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‘Comparisen between Earthquakes and Underground Explosmns Observed
at the Matsushrro Seismological Observatory :

(Frrst paper; Analyses of World Wide Standard Sezsmogram) .

Y. Yamagishi and S. Izumi
(Matsushiro Seismological Observatory, J. M. A)

M. Yamamoto

. A . o (Seismological Dz:vz'sion, J. M. A)

- Many underground nuclear explosions, annonced or presumed, have been observed at

- the Matsushiro Seismological Observatory since 1961. We investigate natures of seismic

waves for shallow earthquakes and explosions, which occured in and néar Nevada Test Site
and Kazakh region. For each region, explosions and earthquakes more than mb: 5.0 are
mostly detectable at Matsushiro.

Systematic differences of the P-wave spectra between earthquakes and explosions are

analysed by the Fourier analysis method. The spectra of earthquakes predominate at lower -

frequency and their patterns are more complicated than that of explosions. -

The period of maximum amplitude of the P-wave by SP (WWS8S; 7'=0.6) about 0.6_sec.’

for eplosions in Kazakh region and about 1.0~1.2 sec. for explosions in N.T.S.. Wheras,
for earhquakes such a period is longer and changes according to their magnitude.
Therefore the deviation of mb value [mb (MAT)—mb (NOAA)] have a significant relation to

the period. The deviations are mostly minus when the period ‘is shorter than about 1.0~
sec. for explosions and about 1.2~1.4 sec. for earthquakes. In other cases, the deviations

are mostly plus. This can be regarded as the response of SP. Since SP ‘has the maximum

magnific atlon at 0.6 sec., the maximum’ trace amphtude on seismograms does not necessarily

mean maximum ground amplitude.

It is well knoun that the Ms values of explosions are smaller than that of earthquakes
for the”same mb. In re-examination using Matsushiro data, it is. possible to distingush
explosions from earthquakes using Ms (MAT) and mb (NOAA) relation.” Ms data of small
explosions, however, are difficult to determine because of small trace amphtude and this
relation alone cannot be employed for dlscrlmlnatxon
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Fig. 1 Response curves of seismographs .(SP,
LP and.HI) installed at the Matsushiro
Seismological Observatory
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Table 1. Seismograph constants at Matsushiro.
V max: Maximum magnification in
~ displacement
To  : Period of pendulum
Tg : Period of galvanometer
Instrument V max | .To sec | Vg sec
SP(WWSS) | .
(N,E, 2) 160, 090 1.00 0.75 .
LP (WWSS) ' R
T(N,E, 2) 3, 000 15 _IOOV
HI(H.G.L.P) . . ,
(N,E, Z) {%2, 800 | . 30 ) 100

bﬁiﬂjuﬁu T30 TH5.
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Table 2. . List of Events Explosions and Earthquakes which occurred near Kazakh and Nevada Test Site.

Date Origin Time | ;.. | [, | Depth NOAA MAT DIST | AZIM
i (G.M.T) ’ & | m) mb Ms mb Ms (™) &)
USSR Presumed Explosion
66 02 13 045757.9 49.8"7 78.1 0 6.2 — 5.7 44.6 53.1
66, 10 27 * 055757.7 73.4 54.9 0 6.3 — Sat - 5.2 "53.5 20.8
67 10 17 050358. 0 49.8 | + 78.1 0 5.7 — 5.1 — 44.6 | 7 53.1
67- 10 21 045958. 1 - 73.4 54.8 -0 5.9 — 5.8 4.5 53.5 20.8
68 09 29 034257.5 49.8 78.2 0| 5.8 — 5.6 — 44.6 53.1
68 11 07 100205. 3 73.4 54.9 0 6.0 6.0 4.7 53.5 20.8
69 03 07 - 082657.5 - 49.8 78.2 - 0| 55 — 5.0 - 44.6 53.1 -
69 05 16 | 040257. 1 49.8 78.1 0 5.3 — 4.84  3.5| 44.6 53.1°
69 05 31 050156.6° 50.0 77.7 0 5.4 — 5.1 — 44.9 52.8
69 07 04 024657.0 49.7 78.2 0 5.3 — 4.8 — 44.6 53.2
69 07 23 - 024658.1 49.9 78.3 0 5.5 | — 1 . 51 — 44.5 53.0
69 09 11 | 040157.1 49.7 78:1 0 5.0 |° — 4.7 — 44.6 |© 53.2°
69 09 26 065955. 8 45.9 42.5 0 - 5.6 — 5.9 — 68.41 48.4
69 .10 01 040257.6 49.8 78.2 0 5.3 — 4.7 — 44.6 53.1
69 10 14 . 070006. 2 73.4 54.8 0 6.1 6.1 4.8 53.5 20.8
69 11 30 033257.2 49.9 79.0 0 6.0 — 5.9 4.4 44,0 53.0
69 12 06, 070257.4 | 43.8 54.8 0 5.8 6.2 4.4 61.6 54.9
69 12 28 034658: 0 ' 50.0 77.8 0 5.7 — 5.6 — 44.8 52.8
70 01 29 070257.5 49.8 78.2 0 5.6 — 5.0 4.0 44.6 53.1
70 06 28 015757.7 49.8 78.2 0 5.9 5.1, — 44.6 53.1
70 07 21 030257.1 50.0 77.8 0 5.4 — 5.2 — 44.8 52.8
70 .07 24 035657.4 | 49.8 78.2 0 " 5.3 — 4.8 -— 44.6 53.1
70 09 06 040257. 4 49.8 78.1 0 5.6 5.1 44.6 53.1
70 10 14 055957.1_ 73.3 55.1 0 6.7 5.1 ~ Sat 5.5 53.5 20.9
70 11 04 060257. 0 50.0 77.8 0 5.4 - 5.2 - 44.8 52.8
70 12 17 070057. 4 49.7 | -78.1 .0 5.5 — 4.7 } — 44.6 53.2
70 12 12 070057.3 43.9 54.8 0 6.1 — 6.6 4.5 61.5 -54.8
70 12 23 070057:3 43.8 54.8 0. 6.1 6.7 4.6 61.6 54.9 .
71 03 22 043257.8 49.7 78.2 0 5.8 5.2 4.3 44.6 . 53.2
71 03 23 065956. 0 61.3 56.5 0 5.6 — ©5.5. 4.3 54.9 35.7
71 04 25 033258.0 49.8 |- 78.1 0 5.9 — 55| 4.3 44.6 53.1
71 06 06 040257.1 50.0{ 77.8 0 5.5 — 5.4 — | 4.8 52.8
71 06 19 . 040357.6 50.0 77.7 0 5.5 — 5.2 — 44.9 52.8
71 06 30 035657.2 50.0 . 77.1 0 5.4 - 4.9 — 44.0 52.9
71 07 10 165959. 3 64.2 55.2 0 5.3 — 4.7 | — 54.8 32.1
71 10 09 - 060257.1 50.0 77.7 0 5.4 — 5.0 —|. 44.9 52.8
71 -10 21 060257. 3 50.0 77.6 | 0 5.6 | — 5.3 — 44.9 52.8
71 12 22 065956.3 | 47.9 48.2 0 6.0 — 5.6 3.7. 64.0 48.5
71 12 30 062057.7 49.8 |- 78.1 0 5.8 — 5.3 4.3 44.6 53.1
72 02 10 050257.0 49.0 79.0 0 5.5 — 4.87. — 44,1 54.3
USSR Earthquake - . .
70. .01 19 003152.6 41.1 69.3 43 5.0 | 5.2 — 52.6 62.6
70 02 06 - 221041.6 23.1 100. 8 33 5.4 | 6.1 561 6.2 34.9 102.1
70 02 19 071001.8 2741 9405 18 5.5 5.7 5.1 38.3 90.8
70 03 10 052010. 3 26.8 97.0 33 5.4 — 5.2 — 36.2 93.6
70 03 28 094457.8. | 52.2 105.8 | 33 5.2 — 4.8 4.3 . 27.7 45.3
70 04 23 : 180218.8 . 37.5 72.6 46 5.1 — 5.0 4.3 51.4 67.9
70 05 15. 171315.1 50.2 91.3 | .33 5.9 6.7 6.0 — 36.1 52.8
70 06 05 045306.4 | 42.5 78.8. 20 6.0 6.6 6.4 — | ~45.4 63.4
70 06 05 103154.3 | 63.4 146.2 33 5.5 - 5.4 5.4 4.7 27.3 | 352.2
70 07 29 055056. 4 39.9 77.8 13 5.2 5.5 5.3 53|+ 46.8 66. 6
70 07 30 005219. 5. 37.8 55.9 19 5.7 6.6 5.9 6.9 63.4 61.4 -
70 07 31 131047.4 . 28.6 103.6 25 5.5 — 4.7 5.0 30.1 95.2
70 .08 08 114631.3 44.3 81.2 33 4.7 — 4.2 4.4 | 43.3 61.4
70 09 -05 133734.9 32.0 101.2 |- 33 5.0 — 5.0 4.7 30.8 87.5
70 09 18 200225. 0 36.4 68.9 33 5.1 = 5.1 — 54.6 67.9
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Date Origin Time | .. | ;. | Depth NOAA _MAT  |'pisT | AziM

: (G.M.T) € (km) mb Ms mb Ms Q) Q)
70 10 07 022036.7 | 27.8 56.5 43| 5.0 4.8 —| er8| 712
70 10 09 134852.6 | 39.1| 71.7 46| 52| —| 51 — 1 515| 657
70 10 15 035516.1 *| 39.8 | 77.2 33| 4.9 — 52 —| 47.3] 66.6°
70 10 25 112218.2 | . 36.8| 45.1 19| 55| 48| 56| 48| 7.4! 577
71 02 02 075957.0'| 23.8| 91.8| 48| 5.4| — | 48| 44| 41.7| o944
71 02 23 | 194123.0 | 39.6| 27.4 15| 50| 54| 56| 53| 8L1| 47.0
71 03 23 095212.3 | 41.5| 79.3 33| 570 —| 54| TS| 53| e49
71 03 24 135417.7 | 35.5| 98.2 13| 58| 64| 62|. 60| 32.2| 79.7
7103 24 205428.6 | 41.5| 79.5| 18| 5.3 48| 46| 45.1| 64.9
71 03 24 210154.9 | 41.4| 79.4| 25| 5.3 —~1 50 —| 42| 650
71 03 28 025412.2 | 19.1| 96.3 34| 44| —1| ae6| —| 40.6/| 103.8
71 03 31 081619.6 | 26.2| 96.6 22| 50 ~1 47| 's2| 367| 943
71 04 03 044903.4 | 32.3| 951 33| 57 —| 58| 64| 356/| 839
71 04 - 03 0450456 | 32.3 | 954 33| 58 —| 55 | 34| 841
71 04 06 064952.9 | 29.8 | 51.9 0| 52| 51| 52| 53| 72| 672
71 04 12 190325.9 | 28.3| 55.6 44| 60| 59| 58| 58| 682 70.3
71 04 13 125234.6 | 39.0| 29.9] 13| 5.1 S 51| 53] 8.0/ 487
71 04 28 153200.9 | . 22.9 | 101.0 15| 56| 63| 47| —| 348 1025
71 05 03 003322.5 | 30.8| 84.5 6| 54| -—| 50 — | ae| 8I.1
271 05 10 145146.8 | . 42.8 | 71.4 33| 56| 54| 60| 56| 50.6| 6L1°
71 05 12 062513.0 | 37.6 | 20.8| 23| 55| 59| 56| 60| 8.9| 49.8-
71 05 12 101037.2 | 37.5| 29.7 33| 5.5 = 55| 51| 8L.0| 49.8
71 05 12 125724.8 | 37.6| 29.6 33| 54! 52| 53| 56| 8.0| 49.6
71 05 22° 164358.7 | 38.8| 40.5 3| 60 67| 62 | 734| 539
7105 22 200332.4 | 32.4| 921 33| 56| 61| 59 —| 380/ 824
71 05 25 054327.0 | 39.0| 29.7 24| 58| 55| 59| 57| 8.1| 486
71 05 26 024146.0 | 35.5| 58.2 26| 54| 54| 58 | 62.8| 646
71 05 30 115559.9 | 25.3| 96.4 33| 4.9 “| 54| 51| 37.3] 95
71 05 30 154415.7 | 25.2| 96.4 15| 58| 61| 61| 64| 37.4| .95.6
‘71 05 30 213900.5 |- 25.3 | 94.4 33| 4.9 s | 389 ‘941
71 05 .31. 051359.7 .| 25.2| 96.5 33| 53| 61| 61 57| 37.3| 9.7
71 06 08 234255.2 | 37.6 | 29.7 28| 4.8 Z os1| 47| 80| 497"
71 06 14 134855.7 -| 56.2 | 123.6 33| 56{ 57| 56| 53 2.0 221
71 06 15 073937.1 | 41.5. 79.4 33| 5.6 Zos1 - S| 452 649
71 06 15 220413.4 | 41.5| 79.3{ 33| 56| 56| 54| 56| 453 64.9
71 06 16 005837.4 | 41.5| 79.4 331 54| 55| 50| —| 452 64.9
71 06 19° 172302.7 | 41.5| 793\ 33| 52| 53| 52| 49| 453| 64.9
71 06 28 050148.6 | 37.9| 106.21- 33| 5.2 S owal 47| 255 712
71 06 29 090811.7 | 37.1| 368 35| 50| 55| 56 54| 76.8| 53.6
71 07 11 201254.8 | 37.2 | 36.8" 9| 52| 58| 47| 58| 76.7| 535
7107 17 150085.4 | 26.5| - 93.2 49| "53| 51| .50| 50| 39.3, 916
71 07 24 1143388 | 39.5| 73.2 33| 56 | 54| 45| 50.3| 657
71 08 05 2237109 | 12.6 | 94.8 31| 5.0 —| 54| 54| 456/ 1101
7L 08 07 152152.5 | 36.1| 77.7 33| 4.8 4.8 1 480 715
71 08 16 045800.3 °| 28.9 | 103.7 33| 55 —' 52| 56| 20.9] 9.7
71 08 16 185354.7 | 28.9 | 103.7 33| 53| 56| 5.1 — | 209 947
71 08 16 223733.6 | 28.8 ' 103.6 33| 5.4 =1 51| 51| 30.0| 948
71 .08 17 093645.5 | 28.9 | 103.7 331 4.9 — | 46| 49| 209| 947
71 08 17 170740.4 | 28.9| 103.7| - 33| - 4.9 44| 42| 299 947
71 08 23 053611.4 | 28.8 | 103.7 33| 5.2 — | 47 Z1 29.9| o949
71 09 02 182447.3 | 34.1| 50.8 45 5.1 —1 49 — 1 70.9| 66.4
71 09 02 222139.0 | 39.1| 50.8 39| 50 — | 48 — | 70.9| 66.4
71 09 04 011033.0 | 29.0| 103.7 33| 5.0 —| 47! 43| 209| o946
71 09 06. 003325.9 - | 33.2 |. 69.9 37| 49 — | 5.0 = o551 719

10 28 133057.1 | 41.9| 72.4| .22| =55 —1 55| 51l 5011 625



AL EBHAFT THEA L 7 TR IE & B AR OHUEB I ENIC D W T—— L - SR+ LA 41 .

Dete | Origin Time [ [ | | Depth NOAA MAT DIST | AZIM
(G.M. T) : . & | ) mb Ms mb Ms. ) ™
71 10 29 171652. 1 34.1| 86.3 33 5.0 - 4.7 -43] 420 77.4
71 11 06 | 194346.8 | 39.0| 29.7 16| 5.0 — 5.1 4.6 | 80.1] 486
71 11 08 - 030636. 4 27.1{ 54.5 36 5.6 5.9 5.8 5.8 69.7| 70.9
71 11 18 [ 073132.8 38.3| 668 30 5.3 — 5.8 4.9| 554 65.0
71 11 19 010001. 0 41.9 | 72.4 33 4.9 - 5.1 4.6 | 50.1| 62.5
NTS Explosion - . . 4E
68 04 27 '150000. 1 37.3 |-116.5 0 6.3 - 71 5.3 79.8 |- 308:9
68 09 06 140000. 1 37.2 |-116.5 0 5.6 — 59| .—| 79.8| 308.9
68 12 19 163000.0 -| 37.2 |~116.5 0 6.3 56| 6.8 5.4 79.8| 308.9
69 01 15 193000. 0 37.2 [=116.2 0 5.3 — [ 57 — | 79.6| 308.7
69 01 30 150000.0 | . 37.1 |—116.0 0| 4.8 - 4.8 —1 79.6| 308.5
69 03 20 181200.0 37.0 |-116.0 0 4.6 — 5.4 — | 79.7 | 308.5
69 04 30 170000. 0 37.1 |-116.0 0l 53 — 5.5 — 1 "79.6 |.308.5
69 05 07 134500.0 37.3 |-116.5 0|. 5.8 — 5.9 — | ~79.8.| 308.9
.69 05 27 141500. 0 37.1 |—116.0 0 5.0 — 5.2 79.6 | 308.5
69 07 16 130230. 4 37.1 |=116.1 ol .47 — | 4.9 —| 79.6 | 308.6
69 -07 16 145500. 0 37.1 |-116.1 0| 5.6 — 1 .57 — | 79.6 308.6
69 09 16 143000. 0 37.3 |-116.5 0 6.2 5.1 6.8 5.1 79.7| 308.9
69 .10 08 143000. 0 37.3 |-116.5 | . 0 5.5 — 1 57 4.7 79.8| 308.9
69 10 29 ©193000.0 37.1 |—116.1 0| 5.1 — 5.0 — | 79.7 | 308.6
69 10 29 200000. 0 37.1 |—116.1 0 5.0 - 5.1 — | 79.6 | 308.6
69 10.29 | 220151.4 | 37.2 |—116.1 0| 5.7 — 1] .59 — | 79.6| .308.6
69 11 21 145200.0 |- 37.0 [—116.0 0 5.0 — 1 50 — 1 .79.6 | 308.5
69 12. 05 "170000. 0 37.2 |-116.2 0 5.0 — 5.1 — 1 79.7 | 308.7
69 12 17 150000. 0 37.0 [~116.0 0 4.8 — 5.6 — ] 79.77] 308.5
69 12 18 -190000. 0 37.1 |—116:0 0 5.2 -— 5.1 — | 79.6| 308.6
70 02 04 170000. 0 37.1 |~116.0 0 5.6 6.1 — | 79.6| 308.5
70 02 26 153000. 0 37.1 |—116.1 0 5.3 — 5.5 — | 79.6 | 308.6
70 03 23 230500.0 37.1 {—116.0 0 5.5 — 5.6 1| 79.6| 308.5
70 03 26 190000. 2 37.3 |—116.5 0 6.5 5.3 6.9 5.1 79.8| 309.0
70 05 05 153000. 2 37.2 |—116.2 0 5.2 — 5.6 — | 79.6.] 308.7
70 05 15° 133000.0 37.2 |—116.0 0 5.3 — 5.3 —| 79.6| 308.6
70 05 21 141500. 0 37.1 |~116.0 0 5.1 — [ 4.9 — 1| .79.6 | 308.5
70 05 26 141600. 2 37.2 |—116.2 0 5.0 — 4.9 — | '79.6.| 308.7
70 05 26 150000. 0 37.1 |—116.1 0 5.6 — 5.7 — | 79.6 | 308.6
70 10 14 | 143000.0 37.1 |—116.0 0| -5.5 — 1. 5.8 ~—| 79.6| 308.5
70 12 16 160000. 1 37.1 |—116.0 0| 5.1 — 5.3 -— 1 79.6| 308.5
70 12 17- 160500. 2 37.1 |—116.1 0 5.7 — 5.6 —| 79.6 | 308.6
70 12 18 153000. 2 37.2 |—116.1 0| 5.2 — 5.1 — | 79.6 | 308.6
71 06 23 153000. 0 37.0 |—116.0 0 4.8 — 4.5 — | 79.6  308.5
71 06 24 140000. 2 37.2 |—116.1 0/ 5.2 — 5.1 — 1 79.6 | 308.6
71 07 08 140000.1 | 37.1 —116.0 0 5.5 — 5.5 — 1 79.6 | 308.6
- 71 10 08 *.143000. 1 37.1 |—116.0 0 4.7 — 4.5 —| .79.61 308.6
California Earthquake i . i o
69 03 20 081741.9 | 31.3 |—114.3 20 5.4 57! 6.0 5.6 | 84.7| 305.2
69 03 21° 035342. 4 31.2 [—114.2 33| 5.3 5.0 5.9 5.2 | 84.7 | 305.1
" 69 03 21 045620. 3 31.2 —114.2 337 5.4 5.5 6.1| 56| 84.7| 3051
69 03 21 063422. 2 31.1 |~116.2 4 5.5 5.4 5.8 55| 84.8| 305.0
69 03 21 072111.6 31.3 {—114.2 33 5.1 5.2 57| 5.4 846 | 305.1
69 03 21 | 101010.7 31.2 |—114.2 | 5 5.4 4.9 5.9 5.2 84.7| 305.1
69 03 24 | 090232.1 31.3 |—114.2 25 4.9 4.8 4.8 4,8] 84.6| 305.1
69 04 28 . 232042.9 33.4 |—114.4 20 57} 5.2 5.9 5.2 | 82.1{ 305.8
69 08 17 © 201458.9 | 25.0 |—109:5 -33 6.1 6.6 6.0 6.8 92.3| 303.5
69 08 18 |. 032154.0 24.97—109.0 22 5.3 5.5 5.9 5.6 | 92.0| 303.1
69 08 18 035449. 8 24.8 |—109.1 33| - 53| 52| 5.7 — | 92.1] 303.1-
69 08 21 - | - 142551.5 23.2 |-110.6 15 5.3 5.2 6.1 5.2 92.9|.301.6
69 11 01 110820.9 | - 23.1°|—107.9. 33 5.6 6.6 6.2 6.5| 95.2| 303.6
69 11 05 175413.6 | . 34.8 |—121.2/| 33 5.8 5.8 6.3 5.1 77.9| 304.3
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