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Fresnel zones and spatial resolution for P- and SH-waves
in transversely isotropic media

Patrick N. Okoye∗ and Norm F. Uren∗

ABSTRACT
In an elastically anisotropic medium where the seis-

mic wave velocity is a function of direction, the wave-
front shape is nonspherical and, in most cases, assumes
a nonelliptical shape. Numerical modelling techniques
have been used to calculate the Fresnel-zone diameter
for compressional (P) and shear (SH) waves in trans-
versely isotropic and isotropic media, respectively. The
size of the Fresnel zone is found to be predominantly
dependent on the curvatures and wavelength of the
wavefront as well as the dip angle of the reflector. In
addition, the anisotropic elastic parameters δ* (critical
near-vertical anisotropy), ε (the P-wave anisotropy), and
γ (the SH-wave anisotropy) are found to significantly af-
fect the size of the Fresnel zone.

Numerical modeling results show considerable differ-
ences between the Fresnel zones for anisotropic and

isotropic velocity functions at various reflector dips. In
addition, the Fresnel-zone dimensions for anisotropic
media exhibit asymmetry and considerable change with
dip. By way of contrast, those of the corresponding
isotropic velocity field exhibit symmetry and negligible
variation with dip. The spatial resolution of unmigrated
seismic data in an anisotropic medium would conse-
quently be significantly different from that determined
for the same medium if it is assumed to be isotropic.

Physical modeling results demonstrate that anisotropy
can significantly affect the spatial resolving power of seis-
mic waves. The degree of these effects depends on the
wavefront curvature, which changes with dip and orien-
tation of the symmetry axis. This observation indicates
that the spatial imaging of unmigrated reflection events
from the base of thick shale sediments will be affected
by anisotropy.

INTRODUCTION
The size or extent of the Fresnel zone determines the spatial

resolving power for unmigrated seismic data with which im-
portant lithological changes along a seismic profile direction
may be observed. Wave theory tells us that a finite area of a
reflector is involved in a reflection that gives rise to an event
on the seismic trace. This area is called the Fresnel zone and
is equal to the region of constructive reflection interference
surrounding the geometrically predicted reflection point. The
concept of an area, rather than a point on the reflector, being
involved in reflection is the essence of spatial resolution. The
Fresnel-zone concept thus forms a basis of wave physics and
plays an important role in the formation of the field at an obser-
vation point. The actual field-formation region is finite despite
the presence of infinitely extended “tails” in the Fresnel zone
(Asatryan and Kravtsov, 1988).

Huygens’s principle for elastic waves indicates that each
point on a scattering surface behaves like a source of secondary
P- and S-wavefronts. Hence, the wave-theoretical reflection re-
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sponse can be evaluated by summing over the entire scattering
surface. Some parts of this surface integral sum constructively,
whereas other parts sum destructively (Eaton et al., 1991). The
Fresnel zone can be defined as the region of constructive inter-
ference enclosing the ray-theoretical reflection point (Sheriff,
1980). The Fresnel zone plays an important role in the solu-
tion of many wave propagation problems. Seismic interpreters
often use the Fresnel-zone concept to estimate the lateral res-
olution of unmigrated, stacked seismic data. Attention to the
Fresnel zone has been increasing as more effort is devoted to
improving seismic resolution. Resolution in a 3-D sense incor-
porates not only the vertical resolution but also the horizontal
resolution. Improving one automatically improves the other
(Lindsey, 1989).

Numerical modeling techniques are used here to study the
Fresnel-zone diameter in anisotropic media for both P- and
SH-waves. A zero source-receiver offset configuration was
used and the Fresnel zone determined at different reflector
dip angles. The 3-D modeled reflecting interface (Figure 1)
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is situated at a specified depth below a transversely isotropic
medium. The measured values of anisotropic parameters in
sedimentary rocks (Thomsen, 1986) were used in carrying
out this study. The different values of the elastic parame-
ters used here represent the extreme values measured for
other anisotropic sedimentary rocks. Strong anisotropy, char-
acterised by high values of the P-wave anisotropy, ε, and the
near-vertical anisotropy, δ*, can be too extreme to be represen-
tative of common geological media in seismic prospecting. The
use of extreme cases, however, clearly demonstrates the main
effects of anisotropy on Fresnel-zone dimensions and hence
spatial resolution. The generality and practical applications of
the results of the numerical research are made clearer by vary-
ing the anisotropic parameters ε, δ*, andγ for P- and SH-waves
for chosen anisotropic rocks, and examining the effects on
Fresnel-zone diameter at varying reflector dip angles. Results
obtained indicate that changes in the elastic parameters con-
siderably influence the Fresnel-zone size and hence horizon-
tal resolution. Physical modeling experiments were also con-
ducted in order to demonstrate the effects of elastic anisotropy
on spatial resolution.

GEOMETRY OF FRESNEL ZONES

Wavefronts rather than rays are adopted in the diagrammatic
approach to Fresnel-zone calculation in this paper. This sim-
plified concept, apart from possessing better physical meaning,
is largely self-explanatory. It also demonstrates how variations
in wavefront curvature in the presence of anisotropy affect the
Fresnel-zone diameter and hence resolution.

Figure 2a shows an isotropic wavefront incident on horizon-
tal and dipping reflectors respectively. S is a coincident source
and receiver, Z is the reflector depth, and R1 and R2 the radii of
the first Fresnel zone. The limit of constructively interfering re-
flection response is the locus of points on the reflection surface
where the increase in one-way path length from the centroid is
one-quarter wavelength. The distance H , from the source (S)
to the edge of the Fresnel zone will thus be equal to

H = Z + λ/4, (1)

FIG. 1. A simplified geometry of the ray path for reflection
from a gridded 3-D tilted surface. The reflecting surface dips
at an angle θ in the positive X direction. Traveltimes from the
source/receiver to the surface are calculated for each grid point
(finely spaced at 1 m intervals).

FIG. 2. Numerical approach to Fresnel-zone diameter deter-
mination from horizontal and dipping interfaces using seis-
mic wavefronts: (a) spherical wavefront, (b) Nonspherical
P-wavefront in Green River shale, negative δ*, (c) nonspher-
ical P-wavefront in Mesaverde clayshale, positive δ*, and (d)
nonspherical SH-wavefront in Green River shale. This simpli-
fied approach demonstrates how variations in wavefront cur-
vature may affect Fresnel-zone diameter and hence resolution
for unmigrated data.
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where λ is the wavelength of the wave. Using Pythagoras’s
theorem,

(Z + λ/4)2 = Z2 + R2. (2)

Solving for R= R1= R2 gives

R= (λZ/2+ λ2/16)1/2. (3)

Assuming ZÀ λ, then the Fresnel radius R will be given by

R≈ (λZ/2)1/2 (4)

Equation (4) can also be expressed in terms of velocity V , fre-
quency F , and arrival time t as

R≈ V/2(t/F)1/2. (5)

Due to the spherical nature of the wavefront in an isotropic
medium, the portions of the horizontal and dipping reflectors
in contact with the incident wavefront are equal. Hence, the
Fresnel radii will not be expected to change with reflector dip
angle.

Figure 2b illustrates the same approach to Fresnel-zone es-
timation for a nonspherical P-wavefront for both horizontal
and dipping reflectors. The wavefront represents that in Green
River shale having a negative value of δ*. This figure shows the
contrasting curvatures of the wavefront incident on the hori-
zontal and dipping reflectors. The wavefront incident on the
horizontal reflector is clearly less oblate than that on the dip-
ping reflector. Therefore, since a smaller area of the horizontal
reflector is in contact with the wavefront, the Fresnel-zone di-
ameter for the horizontal reflector is smaller than that of the
dipping reflector.

The Fresnel zone estimation using Mesaverde clayshale with
a positive and high value of δ* is shown in the Figure 2c. Due
to the positive value of δ*, the wavefront is more oblate at
horizontal and near vertical directions. Hence, the portions
of the horizontal and dipping reflectors in contact with the
wavefront are different, demonstrating that the Fresnel-zone
diameter and hence spatial resolving power of an anisotropic
wavefront depend on the wavefront curvature and dip angle of
the reflector. The elastic parameters used in generating these
wavefront shapes are taken from Thomsen (1986), which pro-
vided information on the elastic properties of representative
anisotropic sedimentary rocks. The elastic parameter δ* con-
trols the wavefront shape without affecting either the vertical
or the horizontal velocity values (Okoye, 1995)

VELOCITY FUNCTION GENERATION

The numerical modeling studies carried out here employ
anisotropic velocity functions in theoretical ray tracings and
Fresnel-zone calculations. This required the computation of
both the phase and ray velocities for selected anisotropic rocks
used as representative examples. The computed velocity func-
tions are implemented as function subprograms in the program.

Thomsen (1986) gives the expression for the ray velocity
V(φ) in terms of the phase velocity v(θ) in the form

V2(φ(θ)) = v2(θ)+
(
∂v

∂θ

)2

, (6)

where φ is the ray angle from the source point to the wavefront
measured with respect to the symmetry axis and gives the di-

rection of energy propagation. The phase angle θ is the angle
between the wavefront normal and the axis of symmetry.

The P- and SH-wave phase velocity expressions are given
by
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where, αo= vertical P-wave velocity, βo= vertical SH-wave ve-
locity, and δ*= the critical near-vertical anisotropy (a combi-
nation of elastic constants).

The computational procedure, though analytical in principle,
requires numerical implementation. A quadrant of 800 values
of ray velocity was computed at constant increments of phase
angle θ and tabulated against the corresponding values of φ.
From the tabulated values of V(φ) and φ, the ray velocity at the
required angle φ was found by four-point Lagrangian interpo-
lation. This technique is applicable to both P- and SH-waves.

RAY TRACING AND CALCULATION OF THE
FRESNEL-ZONE DIAMETER

Assuming a transversely isotropic medium, the wave sur-
faces of SH-waves are ellipsoids of rotation, but those for
P- and SV-waves are not, in general. Consequently, the method
of images (Dellinger and Muir, 1988) is inappropriate for
P- and SV-waves. Rather, a more general approach was
adopted for the ray tracing and determination of the Fresnel-
zone sizes.

An iterative method (Okoye, 1995) based on Fermat’s prin-
ciple was used to find the path of least reflected traveltime. A
similar procedure was adopted in determining the reflection
time at the edge of the Fresnel zone, which is defined in terms
of the chosen center frequency for an assumed seismic wavelet.
The search for this time starts from the determined geometrical
reflection point with small increments on the reflector of not
more than 1 m. This procedure continues until the computed
time is equal to the time at the edge of the Fresnel zone.

NUMERICAL MODELING RESULTS

Isotropic and anisotropic Fresnel-zone diameter

Figure 3 shows the plot of normalized P-wave Fresnel-zone
diameter versus reflector dip angle using anisotropic Green
River shale (δ*=−0.45) and Mesaverde clayshale (δ*= 0.818)
velocity functions. The Fresnel-zone diameters have been nor-
malized with respect to the equivalent isotropic Fresnel-zone
diameter in each case. These two anisotropic rocks have
radically different velocity characteristics. These examples
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show that the Fresnel-zone diameter in anisotropic media are
marked by significant changes at different attitudes of the re-
flector. Consequently, the spatial resolution in anisotropic me-
dia would be expected to change, depending on the dip angle
of the reflector. Due to the spherical nature of the isotropic
P-wavefront, the Fresnel-zone diameter exhibited no variation
with dip. Whether the resolution will be enhanced or reduced
depends on the value and sign of the elastic parameter δ*, which
controls the wavefront shape at oblique angles.

Isochronal representations of the P-wave reflections at dip
across the Fresnel-zone diameter are shown in Figure 4 using
isotropic and anisotropic Green River shale velocity functions.
The isotropic reflection isochrons show that the reflection pat-
terns returning from the plane surface are circles expanding
from a fixed center with increasing time. Hence, for coincident
source and receiver, the Fresnel-zone shape in this case will
be circular. By contrast, the anisotropic reflection isochrons
assume a more complex shape with dip, and the reflection
isochrons are nonsymmetric in nature. The nonsymmetric na-
ture of the anisotropic Fresnel radii with dip indicates that the
concept of a single radius and circular Fresnel zone is inappro-
priate in the presence of anisotropy.

Figure 5 shows the plot of SH-wave Fresnel-zone diame-
ter versus reflector dip obtained assuming isotropy (γ = 0)
in Green River shale and using the anisotropic Green River
shale velocity function. This figure also shows that the isotropic
SH-wave Fresnel zones are invariant with changes in reflector
dips, the same as for the isotropic P-wave case. The anisotropic
SH Fresnel zones show no significant changes with dip. This is
attributed to the nearly spherical shape of the anisotropic SH-
wavefront (Figure 2d) as a result of its low value of SH-wave
anisotropy γ . The pertinent question to be addressed is, if γ
were larger, will the Fresnel-zone diameter be affected and

FIG. 3. Normalized P-wave Fresnel-zone diameter plotted as
a function of reflector dip angle using Green River shale (neg-
ative δ*) and Mesaverde clayshale (positive δ*) as numeri-
cal examples. The Fresnel-zone diameter exhibits significant
changes with reflector dip angle. The Fresnel-zone diameters
have been normalized with respect to the equivalent isotropic
values, which do not vary with dip due to the spherical nature
of the wavefront in isotropic medium.

FIG. 4. (a) Isotropic reflection isochrons across the Fres-
nel-zone diameter from the reflecting surface dipping at an
angle of 30◦. The diameter of the Fresnel-zone spans 423 m.
The circular and concentric behavior of the isochrons still re-
main unchanged with dip, although the center of the reflection
patterns have been shifted updip. (b) Anisotropic reflection
isochrons across the Fresnel-zone diameter from the reflect-
ing surface dipping at an angle of 30◦. The diameter of the
Fresnel-zone spans 581 m. The reflection isochrons are clearly
seen to be nonspherical and nonsymmetrical, indicating possi-
ble variations in shape and size of the Fresnel-zone diameter
with dip. (c) Anisotropic reflection isochrons across the Fres-
nel-zone diameter from the reflecting surface dipping at an
angle of 45◦. The diameter of the Fresnel-zone spans 594 m.
The reflection isochrons assume a more complex shape with
increase in dip, and the nonsymmetric nature of the isochrons
increase. The distortion of the contours near the corners are
an artifact of the contouring package and should be ignored
(contour interval 0.002 s).
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hence affect the resolving powers of SH-waves in anisotropic
media? The answers to this question are presented in the re-
sults of the next section which deals with the effects of elastic
parameters on Fresnel-zone diameter.

ELASTIC PARAMETERS AND FRESNEL-ZONE DIAMETER

The generality and practical applications of the results of
the numerical research are made clearer by varying the elastic
parameters ε, δ*, and γ for P- and SH-waves in the Green
River shale model, and examining how they affect the observed
Fresnel-zone diameter at varying reflector dip angles.

Effects of variations in ε on Fresnel-zone diameter

Figure 6a shows plots of Green River shale velocity function
shapes obtained using different values of P-wave anisotropy, ε,
while keeping δ* constant (δ*= − 0.45). This figure indicates
that ε has considerable influence on the shapes of the wave-
fronts. The effect on the Fresnel-zone diameter is presented
in Figure 6b. An analysis of this figure leads to the following
observations.

At low values of ε, the radius of curvature of the wavefront
gets smaller at horizontal and near-vertical directions while
broadening at intermediate dips. This explains the low and high
values of the Fresnel-zone diameter obtained in these direc-
tions. Therefore, for a medium with low P-wave anisotropy,
spatial resolution is expected to be better for horizontal and
low-dipping reflectors than for reflectors dipping at intermedi-
ate angles.

At high values of ε, the wavefront becomes more broad-
ened at horizontal and near-vertical directions while attain-
ing a more concave shape at intermediate angles. This simi-
larly leads to a significant increase and decrease in Fresnel-
zone dimensions in these directions. This is opposite to the
trend obtained with low ε values. Therefore, it seems that if the

FIG. 5. SH-wave Fresnel-zone diameter plotted as a function of
reflector dip angle assuming isotropy in Green River shale and
using the anisotropic Green River shale velocity function. Due
to the nearly spherical shape of the anisotropic SH-wavefront,
the Fresnel-zone diameter shows no significant variations with
dip.

P-wave anisotropy, ε, is high, spatial resolution for horizontal
and shallow-dipping reflectors will be reduced relative to the
isotropic case. The opposite is expected for reflectors dipping
at intermediate angles.

Effects of variations in δ* on Fresnel-zone diameter

Figure 7a similarly shows plots of Green River shale ve-
locity function shapes obtained using different values of
P-wave near-vertical anisotropy, δ*, while keeping ε constant
(ε= 0.195). This figure clearly illustrates that this parameter
has significant influence on the curvatures of the wavefront.
The net effects on the diameter of the Fresnel zone are illus-
trated in Figure 7b.

FIG. 6. (a) P-group velocity function shapes in Green River
shale for different values of ε. Low ε values result in concave
wavefront shapes at horizontal and oblique directions, high
values of ε give rise to oblate wavefront curvatures in these di-
rections. (A constant value of δ*=−0.45 was used). (b) P-wave
Fresnel-zone diameter plotted as a function of reflector dip an-
gle for different values of P-wave anisotropy, ε, using Green
River shale as an example. Observe that at high values of ε,
the Fresnel-zone diameter at horizontal and near-vertical di-
rections exceeded low ε values by approximately 100%.
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This example indicates that if δ* is negative, the Fresnel-zone
diameter at horizontal and near-vertical propagation directions
are smaller than those for positive δ* values, and vice versa.
Hence, resolution on horizontal and low-dipping reflectors will
be better than that obtained using positive values. The opposite
is true for reflectors dipping at intermediate angles.

Effects of variations in γ on Fresnel-zone diameter

Changes in the SH-wave anisotropic parameter,γ , also result
in significant variations in the curvatures of the shear-wave

FIG. 7. (a) P-ray velocity function shapes in Green River
shale for different values of δ*. This figure indicates chang-
ing oblate and narrow width wavefront shapes at horizontal
and near-vertical directions for positive and negative δ* val-
ues. (A constant value of ε= 0.195 was used). (b) P-wave Fres-
nel-zone diameter plotted as a function of reflector dip angle
for different values of near-vertical P-wave anisotropy, δ*, us-
ing Green River shale as an example. When δ* is negative, the
Fresnel-zone diameter at horizontal and near-vertical propa-
gation directions are smaller than those for positive δ* values.
The reverse holds for steeply dipping reflectors.

velocity function, as shown in Figure 8a. Selected values of
high and low γ were used in generating the velocity functions
and hence the computation of the SH Fresnel-zone diameter.
Figure 8b demonstrates the effect of variations in γ on Fresnel-
zone sizes. Analysis of this figure indicates that (1) for low
values of γ , the changes in Fresnel-zone size with dip will be
negligible (hence, lateral resolution will not be expected to
change with dip), and (2) if γ is large, the Fresnel-zone varies
significantly with dip, and the lateral resolution will change with
reflector dip angle due to the velocity function becoming more
elliptical.

FIG. 8. (a) SH-ray velocity function shapes in Green River
shale for different values of γ . Variations in γ affect the wave-
front shape in all directions. (b) SH-wave Fresnel-zone diame-
ter plotted as a function of reflector dip angle for different val-
ues of SH-wave anisotropic parameter, γ , using Green River
shale as an example. If γ is low, the Fresnel-zone diameter ex-
hibits negligible variations with dip. Conversely, if the SH-wave
anisotropy increases, the Fresnel-zone diameter changes signif-
icantly with dip. Note that both positive and negative values of
γ are used in this analysis.
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Essentially, when the shear wave anisotropy is high, the cal-
culated Fresnel-zone sizes exceeds those of the isotropic case
at all reflector dip angles. Hence, the presence of anisotropy
is expected to reduce the shear-wave resolving power in all
directions.

PHYSICAL MODELING

Physical seismic modeling experiments were also conducted
to analyze the effects of anisotropic wavefront curvature and
reflector dip angle on spatial resolution. A block of horizon-
tally layered Phenolite laminated plastic, comprising sheets
of paper set in phenolic resin, was used to simulate a trans-
versely isotropic medium with a vertical axis of symmetry,
similar to the velocity characteristics inherent in shales. This
Phenolite material has previously been demonstrated to ex-
hibit transverse-isotrophy symmetry (Okoye and Uren, 1993;
Okoye et al., 1996a, b). The model measured 280 mm×
280 mm× 780 mm and visually appears to have acceptable de-
grees of homogeneity. Typical modeling frequencies and veloc-
ities generate wavelengths on the order of 3.5 mm. Any inho-
mogeneities in the modeling materials were far smaller than
this.

A dipping layer model (Figure 9) having the same dimen-
sions as the horizontally layered Phenolite block was con-
structed using the horizontally layered Phenolite material and
was used in collecting experimental data for comparison pur-
poses. Since the symmetry axis in this model is tilted with re-
spect to the upper surface of the model, the incident wave-
front curvature will be significantly different from those in the
horizontally layered model with a vertical axis of symmetry.
Cylindrical holes of progressively increasing diameters, each
10 mm deep and flat at the top, were drilled into the bottom of
both models. These hole diameters were 25, 35, 40, and 50 mm.
These holes served as reflectors, which based on the domi-
nant frequency of the seismic wavelet, represent from 0.20 to
1.43 times the expected Fresnel-zone diameter in Phenolite. A
constant offset geometry of 20 mm between the source and re-
ceiver, and a station spacing of 2.5 mm was used to collect the

FIG. 9. Phenolite dipping layer model. Paper laminations run
parallel to the glued points, thus the axis of symmetry is tilted
with respect to the upper surface of the model.

reflection data. The acquisition line for all the experiments was
centered over the drilled holes. The spatial extents of the reflec-
tor boundaries were estimated by marking the half-amplitude
points of the horizontal reflector events with respect to the am-
plitude at the center of the reflectors (Okoye and Uren 1993).
The degree of horizontal resolution is determined by compar-
ing the seismically estimated reflector dimension with the true
spatial dimension of the reflector. Comparison of the seismi-
cally determined reflector sizes from the dipping model with
those of the horizontally layered Phenolite model will demon-
strate the effects of wavefront curvature and reflector dip angle
on resolution.

The scaling factors used in this study were 1:10 000 for both
length and time, that is 1 cm and 0.1 µs in the modeling are,
respectively, equivalent to 100 m and 1 ms. In order to achieve
some random noise reduction in the data, each station was
recorded 10 times, permitting a 10-fold vertical stacking when
processing the data.

EXPERIMENTAL RESULTS

The effects of inclined anisotropic bedding on the spatial
resolution of horizontal events are presented below. This situ-
ation may be classified as one of transverse isotropy with the
axis of symmetry tilted. To illustrate this effect, seismic section
results obtained using the Phenolite dipping layer model are
compared with the corresponding results recorded using the
horizontally layered model having a vertical axis of symmetry.
Both models have the same material composition.

The elastic parameters ε, αo, and δ* of the Phenolite material
were recovered by an anisotropic inversion technique (Okoye
et al., 1996a) and used in calculating the theoretical P-wave
velocity function (Figure 10) in the horizontally layered Phe-
nolite model. This Phenolite material has been determined ex-
perimentally to be transversely isotropic since the velocities
measured at azimuths perpendicular to the symmetry axis are
almost equal. Because of the tilt of the symmetry axis, the cur-
vature of the wavefront in the dipping layer model impinging
on the reflectors is broadened as compared to that in horizon-
tally layered medium.

FIG. 10. Calculated theoretical P-ray velocity function in
the horizontally layered Phenolite model. Due to the nega-
tive value of δ*, the wavefront curvature at horizontal and
near-vertical directions is concave.
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Figure 11 shows P-wave data recorded in dipping layered
and horizontally layered Phenolite models for reflector diam-
eters of 25 mm (250 m) and 35 mm (350 m). While the true
lateral extent of the reflectors in the dipping layered model is
overestimated by approximately 51%, it is misrepresented by
about only 20% in the horizontally layered model. The varying
degrees of resolution observed in this example are due to the
different wavefront curvatures incident on the reflectors in the
two media.

Similarly, for reflector diameters of 40 mm (400 m) and
50 mm (500 m) in both models, spatial imaging of the reflec-
tor dimensions are better achieved in the horizontally layered
model (Figure 12a) compared to the dipping layer model (Fig-
ure 12b). While the true reflector dimensions are overestimated
by about 22% in the medium with a vertical axis of symmetry,
they are misrepresented by approximately 45% in the medium
with a tilted axis of symmetry because of the resultant varia-
tions in wavefront curvatures.

Shear-wave seismic data recorded for reflector diameters of
25 mm and 35 mm in the dipping layer model and diameters of
25 mm, 35 mm, and 45 mm in the horizontally layered model are
shown in Figure 13. Despite the small variations in curvatures
of the SH-wavefront incident on the reflectors in these two

FIG. 11. P-wave data recorded for reflector diameters of 25 mm (250 m actual size) and 35 mm (350 m actual
size) in Phenolite: (a) dipping layered and (b) horizontally layered. Due to the different wavefront curvatures
incident on the reflectors in these two media, the resolution of the horizontal extent of the reflectors in each
medium is significantly different. Resolution of the reflector extents is worse by about 51% in the dipping layered
model and by about 20% in the horizontally layered model.

media, the differences in the lateral resolution of the reflector
events are fairly significant as indicated in the section results.
Again the lateral resolving power of the shear wave is seen to be
better in the horizontally layered medium with a slightly more
concave wavefront shape compared to that of the dipping layer
model having a less concave wavefront curvature. While the
true spatial extent of the reflectors in the horizontally layered
model is overestimated by about 27%, it are misrepresented
by approximately 50% in the dipping layer model.

Figure 14a and 14b show SH data recorded for reflector di-
ameters of 40 mm and 50 mm in both models, respectively.
Similarly the seismic reconstruction of the spatial extent of the
reflectors is better achieved in the horizontally layered Phe-
nolite model compared to the dipping layer model. Appar-
ent overestimation of the true reflector diameters occured by
approximately 29% in the horizontally layered model and by
about 57% in the dipping layer model.

The above examples indicate that when a medium is
anisotropic and the axes of velocity symmetry are tilted with
respect to the horizontal, the spatial imaging of horizontal re-
flection events is significantly affected by the dip angle of the
bedding and hence the resultant wavefront shape incident on
the reflector.
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CONCLUSIONS AND DISCUSSION
This study shows the effects of velocity anisotropy on

Fresnel-zone diameter and hence spatial resolution, a phe-
nomenom of vital importance in interpreting seismic reflection
data.

Considerable differences exist between the Fresnel-zone di-
ameter for anisotropic and isotropic velocity functions depend-
ing on reflector dip. The spatial resolution obtained for an
anisotropic medium is therefore significantly different from
that determined for the same medium if it is (as in most sur-
face seismic field studies) assumed to be isotropic.

The anisotropic reflection isochrons have complex shapes
which vary with dip and are nonsymmetric in nature. The asym-
metric nature of the reflection patterns suggest that, in the pres-
ence of anisotropy, the shape of the Fresnel zone and hence
spatial resolution will vary with reflector dip angle. In addi-
tion, the contribution to the total reflected energy arising from
the reflecting zone may be unequally distributed with respect
to the geometrical reflection point.

Numerical studies strongly indicate that Fresnel-zone diam-
eter and hence spatial resolution in anisotropic media are af-
fected by the elastic parameters ε, δ*, and γ , which characterize
the nature of the anisotropic wavefront for P- and SH-waves.
P-wave resolution on a horizontal reflector may be increased

FIG. 12. P-wave data recorded for reflector diameters of 40 mm (400 m actual size) and 50 mm (500 m actual
size) in Phenolite: (a) dipping layered and (b) horizontally layered. Again, the spatial dimension of the reflectors
are poorly resolved in (a) than in (b). Overestimation of the reflector dimensions occurred by about 45% in the
dipping layered model and by about 22% in the horizontally layered model.

or reduced depending predominantly on the value and sign of
the elastic parameter δ*. In every case, shear-wave spatial re-
solving power is reduced by anisotropy caused by sedimentary
layering compared to that in isotropic media.

Physical modeling studies have demonstrated that aniso-
tropy can significantly affect the spatial resolving power of
seismic waves. The magnitude of these effects depends on the
curvature of the wavefront, which changes with dip and orien-
tation of the symmetry axis.

The findings of this study on spatial resolution are only ap-
plicable to unmigrated seismic data. The implementation of
a properly formulated 3-D anisotropic migration scheme will
improve spatial resolution. The improvement factor in spa-
tial resolution afforded by optimum migration is the ratio of
the premigration Fresnel diameter to the postmigration diam-
eter. However, if a 2-D migration process is used, which is
often the case, the improvement in resolution will be effec-
tive only in the direction of profile, and the Fresnel diameter
is only reduced in this direction (Lindsey, 1989). Hence, the
postmigrated Fresnel-zone shape will be elliptical, with the
major axis perpendicular to the seismic profile and equal to
the premigration Fresnel diameter, while the minor axis in the
profile direction equals the postmigrated and reduced Fresnel
diameter.
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FIG. 13. SH-wave data recorded in (a) dipping layered Phenolite for reflector diameters of 25 mm (250 m actual
size) and 35 mm (350 m actual size), and (b) horizontally layered Phenolite for reflector diameters of 25 mm
(250 m actual size), 35 mm (350 m actual size), and 45 mm (450 m actual size). Observe again the poor spatial
reconstruction of the reflector extent by shear waves in the dipping layered medium compared to that in the
horizontally layered medium. While the true spatial dimension of the reflectors is overestimated by about 50%
in (a), it is misrepresented by approximately 27% in (b).
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FIG.14. SH-wave data recorded for reflector diameters of 40 mm (400 m actual size) and 50 mm (500 m actual size)
in Phenolite: (a) dipping layered and (b) horizontally layered. Similarly, the spatial dimension of the reflectors
are more poorly resolved in (a) than in (b). Overestimation of the reflector dimensions occurred by about 57%
in the dipping layered model and by about 29% in the horizontally layered model.


