
Seismic lithofluid distribution using Bayesian stochastic inversion for thin bed reservoirs in Jambusar 

Field, Cambay basin India 

Naveen Poonia*, Puneet Saxena, Sanjay Kumar, A K Bakshi, Amit Banerjee 

Oil & Natural Gas Corporation, WON Basin, Vadodara 

 

nav.iitm@gmail.com 

 

Keywords 

 

geo-statistics, stochastic inversion, jambusar field 

 

Summary 

 

A geostatistical seismic inversion was attempted for 

reservoir characterization of the Jambusar field 

Cambay Basin India, with the objective of increasing 

the resolution of the seismic inversion, and to provide 

statistical measures of the uncertainties involved in 

the seismic lithofluid prediction. The aim of the study 

was to fully understand hydrocarbon bearing sand 

distribution in the Hazad sands reservoir, Middle-

Late Eocene sequence of Ankleshwar Formation.  
 

Stochastic inversion is based on a geostatistical 

algorithm that generates high-frequency stochastic 

models for high-resolution reservoir characterization. It 

addresses the band-limited nature of deterministic 

techniques and integrates well and seismic data at the 

reservoir scale, within a stratigraphic geomodel 

framework. The inversion was directly constrained by 

the seismic and well data. Moreover, the vertical and 

lateral variability was constrained through layer-

dependent vertical and anisotropic horizontal variogram 

models extracted from the well data and the geologic 

trends. This study used a Bayesian stochastic inversion 

method. The inversion works directly in a fine-scale 

stratigraphic grid and delivers multiple high-frequency 

realizations of elastic properties, such as P, S-wave 

impedances & Vp/Vs ratio, which can be used for 

detailed lithology & fluid prediction and uncertainty 

analysis. A sufficiently large number of stochastic 

solutions (100 realizations) enabled probabilistic 

models of elastic properties and lithofluid distribution 

were generated. As a consequence of our study a 

potential undrilled hydrocarbon accumulation was 

identified, which could extend the field life of the 

Jambusar field.  

 

Introduction 

 

High-resolution reservoir characterization has always 

been a challenging task due to seismic resolution 

limitation. This challenge is particularly relevant 

when dealing with heterogeneous and complex thinly 

bedded reservoirs such as Jambusar sands, Jambusar 

field of Cambay basin in western part of India. These 

reservoirs are characterized by the great variability of 

the thickness and the quality of the sand. In addition, 

the thin-bed hydrocarbon sands are thinner than the 

seismic vertical resolution. Earlier, was used to 

implement the deterministic prestack seismic 

inversion method for lithology and fluids description 

which is restricted to the seismic data frequency band 

limits and provide a single solution. The pre-stack 

stochastic inversion methodology addresses the 

nonuniqueness and seismic resolution problems by 

generating variogram models (vertical and 

horizontal) from the high-frequency well-log data 

and combines it with the band-limited seismic data. 

Therefore, it generates high-frequency realizations 

for each of the elastic properties and ranks the 

stochastic realizations, assesses the uncertainty, and 

generates facies probability distributions. The main 

advantage of this workflow is to predict the high-

resolution reservoir property without boosting noise. 

However, accuracy of results depends on several 

factors, such as the quality of data (including seismic 

and well-log data), processes and conditioning 

applied to these data, and inversion parameters.  

 

 

Geology of Area  

 

The Cambay Basin is a narrow elongated intra-

cratonic rift graben situated in North Western part of 

Indian Peninsula in the state of Gujarat and part of 

Rajasthan covering an area of about 59000 sq. km. 

The basin consists of several intra basinal uplifted 

blocks limited by Radhanpur-Barmer arch (which 

separates it from the Kutch basin), Saurashtra Craton 

on the West, Aravalli swell on the North East and 

Deccan Craton to the South East. It extends from 

North of Sanchor to the South in Cambay Gulf and 
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ultimately opens into the Arabian Sea. On the West 

and East, it is bounded by enechelon faults (Basin 

margin faults) paralleling the Dharwar trend and cuts 

across the Aravalli and Satpura trends. The Basin has 

Deccan Trap volcanic rocks as technical basement 

over which 8 kms (+) thick Cenozoic sediments were 

deposited. (Fig.1) 

` 

 
Fig.1: Regional Geological Map of Cambay Basin 

  

Jambusar-Baroach block lies between Mahisagar and 

Narmada rivers towards North and South of the block 

respectively. Lineaments in this producing field, 

situated on the northern rising flank of Broach 

Depression. Jambusar field consist of multilayered 

reservoirs mainly JS-0 (Equivalent to GS-4 C of 

North Gandhar), JS-1 (Equivalent to GS-6), JS-2 

(Equivalent to GS-8), and JS-3 (Equivalent to GS-9) 

within Hazad member of Ankleshwar Formation. JS-

1 sand is extensively developed in almost entire 

Jambusar main field with variable thickness and shaled 

out in the Western direction. The thickest JS-I sand 

(upto 20 m) is deposited in the axis of the prominent 

localized channel present in the central part of Jambusar 

field and on its different associated point bars.  The JS-1 

sand is prolific hydrocarbon producer.  The JS-2 sand is 

present in the Jambusar field with variable thickness. 

The envisaged input of JS-2 sand is in North-East to 

South west direction. The thickness of this sand varies 

from 0 to 4m barring the interfluve area. JS-3 sand is 

also present in the main Jambusar field. Total four sand 

lobes in North-East to South west direction are 

envisaged. The thickness of this sand varies from 0 to 

4m barring the interfluve area. 

 

 

 

 

Methodology 

 

The feasibility studies consisting of various cross 

plots between P-impedance & Vp/Vs ratio of 

available recorded well data were carried out and the 

study demonstrates that the hydrocarbon bearing 

Jambusar sands exhibit low Vp/Vs ratio in range of 

1.5 to 1.7 and considerably higher P-impedance range 

units. Vp/Vs ratio responds better in possible 

lithofluid distribution in comparison to P-impedance. 

It has been observed in well data that low Vp/Vs 

value (1.5 to 1.7) is an indication of possible 

hydrocarbon bearing sand in study area. It is quite 

difficult to discriminate other predefined lithologies 

sand & shale based on these crossplots. (Fig2). 

Seismic processed and conditioned Kirchhoff pre-

STM partial angle stacks (3°–16°, 16°–28°, and 28°–

40°) were generated, which were input to stochastic 

inversion. Three independent wavelets for respective 

angle stacks were extracted and good well to seismic 

correlations were obtained. Low frequency initial 

models were created for P & S Impedance using low 

passed wells logs. Low frequency model fill lower 

end of spectrum induced by low frequency in seismic 

data. Then a fine-scaled 3D stratigraphic grid model 

was constructed in the time domain covering the 

reservoir interval of interest using layer based kriging. 

This involves a construction of a geometric framework 

from a set of target horizons interpreted from seismic 

data typically much smaller than the seismic 

resolution with horizontal sampling fixed by the 

seismic bin size and vertical columns of cells of 

varying thickness defined by the stratigraphic layers. 

Building 3D stratigraphic grids will provide a cellular 

framework for property interpolation. Within each 

horizon interval (microlayer), microlayer grid consistent 

with the depositional sequence, is built. Then, the model 

is populated by the initial properties (Vp, Vs, and 

density) from the well data to obtain the prior low 

frequency model for the inversion. 
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Fig.2: Crossplot of P-impedance and Vp/Vs Ratio  

 

The prior model for the vertical and lateral 

variograms in each macro interval of the stratigraphic 

grid was defined based on well data and geologic 

trend in the field. A vertical variogram introduce 

higher frequencies in the model & a horizontal 

variogram take care of lateral anisotropy in the 

properties (Fig3). A vertical variogram for each 

macrolayer is computed from the well logs and two 

horizontal anisotropic variograms: A variogram that 

is parallel to the main trend of the sand-rich channel 

system, extending north–south with a direction of 

higher continuity and no major properties change, has 

a range of 3000 m. The second variogram, which 

follows a structural and stratigraphic changes north–

south, has a range of 2000 m with an azimuth of 10°. 

The outcome of the inversion process comprises of 

100 realizations of P-impedance, S-Impedance & 

Vp/Vs Ratio volumes in addition to their mean and 

uncertainty. A QC plot showing a stochastic 

inversion result with well logs and synthetic 

generated from the inversion result with seismic 

traces (Fig4). 

 

 
Fig 3: frequency contribution in stochastic 

inversion 

 

Fig.4: QC plot showing a stochastic inversion result 

with well logs and synthetic generated from the 

inversion result with seismic traces 
 

 
Fig.5: Probability distribution function (PDF) 

corresponding to HC Bearing sand 
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Fig.6: Workflow of stochastic inversion used in 

study 

 

Discrete facies logs are created using various well 

logs for the wells used in model. Cross plotting of P-

impedance versus Vp/Vs ratio, realizations are 

classified into different predefined three facies sand, 

shale & probable hydrocarbon bearing sand volumes. 

We observed clustering of points based on lithology 

and then prepared multivariate probability 

distribution function (PDF) corresponding to each 

lithology using supervised Bayesian classification 

scheme (Fig.5). Points falling in the center of the 

cluster are given high probability of occurrence and 

as we move away from cluster center the probability 

decreases. It was observed that only hydrocarbon 

bearing sands exhibiting low range of Vp/Vs can be 

discriminated using this method. Subsequently P-

impedance and Vp/Vs realizations are classified into 

P10, P50 & P90 cases on basis of facies. The 

classified PDFs were then applied on the 3D inverted 

seismic attributes for all the realizations to deliver 

hydrocarbon bearing sand probability volume. A 

general workflow of complete process has been 

shown in Fig.6.  

 

 

Results & Discussion 

 

Statistically identified realizations corresponding to 

the P10, P50 and P90 of P-Impedance, S-impedance 

& Vp/Vs ratio were analyzed. The QC was done first 

on blind wells i.e., wells that were not used to 

constrain the inversion and good conformance of the 

inversion results were observed. The result was also 

checked for its lateral consistency away from the 

wells on sections and these showed a good 

correlation at target interval.  Figure 7 shows an 

example of the high level of detail obtained for 

acoustic impedance (AI) and Vp/Vs ratio in 

respective sections from P50 realization. A response 

of a “mean” AI and Vp/Vs ratio volumes are obtained 

from a high number of realizations (Fig. 8). As we 

stated earlier, it is quite difficult to differentiate sand 

& shale base on well log crossplots but hydrocarbon 

bearing sand can be discriminated as it is showing 

clear lowering of Vp/Vs ratio due to presence of 

hydrocarbon. So lithofluid information, extracted 

from the well data crossplot of Vp/Vs ratio versus AI, 

were used to construct a statistical distribution PDFs 

for the classified hydrocarbon bearing sand and 

applied on the 3D inverted volumes to generate 

realizations & probability volume of hydrocarbon 

bearing sand. A section from P50 realization of 

hydrocarbon bearing sand probability volume shown 

in Fig 9. Different slices of Vp/Vs ratio in JS-1, JS-2 

& JS-3 sands were also generated to understand 

lateral behavior of fluids. (Fig 11, 12 &13) 
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Fig7: P-Impedance and Vp/Vs ratio in respective sections from P50 realization 

 

 
Fig8: P-Impedance and Vp/Vs ratio in respective sections from mean realization



Fig9: section from P50 realization of hydrocarbon bearing sand probability volume 

 

 

 
Fig11- Slice of Vp/Vs at JS-1 

 

 
Fig12- Slice of Vp/Vs at JS-2 

 

 

 

 

 

 

 
Fig13- Slice of Vp/Vs at JS-3 

 

Conclusions 

 

Application of geostatistical inversion methodology 

in the jambusar sands exhibits that thinly bedded 

reservoir can be identified when the reservoir is 

below the seismic resolution. A geostatistical 

inversion method has enhanced the data’s vertical 

resolution, allowing subseismic features to be more 

precisely mapped. It enabled a thin sand reservoir to 

be characterized and led to a detailed facies 

distribution and associated uncertainty in seismic to 

be captured. P-impedance & Vp/Vs ratio were 

utilized to predict hydrocarbon bearing reservoir. 

Findings in the study has opened up new areas for 

Jambusar sands with likely further extension of 

Jambusar field for exploratory and developmental 

activities. 
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