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Relationship between velocity and anisotropy perturbations and 
anomalous stress fi eld around salt bodies

Due to a growing demand for new hydrocarbon reservoirs, 
subsalt exploration has increased signifi cantly during this 

decade. Subsalt imaging and drilling pose many challenges 
and opportunities, and subsalt velocity estimation is crucial 
for both tasks.

In recent years, many eff orts have been dedicated to im-
prove subsalt imaging. Examples include better velocity mod-
els, more accurate migration algorithms, multiple attenua-
tion, and improved illumination with wide-azimuth seismic 
data acquisition. Velocity estimation is required for imaging 
around salt bodies and for drilling hazard identifi cation. A 
common practical approach for subsalt velocity modeling is 
to perform a subsalt interpretation, and then superimpose a 
regional velocity gradient below the salt as an initial velocity 
estimate. From a rock physics standpoint, using a regional 
velocity versus depth estimate ignores the facts that:

velocities are related to eff ective stress and not depth of • 
the sediment
the presence of complex salt bodies can give rise to anoma-• 
lous 3D stresses in the subsurface, which can perturb sub-
surface velocity and anisotropy 

Subsalt velocity analysis is a challenging task, as the seis-
mic signature below salt is often weak, making it diffi  cult to 
pick reliable moveout of events, which is required for any ve-
locity estimation. Th erefore, additional information related 
to the physical processes associated with salt bodies should 
improve our ability to constrain velocity models in poor-data 
areas typically associated with the near-salt and subsalt envi-
ronment. In this study, we use geomechanics to provide such 
constraints.

Salt, being less dense than surrounding sediments, gives 
rise to large buoyant forces, leading to signifi cant reduction 
in subsalt stresses. Using a simple 1D approach, vertical stress 
can be estimated by integrating the density of the formation 
column. We expect the average vertical stress to be smaller for 
a section containing a salt body than for one without it. Th us, 
velocities below salt would be generally lower because the 
vertical stress is lower. Existing approaches perform one-di-
mensional updates of subsalt velocities using vertical eff ective 
stress. However, all these 1D approaches are overly simplistic, 
and the actual 3D stress state in the presence of irregular and 
rugose salt bodies may be much more complex. It has been 
shown that 3D modeling of the stress fi eld with actual salt 
geometry can appropriately describe large stress perturba-
tions near salt bodies (Fredrich et al., 2003). Over the last few 
years, members of the drilling community used geomechani-
cal analyses to study subsurface stress distributions to iden-
tify drilling hazards, zones of instability, and reduced fracture 
gradient close to salt diapirs. Bakulin et al. (2008) presented a 
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fi eld example where anomalous ratio between horizontal and 
vertical eff ective stress leads to abnormal VS-VP relationships 
subsalt. Th is study suggests that the ability to predict vertical 
and horizontal stresses is also crucial to better characterize the 
eff ects of salt-induced stresses on the sediment petrophysical 
properties.

Th e relation between stress perturbation and seismic ve-
locity has been studied extensively. Both experimental and 
theoretical studies have shown that stresses and strains aff ect 
velocity. Reduction in eff ective stresses leads to velocity re-
duction, and anisotropic stresses lead to anisotropic veloci-
ties. Seismic data span a range of propagation angles, and 
while vertical stress may control vertical velocity, near-vertical 
propagation is greatly aff ected by horizontal stresses (Sarkar 
et al., 2003). Th e ability to link the state of stress in the sub-
surface to the expected velocity can serve as a powerful tool in 
our quest to estimate subsalt velocities.

In this paper, we apply 3D geomechanical modeling to 
a real and complex salt structure and its surrounding sedi-
mentary rock. Unlike many published geomechanical analy-
ses of salt bodies, which have been confi ned to idealized salt 
geometries, we use a real 3D salt model obtained from an 
actual wide-azimuth survey in the Gulf of Mexico (Howard, 
2007). We derive the salt geometry from 3D seismic, model 
stress and strain perturbations associated with the presence of 
salt, and transform the modeled perturbation into an updat-
ed anisotropic velocity model using a rock physics transform 
based on nonlinear elasticity. We show that the presence of a 
complex salt body within a sedimentary basin can cause large 
stress perturbations in the surrounding rock, which in turn 
can lead to large velocity reductions below salt and signifi cant 
velocity anisotropy adjacent to the salt fl anks. 

Review of background theory
Rock physics transforms between 3D stress and anisotropic veloc-
ity. Let us consider a rock that can be described by vertical 
transverse isotropy (VTI) in a reference state. For the simplest 
unstressed state, Hooke’s law for VTI rock defi nes a linear re-
lationship between stresses σij and strains ekl. Coeffi  cients of 
proportionality are represented by a stiff ness tensor , which 
has only fi ve independent moduli for VTI rock. To describe 
seismic signatures, it is convenient to characterize the same 
rock using diff erent set of parameters: the vertical velocities 
of P-waves and S-waves (VP0 and VS0) and three Th omsen 
parameters, εb, δb, γb (Tsvankin, 2005). For isotropic media 
these dimensionless anisotropy parameters all become zero, 
while nonzero values describe intrinsic anisotropy. Under ap-
plied stress, all elastic parameters change—generally increas-
ing with increasing stress. Th e eff ective elastic stiff ness, , 
defi ning seismic velocities under stress can be described by 
nonlinear elasticity (Prioul et al., 2004). Any stiff ness un-
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der stress is equal to corre-
sponding unstressed stiff ness 
plus additional perturbation 
caused by each of the stress 
components. Th is transform 
has attractive simplicity in 
that stress perturbations are 
a product of nonlinear elastic 
constants and strains. Th ere-
fore these nonlinear con-
stants can be thought of as 
stress sensitivity parameters. 
Nonlinear elasticity acts as a 
rock physics transform that 
allows prediction of the com-
plete stiff ness tensor under 
stress if we know only the 
unstressed stiff nesses and the 
applied stress tensor. 

In the simplest case, non-
linear elasticity requires three 
third-order (nonlinear) elas-
tic constants, c111, c112, and 
c123, that describe stress sensi-
tivity. For P-wave seismic sig-
natures, it is also convenient 
to use an additional constant 
c155=(c111 c112)/4. Values of 
the nonlinear constants are 
reported in various studies 
(e.g., Sarkar et al.; Lebrat 
and Prioul, 2004). Stresses 
here are understood as eff ec-
tive stresses. It can be shown 
that, in this approximation, 
the eff ective stiff ness tensor 
under stress is equivalent to 
an elastic orthorhombic ma-
terial with some new modi-
fi ed stiff nesses dependent on 
strains or stresses. 

Now that we have de-
fi ned a complete rock physics 
transform between 3D stress 
and the full eff ective stiff ness matrix of the rock under stress, 
we can predict velocity dependence for any arbitrary direc-
tion or estimate any seismic signature of interest if we know 
3D stresses, initial stiff nesses of the rock in a reference state, 
and stress sensitivity parameters (third-order constants). 

Quantifying stress anomalies. To apply the rock physics 
transform described above to the case at hand, we need to de-
fi ne an appropriate reference state. In practice we have good 
understanding of sediment elastic properties and subsurface 
stresses in open basins away from salt. Th erefore it is conve-
nient to take this state as a reference state. Th en our objective 
would be to quantify perturbations in 3D stress caused by 
salt bodies and convert them into perturbations in seismic 

velocity and anisotropy. While this may not refl ect the entire 
geologic history and evolution of the basins, we think it is a 
reasonable fi rst-order approach for capturing the anomalous 
imprints of the entire 3D stress tensor as opposed to only ver-
tical stress or pore pressure simulated in basin modeling.

Geomechanical modeling uses two diff erent fi nite-ele-
ment models. Th e fi rst model consists of a salt body within a 
sedimentary basin. Th e second is a reference or background 
model that consists of sediments only without salt. Indepen-
dent geomechanical computation in these two models, us-
ing the same boundary conditions, allows quantifying change 
in strains e and stresses σ associated with the presence of 
salt by subtracting the total strain (stress) of the background 

Figure 1. Velocity slices through the two 3D models. (a) Sediment model with salt body; salt has higher 
velocity than sediments; (b) sediment-only reference model. 
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model (eback, σback) from the strain (stress) of the model with 
salt (esalt, σsalt):  

                   (1)

e and σ represent the salt-induced 3D strain/stress distri-
bution. 

Assuming that the elastic properties of the sediments are 
known for a reference state, we can predict the modifi ed stiff -
ness tensor from the diff erential strains ( e) by using equa-
tions of nonlinear elasticity. Knowledge of stress sensitivity 
parameters (nonlinear constants) is required. Knowing eff ec-
tive elastic tensor under stress, we can predict any other seis-
mic signature of interest including velocity and anisotropy 
parameters required for imaging. Th erefore we can aid subsalt 
velocity estimation by either directly using these predicted ve-
locities if the rock physics transform is calibrated, or at least 
guiding a spatial variation of the velocities/anisotropies in a 
more qualitative fashion.

Gulf of Mexico example
In this section, we show an example from an area in the Gulf 
of Mexico containing a large and complex salt body. Th e salt 
geometry was obtained from a 3D seismic data set. Th e ini-
tial velocity model for the sediments was obtained from re-
gional depth trends, although, in general, it can be obtained 
from other sources such as tomography and velocity profi les 
from nearby wells.

Geomechanical modeling. We modeled a large volume: 

10-km deep and 30 × 40-km horizontally. We built two 3D 
heterogeneous fi nite-element models. Th e fi rst model consists 
of one or more salt bodies within a sediment volume. Th e 
second model consists of a sediment volume without salt. To 
take into account the 3D spatial structure of the large and 
complex salt body, we used a large number of fi nite-element 
grids (about 100,000 elements), with refi ned grid spacing 
near the inline of interest. Th e physical properties of the two 
models are identical where there is no salt. Th e background 
model contains sediment-like properties corresponding to the 
salt locations. Figure 1 shows vertical slices through each of 
our fi nite-element models. Note that the sediment velocity 
and density increase with depth. Observe that the salt has 
higher velocity and lower density compared to the surround-
ing sediments. 

Standard geomechanical modeling with salt diapirs simu-
lates salt as a viscoelastic material with creep (Fredrich et al.). 
In our case, viscoelastic behavior of salt was approximated by 
a linearly elastic solid with a large Poisson’s ratio of 0.495. To 
validate the assumption used for salt modeling, we tested this 
solution against a standard viscoelastic solution for simple 
salt geometries and smaller model sizes, and obtained similar 
results. Given the computational constraints existing for the 
large data set, and the details of the salt geometry, we believe 
that the approach of approximating the viscoelastic behavior 
of salt is a reasonable trade-off  for the current purpose, which 
is velocity model building. 

Stress-strain solutions. We observe that the salt geometry 
has a signifi cant impact on the 3D distribution of stresses and 

Figure 2. Cross section of computed von Mises stress (a measure of deviatoric stress) through the 3D salt model: (a) above salt and (b) below 
salt. Note that the von Mises stress is high near the fl anks of the salt body, and goes to zero inside the salt body or far away from salt. Rugose salt 
boundary introduces substantial spatial variation in von Mises stresses that is not present in sediment models without salt.
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strains. Figure 2 shows the von Mises stress derived from the 
fi nite-element modeling. Th e von Mises stress is defi ned as

            (2)

where σ
1
, σ

2
, and σ

3
 are the principal stresses. Von Mises stress 

is a scalar function of the stress tensor that gives an apprecia-
tion of the overall magnitude of the deviatoric stresses. Th e 
salt itself does not support shear stress, and therefore has 
zero deviatoric stresses inside it; but near the edges of the salt 
body, especially near the areas showing signifi cant topogra-
phy, we observe high and variable von Mises stresses and large 
stress anisotropy in sediments. For a general salt geometry, 
all stress components are expected to be nonzero. Th is means 
that principal stresses or strains are no longer aligned with 
the original coordinate axes. For simplicity, in this initial 
study we ignore small off -diagonal elements of the stress and 
strain tensors and do not quantify rotation of the stress fi eld. 
Under this approximation, we are still able to use the simple 
equations of Prioul et al. as opposed to elaborate equations 
describing more complex symmetries that are at least tilted 
orthorhombic.

Th e strain diff erence ( e), components of which are 
shown in Figure 3, are caused by the presence of the salt body; 
hence, we refer to them as the salt-induced strains. In the 
next section, we describe how we used a 3D stress-to-velocity 
transform based on nonlinear elasticity to compute the aniso-

tropic velocity changes caused by the 
salt-induced strains.

Updating velocity and anisotropy. 
Once we have computed e throughout 
the 3D volume, we apply a rock physics 
transform based on nonlinear elasticity 
to compute the modifi ed stiff ness ten-
sor under stress. For example, from the 
updated stiff ness tensor (Cij) and den-
sity (ρ), we compute velocities along 
the coordinate axes (x1, x2, x3). A more 
convenient parameterization to describe 
refl ection seismic signatures was given 
by Tsvankin (2005). If we are only in-
terested in P-waves, then relevant pa-
rameters of the eff ective orthorhombic 
material are defi ned as P-wave vertical 
velocity (VP0) and two pairs of Th omsen-
style VTI parameters in two orthogonal 
vertical planes. Anisotropic wave propa-
gation in the x1, x3 symmetry plane nor-
mal to the x2 direction is controlled by 
the VTI parameters ε(2) and δ(2). In this 
plane, ε(2) describes fractional diff erence 
between horizontal and vertical P-wave 
velocities, whereas δ(2) describes the dif-
ference between NMO velocity and a 
vertical velocity according to the equation 

. Likewise, anisotropic 
wave propagation in the x2, x3 symmetry 

plane normal to the x1 direction is characterized by VTI pa-
rameters ε(1) and δ(1). Similarly, in this plane, ε(1) describes 
fractional diff erence between horizontal and vertical P-wave 
velocities, whereas δ(1) describes the diff erence between NMO 
velocity and a vertical velocity .

In the weak-anisotropy limit, azimuthal variation of 
NMO velocity between two horizontal directions is con-
trolled by the diff erence between δ in two vertical symmetry 
planes according to the equation

                        (3)

To gain further insight between seismic signatures and 
3D stress, it is convenient to apply the weak-anisotropy ap-
proximation and express values of anisotropic parameters as a 
function of stress (Sarkar et al.):

 (4)

 (5)

where

 

is a single stress-sensitivity parameter that controls P-wave 

Figure 3. Salt-induced or anomalous strains shown as a cross section through a 3D model: 
(a) horizontal strain along x1-axis; (b) horizontal strain along x2-axis; (c) vertical strain 
along x3-axis. Th ey are obtained by subtracting strains in the model with salt and reference 
model without salt. Th ese diff erential strains are utilized to compute velocity and anisotropy 
perturbations caused by presences of salt. Unequal horizontal strains imply strain and stress 
anisotropy near salt fl anks.
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anisotropy, and δb, εb are the Th om-
sen parameters of background sediment 
in the absence of stress perturbations. 
Th ese expressions highlight that to a 
fi rst degree seismic anisotropy is caused 
by diff erences between horizontal and 
vertical stresses in each vertical plane. It 
also underscores that overall anisotropy 
can be obtained by adding intrinsic and 
stress-induced contributions. Finally, the 
assumption of an isotropic third-order 
tensor with three independent constants 
leads to stress-induced anisotropy that 
is elliptic in nature. Indeed, one can see 
that stress-induced terms in Equations 
4–5 are identical (in the weak-anisotropy 
limit) for δ and ε in the same symmetry 
plane, which is characteristic of elliptic 
anisotropy. Nevertheless total anisotropy 
remains nonelliptic (δ(1) ε(1), δ(2) ε(2))
because intrinsic anisotropy is usually of 
a general character δb εb. Equations 4–5 
are useful for understanding the impact 
of stress on refl ection seismic signatures. 
For example, we can easily infer that 
azimuthal variation of P-wave NMO ve-
locity is controlled by the diff erence be-
tween two horizontal principal stresses

         (6)

Th is equation contains a directly measurable seismic sig-
nature . Th erefore in the presence of reliable geo-
mechanical information (σ22  σ11), we can directly invert at 
least for a single stress sensitivity parameter (c155) from the 
azimuthal data. 

Stress sensitivity parameters. To predict the changes in stiff -
ness, we need three independent stress sensitivity parameters 
or nonlinear constants (c111, c112, and c123) that can be obtained 
from:

laboratory measurement on cores under varying stress 1) 
conditions
in-situ estimation using well logs, rock model, and geome-2) 
chanical information
estimating coeffi  cients between velocity and anisotropy 3) 
perturbations and computed anomalous stress directly 
from wide-azimuth seismic data in areas where there is 
good illumination and suffi  cient signal 

We initially used the laboratory estimate of stress sensitiv-
ity coeffi  cients for a shale measurement interpreted by Prioul 
and Lebrat (2004): c111= -7034, c112= -2147, and c123= 296 
GPa. Field calibration with wide-azimuth data (Bachrach et 
al., 2007) using Equation 6 suggested that c155 needs to be 
scaled by a factor of 0.4, and so we scaled the remaining pa-
rameters by the same factor. We chose this parameter c155= 

489 GPa, so that it fi ts measured diff erence in azimuthal ve-
locity computed with Equation 6. As an additional validation 
step, we compared it to other shale measurements interpreted 
by Prioul and Lebrat, and found that the coeffi  cient value was 
reasonable.

Results
Figure 4 shows 2D slices of the diff erence between the origi-
nal and updated velocities in the vertical and two horizontal 
directions. For simplicity we assumed that sediment velocity 
in a reference state is isotropic δb=εb=γb=0. Note the signifi -
cant reduction in velocities (up to 250 m/s) below salt caused 
by geomechanical eff ects. Also observe that, in general, two 
horizontal velocities are diff erent (compare Figure 4b and 
Figure 4c), which indicates azimuthal anisotropy caused by 
the unequal horizontal principal stresses. Th e magnitude 
of the velocity reduction is a function of the strain or stress 
magnitudes and the stress sensitivity coeffi  cients. Using a dif-
ferent value of stress sensitivity coeffi  cient will give a diff erent 
estimate of velocity reduction; therefore, it is important to 
calibrate the result with available subsalt data.

To quantify the velocity variation for a range of angles 
around the vertical direction, it is instructive to visualize 
variation of orthorhombic parameters in a 2D section (Fig-
ure 5). We observe that stress-induced velocity anisotropy is 
quite pronounced and suggest that we can expect large spatial 
variations in the values of ε and δ in the presence of complex 
salt geometries. One can observe that low and high spots of 
anisotropy are controlled to a fi rst order by diff erences between 
two principal stresses or strains (Equations 4 and 5 and Figure 

Figure 4. Diff erence between updated and initial velocities shown as a cross section through 
the 3D model: (a) velocity change along vertical x3-axis; (b) velocity change along horizontal 
x1-axis; (c) velocity change along horizontal x2-axis. Th ey represent velocity perturbations 
caused by presence of salt bodies. Note the velocity reduction below salt and unequal values of 
two horizontal velocities, indicating azimuthal anisotropy.
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3). Since variation of horizontal strains or stresses is diff erent 
for two horizontal axes (Figures 3a and 3b), the anisotropic 
parameters in the two vertical symmetry planes remain gener-
ally unequal (Figures 5a and 5b). If a narrow-azimuth survey 
is conducted along the vertical symmetry plane x2, x3, then 
orthorhombic parameters δ(1) and ε(1) are required to describe 
P-wave anisotropy caused by stresses. Likewise, for a narrow-
azimuth survey along the x1, x3 plane, relevant orthorhombic 
parameters are δ(2) and ε(2). If narrow-azimuth acquisition is 
performed in an arbitrary direction, then some eff ective VTI 
description can be found for this vertical symmetry place as 
described by Tsvankin which requires a combination of δ(1), 

δ(2), ε(1), ε(2). However, modern wide-azimuth marine surveys 
span a substantial range of azimuth. Geomechanical models 
coupled with a rock physics transform suggest that we may 
need azimuthally anisotropic P-wave velocity fi eld in the vi-
cinity of the salt bodies, in order to image wide-azimuth sur-
veys. Salt geometry may also lead to the rotation of the stress 
fi eld so that none of the principal stresses is vertical. In this 
case, velocity model resembles tilted orthorhombic or more 
general symmetry which is a subject of a separate study.

If one is unable to handle azimuthally anisotropic or-
thorhombic models in seismic processing, it makes sense to 
examine “averaged” azimuthally isotropic eff ects introduced 
by geomechanics. Figure 6 displays a 2D section of the P-
wave VTI anisotropy parameters (with null values inside the 
salt body) computed by simple arithmetic averaging of cor-
responding orthorhombic parameters from Figure 6: 

Th ey represent an average VTI representation of stress-induced 

Figure 5. Stress-induced anisotropy caused by presence of salt bodies is shown as anisotropic parameters of stressed orthorhombic media along the 
transect through the 3D model: (a) anisotropic parameters δ(1), (1) that characterize polar anisotropy in the plane [x1,x3] orthogonal to the cross 
section; (b) anisotropic parameters δ(2), (2) that characterize polar anisotropy in the plane [x1,x3] parallel to the cross section. We observe signifi cant 
diff erences between these two sets of parameters, thus indicating azimuthal anisotropy (δ(1)  δ(2), (1)  (2)). We do not compute anisotropy values 
within the salt body. Observe “hot” spots of anisotropy caused by complex salt shape controlled by spatial variations of strain diff erences (Figure 3).

Figure 6. Average VTI stress-induced anisotropy caused by presence 
of salt is quantifi ed by Th omsen parameters shown along a 2D cross 
section through the 3D model. Th ese VTI parameters are obtained 
by averaging orthorhombic parameters from Figure 5 and represent 
eff ective VTI anisotropy caused by anomalous salt-induced stresses. 

eff ects and underscore the substantial lateral variation of ve-
locity and anisotropy around salt bodies that is currently not 
captured by tomographic algorithms above salt and unlikely 
to be ever captured below salt. Nevertheless, these variations 
may be crucial for correct imaging and target positioning near 
and below salt. Geomechanical modeling provides a good tool 
to delineate areas of high concentrations of anisotropy and, 
thus, can guide insertion of lateral variations of anisotropic 
parameters while building realistic velocity models consistent 
with geomechanics. At the very least, geomechanical model-
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ing makes us analyze velocity scenarios that are driven by ge-
ology and physics as opposed to ungeological and unphysical 
scanning of velocities in arbitrarily defi ned regions.

Discussion
We observe three important eff ects caused by the presence 
of a complex salt body. First, we can expect signifi cant veloc-
ity reduction below large salt bodies as a consequence of the 
density contrast between the salt and sediments. Second, we 
observe spatially varying values of ε and δ, with the largest 
anisotropy occurring near the fl anks of the salt body. Th ird, 
the ε and δ values are diff erent in two orthogonal vertical 
planes, indicating that we can expect not only transversely 
isotropic, but also azimuthal anisotropy in the vicinity of salt 
bodies. An additional eff ect is related to rotation of principal 
stresses in the vicinity of the salt bodies. It is well known 
that around salt, the direction of largest principal stress sub-
stantially deviates from the vertical. Th e same observation 
applies to remaining principal stresses that may no longer lie 
in the horizontal plane. If principal stresses are rotated, then, 
strictly speaking, stress-induced anisotropy leads to a sym-
metry that is at least tilted orthorhombic, where symmetry 
planes or axes of eff ective anisotropic media are controlled by 
frame of the principal stresses. 

Calibration of the results from geomechanical modeling 
is very important and can be done in several diff erent ways. 
Ideally, we would have laboratory measurements of third-
order elasticity coeffi  cients on core samples. However, such 
measurements are scarce. Alternatively, stress sensitivity co-
effi  cients can be estimated from borehole acoustic. Another 
possibility is to estimate stress sensitivity coeffi  cients from 
wide-azimuth seismic data in an area where the subsalt data 
quality is suffi  ciently robust. In our opinion, even with lim-
ited knowledge of the stress sensitivity coeffi  cients, one can 
explore their eff ect given reasonable range of published pa-
rameters. Further research on the relationship between non-
linear parameters and the sedimentary column in diff erent 
basins can facilitate such analysis.

Salt and sediments are not purely elastic. In general, geo-
mechanical modeling of complex salt bodies should use a 
viscoelastic constitutive relationship for salt, and introduce 
perhaps elastoplastic behavior (and/or failure criteria) for sur-
rounding sediments. Furthermore, pore pressure should be 
taken into account, and a poroelastic relationship should be 
used for detailed geomechanical modeling. 

We demonstrate a workfl ow for using a simple geome-
chanical model to estimate improved velocity and anisotro-
py parameters around salt bodies. We recommend that for 
drilling applications and borehole stability analysis, a more 
detailed geomechanical model should be used as mentioned 
above.

Conclusions
We present a geomechanically constrained 3D modeling 
approach that combines stress-strain modeling with a rock 
physics transform to improve velocity and anisotropy esti-
mates around salt bodies. Starting with an isotropic veloc-
ity model, we use geomechanical modeling to compute 
salt-induced stresses and strains around a large and complex 
salt geometry. Th e model takes into account the contrast in 
density and stiff ness between salt and its surrounding sedi-
ments. Th erefore, it can predict subsalt stress reduction (pri-
marily caused by the density contrast and thickness), as well 
as stress anisotropy near the edges of the salt body (primarily 
caused by the salt geometry and contrast in stiff ness). From 
salt-induced stresses and strains, we predict updates to the 
velocity model and anisotropy parameters using rock physics 
transform based on nonlinear elasticity. Th e updated veloc-
ity model improves upon simplistic depth trends or well-log 
interpolations, as it can predict subsalt velocity reduction as 
well as spatial variations in the anisotropic parameters. Up-
dating velocity from geomechanics can be a powerful tool 
for imaging and pore-pressure prediction once it is calibrated 
with available subsalt data from wells as well as wide-azimuth 
seismic data. 

Suggested reading. “Numerical modeling and observation from 
wide-azimuth marine data” by Bachrach et al. (EAGE 2007 Ex-
tended Abstracts). “Infl uence of horizontal and vertical stresses on 
VP-VS trends” by Bakulin et al. (SEG 2008 Expanded Abstracts). 
“Stress perturbations adjacent to salt bodies in the deepwater gulf 
of Mexico” by Fredrich et al. (SPE paper 84554, 2003). “Marine 
seismic surveys with enhanced azimuth coverage: Lessons in sur-
vey design and acquisition” by Howard (TLE, 2007). “Subsalt 
imaging: Th e RAZ-WAZ experience” by Kapoor et al. (TLE, 
2007). “Nonlinear rock physics model for estimation of 3D sub-
surface stress in anisotropic formations: Th eory and laboratory 
verifi cation” by Prioul et al. (Geophysics, 2004). “Calibration 
of velocity-stress relationships under hydrostatic stress for their 
use under non-hydrostatic stress conditions” by Prioul and Leb-
rat (SEG 2004 Expanded Abstracts). “Anisotropic inversion of 
seismic data for stressed media: Th eory and a physical modeling 
study on Berea sandstone” by Sarkar et al. (Geophysics, 2003). 
Seismic Signatures and Analysis of Refl ection Data in Anisotro-
pic Media by Tsvankin (Elsevier, 2005). 
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