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1-Introduction

The foreland basin is a long depression that forms between the orogenic belt and the adjacent craton, and
includes four characteristic sedimentary zones: the wedge top, the foredeep, the forebulge, and the
backbulge (DeCelles and Giles, 1996). The sediments deposited in the foreland basin are primarily derived
from rocks in the adjacent fold-thrust belt; therefore, foreland basins provide unique records of orogenic
evolution, including the erosional products within them (Gérard et al., 2023). Meanwhile, the contribution
of the undeformed or adjacent craton to the sediment production for filling the foreland basin is much less
than that of the deformed belt (Dickinson & Suczek, 1979; Schwab, 1986; DeCelles & Hertel, 1989). The
depression of a foreland system, known as the foredeep basin, is considered a potential kitchen for
hydrocarbon generation; therefore, its evolutionary history is important in petroleum system modeling
studies.

In many foreland systems, the main décollement surface remains between the strong crystalline
basement and the sedimentary cover, and thrust faults that splay from the subhorizontal master detachment
delineate individual thrust sheets. Therefore, folding and thrusting along these faults are the primary
mechanisms of shortening in the foreland systems. Thrust-related structures also may have complex
geometries, and this complexity increases in the case of thrust sheets that deform internally by folding,
leading to an escalated risk of sub-thrust trap exploration.

The study of the fluvial system of the foreland basins helps reveal their evolution. For example, the
rivers of the foreland system are categorized into two longitudinal and transversal groups. During tectonic
loading periods, the transversal rivers join the major longitudinal rivers in the proximal part of the foreland
system. In contrast, the basin tends to be uplifted during the erosional unloading periods in response to
flexural rebound. Then, the transversal rivers dominate the foreland and join longitudinal rivers in the distal
part of the foreland system (Burbank, 1992).

In the context of the Zagros belt, part of the Alpine-Himalayan Orogen, the convergence between
Arabian and Eurasian plates has led to a complex system of fold-thrust belts and foreland basins. Folding
characterizes internal deformation, contributing to the complex geometries observed in seismic profiles.
The Dezful Embayment, as part of the Zagros (Mesopotamian) foreland system and its thick sedimentary
cover, has been the subject of many studies due to its economic importance, particularly its prolific
hydrocarbon resources. The study area is located in the northern part of the Dezful Embayment, adjacent
to the Balarud Fault Zone (BFZ), a deep-seated left-lateral shear associated with high seismicity (Yaghoubi
et al., 2023). The BFZ has been extensively discussed in numerous articles (e.g., Sepehr and Cosgrove,

* Corresponding author: mmoussavi@birjand.ac.ir
DOI: 10.22055/aag.2025.48260.2481

Received: 2024-12-23

Accepted: 2025-08-02

68 ISSN: 2717-0764



aVa

Shahid Chamran Adv. Appl. Geol. Summer 2025, Vol. 15(2): 68 - 83

University of Ahvaz

2004; Emami et al., 2010; Navabpour et al., 2010; Nissen et al., 2011; Derikvand et al., 2018; Yaghoubi et
al., 2021; Razavi Pash et al., 2021; Vergés et al., 2024), with most focusing on its seismicity or surface
pieces of evidence. A study of the fluvial system in this belt reveals that its transverse rivers (e.g., Karun,
Dez, Karkheh, Zab) converge with the major longitudinal rivers (Euphrates, Tigris, and Arvand) in the
distal part of the foreland system, representing the Impact of the Late Alpine tectonic phase.

This study aims to examine the geometrical aspects of a blind thrust sheet south of the BFZ and to reveal
its evolution through its structural characteristics in relation to the overlying strata. Another aim is to explain
the relationship between the thrust sheet and the BFZ. Another purpose of this research is to investigate the

facies of detrital syn-orogenic fluvial sediments within the context of the rivers' pattern and course. The
outcrop, well, and seismic data were integrally analyzed to achieve the above goals.

2-Materials and methods

Three different types of data have been used in this study. The first type is evidence on the surface, including
outcrops of the Cretaceous and Cenozoic strata. These evidences were collected during multiple field visits
and merged with geological maps at a scale of 1:100,000 prepared by NIOC. Wells' data are the second
type, as over 40 wells have been drilled in the study area for hydrocarbon exploration and production
objectives. In addition, a pre-stack depth migrated 3D seismic survey covering the Balarud, Lab-Sefid, and
Qaleh Nar anticlines is considered the third data type. The seismic data quality is sufficient to identify
structural elements, particularly a northwest-southeast-oriented thrust zone discerned in the central area of
the seismic survey.

The well data have been integrated into interpretation software alongside the seismic data to facilitate
the interpretation of subsurface structures. Also, three stratigraphic levels have been delineated in the depth
domain: the upper Gachsaran Formation from the Miocene epoch (specifically the Langhian stage), as well
as the upper and lower boundaries of the Asmari Formation, which spans the Oligocene to Miocene periods.
These interpretations are tied to the well markers. The fault zone discussed in this article intersects some
wells. As aresult, their detailed graphic and composite well logs have been included to accurately determine
the depth of the fault zone and the layer duplications caused by thrusting.

Additionally, in one instance, well-cuttings and thin sections were examined to verify the chronological
placement of strata flanking the fault zone. Consequently, this thrust zone is reasonably accurately depicted
in a 3D seismic reflection cube. Isopach and true thickness maps have been generated from the depth maps
to examine the variations in thickness across the fault zone. Additionally, the fault zone's geometry has
been analyzed using structural attributes and three-dimensional visualization methods to discern the
direction of fault displacement.

In the next step, the percentages of the coarse-grained deposits are measured within the Aghajari
Formation using graphic and composite well logs. Measurements are taken for the entire and lowermost
300-meter part of the Formation, preparing percentage contour maps. Additionally, some seismic attributes
are extracted to review any meaningful relationships between well and seismic data and to reveal hidden
geobodies, such as paleo-rivers, in the seismic data.

3-Results and discussions

Repetition of the Gachsaran and Asmari formations in the Balarud 1 and 2 wells is evident. Also, an
arbitrary profile across these wells reveals the geometry of this fault sheet. The Balarud Anticline is thrust
over the Qaleh-Nar Anticline via this fault, as seen on the depth map of the top Asmari Formation. This
fault is also exhibited in a seismic profile in the depth domain in the NE-SW direction. Both the Balarud
and Qaleh Nar anticlines, located respectively in the hanging and footwall blocks of this thrust sheet, are
evident in this profile. In addition to these anticlines, other structures are shown on the depth map and the
fault surface. The fault surface is precisely interpreted like the top of the layer, enabling us to extract seismic
attributes and subsequently analyze fault behavior. For a detailed structural analysis of the fault surface, we
need to examine it in a 3D context, considering the Aghajari and Bakhtiari formations that overlie it with
variable thickness. The thickness map of the hanging and footwall blocks of the Asmari and older
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formations can help detect the approximate displacement of the hanging wall block over the footwall block
as they are affected by this thrust.

The maximum curvature attribute of the fault surface signifies NE-SW trending lineaments as possible
evidence for slip direction. The thickness of the Pabdeh-Shahbazan unit at the hanging wall block after
translation along the detected lineaments matches the thickness of the footwall block. Therefore, this thrust
sheet's strike-slip component is minimal in contrast to the sinistral strike-slip displacement proposed for the
BFZ. As a planar element, the thrust sheet participated in folding during the Late Zagros Orogeny phase,
considering its curvilinear geometry. The thrust sheet's geometry appears to be influenced by the
overburden weight, which subsequently varies. Lin et al. (2006) and IrfanAhmad and Toscani (2019)
reported the changing dip of the thrust fault in response to continued deformation and syn-tectonic
overburden. The opposite inclination of the NE-dipping fault zone is thought to happen in response to the
thick Aghajari and Bakhtiari syn-tectonic deposits in the SW part of the study area. Therefore, the activity
of the thrust sheet has gradually ceased due to the accumulation of the Aghajari and Bakhtiari detrital
deposits sourced from the uplifted highlands in the hinterland side of the Zagros Belt.

Attribute maps indicate that the Paleo-Dez River was located almost beneath its present-day position.
On the other hand, a river running in a NW-SE direction is identified as part of the longitudinal drainage
system west of the study area. Both NE-SW and NW-SE trends are also discernible in the contour maps of
the percentage of coarse-grained deposits within 300 meters of the lowermost part of the Aghajari
Formation and the entire Aghajari Formation.

Outcrop of the upper Aghajari (Lahbari Member) and Bakhtiari beds representing both coarse-grained
fluvial fan (mainly massive conglomerates) and intra-fan (fine-grained, mainly silt and sandstone) facies.

Results show that the blind thrust sheet folded during the latest stage of the Zagros Orogeny in response
to the thick Neogene clastic as its partial overburden, and this thrust sheet should not be mistaken for the
nearby BFZ. Additionally, this study highlighted that a braided fluvial system has dominated the area,
characterized by the deposition of coarse-to-very coarse-grained sediments (silt to cobble-sized rocks),
representing intra-fan and fan facies of the Lahbari & Bakhtiari layers.

4-Conclusion

The geometric analysis of a thrust sheet on the southern side of the BFZ shows a fault surface that has been
deformed into a flat element after activity in the Miocene. This study cannot prove that the thrust sheet is a
subset of the BFZ because its activity predates the current BFZ activity. In addition, their processes and
mechanisms differ because the thrust sheet primarily exhibits reverse displacement, whereas the BFZ is
characterized by strike-slip displacement in conjunction with a reverse component. The BFZ is the
superficial expression of a deep main fault zone, and the available well and seismic data alone cannot
provide a comprehensive understanding of it. Integrated systematic studies incorporating magnetic, gravity,
earthquake, and other data are needed to partially decipher its nature partially. The activity of this thrust
affected the area's drainage system, and the rivers are mainly re-oriented in more or less N-S direction.
Active flexural loading and flexural rebound periods led to the accumulation of fluvial deposits and
subsequent erosional phases.
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Figure 3. Correlation among the graphic well logs of the Aghajari Formation across the study area (KD: Kabud, QR:
Qaleh Nar, LS: Labe Sefid).
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Figure 5. a) Schematic drawing (summary graphic log) representing repetition of the Gachsaran & Asmari formations in
the Balarud-1 and 2. b) An uninterpreted and interpreted arbitrary seismic profile in depth domain crossing three wells.

Two wells touched the thrust fault. ¢) Depth map of the top Asmari and location of the above three well and the thrust
zone. For the location of these wells see Fig. 2Error! Reference source not found..
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Fig. 6. An uninterpreted and interpreted seismic profile in the depth domain shows the Balarud subsurface anticline
thrusted over another anticline (eastern plunge of the Qalenh Nar Anticline). This figure shows the geometry of the studied
thrust sheet. For location, see Figure 2.
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Fig. 7. Depth map of the top Asmari Formation and a thrust sheet along which the Balarud Anticline is thrusted over the
Qaleh Nar Anticline.
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Fig. 8. (a) Depth map of the studied thrust sheet, (b) Dip attribute of the fault surface, (c) Maximum curvature attribute
of the fault surface, and (d) A 3D visualization in depth domain illustrating the topography, top Gachsaran and fault

surfaces. Dip of the fault surface reduces beneath the thick post-Gachsaran overburden. The thrust surface became
curvilinear (non-planar) in response to the laterally variable overburden weight.
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Fig. 9. (a) Thickness map of the Pabdeh-Shahbazan unit at both hanging and footwall blocks of the thrust, and (b)
Thickness map of the hanging wall block is translated about 7 km in the direction defined by the maximum curvature

attribute (Figure 9c).
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Fig. 10. (a) Seismic amplitude attributes along the base of Aghajari Formation, (b) Seismic amplitude attributes along the
lower part of the Aghajari Formation, (¢) Contour map of coarse-grained deposits percentage within 300 meters of the
lowermost part of the Aghajari Formation, (d) Contour map of coarse-grained deposits percentage within the whole

Aghajari Formation.
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Figure 11. (a) Outcrop of the Aghajari (Lahbari Member) and Bakhtiari formations in the south of the study area with fan

and intra-fan fluvial facies. (b) A structural cross-section across the study area. For location, see Fig. 2. A conceptual
chronostratigraphic chart along the structural cross section. (d) Erosional surfaces within the Bakhtiari Formation

represent the periodic accumulation of fluvial fan debris.
Sl 3o pdolaiel ddlie (gld (woSae daddie p ogdle
e Glye @ (Sl nl 28 Glp 58 S soles
Sy s 09V LSy Ja; g 258 sl S
ol Sledbl g vl Gaas ol LS angy S Silo 04 V0
Of gl axdllas & 00 (Ll 4 09750 (5,003 ) (slaeols
osls plo b gaali Jolds ax LS aiepllas Sllas o
Sl 030w i SIS (i pblise slaosls wiilen
S a4 5 (28 SlaeS oo 4 (S,

AN

& 5 A0
Ay Lz S (Sl amio Sy pesie Ll g a5
Cedld 5|y 45 el L b corims yis w39 WUy LS
Lol o0ls S8 i mhae yaie S Djgo 4 (poges 5o
3l it (Sl axas a5 wled Coll Wiy sos asdlas oyl
Cedled 5l S genad o collad 5 cel 99Vl LS aigy
Kasbo s a3 T ogdle 5005y Jlad 09 Vb (LS argy
o Bone Sl amio ol diged (gl el glie LyS]
39k (S arg o5 > 50 el usSiae loml> adlse



a

Yo)Lo.»i} YA 0)90 4\f’f QLA.W.:L: A.dj.w.u Lgoﬁ)lf LS“’LW U’“"’) ;l'!"'fo’f/:,&-:aé.')
JLCWEITISYRY-H a3 e )8 )-'-‘l’ Cod |y adlate LS8 piiw g, Y0 Lol
ol bl o o8 ,0 5l 1) 095 Siad il (505,15 Jlod 5 92 - ol i 965 Caz 5o e boaslsog, s
Sleds| “5)&0)') sosls Qolo )1)5 )l.;.é-‘ Je Lg‘).g s Ql‘.‘ﬁ“’) 2o AR (o S S 6)-*—"1-’ et G)Bl’.'
pdlel olymee (loay ol O s g Gl (3405 pal )2 g ol slooygs 5l Glie 55 anlllas 9y50 4l Cgiz o )l
oodige Bl g 65l Lo Jlae 1255 GBI 51 (puioman 5l oo Slml s (Gl ) adhie Jlod jo Galwyd 5 cwlsl)d
Bgdor 6l Bwmlbw LBl Lol Jo830 Jlig 8 (sdas adg> jo (S (5,lKgm, (slas
&l

Alavi, M., 1994. Tectonics of the zagros orogenic belt of iran: new data and interpretations. Tectonophysics
229(3-4), 211-238. https:// doi:10.1016/0040-1951(94)90030-2.

Allen, M.B., Talebian, M., 2011. Structural variation along the Zagros and the nature of the Dezful
Embayment. Geological Magazine 148(5-6), pp.911-924. https://. doi:10.1017/s0016756811000318
Berberian, M., King, G.C.P., 1981. Towards a paleogeography and tectonic evolution of Iran. Canadian Journal

of Earth Sciences 18(2), 210-265. https://doi:10.1139/e81-019.

Burbank, D.W., 1992. Causes of recent Himalayan uplift deduced from deposited patterns in the Ganges Basin.
Nature 357, 680—682. https://doi.org/10.1038/357680a0.

Decelles, P.G., Hertel, F., 1989. Petrology of fluvial sands from the Amazonian foreland basin. Peru and
Bolivia. Geological Society of America Bulletin 101(12), pp.1552-1562. https://doi.org/10.1130/0016-
7606(1989)101<1552:POFSFT>2.3.CO;2.

Decelles, P.G., Giles, K.A. 1996. Foreland basin systems. Basin research 8(2), pp.105-123.
https://doi.org/10.1046/j.1365-2117.1996.01491 x.

Derikvand, B., Alavi, S.A., Abdollahie Fard, 1., Hajialibeigi, H., 2018. Folding style of the Dezful Embayment
of Zagros Belt: Signatures of detachment horizons, deep-rooted faulting and syn-deformation deposition.
Mar. Pet. Geol 91, 501-518. https://doi.org/10.1016/j.marpetgeo.2018.01.030.

Dickinson, W.R., Suczek, C.A., 1979. Plate tectonics and sandstone compositions. Aapg Bulletin 63(12),
pp.2164-2182. https://doi.org/10.1306/2F9188FB-16CE-11D7-8645000102C1865D.

Emami, H., Vergés, J., Nalpas, T., Gillespie, P., Sharp, 1., Karpuz, R., Blanc, E.P., Goodarzi, M.G.H., 2010.
Structure of the Mountain Front Flexure along the Anaran anticline in the Pusht-e Kuh Arc (NW agros,
Iran): Insights from sand box models. Geol. Soc. Spec. Publ 330, 155-178.
https://doi.org/10.1144/SP330.9.

Fakhari, M.D., Axen, G.J., Horton, B.K., Hassanzadeh, J., Amini, A., 2008. Revised age of proximal deposits
in the Zagros foreland basin and implications for Cenozoic evolution of the High Zagros. Tectonophysics
451(1-4), 170-185. https://doi.org/10.1016/j.tecto.2007.11.064

Falcon, N.L., 1969. Problems of the relationship between surface structure and deep displacements illustrated
by the Zagros. Range, 9-21. https:// doi: 10.1144/GSL.SP.1969.003.01.02.

Gérard, B., Rouby, D., Huismans, RS., Robin, C., Fillon, C., Braun, J., 2023. Impact of inherited foreland
relief on retro-foreland basin architecture. Journal of Geophysical Research: Solid Earth 128.
https://doi.org/10.1029/2022JB024967.

Lin, M.L., Chung, C.F., Jeng, F.S., 2006. Deformation of overburden soil induced by thrust fault slip. Eng.
Geol. 88, 70—89. https://doi.org/10.1016/j.enggeo.2006.08.004

Motiei, H., 1993. Stratigraphy of Zagros, Treatise on the geology of Iran. Geological Survey of Iran, Tehran
[in Persian].

Navabpour, P., Angelier, J., Barrier, E., 2010. Mesozoic extensional brittle tectonics of the Arabian passive
margin, inverted in the Zagros collision (Iran, interior Fars). Geol. Soc. Spec. Publ. 330, 65-96.
https://doi.org/10.1144/SP330.5.

Nissen, E., Tatar, M., Jackson, J.A., Allen, M.B., 2011. New views on earthquake faulting in the Zagros fold-
and-thrust belt of Iran. Geophys. J. Int. 186, 928-944. https://doi.org/10.1111/j.1365-246X.2011.05119.x

AY


https://doi.org/10.1038/357680a0
https://doi.org/10.1130/0016-7606(1989)101%3c1552:POFSFT%3e2.3.CO;2
https://doi.org/10.1130/0016-7606(1989)101%3c1552:POFSFT%3e2.3.CO;2
https://doi.org/10.1016/j.marpetgeo.2018.01.030
https://doi.org/10.1306/2F9188FB-16CE-11D7-8645000102C1865D
https://doi.org/10.1144/SP330.9
https://doi.org/10.1016/j.tecto.2007.11.064
https://doi.org/10.1144/gsl.sp.2005.004.01.11
https://doi.org/10.1029/2022JB024967
https://doi.org/10.1016/j.enggeo.2006.08.004
https://doi.org/10.1144/SP330.5
https://doi.org/10.1111/j.1365-246X.2011.05119.x

a

¥ oo,lel N0 0y90 V¥ Ll by (69yl5 ool e ).wdf//_;ag,’
¥

Pirouz, M., Avouac, J.P., Hassanzadeh, J., Kirschvink, J.L., Bahroudi, A., 2017. Early Neogene foreland of
the Zagros, implications for the initial closure of the Neo-Tethys and kinematics of crustal shortening.
Earth and Planetary Science Letters 477, 168—182. https://doi.org/10.1016/j.epsl.2017.07.046.

Pirouz, M., 2018. Post-collisional deposits in the Zagros foreland basin: Implications for diachronous
underthrusting 107, 1603-1621. https://doi.org/10.1007/s00531-017-1561-y.

Razavi Pash, R.R., Sarkarinejad, K., Sherkati, S., Motamedi, H., 2021. Analogue model of the Bala Rud Fault,
Zagros-an  oblique basement ramp in a fold-and-thrust belt. Int. J. Earth Sci.
https://doi.org/10.1007/s00531-21-01987-0.

Schwab, F.L., Allen, P.A., Homewood, P., 1986. Sedimentary signatures of foreland basin assemblages: real
or counterfeit., Foreland basins 8, 395-410. https://doi.org/10.1002/9781444303810.ch21.

Sepehr, M., Cosgrove, J.W., 2004. Structural framework of the Zagros Fold-Thrust Belt, Iran. Mar. Pet. Geol.
21, 829—843. https://doi.org/10.1016/j.marpetgeo.2003.07.006.

Sherkati, S., Letouzey, J., Frizon De Lamotte, D., 2006. The Central Zagros fold-thrust belt (Iran): new insights
from seismic data, field observation, and sandbox modeling. Tectonics 25, TC4007.
https://doi.org/10.1029/2004TC001766.

Vergés, J., Casini, G., Ruh, J., Cosgrove, J., Sherkati, S., Najafi, M., Casciello, E., Saura, E., Abdollahie Fard,
L., Piryaei, A., Sepehr, M., Frizon de Lamotte, D., Letouzey, J., Goodarzi, H., Soleimany, B., Jahani, S.,
2024. Structural Style and Timing of NW-SE Trending Zagros Folds in SW Iran: Interaction with North-
South Trending Arabian Folds and Implications for Petroleum Geology, Journal of Petroleum Geology
47(1), 1-70. https://doi.org/10.1111/jpg.12850.

Yaghoubi, A., Dusseault, M.B., Leonenko, Y., 2023. Stress Variation around the Balarud Lineament in the
Zagros Fold and Thrust Belt and its Implication for Reservoir Geomechanics. 57th US Rock Mech. Symp.
https://doi.org/10.56952/ARMA-2023-0270

Yaghoubi, A., Mahbaz, S., Dusseault, M.B., Leonenko, Y., 2021. Seismicity and the state of stress in the dezful
embayment, Zagros fold and thrust belt. Geoscience 11, 1-22.
https://doi.org/10.3390/geosciences11060254.

AY


https://doi.org/10.1016/j.epsl.2017.07.046
https://doi.org/10.1007/s00531-017-1561-y
https://doi.org/10.1007/s00531-21-01987-0
https://doi.org/10.1002/9781444303810.ch21
https://doi.org/10.1016/j.marpetgeo.2003.07.006
https://doi.org/10.1029/2004TC001766
https://doi.org/10.1111/jpg.12850
https://doi.org/10.56952/ARMA-2023-0270

