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A Statnstlcal Study on the Volcanic Explosion Earthquakes at

Volcano Sakura_]lma o

Michiya Yoshidome -

(Kagoshima Local Meteo'roloéical Observatory)

Since ‘the volcanic earthquake observation has been made by the sensitive

electromagnetic selsmographs at threé points around the Volcano Sakurajlma 288,‘_

~explosion earthquakes were obtained from 1965 to 1971.

‘A statistical study on the earthquakes is made using these records.

results are summerized as follows:

The obtained ’

1) Records of explosion earthquakes can be classified into four types (Dl, D,

Ds; dnd Di) by the state of initial motion of P waves.

The initial motions for types

D;: and D; are ¢lear, and especially the amplitude of type D; is large.

The initial motion for type Ds is not clear,

tremors.

‘and that for D, 1s fellowed byr

Types of D; and D; often occur .when the volcanic act1v1ty is calm, but

types D; and D, seem to appear when the .stage of volcanic activity. is changing -
from the dormant period to the active one or from the’ active. perlod to the calm

stage.

2) Generally, the initial motion of P waves for explosm earthquakes are almost

‘“push.”

However, so far as Volcano Sakurajima is concerned
initial motions of more than one third are pull. ) -

it is ev1dent that

3) The occurrence of push motion at all three points is most. frequent (38 4/),
and that of the pull motion at'all three station is 15.5% of all. :

. 4) Difference of P arrival times of explosion earthquakes observed at each point
has a fairly broad distribution as shown in Table 13.
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Fig. 1. Distribution of observation sites
(Refer to Table 1).
- Table 1. List of observation sites.
Point fgitaﬁgiaﬁi%aﬁéeé?:ttr Type of seismograph Observation period
A, 5.4 km ‘ WNW ']MA—58 Mar. 1962—Jan. 1965
JMA—62A Jul. 1965—Aug. 1968
JMA--56 May 1960—Present
A, 4.6 km ' WNW TMA—62A Aug. 1968—Present
B 2.5 km SE TMA-—62C Dec. 1963—Present
C 3.1km SSW TMA-—62C Dec. 1963—Present
Table 2. Instrumental constants in - . '
each site. §2. BRHER .
. .| Period of - RAERBRLPBOL L XY OBEEC LY, KoM
Seismograph Magnification seismograph’ DO H¥E Lic (Photo. 1 &R).
Difl: b bRy APETHRDTRE
- JMA-58 2000 1 O(sec ‘
Jl\gtgleg;lxmagnetlc) RS Doll: b ERDIE-EHL TS
(electromagnetxc) 2000 1.0 Ds#l: 375 2D AMETTIE » ¥ ) Ligls
JMA-62 : Nl $h .
(electromagnetlc) 2000 1.0 D7 B RER L, ﬁj‘ahﬁ of) 2o h Ll
O HEIT, Table 3pEEh f%% R AL 7

Table 3. Annual variation in frequency of types of explosion earthquakes (T ®)-

o Year |, . .
1965 66 67. 68 69 70 71, | < Total" %
T & ) -

o 1 0 10 3 | 2 2 0 18 6.3

D; 25 . 21 44 10 6 5 7 118 41.0

Ds 2 20 51 | 12 | 12 5 0 102 35.4

D. 1 '3 22 12 2 7 3 50 17.3

Total .29 44 127 37 | 22 ) 19 10 288 100.0
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Photo. 1. Types of seismograms used
in the present study. The records
were obtained at the point B.



2 o V,Sf}t%-ﬂ#iﬁ’ﬁ’m A

. o o [dlic 3503 5 WA IR LT LTV 555, . COET
T RETHELrLEofF0 MNEEY 5 EE S0
- Z s U, REMOWE LT Lcon Fig. 2 Th5. R
\ : R L ®WT, Dy BNiE 1967~70 SR B B IEHICIEREY
D2 — ~ . CRL ZooBEICE AREL R LTS, D
D, LN — 45 ER TR IHEOMEIC S, 7, Di iz 1966~694F
: I WIEMzE%, Di Ak 1968~71 FIC EfR 2% = TR
BB e ‘
\E DiEly Do, DsE)y DT, FhEREI:
BRI A B EF L, (Di+De) M (Ds+Dy) BofH[;
BHhD L, 1967~T70 ST w1 EEHIICE,  (Di+D2)

\(D'D‘) R T BIRAREERTFToORE L, (Ds+Dy) Bir FlREERT
E— T LS MOBRAR VLD, Tibb, EEH I
""‘(Df,m‘) o (Ds+Dy) HORROAENEEBEMSHDNE-

Fig. 2 A | des for T KIZ Fig. 3 (1BRHENY, F]/”JUK_FZP LFRBLIRC

ig. 2. nnual variation in e\(iations or T¢gy s o s S F e (R TR gy }

(type _’of explosion earthquakes), F(E)’(fre- ) nﬁﬁ Lt%@f},\f' WEKIMQLA IﬂLiQ@%&iﬁ
quency of explosion .earthquakes) and Fisy TR BEAND Y, MAORRACAEC LY, FAR
(frequency of volcanic smoke). T TREFRTIORESVHEETHS. Tihbb,

B

.
. ]’ $ ‘
‘ 2000 oo S e
. ‘ S . 7>
. . .
. ° ®
. fl 4 b .
| e o
N . .o ®
' M 283
S ' ‘ . * goé e N 8 % !
) 0 ogo (’30 ———9 !
. . : %og 6e ® v N
. . ® °oe 8: o 9
. o ®| 008 - 10] Lo ® o
I 80@ ©0 o e - 3
~ g U9 gs®l 28 2
o . Oo o ® ?Ooo@) ®0 e oe .
o [e] (] 000 Olo@ ©0000 00 @ e o§ [} o
@ o9, 082,48 o3333 /22333080 | 48 B o 35 |, Bl
o 000003000000 @0 ope e e oo. " - o% ce 800 . ‘00e0@ o
TYT T TTTYr TrIfrrTTT T T ll]llll|lll|‘l - B
1965 1968 19 1870 o187
(D«D)—>|«D-D»[e(%~%))—>|e——— (D~D, )——>l< (D,~D;)~(D,~D,)—
(
3 4

- Fig. 3. Monthly varlatlon of types of explosion earthquakes, and relation between T<E>
; and volcanic activity at Volcano Sakurajima.
The order of circles showing various. types of explosion earthquakes.is given
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Table 4. Frequency distribution of earthquakes‘havir’lg' the same T(gy, which were

successively recorded.

' T | , , :
\5\\\\\\\\ D, | D Dy D, Total
Frequency T ) .
2 2 (4)] 11 @] 9 a®| 9 & | 31 (62
3 13 4 a3 9] 8 @
4 o 3 (2| 5 @0 1 (4] 9 6
5 2 Q0| 2z ao T4 2
6 4 0 ' 5 (30)
7 2 ao | . 2 a4
8 e : ‘
9 ' R ~ 4
10 1 Qo : 1 Qo
) 11 ' - -
12 1 a2 1 a
Total 3 (7)] 23 (92)] 22 (78)| 13 (31)7] 61 (208)
Total of each T¢ay| - 18 118 102 50 | . . 288
% , 39 76 |- 62 o

Total frequencies.
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Table 5. Frequency of push and pull motions at each point.
\ Year | ‘ \
Push 1965 ‘ 66 67. 69 70 71 Total | %
Point N or pull | I p——
Push 0 | 18 68 i 15 12 8 8 139 62
B : ‘
| Pull 6 ' 18 35 | 8 8 8 2 85 38
Push 14 f 21 46 ' 22 12 7 7 129 66
c ! ,
Pull | 8 7 36 | 1 6 6 1 65 34
Push 17 21 53 ‘ 16 14 8 5 134 64
A
Pull 8 12 32 ‘ 4 5 { 9 5 75 36
D; F-CH LAN5ME, 5% 233 {8, D B L A3641H, 51
*MUED D, TEDHHETEOLRKIL, #1L764%, 1965 e

5l&M36% L7c>T\ 5.

FKHE 7 FHD1970FE DK Tl KT KILIBSEIFEC
IhiE, BllShicl HETECESERBEOH T,
EDG|Z DL DIXLMED 0.6% T Xich -7 (Hep
1972). 7o, BREKILOERMBOGENITNTHL
ThHote GKELI6L) Z &g En b, KILERMETLH
LTHER SOBKRTHTHS L oBbhs. Lt
> THEKILBRBBOWENG | & LB b0, 0
IO hDERVE LD LERY DM
5B ERS. L, BED3 AotEHIVWTh
LACPE 2 B & ETFENL RS DA EhE st - Tw

Photo. 2. An example of records whose initial
motion of P wave is pull.
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Fig. 4. Annual variations in deviations for

frequencies of ‘‘push’ of initial motion
of P, and in F(g,.
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XL LTRHREINCERBECOWT, FEIKAKEEY
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B EAMLT ERMCBTBEEOML - FlE DR
ERLTWSA, CORRTRETLE LicL EOKE
O LG X ERAIREEE & His L, TOREMEOHEE Y
RLcboR, Fig. 4 ThH%. ARCENT, BRSO
19674EIC F51) % IR KNGS E R LT\ 523, C
BrFDr g RELARELRL, BREIKREERE
BB E, BEARE .
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‘Table 6. Relation between Tp and the possible
combination of push and pull at each

Rz 1M (BALDAH) RIS L3.4%E LD, K
T8E (3mLd~-) DI5. 1% LTS,

point.
\\\\3fi‘ $4. EEERBREE QBT
B C A N .
T : 4—1 Wa bR L EREmR
L. +. + + IWEHKPRIEEL VO RER & & TW 5 BEORE O
2 + - + BREROPT, bob bBERABEHDLBETI03, &
3 - + + BOWEEH LY, BEARECAS REEh % ¥R
. ‘; . - * L ZOWER L UKD E THRORBRETSS. 0
. N _ - MM Table 8 K5 X5, 6EOUE LA
7 + _ _ BREARE L. ChOOBRL, #HHEEE->BY
8 _ _ _ HEBR KB &\ 5 3B BRI &2 BhLE
TB7D, HRIEELLT S, RTRBEC X588
+: Push, —: Pull WMOMRL TS LT b, KEDITFHsES
Table 7. Annual frequency of T(p).
Year :
- \ 1965 66 67 68 69 , 70 71 Total %
T(D) 3 - )
1 5 8 25 11 8 3 2 62 38.4
2 0 2 5 "0 1 0 0 7 5.0
3 0 6 5 3 2 0 1 17 10.6
4 2 1 4 0 2 1 0 10 . 6.2
5 1 2 5 1 1 2 4 6 9.9
6 0 5 3 2 1 1 0 12 . 7.5
7 2 1 7 0 0 1 0 11 6.8
8 1 4 13 o1 1 4 1 25 15.5
Total 1 29 67 18 .| 16 12 8 161 99.9
Table 8. Duration of activity and number of explosions in each period of
explosion activity. ’
Group No. Period of explosion activity |Duration of activity in day Number of explosion
1 1967 V. 29—VL. 28 31 . 33
2 1967 VI. 24—VI. 26 34 ’ © 82
3 1967 X. 19—Xx1. 1 14 ‘ 20
4 1967 XI. 13—XI. 22 .10 12
5 '1068 Iv. 28—v. 28 31 R 18
6 1669 VI. 18—IX. 7- 21 , 14




Table 9.~ Relation between T, and T(p, after- the period‘ ‘of the lava ascending.
accordance between the types D; and D; in T'®, and the type 1 in T(p,..

Gothic number denotes the

~—_

Consecutive

Number

16

20

24

~ o 5 10|11|12|13|14{15|16 | 17| 18|19 22,23 |24|25|26|27|28(29|30 |31|32(33
ype : : : :
Period \ n
~ Lieer. v 20 _.T'(E{’ 2 204]3 /2|3 |2/11|2|22,2(32/3/3/3[3|2]2/3 3 /4|3
1 ’ : : :
~VI 28 - : - ,
V- T 1 5 s|Li1|t] (3|2 |3] |
o wern w2 | T 2 22022 (2|4]2)2(4/2|3|4]4/3|22|3|2 4/4/4|4|3
L2 s o6 f : .
' ~ - T 2 704i4|1]8|82 2168 |7 5/- 18 5
. i -t
I : L | "
S C 967, x. 19| T 1 313(3|2(3(3[4[3|3][3]4
I 3 = 3 -
X T 1 s|6|8 1|7 12(8|4| |3
1967. X1 13| T 2 3]3)3
¢ 22 '
X T, 1 1
1968, Tv. 28| T 3 303|2]4]4 /21111
5 N ‘ ‘
~V. Tepy - 16 506111 3
1969. VI 18 | T® 3 1103|323
6 | . .
~IX. 7 .
X ‘T‘D), 1 1611 1. 51

Fov WL

92

21
=

T %



‘Table 10. Fréqqe.ncies of T(g, after the period
. of lava dscending. '

‘@%ﬁﬁ%ﬂ D: D;

Ty § : i .
R Dy D. Ds D, TO!:aI
- Group No. ) B :
1 5 13 .13 | 2 33
2. 1 19° 4 | '8 32
3 3, 2 12 3 20
4 116 4 1 12
5 3 4 6 5 18
6 1 3 10 0. 14
Total |14 | 47 | 49 | 19 | 129
% '10.9 | 36.4| 38.0| 14.7 | 100.0
hTEi. LitiaC, BEOMEDEHOH T, b

&b YR T CER K- THS.
g, Table 81 J hi¥, 10 & A LNK12~33ED

BBFRtE, Txp, Fig. 3 B\CBREmM LT

ZRAER, ChbooBREFI/REELTV2.
Table 9 kiﬁEkﬁ-@%ﬁ@I%%ﬁﬁ%ﬂ T &?EFL
JEHAE T, %BRFCHR LISOTHS. BF

WEHOSAE LT, No. 1~4 (1967ED 4 BIOEELE
FIBREI) oL, Dy, DeEicthE b, Dy, Do

DR B x — B bRS. BIC No. 1 Ti, &
DAg— vk 2[EL PEL TS, 72 No. 3 72033,
D;, D Bicth% b, Di, D2 #—Ds, Dy BlL 5 £
B EoTws. ChtEE EASERCR 52, &
AR BDDEIE LB L5 Th%. No. 1, No. 2,
‘No. 4 o ERAMEREIC R B S oK
X, No. 3 BHEREHITP 5L DI 7. No. 5,

IhboBRERE.

f%%kﬁ%&u?@%mm;ﬁ*——— 57 . : o

- No. 613, No. 3 X'hx rou@ﬁ D LBE LR TH

odctedd, No. 5 T3, D, Di BICHiE b, Da, DiFl
mﬁ%o No. 6 -Ti%, De, Dy BT %D Lis\s.

ZC Table 9 2 HBEFEHMBHOCAELRDS &,
Tablé 0 0xdeis. Thi#FBRRARCOWT,
Table 3 aﬂ:i*@% LRD LD Lic%

Dy | Ds |

£ B RW®%)| 63 410 35.4 17.3 100.0
W R RMBRE(%)| 1090 36.4) 38.0 14.7] 100.0

"Dy, Dy MARHE Ds, Ds WATHCOLTHER S -
big\ht, #E EARBRERI2BRCL,

Dy BoE N L, D Bz

Dy o e psHim L, De Bz
AREY U TS T N PN

4—2 P LEIE ' o -

Table 11 133 ERBRREOM LB X0 AL HH
AR LS D THBH, Lo L BRI O
ToHE (Table 5) LHBTHE, KO X >ITics.

I B c| a

moLa e |+ -+ -+ -

& M@ %GO |62 38|es 34|64 36
W LABSRM(%) |65 35|62 38|62 38
v ‘ _ o
iz Table 11 iisid 5 BT A BRI OWT, B
WEMD+ « —OURERLTB2, COHRTHRE
FTHE Ukl &0 FERMOW L ER & HEEL 2c

Freqﬁencies of push and pull after the period of lava ascending.

_ Table 1L
\Gro ]
. 1 2 - 3 4 5 6 Total' | %
Point or Pul] i . . . - )
o + | 20 | 13| n 0 | 8 8 | 0 65
’ - 8 6 | s 1 |3 | 5 | 3 | s
_ + | 18 1n |- s 7 I 62 | 62
¢ - 1 .15 8 I 4 38 | 38
+ 16 10 8 8 7 8 577 | 62
A - 7 14 6 0 3 5 | 35 38

+ : push, —: pull
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o —+5 i)IE{ﬁ*J:t;o’CL 5.
POINT B — I TES
' s Table 9 Oﬁbélé’ﬁfﬁﬁ%&é&, 182%<, %
soT .5 fe /= FERIE LT 200N HBTHD. HHie No.
WNC — —-s 1, No.3, No. 4, No. 511, Di, D: Hic S5 LTE
PONT A : o T#5 ELTH5S.
. T~ —=5 K w E BRI LB % A0 A% Table

Fig. 5. Variation in deviation of frequencies
.of “push”™ at each observation points.
Number in the plot is same as that given in
Table 8. . '

12 iR HEI 1 BAU3% & EBE < A Ld T
BUT1ROREHS 2, No. 2 IHLEIS T8 Bt
AN : ’ '

W E LB 2 ARSI\, 448% Table 7

| LWE SRS Table 12 2 i#iT 5L, KDX5K

L tOREMOMBLTR Lo, Fig. 5 Ths, kb E1) BWEEABREHCELT, 18220
Table 12. Frequencies of T(p, after the period of lava ascending.
Group No. :
1 2 3 4 5 . 6 Total %
’ T(D) . .
1- 8 2 5 . 8 6 5 34 43.0
2 1 3 1 0’ 0 0 5 6.3
3 2 1 1 0 1 0 5 6.3
4 0 3 1 0 0 2 6 7.6
5 2 2 1 0 1 1 7 8.9
6 0 1 1 0 2 S 1 5 6.3
7 1 2 2 0 0 0 5 6.3
8 1 8 2 0 0 1 12 15.3
Total 15 22 14 8 10 10 79 100.0
1 ,
WL EAHR | 1 | 2 | 3 l s | s | [ 7 [ 8 3
2 B %% | 384 5.0 10.6 6.2 9.9 7.5 6.8 155 | 100.0
e L REBRH(%) | 43.0 6.3 63|, 76 89 6.3 6.3 | .15.3 100.0 -

85 BEHEBORE
5—1 EIERER:
3£1ﬁﬂbfﬁﬁmgol)ﬂéﬁ@%#Bﬁﬁ%
*&é-%@@ﬂ%&bf,sﬁmﬁ&%ﬁbﬁﬁf%
W STV 7196548 6 3 ~19684R7 A o BLlilA & 224 18
@@%mz&ght FLE D REEL, 1/2080 % TR

. TER.

’

Rapic P EERHZ£E Table 13 o X5, QAE
BPEBCEC. I3 EED P EHERELTARE S
RELDRGTH D, FE DKL

133/224=59.5%

CTHD-

Table 13 # KL T&KDDL Z.&13, B,E\& CHA®D P =
BRI digocy A% 0 Qc ®, B, C&Ad LOBRE
BEAE LV OEEASITES BB ETHS. CHLHE
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Table 13. Distribution of differences between P arrival times recorded at three observ;itiqn sites.

Gothic number denotes frequency more than 5 times.

' 4t B—C)

o 10.4| +0.3| 102 +0.1| 0 | 0.1 —0.2) 0.3 -0.4| —0.5 —0.6| —0.7| 0.8 | —0.9| Total
T0.2 sec. R T T | RS
-03 I R L Fo
~0.4 I ] R
—0.5 - | | o
~0.6 | | 1| 1 ’ 2
0.7 l 1 l 1 ‘ } 1 : _ ’ 3
- —0.8 } 1»| ] } 2 | 1 ] ‘ I : 1 5
~0.9 [ - ! 2 1'; l 2 1 ‘ { \ | 6
=10 ‘ 3 | NER Z,l 5 2 1| ] 1] i 15
- o e | 3, 1| 5 N T |1 21
“1.2 | R s 1| 2] 6| 5] 5| 1 11| o %
~1.3 1] 1 | 2 s | 3] 4| 2| 1 | 17
I O A O Y A A Y
R W P I Y Y X A Y A A
B O R Y R Y Y ISR
-1.7 | |1 2 | 3
~18 B S o | 1 - 3
~19 - 1| 1 r ' | 3
Total 1l sl 1| 1| w1 2| w| w]| 6 7 3 .| 1 133

LB

BHIERG

&L
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OERER L ThT, BREER T O VTR,
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