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1- Introduction

The Garau Formation (Apthian — Cenomanian) is one of the hydrocarbon-generating formations in the
Zagros basin. In organic 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 simple and normal
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 (Kobrae et al, 2017). 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 modelingGaru Formation is
currently in the middle to late maturity stages in terms of maturity. The Zagros Basin is one of the most
important hydrocarbon basins in the world and the Middle East (Murris, 1980). In this research a section
was sampled in Northwest Kermanshah Province where located in 45 52" 49" E-34 51" 11" N as a
subdivision of Zagros fold Basin zone. Aims of this study to evaluate TOC content, Kerogen type,
thermal maturity and hydrocarbon generation potential of Garu Formation in Northwest Kermanshah
province is located in Zagros Basin. Also, the study of Garu Formation as a formation with the potential
of gas shales in the region.

2- Material and methods

In the areas where the tunnel intersects the Garou Formation with a thickness of approximately 460
meters, 26 samples of intact rock were collected at regular intervals along the axis of the tunnel. These
samples were quickly packed and transferred to the laboratory of Tehran Petroleum Industry Research
Institute for analysis and were analyzed with the first rock machine. Among these samples, 10 samples
were evaluated for mineralogical analysis with XRD device (STOE model) located in Central Laboratory
No. 1 of Lorestan University.

3- Results and discussions

The results of XRD analysis on 10 samples taken from Garou Formation showed that these samples have
a predominant peak of calcite and quartz. Also, the presence of silica in the form of dark bands and
nodules can be seen in desert outcrops. The results of Rock-Eval analysis showed that the hydrogen
index of the samples of Garou Formation varies between 6.94 to 276 (mg HC / g TOC) so that 92.3%
between 0 to 150 (mg HC / g TOC) These samples have been found to be capable of producing only
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gaseous hydrocarbons (Peters and Cassa 1994). This result is also consistent with the results of
determining the type of kerogen (is the superiority of type Il kerogen). The TOC frequency diagram of
the samples of Garou Formation shows that none of the samples has a TOC above 2% and is a weak
source rock in terms of material quantity. The Tmax values of the samples of Garou Formation vary
between 425 to 495 (C °) so that 57.6% of the samples have a Tmax between 435 to 470 (C °), 34.8%
have a Tmax more than 470 (C °). And 7.6% of the samples have Tmax less than 435 (C °). Due to the
beginning of the oil window at Tmax between 435 to 445 C° and the end of the oil window at Tmax
above 470 C° (Hunt, 1996), so the samples of the Garou Formation have passed the stage of the oil
window and they are wet at the gas production stage. Vitrinite reflection coefficient (these samples are
estimated to be more than 1.3%, and indicates that most of the samples are very mature in terms of
thermal maturity and are in the range of gas formation. The gases produced at this stage are mainly gases
methane and carbon dioxide, although in this form only four samples of type Il kerogens show an RO
content of less than 0.5%, which means that they do not pass the diagenesis stage. In this study, to
investigate the hydrocarbonization process of source rocks using thermal modeling method, burial history
and thermal history of Garou Formation in the study area has been reconstructed.In modeling burial
history and thermal history, from geological and geochemical data these data include the geological age
of the formation (Koop and Orbell, 1997), lithology (Sajadi, 1976), thermal gradient and temperature of
the layers (Orbell, 1977), depth of the bedrock (Koop, 1977) and geochemical data (Ashkan and Amir
Bakhtiar, 2010) Based on the thermal model calculated for Garou Formation, it can be claimed that this
formation is in the stages of thermal maturation of catagenesis and passing through the oil window. It is
capable of producing gaseous hydrocarbons. The nature of type Ill kerogen also determines that the
hydrocarbons produced are gaseous. Therefore, it can be said that Garou Formation in the study area is
considered as a formation with the potential of rock source of gas shales, so that the volume of gas output
from this formation is such that it causes forest fires and pastures in this part of the basin.

4- Conclusion

Based on the studies, the predominant kerogen was identified as type Il on the Garou Formation. The
presence of Tmax above 470 C° in more than 34.8% of the samples indicates that the source rock is in
the gas formation stage, which is compatible with the reflection of vitrinite (RO) of more than 1.3% of
most samples. The TOC versus S2 diagram showed that the Garou Formation is a weak to relatively
good source rock in terms of genetic potential, but is poorly ranked in terms of hydrocarbon generation
potential. Therefore, according to organic geochemical studies on the Garou Formation in this part of the
Zagros Basin, it was found that this formation passes through the oil window and produces moist gas, the
gases produced are related to the nature of the kerogen in this formation, which is often. They are type 11
and have the potential to produce methane, carbon dioxide and hydrogen sulfide in the region. Based on
the temperature control model of Garou Formation in the study area, this formation has reached the range
of catagenesis since the Paleogene and has reached a high temperature maturity for gas production in the
late Neogene. The influx of large volumes of methane and carbon dioxide into the Nosud tunnel
originated from the shales of the Garou Formation during tunnel excavation. Therefore, Garou Formation
in the study area can be considered as a formation with the potential of gas source rock, so that through
the fractures and faults of the tunnel route, gases with a volume of more than 1800 ppm are drained into
it.
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Fig.5. (@) and (b) XRD analysis results on the samples of Garau Formation in the study area. Most samples have a
predominant peak of calcite and quartz.
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Fig.6. (a) formation of silica in the form of dark bands among the limestones of the Garau Formation in the study area
and (b) silica formation in the form of nodules
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Table.1. The results of Rock — Eval pyrolysis for the Garau Formation in the study area (maximum,minimum and average
values are also reported).

s1 S2 S3 HI ol | Tw(C) | TOC S1+S2

SAMPL T (MGHCIGR | (MGHC/GTo | (MoHc/s | (eHc/s | (MSCO o MGHc/GT | PI
ENo. | ( ock) ( o (TOC) ( Too) 2/?:';'0 (C%) (WT%) ( oc)

GA-1 1.23 0.45 0.39 37.2 32.23 476 1.21 1.68 0.73
GA-2 0.92 0.52 0.8 31.0 47.62 480 1.68 1.44 0.64
GA-3 0.2 0.39 0.65 25.2 41.94 485 1.55 0.59 0.34
GA-4 0.78 0.8 0.22 123.1 33.85 476 0.65 1.58 0.49
GA-5 0.35 0.39 0.51 47.6 62.20 467 0.82 0.74 0.47
GA-6 0.49 0.23 0.66 30.7 88.00 470 0.75 0.72 0.68
GA-7 0.84 0.49 0.08 48.0 7.84 468 1.02 1.33 0.63
GA-8 0.94 0.4 0.33 190.5 157.14 468 0.21 1.34 0.70
GA-9 0.8 0.04 0.25 8.5 53.19 460 0.47 0.84 0.95
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GA-10 0.68 0.08 0.13 133.3 | 216.67 466 0.06 0.76 0.89
GA-11 0.24 0.05 0.36 6.9 50.00 469 0.72 0.29 0.83
GA-12 0.64 0.43 0.54 38.4 48.21 477 1.12 1.07 0.60
GA-13 0.92 0.69 0.23 276.0 92.00 469 0.25 1.61 0.57
GA-14 0.31 0.07 0.66 8.8 82.50 447 0.8 0.38 0.82
GA-15 0.25 0.2 0.21 80 84.00 495 0.25 0.45 0.56
GA-16 0.32 0.61 0.7 75.3 86.42 460 0.81 0.93 0.34
GA-17 0.34 0.33 0.63 52.4 100.00 425 0.63 0.67 0.51
GA-18 0.7 0.08 0.39 7.0 34.21 481 1.14 0.78 0.90
GA-19 0.96 0.2 0.71 20.4 72.45 433 0.98 1.16 0.83
GA-20 0.45 0.58 0.85 103.6 | 151.79 460 0.56 1.03 0.44
GA-21 0.62 0.62 0.61 137.8 | 135.56 453 0.45 1.24 0.50
GA-22 0.8 0.31 0.37 23.8 28.46 470 1.3 1.11 0.72
GA-23 0.68 0.28 0.68 31.1 75.56 448 0.9 0.96 0.71
GA-24 0.25 0.09 0.6 31.0 206.90 465 0.29 0.34 0.74
GA-25 0.92 0.45 0.74 22.7 37.37 486 1.98 1.37 0.67
GA-26 0.75 0.36 0.62 102.9 | 177.14 477 0.35 1.11 0.68
MAX 1.23 0.8 0.85 276 216.7 495 1.98 1.68 0.95
MIN 0.2 0.04 0.08 6.94 7.84 425 0.06 0.29 0.34
AVE 0.63 0.35 0.50 65.12 84.74 | 466.58 0.81 0.98 0.65
100 92.3 (a) :: : 38.6 (b)
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Fig.7. (a) frequency histogram of hydrogen index values, as it turns out, most samples of the Garau Formation have a HI between
zero to 150 (HC/g TOC). (b) frequency diagram of TOC values of Garau Formation samples, all samples have a TOC of less
than 2 percentage. (c) histogram of Tmax values of samples of the Garau Formation, most samples have Tmax above 435 C° and
(d) histogram of S2 values of samples of the Garau Formation, all samples have a S2 less than 2.5 mgHc/gRock.
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Fig.8. (a) graph S2 vs TOC which indicates the type of kerogen (Langford and Blanc-Valleron, 1990). Most points are in the

type 111 kerogen range. (b) values of HI vs Tmax Which indicates the maturity of organic matter (Hunt, 1996) and (c) Most
of the samples of the Garau Formation have passed the oil window stage and are in the wet gas production stage.
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Fig.9. (a) graph S2/TOC which indicates hydrocarbon generation potential (Peters, 1986). Garau Formation is weak to
relatively good source rock but has a weak hydrocarbon generation potential. b- Values S2 vs TOC to determine dead
organic carbon and mineral matrix (Katz 1983;. Espitalie et al. 1985. Dahl et al. 2004). The samples of the Garau
Formation in the study area have no traces of mineral matrix and have dead organic carbon.c- Values S1 vs TOC (Hunt,
1996). This diagram shows that the samples of the Garau Formation are not contaminated and the hydrocarbons produced
are in place. (d) Values HI vs TOC to determine the system tract (Pasley et al.,1991). Most of the samples of Garau
Formation are a continental origin and (e) Graph of values TOC vs HI to determine the organic facies (Jones, 1987). Most

of the samples of the Garau Formation in the study area have been deposited in oxidizing conditions and to a lesser extent
in semi — oxidizing conditions
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Fig.10. (@) Thermal maturity vs Tmax Where most samples of the Garau Formation are in the wet hydrocarbon production
range. (b) Thermal mtaurity model vs depth based on vitrinite light reflection RO coefficient, as can be seen from the
figure, the Garau Formation of Neogene is located in conditions higher than the oil window and (c) Termal mtaurity
model of the Garau Formation which indicates the entry of this formation into the range of catagenesis since the Paleogene
and had reached high thermal maturity in the late Neogene.

Table.2. Entered information (Main input parameters) to draw the histor

b5 azdu U Joe a5 g (MaIN iNput parameters) ssg,q olellbl - Jgas
y of the burial model

NAME TYPE END AGE TOPDEPTH | TicknEss (M) | MISSING LITHOLOGY
EROSION E 0 1000
BAKHTYARI F 3 0 190 CONGLOMERA
AGHAJARI F 5.2 190 175 SANDSTONE
MISHAN F 9 365 200 MARL
GACHSARAN F 13 565 320 MARL,
ASMARI F 18 885 390 LIMESTONE
SHAHBAZAN F 33 1275 180 DoLomITE
KASHKAN F 40 1455 120 CONGLOMERA
PABDEH F 49 1575 480 SHALE
AMIRAN F 55 2055 380 ... SANDSTONE
LARAMID u 61 500?
GURPI F 65 2435 500 SHALE
ILLAM F 82 2935 450 LIMESTONE
MODEL F 85 3385 0
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