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Abstract 

 

Several giant oilfields were discovered in the Barmer Basin in 2004, predominantly situated within the crests of faulted blocks, 

and the basin is now an established oil- and gas-producing province (7.3 BBL of STOIIP, 200,000bopd production). However, 

the extent and geometry of many fault-blocks within the rift are controlled by poorly understood rift-oblique faults that are 

variably imaged throughout the subsurface. Here we present a study of Early Cretaceous sedimentology that accumulated prior 

to the main rifting event in the Barmer Basin, exposed along the eastern rift margin in the Sarnoo Hills, along with a detailed 

investigation of a rift-oblique fault network that is exposed nowhere else in the region. The findings provide critical insights into 

the structural evolution of the Barmer Basin and regional tectonic processes hitherto unrecognised. Lower Cretaceous sediments 

were deposited within an alluvial-plain fluvial system. The high proportion of floodplain mudstones and siltstones preserved 

within the fluvial succession and the lack of evidence for long-term floodplain stability, suggest aggradation of the floodplain, 

possibly due to rapid subsidence or a high sediment supply. Subsequent to deposition, brittle deformational structures 

accommodated northwest-southeast extension, highly oblique within the north-northwest-trending Barmer Basin and previously 

unrecognised in northwest India. Despite the pre-rift tectono-stratigraphical relationship between the sedimentary succession and 

the fault network exposed at outcrop, the sedimentology suggests deposition was triggered by the onset of rapid subsidence in 
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the Barmer region during the Early Cretaceous, and is likely a manifestation of the rift-oblique (≈ NW-SE) extensional tectonics 

exposed. The identification of Early Cretaceous, rift-oblique extension that pre-dated the main rifting event in the Barmer Basin 

during the Paleogene indicates that the present-day structural architecture of the Barmer Basin resulted from two, superimposed, 

non-coaxial extensional events and elucidates poorly understood rift-oblique faults interpreted in the subsurface throughout the 

rift. Integration of the findings with the currently understood regional tectonic framework suggests northwest-southeast-oriented 

Early Cretaceous extension is an intra-continental manifestation of transtension between the Greater Indian and Madagascan 

continents during Gondwana fragmentation. 
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145Ma: 

Separation of African and 

Greater Indian-Madagascan-

Antarctic-Australian 

continents 

 

Plate Tectonic Setting of Northwest India 

after Reeves 2014 

Fragmentation of East 

Gondwana and isolation of 

Greater India 



120Ma: 

Separation of Greater 

Indian-Madagascan and 

Antarctic-Australian 

continents 

after Reeves 2014 

Fragmentation of East 

Gondwana and isolation of 

Greater India 

[Transtension between Greater 

Indian and Madagascan continents 

(Bastia et al. 2010; Reeves 2014)] 

Plate Tectonic Setting of Northwest India 



84Ma: 

Separation of Greater Indian 

and Madagascan continents 

(Marion Plume) 

 

after Reeves 2014 

Fragmentation of East 

Gondwana and isolation of 

Greater India 

Plate Tectonic Setting of Northwest India 



66Ma: 

Rifting of Seychelles 

microcontinent from Greater 

Indian continent (Reunion 

Plume?) 

 

after Reeves 2014 

Fragmentation of East 

Gondwana and isolation of 

Greater India 

Plate Tectonic Setting of Northwest India 



• Kutch, Cambay, Narmada, and 

Barmer basins 

• Main Phase of rifting occurred 

during the Paleogene Period 

• Pre-Deccan sediments in Kutch 

and Narmada (Cambay?) basins 

West Indian Rift System (WIRS) 



• Northernmost rift in the WIRS 

• 200km long, <40km wide, <6km 

deep 

• Main phase of subsidence was 

fault-controlled and occurred 

during the Paleogene Period 

• Evolving rift-faults affected by 

pre-existing structures 

after Dolson et al. 2015 

Rationale 

Investigate a rift-oblique fault 

network exposed along the central 

eastern rift margin and place the 

findings within a regional context 

Barmer Basin 



The Sarnoo Hills 



• Sporadic exposure 

• Largest continuous 

exposure ≈ 2 km2 

• Three structural trends 

evident 

1. NE-SW 

2. E-W 

3. ENE-WSW 

The Sarnoo Hills 



NE-SW faults 
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E-W faults 

 



• Dominant SW-striking, NW-

dipping faults 

• Smaller-offset W-striking, N-

dipping faults 

The Sarnoo Hills 



Cross-sections redrawn 

from Midland Valley’s 

Move software package  
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Cross-sections redrawn 

from Midland Valley’s 

Move software package  
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3D model 

• 3D model 

constructed from 

structural 

framework 

• Variable 

characteristics of 

W-striking faults 



• SW-striking 

faults 

accommodated 

pure normal slip 

• W-striking faults 

deformed with a 

15° component 

of sinistral 

oblique-slip 

Structural Analyses 

• Average slickenline trend 

varies between  W- and 

SW-striking faults by 013° 



Structural Analyses: 

Fault Displacement-Length Profiles 
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Structural Analyses: 

Fault Displacement-Length Profiles 1 Southwest 21 
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Structural Evolution 

• W-striking faults 

incorporated into 

evolving SW-striking 

fault systems  

• Activity on W-striking 

faults restricted the 

evolution of SW-

striking faults 

• Juvenile fault 

network 



Regional Context: NW-SE Extension? 

• NW-SE extension 

related to plate tectonic 

unrest associated with 

a period of mutual 

spreading to the N and 

S of the Greater Indian 

Continent (e.g. Bastia 

et al. 2010; Reeves 

2014) 

• NW Indian rifting pre-

dates Deccan (Réunion 

Plume)? 



Summary 

• The Sarnoo Hills fault network evolved during NW-SE extension and 

comprises W- and SW-striking faults. 

• Pre-existing W-striking faults were incorporated into the evolving SW-

striking fault systems. 

• Evolution of the SW-striking fault systems was restricted by reactivated 

segments of pre-existing W-striking faults. 

• NW-SE extension pre-dates NE-SW Paleogene rifting in the Barmer 

Basin, and may be associated with a period of mutual spreading to the N 

and S of the Greater Indian continent during the late Early Cretaceous 

Epoch. 

• Rifting pre-dates Deccan? 

References 

• Bladon, A.J., Burley, S.D., Clarke, S.M., Beaumont, H., 2015. Geology and regional significance of the Sarnoo Hills, eastern rift margin of the Barmer Basin, NW India. Basin 

Research, v. 27, p. 646-655. 

• Bastia, R., Reeves, C., Pundarika Rao, D., D’Silva, K., Radhakrishna, M., 2010. Paleogeographic Reconstruction of East Gondwana and Evolution of the Indian Continental Margin. 

DCS-DST news, August 2010, 2-8. 

• Dolson, J., Burley, S.D., Sunder, V.R., Kothari, V., Naidu, B., Whiteley, N.P., Farrimond, P., Taylor, A., Direen, N., Ananthakrishnan, B., 2015. The Discovery of the Barmer Basin, 

Rajasthan, India, and its Petroleum Geology. The American Association of Petroleum Geologists Bulletinv. 99, p. 433-466.. 

• Gupta, S., Underhill, J.R., Sharp, I.R., Gawthorpe, R.L., 1999. Role of fault interactions in controlling synrift sediment dispersal patterns: Miocene, Abu Alaqa Group, Suez Rift, Sinai, 

Egypt. Basin Research 11, 167-189. 

• Reeves, C., 2014. The position of Madagascar within Gondwana and its movements during Gondwana dispersal. Journal of African Earth Sciences 94, 45-57. 


