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ABSTRACT 
WAPENAAR, C.P.A., Cox, H.L.H. and BERKHOUT, A.J. 1992. Elastic redatuming of multi- 
component seismic data. Geophysical Prospecting 40,465-482. 

Elastic redatuming can be carried out before or after decomposition of the multi- 
component data into independent PP, PS, SP, and SS responses. We argue that from a 
practical point of view, elastic redatuming is preferably applied after decomposition. We 
review forward and inverse extrapolation of decomposed P- and S-wavefields. We use the 
forward extrapolation operators to derive a model of discrete multicomponent seismic data. 
This forward model is fully described in terms of matrix manipulations. 

By applying these matrix manipulations in reverse order we arrive at an elastic pro- 
cessing scheme for multicomponent data in which elastic redatuming plays an essential role. 
Finally, we illustrate elastic redatuming with a controlled 2D example, consisting of simulated 
multicomponent seismic data. 

INTRODUCTION 
Seismic redatuming is a popular concept, indicating the wave field extrapolation 
process that transforms seismic measurements from the actual data acquisition 
surface (old datum) to a simulated data acquisition surface (new datum) further 
down in the subsurface. Often the new datum will present the top of a target zone. 
After redatuming the propagation effects (down and up) of the target overburden 
have been removed from the target reflections and, particularly for a structurally 
complicated overburden, the target response will be simplified significantly. An 
important practical aspect of redatuming is that the macromodel of the subsurface 
should be known. 

Prestack redatuming was applied by Berryhill (1984) for the 2D acoustic situ- 
ation and modified by Kinneging et al. (1989) for the 3D acoustic situation. We 
discuss an elastic redatuming scheme for multicomponent seismic data. The theory 
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is presented for the 3D inhomogeneous anisotropic situation and is illustrated with 
a redatuming example for a 2D inhomogeneous isotropic elastic medium. In order 
to perform elastic redatuming the macro-models for both P- and S-waves should be 
known. Any inconsistency between the two macromodels may have serious conse- 
quences for the subsequent inversion step($. 

R E D A T U M I N G  B E F O R E  OR A F T E R  DECOMPOSITION? 
Redatuming is ideally based on non-recursive wavefield extrapolation from the 
acquisition surface to the top level of a target zone. In the acoustic version, the 
wavefield extrapolation operators are derived from the acoustic Kirchhoff- 
Helmholtz (KH) integral. Therefore, for the elastic version it seems natural to derive 
the wavefield extrapolation operators directly from the elastic KH integral. Con- 
sider the frequency-domain representation of the integral 

Urn(rA 3 0) = lj:m [ern(r, 7 0) . u(r, 0) - grn(r, 9 w) * T(r9 zo dxdy (1) 

(De Hoop 1958; Burridge and Knopoff 1964; Aki and Richards 1980; Wapenaar 
and Berkhout 1989). Here u(r, w)  and T(r, 0) represent the elastic wavefield in terms 
of the space [r = (x, y, z)] and frequency (0) dependent displacement (U) and trac- 
tion (T), respectively. Similarly, g,(r, r,, w) and e&, r,, U) represent a Green’s 
wavefield in terms of the space and frequency-dependent Green’s displacement (g,) 
and Green’s traction respectively. The Green’s wavefield is an elastic wavefield 
that would be present when an impulsive unit body force were placed at rA = (x,, 
y,, z,). The subscript rn refers to the direction of this body force: for rn = x, y or z, 
the force acts in the x-, y- or z-direction, respectively. Hence, (1) states that the 
rn-component (i.e. the x-, y- or z-component) of the displacement vector U at rA can 
be computed from the displacement and traction distribution at z = zo, see Fig. 1. 
Equation (1) is exact for any source-free inhomogeneous anisotropic lower half- 
space z > zo. In general, however, no analytical expressions are available for the 
Green’s wave field (g,, ern). So in practice the Green’s wavefield at z = zo should be 
computed by numerically modelling the response of an impulsive unit body force at 
r, . To this end, one should have available a model of the half-space z > zo in terms 
of the space-dependent mass density p(r) and the stiffness tensor cijkl(r) for the aniso- 
tropic situation, or the P- and S-wave velocities cp(r) and cs(r) for the isotropic 

0 

A 
FIG. 1. Configuration for the Kirchhoff-Helmholtz integral (1). The elastic lower half-space 
z > zo may be arbitrarily inhomogeneous and anisotropic and is assumed to be source-free. 
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situation. Fortunately, for the purpose of wave-field extrapolation, a geologically 
oriented macromodel of these parameters will suffice (Berkhout 1986). This means 
that redatuming (acoustic or elastic) should always be preceded by macromodel 
estimation. A discussion of macromodel estimation is beyond the scope of this 
paper; we refer the reader to Faye and Jeannot (1986) and Cox et al. (1988). Any 
estimated macromodel contains some errors. For the acoustic case, experience has 
shown that small errors in the macromodel (typically 5%) are not disastrous for 
wavefield extrapolation : the only effect is some defocusing and mispositioning of 
seismic events. For the elastic case, however, the situation is more complicated since 
two macromodels are involved. To illustrate this important property, consider (1) 
and bear in mind that the elastic wavefield (U, z) as well as the Green's wavefield (g, , 
0,) are composed of (quasi) P- and S-wave contributions: 

u(r, w)  = uP(r, w)  + uS(r, w), 

z(r, w) = zP(r, w) + zS(r, w), 

(24  

(2b) 

g m z = g', . zp + g', . TS + g S , 4  + g S , 4  (3b) 

Here g', and 0; are largely determined by the macromodel for the P-wave velocity 
cdr), whereas g; and OS, are largely determined by the macromodel for the S-wave 
velocity cs(r). Hence, in (3a) and (3b) different terms that depend on different macro- 
models are superposed. This is prescribed by the theory, and (1) yields the correct 
displacement u,(rA, w)  when both macromodels are correct. However, when the P- 
and S-wave macromodels are only slightly erroneous, (3a) and (3b) may easily lead 
to an ' out-of-phase ' superposition of the different terms, thus introducing artifacts. 
(These artifacts cannot be removed by applying decomposition at the new datum 
afterwards). 

This observation does not only apply to elastic redatuming but to any elastic 
migration or inversion scheme that operates directly on the multicomponent data 
rather than on decomposed data. 

As an alternative, consider the following expressions for extrapolation of decom- 
posed wavefields : 
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(a) (b) 
FIG. 2. Green’s wavefields related to a P-wave source. (a) Green’s P-wave potential 
y&,(rB, T A ,  w ) ;  (b) Green’s S,-wave potential ~ ; ~ , + ( r ~ ,  r A ,  a), being the y-component of 
y i ,  &rB 7 ‘ A  7 

and 

(Wapenaar and Haime 1990, hereafter referred to as paper I). Here ++(r, o) and 
++(r, o) represent the downgoing elastic wavefield at r in terms of P-and S-wave 
potentials respectively. Similarly, y;, &, rA, o) and yi,  &r, TA,  o) represent the 
upgoing Green’s wavefield at r in terms of Green’s P- and S-wave potentials respec- 
tively, related to an impulsive unit P-wave source at rA (Fig. 2). Finally, y;, &, T A ,  

o) and ~ & , ~ ( r ,  rA,  o) represent the upgoing Green’s wavefield at r in terms of 
Green’s P- and S-wave potentials respectively, related to an impulsive S,-wave 
source at rA (Fig. 3) (an &-wave ( h  = x, y or z) is an S-wave, polarized in the plane 

B 

f 
A 

Z O  
B 

Z O  

A 

(a) (b) 
FIG. 3. Green’s wavefields related to an S,-wave source. (a) Green’s P-wave potential 
y i ,  *y(rB, rA , w ) ;  (b) Green’s S,-wave potential ygY, *y(rB, rA , w), being the y-component of 
yc, 7 ‘ A  3 
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perpendicular to the x-, y- or z-axis). Equations (4a) and (4b) state that the P-wave 
potential 4 and the S,-wave potential $h respectively at rA can be computed from 
the P- and S-wave potentials at z = z o .  Equations (4a) and (4b) are exact for any 
source-free inhomogeneous anisotropic lower half-space z > zo ; the only assump- 
tion is that the medium is locally homogeneous and isotropic at z = zo and r = rA 
(see paper I). 

Again in practice the Green's potentials should be computed by numerical mod- 
elling and again, in general the expressions are very sensitive to inconsistencies in 
the P- and S-wave macromodels. Let us now assume that 4' and Jr' in (4a) rep- 
resent the decomposed elastic wavefield related to a P-wave source. Then the second 
term under the integral is a product of converted waves and thus may be ignored. 
Hence, in this situation (4a) by can be approximated by 

Similar arguments lead to the conclusion that for an elastic wavefield related to an 
S-wave source (4b) can be approximated by 

Equations (5a) and (5b) describe independent extrapolation of P- and S-waves. 
Application of (5a) requires knowledge of the P-wave macromodel whereas applica- 
tion of (5b) requires knowledge of the S-wave macromodel. After wavefield decom- 
position, these macromodels can be estimated independently from the P-P and S-S 
data, respectively. The accuracy requirements are much less restrictive than for 
multicomponent wavefield extrapolation, as described by (1). Since (5a) is fully 
equivalent to the Rayleigh I1 integral for acoustic wavefield extrapolation (Berkhout 
1985), the P-wave macromodel need not be more accurate than the macromodel for 
acoustic wavefield extrapolation. For the anisotropic situation, the S-wave macro- 
model needs additional discussion. From (5b) it follows that all components of $+(r, 
w) at zo contribute to $,(rA, w), hence (5b) fully accounts for shear-wave splitting. 
So actually two S-wave macromodels are required, for the slow and fast S-waves 
respectively. From here onwards we assume that the main form of anisotropy is 
azimuthal anisotropy with the principal axes (x', y') making a constant angle 0 with 
the x- and y-coordinate axes. Ignoring shear wave splitting in the natural coordinate 
system (x', y', z )  of the anisotropic medium, (5b) may be further approximated by 

for h = x' or y', where $,' and $ j h , , , h  represent the h-component of 4' and T i , $ h  
respectively, the hats ( ) referring to the natural coordinate system. Equation (5c) 
for h = x' and y' describes independent extrapolation of the slow and fast S-waves. 
Since this decoupled equation is fully equivalent to the acoustic Rayleigh I1 integral, 
the slow and fast S-wave macromodels also need not be more accurate than an 
acoustic model. In the following the primes (') will be omitted for notational conve- 
nience. 



470 C. P .  A .  W A P E N A A R ,  H .  L. H .  COX A N D  A .  J .  B E R K H O U T  

To summarize: in theory elastic redatuming can either be based on the two-way 
KH integral (1) or on the one-way Rayleigh integrals (5a) and (5c). Equation (1) is 
exact, but it requires an unrealistically accurate macro-model. On the other hand, 
(5a) and (5c) ignore second-order contributions, but they are not more sensitive to 
macromodel errors than the acoustic Rayleigh integral. Hence, from a practical 
point of view the one-way approach is preferable. 

In analogy with Berkhout and Wapenaar (1988), we propose the following pro- 
cessing sequence for elastic redatuming : 

1. Decomposition at the surface of the multicomponent data into P-P, P-S, S-P 
and S-S data. 

2. Elimination of the surface-related multiple reflections. 
3a (optional). Estimation of 8 and transformation to the natural coordinate system. 
3b. Independent estimation of the P-wave and (slow and fast) S-wave macromodels. 
4. Independent redatuming of the P-P, P-S, S-P and S-S data from the acquisition 

surface to the upper boundary of a target zone. 

In the target zone the processing could be continued as follows: 

Elastic stratigraphic inversion for the detailed elastic parameters cp(r), c,(r) and 

Lithological inversion for the rock and pore parameters. 

Note that these last two steps require the redatumed P-P and S-S data as input 
(and to a smaller extent the redatumed P-S and S-P data). Of course this simulta- 
neous inversion can only be successful when the different redatumed data sets are 
fully consistent. This demand is just as critical as the demand for the very accurate 
macromodel when omitting the decomposition process. Thus it may appear that 
nothing was gained by the decomposition process. However, the following two 
remarks can be made: 

1. When structural information about the target zone is the main objective, then 
processing steps 1 to 4 give significantly better results than acoustic processing. 
(The target related P-/and S-events are well separated, which facilitates a much 
more reliable structural interpretation of the target zone). 

2. When elastic (and lithological) information about the target zone is also required, 
then step(s) 5 (and 6) may be carried out after ‘fine tuning’ the different 
redatumed data sets. When the macromodels used in step 4 were not too much in 
error, then this fine tuning is simply a time shift in order to align the reflections 
from the top of the target zone in the different redatumed data sets. This time 
shift may be included as a parameter in the elastic stratigraphical inversion (step 
5, De Haas 1992). 

5. 

6. 

ELASTIC ONE-WAY WAVEFIELD EXTRAPOLATION OPERATORS 
We now define forward and inverse elastic one-way wavefield extrapolation oper- 
ators. The forward operators are the basis for a forward model of multicomponent 
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seismic data (next section). The inverse operators will be used in the discussion of 
the redatuming scheme. 

In practical situations the wavefields are discretized along the x- and y-axes. 
Hence, the Rayleigh integrals may be rewritten in Berkhout's matrix notation. For 
forward extrapolation of downgoing P- and S-waves from depth level zo to z,, we 
rewrite (5a) and (5c) as 

P+(zt) = w++(zt,  zo)P+(zo) (64  

P - (zo) = w - (zo , 4 P  - ( 4 ,  (6b) 

and for forward extrapolation of upgoing P- and S-waves, we write 

where 

P* = [ i;] 
and 

Vectors g*(zo) and +*(z,) contain one frequency component of the discretized ver- 
sions of the wavefields 4*(x, y, zo ; w) and 4*(x, y, z, ; w) respectively. Similarly, 
vectors $:(zo) and $:(z,) contain one frequency component of the discretized ver- 
sions of the wavefield $:(x, y, zo ; w)  and $:(x, y, z, ; w) respectively, for h = x or y. 
The extrapolation matrices W:, + and Wih, $h contain discretized scaled versions of 
the z-derivatives of the Green's wavefields y:, + and f * h ,  *,, respectively (for more 
general expressions see Wapenaar and Berhout 1989, chapter VI). Note that these 
equations apply to an inhomogeneous, azimuthally anisotropic medium. The under- 
lying assumptions are that the medium is locally homogeneous and isotropic at 
z = zo and z = zI and that the contrasts in the region zo < z < zI are weak to 
moderate (paper I). 

For inverse extrapolation we write 

P+(zo) = fi+(zo, ZI)P+(Zl) (84  

P 34 = fi - (ZI > z0)P - (zo), 

and 

(8b) 

where 
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Using the results from paper I, we find 

E*+@, Y 23 = c m z o ,  z,)l* (94 

where * denotes complex conjugation. 

FORWARD MODEL OF MULTICOMPONENT SEISMIC DATA 
First we consider the response of an elastic subsurface bounded by a reflection-free 
surface at zo . With reference to Fig. 4 we write 

P-(zo) = %o, zo)P+(zo), (10a) 

where 

( 1 Ob) I x+, &o , zo) 2 4 ,  &o 9 zo) ft,, &o 9 zo) 
2&, &o 7 zo) g$x, &o 9 zo) &, &o > zo) Y 

g,y, &o 7 zo) g,y, &o 9 zo) fZJly. &o 9 zo) 

(see also Wapenaar et al. 1990, hereafter referred to as paper 11.) The vector p+(zo) 
contains one frequency component of a discretized downgoing elastic wavefield at zo 
in terms of P- and S-wave potentials, see (7a). This elastic wavefield propagates into 
the inhomogeneous anisotropic subsurface z > zo , is partly reflected at the layer 
boundaries and propagates up to the surface. The monochromatic upgoing wave- 
field arriving at the surface is denoted by fi-(zo). According to equation (lOa), the 
multicomponent one-way response matrix g(zo , zo) describes the relationship 
between the downgoing and upgoing one-way wavefields at zo. Any of the sub- 
matrices in (lob) represents a single-component one-way response of the elastic sub- 
surface. For example, matrix g+, $,(zo, zo) describes the relationship between 
downgoing S,-waves and upgoing P-waves at zo . 

4 
homogeneous 
isotropic 
half-space 

inhomogeneous 
anisotropic 
overburden 

inhomogeneous 
anisotropic 
target zone 

FIG. 4. The one-way response matrix X(zo, zo) describes the relationship between downgoing 
and upgoing wavefields at acquistion depth level zo . The one-way response matrix X(z,, z,) 
describes the relationship between downgoing and upgoing wavefields at target depth level z, . 
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One column of the matrix contains the upgoing P-waves at zo due to a down- 
going s,,-wave at one lateral position at zo .  Hence, this column may also be inter- 
preted as one frequency component of a ‘common shot record’ for one s,,-wave 
source and many P-wave receivers at zo (see paper 11, Appendix A). 

In the following, in the subsurface z > zo we distinguish between an overburden 
zo < z < z, and a target zone z > z, (Fig. 4). For the one-way response of the target 
zone we write, in analogy with (loa), 

P-(zt) = w t  9 z,)P+(zt). 

Substituting (6a) and (6b) yields 

(see Fig. 5). Equation (13) describes the relationship between the response matrix at 
a reflection-free acquisition surface and the response matrix at the upper boundary 
of the target zone. Note that mode conversion during propagation is neglected [see 
(7b)l. However, mode conversion during reflection is included (see (lob) with zo 
replaced by z,). Also note that the response of the overburden is ignored. Equation 
(13) will serve as the basis for the redatuming scheme, discussed in the next section. 

In general, the natural coordinate system of the anisotropic medium does not 
correspond with the acquisition coordinate system. Hence, before relating w(zo, zo) 
to the acquisition parameters, we define a coordinate transformation, according to 

with 

0 -I sin 8 ICOS 8 

(Alford 1986), where 8 is the angle between the two coordinate systems. 
In practical situations, the surface zo represents the earth’s free surface which is a 

perfect reflector for the upgoing waves p-(zo). In paper I1 we showed that multiple 

L - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - ~  

FIG. 5. The one-way response matrices X(zo , z,,) and X(z,, zt) are related via the one-way 
extrapolation matrices W+(z,,  zo) and W-(zo, 23. 
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X f r P o  ' Z O )  
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I I t-,-i ' I 
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FIG. 6. Forward model for multicomponent seismic data (the surface waves and the response 
of the overburden are ignored. 

reflections related to the free surface can be included, according to 

XfI(Z0 9 zo) = [I - X(Z0 9 z,)R,(zO)l- lX(Z0 , zo), (154 
where R, (zo) describes the reflectivity of the free surface for the upgoing waves 
p-(zo) and where Xfr(z0, zo) is the one-way response matrix at the free surface. In 
paper I1 we also derived the following relationship between the one-way response 
matrix Xf,(zo, zo) and the two-way seismic data: 

V(Z0) = c(zo)xf,(zo > zo)D(zo)T,(zo)* (15b) 
From right to left (15b) contains a source matrix T,(z,) (each column containing the 
traction of a seismic vibrator at the free surface), a decomposition matrix D(zo) 
(transforming the tractions into downgoing P- and S-waves), the one-way response 
matrix Xf,(zo , zo) (describing the response of the subsurface, including the multiple 
reflections related to the free surface), and a composition matrix C(zo) (transforming 
the upgoing P- and S-waves into the particle velocities V(z,) at the free surface). The 
forward model, described by (13), (14) and (15) is visualized in Fig. 6. Note that this 
forward model is not a proposal for a numerical modelling scheme for multi- 
component seismic data. The only purpose of this section was to provide a starting 
point of a systematic discussion of the elastic redatuming scheme. 

ELASTIC REDATUMING OF MULTICOMPONENT S E I S M I C  DATA 
Given the forward model, described by (13), (14) and (15), elastic redatuming of 
Fourier transformed multicomponent seismic data involves, for each frequency com- 
ponent, the following steps: 

1 Decomposition of the multicomponent data [matrix V(z,)] into P-P, P-S, S-P 

2. 

3a. 

and S-S data [matrix Xfr(zo, zo)]. This is accomplished by inverting (15b), see 
paper 11. 
Elimination of the surface-related multiple reflections. This is accomplished by 
inverting (1 5a), yielding the one-way response matrix X(zo , z,), see paper 11. 
(optional). Estimation of the azimuth angle 8 (Alford 1986) and inversion of (14), 
yielding the one-way response matrix %(zo, zo), defined in the natural coordi- 
nate system of the azimuthally anisotropic medium. 
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3b. Independent estimation of the P-wave macromodel from the traveltime infor- 
mation contained in submatrix Xg,@(z0 ,  zo) and the (slow and fast) S-wave 
macromodels from submatrices w,x, ,*(z0, zo) and XSyr ,,(zo, zo). Independent 
estimation of the P-wave and S-wave macromodels is equivalent to acoustic 
macromodel estimation as described by Faye and Jeannot (1986) and Cox et al. 
(1988). 
Independent redatuming of the P-P, P-S, S-P and S-S data from the acquisition 
surface zo to the upper boundary zt of a target zone. This is accomplished by 
inverting (13), yielding the one-way response matrix g ( z t ,  z,). 

We now proceed with the inversion of (13). Upon substitution of (7b) and (lob) 
into (13) we obtain nine independent expressions of the single-component one-way 
response submatrices. They may be summarized as 

4. 

where a and p may stand for 4 or t,bx or I),, . Note that these equations are indepen- 
dent because we neglected mode conversion during propagation through the over- 
burden [see (6) and (7)]. Hence inverting (13) is equivalent to inverting (16) 
independently for the nine submatrices Xs, a(zt ,  z,): 

(174 2s. a(zt 9 Z J  = cW, p(z0 3 Z J I  - '2s. a(Z0  9 z O ) C W ;  a(zt 9 ~ 0 1 1 -  

or 

where the inverse extrapolation operators a(zo,  z,) and Pi &z,, zo) are given in (8) 
and (9). Again, for simplicity the response of the overburden is ignored. In reality 
Xs, ol(z,, z,), as defined by (17), consists of a causal term representing the target 
response and a non-causal term related to the overburden response. The latter can 
be removed after the redatumed data have been transformed back to the time 
domain. 

Note that elastic redatuming of decomposed data as described by (17b) is very 
similar to acoustic redatuming as described by Berkhout (1985). Note that (17b) 
could be written as a two-step procedure, according to 

followed by 

(see also Fig. 7). Equation (18a) describes a lateral deconvolution process along the 
receivers in each 'common shot record' [i.e., along the columns of l%,,a(zo, zo)]. 
Physically it means that the receivers are downward extrapolated from the acquisi- 
tion surface zo to the target depth level z ,  . Hence, Xs, a(zt ,  zo)  represents the one-way 
target response in terms of upgoing p-waves at Z,  , related to downgoing a-waves at 
zo  . Equation (18b) describes a lateral deconvolution process along the sources in 
each common receiver record [i.e. along the rows of % D , a ( ~ t ,  zo)]. Physically it 
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FIG. 7. According to (1 8), elastic redatuming involves lateral deconvolution processes along 
the receivers in each common shot record and along the sources in each common receiver 
record. 

means that the sources are downward extrapolated from z,, to zt. Note that the 
acoustic redatuming scheme described by Berryhill (1984) is based on a similar prin- 
ciple. For practical applications, redatuming according to (18a) and (18b) may not 
be the most efficient solution. Particularly for 3D applications it involves a cumber- 
some data reordering process (from common shot records into common receiver 
records) in between the two steps. Berkhout (1985) and Wapenaar and Berkhout 
(1987) show that (18a) and (18b) can be rewritten as redatuming per shot record, 
followed by ' stacking ', without loss of accuracy. 

EXAMPLE OF ELASTIC REDATUMING 
We illustrate the elastic redatuming procedure with a 2D example. For the iso- 
tropic subsurface configuration of Fig. 8, we generated 128 multicomponent 
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FIG. 8. 2D inhomogeneous elastic subsurface. The 
are situated at the free surface zo = 0 m. 
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FIG. 9. Multicomponent shot record. The source position is indicated by the arrow in Fig. 8. 
(a) Pseudo P-P data; (b) Pseudo SV-P data; (c) Pseudo P-SV data; (d) Pseudo SV-SV data. 
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seismic shot records by finite-difference modelling (Kelly et al. 1976; Haime 1987). 
We used vertical and horizontal vibrators as well as vertical and horizontal geo- 
phones at the free surface z o .  One multicomponent shot record is shown in the 
space-time domain in Fig. 9. Following the procedure described in paper 11, we 
decomposed these data into true P-P, SV-P, P-SV and SV-SV responses and we 
eliminated the multiple reflections related to the free surface (in the 2D situation 
S,-waves are equivalent to SV-waves). The result is shown in Fig. 10. Note that, 
unlike in Fig. 9, the resonse of the target reflectors below z ,  = 450 m can be clearly 
recognized. Following the procedure described by Cox et al. (1988), we estimated the 
overburden P-wave macromodel from the P-P data (Fig. 10a) and the S-wave 
macromodel from the SV-SV data (Fig. 10d). The results are shown in Fig. 11. Note 
that the estimated P-wave macromodel (Fig. l l a )  is quite accurate (errors less than 
4%, except in the third thin layer). The estimated S-wave macromodel (Fig. l lb )  is 
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FIG. 10. Multicomponent shot record, after elastic decomposition and multiple elimination. 
The source position is indicated by the arrow in Fig. 8. (a) True P-P data; (b) true SV-P data; 
(c) True P-SV data; (d) true SV-SV data. The arrows indicate the response of the target 
reflectors below zt = 450 m. 
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FIG. 11. (a) P-wave macromodel, estimated from the P-P data (Fig. 1Oa); (b) S-wave macro- 
model, estimated from the SV-SV data (Fig. 10d). 

less accurate. This is explained by the significant angle-dependent behaviour of the 
SV-SV reflections. 

We now come to the actual redatuming procedure. Transforming the data of 
Figs. 10a, b, c, d from the time domain to the frequency domain yields for each 
frequency in the seismic band (5 Hz < f =  o/ (24  < 80 Hz) one column of the 

full matrices are obtained by repeating this procedure for all 128 decomposed multi- 
component shot records in the seismic line. 

Elastic redatuming now involves applying (17) or (18) for a = 4, i+hy and p = 4, 
i+hy for each frequency in the seismic band. The columns of the resulting matrices 

matrices X4, +(z0 , zo), X,y, &z0 zo), X4, sy(zo, zo) and X,y, ,y(z0, zo), respectively. The 

X+, &zl, zJ, X,y, &zl, 4 X4, + y ( ~ t ,  4 and XeY, 23 contain the (monochromatic) 
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FIG. 12. Multicomponent shot record, selected from the elastically redatumed data at Z, . The 
source position is indicated by the arrow at z, = 450 m in Fig. 8. (a) True P-P data; (b) true 
SV-P data; (c) true P-SV data; (d) true SV-SV data. 

shot records at the upper boundary z, of the target zone. Next, these results are 
transformed back to the time domain. Figure 12 shows one multicomponent shot 
record after redatuming. Note that this result clearly shows the angle-dependent 
reflectivity properties of the reflectors in the target. Figure 13 shows the P-P and 
SV-SV zero-offset sections, selected from the redatumed data at the upper boundary 
of the target zone. Note that the structure of the reflectors in the target can be 
clearly recognized. Comparison of the redatuming results (Fig. 12 and 13) with the 
input data (Fig. 9) shows that the total processing sequence considerably reduced 
the complexity of the target reflections. 

CONCLUSIONS 
In principle, elastic redatuming may be carried out before or after decomposition of 
the multicomponent data into independent P-P, P-S, S-P and S-S responses. From a 
theoretical point of view, both approaches are equivalent. However, from a practical 
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FIG. 13. Zero-offset sections, selected from the elastically redatumed data at 2,. (a) True P-P 
data; (b) true SV-SV data. 

point of view redatuming before decomposition is unattractive because the quality 
of the results depends heavily on the consistency of the P- and S-wave macro- 
models. 

Decomposition at the surface of the multicomponent data enables independent 
estimation of the P- and S-wave macromodels as well as independent redatuming of 
the P-P, P-S, S-P and S-S data from the acquisition surface to the upper boundary 
of the target zone. After decomposition, the requirements for the accuracy of the P- 
and S-wave macromodels are not more rigorous than in the acoustic situation 

We have shown that elastic redatuming of decomposed data can be elegantly 
written in terms of matrix multiplications (17), analogously to acoustic redatuming 
(Berkhout 1985). After redatuming, the propagation effects (down and up) of the 
target overburden have been removed from the target reflections and, particularly 
for a structurally complicated overburden, the target response will be simplified 
significantly. 
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