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A Case Study for Thin Layer Carbonate Reservoir 

Characterization in Persian Gulf Using Geostatistical 

Inversion of Pre-Stack Seismic Data 
 

Meysam Maleki
1
, Mina Delnava

2
 

1
Reservoir Geophysicist, Pars Petro Zagros Geophysics, mmaleki@ppzgeo.com 

2
Reservoir Geophysicist, Pars Petro Zagros Geophysics, mdelnava@ppzgeo.com 

 
 
ABSTRACT 

Seismic inversion plays an important role in reservoir characterization. Simultaneous inversion 

of pre-stack seismic data produces elastic properties that can be related to reservoir properties 

such as porosity and water saturation. In this study well logs and pre-stack time migrated 

seismic data were used to characterize thin carbonate reservoir layers of Arab Formation in an 

oil field located in Persian Gulf. First, a deterministic simultaneous inversion was conducted, 

but these thin layers were not distinguishable in the results. Therefore, Geostatistical inversion 

was used to achieve higher vertical resolution. Afterwards, the water saturation and porosity of 

reservoir layers were estimated by cosimulation of geostatistically inverted P impedance and 

Vp/Vs. Finally, uncertainty of results was quantified and high reservoir quality bodies were 

captured. Simultaneous geostatistical inversion of pre-stack seismic data leads to delineation of 

thin layers of Arab formation. In addition, this inversion method provides possibility of 

reservoir properties estimation and reservoir geo-bodies extraction in this oil field.   
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1 INTRODUCTION 

Seismic inversion is one of the most practical methods for reservoir characterization. 

The Geostatistical Inversion was introduced in 1994 (Haas and Dubrule 1994). This 

method only has been used for inverting post stack seismic data (Torres-Verdin et al. 

1999), until introduction of new Geostatistical inversion method which is based on a 

Bayesian methodology that samples the posterior probability density function (PDF) 

with a Markov Chain Monte Carlo (MCMC) method (Conttreras et al. 2005).  

Inversion of post stack seismic data produces only P impedance, on the other hand, pre-

stack inversion results consist of more elastic properties (Vp/Vs, Zp, Density), which 

are, in turn, dependent on physical properties such as lithology, porosity, and pore fluid 

content. 

The objective of this paper is calculation of petrophysical properties of Arab formation 

carbonate reservoir zones which their thicknesses are lower than seismic vertical 

resolution. This formation consists of two members. The Upper Arab Member 

composed of interbeded anhydrite and dolomite layers and Lower Arab Member mainly 

comprise calcite and dolomite. There are many reservoir zones in each part which are 

thin layers with thicknesses from 5 to 15 meters. So, high resolution 3D lithology and 

petrophysical models are required to build static reservoir models and to assess 

accurately the spatial continuity of reservoir zones away from wells. A Deterministic 

simultaneous inversion was conducted first, but results are low vertical resolution cubes. 

Hence, Geostatistical simultaneous inversion of pre-stack seismic data was used to 

achieve higher vertical 3D resolution. 
 

2 DETERMINISTIC SIMULTANEUOS INVERSION 

The available data consist of 3D pre-stack time migrated CDP gathers seismic data and 

log data of nine wells (density, porosity, water saturation, lithology and P sonic) plus S 

sonic log that 
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acquired only in one of these wells.  

Before performing Deterministic simultaneous inversion, different well logs derived 

cross plots were analyzed to evaluate feasibility of simultaneous inversion results for 

reservoir properties estimation. As can be seen in Figure1.a and b, cross plot of Vp/Vs 

versus P-impedance can be an efficient tool for discriminating reservoir layer based on 

their porosity and water saturation. High porosity oil saturated layers are corresponding 

to low P-impedance and low Vp/Vs (purple polygon in Figure1.b).  

Deterministic simultaneous inversion method that was used to extract the Vp/Vs and P-

impedance is based on the simultaneous inversion of partial angle stacks correspond to 

0-12, 12-24 and 20-36 degrees of p-wave seismic data using constrained spars spike 

algorithm (Pendrel et al., 2000). Figure 1.c displays the vertical resolution of resulted P-

Impedance is insufficient for determining thin layers.  
 

 
Figure1. a) Cross plot of Vp/Vs vs. P-Impedance color coded by Porosity. b) Cross plot of Vp/Vs vs. P-

Impedance color coded by saturation. c) Cross section of deterministically inverted P-Impedance passing 

through well#1. d) Cross section of geostatistically inverted P-Impedance passing through well#1. e) 

Cross section of geostatistically inverted Vp/Vs passing through well#1. (Black line shows top of Lower 

Arab Member) 

 

3 GEOSTATISTICAL SIMULTANEUS INVERSION 

Because of insufficient vertical resolution, deterministic inversion results were 

incapable of depicting thin reservoir layers of Arab Formation. Implementation of well 

log data in inversion procedure could be a solution to improve vertical resolution of 

results. Geostatistical inversion is a method that provides using of well log data in 

seismic inversion. The pre-stack seismic and well log data is used to generate more 
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accurate acoustic impedance and Vp/Vs three dimensional spatial distributions. 

Inversion results consist of 3D geostatistical estimation of 

Vp/Vs, P-impedance and lithotype that honor the well logs, the 3D pre-stack seismic 

amplitude data, and the interpreted structural framework. This geostatistical inversion 

algorithm was applied with a structural framework constructed with 1-ms micro-

layering as vertical sampling rate. Input data consist of the following elements: (1) 

Three partial-angle stacks and angle-dependent wavelets for the angle ranges 0-12, 12-

24 and 20-36 degrees; (2) lithotype, Vp, Vs, and density logs; (3) well log generated 

geostatistical information in the form of variograms and histograms of elastic properties. 

Figure 1.d and Figure 1.e show sections of geostatisticaly inverted acoustic impedance 

and Vp/Vs respectively. Moreover, the areas corresponded to the purple polygon in 

Figure1.b exhibiting high porosity oil saturated layers are distinguished by purple 

ellipse in Figure 1.e.  
 

4 COSIMULATION OF PETROPHYSICAL PROPERTIES 

Conventional approaches for generating 3D distributions of petrophysical properties 

from post-stack seismic inversion products consist of cosimulation of one petrophysical 

property (e.g. porosity) from the inverted acoustic property (e.g. P-impedance) by 

enforcing a statistical correlation between the variables. The process of calculation 

reservoir properties from pre-stack inversion results is also similar. However, because 

of producing more than one parameter, it is required to apply multivariate statistics. In 

this research multivariate probability distribution functions and co-variograms were 

extracted form well logs and then co-simulation of the pre-stack geostatistical inversion 

results (Vp/Vs, Zp) was conducted. Figure 2 shows cross sections of different estimated 

reservoir properties. (Lithotypes are results of geostatistical inversion, yet water 

saturation and porosity are co- simulated). 

 
Figure 2. Cross sections of estimated reservoir properties passing through well#1: a) Lithology b) 

Porosity          c) Water Saturation. (Black line shows top of Lower Arab Member) 
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5 EVALUATION OF RESULTS 

Geostatistical inversion is initialized with random seeds, thereby allowing the 

quantifying of uncertainty of the estimated distributions of Vp/Vs, P impedance and 

lithotype (Contreras et al., 2005). In this study geostatistical inversion was performed by 

nine different random seed and as a result nine equi-probable elastic models were 

calculated. Then, nine equi-probable models for each reservoir properties (Sw and Phi) 

were generated by co-simulation. Next, for each porosity and water saturation pair 

models geo-bodies were extracted based on certain cut off values. Figure 3.a shows an 

example of captured geo-bodies for water saturation lower than 0.45 and porosity higher 

than 0.15. These geo bodies determine appropriate location for drilling new wells. In 

addition, quantifying uncertainty of result by calculating mean and standard deviation of 

the realizations is beneficial for decision making. The calculated mean and standard 

deviation of nine estimated porosity realization are displayed in Figure 3.b and c. 
 

6 CONCLUSION 

All in all, this study reveals that geostatistical inversion of pre stack seismic data not 

only leads to distinguishing oil saturated reservoir layers of Arab Formation from water 

saturated ones, but also provides possibility of depicting thin layers. Furthermore, 

multiple reservoir properties cubes obtained from the co-simulation can be used to 

quantify uncertainty and choose optimum locations for drilling new wells.  
     

   
Figure 3. a) Reservoir geo bodies derived from a pair realization of co simulated porosity and saturation 

(Porosity >15, SW <45). b) Mean of porosity realizations. c) Standard deviation of porosity realizations. 
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