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Summary

Tilted transverse isotropy (TTI) is becoming recognized as
a more realistic description of anisotropy in sedimentary
formations than vertical transverse isotropy (VTI). This is
especially true in complex geological settings. While model
building approaches for VTI are well understood, similar
approaches for TTI media are in their infancy, even when
symmetry-axis direction is known. We present an approach
that allows building localized anisotropic models utilizing
joint inversion of seismic and well data. We present a
synthetic data example of anisotropic tomography applied
to a layered TTI model with a symmetry-axis tilt of 45
degrees. We demonstrate three cases of introducing
additional information. In the first case velocity along the
symmetry axis is known and tomography inverts for
Thomsen’s ¢ and 6. In the second case, tomography inverts
two Thomsen parameters and velocity from a joint dataset
that consists of seismic data and vertical checkshot
traveltimes. In contrast to the VTI case, such inversion is
non-unique. To combat non-uniqueness in the third case we
supplement checkshot and seismic data with the Thomsen’s
J profile from an offset well. This allows recovery of
correct profiles for velocity along the symmetry axis and
Thomsen’s & We conclude that TTI model building may
remain non-unique even in the presence of well
information. Therefore additional assumptions need to be
added or uncertainty analysis has to be conducted to pick a
geologically plausible model from a range of equivalent
models.

Introduction

Vertical transverse isotropy is a useful approximation that
describes seismic anisotropy of subsurface formations.
However widespread application of VTI depth imaging
reveals that often the direction of the symmetry axis may
not be vertical. Indeed, if sedimentary formations have
been deposited in a layer-cake geometry and were later
folded by tectonical forces, then tilted transverse isotropy
with the axis perpendicular to bedding may be me a more
appropriate description. Such media are sometimes referred
to as structurally conformant transverse isotropy (Audebert
et al, 2006). However, in an alternative geological scenario,
tectonic action and deposition may occur together and the
symmetry axis may not be perpendicular to bedding. In yet
another scenario, sediments may be subjected to anomalous
stresses around salt bodies which can result in a stress-
induced anisotropy (Bachrach and Sengupta, 2008). Since
in this case symmetry is controlled by principal stress
directions that are neither vertical nor horizontal, nor
perpendicular to the bedding axis, then general TTI or even
an orthorhombic medium is expected. For any of these

scenarios we should be able to build an anisotropic model
for depth imaging that is governed by geologically
plausible anisotropic  velocity field. In practical
circumstances it usually requires supplementing seismic
data with some kind of well information. For a VTI depth
models checkshot survey or depth markers usually resolve
the existing ambiguity and provide a unique depth model
that fits all the data. We extend a similar methodology to
the TTI case and demonstrate that more challenges are
expected for TTI media and additional data may be
required to constrain a unique model.

Synthetic example

Let us apply anisotropic tomography with well constraints
to a simple deepwater model (Figure 1). The subsurface is
represented by layered TTI sediment with a uniform
symmetry-axis tilt of 45 degrees (Figure la). The model
has smooth vertical variation of velocity and anisotropy
(Figures 1,2,5). Two pronounced velocity inversions are
present in the model. They are also accompanied by
anisotropy reductions (Figures 1,2,5). A cable length of 12
km is assumed. A prestack gather computed with
anisotropic ray tracing is shown in Figure 1b. Reflected
events from 49 density-contrast interfaces are located every
200 m.

We assume that the tilt angle of the symmetry axis is
known and apply anisotropic reflection tomography
(Woodward et al., 2008) to solve for a local TTI model

(a) (b)

Offset (m)

Symmetry axis
at 45 degrees

Time (s)

Vertical velocity

Figure 1: Deepwater horizontaly layered TTI model used for
tomography: a) velocity Vpy (along symmetrey axis) slice with 49
density reflectors; symmetry axis is tilted by 45 degrres away from
vertical for all layers; b) prestack gather. Water depth is at 1500 m.
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