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Fig. 1. (a) The Eastern Persian Gulf sub-basin between the Qatar Arch and the Musandam High (modified after
Ghazban, 2007), (b) The location of the Hengam Field at the easternmost part of the Persian Gulf, south of Qeshm
Island, (c) A structural cross-section of the Musandam Fold-and-Thrust Belt and the UAE foreland basin based on
seismic data, illustrating the Haghab thrust fault and the faulted structure of the Hengam oil field (Searle et al., 2014),
d) The structural map of the field with an approximately north-south trend and the existing faults within it.
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Fig. 2. Correlation of formations between Well No. 1 of the Hengam Field, the Bukha-2 well in the UAE foreland basin,
and the Ghobali-1 and Salma-1 wells in the Musandam High (modified from Searle et al., 2014).
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Table 1. Summary of the characteristics of the identified sedimentary facies in the Sarvak Formation, including their

microphotographs and depositional environment
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Table 2. Summary of the characteristics of the identified sedimentary facies in the Ilam Formation, including their

microphotographs and depositional environment
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Fig. 4. Microphotographs of diagenetic processes in the Sarvak Formation in the Hengam Field. (a) Micritization in the Mishrif
facies, (b) Moldic dissolution in the Mishrif member, (c) Dissolution in the Mauddud member, (d) Syntaxial cement in the

Mishrif member, (e) Blocky cement filling fractures in the Mauddud member, (f) Drusy cement in the Mauddud member, (g,
h) Compaction and stylolitization in the Mauddud member, (i) Pyritization of Orbitolina chambers in the Mauddud member.
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Fig. 5. (a) Microphotographs cubic fluorite crystals under natural light, (b) XRD analysis results of high-gamma
response samples from the top of the Sarvak Formation, Well No. 2, Hengam Field.
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Fig. 6. Sequence stratigraphy of the reservoir formations Sarvak and Ilam in Well No. 2, Hengam Field
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Fig. 7. Correlation of sedimentary sequences for reconstructing the stratigraphic architecture of the Sarvak and Ilam

formations in the Hengam Field
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Abstract

The Sarvak and Ilam formations constitute the main reservoir rocks of the Hengam Field at the
easternmost part of the Persian Gulf. In this field, the Sarvak Formation exhibits variable thickness and
comprises the Mauddud, Ahmadi, and Mishrif members. Facies analysis from one of the cored wells
indicates that the Late Albian Mauddud Member was deposited in a carbonate platform different from
the Mishrif member. The Ilam Formation consists of three facies, which were deposited in a shoal-
lagoon complex. Petrographic studies reveal that the identified facies underwent post-depositional
diagenetic processes, including marine, meteoric, and burial diagenesis. The impact and intensity of
meteoric diagenesis played a significant role in porosity development and distribution in the upper part
of the Mauddud and Mishrif members, and the [lam Formation. Sequence stratigraphic analysis led to
the identification of four third-order depositional sequences within this reservoir. The first depositional
sequence corresponds to the Mauddud Member, while the second and third depositional sequences align
with the Ahmadi and Mishrif members. The third depositional sequence is identified only in the central
wells of the field, while it is absent in the northern and southern wells. The study results suggest that
during the compressional regime of the mid-Cretaceous and the uplift of fault blocks, the entire third
depositional sequence and part of the second depositional sequence were removed due to subaerial
exposure and erosion following the post-Cenomanian to post-Turonian events in the northern and
southern wells, whereas they were preserved in the central wells.
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Introduction

The Sarvak and Ilam formations of the
Bangestan Group form major carbonate
reservoirs in Iran and the eastern Persian Gulf.
In the Dezful Embayment, their similar
depositional facies and reservoir behavior
justify treating them as a single reservoir
despite stratigraphic  unconformities. In
Coastal Fars, erosion related to the Qatar—
Gavbendi High significantly reduced the
Sarvak thickness and led to subdivision into the
Mauddud and Ahmadi units, which correlate
with equivalent formations across the eastern
Persian Gulf and include high-quality reservoir
intervals such as the Mishrif equivalent.
Although these formations have been widely
studied in the Zagros region, their eastern
Persian Gulf development is poorly
understood; this study addresses this gap by

reconstructing facies distribution, diagenetic
evolution, and sequence  stratigraphic
architecture in the Hengam Field.

Materials and Methods

This study is based on data from two wells in
the Hengam Field (He-EO1, He-E02) and two
wells from the Omani sector, including the
Bukha-2A well (WB-2A) and the Khasab-1
well (KB-01), which are aligned in a north-
south trend. Detailed core and thin-section
studies were conducted in Hengam Well No. 2
(He-E02), while well-log data, core samples,
and petrographic study results from other wells
were utilized to construct a sequence
stratigraphic framework at the field scale.
Approximately 120 meters of core samples
from various depths of the Ilam and Sarvak
formations (Mishrif and Mauddud members) in
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Well No. 2 were analyzed. A total of 170 thin
sections were prepared from these cores for
facies and diagenetic studies. Initially, all
sedimentological parameters (such as grain
size, abundance, grain type, texture, structure,
and fossil content) and key diagenetic
processes (cementation, dissolution,
compaction, etc.), along with pore type and
distribution, were recorded on standardized
sheets for each sample. Based on the
similarities in sedimentological characteristics,
sedimentary facies were defined, described,
and interpreted. Subsequently, the evolution of
porosity through diagenetic trends was
analyzed using core porosity and permeability
data, considering the dominant diagenetic
processes affecting each facies assemblage. In
some cases, X-ray diffraction (XRD) analysis
was performed to identify mineral phases
present in the samples.

For defining depositional sequences, this study
follows the approach of van Wagoner et al.
(1990) and Vail et al. (1991), which delineates
each sequence based on lower and upper
sequence boundaries, separated by a maximum
flooding surface (MFS) and subdivided into
transgressive  system tracts (TST) and
highstand system tracts (HST). All collected
data were plotted on a standardized
sedimentary log, and facies stacking patterns,
vertical facies changes, diagenetic trends, and
gamma-ray log variations were analyzed to
identify key sequence boundaries. Finally, the
identified  depositional  sequences and
associated sedimentary and diagenetic trends
were traced, correlated, and integrated across
other wells to establish a comprehensive
sequence stratigraphic framework.

Results and Discussion

Facies analysis of core samples from Well He-
EO02 indicates that the lower Mauddud member
consists of three sedimentary facies: pelagic
mudstone  (SF-1) and  microbioclastic
wackestone (SF-2) in the lower part,
transitioning  to  bioclastic,  orbitolina
wackestone/packstone (SF-3) in the upper part.
The depositional environment of the first two
facies is interpreted as deep settings (basin and
outer ramp), overlain by thick orbitolina-
bearing facies of the middle ramp. No core
samples were available from the Ahmadi
member in the studied well. However, its high
clay content, presence of pelagic foraminifera,
and relatively high gamma-ray readings

suggest deposition in relatively deep settings
(basin and outer ramp). In contrast, the Mishrif
member, based on core analysis, contains three
facies: rudist debris, peloids, and lagoonal
foraminifera. These include peloidal-rudist
packstone/grainstone (SF-4), rudist-
foraminiferal rudstone/framestone (SF-5), and
bioclastic-foraminiferal wackestone/packstone
(SF-6), interpreted as deposits of a shallow
carbonate ramp complex comprising shoals
and lagoons. The Ilam Formation exhibits three
facies: bioclastic-peloidal packstone/
grainstone (IF-1), bioclastic-foraminiferal
mudstone/wackestone (IF-2), and quartz-
foraminiferal mudstone/wackestone (IF-3),
deposited in a shallow environment similar to
that of the Mishrif facies.

Diagenetic processes, including micritization,
pyritization, cementation, dissolution, fluorite
mineralization, compaction, and fracturing,
affected the facies of the Sarvak and Ilam
formations. Marine diagenetic features such as
micritization is prominent in shallower facies
of the Mauddud and Mishrif members. Burial
diagenesis  features, including physical
compaction and stylolitization, are observed
across most facies. Meteoric diagenesis
(dissolution and cementation) strongly
influenced the top of Mauddud, Mishrif, and
Ilam sections, enhancing porosity and
permeability. This suggests a shallowing-
upward trend in the upper Mauddud and
Mishrif members and the Ilam Formation,
accompanied by increased reservoir quality.

In Well He-EO2, the Sarvak Formation is
distinguished from the Ilam Formation by a
prominent gamma-ray peak, attributed to
shale-rich facies of the Laffan Formation.
Microscopic examination and XRD analyses of
core samples indicate the presence of fluorite
mineralization in these intervals, consistent
with global examples of unconformity-related
fluorites. The formation of these fluorites is
linked to hydrothermal fluid expulsion under
compressional regimes and the role of meteoric
fluids in their precipitation.

By integrating facies analysis, depositional
environment interpretation, diagenetic
processes, and well-log data from four wells,
four third-order depositional sequences were
identified, leading to the reconstruction of the
sequence  stratigraphic  framework  and
stratigraphic  architecture of the field.
Depositional Dequence-1 (DS-1) corresponds
to the Mauddud Member. Its lower SB and part
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of the transgressive systems tract (TST) are not
cored. The highstand systems tract (HST)
consists of thick, porous orbitolina-bearing
facies, significantly affected by meteoric
diagenesis at the top, suggesting exposure and
the development of an upper sequence
boundary. This sequence is overlain by deeper-
water facies of the Ahmadi unit, forming the
TST of DS-2, which is capped by clean,
shallow-water Mishrif carbonates (rudist-rich
facies) forming its HST. The upper part of this
sequence is intensely affected by meteoric
dissolution and cementation and is separated
from the Ilam Formation by a gamma-ray peak
corresponding to fluorite mineralization. DS-3
was identified in the central wells (He-E02 and
WB-2A) based on core, cuttings, and gamma-
ray data but is absent in the northern (He-E01)
and southern (KB-01) wells. A distinct
gamma-ray peak marks its separation from the
overlying Ilam Formation, which represents
DS-4.

The uniform thickness of DS-1 and the TST of
DS-2 indicates relative tectonic stability during
their deposition. However, the highly variable
thickness of the Mishrif and the presence of
DS-3 in central wells, but not in northern and
southern wells, is attributed to compressional
tectonics and related erosion during the post-
Cenomanian-to Turonian. This uplift removed
DS-3 in the northern and southern wells due to
fault block uplift, while subsidence along
central faults preserved it in graben-like
settings. Tectonic stability resumed during the
deposition of DS-4 (Ilam Formation), as
evidenced by its consistent thickness across the
field.

Conclusion

Based on the studies conducted on the
Bangestan reservoir in the Hengam field, the
following results were obtained:

1. The Sarvak Formation in the Hengam field
consists of three members: Mauddud, Ahmadi,
and Mishrif, with a total thickness of
approximately 200-250 meters. It is composed
of limestone with interbedded shale at the base
and is overlain by the thin limestone of the [lam
Formation (20-30 meters).

2. Core and thin section analysis of the
Mauddud and Mishrif members in one of the
wells (Well No. 2) indicate that this formation
consists of six sedimentary facies deposited in
deep to shallow carbonate platform settings.
The facies of the Mauddud Member are mud-

dominated and rich in Orbitolina sp. and
Trocholina sp., dating to the Late Albian, while
the facies of the Mishrif Member are grain-
dominated and rich in rudists and porcelaneous
foraminifera from the Cenomanian. The
differences in carbonate-producing organisms,
environmental energy, and age between the
Mauddud and Mishrif members suggest a
significant transformation in sedimentation
style, platform geometry, and diagenetic
potential of the formation between the Late
Albian and Cenomanian, warranting further
investigation.

3. Although the Sarvak and Ilam Formations
are currently buried at depths exceeding 3.7
km, and burial diagenesis effects are observed
throughout these formations, deep burial
processes such as compaction and cementation
have not completely overprinted the earlier
marine and meteoric diagenetic effects.
Meteoric diagenetic processes (such as
dissolution, cementation, and aragonite-to-
calcite transformation) have played a
significant role in reservoir characteristics,
particularly in the upper parts of the Mauddud
and Mishrif members, and Ilam formations.
These diagenetic features, combined with
shallowing-upward facies trends, indicate
relative sea-level fall and subaerial exposure
following deposition in the Late Albian and
Late Cenomanian.

4. Sequence stratigraphic analysis identified
four depositional sequences, characterized by
significant exposure-related features, intense
meteoric diagenesis, and substantial erosional
unconformities. Sequence stratigraphic
correlation at the field scale shows that
Depositional Sequences 1 (Mauddud Member)
and 4 exhibit minimal thickness variation,
whereas Sequences 2 and 3 demonstrate
notable thickness changes across the field. This
is particularly evident in the HST of Sequence
2 and throughout Sequence 3, which
corresponds to the Mishrif Member, while the
Ahmadi Member, which represents the TST of
Sequence 2, maintains a consistent thickness
throughout the field.

5. The occurrence of Depositional Sequence 3
in the central wells and its absence in the
northern and southern wells indicate its
removal during sea-level regression and
subaerial exposure in the Late Cenomanian. A
significant multi-million-year hiatus between
the Sarvak and Ilam Formations is observed in



Y

1P olino) g 3wl FF 0ol AT 0590 (g0 )8 ‘:»L».mug.w)

Well No. 2, coinciding with fluorite
mineralization.

6. The magnitude of relative sea-level changes,
reflecting both eustatic fluctuations and local
tectonic activity, appears to have varied
between the Late Albian (Mauddud Member)
and Cenomanian (Mishrif Member). The
absence of thickness variation in the Mauddud
Member suggests relative tectonic stability
during its deposition, whereas increased

tectonic activity—possibly related to the early
closure of the Neo-Tethys Ocean—Ilikely
influenced the deposition and subsequent
erosion of the Mishrif Member. These changes
have also impacted the reservoir properties.
Following these tectonic events, relative
tectonic stability was re-established during the
deposition of the Ilam Formation, as reflected
by its uniform thickness across the field.



