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Introduction

Surface hydrocarbon seepages—such as crude oil, resin,
tar, and solid bitumen—represent valuable indicators of
subsurface petroleum system characteristics, including
source rock type, maturity, migration pathways, and
alteration processes. In structurally complex regions
such as the Zagros Fold Belt, analyzing the chemistry
of oil seeps provides crucial insights into hydrocarbon
system dynamics, especially where reservoir exposure,
uplift, and biodegradation complicate subsurface
interpretations. Despite numerous seeps across the Fars
sub-basin and Dezful Embayment, limited detailed
geochemical work [1-6] has been conducted due to the
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commonly severe alteration of seep oils. This study aims
to address this gap by conducting an integrated whole-
oil and biomarker analysis of eight representative seeps
on both sides of the Qatar—Kazerun Fault, determining
their genetic relationships, depositional environments,
and correlation with known reservoir oils.

Geological Setting

The study area spans two key structural sub-zones of
the Zagros Fold Belt: The Coastal Fars region to the
east and the southern Dezful Embayment to the west

(Fig. ).
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Fig. 1 Location of oil seepages and salt domes in the study area.
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The Qatar—Kazerun Fault is a major basement structure
with dominant right-lateral strike-slip motion and
significant vertical displacement [7, &]. Its long-lived
tectonic activity has caused major lateral and vertical
changes in sediment thickness, facies distribution,
reservoir development, and source rock maturity
across the region. In Coastal Fars, the presence of thick
Hormuz Salt, numerous salt domes, and thinning of
Miocene and younger strata have limited the maturation
of Pabdeh and Kazhdumi source rocks, leaving deeper
Jurassic carbonates (Neyriz Formation) as the primary
potential source. Conversely, the Dezful Embayment
hosts thick successions of mature Lower Cretaceous
source rocks, primarily the Kazhdumi Formation,
generating widespread Asmari—Sarvak petroleum
systems. Thus, the Qatar—Kazerun Fault acts as a
structural and geochemical boundary separating two
distinct hydrocarbon provinces.

Materials and Methods

Eight oil seep samples, including liquid oils, viscous
oils, and solid bitumen, were collected aseptically from
both sides of the Qatar—Kazerun Fault. Asphaltenes
were removed using n-heptane, followed by separation
of saturate, aromatic, and resin fractions via column
chromatography. GC and GC-MS analyses of saturate
and aromatic fractions were conducted using standard
HP-5971 and HP-5888 instruments. The saturate
fraction was used to interpret n-alkane distributions,
isoprenoid ratios, hopanes, and tricyclic terpanes.
Aromatic fractions were analyzed for phenanthrenes,
dibenzothiophenes, and mono- and triaromatic
steroids.

Stable carbon isotopes (6'°C) of asphaltenes were
measured using EA-IRMS. Sixteen biomarker ratios
were evaluated statistically using Principal Component
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Analysis (PCA) and Hierarchical Cluster Analysis
(HCA) to classify oil families.

Results and Discussion

Bulk Composition and Alteration

Coastal Fars seeps show 15-27% saturates, 29%
aromatics, and high asphaltene contents (21-38.5%),
with generally mild to moderate biodegradation.
Kuh-e-Mand retains recognizable n-alkanes (Ci7—
Cis) and minimal UCM, whereas Darang, Kardalan,
and Khormuj display extensive removal of light
hydrocarbons. Dezful Embayment seeps exhibit more
severe biodegradation, with 18-23% saturates, 18—
30% aromatics, high UCM development, and strong
removal of n-alkanes and isoprenoids.

Biomarker Characteristics and Source Rock
Identification

Coastal Fars Seeps show high Cx/Ca tricyclic
terpanes, high Gammacerane, low Ts/Tm, and absence
of oleanane. Dominant Cz steranes with terrestrial
input indicate a reducing carbonate source rock of
Lower Jurassic age (Neyriz Formation). Kuh-e-
Mand seep correlates strongly with Asmari/Jahrum/
Sarvak reservoir oils of the Kuh-e-Mand field. Dezful
Embayment Seeps exhibit strong tricyclic terpanes,
high Gammacerane, presence of oleanane, and Car-
dominant steranes.

Consistent with the Lower Cretaceous Kazhdumi
shale—marl source rock. Bonaf and Se Qanat closely
resemble biodegraded Asmari—Sarvak oils of the
southern Dezful Embayment [9-12]. Dalki seep forms
a distinct group, with high Ts/Tm, low Gammacerane,
and absence of oleanane, indicating affinity to
Khami Group reservoir oils and deep fault-controlled
migration (Fig. 2).
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Fig. 2 Star diagrams showing the biomarker patterns of oil seeps from the Fars region (a), the Dezful Embayment (b), Banaf

(c), and Dalki (d).
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Statistical Classification

PCA and HCA robustly separate the samples into the
Coastal Fars oil family (Jurassic carbonate source) and
the Dezful Embayment oil family (Kazhdumi source),
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with two isolated clusters: Bonaf and Dalki. These
results confirm the existence of two genetically unre-
lated petroleum systems geographically separated by
the Qatar—Kazerun Fault (Fig. 3).
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Fig. 3 Genetic relationships of oil seeps east and west of the Qatar—Kazerun Fault based on (a) principal component analysis,

(b) hierarchical cluster analysis.

Conclusion

This study demonstrates that oil seeps on either side
of the Qatar—Kazerun Fault belong to two distinct
petroleum systems with no genetic linkage.

* Coastal Fars seeps originate from a Jurassic marine
carbonate source rock deposited under reducing, semi-
restricted conditions.

* Dezful Embayment seeps derive from the Kazhdumi
shale—marl source rock.

* Biodegradation intensity, biomarker fingerprints, and
stable isotopes support these interpretations.

* Dalki seep indicates deeper migration from Khami
Group reservoirs.

* The Qatar—Kazerun Fault exerts primary control
over reservoir type, source rock maturity, and
hydrocarbon migration pathways, generating distinct
seep populations.

These findings enhance understanding of active
petroleum systems in the region and underscore the
importance of structural controls in hydrocarbon
exploration across the Zagros Basin.
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Table 1 Results of column chromatography, gas chromatography, and isotopic analyses in the studied samples from the oil seeps.

Name | Koh Mond | Kardalan | Darang Khur Moj | Se Qanat | Baba Kalan Dalki Banaf
Sample MD KARD DR KH SQ BAN DAL BAN
Code
. Coastal Coastal Coastal Coastal South South South Dezful | South Dezful
Basin Dezful Dezful
South South South South Emabyment | Emabyment
Emabyment | Emabyment
_ Soild Soild Soild . . . T
Taype Liquid Bitumen | Bitumen Bitumen Viscose Viscose Viscose Soild Bitumen
SAT % 27 17 8 14 23 20 18 21
ARO % 29 28 24 29 28 18 30 29
POL % 44 55 68 57 49 62 52 50
ASPH % 38.5 22.5 355 22 21.5 325 18.5 28/5
SAT/
ARO 0/93 0.61 0.33 0.48 0.82 0.09 0.60 0.72
813C
ASPH -27.2 -26.3 -28 -27.1 -25.2 -25.4 -26.2 -24
CPI 0.98 - - - - - - -
Pr/nC17 0.38 - - - - - - -
Ph/nC18 0.46 - - - - - - -
Pr/Ph 0.67 - - - - - - -
Pr/Pr+Ph 0.40 - - - - - - -
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Table 2. Biomarker indices in the oil seep samples from the study area.

Name I\I/I<(§)r}11d Kardalan | Darang | Khur Moj Qire;a ¢ 112:12 ?1 Dalki | Banaf
Sample Code MD KARD DR KH2 SQ BAN | DAL | BAN
C,, Tri/C,, Tet Terp 0.81 1.33 1.86 111 L1 | 206 | L12 | 142
C,,/C,, Tri Terp 0.32 0.27 0.25 0.28 0.62 0.65 0.58 | 0.73
C,,/C,, Hopane 1.42 1.15 1.04 1.43 1.22 1.27 1.25 1.53
Ts/Tm 0.21 0.1 0.14 0.09 0.49 0.78 1.49 0.75
C,,/C,, Tri Terp 0.61 0.71 - 0.41 0.88 0.94 0.33 0.78
C31R/Hop C30 0.3 0.25 0.45 0.26 0.48 0.21 0.41 0.46
Oleanan/Hop C30 0 0 0 0 0.38 0.18 0 1.11
DBT/PHN 075 - - - - - - -
C,/C,, 228 1.35 1.28 1.08 1.41 0.9 1.64 1.05 1.59
Gam/C30 Hopane 0.09 0.27 0.37 0.39 0.24 0.95 0.55 1.38
ETR 1/14 1.11 1.11 1.12 0.49 0.67 0.69 | 0.72
Diastr.C, /(Dia+Reg)Str C,, 0.18 0.22 0.17 0.15 0.79 0.84 0.21 0.29
Str C,/Str C,, aoo 20R 0.84 0.81 0.95 0.57 - - - -
Str C,/Str C, aoo 20R 0.41 0.32 0.37 0.32 - - - -
% Str C,, ac 20R (217) 37.4 38 41 31 - - - -
% Str C,, aaa 20R (217) 18.2 15 16 17 - - - -
% Str C,, aaa 20R (217) 44.4 47 43 52 - - - -
% Str C_, (acatofp)(20R+20S) (217) 34.5 31 325 34.5 37.5 22 36 39.5
% Str C,, (acatofp)(20R+20S) (217) 23 24 24 23.5 27 27 3255 315
% Str C,, (acatofp)(20R+20S) (217) 42.5 45 435 42 355 51 315 29
MDBT Ratio (4MDBT/1MDBT, 198) 1.83 0.53 - 0.79 - - - -
Ro MDR 0.75 0.73 - 0.73 - - - -
MPI-1 0.73 - - - - - 0.78 -
Ro MPI-1 0.81 - - - - - 0.84 -
StrC,, Bp/(cwr+ BB) 0.58 0.52 0.53 0.53 - - - -
StrC,, 20S/(20S+20R) 0.43 0.4 0.43 0.45 - - - -
Hopane C,, 22S/(228+22R) 0.59 0.61 0.54 0.57 - - - -
C,/ (C,,+C,, 20R) TAS 0.51 0.24 0.17 0.29 0.32 0.1 0.8 0.09
TAS T/(I+1T) 0.29 0.21 0.08 0.11 0.16 0.04 0.64 | 0.11
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Figure 4. Results of gas chromatography analysis of the saturated (A) and aromatic (B) fractions in the Banaf oil seep samples.
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Figure 6. Sterane (m/z 217) biomarker patterns in the studied oil seep samples.



Ol g9, ke (e pol

—Mland MD— kardalan KARD —Darang DE—Ehurmoj KH2
L2 T " Tap
CHANEIT T Lid THELED
LA AIRIR P BEINH I REEL TR
v bl Tl PO 4 R
EEEL T | ]
P T P T —
A i ey w5
—Ganaf BAN
FRATHAH " Tep
CHNEIT e ™ AR
s
L+
M M 13 Ziy (0 DR T
v St I - RogEt- DT
W35 iE L]
ik Mot dawdld1be e
C ShanardHae 012 4

D

—% Qanat S0 Baba Kalar BAN

ST T T
i
TMTITHTerE 15 | TR
1xf [
i
LD e llr | (o DY P RS Y TR

(0|

F

it}

T e ZET0 Dl g i 27

7

B AL |

wlabiiep i T BT

Sieaenliop (K LY E

—Dalaki Ll

IE TR Tt ey

Fl

BT Terz 1 -
1k
14

IR0 b v 1d [ty ks et el Th CL

i

TTn Qarr 23T D g S OF7

CEREETHT [l
CilRbes 2ah Suresi s

LT B T ] [l Db b

SIS (B) oyld aml ((A) Jodjo Soludly s os slode iz 6,5 logm (g9l oncmo i glojliw jlogas ¥V S
(D) S 5 (O)
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