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Abstract

The Barmer petroliferous basin in W Rajasthan (India)
is ~ 50 km wide and ~ 200 km long trending NNW.
The Barmer basin experienced a two-phase (NW-SE
followed by NE-SW) extension during Early Cretaceous
and Late Cretaceous-Paleocene times. It consists of fluvial
to shallow marine sediments deposited between Jurassic
to Miocene, with some distinct hiatus in between. Late
Proterozoic Malani igneous suite/Malani rhyolite is the
basement rock. The western margin rift shoulder consists
of Malani basement isostatic flexural uplifts, while the
eastern margin comprises thick sedimentary cover and is
fault-bound. The objective is to understand the rift
kinematics, structural inheritance and the type of defor-
mation from field based studies. We carried out structural
field studies along the rift margins that helped in
deciphering the two-phase (NW-SE followed by NE—
SW) extension through brittle shear tectonics. Cross-
cutting relation among the NW and NE fault planes
connotes the relative timing of the two extension phases.
Other key observations from field studies are (1) presence
of mega-scale transfer zones along the N margin of the
basin, (2) NW trending rift faults inherited the
pre-existing structures, (3) variation in strike and cross-
cutting nature of fault planes in eastern and western rift
margins. Paleostress analysis further interprets the stress
regime and relative timing of the tectonic events. Thus,
the analysis helps in deciphering the rift evolution and the
type of extensions related to tectonic inheritance.
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1 Introduction

The Barmer rift basin is a major hydrocarbon producing
basin in Rajasthan, western India. Three sedimentary basins
—Jaisalmer, Barmer and Bikaner-Nagaur—crop out in
western Rajasthan (Biswas et al., 2022; Bladon et al., 2015;
Dasgupta & Mukherjee, 2017), India. The former two basins
consist of thick Mesozoic and Tertiary sediments. The
Barmer failed narrow-rift basin is ~ 200 km long along the
NNW and is ~ 50 km wide (Bladon et al., 2015; Dasgupta
& Mukherijee, 2017). It is separated from the Jaisalmer basin
at north by the NE trending Devikot-Fatehgarh structural
high.

The entire area of western Rajasthan is covered by the
Thar Desert with few outcrops. Google Earth Pro satellite
images were used to identify the exposures in and around the
Barmer basin (Dasgupta & Mukherjee, 2017, 2019). The
field-based structural study was done along the Barmer rift
margins (see Fig. 1, L1-L7) to understand: (1) fracture
trends and type of movements, (2) the effect of structural
inheritance and (3) relative timing of the rifting events from
paleostress analyses.

2 Tectonic and Geological Settings

The Barmer intracontinental rift basin developed over Late
Proterozoic basement rock—Malani igneous suite/rhyolites
(MIS) (Biswas et al., 2022; Dasgupta & Mukherjee, 2017).
The basin experienced two distinct phases of extension, i.e.
NW-SE followed by NE-SW (Bladon et al., 2015;
Dasgupta & Mukherjee, 2017).
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Fig. 1 Tectonic map of western
Rajasthan showing Barmer basin
with different fault trends and
field outcrop locations (L1-L7)
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The rift geometry is deciphered from the Bouguer gravity
anomaly and seismic (2D and 3D) data-driven maps (Bladon
et al., 2015; Dasgupta & Mukherjee, 2017). The basin
deepens towards S and SE. The sedimentation in the Barmer
rift was discontinuous resulting in distinct hiatuses during
Mid-Late Jurassic to Early Cretaceous, in Late Cretaceous,
and in Late Tertiary time (Dasgupta & Mukherjee, 2017).
Sediments linked to a first phase of rifting of Aptian—Albian
age are exposed near Sarnoo in eastern rift shoulder. The
Paleocene-Eocene deposits, linked to a second phase of
rifting, are the major hydrocarbon producing reservoirs of
the basin (Bladon et al., 2015). Pre-cursor of Deccan vol-
canism is documented at places in the eastern margin
(Dasgupta & Mukherjee, 2017). The MIS is exposed along
the western basin margin in and around Barmer, towards
south near Dhorimana.

3 Results and Deductions

Numerous ~ NW, ~ NNW, ~ NE and ~ E trending
brittle shear faults were identified from the structural field
work (L1-L7 locations). We further identified: (1) ~ NE
trending mega-scale transfer zones along the Fatehgarh fault
trend, N margin of the basin, (2) crosscutting fault planes—
in E and W margins: NE faults cut by NW faults and NE
faults cuts the ~ E trending faults, (3) The pre-existing
fractures of MIS and cross faults of first phase of rifting
govern the second and main ~ NW trending rift faults.
Around 500 fault slip data were collected from outcrops
[L1-L5]. T-Tecto studio X5 and Win-Tensor (v.5.9.2)
software (Delvaux & Sperner, 2003; Zalohar & Vrabec,
2007) were used for paleostress analyses which resulted in
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four stress regimes (S1-S4) based upon the stress ratio and
maximum horizontal stress direction (SHMax). These stress
regimes are as follows. S1—strike slip regime, initiation of
oblique extension in Early Cretaceous (SHMax ~ E), S2—
Extensional regime in Early Cretaceous resulting in the first
phase of synrift deposition during Albian-Aptian
(SHMax ~ NE), S3—strike slip to transtensive regime in
Mid-Late Cretaceous (SHMax ~ N to NNE). S1-S3 are
linked to Madagascar separation from West Indian plate. S4
stress regime is sub-divided into two parts, i.e. S4a—ex-
tensive to transtensive linked to 2nd and main rift phase of
rifting (SHMax ~ SE), and S4b—strike slip transpressive
to compressive regime likely linked to progressive phase of
Barmer rifting in Early Tertiary (SHMax ~ SSE). Stress
regime S4 is coeval with the Seychelles—India separation and
northward drift of Indian plate (Dasgupta & Mukherjee,
2017) (Table 1).

4 Conclusion

We were able to establish the following: (1) relative timing
of the faults from crosscutting nature identified in the field,
(2) transfer zones in N margin identified from remote sens-
ing and field observations, (3) four main paleostress regimes
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obtained from the analyses, S1-S3 indicates stress rotation
from ~ E to NNE during Cretaceous and (4) structural
inheritance plays a key role in rift fault propagation.
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