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Preface

Recently, seismology has made rapid advances, and many textbooks
and numerous papers have been published. However, among these
publications, the selection of seismograms is only fragmentary. If there
is a systematic collection of seismograms on a world-wide scale, or
from shallow to deep sources its collection will be useful for better
understanding of seismic phenomena.

In general, the complexity of the earth’s structure causes seismo-
grams of a great variety of waveforms and wave types. The wave-
form in the seismograms, especially the appearance of phases, differs
from region to region even in events with similar epicentral distances,
source depths and earthquake sizes. In order to clarify the local and
regional characteristics of seismograms and to find unusual phenomena,
the seismogram collection is made using the data of Dodaira station
(DDR) over the last two decades.

The seismograms are separated into seismic regions, and are
arranged along the epicentral distance, or the source depth within the
region. Including special events with unusual waveform features, one
hundred samples are prepared. Among these samples, some of them
are already well known, however, there still includes some new pheno-
mena.

A brief comment is attached to each sample. Seismograms contain
a great variety of information. New facts will be found from this
collection.
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1. Introduction

In general, the complexity of the earth’s structure causes seis-
mograms of a great variety of waveforms and wave types. The
waveform in the seismogram, especially the appearance of ‘“phase”
differs from region to region even in events with similar epicentral
distances, source depths and earthquake sizes, and such a complexity
of the seismograms gives clues in the study of earthquake phenomena.

This seismogram collection demonstrates the following points:

1) The characteristic seismograms including the phase and spect-
rum of earthquakes on a world-wide scale.

2) Depth-dependence of waveform and spectrum in a given seismic
region.

3) Spatial behavior of seismic waves along some special zones,
such as the 20°, 100°, 143° discontinuities and others.

4) Special features of seismograms of some event groups includ-
ing foreshocks, main shocks, aftershocks and earthquake
swarms.

5) Unusual seismograms in each region.

One hundred samples, including some special events, such as “under-
ground explosions”, are collected. Among these samples, some of them
are already well known, however, there are still some new phenomena
in this collection.

2. Data

The seismograms selected here were compiled from data of
Dodaira Micro-earthquake Observatory (DDR) and its satellite stations.
The locations of seismographic stations with their geological formations
are shown in Table 1 and Fig. A.

Table 1. List of seismographic stations with local geology.

Station Code Location Altitude Formation
Dodaira DDR 35°59/5470N 139°11/36”2E 800 m Chart
Tsukuba TSK 36 12 39.0N 140 06 35.0E 280 m Granite
Kiyosumi KYS 35 11 51.6N 140 08 53.6E 180 m Sandstone
Ohyama oYM 35 25 12.3N 139 14 34.9E 600 m Andesite
Shiroyama  SRY 35 30 30.0N 139 16 27.0E 254 m Slate

All seismic signals are recorded at the Earthquake Research Insti-

tute (ERI), Tokyo by a telemetering system. DDR is the main station
of our seismic network. Since 1968, three kinds of instruments, i.e.,
short-period (SP), medium-period (MP) and long-period (LP, LP-Low



Characteristic Seismograms 3

. . 1a1°
i 139 I 140 | E

Fig. A. Distribution of seismographic stations. All seismic signals are recorded
at Earthquake Research Institute (ERI), Tokyo by a telemetering system.

gain) seismographs have been in operation. Moreover, since 1973, two
types of seismographs with wide-band (WB) and ultra long-period (ULP)
were added in order to cover a wider dynamic range.

Figure B shows the displacement magnification curves of these
seismographs. A detailed description of the seismograph system was
given by TsuJiura (1965, 1967, 1973b, 1983a).

In the recording station at ERI, all seismic signals at DDR, except
for the signals of SP seismographs, have been continuously recorded
on magnetic tape since the beginning of 1968. In these data, local
earthquakes with magnitudes greater than about 4 have been tran-
scribed on a commercial 1/4 inch tape together with the teleseismic
events with magnitudes (Mb) greater than about 5.5, and these tapes
have been preserved as a permanent data library. Using the data
stored in the past two decades, the seismogram collection is made.

For the representation of this collection, the SP seismograms were
copied from original seismograms recorded at a paper speed of 60 mm/
min on an ink-writing chart recorder, and the seismograms of MP,
WB, LP and ULP seismographs were obtained from the magnetic tape
mentioned above.
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Fig. B. Magnification curves of the seismographs at DDR. SP; short-period,
MP; medium-period, WB; wide-band, LP; long-period, ULP; ultra long-
period seismographs, respectively. The magnifications, except for SP and
LP, were changed as of Dec. 21, 1973 (see TSUJIURA, 1973D).

For better representation, the amplitudes of tape seismograms are
arranged by changing the gain of play-back amplifier (G), and their
paper speeds are also variable between 0.1-500 mm/sec. The magnifi-
cation shown in Fig. B corresponds to 12db gain of the play-back
amplifier.

The seismograms are separated mainly according to the region
proposed by FLINN and ENGDAHL (1965), except for local earthquakes
within an area of few hundred kilometers. The separated seismograms
in each region are selected when there are some features in wave-
form, spectrum and phase appearance. Moreover, this collection in-
cludes seismograms from similar distances, but different azimuths
(regions), or from similar distances, but different depths, when there
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is a notable difference.

3. Arrangement of seismograms

The seismograms in this collection are arranged in order of increas-
ing distance from the station frqm 10 kilometers to 159 degrees. No
earthquakes were observed at our stations beyond 160 degrees. One
hundred samples consisting of 368 earthquakes are presented. Table 2
shows an arrangement of 100 samples, including title and epicentral data.

In Figures 1-18, the characteristic seismograms of local and near
earthquakes are presented. The separation of local and near earthquakes
is somewhat uncertain. We refer to earthquakes as local when their
epicentral distances are less than 200 km, and near when their distances
are less 10 degrees.

In Figures 19-36, the characteristic seismograms of regional earth-
quakes where their distances lie between 11° and 19° are presented.
The regional earthquakes from DDR station cover a wide azimuth
angle including the Japan Sea, Kurile-Okhotsk, Marianas and Ryukyu
Islands regions.

In Figures 37-50, the seismograms of teleseismic events where
their distances lie between 20° and 47° are presented. In this distance
range, the earthquakes cover the regions of Aleutian, Mariana, Philip-
pine, Celebes and Banda Sea. These seismograms contain a great variety
of reflected and converted waves.

Figures 51-57 show some features of surface waves including the
nature of dispersion and the dependence of source depth, and Figures
from 58 to 60 show some features of the waveform and spectrum of
underground explosions in the Novaya Zemlya region.

Figures 61-78 show seismograms of teleseismic events where their
distances lie between 56° and 100°. These earthquakes distribute
over a wide regions, Afghanistan-USSR, South Pacific Ocean, Indian
Ocean and North Atlantic Ridge. These seismograms also contain a
great variety of reflected waves and surface waves.

Figures 79-91 show seismograms of events beyond a distance of
101° located in the North Atlantic Ocean and Latin America. These
seismograms ineclude the spatial behavior from P(diffracted) waves to
PKP waves and its 143° cusp.

Figures 92-100 show the waveform and spectral features for some
event groups including earthquake swarms, foreshocks, foreshock-main
shock-aftershock sequences and coda waves from local earthquakes.

Origin time, epicentral location, focal depth (h), magnitude (Mb)
and epicentral distance (4) are based on the Bulletin of the Inter-
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national Seismological Centre (ISC), except for a few figures of loecal

earthquakes.

The focal parameters of local earthquakes are obtained

from the Monthly Bulletin of the Japan Meteorological Agency (JMA).

Brief comments with title are held for each set to emphasize the
features of seismograms, and known phases are indicated when their
arrival times agree within a few seconds for the computed travel

times given by the JEFFREYS and BULLEN (1967).

‘Where there are

unlabeled points indicated by “¢”, “X” or “e”, there is still new infor-
mations to be obtained from this collection.

Table 2. Arrangement of seismograms.

No. Title Region () Page
1 Seismograms, local earthquake....Izu Pen. 1.1 11
2 Surface waves, local earthquakes...Honshu 1.5 13
3 Local variation, surface wave

dispersion (1)......ccviviinrniinn.. Honshu 3 15
4 Local variation, surface wave

dispersion (2)...veveveernenrnennns Kyushu 7.5 17
5 Local variation of spectrum....... Kanto 2 19
6 Depth variation of spectrum...... Off Chiba 2 21
7 Reflected wave, plate boundary....Ibaraki 70* 23
8 Converted wave, plate boundary...Off Kii- 4 25
9 High-frequency earthquakes....... E. Honshu 6 27
10 Low-frequency earthquake......... S. Honshu 5 29
11 Waveform features of earthquake

swarm (L)...ieennnneeininennnnnns E. Honshu 5.8 31
12 Waveform features of earthquake

SWaArm (2)....eieiinennnenannnnas E. Honshu 5.8 33
13 Waveform features of earthquake

SWarm (8)..vve v vnenvrennenenenns Izu Pen, 50* 35
14 P waveforms of large earthquakes. .Honshu 1-4 37
15 P waveforms of large carthquake..Off Tbaraki 2.3 39
16 Spectral features of tsunami

earthquakes (1)........ccivvuvunnn Kurile 10 41
17 Spectral features of tsunami

earthquake ()......cevvvevenan.., Kurile 9.6 43
18 ScS wave, near earthquakes....... S. Honshu  8-7 45
19 ScP wave, regional earthquakes...Okhotsk- 12-18 47
20 Multi-reflections, S¢S waves....... N. Korea 9 49

°: degrees of are, *: kilometers.
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Table 2. (continued)

No. Title Region 4 Page
21 P waveform, large deep

earthquake (1)....vvvvvineiniinnnn S. Honshu 7 51
22 P waveform, large deep

earthquake (2)............cviunn, Kurile 10 53
23 P waveform, regional deep

earthquakes ........coviiiiiiaann. S. Honshu 12 55
24 Regional variation, P waveform, S. Honshu,

deep earthquakes................ {Japan Sea 9 57
25 Low-frequency waves, deep Mariana,

earthquakes ........cccvviiviineen jl Okhotsk 18 59
26 X phases, deep earthquake (1)....Okhotsk 18 61
27 X phases, deep earthquakes (2)....0khotsk 18 63
28 Reflected wave, 20° discon. (1)....Volcano 14 65

Kurile,
29 Reflected wave, 20° discon. (2).... < Volecano, 14 67
Ryukyu
30 Reflected wave, 20° diseontinuity...Kurile- 11-18 69
31 Reflected wave, 20° discon. ....... Voleano- 12-18 71
32 Reflected wave, 20° discon. ....... Ryukyu- 11-19 73
. C . o qs Kurile,

33 Regional variation, 20° discon. ... {Ryukyu 14-15 75
34 S waves, 20° discontinuity....... Ryukyu 15, 18 177
35 S waves, 20° discontinuity....... Ryukyu 10-19 79
36 S waves—depend on depth—...... Mariana 18 81
37 Reflected waves....cvvvveennennn, Mariana 20 83
38 Seismograms along distance....... Taiwan- 19-26 85
39 Seismograms along distance...... Philippine-  29-39 87
40 Seismograms along distance...... Aleutian- 33-46 89
41 Seismograms—depend on depth—..Aleutian 33 91
42 Seismograms, explosion........... Aleutian 32 93
43 Seismograms—depend on depth—. .Philippine 32 95
44 Seismograms—SeSp— ... oviiinn.. Philippine 32 97
45 Seismograms—depend on depth—. .Celebes 38 99
46 Seismograms—SeSp— .....oiiu... Celebes 36 101
47 Spectral variation, S¢S wave..... Philippine- 31-38 103
48 Seismograms—depend on depth—..Banda Sea 44 105
49 Seismograms—depend on depth—..Banda Sea 43 107
50 Seismograms—PcP, PeS—........ Flores Sea 46 109
51 Surface waves.......covvuvennnn. W. Irian 40 111
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Table 2. (continued)

No. Title Region 4 Page
52 Surface wWavesS.......ovvviininnnnn China 35 113
53 Surface waves.........coovvunnn... Burma-India 39 115
54 Comparison of surface waves...... Burma, Irian 39, 40 117
55 Surface waves.......covvnvvunvnns New Guinea 40 119
56 Surface WavesS.......ovvuiieinnnnn. Aleutian 35 121
57 Seismograms—depend on depth—..Aleutian 33 123
58 Seismograms, explosions........... Novaya
Zemlya 54 125
59 Regional variation, explosions..... Novaya
Zemlya, 54-556 127
60 Similarity of waveforms, explosions. .Novaya
Zemlya 54 129
61 pPophase............coviivii, Afghanistan 54 131
62 pP phase along depth............. Fiji- 54-70 133
63 Double phases in P waves (1)..... Santa Cruz- 54-65 135
64 Double phases in P waves (2)..... Santa Cruz- 54-65 137
65 Seismograms (1)........ccovvun... New Hebrides 62 139
66 Seismograms (2)
—similarity of waveform-—........ New Hebrides 56 141
67 Seismograms, deep earthquake..... S. Fiji 69 143
68 Seismograms, deep earthquakes
—similarity of waveform—........ S. Fiji 71 145
69 Seismograms—depend on depth—..Tonga-Fiji 67-69 147
70 PKPPKP (P'P') wave......vvevnn. New Zealand 69 149
71 PP’ waves along distance......... Solomon- 45-72 151
72 Double phases in P waves......... Tonga- 71-91 153
73 Selsmograms. ....cvovvveveirnnnnnn. Indian Ocean 76 155
74 SeISmMOgIamS .. vv e ve e ieernennnn N. Atlantic 91 157
75 Seismograms
—comparison N. Atlantic R.—....Macquarie 96, 91 159
76 Mantle surface waves............. Tonga 72 161
77 Surface waves, great circle (1)....Macquarie 96 163
78 Surface waves, great circle (2)....Talaud Is. 33 165
79 Seismograms (1)........coovve.... N. Atlantic 103 167
30 Seismograms (2)..........c.vvunn.. N. Atlantic 105 169
81 Seismograms.......ovvvveinnnnnn.. Guatemala, -
Mexico 111, 110 171
82 Seismograms.....oovvivnneneennn.. Peru-Ecuador131 173
83 P(diffracted) wave................. Mexico-Peru 100-135 175
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Table 2. (continued)

No. Title Region 4 Page
84 Appearance of S wave............ Mexico-Peru 91-131 177
85 PEKP Wave.....ouei it ineennennsas Chile 153 179
86 PKP waves along distance........ Peru-Chile 134-152 181
87 PKP waves along distance........ Chile- 150-158 183
88 PKP wave, deep earthquake....... Colombia 135 185
89 PKP waves, deep earthquakes..... Bolivia-

Argentina 156-160 187
90 Seismograms along distance....... Peru-
Argentina 145-157 189
91 Selsmograms. . oo e iiirrrenrenennn Chile 154 191
92 Spectrum, earthquake swarm (1)...Tochigi Pref. 10* 193
93 Spectrum, earthquake swarm (2)...Tochigi Pref. 10* 195
94 Waveform, foreshocks (1)......... Izu-Oshima 1.3 197
95 Waveform, foreshocks (2)......... Off Ibaraki 2.3 199
96 Seismograms, fore-main shock..... Hawaii 59 201
97 Seismograms, fore-main-after...... Aleutian 34 203
98 P waveform, large earthquake
—relation to aftershocks—........ Philippine 32 205
99 Coda waves, local earthquakes....Ibaraki Pref. 50* 207
100 Coda excitation, local earthquake..Off Ibaraki 90* 209
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1. Seismograms from local earthquake

Seismograms obtained from three components of MP and LP
seismographs at DDR for the event in the Central Izu Peninsula
(closed circle). These seismograms are reproduced from magnetic tape
data. G is gain of play-back amplifier.

The facal parameters by JMA are as follows:

Origin Time Epicenter h M 4
hm s N E km km
14 28 50.8* 34283 138°87 0 4.7 120

*: Japanese Standard Time (UT+9h). h: source depth. M: magnitude.
4: epicentral distance.

Comments

1) The incidence from the SSW direction shows larger P wave
amplitude in the N-S component than in the E-W component.

2) Short-period surface waves (LQ, LR) are seen on the MP and
LP seismograms, especially on the MP-Z seismogram.

3) The MP seismograms passing through the low-pass filter with
cut-off frequency of 0.5Hz give a typical dispersion of LR
wave starting from the period of 5 seconds.



Fig. 1

Characteristic Seismograms 11

14h29m  Jan. 16, 1978 DDR MP g

db

T U 10
i Wirme

P LR

N
WMMMWMW

14h29m LP

|
139°E

140°



12 M. TsuJiura

2. Surface waves from local earthquakes

Surface waves from local earthquakes obtained by MP seismographs
at DDR and their epicentral locations by JMA. The event numbers
on the left-hand side of the seismograms are in chronological order, and
the sizes of bars show relative differences of magnification.

The foecal parameters by JMA are as follows:

No. Date Origin Time* Epicenter h M
hm s N E km

1 May 11, 1974 21 44 46.6 34783 138795 10 4.0

2 Jan. 08, 1977 04 02 12.9 36.57 138.28 10 4.0

3 Oct. 06, 1983 14 20 35.2 35.92 137.21 0 4.5

4 Feb. 04, 1984 07 21 22.2 37.43 139.33 1 4.4

5 Mar. 07, 1986 03 25 83.5 36.02 137.50 4 4.9

*: Japanese Standard Time (UT+9h).

Comments

1) Short-period surface waves are seen for shallow local earth-
quakes (h<10 km).

2) Seismograms passing through the low-pass filter show the
dispersion of surface waves starting from 5 see period.

3) Local variation of the velocities of surface waves seems to exist
there.

4) Medium-period seismograms (MP) are more useful for the study
of local surface-wave dispersion than the SP and LP seismo-
grams.
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3. Local variation of surface wave dispersion (1)

Comparison of surface waves from two local earthquakes. The
upper three traces show seismograms obtained by three components
of LP seismograph at DDR for the S. E. off Boso Peninsula (A), and
the lower three traces show seismograms obtained by the same instru-
ment for the Fukui-Gifu border (B).

The focal parameters by JMA are as follows:

Origin Time* Epicenter h h** M
hm s N E km km

A 12 10 06.2 33772 141°52 60 35 6.4

B 17 07 21.0 35.88 136.77 10 36 6.0

*: JST (UT+9h). **: depth in ISC.

In spite of small differences of magnitude (0.4), source depth
(ISC) and epicentral distance, clear differences of spectrum are seen
between the two events. Short-period Rayleigh waves (LR) starting
from 7sec are predominant on the lower seismograms, in contrast
with long-period Rayleigh waves (T=20sec) for upper seismograms.
Such a difference of spectrum may be due to the path effect as will
be discussed in a later figure.
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4. Local variation of surface wave dispersion (2)

Comparison of seismograms from two regional earthquakes obtained
by LP seismographs at DDR. Upper two seismograms are for the
event from inland Kyushu (1) and lower two seismograms are from
near Kyushu (2).

The focal parameters by JMA and ISC are as follows:

Origin Time* Epicenter h M 4
hm s N E km deg
JMA 1 04 40 51.0 33703 131713 0 5.5
2 06 13 11.8 31.17 131.73 40 5.6
ISC 1 04 40 52.2 32.96 131.08 11 4.2 7.85
2 06 13 14.8 31.85 131.46 52 5.5 7.94
*: UT.

The epicenters by JMA and ISC are shown by closed circles on
the map, and bars at the end of seismograms show relative differences
of magnification.

Comments

Clear differences of surface-wave dispersion are seen between the
two events. The Rayleigh waves (LR) of event No. 1 show pulse-like
waveforms with short-period (7=5sec). On the other hand, surface
wave dispersion is seen for event No. 2, especially, the Love wave
(LQ) is well dispersed starting from 20 sec period, and such features
are seen for other events in this region.

As shown in previous seismograms, the event in oceanic region
shows dispersive surface wave with longer-period than that of inland
region. This is a common feature in this region. The difference of
waveform features therefore may be due to the path effect.
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5. Local variation of the spectrum

Epicenter locations of earthquakes studied for the spectrum using
MP seismographs at DDR and six sample seismograms. Source depths
of most earthquakes lie between 40 and 60 km, except for the circles
with eross marks (>80 km). Numerals from 1 to 6 on the seismograms
correspond to the order number of epicenters on the map.

Comments

The spectral features of seismograms differ significantly between
the upper three and lower three seismograms. The events off Ibaraki
and Fukushima Prefectures contained higher-frequency components than
the events off Chiba Prefecture.

From the amplitude ratios of high-and low frequencies, these events
are separated into three groups of closed, half-closed and open circles.
The closed circle shows the event containing large higher-frequency
components than that of open circle. A detailed criterion of the
separation is given by TSUJIURA (1973a). Closed- and open circles are
separated at the boundary of about 836°N, but there is no difference
for the deeper events (>80 km) as shown later.
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6. Depth-variation of the spectrum

Comparison of two events with different source depths in the
same region, East off Chiba Prefecture. Left traces show the seismo-
grams obtained by WB-E, WB-N and three components of LP-Low
gain seismograph at DDR, and right traces show the seismograms
obtained by the same seismographs, except for the difference of the
magnification of LP. The magnification of LP and LP-Low differs by
a factor of 10 for the same gain of play-back amplifier (G).

I

seismic intensity by JMA.

The focal parameters by JMA are as follows:

Apr. 07, 08 29 48.9 35205 141237 30 6.1
Oct. 28, 14 39 35.2 35.12 140.75 90 5.5 220

Origin Time Epicenter h M 4
d hm s N E km km

Comments

1

2)

Clear differences of waveforms are seen between the two
events. The event with deep source (90 km) predominates in
high-frequency components than those of shallow event (30 km),
and the difference of amplitude at 5 Hz arrived at a factor of
20.

The seismic intensity (I) at Chichibu (JMA) about 10 km away
from DDR was 0 (unfelt) for the former event and a value of
III for the latter event.

These differences include the effects of propagation path and
source spectrum. No separation is possible for the present study.
However, the difference of spectrum by the source depth must be
noticed, and such a difference is very important in the earthquake
engineering.
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7. Reflected wave from plate boundary ?

Seismograms from S. W. Ibaraki Prefecture. The top two traces
show seismograms obtained by WB-E, WB-N seismographs at DDR,
and the center two traces show seismograms passed through a low-pass
filter with cut-off frequency of 0.5 Hz for the top seismograms. The
bottom two traces show seismograms obtained from LP-E, LP-N
seismographs in the same station.

The focal parameters by JMA are as follows:

Origin Time Epicenter h M 4
hm s N E km km
12 47 43.8* 36717 139785 60 5.0 70

*: JST (UT+9h).

Comments

1) Clear phase indicating by SXS appears on the N-S component
seismograms after about 10 sec from S wave.

2) The SxS phase is not clear on the vertieal seismogram, though
not shown here.

3) The SxS phase appears also for other events, though their
location and source depth are limited. The ranges of source
depth and epicentral distance are 50-60 km and 70-80 km, res-
pectively.

4) The arrival time of SxS phase measured from S wave lies
within a range of 9.5-10.5 sec.

A detailed analysis of SXS phase has not yet been made. Con-

sidering the time interval of S and SxS phases, this phase is probably
the reflected wave from S to S at the lower plate boundary.
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8. Converted wave from near deep-focus earthquakes

Seismograms obtained by MP seismographs at DDR for two events
in western Honshu (off Kii Peninsula and Central Nara Prefecture), and
a seismogram obtained by MP seismograph at TSK for an event in
western Saitama Prefecture. Note the difference in time scale between
upper and bottom seismograms.

The focal parameters by JMA are as follows:

Origin Time* Epicenter h M 4

d hm s N E km km

Oct. 12, 15 55 37.0 32°63 136222 440 5.3 470
Aug. 21, 12 43 30.2 34.43 135.97 400 5.2 380
Oct. 17, 04 59 15.4 36.02 138.89 141 4.9 115

*: JST (UT+9h).

Although these earthquakes are located in different areas, a clear
phase (SXP) appeared commonly on the vertical component seismogram.
The time interval between SXP and S waves in each event is about
7.5, 8 and 9sec, respectively. Such a phase is also observed for deep
earthquakes (£>100 km) in Sagami Bay.

Considering the time interval between the two phases, this phase
will be the converted wave from S to P at the plate boundary under-
lying the station.
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9. High-frequency earthquake, off the E. C. of Honshu

Seismograms obtained by MP seismograph at DDR and their
epicentral locations from JMA (closed circles). Numerals on the seismo-
grams correspond to the numbers on the map. The contour lines show
the water depth.

The focal parameters by JMA are as follows:

No. Date Origin Time* Epicenter h h* M
hm s N E km km
1 Oct. 11, 1982 02 23 04.8 40718 143298 40 28 5.4
2 Jul. 26, 1979 08 11 39.4 40.18 145.03 40 59 5.1
3 Apr. 05, 1978 16 51 26.1 39.70 144.43 60 31 5.5
4 Mar. 30, 1976 14 53 09.2 39.53 143.67 30 28 5.5
5 Sep. 30, 1979 17 38 53.5 41.45 141.92 50 70 5.3
6 Jul. 29, 1981 02 00 58.5 41.63 140.23 190 180 5.6
7 Jun. 10, 1980 05 06 36.2 40.82 140.23 170 167 5.6
8 Jan. 13, 1980 00 57 01.3 41.63 143.88 60 38 6.1
9 Mar. 17, 1980 06 40 36.0 40.15 142.45 30 53 5.3

*: JST (UT+9%h), **: depth by ISC.

Comments

Clear differences of waveforms are seen among the seismograms.
The seismograms labeled No. 2 and No. 3 contained very high-frequency
components compared with those of other events; this tendency is the
same for events indicated by open circles.

As shown previously (Fig. 6), the spectrum of seismic waves differs
by source depth. The source depth of events concerned here ranges
from 30 km to 190 km. Events No. 2 and No. 3 with high frequencies,
however, are not due to the source depth. The epicentral location is
one of the most important factors determining the spectrum.
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10. Low-frequency earthquake, south of Honshu

Seismograms from two events south of Honshu obtained by MP
and LP seismographs at DDR. The top two traces show seismograms
obtained by MP-Z and MP-N seismographs, the center two traces show
seismograms obtained by LP-Z and LP-N seismographs for the same
event, and the bottom trace shows the seismogram of another event
in the same region obtained by MP-E. G: gain of play-back amplifier.

The focal parameters by ISC are as follows:

Origin Time Epicenter h h*
d hm s N E km km
Mar. 30, 11 20 33.0 31740 140°25 6 20

May 24, 11 24 26.9 31.34 141.80 42 50

Mb 4
deg

5.8 4.76

5.6 5.13

*: source depth by JMA. Mb: body-wave magnitude.

Comments

1) Low-frequency waves predominate on seismograms of the 1977
event compared with that of the 1976 event shown at the

bottom.

2) The frequency of seismic waves in the 1977 event is almost
constant, about 0.1 Hz, except for the beginning of LR wave.

3) S wave is not clear.

4) Bottom seismogram shows ordinary waveform features in this

region.

The source depths are different between the two events. Even
considering the difference of source depth, the 1977 earthquake is
an unusual low-frequency event during the recent two decades.
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11. Waveform features of earthquake swarm (1)

The seismic activity continued for about five days off the East
Coast of Honshu. The focal parameters of events with Mb>5.0 in the
sequence by ISC are follows:

No. Origin Time Epicenter h Mb
d hm s N E km
1 Oct. 10, 06 48 15.5 41705 143909 33 5.7
2 Oct. 10, 06 56 49.7 40.99 143.15 36 5.7
3 Oct. 12, 04 47 30.9 40.52 143.57 20 5.3
4 Oct. 12, 06 14 51.0 40.54 143.58 17 5.5
5 Oct. 14, 14 11 41.2 40.64 143.69 13 5.4
6 Oct. 15, 01 16 45.9 40.66 143.78 12 5.4

There is no specially large event. This activity therefore corre-
sponds to ordinary swarm activity.

This figure shows the comparison of seismograms of six events
obtained by LP-N seismograph at DDR and their epicentral locations.
The sizes of bars at the end of seismograms show relative differences
of magnification.

Comments

There exist three event groups with their own waveform features;
events of No. 1 and No. 2 show similar waveforms. Similarly, event
pairs No. 3 and No. 4 or No. 5 and No. 6 also show similar waveforms.
Note that the 2nd and 8rd groups are closely located, but have different
waveforms.

The existence of event groups with similar waveforms is one of
the most important features of an earthquake swarm (TSUJIURA, 1979).
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12. Waveform features of earthquake swarm (2)

Comparison of the seismograms of event pair shown in previous
figure (No. 1 and No. 2 events in Fig. 11). The top two traces (A, B)
show original seismograms obtained by WB-N seismograph at DDR,
and the second two traces show the seismograms passed through a
low-pass filter with cut-off frequency of 0.5 Hz for the same events.
The third two traces are similar seismograms with cut-off frequency
of 0.2 Hz, and the bottom two traces show the seismograms with cut-
off frequency of 0.1 Hz.

Comments

The similarity of waveforms in high-frequency components (f>1 Hz)
is somewhat uncertain between the two seismograms. The similarity
of waveforms increases with decreasing frequency, and seismograms
with frequencies below 0.3 Hz become completely the same (bottom
seismograms).

This feature suggests that the earthquakes of this event pair
occurred repeatedly on the same fault plane. The disagreement in
high frequencies may be due to a detailed difference in the rupture
process at the source. The frequency range having similar waveforms
depends on earthquake size as shown below.
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13. Waveform features of earthquake swarm (3)

Swarm earthquakes occurring in a short-time interval share similar
waveforms called the “earthquake family” (TSUJIURA, 1979).

This figure shows the seismograms belonging to one family obtained
by SP-Z seismograph at OYM for the 1979 earthquake swarm off the
East Coast of Izu Peninsula. Magnitudes of these events lie between
1.4 and 2.4, and their epicentral distances to OYM are about 50 km.

The peaks to troughs of each wavelet coincided well from P wave
onset until coda waves even in high frequencies (f>10Hz). The S-P
times of these events also agreed within a few ten miliseconds.

Similar behavior, but with different waveforms are seen in other
groups of this swarm sequence.

Spectral features of swarm earthquakes are shown in later figures
(Figs. 92, 93).
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14. P waveforms of large near-earthquakes

P waveforms of large near-earthquakes obtained by two kinds of
seismographs at DDR. Two seismograms on the left-hand side show
the P waves obtained by WB-Z and LP-Z seismographs for the 1978
Izu-Oshima-Kinkai earthquake (M7.0), the center two are those of the
1980 off the East Coast of Izu Peninsula (Izu-Hanto-Oki) M6.7 and the
right two are the seismograms obtained by MP-Z and LP-Z seismographs
for the 1983 Central Japan Sea earthquake (M7.7).

The focal parameters by JMA are as follows:

Origin Time Epicenter h M Y|

d hm s N E km km

Jan. 14, 12 24 38.6 34277 139225 0 7.0 140
Jun. 29, 16 20 07.5 34.92 139.23 10 6.7 120
May 26, 11 59 57.5 40.36 139.08 14 7.7 480

Comments

1) The P wave is separated, at least, into two phases indicated
by P, and P,, and an initial amplitude is very small compared
with that of P, phase. This feature is more clearly seen on
the LP seismogram. Similar waveform features are seen for
the 1982 off Ibaraki Prefecture earthquake (M7.0) and the
others (see Figs. 15, 96, 97).

2) The amplitude of P, phase is almost the same for small events
in each region (see Figs. 96, 97).

These features suggest that the beginning of rupture is small even

in large earthquakes.
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15. P waveform of large near-earthquake (2)

P waveforms of the 1982 off Ibaraki Prefecture earthquake (MM7.0)
obtained by MP and LP seismographs at DDR.
The focal parameters by JMA are as follows:

Origin Time Epicenter h M 4
hm s N E km km
23 23 50.9* 36718 141795 30 7.0 200
*: JST (UT+9h).
Comments
1) P waveforms consist of two phases (events) separated by about
7 seconds.
2) High gain LP-Z seismogram shows large amplitude for the
2nd event.
3) The polarity of the 1st and 2nd events is changed from up
to down.

4) This earthquake was preceded by many foreshocks; their seismo-
grams are shown in a later figure (Fig. 95).
As shown in the previous figure, large shallow-earthquakes show
double or multiple type occurrence, and the initial event is very small
compared with the 2nd one.
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16. Spectral features of tsunami earthquake (1)

Seismograms show the spectral features of tsunami earthquakes
in the Kurile Islands region. These seismograms were obtained by
MP-N seismograph at DDR with the same magnification and frequency
characteristics. Numerals from 1 to 5 on the seismograms correspond
to the epicenter number on the map.

The focal parameters by JMA are as follows:

No. Origin Time* Epicenter h M T

hm s N E km cm
1 10 57 34.1 44767 151°40 50 6.9 —
2 04 47 43.9 44.33 149.82 40 7.3 39
3 12 15 17.6 44.80 149.42 60 7.0 26
4 18 43 55.8 44.39 148.91 40 6.8 14
5 14 35 46.9 43.47 146.82 30 6.5 —

*. JST (UT+9h).
T: peak to peak amplitude of tsunami waves recorded at Hanasaki, Nemuro (open
circle in the map).

Comments
The seismograms of No. 2, 3 and 4 predominate in low-frequency
components comparing with those of No. 1 and No. 5 events. This
feature is more clearly seen on the coda waves after S phase, and there
is a correlation between the spectrum and tsunami waves. ‘
(to be continued)
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17. Spectral features of tsunami earthquake (2)

Comparison of seismograms obtained by three kinds of seismographs,
MP, LP and ULP, at DDR for two earthquakes in the Kurile Islands
region.

The focal parameters by ISC are as follows:

Origin Time Epicenter h R*  Mb Ms 4
d hm s N E km km deg

10 13 47 18.5 43718 147236 24 0 5.6 7.0 9.55

14 18 08 17.8 43.26 147.39 72 0 5.9 6.4 9.62

*: depth by JMA. Ms: surface-wave magnitude from NEIS.

The seismograms of each event pair are reproduced by the same
magnification as indicated by G.

Comments
In spite of small differences of Mb, Ms and location, clear differences

of spectral ratio are seen between the two events. The former event
abounds in low-frequency components compared with those of the latter
event, and its difference of amplitude ratio arrived at about 100 times
between the frequency range of 0.01 Hz and 5 Hz (TSUJIURA, 1975).

Another feature of the difference of two events is tsunami genera-
tion. A tsunami wave of 81 ¢cm was recorded at Hanasaki, Nemuro in
Hokkaido for the former event, but no tsunami wave was observed for
the latter event.

Observed spectra may be affected by the rupture process at the
source. Slow rupture may be expected for the former event; such an
event is called a tsunami earthquake or slow earthquake (Fuxkao, 1979).
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44 M. TsuJiura

18. SecS wave from near earthquakes

Three sets of seismograms from near earthquakes obtained by WB
and MP seismographs at DDR. The upper trace of each set shows the
seismogram from vertical and the lower trace is that from horizontal
component.

The focal parameters of three events by ISC are as follows:

Origin Time Epicenter h Mb 4

hm s N E km deg
00 36 54.6 33717 186298 391 5.9 3.36
17 26 18.5 28.95 140.94 126 6.2 7.18
11 13 32.9 28.42 139.59 448 5.7 7.57
Comments

1) Clear ScS wave appears on the seismogram of each horizontal
seismogram, and the event with distance of 3.36° is the nearest
event for the appearance of the ScS wave.

2) Small and complicated SeS wave appears on the vertical
seismogram.

3) The amplitude ratio of Se¢S/S for the same frequency band is
less than 0.2.

4) No PcP phase is observed, except for poor ScP phase on the
1979 seismogram.
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46 M. TSUJIURA

19. ScP wave from regional earthquakes

Seismograms show converted waves at the mantle-core boundary
from S to P (ScP) obtained by MP-Z seismograph at DDR. These
events were located at the shortest epicentral distance for the appear-
ance of ScP phase. The upper four traces show seismograms from the
Okhotsk Sea region, and the bottom seismogram is from the Marianas
region. The magnification of each seismogram is arbitrary.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
h m s N E km deg
11 37 14.0 47281 145°75 402 5.8 12.31
21 02 31.4 49.56 147.95 576 4.8 14.98
20 06 35.4 50.45 148.92 585 5.5 16.07
10 54 17.2 51.98 151.57 546 6.0 17.7
01 37 06.0 18.77 145.16 585 5.6 17.96
Comments
1) The ScP phase appears on deep-earthquake for this epicentral
range.

2) The ScP phase from regional earthquakes contains high fre-
quency components, above 3 Hz.

3) Clear ScS waves appear on the horizontal component seismo-
grams, though not shown here.

4) The PcP phase is not clear for this epicentral range.
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48 M. TsuJiura

20. Multi-reflections of SeS waves

Seismograms obtained by LP-E component seismograph at DDR for
the event in the North Korea region. Seismograms of initial 9 minutes
including P- and S waves are excluded, and no data are available on
magnetic tape after 01h47m. Note the time of beginning of each
trace. LP(L): LP-Low gain seismograph.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

h m s N E km deg
00 44 00.8 41793 130°99 567 6.3 8.71
Comments

1) Four times reflected waves at the free surface and the core
boundary (SeS, sSeS) are seen on the seismograms of three
traces.

2) Reverse polarities are seen between ScS and sSeS waves.

3) A detailed comparison of three traces shows that an artificial
phase indicated by “e” seems to exist at the middle part of
each trace.

Combined data of ScS, and sSeS, through ScS, and sScS, make it

possible to determine the @ structure of the earth.
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50 M. TSUJIURA

21. P waveform of large deep-focus earthquake (1)

This earthquake was one of the largest deep-focus earthquakes in
and near Honshu in the past two decades. The top trace shows the
seismogram obtained by WB-Z seismograph at DDR, and the middle
trace shows the seismogram passed through a band-pass filter. The
bottom trace shows the seismogram obtained by LP-Z.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb M 4

hm s N E km deg
02 17 21.0 29785 138792 454 6.1 7.9* 6.63

*: M by JMA.

Comments

1) Initial motion of P waves is very small compared with the
phases of later arrivals, and the maximum amplitude of P waves
appears about 7 seconds after the initial motion.

2) The P waveforms consist of three or four phases as indicated
by dotted lines.

Similar features of waveforms are seen in the events of other

seismic regions as shown below.
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22. P waveform of large deep-focus earthquake (2)

P waveform of large deep-focus earthquake in the Kurile Islands
region. The top trace shows the seismogram obtained by MP-Z seismo-
graph at DDR, and the 2nd trace shows the seismogram passed through
a band-pass filter. The third trace shows the seismogram obtained by
LP-Z, and the bottom trace shows the seismogram of a small event
in the same region. The sizes of bars show relative differences of
magnification.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

h m s N E km deg
14 02 04.5 44°55 146267 118 6.3 10.27
15 39 52.1 44.67 147.57 103 5.5 10.76
Comments

1) At least five phases can be recognized on the P wave group
of MP seismogram, especially, phase No. 4 is very sharp and
impulsive.

2) The LP seismogram also shows a complicated pattern consisting
of several phases, but the beginning of each phase does not
agree with the MP seismogram.

3) Phase No. 5 after about 32 sec from the initial motion is possibly
stopping phase.

4) No noticeable phase appears on the seismogram of a small event
in the same region (bottom).

Complexities of the waveform of a large event are related to rupture
irregularities at the source; such behavior of seismograms suggests
the existence of asperity and a fracture-barrier along the fault plane
(KANAMORI, 1981; DAS and AKi, 1977).
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23. P waveform of regional deep-focus earthquakes
—dependence on earthquake size—

Comparison of P waveforms from deep-focus earthquakes in the
region of southern Honshu, including Volcano and Marianas. The upper
two traces show seismograms obtained by MP-Z and LP-Z seismographs
at DDR for the event in the Voleano Islands region, and the lower
two seismograms are for the event in the Marianas region. All seismo-
grams are reproduced by 8db gain from magnetic tape.

The focal parameters of two events by ISC are as follows:

Origin Time Epicenter h Mb 4
hm s N E km deg

20 18 03.5 24713 142241 598 5.8 12.15

05 43 03.1 18.49 145.39 601 6.1 18.28

Different waveforms are seen between the two events, although
they have similar source depths:

1) An impulsive P waveform is seen for the event of Volcano

region (upper two seismograms).

2) Complicated waveforms consisting of two or three rupturing
events are seen for the event of Marianas region (lower two
seismograms).

From the analysis of seismograms in this region, it is found that
the P waveform is different between large and small earthquakes.
When the Mb exceeds a valve of 6 their earthquakes show double or
multiple-shock type waveforms. Similar tendencies of P waveforms
are seen in the other seismic region as shown later.
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Regional variation of P waveform from deep earthquakes

Comparison of seismograms with deep source in different seismic

regions.

The upper three traces are seismograms obtained by LP-Z

seismograph at DDR for events south of Honshu, including the Bonin,
Volcano and Marianas regions, and the lower three seismograms show
events in the Sea of Japan, including the E. Russia and N. Korea

regions.

Bars show relative differences of magnification. The polarity

of initial motion is arranged by change of the sense of play-back
amplifier.
The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s N E km deg
Feb. 14, 10 50 24.0 24754 140232 572 5.4 9.48
May 18, 20 18 03.5 24.13 142.41 598 5.8 12.15
Oct. 17, 05 43 03.1 18.49 145.39 601 6.1 18.28
Sep. 10, 07 43 32.3 42.48 131.05 552 5.8 9.04
Aug.16, 21 31 24.9 41.85 130.86 566 5.8 8.73
Sep. 29, 00 44 00.3 41.93 130.99 567 6.3 8.7

In spite of small differences of depth, magnitude and epicentral
distance, clear differences of waveforms are seen between the two

regions:
A.
1)
2)
B.
1)

2)

South of Honshu

Short-period and impulsive waveforms are seen for the P waves
of small events (Mb<5.8).

Complicated waveforms consisting of P,, P, and P, phases are
seen for the largest event with Mb6.1.

Sea of Japan

Sharp initial motion, but with longer period than those of A
is seen for the small events (Mb5.8); this tendency is the same
for P-coda waves.

Complicated waveforms consisting of P, and P, phases are seen
for the largest event with Mb6.3.

From the comparison of seismograms of two regions, it is confirmed
that events in the Sea of Japan region consist of low-frequency waves,
and such a difference will be due to the difference of the asperity size
or the barrier interval between the two regions.
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25. Low-frequency waves from deep-focus earthquakes

Seismograms from regional deep-focus earthquakes obtained by LP-Z
seismograph at DDR. The upper two traces show seismograms from
the Marianas region, and the lower two seismograms are from the
Okhotsk region. The sizes of bars show relative differences of magni-
fication.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

hm s N E km deg
01 37 06.6 18277 145716 585 5.6 17.96
06 05 02.6 18.00 145.67 607 6.1 18.83
07 52 27.2 52.28 151.49 560 5.7 18.47
10 54 17.2 51.93 151.57 546 6.0 18.19
Comments

1) Two clear phases indicated by sP and “s” appear, although they
were located in different regions.

2) The arrival times of 4 phases are different between the Marianas
and Okhotsk regions, but their times are almost constant within
the regions.

3) The 7 phase consists of low-frequency waves, and continued for
a few circles with identical frequency, like the channel waves.

4) The ¢ phase appears only for events with narrow epicentral
range and source depth.

The physical meaning of 7 phase is unknown. Collection of similar

seismograms in different regions will be needed.
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26. X phases from regional deep-focus earthquake (1)

Seismograms obtained by MP-Z and MP-E seismographs at DDR
for the deep-focus earthquake in the Sea of Okhotsk region. The upper
three traces are seismograms of vertical component (Z), and the lower
three traces are those of horizontal component (E-W).

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
hm s N E km deg
17 46 08.9 527386 151°64 643 6.5 18.59

In spite of short distance (18°), some later phases are followed:

1) Three X phases indicated by X,, X, and X, appear, and among
these phases, X, phase appears only on the horizontal com-
ponent seismogram.

2) The arrival time of X, phase measured from the origin time
is about 37m 54s and that of X, phase is about 47m 36s.

3) The time interval of X; and X, phases is about 01m 06s, though
the onset of X, phase is not clear.

Considering the arrival time of X, phase, this phase is probably
reflected wave (PKPPKP), and X, phase is the similar reflected wave
from the discontinuity about 100 km beneath the free surface. The X,
phase on the E-W seismogram is converted wave from PKPPKP to
PKPPKPcS as discussed later.
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27. X phase from regional deep-focus earthquakes (2)
—PKPPKPcS 7—

Seismograms obtained by MP-Z and MP-E seismographs at DDR
for deep-focus earthquakes in the Sea of Okhotsk region. The top pair
trace shows seismograms of vertical (Z) and horizontal (E-W) com-
ponents, and similar pair seismograms are continued to the 2nd and
3rd traces. Note the time at the beginning of each set. The bottom
trace shows the latter part of the MP-E seismogram of another event
in the same region. G: gain of play-back amplifier.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
d hm s N E km deg
Sep. 05, 07 52 07.2 52228 151°49 560 5.7 18.47
Aug. 30, 17 46 08.9 52.36 151.64 643 6.5 18.59
Comments
1) Clear ScS phase is seen on the horizontal component of the
2nd trace.

2) Small, but clear phase indicated by “X” appears on the E-W
component seismogram for both events. Note that X phase
does not appear on the Z component seismogram.

The arrival time of X phase is about 48m 08s for the former event
and about 47m 36s for the latter event. Considering the arrival time
and source depth for both events, the X phase is probably converted
wave at the core boundary from PKPPKP to PKPPKPcS, though such
a phase does not appear on the J-B Table. It is also noticed that the
X phase is a shorter period (T=1.5s) than SeS.
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28. Reflected waves at the 20° discontinuity (1)

. Reflected waves (PxP, SxS) from the Volcano Islands region ob-
served by MP and LP seismographs at DDR. The upper two traces
show seismograms obtained by vertical and horizontal (N-S) components
of MP seismograph, and the lower three traces show those of three
components of LP seismograph. The sizes of bars show relative
differences of magnification.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s N E km deg
Feb. 21, 16 16 52.3 22733 143°59 117 6.0 14.15

Comments

1) Clear and large two phases indicated by PXP and SxS are seen

on the MP seismograms.

2) Small, but clear PXP phase also appears on the LP seismogram,

and a large SxS phase follows the S waves.

Considering the source depth (117 km), the PxP and SxS phases
are not reflected waves at the surface (pP, sS). They are probably
the reflected waves from P to P or from S to S at the discontinuity
of 400 km depth which is called the “20° discontinuity”.

(to be continued)
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29. Reflected waves at the 20° discontinuity (2)

The reflected waves similar to that shown in the previous figure
appeared on the seismograms from different regions.

This figure shows typical examples of reflected waves (PXP) phase
obtained by SP-Z seismograph at DDR and their epicentral locations
(closed circles).

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
d hm s N E km deg
Sep. 19, 03 15 20.9 46°96 151286 118 5.5 14.47
Oct. 26, 17 05 05.6 27.48 128.57 63 6.0 12.40
Aug. 08, 15 12 29.0 22.22 143.25 184 4.6 14.18
Comments

Although they are located at different azimuth angles from DDR,
a clear PxP phase is commonly observed after about 7-12sec from the
P wave onset.

Note that the source depth and the epicentral distance for the
appearance of PXP phase differ from region to region. The appearance
of reflected waves along the epicentral distance for each region is as
follows.
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30. Reflected waves from Kurile Islands region

An arrangement of seismograms observed by SP-Z seismograph at
DDR for events along the Kurile Islands region. The ordinate on the
left-hand side shows the epicentral distance in degrees.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s N E km deg
Apr. 09, 13 11 23.6 45°38 148°41 159 5.4 11.69
Feb. 06, 14 40 11.6 45.40 150.20 96 5.5 12.55
Aug. 06, 16 49 22.6 46.65 150.60 170 5.3 13.65
Sep. 19, 03 15 20.9 46.96 151.86 118 5.5 14.47
Sep. 26, 04 46 38.1 47.04 152.21 113 5.6 14.70
May 24, 10 55 24 .4 47.35 152.91 115 4.5 15.26
Mar. 03, 21 54 09.7 48.23 153.07 127 5.7 15.95
May 12, 21 37 32.6 50.12 155.03 - 129 5.2 18.15
Comments
1) Clear reflected waves (PXP) are observed at the distance of

2)
3)

4)

13.6°-16°.

The time intervals of P and PXP waves are almost constant
having a value of 6-7 sec.

Seismograms accompanied with a later phase are from earth-
quakes with intermediate source depths.

Travel time residuals (O-JB) of P and S waves are negative
having values of 1-3seec and 7-10sec, respectively (see ISC
Bulletin).
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31. Reflected waves from Volecano-Mariana region

An arrangement of seismograms observed by SP-Z seismograph at
DDR for events along the Voleano-Mariana Islands region. The ordinate
shows the epicentral distance in degrees.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s N E km deg
Oct. 16, 01 06 26.0 23792 141270 81 5.0 12.23
Aug. 08, 15 12 29.0 22.22 143.25 184 4.6 14.18
Aug. 17, 21 12 53.0 22.13 143.49 176 4.5 14.31
Jul. 21, 05 47 55.1 22,07 143.62 79 4.4 14.41
May 28, 12 50 40.8 19.22 145.38 163 5.2 17.58
Sep. 04, 01 54 00.3 18.96 145.37 235 4.6 17.82
Mar. 05, 20 53 18.1 18.49 145.54 224 5.1 18.32
Aug. 01, 14 41 29.5 18.41 145.55 199 5.2 18.40
Comments
1) Predominant reflected waves (PXP) appear at the distance of

2)

3)

14°-17° arriving 5-7 sec after the initial motion.

Seismograms accompanied by reflected waves are from earth-
quakes with intermediate depths the same as those of the
Kurile Islands region.

S waves in this region are not clear compared with those of
the Kurile Islands region.
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32. Reflected waves from Ryukyu-Taiwan region

An arrangement of seismograms observed by SP-Z seismograph at
DDR for events along the Ryukyu-S.E. of Taiwan region.
shows the epicentral distance in degrees.

The focal parameters by ISC are as follows:

The ordinate

Origin Time Epicenter h Mb 4

d hm s N E km deg
Feb. 24, 06 45 11.2 28731 129248 56 5.7 11.24
Oct. 26, 17 05 05.6 27.48 128.57 63 6.0 12.40
Feb. 06, 05 80 04.8 27.82 127.80 107 5.4 12.65
Jan. 07, 18 32 08.7 26.40 127.69 43 5.2 13.72
Apr. 18, 02 05 00.8 25.79 125.82 84 5.6 15.32
Jun. 06, 15 49 31.2 23.45 126.61 67 5.4 16.59
Dec. 21, 14 07 46 21.95 125.40 2 5.0 18.45
Jun. 24, 23 28 41.0 22.96 123.10 25 5.4 19.08

Comments

1) Predominant reflected waves (PXP) appear at the distance of
12°-18°,

2) The time intervals of P and PXP waves lie between 7 and 11 sec,
and these values are larger than those of the Kurile and
Volcano Islands regions.

3) The source depths accompaning with reflected waves in this
region are shallower than those of the Kurile and Volcano
Islands regions.

4) S waves do not appear at this distance (see also the following

figures).
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33. Regional variation of 20° discontinuity

Comparison of seismograms from two regions. The upper three
traces show seismograms obtained by SP-Z seismograph at DDR for the
events of Kurile Islands region, and the lower three traces are those
of China Sea-Ryukyu Islands regions.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
h m s N E km deg
16 49 22.6 46965 150260 170 5.3 13.65
04 46 38.1 47.04 152.21 113 5.6 14.70
21 55 00.3 46.95 152.28 115 5.7 14.67
15 02 48.2 27.15 126.71 141 5.2 14.0
11 50 59.8 26.54 126.31 118 5.5 14.49
02 05 00.8 25.79 125.82 84 5.6 15.32

Although the earthquakes in both regions have similar source
depths and epicentral distances, clear differences of waveforms and
arrival times of S waves are seen between the two regions:

Ly

2)

3)

Two phases indicated by P, and P, (PXP in previous figure)
appear for both regions.

The seismograms from the Kurile Islands region contained
larger high-frequency components than those of the Ryukyu
Islands region.

Travel time residuals of S waves (O-JB) are clearly different
between the two regions. The residuals of S waves are nega-
tive (=7~ —10s) for the Kurile region and positive (+16s in
414.5°) for the Ryukyu region. The S waves (S,) which arrived
later from the Ryukyu region are not direct S waves, as
shown later.
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34. S waves from S.W. Ryukyu Is. region

An appearance of S waves for events in the South-western Ryukyu
Islands region obtained by MP seismographs at DDR.
The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s N E km deg
Jun. 20, 04 38 06.1 24779 125°99 21 5.8 15.94
Jun. 24, 18 52 17.1 23.57 123.78 21 5.6 18.21

Comments

1) Dotted lines labeled by S, show the J-B travel times of S waves.
There is no appearance of direct S wave.

2) Clear S, waves appear after S, waves. The time interval be-
tween S, and S, waves depends on the epicentral distance, and
their values are about 18sec for the upper event (15.94°) and
about 12sec for the lower event (18.21°).
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35. S waves from Ryukyu-Taiwan region
—4=10°-20°—

An arrangement of seismograms obtained by MP-E, MP-N seismo-
graphs at DDR for the events along the Ryukyu-Taiwan regions. The
ordinate shows the epicentral distance in degrees.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

h m s N E km deg
16 06 40.4 28927 1380767 11 6.3 10.56
17 05 05.6 27.48 128.57 63 6.0 12.40
18 32 08.7 26.40 127.69 43 5.2 13.72
23 28 58.7 26.99 126.73 41 5.4 13.90
02 05 00.8 25.79 125.82 84 5.6 15.32
04 88 06.1 24.79 125.99 21 5.8 15.94
04 52 37.3 23.96 125.92 10 6.1 16.60
13 52 17.1 23.57 123.78 21 5.6 18.21
11 23 18.7 23.17 122.00 47 6.5 19.64
Comments

1) The dotted line labeled by S shows the J-B travel times of S
waves. Note that direct S waves do not appear at this epi-
central distance.

2) Clear S, phases appear after direct S waves. The time intervals
of S and S, phases are decreasing with the increase of epicentral
distance. The time interval of two phases is about 31 sec for
4=12.4° and about 5sec for 4=19.64°, respectively.
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36. S waveforms in the Marianas region
—dependence on source depth—

An arrangement of seismograms obtained by MP-E seismograph at
DDR for events in the Marianas region. The ordinate shows the source
depth in kilometers. G: gain of play-back amplifier.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
h m s N E km deg
10 23 26.2 18278 145749 231 5.6 18.04
06 26 08.4 19.00 145.42 256 5.9 17.80
15 22 25.1 18.25 145.26 455 5.4 18.48
02 23 35.5 18.71 145.30 578 5.4 18.04
01 37 06.6 18.77 145.16 585 5.6 17.96
22 02 06.2 18.18 145.60 605 5.8 18.64
01 32 58.9 18.99 145.03 615 5.8 17.71

Although they are located at almost the same epicentral distances,
clear differences of S waveforms are seen among the seismograms:
1) The arrows labeled by S show the J-B travel times of S waves.
2) S waveforms of the events with deeper source (h>500 km)
show a complicated pattern consisting of two or three phases.
3) The amplitude of the S-later phase indicated by ¢ is large
compared with that of S waves, and it contains high-frequency
components.
A detailed study of multi-S phases has not yet been given, however,
the later phase is probably the waves passing through the seismic zone
with high Q.
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37. Reflected waves from Marianas region

Seismograms from intermediate-focus earthquake in the Marianas
region. The upper three seismograms are obtained from three com-
ponents (Z, E, N) of MP seismograph, and the lower three seismograms
are those of LP seismograph. G: gain of play-back amplifier.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

hm s N E km deg
21 40 36.0 16957 145248 316 5.8 20.14
Comments

1) Reflected wave at the surface from S to P (sP) is clearly seen
on LP seismograms, but not clear on MP seismograms. Note
also for the difference of spectrum between sP and S waves.

2) SxS phase appears on MP seismograms at about 7 seconds after
the S wave onset.
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38. Seismograms from Taiwan-Philippine region

Seismograms obtained by SP-Z seismograph at DDR for the events
along the Taiwan-Philippine region. This figure is continued from the
previous figure (Fig. 35). The ordinate shows the epicentral distance
in degrees.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
hm s N E km deg
23 28 41.0 22796 123710 25 5.4 19.08
03 30 53.6 22.69 122.72 26 5.1 19.51
03 41 34.9 22.25 121.48 39 5.3 20.54
03 37 52.0 19.36 122.06 45 5.8 22.42
21 36 23.1 19.11 121.17 42 5.6 23.14
10 08 47.4 18.93 120.13 21 5.8 23.91
05 55 09.7 18.26 119.20 34 5.9 24.90
19 35 09.9 16.80 122.34 53 5.6 24.29
11 47 42.4 13.33 124.69 41 5.6 26.07

Although the earthquakes presented here have similar source depths
(21-53 km), some differences of waveforms are seen along the epicentral
distance increase:

1) The sharp P wave onset is seen for events with short epicentral
distance (4<24°). After that, P wave onset is small and in-
creases gradually with time.

2) Clear PcP phase is seen for three events dated on Jan. 7, 1981,
Feb. 3, 1974 and Sep. 3, 1974, and this is the shortest epicentral
distance for the appearance of PcP phase.

(to be continued)
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An arrangement of seismograms obtained by MP-Z component
seismograph at DDR for the events along the Philippine-Celebes region
The magnification

M. TSUJIURA

39. Seismograms from Philippine-Celebes region

and New Ireland region (bottom two seismograms).

of each trace is arbitrary. The ordinate shows the epicentral distance

in degrees.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s km deg
Mar. 20, 08°69N 127°35E 43 6.1 25
Jul. 10, 08.51N 126.65E 81 5.9 52
Feb. 29, 06.33N 126.90E 112 6.0 61
May 13, 05.82N 126.98E 140 5.9 .06
Aug. 01, 02.35N 127.56E 91 5.8 A7
Dec. 14, 01.99N 126.94E 51 6.0 .70
Apr. 05, 00.36S 124.73E 67 6.0 .60
Jul. 29, 00.06N 123.44E 151 5.7 .64
Jun. 03, 05.13S 153.55E 95 6.1 .07
Dec. 28, 05.23S 153.59E 63 6.2 .18
Comments

1) Small P and large PP amplitudes are seen for the events of
short distance (4<33°), and such a waveform feature is con-
tinued from the epicentral distance of 25° (see previous figure).

2) For distances above 385°, the amplitude of initial motion in-

creases with increasing distance.

Small P and large PP amplitudes are also seen for events in the

China region as shown elsewhere (Fig. 52).
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40. Seismograms from Aleutian-Alaska region

An arrangement of seismograms obtained by MP-Z component
seismograph at DDR for the events along from the Andreanof Islands
(Aleutian Is.) to Alaska Peninsula. The magnification of each trace is
arbitrary. The ordinate shows the epicentral distance in degrees.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s N w km deg
Jun. 22, 10 45 24.8 51746 179295 56 6.1 32.84
Aug.12, 09 42 07.3 51.34 179.29 45 5.8 33.22
Mar. 27, 17 09 51.8 52.52 174.55 133 5.6 36.31
Jan. 07, 02 49 56.7 52.31 173.27 80 5.7 37.06
Apr. 05, 09 04 42.3 53.26 170.53 150 5.8 38.82
Jun. 12, 19 47 85.5 53.25 166.78 27 5.8 41.06
Aug. 02, 10 18 19.7 53.48 161.39 46 6.0 44.32
May 20, 08 13 58.4 56.65 156.72 55 6.4 46.88
Comments

1) Sharp and large P waves, contrasting with the events in the
Philippine region with similar distances, are seen on the seismo-
grams through the whole epicentral distances.

2) Clear PcP phase is seen, especially for the events with deeper
source (h>133 km).

3) No appearance of PP phase.

The difference of waveform features between the Aleutian and

Philippine regions may be due to the difference of the tectonic nature
of propagation path, or the source mechanism.
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41. Seismograms in the Andreanof Is. region

—dependence on source depth—

An arrangement of seismograms obtained by MP-Z component
seismograph at DDR for the events in the Andreanof Islands (Aleutian)

region. The ordinate shows the source depth in kilometers.

that the top trace is the seismogram from the underground explosion

“MILROW” in the Rat Islands, Aleutian Islands.

Two events with

deep source in the Fox Islands region (hA>>183 km) are added for com-

parison.
The focal parameters by ISC are as follows:

Origin Time Epicenter h

d hm s km

Oct. 02, 22 06 01.9 51759N  179719E 34
May 24, 06 16 56 51.24N 179.24W 28

Jul. 18, 01 48 38.9 51.35N 178.51W 44
Aug. 12, 09 42 07.3 51.34N 179.20W 45
Jun. 22, 10 45 24.8 51.46N 179.95W 56

Mar. 27, 17 09 51.8 52.52N 174.55W 133
Apr. 05, 09 04 42.3 53.26N 170.53W 150

ot S ortotut &
0 Sy H 00 00O

4
deg
32.30
33.23
33.70
33.22
32.84

36.31
38.82

Comments

1) High-frequency components in the seismograms are increasing
with increase of source depth, and no clear differences are seen
in the seismograms between the explosion and the Jun. 22

event with the source depth of 56 km.

2) The amplitude ratio of PcP/P increases with increase of source
depth. Note that the PcP/P ratio of deep event (150 km) is

larger than that of the explosion.

Note
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42. Seismograms of explosion in the Rat Islands

Seismograms obtained by MP seismographs at DDR for the under-
ground explosion “MILROW” in the Rat Islands, Aleutian Islands region.
The upper three traces show seismograms of three components of MP
seismograph, and the bottom trace shows the seismogram at double
the paper speed of the top seismogram (60 mm/min). G: gain of play-
back amplifier.

The focal parameters by ISC are as follows:

Origin Time Epicenter h h Mb 4

h ms N E km deg
22 06 01.9 51759 179719 34 0* 6.4 32.30

*: depth by USAEC.

Comments
1) Sharp and impulsive P and PcP waves are seen on the vertical
component seismogram.
2) Small, but clear PcS wave is seen on the N-S component
seismogram.
3) No S wave appears on both horizontal seismograms.
These waveform features are quite different from those of shallow-
focus earthquakes (h<45km) in the same region as shown previously
(Fig. 41).
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M. TSUJIURA

43. Seismograms from Mindanao, Philippine region (1)

—dependence on source depth—

An arrangement of seismograms obtained by SP-Z seismograph at

DDR for events in the Mindanao, Philippine region.

The ordinate

shows the source depth in kilometers.
The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s N E km deg
Sep. 29, 21 02 32.9 06293 124°04 40 5.9 32.09
Oct. 26, 10 41 33.2 06.54 126.81 61 5.9 31.44
Feb. 29, 11 18 27.5 06.33 126.90 112 6.0 31.61
May 13, 01 39 54.0 05.82 126.98 140 5.9 32.06
Apr. 13, 01 34 37.4 05.66 125.38 235 5.5 32.75
Sep. 20, 20 43 38.5 09.23 123.92 542 5.9 30.05
Oct. 01, 23 49 37.5 07.46 123.77 632 6.0 31.71
Comments

1) The amplitude of initial
source depth.
2) The appearance of phases is different between shallow and
deep-focus earthquakes.
dominates, and for deeper events, sharp core-phases such as
PcP and ScP predominate, especially for the event with 632 km
depth.
3) The pP phase and another phase indicated by 7 appear on the
deep source seismogram.

P wave increases with increase of

For shallow events, the PP phase

(to be continued)
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96 M. TSUJIURA

44. Seismograms from Mindanao, Philippine region (2)
—SeSp—

The later seismograms of two events shown in the previous figure.
The ScP phase overlaps. The ordinate shows the source depth in

kilometers.
The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
d hm s N E km deg
May 13, 01 39 54.0 05782 126°98 140 5.9 32.06
Oct. 01, 23 49 37.5 07.46 123.77 632 6.0 31.71
Comments

1) The ScS phase is separated into two phases as indicated by X
and ScS, and such phases are commonly observed for both
shallow (140 km) and deep (632 km) sources.

2) The time interval between X and ScS phases is about 10
seconds for both events.

Combined seismograms of this and previous figures show that the

X phase is probably converted waves at the plate boundary from SeS
to P (ScSp) as suggested by Okapa (1971).
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98 M. TSUJIURA

45. Seismograms from Celebes region (1)
—dependence on source depth—

An arrangement of seismograms obtained by SP-Z seismograph at
DDR for events in the Celebes region. The ordinate shows the source
depth in kilometers.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s ‘km deg
Oct. 27, 19 43 48.9 01°12N 120°89E 28 5.7 38.64
Nov. 12, 22 13 26.9 02.27N 121.06E 58 5.8 87.53
Oct. 19, 06 45 18.9 00.11S 123.89E 77 5.4 38.65
Apr. 22, 18 16 33.7 00.055 123.03E 108 5.8 38.89
Feb. 13, 23 38 08.5 00.11S 122.90E 143 5.5 38.99
Jul. 29, 05 04 21.7 00.06N 123.44E 151 5.7 38.64

Comments

General trends of waveform and phase appearance are similar to
those of the Mindanao region, but the spindle-shaped P waveforms of
shallow events (h<108km) are quite different from those of the
Aleutian region where the epicentral distances are nearly the same
(see Fig. 41).
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100 M. TSUJIURA

46. Seismograms from Celebes region (2)
—SeSp—

Seismograms obtained by three components of MP seismograph at
DDR for the event in the Celebes Sea region.

Note the difference of time scale between the upper three and
lower two seismograms.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

h m s N E km deg
22 06 57.3 02788 124776 226 5.4 35.8
Comments

1) Reflected waves at the surface, sP, PP, SS and reflected waves
at the core boundary, PcP, ScS, are clearly identified through
the three component seismograms, especially, sharp and impul-
sive SeS wave is seen on the N-S component seismogram.

2) The ScS wave on vertical seismogram shows a complicated
pattern compared with that of N-S seismogram, and its arrival
time is earlier, about 7 seconds, than the N-S component. This
phase therefore is the converted wave at the plate boundary
(ScSp) similar to that shown in the previous figure (Fig. 44).
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47. Spectral variations of Se¢S waves

An arrangement of S¢S waves obtained by MP-E or MP-N com-
ponent seismograph at DDR for events in the Mindanao-Molucca Sea
region. The top two seismograms show the ScS waves from the
Mindanao, and the center two seismograms show those from the Celebes.
The bottom two seismograms show the SeS waves from the Molucca
Sea region.

The ordinate shows the epicentral distance in degrees, and bars
show relative differences of magnification.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s N E km deg
Feb. 29, 11 138 27.5 06733 126790 112 6.0 31.61
May 13, 01 39 54.0 05.82 126.98 140 5.9 32.06
Sep. 05, 17 18 29.5 01.90 128.20 154 5.9 35.43
Jul. 21, 22 06 57.3 02.88 124.76 226 5.4 35.5
Jul. 29, 05 04 21.7 00.06 123.44 151 5.7 38.64
Apr. 05, 05 02 15.9 00.36 124.73 67 6.0 38.6

Although the events in each group are located in the same region,
clear differences of waveform and spectrum are seen between the
seismograms in each group:

1) The ScS wave on the lower seismogram in each group con-
tains higher-frequency components than that of the wupper
seismogram.

2) The differences of spectrum are neither due to the differences
of source depth nor the earthquake size.

Do these differences reflect the difference of source spectrum?
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48. Seismograms from Banda Sea region (1)
—dependence on source depth—

M. TSUJIURA

An arrangement of seismograms obtained by SP-Z seismograph at

DDR for events in the Banda Sea region.
source depth in kilometers.

The focal parameters by ISC are as follows:

The ordinate shows the

Origin Time Epicenter h 4

d hm s S E km deg
Oct. 17, 03 31 51.8 07°54 128°76 106 6.1 44.40
Jan. 29, 18 57 10.3 07.36 128.45 127 5.7 44.30
Aug. 21, 06 56 52.0 06.77 129.62 165 5.9 43.48
Nov. 27, 15 17 39.8 05.30 126.62 412 5.6 42.8
Apr. 19, 21 46 34.4 05.58 125.85 533 5.6 43.35

Comments

1) The PcP phase commonly appears for earthquakes in this depth

range.

2) The ScP phase predominates for events with intermediate
depths (A=127, 165 km).

(to be continued)
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49. Seismograms from Banda Sea region (2)
—dependence on source depth—

An arrangement of seismograms obtained by MP-E or MP-N
seismograph at DDR for events in the Banda Sea region. The ordinate
shows the source depth in kilometers.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
d hm s S E km deg
Sep. 16, 06 22 36.7 05793 130268 107 6.4 42.46
Sep. 27, 03 58 58 06.89 129.21 151 5.9 43.68
Oct. 29, 03 14 18.6 06.93 125.52 156 6.3 43.66
Apr. 13, 23 33 17.3 06.11 129.91 170 5.8 42.78
Apr. 04, 22 43 06.7 07.47 125.56 375 6.1 45.06
Aug. 04, 17 19 20.5 05.71 125.42 531 6.3 43.45
Comments
1) Top two seismograms with depths of 107 and 151 km show clear
SeS waves.

2) Center two seismograms with depths of 156 and 170 km show
clear PcS waves, but S¢S waves are hard to identify.
3) Bottom two seismograms with depths of 375 and 531 km show
clear PcS and ScS waves.
Combined seismograms of this and the previous figures show that
there exists a systematic difference of phase appearance by source
depth, especially for the appearance of ScS waves.



107

Characteristic Seismograms

Fig. 49

wozuLL
69 'y Ony

woguee
2L 'y udy

wopvyee
69 ‘¢l "udy

wzzyco
Y262 "0

w9ouro
89 ‘L2 'das

wogu9o
12 ‘gl "dag

S3S S Sod d

I

:

b
ettt ‘,g_eq%é__%__v__‘_?__ _}ﬁ%%iézééi?%éﬁf

e aa | _‘E\gé?%?z%ifi%

— wwi
S Sod

bl

e

SIS s

dW ¥aa
v3S VvANvE

ey

- 00b

- 00¢

- 002

4 ool

H1d3d

()



108 M. TSUJIURA

50. Seismograms of deep-focus earthquakes in the Flores Sea
—comparison of PcP and PcS waves—

Seismograms of two deep-focus earthquakes in the Flores Sea region
obtained by MP seismographs at DDR. The top two traces show MP-Z
seismograms, and the center two are those of MP-E. The bottom two
traces show seismograms of PeP and PcS waves for the same events.

Note the difference of time scale between the upper four and
bottom two seismograms.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
d hm s S E km deg
Jan. 23, 05 45 30.5 7246 119789 615 6.2 46.88
Jun. 14, 11 02 46.9 7.34 120.32 628 5.7 46.62
Comments

Core-reflections of PcP and ScP waves are clearly demonstrated on
the Z component, and similar reflections of PeS and SeS waves appear
on the E-W component, especially, the PcP and PcS waves are remark-
able. Deep-focus earthquakes in this region are usually accompanied
by similar core-reflections.

Clear PcP and PcS waves provide the data to obtain the attenua-
tion property of the earth’s interior.
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51. Surface waves from West Irian region

Seismograms obtained by three components of LP seismograph at
DDR for the event in the West Irian region. Note the difference of
time scale between the upper three and lower two seismograms.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4 Ms

hm s S E km deg
19 18 57.5 4758 140214 33 6.3 40.37 7.1*

*: Ms in NEIS.

Comments

The earthquake was located due south of the station (6=3859°).
The LR is the Rayleigh wave of longitudinal type. Particle motion
is retrograde elliptical traveling (bottom seismograms).

The LQ, Love wave, of the transverse or shear type, can be seen
only on the E-W component.

The travel path is oceanic.

#: epicentral azimuth measured from the North to East.
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112 M. TSUJIURA

52. Surface waves from Mongolia region

Seismograms obtained by MP and LP-Low gain seismographs at
DDR for the event in the Mongolia, China region. The sizes of bars
show relative differences of magnification.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
h m s N E km deg
19 30 41.1 45720 93°86 16 5.9 35.23

Comments

1) Small P and large PP waves appear on the MP seismograms,
and such features of seismograms are commonly seen for
events in the China region.

2) Clear dispersion of LQ wave is seen on the N-S component of
LP. This is also a common feature for events in the China
region.

The travel path is continental.
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53. Surface waves from Burma-India Border

Seismograms obtained by three components of MP and LP seismo-
graphs at DDR for the event in the Burma-India Border region.
G: gain of play-back amplifier.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

hm s N E km deg
10 16 20.4 26202 95937 68 6.4 38.58
Comments

1) The arrival times of S, ScP and PcS waves are similar in this
distance range, but the diserimination of these phases is possible
using spectral differences.

2) Clear dispersions of surface waves are seen on the LP seismo-
grams.

Most of the travel path is continental.
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54. Comparison of surface waves
—continental and oceanic—

Comparison of surface waves for different paths. The upper three
traces show seismograms obtained three components of LP seismograph
at DDR for the event in the Burma-India Border region, and lower
three traces are from the West Irian region. G: gain of play-back
amplifier.

The foeal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s km deg
Jul. 29, 10 16 20.4 26°02N  95737E 68 6.4 38.58
Jun. 25, 19 18 57.5 04.588 140.14E 33 6.3 40.37

The travel path from Burma to DDR consists mainly of continent,
except for the Japan Sea, and that of W. Irian is purely oceanic.

Comments

1) Remarkable LQ and LR waves with dispersion are seen for the
Burma event comparing with those of Irian event.

2) Higher mode surface wave, or SS wave, can be seen on the
N-S seismogram of the Burma event.

3) The arrival time of the LQ wave in the Irian event is earlier
than that for the Burma event.
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55. Surface waves from New Guinea region

Seismograms obtained by MP and LP-Low gain seismographs at
DDR for the event in the New Guinea region. G: gain of play-back
amplifier.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
hm s S E km deg
23 22 20.3 04207 142711 102 6.4 39.96
Comments
1) Reflected waves of pP, sS and sSeS are seen on the MP
seismograms.

2) Pulse-like LR wave is seen on the LP-Z seismogram.

An intermediate-depth earthquake usually shows LR waves with
pulse-like character.
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56. Surface waves from Aleutian Islands region

Comparison of seismograms from the Andreanof Islands, Aleutian
Islands region. The upper three traces show seismograms obtained by
MP and LP seismographs at DDR, the middle two are similar seismo-
grams for a different event, and the bottom trace is that of a deep
source in the same region. Bars at the ends of seismbgrams show

relative differences of magnification.

The focal parameters by ISC are as follows

Origin Time Epicenter

d hm s N W
Nov. 04, 09 52 58.0 51763 175°97
May 11, 00 23 37.4 51.65 176.08
Feb. 28, 10 52 31.1 52.59 175.04

[ BN B, §
S O

4
deg
35.31
35.25
36.03

Although the upper two events have similar depths and magnitudes,

clear differences of surface waves are seen:

1) The surface waves in the Nov. 4 event show impulsive wave-
forms, like the deep source event (bottom seismogram).
2) The seismograms of the Nov. 4 event predominate in low-
frequency components compared with those of the May 11 event.
3) The seismograms in this region with depth less than 60 km

usually show wave trains of the May 11 event type.

Through the waveform analysis of events in this region, it is con-
firmed that the Nov. 4 event shows unusual waveform features.
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Fig. 56
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57. Seismograms from Aleutian Islands region
—dependence on source size—

Comparison of seismograms of two events in the Andreanof Islands,
Aleutian Islands region. The upper two traces show seismograms
obtained by MP-Z seismograph at DDR, and the center two and bottom
two traces are those of LP-Z, LP-N seismographs, respectively. The
sizes of bars show relative differences of magnification.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb Ms 4

d hm s N E km deg
May 14, 19 32 55 51729 179°85 22 6.2 7.0 32.86
May 26, 12 19 34.2 51.29 179.71 35 5.7 5.7 32.95

Comments

1) Similar waveform features are seen between the seismograms
of two events, especially for LP seismograms.

2) Spectral ratios for P and surface waves of these events are
almost constant, though their Ms values are different by a
factor of 1.3 (TSUJIURA, 1973b).
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58. Seismograms from Novaya Zemlya explosions

Seismograms of two underground nuclear explosions from the
Novaya Zemlya region. The upper three traces show seismograms ob-
tained by three components of MP seismograph at DDR for the 1973
event, and the center two are similar seismograms for the 1974 event.
The bottom three traces are LP seismograms for the same event in
the center. G: gain of play-back amplifier.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s N E km deg
Sep. 12, 06 59 54.6 73282 54°97 0 6.8 54,28
Nov. 02, 04 59 56.9 70.81 53.91 0 6.4 54,95

Although they are located in the same region, some differences of
waveform are seen:

1) The seismograms in the 1973 event contain larger low-frequency
components than those of the 1974 event.

2) Core reflections of PcP and PcS waves are seen in the 1973
event, but no appreciable later phases appear in the 1974 event.

3) Small amplitudes (Ms=5.3), and no notable phases, appear on
the LP seismograms.

(to be continued)
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59. Regional variation of seismograms from Novaya Zemlya

A chronological arrangement of the seismograms obtained by MP-Z
seismograph at DDR for the nuclear explosions from the Novaya Zemlya
region. The sizes of bars show relative differences of magnification.

The foecal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s N E km deg
Oct. 14, 05 59 57.3 73281 54789 0 6.6 54.23
Aug. 28, 05 59 56.8 73.39 54.65 0 6.3 54.36
Sep. 12, 06 59 54.6 73.32 54.97 0 6.8 54.28
Nov. 02, 04 59 56.9 70.81 53.91 0 6.4 54.95
Oct. 18, 08 59 56.5 70.84 53.53 0 6.7 55.07

The waveforms are different between the upper three seismograms

and the lower two:

1) Bottom two seismograms predominate in higher-frequency com-
ponents than those of the upper three, and such differences
are independent of the explosion size.

2) The explosion test site is separated into two regions, about
73°N and 70°N, and the difference of seismograms depends on
the test site.

The difference of the spectrum therefore may be due to the dif-

ference of geological setting at the test site.
(to be continued)
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60. Similarity of waveforms from Novaya Zemlya explosions

Comparison of seismograms from two Novaya Zemlya explosions
obtained by MP-Z seismograph at DDR. The top two traces show
seismograms passed through the low-pass filter with cut-off frequency
of 1 Hz, the middle two are those by the band-pass filter with 0.8 Hz-
5 Hz for the same events, and the bottom two are those by the band-
pass filter with 1.6 Hz-5 Hz. G: gain of play-back amplifier.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
d hm s N E km deg
Oct. 14, 05 59 57.3 73231 54789 0 6.6 54.23
Sep. 12, 06 59 54.6 73.32 54.97 0 6.8 54.28
Comments

1) The waveforms of two events coincide well with each other
from P wave onset until coda waves, especially isolated wave-
lets indicated by dotted lines agree even in the frequency up
to 2Hz; such a similarity of waveforms cannot be expected
for natural earthquakes of comparable magnitude.

2) The Pand PcP waves seem to be separated into two wavelets
such as P, pP and PcP, pPcP.

8) Isolated wavelets indicated by 7 are clearly seen on the high-
frequency seismograms (bottom). The interpretation of this
phase is left for future study.
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61. pP phase from Afghanistan-USSR Border

An arrangement of seismograms from the Afghanistan-USSR Border
region obtained by SP-Z seismographs at TSK and SRY. The ordinate
shows the source depth in kilometers.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s N E km deg
Nov. 27, 21 42 12.1 36°52 71205 190 6.2 54.46
QOect. 17, 03 16 17.6 36.38 71.11 211 5.4 54.46
May 02, 16 04 54.6 36.40 71.15 217 5.9 54.02
Jun. 26, 03 04 51.9 36.47 T1.24 229 5.7 54.33
Apr. 21, 15 22 57.9 36.64 71.26 230 5.8 54.25

The seismic activity with intermediate depth is very active in this
region.

Comments

1) Sharp P and clear pP phases appear on the most of the
seismograms in this region.

2) The waveform of pP phase is impulsive and contains higher-
frequency compared with those of other seismic regions, as
shown later.
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62. pP phase along the source depth

An arrangement of the pP phases obtained by MP-Z seismograph
at DDR. These seismograms are taken from various regions. The
amplitude of each trace is arbitrary. h: source depth in kilometers.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
d hm s km deg
Jul. 22, 07 06 24.0 20730S 169°61E 131 6.1 62.96
Jan. 380, 08 28 22.9 14.61S 167.31E 174 5.6 56.93
May 02, 16 04 54.6 36.40N T71.15E 217 5.9 54.02
Feb. 18, 15 23 31.5 20.83S 176.71W 240 5.7 70.25
Nov. 18, 16 43 14.8 21.81S 175.28E 576 5.5 66.84
Jan. 28, 23 06 01.4 20.68S 178.79W 603 5.6 68.99
Jan. 26, 23 00 22.1 20.198 178.89W 637 5.7 68.53
Comments
1) The waveform and spectrum of pP phase depend on the seismic
region and source depth. The pP phase in the Afghanistan-
USSR Border region (third trace) is rather simple and contains
higher-frequency components than the others with similar
depths.
2) The pP phase with deep source (A>500km) is very simple, and

there is no special phase between P and pP waves.
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63. Double phases in the P waves (1)

Seismograms of large earthquakes in the three regions, Loyalty
Is., New Hebrides and Santa Cruz Is., obtained by SP-Z seismographs
at OYM, SRY, DDR and TSK.

The focal parameters by ISC are as follows:

Origin Time
d hm s
Jul. 06, 03 08 34.1
Aug. 02, 10 55 25.2
Nov. 21, 05 57 12.0

Epicenter

S E
22°29 171264

20.59 169.31
11.87 166.55

h

km
114

43
119

Mb 4

deg
6.3 65.10 (OYM)
6.0 62.58 (OYM)
6.5 54.17 (DDR)

Comments

1) Clear phase indicated by 7 appears on the pair seismograms in

each event.

2) The time interval between P and 7 phases is less than 10 sec.
8) The source depth of these events lies between 43 km and 119

km.

Considering the source depth of these events, the ¢ phase is probably
the P wave of the 2nd shock which occurred a few seconds after the
1st shock on the same fault plane.

(to be continued)
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64. Double phases in the P waves (2)

M. TsuJiura

Seismograms of large earthquakes in the three regions, New
Hebrides, Santa Cruz Is. and Loyalty Is., obtained by MP-Z seismograph
at DDR. Seismograms of small events in the same regions are also

shown for comparison.

magnification.

The focal parameters by ISC are as follows:

The sizes of bars show relative differences of

Origin Time

d hm s
Jan. 19, 18 50 52.4
Nov. 21, 05 57 12.0
Jul. 06, 03 08 34.1
Jan. 30, 08 28 22.9
Oct. 15, 10 28 12.8

Epicenter

S
14289

11.87
22.29

14.61
22.18

E
167222

166.55
171.64

167.31
171.25

h

km
114

119
114

174
144

Tt v oo &>
Sy w ot

4

deg
57.13

54.17
65.60

56.93
65.33

Comments

1) Clear and impulsive phase

three seismograms.
2) The pP phase is shown by arrows.

indicated by ¢ appears on the upper

3) No ¢ phase appears in the small events as shown in the lower

two seismograms.

As shown previously (Figs. 22, 23, 24), when the earthquake size
exceeds magnitude 6 the P waves show double or multiple type wave-

forms. Similar tendencies are seen in these regions.

This suggests that

there is some limitation of earthquake size for the occurrence as a

single event.
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65. Seismograms from New Hebrides (1)

Seismograms of the three components of MP and LP seismographs
at DDR for the event in the New Hebrides region. G: gain of play-
back amplifier.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
hm s S E km deg

10 39 12.8 18279 169229 243 6.2 61.49
Comments

1) Unusual short-period P and S waves are seen on the MP and
LP seismograms despite of large earthquake.

2) Multi-reflections of S waves are seen on the LP seismograms.

3) Deep earthquake does not accompany surface waves.

4) The ¢ phase is unexplained here.
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66. Seismograms from New Hebrides (2)

Comparison of seismograms of two events from the New Hebrides
region obtained by LP-Z, LP-N seismographs at DDR. LP-Low: low
magnification LP seismograph (1/10 of ordinary one).

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb Y}
d hm s S E km deg
Aug. 11, 10 22 20 14713 166°56 20 6.1 56.17
Jan. 10, 08 51 13.8 14.45 166.87 36 6.3 56.59
Comments

1) Similar waveforms are seen for pair seismograms.
2) The shallow and distant earthquakes (4>50°) usually show

multi-reflections of S waves.
It is interesting to examine whether the earthquakes occurring at

close locations show similar waveforms or not.
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Fig. 66
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67. Seismograms of deep-focus earthquake, South of Fiji

Seismograms of the three components of MP and LP seismographs
at DDR for the deep-focus earthquake in the South of Fiji region.
This earthquake is one of the deepest earthquakes in this region.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
hm s S E km deg

22 58 03.3 22°75 178°76 635 6.0 69.38
Comments

1) Deep earthquakes usually show sharp P and S waves.

2) Multi-reflections of S waves are seen the same as those of
shallow events (see Fig. 66).

3) The X phase after SS wave on MP seismograms is unexplained
here.

4) The polarities of LP seismograms are somewhat uncertain.
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Fig. 67
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68. Seismograms of deep-focus earthquakes, South of Fiji

Seismograms of two deep-focus earthquakes in the South of Fiji

region obtained by LP seismographs at DDR.
The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
d hm s S E km deg
Dec. 28, 05 31 03.8 23788 180°00 517 6.2 70.96
Apr. 28, 21 14 47.1 23.70 179.99 522 6.0 70.80
Comments

1) Earthquakes in almost the same locations show similar wave-

forms and reflected waves (see also Fig. 66).

2) Small LQ wave appears on the N-S component seismograms.
3) The 7 phase with large amplitude on the vertical component

seismograms is unexplained here.
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Fig. 68

0s

S0

d71 ¥aa

01

woo uso

SSs

SJSs

14

10

S9%S S

b

Se

0S

dd gd

|8 ‘8¢ "Jdy

¢/ '8e "8d

N

wge uie

'N
Wiy uso

do°d d

|

| Nn
wge uie

| n

wiy uso



146 M. TSUJIURA

69. Seismograms from Tonga-Fiji region
—dependence on source depth—

An arrangement of seismograms obtained by MP-Z seismograph
at DDR for events in the Tonga-Fiji region. The ordinate shows the
source depth in kilometers, and bars on the right-hand side show
relative differences of magnification.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
d hm s S W km deg
Aug. 11, 01 42 47.1 17°58 174739 . 53 6.2 69.04
May 01, 19 05 24.5 16.71 174.66 200 5.9 68.21
Jun. 04, 04 14 13.8 15.89 175.04 256 6.1 67.35
Nov. 01, 06 14 54.0 18.39 177.88 405 5.8 67.65
Nov. 25, 14 06 34.1 19.50 177.70 424 6.0 68.63
Apr. 24, 01 45 08.7 20.82 178.67 596 5.9 69.16
Jan. 28, 23 06 01.4 20.69 178.79 603 5.6 68.99
Jan. 26, 23 00 22.1 20.19 178.89 637 5.7 68.53
Comments
1) Sharp and impulsive P waves are seen for deep events (h>
200 km).

2) The P waves of deep events (2>500km) contain ripple com-
ponents with high-frequency (f~3 Hz).

3) Clear pP phase appears on the seismograms from deep sources
(h>500 km).



(km)

DEPTH

Characteristic Seismograms 147

Fig. 69
Tonga - Fiji
oT DDR MP - Z
'WM'\MAWWMMMV\MNNVMNWWNWWWM Aug. 11, 77 I

100 -

T T T T T T T

b—— tmin —
2004 May 1, 69 I

WWWWWWWWWWWM June 4, 74 I
300+

400 Nov. 1, 75 I
];‘_&ML\WMWW A Nov. 25, 7GI
1
5001 PcP
Apr. 24, 791
20 db
600 4
Jan, 28, 70

]\ Jan. 26, 7ZI

700 +




148 M. TSUJIURA

70. PKPPKP wave (P'P’)

The P'P’ wave is frequently observed for large earthquakes with
epicentral distance of about 70 degrees. This figure shows a typical
example of P'P’ wave obtained by MP seismographs (Z, E, N) at DDR
for the earthquake in the North of New Zealand region.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
hm s S W km deg

20 45 55.1 17276 175205 208 6.1 68.79
Comments

The P’P’ wave consisting of the branch of P/P/ and P/P,/ is
clearly identified after about 28 minutes of the P wave onset.
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71. P’P’ waves along the epicentral distance

An arrangement of seismograms obtained by SP-Z seismograph at
DDR for events in the Solomon-Fiji region. The ordinate shows the
epicentral distance in degrees, and the abscissa shows the lapse time
measured from the origin time.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d h ms km deg
Jul. 20, 14 37 40.6 06°64S 155°09E b4 6.5 44.96
Oct. 27, 17 58 37.9 15.57S 166.24E 49 6.3 57.74
May 01, 13 03 37.6 21.22S5 169.72E i 6.2 63.82
Aug. 02, 10 55 25.2 20.59S 169.31E 43 6.0 63.09
Jul. 06, 03 08 34.1 22.29S5 171.64E 114 6.3 65.60
Jun. 11, 00 38 10.0 17.61S 174.45W 125 6.3 69.03
Apr. 13, 18 04 34.5 23.53S 177.27TW 102 6.6 72.11
Mar. 30, 05 34 50.4 25.695 179.58E 479 6.1 72.24
Comments

1) The P'P’ phase appears after about 38-40 minutes depending
on the epicentral distance.

2) The arrival time of the P'P’ phase in the event with 45 de-
grees (top seismogram) is earlier, by about one minute, than
the others.

3) Precursors preceding the P’P’ wave, such as the reflected waves
from the mantle discontinuity, cannot be found in these seis-
mograms.
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72. Double phases of P waves from Tonga-Macquarie region

An arrangement of seismograms obtained by SP-Z seismograph at
DDR for events in the Tonga-Kermadec-Macquarie Islands region. h:
source depth. 4: epicentral distance.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s km deg
Sep. 14, 14 08 05.9 207578 174239W 128 4.9 71.37
Apr. 08, 11 40 26.9 20.63S 174.13W 14 5.4 71.57
Jun. 23, 20 13 21.0 28.96S 176.64W 49 5.6 76.83
Jan. 14, 16 47 37.0 29.02S 177.42W 56 6.5 76.48
Feb. 18, 18 09 26.4 30.46S 177.44W 49 5.4 77.65
Feb. 07, 10 49 16.3 54.02S 158.08E 0 6.0 91.42

In spite of these earthquakes, which have wide ranges of magnitude
and source depth, similar later phases indicated by P, appear after
about 6-11 sec from the P wave onset.

The interpretation of the P, phase is unknown, it probably includes
the pP or PcP phase for some events. Further collection of seismo-
grams at other stations will be needed.
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73. Seismograms from Chagos Archipelago region

Seismograms from the Chagos Archipelago (Indian Ocean) region
obtained by MP and LP seismographs at DDR.

The top trace shows the seismogram of MP-Z, the middle two are
seismograms of LP (low gain) Z and N-S, and the bottom two traces
are seismograms after S waves of the same instruments. Note the
difference of time scale of MP and LP seismograms. G: gain of play-
back amplifier.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
hm s S E km deg
17 46 00.8 06785 72904 10 6.5 75.92
Comments
1) The LQ wave is separated into two wave groups. Inverse dis-
persion?

2) Later arrival of LR wave. The path is partly oceanic and
partly continental.



155

Characteristic Seismograms

Fig. 73

qp ot

Gl
ap 8l

weo
a pvl=9

Mo 41

Z-dwW

ot

00 8t

obDyadiyoly

GO 8t

sobbyd

ddd

Il

wolusL

i N

wiguLL

n |

. wiguLL
€861 "AON 0%



156 M. TSUJIURA

74. Seismograms from North Atlantic Ridge

Seismograms from the North Atlantic Ridge region obtained by
three components of LP seismograph at DDR.
The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

hm s N w km deg

05 45 11.2 52771 382200 41 5.7 91
Comments

1) Clear S and multi-reflections of S waves are seen.

2) The LQ wave seems to be separated into two wave groups of
LQ, and LQ,. Is LQ, the SKKS wave or a higher mode?

A detailed study of this phase is needed.
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75. Seismograms from Macquarie Island region
—in comparison with N. Atlantic Ridge—

Seismograms from the Macquarie Island region obtained by LP-Low
gain seismographs at DDR. The LP-E seismogram from the North
Atlantic Ridge region is also shown for comparison.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s km deg
Jun. 11, 16 46 43. 58°86S 157°6 E 64 6.0 95.75
11.

7
Oct. 16, 05 45 2 52.7IN  32.00W 41 5.7 91

Comments

1) Clear S wave and multi-reflections of S wave are seen.

2) The LQ wave seems to be separated into two wave groups,
L@, and LQ..

3) Similar waveform features are seen on seismograms of the
North Atlantic Ridge, though their epicenters are located far
from each other (§=3845°, 8°).
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76. Mantle surface wave from Tonga region

Seismograms of mantle Rayleigh wave (LR) obtained by LP and
ULP seismographs at DDR for events in the South of Fiji and Tonga

regions.
The focal parameters by ISC are as follows:

Origin Time Epicenter h

d hm s S W km
Jan. 20, 07 19 51.4 25985 177°29 82
7

Jun. 22, 12 08 33. 22.91 175.74 69

Mb 4
deg

6.2 73.97

6.3 72.44

The response of ULP seismograph is flat over the period from a
few seconds to 100 seconds (Fig. B). Long-period mantle Rayleigh
waves (LR) are seen on the ULP seismogram. Short-period normal
dispersion is superimposed on the long-period inverse dispersion.
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77. Surface wave along the great circle (1)

Seismograms of the Love wave (G) propagating along the great
circle obtained by ULP-E seismograph at DDR for the event in the
Macquarie Island region. Time marks on the seismograms are minutes.
Body waves of this earthquake have already been shown (see Fig. 75).

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
hm s S E km deg
16 46 43.7 58°86 157°6 64 6.0 95.75
Comments

1) Clear Love waves of G,, G,, G, and G, are seen.
2) These seismograms provide data to determine the velocity and
@ values along the great circle.
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78. Surface wave along the great circle (2)

Seismograms of Love wave (G) propagating along the great circle
obtained by LP-E and LP-L-E seismographs at DDR for the event
in the Talaud Islands region. LP-L: LP-Low magnification seismograph
(1/10 of LP).

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
hm s N E km deg
10 29 40.3 4377 127250 72 5.9 32.89
Comments

1) Clear and impulsive Love waves of G,, G, and G, are seen.

2) The differences of the spectrum of G, and G, waves are clear.
These seismograms provide the data to determine the velocity
and @ values along the great circle.

3) The amplitude of G, wave is greater than the G, wave. This
is probably due to the effect of the source mechanism.
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79. Seismograms from North Atlantic Ocean (1)

Seismograms from the North Atlantic Ocean region obtained by
MP-Z, LP-Z and three components of LP-Low gain seismographs at
DDR. The bottom two seismograms are continuations of the middle
two traces. :

Note the difference of time scale between the upper two and lower
seismograms.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
hm s N W km deg
02 40 31.2 35°97 10°58 14 6.5 103.07
Comments

1) First arrival at this epicentral distance is P(diffracted) wave.
Clear P(dif) wave is seen on both MP-Z and LP-Z seismograms.

2) A shallow event at this distance produces many reflected waves
at the surface.

3) Later arrival of Rayleigh wave (LR), similar to that shown in
Fig. 73.
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80. Seismograms from North Atlantic Ocean (2)

Seismograms from the North Atlantic Ocean region obtained by
three components of LP-Low gain seismograph at DDR.
The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb Y|
h m s N W km deg
09 11 51.6 35°98 17256 34 6.5 105.19
Comments

1) First arrival is Pdif wave.
2) Clear S wave is seen on the E-W component seismogram.
3) The ¢ phase after SS and SSS waves remains to be interpreted.
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81. Seismograms from Guatemala and Mexico

Seismograms of two events from the Guatemala and Near Coast
of Chiapas, Mexico regions obtained by LP seismographs at DDR. The
middle two traces are continuation of the top two traces. G: gain of
play-back amplifier.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
d hm s N W km deg
Feb. 04, 09 01 48.9 15728 89°19 5 6.0 111.50
Apr. 29, 14 01 37 14.65 92.59 56 5.8 110
Comments

1) PKP wave is first arrival for the Guatemala event; S wave
did not appear.

2) Long-period mantle Love (LQ) and Rayleigh (LR) waves are
superimposed on the short-period crustal surface waves.
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82. Seismograms from Peru-Ecuador Border

Seismograms from the Peru-Ecuador Border region obtained by MP
and LP-Low gain seismographs at DDR. The top two traces are seis-
mograms of MP, and the other traces are those of LP. The bottom
two traces are continuations of the center two.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb Ms 4

h m s S w km deg
04 34 38 3797 80°66 15 6.3 7.6* 131.40

*: Ms by USCGS.

Comments

1) Pdif wave is not seen on MP seismogram, but small Pdif wave
appears on LP seismogram.

2) Distant event produces long-period body waves.

3) Surface wave on Z-component corresponding to LQ wave on
N-S component remains to be explained.
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83. P (diffracted) waves
—4=100°-135°—

An arrangement of P (diffracted) waves along the epicentral distance
obtained by LP-Z seismograph at DDR.

The ordinate shows the epicentral distance in degrees, and the
abscissa shows the arrival time measured from the origin time.

The focal parameters by ISC are as follows:

Jan.

Feb.
Apr.

Oct.

Dec.
Jun.

Origin Time Epicenter h Mb 4

d hm s km deg
30, 21 01 138.8 18253N  102°93W 48 6.1 100.08
28, 02 40 31.2 35.97N  10.58W 18 6.5 103.07
29, 14 01 37 14.65N  92.59W 56 5.8 110
08, 09 50 58.0 17.37TN  61.99W 41 6.4 123.26
10, 04 34 38 03.978 80.66W 15 6.3 131.40
19, 08 13 35.6 05.558 T7.20W 33 6.1 134.91

These events are located over a wide area, including Mexico, N.
Atlantic Ocean, Leeward Is. and Peru regions.

Comments

1y

2)
3)

Clear Pdif wave is seen for the range from 105 to 135 degrees.
Large amplitude in 100 degrees may be direct P wave.

Small PKP wave is seen beyond 110 degrees.

The PP wave is a common for this epicentral range. Horizontal
component seismograms are as follows.



TFig.

(degree)

DISTANCE

83

95

100 A

Characteristic Seismograms

175
ARRIVAL TIME min
10 15 20 25
DDR LP -Z
JAN. 30, 73
‘u \ .
' \ \

105 4 FEB.28,69

1o 4

ns 4

120 4

125

130 4

135 A

APR. 29, 70

0CT. 8,74

DEC. 10, 70

JUN. 19, 68

140 1



176 M. TsuJIURA

84. Appearance of S wave
—4=90°-130°—

An arrangement of seismograms for the events with epicentral
distance from 90° to 130°. These seismograms are obtained by horizon-
tal component of LP or LP-Low gain seismograph at DDR. The ordinate
shows the epicentral distance in degrees. Pd: P(diffracted) wave.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
d hm s km deg
Oct. 16, 05 45 11.2 52°TIN  32°00W 41 5.7 90.71
Jun. 11, 16 46 43.7 58.86S 157.6 E 64 6.0 95.75
Jan. 30, 21 01 13.8 18.53N 102.93W 48 6.1 100.08
May 26, 09 11 51.6 35.98N  17.56W 34 6.5 105.19
Apr. 29, 14 01 387 14.656N  92.59W 56 5.8 110
Oct. 08, 09 50 58.0 17.37TN 61.99W 41 6.4 123.26
Dec. 10, 04 34 38 03.97S 80.66W 15 6.3 131.40

These events are located over a wide region, including the N.
Atlantic Ridge, Macquarie Is., Mexico, Leeward Is. and Peru.

The arrival times of P and Pd waves are arranged as indicated
by dotted line.

Comments

1) Clear S wave is seen until 110 degrees, and their arrival times
seem to be different by region.

2) The SS wave is a common phase for this epicentral range.
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85. PKP wave
—A4=153°—

Typical example of PKP wave (P’) obtained by three components
of MP seismograph at DDR.

The travel time curve of PKP wave by BoLT (1964) is also shown
below for comparison.

2100°
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19 30 =
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19 00 / }
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DISTANCE (degree)

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
hm s S w km deg
06 02 52.4 24°47 68°46 87 6.3 153.58

Three phases corresponding to the EF, EH and EA branches are
clearly demonstrated as indicated by PKIKP (P/'), i and PKP (P,’) phases
in the seismogram.
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86. PKP waves
—4=132°-152°—
An appearance of PKP waves for the events with epicentral distance

from 132° to 152° obtained by SP-Z seismograph at DDR.
The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4 At

d hm s S W km deg 8

Apr. 12, 12 07 54.4 4784 78709 102 6.4 133.78 —8.7
Mar. 18, 17 21 24.7 4.26 77.01 111 6.2 134.09 —8.2
Dec. 05, 11 57 31.1 7.65 174.46 156 6.0 138.29 7.3
Dec. 31, 07 53 13.9 15.37 71.71 125 6.0 145.63 +1.4
Jun. 05, 20 29 38.3 16.46 69.20 204 5.5 148.13 +3.0
Dec. 11, 18 15 03.0 21.35 68.10 77 5.9 152.08 +1.0

4t: travel time residual of initial phase taken from the ISC Bulletin.

These events are distributed along the regions from Peru to Chile.
An appearance of PKP waves is systematically changed between the
range of 133°-152°, though the data at 143° are not enough:
1) The PKP wave in 4 <145° consists of two phases indicated by
7 and P” phases (correspond to EG and ED branches in previous
figure). The 7 phase is called “PKHKP” by BoLT (1964).
2) The arrival times of < phase in this range are about 8 sec
negative for J-B Table.
3) The PKP wave in 4 >145° also consists of two or three phases
(see previous figure).
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87. PKP waves
—A4=150°-158°—
An appearance of PKP waves for the events with epicentral distance

from 150° to 158° obtained by SP-Z seismographs at DDR and TSK.
The focal parameters by ISC are as follows:

Origin Time  Epicenter h Mb 4

d hm s S w km deg
Feb. 27, 03 36 10.9  19°71 69°12 87 5.5  150.32
Dec. 11, 18 15 03.3  21.35 68.10 77 5.9  151.31
Aug. 10, 10 25 45.4  22.73 66.62 187 6.1  153.23
Jul. 19, 11 52 19.0  29.00 69.69 97 6.0 154.72
May 08, 00 49 45.0  42.29 71.79 146 5.8  155.26
Mar. 25, 06 41 30.0 27.95 66.53 152 5.7  156.79
Jul. 10, 01 42 87 56.17 27.70 120 6.1  157.94
Mar. 10, 21 58 44.5 56.05 27.37 105 5.2  158.40

These events are distributed along the Chile, Argentina and South
Sandwich Islands regions, and the South Sandwich is located at the most
distant region from our station.

Comments

1) The PKP waves in this distance range consist of three phases
P/, i and P, waves corresponding to EF, EH and EA branches
in the previous figure (Fig. 85).

2) The EC branch in previous figure is not clear.

3) The ¢ phase in 4 <155° is very sharp, and its amplitude de-
creases with increasing distance.
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88. PKP wave from deep-focus earthquake (1)

PKP waves from deep-focus earthquake in the Colombia region ob-
tained by the vertical components of MP and LP seismographs at DDR.
The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
h m s S W km deg
17 08 05.4 1946 72256 653 6.5 134.75
Comments

1) Small P(diffracted) wave appears on the LP seismograms, and
is followed by a large reflected pPdif wave.

2) The pPdif wave at this depth is superimposed on the PKP
wave. Note the difference of spectrum between pPdif and P/

waves.
3) The initial phase on the MP seismogram is PKHKP, and is
followed by a large P, phase and others indicated by 1.
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89. PKP waves from deep-focus earthquakes (2)
—4=155°-160°—

An arrangement of PKP waves from deep-focus earthquakes in
the Bolivia-Argentina regions obtained by SP-Z seismograph at DDR.
The ordinate shows the epicentral distance in degrees.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d h m s S W km deg
Oct. 25, 14 08 58.5 21996 63265 517 6.1 155.68
Feb. 04, 07 46 34.1 24.66 63.39 555 5.9 157.52
Apr. 01, 18 03 36.0 27.28 63.27 544 5.8 159.02
Dec. 21, 12 05 06.0 28.13 63.15 592 6.2 159.53

Comments

1) Appearance of ¢ phase between P, and P, is limited; it appears
only on the seismogram with short distance (4<156°).

2) The pair phases of P/, P, and pP/, pP, commonly appear on
all seismograms. Note the time intervals between P/-P, and
pP/-pP,’. Note also the difference of spectrum between P, and
P, waves.
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90. Seismograms from Peru-Argentina
—A=145°-157°—

An arrangement of seismograms obtained by LP-Z seismograph at
DDR for events in the Peru-Chile-Argentina regions. The ordinate shows
the epicentral distance in degrees.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4
d hm s S W km deg
Feb. 16, 10 08 51.9 16°52 172260 42 6.2 145.74
Feb. 08, 21 04 19.1 63.43 61.36 12 6.0 149.78
Mar. 13, 15 26 47 29.86 71.40 28 6.1 153.68
Jul. 09, 03 08 16.9 32.51 T71.21 40 6.5 154.68
Nov. 23, 09 26 23.4 31.04 67.76 4 6.4 157.02
Comments

1) Distant earthquake produces long-period body phases, though
the onset of each phase is not clear.

2) No separation of PKP branch is possible on the LP seismograms.
Horizontal component seismograms follow.



189

Characteristic Seismograms

Fig. 90

SS dds dSMS ddd dd did

L, '€2 "AON
' \ 1
| ) | | | 9% 60
1 [l ' ] '
126 e
, \ , H | €2 €0
' 1 ' I
i \ 1
GL ‘L TIDW
| 1
\ ' \ , oval
| i |
u g (o] \ |
L 1
k T T T — [ \
1]
1
]

1

|
1
1
|
}

12 '8 "q34 %5%2?52&?5%@)%&%%%??&.?

vele

1 1
\ |
\ |
| i
' 1
1 f
! 1
! I
. [
]

6.9l "qed %%}%%g%%

n

a wgeuol
Z-d7 ¥d

puipusbly - 8lyd - nded

T 09

— GGl

- 0Gl

L Gyl

JONV1SIa

( @aJbap )



190 M. TSUJIURA

91. Seismograms from Chile
—A4=153°-155°—

An arrangement of seismograms obtained from horizontal com-
ponents of LP seismograph at DDR for three events in the Chile region.
Early parts of seismograms including the P wave are omitted. The
sizes of bars show relative differences of magnification.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb 4

d hm s S w km deg
Oct. 16, 03 25 40 33715 78710 18 6.2 153.32
Mar. 13, 15 26 47 29.89 71.40 28 6.1 153.68
Jul. 09, 03 03 16.9 32.561 171.21 40 6.5 154.68

Comments

1) SS and SSS waves are commonly observed for all earthquakes.

2) The ¢ phases with large amplitude are commonly seen on the
E-W component seismograms.
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92. Spectral features of earthquake swarm (1)

An earthquake swarm occurring in a short-time interval shares
similar waveforms called “earthquake family” (see Figs. 11, 12, 13).
This figure shows seismograms of an earthquake family including large
and small events different by a magnitude unit of 2.2. These seismo-
grams are obtained by SP-Z seismographs at Uchino-komori (UKM) in
the Ashio area, Tochigi Prefecture (TSUJIURA, 1983Db).

Symbols of H and L at the end of seismograms show high-gain
and low-gain seismographs differing by a factor of 50, and G shows
relative differences of magnification. The magnitude of these events
lies between 0 and 2.2. Seismograms of the smallest and the largest
events recorded at a higher paper speed (500 mm/sec) are also shown
at the bottom.

Similar waveforms are seen at frequencies of up to 30 Hz, and are
independent of the absolute value of amplitude, in a magnitude unit
of 2.2.

This tendency of waveform and spectrum, however, becomes some-
what uncertain when an earthquake in the family exceeds a certain
size, as shown later.
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93. Spectral features of earthquake swarm (2)
—comparison of large and small events—

Seismograms of earthquake family including specially large event.
These events are obtained from the earthquake swarm in the Ashio
area similar to that shown in the previous figure, and the explanation
of symbols is also the same for the previous figure. The magnitude
of these events lies between —0.3 and 2.7.

Comments

1) The peaks and troughs of wave trains are in good agreement
for small events (M=1.5).

2) The waveform of the largest event with M2.7 does not agree
with small events. An irregular pattern of the P waveform
is seen for the M2.7 event, and the half-period of the initial
motion is about 2 times greater than those of the other events.

These features suggest that the mechanisms of earthquake occur-

rence are different between large and small events, and the large event
with M2.7 was probably multiple events. Similar behavior of wave-
forms was obtained for the earthquake swarm in the Izu Peninsula
(TSUJIURA, 1983b).
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94. Waveform of foreshocks (1)
—Izu-Oshima-Kinkai earthquake—

The main shock with M7.0 occurred at the Izu-Oshima-Kinkai on
12h 24m 88.6s, January 14, 1978 (JST), and active foreshocks were
observed preceding the main shock by a few hours. Among these
foreshocks, this figure shows seismograms with similar magnitudes from
3.4 to 4.1 obtained by MP-Z seismograph at DDR. G: gain of play-
back amplifier.

The focal parameters of main shock by JMA are as follows:

Origin Time Epicenter h M 4

hm s N E km km

12 24 38.6 3477 189725 0 7.0 140
Comments

All seismograms show an individual waveform character having the
deviation of S-P times of 1.5sec, and no family type earthquakes were
observed as shown in swarm earthquakes (see Figs. 13, 92, 93). The
source spectra of these earthquakes also show large variations differing
from those of swarm earthquakes (TSUJIURA, 1978b).



197

Characteristic Seismograms

Fig. 94

29S| S d

8¢
}
i wpb Uuol

I'v

|
oméégigé\/ﬁf?\g? wiiyol
v'e
}

¢_§§§Z§)\i<{é/§§§§/\(\} weono
o€

e
%{EE%{?% welso
14l .
g's L I'NVP
_ wgeyoe
8aoe SI'NVP
Le=N
9
(Z) dIN HQJ VWIHSO HV3N 8.6l



198 M. TSUJIURA

95. Waveform of foreshocks (2)
—1982 Off Ibaraki Prefecture earthquake—

Seismograms of foreshocks with M=4.5 obtained by MP-Z seismo-
graph at DDR during about 32 hours preceding the Off Ibaraki Prefecture
earthquake M7.0. The seismogram of main shock is also shown for
comparison.

The sizes of bars show relative differences of magnification.

The focal parameters by JMA are as follows:

Origin Time Epicenter h M
d hm s N E km
22 15 22 38.6 36722 142703 30 4.5
22 19 57 51.7 36.17 141.98 40 5.0
23 02 32 30.3 36.22 142.05 30 5.4
23 03 17 18.0 36.22 141.87 60 5.0
23 05 24 07.2 36.18 141.98 30 4.7
23 20 25 00.8 36.18 141.92 50 5.0
23 23 23 50.9 36.18 141.95 30 7.0
Comments
1) High-frequency components, about 3 Hz, differ from event to
event.

2) The amplitude of high-frequency components increases with
time, and the foreshock immediately before the main shock
shows a maximum value.

3) Clear phase indicated by dotted line is commonly observed for
all foreshocks, and their arrival times measured from P wave
onset coincide within a range of 0.8 sec.

4) The main shock shows a multiple-type occurrence (see also Fig.
15).

These features suggest that the foreshocks occurred repeatedly on

the same fault plane enclosed by strong barriers, and the strongest
barrier is broken, the main shock occurred.
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96. Seismograms of foreshock and main shock
—1975 Hawaii earthquake—

Comparison of seismograms of the foreshock and the main shock
in the Hawaiian Islands region recorded by short-period (SP) and long-
period (LP, LP-Low) seismographs at DDR.

Note the different time scale on SP and LP seismograms.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb Ms*

d h m s N w km
Nov. 29, 13 35 41.0 19748 155°17 8 5.7 5.1
Nov. 29, 14 47 41.1 19.46 155.14 11 5.9 7.1

* Ms: from NEIS.
Epicentral distances to DDR are 59.36 and 59.40 degrees, respectively.

Comments

1) Short-period amplitudes pred minate on the P-waves of the
foreshock although the Ms is smaller by a factor of 2.0 than
that of the main shock.

2) The first motion of P-wave of the main shock is small and
increases gradually with time, and the maximum amplitude
appears about 40 sec after the initial motion.

This feature may be due to the difference in the source-time fune-
tion between the two events. The main shock suggests the occurrence
of the slower source-time function, apparently common to the multiple
shocks or multiple sequence. On the other hand, the foreshock is the
event containing high-frequency components which supports the high
stress drop.



201

Characteristic Seismograms

Fig. 96

a7

MNO0HS NIV

d

|

wglygGl
MO1-Z-d7
Z-d1
wigUt|

62 AON GZ,

0 A i S

g1 wzoupl

Z-d7
2950¢
—r—
d
A
g}\‘({({?\}\f\l\lf\l‘\q/\( ~ NSV
Z-d1
29S8 0 ¢ d
A
? werUei

i
Z-ds

YDOHS3HOS 62 ‘NON G/,

1IDMDH



202 M. TSUJIURA

97. Seismograms of foreshock, main shock and aftershock
—1986 Aleutian earthquake—

A specially large earthquake with Ms7.7 occurred at the Andreanof
Islands, Aleutian Is. region.

This figure shows the seismograms of the largest foreshock, main
shock and the largest aftershock obtained by MP-Z (left), LP-Z and
LP-Low-Z (right) seismographs at DDR. Bars show relative differences
of magnification.

The focal parameters by PDE, USGS are as follows:

Origin Time Epicenter 'k Mb  Ms

d hm s N w km
May 07, 20 43 31.2 51738 174281 22G

May 07, 22 47 10.8 51.52 174.78 33N
May 08, 05 37 20.2 51.34 175.36 18G

==
S W
S ae,
PRS-

Comments

1) The initial amplitude of the main shock on the MP seismogram
is small compared with those of the foreshock and aftershock.

2) LP seismograms of foreshock and aftershock are similar in
waveform and phase appearance, but their waveforms are quite
different from that of the main shock.

3) P waveforms of the main shock consist of several phases
indicated by numbers from 1 to 5.

4) Long-period waves with period of 40sec are superimposed on
the main shock seismogram.

These features are almost the same for the 1975 Hawaii earthquake

shown in the previous figure.
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98. P waveform of large earthquake
—in relation to aftershock activity—

Comparison of P waveforms obtained by MP-Z and LP-Z seismo-
graphs at DDR. The upper two traces show MP and LP seismograms
for the event of Northern Celebes, and the lower two traces show those
of Mindanao region. N: number of aftershocks during 24 hours after
the main shock taken from the EDR of USCGS.

The focal parameters by ISC are as follows:

Origin Time Epicenter h Mb Ms 4
d hm s N E km deg
Aug. 14, 22 14 20.1 0206 119°73 22 6.1 7.4 40.07
Dec. 02, 00 19 52 6.41 126.62 73 6.0 7.4 31.63

Ms: from USCGS.

Large variations of P waveforms are seen between the two events,

although they have similar Mb and Ms:

1) The P wave amplitude of MP seismogram in the 1968 event is
several times greater than that of the 1972 event.

2) The initial amplitudes of LP seismograms are almost the same
for both events, but the predominant period of P waves in
the 1972 event is several times greater than that of the 1968
event.

3) The aftershock activity is related to the predominant period
of P waves. A similar tendency is seen for the other earth-
quakes (TSUJIURA, 1977).
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99. Attenuation of coda waves from local earthquakes

Filtered-seismograms from two local earthquakes with different
magnitudes obtained by SP-Z seismograph at TSK. Numeral on the
left-hand side shows the center frequency of each band-pass filter with
one-octave bandwidth.

The coda waves in each frequency-band decrease with time in a
regular manner. From the analysis of coda waves, some properties of
coda decay were obtained.

Comments

1) The decay characteristics of coda waves in a given frequency-
band are independent of the epicenter location and source size,
and depend only on the lapse time measured from the origin
time.

2) The apparent @ of coda waves obtained at TSK increases with
frequency, approximately proportional to the square root of
frequency, with values increasing from 200 at 1 Hz to 1500 at
24 Hz (TSUJIURA, 1978a).
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100. Dependence of coda excitation on local geology

Filtered-seismograms of the same event observed at TSK by SP-Z
with two kinds of magnification and at ERI, where the seismometer
is installed in the basement of the ERI building. The ground forma-
tion of TSK and ERI consists of granitic rocks and the Kanto loam
layer, respectively. A relative difference of magnification among the
filtered-seismograms is 1:10:8.5 as indicated in parentheses, respec-
tively.

The focal parameters by JMA are as follows:

Origin Time Epicenter h M 4

hm s N E km km
18 27 15.0 36767 140°97 50 5.0 90 (TSK)
Comments

There is a strong amplitude-frequency dependence of coda excita-
tion. The amplitude ratios of coda waves measured at the same lapse
times between ERI and TSK are, on the average, 20 times at 0.75 Hz
and less than 1/10 at 24 Hz (TSUJIURA, 1978a).
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4. Conclusion

In order to demonstrate the local and regional features of seismo-
grams, including the waveform, spectrum and phase appearance, a
seismogram collection has been made using the data of DDR station
stored during the last two decades. One hundred samples of character-
istic seismograms from local to teleseismic events are selected. Among
these seismograms, some of them are already well known, however,
there still includes some new phenomena.

The history of observation at DDR station is very short compared
with the history of earthquakes. It is interesting to note that the
seismogram features shown in this collection are a temporal pheno-
menon or characteristic of each region. As shown in Figs. 57, 66 and
68, earthquakes occurring at almost the same locations show similar
waveforms independent of the time of occurrence and the seismie
region. Such a phenomenon therefore suggests that the earthquakes
oceurring in a certain region reflected an inherent nature in each region.

Spectral differences of seismograms, however, are seen among the
earthquakes in the same region (see Figs. 5, 47, 56 and 59). The
earthquakes affect the influence of environmental conditions. It must
be also noted that these differences are due to the temporal variation
of stress condition or the local difference of tectonic nature in their
regions.

Another interesting point of this collection is a comparison of the
seismograms with those for other stations. If similar results are
obtained, these features will remain as the source effects.

The seismograms hold a great variety of information. Although
the seismograms presented here are not enough in each region, this
collection will be useful not only as materials for study, but also for
better understanding of earthquake phenomena.

~Acknowledgments

The author would like to express his thanks to Mrs. Setuko
Hayashi (Kawasaki) and Messrs. Isao Nakamura, Kenji Kanjo and
Masayoshi Takahashi of the past and present staff of Dodaira Micro-
earthquake Observatory for the use of seismograms. The author also
thanks Prof. Mitiyasu Ohnaka for his ecritical reading of this manu-
seript.

This is my final work at the Earthquake Research Institute, Uni-
versity of Tokyo.



Characteristic Seismograms 211

References

BoLt, B. A., 1964, The velocity of seismic waves near the earth center, Bull. Seismol. Soc.
Am., 54, 191-208.

Das, S. and K. Ak, 1977, Fault plane with barriers: A versatile earthquake model, J. Geo-
phys. Res., 82, 5658-5670.

FLINN, E. A. and E. R. ENGDAHL, 1965, A proposed basis for geographical and seismic regio-
nalization, Review of Geophysics, 3, 123-149.

Fukao, Y., 1979, Tsunami earthquakes and subduction zones processes near deep-sea trenches,
J. Geophys. Res., 84, 2303-2314.

JEFFREYS, H. and XK. E. BULLEN, 1967, Seismological Tables, British Association for Advance-
ment of Sciences, London, p. 50.

KaNaMmor1, H., 1981, The nature of seismicity patterns before large earthquakes, in earth-
quake prediction: An International Review, D. W. Simpson and P. G. Richards, Editors,
American Geophysical Union, Washington, D. C., 1-19.

OxADA, Hm., 1971, Forerunners of S¢S waves from nearby deep earthquakes and upper man-
tle structure in Hokkaido, Zisin, 24, 228-239 (in Japanese).

TSUJIURA, M., 1965, A pen-writing long-period seismograph, Part 3, Bull. Earthq. Res. Inst.,
Univ. Tokyo, 43, 429-440 (in Japanese).

TsuJIURA, M., 1967, Frequency analysis of seismic waves (2), Bull. Earthq. Res. Inst., Univ.
Tokyo, 45, 973-995.

TSUJIURA, M., 1973a, Regional variation of micro-earthquake spectrum, Zisin, 26, 370-375 (in
Japanese).

TSuJIURA, M., 1973b, Spectrum of seismic waves and its dependence on magnitude (1), J.
Phys. Earth, 21, 373-391.

TSUJIURA, M., 1975, Spectral ratios of June 10 and 14 earthquakes Off the East Coast of
Hokkaido, Japan, Abstract for Ann. Meet. Seismol. Soc. Japan, 2, 114 (in Japanese).

Tsultura, M., 1977, Aftershock activity as inferred from the waveforms of main shock,
Abstract for Ann. Meet. Seismol. Soc. Japan, 2, 327 (in Japanese).

TSUJIURA, M., 1978a, Spectral analysis of coda waves from local earthquakes, Bull. Earthg.
Res. Inst., Univ. Tokyo, 53, 1-48.

TSUJIURA, M., 1978b, Spectral analysis of seismic waves for a sequence of foreshocks, main
shock and aftershocks: the Izu-Oshima-Kinkai earthquake of 1978, Bull. Earthq. Res.
Inst., Univ. Tokyo, 53, 741-759 (in Japanese).

TSUJIURA, M., 1979, Mechanism of the earthquake swarm activity in the Kawanazaki-oki,
Tzu Peninsula, as inferred from the analysis of seismic waveforms, Bull. Earthq. Res.
Inst., Univ. Tokyo, 54, 441-462.

TSUJIURA, M., 1983a, Waveform and spectral features of earthquake swarms and foreshocks—
in special reference to earthquake prediction—, Bull. Earthq. Res. Inst., Univ. Tokyo,
58, 65-134.

TsSUJIURA, M., 1983b, Characteristic frequencies for earthquake families and their tectonic
implications: Evidence from earthquake swarms in the Kanto District, Japan, PAGEOPH,
121, 573-600.




212 Characteristic Seismograms

W oE B2 R £
W L =

—fz, HHMEBNTCREE SN BNEDLZIRBERYE, SHEEROBESC XY, XEFIEE,
BREOFEEEHFT I > TLRLD, S iRamELTT

SRk, WELSOMBYE, ELOWFHE, BIUEBAHERSOFEELYH LT EDH, &
EHEBRNAT 20 FEE QARG LR, MRS E “Characteristic Seismograms” D% R,
K,

TR Liciigdiig, miiEs Bt o T, MR, EXR, B ERESE s
HIL, afEod s ELSY S & CIRINE, 1E B TEERSOHMD 20HFY e
B 100D E LTHRE L. SRS fmT Ry, Ha3, 55 3 EREEIR - T
it (phase) HEOHHE, A=27 b, BEROHLMEEOBRENREOIS LICSEHF L R Eh
BRI EER 5.

ARERHLE 2 OHIRIZ DOV TS TH B DD, Fx DT OWTORMEYRE LIz ns
EZzbh, #HOMREE LT, XHWEBSOL) LWCEMOLDILIFENTHAIEELLRS, F
CEH OB R - T IV RELEBELEOTREYFETHL0TH 5.



