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1- Introduction

The need to explore new oil resources has led petroleum geologists to pay increasing attention to the issues of
hydrocarbon generation, expulsion, migration, and entrapment in the subsurface. To better understand the
petroleum systems in a sedimentary basin and to reduce the risk of exploration, the existing source rock, and its
maturity should be thoroughly evaluated. Hydrocarbon source rocks are fine-grained organic-rich rocks that are
capable of generating hydrocarbons (potential source rocks) or have already generated significant amounts of
hydrocarbons (effective source rocks) (Peters et al., 2005). The study area is a part of the Zagros Fold-and-Thrust
Belt (ZFTB) in the southwest of Iran (southern Dezful Embayment). The Dezful Embayment is located southwest
of the Zagros and covers an area of about 40,000 km?. Despite its relatively small area, this area has a large part
of Iran's hydrocarbon reserves. There are about 45 huge oilfields in the Dezful Embayment, most of which are
associated with gas cap (Bordenave, 1995). The Binak Oilfield is located southwest of Dezful Embayment. The
presence of oil in this field was proven in 1960 after drilling well number 1 and its production started in 1967 and
after drilling well number 2 (Ansari, 1975). In this study, the Rock-Eval 6 pyrolysis, organic petrography and
pyrolysis-gas chromatography have been used for geochemical evaluation of the studied source rocks.

2- Methodology

To investigate the hydrocarbon potential of possible source rocks in the study area, 39 cutting samples were taken
from 5 wells of the Binak Oilfield. Among the collected samples, 22 samples were analyzed by Rock-Eval 6
pyrolysis. Also, in the next step, all the studied samples were examined by organic petrographic techniques.
Finally, 12 samples were selected for pyrolysis-gas chromatography.

3-Results and discussion

3-1- Rock-Eval Pyrolysis results

The S; versus TOC is used to ensure that the studied samples are not contaminated. Based on the diagram of HI
versus Ol, the kerogen type of the Laffan Formation is a mix of type Il and Il kerogen. The hydrocarbon
potential of the Laffan Formation is evaluated according to the diagrams of S;:+S, versus TOC, which shows that
the Laffan Formation has weak to excellent hydrocarbon potential in the Binak Qilfield (Fig. 1).

3-2- Organic petrographic results
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By examining the samples in the studied wells by Rock-Eval 6 pyrolysis device, wells 17, 9, 10, 18 and 4,
respectively, were identified as ideal for the petrographic study of the Laffan Formation. Fusinite, bituminite,
semifusinite, and inertodetrinite were observed in the studied samples.
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Fig. 1. Plots of S1+S; versus TOC (Huang et al., 1999) in order to evaluate the hydrocarbon generation potential
of the studied samples of the Laffan Formation in the Binak Oilfield.

Organic petrographic results indicate that the main components of organic matter in this formation are mainly
inertinite, bituminite, and also a small amount of amorphous organic matter. The presence of liptinites and
inertinite together confirms the type Il and IV kerogen mixture in the Laffan Formation. It is noteworthy that the
presence of bituminite in the studied samples has a great impact on the results of Rock-Eval pyrolysis. Thus,
geochemical assessment of the Laffan Formation based solely on Rock-Eval results may lead to erroneous
interpretation. Therefore, in this study, the geochemical evaluation of the Laffan Formation is conducted by
combining organic petrographic and Rock-Eval pyrolysis results. Accordingly, it is concluded that the organic
matter in the Laffan Formation is composed mainly of inertinite and bituminite and has very low hydrocarbon
potential.

3-3- Pyrolysis-Gas Chromatography

Additional studies were performed on 12 samples selected from the Laffan Formation using the results of
pyrolysis-gas chromatography. Considering the public shape of the chromatograms obtained from PY-GC
analysis, which show that the initial depositional environment of the Laffan Formation was predominantly oxic
marine (Fig. 2). The abundance of the inertinite also indicates that the primary deposition medium of the Laffan
Formation is the oxic marine.

4- Conclusions

Based on the results of Rock-Eval 6 pyrolysis, the kerogen type of the Laffan Formation in the Binak Oilfield is a
mixed of type Il and 111 kerogen, which is also confirmed by the HI versus Tmax diagrams. In addition, the plots of
Hydrogen Index (HI) versus Tmax indicate that the studied samples have reached the early stages of oil
generation (Tmax above 435 °C; Ro > 0.5). Plots of Si+ S versus TOC suggest weak to excellent hydrocarbon

potential for the Laffan Formation.
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Fig. 2. Chromatogram resultant from PY-GC analysis for well No. 10 of the Binak Oilfield, Laffan Formation,
sample 4, (BK10La4).

However, organic petrographic examination shows that the main components of organic matter in this formation
are mainly inertinite, bituminite along subordinate amounts of amorphous organic matter (AOM). It is noteworthy
that the presence of bituminite in the studied samples has a great impact on the results of Rock-Eval pyrolysis.
Thus, geochemical evaluation of the Laffan Formation may lead to erroneous interpretations of the Rock-Eval
pyrolysis data. Therefore, in this study, geochemical evaluation of the Laffan Formation has been done by
combining organic petrographic and Rock-Eval pyrolysis results. Accordingly, it is concluded that the organic
matter in the Laffan Formation is mainly composed of Inertinite and lacks significant hydrocarbon potential.
Based on the results of this study, for reliable geochemical evaluation of the Laffan Formation, the Rock-Eval
Pyrolysis results should be combined with organic petrographic observations. Considering the public shape of the
chromatograms obtained from PY-GC analysis, which show that the initial depositional environment of the
Laffan Formation was predominantly oxic marine.
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Fig. 1. Map showing the Zagros Fold-Thrust Belt (ZFTB) along the northeastern margin of the Arabian Plate (a),
generalized tectonic map of the Arabian Plate and main structural subdivisions of the Zagros orogenic system (b),
and simplified cross-section across the Arabian Shield, Arabian Platform and the ZFTB along with line A-A’ (c)

(Abdollahie Fard et al., 2006).
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Table 1. Rock-Eval pyrolysis results for samples of the Laffan Formation in the Binak Qilfield.

TOC S1 S Ss HI ol

Sample V&’z” D(erg;h Lithology | (wt. %) | ~C | (mgHC/ | (mgHC/ | (mgHer | T (T”éa) (MgHC/ | (mgHC!

grock) | grock) | g rock) gTOC) | gCOy)
BkaLal 3185 Shale 121 | 073 | 186 2.27 291 | 045 | 303 | 187 240
BkaLaz | 3209 Shale 287 | 202 | 164 7.73 183 | 018 | 436 | 269 64
BkoLal 3281 Shale 044 | 029 | 056 0.87 002 | 039 | 419 | 195 207
BkOLa2 3307 Shale 154 12 | 048 3.16 101 | 013 | 439 | 205 65
Bk9La3 3311 Shale 1203 | 96 1.36 26.87 165 | 005 | 429 | 223 14
BkoLad | ° 3320 Shale 1072 | 876 | 098 2157 154 | 004 | 450 | 201 14
BKOLa5 3330 Shale 784 | 647 | 092 14.65 161 | 006 | 429 | 187 21
BkOLa6 3346 Shale 274 | 23 | 048 428 126 | 01 | 434 | 156 46
Bk10Lal 3160 Shale 187 | 075 | 56 755 077 | 043 | 434 | 404 41
BK10La2 3182 Shale 528 | 275 | 961 2043 104 | 032 | 435 | 387 20
BKklOLa3 | 10 3204 Shale 435 | 275 | 68 11.97 105 | 036 | 429 | 275 24
Bk10La4 3220 Shale 261 | 107 | 837 9.78 0.8 | 046 | 433 | 375 31
BK10La5 3238 Shale 335 | 141 | 796 14.98 089 | 0.35 | 434 | 447 27
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TOC S1 S Ss HI Ol
Sample VIL/S)I.I Dfrg;h Lithology | (wt. 96) RC (mgHC/ | (mgHC/ | (mgHC/ Pl (Tréa)x (mgHC/ | (mgHC/
grock) | grock) | g rock) gTOC) | gCOy)
Bkl7Lal 3162 Shale 1.91 0.98 5.14 5.71 0.99 0.47 | 427 299 52
Bk17La2 3180 Shale 13.19 9.6 9.69 32.59 1.47 0.23 | 433 247 11
Bk17La3 17 3200 Shale 7.17 4,95 8.35 17.36 1.76 0.32 | 434 242 24
Bk17La4 3215 Shale 2.08 1.05 3.58 8.2 19 0.3 434 394 91
Bk17La5 3230 Shale 2.7 1.07 8.98 10.11 1.26 0.47 | 431 375 47
Bk18Lal 2986 Shale 0.58 0.39 0.43 1.49 0.95 0.22 | 432 257 163
Bk18La2 3012 Shale 0.71 0.52 0.46 1.16 153 0.28 | 430 165 217
Bk18La3 18 3030 Shale 145 0.65 1.76 6.75 3.02 0.21 | 442 466 208
Bk18La4 3048 Shale 1.82 0.88 2.77 7.36 3.16 0.27 | 435 406 174
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Fig. 4. S; versus TOC diagram indicating the amount of free hydrocarbons in the studied samples from the Laffan
Formation in the Binak Qilfield (modified after Hunt, 1996).
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Fig. 5. HI versus Ol diagram indicating the type of organic matter in the studied samples from the Laffan
Formation in the Binak Qilfield (after Hunt, 1996).
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Fig. 6. Standard diagram of HI versus Tmax ratio (Espitalié et al., 1977) showing the thermal maturity of the studied
samples from the Laffan Formation in the Binak Qilfield.
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Fig. 7. Plots of S;+S; versus TOC (Huang et al., 1999) to evaluate the hydrocarbon generation potential of the
studied samples of the Laffan Formation in the Binak Qilfield.
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Fig. 8. Photomicrographs of the studied samples from the Laffan Formation in the Binak Oilfield, indicating

amorphous organic matter in the form of thin veins (a), secondary massive pyrite (b), fusinite with a sieve structure
with cavities filled by pyrite (c, d), semifusinite and fusinite (e), and inertodetrinite (f).
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Fig. 9. Photomicrographs of the studied samples from the Laffan Formation in the Binak Oilfield, indicating

amorphous organic matter in the form of thin veins replaced by pyrite (a), high reflectance bituminite (b-c), and
bogen structures formed as a result of breaking of the empty cell wall of the fusinites (d).
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Fig. 10. PY-GC Chromatogram from analysis of the Laffan Formation in well No. 10 of the Binak Qilfield, sample
4, (BK10La4).
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Fig. 11. PY-GC Chromatogram from analysis of the Laffan Formation in well No. 17 of the Binak Oilfield, sample

3, (BK11La3).
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