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Abstract 

 

Exploration and development of Hard Rock 

reservoirs, particularly Basalt has been emphasised 

in this study. Availability of fractured, altered and 

vesicular basalts supplements the probability of 

reservoir development in this stratigraphic unit, if 

present. Unanticipated discoveries of hydrocarbon 

in the weathered parts of the vast Deccan Trap, 

enunciated an urge in quantitative characterisation 

of the probable reservoirs within basalt. 

 

Log signature, corresponding seismic character, 

AVO studies, Simultaneous Inversion of Basalt 

section and Geobody extraction through blending 

of inversion outputs has facilitated in delineation of 

probable hydrocarbon reservoirs. 

 

Feasibility studies carried out on logs, imparts, a 

basalt section may be classified into four zones viz. 

massive basalt or fractured basalt with filled-

fracture sets bearing negligible porosity, fractured 

basalt with open set of fractures to accommodate 

fluid in the fractures, moderately weathered/altered 

basalt, leading to formation of zones of spheroidal 

weathering which may help in formation and 

preservation of porosity required for hydrocarbon 

entrapment and completely weathered basalt 

leading to complete formation of clay minerals 

with negligible porosity and permeability. 

 

This observation was extended to seismic, using 

quantification techniques to delineate probable 

hydrocarbon bearing locales within Basalt. 

 

Introduction 

 

Hydrocarbon exploration has ventured from the 

clastics, through the carbonates, down to the hard 

rocks, that comprises of Basaltic and Granitic 

reservoirs. Present day exploration in hard rocks 

has led to discovery and development of gigantic 

oil and gas fields viz. Andesitic oil reservoir in 

Jatibarang (Indonesia), granitic reservoir in White 

Tiger oil field in shallow seas (South Vietnam), 

basaltic reservoir of Yurihara Oil Field (Japan) and 

many more across the globe. 

 

In India, hydrocarbon has been encountered in 

Deccan basalts of Padra field of Western Onland 

Basin, Razole field of Krishna Godavari Basin and 

Kutch Offshore. Granitic Basement exploration for 

hydrocarbon has been targeted and produced from 

Western Offshore Basin and Madanam field in 

Cauvery Basin. 

 

Hydrocarbon discoveries in the biggest known 

volcanic province, the Deccan Trap, led an urge to 

conduct a study in basalt to understand its potential 

as a hydrocarbon bearing stratigraphic unit. Padra 

and Razole fields have produced hydrocarbon, 

predominantly, from the fractured zones of the 

Basalt, whereas the hydrocarbon encountered in 

Kutch offshore are from the Weathered/Altered 

parts of the basalt section. 

 

This paper intends in delineating a methodology in 

order to characterize the suitable reservoir facies 

for hydrocarbon entrapment, its spatial and 

temporal extent, within Basalt. 

 

Area of Study 

 

Kutch Offshore, towards the western periphery of 

the Indian subcontinent has been designated for the 

study. 

 

 
Figure 1: Area of Study 
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The area is situated at the western margin of the 

Indian craton and is an east-west oriented 

pericratonic rift basin. The basin extends from 

onland to adjoining offshore areas and witnessed 

geological rock record from Mesozoic through 

Tertiary. The Mesozoic and Tertiary sequences are 

punctuated by a number of unconformities. 

Mesozoic sedimentation is topped by Deccan Trap 

that erupted episodically over a long period of time 

from Late Cretaceous to Early Palaeocene. 

Majority of the wells in the study area has been 

drilled to the top of the basalt section (Well-E, 

Well-F, Well-G and Well-H). Four wells (Well-A, 

Well-B, Well-C and Well-D) has penetrated the 

entire Basalt Section and has been drilled down to 

the Mesozoic sediments. Well-E and Well-G has 

encountered hydrocarbon from the top altered 

basalt, whereas wells drilled till the Mesozoic 

sediments has reported numerous hydrocarbon 

shows in basalt section, during drilling.  

Log and Seismic Signature of Basalt in the 

Study Area 

 

Analysis of the recorded electro-logs from the deep 

wells suggested alternation of massive and 

weathered zones within the entire basalt section 

with both lateral and temporal variation on the 

degree of alteration and fracturing of the basalt. 

 

 
Figure 2: Representative well section of Well-B, denoting 

alternation of low and high impedance zones 

Representative logs of the Well-B (Fig.2) displays 

Resistivity (Pink), Density (Red) and P-Sonic 

(Black) to mostly mimic each other throughout the 

basalt section. Legible basalt flows were identified 

using resistivity, density and sonic logs, which 

provide signatures corresponding to the massive 

basalt (higher values in all three logs) and 

weathered/altered basalt (lower values in all three 

logs).  

Corresponding impedance, calculated from the logs 

has been shown in the last column, which conveys 

zones of high impedance, altered by low impedance 

zone along the temporal basalt profile. This lead in 

classification of the basal into two major facies i.e. 

Massive Basalt (Dark Pink on Facies Log) with 

higher values of impedance and resistivity and 

Weathered/Altered (Light Pink on Facies Log) 

corresponding to zones of lower impedance and 

resistivity. 

Figure 3: Representative seismic section along Well-B, 

exhibiting continuous reflection pattern within Basalt 

The continuous impedance contrast along the well 

is evident from the seismic section (Fig.3) 

corresponding to the well-B, that exhibits 

alternating reflection pattern, prominent from top to 

bottom of the basalt section. Impedance log, 

overlaid on the seismic section has been scaled 

down to the seismic frequency for the purpose of 

convenience. The continuity of the seismic events 

within basalt is contrary to that of the seismic 

signature of Padra field, where the basalt section 

exhibits chaotic pattern. This triggered the idea of 

envisaging a different approach in delineation of 

the probable reservoir facies within basalt, rather 

than the conventional fracture characterization, 

used in case of hard rock reservoirs. 



Analysis of Logs for Reservoir Identification in 

Basalt 

 

As inferred from logs, P-impedance in Basalt varies 

from 6500 m/s*g/cc to 18000 m/s*g/cc. 

Hydrocarbon shows during drilling of Well-B has 

been encountered in regimes of intermediate P-

impedance (8000 m/s*g/cc to 10000 m/s*g/cc), 

which suggests reservoir development would be in 

areas of moderately altered as well as fractured 

Basalt. However, not all the zones within the 

mentioned P-impedance range have hydrocarbon 

indication. Shear sonic logs recorded in the wells, 

in combination with calculated P-Impedance has 

been found to be helpful in identification of the 

hydrocarbon bearing zones, within Basalt. 

Crossplot analysis of P-impedance vs. Vp/Vs Ratio 

(Fig. 4) and corresponding c cross section (Fig. 5) 

suggests four different zones within basalt. 

 

Figure 4: Cross-plot of P-Impedance vs. VP/VS of Basalt 

section, recorded in Well-B 

i. Massive Basalt (Grey Zone) 

The zone encircled grey in the crossplot exhibits 

very high values of P-Impedance (>12000 

m/s*g/cc), which adheres to the Massive Basalt. 

This zone exhibits a wide range of Vp/Vs Ratio, 

ranging from 1.5-2.0. Massive basalt or the 

fractured basalt with filled-fracture sets would 

hardly have any pore space; hence the trend of P-

wave velocity (Vp) would approach to that of shear 

wave velocity (Vs) in this terrain. As a result, the 

Vp/Vs ratio is found to be low to moderate (1.5 to 

2.0) in case of massive basalts. (Depth range: 1740-

1764mts in Well-B, Fig. 5)  

ii. Highly Altered Basalt (Blue Zone) 

The zone encircled blue in crossplot displays low 

values of P-impedance (<8000 m/s*g/cc) along 

with low values of Vp/Vs ratio (<1.7). Complete 

weathering/alteration of basalt leads to formation of 

clay minerals that lowers the impedance of the 

zone. Clay formation leads in negligible porosity 

and permeability; hence the shear wave velocity 

doesn’t gets affected as compared to the 

compressional sonic velocity which gets lowered 

due to the lowering in density of the medium. As a 

result, the Vp/Vs ratio gets affected to a lower 

value. (Around the depth of 1695mts in Well-B, 

Fig. 5)  

iii. Fractured Basalt (Cyan Zone)  

The zone encircled cyan in the crossplot 

demonstrates a wide range of P-impedance 

(ranging from 8000 m/s*g/cc to 15000 m/s*g/cc) 

with higher values of Vp/Vs ratio (>1.8). P-

impendence of a medium is inversely proportional 

to the fracture intensity; more the fractures, lesser 

is the P-impedance of the zone and vice versa. 

Fluid, present in the open set of fractures, lowers 

the shear wave velocity, thus leading to an 

increased Vp/Vs ratio in this zone. (Around the 

depth of 1682-1690mts in Well-B, Fig. 5)  

Figure 5: P-Impedance, Vp/Vs_Ratio, Vp and Vs logs of 

Well-B, (In order from Left to Right) highlighted zones 

corresponding to Crossplot 

iv. Moderately Altered Basalt (Red Zone) 

This is the zone encircled in red on the crossplot 

that delineates the hydrocarbon shows, during 

drilling of Well-B, within Basalt. Moderate 

alteration of basalt may lead to formation of zones 

of spheroidal weathering which may help in 



formation and preservation of porosity required for 

hydrocarbon accumulation, thus exhibiting 

intermediate P-impedance (8000 to 10000m/s*g/cc) 

and Vp/Vs ranging from 1.7 to 1.8 characterizes the 

probable locales of hydrocarbon accumulation in 

basalt. (Around 1716mts in Well-B, Fig. 5)  

AVO Signature in Basalt 

Well-G drilled in the area has been reported to 

produce gaseous hydrocarbon from the top part of 

the Deccan Basalt. The well was terminated after 

drilling 50mts into the basalt section and was tested 

barefoot. Top part of the basalt sequence is 

moderately altered to completely weathered at 

places, over the study area. 

The color data in Fig. 6 is the product of Intercept 

and Gradient (A*B) volumes, generated in course 

of the study. The positive response in the colour 

data, at about 1100ms, just below Trap-Top, is an 

indicative of AVO anomaly which is an indicative 

of probable gas accumulation at well point. 

Figure 6: AVO Attribute and Gradient Analysis carried 

out at Well-G, Exhibiting Class-III AVO in Basalt 

AVO gradient analysis, as evident from the Fig. 6 

returned Class-III AVO anomaly at the event 

around 1100ms at the well location.  Production 

testing data testify the observed AVO anomaly. 

Simultaneous Inversion in Basalt 

Simultaneous inversion has been carried out in the 

basalt section of the study area using Angle gathers 

(0-30⁰). Input PSTM gathers were analyzed for the 

event flatness, and signal to noise ratio content, the 

initial gathers appeared to have some move-outs in 

the events around the zone of interest and also 

events at few places were seen to have been 

masked by linear noise. Hence mild de-multiple 

and random noise attenuation was applied on the 

input gathers, which slightly improved the event 

flatness and signal to noise ratio However, despite 

concerted efforts the usable incident angle available 

could not be increased beyond 27°. The input 

horizons were interpolated using Triangulation 

method to fill small gaps seen in the horizon slices, 

prior to being input for Low frequency model 

building.  

Five of the wells taken into the study has recorded 

Shear Sonic Logs, hence was beneficial for the 

purpose. P-Impedance, S-Impedance and 

Vp/Vs_Ratio volumes were generated as output of 

the process.  

Figure 7: P-Impedance (Top) and Vp/Vs_Ratio (Bottom) 

from inverted seismic at Well-G 

Upon analysis of the output of simultaneous 

inversion, Well-G exhibits moderate P-impedance 

(around 8000 m/s*g/cc) on seismic (Fig. 7) at 

around 1100ms along with a Vp/Vs ratio of around 

1.73, which is well within the range of altered 

basalt, quantified in course of the study.  

Inverted seismic section passing through Well-B 

demonstrates moderately high P-Impedance (10000 

m/s*g/cc to 12000 m/s*g/cc) with corresponding 

higher Vp/Vs ratio (1.9-2) in the time range 



1100ms to 1180ms (Fig. 8). This zone may be 

considered under fractured basalt as evident from 

quantitative facies classification of basalt in 

crossplot analysis. Further down, is a zone (below 

1300ms), exhibiting high P-impedance with low 

Vp/Vs ratio, thus may be classified as massive 

basalt. 

Figure 8: P-Impedance (Top) and Vp/Vs_Ratio (Bottom) 

from inverted seismic at Well-B 

Blending of Attributes 

P-impedance volume, thus generated through 

simultaneous inversion, when scanned thoroughly 

displays moderate P-impedance zones, embedded 

within basalt zones of relatively higher P-

impedance, on horizon probe of an intermediate 

layer within basalt (Fig. 9). 

Figure 9: P-Impedance horizon probe at 80ms below top 

of basalt, exhibiting zones of moderate impedance 

Generated P-impedance and Vp/Vs_Ratio volumes 

were blended and subsequent opacity of the 

blended probe was calibrated to the desired range 

of Altered Basalt with intermediate P-impedance 

(8000m/s*g/cc to 10000m/s*g/cc) and Vp/Vs 

ranging between 1.7 to 1.8 in order to delineate the 

probable locales of hydrocarbon accumulation in 

basalt, later extracted as geobodies. 

Figure 10: Probable locales of hydrocarbon 

accumulation in basalt, through blending of P-

Impedance and Vp/Vs Ratio Volumes, extracted in form 

of geobodies 

Conclusion 

The role of fractures in reservoir development in 

igneous/metamorphic rocks has been established 

globally. This study enunciates moderately altered 

basalt may also act as reservoir for hydrocarbon 

accumulation. Thus an integrated study involving 

logs and seismic data and further quantification of 

suitable attributes aids in identification of different 

facies (reservoir and non-reservoir) within the 

basalt section in the study area.   

Four distinct facies viz. Massive Basalt, Highly 

Altered Basalt, Fractured Basalt and Moderately 

Altered Basalt has been calibrated on logs, based 

on of Vp/Vs_Ratio and P-Impedance. A similar 

distinction could also be obtained in course of the 

study by generating P-Impedance volume and 

Vp/Vs_Ratio volume Simultaneous Inversion. 

Geobody extraction after blending of these 

advanced attributes in suitable value ranges has 

helped in 3D visualization of probable hydrocarbon 

bearing facies in basalt and its distribution over the 

area.  

The AVO analysis in the basalt section has shown a 

Class-III anomaly at the top part of the basalt 

section, in the hydrocarbon bearing zone in the 

drilled well. 

Delineation of probable hydrocarbon locales in 

moderately altered Basalt would facilitate in 

understanding of Basaltic reservoirs and hence may 

lead to evaluation of basalt as a play.  
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