wVa

shahid Chamran Adv. Appl. Geol. Winter 2024, Vol. 13(4): 1154-1175

University of Ahvaz

Research Article

Geochemical evaluation and genetic comparison of Fahliyan and Yamama oils in some
of the west of Karun and Southern Iraq oilfields

Amirhossein Kalhori*+, Hossein Rahimpour-Bonab*, Mehdi Kobraei?

1- Department of Geology, Faculty of Geology, University of Tehran, Tehran, Iran
2- National Iranian Oil Company Exploration Directorate

Keywords: Abadan Plain, Fahliyan Formation, Oil-oil correlation, Petroleum geochemistry, Yamama
Formation

1-Introduction

Petroleum geochemistry analyzes organic materials to understand hydrocarbons' origin, storage,
preservation, and movement in sediments (Tissot and Welte., 1984). Geochemistry studies often utilize GC
and GC/MS techniques, which provide valuable biomarker data. Biomarkers are complex organic
compounds that remain relatively unchanged from their original form in living organisms, making them
reliable tools for analysis. The Mesopotamian and Zagros Basins are two essential oil basins in the world,
with the Jurassic and Cretaceous source rocks being responsible for hydrocarbon production in the former
(Pitman et al., 2004; Al-Khafaji et al., 2021). The Yamama and Fahliyan Formations in the Abadan Plain
have significant hydrocarbon storage capacity and are the focus of this research, which utilizes biomarker
studies to investigate the oil family in these reservoirs. The Sargelu and Garau (Sulaiy) formations are
identified as the most critical source rocks in this area, with the former being the primary source rock in
south Irag. The findings of this study can help reduce exploration risk and improve field development plans.

2. Geological Setting

The Mesopotamian Basin in Iraq has a Jurassic-Cretaceous petroleum system with Middle-Upper Jurassic
organic-rich marine carbonate source rocks and Lower-Upper Cretaceous well-characterized carbonate or
sandstone reservoirs. These reservoirs are sealed by unconformities or compacted claystone (Abeed et al.,
2012). In southern Iraq, the Yamama Formation is a unique reservoir with five reservoirs and four barrier
units. The most significant oil potential is related to oolitic shoals and reefal facies (Al-Khafaji et al., 2019).
The Middle Jurassic Sargelu Formation and the Upper Jurassic-Lower Cretaceous Garau Formation are the
essential source intervals in the Abadan Plain (Kobraei et al., 2019). The Lower Cretaceous Fahliyan
Formation is dominated by carbonate lithology and is one of the best-known reservoirs in the Abadan Plain,
with large quantities of hydrocarbons. The study areas are located in the West of the Karun River in Iran
and the south of Irag.

3. Material and Methods

Four oil samples from the Fahliyan reservoirs were analyzed using geochemical techniques, including
stable carbon isotope analysis, GC, and GC/MS. The samples were collected from the most critical wells
covering the study area. The Yamama geochemical data were obtained from research in Iragq (Abeed et al.,
2011; Abeed et al., 2012; Al-lbrahim and Al-Ameri., 2015; Al-Khafaji et al., 2019). Geochemical
techniques and studies were used to identify these samples' genetic classification and characteristics.

4. Results and Discussion

The studied parameters show that saturated and aromatic contents dominate, and oil samples are paraffinic
and paraffinic-naphthenic. Samples are classified as light and standard oils, with low ratios of Pr/nC17 and
Ph/nC18, indicating an advanced level of maturity, no biodegradation, and a reduced depositional
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environment of source rock. Indices such as Pr/nC17 and Ph/nC18 ratios or ternary diagram of C27, C28,
and C29 regular steranes show deposition under the marine anoxic condition in the source rock with low
salinity due to lower GA/C31R ratio. Moreover, oil samples are derived from kerogen type Il C24/C23
ratio, plot of C26/C25 versus C31R/H, and Plot of Pr/Ph versus 6C13 saturate show carbonate lithology for
source rock. Age indices such as the C28/C29 ratio confirm that samples are derived from Jurassic source
rocks. The maturity-related biomarkers, including C2s 20S/20S+20R versus Ts/Ts+Tm samples, originated
from source rock with a thermal maturity greater than early maturity (as high as peak mature or late mature
level). In addition to studied parameters and indices, star diagrams show intense proximity and correlation
for oil samples.

5. Conclusion

The Fahliyan oils in the west of Karun and the Yamama oils in Southern Iraq are classified in the same
genetic family and originated from an anoxic source rock with marine organic matter and carbonate facies
that have reached a high thermal maturity level. The Sargelu and Garau (Sulaiy) formations could be the
most likely source rocks, but further studies are required as the vast amounts of hydrocarbons trapped in
these reservoirs appear to be much higher than either the Sargelu or Garau (Sulaiy) formations can produce.
These results will affect the field development plan.
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Table 1. Biomarker parameters of the Yamama and the Fahliyan oil samples. (The Yamama oil samples data are adapted
from Abeed et al., 2011; Abeed et al., 2012; Al-lbrahim and Al-Ameri., 2015; Al-Khafaji et al., 2019)

Samples Y-1 Y-2 Y-3 Y-4 Y-5 Y-6 Y-7 Y-8

QOil field Ratawi Ratawi Jerishan Ratawi Ratawi Ratawi Ratawi Ratawi
Approximate Depth 3646 3630 n.d 3646 3630 3781 3630 3698
Sat% n.d n.d n.d 36.2 51.1 40.9 43 43

Aro% nd nd n.d 33.5 27.6 35.9 37.7 38.8
NSO% n.d n.d n.d 30 0.1 15.2 11.7 10.9
Asph% n.d n.d n.d 0.3 21.3 8.1 7.6 7.4

Pol% nd nd nd 30.3 21.4 233 19.3 18.3

API 38.1 38.1 39.9 37 37 29 30.9 32.2

6C13 Sat -26.35 -26.46 -26.63 n.d n.d n.d n.d n.d

6C13 Aro -26.25 -26.25 -26.58 n.d n.d n.d n.d n.d

cv -3.25 -2.98 -3.28 n.d n.d n.d n.d n.d

C27% 37.2 37.4 35.5 n.d 37 334 34.4 33.9
C28% 22.6 22.1 21.6 n.d 21 24.6 23.8 23.7
C29% 40.2 40.5 429 n.d 42 42 41.8 42.4
Pr/Ph 0.91 0.83 0.83 0.75 0.75 0.47 0.77 0.77
Pr/n-C17 0.17 0.16 0.16 0.17 0.24 0.19 0.18 0.17
Ph/n-C18 0.25 0.26 0.23 0.29 0.28 0.3 0.28 0.28

C29 20S/(20S+20R) nd nd nd 0.53 0.55 n.d n.d n.d

C290 BB/(BR+aa) n.d n.d n.d 0.63 0.62 n.d n.d n.d
Ts/Ts+Tm n.d n.d n.d 0.39 0.42 n.d n.d n.d
C355/C34S 0.89 0.83 0.87 n.d n.d 0.98 0.98 1.04
c24/C23 0.27 0.27 0.28 n.d n.d 0.29 0.29 0.3
C26/C25 0.9 0.89 0.88 n.d n.d 0.73 0.72 0.76
C28/C29 0.56 0.54 0.5 n.d n.d 0.58 0.57 0.56
c29/C27 1.08 1.08 1.2 n.d 1.13 1.25 1.21 1.25
C29/C30 nd nd n.d 0.59 0.56 1.48 1.53 1.53
GA/C31R 0.17 0.16 0.16 n.d n.d 0.22 0.2 0.2
C31R/H n.d n.d n.d n.d n.d 0.33 0.35 0.34

ETR nd nd n.d n.d n.d n.d n.d n.d

CPI nd n.d n.d 0.81 0.81 0.91 0.95 0.94
Samples Y-9 Y-10 Y-11 Y-12 Y-13 Fh-1 Fh-2 Fh-3 Fh-4
QOil field Subba Luhais Tuba Subba Rumaila WKO WKO WKO  WKO
Approximate Depth 3693 3663 3809 3572 4141 4100 4075 4085 4090
Sat% 52.8 134 44.8 n.d n.d 86.16 33.71 53.19 55.6
Aro% 34.2 46 36.5 n.d n.d 7.21 33.71 23.64 27.02
NSO% 12.4 15.8 11.2 n.d n.d 1.11 21.07 8.87 2.6
Asph% 0.7 6.8 7.6 n.d n.d 5.53 11.5 14.3 14.78
Pol% 13.1 22.6 18.8 n.d n.d 6.64 32.57 23.17 17.38
API| 39.9 25.9 323 n.d n.d 37 38 33 36
6C13 Sat nd n.d n.d n.d n.d -27.5 n.d -27.1 -27
6C13 Aro nd n.d n.d n.d n.d -26.4 n.d -25.8  -25.6
cv nd n.d n.d n.d n.d -1.98 n.d -1.6 -1.47
C27% 35.5 344 33 n.d n.d 0.46 0.39 0.34 0.34
C28% 21.6 244 25.3 n.d n.d 0.2 0.23 0.25 0.24
C29% 42.9 41.2 41.7 n.d n.d 0.34 0.39 0.41 0.43
Pr/Ph 0.83 0.78 0.72 0.29 n.d 0.66 0.65 0.79 0.78
Pr/n-C17 0.16 0.18 0.19 0.27 n.d 0.2 0.46 0.39 0.36
Ph/n-C18 0.23 0.29 0.31 0.45 n.d 0.37 0.5 0.45 0.5
C29 20S/(20S+20R) n.d n.d n.d 0.6 0.42 0.5 0.54 0.52 0.55
€290 BB/(BR+a0) nd n.d nd 0.81 0.71 0.61 0.57 055 054
Ts/Ts+Tm n.d n.d n.d 0.24 0.27 0.61 0.42 0.29 0.36
C355/C34S 0.87 0.14 1.03 n.d n.d 0.85 0.92 0.6 0.65
C24/C23 0.28 0.26 0.33 n.d n.d 0.48 0.5 0.4 0.45
C26/C25 0.88 0.72 0.92 n.d n.d 0.8 n.d 0.8 0.73
C28/C29 0.5 0.59 0.6 n.d n.d 0.58 0.58 0.6 0.56
Cc29/C27 1.2 1.19 1.26 n.d n.d 0.73 1 1.2 1.26
C29/C30 1.63 1.63 1.38 0.03 0.29 0.94 1.2 1.25 1.33
GA/C31R 0.16 0.24 0.16 n.d n.d 0.09 0.07 0.14 0.13
C31R/H 0.36 0.33 0.34 n.d n.d 0.37 0.44 n.d 0.43
ETR n.d n.d n.d n.d n.d 0.95 1.05 1.1 1.06
CPI 0.96 0.92 0.92 0.99 n.d 1.01 0.96 0.96 1.11
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