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Abstract 

 

Seismic characterization is becoming an emerging 

technique for extending source rock properties 

beyond well locations and an effective tool for 

mapping their lateral and vertical heterogeneities. 

The Raghavapuram Formation of Early cretaceous 

age in Krishna Godavari Basin India, an organic-rich 

source rock, was studied for source facies 

characterization (TOC Volume) using seismic data. 

Post-stack 3D seismic volume (≈500Skm), pre-stack 

angle gather and eight wells with a complete set of 

wireline logs and core data was used for Total 

Organic Carbon (TOC) volume estimation in 

Gudivada graben of KG basin. Pre-stack 

simultaneous angle dependent seismic inversion and 

AVO analysis was carried out together with a rock 

physics model of the formation which generated a 

quantitative estimate of TOC content in the study 

area, helps to find the sweet spots for shale gas 

exploration. Impedance shows an inverse linear 

relationship with TOC in our study area. AVO 

analysis showed a Class IV anomaly for TOC rich 

zones mainly present in the lower part of the 

Raghavapuram shale (High-Gamma, High-Resistivity 

Formation). Present study tries to find a relationship 

between seismic attributes and TOC that can be 

applied without the need of well information, and are 

then feasible methods for investigation of the source 

rock properties in unexplored basins.  

 

Introduction 

 

While identifying the source rock in the subsurface 

using Geochemical analysis and well log data, only 

1D information is obtained. Many recent works have 

been published, addressing the problems relating 

organic content of source rocks to their seismic 

response (Avseth et al., 2008; Løseth et al., 2011; 

Zhu et al., 2011; Sayers 2013a, 2013b; Carcione and 

Avseth, 2015). Case study in the paper we have used 

elastic impedance inversion and AVO analysis, to 

detect the spatial distribution of organic content in 

source rock sequences. Both the geophysical 

techniques used are fast, easy to implement and are 

independent from each other and so can deliver 

independent estimation of the degree of presence of 

kerogen in the studied intervals. We have used pre 

and post stack seismic data, well logs and total 

organic carbon (TOC) estimation obtained from 

ΔlogR (Passey et al., 1990, 2010) calibrated with 

geochemical analysed TOC data (from Core/Cuttings 

sample) for source facies characterization in 3D. In 

our study, we measured the amount of organic matter 

(1D) present at eight different well locations in the 

Gudivada Graben, KG-Basin (India). Seismic data 

helps in propagating the log TOC values into 3D. 

TOC rich shale gas zones then verified by class IV 

AVO response.  

 

Methodology 

 

Before applying the Inversion and AVO techniques, 

it is important to know the properties of Shale-gas 

reservoirs that directly affect the seismic and log 

response. Enrichment of Organic matter and thermal 

maturity are the two main parameters which governs 

the shale gas source/reservoir properties. Organic 

material has significant impact on the 

elastic/petrophysical properties, which are manifested 

in log and seismic responses. Thus, identification and 

mapping of shale-gas reservoirs is mainly based on 

mapping of TOC-rich zones. The TOC causes an 

increase in gamma ray and neutron porosity and a 

decrease in seismic velocity and bulk density as 

compared to lean shales. If TOC is matured (has 

produced gas), it will show relatively higher 

resistivity. The TOC can be directly estimated from 

the logs (Figure 4) by sonic-resistivity overlay 

method (Passey et al., 1990; Bowman, 2010).  

Detailed methodology for log TOC estimation is 

shown below. 

 Calculate LogR of resistivity log. 

 Crossplot LogR versus sonic (DT); porosity log 

may be used in place of DT. DT log on y-axis 

and LogR on x-axis. The crossplot may be color 

coded with gamma ray (GR) log (Figure 1). 

 Determine low-resistivity shale line from 

crossplot. 
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Figure 1: TOC zone identification with overlay method (Harilal, 

2016) 

 

 Calculate new sonic (pseudo sonic DT_R) from 

shale line [               ], where C 

is intercept and M is slope. 

 Overlay pseudo-sonic (DT_R) over sonic.  

 Highlight crossover of pseudo sonic with DT.  

 Interpret organic shale section.  

 

1D log TOC were estimated for 8 well with the above 

mentioned sonic resistivity overlay method.  

 

In a seismic inversion the original reflectivity data, as 

typically recorded routinely, is converted from an 

interface property (i.e. a reflection) to a rock property 

known as impedance, which itself is the 

multiplication of sonic velocity and bulk density.  

For non-zero incident angles the Zoeppritz equations 

(1919) describe the partitioning of seismic wave 

energy at an interface. Most pre-stack inversion 

methods for analyzing seismic data are based on 

linearized approximations to the Zoeppritz equations 

(e.g. Bortfeld, 1961, Richards and Frasier, 1976, Aki 

and Richards, 1980 and Shuey, 1985). 

Simultaneous angle dependent pre-stack seismic 

inversion was carried out in Hampson Russel 

Software to generate P-Impedance & S-Impedance 

volumes for our studies. The workflow adopted for 

pre-stack inversion is shown below. 

 

 

Figure 2: Workflow adopted for pre-stack inversion 

 

AVO analysis showed a Class IV and a Base Class 

IV response for the upper and lower reflectors 

delimiting the organic-rich interval respectively (e.g. 

Avseth, P., 2008; Carcione, J.M., 2001; Sayers, C. 

2013b) 

 

Case study: Raghavapuram Formation, Krishna-

Godavari Basin, India  
 

Raghavapuram formation of early to late cretaceous 

age in Gudivada graben, KG-Basin (India) was used 

in our case study for source rock characterization 

using Seismic data along with geochemical and well 

log analysis for better mapping of the vertical and 

lateral heterogeneities of the source rock.  

 

The Krishna Godavari basin is a continental passive 

margin pericratonic rift basin comprising of a number 

of North East-South West trending horsts and 

grabens filled with thick pile of Permian to recent 

sediments. The basin has a polycyclic (dual-rift 

province) evolution history in eastern continental 

margin of Indian plate. The basin is further divided in 

three sub basins and our study area (Figure 3) falls in 

the West Godavari sub-basin in which the Early 

Cretaceous sequences are the Hydrocarbon bearing 

units which includes Nandigama/ Kanukollu (Synrift) 

and Raghavapuram formations. 

The early cretaceous transgressive shale layers are 

the main source rock for early cretaceous reservoirs 

in KG Basin. 
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Figure 3: Tectonic map of KG Basin (India) showing the study 
area  

 

TOC was estimated from log data using ΔlogR 

(Passey et al., 1990) as shown in the figure 4 and 

calibrated with lab TOC data in 8 wells. 

 

 
 
Figure 4: TOC estimation from log (Passey et. al., 1990), red dots 
showing the TOC estimated for geochemical analysis 

 

Thickness of TOC rich zones from log TOC data 

have been extracted and then interpolated to get an 

idea about TOC rich zones distribution in the study 

area. TOC is mainly conecentrated in the lower part 

of HG-HR (Lower Raghavapuram) formation with 

average depth varying from 2200-3600 m. Thickness 

of TOC rich zone varying from 0 to 120m is shown 

in Figure 5. High TOC thick areas are mainly falling 

in the thick areas of the HG-HR formation (Figure 6). 

 
 
Figure 5: Thickness Map showing the distribution of the organic 
matter in the study area. 

 

   
 

Figure 6: Thickness map of HG-HR (Lr. Raghavapuram 
Formation) 

 

TOC log shows inverse relationship with P-Velocity, 

Density and P-impedance logs. TOC increases with 

increasing porosity (Figure 7). Vp/Vs log does not 

show any variation with TOC changes. A linear 

relationship was established between TOC and P-

impedance log which shows that TOC is inversely 

proportional to P-Impedance (Figure 8 & 9) for lower 

Raghavapuram Formation (Correlation coefficient 

0.8).  
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Figure 7: TOC log shows inverse relationship with Density, P-

impedance logs and direct relationship with porosity log 
 

 
 
Figure 8: Crossplot between TOC and P-Impedance showing 

inverse linear relationship for Lr. Raghavapuram Formation 

 

 

Figure 9: P-impedance section showing decrease in impedance 
with increase in TOC (highlighted in black dotted ellipse) 

 

TOC volume was estimated in Emerge module of 

Hampson Russel Software using inverted P-

Impedance, S-Impedance and post-stack seismic data 

(Probabilistic Neural Network technique was applied) 

(Figure 10 &11).  

 

 
 
Figure 10: Estimated TOC Volume  

 
 
Figure 11: TOC section passing through study area, pink colour 
showing high TOC values 

 

After generating the TOC volume the amplitude 

variations with offset for the TOC Rich zone were 

analyzed, was found to be of class IV AVO anomaly 

suggesting the probable shale gas exploration 

prospects. Since the data used is in reverse polarity 

(Increasing Impedance that is positive RC 

represented as a trough in the present seismic) hence 

the curve for class IV AVO response is inverted here 

(Figure 12). 
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Figure 12: Amplitude variation with offset plotted for TOC rich 

zone (Inverted class- IV anomaly curve is due to the reverse 
polarity of the used seismic data) 

 

The fitting results were then plotted and synthetized 

with the two AVO attributes, Intercept and Gradient, 

so that the underlying distribution of the investigated 

property (TOC in our case) could be related to these 

attributes (Figure 13).  

 

 
 

Figure 13: Gradient vs Intercept plot showing presence of Shale 

Gas 
 

 

Conclusions 

 

Among all the data types that are available today, the 

subsurface is best imaged spatially with seismic data. 

This paper has demonstrated that enrichment of 

organic matter (TOC) in the source rock has a 

significant effect on the seismic responses that allow 

its identification. Increase in TOC percent results in 

the reduction of acoustic impedance and based on 

this relationship the source rock presence, thickness 

and basin wide variations in organic content can be 

mapped using seismic data. In our study area TOC 

rich zones mainly concentrated at 2.2-3.6km depth  

with average thickness varying from 0- 120 m. 

Elastic impedance inversion was carried out and TOC 

3D volume was estimated using inverted impedances, 

post-stack seismic volume and 1D log TOC data.  

We then used AVO analysis to observe if the 

expected amplitude versus offset trend typical of a 

source rock could be observed, and the results were 

in good agreement with the findings from impedance 

inversion, showing Class IV AVO anomalies for the 

TOC rich zone at the Lr. Raghavapuram Formation 

(High Gamma, High Resistivity Formation). Seismic 

characterization of source rocks represents a 

powerful tool for mapping the vertical and lateral 

heterogeneities of the source rock and our results 

show that Seismic inversion and AVO analysis can 

be used for mapping of effective source rock (TOC 

rich) distribution making these techniques an 

important tool for the understanding of the undrilled 

basins. Further work on shale gas source/reservoir 

properties (porosity, saturation, brittleness) is 

ongoing which leads to identification of sweet spots 

for Shale-Gas exploration. 
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