HOKKAIDO UNIVERSITY

Title BAISICE T 2 REMERIRIEDRERR
Author (s) =i, SR BN, EF—
Citation itiEE Rk YIBERRERS, 72, 177-190
Issue Date 2009-03-15
DOI https://doi.org/10.14943/gbhu. 72. 177
Doc URL https://hdl. handle.net/2115/38152
Type departmental bulletin paper
File Information 12 Takahashi Miyamura. pdf

kaido
wo¥ U"/Ls

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




000ooooooooooo
Geophysical Bulletin of Hokkaido University, Sapporo, Japan.
No.72, March 2009, pp.177-190

gobbobbouooogooobbobood

oo oOod
ooooOoOoO0oO0oO0OO0O0O0O0O00000000000000
oo oOd

gbobooooooooooobooooobooboooon
(20090 109000)
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We investigate the activity of deep low-frequency earthquakes (DLE) in
Japanese Islands by JMA hypocenter catalogue during 1997 to 2008. It is con-
firmed that DLE cluster is distributed in every region. This implies that DLE
phenomenon is common in Japanese subduction zone. Many active DLE clus-
ters are identified in and around the quaternary volcanoes in whole area. There
are also many non-volcanic clusters in Hokkaido and Tohoku regions, but very
few in Kanto, Koushinetsu, Chubu, Hokuriku and Kyushu regions. High activ-
ity of non-volcanic clusters is observed in Kinki region. No clear correlation be-
tween DLE number and volcano activity index during 100 and 10,000 years is
recognized. This fact implies the possibility that DLE activity is not precursor
signal of shallow volcanic activities such as eruption at any time. Lower limit of
DLE hypocenter depth generally coincides with depth of Moho discontinuity of
each region. This may indicates that structure of upper mantle and lower crust
and its boundary strongly control the occurrence of DLE's.
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1997 0 100000O0O0OO0OOOOO0ODOOOODOODODOO (b, ODOOo) booo
O, 000000000DO Hi-netOOOOO, OD 1000000D0O0DOODOOOOO
gogo. oooboo, bboobodobboo, bobbooboobbooboobboobo
gooooboboboboboboobooo .. oboboboboboLooL, boboboooo
gogoooooboobooooboobboobo, bbooboobbooboobboobo
gD O .

gooo, oboooobod, booooboo 180000 ooonoooooo. ooo
0, 000000 Hasegawa and Yamamoto (1994), OO0OO0O0OOO0OO0O (1993) OO
goo, ooobooboooobogooob . oo, bbbbooboobboobooobooo, o
gooooobooobooooboo, booboobooooboobobooboooobooooo
(Nakamichi et al., 2003).

gooo, 1997 Joobooooobob, bodbbboooobbooobboooooboobo
g, oooobogooboooobogobboobodbL . oobo, bbooboobboobo
gooooobooboooobodbL, ooboobboobUoobbooboobpbo.obo
O,0000 (1999 0O, 0000000 D0DO0000D00O0O0 19970 10000 19980
60000 9YDUI0ODOODUOUODLUO, DDbOUDODOUOUOUDUOODOUOUODUOUODOODOODO
oooooo0o. 0o, oooooOg (2004) O, 20030 30000000 OOODOODOO
pgpgooddddo, bbb bbobo.

gooo, ooboooboooboooooboo 110opbooooooo, boooobo
goooooboobooooob, oobboobooboooooboo.

U.ooooo

goobgooooboog, 19970 100 1 000oubobooo, 20080 120 1500000
gooooobooooo, bogbbooboobboooboobbo . bobopbboo, g
gooooobgoobooboob, bbhbooboobboobuoobbooboobboobo
0o0. 00O, 2000000 2002000000000000000 Hi-netOOOOOOOO
goo, boboooboboooboboob, bobooboboobobbooboboobo.

gooo, bobgooboobooooboobbobooboobbobboobboob .oy,
gD bbbbbbbbbbbbbbobboooog
000d, Obara (2002) D0 O0O0OODOODOOODOODOODOOOODOODOODOOOODOODO.

0000000000000 DO0000Db000 obhooooobOooDoooOoo(@oooo
gooooodg, 1999 0000000DDOO0O000O ObODOoOoooooDOoOoooooo
(http://riodb02.ibase.aist.go.jp/strata/VOL_JP/index.htm) OO OO0 . OOO0O 0OOOO 1
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goooooobooboobooboobobooboboboboooobobooboobo, bo 100 0O
goooooboboooobobooboboobobo0bbooobobo 1bobobon
gogoooobobbbooooooooobobbbobo 1000000 ooobbbooooooobon
(0 30) 0DoooonO (moob, 2005). OO0, DobOoOooOoOooOoooooooo
gbobobooobooo.

. bggbooooboooo

1. 000oog

1997 0 100 1000 2008 0 120 150000 110 20000000000000O0O
g0 eokmOOODOOODOOOOODO 988200000 (Fig.-1). Hi-netOOODOOOOOO
gooooooobobogbg 200000 2003000000000, DOobO0obDOO 1200 0O
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Fig. 1. Epicenter distribution of deep low-frequency earthquakes listed in Japan
Meteorological Agency earthquake catalogue.
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000000000 (Fig.2a). 0000000
0-1000 22000000, 0000000
00000000000 GROOOOOOO, b
0020000000000 (Fig.2b). 000
00000, 000000 15-35kmO00000
00, 00 1040kmO0 00000000000
0000 (Fig.2¢). 00O, Fig. 1000000
0, 0000000 100000000000
O.

2. 00000b0obobobooobooog

Fig. 300, ODO0O0ODOOOOOODODOODO
gobobooo, bobooboobobobooo
(0ooboooOooooooboobo) ooobooo
gboboboobooboboobobobooo
gboo. oobo, boboobooobo, obooo
oooooOd 1okmOOOOO0OOQOOOODOO
gooo.

gboboooooboo, obooooboobo
gboboboobooooooboboobooo.
goobobooobooooooboboo, 0o
gboboboooooboobooboboboo. o
gobobooboo, oobobooobobobooo
goob, booooooobooooboo.
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Fig. 2. (a) Annual number of deep low fre-

quency earthquakes,
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of

showing in Fig. 1.

gbobobooboobooboobobobobobooooooboooboon.
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(b) magnitude-

©
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(2007) O, OODOODOCOOOODOODOOODOOOODOODOODOOOODOO
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go, bobooooogooobo, bbboboboooooobooboobobobobobooobooo
go. oob, oboobooboooobboobooboobo, boobo 10000o
gooo30ooooogooogooo, boobobobooboOg (Fig. 4. OD0OOoDbo, ODOO
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Fig. 3. Detailed epicenter distribution of deep low-

frequency earthquakes. Clusters of earth-
guakes in and near quaternary volcanoes are
shown by red rectangulars. (a) Hokkaido re-
gion, (b) northern Tohoku region, (c) southern
Tohoku and northern Kanto regions, (d)
Koushinetsu, Chubu, and Hokuriku regions,
(e) southern Kanto region, (f) Kinki and
Chugoku regions, (g) Kyushu region. Number
of each cluster indicates total earthquake
number from October 1997 to December 2008.
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goo 100000 3000000, bobooboooboboob. oo, oboobooboo
gbobobobo. obooooobobob, 2000000000 0O0O00O0DOO.

oOoooooDOo 30-15kmO000D0O00OO00O00DOO, DOODOOO0OD0OO 30kmOO
goooooboo. ooboooooooo, sskmO0O0O0OOO00OD0OOO0ODOOODOOOO
O, 0000000000 5SkmO0 20kmO0O0OCO000O0. DOOOOOOOOODOOO
OO0, 0oooooo 1skmdfdoooOoooooOooooC0. DOooooooo, oooo
ooooo 2s5kmO0CO0O, 35kmOOOO00OCOOO0OOOCOOOOOOO. OO, OOO0OO
goooooooob. booboboobobo 3gboooobOo, bobo 1obOoo
goooodoD 10kmOO0OCOD0OOODO. ODOOODOODOODOODOODOODOOOODOO
gooboboooo, oobobobobobooboooooooboboboboboboog.
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Fig. 4. Depth distribution of earthquakes in each cluster by box-and-whisker diagram.

Diamonds indicate median value. Lower and upper points of each box indicate first
and third quartile values, respectively. End points of each whisker indicate deepest
and shallowest depths of each cluster.
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Table 1. Earthquake number ranking of volcanic clusters with activity rank and volcano activity
index determined by Japan Meteorological Agency.

TR | 5% K% Name of | 2% Name of volcano | 5> | 175 5 i B FE3K | 1005 & WE FRak | BREIE: | [IREL: [ 5 K% Name of | Z%: Name of voloano | 527 | 15 S E BETREL | 1005 2 TR | IRREIE
Order voleano Activity | 10kyrs activity | 1000yrs activity |Earthquake[ |Order| volcano Activity | 10kyrs activity | 100yrs activity q
Rank index index number Rank index index number
1 =1 Fujisan 1145 BERAS Satsuma_lojima A 120 50
2 [HOES Meakandake 882 FEEIL Raususan — — =
3 £ Twatesan 521 EAL Twakisan B
4 | BE-7hoFTl Yakedake and 490 RGE Norikuradake
Adakannayama FELL Kujusan B
5 1Y Sakurajima A 10. 487 B2 Harunasan B
s [ Naruko C 7 314 FoAE Tou-Oshima A
7 FHE Tokachidake A 7. 259 FERaRL Kusatsu-Shiranesan B
3 TR Bandaisan 233 BT Tomariyama = = -
9 AL T 189 1] Hakusan c
) Maruyama 173 OXBRHE B
FEARLL Hakoneyama 168 =5 Miyakejima A
TEEnsE Tiokkaido—Komagatake A 142 =TRIL Sanbesan C
E0 B 137 Bl Chokaisan B
BB Usuzan A 129 ERW Asamayama A
FRBEA IR Midagahara C 106 ZE Unzendake A
[GE:T Asosan A 104 KA EZ M |Yonemaru and Sumiyoshike| G
T7 | BAMIE -teE - L)1 | Kaimondake, Ikeda and C 0 0, 98 | Esan B
Yamagawa FIL Rishirizan C
T8 | - 7R XTI | Mashu and Atosanupurt B 85 08 87 B Nigata—Yakeyama
EN XEWD Tarseteuzan C 15 03 77 55 Nijma
70 |BEE -MEE [ | Teuramidake, Garandake B 65 13 74 EiET) Kozushima
wE and Yufudake [CEES Kuttara
WAL Nasudake B 7. AL Tarumaesan A
E3CT) Yoteisan C 7 BEaAR Oshima-Oshima B
FEEL Kurikomayama B L Osorezan
E Zaozan B AT Hakkodasan C
EEARL ‘Adatarayama B AT Hijori
Wakamiko = = - B E Fhuchigatake
[E=A) Myokosan T G EEASE] Niko-Shiranesan
ER Numazawa C 7 7 SRl Aagisan
|28 | AREBGEL -/ \PEE “Akita—Yakeyama B 5. BE Yokodake
29 | L Ontakesan B 7. F 8 Toshima
=+3 Niseko C 3. B AL Abu Volcanoes
BREE Eniwadake. C 7. @il KL Fukue Volcanoes
FEREIILE | l2u-Tobu Volcano Growr | B B | 48 | BRBIALILFUBIE | Submarine Voloano NNE of | — = -
FF0E Towada B 7. P Iriomotejima
|33 | FUBRBR L FEES | Shiretoko-lozan and B 7
g Rausudake

4. 00bO0bOoOooOooooo

oooo, booboo10o00ooboooobob 0000 0bDOObDOOODbDObODOO, OO
0o0oooooooooo (oo, 2005). ODO0O0OO0OO0OOOO0OOOoOoOoOoOOOOOOD
goobobooo, boboboboboboobbooooboobobobobuoboobooooo
gog.
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oo, oobooooobooo, booooo cluster.
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gb11o0b0b0b0oboboboobobooooboooboobooboboobobobobon
go.

gb, 0O 1woobdbobooboooboobooboboooboboobobobo woboobo
gboboboooobooobooboboboboooobooobooobooboobob, boooboobooo
goboooboooobooboooboobooboooboobbooboo. booo,
ooddooOooO s90000DbOOOD ebOODOUDDOODL, DOD 1000D0000OO
5000000000000DOO000DO0OO0, ODODOODOOODODOODOODDOO.

u. o g

1. 0000b0o0obooobooboooboobooobobooboo

gooooooODOO, OODoODODODODOO00000000O0 kMmO OOODODDOODODO.
Yamauchi et al. (2003) 0000, 000D O0OO0OOOODOOOOOOODOOOOOOOOO
3o0kmOOOODO, OODOODOODOOOODOODOODOODOODOOOOOObOODO. booooo
oo0obOoD 40kmI0O0O00D0ODOOODOOOOO, Yoshimotoetal. (2004) OOOO,
oo0boobo0obOOoobO0OO0 40kmiIOOO0OODOODO, ODDOODOODOODOOO
ooooooooo. 00, 0000000000000 00o00oO0oD0oO0oDO 3skmOO0O
ooooooo (Miyamachi et al., 1994; Nakajima et al., 2002; Oda and Ushio, 2007),
gogoooooboobooboooboobbooboobboobo. bbb, bbboobo
oo, oo Uo DO,

0o, 0obooooooooo, 00 1skmd0OO0OO0CO0OODODOOODO, ODOODOOO
0opoooo0oooooooooo. 0o0d, 0000 15kmO00000O0 97kmO0, 1
gooooobooobooooboobobooboobooobooboboobo, boboooo
gooboobooooboono.

Jdoodoooooooboo0boobOooDO, OobOooDbOo 1skmbOO00D0OO00OO0O0
goobo0oobood, oooobOobo skmO0O0OO0OO0ODOOOODOOODODODOOODODOO
gooooobdo. boooobo, bbooboobboobuoobbooboobbooobo
goooooboobooooboobbooboobboobUuoo, booboobboobo
gooooooboobooooboo, booboobboobuoobbooboobboobo
gobooboobooooo.

2. 00000b00b0oboboooog

gooooooo, oboboboboobogoobo. bobo, obobobooboooobOobo
gooob, booooogoooboobooboboobobo . boboo, obobobooboobooo
goobobooooooooobooboboboobooboooooobobob . booboo, o
gooobobo, boogooob, boboboobooooobooobobobobobobooobooo
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go. oboboooooooobooboboobooboobooobooooobooboboboooboo, oo
goob, boboboooooboooboobobooboo.

gbooobooooooo, obobooooobooobooobo, obobooboooooobooboobo
goooogo. oo (ze07)y OOOO, DOoOOOOoOoOODOOOODOOOODOO, O
oo poboooooooboob. bobobo, boobooobooboboboboooboo, oo
gboboboboobooboooboobobobobon.

Takahashi (1986) O, JO00O0OQO 100000000000 O0O0OODOOOO0OOO, OO
0ooooooOo e40kmI0000000D0O00DOO0ODOODODOODOOOOOOODOOOn
goooooobobobob, 20000000000 oobooooL, boooooooo
goobobooooooooboobobob . oo, bboboboboboboboooo
goobobooooobogoooboobooboboobobooo, bobobobobooboobooo
goobobooooog, oboboboboobobo. boboobobobobobobooboo
gbooboboooooboooboobooboboobooobooooooobobobobooboobo. o
oo, bobooboooboobooboboboobooobooooobooboboboboobooobooon
gb, boboooobooboobobooboo.

gbooooo, oobobobobooooboo, oboboobobobooooboooboobaobo
gooobogoooooooooooooobobobo. oboobo, boboob 1100000
000ooooooooooogOggg. sano and Wakita (1983) O, 00000 3He/d4He
gooboooobooo, bbooobooobbooobbooobobooobb. ooobo
(1999) O Matsumoto et al. (2003) OO0 O0O0O0O0O0O0O0DOOCOCDODO 3He/dHeODODOODODO
goobobooobo, bgoboboobob, boboooooooboobobobobobooooo
00oo00oo0oOooooO0ooOobooOooon, O038HedHeODOODOODOOODODOOO
gobobooog.

gobooooog, gbobobobooboooobobobobooboooboooobobo
00 (Nakamichietal.,, 2003). OOOOO0OO, OO0OO0OO0OOODOOOOCODOOOODOO
gobobobooooobooobooboboboobooobooboooboooboooboOo, oboboobooboo
gooboboooooboooboobobobooboooobooobooobooobo. bobobooobo, boo
gboboboooobooobooboobobobooooooboooboobobo, oboobooboo
gboboboooboobooboobobooboo.

gooooo, obobobobooooboooboobooboboboobooooboooboob. bo
u,obdobooooboooobobob, booooobooobooboboboboobooboon
goobob. oooogoobobobobooboboobogoDobobOo, Ubbooboooo
gooobobooooogooobo, bbobooboooooobobobobobboog,
00oo0oo0oo0oo0oo0oo0ob0oD0UoU0UbDUDbO (DoOoQg, Hasegawa et al., 2005). O
goooboobo, boog, obobobobooboobooooobooobobo, oboo, oboOoo
goobobooooog, obobobobooboooooooboboboboboboobooo
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goooooo. ooo, ooooooboooD, boooobOobObO (2o04) ODOODOO
gobobobooooobooob, bobobooobooboooooboobobobobooboobooon
gbobooog.

goooogo, boobooboobooboboobob, obooboobobboooo 40
00000000000, Yoshiokaetal. (2008) O, OOOOOO0OOOOOOCOOOOOO
gboboboooo, gobobobobobooooobooboobobobobooboobooon
gbobobooooobooob, bobobobooooobooobooboboboboobooboon
goobobooooogoooboooboboboobboobooboDobob0 . Ubo, boboOoo
goobobooooogooobooboboboobooobogoooboboboboboboog,
goobobooooogooobobobobooboboooooooobobuoboobooooo
goog.

3. 0goooooobooboboooooo

OO0 (z007) O, bOoOOODOOOOOODOOCO, DOODODOOOODOODOOOO
gbooboo. obobobobob, bobo s uoooooobooooooooogon
(Nakamichi et al.,, 2003), OO OO 1991 000000000 (White, 1996) OO OO, O
gboboboooooooboobobobobooooboooboooboobobo. oboo, obooo
goog 20080 9o000oooooooobooooooobooobO, 11o000gobooboogo
gboobab.

gooboo, bgog 2000000 20010000000 oooooooo, bobobo
goobobooooogooboooboboboobbooogbL, bobobobobobooooo
go.obob, boobogoobooboboobooboobooboooooo.

goboboobooboobooboboo, 0 rbobgobooboooboobooooooo, obobo
goobobooooogoobooboboboboobooooooob0o. obobooboobooo
goboboboo, oooboooboboobobooooobooooboboboboobon.

4. 0000D00DObOOOOOOObOODbOoDO

Ohmi and Obara (2002) O, 2000000 00000O000DOO0O (Fig. 3f0O000D0DOO)
gbobobooobooobooobooboboboob, boboboooboobobobobooboobooon
u,ooooooboooboob, obooboboobooooooooboobooboboo. bobooon,
googoooooooooboooobooooo, ooboooobobo 9rsbooooO
gooo0o. 000, 00D0O0000oog okmOOdooooooOoO (Fig. 4).

goooooooooobobobobooooogobooboobobobooboooo, obo
goobobooooogooobooobooboboobbooooooboobobubo, bobooo
gooo. oboobooboboo, 194 0o0googboboboboobobooboobon
gooooooDoo (oboo, 1999).
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gboboooooooboboboboooboooooboob, boboboboooooobooboobo
ooooooo (rFig3f) JODOOO, DOOOODDOOOODOO, OOO0O 197800 1930
goMelidOooooooooo. obbog, 2000000000000 00bOob0O0O0bOOn
goboboboooooboooboo, obobooboooboooobooboobooboboboobooboon
gboo. oboooooboooboobobobo, coboobooobooboboboboobooboon
ooooooo (oooog, 199, Jooooooooooooooooooooon.

OO0O0O0O0g, Ohmiand Obara (2002) OOOOOOOOOOOOOOOOOOOOOO
goob, booooogooobooboboboobobooboobDobLOo. obu, DoboboOoo
goobobooooogooob, boboboobbooooboobobobUoboboboobooo
o, dboboobooogooboboboobooooooobobobobobooog.

ug.oobooD

gbobobobobob rnoboboboboboobooboboooboono, obobobo
gboboboooooboooobobob . bobobo, bobooboboboboobooboo
gooob, boooooooooboobobooboo. oo, obobobooboboboo, obooo
goooooooboooooboobogobooo0. ooooooobobobOooDbo 10000
gboboboooooboooboobobobob, boobooobooboboboboobooboo
gooooooooooOooooodooooooopooooUoooo. oo, ohmi and
Obara (2002) JOODOOOOO, ODOODOODOOOODODOO, ODODODOODODOOODOO
goobooooooooooooooobob 2,3000000. 0bboboboboobooo
goobobob, oogboobooboobobooboooooooobobobooboooo
gboboboobooobooobooboboooo.

gbobobnnoooboobobo, obobobooobooobooboobooboboboobo
gobooboboooo. gooo, obobooboooooooobooboboboboo, obooo
gboboboooooboooboobobobooboob, ooboooboboboboobooboon
gbobobooobooobo, bobobobooboooooooobooboboboboobooboon
gooooo. oo, oobooobooooobooooobobooobooo, boboobooooo
gboboboooooboooboobobobooboooobooobooobooob, boboboooboobooo
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