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Summary: 

Pre-Stack Depth migration technology is capable of accurate imaging of complex geology. Isotropic PSDM 

utilizes isotropic velocity model for migration while the Earth’s subsurface is in general anisotropic. This means 

that seismic waves travelling in one direction relative to a vertical axis are going faster (or slower) than the other 

direction, an effect which varies aerially as well as with depth. When the earth is anisotropic, it is impossible for 

the isotropic velocity model to correctly predict the seismic ray-paths and hence unable to migrate the recorded 

data accurately. Common problems with isotropic pre-stack depth migration is that PSDM gathers are not flat at 

higher offsets and depth mis-matches when compared with the available well markers. Applying anisotropic pre-

stack depth migration involves making some assumptions about the symmetry of the anisotropy and then 

determining the vertical velocity and the anisotropic parameters, delta and epsilon. These parameters are 

determined using seismic depth model and well markers. The present paper is a case study of improvement of 

anisotropic pre-stack depth migration (APSDM) over the isotropic pre-stack depth migration (PSDM) using 

appropriate anisotropic parameter estimation and the methodology employed. The results of a successful APSDM 

is showing  a perfect tie with well markers, flattened PSDM gathers and improved image with higher resolution. 
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Introduction: 

Pre-stack depth migration is a commonly used 

seismic data processing tool to resolve complex 

geological structure wherever exists. The goal of 

velocity model building in pre-stack depth migration 

is to define a model accurately enough so that the ray 

paths of the seismic energy can satisfy the actual 

travel time of the data. When the velocity model is 

good enough to predict the true path of the rays, it 

can be used to precisely focus the energy from many 

soundings into a migrated image. If the velocity 

model assumes isotropic propagation, then the 

estimated ray path cannot be accurate and the 

migrated image will lose precision because in reality 

the medium is anisotropic. It is well known that 

layering in shales/clays gives rise to seismic 

anisotropy (Backus 1962). 

In practice, there are two common signs that 

indicates the necessity of anisotropy modelling. 

Firstly, in case of isotropic PSDM, the resulting 

depths achieved from the pre-stack depth migration 

do not tie with well marker and secondly, the PSDM 

gathers might only flatten at the near offset traces. 

Inclusion of correctly estimated anisotropic 

parameters during velocity model building can solve 

both of these problems. With improper depth match 

and focusing, the interpretation of the data become 

erroneous. Any pre-stack inversion study requires 

accurately imaged full offset flat gather for correct 

results. In the present case study from western 

offshore India, the upper-most massive shale exists 

between the depth of 1000m and 2600 m is the main 

causative for anisotropy. These shales are underlain 

by thick limestone – shale alternations as shown in 

the given stratigraphic column (Fig.1).  

Fig. 1: Stratigraphy of the Area 

The acquired seismic data have offset range of 200 

m to 4800m, with bin-size 12.5m x 25m and nominal 

Foldage is 60. Isotropic PSDM of this 3D seismic 

volume shows both a mismatch of well-tops and 

hockey-stick effect at far offsets on PSDM gathers 

(Fig.2). The study of isotropic PSDM depth image 

gathers shows that non-hyperbolic effect due to 

heterogeneity dominates beyond 2300 m offset (~ 
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offset- depth ratio of 1:1). Accordingly, a precise 

anisotropic parameters were estimated using the 

available well information to handle the existing 

anisotropy in this area. 

Anisotropy discussion: 

The difference between isotropic and anisotropic 

media is that the former has a velocity that is the 

same for all directions, whereas the latter has a 

velocity that depends on the direction of 

propagation. If the directional dependency of the 

velocity is symmetrical about a single axis, then the 

media is described as exhibiting transverse isotropy 

(TI). Furthermore, if the axis of symmetry is 

vertical, then the situation is described as vertical 

transverse isotropy (VTI). Similarly, a horizontal 

axis of symmetry would be described as HTI. The 

general case in which the axis of symmetry is neither 

vertical nor horizontal is known as tilted transverse 

isotropy (TTI).  

VTI is the most common assumption for 

sedimentary basins, as it implies that the vertical and 

horizontal instantaneous velocities define the axis of 

symmetry, which is a likely result of thin beds that 

have been deposited horizontally. Even after the 

simplifying assumption for VTI symmetry has been 

made, the vertical velocity and the anisotropy 

parameters delta and epsilon are required to define 

the effect of the anisotropy (assuming that the 

anisotropy is weak – see Thomsen, 1986). Delta is 

the ratio that relates the vertical velocity and the 

imaging velocity (i.e. the velocity that apparently 

focuses the seismic data for the shorter offsets), 

epsilon is the ratio that relates the vertical velocity 

and the horizontal velocity. An accurate vertical 

velocity in combination with correct deltas will 

result in depth images that tie with the available well 

tops. Correct epsilons will ensure that the migrated 

gathers are flat at the farther offsets (Hawkins et al., 

2002).  

How is anisotropy manifested? 

The correct isotropic velocity or combination of 

incorrect velocities can flatten the gathers at near 

offsets but are unable to properly flatten gathers at 

far offsets. Even if all the layers in the media  are flat 

and isotropic the standard hyperbolic approximation 

cannot accurately represent the offsets with an offset 

–to-depth ratio of greater than one (Tsvankin and 

Thomson, 1994).The presence of anisotropy in the 

media will cause the move out to further separate 

from hyperbolic significantly thereby increasing the 

error resulting from hyperbolic approximation. A 

real data with isotropic velocity flattening the near 

offsets but leaving the hockey stick effect at far 

offsets is shown in the (Fig.2). When anisotropy is 

ignored if we apply full offset NMO correction we 

will find that gathers are not flat over all offsets 

(Fig.3).When anisotropic corrections applied then 

we find that gathers were properly flattened across 

all offsets (Fig.4). 

 
Fig. 2: Showing PSDM gather flat over near offset but 
leaving hockey stick effect at far offset 
 

 
Fig. 3: Showing PSDM gather after applying full 
offset NMO correction but gathers are not flat 
over all offsets. 
 

 
Fig. 4: Showing properly flattened PSDM gather 
across all offsets after applying higher order move 
out correction. 
Methodology: 

The isotropic interval velocity was used as the initial 

seismic velocity for the anisotropic depth imaging  
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Block diagram of APSDM workflow 

 velocity. The isotropic interval velocity finalized by 

iteratively updating initial velocity through horizon 

and grid tomography. We have estimated anisotropy 

Thomsen’s parameters (ε and δ) using seismic and 

well data for model building to perform 

APSDM.The workflow of the APSDM has been 

shown above as block diagram. These parameters 

are estimated from a number of wells spread over 

1760 sq. km. area.   

ε is calculated from eta as well as tested with 

different values of delta (Fig.5). Kirchhoff migration 

algorithm is adopted for APSDM implementation. 

The formulae used for estimating η, ε and δ are given 

below.    

In Thomsen’s notation, the vertical and horizontal 

velocities are related to the surface seismic near-

offset moveout velocity (Vnmo) by: 

Vnmo = Vv√(1 + 2δ) ≈ Vv (1 + 2δ) 

Vh = Vv√(1 + 2ε) ≈ Vv (1 + 2ε); and 

Vh = Vnmo√ (1 + 2η) ≈ Vnmo (1 + η);  

Where, 

Vnmo is the near offset velocity estimated from 

stacking velocity analysis, 

Vv is the vertical velocity seen in well logs, and 

Vh is the horizontal component of velocity. 

Alkhalifah’s η parameter can be related to 

Thomsen’s ε and δ formulation via: 

η = (ε – δ) / (1 + 2δ) 

We measured the Alkhalifah’s η parameter from 

higher-order moveout analysis in time gathers (Al-

Khalifah, 1995). Note that this is a cumulative η 

value (also referred to as the ‘effective η’). To obtain 

ε for a depth migration, we then use the relationship 

η = (ε – δ) / (1 + 2δ).  

Thomsen’s parameter δ calculated through seismic 

horizons and well tops using formula: 
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Where n is the layer (interval) index. 

V0
I - 'Isotropic' Interval velocity (measured from 

seismic data) 

V0
A - 'Vertical velocity (Anisotropy) (measured 

from check - shots) 

∆ZI - Layer thickness (measured from the structural 

model and seismic velocity) 

∆ZA - Layer thickness (measured from the well 

depth) 

 
The Fig.5 show the anisotropic depth migration with 

different ε. It is found that when ε =2δ then gathers 

are almost flat.  

 

 

 

 

 

 

 
 
Fig. 5: Showing Anisotropic PSDM with (a) Isotropic; 
(b) ε = 0; (c) ε = δ; (d) ε = 2δ, and; (e) ε = 3δ. It is 
found that for ε = 2δ, gathers are almost flat. 

      

Fig. 6: In Isotropic PSDM gather (a) hockey stick 
effect at far offset while in APSDM gather (b) flat 
across all offset. 
 

ɛ = 3δ 

(a) (b) (c) (d) (e) 

(a) (b) 
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Discussion and Results: 

Non hyperbolic effects due to anisotropy are explicit 

in Fig 6a with hockey stick appearing beyond 2,300 

m offset. This means that offsets greater than 2,300 

m are required for the estimation of anisotropic 

parameter. The flatness of event across whole of 

APSDM gather is noteworthy as shown in Fig 6b. 

The gathers are now flat on the farther offsets 

because the anisotropic velocity model is capable of 

correctly defining the true ray paths of the seismic 

energy. After APSDM the gathers are flattened up-

to 4200 m of offset (~ offset- depth ratio of 1.8:1) at 

a depth of 2300m. 

 

 

Fig.7: Isotropic PSDM image showing Marker and 
Horizon mismatch 
 

 

Fig. 8: Anisotropic PSDM image showing Marker 
and Horizon perfectly coinciding. 
 

Isotropic PSDM image (with best focusing velocity) 

shown in Fig 7 does not tie seismic with well tops, 

however anisotropic pre-stack depth migration 

(APSDM) events tie with well tops perfectly (Fig.8). 

This clearly brings out relative superiority of 

APSDM image at target horizon. It is also worth 

mentioning here, that convergence of modelled 

velocities was faster on incorporation of anisotropy 

parameters during depth velocity model building. 

The clarity of faults is very critical for yielding a 

high resolution interpretation capable of horizontal 

well planning and field developments. The 

anisotropic volume shown in Fig. 9 illustrate the 

increase in sharpness of the faults over the isotropic 

volume and also show the increased continuity with 

a better imaging. 

Conclusions: 

The anisotropy is prevalent in the area due to 

overlying shale section making PSDM gathers flat 

upto 2300 mts offset only.  Isotropic velocity model 

also causes misties of depth migration outputs with 

well data.  

The anisotropic parameters were successfully 

derived from the seismic and well data. Assumptions 

of VTI symmetry and determination of two simple 

parameters, delta and epsilon resulted in accurate 

depth images in the area. 

 

The outputs of anisotropic PSDM are better focused, 

accurately positioned images and flattened the 

gathers at far offsets. The flattening of APSDM 

gathers at higher offset can be exploited for effective 

AVO inversion. 
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Fig. 9: Comparison of Isotropic PSDM (a) and Anisotropic PSDM (b). Showing better fault clarity and continuity 
of events are visible in Anisotropic PSDM in target zone. 
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