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VSP surveys often indicate that the near-surface structure (first few hundred metres)
is strongly anisotropic (e.g. Yardley and Crampin, 1993). However, this interval is usually
poorly spatially sampled compared to deeper target zones. This paper reports preliminary
results of measuring and modelling near-surface anisotropy from shallow VSP data acquired
at a test site near Yaroslavl, Russia. At near offsets shear-wave splitting parameters are
measured, and modelling of the far offset VSP’s is used to estimate the transverse isotropy
with a vertical or sub-vertical axis of symmetry.

The test site is approximately 2OOkm north-east of Moscow and about 40km south of
Yaroslavl. All VSP’s in this study are shot at one 230m deep borehole. The general structure
consists of sub-horizontal layers, suitable for modelling with the Aniseis modelling package,
comprising a sandy clay interval of 5Om thickness overlying clay layers. These clays have
occasional thin interbedded carbonates and sandstones, and continue down to the base of the
well. Immediately below the well there is a dolomite/limestone interval. Twelve offset nine-
component VSPs were acquired with the three-component receiver at depths from 15m to
230m in increments of Sm. Shear and compressional sources were offset lOm, 3Om, 7Om,
14Om, 205m and 270m from the borehole along two azimuths separated by 60”. Shear-wave
sources were orientated parallel and perpendicular to the well direction.

After geophone-source alignment, the near offset VSP’s have energy present in the off-
diagonals of the data matrix. A Dual Independent source-geophone Technique (Zeng and
MacBeth, 1993) is applied to the data. The shear-wave splitting estimates indicate an
azimuthal anisotropy of around 1.5% in the top 2OOm. A vertical velocity structure is
determined by inverting the 1Om VSP arrival times together with geological and velocity log
information.

This isotropic velocity structure fails to model the wider offset arrival times correctly
(Fig.la and lb). The misfit implies an increase in shear velocity with incidence angle. The
field data also shows a significant difference in velocity between Sv and Sh phases at non-zero
incidence (not shown). This behaviour suggests that the clay has a transversely isotropic
structure. By forward modelling, Sh arrival times along one azimuth are matched by a TIV
structure with 45% Sh anisotropy in the clay (Fig.lc). This value is close to that determined
for more deeply buried clays in other studies (e.g. Slater et al. 1993). Asymmetry between the
two azimuths suggests that the transverse isotropy may have a dipping axis of symmetry,
which may also explain the azimuthal anisotropy observed at near-zero offsets.
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Fig 1. (a) 140m offset VSP for source and geophone orientated perpendicular to the well
direction. (b) Synthetic seismograms modelling 140m offset VSP through the isotropic
structure. (c) Synthetic seismograms modelling 140m offset VSP through a TIV structure with
45% Sh anisotropy in the clay layers.
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