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1- Introduction

Results of geochemical analyses such as Rock-Eval pyrolysis, microscopic speculation, elemental analysis,
etc., are normally used to evaluate the hydrocarbon potential of source rocks. Quantity, quality, and maturity
of organic matter are the main characteristics that should be addressed in the course of evaluating source
candidates. Rock-Eval outputs can be used to assess these three characteristics altogether. However, the result
can be misleading, especially for the quality, due to the mineral matrix effect, existence of inert organic
material (OM), and maturity (Hunt, 1996; Dahl et al., 2004; McCarthy et al., 2011).

The Chilingar oilfield is an asymmetric anticline located in the South-Dezful Embayment, 30 km away
from Gachsaran city. While this oilfield was explored almost a century ago, nothing has been published
regarding the geochemical properties of its possible source formations. Therefore, this study aims to evaluate
the hydrocarbon potential of the source candidates in the oilfield mentioned above using Rock-Eval pyrolysis
and vitrinite reflectance data, along with taking matrix retention, inert OM, and maturity effects into account.
Moreover, it has been tried to split up the live TOC and S; factors into the oil-prone and gas-prone constituents
using the gas-oil ratio potential (GORP) factor.

2- Material and methods

Fig. 1 shows the flowchart for the study. Forty-nine cutting samples were collected in two wells from Pabdeh,
Gurpi, Kazhdumi, Dariyan (upper shaly layers), and Gadvan formations. Geochemical analyses were carried
out over the samples, including Rock-Eval pyrolysis and vitrinite reflectance measurement. First, row data
were used to evaluate the organic matter's quantity, quality and thermal maturity within the samples using the
standard cross-plots and geochemical logs. Then, the effects of mineral matrix retention and inert organic
material over the apparent quality of the Pabdeh, Kazhdumi, and Gadvan samples were investigated using the
S, vs. TOC diagram proposed by Dahl et al. (2004).

The regression line for the abovementioned diagram is defined as:

y=ax+b (Eq.1)
Which is equivalent to:
TOC =aS, + b (Eq. 2)

For calculating the live HI factor, the intersection of the regression line with the TOC axis (b) is assumed
to be inert TOC. Then, Hlgiv) can be calculated based on the following equations:

TOC(inerty = b (Eg. 3)
TOC(live) = TOC(observed) - TOC(inert) (Eq. 4)
HI(live) = 52(observed) /TOC(live) x 100 (Eq. 5)
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The negative intersection of the regression line with the S2 axis indicates the average magnitude of material
retained by the mineral matrix (Dahl et al., 2004). Consequently, adsorbed TOC can be measured by
multiplying the adsorbed S2 by a stoichiometric factor (a). Then, TOC axis intersection (b) can be subtracted
by TOC(adsorbed) to calculate the real inert TOC.

TOC(adsorbed) = Sz(adsorbed) a (6)
TOC(inert) =b- TOC(adsorbed) (7)
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Fig. 1. Flow chart for the geochemical evaluation of the possible source rocks in the Chilingar oilfield.

Increasing thermal maturity will affect apparent source rock properties, and sediments that may have been
oil-prone in their immature state may appear gas-prone as they mature (Dembicki, 2016). Therefore, restoring
the initial parameters of the mature source rocks is vital. The following equations were suggested by Dahl et
al. (2004) for restoring initial parameters using transformation ratio (TR):

Sz(restored) = SZ(observed) /(1 —TR) (Eq. 8)
TOC(restored) = TOC(observed) + ([(Sz(observed) TR)/(]- - TR)]‘Z ) (Eq- 9)
TOC(live. restored) = TOC(live) + ([(Sz(observed) TR)/(]- - TR)]‘Z ) (Eq- 10)
HI(live. restored) = SZ(restored) /TOC(live. restored) x 100 (Eq- 11)

The GORP (gas-oil-ratio-potential) factor should be defined by plotting S2 and TOC values on a graph
upon which the trend lines are drawn through the various S2—-TOC populations to split the average live TOC
and S2 into oil-prone and gas-prone constituents. The following formulas can be used to calculate the amount
of oil-prone and gas-prone constituents:

Toc 11 = TOC(live. restored) (1 - GORP) (Eq- 12)
TOC Il = TOC(live. restored)(GORP) (Eq. 13)
”(oil) = 52(restored)(1 — GORP) (Eq. 14)
5'ZI”(gas) = 52(restored)(GORP) (Eg. 15)

3-Results and discussions

TOC and S2 parameters for the Chilingar samples show a range of 0.25-3.19 wt% and 0.32-12.13 mg HC/g
rock, respectively. According to the quantity-related factors, Pabdeh, Gurpi, Kazhdumi, Dariyan, and Gadvan
formations are classified as mainly very good, poor, fair, good, and poor source rocks, respectively.
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Fig. 2. Geochemical log for the well#4 of the Chilingar oilfield.

The apparent HI factor for the samples varies from 86 to 496 mg HC/g Corg. Based on the raw data, Pabdeh
organic material has the highest quality (enriched in type Il kerogen). On the other hand, the average HI for
the Kazhdumi samples (242 mg HC/g Corg) defines this formation as a mainly gas-prone source rock.
Geochemical logs (Fig. 2) demonstrated that the oil-prone organic material is primarily enriched within the
middle parts of the Pabdeh and Kazhdumi formations.

Regarding maturity, Pabdeh and Gurpi samples are immature, and Kazhdumi, Dariyan (the upper shaly
layers), and Gadvan formations have entered the preliminary stages of the leading oil generation phase.

According to the S2 vs. TOC diagram, the mineral retention effect and inert OM content are negligible for
the Pabdeh samples. On the contrary, Kazhdumi and Gadvan samples show significant mineral matrix effects
and inert organic material. Furthermore, thermal maturation also reduces the apparent quality of these samples.
Indeed, the calculated original parameters introduced the Kazhdumi (HI (live, restored) = 467 mg HC/g Corg)
and Gadvan (HI (live, restored) = 372 mg HC/g Corg) formations as mainly oil-prone and gas-prone source
rocks, respectively (Table 1).

The GORP factor was estimated for the Pabdeh, Kazhdumi, and Gadvan formations (Table 1) by overlying
the data over S2 vs. TOC diagrams prepared based on the transformation ratios (Fig. 3). Splitting up the TOC
parameter for the formations demonstrated that more than 50% of the organic material within Pabdeh and
Kazhdumi formations are oil-prone (type Il kerogen), but this is less than 30% for the Gadvan samples.

Geochemical logs (fig. 2) demonstrated that the oil-prone organic material is mainly enriched within the
middle parts of the Pabdeh and Kazhdumi formations.

Regarding maturity, Pabdeh and Gurpi samples are immature, and Kazhdumi, Dariyan (the upper shaly
layers) and Gadvan formations have entered the preliminary stages of the leading oil generation phase.
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the Pabdeh samples. On the contrary, Kazhdumi and Gadvan samples show significant mineral matrix effects
and inert organic material. Furthermore, thermal maturation also reduces the apparent quality of these samples.
Indeed, the calculated original parameters introduced the Kazhdumi (HI give, restoreqy = 467 mg HC/g Corg) and
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respectively (Table 1).

C/g Corg) formations as mainly oil-prone and gas-prone source rocks,

The GORP factor was estimated for the Pabdeh, Kazhdumi, and Gadvan formations (Table 1), by overlying

the data over S; vs. TOC diagrams p

repared based on the transformation ratios (fig. 3). Splitting up the TOC

parameter for the formations demonstrated that more than 50% of the organic material within Pabdeh and
Kazhdumi formations are oil-prone (type Il kerogen), but this is less than 30% for the Gadvan samples
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Fig. 3. Measuring the GORP factor for Pabdeh, Kazhdumi, and Gadvan formations in the Chilingar oilfield by plotting
S2 and TOC values over the standard diagrams, designed based on different mixtures of type Il and Il kerogens.

Table 1. Observed, corrected, and restored parameters for the Pabdeh, Kazhdumi, and Gadvan formations of the
Chilingar oilfield (values corrected concerning matrix effects are shown in brackets).

Formation Pabdeh Kazhdumi Gadvan
TOC (observed) %oWt 1.81 1.13 0.67
Sa(observed) Mg HC/gr rock 7.62 3.06 141
Hl(observedy mg HC/gr TOC 421 242 180
TOC(inert) %owt 0.07 (0.05) 0.38 (0.25) 0.26 (0.18)
TOC (adsorbed) %oWt 0.02 0.13 0.08
Sa(adsorbed) Mg HC /gr rock 0.33 1.53 0.91
TR 0 0.2 0.1
TOC restored) YoWt 1.81 1.2 0.68
Sarestored) Mg HC /gr rock 7.62 3.83 1.56
TOC(ive) %oWt 1.74 (1.76) 0.75 (0.88) 0.41(0.48)
TOCive, restored) Yowt 1.74 (1.76) 0.82 (0.95) 0.42 (0.5)
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Table 1. continued

Hlgive) 440 406 345
Hl(live, restored) 440 467 372
GORP 0.4 0.3 0.6
TOC II 1.05 (1.06) %wt 0.57 (0.67) %wt 0.17 (0.20) %wt
58 (58) % 48 (55) % 25 (29) %
ToC Il 0.69 (0.70) %wt 0.25 (0.28) %wt 0.25 (0.30) %wt
38 (39) % 32 (24) % 37 (44) %
TOC IV 0.07 (0.05) %wt 0.38 (0.25) %wt 0.26 (0.18) %wt
4 (3) % 32 (21) % 38 (26) %
S2 11 (0il) mg HC /gr rock 4,57 (4.77) 2.68 (3.75) 0.62 (0.99)
S2 111 (gas) mg HC /gr rock 3.05(3.18) 1.15 (1.61) 0.94 1.48)
4-Conclusion

Geochemical evaluation of the source candidates in the Chilingar oilfield, along with investigating the effects
of matrix retention, inert OM, and thermal maturity, led to the following results:

Pabdeh and Gadvan formations have the highest and lowest hydrocarbon potential, respectively.

Kazhdumi and Gadvan samples show a significant mineral matrix effect and inert organic material,
substantially reducing the hydrogen index.

Based on the corrected original parameters, the Kazhdumi and Gadvan formations are categorized as mainly
oil-prone and gas-prone source rocks, respectively. However, these formations show a low-to-fair quantity of
live OM due to the activities of the Khark-Mish paleo-high during the Cretaceous.

Finally, insufficient maturity of the source candidates (maximum Ro: 0.72) could be considered a possible
reason for the absence of hydrocarbon reserves in the Asmari and Bangestan reservoirs of the Chilingar oilfield.
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Fig. 3. Flow chart for the geochemical evaluation of the possible source rocks in the Chilingar oilfield.
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Table 1. Outputs of Rock-Eval pyrolysis and vitrinite reflectance over possible source rocks of the Chilingar oilfield.

Well Depth Fm. Si* S2 S3 Tmax TOC HI (0] Pl Ro
CH-4 922 Pabdeh 1.05 3.95 1.41 432 1.09 364 130 0.21 0.5
CH-4 942 Pabdeh 1.21 6.82 1.15 430 1.49 457 77 0.15 0.47
CH-4 960 Pabdeh 2.55 10.63 0.8 434 2.28 465 35 0.19 0.48
CH-4 984 Pabdeh 1.99 12.13 0.73 435 2.67 455 27 0.14 0.47
CH-4 998 Pabdeh 1.01 6.24 1.58 433 1.57 398 101 0.14 -
CH-4 1628 Kazhdumi 0.47 3.64 0.27 433 0.81 452 34 0.11 -
CH-4 1638 Kazhdumi 0.42 1.58 0.35 434 0.65 242 54 0.21 0.55
CH-4 1647 Kazhdumi 0.21 0.71 0.23 431 0.25 287 93 0.23 -
CH-4 1658 Kazhdumi 0.29 0.92 0.16 435 0.55 167 29 0.24 0.6
CH-4 1662 Kazhdumi 0.13 0.37 0.34 431 0.43 86 79 0.26 -
CH-4 1674 Kazhdumi 0.26 0.71 0.28 431 0.52 138 54 0.27 -
CH-4 1681 Kazhdumi 0.62 2 0.27 435 1.04 192 26 0.24 0.59
CH-4 1686 Kazhdumi 0.28 0.83 0.22 436 0.49 168 45 0.25 -
CH-4 1695 Kazhdumi 0.62 2.01 0.39 436 0.84 238 46 0.24 -

CH-4 1698 Kazhdumi 0.45 1.89 1.23 436 0.76 249 162 0.19 0.61
CH-4 1715 Kazhdumi 0.56 1.09 1.08 434 0.59 183 182 0.34 -
CH-4 1725 Kazhdumi 0.45 1.64 1.55 435 1.05 156 147 0.22 -

CH-4 1756 Kazhdumi 0.39 1.25 1.36 430 0.9 139 152 0.24 0.62
CH-4 1771 Kazhdumi 151 10.33 1.12 437 2.87 360 39 0.13 -
CH-4 1777 Kazhdumi 1.2 8.78 0.86 439 2.72 323 32 0.12 0.64
CH-4 1790 Kazhdumi 1.69 12.11 1.26 438 3.19 380 40 0.12 -
CH-4 1796 Kazhdumi 0.96 471 1.15 439 1.39 339 83 0.17 0.65
CH-4 1807 Kazhdumi 0.83 1.97 1.39 439 0.67 295 188 0.3 -
CH-4 1814 Kazhdumi 0.55 1.27 0.87 437 0.58 219 150 0.3 0.63

CH-4 1849 Kazhdumi 0.78 1.43 1.33 437 0.98 146 136 0.35 0.66
CH-4 1855 Kazhdumi 0.78 2.68 1.06 439 0.82 326 129 0.23 -
CH-4 1917 Kazhdumi 0.65 1.59 1.89 438 0.87 182 196 0.29 0.68

CH-4 1927 Kazhdumi 1.62 4.32 1.95 438 1.7 254 115 0.27 -
CH-4 1938 Dariyan 1.42 8.56 1.69 441 291 294 58 0.14 0.69
CH-4 1988 Gadvan 0.77 0.94 1.45 440 0.65 144 192 0.45 0.7
CH-4 2009 Gadvan 0.83 1.06 0.7 441 0.63 167 110 0.44 -
CH-4 2028 Gadvan 0.41 0.36 1.52 443 0.31 115 155 0.53 0.72
CH-4 2035 Gadvan 0.3 0.32 1.15 440 0.28 115 173 0.48 -
CH-7 910 Pabdeh 1.9 7.45 0.79 431 1.66 449 48 0.2 0.48
CH-7 930 Pabdeh 2.25 11.35 0.54 436 3.08 369 18 0.17 0.51
CH-7 970 Pabdeh 1.66 8.16 0.75 431 177 460 42 0.17 -
CH-7 1010 Pabdeh 2.62 9.77 0.8 432 2.54 384 31 0.21 0.52
CH-7 1023 Pabdeh 1.95 6.24 0.64 432 1.37 455 47 0.24 -
CH-7 1030 Pabdeh 1.58 5.65 0.59 431 1.2 469 49 0.22 -
CH-7 1040 Pabdeh 1.03 3.06 0.48 434 0.94 326 51 0.25 0.5
CH-7 1062 Gurpi 0.95 2.57 0.57 433 0.78 327 73 0.27 0.53
CH-7 1090 Gurpi 0.49 1.51 0.45 434 0.49 306 91 0.25 -
CH-7 1688 Kazhdumi 0.78 3.59 0.69 439 1.41 255 49 0.18 -
CH-7 1710 Kazhdumi 0.94 3.71 1.09 433 1.3 285 84 0.2 -
CH-7 1943 Kazhdumi 1.02 3.99 0.99 435 1.75 227 56 0.2 0.69
CH-7 1945 Kazhdumi 1.62 3.62 1.08 437 1.42 254 76 0.31 -
CH-7 2050 Dariyan 1.45 3.11 0.87 436 1.26 247 69 0.32 -
CH-7 2116 Gadvan 1.47 2.98 0.91 440 1.15 259 79 0.33 -
CH-7 2142 Gadvan 1.24 2.77 0.98 442 0.99 280 99 0.31 -

* 8, (mg HC /g rock); S, (mg HC /g rock); Ss (mg CO,/g rock); Tmax (°C); TOC (wt%); HI (mg HC /g Corg); Ol (Mg CO2/g Corg); RO (%)
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Table 2. Observed, corrected and restored parameters for Pabdeh, Kazhdumi and Gadvan formations of the Chilingar
oilfield (values corrected with respect to matrix effects are shown in brackets).

Formation Pabdeh Kazhdumi Gadvan
TOC observed) Yowt 1.81 1.13 0.67
Sa(observed) Mg HC/g rock 7.62 3.06 1.41
Hl(observed) mg HC/g TOC 421 242 180
TOC(inert) Yowt 0.07 (0.05) 0.38(0.25) 0.26 (0.18)
TOC adsorbed) Yowt 0.02 0.13 0.08
Sa(adsorbed) Mg HC /g rock 0.33 1.53 0.91
TR 0 0.2 0.1
TOC restored) YWt 1.81 1.2 0.68
Sa(restored) Mg HC /g rock 7.62 3.83 1.56
TOC(ive) YoWt 1.74 (1.76) 0.75(0.88) 0.41(0.48)
TOC live, restored) oWt 1.74 (1.76) 0.82 (0.95) 0.42 (0.5)
Hlive) 440 406 345
Hl(ive, restored) 440 467 372
GORP 0.4 0.3 0.6
ToC I 1.05 (1.06) %wt 0.57 (0.67) %wt 0.17 (0.20) %wt
58 (58) % 48 (55) % 25(29) %
TOC Il 0.69 (0.70) %wt 0.25 (0.28) %wt 0.25 (0.30) %wt
38(39) % 32024 % 37 (44) %
TOC IV 0.07 (0.05) %wt 0.38 (0.25) %wt 0.26 (0.18) %wt
4(3)% 322D % 38 (26) %
Sz 11 (oil) mg HC /g rock 4.57 (4.77) 2.68 (3.75) 0.62 (0.99)
Sz 111 (gas) mg HC /g rock 3.05(3.18) 1.15(1.61) 0.94 (1.48)
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