456 16 0.28
Pa-22 0.42 1.6 0.9 281 158 456 0.57 0.21
Pa-23 0.39 15 0.5 306 102 438 0.49 0.21
Pa-24 21 1.8 25 207 287 436 0.87 0.54
Pa-25 0.59 6.5 2.7 610 254 455 1.06 0.08
Pa-26 1.58 2.9 0.8 460 127 435 0.63 0.35
Pa-27 1.7 5.8 1.8 360 112 448 1.61 0.23
Pa-28 0.98 34 1.6 430 203 435 0.79 0.22
Pa-29 12 2.9 0.84 112 33 436 2.58 0.29
Pa-30 0.83 51 16 340 107 437 15 0.14
MAX 2.68 8.1 4.2 724 287 457 2.58 0.54
MIN 0.26 15 0.3 112 33 433 0.39 0.06
AVG 1.14 3.57 1.54 367 148 442 111 0.25
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Fig. 4. (a) Abundance histogram of hydrogen index values, as it appears that most samples of Pabdeh
Formation have HI more than 300 (mg HC / g TOC), (b) Abundance chart of TOC values of Pabdeh
Formation samples, the abundance with TOC is between 0.5 to 1%, (c) Histogram of Tmax values of Pabdeh
Formation samples is a frequency with values between 435 to 470 °C, and (d) Histogram of S2 values of
Pabdeh Formation samples, most samples have S2 between 2.5 to 5 mgHc / gRock.
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Fig. 5. (a) Diagram S2 versus TOC showing the type of kerogen (Langford and Blanc-Valleron, 1990).
Most points are in the type 11 kerogen range, (b) Ol versus HI values for Pabdeh Formation in the study
area. Most of the kerogens of Pabdeh Formation are of type Il and are in the range of oil production, and

(c) HI versus Tmax diagram showing the maturity of organic matter (Hunt 1996). Most specimens of the
Pabdeh Formation are immature and only a small number of them have entered the oil window.
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Fig. 6. (a) S2/ TOC diagram showing hydrocarbon potential (Peters, 1986). Pabdeh Formation is a source
rock with medium to relatively good potential, (b) Values of S2 versus TOC to determine dead organic
carbon and mineral matrix (Katz 1983; Espitalie et al., 1985; Dahl et al., 2004). Samples of Pabdeh
Formation in the study area do not have traces of mineral matrix and dead organic carbon matrix, (c)
Slvalues versus TOC (Hunt, 1996). This diagram shows that the samples of Pabdeh Formation are not
contaminated and the hydrocarbons produced are in place, (d) HI values versus TOC to determine the tract
system (Pasley et al., 1991). Most of the samples of Pabdeh Formation are left at the upper water level, and
(e) Graph of TOC versus HI values for determining organic facies (Jones 1987). Most of the samples of
Pabdeh Formation in the study area have been deposited in C and BC conditions and to a lesser extent B and
AB.
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Table 2. Calculation of SPIr for Pabdeh Formation in the study area; a value of 6.4 indicates the existence of
source rock with low potential.

. Thickness . 3 —_— Index Source rock-
Formation (m) Density (ton/m?) (S1+5S2) SPI, potential
Pabdeh 550 25 4.7 6.4 Moderate
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