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Summary: 

 
The oil is found at many places in the world in fractured basement e.g., Padra field in Gujarat onshore and PY-1 field in Cauvery 

offshore basin in India; Yaerxia Oil field and Xinglongtai oil and gas field in China; Hurghada field and Zeit Bay field in Egypt; 

Beruk Northeast Oil field in Indonesia; Clair oil field in UK; White Tiger, Dragon and Rang Dong fields in Vietnam.  

Commercial fractures basement oil deposits have largely been found by chance while looking for other types of reservoirs, 

Landes K.K. et. al.. It has been established that basement oil deposits are naturally occurring hydrocarbons obeying the rules of 

origin, migration and entrapment.    

 

Fracture analysis was done till recently using velocity or amplitude variation with azimuth of P - wave (Compressional wave). 

The delineation of fractures was difficult due to non availability of regular distribution of offsets for each azimuth. The 

advancements in multicomponent acquisition and processing offer direct approach for seismic fracture identification through 

shear wave splitting analysis. Now-a-days P-wave analysis and shear wave splitting analysis are used together to mitigate risk of 

finding fracture orientation. 

 

It has been proved beyond doubt that recording of P waves along with converted P – SV waves by newly developed 3C MEMS 

sensors (Vector Seis of ION and DSU3 of Sercel) and telemetry or wire less recording system (Scorpion ; Fire Fly systems of 

ION) is cheaper than recording of 9C data P, P – SV, SV and SH waves. Apart from this the amplitudes and S/N ratio are better 

in mode converted P – SV waves than the shear waves (SV and SH) data recorded from shear wave generated source.    

 

The combination of P and PS converted mode data offers solution to anisotropy investigation for improved processing and 

finding the fracture density and orientation.   

 

 
1. Introduction 

 
There are three possible sources for oil accumulation in 
fractured basement reservoirs. 

 
1. Overlying organic rock from which hydrocarbons 

were expelled downward during compaction. 
2. The hydrocarbons oozed out from organic rock 

situated in topographically lower source rock from 
where it migrated up dip into the basement rock. 

3. Earlier trapped hydrocarbons in the lower lateral 
reservoirs which were spilled into basement rock 
due to tilting or overfilling. 

The direction and intensity of fractures in basement can be 
found by use of P and S seismic waves which are sensitive 
to velocity anisotropy in the subsurface. The velocity 
anisotropy may be caused by litho logical variation or by 

aligned open fractures. 
 
Shear wave splitting is often indicative of fracturing with 
higher permeability. The two components of shear wave 
splitting  
 
S1 – the fast traveling wave and S2 – the slow traveling 
wave help in finding anisotropy orientation and intensity. 
These two factors are important in understanding fluid 

movement in fractured reservoirs. 
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Anisotropy due to stress or shallow fracturing can degrade 
the PS images of the reservoir. The interference between S1 
and S2 waves can lower the signal to noise ratio. In such 
cases the shear wave splitting must be corrected for 
improved images. 
 

The shear waves splitting are used for fracture analysis, 
finding of heavy oil and improving the images of 
subsurface. 

 

2. Methodology 

 
The fractured basement is mapped by use of shear wave 
splitting. The orientation of fractures is measured by the 
direction of S1 wave direction and intensity of orientation 
is estimated by measuring time delays between S1 and S2 
waves.  

 
The paper will deliberate on the following topics  
  

1. Theory of shear wave splitting for P-SV waves 
2. Post stack and Pre stack methods for determining 

orientation of the symmetry axis 
3. Case histories of finding oil in basement world 

wide. 
4. Ray trace modeling of optimal geometry for 

Padra area. 
 
 

2.1. Theory of shear wave splitting 
 
Compressional seismic P - waves whenever encounter an 
impedance contrast (reflector) at an offset greater than 
normal incidence angle produces converted shear waves (P 

– SV). These converted shear waves split into fast (P-S1) 
and slow (P-S2) shear waves when pass through anisotropic 
media. 
 
In the mode conversion only P-SV waves are generated and 
not the SH waves. The SH waves generation requires a SH 
wave source. For P-SV waves in isotropic medium without 
any cross line structures, signal is present on the horizontal 

radial direction and not on the transverse direction. In the 
presence of azimuthal anisotropy the polarizations are 
determined by natural axis of anisotropic medium and not 
by the acquisition geometry as elaborated by Richard Bale 
et. at., (2009) (fig 1). 

The incident P wave converts to an SV wave at the bottom 
most reflector, as it passes through the anisotropic medium 
above the SV wave becomes polarized according to 
anisotropy (stress or fracture) orientation. The SV wave 
paths are near vertical. The P-SV waves splits into fast (S1) 
polarization parallel to the fractures and a slow (S2) 

polarization which is orthogonal to them (fig 2). The S1 
and S2 waves travel with different speed, distinct 
polarization and reach to receiver at different time. The 
waves have the imprints of the anisotropic media through 
which it traveled. If waves passes through more than one 
anisotropic media the S1 and S2 waves will exhibit the 
characteristics of the shallowest medium and a layer 
stripping procedure is required to unfold deeper anisotropic 

directions. 
 

 
 
Fig. 1. For isotropic media the polarization is determined by the 

source receiver geometry (after Richard Bale et. al.) 
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Fig. 2. For anisotropic media the polarization is determined by 

fracture orientation (after Richard Bale et. al.) 

 
2.2. Post stack and Pre stack methods  
 
Various methods for determining the orientation of the 
symmetry axis are available in the literature. These 

methods are broadly categorized as Post stack and Pre stack 
methods. In the former method regular distribution of 
azimuths are present,   whereas in the later it is not present 
as data without any stacking can be used to regularize 
offsets. 
 
Post stack methods maximize the radial/transverse energy 
ratio (Garotta and Granger, 1988). Pre stack methods finds 
least fit to the amplitudes of the transverse component. 

 
There are two methods for preconditioning of the data sets. 
The first is to rotate the data to the S1 and S2 directions and 
generate two separate data sets for further processing. This 
is generally preferred for reservoir level imaging, where the 
P-S1 and P-S2 sections may be interpreted together for 
finding detailed reservoir characters. The other method is to 
remove the effect of anisotropy by a layer – stripping 

procedure, which results in new radial and transverse data 
sets with reconciled S1 and S2 event times after each layer 
is corrected. 

 

 

2.3. Case histories 

 
Many places in the world the hydrocarbons are found in 
fractured basement. The volume of hydrocarbons present 
depends upon the intensity and orientation of the fractured 
reservoir. Determining fracture density and orientation 

from seismic data has been a subject of considerable effort 
(Robert et. al. 2000; Crampin, 2001). A detailed discussion 
on the anisotropic analysis based on multicomponent 
seismic data has been presented by Robert R. Stewart et. 
al., 2003.  Few case histories of different oil and gas fields 
where multicomponent has been successfully acquired, 
processed and interpreted are given below. 

 

2.3.1. XinChang field 
 
The XinChang field in the western Sichuan basin of China 
produces gas from fractures in tight sandstone reservoirs. A 
multi component (3C) survey having full azimuth, large 
offsets was carried out. The 2% to 4% porosities in these 
reservoirs do not help in production. The best well 
locations are the fractured areas. 
 
Shear wave splitting analysis provided orientation and 

intensity of fracturing consistent with regional stress data, 
outcrop studies and well results. The integration of these 
results with other studies has led to release of new well 
locations and success in drilling also (Mike hall et.al., 
2008)   

 

2.3.2. Willesden green area of Alberta & Venezuala 
  

The seismic survey in Willesden green area of Alberta was 
designed to find anisotropy in the Second White Sparkle 
shale. Stewart et al (1995) interpreted crossed P – SV data 
and VSP data and did not find anisotropy in the media. 
Ata et al. (1994) found evidence of azimuthal anisotropy 
associated with fracturing in 3 – c data from southwestern 
Venezuela. Ata and Michelena (1995) used the data of 
three 3C seismic lines arranged and shot in a star pattern in 

Venezuela. After processing and interpretation indication 
of fracture orientation were found from the calculated 
anisotropy. 
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2.3.3. 3C seismic characterization of Nisku Carbonate 

Reservoir, South Central Alberta:  
  

Vp/Vs ratios over the Wabamun to mid-Ireton appear 

higher than the productive Nisku reservoir, confirming the 
presence of the reservoir. Shear wave amplitudes from the 
S1 data have a general correlation with the cumulative 
production from the Nisku reservoir (John F. Arestad) 
 

2.3.4. Gulf of Mexico: 
 
Gaiser (2000) presented the results of applying an 

anisotropic rotation procedure and layer stripping to 1999 
data from the Teal South, Gulf of Mexico 4C-4D seismic 
surveys. The slow converted S-wave (P-S2)   and fast 
converted wave (P-S1) sections show the different layers 
clearly and the cumulative orientation of the anisotropy is 
1200 and amount in terms of time is 15 ms.    

 

2.3.5. Wind River Basin, Wyoming: 
 

Van Dok et. al. (1997) and Gaiser (1999) had analyzed the 
data of a full 3C – 3D seismic survey from Madden field in 
the Wind River Basin, Wyoming. They used 4C rotations 
and layer stripping to calculate the fast shear wave (P-S1) 
polarization direction and the percentage of anisotropy after 
removal of the birefringence effects of the overburden. 
Regions of 9% or more anisotropy correlate well the known 
east-west trending faults. 

 

 2.3.6. Wamsutter, Wyoming 
 
Jaso Criss, ( 2007) has shown use of Fire Fly system of Ion 
for wide azimuth, long offsets, smaller bin seismic survey 
for finding more reliable and accurate model of the 
subsurface in the Wamsutter area, Wyoming, where a 
system of beach sand deposits are situated at various 

depths.  Success rate of drilling these tight gas sand 
reservoirs is greatly enhanced by preparing detailed models 
of faulting, Lithology changes and stress relationship 
within the producing strata. 
 
The results of processing are not yet available; the 
preliminary results show significant improvements in data 
quality.  

 

 

 

2.3.7. Carbonate reservoir, Onshore United States 
 
The Carbonate reservoir in Onshore United States is 
fractured hydrothermal dolomite at a depth of 2750 m 

(Mattocks et.al., 2005). At fractured zones the porosity of 
the fractured hydrothermal dolomite increases from 3% to 
15%. Therefore the identification of fractured zones is of 
prime concern. The most productive orientation in the 
region is ENE. 
 

2.4. Ray trace modeling of optimal geometry for Padra 

       area 

 
Based on ray trace modeling the bin size was kept 10 x 10 

m. The depth of the area of operation varies from 450 m to 
900 m. Therefore a far offset of 1440 is kept which is 1.6 
times the depth of investigation. The orthogonal 
symmetrical split spread geometry with 2240 active 
channels and 16 receiver lines, 28 shots per salvo is giving 
full azimuth coverage with long offsets (fig 3 & 4). To 
reduce the foldage variation in the adjacent bins in the 
mode converted P – S waves at Vp/Vs ratio from 1.7 to 2.5 

12 lines overlapping is kept between successive swaths. 
 

 
Fig 3: The 16 receiver lines, 28 shots per salvo geometry 

for Padra  area. 
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Fig 4: The wide azimuth geometry for Padra  area. 

 
The CCP distribution for converted waves at Vp/Vs ratio of 
1.8 and depth of 900 m (fig 5) show  that variation of fold 

in adjacent bins are manageable at the time of processing 
 

 
 
Fig 4: The CCP distribution for Vp/Vs ratio of 1.8 and  

depth of  900 m 

 
The ray trace modeling has been carried out using 
NORSAR software. The study area is shown in fig 5. The 
model is given in fig 6. The hit maps and synthetic 

seismograms are shown in figs 7 to 10. 

 
 
Fig 5: The area of study 

 

 
Fig 6: The geological model generated by NORSAR 

 

 
Fig 7:  Hit map PP 
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Fig 8 Hit map PS 

 

 
Fig 9 Synthetic map PP 

 

 
Fig 10 Synthetic map PS 

 

The geometry validated on the above study is 
 

Bin Size 10m x 10m  

Swath Geometry Orthogonal, 
Symmetrical Split 
spread   

No of receivers per line 140 

No of receiver lines                        16 

Total active channel/shot 2240 (140 x 16) 

Receiver Interval 20m 

Receiver Line Interval                   140m 

Shot Line Interval                          140m 

 Shot Interval                  20m 

Spread Length 1390 m 

Near offset 14 m 

Far offset max 1925 m 

No. of shot / per template 28 Shots 

Foldage 80 (10 x 8)  

Bearing 37’ 36.4”  

swath roll over               4 Receiver lines 

Aspect Ratio                                  1.51 (2100/1390)  

 
 

3.  Conclusion:  

 
In the last fifty years the advancements in seismic 
techniques and technologies mainly in the fields of data 
acquisition, processing and interpretation have come in 
phases, each producing better subsurface images and 

improved reservoir characterization. The latest 
advancement of recording and processing of P – SV waves 
along with conventional P waves are effective in generating 
improved images of subsurface in general and resource 
targets in particular.   
 
Shear wave splitting analysis is associated with fracture 
analysis. Numerous examples of fracture analysis based on 

multicomponent data have led to reduction in number of 
dry holes. The amplitude differences between the fast and 
slow shear waves have been observed which may provide 
additional reservoir property information in the future.  
 
The result of 3C – 3D survey in Padra area will be known 
after data acquisition and processing of data recorded based 
on the elaborate survey design and ray trace modeling. 
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