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Summary 

 

Exploration activity beyond shelf margin in Mumbai 

Offshore Basin initiated during early 80's.  In spite of 

dearth of conventional coarse grained Clastic 

reservoir facies and structural complexity several 

attempts were made to have commercial success in 

this least explored area. Finally very long awaiting 

success became reality with first hydrocarbon 

discovery in this studied block located southwest of 

Mumbai High-DCS sector of Mumbai Offshore 

Basin beyond the shelf edge. The Pliocene 

sedimentary sequence which holds major Pay zones 

is highly faulted by major tectonic event during post 

Mid-Miocene. This event resulted in the formation of 

series of NNW- SSE trending parallel set of listric 

normal faults which are the product of gravity driven 

(gravity gliding and gravity spreading) processes. 

Hydrocarbon in this block is hosted by low 

resistivity, thin siltstone or fine grained sandstone. 

The Reservoir facies as depicted by different 

attributes show elongated geometry and seem to have 

aligned along NNW-SSE which is the major strike 

direction and also major fault orientation. 

All these reservoir facies were envisaged to be 

deposited in deep bathymetry of ~300-350 m by 

gravity driven debris flow process. These merely 3- 

12 m thick hydrocarbon bearing pay zones are 

characterized by Low resistivity (~1-2.5 ohm-m) and  

relatively lower impedance than the encasing shales 

and thus very difficult to characterize by normal 

seismic. In spite of these limitations these reservoir 

facies provided conspicuous response in seismic. The 

established pay sands provided burst in seismic 

amplitude as discontinuous reflectors. Attributes 

extracted from Pre-stack inversion volumes (P-

impedance, fluid factor) and 3D PSTM volume 

(Sweetness) could bring out the disposition of 

Pliocene-I (which holds the major pay zones) 

reservoir, in general and probable hydrocarbon 

distribution pattern, in particular. The present study is 

an attempt towards identification of prospective 

locales for future appraisal programme and 

exploitation. 

 

Introduction 

 

The study area is situated between the 

Paleogene/Miocene shelf edge and 200m isobath to 

the west of Bombay platform (Fig.1). This Studied 

block is located southwest of Mumbai High-DCS 

sector of Mumbai Offshore Basin, northwest of D-1 

hydrocarbon bearing structure and 170  km NNW of 

SM-2 structure within bathymetry ranging between 

90m to 200m beyond the shelf edge. This block 

records the thick sedimentary column in Bombay 

Offshore Basin. To the north its boundary with the 

Saurashtra basin is indistinct and the two have similar 

sediment fill character (Nair et al., 1982) and 

Vengurla Arch defines its southern boundary. Its 

western boundary with the deep-sea basin is marked 

by part of a regional ridge called West Margin 

Basement Arch. Over the shelf margin block quite a 

good number of structural and a few stratigraphic 

prospects have been identified by the earlier workers. 

So far attempts in establishing HCs beyond shelf- 

edge has not met success. First hydrocarbon 

occurrence has been achieved within Mio- Pliocene 

Sequences in this current studied block in the well A. 

Reservoir facies is mostly fine grained sandstone to 

siltstone. The subsequently drilled well B did not 

show any development of reservoir facies, whereas 

recently drilled well C is hydrocarbon bearing.  

The area is very challenging in terms of structural 

complexity as manifested by multiple episodes of 

listric faulting during Mio-Pliocene. This complexity 

in turn makes mapping of pay zones and major 

chrono sequence boundaries really difficult and 
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challenging. The occurrence of hydrocarbon (gas) is 

confined, mainly in fault bounded mild highs within 

Siltstone reservoir facies. The pay zones are very thin 

with thickness varying from 3-12 m. Thin Siltstones 

are of relatively lower impedance than intervening 

shales and, generally, “hidden” on conventional 3-D 

seismic. Entrapment is dominantly strati-structural in 

nature. 

 
Fig.1:  Basemap of the study area shown on the prospect map of 

western offshore basin 

Gas produced from Pliocene Sequences is thought to 

be of Biogenic in nature. However, possibility of 

mixing of thermogenic gas from deep seated source 

could not be ruled out. The present work focusses on 

identification of prospective areas in shallow 

sequence, which will guide to much required 

exploration activity in this least explored area. 

 

G & G Work flow  

 

For interpretation 3D Broadband seismic data was 

used. Spectral analysis of this data indicates 

frequency bandwidth of 5-50 Hz at -12 dB level. 

Only three wells (A, B and C) falling within 3D 

volume are avilable for study. Intergrating all the 

Biostratigraphic, Sedimentological, Core and 

Electrolog data major sequence boundaries are 

identified and after tiying with the seismic, 

seismically correlatable two horizons (Miocene Top 

and Pliocene-I top) were correlated throughout the 

area. Major pays fall within Pliocene-I sequence. 

Using different structural attributes (Faultlikelihood, 

Discontinuity) faults were identified and correlated. 

Fault maping brought out series of NNW- SSE 

trending near parallel set of faults. After preparing 

time- structure maps, using geostatistical velocity 

model depth maps were also generated. For 

prospectivity analysis of shallow Pliocene sequence, 

attributes extracted from Pre-stack inverted volumes 

(P-impedance and Vp/ Vs) as well as amplitude 

based attributes were used.  

Structural evolution of the area 
 

An understanding of structural evolution of an area is 

a prerequisite for building any geological model since 

generation of different fault sets are primarily the 

manifestation of effect of different deformation 

stages associated with tectonics. 2D structural 

modeling was carried out along one long dip line Q 

having extension of ~150 km in ENE- WSW 

direction and depicting key structural elements and 

stratigraphic features from shelf to bathyal area so as 

to understand the tectonic and the episodic 

deformation history. Paleo-structural restoration was 

carried out using MOVE software along this line. As 

a first step, the water column was removed and the 

sedimentary unit above Pliocene was Decompacted 

(Fig. 2a). After back stripping of post Pliocene 

sediments, the section was restored at Pliocene level 

(Fig. 2b). The restored section at Pliocene level 

clearly indicates the prevalence of the younger 

extensional as well as compressional faults. 

Restoration of Late Miocene and Middle Miocene 

(Fig.2c) sediments clearly depicts the non-occurrence 

of Extensional and compressional Miocene faults 

associated with younger tectonics. Thus it indicates 

that extensive extensional and compressional faults in 

Pliocene sequence were triggered by a post Mid- 

Miocene event.  

The present day seismic section unravels existence of 

two genetically different fault systems. Fig.3 shows 

the seismic section, where two sets of faults are 

brought out. (1) Older Faults extending from 

basement up to Late Eocene sequences. These are 

related to early rifting Phase and generate horsts and 

grabens on the Basement and Late Eocene levels. (2) 

Younger faults extending from Middle Miocene to 

Late Pliocene/Post Pliocene. These faults are listric, 

non-planar, tilted and developed syn- kinematic with 

Mio-Pliocene deposition. These faults do not seem to 

cut across Mid Eocene and below, down to basement, 

instead these faults are soiling out on a basal surface 

within the shale sequence above Mid Eocene level as 

a decollement plane. Deformation of sedimentary 

sequences by gravity-driven tectonics occurs in most 
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of the world's passive margins (Morley et al., 2011; 

Rowan et al., 2004). 

Gravity-driven deformation commonly involves thin-

skinned tectonic, in which a body of sediments is  

 
 
Fig.2. 2D Structural restoration along Q: (a)Structural architecture 

showing the presence of both Extensional and Compressional fault 

systems after decompaction of  water column;  (b) 
Fig.26.Structural architecture showing the presence of both 

Extensional and Compressional fault systems after restoration at 

Pliocene Top; (c ) Geological section is restored at Mid. Miocene 
Top showing the absence of active extensional faults in the slope 

area and compressional thrust faults  indicating development of 

fault  systems post  Middle Miocene 
 

translated basin wards, accommodated by extension 

in its updip portion, and contraction in the downdip 

region above one or more detachments. Within the 

study, only the updip basinward extensional fault is 

observed whereas the transitional and landward 

contraction region is likely to be observed further 

west of the block as seen in regional east-west 2D 

line Q (Fig.2a).  In the study area the existing fault 

system is the result of some combination of gravity 

gliding and gravity spreading (Ramberg, 1981 & 

Morley et al. 2011) which are the two dominant 

gravity driven processes. Gravity gliding is strictly 

defined as the rigid translation of a body down a 

slope, with displacement vectors parallel to the 

detachment plane (Fig.4a). Gravity spreading is the 

vertical collapse and lateral spreading of a rock body 

under its own weight because of a sloping upper 

surface (De Jong and Scholten, 1973; Ramberg, 

1981) (Fig.4b). 

 

 
Fig.3. Two genetically different fault systems observed on seismic 

section  
 

There is a component of movement parallel to the 

base of the unit in both gliding and spreading modes, 

as clearly shown in Fig. 4. In Fig. 4c, the movement 

parallel to the base releases gravitational potential 

energy; in Fig.4d, movement parallel to the base does 

not release energy. 

 

 
 
Fig.4.The concepts of gravity gliding and gravity spreading. a, b: 

original concept redrawn from Ramberg (1981a) , c, d: applied to a 

passive margin setting after Morley et al. (2011) 

 

Depositional Model for Pliocene-I 

Pliocene reservoirs in the study area are characterized 

by Siltstone or fine grained sandstone. Within 

Pliocene sequence Radiolaria fossil was found during 

Biostratigraphic analysis in lab (Bistratigraphic 

report, RGL Lab). This indicates bathymetry of 300- 

350 m i.e. deeper- bathymetry. This coupled with the 

fact that Presence of transported and broken shell 

fragments of Gastropodes and other shallow water 

biota which are mixed with in-situ planktonic and 

smaller benthic foraminifera are noteworthy in the 

studied samples which may be an evidence of gravity 

driven debris flow processes in deep water setting 

over continental slope. This deformation of sediments 

by gravity driven process is also evident from the 



Reservoir delineation beyond shelf edge in Western Offshore Basin using Pre- stack Inversion and structural 

modelling 

 

seismic. On the arbitrary seismic section passing 

through the wells a layer with chaotic seismic 

reflection pattern is observed. This character is 

analogous with a MTC (Mass transport complex) 

found in offshore Trinidad. So all the evidences point 

toward gravity driven processes occurring in the 

deeper bathymetry (Fig.5). 

 
 

Fig.5.Depositional model for Pliocene sequence  

 

Delineation of Pliocene-I reservoir: 

Fault bounded subtle structural highs encompassing 

Siltstone or fine Sandstone act as reservoir for the 

very first hydrocarbon discovery beyond the shelf 

edge. The delineation of Pliocene-I reservoir posed 

real difficulty due to its inherent property. 

Lithologically the reservoir is Siltstone to fine 

grained sandstone. These merely 3- 12 m thick 

hydrocarbon bearing pay zones are characterized by 

Low resistivity (~1-2.5 ohm-m) and  relatively lower 

impedance than the encasing shales and thus very 

difficult to characterize by normal seismic. In spite of 

these limitations these reservoir facies provided 

conspicuous response in seismic. The established pay 

sands provided amplitude burst in seismic as 

discontinuous reflectors, relatively lower impedance 

than the surrounding and very high sweetness 

anomaly (Fig.6). These typical seismic characteristics 

of reservoir facies helped in bringing out geologically 

consistent reservoir geometry and identification of 

most propective locales for future exploration and 

exploitation. All the seismic attributes representing 

the Pliocene-I reservoir geometry extracted during 

the course of study satisfied the hydrocarbon 

distribution pattern both in producing and non- 

producing well. 

Initial step taken for reservoir delineation was 

extraction of suitable attribute from the Pre- stack 

inversion volume (carried out by M/S CGG) within a 

logical window with respect to Pliocene-I horizon. 

During this process of reservoir delineation, 

 

 
 
 Fig.6.Characteristics of Pliocene-I pays in well C  
 

confidence was derived when cross-plot analysis 

between P-impedance and Vp/ Vs on log as well as 

on seismic scale could discriminate reservoir facies 

(siltstone/ fine sabdstone) from the background. For 

example,  the cross-plot analysis between P-Imp and 

Vp/Vs colored with NPHI for all the three wells (A, 

B & C) on log basis  show the range of P-imp and 

Vp/Vs for the hydrocarbon bearing zone in between 

3500-4100 unit and 1.9 to 2.3 respectively (Fig.7). 

 

 
 

Fig.7. Cross-plot between P-impedance and Vp/Vs for well A, B 

and C 
 

Inverted P-impedance horizon slice was extracted 

within Pliocene-I-15ms and Pliocene-I+40ms (Fig.8). 

This slice depicts that Acoustic Impedance towards 

producing wells A and C area is relatively lower, 

whereas towards non- producing well B is relatively 

higher. Similar relatively low impedance areas 
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(indicating prospective areas) as that around 

producers also appear on the downthrown fault block 

west of well A corridor. The probable reservoir facies 

shows NNW-SSE trend bounded by faults having 

same trend. 

Horizon slice extracted with a window of Pliocene-I -

5 m to Pliocene-I +25ms window from the fluid 

factor volume depicts similar reservoir distribution 

pattern as that for P-impedance (Fig.8). Envisaged  

 

 
Fig.8. Inverted P-impedance horizon slice  extracted from 

Pliocene-1 W:-15-+20 ms overlaid by structure contour of 

Pliocene-1. Prospective areas are indicated by dotted white ellipse 

 

prospective areas show similar lower fluid factor 

value range as that in the producers (Well A and C). 

In addition to attributes extracted from prestack 

seismic inversion, amplitude based seismic attributes 

were also analysed. One of such attribute is 

Sweetness. It is known that Sweetness is an empirical 

seismic attribute designed to identify “sweet spots,” 

places that are oil and gas prone. This definition is 

motivated by the observation that, in young clastic 

sediments, sweet spots are often characterized 

seismically by high amplitudes and low frequencies. 

Sweetness closely resembles reflection strength. 

Sweetness anomalies of most interest are those that 

are relatively stronger than their corresponding 

reflection strength anomalies. Horizon slice extracted 

from Sweetness volume within window Pliocene-1 -

Pliocene-1+60 ms very clearly brings out fault 

bounded high amplitude anomaly (Fig.10). These 

high amplitude anomalies or bright spots are very 

conspicuous in and around the producing wells A and 

C, but absent around the non- producing well B. 

Similar kind of anomalies is also observed on the 

other fault block in the down thrown side of the block 

hosting well A and C. These 

 
Fig.9. Fluid factor horizon slice  extracted from Pliocene-1 W:-5-

+25 ms overlaid by structure contour of Pliocene-1. Prospective 
areas are indicated by dotted white ellipse 

 

Anomalous patterns are largely aligned along the 

NNW- SSE trending fault which is the regional strike 

direction at the time of deposition of Pliocene-I.  

So, all the seismic attributes shown in the preceding 

sections very well bring out the disposition of  

Fig.10. Sweetness attribute extracted from Pliocene-1 W:+60ms 
overlaid by structure contour of Pliocene-1. Prospective areas are 

indicated by dotted blue ellipse 
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Pliocene-I reservoir, in general and probable 

hydrocarbon distribution pattern, in particular. Based 

on the study, prospective locales are identified for 

future exploration. 

 

Conclusions 

 

The most significant conclusions are summarized 

below: 

 

1. The NELP Block MBOSN-2005/3 covered by 

broadband data has given impetus for future 

exploration beyond shelf margin in Mumbai 

Offshore Basin through the gaseous hydrocarbon 

discovery in the well A. This success is also 

augmented by hydrocarbon strike in the recently 

drilled well C. Pays are confined mostly in 

Pliocene-I interval and are characterized by low 

resistivity (~1-2.5 ohm-m), lower impedance 

than the surrounding shales and low thickness in 

the range of 3-12 m 

 

2. 2D Paleo- structural restoration using MOVE 

software revealed a possible major Post Mid- 

Miocene tectonic event which in turn triggered 

gravity- driven processes (Gravity gliding and 

Spreading) resulting in the formation of NNW-

SSE trending, listric, parallel series of 

extensional normal faults in Pliocene sequence 

and also induced gravity driven debris flow 

processes which bring out relatively coarser 

clastics within this clay- shale dominated area. 

This gravity flow process is also supported by 

lab studies which indicated presence of 

radiolarian fossil implying bathymetry of 300-

350 m and mixing of broken shell fragment with 

deep water biota. 

 

3. Integrated attribute study brought out Reservoir 

geometry throughout the area. Attribute extracted 

from Pre- stack inversion volume (P-impedance 

and fulid factor) and 3D PSTM volume 

(Sweetness) exhibited NNW-SSE trending fault 

parallel, elongated reservoir facies distribution 

pattern. Coincidentally hydrocarbon bearing 

reservoirs gets discriminated on all the attribute 

maps. For example, hydrocarbon bearing pay 

showed lower P-impedance, Lower Fluid Factor 

value and higher Sweetness value than the 

surrounding facies. Thus, based on integrated 

attribute studies, prestack inversion results analysis 

coupled with structural disposition, two prospective 

locales have been identified in the downthrown 

fault block of producers (Well A and C) to probe 

younger Mio-Pliocene which are further likely to 

add to the reserve base. 
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