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Abstract 
 

Potential Oil and Gas fields are discovered by ONGC 

Ltd. recently in Kutch Saurashtra (KS) shallow 

offshore in Mesozoic sediments below the thick 

Deccan trap basalts. The KS basin evolution history 

starts from separation of east and west Gondwana in 

Late Triassic and had continued through Mesozoic to 

Recent times. Pore pressures of major Mesozoic 

discovery wells and nearby dry/hydrocarbon 

indication wells both from Kutch and Saurashtra 

blocks are analysed with purpose of understanding 

the pore pressure regime in Mesozoic sequences and 

also to make out the probable overpressure causative 

mechanism. The interesting observation from pore 

pressure analysis is that the deep to ultra-deep 

Mesozoic seal-reservoir column only in high 

potential hydrocarbon wells are over pressured and 

the nearby dry wells or wells with feeble 

hydrocarbon indication are of normal hydrostatic 

pressure till the Upper Jurassic Jhuran Formation. In 

younger-shallow sedimentary basins of Tertiary 

prospective this drastic difference between 

hydrocarbon bearing and dry wells in terms pressures 

are not observed. Based on this the direct inference 

that can be drawn on Mesozoic siliciclastic-carbonate 

sequences underlying nearly 2km of Deccan trap 

basalts is that effect of under compaction could have 

drained out over geologic time and fluids would have 

migrated along fractures and faults except in strati-

structural traps where the shale/carbonate seal is thick 

and intact. Secondly the geothermal gradient is high 

in Mesozoics are >150°C which cause Hydrocarbon 

expansion and gas generation. Then the high pressure 

encountered in Mesozoic discovery wells of Kutch 

Saurashtra offshore could be attributed to unloading 

mechanism where the effective stress reduces due to 

gas generation and lateral pressure transfer by fluid 

flow through fractures and faults. Effective seals in 

terms of strati structural trap or unfractured thick 

shale caps would only hold hydrocarbon in such deep 

reservoirs with combination of high temperature and 

fractures.   Velocity vs Density log cross plots, 

structural-stratigraphic details, geothermal gradients 

and lithology of the analysed wells support these 

inferences. 

 

Introduction   

 

The Kutch-Saurashtra Sedimentary Basin is a 

pericratonic rift basin from onland to deepwater 

offshore in the western margin of Indian plate 

(Fig.1). The basin evolution history starts from 

separation of east and west Gondwana in Late 

Triassic and had continued through Mesozoic to 

Recent times. The offshore part of Kutch Basin is 

28,000 km2 and that of Saurashtra is 2,40,000 km2  to 

200m isobath (DGH report) and are  filled with 

Mesozoic, Tertiary and quaternary sediments (Fig.1 

& 2).  

 

 
 

Fig.1: Prospect map of Kutch Saurashtra Basin after 

Biswas & Deshpande; 1983. 
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Fig.2. General Stratigraphy of KS Basin after Zutshi 

et.al; 1993.     

 

Recent high potential oil and gas discoveries in 

Cretaceous/Jurassic below the thick Deccan trap 

basalts of Kutch Saurashtra offshore establishes a 

viable Mesozoic petroleum system in the basin and 

might soon upgrade it to a Category-1 basin when 

commercial production start.  The shallow water 

Mesozoic discovery wells in Kutch are overpressured 

and those in Saurashtra block come under high 

pressure high Temperature (HPHT) category. To 

understand the pore pressure regime of these fields 

and the cause of overpressure acquire special 

importance at this point of time. 

 

Geology of study Area 

 

In Kutch block  the prospective Mesozoic formations 

are below the thick basaltic trap of ~ 1200 and 1600m 

whereas in Saurashtra arch  the thinner Cretaceous 

and the older Jurassic formation are below >2200m 

thick trap (Fig.2 & 3).  In Kutch area, Mundra 

formation of Upper Cretaceous and Bhuj formation 

(Santonian to Neocomain) of Lower to Upper 

Cretaceous are encountered below the traps followed 

by Jhuran formation of Upper Jurassic. In structural 

high of Saurashtra Arch the Cretaceous formations 

are thinner or absent and Jhuran formation is 

encountered below the trap.  The Mesozoic 

stratigraphic sequence is characterized by carbonate-

siliciclastic succession during Jurassic, dominant 

siliciclastic succession in Early Cretaceous and 

carbonate succession during Late Cretaceous. 

 

Theory and Methods 

Pore pressure analysis of potential wells from the 

Kutch - Saurashtra (KS) blocks offshore are carried 

out and compared with other Mesozoic penetrated 

wells in the area (Fig.3). An attempt is made to 

understand the cause of overpressure and its 

implications in the deep Mesozoic formations below 

the trap. Four representative wells analyzed for 

regional pore pressure regime and hydrocarbon 

potential of Mesozoic sediments are shown in a 

regional seismic section in Fig.3 with electrolog 

correlation. Pore pressure analysis of the wells is 

carried out with Eaton’s sonic method in calibration 

with formation pressure test data and mud weights.  

 

 

 

Fig.3. Regional Seismic Section across KS-Basin with well correlation and interpreted horizons



 

 

 

When the normal compaction trend (NCT) 

established for the Tertiary sediments is continued 

down to the Mesozoic section, erroneously high pore 

pressures have been generated for the Jhuran 

formation to conclude that the compaction trends of 

both the sections are different or that the compaction 

disequilibrium is not the cause of overpressure in 

Mesozoic. The temperature gradient as well as lower 

intergranular porosity  of  Mesozoic sediments (well 

completion reports) points to the latter or unloading 

being the probable reason for effective stress 

reduction of these deeper sediments (Zhang; 2018).  

Therefore, two compaction trends have been used, 

one for the Tertiary sediments and the other for the 

Jurassic sediments, to compute pore pressure curve of 

these wells by modified Eaton’s method. The same 

can be computed with Bowers method considering 

trap bottom as depth of unloading (Bowers, 1995). 

The NCT in the Mesozoic sediments has been 

established in calibration with the recorded formation 

pressures and the mud weight used at depth intervals 

of well activity, as per the data availability. The 

computed fracture pressures have been validated with 

LOT/PIT data (Fig.4). The whole process has been 

done in Drillworks Predict software. 

 

 
Fig.4. Pore Pressure Analysis of Well S-1 with Eaton's Sonic Method

Pore Pressure Analysis of KS Mesozoic 

Wells and Observations 

 
Pore pressure of Mesozoic wells of the study area are 

analysed and the representative wells from 

prospective fields in Kutch (K-1,K-2) and  northern 

Saurashtra arch (S-1,S-2) blocks (Fig.3) are 

demonstrated for pore pressure regime and its 

implications. K-2 and S-2 are major discovery wells 

while K-1 and S-1 had less potential and had 

produced water along with hydrocarbon in testing. K-

3 and S-4 are dry wells which have penetrated 

Mesozoic. 
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When the pore pressure behavior of the wells in both 

the blocks are analyzed (Fig.5,6,7) the interesting fact 

is that only the hydrocarbon charged wells are of 

abnormal pressure. The MDT pressure values of 

formations and reported hydrocarbon activity data 

while drilling are used to calibrate analyzed pressure 

curves (Fig.5, 6). In K-2 (Kutch block) gas 

discovered in Bhuj – Jhuran interface (3985-4013m). 

The well has a well-developed pressure transition 

zone starting ~100m above Bhuj formation and the 

over pressure in Bhuj formation is found to be >9000 

psi (Fig.5). But at the same time in K-1 which has 
penetrated 500m into Jhuran formation also have no 

overpressure and the well was drilled with mud of 

hydrostatic gradient (Fig.5). K-1 had feeble gas 

indication in Mundra formation. 

Similarly in Saurashtra block the well S-2 with high 

hydrocarbon potential has overpressure in Jhuran 

formation right below the trap with a rapid pressure 

transition within 50m at Jhuran top while in Well S-1 

with less hydrocarbon flow with water the pore 

pressure is hydrostatic. Other dry wells in the area 

which have penetrated Mesozoic are analyzed and 

verified lack of overpressures in them (Fig.3 & 7). 

This is an indication of overpressure generation with 

fluid expansion. It generally happens when bottom-

hole temperature is more than 150°C which generate 

gas within proper trap environment (Zhang; 2018). 

These conditions are true for wells K-2 and S-2. 

When proper shale/carbonate seal is lacking in the 

other two wells (K-1, S-1). The sonic velocity vs 

density cross plot of these wells (Fig.8) clearly 

indicate characteristics of fluid expansion (Hoesni, 

2007) in charged wells. In the normal pressure 

dry/feeble hydrocarbon wells this trend is absent. 

The core analysis of Mesozoic reservoirs of 

Saurashtra block (Lab report) proves lack of inter 

granular porosity but development of secondary 

fracture porosity as expected in deep and ultra-deep 

(>3500m & 4000m resp.) reservoirs. Worldwide 

study of deep clastic reservoirs proves poor primary 

porosity due to compaction but secondary 

fault/fracture improving their hydrocarbon storage 

ability (Zou et.al 2014). 

The tectonic history of KS block reports three distinct 

events in Late Cretaceous- Paleocene, Middle Eocene 

 
Fig.5. Pore pressure Analysis of Wells K-1, K-2 of 

Kutch offshore. MDT depths in respective formations 

and major gas show percentage are annotated. 

 

 
Fig.6. Pore pressure Analysis of Wells S-1, S-2 of 

Saurashtra offshore. MDT depths in respective 

formations and major gas show percentage are 

annotated 
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Fig.7: Dry wells K-3 and S-4 without thick seal in the 

area drilled with hydrostatic gradient 

 

and Middle Miocene (Bisen et.al, 2010) which would 

have contributed to the creation/reactivation of faults 

and fractures of the Basin and development of the 

strati-structural traps. 

 

Conclusion 

The deeply buried Mesozoic sediments in KS Basin 

is not over pressured everywhere but only at 

hydrocarbon charged strati-structural traps. In Kutch 

offshore the overpressure reservoir analysed is in 

Mundra & Bhuj Formation (Cretaceous) and in 

Saurashtra arch in Bhuj & Jhuran formation 

(Jurassic). The interpreted cause of overpressure is 

fluid expansion at high temperature which is 

categorized as unloading and not compaction 

disequilibrium.   

 

 

 

 

 

Fig.8: Crossplot of Velocity (ft/s) Vs Density (g/cc) of over pressure wells K-2 & S-2 showing fluid expansion 

characteristics, Crossplot of Well K-1 with feeble gas indication and dry well S-4 which lack velocity lowering.   
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Based on the inferences of this study, the further 

exploration of the deep Mesozoic reservoirs of KS 

Basin, mapping of thick seals and faults and fractures 

for the integrity of cap rocks as well as secondary 

porosity in reservoirs would substantially contribute 

for better success ratio. 
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