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Summary 

 

Cambay rift has given rise to one of the most geologically complex Indian petroliferous basin. The study area lies in North 

Cambay basin. The rift has undergone a sequence of rapid poly-phase deformation and intense sedimentation episodes. 

Though the broad rift floor exhibits simple geological configuration while at margins it shows significant loss of equilibrium 

including mechanical, mineralogical, tectono-structural and sedimentological. The most of the central part of the rift is 

optimally explored, as being simpler choice, less stress was given to the marginal portion of the rift. Being a high risk area 

due to genetic complexity, routine style of exploration and exploitation is not very suitable for this portion. 

 

The present work deals with the multidisciplinary data analysis of one of the most chaotic part of western rift margin. Detailed 

3D seismic analysis, mineralogical analysis, thermodynamics, geological modeling and reservoir data interpretation have 

been carried out and then combined together to cast a comprehensive picture of the reservoir under consideration. This 

approach resulted into an integrated solution to tap the huge hydrocarbon potential of the area selected. It is postulated the 

similar approach can be extended to other, much simpler portions of the margins of the rift with minimized risk and enhanced 

confidence. 
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Introduction 

 

Geologically, Cambay rift is one of the most complex 

provinces among Indian petroliferous basin. The study 

area lies to the north west of Tarapur Depression and south 

of main Nawagam field of North Cambay basin. 

Geologically the area is prospective as, it falls on the north-

western rising flank of Tarapur depression which is active 

source kitchen for hydrocarbon generation. (Fig: 1). 

 

The rift has undergone a sequence of rapid poly-phase 

deformation and intense sedimentation episodes. On the 

highly tectonise margins it shows up dip pinch outs, 

growth faulting, suprataneous folds while the broad rift  

floor exhibits gentle folding, which are the results of 

dynamic adjustment of the volume into increasingly 

shortening valley floor area. At places wherever some 

protrusions are left unattended because of imbalance of 

mechanical equilibrium of the sedimentary floor, 

suprataneous folds are witnessed.  

 

As evident from lithological and mineralogical analysis, 

Cambay rift shows incipient early rift stage, profound mid 

rift stage followed by rapid onset of younger drapes, 

restricting the valley from reaching late rift stage. 

 

The rift is profusely explored for hydrocarbon.  Many 

fields from this valley are producing from 1962 and 

thoroughly explored by using every possible technique for 

e.g gravity-magnetic, 2D, 3D seismic, geochemical 

surveys, geological exploitation, intense drilling of wells 

and tracer surveys etc. 

 

Geological Setup 

 

The analysis of regional geology indicates that at least in 

the marginal area, if not all, this on-land basin (The Rift) 

shows a clastic architecture. The floor of the sediments is 

provided mainly by the Protolith of northern part of the rift  

and by Deccan Traps and its derivatives. Older sediments 

are mainly thick sequence of shales of marine origin, 

having different maturity level followed by rhythmically 

arranged sand/shale sequence. This sequence in the 
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northern part of basin is punctuated by fine grained coal 

facies.  

 

 
 

One peculiar characteristic of this rift sediment is the 

presence of siderite / pyrite pair which is present right from 

the valley floor to the youngest formation (Upper Suraj 

Pays). This indicates that, throughout its life history the 

sedimentary environment of the basin was monotonously 

acidic and euxinic which has prevented the total oxidation 

of sulphides.  

 

As per clay typology in deeper horizons there is a presence 

of kaolinite-illite pair while the shallower part shows 

smectite-illite pair. However, the most prolific producing 

reservoir even in the southern part of the valley does not 

show significant smectite presence, but represented by Fe-

Mg chlorite group. 

 

Above observation indicate that, in spite of favorable depth 

the occurrence of clay minerals is almost inverted. This can 

be explained by the burial history of these sediments. The 

major cause of such inversion can be assigned to very rapid 

burial of the sediments without achieving mineralogical as 

well as chemical equilibrium. 

 

Apart from seismic analysis, the velocity of burial of 

sediments can be deciphered from pressure profile if the 

sediments are dominated by rhythmic episodes of shale/ 

sands. As is well known that the path of migration in visco-

elastic basin (eg. Rajasthan) is mainly lateral from source 

to reservoir, while in clastic basin it is the vertical 

migration which predominates. In this rift  main marine 

sequences of shale are close to valley floor while, some 

marine shales are sandwiched between different stacks of 

sandy reservoirs. The most of the producing reservoirs are 

either dissected by these deep seated marginal faults or/are 

at juxtaposition of them.  

 

It is also observed that hydrocarbon in the reservoirs of 

Cambay rift  can be grouped into two major classes among 

which oil of deeper reservoir is having significant amount 

of asphaltine, while the reservoir which are above & 

among coal dominated sequence are having higher amount 

of paraffine instead of asphaltine. This indicates at least 

two types of source rock having different genetic history.  

 

Integration of these observations indicates that the 

geological as well as fluid dynamics of the reservoirs of 

the rift  is far from simple, at least along rift margins. Due 

to these complexities the exploration in this area is still 

showing mixed results. Thus it is warranted to go for a 

midcourse correction by revisiting our basic understanding 

of petrogenesis of the rocks, fluid dynamics & 

heterogeneity. Hence, it makes sense that it is always a 

relatively risk free, cost effective & efficient to step out 

from the known area/reservoir than to explore in entirely 

unknown regime. The complexity of the reservoirs of this 

rift warrants this cautious approach of 

exploration/exploitation strategy. 

 

Case Study 

 

The area considered in the present study is bounded by  

steep easterly hading faults which separate the sediments  

 

from igneous complex. (Fig; 2).The floor of this area is 

volcanic with some undifferentiated debris. The 3D 

seismic volume was interpreted by tracing/marking by four 

to six horizons. (One polychronous and rest 

monochronous). 

 

The faults of western margins indicate that the parental 

vectors causing these faults are same (similar hade & 

parallelism). This has given rise to a picture similar of step 

faulting. The geometrical signature of the boundary 

between igneous complex and sediments also shows that 

this basin margin was far from smooth and sporadically 
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indicates presence of undifferentiated stylolith & debris. 

(Fig.3: Hazy patches). This phenomenon is more profound 

at the bottom portion. 

 

 
 

The geometric relation between tracked seismic horizon-

1and 2 (Fig.3) indicates that, there is intense growth of the 

sediments falling west of Fault F1 and  the sediments east 

of fault as well. The drilled well data in & around of this 

part of basin indicate that transparent zone is generally 

attributed to monotonous shale section of Paleocene age.  

 

Another significant feature of the same area (Fig:3) 

indicates initiation of rollovers of arenaceous mass is 

embedded within argillaceous mass. The combination of 

the growth observed, and the observed “shale trap” 

indicate that the rate of sedimentation across the fault was 

very rapid causing imbalancing mass transfer as well as 

incomplete structural equilibrium.  

 

To validate this observation, reservoir pressure analysis of 

the well drilled in this area was carried out.  (Fig 4 well 

“B”). The initial static bottom hole pressure observed, at 

the depth of 2852m in well “B” was 515 kg/cm2, this is 

about 230 kg/cm2 more than the expected normal pressure. 

These pressure anomalies under current condition can only 

occur, if porous & permeable geobody gets buried very 

rapidly into impervious mass, got hydraulically 

disconnected from surrounding impervious material and 

gets into upwelled position at the time of re-establishment 

of equilibrium.  

 

 
 

As also observed in neighboring South Kadi area of the 

same rift, these pressure have resulted into blowouts while 

approaching such sand pods. Fig: 3&4 indicate that the 

area has undergone the recoiling response of rapid burial 

in form of a geometric high observed. Thus the sectional 

study of these seismic volume and pressure analysis of the 

reservoir are in total accordance with each other. 

 

It is also observed that the intensity of syn-sedimentary 

imbalance is getting subdued except a hump caused by the 

recoil response. The sediments bounded by seismic 

horizons 3 and 4 are showing a suprataneous fold 

becauseof the humps created by recoiling vector and onset 

of mechanical equilibrium of sediments (End of syn-

sedimentary faulting) 

 

Hydrocarbon Potential 

 

As stated in earlier passages, wherever, there are 

conditions favoring entrapment, if the reservoir pods are in 

the vicinity or being dissected by deeper faults, the pods 

are hydrocarbon bearing. (J.J. Lambiase 1995). This 
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observation goes well with the cases of already producing 

reservoirs. Integrating these observation and typology 

(asphaltin rich & paraffin rich groups) of reservoir fluids 

suggest that major episode of charging of the reservoir can 

be attributed to deeper massive organic shales.(Banerjee, 

A et al. 2000).  It can also be postulated that for the younger 

reservoir of the basin, the intercalated organic shales have 

contributed in their hydrocarbon potential. On the basis the 

wells producing from shallow as well as deeper zones 

indicates, that the drive mechanism prevailing in this area 

is mainly depletion drive, facilitating almost water free 

production even from the zones falling in synclinal axis. 

Reservoir facies developments in deeper pays are patchy. 

 

 
 

Recent core studies of the nearby wells around the study 

area indicate organic matter facies is of humic-sapropelic 

type. (K.L.Devi et al. 2012). Total organic content of 2.5% 

and vitrinite reflectance value of organic matter falls 

between 0.52-0.53 indicated that the organic matter is 

thermally mature for hydrocarbon generation. The well 

“B” drilled within the vicinity of study area has 

encountered thick chunk of clastic, having high pressure 

gas zone appears to be interesting based on the log, cutting 

data, sidewall core and Reservoir description tool 

(Halliburton)  results. 

 

These sets of observations are indicating that, though the 

area is geologically complex the parts (Basin margin) 

which are severely tectonise do have the potential of 

exploiting well within commercial limits. The another 

significant picture that emerges out of this study also 

indicate that the thick section of Olpad  (as evident by the 

thick chunk of clastic material with high pressure gas zone 

in well “B”) though  at much deeper structural level than 

the marginal portion also has a great potential, which is 

mostly un-trapped in this area till date. 

 

Conclusion 

 

On the basis of analogy of the producers in nearby field 

under similar set up, it can be postulated that, if we extend 

our exploration/exploitation strategy, even in the deeper 

part in present area, the risk is not as high as was postulated 

before detailed studies. At the same time, the downthrown 

Geobody-B has a very similar seismic attribute as observed 

in its up-thrown equivalent. Therefore, an attempt of 

exploring this type of geobodies even in downthrown areas 

may be very strong candidates for low risk and high gain 

strategies. 

 

The present study provides very strong leads that the 

untapped portions of western margins of Cambay Rift  are 

worth exploring with minimum risk of failures and 

promises high gain.  Only point of great caution to be taken 

in developing these areas is that due to peculiar burial 

history and polyphase deformation we are likely to 

encounter sudden high pressure zones which requires due 

attention and care during drilling activities. 
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