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Fig: 1. Magnification curves of the “HES 1-1”, «HES 1-0.2” and
Anderson-Wood Seismographs at the Mt. Tsukuba Station
(140°06/36'' E, 36°12'39' N). Mar. 24th, 1959~ Aug. 24th, 1962.
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Table 1. Constants of seismographs at the Mt. Tsukuba Station.

No. Name C Vo | T LT ht he 4
sec ‘ sec

6.% | HES 1-1%+ (EW) 29000 1.00 ' 1.16 1.0 1.0 0.1

7.% | Ditto (NS) 29000 0.98 . 1.10 1.0 1.0 0.1

8.% | Ditto (UD) 37000 0.97 ' 126 0.8 1.0 0.1

9.% | Anderson-Wood Type

I
Torsion seismograph (EW) 2000 0.80 5 0.8
10.* | Ditto (NS) | 2400 0.80 | 0.8
17.% | HES 1-0,2%* (EW) ' 144000 1.0 ! 0.24 1.0 0.5 1.0
18.* | Ditto (NS) | 144000 1.0 | 0.24 | 1.0 | 0.5 | 1.0
19.% | Ditto (UD) ! 150060 1.0 % 0.24 1.0 1.0 0.5
Vmax : Maximum magnification on the film reader (Xx8).
T : Period of pendulum.
T, : Period of galvanometer.
ha : Damping constant of pendulum when the galvanometer is clamped.
he : Damping constant of galvanometer when the pendulum is clamped.
o : Coupling factor.
* : Precise film recording system is adopted.
i : Annexed numbers indicate the approximate period in second of

pendulum and galvanometer.

5 2 Wi, HEEE “HES 1-0.27?2 OFEE£kxARE&EM 4mm UEoECR 4« DHE
sk, £ 3, HEER “HES 1-172 O£ 2D 5h 5B TOMED B « DEEZR
LTws, 4 812 B, FLLEXIHLTWH0OE, 47128 9 53 SO & EEL
OHE (M=6.8 (J.M. A. ))3’0),\;,<®/‘L5c Zbh5b, TOREEHNL, 4H530H%
Tz, MREHEN 0L 085 EEEY SRt D, HEIUCRT 2 p-s FHH 5D,
4 BRETETFHRVWTIVD EHFZLND.

4 30 BizZ 2oV BERIEIISED. CORENP B ZERGI T
L1, 2N DLHEEENS, 5B EPLEEPRELTVSDIE, 5H 8 ;42 73
DRE (M 5.0) OEELE2LN5H, 5 H20MI12G5HOZEEMIEOHE (R

W ORBOFFEB MO T D L oho

ATEOWEEZL SV LELLRS»Iz4 B30H255 A2 B%Cic “HES 1-0.27

B X “HES 1-1” CEE SN/ — V*Izﬂrr@fu, LR 4(3) M X O 5(a) Rz, #iae
WEB R < 7obic 3BT E &7 L 0% 4(b) M XU 5(b) KT

BlEDZ T 71, SUEITERSNAHEOREY ?L T 53, 4A30EB»556R
3 HETOM, ZOEIELWESYBXETION SHOAERZES LEALNDH

2) Hagiwara Electromagnetic Seismograph. Annexed numbers indicate the approximate
period in second of pendulum and of galvanometer.

3) 1 R 1962424 H.
4) KGR dhEEER 196245 A.
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Fig. 2. Daily numbers of earthquakes having maximum trace amplitudes
larger than 4mm (double amplitude) on the “HES 1-0.2” seismo-
gram at the Mt. Tsukuba Station.

The numbers in the figure include those due to the aftershocks
caused by other large earthquakes:

April 12th, 9h 53m JST., 37.9°N, 142.8°E, d=40km, M=6.8,
4=300km.

May 5th, 20h 12m JST., 34.1°N, 139.4°E, d=20km, 4=240km.

100

o)

_I_

1 1 21 [l "
April May

Fig. 3. Daily numbers of earthquakes recorded with the “HES 1-17
seismograph at the Mt. Tsukuba Station.
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Fig. 4. (a) hourly and (b) three-hourly numbers of earthquakes having
maximum trace amplitudes larger than 4mm (double amplitude)
on the “HES 1-0.2” seismogram.

B

W3 1517 192023 1 3 5 7 9 W3 151719 21 231 3 5 7 9
Aprit 30 May | April 30 May |
@ (b)

Fig. 5. (a) hourly and (b) three-hourly numbers of earthquakes recorded
with the “HES 1-1” seismograph.
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Bz SnTwinvrd, £R &3 ZOMOBERD, EEDOFE LA hnb DR
IEE SRR EBORE L AR LTEXLRNTHS S,

PDEDXS#HEx 5L, HPFEIUT “HES 1-0.2” T XOoTBAIhTWEAEDEH
BEEMCET D EE2ONED, TLRTRTERLS 2 L ITIZVwA WS HERSD 5.
< ZT, “HES 1-1” ofgt, HA&RMS 1mm Mk, LE0OHK:, &5EL
Bbhd3 02 VH LDPBE 2EROHMETH S,

I OHBERVWETICE DT, Bt p-sk
ZBZZ L, BRoeiEMBBEOAE L IRIER ]
U p-s BB2f$00T, BEHMELBRLT, b st
LW DRBRWTH S, #oT, FREEBROL
BThWwiOeReUERD R WTIR W, Fhlk
HEBRNSWEEZ D, KB, KERIDIZONVT
1%, TOBRBONIHEERCOWTHERINL TN,
</ =2F .~ FAHEDLDIOWTIZRVE L3 )
W, BEDLWLDREETEEVWS HREDOTWD
5, NEVREBROWTR, HLBERVELIED st
DTH5HS. RE, H2RPOLMEE, FREFOLD
»o, EOEEIL I 2/ LCHRLELOT,
Remarks Offfic * 2 LTdh 5.

E2RITET D WIHED p-s BAAEE 6K 0 o A0

: - Fig. 6. Frequency distribution

Y. of p-s time of earth-
WRIZ, TNEDOREO< I =F . — FERBEDET L © quakes listed in Table

AT, HEEILFETITIE Anderson-Wood HiEs} 2
BREVTHE0E, CRTRAREEABLNLDOLOVTIE, ~/ =5 2 — FREE
BHBLNTESD, :

Richter, Gutenberg iz X 1 iE, E¥ D Anderson-Wood {RILHIEEF (V=2800, T
=0.8sec, ©=0.8) TELNRBHEORARME a (3 7 v vY), EREES 4(km) &3
E, =7 =53.—-F MIix

M=1log a--3log 4—6.37 9 o (1)

THRDLND, FFEWTHVSN TW5 Anderson-Wood HiEit D313, E-W K45
2000 £, N-Sp%5 2400 {5 CTH D05, FNEHETH &

M=loga+3log 4—6.22 (E-W) (2)
—6.30 (N-S) (3)
L7 %, Bhic, Pasadena 721k Berkeley T= 2 =% . — FREDLATWLHIED,
5) C.F. RICHTER, ‘“‘An Instrumental Earthquake Magnitude Scale,”” B.S.S.A., 25 (1935), 32.
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Table

Amnx

Time from :
Arrival Time the Main | «HES 1-17 Anderson-Wood
Shock
E N E N
month d h min. ; sec mm mm mm mm
v 30 | 11 0 ' 3 137
16 1 3 11.8 | 22.7 | 13.05| 1.55 | 0.95
12 34 | 35 1.9 2.8 1.35 | 0.19% | 0.13%
51 32 18.9 | 43.55| 17.85| 1.85 | 0.95
57 34 1.05| 1.75| 0.6 | 0.12¢| 0.06*
87 33 1.75| 2.5 1.6 | 0.17%| 0.15%
13 99 32 5.65| 10.5 5.0 | 0.7 0.6
100 2. 2.2 1.5 | 0.15% | 0.14%
109 37 12.75| 47.45| 24.5 | 3.5 3.0
119 35 11. 15.85 | 16.6 | 2.0 1.5
14 167 35 2. 3.5 3.1 | 0.24%| 0.30%
188 | 34 4.85| 10.9 5.1 | 0.85 | 0.9
15 217 | 3 2.15| 2.7 2.0 | 0.19%| 0.19*
16 286 | 32 0.85| 1.95| 1.0 | 0.14*| 0.10%
329 32 54 76 43 5.0 3.75
18 447 31 0.8 1.5 0.5 | 0.10%| 0.05%
19 492 35 3.6 3.8 2.0 | 0.26*| 0.19%
22 680 33 10.4 | 14.4 9.4 | 0.8 | 1.0
689 32 2.65| 3.15| 2.25| 0.22%| 0.22%
23 706 34 3.1 4.7 3.35| 0.33*| 0.32%
v 1 2 931 : 32 0.95| 1.75| 0.85| 0.12%| 0.08*
7 1215 34 21.0 | 30.5 | (16.5) | 3.5 3.0
1 1421 38 0.9 1.8 0.6 | 0.12¢| 0.06*
14 1607 33 1.9 2.15| 1.35| 0.15% | 0.13%
20 1980 34 1.65| 3.45| 1.8 | 0.24%| 0.17%
1995 33 7.65| 9.2 5.0 | 0.85 | 0.5
22 2104 34 2.35| 5.0 2.6 | 0.34*| 0.25%
23 2150 32 1.55 | 3.2 1.55| 0.22% | 0.15*
2 1 2285 34 1. 4.95| 2.35| 0.34%| 0.22*
2 2342 33 0.65| 1.2 0.5 | 0.08*| 0.05%
2352 34 15. 19.25| 8.2 | 1.34x| 0.79*
2356 31 1. 1.0 0.07* | 0.12*
2 5 2517 34 72. 89 51 7.0 5.75
11 2866 32 3.75| 7.9 8.3 | 0.55%| 0.40%
13 3022 32 3. 7.0 4.5 | 0.48% | 0.43*
16 3178 36 1.35| 2.5 1.85| 0.17% | 0.18*
20 3395 36 2.05| 2.5 1.3 | 0.17%| 0.12¢
22 3566 33 3. 6.9 2.9 | 0.5 0.4
3 | 22 5007 31 1. 1.65| 1.05| 0.12*| 0.10%
5 4 6702 35 14. 14.4 | 12.5 | '1.35 | 1.0
8 6975 | 33 20. 24.5 | 20.0 | 6.85 | 4.65
7 | 18 10453 | 31 2.15| 3.0 2.85 | 0.21* | 0.27%
20 10533 | 34 7. 11.35| 9.45| 1.0 0.7
21 10596 | 34 1.25{ 1.85] 1.25| 0.13*| 0.12*
8 | o4 11029 I 33 3. 0.75] 3.7 | 0.05%| 0.35%
17 11808 | 33 2. 3.4 2.15| 0.24% | 0.21%
11818 36 4.75| 8.65| 4.8 | 0.65 | 0.5
9 | 07 12687 35 0. 2.5 1.55| 0.18*| 0.15%
21 13483 34 5.85 | 14.0 5.65| 0.97*| 0.54*%
13 | 00 17981 34 1.35| 1.8 1.6 | 0.13*| 0.15%
18 19112 33 5. 5.1 4.0 | 0.45 | 0.3
14 | 03 19641 31 52 85 35 6.3 6.2
04 19665 33 8. 14.7 7.15| 1.02*| 0.69%
09 19988 33 7. 13.6 8.65| 1.3 0.85
15 | 17 21926 32 1.25| 3.2 1.85| 0.22% | 0.18*
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E 2K
Remarks
X106 erg | X106 erg
6.20 |>6.2 | 125100

4.3314.04 | 4.3 177.8 177.8 | Ishinomaki: I
3.42|3.17| 3.4 7.9 185.7
4.41 14.04 ) 4.4 251.2 436.9
3.22 | 2.84| 3.2 4.0 440.9
3.3713.24 | 3.4 7.9 448.8
3.99 | 3.84 | 4.0 63.1 511.9
3.32|3.21| 3.3 5.6 517.5
4.68 | 4.54 | 4.7 708.0 1225.5 | Ishinomaki: I
4.4414.24 | 4.4 251.2 1476.7 | Ishinomaki: I
3.52 354 | 3.5 12.2 1488.9
4.07 | 4.01 | 4.1 89.1 1578.0 | Miyako: I
3.423.34| 3.4 7.9 1585.9
3.29 { 3.06 | 3.3 5.6 1591.5
4.84 1 4.63 1 4.8 1000.0 2591.5 | Ishinomaki: II
3.14 1 2.76 | 3.1 2.8 2594.3
3.56 | 3.34 } 3.6 15.9 2610.2
4.07 |1 4.06 | 4.1 89.1 2699.3 | Ishinomaki: I
3.48 | 3.40 | 3.5 12.2 2711.5
3.66 | 3.57 | 3.7 22.4 2733.9
3.222.96| 3.2 4.0 2737.9 ‘
4.68 | 4.54 | 4.7 708.0 3445.9 | Ishinomaki: I
3.24 1 2.8 3.2 4.0 3449.9 Hosokura: Felt
3.3213.16, 3.3 5.6 3455.5
3.5213.28| 3.5 12.2 3467.7 Hosokura: Felt
4.07 | 3.74 | 4.1 89.1 3556.8 Hosokura: Felt
3.6813.44 | 3.7 22.4 3579.2 Hosokura: Felt
3.48 | 3.22 | 3.5 12.2 3591.4 Hosokura: Felt
3.68 | 3.39 | 3.7 22.4 3613.8 Hosokura: Felt
3.0712.74 | 3.1 2.8 3616.6 Hosokura: Felt
4.2713.94| 4.3 177.8 3794.4 | Sendai: I
2.99]3.12! 3.1 2.8 3797.2 Hosokura: Felt
4.9914.80| 5.0 1996.0 5793.2 | Ishinomaki: II
3.92 | 3.64 ] 3.9 44.7 5837.9
3.8313.68| 3.8 31.6 5869.5 | Ishinomaki: I
3.3813.30| 3.4 7.9 5877.4 Hosokura: Felt
3.3813.14| 3.4 7.9 5885.3
3.84 | 3.64| 3.8 31.6 5916.9 Hosokura: Felt
3.22 | 3.06| 3.2 4.0 5920.9 Hosokura: Felt
4.2714.04| 4.3 177.8 6098.7 | Ishinomaki: I
498 14.71 | 5.0 1996.0 8094.7 | Ishinomaki: I
3.46 | 3.49| 3.5 12.2 8106.9 |* Tsukidate: II Hosokura: Felt
4,14 13,91 4.1 89.1 8196.0 [*Ishinomaki: I  Tsukidate: III Hosokura: Felt
3.25|3.14| 3.3 5.6 8201.6 Tsukidate: I Hosokura: Felt
2.8413.60| 3.6 15.9 8217.5 Tsukidate: II Hosokura: Felt
3.52|3.39| 3.5 12.2 8229.7 Tsukidate: I
3.95 | 3.76 | 4.0 63.1 8292.8 Tsukidate: III Hosokura: Felt
3.40 | 3.24| 3.4 7.9 8300.7 |* Tsukidate: II
4,13 13.79 | 4.1 89.1 8389.8 Tsukidate: II  Hosokura: Felt
3.2513.24| 3.3 5.6 8395.4 |* Tsukidate: II
3.79 | 3.54 | 3.8 31.6 8427.0 Tsukidate: II
4.94 | 4.85| 4.9 1410.0 9837.0 | Ishinomaki: II Tsukidate: III
4.1513.90 | 4.2 125.9 9962.9 Tsukidate: III
4.2513.99 | 4.3 177.8 | 10140.7 Tsukidate: III
3.48 | 3.32 | 3.5 12.2 | 10152.9 Tsukidate: II
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T3 5 Anderson-Wood 35135 OE LD KRN SR d 7

M=log a-3log 4—6.65 (4)
EVIEERAD 1,550 TR Q) B) R
INHDREDEIE, KNS EIGD5ILT VWS, TEFtER 280~290km & 2
BUTEZZRVWEEDLNDPS, —5 3T 285km £ LT

M=log a-3log 285—6.22
—6.30
=loga+1.14 (E-W) (5)
+1.06 (N-S) (6)
&2 T~s=F . — Fgudic.

CH5LT E-W BG, NS Epofidic~s =5~ P9 2%k ME, MN Off
XNENRBALTH D, ZOFEADRE, KEWHE, MM TERZIUEAALT
BfEZLONED~ /=52~ FLLTHEDIL L, M OEIZRALTHS, <7
=F —F}U’4L/LJ:@T)(DU~""//7%~7\ b5

& T, Anderson-Wood HijZEf it &5
11”7 cfEohkiRearb< s =5 .
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Fig. 7. Relations between the maximum trace amplitudes on the Anderson-
Wood seismogram and on the “HES 1-1” seismogram.

6) T. MATUMOTO, In preparation.
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Table 3. Magnitude frequency
distribution of after-
shocks of the Northern
Miyagi Earthquake.

Magnitude Frequency
5.0 2
4.8-4.9 2
4.6-4.7 2
4.4-4.5 2
4.2-4.3 5
4.0-4.1 7
3.8-3.9 4
3.6-3.7 5
3.4-3.5 13
3.2-3.3 10
3.0-3.1 4

117 BB O TV B, £ Dfh, M=4.5D3084HHY, <2 =F . — FHTHE

BEIERDEV TR D.

erg

x10°

10 |~

- |
10 100 1000

minutes after the main shock

L
10000

Fig. 8. Energy released by the aftershock sequence.
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KD E ik
log E=11.8+1.5M (7)

DER? PORDIc=FVF %, FTORD SNE F2i3= 5 L & ~F”§f§»<fTLTao
5. FORIIZ S LTALN, RESSOEMLFGIKE= 21+~ 2 OOMESY
LTW3,

REOEICE, ZE00OHENTALTSH S, F0—%, KEFOERENE,LELN
TEBT, AETHROLOIEETOREY, AETERTY, BTEROLDIIFD
WRTOREZRALTH S, H00E, ISTRKSEEMEEITTELN- BT,

IEETOREOINPR/ALTH S, IAPLHB X 5T, Hhr (FhmEE 10~
15km) TRE II SOOI, FUEIL (F5EE 280~290 km) o “HES 1-17 o5t
RICTE SN TS, FHTEE 1 012y, “HES 1-0.27 oR&IIE, SROKN 2
BRVWTIZEAETRTREENG. 27, SETREN 030, F_CT</=%. —

FA4XDREV, BEERMAOSKINTES T 5 HREEORET, IR E LT HST
REINTWAEWL, BRINIETHLLELNS, 7%, 4 430 HOGIx e
HRR I T Wi,

BEERTLDHHITYD ﬁn?%ﬁbfTéOL%%ﬁﬂﬁﬁ,Mﬁ%E%%S,%@
AT, ZZE&BMIIMR S ES, B FEHE, HSHYOOERIZE M
HLEFS,

7) B. GUTENBERG and C.F. RICHTER, ‘' Earthquake Magnitude, Intensity, Energy and
Acceleration (2nd paper),” B.S.S. A., 46 (1956), 5-145,

8) S. Suyehiro, ‘“ Aftershock Sequence of the Izu Earthquake of August, 1956, Papers
in Meteorology and Geophysics, 9 (1959), 193-203.
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Fig. 9. “HES 1-1” seismograms of the Northern Mivagi aftershocks at 22 h
3lm JST, May 1 (M=3.7) and at 1 h 32m JST, May 2 (M=3.7),

1962. (2.5 xoriginal film)
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Fig. 10. “HES 1-1" seismogram of the Northern Miyagi aftershock at 2h
09m JST, May 2, 1962. (M=4.3) (2.7xoriginal film)

e VL R

L i ST T N P S ot

Fig. 11. “HES 1-1” seismogram of the Northern Miyagi aftershock at 4h
09m JST, May 5, 1962. (M —4.3) (2.5xoriginal film)
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Fig. 12. Anderson-Wood seismogram (a) and the “HES 1-1” seismogram
(b) of the Northern Miyagi aftershock at 5h 24 m JST, May 2, 1962.
(2.5 original film)
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31. Aftershocks of the Northern Miyagi Earthquake,
April 30, 1962, Observed at the Tsukuba Station.

By
Takahiro HAGIWARA, Takayuki IWATA, Yoshihiro MAEDA,
Earthquake Research Institute,

and
Ichiro KAYANO,
Graduate School, University of Tokyo.

The Northern Miyagi Earthquake, which was slightly destructive around the epicen-
tral region, occurred in the northern part of the Miyagi Prefecture, Northeastern Japan,
at 02h26 m GMT, April 30th, 1962. The magnitude of the earthquake was estimated at 6.4
by the Sendai District Meteorological Observatory, Japan Meteorological Agency, and at
6.2 by the Earthquake Research Institute. Aftershocks of this earthquake wére inves-
tigated on the basis of the observational data at the seismological station at Mt. Tsukuba
of the Earthquake Research Institute, about 300 km distant from the epicentre.

Daily numbers of earthquakes observed with the “HES 1-1” seismograph (Vmax ==
30,000, T =1.0sec, Tp=1.0sec) and “HES 1-0.2” seismsgraph (V max ==150,000, T} =1.0 sec,
T>=0.2sec) are shown in Figs. 3 and 4, respectively. Hourly numbers and three-hourly
numbers of them are shown in Figs. 4 and 5, respectively. They indicate that these
seismographs recorded several hundred aftershocks of the Northern Miyagi Earthquake in
a few days after the main shock. The earthquakes which were recognized as the after-
shocks on the basis of the p-s time and the configuration on the “ HES 1-1” seismo-
grams were selected in Table 2.

The magnitudes of larger aftershocks were determined directly from the Anderson-
Wood seismograms. For determining the magnitude of smaller shocks which were not
recorded on the Anderson-Wood seismograms, we extended the proportional relation
between the two maximum trace amplitudes on the Anderson-Wood seismogram and on
the “HES 1-1” seismogram for larger shocks.

The magnitude of the main shock was estimated at slightly larger than 6.2, The
two larger aftershocks had magnitudes of 5 and four had magnitudes larger than 4.5.
The magnitude frequency distribution of the aftershocks is shown in Table 3.
The “HES 1-1” seismograph was able to obtain full seismogroms of the aftershocks
larger than M=3.0 and the “ HES 1-0.2” recorded the aftershocks smaller than M=3.0
at the epicentral distance of about 300 km.




