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Toshiki KAKUTA and Yoshihiko NoNAKA

Abstract

Spectral features of seismograms are investigated for the events closely related to
four eruptions on February 26, 27 and 28, 1975, based upon an assumption that
variations in spectral compositions can be interpreted as the changes in focal depths of
events.

A swarm of volcanic earthquakes started about 17 minutes before the eruption
of 03h55 (JST) on February 26. The highest activity of the swarm occurred at the
eruption and focal depths of these events were as deep as that of the explosion
earthquake. These facts indicate that the generation of events is correlated to the
explosion mechanism.

Two eruptions occurred at 03h55 and 04h48 on February 27. No remarkable
precursory activities of volcanic earthquakes were observed for the former eruption.
Events related to the latter were first observed about 35 minutes before the eruption.
These events are readily distinguished from those following the former eruption by the
predominant frequency of power spectrum, spectral composition, running spectrum or
seismic activity. Energy sources of the two eruptions were at small depth under
the vent so that continuous tremors accompanying the emission of a large quantity of
volcanic smoke were observed just before the eruptions.

Precursory activities of strong B-type volcanic earthquakes occurred 8 minutes
before the eruption of Q0h16 on February 28, which was the most violent one of
eruptions since January 1, 1975. Running spectra of Ct-type were pronounced for
these events though they had features of another type in a broad view of spectrum.
In addition to this phenomenon, little emission of volcanic smoke and low predominant
frequency in the spectrum imply that a great deal of energy might be interrupted at a
depth from flowing up.
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Fig. 2. Frequency response of

Fig. 1. Index map of Sakura-jima and the the system.

observation net (enlarged in the right).
VOKU is the volcanological observatory
of Kogoshima University.
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Fig. 3. Comparison of power spectra between three stations. Record length of 1.0 to 1.5 sec for
the initial part of each seismogram is analyzed. The power spectrum in linear scale is
normalized.
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Fig. 4. Histograms of predominant frequencies of power spectra at three stations.
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NEZLND, MR, WEERSRAREIILET b hiws, il sd, BEERITET
TOMBYH—HICHS Z ENATRETH %,
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BTFoTHO L TEBEEIRT WS, v 7 ) Vv IZ7OMMRITRT0.02BTHS, RTiE, 95
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Fig. 5. Representative patterns of running spec-
tra classified into four, (a) constant type
(Ct-type), (b) normal dispersion type (Nr-
type), (c) inverse dispersion type (Iv-type)
and (d) random type (Rd-type). This
classification is based upon the feature of
the spectrum at the power maximum which
is shown by an arrow on the left column.
The power in linear scale is' normalized to
99 at the maximum in each spectrum. The
area contoured with a thin curve shows a
location of a peak or of a group of peaks.
The maximum is shaded. Analyses are
made for a record length of 5 sec around
the maximum amplitude of the seismogram
with a sampling rate of 0.02 sec.
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Activities of volcanic earthquakes
except explosion earthquakes, (a) from
21h45 (JST) on 25th to 05h21 on 26th of
February, 1975 and (b) from 22h21 on
26th to 05h04 on 27th. The activity is
defined as the sum of squares of maxi-
mum amplitudes per every two minutes.
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Predominant frequency of power spectrum versus time, (a) from 00h00 to 05h20 (JST)

on 26th, (b) from 23h50 on 26th to 05h30 on 27th and (c) from 22h00 on 27th to 03h10 on
28th. The closed circle in (a) or the cross in (b) and (c) is the result by the analysis of the
initial part of the seismogram. The closed circle in (b) and (c) is that for power maximum.
The open circle with an arrow in (a) and (c) indicates that the predominant frequency is
A result for a continuous tremor just before the eruption of 03h35 on
27th is shown in (b) with a star mark.

lower than the value.
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(a) 23h50M on 26th — 05h30M on 27th
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(b) 22M0oo™ on 27th — 03M10M on 28th

) ° o oum oo L R 2 p— Ct-type
+ L@ 0+ + + o  eaee Nr_type
- . s s e Iv-type
expll'osion e Rd-type
22h " 23h oh ih " 2h ' h

Fig. 9. Pattern of running spectrum versus time, (a) from 23h50 on 26th to 05h30 on 27th and
(b) from 22h00 on 27th to 03h10 on 28th. Four types of patterns are shown with
different marks in their respective rows. The cross shows the pattern around the power
maximum in a broad view of the spectrum. It is remarkable that the patterns except
Ct-type are more predominant in a swarm of earthquakes closely connected with an
eruption.
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running spectrum ([Z &7 % BEA KRB OB ENIBEFEOEEIHIEL TN T, BEIILD
BEAMITHDICe X [—EEE] WHMBEHOBILREL L LvRbL, TnllitoH
BREETH D EuRT BHISNAWAREF THIUL, [ELSERE ] (3E B D HoskEl
NBoTwZ %, [HGHE] RERMBAR - T & EaxEbT, HUOREER TR WT
BB XS BAOMBOBORELE 2 UL, BREL KN H D L3 TFEEh, Lihs
T, 3EZ3F7%ED running spectrum O HBEAHFEI NS,

TEEVEENC AL 5 BRMEIOEEE X, KEDOHENFBERKONERICHERTHLOT
HBHH, ARE48FDEKTIE, HWEEHF I HENER T ExER TIUE KEDH
EDIEODEYTH D, ARG OEBH O IHMBOE K AR MBI B ool EAMES
4L, running spectrum ? pattern DFELILNASIZKEDHH 2 bAHEOR XL TUVIREIC Iz -
TWA I ENHEEIND, FREACH T CHEESE XML (Fig.6 (b)), EHEEIDR
B LIV RT 2R CHEANRET 5, chbDZ EnbIL, KED I &EEIFAZEIRRE
CH->T, KURENLHEBI e R L F —DEBCEBE SN TERZOE RS THELZE
EXED,

(B) 2H28H 0#160DMHEK

COMEKIL, BEORSS X, BRUMBORKARIE BHOE, EiROKE St & (FH,
1977) AT 5E, 1A 1H (1975 %) RDOEHDOFH THEIF KR TH 5, EAITHES
RIEHTL, HWAOHBD 2D XEDOWES) L OERABIRIC L ADb D X 51T, 26, 27 WHIITH
RCEDEBHEIIEFRICKE L (Fig.10), WA OFfNE U TOMEIEE S, HAOHE
CRIEL CTRIICHBI T2 2 ElifE s b, &2 A0, BAOENSFHIETIEENALL E
BRI ADICHI G, Tiobb, ZOBOBNIL 27 H 21 K 40 BB S, PO KUK
HED 22 K 01 DICELER I D0y, U, 0RF 08 0% CTOMITBRH I EE L 2 A b i
(Fig.10) o, RiBRHARZ 8 &\ 5 DX 26 H OB K2 27 H 4 B 48 0 DM KTt < T4 #HYMHE
<, BAOBBENFEBRIM BT THSZ EHRL T 5,

0/ 08 7n B iX, Fig.1l (a, b) A5 X 5 s BEIMBEOEHMIERCR I NS, T hn
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Fig. 11. Examples of seismograms of vol-

O_L . s J canic earthquakes just before and after
ahoh the eruption of 00h16 on 28th. The

Fig. 10. Activities of volcanic earthquakes events of (a), (b) and (d) are B-type
except the explosion earthquake from earthquakes. Very low {requency
22h09, 27th to 04h10, 28th. waves in (¢) and (e) are remarkable

though these types of events were rare
in our observations.

BROFEBRR TH S Z LR IRINCRE ST 201, HEBORAEEE LIRIECH bbhic
HWEEEIE (Fig. 10) T, ZTHE THREMNTH - CHENED 1~3 BOEETRETH IS5
7m0, RIES 2EMER E LT, BARBECETTHENLEET 5, —F, SARIEHS O 2
L 2~3Hz (Fig.7 (c)) T, AXRZ b+ L1327 H3 W35 0D BRI MBER O L
(Fig.8) &UTTHRSZE—EL, FTLEAKITOARS M VICHBR G2 2T 5 &
STcHR L0, BMADOVHEDBEMBELASs7 b LZEEbR T L 512k 25 (Fig.12)
running spectrum ¢ pattern (Fig.9(b)) T%, Fig.5 &R L X 5 e BHfiZs BT LA HL C,
BT H OWEHCE S THLEMERBIC/c 505, power KD & ZHTD peak DHLEDEE) %1
1 BEchic o TRS (KAL) Bo Tk, [—EER] o HBEEE) ERMTREL,
BERATOBOE L E LD TINE LD LS THB, LnL, D power BADIS % il
ELTethr KB R H5Ee (KNdo+H) K13, EHREb-TL b, ZDBA, BKD
EATE#ZICIL [E2H%E ] OEANEL ko T b, Titkhh, HEEMcR o [—EEE ]
1378 {72 5 C, running spectrum (XML, REFHFC L, EEHLORBAD=F LF
~ DWW NERET D pattern 2NHET 5, 72k, Fig. 9 B\ T, KRR HEDOERY
RENTWIRDIE, FTRDEK power DEFZTDOECKEICOWTORR E—HT 58T,
HBHE G CEMA BT ETEZ 5B TH 5,

ORI S CBRMBOBEYEFBUOT — 20 bk 5 L, LEOMHAET, WX
YEE T 1.5km OIS &b, Fio, AR, PEOKEK LK CEEEEILTECE
kL, 26, 27T DM B S bbhic & 5 inERMENIIBEIS s, ThbiinThnd, HAD
T RAF—FNEHCH D, Londb KEVHABREBCH - L& RTLOT, BUI M
BOEBEBBE S EMTENZ & &S HIET S,
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22h33™ ohiam J\/\\ ohag™
22h3g™ M ohum J}\/\A o5
23hym J\/\ ohm /\]J\]\\ ohs7m
Nl A
//L 23Ns2™ /LNA ohism ﬁ/\N¥ hoa™
Feb.27
o ohog™ onie™ ih2sm Fig. 12. Normalized power spectra of vol-
2 Feb.28 . i
8 canic earthquakes occurred before and
after the eruption of 00h16 on Febru-
E on1om ohaom 2hom ary 28. Note the waves of not so high
= \ frequency just before the eruption.
£ A U\/\
c J\]\ ohnym JVJ\ ohau™ J\/\\A 2hoim
//\4\ ohigm j\\ ohzsm O 4 8
: /\/\/\ oMM /\f ohzgm
o 4 80 4 8

frequency (Hz)

EEERCERM S NS MBR O LB AN B\ & 2 AT—%L, running spectrum T
power IADMHI [—EEH | oEHAI B Bbh 5 2 L3, KODRRE N5 — KD
DOBEMDORE—T, LI ¥BEBETHEEHNEE->TDH LR THS, B
KO=ZNF~FNERCH B EEZHbERT, THIFIREXHERSS LT HEEHI
HETHEEEZBN, Licd-T, ThbDHBRELE KD HE L OBI# TH S = Lk
BETH 5,

BMAOBCIEhD TEVCAEROWEN ER T2 BOR X TV 5 2 LLEHETS
(Fig. 11 (c, e)Jo #HIC 0 R 20 DB, BRHMEBLZBRNE, ZOBACEEL - B D
FTREAROAZVEEICADY, BHELLTEELREbhS, L, Z0OMDLDIXAE
DM TIXHBELH T, HEEICBETAERMAY RHER L,

AR AR B OGBSV SAEA D (Fig.7 (o)), Fig.12 Tk T HERRK
DOEMUTCHENSE S AL LS KT 5 2 L1k, WEORKETHHB —FCEISAM
D——DHERTHZERHEL T D EEZDBND, EhDTEVGCEEROE ST 5 HE
DREAEL, ZHCBE#EADLDO1E LAWY, AIFESERITRETH 5,

5 & 3 U
226 Bb 28 BT/ THER L TRAEL I 4AEDOE KT ONT, WMBIEEE, A2 b
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LD & BB S, running spectrum D pattern 235, FEKICHE S HBEBOEH 2R
N, KIUAFMOREEAHERI L 7o, XD TEWIHBCER L ICEATH -7y, ThXhEER
DREARRNDOHEBEEG 2L, BAx L ¥ - OFFEBRPLEAORERBC EOHDZ L%
~LT,

26 H DMK T, HAKOKI 17 BEIND, MBI 5~6Hz DWW HMT 5 HEL HFET
Ho THADLITBREMBOBEEDE V EbLI LA BREEZAEL, SPH1.4~2.0 WD
REW L FELHERS L TAHET, TOREFRNDAT, BAORERME & BRI BHE
nhbHEHEI NS,

27 H 3% 35 OMEKIL, FTERT 2HBIEE N /L, HEEHERCHE A TOEKTH
2TcZ EnD, KEVBBREBICSH > CTRELICBRKEELZDND, BABICRAEL CHER
3, EBEAERE,PLRECBREMET, running spectrum Zik [—EHEE ] 88T 5, RE
BWHIC LE, ChLOBREBEIAOLOEEmOEICH S LHEE S, SHBEEO L
NG, MRENEENCHE S BB DORER L LB T L LD h VAR D, RO FEERT
DOHERTIE, ChDOMBERO= X AF—1X, <7 ~OHHLKEDOHER ERENOLD
BT, KULMEDBEEM L HB I N B — KL EDTH 5,

21T HAW B OB KICHIBR T ABEMEBE T EHB A K ENLRPREL LT a, Th
W, REBHIC L DL, =R ¥ —DOFEEHLLERBAOBITICH S BESHRO LA H LD
THRELBRIN, BRKOEMNCEEESNERET L L0, TORUUENEMT LR
o Z DWKITHE S HEF TIL, running spectrum O pattern (& [—EEE | O HBHEN &
HDOTYIehoichy, THIKEDHEZ=FAALF BT HBE0EEZRT I AIEL T
HEEZLND, BEICKH L CEECEEN LT IHBEEEL 0D, KREEE HN
W, TZHEREBRL IS LT —EER] % /kb L5 ONREBHNO DIFHETH 5o

28 H 0B 16 70O KII—EOBEHOF CIMENERAMC AR, BERILCHEARED
LRETHoTco TOBKDOFRMBILEN 8 DRINSIAE - T 5, £ O MBI
I < C, running spectrum I ZHEHEIEL D0 [—FEEE | AHBL, BHELLHEHINDIK
ERBED=FNF~2, KUEDORLRLHECHITRELDLRA TS &) RTCHIET HH
EhHmbhd, CHIZIAF~DRELBREFORFEEEZDN, EKER DI
BEHEDO LACHEHEEESOEICS, TORMARINT W5,

— i, KIS BB OEBBAERIESCEROELY L 508, HWEOEERADOEL
ARG L THBRICEA TR LIXBL R0, ZHIIARZ AL D b DB WTH R
T, BARCHBPRS D EBT2 L0 BRL B L 3ADEL, ZOBRHOEHDOE
RTHIE T 2 BRI T 2D RS Tk, LaL, MROFBEHFE LIRBEORE I 2%
BT AN HBIEEIE R running spectrum @ pattern 751k, FEEEIEE/ & % 0f¢ TREHIC
HBIEHIE, EERROBYEL ) ZRBT 2014 bHA, EEORHBLHAECL T, Kl
RRMORBEHETE T2 2 LA FIREIC 7L B,

FMHENE D BB HUL, source space function ? peak T—F T % & D Tix7s <, medium
response &£ DHNREVWTRELETH S, LIcH o T, THAXERBEOEILCKHILIEDH
EILTEID, BESEL LS LERAROENERT 5000, HARLEROE I DORERI
HETZ%, CoWBELZFATE FEHFHOBMAD ruming spectrum 1%, K& HEF
HCHRNDHEOFEL L TIRCEENTH Y, T, BEEEISRZ VLWV KIUNEEHD
BWEEEZELZNWIBEBETLH S,
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SEIOBENI ETERT DR TH 57D T, TFTEIZH (1975) DXL, ETERD LKF
BRO DB T A2 BEIITE e o 1ehd, TOHRE, BEOEINEDLHZ LT I-T,
REWTHERZ 05 DBHETH A, XL, HEMKFEDORESY, HEhc R TE#0RIEZ &
5775 7T, BRAZBAMANDERD EH D ICHBAMEINES D LT, MEDBRRM
BORKBRIBCOWTHRNER (hH, 1979, #E) Tk, EBLCZ 57 ->Tw5H, LTOEK
TiX, AE1DOERYFIBE LI L5 ERIESR TS TEIZN (1975) OHEILHER
DEEL U,

) i3

EBEREHFCL, EARCETAESRY X, i, ERoMHEesECLT &
BT ERE LAV icinie, BEREMAKEAOFHEHAEE L ORELICET 22
ERTH -1,
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