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Three-Dimensional Seismic Wave Velocity Structure around the Hakusan Volcano

Naoki Takanasur® ** Hiroaki NEGisHI*** and Yoshihiro HIRAMATSU*

We determine the three-dimensional P- and S-waves velocity structures around the Hakusan volcano in the
Ryohaku mountains area, where there are some Quaternary volcanoes, using the travel-time tomography method.
We use 104,764 P- and 97,232 S-waves arrival time data observed at 521 seismic stations from 3,930 earthquakes
in and around this region. The initial model, hypocenters and one-dimensional velocity structure, for the
three-dimensional inversion are simultaneously determined by the Joint Hypocenter Determination method.
Since dumping parameters and iteration number affect the absolute value of velocity perturbation, we determine
these values quantitatively by applying “Cross Validation Technique”. A checkerboard resolution test is applied
to the dataset to examine the resolution scale of this dataset.

We find a velocity anomaly zone with low-Vp, low-Vs and high-Vp/Vs beneath the Hakusan volcano at the
depth of 10 to 14 km, while there is no such a region beneath other volcanoes in the Ryohaku mountains area.
Seismicity is shallower beneath the Hakusan volcano than beneath the surrounding areas and no earthquake occurs
within the velocity anomaly zone beneath the Hakusan volcano. These features support that the velocity anomaly
is a partially melting rock matrix with high temperature. The Hakusan volcano is one and only active volcano in
This geological feature is consistent with our tomographic result.
The existence of magma body, which can be shown as low-velocity body, may indicate that Mt. Hakusan is still

recent 0.2 Ma in the Ryohaku mountain area.

noteworthy active volcano.
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Fig. 1. Distribution of the 3930 earthquakes used in this study. Stars (¥%) indicate the hypocenters observed at
the temporal seismic stations around the Hakusan volcano. Pluses (+) indicate the hypocenters reported by
Japan Meteorological Agency (JMA).
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Fig. 2. Distribution of the seismic stations used in this study. Stars (%) indicate the temporal stations installed
around the Hakusan volcano. Solid squares (Il) show the permanent seismic stations operated by Disaster
Prevention Research Institute, Kyoto University. Inverse triangles (W) show the seismic stations operated by
National Research Institute for Earth Science and Disaster Prevention. The total number of stations is 521.
Shaded part in the left figure shows the highland area higher than 1300 m. Open triangles (/\) show the
Quaternary volcanoes in this area (KYO; Kyoga-dake, GANK ; Gankyoji-san, MARU; Maru-yama, DAIN;
Dainichiga-dake, BISH; Bishamon-dake, WASI; Washiga-dake).
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Fig. 3. (a) One-dimensional velocity structure of

P-wave velocity (Vp) and S-wave velocity (Vs)
(left) and the Vp/Vs structure (right) as the
initial model of the tomographic study
determined by the JHD method. Dashed and
solid lines show the P- and S-waves velocity
before and after the JHD inversion, respectively.
The error of the velocity at each layer is
plotted on the grid node represented by solid
circle. (b) Correlation between the resultant
P-wave station corrections and S-wave ones.
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Fig. 4. Configuration of grid nodes in horizontal
view. The grid spacing is 0.05 degrees around
the Hakusan volcano, and 0.1~0.2 degrees for
surrounding areas.
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The prediction error obtained from the Cross Validation method. The optimum values of Vp and Vg

damping and the iteration number are found at the minimum score, 2% of Vp damping, 3% of Vs damping,

and 8 times of iteration number.
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DBEET 2DEAILOATH S, TN oDLRDHTHE
R LI K OFEFED T > TV B D RAINKE T TH
0, JLEREEKILFIT 1349 80 JTAERTLIME D, FILER< B
ki lig < 149 30 TAERTLIE o KIS I3 s T
WS (| 213 Shimizu and Itaya, 1993). TD T &5,
C OB IR LT DK DIL & 15 - fo < 7' < DFFAE
2R b0 LEbns. AL O KLV T
13, </ <lTOOBHIDESNES ST o — TR
HANRKIE->TWBEEZLONS.

WD tcd, oHIOERRSG (ZEsWimmo +2
km DINICERPVE s 1o i) % Fig. 6, Fig. 7 IC[q)lF
WRT. 8B, VEER o R T 2BE MM E LT,
AR X 2 HREZFR T, thk0—nfbEE &
F LSRRG RO EIE EITIc i L cuwiswWiE%
&) BTy FENTLS, Ihld, AFEOREER
Pricflif 4 2 BIc R & & IcHBREREL TV 3729
1T (52 mBI), AENTHIVE S W7o REAH TR
HEEE & L CoFEmp#i L winThrod, HF3E
T b7 & S ITHRERIREL THIVE L 72EIR & 1)
WIRER E CHE R ERPHRSN L > dTH 5.

INERZ EAINTOMEGES 0km TlE, PEO
RHEFFHIRTHRAEL TV 200b0 3. & LITERT
&, EOEEE RIS A PTG & D IcHIlES RAE L T
B, F7EE 36.5km OISR LAEH (%) 13, ThE
TRRFO—KtER 7 — 5 TERABZE L shizbo
Thh, WINbHILIE FOERIEfETHELTO
5. £ TOEEIHIEE S OREFE RSN EL > T
WB DD, 158, SENE S HEES) & oREIC
SV Diim ik g 5.

62 FdLlmE

L% REY) 2 FELEr % Fig. 8 10Rd. FEdLrmTICR
Lckib i, m o B M E (BISH), B 5L
(GANK), HILTH 3. FHILNCERT 2 &, £E
(ZEE 0~6km) TId P HEMMEHEE T2 Ve/ Vs MK
WoTWa, ZOXSBERIE, SANICT Iy 70 F
L, HUTkPKEL B EEECEAICRoN M T
H v (Watanabe, 1993), <Dk 3 %< THHWEDELE
ZRLTOVWBAMBEM: D B 5. & OISR C LR IC S 12
P, SHEOMEE (—5% ) MES 10~14km 17
L, TTTO Vp/Vs iz lhNEL i > T3, 0
{EHRFE AR DK & S (37K AT 20~30km, 2R S HilA)
12 5~7km TH 1, ZOEXDF = v H—FK—FF R+
DOFEF (Fig. 6, Fig. 7) % R T bKFA4 A 20km, ZES
(] 5 km TREE DAMERER & 5 1o D(EHEME S .

HIFEIGE) & Ve/Vs & D ILES (Fig. 8) & v, HILE Fo
S 0~5km T CTHRAT 2 HIE (A-A'MiH® £0.05 £

DIMICEIRRE S N7 13, Ve/ Vs MR W0HiEic iR
FLTWB T ENNNLE, NS OHIEGENTEE K
A (ES 10~14km) X0 bRV THRAEL T
W5 DI, T ORISR D 12 3D ITHIEE O PR
BAHELTCWE D EEZLOSNS. THIRIKEWTHE
(Fig. 6, Fig. 7) OFES 10~14km OHZELE NN O
R SIS A O XD ICFE L TV B T & o bR T
x5,

PibofzgsZ, AlpiEkilicd s EE2EET
% &, PES 10~14km OGHEE D5 Ve/ Vs DFEE L,
AR HIEEE & MR O BE T ¢ B E S ITIEAET B,
KIGEFNCHERS 2= /< ThH B EEZDLDONRYTH
3.

S OICERRICEH LTA 5. Fig. 8 ®EH] (%) 13 Fig.
6, Fig. 7 LEIEOERBEHETH 25, INoDE K@
M THAd 2 RE I3, FEILWE (Fig. 8) T &4
IZ S ORI EEL - TWB, £, Ve/VsE
FHPLTEL B> TV RHAIBRONE., CokHi
KILGE 5 D & AT THA 2 K BHIE & s
EDBRIC O W TIRBEICEZ ORI TEB D,
Z DEFD STREOBENC L 5 D TH B & OHEHIHS
SN TV (fA1F Nakajima et al., 2001; Honda and
Nakanishi, 2003). AWFFAFEETH SN 2 (KERHHIE &
RS (S HMGHEE T, Ho Ve/Vs S\ & OB
b, ChomEOWFLLEHTH Y, AILE N HMDS
DOTEDFAEL TV B AREE S V. L L, KBS
TR E RAMLONREESEN - OWFEIRTE LW,
FHMEDNREE LS E 301 h, S%E 51
F—sA2EBL, L0ELOFIMEER VLT -5
oy P CTORRTANLETH .

6-3 EPuEm

FILUE O FPUFL K IS i - 7 BPEIHTIE % Fig. 9 1<
RE. KR L2 KInE s A Sl (MARU),  BRZER L
(GANK), &4 i (KYO) Th 5. FHI L& Ho
M RE T I R EHE (3% ) 2R LTV,
S l4km fHEclE, BN o#EEET 2 EFZL 5N BIK
HE SR O T TR T X 528, FliEiEY) 2t
Wi 4 2 S BEE TR,

O THMIISHEER S LT, F#EIRL (Fig 2
ZMR) B FOIEEHH 5. T OHIBEIEENILEFTIL b0
TIE75 <, 2001 FE [ILEEREIITRAIS e b D33
EAETH B, FEBE 2002 FEITTH AL 7 [ERE O EGREEAI
G« fth, 2003) TlE, O XS B L HIEED)IE
BAsnTB o, BRERAGSEHTHIEVZE, 0
IS OEE G A B2 &, S HHEEH, V/ Vs
FEL T oI (Fig. 8) ERBEICITWVEZRL TWL
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%, TOXDHEEEED S I~ 7 v FEORMAENILLF
ET5TEIFEZICLL, WhWY KGN %
bOTEBVWEVWZS., LhL, SRIO@HT»51ZT0
HWEREBOBERZMS & 3REETH 3.

VIEo & 2T, T oTbiicl~i ko icmimbito
FILDIA D KL TIRKERIEE) 2 REd 5 & 9 i R
SN - 1.

7. £ & ®

2001~2002 FEIT TH 1o [ LGB BN & i
WEF — 4 MOK[ETO—ALBlE 7 — 5 2 W TH
LR O =Roes RS O it 217 - 7o, 185N fiE
BEIE 20km LUE T/ACEA AT 0.1~02 F, FES KIS
kmFEETH 5. [ FTIE 10~14 km 1 BEE 75 (EHEE
SR L, Ve/VsbEWE WS FERNE S, &
OFFIRZ RS 2 X 51 L CHIRIEEI D H 5 T & B X UH
ILASTEKILITH B T EMD, T DIREEE R I$ KIS
WKERT I/~ ThbEZELONDE. CDLHE<T
~ DIFAEZRET 5 & 5 S i LS o Kilic i3
WEnhish- e, Thid, JuEE, Ailmkibgics o
THELBOES RSN TV EDRAILDATH S
&0 S MR « BRI ARE IR ST h 0, il
ALt o s pait kLo h T i3 s kil s LT
DFZER > TV 5 T EPRET DA 5 bIH S i
75 -7z,

it 3

AT IEFT RO L F LD o0k
—ALBRIIE T — & 2 & ¢ TIHW 2. BIREE dt
HRE R, BARTREE, BULKRE, HEiRE, AERE
AR, SHIRE, JUNKE, BREKRZ, HoriTE
BN KBFEEATOEICRT, AN fTBGE A BEZERR S TR
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