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Abstract

Rock-Eval pyrolysis technique has been done for 18 cutting rock samples of the Chia Gara Formation (Middle Tithonian-
Berriasian) from Bekhme-1 Well on High Folded Zone, Erbil District, Kurdistan Region of Iraq. The range and average of
total carbon content (TOC), free Hydrocarbon (S1) are 0.84-2.87, 1.56 wt. % and 0.07-0.94, 0.61 mg HC/g rock respectively;
indicating fair to good source rock. The average genetic potential (S1+S2) is 4.12, 4.15, and 4.13 mg HC/g rock for upper,
middle, and lower parts, respectively. These values represent moderate potentiality. This study approved that the kerogen is
a mixture of type II/IIT and type III. The combination of production index (range: 0.22-0.15; average:0.15), and T__

(range:438-449°C) illustrate that the stage of maturity for the Chia Gara Formation is early mature. There is no evidence for
the oil crossover effect in Bekhme-1 Well because none of the S1/TOC values is greater than one; therefore, it appears that

values

the organic matter just started to enter the oil window.
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1. Introduction

Kurdistan Region became a host of many international
oil companies in the last decade. They have tried to explore
new oil or gas field, also upgrade hydrocarbon reserves.
By that time, the Kurdistan Region has been subdivided
by many areas known as “Block”; which are awarded by
specialized oil companies (Fatah et al., 2020). In 2007, the
Magyar Olajes Gazipari Nyr (formerly known as MOL Plc),
through its subsidiary, Kalegran Limited Company awarded
exploration of Akri-Bijeel Block. The Bekhme-1 Well is
the second discovery well that was been drilled in this
block (Csontos et al., 2011). The Chia Gara Formation, with
a thickness of 300 m occurs within the interval 1458-1158
m under the surface. The Bekhme-1 Well is located in the
eastern part of the Akri-Bijeel Block in northern Iraq, about
10 km north-west of Harir Town in Erbil Governorate, the
capital city of the Kurdistan Region of Iraq. It is situated on
latitude 36° 40’ 33.05”” North and longitude 44° 17° 47.60”
East (Figure 1).

The study of the organic matter content of the Chia Gara
Formation has been investigated by several researchers, for
instant: Odisho and Othman (1992) believed that this rock
unit might represent a good source rock in the northern
part of Iraq. Others e.g. Mohialdeen (2008), Mohialdeen et
al.(2013a), Hakimi et al. (2017), Abdula et al. (2017) approved
that the organic-rich limestone and shale of the Chia Gara
Formation considered a very good to excellent source rock
for hydrocarbon generation. The average total organic
carbon (TOC wt.%) content for the Chia Gara Formation is

1.5 wt.%, and it contains kerogen types II and III, indicating
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marine and non-marine organic matter, proposing oil and gas
prone sources (Ali, 2018).
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Figure 1. Location map of the studied well. A. The main map of Iraq
showing with an indication of Erbil Governorate. B. Close view of
Erbil and other cities with an indication of the study area. C. Location
map of Bekhme-1 Well within Akri-Bijeel Block with relevant to
other surrounding blocks.
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The petroleum system of Jabal Kand Oil Field which is
located nearby Akri-Bijeel Field shows that the formations
such as the Sargelu and younger, the Chia Gara, are
immature and have not generated any oil, depending on
vitrinite reflectance (Ro) <0.55% (Abdula, 2017a). Oil-
source correlation and biomarker characteristics of oils and
oil/bitumen seeps reveal that there is a genetic relationship
between these oils and extracted organic matter from the
Chia Gara source rock (Mohialdeen et al., 2013b; Al-Jaafary
and Hadi, 2015; Edilbi, 2016). The Chia Gara Formation in
Atrush, Sarsang, and Shaikhan oilfields can be considered as
good to excellent source rock; its TOC content ranges from
1.14-8.50 wt.% with an average of 1.85 wt.%, 3.91 wt.%, and
6.94 wt% in Atrush-1, Mangesh-1, and Shaikhan-8 wells,
respectively (Mamaseni et al., 2019).

This study aims to report the organic geochemical
characteristics and hydrocarbon potentiality of the Chia
Gara Formation within the Bekhme-1 Well.

2. Materials and Methods

Eighteen cutting rock samples of the Chia Gara Formation
were collected from the Bekhme-1 Well at different depths
and different spacing ranges (Table 1). The samples were
stored at the Geological Survey Office in Erbil, Kurdistan
Region. The collected samples represent the different
lithologies of the Chia Gara Formation. These lithologies
are common in limestone and shale. The samples have been
analyzed at Kurdistan Institution for Strategic Studies and
Scientific Research (KISSR) in Sulaymaniyah, Kurdistan
Region.

2.1. Rock-Eval pyrolysis

This test is performed for all samples. Initially,
the representative cutting samples were cleaned of
contaminations and washed with distilled water, then oven-
dried at 40 °C for 24 hours. The washed-out samples were
crushed to become a powder, then taken about 100 mg of
sample to be analyzed by Rock-Eval 6 apparatus. The Rock-
Eval test involves the continuous heating of a sample ranging
from 100 °C-850 °C in an inert atmosphere (Helium or
Nitrogen Gas) (Lafargue et al., 1998). The heating program
is: starting from 100 °C, then retain the sample at 300 °C
for 3 minutes, and then increased the temperature to 850
°C at a rate of 25 °C/min. The details of this technique
and parameters are documented in Behar et al. (2001). The
measured parameters include TOC (wt.%), S1 (mg HC/g
rock), S2 (mg HC/grock), and T (°C) are quoted in Table 1.
Additional parameters such as Hydrogen Index (HI=S2/TOC
x 100) and Production Index (PI=S1/(S1+S2)) are calculated
from these measured values and are also shown in Table 1.

3. Geological Setting

The Mountain Front Flexure (MMF) and Main Zagros
Fault (MZF) are considered as the two prominent tectonic
features of the Zagros orogenic belt, which separate the Low
Folded Zone from the High Folded Zone and the Imbricate
Zone (Koshnaw et al., 2017). Bekhme-1 Well situated on
the High Folded Zone (Figure 1). Northern Iraq has been
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affected by several transversal fault systems, which are the
Hadar-Bekhme Fault Zone and the Anah-Qalat Dizeh Fault
Zone that underwent a sinistral strike-slip movement during
the Quaternary (Reif et al., 2012).

Table 1. Rock-Eval pyrolysis data for samples of the Chia Gara
Formation in the Bekhme-1 Well in the Kurdistan Region, Iraq (Ali,

2018).
Sample Depth  TOC
No. (m) (wt.%)

1 1158 0.84 | 083292 (439 [348 [0.22 375
2 1178 1.05 0.94 | 3.96 | 444 | 377 | 0.19 | 4.90
3 1198 1.02 0.65 | 2.81 | 441 | 275 | 0.19 | 3.46
4 1218 1.20 0.62 | 4.51 | 444 | 376 |0.12 | 5.13
5 1218 1.28 0.12 | 274 | 445 | 214 | 0.04 | 2.86
6 1238 1.24 0.63 | 4.00 | 439 | 323 | 0.14 | 4.63
7 1258 1.03 0.71 | 3.40 | 438 | 330 |0.17 | 4.11
8 1278 1.03 0.59 | 2.99 | 440 | 290 | 0.16 | 3.58
9 1298 1.24 0.66 | 3.56 | 439 | 287 | 0.16 | 4.22
10 1318 1.58 0.71 | 3.59 | 441 | 227 | 0.17 | 4.30
11 1338 1.90 0.69 | 3.99 [ 439 | 210 |0.15 | 4.68
12 1358 1.85 0.65 | 3.40 [ 440 | 184 | 0.16 | 4.05
13 1378 2.11 0.71 | 3.79 | 441 | 180 | 0.16 | 4.50
14 1398 171 0.54 | 3.00 [ 439 | 175 | 0.15 | 3.54
15 1418 1.76 0.58 | 3.02 [ 439 | 172 | 0.16 | 3.60
16 1438 1.57 0.52 | 2.55 [ 439 | 162 | 0.17 | 3.07
17 1458 2.87 | 082|527 |443 | 184 |0.14 | 6.09
18 1458 2.73 0.07 | 3.96 | 449 | 145 | 0.02 | 4.03

Min. 0.84 | 0.07 |2.55|438 | 145 |0.02 |2.86

Max. 2.87 | 094|527 | 449 [377 |0.22 | 6.09

Average | 1.56 0.61 | 3.53 | 441 | 248 | 0.15 | 4.14

TOC: Total Organic Carbon (wt.%); S1: Free hydrocarbon (mg HC/gm rock);
S2: Generation potential (mg HC/gm rock); T, : Temperature of maximum
peak of S2 (C°); HI: Hydrogen Index (100 x S2/TOC); PI: Production Index
{S1/(S1+S2)}; GP: Genetic Potential or Petroleum Potential (S1+S2)

From Bijeel Anticline towards Aqra and Bakurman
(Figure 2), it is quite common to find steep southerly dips in
the Mesozoic section on the southern limb of the anticline. A
lot of thrust exposures were found at the southern limbs, and
one at the northern limb, which suggests that thrusts underlie
the limbs of major folds (Csontos et al., 2012).

The obtainable geological and geophysical data
designate that the Akri-Bijeel Block comprises Cenozoic
marine and non-marine Cretaceous carbonate and marl
strata (Figure 3) that are more than 1.4 Km thick which, in
turn, rest conformably on the Jurassic marine sedimentary
strata (~0.8 Km thick). The Bekhme-1 Well reached a total
depth of 4560 m in hard formations and it was sampled from
about 1158 to 2290 m with a generally good recovery, but the
well-log history designates that some of the cuttings’ runs
had incomplete or no recovery (Ali, 2018). The Chia Gara
Formation (Middle Tithonian-Berriasian) type locality is
located at the Chia Gara Anticline, south of Amadia Town
in the High Folded Zone of Northern Iraq with a thickness of
232 m (Bellen et al., 1959).
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The stratigraphic sequence of the Chia Gara Formation
in Bekhme Gorge and Rowanduz area is characterized by
intercalation of dark grey thin to thickly bedded limestone
with black fissile shale (Al-Qayim and Saadalla, 1992).
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The depositional environment of the Chia Gara Formation
was supposed to be the beginning of the toe of the slope to the
deep open marine environment (Bellen et al., 1959; Buday,
1980; Edilbi, 2010). The study of clay minerals showed that
rocks of the Chia Gara mainly consist of kaolinite and illite
in different proportions, which indicates deposition during
a transgressive episode of sea level (TST) (Edilbi and
Sherwani, 2019). Leanza (1996) correlated the lithological
facies of the Chia Gara Formation with Vaca Muerta
Formation in the Argentine Andes. Many horizons of both
formations were found to be consisting of dark brown marly
shales comprising several big-sized (“Phacoids”) calcareous
concretions all of them were deposited in a highly bituminous
environment, signifying a primary short-term depositional
control on their formation (Howarth, 1992; Leanza, 1996).
This might characterize an extremely bituminous worldwide
occurrence worth being considered as a high-resolution
chemical-stratigraphic event (Kauffman, 1988).

4. Results and Discussion
4.1. Total organic carbon

Generally, the Total Organic Carbon (TOC wt.%) in
a rock sample; describes the quantity of organic carbon
within a rock unit, including both kerogen and bitumen.
This parameter is used for measuring the quantity, but not
the quality of organic carbon in the rock sample (Hunt,
1996; Peters et al., 2005). However, a sufficient amount of
TOC increases the sediment chance to be a good source rock
concerning the type of initial input of the organic matter
and degree of maturity (Tissot and Welte, 1984; Peters and
Cassa, 1994). To produce oil, the carbon has to be connected
to hydrogen in a source rock (Demaison and Moore, 1980;
Peters, 1986; Dembicki Jr, 2009). In Barker’s (1996) opinion,
the 1.0 wt.% TOC is the lower limit for a productive source
rock as it would never yield enough oil to trigger primary
migration from a source rock of less than 1.0 wt.% (Figure 4).

Total Organic Carbon (TOC, wt.%)
0.1 1

187
1460 (@]

1480

Poor

1

T T T T
1 1 1 1 1
1160 Legend ' O, ) )
O Chia Gara Formation : 2 : :
1180 ' 8] ' '
| B ! |
1200 4 ! © ! !
1 1 1 1
| 145 ' |
1220 | | 1 © | |
1 1 1 1

6
| 1 ' |
1240 | \ , © ) )
1 ’7 1 1
1 ! 1
1260 ' P ' |
1 8 1 1
1280 4 ! o ! !
| 1 ! |
—_ | 9 ' ]
£ 1300 ' 1 O ' '
= ' 1 1 '
5 1 1 10 1 1
2 1320 ' \ o, )
=] ' | 11 '
| 1 |
1340 ' . g X
' 1 12 '
1360 - [ ' O [
1 1 1 1
' ' i3 '
1380 ! | [¢] !
1 1 1 1
1 1 14 1 1
1400 4 ) \ o, )
| 1 15 1 1
1 1 1 1
1420 4 ' . o) X
| 1 16 1 |
1440 — 1 1 (O] |
1 1 1 1
| 1 ! |
1 1 1 1
1 1 1 1
| 1 ! |

Fair V. Good Excellent

Figure 4. TOC wt.% versus depth indicates that the lower part is
richer than the upper part.




Abdula et al. / JJEES (2021) 12 (2): 106-112

To ensure the contamination effect upon the TOC, all the
samples have been plotted on the cross plot of TOC versus
S1 (Figure 5) dependingly, it’s clear that all the samples are
clean and not contaminated by drilling fluid.

Rock-Eval data for samples in the Bekhme-1 Well show
that TOC wt.% values range from 0.84 wt.% to 2.87 wt.%
with an average of 1.56 wt.% (Table 1) (Ali, 2018). This range
represents a good to very good source rock at the lower part
and a good source rock at the middle and upper parts (Figure
4) depending on the assumptions described by Peters (1986)
and Peters and Cassa (1994).
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Figure 5. Cross plot of TOC wt.% versus S1 shows that all the

samples are uncontaminated by drilling fluid (Osli et al., 2019).

4.2. Genetic potential

A genetic potential includes the total amount of free

hydrocarbon already formed from kerogen (S1) and the
amount of hydrocarbon left (S2) that has not been yet
converted. Mathematically, this could be expressed as S1+S2
(mg HC/g rock) (Tissot and Welte, 1984). Genetic potential
is not a measure of hydrocarbon character although it can
be used to determine the consistency of prospective organic
matter (Pitman et al., 1987).

Depending on Rock-Eval data, the analyzed samples of
Chia Gara Formation contain S1 ranges from 0.07 to 0.94 and
S2 ranges from 2.55 to 5.27 mg HC/g rock. Consequently,
the genetic potential (GP) ranges from 2.86 to 6.09 with an
average of 4.14 mg HC/g rock (Table 1). The average genetic
potential values are 4.12, 4.15, and 4.13 for upper, middle,
and lower parts, respectively. These genetic potential values
are almost the same and indicate a fair to good potentiality
(Figure 6).

4.3. Hydrogen index
The quality of organic matter depends on the amount
of hydrogen that exists. For petroleum to be generated, the
carbon needs to be associated with hydrogen in a source rock
(Dembicki Jr, 2009). The HI values fluctuate back and forth
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(Table 1) due to the organic matter’s hydrogen content, but
generally, the lower part of the Chia Gara Formation contains
a low amount of HI content (Figure 7).

A low-hydrogen organic matter commonly has a high
T .. and a high-hydrogen organic matter has a low T _
(Hunt, 1996). The hydrogen index values are lower in the
deeper horizons which may indicate that hydrocarbon
started to generate hydrocarbon within the lower horizon,
but it is not initiated in the upper horizons yet (Figure 7).
As a consequence of generating hydrocarbon, the amount of

hydrogen decreases (Hunt, 1996).

The oil crossover effect appears when S1/TOC is more
than 1, but none of the values is greater than one; therefore,
it appears that the organic matter just started to enter the oil
window (Figure 8).
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Figure 6. Cross plot of TOC wt.% versus Generation Potential (GP)
shows the fair to good potentiality (Alaug et al., 2014).

4.4. Kerogen type

Kerogen type determination in source rock is the initial
task because different types of organic matter have different
potentialities for hydrocarbon generation (Tissot and Welte,
1978; 1984). The cross plot of TOC wt.% versus S2 (Figure 9)
points out the kerogen types II/III and III (Dahl et al., 2004;
Allen et al., 2008) which indicates mixed oil-gas prone and
gas-prone (Figure 9). The plot of HI vs. T _ also points out
the existence of types II/I1I and III kerogens (Hunt, 1996)
(Figure 10). The HI values of these samples range between
145 and 377 mg HC/g TOC (Table 1), which also suggests
mixed oil-gas-prone and terrestrial gas-prone (Tissot and
Welte, 1984; Peters and Cassa, 1994). The quality of organic
matter increases from the lower part to the upper part
according to their HI values (Figure 7). The organic matters
belong to Type III (HI average 172 mg HC/g TOC), mixed
Type II and III (average 254 mg HC/g TOC), and Type II
(HI average 319 mg HC/g TOC) for lower, middle, and upper
parts, respectively (Tissot and Welte, 1984; Peters and Cassa,
1994).
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4.5. Maturity

Rock-Eval T (°C) is the temperature at which the S2
(mg HC/g rock) peak during pyrolysis reaches its maximum
amount of hydrocarbon production (Espitalié¢ et al., 1984).
Tissot and Welte (1984) and Hunt (1996) recognized factors
that affect T values such as type of organic matter,
contamination, and the mineral matrix. Tissot et al. (1987)
proposed that T is a strong maturation predictor between
420 °C and 460 °C in Type II kerogen and between 400 °C
and 600 °C in Type I1I terrestrially derived kerogen.

The T values range between 438 and 449 °C with an
average of 441 °C. This range is within early mature for Type
IIT kerogen (Peters and Cassa, 1994; Bacon et al., 2000). The
production index values range between 0.02 and 0.22 with
an average of 0.15. These values when combined with T

values indicate an early mature stage (Peters and Cassa,
1994).

T .. vs. PI plot shows the Chia Gara Formation samples
are located in the early mature zone and started to enter
the oil window zone (Figure 11). The same situation is also
approved when samples are plotted in the cross plot of T

X
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versus HI (Figure 10).

The study of Chia Gara Formation by Edilbi (2010) and
Abdula (2017a) approved that the maturity increase from
the west (Banik: T values range between 438 and 441 °C
with an average of 440 °C) toward the east (Barsarin: T
values range between 449 and 486 °C with an average of 463
°C) of their study area. Increasing maturity toward the east
of the studied well may be related to the higher burial that
the formation has experienced as documented by Edilbi’s
(2010) isopach map and consequently experienced higher
temperature and pressure. According to Abdula (2017b), the
current borehole temperature is 85.8 °C at 4060.2 m below
the ground level, but palacotemperature could be higher. The
1D basin modelling of the Bekhme-1 Well displays that the
Chia Gara Formation reached a maximum depth of 2700 m
around 75 Ma (Figure 12).
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Figure 11. T vs. Production Index (PI) diagram of the Chia Gara
Formation (adapted from Atta-Peters et al., 2015).

Burial History Preview, Bekhme-1 Well

4
i ]

Figure 12. Thermal, burial and subsidence history curves at
Bekhme-1 Well (Abdula et al., 2020).

5. Conclusions

The Chia Gara Formation in Bekhme-1 Well can be
considered as a fair to good source rock in the lower part
and a good source rock in the middle and upper parts, where
the average of TOC content is 1.55 wt.%. The organic matter
content belongs to kerogen types II/I1I and III. The average
genetic potential (S1 + S2) value is 4.12, 4.15, and 4.13 mg
HC/g rock for upper, middle, and lower parts, respectively.
These values indicate a moderate potentiality. The maturity
level based on the production index values (0.02-0.22)and
T .. values (average of 441 °C) indicate an early mature
stage. There is no evidence for the oil crossover effect for
the analyzed samples because none of the S1/TOC values is
greater than one; therefore, it appears that the organic matter
just started to enter the oil window.
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