Autumn 2021, Vol 11 (3): 421-438 Adv. Appl. Geol. ‘\ r‘

Shal h!d(h

Evaluation of hydrocarbon potential and modeling of thermal maturity between
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1-Introduction

In this study, the potential for heat generation and maturation was investigated using 1D modeling of the
sedimentary basin and evaluation of Rock-Eval experiments performed on Faraghun Formation in well No. 2 of
the Nar gas field. In this study, the feasibility of creating a pattern between the shales and charcoal layers of the
Permian Faraghun Formation was considered the source rock. The area studied in this study is well No. 2 in the
Nar gas field. The Fars region is the most significant part of tectonostrateratic divisions in this sector, divided by
the Surmeh fault into Internal Fars and Coastal Fars (Taghavi et al., 1397). Coastal Fars and the Persian Gulf
host Iran's largest gas fields, and large volumes of gas and gas condensate in the area are housed in two
carbonate reservoirs, i.e., Dalan and Kangan (Fig. 1; Pouramini and Adabi, 2013; Saberi and Rabbani, 2015;
Saberi et al., 2016)

One of these critical areas in the Zagros is coastal Persian, located in southwestern Iran and has essential fields.
The main reservoir of this field, Dehram Group, includes Kangan (Triassic) and Dalan (Permian) formations.
Nar gas field is one of the vital gas fields in the vicinity (northeast) of the Kangan field near the city of Jam in
Bushehr Province. It is one of the fields located in coastal Fars, which according to the reports of the National
Oil Company, is 29 million per day. The cubic meter produces natural gas, and 4,000 barrels of gas condensate.
This square is also directly in line with the general trend of Zagros, i.e., northeast-southwest. The first
exploratory well was drilled in July 1974, which showed the presence of gas in this field on the horizon. In
1976, by digging wells No. 2 and 3, the area of Nar Square was determined.

5% ke L‘w’:“

Y
2o s
=" s"/g'j

7*7?5/%%

Nar Field o
/ o \
[ \
f )

Dalan

Gas fields of Fars coastal area

Fig 1. Coastal Fars area and important fields located in it (Saberi and Rabbani, 2015).

2- Methodology

Silurian-rich organic shales are the source of the constellations in Saudi Arabia, the source of the hydrocarbons
of Permian and Triassic hydrocarbons (Bordenave, 2008; Rahimpour-Bonab et al., 2010). Reconstruction of the
compiled history shows that the Sarchahan Formation in the Middle Jurassic entered the oil window and was
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expressed early in the Middle Cretaceous (Saberi and Rabbani, 2015). Of course, in addition to the Sarchahan
Formation as the primary source of the Paleozoic oil system, there are other sources such as Zakeen Formation
and Chilean intermediates in Faraghun Formation in Coastal Fars, which have good hydrocarbon potential
(Afshari and Rabbani, 2006; Vaezian et al., 2013). A Paleolog study of the well shows that there are shales
intermediates in the Permian Faraghun Formation that may have the capacity to produce hydrocarbons.

A Paleolog study of the well revealed that in the upper part of the Faraghun Formation (depth 3179 to 3189 m),
some shales interlayers could be a probable rock source in this area. Ten sub-drilling samples from different
distances of this formation, the Rock-Eval pyrolysis device evaluated the shale's intermediate layers to evaluate
this formation's production capacity. Then, to analyze the results and complete the studies, 1D modeling was
performed, which was used for modeling Petromod software. Expexperimental results showed that the total
changes in organic carbon and Tmax samples were between 0.1 and 1.89% and 423 to 437 °C. The highest
amount of organic carbon (1.89 and 1.88%) is related to the samples obtained from the intermediate layers of
the Faraghun Formation (Table 1).

Table 1. Information on the results of Rock-Eval 10 pyrolysis results from Faraghun Formation.
Formation  Depth  S1(mg/g) S2(mg/g) Pl Tmax(°C) S3(mg/lg) TOC (%) HI Ol

AM1# 3166 0.46 0.28 0.62 433 0.42 0.42 67 100
AM2# 3185 0.65 3.22 0.17 429 2.11 1.88 366 240
AM3# 3186 0.46 3.25 0.13 427 1.37 1.89 365 154
AMA4# 3187 0.71 3.43 0.17 430 171 0.97 354 176
AM5# 3193 0.22 0.12 0.66 433 0.24 0.15 80 160
AMG6# 3208 0.32 0.25 0.56 435 0.93 0.14 179 664
AMT7# 3220 3.17 4.49 0.41 423 3.11 1.39 323 224
AMS8# 3250 0.2 0.2 05 432 0.34 0.15 133 227
AMO# 3252 0.94 2.94 0.24 434 2.48 1.09 270 228
AM10# 3276 0.47 0.32 0.59 437 0.28 0.16 200 175

3- Results and discussion

The production index chart was plotted for the total organic carbon in the Faraghun Formation. This diagram
shows that these intermediates have poor to good functional production capacity in hydrocarbon production.
The S2 diagram versus the TOC was also used to determine the hydrocarbon potential. According to this
diagram, the fractional formation potential is weak to good, which confirms the S1 + S2 diagram versus the
TOC. One practical method to determine the type of organic matter, the degree of maturity, and the kind of
kerogen is to use the graph of hydrogen index changes compared to Tmax and Ol diagram versus HI. These
diagrams show that the specimens from the Faraghun Formation combine type 3 kerogen in conjunction with
type 2 kerogen. Simultaneously, considering the temperature of the samples in the hydrogen index diagram
compared to Tmax, which is about 435 (early catagenesis stage), it shows that Faraghun formation as a possible
source rock has been able to pass the thermal maturation stage. According to Tmax values, most samples are at
the beginning of the oil maturation window. Hydrogen index values range from 67 to 366 milligrams of
hydrocarbons per rock. Based on the change index of the production index compared to Tmax, we can also
evaluate the maturity or immaturity of the samples and their placement in the oil window. It was determined that
most of the Faraghun Formation examples in the initial stage of oil window maturity. They are located early in
catagenesis.

Due to the presence of shales beds in the Faraghun Formation and the lithological diversity to more accurately
study hydrocarbon potential and modeling, this formation was divided into three parts: the upper, middle, and
lower part, which is the upper part of Faraghun Formation (depth 3155 to 3179 meters) have mainly sand
lithology with silts, the middle part of Faraghun has shales lithology. It has the ability to produce hydrocarbons
(depth 3179 to 3189 meters), and the lower part (depth 3189 to 3303 meters) has sand and silt.

This well has been dug to Faraghun Formation. The final depth of 3303 meters and the depth of Zakeen and
Sarchahan Formations has been done based on the geological forecast in the area. Also, to examine the role of
the interlayers of the Faraghun Formation, the middle part of this structure, the Chilean section, was considered
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a secondary source stone. Reconstructed diagram of burial history for this well. According to this diagram,
Sarchahan Formation as the primary source of hydrocarbons in the Paleozoic oil system 154 million years ago
in the Upper Jurassic at a depth of 2608 meters has entered the oil window and in the Lower Cretaceous (105
million years ago) joined the peak of the oil window at a depth of 3225 meters. Sarchahan Formation was
located at 3.67 million years ago at its maximum depth of 4562 meters in this well. Now, at a depth of 4445
meters, it has a vitrinite reflection coefficient equal to 0.95 (Fig. 2). Due to the presence of shales beds in the
Faraghun Formation and the lithological diversity to more accurately study hydrocarbon potential and modeling,
this formation was divided into three parts: The upper, middle, and lower parts, which are the upper part of
Faraghun (depth 3155 to 3179 meters) have mainly sand lithology with silts, the middle part of Faraghun
Formation has shales lithology. It has the ability to produce hydrocarbons (depth 3179 to 3189 meters), and the
lower part (depth 3189 to 3303 meters) has sand and silt.
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Fig. 2. Burial history chart with vitrinite reflection coefficient range.

4-Conclusion

This study's results indicate that there are shale layers in the middle part of Faraghun, which is likely to produce
hydrocarbons in addition to the Faraghun Formation. The results of the Rock-Eval pyrolysis of Faraghun Formation
Formations in Nar No. 2 show the total amount of organic carbon between the Chilean interlayers of Faraghun
Formation is 1.89 and its Tmax is about 430°C, indicating that it has good hydrocarbon potential. According to the
modeling made at the Nah 2 well in Nar field, Sarchahan Formation entered the oil window at the end of the
Jurassic period and entered the peak stage of the oil window in the early Cretaceous period. Sarchahan Formation,
as the primary source of hydrocarbons in the Paleozoic oil system, reached the stage of hydrocarbon extraction 94
million years ago and has so far extracted 2.17 megatons from a total of 2.35 megatons of hydrocarbons produced
by it. This study found that between the shales-charcoal layers, Faraghun Formation with a total thickness of 11
meters, and total initial carbon content of 2.7 and an initial header index of 300 were able to produce and extract a
small number of hydrocarbons and as a source rock Secondary. This part of the Faraghun Formation in this field
entered the oil window peak at a depth of 3157 meters 69 million years ago and joined the hydrocarbon exit stage
from 5.5 million years ago. So far, 0.01 megatons of the total 0.04 megatons of hydrocarbons produced by this
formation have come out of it.
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Table 1. Information on the results of Rock-Eval 10 pyrolysis results from Faraghun.

#AM1 3166 0.46 0.28 0.62 433 0.42 0.42 67 100
#AM2 3185 0.65 3.22 0.17 429 211 1.88 366 240
#AM3 3186 0.46 3.25 0.13 427 1.37 1.89 365 154
#AM4 3187 0.71 3.43 0.17 430 171 0.97 354 176
#AMS 3193 0.22 0.12 0.66 433 0.24 0.15 80 160
#AM6 3208 0.32 0.25 0.56 435 0.93 0.14 179 664
#AM7 3220 3.17 4.49 0.41 423 3.11 1.39 323 234
#AM8 3250 0.2 0.20 0.50 432 0.34 0.15 133 227
#AM9 3252 0.94 2.94 0.24 434 2.48 1.09 270 228
#AM10 3276 0.47 0.32 0.59 437 0.28 0.16 200 175

LY o)l.o..i‘; ol o Lo ouds ‘5).:.‘? o)'L\S‘ polie -V Jgux

Table 2. Measured values of temperature in well No. 2 Nar.

Faraghun 810 41
Faraghun 1855 64
Faraghun 2397 77

Y4



Y O)Lo.»i) AR o)gé AR ).:.)Li

e

A iy 60,8 cs"“L"“’ O=2) "””UJ»’#;’?"”

ST ojled ol jo ol s GelSsl o po 0ad (625 o3l polie-Y Jgun

Table 3. Measured values of vitrinite reflection coefficient in well No. 2 Nar.

Formation Depth(m)
Faraghun 837
Faraghun 1910
Faraghun 2462
Faraghun 2635
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Table 4. Values used for boundary conditions in the model.
Paleo depth of Initial temperature in Thermal flux Age (Ma)
water (m) sediments (°C) (MW/m~2) g
0 21.20 52 0
15 24.22 52 40
12 28.10 52 70
20 28.00 52 100
10 29.00 52 150
40 26.07 54 250
35 20.74 54 290
60 21.07 54 443
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Fig. 12. Burial history and temperature range of formations in well No. 2 Nar.
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