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VII.2 On three—component analysis of secondary phases

In a previous report we discussed the relative performaﬁce of arrays
and three-component stations in the analysis of regional P phases
(Kvaerna and Doornbos, 1986). An important aspect of this analysis is

the determination of a covariance matrix g.of the form

Cam(s) = [ Fp(w,s) Fp*(w,s) dw/2m (1)
where the signals have been phase shifted for slowness s:

Fp(w,s) = Fp(w) exp(iwsex,)

and Fp(w) is the Fourier spectrum at channel n. Using C of eq. (1),
the generalization of conventional beamforming is given by the nor-

malized response

p(s) = g*os / {lgl® tr ¢} (2)

where g is the predicted displacement vector for slowness s. The
generalization of optimum beamforming methods proceeds similarly, but

eq. (2) is sufficient for our present purpose.

Eq. (2) involves no explicit assumption about the phase type, and so
may be applicable in the analysis of secondary phases as well. The
success of such an analysis depends on our ability to predict the vec-
tor g in eq. (2). Put another way, it depends on the ability to match
the covariance matrix C, since
gfcg =tr(¢® , G¢=ggt

In this regard we note the following points: (1) The particle dis-
placement of S is relatively complicated even in simple models. The
fact that in its simplest form, plane wave S motion is polarized in a

plane implies that from the observed direction of S motion at a given

time one cannot uniquely infer the slowness vector; the solution vec-
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tors span the plane perpendicular to the direction of S motion. Only
when the SV/SH ratio is known can a unique solution be obtained. This
is not usually the case. The problem is aggrevated when interaction
with the surface and near—-surface structure is taken into account (see
below). (2) For a single component array of sensors, the g vector in
eq. (2) is constant and the operation (2) is trivial. For a three-
component sensor, g represents the predicted displacement vector for
slowness s. The prediction is model-dependent. For example, g will be
frequency independent if a uniform half-space model is used to account
for surface interaction. In the real earth this is usually not the
case, not even for P waves. Fig. VII.2.l shows the results of an ana-
lysis of three-component records from the broadband station in NORESS.
The records give the P wave from an event in the Hindu Kush (Fig.
VI1.2.la). The slowness solutions, in the form of apparent velocity
and azimuth (Fig. VII.2.1b), show significant dispersion violating the
assumption of frequency independent g. The correct values are near the
SP solution for apparent velocity, and near the LP solution for
azimuth. This suggests that relatively small-scale lateral structure
is the dominant source of azimuth bias, whereas the apparent velocity
for P is mostly affected by large-scale vertical structure. Indeed, a
simple modification of the uniform half-space model by introducing a
discontinuity between the upper and lower crust at 15 km depth, does
produce velocity dispersion of the observed order of magnitude

(Fig. VI1.2.2). The calculations in this and other one-dimensional
models are based on a stripped version of Kennett's (1983) reflec-
tivity algorithm. (The required modifications were made by Kennett
during a visit to NORSAR this summer.) Of course, this and other
models introduced here are not meant to have any significance other
than that they give an indication of the required scale of

inhomogeneity.
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For short-period S there is little difference between the response of
the two-layer crustal model and that of a uniform half space (as is
the case for short-period P). The uniform half-space response for SV

glves a ratio of horizontal to vertical displacement, for slowness p:
2 2 2 2
up/uy = (1/B° ~ 2p°)/(2pY1/a"~p") 3
where ¢ and B are the P and S velocity, respectively.

The SV particle motion for the uniform half-space model is plotted in
Fig. VII.2.3. Note that the regiomal S, phase has an apparent velocity
of about 4.5-5.0 km/s, hence p = 0.20-0.22 s/km, and the predicted
motion is elliptical with the long axis vertical. However, the
observed response is quite different. Fig. VII.2.4 displays the 3 com—
ponents of a typical regional S, phase. The response is dominated by
horizontal motion. The particle motion of S, from three different
events is plotted in Fig. VII.2.5, showing almost rectilinear SV

motion with the long axis horizontal.

It is well known that S interacts strongly with crustal inhomogeneity,
and three-dimensional models are certainly required to account for the
observed effects. However, even simple modifications of a one-
dimensional model can produce dramatic effects. Fig. VII.2.6 displays
the SV particle motion when adding a thin (200 m) low-velocity layer
on top of the crust. The effect of the layer is to change the long
axis of SV motion from vertical to horizontal for a wide range of
slowness encompassing the slowness of S,. The modification does not
affect the P motion. It is emphasized again that the model has no
significance other than to indicate the required scale of inhomo-
geneities. The result suggests that 3-component data of regional S are

unsuitable for slowness analysis. At best one can infer the azimuth




- 44 -

apart from a 180° ambiguity, and only if the SV/SH ratio is known. On
the other hand, due to the response characteristics should horizontal

components have potential for detection of Sj.

T. Kvarna
D.J. Doormbos
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Fig. VII.2.1
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a) P wave from event in Hindu Kush recorded in three
different frequency bands of the broadband station

in NORESS.

b) Slowness solutions as a function of frequency, using

uniform half space model with vp = 6.0 km/s, vg =
3.46 km/s. Slowness vector decomposed in apparent
velocity and azimuth.
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Crustal model used to generate synthetic broadband P.
Slowness solutions when applying the uniform half-
space model (vp = 60 km/s, vg = 3.46 km/s) to the
synthetic data generated in model in a).
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Fig. VII.2.3 Particle displacement as a function of slowness and time.
Synthetic data represent the response of the uniform half
space to incident plane SV wave.
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Fig. VII.2.4 Typical three-component seismograms of regional Sp. All
traces are scaled to the same value.
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Fig. VII.2.5 Particle motion in the vertical-radial plane of SV, for
Sn from three different regional events.
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Fig. VI1.2.6 a) Crustal model used to generate synthetic Sj.
" b) Particle motion in the vertical-radial plane of SV,
in response to incident plane SV wave in the model
of a).






