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Summary 
 

Hydrocarbon exploration in syn-rift sediments has 

always generated keen interest in the minds of 

exploration geoscientists. However, frequent exploration 

surprises encountered in the wells targeted for syn-rift 

sediments coupled with the inability of most of the 

seismic derived attributes in explaining the reservoir 

distribution pattern have made exploration in syn-rift 

plays very difficult in Cambay Basin, India. Equally 

challenging has been the characterization and 

delineation of thin tight silty reservoirs of Kalol 

formation (mid Eocene) using seismic derived attributes 

as these are often masked by presence of coal 

laminations which invariably distorts the seismic 

amplitude response of the entire pack of sediments.  

Present study has attempted to address both the above 

challenges with a case study from a field in North 

Cambay Basin. Integrating seismic derived rock 

physical properties, Red Green Blue (RGB) blending of 

iso-frequency volumes obtained from Spectral 

Decomposition of seismic data and available geological 

information like core and cutting data; a distributary 

channel in lower delta plain setup for the reservoir 

facies of Kalol formation has been envisaged. Similarly, 

for Olpad Formation reservoir facies deposition through 

axial drainage developed after filling of isolated half 

grabens has been envisaged. The model successfully 

explains the existing hydrocarbon occurrences in the 

study area and has also brought out some prospective 

areas for future exploitation.  

 

Introduction 
 

The study area is situated in Ahmedabad Block of North 

Cambay Basin (Figure1). The area has been producing 

hydrocarbon from tight and shaly/silty reservoirs. The 

K-IX and K-X sands (Upper pay) in lower part of Kalol 

Formation are the major pays in study area. 

Additionally, Olpad is also oil producer in the well 

drilled in the study area.  

The Kalol Formation comprises of eleven pay sands 

with intervening shales/coals in Cambay Basin. Out of 

11 pay sands, Kalol-I to V are part of Wavel Member. 

Kalol-VI and VIII has been included in Kansari Shale 

member and Kalol-VIII to XI are part of Sertha 

Member. The units K-IX and K-X, the main pay sands 

in the study area constitute the UPPER PAY within  

 
Figure1: Well locations in area of Study 

 

Sertha member of Kalol Formation. While Olpad 

Formation, consists of the first sediments to be 

deposited over technical basement/Deccan Trap in 

Cambay Basin is characterized by mainly three 

lithosomes. They are Upper-sandstone lithosome; 

Middle clay-stone lithosome and Lower-Trap wash 

lithosome. The Trap conglomerate, Trap wash and 

trapwacke facies are best developed along basin margin 

and over the paleo highs whereas towards the deeper 

part of the basin and along the flanks of the structures, 

the conglomerate grades into reddish brown claystone 

and siltstone without any intertounging sandstone. The 

unique features of Olpad Formation are (i) Poor rock 

stratification ranging from conglomerate to claystone 

size particles. (ii) Monotonous section of unstable rock 

types. (iii) Poor sorting. (iv) Sub-ordinate matrix. (S. 

Mayor et al.). The reservoir facies in study area has been 

deposited in the upper part of Olpad formation in late 

rift stage when the isolated half grabens were filled and 

axial drainage developed in the basin. 

 

Geology of the Basin and Study Area 

The Cambay basin is a narrow elongated rift graben 

situated between Saurashtra Craton on the west, Aravali 
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on the northeast and Deccan Craton to the South east. It 

extends from Sanchor in the North to the Gulf of 

Cambay in South and opens into Arabian Sea. On the 

west and east, it is bounded by basin margin faults. 

Basin was formed at the end of Cretaceous as a result of 

development of tensional fault system in the basin in the 

north western part of Indian peninsular shield, 

accompanied with large scale volcanic activity which 

formed thick Deccan Trap Basalt. The Sedimentation in 

the basin is mostly controlled by the pre-rift, syn-rift 

viz., early rift stage, during Paleocene (Olpad 

sediments): late rift stage during early Eocene (Cambay 

Shale) and post rift stages during Middle Eocene (Kadi-

Kalol and Hazad sediments), which the basin witnessed 

together with the relationship of local-regional 

distribution patterns and drainage systems rift stage 

during early Eocene (Cambay Shale) and post rift stages 

during Middle Eocene (Kadi-Kalol and Hazad 

sediments), which the basin witnessed together with the 

relationship of local-regional distribution patterns and 

drainage systems. The general trend of the basin is NW-

SE. The study area is located in Ahmedabad-Mehsana 

tectonic block which is bounded by Northern and 

Southern Cross faults. Tarapur depression, the major 

low in the area lies to south east of the study area. The 

Tarapur depression acts as kitchen to the adjoining 

fields which are located on its rising flanks. 

 

Generalized Stratigraphy  

The Deccan Trap of Maastrichtian age forms the 

technical basement in the study area. None of the wells 

considered in the present study have penetrated up-to 

the Deccan Trap. Deccan Trap is overlain by Paleocene 

Syn-rift sediments of Olpad Formation. This Syn-rift 

sequence is dominated by the fault controlled half 

grabens. During the initial phase of intense rifting trap 

derivatives, trap conglomerates were formed as alluvial 

fan deposits. At later stages, lacustrine claystone was 

deposited in the deeper axial parts of half grabens and 

few siltstone bands have been reported in the upper part 

of this formation. The depositional environment is 

continental; alluvial fans, lacustrine or probable flood 

plains. Olpad formation is an established hydrocarbon 

producer in the area of study. Subsequently, a major 

eustatic sea level rise is seen during Paleocene-Eocene 

in a continued Syn-rift stage, in which thick sequence of 

Cambay Shale was deposited. Cambay shale is 

predominantly black-to-dark gray shale with minor sand 

and silts. Kalol Formation with two regressive cycles 

named as Wavel and Sertha, was deposited over 

Cambay Shale in the next major transgressive phase.  

 
Figure2: Generalized Stratigraphy of the area 

 

This transgressive phase is culminated by deposition of 

Tarapur Shale which is the regional seal of the basin. 

Majority of the wells of study area are hydrocarbon 

bearing from K-IX & K-X pays (within Sertha member) 

of Kalol Formation. The Tarapur transgressive phase is 

followed by channel sands and tidal bars of Babaguru 

Formation deposited during Miocene period, which is 

overlain by Kand Formation deposited in shallow 

marine environment with moderate to low energy 

conditions during the same period. The generalized 

stratigraphy is given in Figure2. 

 
Present Study 

For the present study 3D seismic data vintage covering 

an area of 110 SKM has been used. The bin size is 20m 

x 20m with sampling interval of 2ms and record length 

of 7 seconds. The PSTM data has been processed in 

house at ONGC.  

 

Reservoir properties analysis through X-Plots 

In order to characterize the reservoir facies seismically, 

several cross-plots between rock physical and litho 

properties were attempted. In case of the Upper pay; it 

was seen that the wells drilled in the area can be 

categorized into two separate clusters based on their P-

impedance characteristics, i.e. the first cluster consisting 

of wells drilled towards the eastern part of study area 

which exhibit significantly overlapping P-impedance 

values in between reservoirs & non-reservoirs (Figure-

3) and hence were inseparable in P-impedance domain 
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even at log scale. The second cluster consisting of the 

wells lying in the western and central part of the study 

area where reservoir facies seems to have higher P-

impedance values (Figure-4). For the wells falling in 

this cluster the impedance range of non-reservoirs in 

wells lying towards west and center of the study area 

varied from 5000 m/s*g/cc-6000 m/s*g/cc, while that of 

reservoir facies is >6000 m/s*g/cc. Therefore, the 

impedance could not be used as the sole criterion for 

characterizing the reservoir sands in the study area. Pre 

Stack inversion was not feasible in the study are due to 

non-availability of shear sonic log. However, the 

segregation of the reservoir facies from the non-

reservoir appears feasible in the cross-plot of P-

impedance vs. NPHI (Figure-5), where in low values of 

NPHI and high value of P-impedance may correspond to 

reservoir facies. 

  

 
Figure-3: Cross Plot of P-impedance (X-axis) vs Vcl (Y-

axis) for wells lying in the eastern side of study area (Well 

H, I, J and K); showing complete overlap of P-impedance 

values of reservoir and non- reservoirs 

 

 Thus the characterization of the reservoir facies of the 

“Upper Pay” has been achieved using the above relation 

of NPHI and P-impedance. The findings have been 

further supplemented with RGB blending of 3 mono 

frequency volumes obtained from Spectral 

Decomposition.  

The characterization of Olpad Formation (Lower Pay), 

has been attained combining structure with the output of 

RGB blend of 3 mono frequency volumes from Spectral 

Decomposition. 

 

 
Figure4: Cross Plot of P-impedance (X-axis) vs Vcl (Y-

axis) for wells lying in the western and central side of study 

area (Well A, B, C, D, E, F and G); showing increase in P-

impedance values with decreasing Vclay values.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure5: Cross Plot of P-impedance (X-axis) vs NPHI (Y-

axis), colored with Sw for all wells in the study area; the 

low Sw reservoir facies predominantly shows high P-

impedance values with low NPHI values.  

 

Seismic Data Conditioning  

Seismic events continuity and resolution were found to 

be satisfactory for shallower as well as deeper levels. 

However, the frequency bandwidth of 8-48 Hz at -12db 

in the input seismic was insufficient for characterizing 

the thin reservoirs of K-IX and K-X unit (~8m-10m). 

Also some mis-alignments in traces of PSTM gathers 

around the zone of interest was also observed. Hence, 

trim statics followed by mild random noise attenuation 

(Linear Radon) was applied on the PSTM gathers. 
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Figure6 compares the raw and conditioned PSTM 

gathers in successive stages while Figure7 represents the 

QC of processing so as to ensure that no coherent event 

has been compromised with while carrying out data 

conditioning. Subsequent to data conditioning, attempt 

was also made to enhance the higher frequency content 

of the input seismic by spectral bluing exercise. Figure 8 

&9 compare the gain in frequency vis-à-vis the original 

PSTM stack section with spectrally enhanced PSTM 

stack while Figure9 compares the difference as seen in 

the time slice extracted from the original as well as 

spectrally enhanced volumes respectively.  

 

 

 

 

 
Figure6:  Comparison of raw and conditioned PSTM 

gathers in successive stages 

 

 

 

 

 

 
Figure7:  Processing QC to see that the cancelled noise 

is all in-coherent 

 

 

 

 

 

 
Figure8:  Comparison of Original PSTM Stack with 

spectrally enhanced Stack 

 

 

 

 

 

 

 
  Figure9:  Comparison of Amplitude Spectrum of the   

two data sets  

 

 

 

 
Figure10:  Comparison of RMS amplitude slice 

extracted for same level from input PSTM stack and 

spectrally enhanced Stack  at the top of Olpad formation 
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Reservoir Facies characterization 

Although P-impedance on its own did not aid in 

characterizing the reservoir facies in the entire study 

area. Post stack inversion was performed with a view 

that inverted volume would be used as an additional 

attribute in Multi Regression Analysis (MAT) for 

predicting Neutron Porosity, also inverted impedance 

can also be used in combination with NPHI while 

identifying prospective areas for future exploration in 

eastern and central part of the study area.  

Seismic to well tie was carried out for all the wells. The 

correlation between well to seismic within zone of 

interest is satisfactory with correlation coefficient ~75%. 

A composite wavelet, to be used as an input for 

inversion process, was generated using all the correlated 

wells and their correlation time windows Low frequency 

P-impedance model was built by inverse distance square 

interpolation of P-impedance logs of the wells used for 

inversion. Model based inversion was carried out after 

selecting most suited inversion parameters to generate 

P-impedance volume for the zones using composite 

wavelet. Quality check of inversion result was done by 

comparing inverted P-impedance and well P-impedance 

in seismic frequency band. Reasonable match between 

both have been observed within the inversion window.   

 

Multi-attribute regression and Neural network 

Application 

Multi-attribute regression analysis followed by neural 

network (Probabilistic Neural Network) prediction was 

attempted for prediction of NPHI volume. P-impedance 

volume was also used as an external attribute. NPHI 

volume could be predicted with some degree of 

confidence (~ 56 % validation) using Multi-Attribute 

Regression method. The predicted volume shows 

average correlation with recorded NPHI (Figure11). 

Horizon slice extracted from predicted NPHI volume for 

the zone of interest a channel like linear feature of 

comparatively low NPHI values in the wells falling in 

north-eastern and eastern part of study area (Figure12). 

Similar linear channel like feature as obtained in RMS 

slice (Figure10). 

 

Spectral Decomposition and RGB Blending 
 

Spectral decomposition transforms the seismic 

amplitude data into frequency domain using tools such 

as Discrete Fourier Transform (DFT), Continuous 

Wavelet Transform (CWT) etc. The transformed results 

are discrete common frequency cubes. These 

decomposed frequency cubes are then merged to form 

Red-green-blue (RGB) color blend which is an effective 

way of displaying multiple frequency decomposition 

responses. The interface between different frequency 

bands can reveal startling detail within the color blend 

and may highlight very subtle geological features of sub 

seismic resolution.       

Spectral decomposition has been attempted in the 

present study and several iso-frequency volumes were 

generated within the frequency bandwidth of input 

seismic data. Many combination of frequencies were 

merged together in RGB color blending to look for 

presence of any geological pattern wherein three mono-

frequency volume generated from spectral 

decomposition were chosen and each mono frequency 

was assigned a particular color from either of red, green  

 
 Figure11:  Validation of predicted NPHI volume showing 

average correlation (~56%) with that of recorded NPHI   

 

 

 
Figure12:  Horizon slice of NPHI extracted around the pay 

interval of UPPER PAY showing linear channel like 

feature (Highlighted by polygon) 
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or blue of RGB. The RGB blend comprising of 

frequencies 15 Hz-25 Hz & 35 Hz (Fig-14) for Olpad 

pay level and RGB blend of frequencies 30Hz-45 Hz 

and 60 Hz (Fig-13) for K-X pay level were found to be 

optimally explaining the facies distribution observed in 

the wells drilled in the area of study. 

 

Results and Conclusions 
 

The integrated study combining the insights obtained 

from seismically derived rock physical attributes such as 

P-impedance, NPHI, RMS amplitude and RGB blend of 

mono frequency volumes along with available 

geological data has helped tremendously in explaining 

the results of the wells drilled in the study area so far. 

With the help of the linear feature as seen in horizon 

slice of RMS amplitude, Predicted NPHI and RGB 

blend, a model of distributary channel deposits in lower 

delta plain has been envisaged for K-X pay. The wells 

falling on the axis of the channels like G, B, A, F and D 

have been proved better producers for this pay.  

 

 
Figure13:  Horizon slice of RGB blend of 30Hz-45Hz & 60 

Hz around the pay interval of UPPER PAY showing 

similar linear channel like feature (Highlighted by polygon) 

as seen in horizon slice of RMS attribute and predicted 

NPHI 

 

For Olpad Pay, distribution of bright amplitude as 

observed in the horizon slice of RGB blend are 

suggestive of axial drainage deposition for these 

reservoirs (Fig.-14). The alignment of the bright 

amplitudes indicated the entry/direction of envisaged 

axial channel is from North-west of the study area.  

 

 The wells falling on Structural highs and also over the 

bright amplitude seen in the horizon slice of RGB blend 

have been hydrocarbon bearing. Well C which is falling 

on the structural high and also on the bright amplitude 

seen in horizon slice of RGB blend is the proven 

producer in the field and produced 15 m3/d via 4mm 

bean on initial testing, on self. Additionally, Well E has 

also been drilled up to Olpad but it was not tested at that 

time. However, Well E is located on a structural high 

and falling on the similar attribute as well A, also found 

to be oil bearing after reprocessing of available logs and 

presently marked a missed opportunity.  

 

Study has brought out a channel like features as 

observed from Predicted Neutron porosity slice,    

Mono-frequency slice will be helpful for firming up and 

de-risking of any future exploration and development 

strategies in the study area for Upper Pay (Kalol Level) 

while for Lower pay (Olpad) the bright amplitudes in 

horizon slice of RGB blend at pay level coupled with 

favorable structural traps will be the exploration targets 

in the study area. 

 

 
Figure14:  Horizon slice of RGB blend of 30Hz-45Hz & 60 

Hz around the pay interval of LOWER PAY (Olpad)  

 

 

Hence, the study not only explains the hydrocarbon 

distribution in the drilled wells of the study area but also 

aids in identification of prospective areas for future 

explorations.  

 
References 
Varughese C. M.*, Das N.C., Arya O. P., Kumar Anil & Singh A. 

K; Exploration Potential of Syn-rift Olpad Play in the western 
rising flank of Warosan low, Mehsana Tectonic Block, North 

Cambay Basin. 

 
S. Mayor, S.S. Sawkar, A.K. Das, Ganga Ram, D.S. Randhava & 

S.P. Painuly Identification of Prefered Reservoir Development In 



Delineation and Reservoir Characterization of Late Synrift sediments (Olpad) and Mid Eocene Sediments 

(Sertha Member) - A Case study from Ahmedabad Block Cambay basin, India 

Olpad Formation For The Exploration Of Deeper Prospects  

Broach Block, Cambay Basin 

 
Acknowledgments  
The study has been carried out at INTEG, GEOPIC, ONGC 

Dehradun, Uttarakhand. The authors are thankful to Director (E) 

for kindly according permission to publish the present work. 
Authors are grateful to Shri Pradipta Mishra ED-HOI-GEOPIC 

for his guidance and extending facilities during the execution of 

the project. Authors are also obliged to Shri P K Chaudhuri Ex-
GGM (GP) (the then Head INTEG) for his support and valuable 

suggestions from time to time.  

 
N.B.-Views Expressed in the paper are author’s own and not 

necessarily of ONGC. 

 


