











310 km (8.8 km/s) and 540 km (9.5 km/s). On the other
hand Baer (1979) found a very steep gradient between
405 km (8.82 km/s) and 420 km (9.55 km/s) in his investiga-
tion of earthquakes in SE-Europe with recordings of the
Swiss Earthquake Service. Burdick and Helmberger (1978)
derived an upper mantle model for the Western United
States basically from long-period earthquake records. Their
model has two first order discontinuities at 400 and 670 km
depth. They used amplitude and signal shape information
in their investigation. In more recent studies Given and
Helmberger (1980) have re-examined the upper mantle
structure underneath NW-Eurasia by means of WWSSN
recordings of Soviet nuclear explosions. In contrast to KCA
they found a low velocity zone between 150 and 200 km
in their model K8. On the other hand the velocity jump
at 420 km was not as strong as in KCA. Burdick (1981)
derived two models, one for a stable continent (S8), for
which he used WWSSN recordings at stations in the eastern
USA of events in California, Idaho and on Bermuda. In
his other model (T9) he used two Greek earthquakes of
1967 and recordings from WWSSN stations in Europe.
Both models show a velocity jump at around 400 km. T9
has a low velocity channel, S8 has no such structure.

With the method described by Kind (1978; 1979 a) theo-
retical seismograms have been computed for several models
of the upper mantle. The following parameters have been
set for the computation of the theoretical seismograms for
all models: The source depth was set equal to zero, in order
to avoid problems with depth phases like pP. The earth-
quakes in Fig. 6 have different source depths, which makes
the recognition of pP difficult. The same applies for the
source orientations, they are also different for each event.
We have assumed a strike slip dislocation source (strike
NW-SE) for all computations. This source orientation is
similar to the orientation of the source of event 36, accord-
ing to the PDE. A ramp function with sine smoothed
corners (see Kind, 1978 for details) was chosen as the dis-
placement source time function. This ramp seems to be
sufficient for our purpose, since we do not intend to study
the signal shape in detail.

There are essentially two phases visible in Fig. 6, which
are labelled P and P4. P is certainly the direct P wave.
P4 is reflected energy from the 400 km discontinuity. This
phase is the dominant feature in the observed data. This
indicates, that the 400 km discontinuity must also dominate
the model. The very weak indication of a third phase
(marked P6) could be — at first sight — interpreted as energy
coming from a discontinuity below 400 km. In many other
models of the upper mantle (i.e. KCA, K8, T9, and S9)
a second velocity jump is assumed between 600 and 700 km.
Trying to fit a travel time curve to P6, we had to lift that
discontinuity to 560 km. To get enough energy back to dis-
tances of 1,500 km or less, the velocity jump has to be
around 10% (from 8.9 to 9.8 km/s). The signal of a reflec-
tion from that discontinuity dominates the synthetics at
distances of more than 20°, but there are no data available
at GRF from that distance range and at southeastern azi-
muths. Because we think that the evidence in our data for
a reflection from a second velocity jump in the lower part
of the upper mantle is too weak, we will concentrate our
modelling to depths not deeper than 400 km.

The comparison between observed and theoretical seis-
mograms will not be done on a quantitative base. We will
only compare relative amplitudes of different phases in one
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Fig. 7. Theoretical seismograms for the model of Baer (1979). The
model produces too much energy between the phases P and P4
at short distances. This is probably due to too many discontinuities
above 400 km

seismogram qualitatively. This is common practice in explo-
sion seismology, and we will adopt this technique. Each
seismogram in the observed and computed sections is nor-
malized to its maximum, so we are compensating for the
different magnitudes of the recorded seismograms.

Figure 7 shows a seismogram section with synthetics
computed with the model of Baer (1979). A comparison
with Fig. 6 shows that this model does not fit our data
well. In particular there is too much energy between P and
P4 at small distances. This is probably due to reflections
from the many sharp discontinuities above 400 km in Baer’s
model. The absence of clear phases between P and P4 in
Fig. 6 indicates that the upper mantle in the investigated
region has only smooth gradients above the 400 km discon-
tinuity. Synthetics computed for KCA are shown in Fig. 8.
This model, which is much simpler than the model of Baer,
shows some similarity with our data, although their data
came from another tectonic region. Synthetics computed
with the model T9 from Burdick (1981) are shown in Fig. 9.
As in KCA there is much more similarity with our data
in this section than for Baers model, but there are also
some features, that cannot be seen in the data. In contrast
to Fig. 6 the direct P-wave is dominating the section. The
velocity of that phase is somewhat higher than in our data,
but the slowness of the second phase is nearly the same.
Also the two phases at about 60 s reduced travel time
cannot be detected in our data. The best agreement with
our data can be achieved with the model ROK shown in
Fig. 10. The models KCA and T9 are also included in that
figure. The velocity-depth data of ROK are listed in Ta-
ble 2. The theoretical seismograms for this model are shown
in Fig. 11. A qualitative comparison between the observed
section in Fig. 6 and the computed section in Fig. 11 reveals
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Fig. 8. Theoretical seismograms for the model KCA of King and
Calcagnile (1976). This theoretical section is already fairly similar
to the observed section in Fig. 6
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Fig. 9. Theoretical seismograms for the model T9 of Burdick
(1981). There is a good similarity between the slowness of the
second phase in the synthetics and in the observed data set, but
the time difference between the first two phases is clearly too small

a large amount of similarity. The phase P4 dominates in
both sections, P is clearly smaller than P4.

When comparing the models KCA, T9 and ROK, one
can see that only ROK brings enough energy for the second
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Fig. 10. Different velocity-depth functions for upper mantle mod-
els. The model ROK (solid line) is derived in this paper. KCA
is the dashed line. The model T9 is represented by the dotted
line

Table 2. List of the velocity-depth
model ROK derived in this paper

Depth P-Velocity
(km) (km/s)
0 6.3
24 6.3
24 6.8
35 7.1
40 7.9
160 7.9
400 8.5
400 8.9

phase to small distances. KCA is the fastest model; it has
the largest apparent velocities for both phases. Because
KCA was derived from data collected in an old shield
region, that result can be expected. The slowness of the
phase P4 aggrees very well in T9 and in ROK. There is
however a big difference in the direct waves of T9 and
ROK. The velocity of that phase in T9 is much higher
than in our data, but the arrival time is later than ovserved.
The second phenomenon is due to the low velocity channel
in T9. We do not find any hint of such a channel in our
data because the multiple reflections from that channel,
which can be seen in Fig. 9 at about 60 s reduced travel
time, do not occur in Fig. 6. The difference in the slowness
of the P phase, however, has to remain unexplained for
the moment. Further studies of earthquakes at smaller dis-
tances have to be carried out in future to solve that problem,
but the GRF data base for that region is still too small
in the moment. It should be mentioned that the absolute
travel times of the observed data in Fig. 6 and the theoreti-
cal data in Fig. 11 (model ROK) do not agree exactly. This
follows from the problems mentioned earlier with the accu-
racy of the hypocentral data, and it does not influence the
results of this paper significantly.






