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Introduction

The Zagros sedimentary basin is one of the most
important oil basins in the world, extending northwest-
southeast and having the largest oil fields in the world.
The Middle Cretaceous to Early Miocene oil system
is considered to be one of the five known oil systems
in the Zagros fold belt, in which the two Asmari
carbonate reservoirs with Oligo-Miocene age and
Bangestan reservoir with Cenomanian-Turonian age
are the major reservoirs in this petroleum system [1].
The Ahmadi member (Middle Cenomanian age) of the
Sarvak Formation is one of the source rocks of this
petroleum system [2].

Correlation of oils to each other and to their source

Accepted: November/08/2019

rock is an important factor in defining a basin’s
petroleum system. In this paper, four oil samples
(#A13, #A09, #A04, #A03) from the Sarvak reservoir
and two source rocks (#SO1, #S02) from the Ahmadi
member of the Sarvak Formation in an oil field at the
southwest of Iran, were evaluated geochemically with
Rock Eval pyrolysis, column chromatography, gas
chromatography (GC) and gas chromatography mass

spectrometry (GC-MS) instruments.

The purpose of this study was to determine sedimen-
tary environment (oxic and anoxic), type of organic
matter, thermal maturity, biodegradation, lithology
and sedimentary environments of source rock, and
eventually oil-oil and oil source correlation.



Methodology

Four crude oil samples (# A03, # A04, # A09, # A13)
of Sarvak reservoir and two source rock samples
from the Ahmadi member (# SO1 and # SO2) were
selected for study. Initially, two source rock samples
were examined petrographically and then analyzed
by Rock Eval pyrolysis. Sample # SO1 was selected
for extraction of bitumen and other analyses due
to the high amount of total organic carbon (TOC).
Moreover, the process of extraction of bitumen from
the source rock was carried out by means of a Soxhlet
apparatus and distillation of organic solvents. The
asphaltene fraction of the oil and extracted samples
were precipitated by the addition of a 40 fold excess
of n-hexane. The remaining maltene fractions were
then separated into saturate hydrocarbons, aromatic
hydrocarbons and resins by column chromatography.
These fractions were eluted with n-hexane, benzene
and methanol respectively. Then saturate and aromatic
fractions were analyzed by gas chromatography—mass
spectrometry (GC-MS).

Results And Discussion

Biomarkerratios were calculated and different diagrams
were used to determine the depositional environment
of the source rock. According to the obtained (Pr/
Ph) ratios, the anoxic condition is determined during
precipitation of source rocks for all Sarvak reservoir
oils and bituminous of the Ahmadi source rock. Also,
the plots of Pr/nC17 values versus Ph/nC18 [3] shows
formation of oils and extracted bitumen in a marine
reducing environment that are derived from algae
(Type II kerogen). Petrographic examination and
Rock Eval data of the Ahmadi member of the Sarvak
Formation also confirm deep marine and kerogen type
II conditions.

Based on the values of Gammacerane/C,, H index
for crude oil and bituminous extracted samples from
source rock, normal salinity was detected for the
sedimentary environment of their source rock [4].
Terrigenous/aquatic ratios (TAR) obtained from gas
chromatograms for crude oil samples indicate the
marine conditions [5]. Plots of the Dibenzothiophene
to phenanthrene (DBT/P) versus Pristane to Phytane
(Pr/Ph) ratio and (Dia/Diat+Reg) C,, sterane versus
Pr/(Pr+Ph) and triangle diagram of C_, C, and C,
sterane show the carbonate—shale lithology for all
studied samples.

Carbon preference index (CPR) values and plot of Pr/
n-C17 versus Ph/n-C  indicate high thermal maturity
for all studied samples. Variation of C29 20S/(S+R)
versus C29 off/(aff +aaa) [6] also show that
#A09, #A13 and #SO1 samples are located in peak of
oil window and #A04 and #A03 situated at early oil
window.

Star diagrams of normal alkanes and biomarker ratios
diagram of the Sarvak reservoir crude oils and extract
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bitumen represent relative overlap between three oil
samples from wells # A13, # A04 and # A03 and may
suggest that the samples have same origin. While #
A09 Oil sample has a different trend in comparison
with other samples. The extract bitumen from the
source rock also shows relative overlap with the three
oil samples #A 13, #A04 and #A03.

Based on the C27-C28-C29 sterane triangular dia-
gram, the source rock samples are located near to #
A13, # A04 and # A03 samples, while the # A09 oil
sample is far from the source rock and other three oil
samples.

Variation of CPI, Pr/(Pr+Ph), C32 S/(S+R), C30 (Bo/
af+pa), C23 TT/C30 off Hopane and Tm/Ts versus
calculated vitrinite reflex indicate that there are nearly
biomarker similarities between #A03, #A04, #A13 and
source rock and can show genetic relationship. While
#A009 oil sample with more space related to other sam-
ples might indicate more than one oil families in the
Sarvak reservoir of the studied oil fields.

Conclusions

Thin section studies and Rock-Eval analysis along
with biomarker data on source rock of Ahmadi mem-
ber from Sarvak Formation indicate deep marine con-
dition and kerogen type II. Determination of saturate,
aromatic, resin and asphaltene fractions on study
samples show paraffinic composition with nearly high
thermal maturity for oils and naphtenic composition
for extracted bitumen of probable source rock in stud-
ied oil fields. Geochemical studies indicate that the
source rock of oil samples have carbonate-shale lithol-
ogy in an anoxic marine environment. The biomarker
ratios also show the medium to high thermal maturity
of studied samples. Finally, according to this study, it
is found out that star diagram of normal alkane and
biomarker ratios, triangle diagram of C27-C28-C29
steran, variation of CPI, Pr/(Pr+Ph), C32 S/(S+R),
C30 (Bo/ap+pa), C23 TT/C30 aff Hopane and Tm/
Ts versus calculated vitrinite reflex indicate that there
are nearly biomarker similarities between #A03, #A04
and #A13 and source rock and can show genetic re-
lationship. While #A09 oil sample with more space
related to other samples might indicate more than one
oil families in the Sarvak reservoir of the studied oil
fields.

Nomenclatures

GC: Gas chromatography

GC-MS: Gas chromatography-mass spectrometry
TAR: Terrigenous/aquatic ratios

TOC: Total organic carbon
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