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. g L&

BN EFREBEROECSH ), BATRRLVEHNLEKNLO—2THS. i
RN HIRFEMIISBE R AR DR L CH K E 2L b LT &k, 1968 £ 3 TOFER
TR ST L o CTHcfEshTtw5 (MINAKAMI, 1935a, 1935b, 7K.k, 1959, K.kt
i, 1959, MINAKAMI, 1960, MINAKAMI et al., 1970). 1973 4£ DOWLKIETNT 1961 40
HEWS 11 E8v0z bThh, 1918 £ 2 A1 B oMAkL2EEL Licco—HoD
MUGE T O MBI TRV VRE LT 5 (TS, 1973, TFHsflh, 1975). ik, ZOMK
BN 5 /N KB s oW Tl ek (1973), ARAMAKI and HARAMURA (1975),
FIF 1974) BEhREhBEL TS,

Ty (1978) (X KILH:HIEE (voleanic earthquakes) # [kili¥ X OVED TS
HEWCHIE] LEFE L. ZOBEHRIEEROTFEMEED 5 IIE ST 5 imcon T
WA BRI LTy, KE (1959) OAEI L TkINCHET 5], A, A #
WRE, B B, BRE, KUEMEo 4 0 RERT 5. KUtEbEE O S4B
Kb, TOREBMPHEE IR 5. flaE, FERECREET S KIS O FEA BT
COWT PR (1970) 2GR UCuw5A% T (1978) 1 —fEMICkD X 5 1sliNT
W5 s magma OBl TR HTES S A L, MKl S TR A RO E LIRSS
WENFET D, T i, magma DOMFT-CHILEINCHE - TN OFAEIC X 2D
RAT 5.

Ed L X 51, BLsHE  (explosion earthquakes) 13K ILEFCRE - TRAET S
BUWIAE®RL, oT, TORERIMMIFIKD £ h = X a%msd ETHEERFH Y &5
% 5 LI EH Fhofou. MINAKAMI (1970, 1974) (LGS ZOMESMEEY A Bt
E, HDHWII\K S tectonic earthquakes & HfE LTk D X 5 imah~7-: (1) #IZED)
CRWTEBHSERLUT V5, (2) S-phase 2WFCle < BB LTS, (8)
WA BMPEOMLET 5 HALc X 63 ETEBEE Tk UP 7 KRSEIpEET Tl
PUSH ¢4 %. HoNDA (1962) »Miig L7 X 512, tectonic earthquakes i34 GfR%l
I LB & AT %, MINAKAMI D5fla 53 uE, kil (3) OffckR > Eiet
TOREESHET, 70 HFES double couple T X% tectonic earthquakes o %
hEREY TR 2 KRR OFERNGT BT 2 & #Hi%E3h 5. Hi, tectonic
earthquakes & underground nuclear explosion &% i « Hihx 1T/ - Tehisc L 47
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Fig. 1. Locality of seismic stations and the Asama Voleano Observatory (A.
V.0.). Seismic signals are telemetered by underground cables to A.V.O.
and are registered on smoked paper recording drums. The seismograms
which are analysed in this paper were detected by the seismographs at
NAKANOSAWA vault. The stations are named as follows.

1. SHIN-FUJIMIZAKA (SHIN-HUZIMIZAKA) 6. GIPPA-YAMA

2. FUJIMIZAKA (HUZIMIZAKA) 7. SEKISON-SAN

3. SANNOTORII 8. HOTOKEIWA

4. NAKANOSAWA 9. ONIOSHIDASHI

5. A.V.0. 10. KUROMAME-GAWARA

{7e\v (flz1¥, CARDER and CLOUD, 1959, ROMNEY, 1959, WERTH and HERBST, 1963,
HASKELL, 1967, MOLNAR, 1971, Wyss, 1971, ARI et al., 1974 7¢ V). —J5, 1EJehny:
DY G & W CHME R PIL BB, FlxiE, SASSA (1985) 1% 1933 ‘LD FERIL OIS
Moo T 4 SR AR ORI U, % 2o e (1970) 114K HER & & @ Stromboli
ORI 5 MG e g AR O~ 2 3 I DT = 7 0 (FR, 1948, 1950, 1952, 1053 a,
1953b) & ATk T, B & & < TR T D N PRI ISR © 3 U k. D
(1975) %, Rkl 1978 2 B 1 HE 3 /1 10 HolRibitcowT, =/ LF
(Fig. 1) THRFPEHEESTC PUSH 2 S 24 #53 LTt < DOWN
DR N LS LT % (Table 1). =7z, MINAKAMI D5 (2) b b X )
2, MERMERLC RS W CPE ESEESHEL, LKW Lo OW R SHH
BT ERAL T BRIBACE T, RMESERT S o ST 1971 L5
BLTWw%. Lo, HEHERK ZWEET later phase 2335 Eh 2854235 5. #51l
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Table 1. List of initial motion of the explosion earthquakes in 1973.

Seismic  Com-
Station ponent Feb.1 Feb.11 Feb.14 Feb.15 TFeb.20 Mar.10 Apr.18 Apr.26

ruJ HR* PUSH - — — — — — —

UD — — - — — — — —

SAN EW EPUSH) — E(PUSH) E(PUSH) —  E(PUSH) E(PUSH) E(PUSH)
NS S — N) S — S S S
UD D U U U — D U U

NAK EW E(PUSH) — — E(PUSH) E(PUSH) E(PUSH) E(PUSH) E(PUSH)
NS S - — S S S S S
UD U — — U U U U U

AV.0. EW E(PUSH) — E — E E(PUSH) E(PUSH) E(PUSH)
NS N — N — N N N —
UD - — — — — U 8] —
SEK HR PUSH — — — — PUSH PUSH —
UD — U U U — — — —
HOT HR PUSH PUSH PUSH PUSH — PUSH  PUSH —
UD — U U U — — — —
GIP UD — - — 6] — — — —
ONI HR PUSH (PULL) PUSH PULL — — — —
KUR HR — PUSH PUSH PUSH — PUSH PUSH —

L8]0 S U — -~ — —

*HR means a horizontal seismometer of which pendulum moves in radial direction
to the summit crater.
(after SHIMOZURU et al., 1975)

fib (1960) % 1958 SEDIRMBIKIUDIRIIBEZTITOWT, 47 T id B VI TORRI
o, e bOHE RS, R, BIBETAC oW TN S B LI e ks
WC RGO Rz ok e RN TRBThA D ETHD. T Ut A
HHTEH B\ 12 tectonic earthquakes id4 < B/ AU THD.

A CHEER T B BRI Z 1 1 A8 B CHURR R K U i o —o, Ho
REuE EFig. 1) RS IHRATH 5. WENIERRAINE 2, 53500 %
OEMEBE TH 5. HIE L Ko OMANRE BE-W Hiy242E radial Jifc,
N-S Fi4r2MziE transverse JiiZic-> Tk D, koanbiy 4.2km B3,

R O 1 LT, ME M. X0 F.E.T. %/\C, 1973 40Nk
WEENCER LIS D BRI S D AR 7 P VRN R (TS5 - 1D T, ORI 2R~ 5.
C OFFEFITBERMIZO R AR, ME T, WKO 2 =X akmb B THIE T Y
E2 B LEHLNTHS.

2. F—HLBINAE
2-1. FEEEMIE
FRFT LIc HFZRE S FRaGE D Y 1mm/fsec D& T, <v i3 (arm DFEX
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12.0em) Vi F 5 A BT
BEIhicdDTh%. SKOKOet
al. (1965) 1= X ZHEFIT linear
trend DB AHEHHBET L - TiE
FEIhRReR L OLEATE
55, MlEETXHIZ arm A3
Fig. 2. Correction for the effect of a finite arm F O A E (RBIE OFF oykfE)
length. m, m’, a and ¢ denote true zero line, ~
shifted zero line, arm length and deflection angle, I\T, GRERRRE D DT
respectively. Correction for the effect of arm (OP) LTo T84 (Fig.
is n‘lade by Egs. (1) and (2). (t;, vo) (=1, 2,---, DT, ThEHATHELNT
N) is read for m. Xteus. ARLCEKD X 5 700l
ExfTleote. FEm o LTHARLN S A PO @, ¥,) (32D Rk 5
WEDIEZ LIRIECH S, HOKEHR t.°, IRIE v.° 3,
t'=t,— [a cos 6— Va? cos* 0—(¥;*+2y,a cos 0)]/Sp , (1)
Yy =a{—0+sin"! (0+y;/a)} , (2)
THxbhb (Appendix A). 22T, a i3 arm D, Sp FERSEBIEETHA.
(1), (2) RERTHD L 5K 0 IMERELTEEZR TS, T, BB 01
HTHHE 2D t(i=1,2, -+, N) 2o TEHEL, BHOUTHET, Bb, 64.°<
t0(k=2,8, -+, N) & <iifed 0 OER, THR% trial and error JSizxC X » TR,
0=0°=(Omox+0m1n)/2 , (3)
ELT, (1), (2) b %5y (=1,2,---,N) 2RDB. 7211, Omnex (L0 D
ER, Opm 120 OTRTHD. Onex LOE Omin % degree T/HEF 2 L F TR, 3B)
R bRDI 0 T W HERT 7.
2-2. F=4
RN 2 T T o TodhEEegas Table 2 1ok LR RO € seismic energy 7% 101

Table 2. Magnitude and energy of the explosion earthquakes in 1973.

Date Magnitude Energy Amplitude of Air Waves
Feb. 1 2.7 6.2x10" ergs 4.1mb (+3.3mb, —0.8 mb)

6 1.8 3.2x10" 0.1

6 1.5 1.1x10%

11 1.7 2.1x10% 0.4

14 1.9 3.8x10% 0.5 (4+0.4, —0.1)

15 2.2 1.3x10% 1.8 (+1.2, —0.6)

20 2.6 4.7X10% 2.3 (+1.9, —0.4)
Mar. 10 2.8 9.8x10% 0.9 (+0.8, —0.1)
Apr. 18 2.5 3.7x10% 3.7 (+2.8, —0.9)

26 2.2 1.4x10% 3.0 (+2.0, —1.0)

Values of air waves are due to Karuizawa Weather Station, J. M. A.
Amplitude of air waves on Mar. 10 was recorded as 2.7 mb at A.V.O.
(after SHIMOZURU et al., 1975)
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ergs %% % Feb. 1, Feb. 15,

*10 1]
Feb. 20, Mar. 10, Apr. 18, Apr. 5 7 - in
26 DEGCIE -, Hic 11 .8 7 N
DATETIIIC A = ol f Ok T A
H% Feb. 1 Ofg4 L, SEIDO— ‘lf = E
O RSIE O TRARBLTH 3 N
5t Mar. 10 ©E4& L1IcDOWT £ - 5 "
WO A2F LB fTieote. 7 2
— X UREA RN S WA 8 == S
DREREFEH T & » THHhXL, w4
peak & trough #%iz b, ) C
2_1 «Ciﬁ,\’f\:m%% %ﬁﬁﬂi%‘fﬁtﬁ . 0.1 0.2 05 1 2 3 5° 10 20 50

. —— Frequency ( Hz )
otk 72 OREE0.1P & Fig. 3. Displacement magnification curves of three
LT cos-filIfiC X - TP L. component seismographs. A, B and C denote ver-
cos-fhi#iic X B Wi ow- T, tical (U-D), horizontal (N-S) and horizontal
SKOKO et al. (1965) 1= X - 7. S;)Wl:s?::t’ff;?phs at NAKANOSAWA (T.=5.0

2-3. HMERETO4FHERIE

T OV, ZHIET 57 — 2030 e DHIE LT 5 & AT E el o 1.
RiEfE oWy, Fig. 8 WOR USRS EIENC X » TromMEX T . )
ENDFEIEIHEOF &, JLF 0.02Hz 25 5Hz T, Fig. 8 65
L9512 015 Hz LUF ORI CR L CIIET A 2 L TE e o7, 65T, &
DS CHEANIE T & Te s o TR AR oW TR 21T e > Tuwisve, Bk T 5 X5
W 1978 AEDIRFEIEE O RN T BUE L L 0.2 Hz 55 2Hz BIEOHIETH 5.
LichioC, FABEOS X AIREREC OV TORMIEICH UCRMER - & FH 2 5.

2-4. M.E.M. (Maximum Entropy Method) & filter DK &

M. E. M. (% 1967 s Burg 12 X » TR E 7z power spectral density Dt H i
ThhH. BRINCH TOMEIFHMCHEHR I TS (FlxE, LAcoss, 1971, ULYRCH
and BISHOP, 1975, JOHNSEN and ANDERSEN, 1978, SA1TO0, 1978, SWINGLER, 1979 7¢ &).
Z =Tt CHEN and STEGEN (1974) 35 X UK « FFEE (1975) 1t - T OH O g
HARND .

MR X By AME GF—Rk~r =2 780 LREL, ToOfERNEY re—
AR KIZIe B X 51 power spectral density P(f) %HiET 5. P(f) 1,

M
P(f)=(Pul2fx) lH_nZ:la'" exp (12xz fndt)|™*, (4)
THEz2z bbb, 22T, {1, a1, Qs 0, @y} T FEE 7 4 4 4 — (predicted error filter)

DEREL, fa 1374 F A P ALK (Nyquist frequency), Py (25039350 2 Fo5F45 (4%)
THhar. Py BIO filter oFEL,
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Dy Dy 1 Py
Qs | 0 |0 (5)
éu' . -(Z); a.u 0

TR LICI 5 TRDBNS., O,(3=1,2, -+, M) T HCID I (autocovariance
function) TH 3. 0,(1=1,2,---, M) 5% Hiviud,

o
(P,sm:—nZ:lan Oyiey (121) ’ (6)

X TID D Dyiq, Dopyey »++ BIHITRD BN D Z 200 B, —T7, 3k Blackman-
Turkey iz J % power spectral density OEDICE VT [ExbhTwirwv] AR
SEHBIEE 0 ERELT WS, o TC, MME.M. o h WSS,

M.E.M. &5 EE, MEE 2008805 b5 filter DX M ThH%.
M 37— 2 03BV ait, Akaike o F.P.E. eriterion # VTR ICET S o
ENTEL (HlxE, ULRYCH and BisHoP, 1975, FRYER et al., 1975 7c &). L1,
F =z ECEE, M oPsE —Ic BEETH Y, BITHORIET X B B o
(KA - 1, 1975).

WIS O BN X O running speetra % M.E. M. #fTRDdBEE, 5— 2
50 & (0.1 BIET 5 BHE O YT VIR L LDT, F-xixEnL,
filter DI WHELICYPIETE 70w, AL L, Fig. 4 WR3T7kT filter odzs M
et Ufe. fifind filter O M %57 — 208 N b3 585 Lo (%)
i L, FEl gLfk i %2 (Location of peak) &, = R/ > power spectral
density Dffi (Peak value) &% /R3. WHIT U045 — 213 50 & (580) T, N
1250 T — 2% 3% spline P A HGCTNF LD 5 — 25cH % (Appendix
B). (toT, ¥ VY7V Vv IDF—Z2WESPIT—EThHS.

filter Diix M oZ8{ki=xf LT Location of peak 7% ¢, H->, #D Peak value
DIk ENRD b 35 L, Fig. 4 25 20w il T84k, N=50, M=15
80%), L L<:x, N=500, M=125(25%) ©2 2DH4L&£TH . {lio N=80, 100, 250
OWBL N FRIITER S M T X » TEE L, ToEir R 5. spline [¥
Bt TP 2 3 TR M Ol FIINT X » T (5) a7 < UK o 89 n 4 75
BT AL, M=15 (WL L7ew) & 7503504 CTHA 5 +E x5, D Eominz X v,
M. E. M. fithrios i, filter & M 2dnic 16 & LG R4T - 1

2-5. HEILREL (Coda) DA~ ML

BB OWTDO ARy Y ARNTRAIT 53y, FITOFITD X 5 rD 5 — 2 0
XX AEIR AT . SO T, T2 2 LT 10 Bigas 5.2 B (57—
2¥eTcir 12 ) %R0, FLF.T. (Fast Fourier Transform) 7 F\~TsLBEEI %
Wi, B, AXNZ MA ey EYRHILTARYZ P ADINHE (smoothing) 4T
ey, KA DRBRITOWT, A7 MADEREGC L.

ARZ b T4 VETEYAL Fr—F2UNEL, LHADY A Fe—TFRRlciv
Parzen window # fiv /e (BATH, 1974, p. 162). 7c7iC L, BIFER1T7 5 B& Mk
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30

Location of peak(Hz)
il\
\
i

1.0 1 1 1 1 ! 1 1 l 1 |
5 10 I5 20 25 30 35 40 45 50 (%)

Number of filters

Fig. 4. Peak value of spectra and location of peak as a function of filter length,
which is represented by the percent of the ratio of number of filters (i)
to the number of data (V) interpolated by spline function of the three
order. Peak value and location of peak denote power spectral density by M.
E. M. in arbitrary unit and predominant frequency, respectively. The number
of filters is determined as 30% (3=15) by the constraints that peak value
of spectra holds maximum without peak shift and by considering the time
of calculation.

FIRTTH BN G, WHIFURZETR D Parzen window % A EIRE RC 2R LT o g
Auisd i b, window (r F.R.T. X THIEhsAR2 ML e, Fh
% smoothing L7c A7 b b &8 LT window closing (i X » CHDRE I v
Fli. T TEILETFhERLx o, FLRT. 2X - TS5 BEHEHER
smoothing #fTfe > D EN LAV OB CBET S Z ETHS. & hik smoothing
12X THEDEEED speetral density 2%, W EYEH LT3 B> spectral den-
sity @O FEEFIFTDTHD. L, 0 smoothing 1 X % B I DL
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HERT AEHR TIIFAA K% Table 3. Predominant period of initial part of the

e bres explosion earthquakes analysed by M.E.M.
Date Component M.E.M.P.P.* M.E.M.S.D.**
3. & = Feb. 1 U-D 2.88 (sec) 2843.76
N-S 1.10 246.74
3-1. M.E.M. #2 :
1. M.E. M. g7 E-W 2.13 2169.29
3-1-1. & 5 BHOR~Y Feb. 15 U-D 2.08 93.04
JLERAF N-S 0.88 95.49
- . . E-W 0.94 8.65
= N3 3
RELRD UL LAY 2DE py N 1.64 224.61
BHNRE HENTH D L E-W 2.70 943.94
LTHB. ZOHRLTIE, (4 Mar. 10 U-D 1.30 1028.02
. . L N-S 1.67 869.56
B #Z b ER00S 5P EE E-W 250 579,04
#L, o [ 2L TtAax Apr. 18 U-D 2.38 2345.99
7 F AN AT o 1. $Es T, g@ ;g ggﬁ
P §%fbod later phase &bt 0 o yop 1.00 269.58
LTI & T o e EILE 270\, N-S 1.18 157.43
Lirl, £0 X 57c P & later E-W 1.85 595.66
phase DABHIARFETH B, * *Predominant period.
2o MUE. M. M2 Fi7c 5 454 **Power spectral density in arbitrary unit.
Z, o . X M=

T 2B B0 RELTIC e B ENMRIED ARy P AREB BRI, 5T, I
DENWER 7T DFEWA TR T B2, FIDMEDLNARZ AR BIDI, F— &
Hoa RO 50 & LTt il % T7e > 7c. Table 3 1« MLE. M. 12 X % [#)il)) o Lifk
Fijul (M. E.M. Predominant Period [i#% M.E.M. P.P. msii4 %) &%0 power
spectral density (M.E.M. S.D. tmgig4 %) %53, ME. M. S.D. cH &5
LIRS MRS mm WAL TIE L, FOMIR AT Ui & X OHTERTH L. S
M3« W2 (1975) 1k, Burg ©d5fl, B, MLE.M. 1222 F ABERHEET 5D CH
D, TOE=ZHIELWiERRS IS Lo udy, FOTEGIIE Ll lmd 5,
LT B, 5T, power spectral density DHZWHELEET 5 & LI3fmTH 5.
LA L, BUERREREC OWTHRT A2 2 LA HAHATRETH S, i, M—FEI (f)
z AL, sinusoid) i LTk MLE. M. A7 b+ 23— 2 52 b, FOE—
MR EGED Z &k, RO LT D O Bi— SRS D3 LT
HIERHLNTH DN, ZO MBS DI E AT L ARE LTS,

M.E.M. P.P. @R\ TH UM 2%, 4i—12 N-S moei~T B-W g4y o
RERWITHDZ &, e Apr. 18 @ U-D wInwkkihiE U-D g o s i
KIS ORI R - MMt - Tw b 2 2 Th 5. Hlh, SEO—HONEKD
FCig®® Feb. 1 OBREMIZOTRL U-D 2B WCERUNITHA Y, Fhiclh~TE
KHBTHD Mar. 10 © U-D ki b G2 Cch 5.

3-1-2. M.E.M. Running Spectra

Fig. 5 1= reduced seismograms & M.E.M. %\ /- running spectra #i373.
reduced seismograms ILf% KiRIE T normalize LTHh 5. LiCLab<7-X 512, ¥l
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RS EE L CWSZ E3W b THS. AN Feb. 1 L Mar. 10 OfRFsED
TR M LT - o, ZERFBHUL, T B EN D16 50 4 (5 ) o
A7 PAKERL, —HER plot 35, RICHERINCBE -TH A (0.5 $) shift X
BTCARZ PARFHEILITA B plot UT—8iH & T8, BUFRENC LT 100 8]
(50 #Ri) shift xa7-. - T Fig. 5 11525 RIs © power spectral density 7%
RERINTR » CEABRTL T T AR LIELOTH B, L, FREND RS OfF
DK — 7 fli (sweep maximum amplitude) T normalize Uiz, f#HF Uic AT 18 3
T Table 4 v — 7{ti%/"3. Fig. 5 15¥5 X 5 1A ORI ERIKS LS
L2 0s 10 BB oM LT3,

Fig. 6 il ©— 7fli e DPEFRERT. Feb. 1 o@guzowtix, U-D g4 T
2.5 Py —s70560, NS RACTHRIBMHE Y- 2055, Fhick LT E-W
WATRIBE 2P M thZh e~ 27 %8s, FOMD 1.4~1.6 B splitting
Wb h5. ¥, Mar. 10 0i4ucouTit, U-D gy N-S A2 1.4~1.6
fhite—s&fFooick L, BE-W Ry ik Feb. 1 LRk 1.6 B{tE < splitting
DHLND. ft-T, WhomERLwoWT, E-W {45, Wb, radial )@ o<
1.6 BAREDORMIC\ T, £OAy b Az splitting 25 H HILD & LI ERIe o &
Thh.

Table 4. Sweep maximum amplitude analysed by M.E.M. (in arbitrary unit)

Date
Period Feb. 1 Mar. 10
Component Component

U-D N-S BE-W U-D - E-W
0.2 (scc) 1.29 0.97 0.91 3.16 6.59 1.47
0.4 4.50 16.21 6.51 5.22 10.66 9.46
0.6 13.24 72.37 16.09 36.29 61.07 113.66
0.8 40.03 139.98 80.75 76.14 279.40 481.30
1.0 135.99 503.78 663.25 165.27 512.13 574.40
1.2 116.94 92.04 159.87 645.67 522.27 243.44
1.4 218.07 71.62 156.84 2125.95 851.99 202.82
1.6 393.47 80.93 208.39 961.13 1437.02 142.38
1.8 552.44 118.75 418.78 486.46 857.24 186.48
2.0 983.64 131.61 1281.99 363.65 407.14 296.75
2.5 2232.85 83.20 698.09 178.75 189.87 889.66
3.0 640.76 110.04 283.66 133.26 167.23 520.82
3.5 403.37 112.61 167.09 130.14 159.35 387.00
4.0 369.75 64.67 122.53 131.41 157.44 319.05
4.5 355.16 50.23 110.29 134.19 166.49 263.14
5.0 346.71 49.09 103.16 13737 175.85 225.18
5.5 341.16 49.28 98.22 140.52 184.92 199.56

6.0 338.45 49.15 94.66 143.45 193.44 181.71
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3-1-3. M.E.M. Running Diagram

Fig. 5 W/R L7 running spectra % 99 fii%i (0.1Hz 7% 5Hz % 0.05Hz o
Fa) O RUBCOTEITIL, HEINChERT, Bl ue & v, BRAIoho B 5
K& B2 R X > TESh BTS2 power spectral density % 4%, contour #*
e b 0% Fig, 71253, & [Running Diagram] (PESC L1295, BT I
Y2 BMOFET, 53 hiE, running spectra OEMIIL 3-1-2 THRESGEER LT
H%. HE LB Ui X 5 hERINTA S AITIZ b 123 ) % 0.0see & L, BERINH
=T 0.0see 205 5.0sec  THMPTL, IHJJEh 5 0.1Hz 55 5.0Hz 1253 5 power
spectral density % £ —FIH O TS5 2 5. HFI B kAL 0.5see 725 5.5 see
ETORGRINCHIET 5. ft-C, Fig. T @b Aud 9x101 AFEEL, Fhek
LT contour #{i\v>Cyv+%. contour i,

H(N)=10xXN* (N=1,2,--+), (7)

2 Lo THEY, X-Y plotter 12X o THivie. F e 25 ADFEFE E, contour A U
TV B D, L, FEED % — v LA s 2 bn s, Fig, 7
PH¥B, FHRFEEIGC O W o AR S,

a) Feb. 1, U-D p/ricowt (Fig. T-a)

0.4 Hz {135 D S22 MBS A dirh L, 20 0.2 Hz A5 0 A & 1.0 Hz {43
DIZF~DO AR HL B, S5 1.0Hz (305 1.8Hz (E~OBARRESh 5.
b) Feb. 1, N-S kowzo>uv¢ (Fig. 7-b)

B 0.9 Hz {(1mic i s 5 23305 1730 26 2 Bz £k 1.1Hz {435
& 0.5Hz A0 Ru RN in RS D, & Swsmmiigox 1.8Hz {35 ~o
finiAohs.
¢) Feb. 1, E-W grizowvt (Fig. 7-¢)

VLD 0.5Hz 50— 226 1.0Hz {JHED0H - — 2 ~Liik E
BATL, TOBHOIERINIR - TRIE—E Ll B LT 5,

d) Mar. 10, U-D piricowvT (Fig. 7-d)

WISy 0.THz ff380 ¢ — 275, 0.8Hz {IIF DOWEECBAT Licks, 1.5Hz {3t
DOFLFIINy & 0.5 Hz f5m O L2 R 20 i LT b il & 40 B35 0.5
Hz RO LIRS DB TRON DO LN THS.

e) Mar. N-S iz 2w-C (Fig. T-e)

WIiHSy© 0.7THz o v — 223 1.0Hz, 1.2Hz ~ 2 B{7L, +0#% 0.8Hz {f
WL OFJINPTFORET 2 & LAY, B-W oL Ak L2 RALR 5.

f) Mar. 10, E-W 4i2ovT (Fig. 7-f)

BT 0.4Hz {HFic e — 72035 52 A Lico e 1.2 Hz (5D v —
ZIBATL, M shift Lz 5win 525 WO 1L.2Hz fhifc v — 27 2. %o
#, 0.8Hz 75 0.9Hz fiff @E)ﬁi@]/}xﬂdﬁ’L?%

Running Diagram 75 Fjl Ltm%’di Hehsn, X l‘okl"j‘?ﬂ Lz &k, Feb. 1
WCRWTE Mar. 10 kT8 B-W B4 O Si R I OB R 7NN 5 A BEA i fe =
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Fig. 7. Running diagrams of the explosion earthquakes on Feb. 1 and on Mar. 10 in
1973 analysed by M.E.M. The ordinate and abscissa represent frequency and start-
ing time of M.E.M. analysis along the time sequence, respectively. Numbers in
these diagrams are power spectral densities by M. E. M. in arbitrary unit, corrected
for frequency response of magnification. Contours are calculated as follows: H(N)
=10XN? (N=1,2, --+). The predominant period of the initial part of seismic waves
change and/or separate into other periods.
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EThn.

3-1-4. YIEES OSHER &
EIROKE X

PS> seismic energy &
ZER DK & & B3R RO I
pifewas (R, 1975), U-D
oo M.E.M. P.P. Lueipo
K&z Fig. 8 wrR3 X 9 kil
MG DD L5k 5. U-D
msro MJE.M. P.P. offix P

sec, RO K& I% A mb +7

0.0 1 | 1 l J

LA Z5)1}’:’( )=1.26+0.294 (mb
Amplitude of Air Wave (mb) see)=1. -294 (mb),

Fig. 8. Relation between the predominant period of N (8)
the initial part (5 sec from on-set) of the explosion EVSPIRAMG B RS, EROk
earthquakes and amplitude of air waves. FE A DKETRITEIRI I

WIS (U-D fly) ARBEC e 2BRAH 5. i, BROBLH L 5 1 c—

OOME R TH L.

3-2. F.F.T. £ B0 HREREL (Coda) DR~Y b ILARH
3-2-1. TRBHDI~Y b ILEIF
B LAY (on-set) 755 10 BIE#E T 51.2 #lj% F.F.T. ZHwT Feb. 1 &

Mar. 10 DELUCH LA 2 b AN & AT I o1, % Table 5 1CRiT. 2-5 il

red 5w FOF.T. ww X 577 (before smoothing) & 2A~<7 hov - w4, v FonfnT

bR 4770 - 7o 7)) (after smoothing) 13 Table 5 1R T RO RT3, Tk

[Eioif/r e B-W ik 9 4 N-S B4y, [+, transverse Ji[i D4 T &M ins

IHH LT 5.

Period (sec)
o
T

Table 5. Predominant period of the later part of the seismograms analysed

by F.F.T.

Date Component (Beforepgfé%%thing) (AfterP Zfrll?)gthing)

Feb. 1 U-D 5.69 (sec) 5.12 (sec)
N-S 0.70 , 0.70
E-W 0.85 0.87

Feb. 20 N-S 6.40 5.12
E-W 1.00 1.38

Mar. 10 U-D 1.60 1.19
N-S 1.31 1.28
E-W 0.91 0.93

Apr. 18 U-D 5.12 4.65
N-S 1.46 1.46

E-w 0.97 0.98
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Fig. 9. F.F.T. spectra of the explosion earthquakes on Feb. 1 (broken line) and on

Mar. 10 (solid line), corrected for frequency response of magnification, and smoothed
by a spectral window.
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3-2-2. Feb. 1 & Mar. 10 DX~ P LD
Feb. 1 » Mar. 10 (W IO K 2 O W fblis U, Fofich 71345
(Fig. 9).

a) U-D fsricout (Fig. 9-a)

Feb. 1 13 0.2Hz {37 P, 72, Mar. 10 i3 0.5~1.0 Hz {437 D 3455
FLTERD, W o ciics T b,
b) N-S m/ricouw-T (Fig. 9-b)

Feb. 1 13 1.4Hz {30 0 AWM AE LT V528, 0.8~0.4Hz SRURREEI NS
LT X, —Jj, Mar. 10 12 0.7~1.8Hz {50 AN BB LT3,
c) E-W iori-->u (Fig. 9-¢)

Feb. 1 & Mar. 10 (3354 EREED A7 b« 222 — v 451 L, Mar. 10 12 Feb. 1
AN T AR S AT s T DL ZHU, a) BED D) TR BRI - P
Thsb.

4. ¥ & B
1978 AEIRMIKIND BRI L oo TC MME. M. 510 FLF. T, %HCTA~Z b
VT AT o e SORRIRKDO LS InE LB LD,

1) T#08) ] D sz C
@ N-S /it~ E-W oot iiiicd 5.
@ Apr. 18 ® U-D i # i, U-D R0 ToB)] o i) ulims s ion
PIMHERS 108 - CTHER I 1 5.
@ HRONEX L U-D RODHMCIIT 2 BLERIN & 1 X1 oM X 2 Hr TN 5
NhDH X5 wiibig.

2) Feb. 1 & Mar. 10 Diiid L izouC
® E-W 14> @ sweep maximum amplitude 23\ C, 1.6 {35 splitting 7
Rehs.
@ BERINIR 5 SUMBE R OBAT, A 0Mr s 5.
® U-D ORI RT DAY b 2l THilgT 5 &, Feb. 1 %o
JiAs Mar. 10 Dz vk ) LRGN 20 LT 2 v s, 8, N-S 80
& E-W B DR gk 5 Ay » o b bli+5 &, Feb. 1 »il% {4, Mar.
10 Dz d, N-S Worodin E-W Rn b CTR G A DU LTuwb o &
o, ohud (98] osUSMIBOMPTEIU E < Mofdtch s, Xhie, B-W
BRA Wb Jole UCTHF e & S, W D AR 7 b IFRA KRR & — v i L
TkH, Mar. 10 D A~X 27 + it Feb. 1 s34 7 203500 o I He - T s
HT ETHD.

5. & £
WP DA X7 L AR T S B, TR E LT h 2 A7 v S(o) 1k
WENGBEMCUAFT DU AR 7 b v Alw) L3 DIEIRRI I KFET % transfer func-
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tion, X S OMHE Plo) O ENOBT> TnA I LMD L THS
5T, Slo) MREiECERESD L AT ED AR b ADRE EEEE O &
CIBLDTHSLIMETER . SHIOMFO X 5T, FERIEEAFE U THEHOHE
MR IE, S) WV EETLAREEADLNLTHD. FIE, OIS
T U RN D GRS BR I 5 THAH D . T, WHFEMEHNJGEHTD magma D
AR X A 30 LT, XX B KHDOTBRCHKIEDERDSEZ bR D) b,
FATBRIE O AR RIETTHH S

’:f4.@2)TQNKF%J.tMmJD@@%Kﬁ?%Wﬁ%%EOVT%Z
TBz T s, BE-W BAHDAXR7 b 2nwTo#ET 4 © 2) 0@, BXU®
TihRI L 5w, ARz ki 5 splitting AR P ADE (25— V) ITEDHI
PHEABESLILE ETHS. Thied LT, U-D ek Tyd, N-S kv,
FO L5 LB R SR, A7 bz splitting 2RO B Z LK
— VORI RTERE LTRDO XS ENFLLRS.

Hi—z, BRI X530 THS. g, A~z b splitting oWV T
B AREEO = — F & LTHMAEIRAMNE Lo, XI5, 4. © 2) © @ Tiliie
W2 FN iy 5 BB OBT - DY, 0 - FORIMELLZRR L Tw5 L& 2
bhb.

%:K,EW%%VI%%@T&% KA TR LD THMETH S, Kilithko
_oiak@ummﬁ$ P (B, BETE, KEMR, BTEA, KUKEOTE LI

ARG e KU s B crack ® dyke %%, o EHT AN LT
HHFED (74102 —1 OREH L, BFEDMEMRS LENT2LELO1S. LirL
A D, (BFENEONOFE YT AHEEIL G o T io Ay PR © JiEgtic
T A MENEROESICIOT—ETH D ETHE, Sl &, EFEbERAeCBS L
7= energy D% (A4 T A) BERWT, AEETHHIESLS. LLT, 2D 7 4045 —]
L B-W a3 ER L, U-D i N-S fi e BiEZ v b xhnweBErbh
5. ¥reh, U-D @4r=e N-S fmiciaiiih Lic X 57 E-W pigic i 6% Jiei:
BB LRI DTHD.

Feb. 1 OH{kiz 11 SELD DFHOLDOTH Y, TOHIL HLIEM I/ K LHIIK
B, SEO—dioNtKFETOPCREASLIO Mar. 10 OU{LKIZES. THEHE (1975)
Lz ® Mar. 10 OFPKZRWCTED TAVERKIUM B XOBOOLNHEIH -
LEWA LTS, FEe, itk (1973) 1, Mar. 10 OBUKICER LR E 7 K iie D
W, %®§H%$FQ)IJPbeGUCﬁwMﬁL CENRED L REV ERRAE LTV,

AN bARNOER) 5L, Feb, 1 0B RWTHT oW T4 (42> T Mar. 10 ©
FREDLLEANKOARBLTOS 2 EXEHTESD. Thix, T 1975) 25T
T E T O bR LR L 2 & -7 5.

PlED X 5 Il 3 i 0 B2 R ENUKBLL DL DR DO & 5 el ENHER IS
: Feb. 1 ORI 11 SESH DK TH D, JOAPIZ (FD 2 7 = X 23450 A% F
2 Bl energy RAOUHIRO T, BETIUE, KOCEOEMW D2 LI FEDFR A EN
X te. MEBLKFEEIC L D KETH O magma LFEH LicAA DR e,k
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ijLM:bii{é%iC@fﬂi’ﬁ G- Ue magma 2E7ELTW%. Feb. 6 735 Mar. 10 ¢ ¢

AT IR MRS TR B35 - o, Z A Kt 1> magma PG ke Bl 2ol
w75 degassing WX 53D THH . 2o k%, ZOWINCE D KILFE O
HoteZ LEFRTH D, Kilith (13) < degassing A2 = hi¥, magma i3 JRRiEN
Tk dense 12icnTHhH5H 5. Mar. 10 DKL Dk o dense 127 - 7= magma
UL, S HICKPE L IE ST, SO, essential 7o d D& pie hIEH L Th
5 5. ik, Mar. 10 QBT v BERKURER L I DWRG O B - 7o o & & R
WChsn. FIELERACIYYS e magma 12, Feb. 1 &IE~T (£o#%ic magma O
PREG2SITHE), FoRC s LT R D, FOBEC R TR R E A X e
2> TWDTHL )b, Zhuk Feb. 1 ORREIBTICHAT Mar. 10 OIRERHL 0> T8
R e T LT 5 2 & LT ThH 5.

Plbgi~te & &13d < # THHEE DIZIE L Cusievs, Coflivs AU A3 2 o
L. Pz, Feb. 1 Ry io skl & Mar. 10 o zh oz, kiidicff
1£5 % magma ©_EFHIHC X Z HLOMS LRI L, 5\ EIEUBLG 0% X
L O Lt

TRIEMIEAT ) U TR Lic Bl fe < favs (g, #rilifi, 1960, s:If, 1963, |1
ljesy, 1967, 1970, 1971, b - fEg, 1979, HrhANGE, 1971 v &). 4L, MM
DIEAFERE L LT, magma O RHLBITIRZ 2 A0 RERIINC X 5 D ThHD L
6&5&(Tm,mmx@%ME®EW@@éu%®mmm@@_6&5&@%Lfv

HEHEADBND. Ti, TOFEBMIKIHERD FR ERNT 5 CHA D, TN ek

SR OHRLEN € 7T, BN S R A HTON B B2 0 R4 TOMINEIC BT R
DibreEtoix UP 2 220PIiniil <k PUSH ©H 5. Linl, SEEED SR T
PSS heBlL B b, TORKNEIRYTHS. SRIOMIETEOTTNIIEA L2
FEpER T UP ch b, ATk PUSH Ths. LiadisT, FORER
P IGERIRRE D EHIMT 5 E B2 T LT A \THSH . LivLiedts, EAFR
EZ Lk, SEO—ORREED T KHIEITH 5 72 Feb. 1 & Mar, 10 oo
MH EADICOWT, S BT CORT I GRS PUSH C©h 2 i b #1n3, 1 FH)
HWEFhe DOWN & hi-Z 2 TH 5. 2t BRI OTBROEI C L 40
o, WREELBEI L DL 00, EFh DU HBTCKs T AE5GEN & head wave ojiusic
L5400, OGERC X 54 D9 AN =55,

T ZCCHER LR R AN b ol G TRl S he Lo ch s, Lnd, 2-3 ©
AT X9, R O ATIE S S L B B o LT O IR RS = L
TEIeh ot SIS 2, BUG LB TRE A A R & 0 b, SRRV
PEFRTOAREELRS S, Sfn W UTO NI 2173, 2 vvor sy
IR 1A 570 5 & E BT 9.

PORCUE, AT ORI - HITEO i o iR T S

.o &
COMGEE T DD hIeh, MU A TR I AE - PRI D) Fk A

=]
g
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Appendix A. FELEEHIE

Fig. 2 R L X 51, arm 232 OF LA I\ CRRERAERS D DT FICs LT 0 72
FHECTWABELRELD. 5 P O (G, v) b 5HEMTIES W TH R A 7 O
g m' CEREERAL, TOoRE H LT,

ti=t; (H), (a-1)
y.=sign (H-P)-PH, (A-2)

WCHE > THORL & L3RI v, ERE» SRR b R TS, 22T, sign (H-P) %
MP AR m Xy EHeh ARSI A, THCHAME~A F ADFETHD I &
BEWT S, v A ASOY ARSI ) RIBT EBET A07E (TIF m) WX
L, #iERiE (OH,) T 0 EFHEN-TWBE4, & Pz OH, 258512 ¢ i Th
R H D, a % arm Oix, HH, % 4, OP ® OH, »»5b0Fhi ¢ iniHito
Pehiiprs Sp, F— 2 0EH A N, HOBHEHOREFEY ThZh 598 &35 &,
1=1,2, «++, N 2T,

Al; sin 0+, cos 0=a sin ¢, , (A-3)
a—A4dl;cos 0+y;sin0=acos¢;, (A-4)

ffxm DRYACN §RN)Z) tio, yoi i,
t0=t,—4L/Sp , (A-5)
Y =ag; , (A-6)
Lo TRobhA. (A-8), (A Kb dl, ¢ wkD, (A-5), (A-6) ATSH
L 21 ke, (1), (2) KAkE A,

Appendix B. spline F#ic & B AiE

F e ORI LES AT 5 L0, TORMTEOZYETCHD. [T, £D
P HAC DTG il A e

spline A%,

0 (i:1l2’ Tty nl)

yi:{ .
1 (z=n1+1, ’nl_!_zy ttty 'n) ’

(B-1)

LD F = 208 LT Yoty Yoren FHE THETHNCHAE Ul o 7RIV Z O, [0k
JAR A 2N B, &5 B LT 5. T,

0 (1:=1y 2’ "ty ’)'L,)
y,={ —0.5cos {z(1—n/)/No}+0.5 (i=n'-+1, -+, n'--Ny) (B-2)
1 (i:n,+No+1, ) n) ’

LS F — 2R LT FEDF — %28 » 7 reasonable i fTe S . o 2 THv
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MRt gL (B-2) KO THIF LTV 5 2 &1k 2-2 Tii~7z. #¢- T spline ¥ T
LRI TIREIR s S X h 5.
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8. FExplosion Farthquakes Associated with the 1973 Eruptions
of Asama Volecano. (Part I) Spectral Studies.

By Hiroshi Imal, Noriya GyopA and Etsuro Kovama,
Earthquake Research Institute.

Asama Voleano, located in the central part of Honshu, commenced an eruption at
the summit crater on Feb. 1 in 1973 after 11 years’ quiescence and a series of explosive
eruptions continued until April 26 of the same year. The data of three component
seismograms analysed in this paper were recorded by long-period seismographs (1,=5.0
sec) at the seismic station NAKANOSAWA located 4.2km east of the summit crater
and were registered on smoked paper recording drums at the Asama Voleano Observatory.
Power spectral analyses were carried out separately, by use of the Maximum Entropy
method and the Fast Fourier Transform method for both the initial parts and the later
parts, of the explosion earthquakes that exceeded 10'* ergs in seismic energy.

The results of the spectral studies are as follows:

1) As to the initial parts (5 sec from on-set) of seismic waves, N-S components prevail
in longer periods against E-W components.

2) As to the later parts (51.2 sec after 10 sec from on-set), the results are contrary
to 1). Moreover, E-W components of Feb. 1 and Mar. 10 resemble each other. The
other components (U-D, N-S), however, are different from each other. Particularly, it
should be emphasized that the maximum value of the spectrum for the U-D component
is found at about 0.2 Hz on Feb. 1 but at about 0.7-1.3 Hz on Mar. 10.

3) Sweep maximum amplitudes (or running diagrams) for E-W components have
splittings at about 1.4-1.6 sec.

4) Predominant periods of the initial part of seismic waves on running diagrams
change and/or separate into other periods.

As the results of these analyses, it is recognized that the explosion earthquake on
Feb. 1 is different from others on the mechanism, particularly, from that on Mar. 10.
In addition, it is characteristic that the spectra of the later parts for E-W components,
which are in a radial direction from the summit crater, are stable in shape. It is obvious
that these results give some clue to the knowledge of the mechanism of explosion
earthquakes, and of eruptions.




