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ABSTRACT

If the velocity of the medium is known and the medium does not incorporate
different reflectors that have identical surface seismic measurements that remain
identical under small perturbations of the medium, map migration achieves a
one-to-one correspondence between the reflections recorded at the surface, and
the reflectors in the subsurface, through explicit use of the slopes in the data.
Because of this property, it has had many applications in velocity estimation. In
this paper, I apply the weak anisotropy approximation to the 3D post-stack and
pre-stack map time-migration equations for qP-waves in transversely isotropic
homogeneous media with a vertical symmetry axis. In this way the dependence
of qP-wave time imaging (in this approximation) on the anellipticity parameter
1 and the zero-dip NMO velocity Vyao(0) only, is analytically confirmed in
the context of map time-migration. The accuracy of the equations is verified
with numerical examples. The developed equations allow for the estimation of
the anellipticity parameter 7 in the context of time-migration velocity analysis.

Key words: map time-migration, homogeneous, VTI, weak anisotropy

1 INTRODUCTION

Imaging the subsurface involves measuring seismic
waves at the earth-surface and migrating the data down
to true subsurface positions. It is known (Guillemin,
1985; ten Kroode et al., 1998; De Hoop & Brandsberg-
Dahl, 2000; Stolk & De Hoop, 2002; Douma & De Hoop,
2002) that for arbitrary complex media, the slope infor-
mation together with the position (space and time) of
the reflections are related through a one-to-one mapping
to the subsurface position and orientation of the reflec-
tors, provided the medium does not allow different re-
flectors to have identical surface seismic measurements
that persist to be identical under small perturbations
of the medium (this is the Bolker condition (Guillemin,
1985)). Most imaging algorithms use the slope informa-
tion in the data only implicitly, whereas map migration
uses this information explicitly.

Map migration is certainly not new. Many authors
explicitly use the slope information in data to find the
reflection points (Weber, 1955; Graeser et al., 1957;
Haas & Viallix, 1976; Musgrave, 1961; Sattlegger, 1964;
Cohen, 1998), although they do not always use the term

map migration. Also, map migration has had many ap-
plications in velocity estimation (Gjoystdal & Ursin,
1981; Gray & Golden, 1983; Maher et al., 1987; Sword,
1987; Iversen & Gjoystdal, 1996; Billette & Lambare,
1998; Iversen et al., 2000).

Douma and de Hoop (2002) derived closed-form ex-
pressions for map time-migration in homogeneous VTI
media. Alkhalifah & Tsvankin (1995) and Tsvankin
(2001) have shown that the time-signatures (e.g. re-
flection move-out, DMO and post-stack and pre-stack
time-migration operators) of qP-waves in VTT media are
governed mainly by the anellipticity parameter n and
the zero-dip NMO-velocity Vnao(0). Alkhalifah and
Tsvankin (1995) numerically confirm this dependence
for transversely isotropic media with a vertical symme-
try axis. In addition, Tsvankin (1996) shows numeri-
cally that the influence of the vertical shear-wave veloc-
ity Vso on the kinematics of qP-waves in transversely
isotropic media is negligible, while Alkhalifah (1998)
shows analytically that all time-related processing de-
pends exactly on 1 and Vaao(0) only, when Vso = 0.
The expressions in Douma and de Hoop (2002) for pre-
stack map time-migration in homogeneous VTI media,
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however, depend on the four parameters n, Vxaro(0),
Vpo and Vsg. Here, through application of the weak
anisotropy approximation (Thomsen, 1986), I derive
closed-form expressions for map time-migration in such
media, explicit in the anellipticity parameter n and the
zero-dip NMO-velocity Vnwo(0) only, thus confirming
Alkhalifah and Tsvankin (1995). Although the obtained
expressions merely confirm our current knowledge about
the time-signatures of qP-waves in VT1 media, the equa-
tions presented are new and can be used to invert for
the anellipticity parameter 7 in the context of time-
migration velocity analysis.

The outline of this paper is as follows. First,
to establish a connection with earlier work on time-
signatures of qP-waves in VTI media, I prove that the
expression for zero-offset migrated traveltime of Douma
and de Hoop (2002) is equivalent to the expression de-
rived by Cohen (1998) for the vertical two-way travel-
time t,,. Then, I proceed to derive the weak-anisotropy
approximations for post-stack (or, equivalently, zero-
offset) time-migration and demigration respectively, fol-
lowed by the weak anisotropy approximations for pre-
stack (or finite-offset) map migration.

2 POST-STACK MAP MIGRATION

In arbitrary complex media a reflection is kinematically
fully determined by the two-way traveltime (t.), the
source and receiver positions (zs,r,¥ys,r), and the hori-
zontal slownesses at the source and receiver (pg/). Sim-
ilarly, in a time-migration context, the image of a re-
flector (ignoring the amplitudes in the image) is deter-
mined by its horizontal position x,, and ym, its vertical
two-way traveltime t,,, and the wave-vector associated
with the imaged reflector (i.e. the dip covector &) which
can be related to the horizontal slowness components
py, and p¥, in the image. Note that the subscripts w
and m denote unmigrated and migrated variables re-
spectively. Douma and de Hoop (2002) show that map
migration establishes a one-to-one mapping from the
unmigrated quantities, associated with reflections in the
data, to the migrated quantities associated with reflec-
tors in the subsurface, and make clear that the one-to-
one mapping holds even in the presence of caustics, pro-
vided the Bolker condition is satisfied. In addition they
derive closed-form expressions for pre-stack map time-
migration and demigration in homogeneous transversely
isotropic media with a vertical symmetry axis (VTI).
Here I apply the weak anisotropy approximation to the
post-stack (or zero-offset) expressions for map migration
and demigration from (Douma & De Hoop, 2002). Note
that all equations from (Douma & De Hoop, 2002) are
derived in a right handed reference frame with the y-
axis positive in the source-receiver direction, and depth
(and thus time) positive downwards.

From Douma and de Hoop (2002) the zero-offset

expressions for 3D map migration in homogeneous VTI
media are
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where the notation (x,y) means z or y, Vpo is the verti-
cal P-wave velocity, V(0) is the phase velocity at angle

(pz)? + (p¥)?, and p%Y are the
horizontal slownesses in the seismic image. Egs. (1) -
(3) thus determine the reflector position and orienta-
tion from the unmigrated quantities associated with a
reflection in the data. Note that the expressions for 2D
map migration are found from the 3D expressions by
setting ., = x, = 0 and pj, = p;, = 0.

To establish the connection with earlier work on the
time signature of qP-waves in homogeneous VTI media,
appendix A shows that eq.(1) is equivalent to the ex-
pression derived by Cohen (1998) for the vertical two-
way traveltime t,,. Recall that Alkhalifah & Tsvankin
(1995) and Tsvankin (2001) have shown that qP-wave
time signatures in VTI media are governed mainly by
the anellipticity parameter n and the zero-dip NMO-
velocity Vaamo(0), and largely independent of Vpg. I
confirm this independence for the 2D expressions for
post-stack map time-migration in Figure 1. The values
n = 0.0833, VNmo(0) = 3.29 km/s and the horizontal
slowness components in this figure are the same values
used by Alkhalifah & Tsvankin (1995Figure 17); since
the used value of the vertical shear-wave velocity Vso is
however omitted in their paper, my Figure 1a closely re-
sembles Alkhalifah and Tsvankin’s Figure 17, but is not
identical. Figure 1 shows results for Vso = 0 (grey) and
Vpo/Vso = 1.5 (black), which in practice can be treated
as a lower bound on the ratio of P and S wave velocity.
Thus the map time-migration equations are governed
mainly by 1 and Vaao(0) and are largely independent
of Vpo. In addition, this figure confirms that qP-wave
time signatures are completely independent of Vpg if
Vso is set to zero (Alkhalifah, 1998).

Although the numerical results in Figure 1 suggest
that post-stack map time-migration is governed mainly
by 1 and VN amo(0), this dependence is not obvious an-
alytically. In terms of the Thomsen parameters § and e
(Tsvankin, 2001p. 22), the phase velocity V(0) is given

0 from vertical, p, =
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Figure 1. Dependence on Vpg of (a) the ratio ¢y /tm, (b) the ratio Vi aro(0)tw/(28m) with $;m = Tw — Tm, and (c) the ratio
Du/Pm. All ratios are calculated for the values p, = 0.10 s/km (drawn lines), p, = 0.18 s/km (dashed lines), p, = 0.22 s/km
(dotted lines) and p, = 0.25 s/km (dashed-dotted lines), with the values Vnr0(0) = 3.29 km/s, n = 0.0833, and Vpg/Vso = %

(e, f=3).
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with f=1-— %2%1 This equation can be rewritten in

PO
terms of 1, Vnamo(0) and Vpo, using that n = (e —
0)/(1+20) and Vnmo(0) = Vpov/1 + 20. Doing this we
get

V(0) = ¥20 {1+ (k — 1)sin® 0 (5)

+\/1f_2n (cos40 — 1) + {1+ [k — 1] sin29}2} ,

where I defined

Viiuo(0)
Vo
and given that the qP-wave phase velocity is largely in-
dependent of the vertical S-wave velocity Vso, for sim-
plicity I set f = 1. (In practice, however, the influence
of Vso is not zero, and it is better to calculate f with
a reasonable choice of Vpo/Vso ratio, especially when
the true Vpo/Vso ratio is relatively small, i.e. close to
1.5.) Substituting eq.(5) in the post-stack map time-
migration equations (1) - (3), show a functional depen-
dence of the reflector position and orientation on Vpo.
Thus although the numerical results indicate that the
dependence on Vpg is very weak, the analytic expres-

sions so far do not indicate this behaviour.

To show analytically that the dependence on Vpg
is weak, I apply the weak anisotropy approximation to
the map time-migration equations in appendix B. The
accuracy of these approximations is verified by calcu-
lating the approximated values for the 2D migrated
quantities shown in Figure 2a. From the top down-
wards, the figure shows the migrated time, horizontal
displacement (i.e. $; = xuw — Zm) and migrated hor-
izontal slowness, normalized by their elliptic counter-

5(Vpo, VNrmo(0),n) = (1+2n),

patts [t/ (bl o)y /(5] o) and i/ (pnl, o) ve-
spectively]. The grey lines show the approximated val-
ues, which are indeed close to their true values (black
lines) for Vnaro(0) = 3.29 km/s, Vpo = 3 km/s, f = 2
(i.e., Vro/Vso = 2) and n = 0.0833 (drawn lines),
but deviate from the exact values for larger values of
n [i.e., n = 0.1666 (dashed) or n = 0.25 (dotted)].
Note that overall the weak anisotropy approximation
becomes worse for larger angles, but is highly accurate
for the position (horizontal and in time) and orienta-
tion up to about 60 degree dips for n = 0.0833. This
decrease in accuracy of the weak anisotropy approxima-
tions with increasing dip is due to the fact that higher
orders of sin § usually go together with higher orders in
the Thomsen parameters, which are ignored in the weak
anisotropy approximation. Also, ignoring the anelliptic-
ity parameter n in post-stack imaging leads to signifi-
cant errors in the migrated location (at the surface and
in time) and orientation of the reflector, since the ratios
of the migrated quantities x,,, t,, and p., to their el-
liptic equivalents are substantially different from unity,
even for moderate dips. The mispositioning in time and
orientation of the reflector, as a result of ignoring 7,
however, is negligible for dips up to about 20 degrees
for n = 0.0833. In contrast, the mispositioning in hor-
izontal position is in this case negligible only to about
10 degrees. Mis-positioning in post-stack imaging as a
result of ignoring subsurface anisotropy has been stud-
ied by Larner & Cohen (1993) and Alkhalifah & Larner
(1994).

3 POST-STACK DEMIGRATION

The post-stack map time-demigration equations in ho-
mogeneous VTI media are given by [see (Douma &
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Figure 2. a) Ratios (from the top down) tm /(tm|, o), sm/(sml,—¢) and pm/(pml,_q) as a function of reflector dip, using the
weak anisotropy approximated equations (grey) and the exact expressions (black). b) Ratios (from the top down) tu/(tul,—¢),
su/(sul,—o) and pu/(pul,—g) , as a function of reflector dip using the weak anisotropy approximated equations (grey) and the
exact expressions (black). All values are calculated with Varo(0) and f as in Figure 1, Vpg = 3 km/s, n = 0.0833 (solid),
17 = 0.1666 (dashed), and n = 0.25 (dotted).

De Hoop, 2002)] with pm = 1/ (p%)2 + (p¥%)2. Then, using egs.(B1) and

B2) and again consistently linearizing in § and ¢, I find
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Figure 3. Relative errors of weak anisotropy approximated values with respect to the unapproximated values for (a) migrated
time (¢m ), (b) horizontal position (sm) and (¢) migrated horizontal slowness (pm, ) for 2D pre-stack map migration, as a function
of the reflector dip and the offset-to-depth ratio. All values are calculated with n = 0.0833, t,, =2 s, and Varo(0), Vpo andf

as in Figure 1.

For n = 0 and Vamo(0) = Vpo = v, these approxi-
mations reduce to the isotropic expressions [see Douma
& De Hoop (2002)]. To obtain these expressions for
the demigration problem, I use the exact expression
sinf = pmVpo/\/l +p2, V3,

To assess the accuracy of the approximations, Fig-
ure 2b shows the normalized (again by their elliptic
equivalents) 2D de-migrated quantities calculated with
the exact and approximated equations, for the same
values of 1, Vnmo(0), Vpo and f as used in Figure
2a. Again, the approximated values (grey) are in close
agreement with the true values (black) for n = 0.833,
but the accuracy of the approximated quantities de-
creases with increasing dip and 7. In the derivation of
the weak anisotropy approximations to the demigration
equations, it is not necessary to make the additional ap-
proximation sin 6 &~ p, Vpo whenever a sin 6 term is mul-
tiplied with the Thomsen parameters, but we can just
use the exact expression sin@ = pmVpo/v/1 + p2,VEs;
hence the high accuracy of the unmigrated horizontal
slowness even at large dips.

4 PRE-STACK MAP MIGRATION

In appendix C the weak anisotropy approximation for
pre-stack (or finite-offset) map time-migration in ho-
mogeneous VTI media are derived. Figure 3 shows the
accuracy of the approximations as a function of the re-
flector dip and the offet-to-depth ratio. The values were
calculated by first solving the system for 2D pre-stack
demigration in VTI media (Douma & De Hoop, 2002)
with two non-linear equations with two unknowns for

the phase angles at the source and the receiver, viz.

(Te-i- VALY v >

Ve dolr
o — (12)
m 1- 6 V_,« o |
\/1752
(89+ A g ‘Z—Z S)
- sg dV ’
V1—s2— 7i .
v _ _ V’I‘89 +VST9 ’ (13)
VT\/1—53+VS\/1—T3
with A the half-offset, v = —tan ¢, with ¢ the reflec-

tor dip (measured clockwise positive with the horizon-
tal), and (s,r), = sinfs, with 6,, the phase angles
at the source and receiver, respectively. Note that in
2D, —7w/2 < 05, < 7/2. The angles were found us-
ing the Gauss-Newton method (Dennis, 1977). Then,
these values were used in the exact migration equa-
tions and in their weak anisotropy approximations with
n = 0.0833, VN]Wo(O) = 3.29 km/s, Vpo =3 km/s,
f= % and the migrated time t¢,, = 2 s. The differences
(relative to the exact values) between the approximated
values and the exact ones are (tXeeF — ¢eoect) /pevacty
(sic™® — s5eet) [siiet), and (pc®* — prieet) /prieet),
with $,, = yr — ym. Figure 3 shows that indeed for
all offset-to-depth ratios used, the approximations are
highly accurate up to about 60 degrees for n = 0.0833.

In addition, Figure 4 shows contoured values of the
exact equations normalized by their elliptic (n = 0)
counterparts, for the same values of 7, Vnao(0), Vo,
f and t,,, as used in Figure 3. Clearly, ignoring n leads
to significant error in the migrated time, lateral loca-
tion, and orientation of the reflector. The errors are
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Figure 4. Ratios (a) tm/(tml,—¢), (b) sm/(sml,—o) and (¢) pm/(Pml,—o) for 2D pre-stack map migration, as a function of
reflector dip and offset-to-depth ratio. All values used are as in Figure 3.

more substantial for larger offset-to-depth ratios and re-
flector dips. Note that errors caused by ignoring n for
the migrated time and slope show a similar dependence
on reflector dip and offset-to-depth ratio, whereas the
migrated lateral location shows a maximum error as a
function of reflector dip for larger offset-to-depth ratios.
Pre-stack migration error as a result of ignoring subsur-
face anisotropy has been studied by Jaramillo & Larner
(1995).

4.1 Pre-stack demigration

While pre-stack map migration in homogeneous VTI
media is a straightforward generalization of the post-
stack problem, Douma and de Hoop (2002) show that
the 3D pre-stack map demigration problem involves the
solution of a nonlinear set of four equations with four
unknowns, i.e. two azimuth angles and two dips, that
cannot be solved in closed-form. Even applying the weak
anisotropy approximation to this system does not allow
for a solution in closed-form. Therefore, I refrain from
treating the pre-stack demigration problem under the
weak anisotropy approximation.

5 CONCLUSIONS AND DISCUSSION

Although the post-stack and pre-stack map migration
equations for qP-waves in homogeneous VTI media in
general depend on Viaro(0), 1, Vpo and Vs, I show an-
alytically that (at least) under the weak anisotropy ap-
proximation the dependence on Vpo and Vs disappears,
and reconfirm this independence numerically. This is
consistent with the result that the time signatures of
qP waves in VTI media depend mainly on V0 (0) and
71, showing this in the context of map time-migration.
Although this treatment merely confirms this published

result, the equations presented are new. The numerical
examples presented show that the approximations are
accurate (within 5%) up to about 60 degrees for offset-
to-depth ratios up to three, at least for n as large as
0.0833 and Vyamo(0) = 3.29 km/s, and that the errors
in the imaged position and orientation caused by ig-
noring 7 in homogeneous VTI media can be substantial
even for such weak anisotropy.

The equations derived here allow for inversion for
the anellipticity parameter 7 in the context of time-
migration velocity analysis. By using data from two (or
more) different offsets, we can use the difference be-
tween the migrated times, lateral positions or slopes,
or all simultaneously, as an objective function to be
minimized, by changing 7. The optimum value for 7
then results in the minimum objective function. Such
a scheme would be similar to the approach of Iversen
et al. (2000) who use qP and ¢SV data to invert for
the Thomsen anisotropy parameters ¢ and § from map
migration via ray tracing in heterogeneous anisotropic
media. Using the expressions presented, qP data could
be used to invert for 7 instead of € and §, albeit using
straight rays only. In such a scheme, the inverted value
for n would be related to a subsurface position, rather
than a CMP position as in conventional non-hyperbolic
move-out analysis. In most practical situations, how-
ever, the lateral variation of 7 is small, thus rendering
such a scheme at first sight obsolete. Nevertheless, it re-
mains to be seen how the sensitivity of the estimation
of n from non-hyperbolic move-out analysis compares to
that of migration.

Although the equations presented are valid only in
VTI media that are homogeneous (i.e., straight rays
only), for media with mild lateral and vertical velocity
variations, the equations can be used provided the ve-
locity is replaced with the local RMS velocity. Moreover,
they can be extended to include vertical heterogeneity



Ezxplicit expressions for map time-migration in weakly anisotropic VTI media 7

through the use of Dix-type averaging (Dix, 1955). Then
the value of n obtained from the map time-migration
equations presented here, can be treated as an effective
7, and the interval values of 17 can be obtained through
a layer stripping approach.
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APPENDIX A: COMPARISON WITH COHEN’S (1998) EXPRESSION FOR 2D ZERO-OFFSET
MAP MIGRATION

From eqs.(27) and (28) in Cohen (1998) we can deduce, by substituting z = zm = Vpotm /2 and 7 = t,, that

ty

Vzo (q - pj—g)

where t,, is the migrated two-way traveltime, ¢, is the unmigrated two-way traveltime, and p and ¢ are the horizontal
and vertical components of the slowness vector. This equation is valid in any vertical symmetry plane of the medium.
Although Cohen does not explicitly call this equation an equation for map time-migration, it indeed is, since it makes

explicit use of the slope information in the data to find the migrated position in time.
Since the vertical slowness can be written as ¢ = \/1/V(0)2 — p2 with V(6) the phase velocity, we have

dg _ V(0) 1 dv
dp \/1-p2V(0)2 (V(0)3 dp “’) ' (A2)

(A1)

tm =

To evaluate this expression, we need to find the derivative of the phase-velocity with respect to the horizontal slowness
component. Using the chain rule we have

-1

v _dvds v (dp)~ a3)
dp dfdp df \dO

Since in general we have p = sin6/V | we find that

v dv V(9) (Ad)

dp df \/1—p2V(0)? - pLs

Using this expression in eq.(A2) and substituting the result in eq.(A1) then gives
V() av

= 1. YO (T ve - Y | A5
9 (Vi - o) (45)

which is identical to eq.(1) in the main text, when we substitute p,, for p.

APPENDIX B: WEAK-ANISOTROPY APPROXIMATIONS TO THE POST-STACK MAP
TIME-MIGRATION EQUATIONS

Under the weak anisotropy approximation (i.e. (4,€) < 1) we have [e.g. (Tsvankin, 2001, p. 23)]

V(0) ~ Vo (1 + §sin” 0 + (e — 8) sin 0) | (B1)
and
% ~ 2Vpo sinf cosd [e — (e — &) (1 — 2sin”0)] . (B2)

Using egs.(B1) and (B2) in (1) and linearizing in ¢ and ¢, I find

b A tu/1— PEVE, (1+26) — 6 (c — 8) pi ViAo +4 (e — 6) pSVE, (B3)

where I used the approximation sinf = p,Vpo whenever sin § was multiplied with § or €, in order to consistently
linearize in the Thomsen parameters. Since in the weak anisotropy approximation we have n = (e —9)/(14+20) = e—9¢
and since in general we have Vao(0) = Veov/1 + 26, we can rewrite eq.(B3) to find

n ﬁ 1= VR0 (0) — Va0 0) (5 ~ VR0l (B)

Similarly, by using egs.(B1) and (B2) in egs.(2) and (3) and further linearizing in the Thomsen parameters, I find

@ = (o), — D20 (i, o(0) [1 - 2800 (85)
RN pu” . (B6)

V1I=p2V21,60) (14 20p2VE,,6(0))
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Thus, indeed in the weak anisotropy approximation the dependence of the map time-migration equations on Vpg
disappears; also for for n = 0 and Vyamo(0) = Vpo = v the equations indeed reduce to their isotropic equivalents [see
Douma and de Hoop (2002) for the isotropic equations].

APPENDIX C: WEAK-ANISOTROPY APPROXIMATIONS TO THE PRE-STACK MAP
TIME-MIGRATION EQUATIONS

For pre-stack (or finite-offset) map migration in homogeneous VTI media, the equations for the reflector location and
orientation in the subsurface (Douma & De Hoop, 2002) are

—1

2ty 1 1

tm = — + (C1)
Vro |y, V1= V2pZ —p, v v (VT=vEE —p
ak o |
1 dVv
(©,9),, = (2,9),, — tupl (Vs r Tty m -1 a0 SW) (C2)

dv

1T—-V2 p2  — -
(\/1 Vr,spr,s DPr,s o ns)

1 av [ ———
_ 2 _ 22 __
vr( L=V —pe 5 L>+VS <¢1 Vepr =g

a:y Z,Y
T,y +p

Pm Wo 1
V pS T‘

where V; , is the phase-velocity at the source or receiver, ps, , is the horizontal slowness at the source or receiver, h
is the half-offset, and ps» = 1/(p%,)? + (p¥)2. Note the order of the subscripts s, and r, s in eq.(C2).

Comparison of eq.(C1) with eq.(1) reveals that the right hand side of eq.(C1) involves the sum of two fractions
with denominators that have the same form as Vpotm /tu in eq.(1). Using the weak anisotropy approximation to this
form (cf. eq.(B4)) to approximate both fractions in eq.(C1), it follows that the weak anisotropy approximation to tm,
for pre-stack map migration is given by

X

)

(C3)

-1

1
T ADY . (C4)
i=s,;r \ /1 — pz?V]%]MO (0) — 4np}V; NMO { 2 NMO (0)}

Inspection of eqs.(C1) and (C2) reveals that eq.(C2) can be rewritten as

1 dVv
VSQ,T + 5 ‘/;2,7‘ 0
VPopCSC:,ytm Ps,r do s,

(C5)

(,Y),, = (2, 9),, —

2 d
V:sr 1_‘/;27‘27‘_ s,T
) ,rPs, Ps, a0

_V)'

Since we already have a weak anisotropy approximation for ¢, (cf. eq.(C4)), to find the approximated expression for
(z,y)m, we need only consider the approximation of the fraction

1 av
2 _ 2 %
Vs,r + p% B s,T do .
A= ’ : . (C6)
av

‘/ST 1_‘/527‘27‘_ S, " T3,

s,r)

The denominator in this fraction is again of the same form as Vpotm /t, in eq.(1) with its weak anisotropy approxi-
mation given in eq.(B4). We thus have

av
do |,

3

V:s,r ( ]- - Vvs%rp%,r - ps,’r ) ~ VPO\/l _pg,’r‘ngfjwo(o) - 477p§,7“V]<17]MO (0) {2 ps rVN]uo (0)} . (07)
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Hence we only need look for a weak anisotropy approximation to the numerator of A. Using egs.(B1) and (B2) and
consistently linearizing in the Thomsen parameters gives

[ 1 dV
V2 —-VZ, —
5,7 + pg}r s,T d0 .

Then, using this approximation in eq.(C6) together with eq.(C7) we get

p?,'rV]%]MO (0) } }

2 Vo0
~ Vo (0) {1 + dnp? Vo (0) {1 - I)NfMO()} } . (C8)

Varo0) {1+, Vo (0) [1 - 222

Ax . (C9)
Vpo \/1 =02V n0(0) = 4npd Vo (0) {5 — P2 Vi (0)}
Finally, using this expression together with eq.(C4) in eq.(C5) then gives
2 1,2
v Ps,r Vo (0)
(@) % 029), = P R0 {14 42, Viaio 0) 1 - P el
\/1 P2 Vino(0) —4npt Vo {2 P?sVinmo (0)} (C10)

i sr\/l P Vino(0) — 4npi Vol {3 prﬁ,Mo(O)}

Note the order of the subscripts s,r and r, s.
Using the weak anisotropy approximation in eq.(C3) and further linearizing in § and €, I find for the horizontal
slowness components in the subsurface

poY z,y

Py — t D — . (C11)
i:s,r \/1 PiViaro(0) (1 + 20p; V6 (0))

Note that indeed all weak anisotropy approximations to the migrated quantities for pre-stack migration, reduce to

their post-stack equivalent expressions if we set p5¥Y = pr¥ = pi¥.



