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Source Mechanism and Seismic Velocity Structure of Source Region of Deep Low-frequency
Earthquakes beneath Volcanoes: Case Studies of Mt. Iwate and Mt. Fuji

Haruhisa NAKAMICHT®

1. FLC®IC

BFlEETLEFRIC LB E TR O RFS
PR, B X CHIERAI O IR s O FF
AT ST L, SRR BHE o fe A @i % im L e
CEEFHE L TV E, PR 19 R A A K LI
FEREE (PR TR RS SRR A = X &
1T & B BEIERE R O FAERRE ORI D ZTEV 72 4
B, COWMFESIE OZE AR, FEEHMED T E b
T fHHRICENT 5.

KILZEH TR, <y v vTo A0 s AR
R, WHEEERTH L ERAMNTICBT 3~ /<D
M, BHOBEERICL s~ <o To ER kL
EERIC B 2 FHEY, < 7 <R &Ik BTN
Btk aHEARLE, 2L D7 REFE T/ <IEE
FLTWLEEZEZONTWS (Fig. 1). ThET, EI
T & K~ D = 7' < O RS PER OB, Kl
TN P HIFRZ E D BN 75 & O SAEEHNIC £ = OFFHMA
S ENTE 7z (Fig. 1) A5, EREITHEE L -7k
IHEEBIC B 5 < 7 < OGO ERUERE 2 /R0 2 HIEK
PIERBIAIE 2 (3072 <, E AT R 51
LRI EREP EROT o 2R3 HED L Hh-oTO
BV, 2T, FEEE, KUE O E R ME
CHAT ZEHIRE R EICEH L, HREEDTE
tz (Fig. 1 oo 2HD).

AT, AFLEELIEGRELT, KEMIK2

TR O b Tk T & 2 SRR R o Bt 2 /0 3
3. —oHE, EREEBEHZEOEFRAMEBESL A 1 =X 4
frofEtre, ZoHE, ZREMEERME O R O
BREE ORI Th 5. 5T ELiliciE@so
13, FE L 7 HIERERIE I TR < O BRI =3
Blllsn/icETh b, BAEHCBVLTHILELS,NH
D, BIAE, & HITHEKERAEEE & IR I ETR
BEOWKINTH2EBB T oM 5. MHESR, HEER
ThbnTwa iV T, ST KLIEEILF
LU, BREENEONT, BARZEEE 120, &

TR KITEBOIERLP R o h - 2L TH S,

zlT, cocRaFhEELILERE Lsn s, B
{EJE B HR DTG R O & 3R £ 5 5.

2. FREMREIRHIE & (F

KRR 2 KL @) 13, TEEI 2K LT S
n, HRBOBHIEI DR 60% H3faf & O THEKIES)
WCBBE L TWA EWbHbN TV S (McNutt, 1994). kLt
HIFR I3 B 6 £ ik SR EREHE SEE
WHIRIC SN G, Fig 3 KLLI TR 4 2 My
=LA OR#ERD, ®BE G KIRFEOBRER T
HIFE ORI 5 FRES N 2 5l AR L 0 bEEICERA
B OREN A T 5. KL PEE) & ERERHE 0% <
KOAFEBDOEES 0-5km & W o 7o KIEHTHRELTL
b EMHEINTWS (BIAE, McNutt, 1994). —
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Fig. 1.
earthquakes.

Schematic volcano-magma system. Solid stars show locations of deep low-frequency
Crosses show locations of volcanic tremors and volcano-tectonic earthquakes.
Dashed line shows deformation of volcano edifice.
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VICo W CTHRAET 2 {RREFHIED B 5. PEEBIKE IR 3. FERREIRMEDEE L ERES

u,ww~w%$ﬁu@ﬁra¢%mtw,7xUﬁ@ 31 EFW

—DTH5.

7 4 ) E VI EDiA D KB BV CHAFEH AR
mExhTx BAL
Pitt and Hill, 1994; White, 1996). FEIEDESIT & 3 i
ERIIMVD, T TICRSD > TO A RIS
HEDOBEDOES 5, 10km LI, 50km LIEOHIE A
FpRELTOE, BHATHE, KILUE KO ERHEILEE (20~
40 km) TERIBEKFEFENFEL TV S (BIA IR
Hasegawa and Yamamoto, 1994). KZHK D KNz
T, IR R ORI R E T 5. F i,
FERA R OB NS, =/ =Fa—-F2LI L
OB S N5 T &3/, RS R HITE O
JEwCiE, PSS AR IC Ao, ARSI Hz
Th 5, EEOBEE MRS 22013, B S HEH
Honzethsd. FEBEEEHEDRAT 2 MM
el B~ v bovid, BE - EOSMD SEE TR
HEsFAELLTVwE SN (BA, 1989), TD X 5 MEEH
TeBWT, ¥ LEEORBE R KBRS R AT
LDMHTH 5.

Z T, FHIRREBHEOFERE LIS M LT,

TR Y& EE v bVt BT AR S DSA F 32

2ZMHSICT B T &0, HEEMRREREIROWR BN O

¥, Hasegawa and Yamamoto, 1994;

aFUcBOTE, FELEEILHLIEOBE FOES 25-
40 km 1T T AR IR DS ERTEUE D I & Tl s 1
T &7z (Hasegawa and Yamamoto, 1994). Fig. 2 IT 1997
12 A5 2000 £E 6 HITFeA L 7S T LU O BEEEE i
WEOERAZ/7RT (Fig. 2 DEAL)  (Nakamichi et al.,
2003). T® 5 b5 Fig. 210D 1 T/Rd ZiF O K iz
R DRSS HIER & 9 5. 0GR IR (3
FILOHELMEDHE FOES 5-12km IZEHEICHIR IO
LTWw3 (Fig. 2o D, —7, ZHEEHERERHIEORE
3, AFILOILTED S 10km B OZES 31-34km (A), (1
THA> 54LE 10km O S 32-36km  (B), [6] U< L 7
km OFEE 37km (C) D3 HiicnfiLTwa. T off
EDERHOFESE 34km SHEE SN TH Y (Nakajima
et al, 2002), PZEEBEREIEHIEDS>E 7/ V-7 A L Bi&
EAHELD T, CEEFRALD FTRAEL TV,

ARLITBVTIE 1995 89 A 15 B KM@
RS (WA « fth, 1996). Z D%, 1998 42 Am 5 8
RicaF Lo IS o = E EhEEE s ERL L, [H
IRf i GPS il ic TILARRE R = ~ 2 O AT HEIM <
4172 (Miura et al., 2000; Tanaka et al., 2002). Z @ 1998
FEOEFILD KITEBERAL & [FIRHHI, RS H
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Fig. 2. Epicenters and cross-sections of hypocenters of

intermediate-depth and deep low-frequency earth-
quake (solid circles) and high-frequency earthquakes
(light grey circles) of Mt. Iwate in the period from
December 1997 to June 2000. ‘A’, ‘B’ and ‘C’ show
groups of deep low-frequency earthquakes.
a group of intermediate-depth low-frequency earth-
quakes. The focal mechanisms of the largest deep low-
frequency earthquake (M 1.9) and the largest inter-
mediate-depth low-frequency earthquake (M 1.6) are

‘T’ shows

also shown. Lower focal hemispheres are shown in
equal-area projection, with compressional fields shaded.
Open and solid circles on the source mechanism
indicate inward motion and outward motion, respec-
tively. The solid star marks the initial rupture point
of the M 6.2 earthquake. The dashed rectangle shows
the focal area of the M 6.2 earthquake. The loca-
tions of very-long-period events (Nishimura et al.,
2000), dikes and Mogi sources estimated from GPS
data (Miura et al, 2000) are also shown. The
Conrad and Moho depths are shown with solid lines
(Nakajima et al., 2002). Elevation contours (dotted
lines) are at 300m intervals. The cross-section is

free of any vertical exaggeration.
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AL EINEFEIT TS - 72 (Nakamichi et al., 2003). 1998 4F
D 1RO F AR IZH 200 [ H 0, EEED 10 5L F
Th -7t EH S PHE & FEREERHE & b,
1998 4 4 H M) S FEBE O EIE LTV /o8, BREEMK
RIS O FEAESERE S HE N LR 72 5 AR e R
HIFE D FAEHARE AN LR 72 (Nakamichi et al., 2003).

NGO END, EHHIERIEE & A RN~ /<
BHA®RZ ST 2 K HERER D2 Ic & - Thl &k
CENKESALD. SoIT, FEHERERMELEE F
EEEIL, HogEESERE M EEE LT L Tws T &
i, KITEBIDICE 15 - o= 7' < DS FE B 05 B~
Vs FERLUTEARERARE L TV 5,

32 =+l

BTl 0 FEEBR R LR O IS B iz o W T D FEAM I
Ukawa (2005) &)1 (2007) 2555 LV o TE B 522
LTl L. TC7TIl3, Nakamichier al. (2004) TESH
TG E 1S BRI R O BRI S W THEN T 5.

2000 F 9 H~12 H & 2001 ££ 4 A ~5 Fic s ik
ROELILDFEBEE EHEEE 2 B b, Th o O
T ORI R HE ORI RO 10f5TH -
(Ukawa, 2005; #8)11, 2007). L L, ZEEBIEEBHIER
FDILFALLIAMZHER T HNT - 7o AR IR B D Mk 25 5)
EEREI ot Lt - ¢, ERIERE Bt E NS Lo
BIED KILIEB 251 2 BUD 18 WFEH b 0—> & 15 - 7,

Nakamichi et al. (2004) (ZB5SKRIFERARIIZEAT, B
KEFHENITL, K[ OBRNE 7 — 4 A& LT,
P& S DOWEERFOFAMD 21TV, FEERIRER
E LI, WHRE LD 1998 5 2003 FEO M TH
5. WIEERFOFEAID %17 - 7o,  HIRHY SN o
WEETER IR HIEE 80 HA2 SO H L ¢, EIRFEILE L 2.
C D% T ORI FAE U 7o SR IR i 42k o
16% #1249 5.

B L D ZEE R E i R O FVE R O BRI % Fig.
3R, BhnUTES SJLERIC 3km D & C A %HuLE
LT, S 11-16km ICHERIR ISR L0 5. &l
& B CFILTEZ L & LT L & e L
a7 - THEHRIC O L Tw 3 (B8, 197D, #HIkIT
DITEK D & DEEHR D3 13— RIS 54 7 DEFT
EFRLTHED, AEMEIEIOHRISHIE L TW 3 (Naka-
mura, 1977). L7253 > T, BREMEERHIE ORMEBCK 0=
JE A SRR AP E A I —H L TWw b T
id, MEEDICTISBEAT O RICERLAEET
HBHIEERELTVS,

4, FEYURELIRHEDOEIREX H =X LIZDINT
I F KO ZERISE R ORI A /71 = X LR
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Fig. 3.

The source mechanism of the largest deep low-frequency earthquake (M 2.3) is also shown.

Hypocentral distributions (black dots) of deep low-frequency earthquakes of Mt. Fuji.

(a) Map view.
Lower focal

hemisphere is shown in equal-area projection, with compressional fields shaded. Open circles on the source

mechanism indicate inward motion.

(b) Cross-seciton A-A” in (a).

(c) Cross-section B-B” in (a). Cross-

sections A-A” and B-B’ include hypocenters projected from 10km either side of the cross-section line.

FTbNHEHIZENFELL L., BERA =X 4
b iE o S B OB SRS LB » S5 TH B,
Ukawa and Ohtake (1987) 13, Pt REE KD R
F L R R R IR I > W T S IR A & P
B e SRR O A h =X axEH L THB, F7u
oy FIWVETFINVED Y VI IVT 5 —REF VD FHE
Uthrasr sl WHE - RE 199%6) &MH - BRI
(2000) (%, BIEA v 8= 5 VI CHEIRE e HRE >
5, FNENEEARLEBETKILITS> W TR X LIFE
WEIES TNH o FUVEDOEREA = X AMRAER 1,
D& ST, FEBEEBHE DT DI Wi,
HIVSTRIEA 51 = X LD EFIVIEFELITW,

TR, HFRLEERILTIRAE U R =
DOERA 71 = X LR OFEREFFN T 5. LIRTOERES
R I HA~EZ < OB IS T — 5 ICE S W R S
»H5.

41 EFI

Nakamichi et al. (2003) 1%, BT VT ) XLEP
e SIHEDAXY bVIEHWZE—A Y TV
A vN=Va vikEEFEL, BREBHEOREA # =X

o

L ZHESE L7z, Nakamichi e al. (2003) T i3 FLiHE
DR EH - TR IR 7 8 & 0 ZR R E =
4 B DT DN 24T - 725, T T T Z OH AR
DOEEBIEH P HIE M 1.9) & 0D EEBEE R HE (M
1.6) D A H = X Afi#% Fig. 2 1TRd. T T TR LR
(KFEBHIE M 1.9) D * 1 = X AR B VTR, 65% O
Compensate Linear Vector Dipole (CLVD, Knopoff and
Randall, 1970) B2 EENT VA, 0L EER K B
E M L6) DA =R ARICHBVTIE, 55% O CLVD [
AWEFNTV S, f#Hr L b BETEE RHIE & o9
BEBIEEBHIED 2 /7 = X Ao 0T bRk, AE
72 CLVD il o vz, BEEREIEIE D 2 71 =X
LfRITOVTIIHITIR 20% b DRFEZ LD 2 Hi> b
DD >tz —7, PRERBESEBEHED # 71 =X A
I EEED-VAR LN e (A WA ES TN AR AW

42 =t

Nakamichi et al. (2004) (345 F 111 & EEEO T (Naka-
michi ef al., 2003) ZF\\T, 1998 4E7» & 2003 I FE
L 7o & L1 i o ZEER IR i IR D fe KHIE (M 2.3) ITD W
TEFA H =X uf@%RKb 1. Fig. 3124 51 = X L R4



IR RS &R A 1 = R 40T & B ERABE R R O AR —E Tl & g Lo fl— 219

Y. RKIREREIED P O UIEME: (3 P oIE M
+TXTH| = (Fig. 3) T, ¥ 7W# w7V (DC) TRER
AAZRLFFIHTERR WS EbrE. CORFRAA
ZZXLDE—RA VT VY IVORRSESET B E CLVD
ROy 12%, (RFEZALRY DS 21% & 75 0 JEHIT K X 15 Jk
§TIWA TV RS 5.

aF L EELILOPEEBRERIED £ /1 = X AffIcH
BRIy Tk v Fvpksy (CLVD & (RREEA) 73d
5. DI L, NS OEEIKEEIIEN < 7 < ol
FEHEFAR & W0 o o KPR IR I T &k & S M 7o alRERE:
ZRERL TV,

5. MIRIEEEE S FREREEOTIR

EEES LA B R D FEA RSO R A A PR T 5 709
12, ERIEE R O BIRIS S 2 O JHE O E S
DIEMMAERTH 5. FIAE, sHitG T, FEEIERE
PR SRR ORI & U < 132 o Bl e
ELTwaZEnEsricshTwd (BlZI,
Hasegawa et al., 1991). TN 5DOWFRICT, FEEBIERE R
IR I3 KILE T O FBEEP < v b vk BB 5 <
IiRE LB L TRAE LTV SR STV, 2
72U, NI A o R R IR oK L D R EE A &
HAIEm -, 151 >okilncst L CHiZR
HEEGEONHER T NI ESGL BT, 22T, K
Lz BV CHEIEENE S ER S 0, 52 OFERE
RN S o E5FILEEIlic oV, HER
RS & SRR R OBIFRIC D W TR B,

5-1 &FW

Nakamichi e al. (2002) (3, ‘AFINCERS Wi
MR 7 — 4 ZFWT, L v —/N—BR & B o B
M5 S FREREAHEE L, TSN S Bk
L RARHZE O EF M % Fig. 4 1IS/8d. S 5-12km
D50 P GEBESE PHIE (3SR R E AN I LT s
DK LT, ZEX 30-37 km OZENIKERIIE 13K
HEBNICTOMLTWA T ENDNPE. DX,
BRI O R0 FEHSE IR & SRR T, ®
EEIcB LT TN T NE SN & RSN &K E
TEWDD 5. P PEEME S BES E RN I b 5
HHO—oE L TELT, <7 <R 72 DR
EREELCTRIBTEBh-clENFEILNS. L
L, THIZDVWTIR &Y ESREEOHIEEN IS IC TH
T AMEND S .
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Fig. 4. S wave velocity perturbations obtained by the
receiver function analysis, which are projected onto
the south-north cross-section at a longitude of 141°
E, crossing Mt. Iwate.
relative the standard velocity model of Tohoku
district. Projection is along ray paths of P-to-SV
converted waves.
mediate-depth and deep low-frequency earthquakes.
Red triangles denote the location of Mt. Iwate.

Velocity perturbations are

Stars show locations of inter-

9 Hn 5 2005 4 4 H oy 2 ol T b, <
DOFREHEBIN 7 — % % FH\\ T, Nakamichier al. (2007)
& hiE (2007) (3E L o FEA 75 R B s R A 0 A
o Lic, mhilzss & 2 H5cy) 2 Wimco
MR 4 Fig. 5 10Rd. Frc, ZERBIKEIRIE
DFEAIR T P PHEE & S PR E U S o FBH L b
BIEL, o PIREHE & SIEED I Ve/ Vs HE W 12
W, HEEERIREOHIIERSY OK « ZBLRFR) »ER
LTHO T EHRIEA R HEOF A CEE L Twa T
EERRWEZ L, i, BEBIRREEHER AR OB T,
< I OEAERRET B EEE»DF Ve/ Vs B E RO
el

6. FEYEEKME & KILFEEOREFR

GBI R 5B & KGR & DRIfRE < T
N 5. BKEEHCKIERSB~O< /<D EFE V-7
KULEES D KILTEENC SEAT - CPEEBIR B R IR 03 F A L
FERIDB VL OB I N TV B,

7o & A1, 2000 FE=EBE KB VT, 2000 4F 6 A
DWEKITHET D, 1999 44 HAH 5 2000 4 4 Hich T
ZRS 18km 70 5 24 km [T TIESEHIETRE) 230 2757
Ll EngpEancuws (A « 811, 2000). MK
&0 o T KITEE OTEFAITIEIT LT, B RS
MEFLIHDd 5. bBEERHE LT, 191 4F0
F v R KILARIE K O BiEK I 73 GRS B R iR B s 55
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values crossing Mt. Fuji.
section are plotted as black dots.

5415 (White, 1996). £ K KIITld 1991 44 Hic
ESUEEN MG E 0, T OBREAKEEIATERIL L TR 6
A 15 Bic A R ok A F A L, T OKRE
KD 18R & 2 BRAFTIC 400 i & O ZEEB KRR IR A
FEHEL TV, TOBRICHFHEA L TOIEREERIED
BRI~ 7 =F 2 —F37ThHD, hiBIET
WG SN TV EBREAREO R TR REATH
3. COPEBREFEIEOERILEE KoV T, H
T 3040km D SF e LR EBE~ /= LA LTET
E~ =B E OIS NT, ThhlliEs-Te6
H 15 HOBEKIZE - 1o LAFRE 1T B (White, 1996).

F72, BKITEE S - 1ohy, RS RIS B
& EIRHIIC I K ORI E - 7l & LT, Fiido 1998 4F
OEFILOKILIEFHNE T o NG, EWKICEES -
ros, MR A~ D = 7 < O _EF & GRS R E 3B
HMLUTHA L7 &R S N TV A (Nakamichi ez al.,
2003).

TS O (FEEUKE R HIE &K & OBIIR & 54
L, =¥ bovi EEh o KILEESA~ O < 7 <~ 5 A%
RELTWS, UL, BESEEEEORES LS L
bEE O KLTERPE K LR L TV Eab TRV, &
LA, WEKIEE) & G i I o 15 B i< IR 75 AH B A
BV EDHEBEV. FlAE, F5 97 KLTIEER
KR IR & TEK S 1960 SRR K D B CBlfls T v

Vertical cross-sections of (a) P wave velocity (Vp) values and (c) ratio of P and S wave velocity (Vp/Vs)
Contour interval for Vp is 0.5km/s.

Tectonic earthquakes within =20km of the

Red dots show the locations of deep low-frequency earthquakes.

305, i A 7S BARR 12 AL 5 4178\ (Aki and Koyanagi,
1981). £7z, ZH1LTIE 2000 4F 10 A2 5 2001 45 H
WA R OIET A ZR IS F 0, T OMOHIE
FAER A S 21 (R OFRHIER A B A 72 (Ukawa, 2005).
L L, BHESicsu i kiE R coE#E2 R L5
IEHERIE R P HIA B 3 S hTB 54, AL LT
WISV, L7cdd-> T, FEEUSRE BHIE A K LGB o Tl
WCOMABNEIPREREAPTH 3.

I TEMERN L LS50, FESE = A
EE SO KE LS L TRETAEAL L
5. Lehi-T, KILFERICB T 5~ 7 < BED T
ARHEREDEZ ST LB ->TVE LI THS. Ln
L, PEHVERE B RSB & KILiE S o BEME I > W T
3, HINELDROVEDIE-ZOLAEIERBEANR
W, L7chi=C, BERIRRERIE & KILTES) O B R % 1H
SMTT BITid, SRKIEENIERL L IoKilnc s v
T, KILEFRLD LRI S iEF I B 1 2 FERIK
AR IR AR L TH < LB D B,

oo

AR, K 19 FEE HAK LSRR E o 2 E
EREICHEOKA L5 TV Wb DTh B,
IZH D, BRI O LA TS e M O H AR
KILFEDBAGE OEREIC I RE BHERIcmn £ L.
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