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Summary/Abstract 

The study pertains to wedge-out prospect of B-

119/121 field in Western Offshore basin on the 

western continental margin of Indian subcontinent. 

B-119/121 is a basement paleohigh (anticlinal 

closure) on the southern plunge of Mumbai High. 

The entrapment is mainly strati-structural in nature.  

 

Owing to great spatio-temporal heterogeneity of 

carbonate reservoirs, the field has faced optimal 

development challenges. Further identification of 

Basement fracture network and establishing basement 

prospectivity with limited data was another key 

challenge of the present study.  
 

The present workflow is an endeavor to find a 

suitable solution to one of the many complex 

challenges faced in exploration of hydrocarbon today 

as it addresses the complexities of reservoir 

characterization in a mixed siliciclastic carbonate 

transitional environment, and establishing basement 

prospectivity through innovative and rigorous 

workflow integrating seismic and well data.  
 

Frequent facies alternations were observed along the 

vertical stratigraphic column, and such transitions 

may have been caused by minor fluctuations in sea 

level or by exposed depositional topography which 

can cause significant changes in depositional facies 

distribution. On isolated platforms surrounded by 

relatively deeper water, islands and tidal-flat 

complexes may have typically developed at the raised 

platform margins, leaving slightly deeper water in the 

interiors without much facies differentiation. The 

integrated study has brought out deposition of L-V, 

L-VI, within inner to middle shelf, with Basement 

paleo-highs enhancing the effect of oscillating sea, 

leading to alternating carbonate/clastic cycle. Since 

limited lab/core studies are available in the study 

area, analysis of diagenetic history of the area was 

attempted based on gamma ray (GR) and effective 

porosity (PHIE) logs.  
 

Further an improvised workflow with tight 

integration of micro to mega scale data has given 

further insight into basement prospectivity. Fracture 

volume with directional inputs from image (FMI) 

logs and anisotropy information from shear logs has 

been integrated with post stack impedance volume 

and has a very good correlation vis a vis drilled 

wells. The anisotropy guided impedance and fracture 

volume in conjunction can give further impetus to 

basement prospectivity.  
 

Introduction 

The B-119/121 field is located ~145 km to the west 

of Mumbai city at an average water depth of 70 m 

and covers an area of ~525 SKM (Figure 1). 

 
Figure 1: B-119/121 field and distribution of exploratory and 

development wells. Inset: Approximate location of study on the 

western continental margin of India. 

 

Details of study  

Generalized Stratigraphy: B-119/121 structure is 

an anticlinal closure located over a basement high 

originated and present since the pre-rift period of the 

basin evolution and oriented in NNE-SSW direction. 



Interpretation: synergizing conventional and unconventional exploration methods 

The basement geology of the field is mainly 

represented by basaltic trap overlying the 

fundamental basement (Metamorphic). It remained a 

basement high till Chattian (~23Ma) when the 

deposition of L-VI (Figure 2 & 3) started in the 

crestal part around B-121-A, B-121-C and B-121-D 

(Figure 1 & 2). The Panna, Bassein and Mukta 

formation wedged out against the basement high 

(Figure 2, 3 & 4).  The late Oligocene Panvel 

Formation rests directly over basement with a thin 

layer of basal clastic of variable thickness and 

continuity. The observed non depositional 

unconformity along the B-199/121 paleo high is ~21 

Ma (Figure 2). The structural configuration of 

B119/121 field was refined through re-interpretation 

and new wedge out areas against basement paleo-

highs were defined (Figure 4). The structure is a 

doubly plunging anticline trending in N-S direction. 

It has a number of culminations in the northern and 

southern parts and is segmented by a number of 

faults running in N-S and NNW-SSE direction. 

(Figure 5).  

 

Geological Setup and Depositional Environment: 
The Oligo-Miocene transgression marks the 

beginning of the third and final second order passive 

margin sequence[1] (Figure 5). The late Oligocene 

chronospan is a part of third order sequence bounded 

by early/late Oilgocene unconformity (CIII 30) at the 

bottom. The upper part of late Oligocene sequence 

(deposition of L-V and L-VI) is a third order 

maximum flooding surface which corresponds to 

drowning of the late Oligocene carbonates of a 

transgressive system tract (TST). The MFS separates 

the Late Oligocene TST from an overlying HST of 

Early Miocene. With the rise in base levels, 

transgression overtook the Mumbai Offshore Basin 

simultaneously with a great deal of denudation 

triggered by rising Himalayas. Transgression took 

over Mumbai high and adjoining paleohighs during 

late Oligocene. Stable platform conditions over the 

area helped the L-V and L-VI Carbonates to be 

deposited.  

 

Extensive biostraigraphic data was compiled to infer 

depositional environment. The assemblage in well B-

119-A consists of abundant Ammonia papilosa, 

Globigerina spp., Globigerinoides trilobus, 

Catapsydax dissimilis, C. Stainforthi, 

Operculinoides, Miogypsina excentrica, M. 

globulina, M.droogeri, Elphidium spp, Lepidocyclina 

spp, Miogypsina tani-globulina,  Miogypsinoides 

dehaarti, M.bantamensis, Ammonia papilosa, 

Operculinoides, Heterostegina lepidocyclina, 

Miogypsinoides bantamensis, Operculinoides, 

Spiroclypeus ranjanae, Elphidium spp, Florilus 

Heterostegina, Astergerina, Amphistegina, 

Spiroclypeus ranjanae, Miogypsinoides formosensis, 

M. Complanatus, forms intermediate between 

Miogypsinoides and Pararotalia Pararotalia 

lithothamnica, Operculinoides, Textularia, Florilus, 

Elphidium and Miliolids [2]. 

 

 
Figure 2: Detailed Stratigraphy of the B-119/121 area 

 
Figure 3: Electrolog correlation profile along wells B4U, B-121-H, 

B-122-Z and WO-16-P showing sequence correlation and wedge 

out of L-VI against basement paleohigh in well B-121-H 

 
 

Figure 4: Wedge-out of L-VIB along B-121-H, B-121-A and B-21-

G paleohighs shown on perspective map of basement. 

 

In well B-121-A, the microfaunal assemblage 

consists of Species of Ammonia, Asterigerina,  

Elphidium, Heterostegina, Lepidocyclina, 

Spiroclypeus ranjanae, Operculina spp and 

Miliolids[2]. Based on the aforesaid microfaunal 



Interpretation: synergizing conventional and unconventional exploration methods 

assemblages, it could be inferred that carbonate 

sequence in the field is basically a rimmed shelf 

carbonate facies deposited in the inner to middle 

shelf environmental conditions[3]. 

 
Figure 5: Sequence stratigraphic framework of B-119/121 area. 

 

Frequent facies alternations are observed along the 

vertical stratigraphic column (Figure 6), and such 

transitions may have been caused by shallow water 

where minor changes in sea level or depositional 

topography can cause significant changes in 

depositional facies distribution[4]. On isolated 

platforms (B-121-A, B-121-C, B-121-G) surrounded 

by relatively deeper water, islands and tidal-flat 

complexes may have typically developed at the raised 

platform margins, leaving slightly deeper water in the 

interiors without much facies differentiation (Figure 

3, 4 & 6). Characteristic litho-facies are lime 

mudstones, muddy peloidal packstone and 

wackestones, foraminiferal and coral wackestone. 

The upper unit of L-V is lithologically very similar to 

lower unit but the limestones are more argillaceous 

compared to limestones of L-VI and interfingered by 

much more shaly layers (Figure 6).  
WO-5-A B4U B-121-H B-121-C B-121-A B-121-B B-121-G WON WO-16-N WO-16-B

Figure 6: Facies variability in the study area. 

 

Since very limited lab/core studies are available in 

the study area, analysis of diagenetic history of the 

area was attempted based on gamma ray (GR) and 

effective porosity (PHIE) logs. Both the gamma ray 

(GR) and effective porosity (PHIE) logs were 

detrended (based on the mean log value taken as 

zero line) in each zone (Figure 7A-B).  Detrended 

GR and PIGN logs clearly bought out the primary 

porosity and diagenetically altered porosity. Analysis 

of detrended logs shows following results 
 Negative GR and positive PHIE represent the 

primary porosity and relatively cleaner carbonate 

(less argillaceous content). 

 Positive GR and positive PHIE are the zones in 

wells, where porosity has formed/increased due to 

diagenesis i.e. constructive diagenesis. These are 

areas of secondary porosity creation. 

 Negative GR and negative PHIE represents either 

destructive diagenesis or areas where secondary 

porosity generation has not taken place. 

 Positive GR and negative PHIE indicates 

argillaceous (Shaly) facies. 

B.C.L-VBL-VLst BandL-IVL-III

BASAL CLASTICSL-VBL-VLst BAND ABOVE LV

B-121-1B-121-A

 

B-119-1

L-VIBL-III
Lst BAND 
ABOVE L-V L-VIL-VBL-VL-IV

BASAL 
CLASTICS

B-119-A

Figure 7A-B: Depositional vis a vis diagenetic imprints of well B-

121-A and B-119-A; Detrended Gamma (green) and Effective 

porosity logs (red).  

It was observed that wells on crestal part of 

paleohighs viz. B-121-A have best development of 

porosity (Figure 7A) as compared to wells drilled on 

the flank viz. B-119-A (Figure 7B). Core studies in 

conjunction with results of log detrending suggests 

that the deposition probably took place under shallow 

marine low energy conditions. With gradual decrease 

in the influx of clastic material and probably 

associated with slight shallowing of the basin, the 

A 

B 



Interpretation: synergizing conventional and unconventional exploration methods 

marine fauna flourished, resulting in the deposition of 

argillaceous limestone and then coral foram 

wackestone. The primary inter-granular porosity was 

reduced/destroyed during early diagenesis. However, 

fair amount of secondary porosity was formed by 

solution vugs, channels and leaching of organic 

matters. Though the carbonate percentage is more in 

L-VI, better development of effective porosity is 

observed in L-V unit. Oscillating sea during 

deposition of L-V carbonates has probably led to 

frequent exposure surfaces thereby facilitating 

creation of porosity.   

 

Advanced seismic studies:  

Crossplot Analysis: For effective reservoir 

characterization and to discriminate between 

reservoir and non-reservoir facies crossplot analysis 

of well logs was carried out and subsequently to map 

the lateral and vertical extent of the facies, inversion 

was carried out. Figure 8A shows a crossplot of P-

impedance Vs NPHI coloured with litho-facies for L-

V unit, in well B-121-H which establishes very 

explicitly that the shaly facies have a low Impedance 

range of less than 6600 g/cc*m/s while carbonates 

have an impedance range of more than 6600 

g/cc*m/s upto 12000 g/cc*m/s. Further it was 

observed that within carbonates three different 

impedance ranges could be used to characterize 

argillaceous limestone (6600 to 7800 g/cc*m/s), 

porous limestone (7800 to 8800 g/cc*m/s) and tight  

 

 
Figure 8: Cross plot of Impedance Vs NPHI for L-V Unit (Well B-

121-H) 

 

limestone with impedance range greater than 9000 

g/cc*m/s. The different impedance ranges 

corresponding to shale, argillaceous limestone, 

porous limestone and tight limestone have been 

highlighted with different colours in the crossplot 

and the same have been marked in the 

corresponding log intervals on the log motif of L-V 

unit (Figure 8). The porous limestone facies shows 

effective porosity of about 20% whereas the tight 

limestone have effective porosity in the range of 

6% (Figure 8B). The crossplot of impedance Vs 

NPHI colored with water saturation clearly shows 

that porous limestone stands out distinctly and is 

charged with hydrocarbon. The crossplot analysis 

reveals that reservoir facies can be discriminated 

using P-impedance volume in conjunction with 

NPHI volume. 

 

Inversion studies: Post Stack inversion was 

carried out in the study area. Conditioned Elastic 

logs were used as input to inversion. Trend model 

of P-impedance was generated by interpolation of 

wells by inverse distance square method. Model 

based inversion algorithm was run using the multi-

well wavelet and initial trend model. Comparison 

of inverted results with actual well logs (filtered to 

seismic bandwidth) shows reasonable match at 

well locations and confirms the validity of the 

inversion study (Figure 9). Crossplot between P-

Impedance and NPHI discriminated pay and non-

pay as majority of points from Pay zones were seen 

to be clustering away from the “background trend”. 

To establish pay/non-pay discrimination, Neutron 

porosity and Effective porosity volumes were 

generated using EMERGE. Predicted Neutron 

porosity volume showed good correlation with the 

recorded neutron porosity in the “Application” as 

well as “Validation” plots of EMERGE. The 

trends observed in these attributes were used to 

bring out the porosity sweet spots, wherever a trend 

could be inferred. This impedance guided 

lithofacies along with geostatistical data analysis 

tools can be used as an input for petrophysical and 

saturation modelling. 

 

 
Figure 9: Cross Plot of Recorded P-impedance Vs Pseudo P-

impedance 

 

Basement prospectivity Assessment:  

The existing basement GME (Generation, 

Migration, and Entrapment) model envisages 

hydrocarbon accumulation in fractures close to 

major discontinuities in connection with migration 

paths. To decipher and establish discontinuities in 

the area, several discontinuity volumes specific to 



Interpretation: synergizing conventional and unconventional exploration methods 

basement section viz. Chaos, curvature and 

variance were generated and analyzed (Figure 10). 

These volumes were used as an input volume for 

generating the ant-track volume, since the input for 

the ant attribute is an edge enhanced volume, like 

variance or chaos [5].  

 
Figure 10: Time slice at 1950 ms (below basement) through Chaos 
and Variance Volume 

 

The result is an attribute volume that shows fault 

zones as very sharp and detailed. The results of 

aggressive ant track volume were more in 

consonance with the observed discontinuity pattern 

in the study area and the results had better 

correlation with fractures observed in wells.  

 

First the ant track volume was generated without 

giving any directional trend of discontinuities; 

though the results were good and calibrated at well 

scale, a lot of noise in terms of randomly oriented 

fractures were observed (Figure 11). Analysis of 

FMI data of B-121-H at basement level reveals that 

the fracture azimuth have dominant major strike 

towards NNW-SSE (3450-3600) and two minor 

strike in NE-SW (150-300) and NW-SE (3000-3150)  

direction with mean fracture dip of 350-850 (Figure 

11).  

 

Based on this input azimuth and dip data 

directional ant track volume was generated and it 

was observed that background noise in terms of 

randomly oriented discrete fractures were removed.   

Figure 11 is an Inline passing through Ant track 

volume showing both non-directional and 

directional ant-track results along with the analysis 

of dip azimuth data from FMI log of B-121-H for 

basement section. Well B-121-H has tested oil and 

gas from basement and the basement fracture 

stands out conspicuously.  

 

The results of directional ant track needs 

calibration with Image logs of nearby wells, which 

was available only in one well of the study area. 

Hence in the present study a rather unconventional 

attempt has been made to characterize basement 

with the help of observed variation in impedance 

calibrated with Image log information and Sonic 

based anisotropy. Figure 12 is an Impedance log 

profile in Basement through wells B-121-H, B-

122-Z and B-121-B and its calibration with FMI 

Log and fracture volume. Well B-122-Z is dry at 

basement level and exhibits consistently high 

impedance values (13500 g/cc*m/s – 16500 

g/cc*m/s) throughout the basement section. This 

high impedance is indicative of tight and fractured 

basement. 

 
 

Figure 11: Inline passing through Ant Track volume (Non-

directional and directional) along well B121-H 

Well B-121-B shows development of high impedance 

zone (15000 g/cc*m/s – 18000 g/cc*m/s) near the 

basement top while 40 m below basement it shows 

development of low impedance layer where 

impedance ranges from  9000 g/cc*m/s -12000 

g/cc*m/s (Figure12).  Section through basement 

along well B-121-2 shows that well path is crossing 

the sub-vertical fracture in its 

 
 
Figure 12: Impedance Log profile in Basement through wells B-

121-H, B-122-Z and B-121-B and calibration with FMI Log and 

fracture volume 
 

lower part,  which is manifested on the impedance 

log by lowering in impedance.  Further in well B-



Interpretation: synergizing conventional and unconventional exploration methods 

121-H which has tested oil and gas from basement 

shows overall low impedance, although there are 

zones of high impedance present in the well. FMI log 

was available in well B-121-H and its calibration 

with impedance log is shown in Figure 12 at two 

points. A low impedance zone (2089m-2094m) in the 

range of 7000 g/cc*m/s -8000 g/cc*m/s) marked with 

red box at the lower end of well shows high fracture 

density on the FMI log, whereas the high impedance 

zone (2071m-2076m) indicated by black box shows 

no significant development of fractures on the Image 

log, indicative of tight Basement. 

 

Fracture Zone characterized by low Impedance

B-121-H

 

No Anisotropy

Anisotropy zone

Anisotropy zone

Stoneley Fracture Analysis

 
 

Figure 13: Cross plot between Impedance and Vp coloured with 
SLOANI (Dt based Anisotropy) for Basement for well B-121-H 

 

In the next stage of basement characterization 

crossplot of Impedance and Vp colored with 

SLOANI (Dt based Anisotropy) was analyzed 

(Figure 13). It was observed in the crossplot that the 

zones having maximum anisotropy (coloured with 

red polygon) indicative of open fractures has a low 

impedance range of 8000 g/cc*m/s -12000 g/cc*m/s 

as discussed in figure 12. The points having no 

anisotropy or tight basement shows higher impedance 

values.  Impedance guided by anisotropy showed 

good correlation with wells present in the study area. 

 

Conclusions 

 The present workflow addresses the 

complexities of reservoir characterization in a mixed 

siliciclastic environment with frequent facies 

alternations. In areas where core data is scanty 

detrending of logs on suitable scale in conjunction 

with available core studies and bio-stratigraphic data 

can help in establishing depositional environment.  

 

 The integrated study of well & seismic data 

along with sedimentological and biostratigraphic data 

has brought out deposition of  L-V, L-VI during third 

order TST of Chattian, within inner to middle shelf, 

with Basement paleo-highs enhancing the effect of 

oscillating sea, leading to alternating 

carbonate/clastic cycle. 

 An improvised workflow with tight integration 

of micro to mega scale data has given further insight 

for basement prospectivity. Fracture volume with 

directional inputs from image (FMI) logs and 

anisotropy information from shear logs have been 

integrated with post stack impedance volume 

calibrated with Sonic anisotropy and has a very good 

correlation vis a vis drilled wells. The two voulmes in 

conjunction can give further impetus to basement 

prospectivity in the study area.  

 

 The impedance guided lithofacies along with 

geostatistical data analysis tools can further be used 

as an input for petrophysical and saturation 

modelling. 
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