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Thomsen’s

Velocity parameters along z-axis:
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Anisotropy parameters:
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where ¢, and £ denote stiffness coefficients and
density.

notation

P-wave ray propagation in the [x, z] plane of a
homogeneous VTI medium (after Ruger, 1996). The
solid line denotes the wavefront of P-waves in VTI

media. The dashed line denotes the wavefront in the
isotropic reference.




Reflection and transmission of waves by a VTI layer

Displacement of an incident P-wave:

o | m g, up’ =g, exp(-io(t - px—q;’2))

> X Displacements of reflected P- and S-waves:
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Displacement of transmitted P- and S-waves:
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Convention: the x-component of polarization vector of all waves is always positive.



Transfer matrix for a VTI layer
Transfer matrix B

w__,=Bw__
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B13 = Bz4 Bl2 = B34 Bll = B44 B:zz B33 le = B43 31 B42
When h=0,
Bll Bl2 Bl3 Bl4 1 0 0 0
B21 Bzz B23 B24 0O 1 .00
B31 B32 B33 B34 B 0 0 1 0
B41 B42 B43 B44 0 0 0 1

Transfer matrix for N-layer media
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z=0 z=h+hy+...+hy



An approximate formula for the transfer matrix

Assumption: } << ﬂ% and lév([)
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where P denotes the horizontal slowness component.



Reflection and transmission coefficients: normal incidence of P- and SV-waves
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Example 1: exact reflection coefficients by a thin 1sotropic layer
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Here, wavelength means the wavelength of P-waves inside the isotropic layer.
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Example 2: A test on the first-order approximation for transfer matrix
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AVO-type formulae for reflection coefficients - assumptions
Weak contrast in velocity parameters and density:
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Thin layer:  h << A% and A{;"
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AVO-type formulae for reflection coefficients — PP-waves

The first-order formula

_ (1)
RPP 5 RPP
where pO
Av . 2 5 Ugo AG,
R}) =—cos6,| =22+ tan® 6, —L> — 4sin’ §, =L —" +sin’ G, (tan” ,A¢ + AS)
PO UPO UPO 0

QP denotes the angle of incidence of P-waves.

£y = PUp denotes P-wave impedance 1in the isotropic reference.

2 : : :
Go = PUy, denotes shear modulus in the isotropic reference.
The second-order formula
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AVO-type formulae for reflection coefficients — SS-waves

The first-order formula

where

A 20,) A
RO = —cos,| (1-2cos(26,)) 200 1 €0(20s) Abso | 2 ”SO 250 (Ag — AS)
G, cos 0, 0, Dy,

95 denotes the angle of incidence of S-waves in the isotropic reference.

2 : : :
G, = pUyg, denotes shear modulus in the isotropic reference.

The second-order formula
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AVO-type formulae for reflection coefficient — PS-waves

The first-order formula

wh wh
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95 denotes the reflection angle of PS-waves in the isotropic reference.
The second-order formula
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Example 3: A Numerical test on the AVO-type formulae

v =3.0km/s v =1.6km/s p=26g/cm’ ™ =0.1 §M =
o) =25km/s v =12km/s p" =23g/cm’ " =02 6™ =

w=30Hz kW =wh/0l =02 mmy h=16.Tm

PP-wave reflection coefficient: RPP = ‘RPP‘GXP(WPP) ¢pp € (—m, ]

PS-wave reflection coefficient: R, = | R, | exp(ig,) Ppng € (=1, 7]

SS-wave reflection coefficient: R .. = | R | exp(igq) O € (—7, 7]
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Red: exact result. Blue: the first-order AVO-type formula. Brown: the second-order
AVO-type formula
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Angle of incidence (degrees) Angle of incidence (degrees)

Red: exact result. Blue: the first-order AVO-type formula. Brown: the second-order
AVO-type formula
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SS-waves
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Red: exact result. Blue: the first-order AVO-type formula. Brown: the second-order
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Summary

The approximate transfer matrix for a homogenous thin VTI layer.
The factor kg‘g ) =wh/ U](,Ag ) describing the thin layer in the context of the

approximate transfer matrix.

. AVO-type formulae for PP-, SS- and PS-waves reflections coefficients.

The first- and second-order AVO-type formulae have almost the same accuracy
for the magnitude of PP-, PS- and SS-wave reflection coefficients. The second-

order formulae may be used to calculate the phase of the reflection coefficients.
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