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Summary

The deep water areas of western continental margin of India include Kutch–Saurashtra in the north, Mumbai in the central 
part and Ratnagiri in the South. Large hydrocarbon accumulations are found in the shelfal part of Mumbai offshore. In spite 
of this hydrocarbon potential of deep continental margin covering vast area remained far from fully understood and 
explored. 

Systematic exploration was carried out since nineties covering entire deep water areas with detailed seismic surveys, 
interpretation of data followed by drilling of prospects. The present study is the outcome of reinterpretation and integration 
of data acquired from nine deepwater wells. The focus of the paper is thus an attempt to resolve tectonics, sedimentation 
pattern, entrapment conditions and source rock potential of the area.

The study has identified major tectonic elements, structural style and depositional history of the area. Three major tectonic 
events, first at Cretaceous-Tertiary (K/T) boundary, second at Middle-Late Eocene and third at Middle Miocene are 
depicted. The gradual thinning of sediments from East to West, starvation of sediments during Eocene and Oligocene is 
evident.  

Based on structural style and depositional pattern western offshore deep water area is demarcated into three tectonic blocks 
i.e. Kutch-Saurashtra deepwater block, Mumbai deepwater block and Ratnagiri deepwater block. The areas are further 
identified as low prospective and high prospective for further exploration. 

The extensive igneous activity, prolonged exposure and poor source rock potential makes most of the area of Kutch-
Saurashtra and Ratnagiri deep water blocks low prospective. The huge carbonate buildup of probably coral origin, 
identified in the Mumbai shelf edge, is based on seismic and geological criteria, in the water depth of 1000m to 1200m 
isobaths. The presence of top seal, source rock within and adjacent lows makes this shelf edge buildup feature most 
attractive from hydrocarbon point of view. Other prospects in the form of carbonate growth, erosional pinch out 
carbonate debris and Mio-Pliocene channels are identified.
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Introduction

The study area of about 150000 sq km is located in the 
Arabian Sea in the west coast of India in the water depth of 
400m to 3500m (Fig.1). The area extends from Kutch deep 
water area in the north to Ratnagiri in the south. The area is 
bounded by shelf margin depression of Mumbai platform in 
the east and western basement high of Arabian Sea in the 
west.

Exploration for hydrocarbon in the shelf area started in the 
early seventies and lead to discovery of giant oilfield 
Mumbai High in 1974. Further exploration led to 
discoveries of number of oil/gas fields like Heera, Bassein,
Panna, Mukta, Tapti and several other marginal fields. 
Extensive seismic coverage and large number of 
exploratory wells have provided information on the 
stratigraphy, structural and petroleum system of the shelfal 
part. Several published literatures and large number of 
unpublished reports have dealt in detail. The prominent 
contributions are from Biswas S.K. (1987), Roychowdhury 
and Deshpande (1986), Basu et al (1982), Zutshi et al 
(1986), Nair K.M. et al (1992). However, very scanty 
details were available regarding sub surface geology of 
deep continental western offshore. In the present study 
efforts have been made to address some of the issues 
related to structure, stratigraphy and sedimentation pattern 
and petroleum system of the area.

Five prominent seismic markers corresponding to near 
Basalt top, Paleocene top, Middle Eocene top, Middle 
Miocene top and Sea bed were picked up and time 
structure, relief and time thickness maps were prepared. 
The first time regional maps for the entire deepwater areas 

of Kutch-Saurastra, Mumbai, and Ratnagiri have been 
prepared incorporating available geological and 
geophysical data. 

Geological and Tectonic Setting
     
The directional trend of Precambrian structural grain to the 
large extent controlled the subsequent pattern of continental 
fragmentation and rifting which give rise to the present 
tectonic configuration of India. The passive western 
continental margin of India evolved through the separation 
from Madagascar in the early Cretaceous along structural 
trends of Proterozoic mobile belts. This activity initiated 
the passive margin basin from simple extensional episodes 
with huge eruption of flood basalt. This was followed by 
thinning and rupturing of continental crust (Falvey and 
Middleton, 1981) resulting in dyke injection and volcanic 
outpouring. After eruption of Deccan flood basalts 
extension continued in the weakened crust resulting in 
enhanced subsidence of major depressions.
        
The Kutch Graben, in northern part is considered to be a 
failed rift resulting from the break up of East and West 
Gondwanaland in the Jurassic (Biswas, 1982). The 
Saurashtra horst, present in the study area is a large uplifted 
fault block set between the Kutch graben in the north and 
Saurashtra depression in the south. The Mumbai deep water 
area lies west of shelf margin depression of Mumbai shelfal 
part and extends up to western basement arch to the west. 
Ratnagiri deep water block lie south and south west of 
Mumbai deep water block.
   
Sea level changes during the Cenozoic, in conjunction with 
tectonics, resulted in several unconformities in the shelf 
sedimentary sequences which are more pronounced in the 
study area. During Oligo-Miocene times, closure of the 
Tethys Sea and uplift of the Himalayas along with tilting of 
the basin initiated heavy terrigenous sediment influx in the 
basin. However, northern Kutch and the southern Ratnagiri 
part of the study area remained starved due to lack of 
steady fluvial systems. Basalt forms the floor of the 
sedimentary fill in the study area. 

Structural Style

The detailed close grid mapping of prominent reflectors,
near Top of Basalt, Paleocene,
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Middle Eocene and Middle Miocene, defined the various 
tectonic elements in the area (Fig.2). The main tectonic 
episodes which controlled the fault pattern, alignments and 
sedimentation history are related to Early Paleocene,
Middle Eocene and Middle Miocene. The faulting along 
Proterozoic basement trends resulted in generation of horst 
and graben caused by reactivation. This has determined the 
shapes, extents and tectonic style of the basin/sub basin.
The lithological character distribution and thickness of pre 
rift and post rift sediments are influenced by these factors.

Four major tectonic trends are reflected in the study area;
NNW-SSE related to Dharwar trend, NE-SW related to 
Aravali trend, ENE-WSE related to Delhi-Satpura orogeny 
and NE-SW trend related to Eastern Ghat belt. These Pre 
Cambrian grains have strongly influenced the overall 
tectonic style of the study area (Fig.2).

Mainly two types of tectonic associations can be observed 
(1) Extensional faulting with strike slip component related 
to the continental rifting and post drift, (2) Growth faulting 
related to shelf slope instability caused by sediment loading 
and resultant toe thrust in the younger formation.

On the basis of tectonic style and sedimentation pattern 
broadly three tectonic blocks are identified in the western 
deep water area (Fig.1). These blocks have been named 
from north to south as Kutch-Saurashtra deepwater block, 
Mumbai deepwater block and Ratnagiri deepwater block.  
These blocks are distinct in their structural style, sediment 
character and dispersal pattern. These characters have been 
discussed further in the following.

Kutch–Saurashtra Deepwater Block

The Kutch-Saurashtra deepwater block occupies northern 
part of western offshore deepwater area. In the south, it is 
separated from Mumbai deep water block by ENE-WSW 
trending Girnar fault zone. The main tectonic elements 
displayed in the area are: (1) Steeply dipping continental 
slope in the east (2) NNE-SSW trending Dwarka fault zone 
related to Delhi-Satpura orogeny (3) NE-SW trending 
Saurashtra Arch fault zone, related to Aravali trend (4) 
Southern most ENE-WSW running Girnar fracture zone (5) 
ENE-WSW elongated low between Saurashtra Arch fault 
zone and Girnar fault zone (6) Isolated volcanic highs 
located in the southern part of the block.
  
The Deccan flood basalt underlay the entire area and filled 
preexisting morphological features. The earliest post 
Deccan trap tectonic events identified are initial rifting and 
upliftment, leading to development of Saurashtra Arch fault 
zone, Dwarka fault zone and Girnar fault zone.  The 
elongated prominent low developed in the central part also 
attributed to initial phase of tectonic activity.

Paleocene – Middle Eocene

The structural trends and alignment of major 
morphotectonics feature are depicted on time structure and 
time relief maps on top of Basalt (Fig.2). This remained 
almost same during most part of Eocene, indicating little 
tectonic activity. The structure-building processes
continued in the most part of the area. Slumping is often 
seen on flanks of high relief structures. The carbonate 
sedimentation on highs produced pinnacle like structures 
with high relief.

The major depositional environment continued to be 
shallow water over emergent highs, resulted in carbonate 
sedimentation over isolated highs. Locally derived clastic 
sediments continued to deposit in lows resulting in 
smoothening of the terrain. Early to Middle Eocene period 
has undergone carbonate sedimentation for brief period, 
which helped in smoothening of earlier existing ruggedness 
over the area. The time thickness map of the sequence 
shows more or less uniform thickness, 100Ms-200Ms in the 
most part of the area. Slightly higher thickness 300Ms to 
400Ms reflected on present day highs due to carbonate 
caps. 

Middle Eocene – Middle Miocene

The alignment of major tectonic elements remained same, 
but upliftment and strike slip movement along Saurashtra 
ridge is manifested in the form of flower structure. 
Widespread withdrawal of sea coupled with upliftment led 
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to halting of carbonate sedimentation on highs. The 
karstification evidence and missing section in the drilled 
wells are the supporting evidences. In the most of the 
drilled wells Late Eocene to Oligocene section is absent, 
the thickness map. (Fig.5) shows uniform sediment 
distribution indicating removal from higher 
parts.

Middle Miocene- Recent

Tectonically area remained stable, structural trends 
remained subdued with smooth relief Due to heavy 
overburden and accumulation of soft sediments on unstable 
slope condition gravity process caused gliding of sediments 
resulting in growth faults, imbricate structures and rollover 
anticlines. Major collision of Indian plate with Eurasian 
plate, closure of Tethys Sea, the uplift of Himalayas, 
westward tilt of the basin and subsidence during this period 
resulted in heavy clastic influx. The massive clastic influx 
has been recorded from north east and mostly spread 
towards east taking advantage of paleo slope.

Mumbai Deep Water Block

Mumbai deep water block situated west of the Mumbai 
shelf margin basin. This narrow, elongated block is 
bounded by Girnar fracture zone in the north and Ratnagiri 
platform in the south. Western part is occupied by western 
basement high and in the further west super deep water area 
of Arabian Sea. A major NW-SE trending basin margin 
fault has been identified within the area. The northern part 
of the block is occupied by part of Saurashtra low. The 
seabed morphology shows gradual deepening of water 
depth towards west.

Paleocene - Middle Eocene

The time structure map on top of Basalt (Fig.2) clearly 
brings out the structural framework of the area. The 
structural trends and alignment of major morphotectonic
features remain unchanged during Paleocene till the 
beginning of Middle Eocene, indicating that the structure-
building activity continued in most of the area during this
period. The beginning of Mid Eocene was a period of 
renewed tectonic activity in the area, which resulted in 
upliftment and subsidence.

The faults are oriented in NW-SE direction, offset by cross 
trends at several places from north to south (Fig.2). These 
cross trends are related to kinematics of plate tectonics that 
resulted in dextral strike-slip movement and rotation of the 
different basement blocks resulting in offsetting the 
structures.

These trends of longitudinal faults depicting the 
preferential extensional tectonics to follow pre existing 
weak trends in the form of young orogenic belts, suture 
zones and older mobile belt and to avoid or branch the 
stronger cratonic regions (Wilson, 1968, Mc Connel, 1972, 
Sykes, 1978). Paleocene sequence is moderately thin unit 
with thickness varying between 100-300Ms over major part 
of the area. Most part of the area remained starved and 
received only 0-100Ms of sediments. 

The comparison of thickness pattern vis-à-vis time 
structure map indicates a structural control, where highs 
received carbonates and lows filled with clastics. The
sedimentation pattern of Paleocene to middle Eocene is 
almost similar to older sequence. Three isolated basinal 
lows, filled with sediments varying between 500Ms –
700Ms are located in the north, south and central part of the 
block. These contain the source sediments for hydrocarbon 
in this block.

Early Eocene to Middle Eocene top is missing on some of 
the highs and has huge (32Ma) hiatus, which is confirmed 
from drilled well data. The thicker unit is also observed on 
some of the highs due to aggradations of carbonate 
sedimentation. Overall lithofacies interpretation indicates 
carbonate growth on high and finer clastics, lime mud, clay 
stone and shale in the isolated lows. 

Middle Eocene to Middle Miocene

The renewed tectonic activity at the end of Middle Eocene 
resulted in upliftment and erosion of highs. It is evident that 
the area remained calm with moderate subsidence during 
Oligocene and Middle Miocene. The time relief (Fig.3) and 
structural maps on top of the sequence is pointing to a very 
young structure-building episode covering central part of 
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the block. Carbonate buildup probably of coral origin is 
identified on the basis of seismic facies character (Edward 
A. Beaumount et al, 1989) and geological criteria. The 
numerous shelf margin carbonate build ups are discussed 
by Wilson (1974) and classified them into three broad 
groups based on the slope of stratigraphic profile and shape 
and composition of carbonate deposits. The data is not 
adequate to group the present one to any one class. 
However, keeping in view of ramp model of carbonate 
platform of Mumbai shelf (Nair K.M. et al, 1992) and 
adjacent lagoonal shelf margin facies, the present coral 
build up qualifies for group II or its variant.

The body is mound shaped buildup with significant relief
oriented in NE-SW direction which is also preferred 
orientation of Bombay high structure. This structure is 
developed on present day shelf edge in a ridge formed on a 
basin margin faulted blocks (Fig.4).

The sedimentation pattern in this sequence is distinctly 
different from the older sequences.  This is thickest 
sedimentary sequence, with sediment column varying 
between 600Ms to 2800Ms (Fig.5). The thickness of the 
centrally located buildup is gradually decreasing away from 
the crest of the structure. The three major paleo lows 
situated in the northern part, central part and southwest part 
of the block have accumulated maximum sediment. The 
lithological data from the drilled well suggests that 
Saurashtra low is filled up mostly by shale, clay and clay 
stone.

Ratnagiri Deepwater Block

This block occupies southern most part of the study area 
and is virtual continuation of Ratnagiri shelfal platform. 
The tectonic set up of this block is different from Mumbai 
deep water block. The faults are showing divergent 
alignment, western part aligned mostly in NW-SE direction 
and eastern part showing NE-SW trend (Fig.2). The horst 
and graben set up is not prominently displayed due to 
absence of cross trends. This is an uplifted block with 
hiatus of 32 Ma during Eocene and Oligocene period,
similar to Kutch block. A prominent NW-SE oriented low 
is developed within the area. The entire area shows very 
lean sediment thickness during Paleocene and Middle 
Eocene period. The organic build-up feature observed 
along Mumbai deep water area is not seen here. Upliftment 
of the area is affected by intense erosion resulting to
reduced sediment column of Middle Eocene to Middle 
Miocene (Fig.5). Overall sediment of 500Ms to 2200Ms is 
deposited mostly during post Middle Miocene.
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Hydrocarbon Potential

Mumbai offshore basin located east of study area, the 
mature source rocks are present in the Lower Eocene-
Paleocene Panna Formation. Further, marginally mature 
potential source rocks within Oligocene in Tapti-Daman 
area and within Neogene in DCS and deeper part of the 
basin also exist. Hydrocarbons have been discovered in 
multiple reservoirs in this basin, ranging from fractured 
basement to middle Miocene. The Mumbai offshore basin 
has three major depressions; Surat and its southward 
extension to Ratnagiri in the east, Murud and Rajpur lows 
in the southwest and Saurashtra low in the northwest which 
is further extended to deepwater area. The hydrocarbon 
resource potential of Mumbai shelf was evaluated (Rai, et 
al, 1994) indicating presence of yet to be discovered 
hydrocarbon in the basin.

In the deep water of Kutch, Mumbai and Ratnagiri blocks 
five deep water wells have been drilled to assess the 
hydrocarbon potential of the area. Out of this, three wells 
were drilled in Kutch deepwater blocks and one each in 
Saurashtra low and Ratnagiri deep water blocks. The 
detailed source rock studies were carried out and confirmed 
the absence of effective source rocks capable of generating 
hydrocarbon.  The wells were mostly drilled on volcanic 
plugs capped with limestone on the uplifted blocks where 
hiatus of significant period was observed.

Based on results of reinterpretation of geological and 
geophysical data, the area is divided into high prospective
and low prospective (Fig.6).

It is to be noted that the drilled wells are falling in low 
prospective areas. The high prospective area is located on 
the shelf edge of Mumbai deepwater block. The area is 
identified as high prospective based on geological setting, 
presence of reservoir in the form of reefal growth and 
source rock from lows within the proximity   and effective 
seal. The area is adjacent to major oil fields where
existence of matured source capable of generating 
hydrocarbon is already proved. The clastics of Late 
Miocene and Pleistocene period acted as cap. The Kutch 
area has undergone extensive tectonic and volcanic activity 
where carbonate deposition is restricted to local highs only. 
Prolonged exposure and absence of source resulted in poor 
prospectivity.

The present study has brought out that Ratnagiri deepwater 
area is distinctly different from Mumbai area and more 
similar to Kutch area. Unfavorable tectonic setup and 
prolonged exposure resulted in poor prospectivity of both 
the blocks.  

New Leads & Prospects 

A huge elongated linear structure is formed on present day 
shelf edge, along eastern flank of a gently dipping, NE-SW 
trending horst block. The structure is clearly brought out on 
time structure map on top of Middle Miocene. The longer 
axis of the structure is aligned parallel to shelf edge. 
Western flank of the body is steeper whereas eastern side is 
gently dipping (Fig.4). The main body is approximately 
150km in length and 15-20km wide (Fig. 4 and 7).The 
structure occupies most of present day shelf margin area of 
Mumbai deep water block separated from Saurashtra low in 
the north and Ratnagiri deep water block in the south.
Western part is bounded by NE-SW trending shelf margin 
fault further west is occupied by western basement high.

  FIG.7 SECTION SHOWING THE REEFAL GROWTH

The site is ideally suited for coral reef development and 
number of coral reefs has been reported elsewhere from the 
world adjacent to carbonate platforms and gently sloping 
ramps in the shelf margins areas (James L Wilson, 1975).
The unconformity controlled uneven surface and slow 
subsidence might have given rise the growth of frame 
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builders. The characteristic shape, alignment and geological 
setting clearly show this may be of reefal growth. From the 
adjacent shelf and margin area, drifted coral fragments, 
bound stone and bioherms have been reported in different 
wells (Dasgupta et al, 2000). The western basement high 
protected the site from the open sea high energy currents 
which has probably helped in coral growth. The clastic 
supply from northeast mostly restricted to adjoining 
Saurashtra low. Carbonate buildup probably of frame 
building organisms initiated during transgressive sea in a 
quiet environment during Early Oligocene and 
accumulation continued up to Early Miocene period and 
formed a ridge like feature on the shelf edge. The continued 
rise in sea level with subsidence and increased supply of 
clastic from local highs and shelfal areas brought halt to 
carbonate sedimentation during Late Miocene. 

FIG.8 SECTIONS SHOW CHANNEL IMPRESSIONS

Trails of Indus fan prospect of Mio-Pliocene age (Fig.8) are 
located northwestern part of Mumbai deepwater block and 
seem to be good stratigraphic prospect. The recent 
geochemical studies also shows anomaly in this area
(personnel communication) indicating presence of 
disseminated organic matter to generate large volume of 
biogenic gas making it further interesting for exploration.

Good carbonate deposit of Middle Eocene age is inferred 
on seismic section in western part of Mumbai deep water 
block (Fig.9).

FIG.9 SECTION SHOWING THE CARBONATE GROWTH

The carbonate deposits have developed over paleo high in 
bathymetry range of 3000m. The presence of major low 
between these deposits added the prospectivity level very 

high. Maturation studies have indicated that Paleocene and 
Middle Eocene sequence to have the generation potential. 
A good carbonate debris apron deposit (Talus) of more than 
100 sq km extent is inferred in seismic lines in eastern part 
of Ratnagiri block (Fig.10). This deposit occurred down 
slope towards the basin adjacent to main carbonate bank.
The deposit falls in the near vicinity of major low where 
maturation studies have indicated Paleocene sequence to 
reach the pick generation potential.

FIG.10 SECTION SHOWING THE CARBONATE DEBRI

Conclusions

All the available geoscientific data were studied for 
understanding the tectonic framework, sedimentation 
pattern and hydrocarbon potential of the area.

Precambrian basement grains largely controlled subsequent 
rifting and structural architectures of continental margin of 
western offshore deepwater area, extending from Kutch–
Saurashtra in the north to Vengurla arch in the south.  
Continued northward drift brought India within the warm 
latitude belt favoring carbonate sedimentation and changed 
drainage pattern helped in low terrigenous influx. The area 
remained under shallow marine condition from Paleocene 
to Middle Eocene resulting in wide spread carbonate 
sedimentation on paleo highs and local derived clastic 
accumulation in the lows similar to shelfal area. 

Major tectonic activity at the end of Middle Eocene and 
withdrawal of sea caused exposure and huge hiatus in 
Kutch and Ratnagiri deep water blocks. The Oligocene 
transgression recommenced the carbonate sedimentation in 
Mumbai deep water block and continued till the End of 
Middle Miocene with intermittent clastic influx.

Early Miocene collision of India with Asia caused 
structural reactivation and slow subsidence in the area has 
helped in carbonate buildup till the end of Middle Miocene 
similar to Mumbai High. Thus an elongated ridge like 
structure probable of coral origin developed on the present 
day shelf margin during Oligo-Miocene which has created
lagoonal environment in the shelf margin depression.
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 The thick Mio-Pliocene clastics derived from Indus and 
locally derived sediments and rising sea level brought halt 
to carbonate sedimentation in the Mumbai deepwater area.

On the basis of major structural trend and sedimentation 
pattern, the area is further divided into three tectonic blocks 
namely Kutch–Saurashtra deep water block, Mumbai 
Deepwater block and Ratnagiri Deep water block.

Based on study Kutch–Saurashtra and Ratnagiri deepwater 
block were rated as poorly prospective and Mumbai 
deepwater block highly prospective.

The study has helped in identifying prospects in the form of 
carbonate reefal growth, carbonate debris apron deposit and 
Mio-Pliocene channel deposits.
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