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Abstract—Eight oil samples from Lower Cretaceous Fahliyan reservoirs and 51 core and cutting samples from
Upper Jurassic-Lower Cretaceous Garau Formation in Abadan Plain, Southern Iran, were analyzed using
bulk property and molecular methods in order to identify their geochemical characteristics such as maturity
and source depositional environment, as well as to correlate them to respective source rock(s). Rock-Eval
pyrolysis and vitrinite reflectance measurements indicated that the Garau Formation, classified as a good-
to-excellent source rock, the kerogen is mainly of Type II and the maturity is in peak oil generation. The crude
oils of the Fahliyan reservoir are classified as light oil (API more than 35), non-biodegraded, saturate frac-
tion, slight even/odd predominance, and front-end biased distribution in gas chromatogram. According to
molecular and isotopic data, the oils were generated by a marine carbonate source rock which was deposited
under the anoxic condition. Furthermore, all the studied samples reveal compositional similarity and hence
can be assigned to one oil family, originating from a common source rock. Based on compositional similari-
ties of biomarkers and isotope data in the studied crude oils and source rock, the Upper Jurassic-Lower Cre-
taceous Garau Formation can be regarded as the main source rock of the oils.
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1. INTRODUCTION
The Abadan Plain basin in Southwestern Iran com-

prises more than 7 oil producing fields which are pro-
ducing from a reservoir in the Cretaceous age (Fig. 1).
Cretaceous reservoirs such as the Khami and Bangestan
groups are the main oil producers in the Zagros basin
containing oil in this region (Motiei, 2010). In addition,
the existence of gas condensate has been proved in the
Jurassic succession. Although the Abadan Plain is
regarded as one of the most important hydrocarbon
regions in the Iran, its petroleum system has been
poorly studied geochemically.

The most important source intervals in the
Abadan Plain include Middle Jurassic Sargelu For-
mation and Upper Jurassic-Lower Cretaceous Garau
Formation which were investigated in an initial study
(Kobraei et al., 2019(1, 2)) and are presented in other
publications (Zeinalzadeh and Sajjadian, 2009; Abeed
et al., 2011).

The Abadan Plain is located in the Southeastern
part of the Mesopotamian basin in Iraq. Using a geo-
chemical study and 3D basin modeling, Pitman et al.
(2004) showed that all the oils in the Jurassic-to-Cre-

taceous reservoir are generated by a Middle Jurassic
source interval. However, Abeed et al. (2012) later
pointed out that hydrocarbon in the Cretaceous inter-
vals is produced from the Upper Jurassic-Lower Cre-
taceous Sulaiy Formation (time equivalent of Garau
Formation in the Abadan Plain). It is believed that oils
from Lower Cretaceous-to-Eocene age can be divided
in two groups based on maturity parameters.

The present study which is the complementary part
of an initial study on geochemical investigation of the
Lower Cretaceous petroleum system (Kobraei et al.,
2017) presents a detailed description of oils discovered
in the Fahliyan (Lower Cretaceous) reservoir in the
region. The first step was to characterize geochemical
parameters in the Cretaceous oils. Then, the biomarker
composition in the studied samples was classified and
finally, using oil-oil and oil-source correlation, the oil
family and respective source rocks were identified.

2. GEOLOGICAL SETTING
The Abadan Plain area is situated within the fore-

land basin Southwest of Zagros Mountain. There is no
outcrop evidence from underlying structures (Fig. 1).
790
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Fig. 1. Map of the studied area and oil fields in the Abadan plain basin with main tectonic boundaries (Adapted from Zeinalzadeh
et al., 2015).

47� 48� 49� 50�

30�

31�

32�

0 60 km
Scale

Balaroud Fault Zone M
ountain F

ront F
ault

Iz
e
h

 F
a
u

lt Z
o

n
e

Iz
e
h

 F
a
u

lt Z
o

n
e

North Dezful

Iraq

N

 Zagros Frontal Fault

 Z
agros Frontal Fault

R
am

 H
urm

uz Fault

Iran

Abadan Plain

Persian Gulf

A
Z

N JR

K
U

K

S
O

H

D
N

HK

AVD
The Zagros fold and thrust belt have been formed from
Late Miocene to the present due to continent-conti-
nent collision between the Arabian and the Eurasian
plates (Stocklin, 1974).

Results of seismic interpretation and integrated anal-
ysis of well data shows three main deformations in the
area: (1) NW–SE-oriented Middle-Upper Cretaceous
compression, (2) NE–SW-oriented compression asso-
ciated with the generation of the Zagros fold and thrust
GEOCHEMISTRY INTERNATIONAL  Vol. 57  No. 7 
belt, and (3) N–S-oriented structures which are located
along the elongate, narrow anticline. This N–S struc-
tures originated during the Late Proterozoic Natibah
orogeny and were reactivated during the Permo-Car-
boniferous, Mesozoic, and Tertiary, possibly related to
the movement of Infracambrian salt (Satarzadeh et al.,
2000; Jassim and Goff, 2006; Aqrawi et al., 2010).

Abadan Plain did not tolerate the active tectonic
movement which put it in a passive margin setting
 2019
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with no significant erosion events (AbdollahieFard
et al., 2006). In addition, little erosion was reported
in the Mesopotamian basin in Southern Iraq (Abeed
et al., 2013).

Prolific Jurassic-to-Cretaceous source rocks, long
burial history, good reservoir/seal pairs, and a gener-
ally late migration history have played major roles in
the configuration of traps and charging events in the
Abadan Plain area.

This study focuses on the geochemical investiga-
tion of crude oils from Fahliyan (Lower Cretaceous)
Formation which is one the most prolific reservoirs,
and Garau Formation as the most important source
interval in the studied area (Fig. 2).

The Garau Formation consists of five units in the
Abadan plain area. The bottom unit consists of dark
grey to black carbonaceous shale and dark argillaceous
pyritic limestone (James and Wynd, 1965). Overlying
this, is dark grey limestone with carbonaceous shale.
Above this, is grey to brown shale, and above that, is
limestone with black nodules. The upper part of the for-
mation is alternating grey shale with shaley limestone,
and glauconitic sandy limestone and sandy marls in the
uppermost part. Almost all of the Garau Formation is
considered to have been deposited under a low-energy
anoxic environment, and it has excellent source rock
potential, especially in the lower part (Fig. 2).

The Lower Cretaceous Fahliyan Formation is
dominated by carbonate lithology which is often dolo-
mitized. It is deposited in a shallow-water carbonate
ramp which has been formed due to the uplifting of
Abadan Plain area (Sharland, 2001).

3. MATERIALS AND METHOD

A total of 51 core and cutting samples representing
the Garau Formation as the main Lower Cretaceous
source rock from six exploration wells drilled in the
Southwestern part of the Zagros basin were chosen for
geochemical analyses. In addition, 8 oil samples from
Lower Cretaceous Fahliyan reservoir were obtained
from 8 wells in three different oil fields in the studied
region. The oil and rock samples were subjected to ele-
mentary and complementary geochemical analyses,
explained in the following sections.

3.1. Rock-Eval Pyrolysis and Vitrinite Reflectance
The most widely used method to identify the gen-

eration potential of source rocks is Rock-Eval pyroly-
sis (Espitalié et al., 1977). In the present study, rock
samples from source intervals were pyrolyzed using a
Rock-Eval 6 instrument with a module to identify the
total organic carbon (TOC) content, free hydrocarbon
fraction (S1), the fraction released by thermal cracking
(S2), and the pyrolysis temperature (Tmax) of maxi-

mum kerogen cracking at the top of the S2 peak, as
described by Espitalié et al. (1977). Some additional
GEOCH
geochemical parameters such as production potential
(S1 + S2), HI (S2/TOC), OI (S3/TOC), and PI
(S1/S1 + S2) were also calculated and are listed in
Table 1. For more details about pyrolysis and interpre-
tation, refer to Tissot and Welte (1984).

For Rock-Eval pyrolysis, 7 samples were selected
for measuring vitrinite reflectance. Measurements
were taken out using Zeiss Axipolan II microscope in
oil immersion; following the method described by
Taylor et al. (1998). The results can be seen in Table 1.

3.2. Complementary Analysis
In this study, oil samples from 8 wells aligned with

4 rock extract samples from source intervals were sub-
jected to preliminary geochemical experiments such as
API, asphaltenes precipitation, and column chroma-
tography, to be fractionated to saturate, aromatic, and
resin, using 5 mL n-pentane (Fraction 1), 5 mL n-pen-
tane/DCM (40/60 v/v, Fraction 2), and 5 mL
MeOH/DCM (50/50 v/v, Fraction 3).Then, comple-
mentary stages such as gas chromatography (GC), gas
chromatography-mass spectrometry (GC-MS), and
stable isotope analysis were performed on the selected
samples.

GC analysis was performed by a gas chromatograph
equipped with a 30 m DB-1 fused silica capillary col-
umn (i.d. 0.25 mm; 0.25 μm film thickness). For the
mass spectrometry analysis, the GC was coupled with a
Finingan MAT GCQ ion trap mass spectrometer. The
oven temperature was set from 70 to 300°C at the rate of
4°C/min, in which 15 min was considered as the iso-
thermal period. The injection temperature was 275°C in
the split-less mod, and the carrier gas was helium.

The results were processed with a Finnigan data
system. Relative percentages and absolute concentra-
tions of different saturate and aromatic compound
families were calculated based on comparison of peak
areas from the gas chromatograms and those of pub-
lished internal standards (Moldowan et al., 1985;
Radke et al., 1990; Weiss et al., 2000).

The isotopic composition (δ13C) of oils and source
rock extracts in saturate and aromatic fractions were
analyzed utilizing combustion in the presence of oxygen
at 1020°C using an elemental analyzer (Flash EA 1112).
The generated CO2 was measured directly in a

Thermo-Fisher SELTA V isotope ratio mass spec-
trometer. The precision of the total procedure was in
the range of ±0.1%.

In order to analyze carbon isotope ratio for each
individual alkane, the GC-ultra was attached to a
Delta V isotope-ratio mass spectrometer (IRMS) via a
combustion interface (GC IsoLink) and an auto-dilu-
tion unit (ConFlow IV). The gas column specification
which had been coupled was the same as the one
described above, and the temperature program was the
same as the one for conventional GC-MS analysis.
Carbon isotope ratios for individual alkanes were calcu-
EMISTRY INTERNATIONAL  Vol. 57  No. 7  2019
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Fig. 2. Stratigraphic chart of the studied area in Southwest Iran (Adapted from Bordenave and Hegre, 2010).
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Fig. 3. (a) Plot of S1 + S2 versus TOC showing the production potential of the studied samples (Peters and Cassa, 1994).
(b and c) HI versus Tmax (left) and OI (right) showing the maturity and kerogen type of the studied samples (Hunt, 1996).
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lated using CO2 as a reference gas that was automatically

introduced in to the IRMS at the beginning and the end
of each analysis. The data were reported in ‰ relative
to the Vienna Pee Dee Belemnite standard. Repeated
analyses showed high precision, and the standard devi-
ation of each compound was less than ±0.5‰.

4. RESULTS

4.1. Source Rock Geochemistry
The present total organic carbon content of Garau

Formation varies from 0.42 to more than 10 wt %, and
GEOCH
the average TOC in this Formation is about 2.2 wt %
(Table 1) which can be classified as a good-to-very
good potential source rock (Hunt, 1996). In the ana-
lyzed samples, S2 changes between 0.84 and
13 mg HC/g Rock which places the Garau Formation
in the very good source rock groups. According to the
plot of S1 + S2 (production potential) versus TOC in
Fig. 3a, the present production potential in the Garau
Formation can be considered as fair to very good
(Peter and Cassa, 1994).

HI is plotted versus Tmax and Oxygen Index in the

plots of Figs. 3b, 3c in order to identify the kerogen type
EMISTRY INTERNATIONAL  Vol. 57  No. 7  2019



UPPER JURASSIC-LOWER CRETACEOUS SOURCE-ROCK EVALUATION 797

Table 2. Result of Bulk oil composition, API gravity and GC analysis for saturated hydrocarbon fraction of crude oils from
the Fahliyan reservoir, Abadan plain

Abbreviation: Sat = saturates; Aro = aromatics; Res = resins; Asp = Asphaltenes; API = API gravity; Pr/Ph = pristane/phytane;
CPI = 2(nC23   + nC25   + nC27   + nC29)/[nC22 + 2  (nC24   + nC26   + nC28)  + nC30]; TAR = (nC27 +  nC29   + nC31)/(nC15 +  nC17 +  nC19).

Sample ID Sat. % Aro. % Pol. % API Pr/nC17 Ph/nC18 Pr/Ph CPI
nC17/

(nC17 + nC27)

nC18/

(nC18 + nC19)
TAR

Fh-AZN 86.16 7.21 6.64 37 0.20 0.37 0.66 1.01 0.94 0.56 0.40

Fh-KUK 33.71 33.71 32.57 38 0.46 0.50 0.65 0.96 0.56 0.47 0.94

Fh-HOS 53.19 23.64 23.17 33 0.39 0.45 0.79 0.96 0.59 0.51 0.82

Fh-HOS 55.6 27.02 17.38 36 0.36 0.50 0.78 1.11 0.76 0.53 0.55

Fh-KUK 54.5 21 24.5 38.5 0.28 0.6 0.52 1.07 0.91 0.58 0.41

Fh-HOS 54 27.5 18.5 36.5 0.23 0.52 0.51 0.98 0.81 0.55 0.51

Fh-AVD 63 28 9 42 0.18 0.31 0.68 0.99 0.82 0.52 0.08

Fh-JR 57 30 13 38 0.39 0.49 0.9 1.02 0.74 0.52 0.27

Garau-6 57.5 15.5 27 – 0.7 0.8 0.41 1.01 0.9 0.6 0.35

Garau-30 61 12 27 – 0.49 0.62 0.5 1.06 0.96 0.61 0.14

Garau-37 52 16 32 – 0.31 0.68 0.68 1.01 0.89 0.63 0.35

Garau-45 46.5 16.5 37 – 0.4 0.63 0.8 1.08 0.91 0.68 0.15
and maturity of organic matter in the Garau Formation.
As shown in the graphs, kerogen is of Type II which is in
consistence with paleogeographic maps of depositional
time of Garau Formation and kerogen type II-S for
Sulaiy Formation in the Mesopotamian basin in Iraq
(Abeed et al., 2011; Kobraei et al., 2017-2).

The maturity of Garau Formation was determined
on the basis of Tmax, PI, and vitrinite reflectance. In the

studied rock samples, Tmax values change from 433 to

453oC with an average of 442°C. Vitrinite reflectance
has been measured for 7 samples which yield around
0.9% (Table 1). According to the plot of HI versus Tmax

in Fig. 3b, as well as vitrinite reflectance measurement,
the maturity of organic matter in the Garau Formation
can be identified as peak oil generation.

It is noteworthy that the Garau samples are already
close to the peak of oil expulsion window. Therefore,
initial values of both S2 and HI of Garau samples
could have been much higher, even double the current
values. Then the Garau Formation could be classified
as very good to excellent source rock.

4.2. Oil Geochemistry

Oil characterizations. The results of API measure-
ment and liquid chromatography for composition
detection in the oil samples are shown in Table 2. The
oils show API gravity between 33 to 42 which classifies
them in the light oil group. Most of oils show a domi-
nance of saturate fraction which ranges from 33 to
more than 80%.

Regarding GC data, the Fahliyan reservoir oils are
characterized by slight even/odd predominance,
higher concentration of short chain alkanes (front
GEOCHEMISTRY INTERNATIONAL  Vol. 57  No. 7 
end-biased distribution), high values of nC17/nC27,

CPI values near unity, and Pr/Ph ratio less than one
(Table 2 and Fig. 4a).

High values of API as well as existence of short-
chain normal alkanes (<n-C15), no UCM in the GC

chromatograms and very low concentration of C28

BNH (17α 25 Nor-Hopanes) in the saturates GC-MS
fragmentograms shows no biodegradation in the stud-
ied oils (Peters et al, 2005).

4.2.1. Oil maturity. The very low ratios of Pr/Cn17

and Ph/nC18 which are plotted in Figure 5 shows an

advanced level of maturity (Hunt, 1996), no biodegra-
dation (Volkmann, 1998), and reducing depositional
environment of source rock (Hunt, 1996).

In the C29 steranes (5α (H), 14α (H), 17α (H)), as

maturity increases, the isomerization at C-20 will
increase the 20S/ (20S + 20R) ratio from 0 to 0.5
(Peters et al, 2005). Here, this ratio ranges from 0.47 to
0.55 (Table 3) which approves a high level of maturity
in the studied oil samples. Peter et al. (2005) showed
that due to the increase in maturity, the isomerization
in the C-14 and C-17 in the C29 regular steranes

increases the amount of ββ/(ββ + αα) ratio from 0 to
0.7 (equilibrium at 0.67–0.71). In the Fahliyan oil sam-
ples, this ratio is in the range of 0.54 to 0.61 (Table 3).

With increasing the maturity of organic, C27 17α-

tris-norhopane (Tm) is less stable than C27 18α-tris-

norneohopane (Ts). Ts/(Ts + Tm) ratio is sensitive to
lithology of source rock, for example, oils from car-
bonate source rocks have lower ratios compared to
shale generated oils (Peters et al., 2005). Ts/(Ts + Tm)
has been considered for further investigation of matu-
rity in the studied oil samples. According to the
Ts/(Ts + Tm) ratios which range from 0.4 to 0.7 (Aver-
 2019
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Fig. 4. (a) GC-SAT chromatograms for 2 selected oil sample in the Fahliyan reservoir. (b) Typical saturate and aromaticGC-MS
fragmentograms of 2 selected Fahliyan oil samples.
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age 0.57) in the Table 3, the Fahliyan reservoir oil sam-
ples can be regarded in the advanced level of maturity.

In the aromatic compound with increasing matu-
rity, the value of 4-MDBT/1-MDBT (methyl diben-
GEOCH
zothiophene) ratio will increase in the oil and rock

extract. In the studied samples, this value is more than

2 which shows advanced level of maturity in the oil and

rock samples.
EMISTRY INTERNATIONAL  Vol. 57  No. 7  2019
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Fig. 5. Plot of Pr/nC17 versus Ph/nC18 from GC-FID showing maturation, depositional environment, and kerogen type in the
studied source and oil samples (After Hunt, 1996).
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4.2.2. Source depositional environment of oils. Very
low Pr/nC17 and Ph/nC18 ratios (Fig. 5), prevalence of

short-chain alkanes, Pr/Ph ratio less than 1, TAR less
than 1, and front end-biased distribution in gas chro-
matograms (Fig. 4a) show marine algae and deposi-
tion under the marine anoxic condition in the source
rock (Peters et al., 2005; Tissot and Welte, 1984).

Peters et al., (2005) believed that in regular ster-
anes, C27 sterane contributes to marine organic mat-

ter, while C29 shows input of terrestrial organic matter

into the depositional environment. In the studied
samples, the ternary diagram of relative distribution of
regular steranes shows low amount of C29-steranes,

indicating a limited contribution of higher plants. Based
on Fig. 6, there is a shift toward C27, indicating the

marine carbonate source rock.

Very low gammacerane index (abundance of gam-
macerane versus C30 hopane) indicates there is no

high salinity and water stratification in the source dep-
ositional environment (Zhang et al., 1988; Table 3).

The low concentrations of C19 and C20 tricyclic ter-

panes are typical for marine carbonate composition
source rock (Aquino Neto et al., 1983). The lower
concentration of overall tricyclic terpanes as well as
higher concentration of C23 tricyclic terpanes may

indicates marine depositional environment. Further-
more, the lower values of C26/C25 (less than 0.9) as well

as high ratio of C29/C30 hopane (more than 0.6) and

C34S/C35S homohopanes (more than 0.8) show a

prevalent marine carbonate depositional environment
(Subroto et al., 1991; Peters et al., 2005; Table3).

In aromatic biomarkers, the dibenzothio-
phene/phenanthrene (DBT/P) ratio is plotted versus
Pr/Ph (Fig. 7a) which indicates marine carbonate as a
GEOCHEMISTRY INTERNATIONAL  Vol. 57  No. 7 
source environment for the studied oil samples
(Hughes, 1995).

Furthermore, according to the mentioned geo-
chemical parameters, all the studied samples reveal
compositional similarity and, hence, can be assigned to
one oil family, originating from a common source rock.

Bulk composition stable carbon isotope analysis
has been applied to show the depositional environ-
ment of studied oil samples (Table 4). Moreover, indi-
vidual n-alkanes GC-IRMS were measured (Fig. 7c)
for further oil-oil and oil-source correlation, shown in

Figs. 7b, 7c. Figure 7b shows the plot of δ13C aromatic
versus saturates (Sofer, Z., 1984), according to which all
the oil samples are located in a marine environment.

Using statistical processing on the isotope analysis
results, a parameter known as Canonical Variable (CV)
can be calculated (Sofer, Z., 1984). Regarding Table 4,
the CV index confirms the results, because for all oil
samples the CV is less than 0 which means the reduction
of marine depositional environment.

The average δ13C values of n-alkanes (C15–C29)

for the studied oils ranges from –29 to –29.3‰.
Small changes (lower than 2‰) indicate that all the
studied samples are derived from the same source
(Clayton, 1991; Peters et al., 2005; Galimov, 2006;
Alizadeh et al., 2016).

Figure 7c shows n-alkane isotope profiles for 2 oil
samples in the Fahliyan Formation and 2 rock samples
from Garau Formation as the most important source
rock in the Upper Jurassic and Lower Cretaceous suc-
cession. There is an acceptable similarity in isotope
profiles of all the studied oil and rock samples.
 2019
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Fig. 6. Ternary diagram of C27–C28–C29 steranes for the studied oil and rock samples (After Peters et al., 2005).
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Table 4. Result of bulk isotope analysis in the studied sam-
ples

a CV = (–2.53 δ13C Sat + 2.27δ13C Aro)-11.65 (Sofer, 1984).

Sample ID
Saturated HC Aromatic HC

CVa

δ13C (PDB) δ13C (PDB)

Fh-AZN –27.5 –26.4 –1.9881

Fh-HOS –27.1 –25.8 –1.6076

Fh-HOS –27.0 –25.6 –1.4773

Fh-AVD –26.9 –26.5 –3.8161

Garau-30 –29.2 –28.0 0.3

Garau-37 –29.0 –27.9 –0.1

Garau-45 –27.2 –26.1 –0.6
4.3. Oil-Oil and Oil-Source Correlation

According to the compositional analysis (Table 2),
crude oils from the Fahliyan Formation in the Abadan
Plain can be classified as paraffinic oils (Tissot and
Welte, 1984). Figure 5 plots Pr/nC17 vs. Ph/nC18

showing a narrow cluster which means very good sim-
ilarity in all the studied oil samples. Moreover, there is
good correlation between Garau source rock and the
oil samples.

The highest-quality source rocks in the study area
are the Upper Jurassic-Lower Cretaceous marine car-
bonates Garau Formation (time equivalent in Iraq is
the Sulaiy Formation) and Middle Jurassic Sargelu
Formation (Pitman et al., 2004; Abeed et al., 2011;
Kobraei et al., 2017(1)).

In the previous section, it was mentioned that the
higher amount of C27 regular steranes relates to higher

contribution of marine organic matter. The triangle
diagram in Figure 6 reveals a remarkable similarity
among the oil samples themselves and between the oil
and Garau source rock samples.

The marine carbonate source rock is further
proved as the origin of Fahliyan reservoir oils by the
relationship between Pr/Ph and the dibenzothio-
phene/phenanthrene (DBT/Ph) in Fig. 7a. The
source rock was deposited in a marine carbonate
GEOCHEMISTRY INTERNATIONAL  Vol. 57  No. 7 
environment, as also shown by the relationship in
Fig. 7b.

Based on normal alkane isotope profiles, almost all
the studied oils are derived from a common source
(Fig. 7c). The profile in this figure shows a very high
correlation between oils and rock samples from Garau

Formation. Here, the more negative δ13C values indi-
cate a higher contribution of planktonic algae (Her-
czeg and Fairbanks, 1987; Murray et al., 1994).
 2019
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Fig. 7. (a) Plot of DBT/P versus Pr/Ph for the oil and rock samples (Hughes et al., 1995). (b) Plot of δ13C aromatic versus saturate
to investigate the organic matter depositional environment (Sofer, 1984). (c) Plot of n-alkanes GC-IRMS profile for 4 rock and
oil samples.

5

4

3

2

1

0 1 2 3 4 5

D
ib

e
n

z
o

th
io

p
h

e
n

e
/
p

h
e
n

a
n

th
re

n
e

Zone IA

Zone IB

Zone II Zone III

(a)

Zone IV

Zone IA marine carbonates

Zone IB Marine carbonates/Marine Marls/Lacustrine Sulfate-rich

Zone II Lacustrine Sulfate-poor/Mixed Shale/carbonate

Zone III Marine Shale and other Lacustrine

Zone IV Fluvial/deltaic
Garau source

rock

Pr/Ph

Fh-HOS Fh-HOS Fh-AVDFh-AZN

Fh-HOS FH-HOSFh-KUKFh-HOS Fh-AVDFh-AZN FH-JR

(b)

Garau source
rock

δ1
3
C

  
a
ro

m
a
ti

c

δ13C saturate

Terrestria
l

Marine

–18

–20

–22

–24

–26

–28

–30

–32
–33 –31 –29 –27 –25 –23 –21 –19 –17

(c)

Garau Fm-1

Garau Fm-2

Fh-HOS

Fh-HOS

–24

–25

–26

–27

–28

–29

–30

–31

–32

n-C
15

n-C
16

n-C
17

n-C
18

n-C
19

n-C
20

n-C
21

n-C
22

n-C
23

n-C
24

n-C
25

n-C
26

n-C
27

n-C
28

n-C
29

n-C
30

P
ri
st
an

e

P
hyt

an
e



UPPER JURASSIC-LOWER CRETACEOUS SOURCE-ROCK EVALUATION 803
Alizadeh et al. (2016) found that Cretaceous reser-
voir oils (including Gurpi, Ilam, Sarvak, Kazhdumi,
Gadvan, and Fahliyan formations) are derived from
Kerogen Type IIS of a marine carbonate lithology.
Moreover, other studies of oil-source rock correlation
for equivalent source/reservoir rock successions in
Iraq and Kuwait indicate that the Sulaiy Formation
(time equivalent of Garau Formation) appears to be
the potential source rock candidate based on molecu-
lar and bulk isotope geochemistry (Abdullah and
Connan, 2002; Abeed et al., 2012). Sargelu Formation
is another source rock interval in Middle Jurassic suc-
cession in Southwestern Iran which can be regarded as
the origin of Fahliyan reservoir oils. Pitman et al.
(2004) believed that most of the oils in the Cretaceous
petroleum system of Iraq are generated by Jurassic
Sargelu Formation. The main problem for Jurassic
source suggestion is the presence of Gotnia Formation
with more than 200 m of thickness and evaporite in
lithology which cover the area as a blanket. It is very
difficult to propose migration for any hydrocarbon
across such an ideal seal, although some faults can be
seen in seismic lines which start from deeper Jurassic
intervals, move up through the Gotnia Formation,
and finally die out in the Garau Formation (Kobraei,
2016). These faults could act as conduits for the migra-
tion of generated Jurassic hydrocarbon into the overly-
ing strata.

5. CONCLUSION

Results of Rock-Eval analysis indicated that the
Upper Jurassic-Lower Cretaceous Garau Formation,
with an average TOC of 2.1 wt % and HI value of
213 mgHC/g TOC, can be classified as a good-to-
excellent source rock. The production potential of the
Garau Formation improves both to the East and West
of the study area. The kerogen type in the Garau For-
mation is mainly Type II. According to Tmax values, the

plot of HI versus Tmax and vitrinite reflectance mea-

surement, the maturity of organic matter in Garau
Formation can be regarded as peak oil generation.

The crude oils of the Lower Cretaceous Fahliyan
reservoir in the Abadan Plain area are classified as
light oil (API values of more than 35). They showed
dominance of saturate fraction, slight even/odd pre-
dominance, and front end-biased distribution in the
GC profile.

Maturity indication parameters such as Pr/nC17,

Ph/nC18, Hopane, steranes, and aromatic biomarker

ratios show an advanced level of maturity in the stud-
ied oil. Furthermore, some other studies in the area
showed that oils in the Lower Cretaceous reservoirs
are generated in the late maturity stage of source rocks
(Abeed et al., 2012; Alizadeh et al., 2016).

The oils are derived from kerogen Type II of marine
carbonate source rocks, further indicated by very low
Pr/nC17 and Ph/nC18 ratios, Pr/Ph and TAR ratios of
GEOCHEMISTRY INTERNATIONAL  Vol. 57  No. 7 
less than 1, regular sterane distribution, very low gam-
macerane and oleanane indices, low concentration of
tricyclic terpanes, and DBT/P ratio of more than 1.

Stable carbon isotope analysis results (including
bulk and individual n-alkanes) for the studied oils
reveals marine depositional environment of source rock
and no diversity between their organic matter inputs.

Based on similar biomarker and isotope correlation
parameters, the most likely source rock of the studied
oils is Upper Jurassic-Lower Cretaceous Garau For-
mation. The Garau Formation which is in the peak oil
generation started to generate and expel hydrocarbon
from late Cretaceous.
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