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in April to summer conditions including farming activities. A por-
table digital data acquisition system recorded more than 500 seismic
events, about half of them occured at local or regional distances.

Representative noise power spectra were calculated for 10 sites in
the BF-area. The most favourable ones show values slightly lower
than 1 nm**2/Hz at 1 Hz and a smooth decay proportional to f*¥*-4
per decade up to 40 Hz, leading to a value of 10**-4 nm**2/Hz at

10 Hz and 10**-5 nm**2/Hz at 20 Hz.

For comparison a noise sample was taken at NORESS and analyzed with
the same procedure. The NORESS power spectrum at 1 Hz is about

10 nm**2/Hz and shows a steep slope proportional to f**-5 at low
frequences due to the influence of microseisms. It crosses the BF-
spectra at 2 Hz. At frequences above 5 Hz the NORESS spectrum also
follows the f**-4 slope with absolute values about a decade lower
than the BF-sites (5*10**-5 nm**2/Hz at 10 Hz and 3*10**-6 nm**2/Hz
at 20 Hz).

Regional seismograms exhibit the typical phases for continental source-
receiver paths. The first arriving Pn-waves constitute the highest
frequency waves (5-20 Hz) whereas Lg-wave amplitudes (1-10 Hz) domi-
nate the regional seismogram.

In concluding phase 1 of the project, one of the quietest BF-sites
near the village of Bischofsreut was selected for the establishment
of a provisional 9-element array. Data from this installation will
be used in phase II to find the correlation properties of signals
and noise. The results will lead to a proposal for the configura-
tion of a small NORESS-type array adapted to the local site con-
ditions in the Bavarian Forest.
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1. Introduction

Since the establishment of the Graefenberg (GRF) array in 1980,
considerable efforts have been made in the Federal Republic of Ger-
many to use array data for seismic monitoring of underground
nuclear explosions. Research was focused on discrimination studies
using the broadband characteristic of seismic signals. From the very
beginning it became obvious that for detection purposes this installa-
tion - built for general seismological research - should be amended
by a special short-period array. The broadband instruments with a
high-cut filter at 5 Hz are not optimal for detection of weak events,
especially at regional distances. High frequency signals which seem
to be extremely important for the identification of small underground
explosions at regional distances are not detectable on records of the
broadband array. On the other hand, initial results frcm a small-size
(3 km diameter) 25-element short-period array in Norway
(NORESS) have been very encouraging, as the array has proven
capable of taking advantage of the very efficient propagation of
high-frequency seismic phases in Eurasia. Together with a similar
recently installed array in Northern Norway (ARCESS), the pro-
posed array in Southern Germany (tentatively named GERESS =
German Experimental Seismic System) would built a tripartite array
network with a side length of a triangle being roughly 1000 km.
This configuration is particularly relevant in view of a possible
deployment of "in-country” seismic systems.

Unlike NORESS it is not possible to collocate the new short-
period array with an existing GRF subarray because the latter is
built on a sedimentary column which strongly attenuates high fre-
quencies.

The Bavarian Forest at the southeast border of the FRG to Austria
and Czechoslovakia represents the largest outcropping crystalline
complex - as part of the Bohemian Massif - in Central Europe. This
region is principally suited for an array installation of the proposed
kind as has been demonstrated by the excellent detection capabilities
of conventional seismic stations in the CSSR and Austria. But in
the FRG the environment has to be carefully investigated due to
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human and industrial noise sources. Apart from these local noise
conditicns, sufficient seismic signals from various azimuths should
be recorded and evaluated to assess the propagation of high-
frequency signals, especially across geological boundaries like the
one between the Russian Platform and Western Europe or the
influence of the Alps on signals originating from the Mediterranean
earthquake region.

After describing the field work in the next chapter, a noise
analysis will be evaluated in chapter 3. Besides a comparison of the
10 test sites which were measured during a 3 months campaign, an
additional noise sample was taken at NORESS. This power spec-
trum will serve as a reference to judge on the spectral noise condi-
tions at the proposed new array site in Southern Germany.

A low noise profile is only one condition for a reasonable
seismometer site. Equally important is the transfer function of the
receiver crust which determines the signal characteristics and the
signal-to-noise ratio. Having operated the seismic data acquisition
system in a detector mode we were able to analyze more than 500
signals. In chapter 4 the general detection capability will be dis-
cussed for a site in the Bavarian Forest area, then we shall focus on
recordings of regional events and finally a collection of seismograms
from presumed underground nuclear explosions will be shown with
special emphasis on the two events included in the US-USSR Joint
Verification Experiment.

In a concluding chapter 5 an outlook on future work will be given
which has to be done in phase II of the project. This phase will con-
centrate on correlation studies for noise and signals after the most
promising site has been selected for the provisional installation of a
9-clement small array.




2. Field Work

During phase I of the project the siting survey was completed and
final results of the noise analysis are now available. Measurements
have been carried out initially in October 1987 and from April 5 to
July 9 1988 continuously. Some additional data have been collected
later in 1988 to prove the long-term variability of noise conditions
and to calibrate the results with data from well-defined events (e.g.
JVE-experiment).

The measurements concentrated on an area in the Bavarian Forest
(Bayerischer Wald) in the southeastern edge of the FRG (figure 2a).
The advantage of this area is its geological setting (crystalline
outcropping rocks from the Bohemian Massif) and the low popula-
tion density. The landscape is mostly mountainous up to 1200 m
elevation. Nearly all sites were situated in extensive forest areas to
minimize cultural noise and instruments were installed on granite or
gneiss rocks to record high frequencies, especially from events at
regional distances. By this temporary surface installation the
seismometers were quite sensitive to wind noise but for technical
and financial reasons no other arrangement was feasible. Detection
capabilities derived from noise estimates of these data should
represent conservative values.

For survey purposes three portacorders with direct recording were
used. In case of favourable places one of three digital data acquisi-
tion systems was installed for a time period of several weeks. The
digital systems were PCM recording instruments of Lennartz 5800
type with the following specifications :

ADC 66 dB resolution
gain ranging 126 dB dynamic range
sampling frequency 250 Hz

lowcut filter 44 Hz, 6 pole Bessel




Each PCM system was equipped with three vertical short-period
seismometers (1 Hz Geotech S-13) which were astalled at distances
between 100 m and 300 m to avoid false alarms by coincidence
triggering.

The survey concentrated on three areas within the Bavarian Forest
(figure 2b) :

a. the southern region  (south of the city of Hauzenberg)
b. the northern region  (northeast and southwest of Frauenau)
c. the central region (east of the city of Freyung).

Station coordinates and staticn codes are summarized in table 1.
A brief description of the recording sites is as follows :

In the southemn area stations were installed near Kleinrathberg
(KLRB), Sonnen (SONN) and Steinbuechl (STEI). KLRB began its
operation already in early April when the whole region was covered
with snow. The other two stations recorded under summer condi-
tions. All southern stations were based on solid granite. At night
these sites were very quiet as could be seen on the portacorder.
However during day times not only farming activities but also some
large quarries in the vicinity increased the noise level significantly.

In the northern area, at first the station Buchenau (BUCH) was set
up. It operated simultaneously to KLRB in the south under the
same weather conditions (snow). The other station, Dreikoegelriegel
(DRKR) was situated southwest of Frauenau at a distance of approx-
imately 10 km from BUCH. Both stations were placed on gneiss.
Although the geological conditions looked quite promising the gen-
eral noise level was influenced by traffic and tourism. Additionally
small industries scemed to contribute some background noise.

Very soon the site survey concentrated on the central area which
is closest to the CSSR border. Verv few roads, low population den-
sity, and extensive woodland offered adequate pre-conditions for
seismic installations. The first station near Haidmuehle (HAID) was
established in April. It was placed on weathered granite. Later, two
other stations at Gross-Lichtenberg (GRLB) and Kiesberg (KIBG)




were gstablished on gneiss. During the JVE-experiment an additional
station was installed at Sulzberg (SULZ). Portacorder records
showed a generally low noise background and especially a small
dayv-to-night variation. The only obvious disadvantage appeared to
be some saw-mills which generated monochromatic seismic noise
during working hours.

A summary of the recording times of field stations in the Bavarian
Forest is given in rable 2.

For comparison some noise samples have been taken at the Graefen-
berg array (station B5) which confirmed earlier measurements show-
ing relatively high cultural noise levels.

Finally during a short trip to Nonway in October 1988, some
recordings were made at NORESS to get a direct comparison of
noise values by using the same data acquisition system and - niore
important - the same processing procedure as for data from the area
under investigation in Germany.
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station name

Buchenau
Dreikoegelriegel
Gross-Lichtenberg
Haidmuehle
Kiesberg
Kleinrathberg
Sonnen
Steinbuechl

Sulzberg

*
area .

code

BUCH
DRKR
GRLB
HAID
KIBG
KLRB
SONN
STEI
SULZ

arca

n

*

n = northern area

¢ = central area

s = southern area

lat

49.051 N
48.967 N
48.838 N
48.8300 N
43.820 N
18.641 N
48.679 N
48.622 N
48.845 N

Table 1 : Site Coordinates

13786 &
137047
3748 1
13.778 &
13.698 1
13.700 E
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3. Noise Analysis

The processing of field data included several steps. At the begin-
ning the PCM field tapes had to be converted to standard 9-track
BM-compatible format. Then an appropriate file system was esta-
blished on the SUN computing system of the Institute of Geophysics
in Bochum. The CSS-format was used for this and also for the
waveform data file. In this way the data could also easily be
transferred to DARPA’s analysis centre in Washington.

Having recorded the field data in event mode the pre-event win-
dow can be used for noise evaluation. There are many well-
established methods to estimate the power spectral density of sta-
tionary time series (e.g. Oppenheim and Schafer, 1975; Welch,
1967). In this report the following procedure was applied :

Altogether 20 seconds of the pre-event window were divided into
19 blocks of 2 seconds length each with an overlap of one second.
Each data block was padded with zeros to get a transformation
length of 210 for FFT reminding that the original sampling fre-
quency of the field data was 250 Hz. The 19 raw Fourier spectra
were averaged to lower the variance without affecting stationary
noise peaks. The final step includes an average of 12 noise spectra
from each station and a plot of the mean values and their standard
deviation.

The noise spectra (figure 3a-k) are calculated separately for day
and night. They cover the whole time pericd during which the
corresponding station was operating. By that procedure, working
hours, weekends, and different weather conditions are included in
the noise estimate.

The noise power spectral density of each station will be discussed
in the same order as the station sites in the previous chapter.

In the southem area, Kleinrathberg (KLRB) showed the highest
noise level we measured in the Bavarian Forest (figure 3a§. Typical
for this site is a broad maximum with values about 10~ nm~/Hz
between 10 Hz and 20 Hz. This plateau is dominated by a noise
peak at 11 Hz which can be observed at all southern stations KLRB,

-10-




SONN. and STEI. Another maximum can be seen at 2 Hz, espe-
claily during night times. Whereas the 11 Hz peak presumably ori-
ginates trom a local source, the 2 Hz maximum can be found on
most European recordings. At working hours this peak is masked by
a generally higher noise level but it can still be identified. The rela-
tively high noise level between 5 Hz and 20 Hz in the southern area
is caused by farming activities, small industries, traffic and quarries.
Additionally this area 1S more densely populated than the other
investigated regions. The station at Sonnen (figure 3b) shows a low
noise level for frequencies above 20 Hz. Besides the already known
maxima at 2 Hz and 11 Hz, we find a sharp noise peak at 16.67 Hz
(railroad ?). The third site in the southern region, STEI, was placed
in an abandoned quarry. During night times it shows low noise
values over the whole observed frequency range (figure 2c). The
installation of the seismometer on the ground of the quarry about 50
m below surface level gives an excellent opportunity for comparison
with the surface installations in this area. Although the improvement,
Le. noise decrease is remarkable at night, the local noise at day
times is still present.

In the northern area the spectra generally show a much smoother
behavior. Up to 20 Hz the spectrum of the station at Buchenau
(BUCH) in figure 3d exhibits a continuous decay but for higher fre-
quencies several maxima appear, especially in the range between 20
Hz and 30 Hz. The spectrum of the second station in this region,
DRKR, shows a similar shape, except for a higher variance during
working hours (figure 3e). This may be caused by larger villages
around the site. In general. the noise level is somewhat lower than
at BUCH but 1t is still high compared to the most favorable sites
which were found in the central region of the survey.

In the central area Haidmuehle (HAID) was the station which was
installed at the beginning of the survey. Its noise estimate (figure 3f)
includes data from times when the ground was covered with snow
and also from summer times. In the individual spectra no significant
difference could be observed. The spectrum shows a continuous
slope with a small variance and even the 2 Hz peak can only be
recognized during night times. The day spectrum is dominated by a

-11-




noise maximum at 4-5 Hz which is supposed to originate from 2a
saw mill at a distance of a few kilometers in the village of Haid-
muehle.

The spectra of the second station in that region, GRLB, show the
smallest day/night variation we observed (figure 3g). The only
difference remains the influence of the already mentioned saw mill.
Its distance from GRLB and HAID is about the same. Apart from
this peak, the noise spectrum at GRLB shows a smooth decay pro-
portional to f “ from 1 Hz to 30 Hz and a small standard deviation.
Taking into account that the recording time covered nearly a period
of one month, this area seemed to be quite promising as a candidate
for an array installation.

To secure this suggestion, two other sites were explored in the
vicinity. Indeed, the spectra at Kiesberg (KIBG), situated approxi-
mately 2.5 km south of GRLB, look very similar (figure 3h). The
only difference can be seen at 2 Hz where we identify the well-
known noise peak. Because the data at both stations have been col-
lected at different time periods we have to expect this noise
influence at every station during a more permanent operation.

Later in 1988 (September and October), some additional data were
collected at Sulzberg (SULZ), approximately 1.5 km northwest of
GRLB.

This fourth station (figure 3i) in the central area of the survey
confirmed the favorable opinion about the area and provisions were
started to establish a multi-element array during phase II of the con-
tract.

To put our noise results from the Bavarian Forest into proper
place, additional data were collected at the Graefenberg array and at
NORESS. GRF can be regarded as a typical European site whereas
NORESS is well known for its excellent noise conditions being
situated on the Scandinavian shield.

At day the GRF-spectrum (figure 3j) shows much larger values
than any of the BF-spectra. The influence of industry and traffic is
especially pronounced in the large variation. The night-spectrum at




GRF locks similar to the BF-spectra between 1 Hz and 8 Hz. For
higher trequencies the different geological setting (sediments) causes
still higher noise values. From this direct comparison we can con-
clude that the BF-area exceeds most other places in the FRG - and
certainly GRF - as a potential site for an establishment of a high-
frequency array.

More interesting is the comparison of the proposed Bavarian area
with NORESS. The spectra shown in figure 3k were calculated from
a 24 hour noise sample analyzed with the same procedure as
described above. There are remarkable differences in the noise spec-
tra. For low frequencies around 1 Hz NORESS clearly suffers from
the influence of the coast which results in an order of magnitude
higher PSD-values compared to the Bavarian Forest area (10
nm2/Hz to less than 1 nm?'/Hz). Apparently this high micro
seisms lead to a steep slope of the spectrum proportional to f > up
to frequencies of 2-5 Hz. For higher frequencies this slope is
flattened and comparable to the f “ fall-off at the BF-area. The
absolute noise values at 10 Hz and 20 Hz are certainly lower at
NORESS but interestingly some influence of industrial noise
between 5 Hz and 8 Hz can be identified in the spectrum at day and
at night as well. Whether the sharp noise peak at 30 Hz was only
occasional during the short period of data acquisition cannot be
decided from this noise sample.

In concluding the comparison between NORESS and the BF-area
we found a factor of 10 higher noise values at NORESS for fre-
quencies around 1 Hz and a factor of 2-3 higher noise values at the
BF-site for frequencies between 2 Hz and 20 Hz. The consequence
of this difference in terms of detection capabilities can only be
evaluated in comparison with commonly recorded events.

-13-
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4. Event Recordings

During the noise survey the data acquisition system principally
operated in detection mode as outlined in chapter 2. A conventional
STA/LTA-detector algorithm was applied. Using an updating LTA
the recording length was variable but generally the complete interval
between Pn-waves and Lg-waves was recorded.

After inspection of the detection times which were compared with
various bulletins, i.e. PDE for teleseismic events, NORSAR and
EMSC (European Mediterranean Seismic Centre) for regional
seismicity and the GRF-monthly bulletin for local events, the
corresponding waveforms were extracted from the original data
which filled about 80 digital tapes (2400", 1600 bpi). When three
field stations had triggered, an independent epicentre determination
was carried out for local events.

Although the whole field campaign lasted for a time period of
more than three montlis, the actual recording time covered only 60
days. The remaining time was needed for setting up stations, chang-
ing batteries, and preparing new sites.

During the 60 days 504 events were detected and evaluated. About
half of these events (265) were found to be teleseismic, 93 occurred
at regional distances (150 km - 2000 km), and 146 events were
classified as local seismicity. All events were plotted and tabulated
in a station bulletin which is attached as an appendix to this report.
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4a. Global Detection Capability

Data from a field survey with a recording time of 60 days can
only give a rough estimate of the global detection capability of the
investigated site. A permanent seismometer installation in a vault
will certainly diminish the influence of wind noise. On the other
hand, even a preliminary evaluation should show a correspondence
between the detection threshold which can be inferred from the
noise level and that from actual data.

In figure 4a a magnitude-frequency histogram is shown which
includes all detected events with epicentral distances larger than
2000 km. From this diagram we derive an overall teleseismic detec-
tion threshold at about m, = 4.5 . A simple calculation yields a
corresponding noise level of 2-4 nm at 1 Hz assuming an S/N-ratio
of 2 for detection. This value is comparable to the power spectral
estimates found in the area.

A peculiarity of the Bavarian Forest area with regard to tele-
seismic detection capabilities is certainly the large number of PKP-
phases. 88 events - or roughly one third of the total 265 teleseismic
detections - were PKP-detections originating from the Pacific. In
fact, all detected teleseismic events with magnitudes less than
m, = 3.6 were identified as PKP-events. This result clearly demon-
strates the potential of arrays on the Northern Hemisphere for moni-
toring special sites on the Southern Hemisphere as will be further
shown in subchapter 4.c .




“

b, Regional Event Recordings

As the planned array in the Bavarian Forest area is specifically
aiming at high-frequency seismology, particular emphasis was given
: to recordings of regional events. During the field campaign, 93
events were recorded in a distance range of about 150 km to
2000 km. These events cover all azimuths although the majority of
events are incident from east or southeast directions.

The Polish copper mines near Lubin and the coal mines in Upper
Silesia contribute 19 events to the whole data set. Epicentral dis-
tance is 338 km and 411 km, respectively from the central area
(GRLB). The spectral behaviour is quite different. Whereas the
seismograms from Lubin copper mine show a very consistent picture
with distinct Pn-, Pg-, and Lg-phases and relatively high frequencies
(figure 4b), the seismograms from Upper Silesia coal mines are
more complex (figure 4c¢), high frequencies are missing and often no
clear Pn-onset can be defined. Several times the detector triggered
on Lg-amplitudes for these coal-mining induced events, in contrast
the detector never missed the Pn-arrival for Lubin events of compar-
able size.

Apart from these differences which are presumably related to the
source process, variations of regional phases merely come from cru-
stal differencies on the wave path. To the north and west of the
investigated site, there are thick sedimentary layers which should
attenuate high frequencies. The seismicity of these regions (central
and northern Germany, France) is relatively low, but we recorded
one M; = 2.3 event from Eisenach/GDR, epicentral distance 328 km
ro the north (figure 4d) and a magnitude M; = 2.5 event from
France at a distance of 506 km to the west (figure 4e).

. To the east several quarries in Czechoslovakia produce seismic
signals. Many of these are at distancies less than 150 km and contri-
bute to the 146 detected local events which also originate from quar-
ries in southern Germany and from a few earthquakes in the Aus-
trian Alps. Figure 4f shows an example of a recording of a CSSR
event at 340 km distance. Remarkably large amplitudes can be seen




_

in the 5 Hz - 20 Hz bandpass-filtered trace.

To the southeast of the BF-site the activity of the Eurasian eardh-
quake belt is monitored. In ascending distance we recorded earth-
quakes from Jugoslavia (distance = 330 km), the Admnatic Sea
(distance = 750 km), Greece (distance = 1300 km) and Turkey
(distance = 1450 km).

Typical spectral differencies can be revealed from two different
Adriatic Sea earthquakes which occurred in the same source region,
figure 4g shows a magnitude m, = 5.3 event compared to a
m, = 3.8 earthquake.

At distances of 1000 km and more the waveforms from earth-
quakes in Greece and Turkey as well as from southern Italy and
northemn Africa are very complex, no significant signal energy can
be recognized above 10 Hz. Whether this cbservation generally
depends on the heterogeneous wave path or whether it results from
our limited data set, needs further investigation.
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ic. Records of Nuclear Explosions Including the JVE-Events

None of the established sites for underground testing of nuclear
weapons is within regional distances from the Bavanan Forest area.
The epicentral distance to the Soviet test site in Kazakhstan is 41.3°
and to Novaja Semlja 30.5° , the distance to NTS is 83.6° , and the
French test site at Mururoa is in PKP-distance of 145.6° .

The following presumed explosions were recorded with various
field stations :

Kazakhstan Nevada Mururca
4.5.88 2.6.88 11.5.88
14.6.88 7.7.88 25.5.88
14.9.88 17.8.88 16.6.88
23.6.88

Records from the JVE-events seemed to be of specific interest. A
station was temporarily installed in the central area of the Bavarian
Forest near the village of Bischofsreut at the GRLB-site (compare
chapter 2). Figure 4h shows one trace of the Nevada explosion
together with the signal and noise spectrum. The explosion yielded
an amplitude of 32 nm at a period of 1.2 sec (my = 5.42).

Figure 4i shows the Kazakhstan explosion, in the upper part of the
figure again the signal and noise spectra are plotted. For this event a
P-amplitude of 320 nm at a period of 0.96 sec was measured
(my = 6.03). Comparing the spectra from figures 4h and 4i, the
Nevada explosion already vanishes at 2 Hz in the noise spectrum
whereas the Kazakhstan explosion dominates the noise spectrum up
to 8 Hz. At the moment it cannot be decided whether this difference
1s a source or path effect or both.

As already mentioned the BF-area is within the PKP-focus to
Mururoa test site. The excellent detection capability for this distance
can be demonstrated by the record of a presumed explosion on

~n

—_—
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16.6.88 which was only reported by the seismological agency in
New Zealand. This event (figure 4j) does not appear in any other
published bulletin (e.g. NEIC, NORSAR etc).
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Fig. 4d :
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S. Future Work

As a consequence of the noise survey the most promising area for
an array installation was found to be the central region of the
Bavarian Forest east of the city of Freyung. This area was selected
to establish a provisional 9-element array.

Data from this installation will be used tc study the coherence of
signal and noise which is needed for the array design.

In late 1988 the seismometer vaults were prepared after the Ger-
man Air Forces were kind enough to allow the use of a building
which is ideally suited as a central array station.

It is planned to collect data until May 1989 and after evaluating
these data and depending on the results, accurate seismometer sites
for the planned regional array will be defined.
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Appendix

EVENT-LIST

PORTABLE SEISMIC STATIONS

07. APR - 03. JUL 1988
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date

07.04.

08.04,

08.04.

08.04.

09.04.

11.04.

11.04.

12.04.

12.04,

13.04.

13.04.

14,04,

origin time

21:22: 11
KLRB

04:42:48
KLRB

05:29:23
KLRB

05:57:01
KLRB

18:43:33
KLRB

03:16:53
KLRB

06:30:30
KLRB

19:41:13
KLRB

23:19:50
KLRB

00:02:06
KLRB

00:39:33
KLRB

(01:34)
KLRE

10:48:12
KLEB

15:34:49
BUCH
KLRE

20:51: 26
BUCH

21:28:29
KLFB
BUCH

23:01:47
KLRB
BUCH

(09:31)
EBucH
KLRrB

epicenter
51.45N 16.098 (Poland}
17.60N 119,4E (Philippinen)
2.0N 121.08 (Celebes Sea!
37.338 21.15E (GBreece)
18.00S 171,00€ (Vanuatu Islands)
36.N b9.E (Hindukusch)
17.898 172.5tW (Tonga lslands)
9.2N 65.2W (Venezuela)
21.5 71. 4 (South Indial
S1.N 149. W (Alaska)
17.38 72.6N0 (Coast of Peru)
----------- (Foland)
7.08 156.0E (Solomon !slands)

456.06N 15,40E (Yugeoslavia)

S1.6MN 168.7W (Aleuten;

39.72N  14.88E (South Italy)

(Fili}

- mm S Em e mEmm— -

magnitude

ml=3.9

mb=5.6

mb=4.7

mb=4.,1

ab=5.95

mb=3.7

nb=6,4

mb=4.¢

mo=4.3




14.04,

15.04,

15.04.

15,04,

15.04.

16.04,

16.04,

16.04.

15.04,

16.04,

1£.04.

17.04.

17.04,

17.04,

17.04.

(10:59)
BUCH
KLRB

08:51:54
KLRB

09:29:08
KLRB

10:55:43
HAID
KLRB

01:08:22
RUCH
K¥LRE
HAID

{05:49)
BUCH
HAID
FLRE

07:34:00
FLRB
HAID
BUCH

08:31:03
BUCH

21:16:31
KLRE
HAID
BUCH

21:24:32
HAID

22:47: 17
BUCH

02:50:38
HALD

03:23:04
KLRB
HAID
BUCH

05:47:38
BUCH

091391 44
SUCH

09:54:28
BUCH

16.N 96. 4 (Mexico)

41.05 169.0E (New lealand)

{13.E {(China)

[ 8]
. .
w .

14,295 173,434 (Samoa)

34.19N 25.09€ (Crete)

31.N 140.E (Japan)

18.5 27.E {Simbabwe)

S2.N 175.% (Aleuten)

3i.N 49.€ {(Iran)

17.88 72.4W (Coast of Peru)

20,995 178,328 (Fiji Islands)

I3.N 49.€ (Iran)

39.2N  143.5E  (Japan)

39.N 143, 5¢€ (Japan)

-47~

mb=35.1

mb=4.2

nb=4.,5

mb=5.2

mnb=4,2

mb=4.2

ab=5.1

nb=4.8

nb=4.1

mb=4.,?

mb=4,7




"
[}
o

17.04. 20:42:56 S1.7N 17.8E (Poland) ml
BUCH
KLRB
HAID

£18.04. G0:16:40 45.N 152.E {Kuril Islands) mb=4.%
BUCH

18.08. (09:15) = semmmmmecees  cc-eee eeaae-
BUCH
HAID
KLRB

18.04, (11:08) = ==memme—mcecss —aeeee esmeae
BUCH
HALD
KLRR

18.04. (12:17) =mmmmmmmemee emm-em meeae
HALD
KLRB
BUCH

18.04. (12:81) wemmcmmmemmme mmmeemeeemen
BUCH
KLRB
HATD

18.04. 17:13:30 24.98 177.4W (Fiji lIslands) mb=3.1
BUCH
HAID

18.04, 18:35:08 45.02N §12.25E (Northern Italy) ml=3.8
KLRB
HAID
BUCH

18.04. 19:25:43 34.N 72.E (Pakistan: mp=3.9
BUCH

18.04., 20:37:24 44.N 1594.€ (Kuril Islands) mb=4.4
BUCH

18.04. 22:G0:21 34.83N 25.581E {Crete) mb=4,3
KLEEB
H&ID

19.04, (01:19) smmmmmmma-ee --eeee meeoe-
HAID
kK.LRB
EUCH

19.04, 01:50:41 44 .M 142.€ (Japan) nb=4.9 -
BLCH
KLRB
HAID

19.94., 05:54:01 19.N 141.E (Mariana Islanos) mb=35.9
BUCH
HARID -48-

""""-""'-.-.-.lllllllllllllllllllllllllllllllllllllllllllllllllllllllll




19.04.

19,04,

19.04.

19.04,

19,04,

19.04,

19.04.

19.04,

20,04,

20.04.

20,04,

20,048,

(09:29)
HALD
KLRB
BUCH

(373:59)
BUCH
HAID
KL_MB

({1:0D)
HAID
KLRSE
BUCH

(12:92)
HALD
BUCH
KFLAB

(15:00)
BUCH
HAID
KLRE

17:10:52
KLRE

20:48:54
KLRB

20:56:24
KLRB
BuCH

22:04:590
BUCH
HAID
KLRS

03:509:14
KLRB
Hald
BUCH

04:25:36
BUCH
KLRE
HALD

06:40:50
BLICH
HAID

08:0H331i
BUCH

S.N

2.0N

127.3E

- - an - -

- - -

127.€ (Talaud Islands)

34.20N 104.38E (China)

54.7N

35.4N

0.95N

29.N

16.75

~49~

(Alaska)

w
n
*®

39.4E {Iran)

30.24W (Mid-Atlantic)

83.E (Bengalen)

177.244 (Fiji Islands)

(Molucca Passage)

- —-—

- -

ab=5.7

ab=35.3




»

20.04.

20.04,

20.04,

20.04.

20.04.,

20.04.

20.04.

21,04,

21.04,

21,04,

21.04,

22.04.,

22.¢48,

(08:50)
HAID
KLRB
EUCH

(09:25)
KLRB
BUCH
HAID

{09:59)
KLRB
BUCH
HALD

10:27:29
BUCH
HRID
KL&B

10:27:43
BUCH

(11:42)
HALD
KLRB
BUCH

18:15:43
KLRB

10:01:51
BUCH

(11:44)
BUCH
KLRB
HAID

(12:45)
BUCH
HAID

{8:28:01
HAID
BUCH

01:54:25
HAID

(07:33)
At

el a

KLkE
BLCH

(09:32)
BUCH
HATD
KLRB

- n - -

26.N 131.E

28,170 130.0E

49.19N

39.17N 44, %6E

- - - =

43.9N 149,9E

32.N 48.E

_50_

- - - -

(Taiwan)

(Ryukyu Islands)

(Ryukyu Islands)

6.87€ (Bermany,Saarland)

(Central USSR}

{(North Pacific)

- e -

mb=4.6

- - -

3
—
"
()

-
A

ab=5.3

nb=4,7




22,04, (10301) emeeeemensse e-eee- eemmaa
BUCH
HATD
kLRE

22,04, (11:105) 00 o mmmmmemmmm—me mmeeem e
RUCH
HALID
KLRE

[$8]
o
)

(12:11)  memmmmmmsemm em—eee e
HALD

(%)

24,04, 10:10:38 38.88N 20.52E (Mediterranean Sea) mb=4,
HAILD
KLRB

wn

cd.nd, 15:48:06 O.N Si.W (Mid-Atlantic Ridge) mh=4,
KLRH

24,04, 20:03:22 22.3N  122.4E (Taiwan) mb=5.7
HAID
KLRB
EUCH

24,04, 20:49:36 40,.83N 28.24E(Turkey) mb=4.5
HATD
KLRE
BUCH

25.04. 00:41:56 51.49N 15.99E(Poland) m1=3.6
HAID
KLRB

25.04, ¢1:18:54 33.8 177.8 (Fiji Islands) mb=4.4
HATD
ELRB
BUCH

25,04, (07:52) = e—eeceesemeees e—eee- eemeae
KLRE
HAID
BUCH

25.04, 10:19:31 78.05 158.E (Solomon I[slands) mb=6.0
KLEB
HAID
BiUCH

25.04, {{Q1d48) = ememmmcmmseae  cmee-e ecese-
HALD
KLRSB
BUCH

-
w
<

E-

(11:17) =s=mecsscses ececee- meeo=-
BUCH
HATD
KLRE

-51-




25.04,

26.04.

25.04,

26.04,

26.904.

256.04,

26.04,

26.94,

26.04,

25,04,

—

(12:29)  =mm==e=mmmmem meeeee eeeeen
HAID
KLRB
BUCH

9:13 1.7N 125.8E (Melucca Passage) mh=5.1

[~y A}

12
HAI

(13:33)  mmmmmmmmmmen mmeeee s .-
HAID
KLRB
BUCH

16:13:50 22.N 6b.E (Pakistan) mb=4.0
KLRB

17:40:02 36.N 72.€ (Afghanistan) mb=4.7
KLRB

18:53:39 8.0S 199.0E (Solomon Islands) mb=4.4%
KLRBE

20:11:00 72.0N 10,0E (Greenland) ab=4.7
HALD

00:43:43 54.08 33.0W (South Georgia) ab=5.2
HAID

00:53:45 42.34N 16.59E(Adriatic Sea) mb=5.3
KLRB
HAID

01:42:55 22.0N 107.04W (Coast of Mexico} mb=5.3
KLRB

02:31:29 42,.32N 14.5E (Adriatic Sea) . 21=3.8
KLRB '

03:49:43 33.05 180.0W (Kermadec !sjands) ab=4.,1
KLRB

107:53)  memmmmmmemee mmmmeeemeees
KLRE
HAID
BUCH

(08:25)  =emmmmmememm memee= eeeen
HAID
KLRB
BUCH

(1G:06) =w-mcsse-e-- {polandy  m=m=--
HALD
KLRB
BUCH

15:57:94 S91.27N 15.97€E(Polandy = ==e-e=a
HALD
BUCH

-52=

_




26,04,

27.04.

[ 8]
~
.

<
=

27.04.

27.04,

27.04.

28.04,

28.04,

28.04.

28. 04,

28.04.

29.04,

29.04.

30.04.

30.04.

3n.04.

19:17:58 342.22N 16.56E(Meditrranean Sea)
KLRB
HAID

00:52:07 S55.56N 4,71E(North Sea)
HAID

{07153}  m=me=msmssooo omemes
KLRB
HATD
BUCH

(09:57)  mmmm-=msemmn emm-es
BUCH
HAID
KLRB

(10:06)  —mm-mmm=—=os mme-e-
HALD
BUCH
KLRB

15:29:37 8. 0N 92,.0W (Cent. America)
HAID

10:18: 5951 78.52N 7.35E(Greenland)
BUCH
HALD

21:02:40 41,0N 146.0E (Japan)
HAID

21:22:27 48.94N 18,.36E(CSSR)
HALD
BUCH

22:40:37 25,05 179.0E (Fiji Islands)
BUCH
HALD

22:41:08 18.05 178.5W (Fiji Islands)
BUCH

04:37:47 51.44N 16,0E (Poland)
HAID

07:36:06 34,08 174,.0E (Kermadec I[slands)
BUCH

06:50:02 21.08 171.0€E (Loyalty Islands)
BUCH
HALD

13:25:05 51.7SN 16.16E(Poland)
BUCH
HAILD

16:32:56 51.54N 16.06E(Poland)
HAID
BUCH =53~

- e

mb=4.3

mb=4.4

ab=4.3

ab=3.3

mb=4.2

mb=4.7

ab=4.9




S0.04. 19:456:26 32.05 175.0W (Fiji Islands) m2=3.5
BUCH
HAID

01.05. 02:58:01 44,53N 10,34E(Northern Italy) mi=3.4
HAID

01.05. 05:41:22 24.05 170.0E (Loyalty Islands) mh=4,1
HAID

01.05. 10:06:52 S1.7N 162.4E (Kuril Islands) mb=5.6
BUCH
HAID

01.05., 15:21:27 27.08 171.0E (Santa Cruz) ab=3.4
HALD
BUCH

01.03. 15:42:38 47,0N 173.0W (Aleutian Islands) 8h=3.9
H

01.05. 18:01:16 51.67N 16.40E(Poland) m1=3.38
BUCH

01.05. 19:30:49 49.0N 156.0E (Kuril Islands) @p=3.7
HAID

02.03. 02:13:464 41.0N B80.0E (China) mb=C.1
HAID

02.05. 12:27:58 44, 1IN 10,8E (Naorthern Italy) ®l1=3.7

03.05. 07:31:34 1.08 956.0E (Sumatera) ab=4.5
HALD
BUCH

03.05., 08:41:31 43.63N 47,59E(Eastern Caucasus! mh=4.8
HALD

03.05, 98:33:44 32.27N 49.92E{(Western Iran) ab=4.8
BUCH

03.05. 09:15:29 42.47N 47.56E(Eastern Caucasus) ab=S.1
HAID
BUCH

4

02107336 39. 06N 44.0E (lran-USSR) ab=4.2

i
HA

O

res o

03.05. 10:35:07 18.9N 114.0E (South China) mb=4.0
BUCH

03.05, 29:27:55 41.0N 15¢.9€E (Ku-il Islands! ab=5.3
BUCH
HALD

03.03, 23:22:09 18.05 175.0E (Loyalty Islands) mb=5.6
BUCH
HATD =54~




04.

04.

04.

4.

0%.

06

06

Ne.

06.

0Q0:37:07
HRILD
BUCH

Vil
.

3124

m o
oo

.
e
Al

H

Qa3 2t

HAlID

G9:03:21
BUCH
HAID

02150123
BUCH
HAID

10:04:18
BUCH
HAID

20:146:07
S5UCH
HAID

29:51:08
HAID

05:47:446
BUCH
HAILD

09:23:33
HAID
BUCH

09:31:04
HAld

2:18: 359
cJCH

S50.0N 79.0k&

25,05 179.0W

29.05 179.0W

17.25 179.4M

2.75 149.9¢E

[ ]

.78 140.8E

45.0N 151.0E

26.05 116,04

(Semipalatinsk)

{South of Fiji)

(fermadec Islands)

(Fiji Islands)

{Weetern Irian)

(Western Ir:an)

(Kuril lclands)

(Easter Island)

S91.5N 16.08E(Poland)

7.0§ 98.0¢t

22.05 123.04

59.05 140.0E

21.07S 173.94

12.6N 94.2¢E

17.0NM 91.04

(Sumatera)

(Easter Island)

(Macquarie Islands)

{Tonga lslands)

(Nicobar Islands)

(Bay of Bengalen)

36.94M  29.85E(Turkey)

—55_

mb=5,1

ab=3.5

mb=4,2

mb=3.7

mb

U
wn
(2]

nb=4.5

mb=4.9

mb=4.4

ab=5.2

pb=5.3

nb=4.3

ab=4.4




06.05. 14:46:21 12, 0N 83.0W (Nicaragua)
BUCH

06.05. 16:34:45 .08 73.0W (Peru-Brazil)
BUCH

07.05. 00:54:18 45.7N 151.8E (Kuril Islands)
BUCH

07.05. 00:57:17 45,7N 151.8E (Kuril Islands)
BUCH

07.05. 01:22:29 45.7N 151.8€ (Kuril Islands)
BUCH

07.05. 01:30:20 35.05 178.0W (New Zealand)
BUCH

11.05. 16:99:59 22.05 139.0W (Mururoa)
BUCH
HAID

11.05. 18:57:29 0.0N 121.0E (Alaska)
BUCH

11.09. 19:95:599 21.05 179.0W (Fiji Islands)
BUCH

11.09, 20:47:45 12.0N 120.0E (Philippine Islands)
BUCH

11.08, 23:03:54 11.0N B9.0E (Bay of Bengal)
BUCH

11.05., (23:34) =  eecmcmce—co—e coeoo-
BUCH

12.05. 02:42:35 $6.0N 1461.0W (Alaska)
BUCH

12.05. 02:45:49 28.0N 88.0E (Tibet)
BUCH

12.05. 12:56:23 32.0N 77.0€ (Northern India)
HALD

12.05. 13:14:34 32.08 177.0W (kKermadec Islands)
HAID

13.05. 04:44:39 15.355 175.02W(Tonga Islands)
HALD

13.05. 14:28:46 9.0N 31.0W (North Atlantic)
HA&TD

£4.05. 01:13:26 S0.38N 18.88EtFalang)
HALLD
BUCH

_56_

mnb=4.4

nb=4.7

mb=4.8

2
o
"
w
<

mb=4.89

mb=4.8

nl=3.1




14,05,

14,05,

14,05

’—
w
<
w

16,09,

17.035.

12.0%.

18.03

13.03.

18,08

18,95,

19.05,

20,135,

11:11:35
BUCH
HAID

33:07
H

-

9
U

Ls A I

(17:35)
HAID
BUCH

08:21:36
BUCH
HALD

13:53:14
BUCH

23:07:49
BUCH
HAID

2:45:07
HRIO

03:38:47
BUCH
HAID

05:17:43
HALD
EUCH

05:40:18
BUCH
HAID

05:44:44
HUCH
HALD

06:13:42
BUCH
HAID

07:53:49
HALD
BLCH

(103190
BUCH
HATD

03:22:29
HAID

4

- ol
cta2

s
.

3
uc

w -
X e

¢3:19:47
HALLD

48.0N

24,08

I1.6N

40.0N

44.0N

14,08

19.0N

26.08

39.0N

16.0N

13.548N

45.0N

135,

148,

té.

150.

164,

42.

44,

176.

140.

0t

0E

7t

0E

OE

.OW

LOW

.OE

oW

(Kuril Islands)

(New Caledonial

(Ppland)

(Narth Pacific)

(North Pacific)

{Vanuatu Islands)

(Yucatan Penins.)

(South of FijiJ

{(Greece)

{North Atlanmtic)

87Wi{North Atlantic)

0€

113

(Aleuten)

(Eastcoast USER)

- —— - - e -

20.05

34.08

17.08
~57-

180.

174,

72.

aE

IH

OW

{Fiji I=lands)

(§. of Kermadec I.)

(Peru)

ab=4.3

ah=4.5

ab=4.8

mb=4.0

ab=4,8




‘

20.095.

20.035.

21.405.

21.935.

21.908.

21.05.

22. 05,

22.05.

23,08,

(38 ]
s
(& ]

09:17:26
HAID

14:39:47
BUCH
HAID

00:08:22
HAID

(15:24)
HALD

15:16:18
BUCH

15:16: 21
HAID

03:44:16
HALD
BUCH

09:39:55
BUCH
HAID

12:%51:24
HAID
BUCH

19:17:57
BUCH
HAID

07:45:17
BUCH
HATD

16:39:01
BUCH
HAID

18:50:54
BUCH

X o
P S e
= ) o=
ot X on

s, e
Wl e da 20

BUCH

we
(8]

19:30: 7
HALD

o X oo
C X v
O
.
wn
~3

)
o S S Y 2

15.178 173.95W(Tonga lslands)

16.0N 36,0k (Mid Atlantic)

5.08 75.0E (Sumtera)

- - — - - -

4,0N 27.0W (North Atlantic)

20.245 173.68W (Tonga Isiands)

38.37N 20.52E(Greece)

163.9W (Unimak Islands)

24.9N 51.0W {(North Atlantic)

S8.0N 150.0W (Golf of Alaska)

32,05 180.0E {Kermadec Islands)

37.98 179.9E {(New Zealand!

S1.4N  160.9E {(Kamchatka)

12.05 141.08 (Queenzland)

25,06 174,34 (8, of Tonga I.)

St.14N 15.96EFoland)

19.965 158.45E(Vanuaty 'slands}
_58-.

ab=4,

"
on

mb

o

w

.
~i

)




25.05.

25.03.

26.05.

24.08.

26,035,

27.05.

27.03.

28.035.

22:27:51
HATID
BUCH

10:11:10

14:08:17
HAID

17:01:00
BUCH
HAID

18:22:33
HAID
BUCH

16:04:32
BUCH
HAID

(17:02)
HAID
BUCH

18:55:25
HAID
BUCH

19:01:26
BUCH
HATD

(01:41)
BUCH
HAID

02:44:22
HAID

14:18:38
BUCH

07:57:39
BUCH
GRLE

20.358

37.0N

31.0N

50. 6N

22.0S

46.0N

168.7E (Loyalty Islands)

22.0€

124.0E

173. 40

139.0W

82.0E

(Southern Greece)

(Eact of China)

(Aleuten)

(Mururoa)

(China)

2.05 102.0E (Sumatera)

S51.847N

47.0N

(Poland)

16.17€(Poland)

129.0W (Vancouver [slands)

- - - -

25.03S

177.0W(Fiji Islands}

44, 13N 26.40E (Yugoslavia)

20.455

-59~

178,944 (Fiji Islands)

nh=4.4

nb=3.8

nb=4.5

mb=6.0

mb=5.1

ab=4.7

n
(¥]
[ 3% ]

ml

a{=3.9

ab=3.1

- -

ab=4.4

ab=4,7




|

BUCH
GRLB

GRLS

BUCH
GRLB
GRFB3I

28.05. 19:42:068

GRLB

29.03. 06:24:22

GRLB
BUCH

29.05. (23:38)

GRLSB

30.03. 00:26:13

BUCH

30.05 (10:21)

GRFBS
BUCH
GRLB

30.05. 10:435:20

BUCH

30,09, 16:47:03

BUCH

30,03, 18:00:5%

GRLB
BUCH
GRFBS

30.05. 19:36:48

GRFEJ

6RLE

30,05, 24:14:13

GRLE
BUCH
GRFES

30,05, 21:22:14

BUCH

31,05, (1i:45)

GRLB
BUCH
GRFES

28.05. 10:06:04

28,05, 10:24:38

28.05. 16124346

51.42N

16.32E(Poland,Lubin)

31.95 111.37W(Easter Islands)

26.05

7.0N

180.0W (Fiji)

95.0E (Nicobar Islands)

16.859 172.5W (S5amca Islands)

28.78N

- -

38.0N

40,29N

33.0N

43.14N

S1.21E(South of Iran)

139.0E (Japan)

25.93E(North Aegaeis)

B89.0E (Tibet)

13.96E(Italy)

9.08 124,0E (Banda Sea)

31.78

- -

-60~

69.1W (Prov.,Argentina)

-—— - - -

mb=3.6

no=4.2

B
o
"
(3. ]
o

mb=4.4

mb=3.9

mb=4,7




2]
—
e
o
.

01.06.

02,06,

02.06.

22.06.

03.086,

03.06.

<QDQ
i
124

14:20:32
BUCH
GRLER
GRFBS

18:51:36
BUCH
GRFBS
GRLB

N0t 9238
GRLE

06:31:22
BUCH

Q07:41:14
GRLB
BUCH

16:55:28
BUCH

09:47:14
BUCH

11:358:49
BUCH
GRLEB

13:00:00
EUCH
GRLB

13:31:24
BUCH

13:48:21
6RLB

01:13:47
BUCH
GRLE
SONN

05:49:59
SONN
GRLB
BUCH

(10:18)
BUCH
GRLE
SO

(179:130)
GRLB
BUCH
SOMN

20.2S

20.9N

6.9

71.5H

32.95

45.8N

36.68

37.2N

18.35

52.4N

19.88

36.5N

- - - -

168.5E

176,04

14.8¢€

33.0N

A
()
.

<
=

72.14

27.3€

179.1€

116.44

174,64

170.6W

177.84W

71.3E

(Loyalty Islands!

(Tonga Islands)

(Czechoslovakia)

(South Balivia)

{Chile)

(West Chile)

(Romania)

{New Zealand)

(Nevada Test Site)

{Tangz Islands)

(Aleutian)

(Fiji Telands)

(Afghanistan Border)

(CSSR,Bruenn)

(C5Sk,P1lgen)

mb=4.8

-—————

- -

mbs=2.0

#b=5,5

mb=4.8

mb=4.8




03.06. 13:39:23 93.IN 170.3W (Aleutian) mk=3.1
BUCH
GRLB
SONN

03.06. 18:26:07 36.2N 70.6E {Hindukush Regiaon) mb=4.,9
SONN
GRLE
BUCH

03.06, 23:27:34 45.05 157.5E (New Zealand) mb=6.0
SONN
GRLE
BUCH

04.06. 03:09:00 36.9N 45.2€ (Northwestern Iran) mb=4.8
SONN
GRLEB
BUCH

04.06. 07:24:21 55.8N 113.0€ (East of Lake Baikall} mb=4.7
BUCH

04.06. (11:06) = ===cmmemcecce cmeeee eeeeee
BUCH
GRLB
SONN

cr
[}

E 3

w

04.06. 14:31:16 24.8N 126.7€ (Ryukyu lIslands) M
GRLB
SANN

i
©n
.
<

05.06. 01:41:33 21.55 178.3W (Fiji Islands) md
BUCH
ERLB
SONN

05.96. 08:19:05 49, 1IN 128.2W (Washington) mb=3.7
GRLB
SONN

05.96. 08:36:13 39.4N 142.2E (Japan, Honshu) mb=1.8
BUCH

03,06, (19:32) = e=mscwemcces cccee-- =meee-
GRLB
BUCH
SONN

05.06. 18:22:49 15.45 167.6E (Vanuatu Islands) nb=5.9
GRL3
BUCH
SONN

05.06. 18:26:58 27.9N 33.8E (Egypt) mb=43.3
SONN
BRLY

"
(7]
@©

05.06. 21:42:53 32.05 177.0W (Keramadec Islands) ab
GRLS

-62-
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05.06.

U

0s&.

06.

06,

Go.

06.

06.

06.

06.

67,

07.

06.

06.

0¢.

8.

ULH

0é.

Dé.

06,

.08,

7.06.

06,

0B:42:02
GRrL3
BUCH

v?:535:21
GRLB
SONNMN

(11:09
BUCH
GRLB
SOMNN

13:22:02
BUCH
GaL3

SONN

15:01:26
B1jCH

17:28:45
GRLB
SONN

(19:16)
BUCH
SONN

(07:33)
SONN
GRLEB
BUCH

(8:25)
GRLB
SONM
BUCH

(N9:29:
GFL3
SoNN
BUCH

25.6N  142.6E

27.0N 56.0E

38.3N 29, 4¢

29.8N S1.1€

38.3N 20.5E

59.IN  137.84W

29.0N 34.8€

- - - -

R

-63-

(Vocano Islands)

{Iran)

(Greece)

(Iran/Irak)

{North Atlantic)

{Tonga Islands)

(Greece)

(Alaska)

(China)

- - -

abh=4.9

mb=4.0

nb=4.9

- - -

ab

1]
(2]
[2¢]




07.06. (11:04) = —---smmecnce ~ceeee eeemee
BUCH
GRLB
SONN

07.95, (11:34) = emcmcemcccen acee-a e
BUCH
GRLDB
SONN

07.06. 11:46:34 43, 4N 11.0E (Northern Italy) mb=3.2
BUCH

37.06. (12:44) —m-memmmeeee ec-eee mmeeee
BUCH
GRLB
SONN

07.06. 14:25:28 7.28 120.3€ (banda Sea: mp=I.t
BUCH

08.04. 02:13:34 38.0N 81.0E (China} mb=3.0
GRLB

08.06. {07:01) = —=m-me-memeee —eeee meee
BUCH
GRLB
SONN

08.06., (09:07) = s=ememnceccecn cemee- eme—e-
BUCH
GRLB
SONN

08.06. (09:13)  mmmmmmecmcme cmeeee el
BUCH
BRLB
SONN

08.06., (10:11) = —--eescccecs ccwe-ee seeeas
GRLE
SONN
BUCH

08.06, (10:17) = e-ecsscccacces  cacce- eeeea-
BUCH
GRLE
SONN

08.06. ([0:47) = cemmeemmccmcme eemeee aeeea-
BUCH
BRLE
SOHN

09,06, VTS0 28.5M C&.8E {(Southern lIran) mo=5, 0
S0HN

09.06, 02:16:2%5 32.2N 28.0E (E.Mediterranean Sea) mbzd.7
SONN

-64~
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09.

09.

09,

15,4

1o,

10,

10,

10.

{o.

L,

i1,

li.

tt,

06.

06,

06,

nGg.

06&.

-

Oa.

06,

.06,

0o,

06,

.06,

6.

Ns.

10:13:34
SONN

14:56:23
SOHN

21:55:08
~
o]

ONN

03110821
BUCH

05:105:47
BUCH

(10:37)
BUCH
BRLE
SONN

10:43:07
BUCH
GRLB
SONN

11:31:52
BUCH
SONN
GRLB

14:15:952
SONN
GRLE
BUCH

(14:37)
SONN
GRLHE
BUCH

00:47:15
BUCH
GRLSB

02:50:02
BUCH
GFLB

04:35:59

BUCH

6.86

4,95

39.2N

~65~

96.0E

166.8E

S1.7E

131.1E

72.2¢

151.8€

71.5E

16.0E

131.2E

131.3E

189.,0W

(China)

(Mexico)

(Noth Atlantic Ridge)

(Santa Cruz Islands)

(Golf of Aden)

(Germany,Erzgebirge)

(Tanimber Islands)

{Chagos Archipelaga)

{New Britain Region)

{Tajik SSR)

(Poland,Lubin}

(New Britain)

(New Eritain)

(Tonga I[slands)

nh=4.,6

nb=4,6

mh=4.7

mb=4.8




11.06.

11.06.

12.06,

12.06.

12.06.

12.04.

12.06.

12.06.

12.06.

12,06,

12,06,

19:31:00
BUCH
6RLE
SONN

22133346
SONN
GRLB

00:47:21
GRLB
BUCH

01:03:55

GRLB

03:09:44
pucH
SRLB
SONN

04:17:57
SONN
GRLB
BUCH

07:18:47
GRL B
BUCH

(08:03)
SONN
GRLE
BUCH

(08:27;
BUCH
GRL®
SONN

08:56: 14
SONN
GRLE
BUCH

13:23:31

ByCH

13:35:12
BUCH
GRL3

13:39:40
GRL3
SONH

18.55 1735.6W
45.9N 6.8E
44.7N 149.6E
S1.4N 169.0W
33.4N 138.2¢€
46.2N 16.5E
38.3N 559. 3¢k
34.7N 24.3€
10.75 156.1E
10.75  186.1E
10.85 156.2E
74.9N 6. 14
-66-

(Tonga Islands)

(Morthern Italy)

(Kuril Islands)

(Aleutian Islands)

(Japan,Honshu)

(Yugoslavia)

(Iran)

(Crete)

{Santa Cruz)

(Santa Cruz)

(3anta Cruz:

(Queen Elizsbeth Isl.)

or
[

mb=%.

[#X ]
(28]

ml=

mb=4.8

()

mp=5.6G

~1

ab=4.9




13.

4.

14.

16.

16.

16.

16.

16.

16,

I.06,

06,

06,

06,

.04,

05,

Q5.

06,

06,

0o,

20:09:59
SGNN
GRLB

21:98: 3%
GFLS
SONN

(12:01)
GRLE

(12:91)
GFRLB
BUCH

21:31:49

BUCH

02:27:06
EFLB
SONN
BUCH

07:43:43
GRLS

17:15: 98
DRKR
08:08:49
SONN

(25:03)
DRKR
GrLB
SONN

09:02:39
GRLB
SONN

(09:21)
SONN
DRKR
GRLE

{(10:44)
DRKR
GFLB
SOMNN

(17:34)
DRrF
GrLE

45.4N 12.,6E (North ltaly)

19.95 176.5W (Fiji Islands)

------------- (Kattowice)

------------- (Palard)

28. 4N 56,78 (lran)

50.0N 78.9€ (Kasachstan USSR)

24.7N 140.9€ (Yolcano Islands)

3.45 102, 1E (Sumatera)

51.6N 16.1E (Poland)

------------ (Germany,Bayr. Wald)

7.0N 94.0E (Nicobar Islands)

P e e - -y

-—— = - - - - - -

------------- (Mururoa)

49, IN 4.9€ (France)

mb=4.7

mli=3.2

mb=4.7

ab=4.9




17.06.

17.06.

17.06,

17.06.

17.906.

17.06,

17.04.

17.06.

17.06.

17.04,

18.06.

18.05.

{08:00)
DRKR
GRLEB
SONN

(08:20)
DRKR
GRLB
SONN

(09:00)
DRKR
GRLB
SONN

(09:11)
DRKR
GRLB
SONN

(09:58)
DRKR
GRLB
SONX

{(11:05)
DRKR
6RLB
SONN

{(11:25)
DRKR
GRLB
SONN

13:30:45
6RLB
SONN
DRKK

(14:28)
SONN
GRLB
DR®R

(14:335)
SONN
GRLE
DRER

(10:355)
DRKF
GRLE
SONN

(11:05)
DRKE
GRLE
SONN

-t - -y - -

- o - = - - - - - -

- - - - - .- -

- - — - -—— - -

------------ {DDR,Falkenstein)

42,9N 77.9E (Kasachstan USSR)

P L - -———

............ (CSSR,Pilzen;

------------- (C33Rk.Chebd)

-68~

- - -

=2
o
(]
(4]
o“d

- - -




18.06.

18,065,

18.95,

18. 66,

18.04,

18.0s.

18.06.

18.06.

19.406,

19.06.

12.06.

15.06.

19.06.

t11:26)
GRLB
SONN
DRER

11:38:55
GRLR
SONN
CRKR

16:19:47
GRLE
DRKR

18:42:03
DRKR

20:12:27
DRKR

(22:39)
SOMN
DRKR
GRLB

22:49:42
DRER
GRLE
SONN

(23:05)
DRKR
GRLB
SONN

(10:27)
DRKR
GRLB
SONN

(13:23)
GRLB
DRKR
SONN

13:059:0%
GnLB
DRKR
SONN

(10:27)
SONN

20:19:53
GRLE
SONN
DRIKK

——— - - - -

5i.4N 16.3E

13. 6N 91.1W

1Z.6N 91.24W

26.9N 110.9¥W

- o -

- - = o —— - -

18.25 177.94

12.3N 121.1E

-69-~

{(Poland)

(Central USSR)

(Coast of Guatemala)

(Coast of Guatemala)

(Golf of California)

- - -

(Fiji Islands)

{(Philippine)

(4]
w

mb=

mb=5.2




19.06. 20:24:13 12.IN 121.1E (Philippine) ab=5.2
DRKR

20,06, (07:33) —---moesee-- (Austria,St. Foelten) = ------
GRLB
DRKR
SONN

20,06, 07:51:23 43.9N 149.1E (Kuril Islands) mb=4.8
GRLB
SONN
ORKR

20,06, (09:03) W ememmemmeeo-- (Germany,Regensburg) = ------
SONN
ORKR
GRLB

20.06. (09:30) = msemoe-ceose- (CSSR,Brunn)  —=-=---
GRLB
SONN
DRKR

20.06, (09:157) = ememmemmme—=e sceme- emme—ee
GRLB
SONN
DRKR

20.04. (10:19)  s——emcce---- (CSSR,Most)  —emme-
DRKR
BRLB
SONN

20,06, 11:54:535 St.2N 15.9E (Poland,Lubin) mi=3.5
DRKR
GRLB
SONN

20.06. 16:45:29 {1.0N 69.2W (Venezuels) mb=4.48
GRLB

20,06, (20:35) = e=mees-mm--mese  eseae. ema---
GRLB
DRKR
SONN

w
-0

21,06, 05:28:16 24,.8N 45,8W (Ncrth Atlantic) ab=
DRKR
GRLB
SONN

21.06. (0%9:G0) ecemecccmme--- (CSS# ,Budejoicey = me==--
GRLSB
SONN
DRKR

21.06, (39310} m=emme--o--- {(Germany,Bauendy = —-=e---
SONN
GRLA

DRER
-70-
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21.06.

21.05.

21,05,

21,06,

21.086.

21.04,

21.06.

22.906.

22.05.

22.0s.

22.06.,

22.16.

(09:57) = ==eommmsse-e- {CSSR,3udejoice)
GRLE
SONHN
GRKR

(10:52)  ===-m——eme—ee -o----
DAKR
GRLB
SONN

(1ostt)y =ommemmemeea- (Germany ,Munich)
DRER
SONN
GRLE

3.78 {52.3€ (New Britain)

——
o~
e
N
.

w
e

:22:43 19.15 149,18 (Vanuatu Islands)

21:38:54 44 6N 148,.9E (Kuril Islands)
GRLS
SONN
DRER

21:39:09 33.0N 54,0E (Iran)
SONN
GRLB
CREFR

0tet1:37 50.9N 19.4€E (Poland)
GRLB
SONN
DRER

01:52:34 41, 1IN 16.2E (Saouth Italy)
SONN
GRLB
DRKF

{37:153) memmesmceo--- {Austr:s,5t. Poelten)

SONN
GRLEB
DRER

(09:13) m=esemscoeses s-eom-
DRER
GrLB
SONN

(09:38)  m=--e-=-me-es —mmoa-
DRKR
GRLE
SONN

({03109) memsssssea-s  osoo=-
SONN

DR¥F

GRL3 -71~

- - -

mb=4.4

mb=35.1

nb=3.6

nb=4.,1

ml=3.0

- - -




22.0s.

22.06.

22. 06,

23.06,

23.06.

23,06,

23.06.

23.06,

(10:31)
SONN
GRLB
DRKR

(13:13)
DRKR
GRLB
SONN

21:33:08
DRKR

22:39:52
DRKR

01:31:56
DRKR

9:35

o w

03
DR

.

'

(14:00)
DRKR
6RLB
SONN

(14:37)
DRKR
GRLB
SONN

(14:58)
DRKR
G6RLE
SONHN

(15:04)
SONN
DRKR
GRLE

{15:19)
GRLE
SONN
DR¥ &

19:39:3
DRKR
SONN
GRLE

17:50:58
ORKF
GRLB
SONN

15.25 168.2E

27.9N 139.8E

30.8N S0.0E

15.15 178.5W

39.0N 30.2E

2i.95 139.0W
-72~

(Vanuatu Islands)

{Bonin Islands Region)

(Iran)

(Fiji Islands)

- -

(Turkey)

(Mururoa)

2
o
o
£
(4]

2
o
n
&

.
~4

N

3
o
]
“
~

on
1

ab=5.




24.06.

24.06.

24.06.

24.04.

24.06.

24,06,

24,05,

24,05,

24,06,

24,08,

24,06,

02:06:28 18.6N 121,0E (Philippin Islands)
GRLE
SONN
DRER

05:57:39 5.78 145.3E (New Guineaj
GFLB
SONNM

(08:21) ==emm=smseos oo-s-e
SONN
GRLEB
DRKR

(09:02)  =mmmmmmmmmms -meee-
DRKR
GRLE
SONN

08:57:54 10.2N 40.6E (Trinidad)
DRKR
GRLE
SONN

(09:25)  =mmmmmmmmemn mmmma-
DRKK
GRLE
SONN

(10:00) m=mmmcmesmos —emee-
DRKR
GRL3
SONN

({0:138) ememmmemseeo- —e-=--
SONN
GRLB
ORKR

10:30:30 6.9 73.0W (Northern Colombia)
DRKR

(11:07) ===womcmocess- oomses
DRKR
GRLB
SONN

(11:15)  =me=mmomoee- (CSSR,Prahs)
GALE
DRKR
SONN

2:25:40 6.38 148,9E (South of Tasmania)
RLB

G -

12:564:48 34,45 177.9€E (Kermadec Islands)
GRLE
SONN
DrR<R
_73-

mb=46.0

-

- - -

mb=4.3




24,06,

24.06.

25.06.

25.06.

25.06.

25.06.

25.06.

25.06.

26,06,

26.06.

26.96.

“

(15:38) =rmmewmm-oe- (Germany,Regensburg)
DRER
SONN
GRLB

22:06:51 37.2 137.8& (Japan,Honshu)
GRLE
SONN
DRKR

06:24:23 33.45 179.3W (Kermadec Islands)
GRLB
SONN
DRKR

(04:49) = —=m-==co-oe- {Germany,Weiden)
SONN
DRKR
GRLB

(09:30) swmmmmommese moeee-
DRKR
GRLEB
SONN

(11:05)  ~—=m-mmmmmem —eeooe
DRKR
6RLB
SONN

(11:24) = --~-eeonee-- (Germany,Nuernberg)
DRKR
GRLB
SONN

16:15:346 38. 4N 43.1E (lran)
SONM
GRLEB
DRKR

18:20:46 40.3N 43.9E (UZBESSR)
GRLB

94:18:31 31.3N 64,84 (North Atlantic)
DRKR
GRLB
SONN

06:01:28 25,08 177.0W (Fiji Islands)
GrLB
SONN
DR

(07:05)  mmmmmmmemmm= —meee-
DRKR
GRLE
SINN

~74~-

mb=3.6

- -

mb

Hj
w
L]

)
cr
f
£
F

(%]
o

mo=..




(2%
~d

~3
-~
.

~3

"o

07:03:23

DFER
GRLE
SONN

09123
GRLE
SONN
DEKR

(11:95)
DRER
GRL 3
SONN

(11:24)
DRKR
GRLZ
SONN

{(11:37)
DRER
GRL3B
SONN

00:33:27

DRER
GRLE
SONNM

0£:07:351

GRLBA
SONN
DRKR

(D6:30)
SOMN
GRLEB
DRKK

(0s5:54)
DRKR

gRLE

SONN

(G7:153)
SONN
GRLS
DRER

(313:19)
NRER
GRLSE
SONN

(092073,
GRLE
SONN
DR

(U]

10.2N 60.6W (North Atlantic)

46.3N 144.1E (ODkhotsk)

------------ (CSSR,Sokolaov)

- - - - - - -

- e o - - - -

32.05 180.0W (Kermadec Islands)

20.25 149.3€ (Vanuatu Islands)

- - P

- - - - - - -- -

- - - - - - - -

- - - - - - - -

- . - - -




27.06, 09:23:1/
GKLB
SONN
DRKR

(19:19)
DRKFR
GRLE
SONN

27.06.

27,06, 12:08:21
GRLEB
SONN
DRER

27.06, 13:54:11
DRKR
27.06. (15:18)
DEKR
GRLE
SONN

27.06. 16:15:46
DRKR
GRLB
SONN

27.06. 17:48:11
DRKR

27.06. (18:42)
GRLB
DRKR
SONN

27.06., 18:43:22
DRER

27.06. 21:36:359
DRKR

28.06., 02:50:19
GRLE
SOHN

28.06. (0B:356)
DRKE
GRLE
SONN

28,04, (09:02)
DRKE
GRLE
SONN
28,06, (139:15)
DRK R
GRLE
SONN

1/.99 1l/749.1W
20.85 179.0M
17.75 174.7W
21.8S 179.2M
38.0N i11.0€
37.18 121.9%
45.0N 142.0E
20, 1N 95.0E
-76-

(F1)1 1S1anas)

(Fiji Islands)

(Fiji Islands)

(Fiji Islands)

{Sicily)

(Central California)

(Japan)

{Burma)

- -

- -

M= s -

- - - -

83
(=3
"
w
w




r--'--"------------II-IIIlIIIllIIIIIIIIIIIII-I------fA*

28.04. (03:35) = —eme;memmemm=  —eee--  m====
GRLE
DREFR
SONN

(6§:43)  mmmemmemssss eeoe-- . Tmomms
SOMN
GRLE
DR¥F

y
(s3]
<
o

) 25,046, (12:143)  mememmmemscee mewee- =me—e-
SONN
OFRKR
GRLE

28.04. {13:07) = mme;emce;emase-n c-ee-- =mmees
SONN
GRLSE
DR¥R

28.06. (184:31) =mmmmmmmmm== mem—me mmeeee
DRER
GRLE
SOMN

"
°n
(2}

28.06, 16:347:31% 4.08 99.0E (Sumatera) mb
GRL3
SONN
DRKR

28.06. 18:47:39 30.5N 70.9E (Pakistan) mb=4.7
GRLB
DRIR

28.06, 20:52:48 25.7d 95.7€E (Burma/India Border) ab=4.8
GRLE

.06, 02:31:56 40.3N 42.0€ (Turkey) mb=4.,4
SONN
GRLE
DRkR

ra
-

29.06. (14131) = eemmmmemmames  cece- m=mees
DR¥F
SONN
GRLE

29.06. (19:99) 50.8N 10.4E (Germany,DDR Ei1senach) ml=2.3
DR¥ A
SONH

GrRLE

-77-

-—




2Y.06.

29.96.

30.06.

30.06.

30,06,

30.06.

30.06.

30.06.

30.06.

30.086.

n1.47.

01.07.

01.07.

2D:45:42
SONN
GRLB
DR¥R

(21:44)
GFLB
SONN
DRKR

(01:03)
SONN
BRLEB
DHRKH

(Q7:41)
DRKR
GRLEB
SONN

(09:01)
DRKR
KIBG
SONN

(10:30)
DEKR
KiBG
SONN

(11:04)
DRKR
KIBG
SONN

(11:39)
SONN
KIBG
DRKER

(163 44)
DRKE
S57e1l
kK IBSE

(29:43)
K180
DREFR
STEI

0Z:07:00
DRWF

021
grRt

5132

.
O en

(39:30)
DRKF
KIBG
STEL

$7.0H  1loY.uE

16.25 177.84

16.25 177.7W
-78-

tcastern o4 0t Japan)

(Germany,Regensburg)

(CSSR,Pilzen)

{F1ji Islands)

(F131 Islands)

ml=0a.7

-

=
o
"
w
w




0!

62

a3,

<>
L%

-
L

LT

Q7.

7.

2.07.

07.

07,

.07,

T.07,

(29:47) emmmemesmmmes eee-e-
KIBG
DR¥R
ST=1

u

(11:29) = mmmmemmmmems mmeeo-
KIBG
STE!
DRKR

(12:50) mmmmmmmm——e- (CSSR,Praha)
OF kR
K1BG

STEl

03:30:37 33.4N 140.8E (Japan,Honshu)

10:01:30 14.39 1467.2E (Vanuatu Islands)
DRER

Ch
(&)
L)
o~

10:54:
DRkR

LON 128,38 {(Ryukyu Islands)

05:09:42 24.75 179.3E (South of Fiji Isl.)
OFRKR

08:19:18 22,0N 94,38 {(Burma)
DRKER

(10:08) —=mmmm—m——-- (C55R,Mast)
DREF
KI1BG

STE]

(19:24) - -mmsms---- (CSSR,Sokolov)
DRKR
RS
K186

(11:42)  mwm=mommem- (CSSR,Most)
CRKR
STE!
KI1BG

~79~

-]
o
1]
wn
0




04.

04

04.

04.

04

03

fo}
w

.07,

L7,

07.

.07,

a7,

07.

.07,

07,

07,

07,

.07,

(23:21)
DRKR
KIBG
STEI

{1:43:14
DRKR

08:26:36
ORKR
K1EG
STEI

(109:52)
DRKR
KI1BG
STEL

(12:06)
DRKR
K186
STE!

£14:07)
DRER
STE!
K186

(14:21)
DRKR
KIBG
STEI

(08:01)
K186
STEI
DRER

(09:36)
KIBG
DRYR
STEI

(09:43)
STE!
KIBG
DRKE

(n9:58)
DRKR

- - - -
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