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Summary 

 

A major part of the estimated global reserves of 

hydrocarbons are present in rocks of Mesozoic age 

and contribute around 54% of the oil and 44% of the 

gas reserves of the world. Indian scenario, when 

compared to these statistics, comes down to 

negligible quantity of Indian domestic oil production 

from East Coast Basins. Mesozoic prospects are an 

exploration target in Kutch-Saurashtra Basin since 

early seventies, but ten drilled exploratory wells 

could not yielded much success till now, except in 

Kutch-Saurashtra offshore. Still, all the adjacent 

Mesozoic Basins i.e. Badin and South Indus Basin in 

North, Kutch/Saurashthra Offshore Basin in South 

and Sagarh, Miajlar and Jaisalmer Basin of Rajasthan 

in North East had proven Mesozoic PS.  

 

The source rocks facies of Jurassic and Early 

Cretaceous encountered in the drilled wells on Kutch 

Mainland is good to very good, while that of Banni 

Graben is moderate to good. 2D petroleum systems 

modelling carried out on a NW-SE section aims to 

increase the understanding of the behaviour of deeper 

petroleum systems in the area. The modeled 2D 

maturity is suggestive of oil and gas window for Late 

Jurassic sediments of Kutch Onland. The observed 

values from hydrocarbon generation capacity (TR) 

from is highly encouraging for Jurassic Sediments, 

where Early Cretaceous is just on threshold of 

maturity. The results of 2D model and analogy of 

adjacent Mesozoic Basins, are strongly favoured for 

existence of Mesozoic-Mesozoic PS in Kutch Onland 

Basin. 

 

Introduction 

 

Kutch Basin is the northern most Western 

Continental Margin Basin of Western India. Kutch 

Onland Basin extends between Allah Bund Fault in 

the North and Kathiawar Fault in the South, Barmer 

Radhanpur Arch in the East (Figure 1). It extends in 

the offshore with wide shelf platform. Malani 

Rhyolites (arc related) is exposed in Rajasthan, Nagar 

Parkar range in Pakistan, and encountered in the 

onshore drilled wells at Banni Graben, i.e. Well-E 

and D. It is forming the Precambrian basement and 

correlated with granitic rocks of Seychelles (Torsvik 

et al, 2000), indicating a continuity before it got 

separated from Indian Plate during Late Cretaceous. 

The Kutch Basin preserves almost a complete record 

of sedimentary succession from Mesozoic to Recent 

punctuated by several stratigraphic breaks and 

comprising both fluvial and marine clastics with 

carbonates. At present, oldest sediments in Kutch-

Saurashtra Basin, have been dated as Aalenian 

indicating absence of Triassic sediments, though 

present in adjacent South Indus Basin towards north 

and Jaisalmer Basin (Bhuana: Permo Triassic) in the 

north east.  The basin is filled with two major 

episodic Sedimentary Succession representing 

Mesozoic and Cenozoic separated by Late 

Cretaceous Deccan Volcanics (Figure 2). From SW 

to NE, Quaternary, Tertiary, Deccan trap, Early 

Cretaceous, Jurassic sediments and Basement is 

successively exposed in Kutch Onland part. 
 

 
Figure 1: Regional Physiography and tectonic framework of Kutch 

Onland basin (Modified after Biwas, 2005). 

 

Tectonic Framework 

 

The Kutch Onland Basin is related to the breakup of 

eastern Gondwanaland from the Western 

Gondwanaland in the Late Triassic/Early Jurassic and 
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subsequent spreading history of the eastern Indian 

Ocean in four different stages of rifting during 

Mesozoic (Figure 3). A series of regional and local 

horsts and graben had resulted in response to rifting 

along the dominant pre-existing Precambrian sutures. 

The northern most part of the Western Continental 

Margin was the first to be subjected to continental 

rifting and crustal subsidence in the Late Triassic.   

 

 
Figure 2: Tectono-stratigraphy of the Kutch-Saurashtra Basin 

showing major formation sequences and tectonic episodes. 

 

The process of rifting gradually advanced towards 

south and by Cretaceous time almost all the rift 

related horst and graben came into existence (Figure 

3). Dominantly Delhi-Aravalli fold belt has provided 

sedimentary input in the Kutch Basin besides some 

input from Madagascar. The Saurashtra region was 

initially a positive area delimiting the Kutch rift 

Basin to the south and acted as a provenance for the 

emerging grabens from the south. By Early 

Cretaceous, this positive area was eroded to a 

peneplain forming an extensive Kutch-Saurashtra 

depositional platform over which several paleo rivers 

flowing SW from the Aravalli Mountains which was 

the eastern culmination of positive area.  

 

 
Figure 3: Plate Tectonic Reconstruction Summary for Kutch 

Saurashtra (After KDMIPE) 

 

Petroleum System Elements  

The Kutch onland basin in known to have valid 

petroleum system elements such as presence of good 

quality source rocks, good quality reservoir facies 

and seals, which are present in Cretaceous and 

Jurassic formations. Three exploratory wells namely 

X-1, C and Z-1 drilled in Mainland part of Kutch 

Onland Basin, have SR sequence of about 65m, 

165m and 70m thick with gas and subordinate oil 

generation potential in Early Cretaceous Bhuj 

Formation. In Jhuran Formation of Late Jurassic age 

too, the source rocks are present in the interval 1827-

2350m (523m) in X-1, 930-1460m (530m) in Z-1 and 

1780-2150m (370m) in C. However, in wells E and D 

drilled in Banni Graben, the source rocks are found in 

only few thin intervals of 5 to 30m thickness. The 

geochemical data show good source rocks with TOC 

as high as 10% and T-max suggesting adequate 

maturity from sediments of Late Jurassic to Early 

Cretaceous stratigraphic units from onland wells, the 

organic matter being type II and III. 

 

Good reservoir sequences have been proven by 

various wells drilled in the study area. Sandstones 

and siltstones of Jurassic (Jhurio, Jumara & Jhuran 

formation)-Early Cretaceous (Bhuj Formation) 

fluvio-deltaic sequence, having good porosities, are 

very prospective reservoir sequences. The results of 

initial testing of most of the drilled wells yielding 

water with high salinity, is also support reservoir 

quality. Both Log and core derived porosity data is 

also encouraging. The establishment of regional seal 

is not questionable due to presence of volcanic trap, 

which is found to be present in some areas. The 

presence of clays and shales within the Bhuj, Jhuran 
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and Jumara sequences of Late Cretaceous and 

Middle-Late Jurassic age can serve as a good seal, 

provided the timing of hydrocarbon migration is not 

an issue. Also, the area has mappable basement 

controlled regional faults on 2D seismic data. 2D 

time structural maps (with limited available seismic 

data of different vintages) generated at the top of 

Jhurio, Jumara, Jhuran Formation of Middle to Late 

Jurassic and Bhuj Formation of Early Cretaceous has 

demonstrated number of fault bound closures. Most 

faults are post depositional and extend up to Deccan 

Trap. 

 

Petroleum Systems Modeling Input 

 

A 2D numerical model was constructed using a 

present day, depth cross section from Kutch Basin, 

which passes through both on land and offshore 

wells. The cross section with multiple horizons and 

faults was digitized to define physical layers or grid 

between the horizons. Once the 2D grid was formed, 

each formation was assigned with different 

lithological properties, which were evident in wells 

falling along the cross section and was given an age 

boundary. The facies assigned were linked to 

different petroleum system elements such as source, 

reservoir, seal and overburden.  

 

Kinetic input parameters for type III source rock 

developed by KDMIPE, ONGC were used for 

hydrocarbon generation modelling. The source rock 

properties identified from cuttings and lab 

measurements from wells along the geological cross 

section was used to assign different properties such 

as TOC and HI. Other geological inputs like hiatus, 

erosion Paleo Water Depth (PWD), Heat Flow (HF) 

and Sediment Water Interface Temperature (SWIT) 

were also defined for the model as boundary 

conditions. The 2D model (Figure-4) was simulated 

and thermally calibrated to understand the basin and 

petroleum systems evolution through geological time 

scale. The effect of intrusion in Jurassic and 

Cretaceous has also been incorporated in the 2D 

model. 

 

Petroleum Systems Modeling Output: Thermal 

Calibration 
 

The simulated model was thermally calibrated 

against the present-day temperature and measured 

vitrinite reflectance values, obtained from the wells 

falling along the geological cross section used for 

modelling (Figure 5). 

 

 
Figure 5: Thermal calibration of modeled versus measured 

temperature and maturity values recorded in different wells. 

 

Burial History and Source Rock Maturity   

  

Results from 2D modeling indicates that the burial 

history varies from onland to offshore area. Modeling 

indicates that the Early Jurassic source rocks entered 

the Early-Oil window during Late-Jurassic times and 

entered the Main-Late Oil window during Albian-

Aptian era. This has impacted the overall maturity 

pattern in the model. It was also observed that the 

presence of thick Early Cretaceous sediments, which 

are not found in Banni graben during present day has 

impacted the maturity. This impact is primarily due 

to the eroded sediments in the Banni graben. Also, 

different intrusion bodies penetrated by drilled Wells 

B and C have impacted the maturity window of the 

Jurassic source rocks during Albian- Aptian times. 

However, the presence of igneous intrusions in wells 

A, B and C indicates that intrusion would affect the 

maturity and thus the thermal alteration of source 
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rocks can be observed during the evolution of basin 

with time (Figure 6). The effect of intrusion can be 

seen very clearly on well B, which has recorded very 

high maturity values (VRo>1.5) in Late Jurassic 

source rocks. 

 

Hydrocarbon Generation 

 

The source rock kinetics applied on all source rocks 

of Cretaceous and Jurassic indicates that the 

hydrocarbon generation would begin during Late 

Jurassic era. The kerogen to hydrocarbon 

transformation ratio is predicted to be low due to the 

early stage maturity of the basin. However once 

enough overburden has been deposited, the 

hydrocarbon generation would accelerate and would 

be very high for all the source rocks of Jurassic in 

Kutch Mainland. However, the generation capacity of 

the Jurassic source rocks in Banni graben is still very 

poor and not enough generation would be expected 

from this area. The application of erosional 

unconformity during Late Cretaceous has impacted 

the maturity of Jurassic source rocks in the basin to 

an extent which indicates low risk in terms of 

hydrocarbon generation and expulsion. The 

generation capacity of source rocks of Early 

Cretaceous is poor and thus may not actually form an 

effective source rock in the study area (Figure 7).  

 

Conclusions 

 

• Hydrocarbon discoveries made both in Jurassic and 

Cretaceous in Kutch offshore and adjacent 

Mesozoic Basins of Pakistan and Rajasthan, 

strongly favoured existence of a Mesozoic 

petroleum system. 

 

• Mesozoic Paleo-geographic Reconstruction 

suggested that adjacent Seychelles, Madagascar 

and Mozambique etc. Basins established 

commercial Mesozoic oil. 

 

• Based on available data it can be concluded that all 

major elements of petroleum system like source, 

reservoir and seal are present. 

 

• Thermal maturity modeling predicts that the Banni 

Graben is into Early-Main Oil window whereas the 

maturity increases towards offshore area through 

Kutch Mainland due to higher burial depths and 

presence of igneous intrusions as encountered in 

the wells. 

 

• 2D modeling suggests that the source rocks 

maturity of Cretaceous is poor and remains 

immature in both onland and shelf region. 

 

• The effect of igneous intrusions in wells of both 

onland and offshore can be seen on the thermal 

maturity as observed from the wells. 

 

• Hydrocarbon generation modeling suggest that the 

generation capacity of Jurassic source rocks is 

higher than the Cretaceous source rocks. 

 

• Presence of good quality reservoir rocks and seals 

in Jurassic play along with high source rock 

maturity and generation capacity makes the 

Jurassic Play very prospective. 

 

• Based on assessment of outputs from petroleum 

system modeling and analogy strongly favoured 

Mesozoic-Mesozoic PS, both Jurassic-

Jurassic/Jurassic-Cretaceous & Cretaceous-

Cretaceous. 
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Figure 4:  Depth Cross section from Kutch Onland Basin, showing different formations and sub-division of formations layers along with faults. 

 

 

                                
Figure 6: 2D maturity profile showing the maturity status of Cretaceous and Jurassic source rocks during a) Albian and b) Present Day. 
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Figure 7: 2D profile showing the hydrocarbon generation potential of all source rocks during a) Albian and b) Present Day. 
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