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Ellipsoidal Volume Source Calculation Webtool for Moment Tensor Evaluation of

Three Models: (1) Expansion, (2) Simple Movement of Magma and

(3) Pressure Recovery after Simple Movement

Naoto MIZUNO*, Nobuki Kame™ and Mie Ichimara™™

1. BUHIC: BAGFEREOE— X MTF2VIL
EMTCR AT T35 L

Mizuno et al. (2015) 1%, 2 D DOFEMEZER M %2 ~ 7~ H%
BENT 2 KIERETVEE 2 72, I & BT
DA FHI RGN EZR LT, ZOREREIE—
A2 M7 ) (Moment tensor, MT) T& D X 9 (2FH
ENDDEMEEICERE L7z, £ T, KPS
% 1 D ONE MR ZEBR AT HALIC R L 2B O R E IR O
MT £ H (Eshelby, 1957; Aki and Richards, 1980, 2002,
2004; Davis, 1986) OFEGHIFZERAIZIED &, 22 O
TARTIFH AR OB % B L T\» b,

Mizuno et al. (2015) Tl&, 3, 1 DOFEMED Bl
J& 3 (Expansion: EX) 12 & % MT O 15 2 i F % f#AT 7
(Eshelby, 1957; Davis, 1986) % Fi\>C MTCR 51 7 75
A (Moment-tensor component-ratio diagram: Trasatti et
al., 2009, 2011 ; Amoruso and Crescentini, 2013) TR L
72 BT, 2 0OREHEAIEEET 235O MT OILY £+2
#iFA%Z MTCR ¥4 77 J 4 BT 72 (Fig.1). 2h
T BRI THEMICHV 515 3 DO HHEMTIZIRD
Z2Bt (Fig. 1 DEK S: Sphere, MRIED A C: Cylinder, &

%L P: Penny Shaped Crack) @ MT O#EIEAEE O 155
HiPHCd 5 = AILFIE SPC L IERB &, 1 DD EX E
@O MT O 13 2 #iPH SXPXBS 1& 4L X 1) /s S Wi
270, 22D EOEXBIFEO b= )V MT OHLY) 152
HLPH X = M 5EI SPC & 7 DB EIE & —39 5.
AU & ) FEMMRZERR AN RS 5 BEEFED MT OHLY
% WP ASHIE L BRE S A7z,

Mizuno et al. (2015) Tl&, W2, 2 OO ZERME~ 7~
MHAZ (7Y OHEEEOAZET B L) BEK)
BB L CEFEIET 5 ETIVEE 272 (Simple Move-
ment: SM). EEDOFEIIMED SREOFEMKIZ < 7<)
BELAERO2O00EHO N—2 IV MT &, Y7 <D
EAETNEE &, DR D ORI | L ) /NSl
A (G280 2, HERRORMEE L CHGmAEEn
o0 FF, BRIRSA L L CEERMEE IR RS
LC, BBomMEEIRE 28725460 SM O
=% )V MT OY 15 % #ifH % MTCR [ (23R 7=
EZAhH, EXOMT & ERLRVHIOMHN L 72 5K
ZEBIRTR VRS R A 1572 (Fig. 1 OIS PXLDZB'X'P).
DI SM 12 & ) FEIEARFEREIERO MT OHLY 155
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Fig. 1. MTCR diagram of the possible ranges of the
MTCR for (i) an ellipsoidal volume source, EX:
SXPXBS, (ii) simple magma movement, SM: PX’
LDZB’X'P and (iii) pressure recovery, PR: ASLZ,
where S, B, and P indicate the MTCR values for the
expansion of a sphere, a prolate ellipsoid, and a penny-
shaped crack, respectively, and C, D, and L are for the
conventional cylinder model, the double couple,
CLVD, respectively. X" and B’ are the total MTs in SM
from S to X and B, respectively, and Z indicates the
corner position (1, —2). The aspect ratio of a;/a3 of an
ellipsoid is varied along the solid contour lines for a
constant a»/as as indicated by bold labels, while a»/as
is varied along the dashed contour lines for a constant
ay/as as indicated by normal labels. The representative
values of observed moment tensor for the 1970
deformation at Kilauea, Hawaii (Davis, 1986), and that
for VLP observed at Asama, Japan (Maeda, 2009;
Maeda and Takeo, 2011), are shown by K with a solid
triangle and by A with an open triangle, respectively.
This figure is modified from figure 3 of Mizuno et al.
(2015).

HPH 2SRRI IEER S /e, (EEOEERMEIIRO Y&
2 P =2 IV MT O F25HFMEZRIL LA, 2
DEEFRAE SM OFFH A S5O TN E»TH - 72
(Mizuno et al., 2015 O Fig. 3a Z8).

L2 L%&ds, Bl —4% o MT I3 EX & SM 254}
ML (Fig. 1 O BXPX'B'CB) IZA% b D b5
ENTWA. Fig 1 IZREN/F T 7 27 KILOHHE
B (Davis, 1986), M 1L EHHIESE) (Maeda, 2009;
Maeda and Takeo, 2011) ® MT 2% DI TH A (Fig. 1 O
K& A). ¥77 727 KLO MT IZHEE EX O #iBH
(3-1 #i® ASPC) 1ZIZ A>T 523, EMILO MT 13w
FAUI DY LR\, Mizuno ef al. (2015) TlE, &L
D MT % T % 72 DIZEHEEMK SM % % 2 721212012
FESNEEAFE E 5 E TV (Pressure recovery: PR) %% 2
72, SMIZBWTHEERKRISE X ZENEK T IS LTE
AT % ASIEES % A% IR Ap'% & L CTH 2 7
Y&, BBV MEORMIZIR & LT =R % v T
b=V MT SEHTRYICRITE 5. PR IZEMILO
MT OFFUER S, bo& b5 LuiEEEE72. PR
DY) 5 5P, Fig. 1| O =M ASLZ & 7% 1) EX
& SM EEAICED. $72, O MT ORI
DOMAPIFEHEDOHEIZIY 52 MTHFTHH 5.

4 1E, Mizuno er al. (2015) 2B\ T MT OFFNTHIE
HPEON-INLD3DDOTFT NI LT, F#HTHH
fEIZMT 25 CE 5 L 912 WebFHEY — VERBZEL
72. Mizuno et al. (2015) OFFATHIEIIZFNE, 12D
WEMARER OB RO (Eshelby, 1957; Davis, 1986)
WKL L, WHEBES S E END. Fx O Web 5HE Y —
WL, OIS E#T 5 2 & KBGOk E
W EICTATIT %7200 T MT 55 5 B IEET,
MT AJI5E L CIEIRAMS & N 2 i gHE o W 7 12 RHE L
TWwh, B, Web ilH Y —vid, SM TlREHEEKAED
AEAgE L (3-24i), PR CIXFENREREZBINTA
35 (3-3fi).

SO Web stHEY — V2L Y, HERET— & ik
BT — & ORI TS N7z MT ZHPRERE 7V
ARG &L ZEDNTE L, KILEFRFEOHEE 1T
TONDLZEZE, 3 DOFMIEEREZET T IVICA
J59 % Web aH5 Y — Vo ffivih & 22 eg [ E %
REZ LA T 5.

2. FEFAHEERIE Web STEY —JU: HEH%E

Fx D Web 55 Y —VIE, http://www.eri.u-tokyo.ac.jp/
ichihara/mizuno/index.html I TR &N TV 5L, &K
W2 Fig. 2 (a) OWE2SBN S O Tl LD A = 2 — (Ex-
pansion (EX), Simple Movement (SM), Pressure Recovery
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Ellipsoidal Volume Source Calculation Webtool

Ellipsoidal Volume Source Calculation (a)
Webtool

Usage

(in Japanese with English abstract) Mizuno, N., Kame, N. and Ichihara, M., Elliptical Volume Source Calculation
Webtool for Moment Tensor Evaluation of Three Models: (1) Expansion, (2) Simple Movement of Magma and (3)
Pressure Recovery after Simple Movement, submitted to Bull. Volcanol. Soc. Japan, 2015.

Reference

Mizuno, N., Ichihara, M. and Kame, N., 2015, Moment tensors associated with expansion and movement of fluid
in ellipsoidal cavities, J. Geophys. Res., doi:10.1002/2015J8012084.

Licence
The MIT License (MIT)
Copyright (c) 2014 Naoto Mizuno

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated
documentation files (the *Software"), to deal in the Software without restriction, including without limitation the
ights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included i all copies or substantial portions of the
Software.

THE SOFTWARE IS PROVIDED "AS IS*, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR
PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT
OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR
OTHER DEALINGS IN THE SOFTWARE.

Simple Movement (SM) Calcul. Webtool

(b)

ap/ag= ai/ag=

1zap/agzai/az>0

0 Mez= 0
0 0 Maa=
W= Ke=
Fig. 2. Ellipsoidal volume source calculation webtool: (a)

Display of the main menu, and (b) Display of ‘Simple
Movement (SM)’ webtool.

(PR)) D3 OWLEFELIZVETVE 1 D5,

ETOETIVT 1 DOFEFMEZER ORMTIZRS AT
BT 4. TV MERESR (o, x0,x3) 5 2, FETE
VTEREEN & PAT 2 38 (an, as, a3) BFFO. FEMMEIZIR
EANLTMT 21§52 L ZHFESE, MT 2 AL
THMEIERZ RS 5 2 & 2wt 8 L 18, B8 s
LA MT L, EX Tt 1 DOBHAEDO MT TH D, SM
& PR TIEHEMALIEHAD =2V MT Th 5.

Bl L Fig.2 (b) 12 SM Web 718 — VOl Ifi % 75
T FEMRIZIRICBE 3 2 M7 15 (a/as, ar/as) @
20CTHY, ZoORKEOEZIEHOBIZATITS
(I1Zalaz=a/az>0 L5 5). T5&, FHAEDE N
TR TO MT DX ARG (M), My, M) 75 My T
Hrgfb s 7z (moment tensor component ratio, MTCR)

T (1, Mao/My1, Mss/My,) DIETHETIE NG, Thbb,
MT ORLAEHNL Moo/Myy, M3s/Myy D 2O TH 5. FEH
IR (a3=ar=ay) 18 L T—HEAYIE My = Moy > Mss
ERDHS, MT B DR E E05EERS 2555 05D I
FAEL (FHIXP & PX) ZO¥4, MTCR 4 7 275 A
LR (M 2o/Myy, M 33/My ) = (Mss/Myy, Mao/Myy) VZHL

DIE LT, ®IZ Mo/My=M'53IMyy (54T 75 24TF)
5% 70y MO 5 T A,

WEHRTIE (M1, Moo, Ms3) DX 3 1057 & K& W
M\ =M= Mss) W ATIT 5 &, KR &M IR
(arlas, arlas) DIMTTEND . FFED MT B ORI
TlE, WA EE SIVEIZ avlaz=ai/as THTEND.
JEEHE & MBS L DI 2 DDHTFED AR LT 220D
Bept i Ens, b, PR TIRENMER Ap% (3-3
i) ZEMTHET 2 LERH 5.

Web 7155 — U TUEFE MR TR I ARSE 3 2 FE 8L 72
2ODE U=AVEAVTE KE=k"P/| IR IZER SN
L. 22T, AV aER X DM EO R
b, AVCIEEBROMRBEEAL, kI3 EEE o HRREHE R
kP =APIAVEIV) (3K IR ZERR O TR Y 7 AR RE TP,
AP FETZAL, v IdKsHARFETH 5. AvT S RREE
BOE—AY b7 Uy VBN EMEREILTDH
D, KCIHMARRRORBEEIL A § 2 ERE %
LD TH 5. Hilt, RFERO MT ZHICBWT
AVE T % L AVT SEI D IRITEIZ DWW T ERBUEF O
Blsih 5 J & N7 (Ichihara ef al., 2016; H T B - f,
2016). =3, EX Y — VOADONEFEREE LT, FHEK
FOMT O MTCR A 7 75 L (My/Myy, Mss/Myy) E
TOMIEIEHR & FEREO IR TR EN .

3. B Web StEY — L OERE L HEME

3-1 Expansion (EX) : fM{EDRERET IV

1 DOREMARZEBROEIEETIVIZ L 5 MT #5121
Fig.2(a) ® A = 2 —[H{[{7*5 Expansion (EX) % #.5. EX
D Web 51 — VI 2 B W CREMEIZIR (ayas, ai/as)
EANDLTCTmM&E L 227y 273 5%LEXDMT
(1, Ma/My1, Maz/Myy) HSRTE SN D (EETE). ¥,
(M1, Mo, Ms3) T ATILCLEME Yt 22 v 2358
FAIZIR (aolas, arlas) HSRMEESN G GUERHE) . FEHIMER
OBATARIZHIE T2 T & K DMEDBFREND.

WA BT B ATTRLS D R/NEFEE My =My > Mss
ETh. INEMIZS WA, VR Ukl %
DITT—ThbIEERT. £/, MTICRIAT 7T A
T SXPXBS FHIFIZ A > TWi W MTCR % AJJ L T
b, VRS UL LD T —THHI L ERT
Web 715 — V&b < T, FEHMEIZIK L MTCR
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DOBRIE MTCR 4 7 75 A EOSEHOMEIZ L YR
ENTBY (Fig 1), BMEETA 775 20H% AT
AN D Z KD, FHIB SXPXBS I2B\WT, FHiHE
arJaz=const, ML a1/az=const DFEEGEEZFK L TV 5.
B 2L, (aslas, arlas) DEZ D% 5, ZNENOMHEIZ
EWCER O T Z Y. T 2ONRE§ L EMEEER
RO MTCR T 5. FEMMATIK Z 7R $ ax/as=const. &
ay/az=const. DEAEREAE F 5 5H XP 0l E— X
VT YOV EREIEEIR &R S B BRICIFICEED
VB R BT HS. T 2TIE, BRAIKE LT LL
TH MTCR IFIF & A EZ L L 2. T 7%bH 5, MTCR
MOIIRE K> B = & SIS R 2 SIS T %

3-1-1 Exercise EX1

E— A Y NT YV NVEBEN DS M =4.00 X 10",
My =2.80X10"", M33=2.40 X 10"7 (HLAL N m) DMEALE
SN/ T5H 2oL E, YL Web FHE Y — )L &
O, FEMEIZIR & RFE2 L E KD TH LD .

MTCR %% (2.80/4.00, 2.40/4.00) = (0.700, 0.600) &
MTCR ¥4 7 77 & (Fig. 1) \Z3B1F % 5% SXPXBS |2
& 5H DT EX Web 5 Y — )V % ® O, M, = 4.00,
M»=2.80, M33=2.40 % AJJ$ 5. #EIHEEDOKRY 1
7 )y 2D E alas=0.459, a,/a; = 0.294,
T=0.617, K°=0.621 £ % 5. ¥MAEOFIKIE EX Web
FHEY - VORTENEE R D,

EBEOREAL AV %K 51213, KEMEREZAL
AVTE MT O85OI O BI£R

Mi=3kAV, (1)

%A% (Mizuno et al., 2015). 2 T k I3 BE O R
MRTHL, Tk T(=AvavT) oEZlAEHLE
By, EBROBREEL

M (M11+Mxn+Ms3)

3% L 3k

&b, k=20GPa & 95k Eq. (2) XAV =(4.00+
2.80+2.40) X 10'7%0.617/(3X20%10?) ~0.946 X 10" m*> &
Bd. ZHIHE F— 2068 1.2X10'm® OB L Z 3/4
[ B o

3-1-2 2 DOFEAFERE MTCR Z1 7 IS5 LLED

A% = ORER

FH O E O o 72 2 DO (FEFR 1 & FEM1E 2)
B, EOMFIE AP 22 CHRT 2G5 % 2 L.
HOR LSBT 2% RIRZTEL T, A2 12T
Lk FIRZT AET, MED =5 )IVE LR tot
FETEDT. ZNENDMT DES (M, My, Mss)
e My, M, M's3) (&, WMo E L, $72,
Mu=Mn>Myy, BEXUOM M »n>M3E$ 5. MT

Ave= v, (2)

B D RANDI AN 5 8IS XP Tl, MT B % 3l
e NN TAY AN < aP <N

MTCR %A 7275 A ETH, =% MT O,
ZNENDEFZD MTCR A 7 75 L LD (My/My,
Ms3/Myy) & (M'on/M'y1, M'33/M'yy) & &5 B85 %,
My My TG LSS AL S, MM IZD
W,

MY Myu+Moy

M Mu+M
__ My M2 M1 My (3)
My+My My My+M'y My

THhY, FMYMGTIZOWTLHLNIZFE LTI &Y
SALMLTHD. ST, ZOHEL M, - My DT
AT LT 5 5% Mizuno ef al. (2015) 12> TE A TH
£,

A 1 251K 2 © MT OfEI2xH LT, MTCR % A
T L EORMENREY,

My | Ms; M’y 4 M3
My Mny My My

(4)

O ENZNIEET B, —J5, AvT, AP, BXU,
AT e AP OBE (Bq. (1), BX O, ¥ L K€ o)
”5H

g KAV _ 3V AP

M TKC My’
P2 VAU VA 4 )
My TKS My

OBEBRADHELND.
W2, Loz LBOBEE AP=AP %D 2D

DMk ZNZNO MT IZHEHT 5 &,
My VvV UK «a

My 7V OkC ()
D\,
v _ M UK o 7)
V. My PKC o’
EnD. I, NSEOMER, EREEORIRZTT

BEESNLEOR T, KCKS, ola\2NAT, K
WV REEIZ R B 2 DS h A (Mizuno et al., 2015) .
VSVETLE MEVHOBEEPENT Ty s
(K>KC) OBExESE My =M, k7% 5DT, WM
& (M'po/M 11, M33/M ) DIFIZHI BRSNS,
UloZ &nt, 1 20EMEDIERD MT 1 MTCR
FAT 7T KB THIE SXPXBS LAY 157225,
2ODHMAERDOBIEEEZ DL EZENSDOEHOM & D
fii> TV AEAITIE, ZAIEMHEE ASPB DT OfiE % 1L
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D5, F/, WMol G5 L, =ML ASPC
DILEOMEX Y 152 (Mizuno ef al., 2015). 7272 L,
il % DFFR DRI O W TIZEE DS ), MTCR ¥
AT 775 LD 1 HOMEBRD SRR E —ZEIZRD 5
ZLIETER N,

3-1-3 Exercise EX2

Davis (1986) |2 & > TH0 5 1172 Kilauea K [11 D165
EJHO MTCR 13 K(0.691, 0.535) ThH-o7z. i, H
—OREMAEDEETIRFHPTERVHEBICH S, I
%, MTCR i (1,2/3) % oMEVWEMNAEB &, i

P2 MG OMAGHLETEZ TAh L.

Bl 21E, B(1,2/3) & K(0.691,0.535) % il 5 i % MR
5 £ (0.420,0.4195) %5 (Z OFFEIZFMEHAEE o
TL BT TH VY, 0.4195 DEAE ST A DS 4 H7 12
A, BIZIE, SNE04201CHODL EE BR DG
MATERIC R %), ZoF% P35 (Fig 3a). POFE
MK % EX Web aH5 Y — V2 HW TRk 5 &,
a2/a3=0.562, a\/a3=0.141, T'=0.776, K=0.289 & %2 5.
¥/, a=184ThHb. —J, BIIHLTIL ¥'=0.625,
K =0.600, @’=2.67 LK 5N 5. KIE#45 BP %
0.533 : 0.467 ICN T 5 Th D (1X0.467+0.420 X
0.533=0.691, 2/3X0.467+0.4195X0.533=0.535). $7%&
bbb, BEPOHMKED MT OiRKESZZNEN
My & My kT 58 MM,y =0.467/0.533 TdH 5.
Eq. (7) »5,

V' 0467 0.625X0.600 2.67

7 T 0533 0776 %0289 1.84 =13 ®)

&, 2 OOEMEOERRILSS RO SN,

ZHAUIXF LT, K & By(1.00,0.711) & P,(0.367,0.350)
%0488 : 0.512 IZN T 5 EEZTAHALD (Fig 3b).
Py, HOE ED% ax/a3=0.0833, a1/az=0.0112 OFV
KT, T=0895, K°=0.117, a=172 TH 5. —Ji, B,
1, #oE XD ar/as=ai/az=0.310 DYIEIT, ¥'=
0597, K'=0.675, o'=271 BF5N5. b DfHED,
5,

V' _0.512 0.597X0.675 2.71
Vo 0.488 0.895X0.117 1.72

=6.36, (9)

L5,

CZTIY BIF22o08E8D X912, 1 2D MTCR
R LT, IR O K E B 2 AAbE Tl
HWEAHHCE 2 L1225,

3-2  Simple Movement (SM) : ¥ ¥ ¥ DEFMIEEET IV

FIE DR D B IRIEOFEHEAND < 7 < BEBE TV IZ
£ % MT &I, Fig.2(a) O A =2 —[W{[fH A5 Simple
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Fig. 3. Supplemental plots on MTCR diagram for Exercise

EX2, determining Kilauea point K by EX: (a) Case with
an ellipsoid of B (1, 2/3) as a starting MTCR point, (b)
Case with an ellipsoid of B, (1.00, 0.711) as a starting
MTCR point. The corresponding goal points Py and P»,
and the aspect ratio of each ellipsoid are also shown.
Contour lines and symbols are shown as similar to Fig. 1.

Movement (SM) % 3.5, SM @ Web 315 — VO
(Fig. 2 (b)) 2SN 2 O T, HEHEIEIK (ayas, alas) & A
HLCTFME L %22) 2235 SMEFTLVD (1, Moy
IMyy, Mas/Myy) REHE S NS (ERSE) . —75, (M, Mo,
M) ZADLTLEME Y &2 v 7§ 5 L AMBEIK
(ar/as, arlaz) DETE SN 5D GEEIE). WEHE T,
MTCR AFIMEAS SM O MT OHLY 15 2 #iPH T 2 2 FH I
PX'LDZB'X'P (Fig. 1) IZA->TWilFiud t 25kt & 7
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VTI—ThobIlrmrd. alFHEEL WK T
EKCDMEEIZFIREND.

EX BTNV OYE L HERS, Web 3HH Y — L& bk
{Td, Fig.1 ®MTCR ¥4 7 7 & L2572
RIZIR OSSR L VDS b2 L) 1> Twd
FEIRNE O SR & TR, BEPEOBIRT 2 SRR
D arlay=const. & a;/az=const. DEAEFEZ ZNFNFEL
TW5b. (ayas, atlas) DEEFDIZHE, FRENOMHE
WS EROLH AT, T80 RETLHSM D
b =% )V MT ® MTCR T& 5. FHEIIRE RT ar/as
=const. DEAEFEDHE T - T LM PX AHTiE, £—
AV M T VN OREIEIZIRE g 5 & & DSHEEZ
FHIHTH 5.

32-1 VIUVEMBETETIL (SM) ORIFHIERE

SM E 7V TIE~ 7B E)IC &Y &R O BRI DU
L, BREOHMEIZER LEIZ#Y &9, DT, BE
OEEICERT 2 8% LIEZ T & C, BIEORME
F LR ML TERT.

SM EFNVTHEETNE Z &L, EEONE M
i Jave) ERIEOBEOMRSE (Ave) &, %3
LA UMEIC RS AW ETHE, T, 2o kilo
WTHEZTHLD. Mizuno er al. (2015) 1X, BEIEOE
DL, ~ 72 OEMET BER L CEERE,r S, D
TORIfRE E T

kK€
AV | kn o v_, (10)
Ayt kKU+1W’ :

km

BEORFZALH 1AV 1AvE|=AvT 14V X (@1T) TH
pIbkrBwREITE ArY|=|ave| L 2o, Eq.
(10) 1I2BVT, k,2kD & &, i, K=K OBAETH
oI ENGHE. T NS ORI 2
&, gLk DFDHBTHY, KRWeb ity —LdZ
NEMREL TS, T2, EREEFE UED KC 2o
FMATZIRIEER AR DA 22 <, BRIE D B ERIEA~ DR D2
B, MTHRPFS 2L TELL D, ELdb
BHE0ERA. ThODLEHER:ELTIAEGA
X, BROLZVWILDICE->TLE ).

WIS, RRERIEZ O 58 TdH 5 MT OxHA)lsy
O (M) 12DV TEZTALD. MT OFEEH Ml—;
D LDE, AVT LAV TH D, K Web v — LTI,
kn<k ZIRFE L7275, 2 OB Eq. (10) 2547 LAVT O
iR ES
_K° ¥

KO U

AT
AT

=4, (11)
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Fig. 4. A supplemental plot on MTCR diagram for
Exercise PR, determining Kilauea point K by PR. M
and Bj indicate the MTCR values for an ellipsoid
considered in SM and EX, respectively. Contour lines
and symbols are shown as similar to Fig. 1.

LY, ENENOMEE L IR, FNEnofT
WIROATRE S, ZOMWEEZHWT, Fig 1 12BWT
SMODOMT ZRETHZENTES.

Mizuno ez al. (2015) &, ~ 7~ DHHMBTT 7L (SM)
2B B ERMR 5RO~ — % )V MT @ MTCR i %,
MTCR ¥4 7 77 A HRF WSRO L FTEEZIR—EL
TWa, EREEIR L EIEERDO MTCR 4 7 77 A
LTofMEEZNENS, By ThHhLETH v /v
B X ) BRI L AE A DEIRD P — % Vv MT @
MTCR EOfI#E (M) £, SM:MB;=1—x"":x"" O4}
RN B (Fig. 4). X" 3AOETUTORTEH 25
N5 (Mizuno et al., 2015).
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o AE a3
1+Amuv/F’ a a’
v TKE 9 e
A= e = VKS (12)

CCTHITEEOME U=5/9 & K'=4/5 & FI\ 7245,
— B 7 B LA P AT IR 125 L C b Eq. (12) @ 3 Dl
BETERZGTRIY, TRTNOFHORE S12L
S, F BEIICLD F—=F IV MT O M; 3525
nok, BEMOIEE|AVY | &, TR OEER|A
Vel SIRD A6 F 5 2 1%, Exercise SM1 IZ7RT
EBHNTHA.

—JiT, BEMSKEMOETIZ( LI oW, &
NEZNDOHFEHORKE SO NT LS. Mizuno et al.
(2015) 1%, EERAF L ET 2 S BRA

1 1
7_._7
AP V| kwm kK€
1
km

L. , (13)
[apl v 4 1

K
T b (Mizuno ef al. (2015) @ Eq. (37) %% ).
kn<k DYty HOBZE (KEWIERITNE V) 2ET A0
Ry, EoXo () W1 TEMTE, [AP AP~y
LB, FERERIROZLIZH LT, 2 LTHESN
7oAV B ORLE 2 5 A 72D OP Fig. 1 128 C MTCR
AT 7T LD SM #HPHIZR SN TH 5.

%3, CLVD (Fig. 1O L) ®XIHIZ, My~0Thb &
I 7% MT IE, WiABEIZ FbT EMREND Z 0% n
23, FEBIZIEE URIRE, &2 WIdFEoRRo 2y b
OEOFTERBE TR UL, M~0 Ziili2 T2 EDTE
HWIEEZ AL TEL.

3-2-2 Exercise SM1

T— A Y bT VBN DS M, =4.00 X 10",
M =0.620 X107, M33=—2.80 X 10" (FL{iz. N m) DA
PESNIETE, Zok &, #HU% Web7lHEY — v
B, BHEOIR EARREEALEZ RO TH LS.

MTCR 7% (0.620/4.00, —2.80/4.00)=(0.155, —0.700) &
MTCR ¥ A 77 7 & (Fig. 1) I2B1F 5 SM O#ifHIZH 5
DT SM Web 58y — V& #ER. Web 518y — VI
Mi1=4.00, M2, =0.620, M33=—280 % AJJ§ 5. t %7
VY 745 E a/az=0.796, ay/a3=0.694, T=10.563,
K€=0.771 %155, ~ 7 <BEEOBHAKEIRIZONT
W ZOBTHIEE RS,

AR ARSI % AVT(<0) & AVT(>0) 35 &,
b — %V MT ORI OFFI O BRI,

My=3kAVT +AVD)=3kAV(1— ), (14)

= ;‘ffgz :%KCZF, (15)
&7 1) (Mizuno et al., 2015), MR EIUETIH B LA
CEICEETAS. INE Web MY — VO DEE HA
Hh¥Es &,

KU
4=2K1 2 563 X 0.777=0.984, (1—4)=0.016,

4 4
(16)

M;=(4.00+0.620—2.80) X 10'7=1.82 X 10", (17)

Apr——Ma____ 182X107
3k(1—4)  60%10°X0.016

=1.90X10%m>,
(18)

AVT =—AAVT=—187X10°m’, (19)
AVE=TAVT=0.563X1.90X108=1.07 X 10*m?,  (20)

Ave =y VT’=% X (—1.87)X10%=—1.04X10°m’,
(21)

L b,

Exercise EX1 Tld, 4V°=0.946 X 10'm*> T& » 7-.
Exercise SM1 T &~ 7 <~ B 12 & % 1 & £ 1k
(AV©=1.07%x10"m> & AV'=—1.04X10°m>) %10 %
BEELTVDICHMEDLL S MEITITHH LAY, -
ZV MT I2B1F 5 M;=1.82%10""N'm I Exercise EX1
D M;=920X10"Nm L )/ NSWT EEET .

3-2-3 Exercise SM2: Double couple

DIEABFE 2T, HEEITRESMELLT, FT7Vhy
7V (Fig.1®D) DEFE—AY bT ¥V AN LT
[N % T o CThD. T— A N vV VRS My,
=1.00X10"7, M>»=0.00%X10"7, Mz3=—1.00x10"7 (E{L
Nm) ODEFFEEINIET L. 2ok &, @Y7k Web
MY — VR RY, FEIEIZIR & AL % RO TA X
9.

MTCR 7% (0.00, —1.00) & MTCR %' 4 7~ F 2 (Fig.
1) 2B 5 SM OFFIZH 5 DT SM Web 75 Y — v
R, M1 =1.00, M2 =0.00, M33=—1.00 % A9 5.
VYRS Ry T HERBLAY) T —THELI L
R ZAUE, ERAIGE & RS AR O MT % 2
LAabEsE 0L %868, BHAIEIIRDAM 2
<, M~0 & 86 13 LDZ FTEH LG
5TdHbo SM Y —IVIZBWTIL CLVD O MT % & &
Mi~0 E G BA LTI — L D,

Web 715 — VOXIRIVTH LA, a1 VIROE
Ty b, FIUIEKT L CBIRO 7 5 v 7125k
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WRET A, BEROBH DT TNV Y TVIEEE
52 ENTED (Mizuno et al., 2015). B 2L, &M L
M) O MT 25 (M1, M2, M'33) = (—1, —1/3, —1/3),
R (BRRME) 25 (M1, Mas, M33)=(1/3,1,1/3) T %
I BEEEELIZNZ, HWTHLE5).

3-3  Pressure recovery (PR): ¥ J v EI%ICEHEE

THEFIL

SM DEIZESREIET 5 PR EF IO MT 5HEIZ1L,
Fig. 2 (a) ® A = a2 —IW[[H 2> 5 Pressure Recovery (PR)
V=)V & #ESR. PR D Web 515 Y — W2 B W TIIHEHA
LEHE O OB & R TIBIEEE Ap'% O (3-3-1
i) ZBIMCTATTEUEND L. (adas, arlas) & Ap'%
AT LCTFm& ) #21) v 273 5% PROMICR
(1, Mx/Myy, My3/My,) HSRTE S NS (ERTE). #i,
(M1, Map, M33) & Ap% 2 ATILCLIME t 22 v
T2 L (adas, arlay) DEHESND GEEED). FHEE
X, MHEEO T L Kok izFREND. PR Y —
VOXGERDLDIEMICR ¥4 775 LI2BIF5
M;~0 % B { ZAIEE SLZ 26 Th 5.

3-3-1 YIYBBBRICEABETSZETIL (PR) O

Bl ghis)

SM D% (Fig. 4 D M), W D% % (Fig.4 DS & By)
KEIFEEZRE LR OMET 256542 5. PRD
WA P — % )V MTCREZ R £ 95 &, RIZ, 0% D
JENBEAEOEITIEM ER UALE & % 5. 100% DI
NEFE EIEIREDSTCOIE R S) OEICIE, FEE
NI HRER A ROFS- L AR SN T, B
OB D, L) —HIZ, 055 100% DL FIE
WAL T RIZEM MB; EE2 M A5 B3 ICBEI§5 2 &
AR ENS (Mizuno et al.,2015). 100% =8z % &, |4
W BsS EloBWT Sz o<.

Mizuno et al. (2015) 1%, BEIOWELE U L 512, 4155
SR : RB3=1—x: x» &, 4A"OFRIZOVT,
Eq.(12) &, X" & 4™ ORI Y Lo Z L A FIH L,

APrec
a _ ap ! (22)
Amov APrec ’
AP
ORtREE N/, 22T, AP LI EEMETH Y,

Ap'=AP™/IAP'| # AR TRL72b D% Ap' L8
. BIEOREOERED, EOREMNEOEE L) 145
WZKREWVEE (17177—0), Eq. (13) &b [AP™|<|4P'[<AP
THY, Eq (22) OB EHE, 1 TEMTE S, PR
Web FH55Y — LTI, TOEMZEMH 2 LI2T 5.
3-3-2 Exercise PR
Exercise EX2 & [d] U Kilauea ® MTCR @ K(0.691,

0.535) %, PRETVCHMHT LI L xilAhb. 0
BI2h, THEEMEIIZ5ICH D705, Web 515V — Vi
N TEZ 2. HIb, BEMOERIIERET, 20
HRIMEEMORHAEER LY b5k E& L, w7~
DTS L, \SFPABEMEARD £ LD T3/ S,

Fig.2(a) ® A = 2 — ([ | B> T Pressure Recovery &
FE U, PR Web 715 Y — V12 M, =1.00, Mx»n=0.691,
Ms33=0.535 % A5 5. [ENEIEZ Ap’=50.0% & A7J
5 &, FHAEDOIRD ax/az=0.686, ai/az=0.511 & 7%
5. ZORIKOFE IR T 2 %6 O MTCR 13,
B; (0.814, 0.721) T&» 5 Z £ 75, EX Web il 4> — iz
FoTHEENE, E612, ZOFKE SM Web 3154
V= VIZANTEIRT S &, 17280 MTCR 13,
M(0.0712, —0.396) & 72 4. SMB; O fiiil & 0 444 1t
X"V=—399 TH Y, Eq. (12) o1 e 2%,
A"V=0.9466 & %2 . F 72, By OFMHERICH L TR
ANz, U=0.579, KC=0.727 % Eq. (12) O % 3 &K
A" =F TKCIRA LTS 4™ 5l LA b, 5
BIELLATON T DL Z EDTEI O HNL.

K%, SB;O#FEELTHRZE EDGELIX
X =—=0.661 TH 5. ®IET D 4P=0471~4""2 &
%o THBY, Eq.(22) £9 50% DENRIELY G5 2722k
EEGMRERIESN TV D,

4. £ED

F 4 12 Mizuno er al. (2015) I B W TEE S N-F5HE
ZEBUCBIR T 5 3 D OREEEE TV (iR EX, ¥ 7
~OHMFEE): SM, HAREAOLIEE: PR) O MT
% IS % Web 515y — V2 1ERL L 72, FEREO IR
% AJ1$ 5L MTCR i) %215 5 N B JIEEHS, MTCR %
ADNT 5 EFEHMEIEIRAN ] S N5 MEt RS e
HECH % (PR CHIEDEERELBINTANTS). #H
Z L KCELICHTEICFER SN A, Web 7l Y — L
IS TLEEICioTO O 2 A 2 LA HIB L /2. M
W7 — & LR EH 7 — 7 OWEFHT A 51557 MT
IZR LT, 20 Web sty — V& @ LRI
FROFFEBUZLT T THL N,

Web 515y — VD70 75 NIEIFET ) —Th 5.
Web 51557 — )V kv 7= (Fig.2) #ZRE iz,
A A FE N TV D MRS 2B L Tl Mizuno et al.
(2015) @ Appendix IZFEL < IS TV 4. BERDSDH
AHEEEH LB LTI L.

oo
AT T OREBISKZAICT LA, AROUT
272 ) ERORFE | 4. B 5 CREEAOEARE



EMARMARIEERE— A ¥ b7 ¥ VVEHID 728D Web 71 — )V 457

Koaxy MIFERICEERTLL, RLTE#HZL
F9. N.K. 12 ISPS BHF# #21107007, B X OSCHBERE
BIZE D THEOREMIZEIRS 5 720 O ik KL BT
JERTH | DI E 2T L7,

51 A X i

Aki, K. and Richards, P. G. (1980) Quantitative Seismology
1st ed. Freeman, New York, 57-60 p.

Aki, K. and Richards, P. G. (2002) Quantitative Seismology
2nd ed. University Science Books, Sausalito, 53-58 p.

WE— -V F v —X, P.G. (LVE¥HE - & M- Hib
FlE F0) (2004) HES ERET 0 —F . HEER,
HL, 69-76p.

Amoruso, A. and Crescentini, L. (2013) Analytical models of
volcanic ellipsoidal expansion sources. Ann. Geophys., 56,
doi: 10.4401/ag-6441.

Davis, P. M. (1986) Surface deformation due to inflation of an
oriented triaxial ellipsoidal cavity in an elastic half-space,
with reference to Kilauea volcano, Hawaii. J. Geophys.
Res., 91, 7429-7438.

Eshelby, J. D. (1957) The determination of the elastic field of
an ellipsoidal inclusion and related problems. Proc. R. Soc.
London, Ser. A, 241, 376-396.

Ichihara, M., Kusakabe, T., Kame, N. and Kumagai, H. (2016)
On volume source representations based on the representa-

tion theorem. Earth Planets Space, doi 10.1186/s40623~
016-0387-3.

H &R - (P - TSR R - BEIE 2 (2016) FRHE
HET) — VB Q) —FEEBROE— XY M T Y
WEH— HEE, 68, 169-176, doi: 10.4294/zisin.68.169.

Maeda, Y. (2009) Very-long-period pulses at Asama volcano
inferred from dense seismic observation. Ph.D. thesis, The
University of Tokyo.

Maeda, Y. and Takeo, M. (2011) Very-long-period pulses at
Asama volcano, central Japan, inferred from dense seismic
observations. Geophys. J. Int., 185, 265-282.

Mizuno, N., Ichihara, M. and Kame, N. (2015) Moment
tensors associated with the expansion and movement of
fluid in ellipsoidal cavities. J. Geophys. Res., doi: 10.1002/
2015JB012084.

Trasatti, E., Cianetti, S., Giunchi, C., Bonafede, M., Agostinetti,
N.P., Casu, F. and Manzo, M. (2009) Bayesian source
inference of the 1993-1997 deformation at mount Etna
(Italy) by numerical solutions. Geophys. J. Int., 177, 806~
814.

Trasatti, E., Bonafede, M., Ferrari, C., Giunchi, C. and Berrino,
G. (2011) On deformation sources in volcanic areas:
modeling the Campi Flegrei (Italy) 1982-84 unrest. Earth
Planet. Sci. Lett., 306, 175-185.

(Y EARRE




