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Original Investigations

Synthetic Seismograms of PS-Reflections
from Transition Zones Computed
with the Reflectivity Method *

K. Fuchs

Geophysikalisches Institut, Universitdt Karlsruhe

Abstract. Expressions for the computation of synthetic seismograms of PS-
reflections from transition zones with an arbitrary depth-dependent distri-
bution of the elastic moduli and density are derived by the reflectivity method.
Synthetic seismograms of PS-reflections are presented for first-order dis-
continuities with variable Poisson’s ratio, for linear transition zones with
variable thickness, and for laminas of variable thickness. The computed theo-
retical amplitudes show that from a crust-mantle boundary with a first-order dis-
continuity PS-reflections should be observable. However, in most crustal
explosion studies PS-reflections are not observed, as demonstrated in a number
of record sections. Both, transition zones and a reduction of S-wave velocity
in the lower halfspace diminish the amplitudes of supercritically reflected PS-
waves without affecting the amplitudes of the supercritical PP-reflection. On
supercritical reflection from thin laminas both PP and PS amplitudes decrease.
A transition zone is the most likely explanation of the observed absence of
reflected PS-waves from the crust-mantle boundary. Its thickness should be at
least 1 km. :

Key words: PS-reflections — Synthetic seismograms — Reflectivity method —
Crust-mantle boundary — Variable poisson’s ratio — Linear transition
zone — Lamina.

1. Introduction

Explosion seismology has concentrated almost exclusively on the interpretation
of P-wavesfor two reasons. Firstly explosions are radiating dominantly compres-
sional waves; and, secondly, the P-waves form the first arriving group, where in
general arrival times can be picked much more reliably than in the case of the
later arriving S-waves. However, there are quite a number of record sections

* Contribution No. 181 within a joint research program of the Geophysical Institutes in Germany
sponsored by the Deutsche Forschungsgemeinschaft (German Research Association). Contribution
No. 104, Geophysikalisches Institut Universitdt Karlsruhe.
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Fig. 1. Record section from profile Greenville 3 Win Canada. Reduction velocity 7.0 km/s. The dashed
lines indicate the theoretical positions of the S, and PPS-headwaves corresponding to the B-branch
(adapted from Berry and Fuchs, 1973). Note the presence of the §,,S phase and the absence of ob-
servable PPS- and PS-phases

available from explosion seismic experiments in various parts of the globe where
S-phases show amplitudes comparable with the corresponding P-phases
(Figs. 1-2). These S-phases must have been radiated directly from the source or
converted immediately from P-waves in the neighbourhood of the source. These
examples prove that S-waves are propagated with sufficient energy through the
crust in the frequency range of explosion seismic experiments. Therefore, the ques-
tion arises whether PS-reflections converted at transition zones in the crust and
upper mantle can also be observed.

The reduced traveltime diagram for PP- and PS-reflections from the crust-
mantle boundary of a one-layer crust is given in Fig. 4. At this first-order dis-
continuity the P-wave in the upper mantle is guiding a P-headwave (PPP) and a
S-headwave (PPS). The critical distance (49.6 km) of the PPS-phase is nearly
20 km smaller than that for the PPP-phase (69.3 km). The time lag between PPS
and PPP is 44 sec. The PPS-headwave is tangent to the converted B, S-reflection.
The asymptotic velocity of the B,S-reflection at large distances becomes «,
which is identical with the P-velocity of the crust, this is the same asymptotic
velocity as that of the B, P reflection.

The approximate position of the PPS-traveltime branch is reproduced in
the record sections of Figs. 1-3. It is quite evident that no energy comparable to
the critical B,P- or S, S-reflection is present in these sections. The absence of
P,;S-reflections appears to be a general feature of crustal record sections.

It is the purpose of this paper to investigate possible reasons for the observed
absence of PS-reflections from the crust-mantle boundary. In the first part the
reflectivity method (Fuchs, 1968b; Fuchs and Miiller, 1971) is extended to include
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Fig. 2. Record section from profile Sines-Azinhal in Portugal. Reduction velocity 6.0 km/s. Dashed line indicates the
theoretical position of the S, and PPS headwaves corresponding to the B-branch (adapted from Miiller ¢t al.. 1973).

Note the presence of the S,,S-phase and the absence of observable PPS- and PS-phases
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the computation of synthetic PS-seismograms. In the second part PS-reflections
from various kinds of transition zones will be presented which are likely candidates
for the suppression of PS-reflections.

2. The Computation of Synthetic PS-Seismograms with the Reflectivity Method

The method for the computation of synthetic PP-seismograms with the reflectivity
method (Fuchs, 1968 b) had been extended by Fuchs and Miiller (1971) to cover
the case of an arbitrary stack of horizontal layers on top of the reflecting zone.
Here we will use the same notation as in this paper. The model of the layered
medium is given in Fig. 5. It consists of n—1 plane, horizontal, homogeneous,
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Fig. 4. Reduced traveltime diagram for PP- and PS-reflections from the base of a one-layer crust with
schematic ray-paths

and isotropic layers on top of the half-space (layer n). The i-th layer is characterized
by the P-velocity 2,, S-velocity f3;, density p;; and thickness ;. The explosive point
source is placed in the free surface at z=0 without taking into account an inter-
action, i.e., the P-waves in layer | are spherically symmetric and no S-waves are
excited. In the layers 1 through m only transmission losses and traveltime delays
of P- and S-waves are considered, multiple reflections within these m layers are
neglected. The reflecting zone is formed by the layers m+1 through n. From the
source to the top of the reflecting zone and back to the surface the exact or
generalized ray theory (Miiller, 1968 a, b; 1970) will be followed while the reflection
from the transition zone is described by the reflectivity method.

The compressional potential of the wave radiated from the explosive point
source into layer 1 is:

1 R
(po(r,:,I):E-F(t—?). (1
%

Where R? =12+ -2, Its Fourier transform is in integral form:

z

Polr, 2, )= F((r)) [

o Vi

k

“Jolkr)exp(—jv, z) dk. (2)

Here F(w) is the Fourier transformed source function F(1), Jolkr) the Bessel
function of the first kind and order zero, j the imaginary unit, k the horizontal
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Fig. 5. Model of the layered medium with the position of the source and the receiver at the surface.
The reflected P- and S-waves sufler elastic transmission losses and time delays in the layers | to m

wave number. The vertical wave numbers for P and S waves in the i-th layer are:

L o e B e (e R (3)

K=ok, =w/p;

Transmitting this potential through the refracting layers of the overburden, the
compressional potential of the P-wave in layer m, incident upon the reflecting
zone, is:

- 4 k
@, (r.z,m)=F(w) f f J()“{ r)- F:'((,), k)

AN

pt— 1 ne—1
“exp [7_;’( Y hovi+ (:f Y hf) \'m)] dk (4)
i=1 i=1

where B(w, k) is the product of the transmission coefficients at the interfaces
2 through m for downward propagation of a P-wave.

So far we have followed the formulation of Fuchs and Miiller (1971) who
computed the PP-reflection from the transition zone. In addition to the PP-phase,
in general, the transition zone reflects also S-waves whose potential in the m-th
layer is:

Y, z,w)=F Jiltkry Blew, k)- Pq((u,k)

Jff
[ (ih v; (th’)v )]dk. (5)

The complex reflectivity Rpg(m, k) of the reflecting zone is the same as defined by
Fuchs (1968a), J, (k) is the Bessel function of the first kind and first order.
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The reflected wave is now propagated upwards through the interfaces m,
m—1, ..., 2. Its potential in layer 1 is:

_ _ %k ~
Vs, z, 0)= F(co)j o Ji(kr)- B(w, k) - S (w, k) - Rpg(w, k)
0

1
- exp [_j (iihi(vi+vg)—z-v;>] dk (6)

S, is the product of transmission coefficients of the upward travelling S-wave at
the interfaces m, m—1, ..., 2.

While the effect of the free surface has been neglected at the source it will be
taken into account at the receiver. At the incidence of the S-wave upon the free
surface a S- and a P-wave is reflected with potentials:

_ _ %k ~
l//4.("’ Z, 0))=F(Q))j V— Jl (kr) Ei(w’ k) : Su(w9 k) : Rps(w’ k) : rss(wa k)
0

1

- exp [—j (ihi(v,.-i—v’i)-l-z-v;)] dk, @)
i=1
_ %k .
o(r, z, w)=F(w) I]— o(kr) B(w, k) - S (@, k) Rpglw, k) - 1, (w, k)
0

- exp [._j (iglhi(vi+v'i)+z V] )] dk (®)

r(w, k) and r, (w,k) are the S—S and S—P reflection coefficients at the free
surface

The horizontal and vertical displacement in the first layer are:

dp 0y O, Vs Y,
6z+6r+6r+r+r'
For z=0 we derive with Egs. (6), (7) and (8):
u(r, 0, w)=F(w f——J(kr) 2(w, k) - S (o, k) - Rpg(w, k)

V1

. [rsp——‘;%(l —rss)] - €xp [——jiihi(vi+v§)] dk, ©)

o 2

W(r, 0, w)=F(w) j = Jy(kr)- B(w, k) S,(, k) Rps(e, k)

V1

-[1+rss L, ] exp[-ji;hi(vi+v’i)] dk. (10)
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For numerical integration it has been found more convenient to use the angle y as
new variable, related to k by:

k=ﬂsiny=kamsiny. (11)

m

Fork<k, vistherealangle ofincidence in the m-th layer at the top of the reflecting
zone. With the new variable y the coefficients B, S and r,, depend only on y.
The integrals (9) and (10) become:

u’ %s

u(r,0, w)=F(w)- k2 [sinycosyj-Jy(k, rsiny) Rpg(w,y)- A(y)

3!

- exp [—jkamZhi(ni+n;)] dy, (12)
i=1

72
Ww(r, 0, w)=F(w)- k2 [sinycosy-Jy(k, rsiny) Rps(w,?)- B(y)

71

exp =ik, 3 1) d (13
where
AD)=at)-BO)-5,0) and Bo)=b(r)- B)-5,0) (14
and
a(v)=:—i[1—rss v%’sp]’ (15)
b= [ 1450, ] (16)

The products of the transmission coefficients P, and S, are:

B=[IT,,(» and S,=[]T.0) (17)
=2 i=2

where:

C
T;,pi()’)z =2p;_ 1My D

T‘. ::—-2 . {——

ssi?) Pilli

with:
C=ni(d;sin’y—p,_,)—n;_,(d;sin*y+p),

C=’7i(di Sinzy_p.‘—l)_ni_1(di sinzy-i-pi),
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D=sin’y(d;sin®y+p,— p;_,)* +n, n(d;sin*y—p,_,)?
+0i 1 PNy +’7i—1[di2'li Hi 1 M sin®y
+1;_y(d;sin®y+p) +p,_y i1t (18)

7= [(a—"’)z —sinzy]ll2 n= [(a—'")z —sinzy]l/2
' o; ’ ! B .

The coefficients a(y) and b(y) are:

1 ny o, ( )
aly)=———--3- 2sin?y—-2),
) N n, 51 ﬂz
% (19)
=—.4 ,
b(y) N ﬁfmsmy

0(2 2
N =4sin’*yn, n;,+ (2sin2~y—ﬁ—';) )
1
Without the influence of the free surface at z=0 the coefficients a(y) and b(y)
become:
a(v)——1 and b(y)=—
Vi V1
Since we are only interested in the reflection of body waves the integration in
Egs. (12) and (13) will be restricted to real angles y, i.e. 0=y <m/2 as was discussed
by Fuchs and Miiller (1971).
For crustal explosion studies it is convenient to replace the Bessel functions
by their large distance approximations:

2 n
J =/ — —
o) X cos (x 4 )

el e

2 . n
Jl(x)—- Esln (X—T>

e 1151 I ) S

The first exponential term in Egs. (20) and (21) corresponds to waves travelling
towards the source. It can be shown by numerical evaluation that the contribution
of these terms to the integrals in Egs. (12) and (13) are negligible. Neglecting
these terms the two integrals become:

iu(r, 0, w)= — F(w) e/™* """ ﬁ/smy cosy Rps(,7) - E(y)

-exp { —Jjk,, [r siny+ Y. hi(’h""ﬂ)]} dy, (22)
i=1
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_ . k3 Y2 -
w(r, 0, w)=F(w) e/™* —2#“Lr [/siny - cosy Rpg(w, 7) - B(y)
Y/
"1

-exp{—jkam [r siny+ Zhi(ni+n§)]}dy. (23)
i=1

The Fortran-program “Reflexion” has been extended to include synthetic

seismograms of PS-Kreﬂections according to Egs. (22) and (23).

3. PS-Reflections from Various Kinds of Transition Zones

In this section the extended computer-program will be applied to investigate the
absence of PS-reflections from the crust-mantle boundary on observed record
sections from crustal explosion-seismic experiments. The far-field displacement
of the compressional wave from the explosive source is proportional to the
derivative F'(t) of the source function F(z). In the following examples F'(t) is:

Fi(t)= sinl07t—0.5sin207t  for 0<t<0.2sec
o for t<0 and ¢>0.2sec.

This signal with a duration of 0.2 sec has a dominant frequency of about 5 Hz.

3.1. PS-Reflections from a First-Order Discontinuity

A one-layer crustal model with a first-order discontinuity as crust-mantle boundary
serves as a first model (Model 1 in Table 1) for which synthetic seismograms of
PS-reflections are computed. The traveltimes for this model had been given
already in Fig. 4. The PP- and PS-section of the vertical component are given
separately, both on the same amplitude scale, in Fig. 6.

The phases of the reflections B,P and B,S as well as the headwaves PPP
and PPS are clearly recognized. While the B, P reflection suffers a phase change
of 180° at grazing incidence, that B,S reflection shows the same phase as the
subcritical B, S reflection. The most important observation is that the maximum
PS-amplitude reaches about 0.6 of the maximum PP-amplitude in case of a purely
compressional source. Should the source radiate S-waves as well, the SP phase
would constructively interfere, with the PS phase, and the combined PS and SP
phase could attain amplitudes larger or equal to the PP phase.— The maximum
of the PS-reflection does not occur at the critical distance of 49.6 km but is dis-
placed to larger distances (63.5 km) by the interference of the PS-reflection and
the PPS-headwave. This is the same effect as discussed for supercritically reflected
P-waves by Cerveny (1961).

Comparing these synthetic seismograms for PS-reflections from a first-order
discontinuity with the observed record sections of Figs. 1-3 one clearly recognizes
that the observations do not show appreciable energy of arrivals at the places
where the PS-reflection is expected. Therefore, the question arises which models
of the crust-mantle boundary may cause a suppression of the PS-reflections. In
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Table 1. Models of Transition Zones

Model No. Poisson’s Thickness =, s

2 % ;5 25}

ratio of first (kmys) (kmys)  (g/em?®) (kmys) (kmys) (g/em?)
layer
First-Order 1 0.25 30 6.2 3.575 2.6 8.2 4.73 3.36
Discontinuity 2 0.30 30 6.2 3:575 2.6 8.2 4.38 3.36
3 0.378 30 6.2 3.575 2.6 8.2 3575 26
4 0.4 30 6.2 3.575 2.6 8.2 330 3.36
5 0.5 30 6.2 3.575 2.6 8.2 0 3.36
Transition Thickness
Zone of Transition
Zone
o (km)
6 0.2 209 6.2 3.575 2.6 8.2 4.73 3.36
7 0.5 29.75 6.2 3.575 2i 8.2 4.73 3.36
8 1.0 29.0 6.2 3.575 2.6 8.2 4.73 3.36
9 4.0 28.0 6.2 3.575 2 8.2 4.73 3.36
Lamina Thickness
of Lamina
h (km)
10 1 30 6.2 3.575 2.6 8.2 473 3.36
11 0.5 30 6.2 3.575 2.6 8.2 4.73 3.36
12 0.25 30 6.2 3.575 2.6 8.2 3

4.73

| s
{=2}

rlkm) 1

t-r/8.2 (sec)

PP

|
|
|
|
| ] ‘
| i e |
L J =T
p T 7 { i { { |
Fig. 6. Section of synthetic seismograms of PP- and PS-reflections from a first-order discontinuity
at a depth of 30 km; vertical component. free surface reflection taken into account (model | in Table 1)
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the following several possibilities for a reduction of PS-amplitudes are discussed.
The most likely model is a transition zone, since PS coupling decreases in an
inhomogeneous medium with decreasing gradients of the elastic properties.
However, other reasons—variable Poisson’s ratio in the upper mantle and
reflection from a lamina —will be investigated as well.

3.2. PS-Reflections from a Linear Transition Zone

In the high-frequency limit of geometrical ray theory no converted PS-reflections
are expected to arise from a transition zone in which the elastic parameters and
the density change continuously with depth. However, for finite frequencies the
equation of motion of an inhomogeneous medium does not separate completely
in two wave equations for compressional and shear waves. The coupling between
P- and S-waves is the stronger the larger the gradient of the elastic properties and
density. Therefore, PS-reflections are to be expected also from continuous tran-
sition zones. Their amplitudes cannot be derived from geometrical ray theory.

PF PS
40 r(km] 140 40 r{km) 140
12— T T 16
{ | ‘ ‘ i |
T |
a f i i -
— | J ) —-":_’JT—’_—‘F— - 4 — T N
A e o e o T R 0
12— T T 1 1 167 T - N
| | [ |
b | | |
5 ke | ‘ ) fr—Ti_% | 1 él _; T = T 7]
‘% (-7 S, s B ;.—kj Yo g 10 g;}w | [ | l 1 |
ol
® 12 5 : g
= | |
[ | |
g |
11111
6 I 1
12
d
6 1 ‘

Fig. 7. Sections of synthetic seismograms of PP- and PS-reflections from linear transition zones of
thickness ¢ =0.2 (b). 0.5 (¢) and 1.0 km (d) (models 6 to 8 in Table 1) compared with section from first-
order discontinuity (a). Vertical component, free surface accounted for
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Fig. 8. Amplitude distance curves of PP- and PS-reflections from linear transition zones of thickness
d =0 (first-order discontinuity), 0.2, 0.5, 1.0 and 4.0 km. The displacements of the amplitude maxima
from the critical distance are indicated. In the inlet the ratio of maximum PS-amplitudes to that from
a first-order discontinuity are plotted as a function of thickness d of the transition zone and wavelength

In this section theoretical amplitudes will be computed with the aid of synthetic
seismograms. The linear transition zone is approximated by a stack of 10 thin
homogeneous layers. In Fig. 7 the PP- and PS-record sections of a first-order
discontinuity are compared with those from transition zones of thickness 0.2 km
to 1.0km (models 6 to 8 in Table 1). As was expected, the amplitudes of super-
critical PP-reflections are hardly changed by the introduction of the transition
zone, Only the subcritical PP-reflections decrease strongly with increasing thick-
ness of the transition zone. On the other hand, the PS-reflections diminish both
in the sub- and supercritical distance range.

Amplitude-distance curves for transition models with thicknesses from 0 to
4.0 km are compiled in Fig. 8. The shift of the amplitude maxima relative to the
critical points occurs also in case of transition zones and is indicated in the figure.
The inlet in Fig. 8 gives the amplitude of the PS maxima as a function of transition
thickness and P-wavelength (4= 1.4 km). A rapid decrease of maximum amplitudes
with growing thickness of the transition zone is to be noted. If the thickness
equals about one wavelength, the maximum amplitude is only 1/10 of the maximum
amplitude from a first-order discontinuity. If transition zones are considered to
be responsible for the absence of PS phases in the observations, it suffices to
replace the first-order discontinuity by transition zones of thickness of about
one P-wavelength.— In turn it can be argued that if PS-reflections should be
observed their presence would have to be taken as evidence of an extremely sharp
transition zone of thickness less than one wavelength.
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3.3. PS-Reflections from a First-Order Discontinuiry
with Variable Poisson’s Ratio in the Lower Hualf-Space

It has been pointed out already that a transition zone is not the only possible
explanation of the absence of PS-reflections. Even in case of a first-order dis-
continuity the ratio of P- to S-wave velocities may drastically change the amplitudes
of the reflected PS-waves. In this section we will change the Poisson’s ratio ¢ in
the lower half-space from 0.25 to 0.5 keeping this ratio constantly 0.25 in the
upper half-space. This range would correspond to a gradual transition from a
solid through a partially molten lower half-space to a fluid medium.

In Fig.9 a comparison of synthetic PP- and PS-record sections s given for
o=0.25, 0.30, 0.378, 0.5 (models 1 to 5 in Table 1). While the amplitudes of the
supercritical PP-reflections hardly change, the amplitudes of the supercritical
PS-reflections are affected strongly. They decrease with increasing Poisson’s ratio.
The case ¢=0.378 and equal density in both media corresponds to equal S-wave
velocity in which case no PS-waves are generated at the interface since here
compressive and shear motions decouple completely (this case is a very efficient
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Fig. 9. Sections of synthetic seismograms of PP- and PS-reflections from a first-order discontinuity
with variable Poisson’s ratio in the lower halfspace (o =0.25 (a). 0.30 (b). 0.378 (c), 0.5 (d). models 1 to 5
in Table 1); vertical component free surface accounted for. For ¢ =0.378 the density in both halfspaces
has been chosen equally as 2.6 g/em?; complete decoupling of compressional and shear waves
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Fig. 10. Amplitude distance curves of PP- and PS-reflections from a first-order discontinuity with
variable Poisson’s ratio ¢ in the lower halfspace (6 =0.25, 0.3, 0.4, 0.5). In the inlet the ratio of maximum
PS-amplitudes to that for ¢ =0.25 is plotted as a function of o

test of the computer-program). For ¢>0.378 the amplitudes of the PS-reflections
increase again but do not reach the amplitudes of the case ¢=0.25. Amplitude-
distance curves for ¢=0.25, 0.3, 0.4 and 0.5 are compiled in Fig. 10. The inlet of
this figure gives the ratio of the maximum PS-amplitude to that with ¢=0.25as a
- function of . It is quite evident that a reduction of the S-wave velocity in the
lower half-space can also be the cause for the disappearance of PS-reflections.

3.4. PS-Reflections from Single Laminas with Variable Thickness

The amplitudes of the supercritical reflection from a high velocity layer diminish
substantially if the layer is thin enough and embedded between two low velocity
half-spaces. For the sake of brevity, such a layer will be termed a lamina. If the
lamina is sufficiently thin, the supercritical reflection looses energy since a con-
siderable part of it is leaking through the lamina into the lower half-space. It is not
known so far whether the supercritical PS-reflections are as strongly affected by
this leakage as the PP-reflections.

In Fig. 11 sections of synthetic seismograms of PP- and PS-reflections from a
lamina of variable thickness d =1.0, 0.5 and 0.25 km are compared with the reflec-
tions from a first-order discontinuity. Both headwaves PPP and PPS have
disappeared. One recognizes that the maximum amplitudes of both PP- and
PS-waves diminish with decreasing thickness of the lamina. The amplitude-
distance curves for these cases are presented in Fig. 12.
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Fig. 11. Sections of synthetic seismograms of PP- and PS-reflections from a lamina with variable
thickness i=1.0(b). 0.5(c) and 0.25 km (d) (models 10 to 12 in Table [) between two low velocity
halfspaces compared with reflections from a first-order discontinuity (a): vertical component, free
surface accounted for

It is obvious that the supercritical PP-reflections decrease much more rapidly
in amplitude than the PS-reflections. For d =0.25 km both types of reflections
show nearly equal maximum amplitudes. The behaviour of the maximum ampli-
tudes is summarized in the inlet of Fig. 12 as a function of layer thickness. It may
be concluded that the PS-reflections from a thin lamina are less affected by the
leakage of energy into the lower half-space than the PP-reflection. Therefore a
single lamina is no suitable model for the explanation of the observed absence of
PS-reflections from the crust-mantle boundary.

4, Discussion and Conclusions

In the first part of this paper the expressions for the PS-reflections from transition
zones with arbitrary depth distributions of the elastic moduli and density have
been derived. The program * Reflexion™ described previously in detail by Fuchs
and Miiller (1971) has been extended to include the computation of synthetic
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Fig. 12. Amplitude distance curves of PP- and PS-reflections from a lamina with variable thickness
ir=1.0,0.5 and 0.25 km. In the inlet the maximum PP- and PS-amplitudes to that for the first-order
discontinuity 1s plotted as a function of thickness of the lamina and of the wavelength

PS-reflections. The extended programn has been applied to a problem encountered
in explosion seismology, i.e. the absence of PS-reflections converted at the crust-
mantle boundary in the presence of strong PP- and SS-reflections.

Firstly, it could be shown that PS-reflections from a first-order discontinuity
model of the crust-mantle boundary with Poisson’s ratio ¢=0.25 should possess
amplitudes comparable in size with those of the P P-reflection. Such a model is not
in accordance with the observations. Therefore, reflections from linear transition
zones have been investigated which in fact cause a strong diminution of PS-
amplitudes with increasing thickness of the transition zone while PP-amplitudes
show no decrease in the supercritical distance range. A thickness of about one
wavelength reduces the maximum PS-amplitudes to 1/10 of their size for a first-
order discontinuity, i.e. already a very thin transition zone with thickness more
than | km will cause the PS-reflections to become unobservable. Therefore,
supercritical PS-reflections are a very sensitive indication of the presence of first-

order discontinuities.

Wherever models with first-order discontinuities are

postulated PS-reflections should be observable. So far, no PS-reflections from
the crust-mantle boundary are known to the author. Should there exist regions
where PS-reflections can be observed, the crust-mantle boundary must be ex-
tremely sharp.
A variation of Poisson’s ratio in the upper mantle below the crust-mantle
boundary is another possible cause for the suppression of PS-reflections. If,
by partial melting, the S-velocity and density become equal to the S-velocity and



462 K. Fuchs

density in the overburden, PS-reflections may completely disappear. Thin Laminas
diminish the amplitudes of PP-reflections more strongly than those of PS-reflec-
tions. Therefore, they do not provide an explanation of the observed phenomenon.

From the present study a variation of Poisson’s ratio or the existence of a
transition zone seem to be the only possible causes for the absence of PS-reflec-
tions. Since the variation of the Poisson’s ratio would require a substantial
partial melting immEdiately below the crust-mantle boundary, the author tends
to explain the absence of PS-reflections by the existence of a transition zone. It
must be concluded that the transition zone at the crust-mantle boundary must
have a thickness of more than 1km. From this study a search for PS-reflections
on crustal record sections is recommended.
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