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Fault, This study investigates the role of the Balarud basement fault (BRF) in
Distally Steepened controlling sedimentation geometry, carbonate platform evolution, and reservoir
LBF, quality of the Taleh Zang Formation at the boundary between the Lurestan sub-
Ramp, basin and the Dezful Embayment. A multidisciplinary approach integrated
Reservoir Quality, surface data (Chenareh section, 140 meter-thick, 320 thin sections) and sub-
Tectonic Activity surface data (three oil wells in the Lab-e Safid oil field including cuttings

petroghraphy, petrophysical logs, and daily drilling reports) alongwith
microfacies analysis, larger benthic foraminifera (LBF) biostratigraphy, and
petrophysical evaluation (porosity, water saturation, fluid losses). The Balarud
fault activity caused a pronounced structural drop in the southern block. The
northern block developed a homoclinal ramp with tidal flat, lagoon, nummulitic
shoals, and open marine facies belts, whereas the southern block exhibits a
distally steepened ramp with slump facies containing crushed LBFs and
planktonic foraminifers, indicating deep open marine settings. The fault is
interpreted as the primary trigger of intrabasinal variations, including a
mechanical response that fundamentally altered basin physiography and created
slope failures and debris flows. Critically, 4-meter-thick dolomite-sandstone
layers with average porosity 20% and significant hydrocarbon saturation were
identified in the southern block. Severe fluid drilling losses indicate fault-related
fracturing and enhanced secondary permeability. These hydrocarbon-bearing
] horizons, accumulated within stratigraphic traps, represent promising new and
Receive: 2026-05-14 directional/horizontal drilling targets for field development programs in the
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Methodology

To achieve a comprehensive tectono-sedimentary reconstruction, a multidisciplinary dataset was synthesized .
Surface Data: The Chenareh Anticline, located immediately north of the BRF, was selected as the reference
section for the stable Lurestan block. A 140-meter-thick sequence was measured and sampled systematically.
260 rock samples were collected at 1-2meter intervals, from which 320 thin sections were prepared.

Subsurface Data: Data from three deep exploration wells (Wells A, B, and C) in the Lab-e Safid field (South
of the BRF) were analyzed. This included the petrographic examination of 120 sets of drilling cuttings,
interpretation of Graphic Well Logs, and final geological reports.

Laboratory Analysis: Microfacies analysis followed Dunham’s (1962) classification, updated by (Flugel &
Munnecke, 2010). Biostratigraphic zonation was based on Larger Benthic Foraminifera (LBF) using the
Shallow Benthic Zones (SBZ) framework established by (Serra-Kiel et al., 1998).

Petrophysical Evaluation: A detailed reservoir characterization was conducted using a suite of wireline
logs, including Gamma Ray (GR), Neutron-Density, Sonic, and Resistivity logs. Petrophysical parameters
such as effective porosity (Phie) and water saturation (Sw) were calculated using the Archie equation to
evaluate the hydrocarbon potential of the basal units. Daily drilling reports were also scrutinized for drilling
fluid losses (BPD) data to estimate secondary fracture porosity.

Results and Discussion

The diagnostic LBF assemblages, including various species of Alveolina, Nummulites, and Discocyclina,
indicate a Late Thanetian to Cuisian age. In the Chenareh section, the presence of porcellaneous LBFs suggests
a shallower setting, whereas the Lab-e Safid sections are dominated by hyaline forms, specifically
Discocyclina and Assilina, indicating significantly deeper bathymetric conditions during the same
chronostratigraphic interval.

The study identifies a stark contrast in the depositional geometry across the Balarud Fault:

The Lurestan Block (Chenareh): The Taleh Zang Formation here represents a Homoclinal Ramp. The facies
belt follows a predictable gradient from inner-ramp tidal flats and lagoons (porcelaneous foraminifera-rich
wackestone) to mid-ramp nummulitic shoals and outer-ramp open marine settings. The platform was relatively
stable, with thickness variations controlled primarily by regional sea-level fluctuations.

The Dezful Block (Lab-e Safid): South of the BRF, the basin architecture shifts abruptly to a Distally
Steepened Ramp. The transition is marked by a "Shelf Break" created by the 3000-5000 meters structural
relief of the Balarud Fault. The dominant facies are "allodapic" limestones, characterized by crushed and
poorly sorted LBF fragments Debris Flows intermixed with planktonic foraminifera (Globigerina and
Morozovella). These "Slump" deposits indicate that the Balarud Fault acted as a trigger for gravity-driven
sediment transport from the unstable shelf edge into the subsiding depocenter.

The Balarud Fault functioned as a "Structural Step”. During the Cuisian, rapid subsidence in the southern
block increased the accommaodation space suddenly. This led to the development of steep clinoforms. The
geometry of these clinoforms, as observed in seismic and field data, indicates that the progradation was
hindered by the rapid deepening of the basin floor. The fault-controlled topography transformed a uniform
ramp into a high-relief margin, which facilitated the influx of siliciclastics in the basal parts of the formation.

One of the most significant findings is the identification of a high-quality reservoir interval at the base of
the Taleh Zang Formation in the Lab-e Safid field.

Basal Units: A 4-meter thick interval comprising dolomites and sandstones was identified. Petrophysical
logs reveal an average porosity of 20%, which is exceptional for Paleogene carbonates in this region .

Stratigraphic Trapping: These porous basal units are encased by the impermeable Pabdeh shales below and
tight, fine-grained Taleh Zang limestones above, forming a perfect stratigraphic trap.

Fracture Intensity: Analysis of mud loss data (reaching 160 BPD in some intervals) correlates with the
proximity to the Balarud Fault hinge. The tectonic stress associated with the fault movement has generated a
dense network of macro-fractures, significantly enhancing the secondary permeability of the reservoir, even
in tighter carbonate intervals.

Conclusions
Based on the integration of surface, sub-surface, biostragraphical, petrophysical, and structural data from both
sides of the Balarud basement fault, the following conclusions are drawn;
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1-Confirmation of the Taleh Zang Formation in the Chenareh Anticline: This study confirms the deposition
of the Taleh Zang Formation within the Paleogene sedimentary succession at the southern plunge of the
Chenareh Anticline. Consequently, the geological map of the Balarud quadrangle requires revision.

2-Role of the Balarud Fault in basin architecture: The Balarud basement fault acted as the primary control
on basin floor geometry and physiography at the boundary between the Lurestan sub-basin and the Dezful
Embayment. The mechanichal response of the basin to fault activity was a pronounced structural drop in the
southern block, which directly transformed the depositional pattern from a low-dip homoclinal ramp in the
north to a distally steepened ramp setting in the south.

3-Depositional environment and biota changes: North of the Balarud Fault (Chenareh section), a complete
and normal distributed depositional facies belts (tidal flat, lagoon, nummulitic shoals, and open marine) are
developed. In contrast, south of the fault (Lab-e Safid oil field), only an open marine environment dominated
by hyaline foraminifera (mainly Discocyclina) and planktonic foraminifera is identified. Dispersed, crushed,
and fragmented Discocyclina-bearing and planktonic foraminifers indicate sediment slump on steep slopes
generated by fault activity and the formation of debris flows. Thus, the Taleh Zang Formation in the entire
study area is interpreted as a distally steepened ramp setting, with the Balarud being the main cause of the
intra-basinal steep slope.

4-New reservoir potential: A key applied finding is the identification of a new stratigraphic reservoir
horizon of the Taleh Zang Formation in the Lab-e Safid oil field. This horizon comprises two dolomite and
sandstone layers with average porosity of 20%, low water saturation (10-12%), and a 1.1-meter-thick
hydrocarbon column. These layers are confined by interfingering Pabdeh Formation layers and imperforate
dense Taleh Zang limestones, forming an ideal stratigraphic trap.

5-Role of tectonic fractures in enhancing reservoir quality: Anlysis of drilling fluid losses (up to 160 BPD)
and their relation to mud weight and distance from the main fault indicates that the Balarud faulting generated
a fracture network in near-fault areas. These fractures significantly increased drilling fluid losses.

6-Explorational and Operational recommendations: Based on these findings, hydrocarbon exploration in
the northern Dezful Embayment should extend beyond conventional anticlinal traps toward stratigraphic traps.
In the Lab-e Safid oil field and adjacent fields (e.g., Balarud and Qaleh Nar oil fields), priority should be given
directional and horizontal drilling targeting the basal dolomite-sandstone interval of the Taleh Zang Formation
and fault-adjacent areas. Acquisition of image logs and fracture-intensity zonation are essential for future
reservoir management.

In summary, at the boundary between the Lurestan sub-basin and the Dezful Embayment, the Taleh Zang
Formation not only provides a scientific record of a carbonate platform’s response to active tectonics but also
represents a new, independent exploration target with significant hydrocarbon potential.
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Fig (2): (a) Field image of the Taleh Zang Formation at the Chenareh anticline section. Views of upper (b) and lower (c) contacts
of the Taleh Zang Formation. The views are toward the south
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Fig (3): The Biostratigraphic and Lithostratigraphic columns of the Taleh Zang Formation in the examined sections.
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Table (1): Petrophysical features of the Taleh Zang Formation in Well C. (source: Resevior logs of the examined oil wells,
2018).

Layer Bed Thickness (m) Net/ Gross Average Porosity (%) Sw Log Net
(%) Hydrocarbon
Column (m)
Net Gross Net Gross
Upper Carbonate Part >1 75 0.013 16 10 53 0.5
Lower Dolomite Layer 15 2.6 0.51 21 14 13 1.35
Sandstone Layer 1.8 2.1 0.86 25 17 10 1.75
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Fig (4): Drilling cuttings images from layers of the (a) basal Sandstone under the polarized light and (b) Dolomite under the
normal light, with high oil impregnation in the Lab-e Safid sub-surface section.
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Table (2): The amount of the fluid (mud) loss in the examined oil wells. (source: Daily drilling reports of the examined oil

wells).
Well Mud Weight Drilling Mud Loss in Upper Mud Loss in Lower Mud Loss in Sandstone
Code (PCF) Fluid Carbonate Body (BPD) Dolomite Layer (BPD) Layer (BPD)
A 67 OBM 20-30 120-160 80-90
B 63 OBM 10-17 100-130 60-70
C 56 OBM 4-8 40-65 20-40
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Fig (5): Image illustration of the depositional faceis belts within the Taleh Zang Formation in the surface Chenareh and sub-
surface Lab-e Safid sections (microphotographs are taken under the normal light).
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