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Summary 

 

Hazad member of Ankleshwar formation consists of 

13 (GS-0 to-GS-12) sand units is one of the prolific 

sand unit in Gandhar field of Cambay Basin. During 

middle Eocene sedimentation of Hazad member 

occurs in a subtidal to intertidal with rapid fluctuation 

in depositional conditions (Biplab et al.). Due to 

rapid fluctuation in deposition, sands developed are 

not quite extensive and thin in nature except GS-4 

sand. Mapping the extension of these sand units is a 

challenge. The study which was carried out in North 

Gandhar area of Cambay basin is an attempt to bring 

out the depositional features and its lateral variation 

from 3D seismic data using principal component 

analysis (PCA) on spectral decomposition volumes. 

 

Introduction 

 

Cambay Basin, an extensional basin (area 55000 Sq. 

km) is one of the old proved basins located on the 

western margin of Indian Precambrian shield. It is 

divided into five major tectonic blocks based on 

major basement faults viz. Sanchor-Patan Block, 

Mehsana-Ahmedabad Block, Tarapur-Cambay 

Block, Jambusar-Broach Block and Narmada-Tapti 

Block. Study areas falls on northern part of Gandhar 

field which is located in the Jambusar-Broach Block 

(Fig. 1).   

 

Hazad member (middle Eocene) of the Ankleshwar 

formation (Fig. 2) constitutes thirteen established 

sand units with intervening marine shales. Sandstone 

units within Hazad member is thinning and splitting 

towards basinward (westward) whereas marine 

intervening shales are diminishing towards landward 

(eastward) and sands becomes amalgamated (Biplab 

et al.).  

 

Theory 

 

Spectral decomposition is an established technique in 

Figure 1: Tectonic map of Cambay basin (after 

ONGC) showing study area. 

 

the oil industry. Spectral contents of recorded seismic  

wavelet is dependent on acoustic properties of the 

media along its path. Decoding this spatial variation 

of spectral content can yield a detail insight of 

subsurface geological variations. It is a technique that 

analyse the spectral variations in seismic wavelet. 

Three advance techniques of Spectral decomposition 

are available in market viz. i) Constant Bandwidth 

filters ii) Constant Q filters and iii) Matching pursuit 

decomposition. Matching pursuit algorithm provides 

the most accurate representation of temporal and 

Study Area 

N 



Discerning the channel pattern and identification of change in depositional features using Principal 

component analysis: a case study in North Gandhar area of Cambay Basin 
 

spatial position of a stratigraphic feature (Leppard et 

al.) In this study constant Q filter technique was used 

in carrying out the study. 

 
Figure 2: Lithostratigraphy of Cambay basin. 

 

One of the most common forms for visualising of 

spectral decomposition is through RGB blending 

method or HSV plus opacity. This technique involves 

combining of three decomposed frequency bands to 

give detail variations in subsurface geology. As we 

all know spectral decomposition of 3D seismic data 

produces dozens of volume corresponding to spectral 

magnitude and phase. However, such display has 

visual limitations that capture the only variations in 

spectral content by three or four volumes (plus 

opacity or transparency). To overcome this limitation 

of visualisation one of the techniques adopted in 

industry to display high dimension (d>2 or 3) data 

such as multiple volumes of spectral decomposition 

or other seismic derived attributes is by using 

principal component analysis (PCA). 

 

PCA is a useful statistical technique that is widely 

used in image processing and pattern recognition in 

data of high dimensionality (Satinder Chopra et al.). 

It converts a set of correlated data into a set of 

linearly uncorrelated data called principal 

components using orthogonal transformation. 

Transformation is defined in such a way that first 

principal component have the largest possible 

variance while succeeding components also has the 

highest variance possible under the constraint that it 

is orthogonal to preceding components. 

 

Process of PCA on spectral decomposition volumes 

can be described in three steps (Hao Guo et al., 

2009): 

Step1: Covariance matrix C(J×J) is computed by 

cross-correlation of each input frequency volumes j= 

{1, 2, 3,…J} with self and other frequency volumes 

 

𝐶𝑗𝑘 = ∑ ∑ 𝑑𝑚𝑛
(𝑗)
𝑑𝑚𝑛
(𝑘)

𝑀

𝑚=1

𝑁
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where N is the number of seismic inlines and M is the 

seismic crosslines in the survey, 𝑑𝑚𝑛
(𝑗)
𝑑𝑚𝑛
(𝑘)

 are spectral 

magnitudes of the jth and kth frequencies at inline N 

and crossline M. 

Step2: Decompose covariance matrix C(J×J) into J 

scalar eigen values 𝜆𝑝 and J unit length J×1 eigen 

vectors ʋ𝑝 by solving the equation 

𝐶ʋ𝑝 = 𝜆𝑝ʋ𝑝 

Step3: Project the spectrum at each trace onto each 

eigen vectors λp to obtain a map of coefficients 𝑎𝑚𝑛
(𝑝)

 

that measures how much of each spectrum is 

represented by a given eigenvector. 

𝑎𝑚𝑛
(𝑝)
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𝐽
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The eigen vector that has highest eigen value is the 

principal component of the data (PC1) representing 

maximum variance and contains bulk of the 

information that would be common in all spectral 

volumes (Satinder Chopra et al.) while succeeding 

components (PC2, PC3,..) have lower variance and 

orthogonal to preceding components. 

 

Spectral decomposition and Principal component 

analysis 

 

Spectral decomposition was carried for the seismic 

event which corresponds to GS-6 sand unit of Hazad 

member. Seismic data frequency range present near 

the event is 10Hz to 62Hz (Fig. 3). Spectral peak 

amplitude volumes corresponding to frequency viz. 

10Hz, 15Hz, 25Hz, 30Hz, 34Hz, 40Hz, 44Hz, 54Hz,  

60Hz and 65Hz were generated using Gabor-Morlet 

(1) 

(2) 

(3) 
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Figure 3: Spectral plot near GS-6 event. 

 

wavelet decomposition by selecting octave increment 

bands (~constant Q filters). Each frequency slices at 

GS-6 level represents different stratigraphic features 

tuned near these different frequencies. The 25Hz 

slice shows relatively higher energy compared to 

other slices showing better tuned and also a clear cut 

meandering channel is seen towards east (Fig. 4) . 

 

  

 

 

 

  
Figure 4 GS-6 event horizon slices corresponding to  

a) 15Hz b) 25Hz c) 34Hz d) 44Hz e) 54Hz and f) 

60Hz. Magenta and black arrows indicate 

meandering channels (25Hz & 34Hz slices), green 

arrow indicate a lineament feature. 
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Figure 5 Graph plot of Eigen value vs Components. 

When eigenvalue is less than 1, the component no 

longer representative of the variance of the data and 

can be discarded. Red circle represents point where 

four principal component is the optimal components. 
 

Table 1 

 
 
 

 

 

  

Conclusion 

 

Spectral decomposition on seismic data generates 

different frequency volumes that captures acoustic  

PCA % 10Hz 30Hz 15Hz 44Hz 25Hz 34Hz 54Hz 40Hz 60Hz 65Hz

PC1 46.62 -0.015 -0.148 -0.035 -0.965 0.122 -0.616 -0.954 -0.888 -0.913 -0.883

PC2 22.16 0.248 -0.957 -0.008 0.027 -0.833 -0.628 0.186 -0.170 0.204 0.208

PC3 13.59 -0.726 -0.108 0.322 -0.079 0.483 -0.453 0.203 -0.285 0.261 0.285

PC4 10.60 0.409 -0.042 0.931 0.042 0.109 0.011 -0.030 0.062 -0.048 -0.056

Eigenvector (ʋp)Eigenvalues
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PCA was carried out using the above ten frequency 

volumes using Stratimagic software. Initial step 

involves formation of 10X10 covariance matrix using 

equation (1) followed by decomposition into 10X10 

eigenvalue-eigenvector pairs using equation (2) and 

finally project the original spectra at each seismic 

trace onto each eigenvector using equation (3). 

Figure 5 represents graphical representation of 10x10 

eigenvalue eigenvector pairs indicating number of 

components that should be used for projection. 

Figure 6 shows tabulation of eigenvector component 

that was used to transform into four components. 

After projection first four components PC1, PC2, 

PC3 and PC4 collectively represents ~93% of the 

total variance in the original data. Out of the ~93%, 

PC1 represents ~47% variance of data which overall 

indicates different stratigraphic elements seen on 

different frequency slices. Both PC1 and PC2 slices 

collectively bring out detailed channel systems and 

rapid change in depositional feature are indicated by 

drastic change in colour (Fig. 7).     

 
  

3km 

+3.54 

Figure 7 GS-6 event horizon slice corresponding to 

a) PC1 b) PC2 c) PC3 and d) PC4. Magenta and 

green arrow indicates meandering channel and the 

lineament. Black and Blue arrows indicate other 

channel systems. 

Figure 6 Results of PCA carried out to the spectral 

decomposition volumes shown in Table1. The 

relative contributions by each four components (PC1, 

PC2, PC3 and PC4) are indicated therein.  They 

represents around 93% of the variability of ten 

volumes. 
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Conclusion 

 

Spectral decomposition on seismic data generates 

different frequency volumes that capture acoustic 

impedance variations on the media along ray path. 

Principal component analysis (carried out on the 

spectral decomposition volumes) has enabled us in 

reducing the visualisation from ten volumes to 

effective four volumes, called principal components 

that corresponds ~93% variance of data. Out of the 

four PCA components PC1 represents most variance 

(~47%) in data whereas PC2, PC3 and PC4 represent 

less variance (~22%, 13%, and 10%) in the data that 

can also be associated to random noise or bad picks. 

Therefore, Principal component analysis is an 

effective visualization tool which can be useful in 

discerning the channel pattern and thus identifying 

the change in depositional features. A channel system 

running from E-SE (landward) towards W-NW 

(basinward) is clearly seen at 25Hz and PC1 slices. 

However, appearance of the channel diminishes 

towards east which could be indicative of tidal 

influence.  
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