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1-Introduction

The Zagros Basin is one of the most critical basins globally, which has more than 98% of Iran’s gas and oil
reservoirs. The Dezful Embayment is a part of the Zagros and a structural basin located in southwest Iran. The
Dezful Embayment is considered one of the most economical hydrocarbon regions regarding the presence of
source rock, caprock, and strategic location. Source rock is one of the critical components of an oil system.
Detailed identification of source rock and its corresponding processes is considered one of the main steps to
identify an oil system in each area. Hence, having information about an oil system in a sedimentary basin will
provide an excellent opportunity for explorative and generative studies in an oil field. In all of the studies,
organic geochemistry plays a vital role in exploring gas and oil reservoirs. Today, most oil companies provide
organic geochemical diagrams for exploring gas and oil; they do not excavate without enough geochemical
information. The potential for hydrocarbon production in various oilfield formations can be evaluated by the
Rock-Eval 6 Pyrolysis method, thus reducing exploration costs (Espitalie et al., 1980). One of the most
extensive deposits in this area is the marine sediments of Sarvak, Gurpi, Kazhdumi, and Pabdeh formations in
Kilverkarim oilfield, which was studied based on Rock-Eval Pyrolysis data with particular regard to Arrhenius
model studies. The Kilverkarim oilfield is 40 km north of the Persian Gulf (south of Dezful Dam) with a length
of 28 km and a width of 6 km on the horizon of Bangladesh and the vicinity of the Siyah Makan, Shore,
Golkhari oilfields (Fig. 1).

2-Methodology

In this study, Rock-Eval 6 Pyrolysis method was used to access geochemical information. This tool is
considered the newest generation of Rock-Eval introduced by the French company Vinci Technology in 1996
(Behar et al., 2001). In the Rock-Eval method, the potential for hydrocarbon productivity in sedimentary rocks
is tested with the aid of pyrolysis of the samples in neutral environmental conditions and an increase in
temperature using a thermal program. This method is a suitable technique for rapidly detecting source rock
hydrocarbon potential generation from non-generative one. Subsequently, the Arrhenius model was also used to
evaluate oil production from potential source rocks kinetically. Wood (1988) obtained the time-temperature
index based on the Arrhenius equation (TTIARR). In this regard, the relationship between TTIARR and
temperature-time is determined for several burial histories. The thermal maturity, according to the Arrhenius
equation, is obtained for fast-reacting kerogens.

3- Discussion and conclusion

The application of petroleum geochemistry and the determination of the source of petroleum source rock would
significantly help to reduce the risk of oil exploration. In this regard, kinetic models have been introduced to
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more accurately assess the maturity of the source rock and the percentage of refined oil. In this study, applying
the Arrhenius model as a suitable kinetic model for estimating the percentage of refined petroleum in the source
rock has been demonstrated. For this purpose, the Kazhdumi, Pabdeh, Sarvak, and Gurpi formations were
studied as potential source rocks in the Kilverkarim oilfield to illustrate the application of the method. In the
selection of wells, it has been attempted to select wells from the studied formations. The selection was such that
the samples should represent all the formations. At first, using the results of Rock-Eval analysis, the type of
kerogen was determined based on the Arrhenius model classification. In fact, in this study, as with other
geochemical analyses, preparing the samples is the first step to assess Rock-Eval 6 Pyrolysis and evaluate TOC
and Tmax.
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Fig. 1. Location of Kilverkarim in Zagros Basin.

Then, with the burial history, the time-temperature index was determined, and the conversion rates of the
probable source rocks were determined using diagrams and model relationships. For validation, the results were
compared with previous descriptive research. The results show that the hydrocarbon production potential of the
Pabdeh Formation is weak to good, and the dominant kerogen is of type IIB to 1IC (X=70/68%, X=3/92%).
Kazhdumi Formation also has moderate to good hydrocarbon potential and has entered the oil window
(X=66/04%, X=100%). However, the Sarvak and Gurpi formations do not enter the oil window and have a
lower TTI.
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Table 1. TTI and Ro% values and their relationship with source rock maturity status (Kasai, 2005).

Maturity status Vitrinite reflection | TTI maturity status
percentage
Mature 0-0.55 0-3
Early maturity 0.55-0.7 3-20
Middle maturity 0.7-1 20-75
Final maturity 1-1.3 75-180
Gasification 1.3-2 180-900
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Table 2. Interpretive guidelines for the quantity, quality, and maturity of rock (Huang et al., 2003; Baik et al.,

2000).

Quantity TOC (%) S1 (mg HC/g TOC) | S2 (mg HC/g TOC)
Poor <0.5 <0.5 2.5<
Fair 1-0.5 1-0.5 2.5-5
Good 1-4 1-4 5-20

Excellent >4 >4 >20

Quality HI (mg HC/g TOC) S2/S3 Kerogen type
None <50 <1 \V4
Gas 50-200 1-5 i

Gas and Qil 200-300 5-10 /111
Oil 300-600 10-50 I
Oil >600 >15 |
Maturation Ro (%) Timax (°C) TAI
Immature 00.20-0.6 <430 1.5-2.6
Early mature 0.60-0.65 430-440 2.6-2.7
Peak mature 0.65-0.90 440-450 2.7-2.9
Late mature 0.90-1.35 450-470 2.9-3.3
Post mature >1.35 >470 >3.3
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Fig. 3. Relationship between time, temperature and TTlarr in Type 11D Kerogen (Hunt, 1979).
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Fig. 4. Burial history of rock origin in Kilverkarim oilfield.
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Table 3. Rock-Eval pyrolysis data for the samples of the Kilverkarim oilfield.
Depth S1 S2 Tmax HI TOC Kerogen Maturation Quantity Arrhenius
(m) mg HC/g | mg HCl/g (°c) (%) type kerogen
Rock Rock

2802 0.65 3.23 433 434 0.74 ] M® F 11B
2849 1.20 7.34 436 419 1.75 ] M G’
2903 1.49 6.65 433 481 1.38 1 M G
2948 1.44 8.25 435 521 1.58 ] M G
3169 0.79 1.74 433 331 0.52 ] M P8 1c
3224 1.17 4.40 437 519 0.85 ] M F
3278 0.86 6.52 436 496 1.31 1 M G
3320 0.83 3.44 437 439 0.78 1 M F
3368 0.38 0.76 438 255 0.30 ", 1 M P
2916 1.71 2.92 435 267 1.09 I, 1 M F 11B
2936 2.05 4.07 430 333 1.22 1 IM° G
2976 2.15 8.74 437 387 2.26 ] M G
2996 1.35 2.19 435 152 1.44 11 M P
3016 171 6.23 434 374 1.64 ] M G
3036 1.40 6.63 345 364 1.82 1 M G
3056 0.99 7.67 434 340 2.26 1 M G
3145 0.39 1.66 435 440 0.38 ] M P 11D
3180 0.40 1.33 434 360 0.37 1 M P
3422 0.62 2.42 436 391 0.62 ] M P 1D
3156 0.25 0.31 429 70 0.44 11 | P Il
3176 0.39 0.60 434 112 0.53 11 | P
3196 0.34 0.80 434 138 0.58 11 | P
3276 0.71 142 436 99 143 11 M P
3389 0.25 1.00 439 323 0.31 ] M P 11D
3421 0.70 1.59 435 271 0.59 I, 1 M P
3803 0.10 0.26 440 293 0.09 I, 1 M P
3930 0.67 1.86 440 287 0.65 I, 1 M P 11D
3950 0.25 0.74 442 133 0.56 1l M P
3980 7.28 5.01 440 307 1.63 ] M E!0 A
4001 14.03 6.55 432 263 2.49 I, 1 | E
4017 16.33 6.31 428 234 2.70 I, 1 | E
4040 14.99 9.84 434 284 3.46 i, 1 | E
4058 13.49 11.96 439 305 3.92 i, 1 M E
4180 9.38 7.94 438 258 3.08 I, 1 M E
4200 11.39 7.53 427 289 2.60 I, 1 | E

5-Fair

6-Mature

7-Good

8-Poor

9-Immature

10-Excellent
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Table 4. Arrhenius model parameters for the source rocks of the Kilverkarim oil field formations.

Formation Well Kerogen Depth Temperat Exposure time TTlarr > TTlarr X%
No. type (m) ure (My)
range(°C)
Pabdeh 1 11B 1833-2166 70-80 35 0 122.7 70.68
2166-2500 80-90 2 0
2500-2833 90-100 1 0.7
2833-3166 100-110 3 22
3166-3500 110-120 3 100
2 1nc 2833-3166 100-110 3 0 4 3.92
3166-3500 110-120 3 4
4 11B 1833-2166 70-80 35 0 122.7 70.68
2166-2500 80-90 2 0
2500-2833 90-100 1 0.7
2833-3166 100-110 3 22
3166-3500 110-120 3 100
Gurpi 1 11D - - - - 0 0
2 11D - - - - 0 0
4 11 - - - - 0 0
Sarvak - 11D 2833-3500 100-110 2.5 0 115 10.86
3166-3500 110-120 3 0
3500-3833 120-130 1 0.5
3833-4166 130-140 3 11
Kazhdumi 1 11D 2833-3166 100-110 3.5 0 108 66.04
3166-3500 110-120 15 0
3500-3833 120-130 2 3
3833-4166 130-140 35 25
4166-4500 140-150 2.5 80
4 1A 833-1166 40-50 19 4 9494 100
1166-1500 50-60 33 30
1500-1833 60-70 16.5 80
1833-2166 70-80 55 110
2166-2500 80-90 2 170
2500-2833 90-100 2 600
2833-3166 100-110 3.5 3500
3166-3500 110-120 1.5 5000
3833-4166 120-130 2 0
4166-4500 130-140 3.5 0
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