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Recent advancement and applications of stress tensor inversion techniques
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Abstract

Stress tensor inversion techniques are widely used in various fields
of solid Earth sciences to elucidate (paleo) stress states in the Earth’ s
crust. In recent decades, these techniques have been developed and
utilized for disaster prevention and assessment of nuclear power
plant safety, as well as for scientific purposes. The data sources used
in such studies include the orientations of mesoscale faults observed
in outcrops, seismic focal mechanisms, dilatant fractures such as
dykes and mineral veins, and mechanical twins in calcite grains. In-
version techniques for fault-slip data, including geological faults and
seismic focal mechanisms, have been enhanced to detect multiple
stress conditions from heterogeneous data and to examine spatiotem-
poral changes in stress. In addition, methods for analyzing dilatant
fractures have been enhanced to determine stress regimes and stress
ratios, with implications for fluid pressure levels. Recent refinements
in calcite twinning analysis have aided estimates of differential stress

magnitudes.
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L, BRI 2 5 S DI, BSOS D
fioHiE sk 5N % 2 ENERO—DTH 5.

B v 75 —%

N TCIE, ACEAY 1 DOFEHE CTHERE C & 2B (B mm
~%10 m) OWEZ /N8 SRR, IS IREE AL 20
ICRIETE T < /NBTEZ WS K WL, 1S EhEREE
HTHD A ELOWBNERDOT 7 FZy 74 X2 k&t
L TWBHHREMEDMKEL), b5 RO &L Tn5
EHIFTELNS TH S (LK, 2001). 1990 FLEETD/N
Wi 12 K B it ) AT I21E Angelier (1984, 1994), 2000
fEHH % €13 Ramsay and Lisle (2000), 2010 fFtH &£ Tl
Célérier et al. QOID) ML EED TS, FILTIE, (L
(2001) 23FEL VY. /NGl 2000 4 CARE D 8 2 Hon iz iR X
5.

1. Wallace-Bott #k&t [CED < IG5 A

20 i AR = TI2H I U 72 /N8 @ AR AT413,  Anderson
P& (Anderson, 1905, 195D ICED< R HIL P —L B DD
FIRITEID ENDEREITEWD) OHIER, Mohr-Coulomb
DOWHERYE (Fig, D ITHDW TR 2 HOWIER O 2 %
SAME L TESHZESED DD/ LaL, #oTh
Wik OB, SHE TARVWER I TR km £TH D
5% Z & (Lacombe, 2012), #SHICHIT L% W EE v ~
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Fig. 1. Mohr diagram showing the conditions of faulting.
The horizontal and vertical axes are effective normal stress
o, and shear stress 7, respectively. The Mohr—Coulomb
failure criterion is drawn as the solid line © = uo,” + 7.
The black solid circle corresponds to the orientation of the
fault to be newly formed under the criterion. The broken
line T = uo, is the failure criterion, which neglects cohe-
sion T, for reactivated faults and faulting along preexisting
weak planes. In this case, the faults indicated by open cir-
cles are to be activated.

WilE DR RS %2 RS Mohr ¥4 7 75 L. HEBINE A 2h#EE
B o), MEENZTE 2 RT. ER T =uo + 1013
Mohr-Coulomb OBIEREETH D, BANTERE I NDWEOD
HOTHHST 5. W © = o, 13RS 7T 1 2 I L 7= il A
ETHD, AMOHMBITINT 2R OWifEANEE 2.

Fig. 2. Schematic figure showing the Wallace—Bott hy-
pothesis (Wallace, 1951; Bott, 1959). A fault is assumed to
slip in the direction of shear stress. The vectors 7 and v are
the fault normal and slip directions, which can be mea-
sured in outcrop. Given a reduced stress tensor, we can
calculate the direction of shear stress 7. The misfit angle d
describes the difference between the observed slip direc-
tion and the calculated shear stress direction.

Wallace-Bott {i &t (Wallace, 1951; Bott, 1959) 1%, Wifg
W0 HANTRIS AT TH 2 EIRET 5. Wil DR
n EW|OGIE Y ZHZBETHEBL, BT T > V)L ZiEY
ICE AL, SRR IO AT 2RETES. S AT 1w b
AdliZvETDRTATHD, INEE/METDHEIET
TIVIVINRGERE RIREN 5.

DFANENTH 2 Z &, BEEWE O FREE--55H (M E
728) BRI L 7ZWiEOTFEN NS OFIEOHR TH 5.
Wallace (1951) % Bott (195913, Wilg D D AridKifE
H_EOTWIIS T DA RN EATTH D EVWD R EfRE L7z
(Wallace-Bott fik, Fig. 2). TR, Sz FIH L7~
WIESCFIRE L =W ICHEATESH DL L TRITANS
N, IS NWRRATIEDEARFE & 72> TWa. Wallace-Bott

Akl & 2017—6

RAUTIED ISJE@iEE, WA v 75— (B
DFAL, FARD AL, Btz > ) ZBHEIL, reduced stress
tensor (Angelier, 1984; /N CIIHIEILIR T 7> L) &k
ETHFETHD. Bt A3, BiEmICES N5
ARDNGEAR IR > TEBE S DEEICBE L /2 E WD KHIT
b0, EWiE, HEE GETINE EETIEOWT
NoOwSZEE >N TRREINS. BBLEhT> VI, 3
DO ERNEAAL LIS LD HDET 4 DORAERN 575
5. F TS OHSHEDEHRAFER S N TN S,

Wil i O H AL EALIERR N "Ml n THAZ bz & &,
BRILE T 7 > V)L o 2l mE 3 UL, SRR
MV TIEZROESICHHTES ¢

T=on— n-onn. (D

N7 MV T OJmEE, WiER EOSRE LTS N0
HIEDRRTAZEI AT v MALIER. ZEOE-EAY v
TT—=5I14T 527 1 v MADOEEHEE BR/MET 28k
LIG5> )V intifi & FL7s S5 (Carey and Brunier,
1974; Angelier, 1979).

FEHRITIEI X7 1 v MAZOBHOTIERL, SHIEITON
T

l _d/d() (Oofdfdo)

D=1 0 (d<d=<180"

2
EWS XS BIE DN S Z ENZ W (B AT, Angelier,
1984). 727U dEI A7 1w My, d,\3HEETH O 30°
BEICREINS. f1ddORABRADT, 2FEIZDN
TfaEAFLEDD (TN ZE BB EIES) 2R AMbd 58
FALIRII T 2 IV DS RE DI B Cd 5.

2. EHORHDEE

1990 FEARLIRES, #EDIRT) %R B bt 18 AT S B
FINTERL. 1980 FARETOFLIL, /NHEHNE—D
IS &S TIEB L2 EBZ D HDTH > 7z (B, Ange-
lier, 1979; Etchecopar et al., 1981; Michael, 1984). L
L, RN SRZE MR WS, MBI H WSS,
MR T 7 N2 A ERD EFHIINDEAE, EHROIR
Nk U= R~ E 2 ) 5T —% | OfIT kWA
HEThD.

Nemcok and Lisle(1995) 13, Bl N=WER Y v 7
T—% (D) Z Db O DRELINEZ LI Wi ETEE 7 )V — T4y
U, ZI—TZEIRNERDDZFEERELZ. L
L, Wallace-Bott fiiiic LU 1 DD DH & THA 7
FBLOWiEHZENL L 15 5. Wallace-Bott IiFIZHE DWW THE
OIS =T 5701213, BRA 7RI LT B
B 21T Q) oF) DEEFREHL, ZOMKMEERTERT
DD B

ZEMME (LK, 1999; Yamaji, 2000b) 13, Wifg AU v
TT—% OIFHHEE O DR Ui ST & 0 250z
BT, TNONDLDERDI FAY -2 AT L ABFEM L
THEAIT 2D TH2. BRI T>VINT4BHER
FFD7=®w, 4RTUNT AYEHDT T AY —%RET D HE
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T2 2 ENREETH - 7=

3. RZERODKE

2000 ELARRLC, IS ET 2R A OREICFE S 5N
D ENptER SN, HEROIRNZRET 5720 ORI
WEND o Tz, I75> B, Sato and Yamaji(2006a) 13 Fry
(1999) ® ¢ ZEM &K E L, KROX D IafmzAERZ2MoF| A
BIRZELUL. BT VI 6 DOMNLERSr D38 D DT,
TNEMOEERIND 6 RITERXT NIV N EEZEG6,V2,
N2, 0332, 0y3, 031, 012) EHD 1 FUTE D TEHTE .
ZZTRHID 3 By %2 THI> TWDDIE, EEERZEED
J5# (the principle of coordinate invariance : #2113, Ot-
tosen and Ristimaa, 2005) /=9 L 5I1CL T, EDJHIA
2R 2= A COHMITHE L BRNEDITT 2720 TH 5.
FH—AEE@0, to,To)E0I, FAZLE(— 00, —
0,05 — 0;0) % 1 ITHKAL L7217 >V JWE, 5 Rot2Er]
D HAERIE 1D FHITHS T 5.

5 RICHAERE B 2 MO —2 Uy RIEEET, tHsd
52D QEMALIE F15 >V )L @ stress difference D =
V% G,~ay (Orife and Lisle, 2003; Sato and Yamaji,
2006a) IZZ L\ Stress difference 1% 2 DD DZER %
FRALTARETH D, SO Z2RECK T 2 I
LiB. ZIZT L0 —opld BHHEENT >V o, &
oy DEDHE _AELETHD. DIZ0OMNS2ETOEZED,
WEARKEVWFEE 2 DD DFEVAKRE . D 2 AHEET
FH LB LS AR e = 2 sin” ' (D/D1E, 2 DD
EZHOWPDHMOBBHEICERAI®ZEE, TNTNDRS
THEU BTWIR D 2 DOF RO 7 O F-EITIZIFE
LWhEWSHEE 2D (Yamaji and Sato, 2006). L7zdi->
T, INJIAEERER stress difference 18, Wallace-Bott {ii
IR IRJTRTE E QBRI E V. 2EL, Zhso
REEZSIMOIS ) DR E SITOEN RN SHEINDS &I
BHLETH S (Sato, 2012b).

Otsubo et al. (2006) 13 stress difference Z BE#ER &9
% K-means 27 7 A& U > 7 (BIZIE, BEA, 19991E- T,
LHEMREDOROREZHEML L7z, Yamaji et al. 2006)
1, IR D 72 D OHE LB EA D—D Td % Hough 28
1 (1 213, Leavers, 1992) #iHA L, RS2 O BT
B i 2 DEEAT L AREKICKIT 52 > TV isif
fig#rik (U, Hough £ &IFER) 2#2E L /2. Hough i£1345:
OB HWE > 2 DEHE R KR WiET—512H
HH T &% (Sato, 2006). 51T, HRT U v Re7)Ld
) ZLDERBIZE ST, FHEDOEERIEAEE OE—LANER
& 1 7= (Sato and Yamaji, 2006b; Sato, 2012a; Yamaji
and Sato, 2012). LA EOFEEZHNTS, HEEHSEWE
BoENMREWGES, EROBTOBRMIIRETHS. £H
WFRE DR D IR USR5 &9 2 W03 2 W Ik 1 2 45T
WHT HOT, WET 2WEOHI NIRRT M
AU <. Hough iKlZZ 0 & 5 fsstifsh i &2 /723, HIW
BB LE AT 2 MEEICIZITHGIT 2D T, DEOkEE
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GBS BB OBBIZIZEFRITH S ek, 2010).
4. RIADEIEREDEMA

ZHF - L& (1999) 13 FEHR & O Rl ik g & 9) %/
WiEREZ T L, S A7 1 v MAOBESRICEE DN THER
DOIEITREZRE Lz, ZOF—#13#%IC Yamaji (2000a)
W&o THEWREE T WTHEET SN, SR Ehn
7z. ZEMHES Hough i3, ENIL OB & 7B (K12 58
FAZNREZEHIT TN D, Fil ZIZ/ERIEN (2005 13, HEXE
50D HAYEIE K OHEFEE 2 U) 5 /N a2 it L, Ph
HAIZ R T 2 519RIG 28 Lz, BEiES (2006) 13
VU AR & 5] B /N8 DFRATIC K> T, SRk7sERE L
1L, KEEZD Q009) W HEHI O 7 2 1) 5 Mg % 2 5
MR K - TRT L, BIMUSTIERS R & O HBICE D0
C, mEfE b T TR OIS ) Z5E 25w U7z, Hashimoto et
al. Q019)1%, ABEF o)V TWEOMEHI I 7 ICE TN 51
DHEOMNTIC L > T2 EEOR 2t L, WEY 1 7))L
BT BN DL 25 U

INBTE DB S N2 R G RIR & < BB L 72551200
C, Yamaji et al. Q005 1T IR AITHIT DT X -
DFH & LB A DY, EHED & DB TN
TDMER L 7= MEEL /2. Tonai et al. (2011) 13K B Hhs;
DOHE =% %Y 5/NiEEC Hough LM L, FEEEERK
Al SRR DR ITIRREZ B S T U e

JRITHEATEISER B IC B ISH SN D DH S, Tsutsumi
et al. 2012) 13 Hough ¥ & i a¥th 75 oG Wi lE BEICE A L,
10 HEZX =)L D int] DR ZE I —tk 2R U7z, 2011
FEDHACHG R SEM IR & & © MR T ISP
DU OFE D FTHON, THUCBET A2 a#EEREGTHIEN
WEHTANE i X 72 [URL1; URL2]. GIWERE{RICHE DWW T
T =TT SN WER S AR EAE L, N>
FIHEIC K D EEICE & DBfRe, HIEBOT—yhoFoh
T E D E R E AT, BT DM OIS B OF )3
HIWr X 7= 1A3d 5 [URL3].

5. Slip tendency & EE#Z{%E

Wallace-Bott {55 V7 & T D B AL AN S IR BB IR TF L 7%
NWEEZDDT, BRI WIS AL BRI NS
HBains, —RIEEHLIC< WETEOWE D BT E SH S0
b5, LipLians, RHEZEZUS, WO H6ERIE
L CTHMB I 2 MK TERNEVWS BT OEE Lo KX
R 5. ZDDiTEE, Mohr-Coulomb DfEEILIE
WCHDRREREE L, W OA R 7T
EBIEEIN TV,

McFarland et al. 2012) 1%, & #l = 1172 Wi & i @ slip
tendency (BrfE i kOB R ITITH % BWTS /7 DL, Mor-
ris et al., 1996; Lisle and Srivastava, 2004) # i K1t9 %
FOWHMLIETI T >V )L ZBIE L7z, Slip tendency (37
BOMEE L 2T I 2EHT2EE LT, MESCHROS
T H S 11 TWw 5% (Miyakawa and Otsubo, 2015; Yuku-
take et al., 2015).

SIS K & < BEJSSAVNS WHTEIZ ETEBH L =90
ENWD IHNIRE 2 BUE, NSRBI OIE BhRF O B IREL
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Fig. 3. Mohr diagram showing the condition of formation
of dilatant fractures (left) and a corresponding stereogram
(right). White circles show effective normal stress o,” and
shear stress © on each fracture (left) and poles to fractures
(right). The bold curve is the rupture criterion. When the
differential stress is small enough, a newly ruptured frac-
ture is formed on the condition shown by the solid black
circle. The fracture should be perpendicular to the o;-axis.
Re-opening of fractures and opening of preexisting weak
planes such as joints occur when the effective normal
stress is negative (o,” > 0); i.e., the fluid pressure exceeds
the tectonic normal stress (open circles).

BIRSIIINRR E DFIERINE OB RSN % 79 Mohr ¥ A
T ILFE)BRUORIET 2 AT LA ER ). #Eds
BHEEIN ) 0, MRS )) T 2R Y. KRISBRIEDO
#aAr. 7)1 Mohr DI OER) VNS THUE, o #illiT
BT 2ENEHIFHAER S NS G . BEFOENHS
SHEAFIE S ND5EE, AREER 0 E OFHE (FhLO
I IS 2 AL OEINH 2B IS 5.

Z g T E % (Angelier, 1989; Sato, 2016; Fig. 1). K&
DAL S BRI A HEE T A FES, R ik O fififid
RO EDFEREZETODTHAD.

AR - 85 % A

EMRSIEMINIRIE, BHOLZBERENE 2 < 7 <0KaED
AN LU EN Th 5. SEEEINEIC K 2 IR0 bk
IZDOWTE, I QO12) N ik DHEELEZ L LOTND.
1. AifE & Z DGR

SEEEINBHIIBBOREHITH D, o MICEKTZH
MIZER S N5 EE X 515 (Anderson, 1951; Fig. 3).
SHEBINE ORI pr>o, + Ty EER SN 5 (Jaeger,
1956). peldZ T 7 &I D ET 2K (3T <0K) DI
7, 0, FFNEWMALD ET2EAOEEIT], T80
DRIBREETH 2. SHATEMREEOM DN 10 % 5 3RS 1
M & BT TR, BAREN TIEIRE Nakamura,
1977) ELTEK L. ZOFETIE, KIIOFIRAETIE
MRS BRI <7 THENE L CTHEHREIRIEA TR S
N5, KIUNSEENS &EF 7 b=y RIS D 6min
HNZEZS T 2 EMOETERBENER I NS EEZ 5.

LU, RAOSEENHEISE2I T TN, BEE
OFH OO ZEE L THEADSEREZIET 5 &, BIER
EINE OBREMZ

pfzcn (3)

L& % (Delaney et al., 1986). Mohr 1 7 77 5 LD
& G REIS T (0, = 0, — pp TEHTL KO E
DFEICKHE S 2 A HOENEHABO 2 (Fig. 3). ZD5

Akl & 2017—6

BT 2HOMD AL, AT LA LT o, D
JEOIZIED D 2R (Fig. 3). ZOHMHHORRI, o il
W Ti<, ofiiE o, fl, SR O(TRODEH
WAL 17 2V V) ITBIKkFT 5.

Jolly and Sanderson (1997) 13, & NREFIEMIREE D F5
R AT DIGARIN SRRV TI T >V IV EIRE S 2 FIEEIRE
L7z, ZOFHESEINZ 5720, 54Ol TldT— & B
DIRNe DR ORI E TH > 2. £ T
Yamaji et al. 010013, HERPMDH TIIWIZEI > THE)
BNTHIREALIR 1T > )V B IRTE T B IS RITIE 2R ZE L
7o, WHRIE pe OFEY (57 S = 7 I3 JIRREIC FL T T
LR W) IR U THREM BRNBR S N/n s, 20
FERE ST U CTHAICHAD T2 EEZE 5N 5. £ O
DO RSN TH S e LT, BN EBEO S
112 Bingham 7345 (1 213, Borradaile, 2003) & & T3
7z, miE{LE N7z Bingham 730 D/8 T A8 i3 LR )7
INEEZS.

2. ERENFAELE

Jolly and Sanderson (1997) ®Fiki, Mk 7 >
VIVIZT T < BRENRIRIELL R = (pr— 03)/ (0 — 03) Bk
ETED. RIZOMNS 1 EFToOEEESD. KO ITWHAIT,
BHIENEINB I35 WEREIR SO 5 BHRKDD DN
pelCELL, ZOMICEDNWTRZHETES Fig. 3).
ZIZL, $RTOENEMEISNS Z LIFHNDT, /5
ND5DE R DE/NAFED TH D, BRERAE HLIZIRIARE L
(EFEITHRT D IFREDLL) O RAEDIZ D035 /85 A5 T
H%. Sato et al. Q013 1, BXERARTELL DPRERE HE 2 &
0% 72 LI BEOG ORI 2 AN D FEEREL,
Bingham 731 & AW /=581 R TGRS WFER 21572
3. EHOIEHDEH

ANREECIIIREE ©, NBTEH SRR, #0727 b
Zw AR NERERL TWADHEEENH D, £ T, TN
5 QBRI HEEL D Bingham 7371 DIRG 7 a 4 T
138 5 FEMEE S 1172 (Yamaji and Sato, 2011). 2D &
E, WSDDARY IDREERSINTVENHET H720IT,
NA G HEENEA I Nz ZOFRIOBIC, HEEW
TINAYZXLEANTHREIN, V7 MYz 7RI NT
W% (Yamaji, 2016a).

4. IcH

Nakamura (1977) OEARZE 1970 44805 1980 44K
T THARSH O KRUEIRICEA SN T &7z Ad,
Tsunakawa, 1986; Hoshi and Takagawa, 2009). 1L 7T
A9DIBFDOT =%ty FEH &IZ, 32 Ma LD HA
IS DINGEBLERIE L=, UL, RN 5 05
DIFFEVE K N D B1E 3 K OTEHME 5 1 (G, T & O
Omax ) DFEFMICE EE D, 3 DOEIRHEAMIIFIREGIC
L Ebn2WEot > A sHEE Iz,

Jolly and Sanderson (1997) ®Fikid H AR E N TIEE K
L7 > 7273, Yamaji et al. (2010) ABE O T 3L 4F1
ENEE® TW A, Yamaji and Sato 2011) I3 #E - (L&
(2001) DENRA LT — % = FfRIT L, RS &k ilifko
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Fig. 4. Schematic figure showing an earthquake focal
mechanism solution. Broken lines indicate nodal planes.
White and gray regions, which are centered by P- and T-
axes, show possible ranges of the o, and o;-axes, respec-
tively.

HEE D FE R AR 2 R IR, SR =D O i (Nodal
plane). “DOHIHO—HREOKER THS. HEALKEA
DFEED 0, Wi & oy BIDSFEIET DA TH D, ZhThnoH
DAY P & T .

TR & & BEL TR L 7=, Sato et al. (2013) 138
Mgk DTt DR IREE 2 fEHT U, BRERRIARIE L S HAWEIL
KDOEW IIEZR U &HEN 2014 BROEH: -
BAQOIDIZL, HEFEAMAETOE—)ILR - 12707 Fy
D EMHTL, BAEAROILNEIGT O oy bl & RESERROE
M zgm U7z, Otsubo et al. (2016) 13, ZERE LW D E
WOINRIEZ AT L, HUEY 1 27 VT S BRENRIAE L O
Az U7z

HhERDRREAERE

BT — & I 3BHE OIS IRREIC B9 2 B/ B 2 FF -
THO, RHOBEZE U THRLRT— HHUSTE 57
RH 5. HEFSE CORIPRITICEEL T, FIsCTi
T - AR (2009) 2YEE L. /NG 2000 4ELLRER D i JE %
FULNZIR RS,

1. Wallace-Bott xR (21 o 7= e i FFAF D RREEABRFA
DEA

B FDHF T, Wallace-Bott (T HEE D < Jt 1 fig
WiV & 5 ETIE, PEAEIOMMET— 5 £HETD
PEIB IO THiZRD, Thoz2EREGHOED I ETHR
Mg DS IS I INY — 2 B HEET B T EME - 7= (il
Z13, Isacks and Molnar, 1971; Zoback and Zoback,
1980; Sbar, 1982). ZDHMEFDFE THRIEL TE/in
TS RNTEDS B S0 B0 A5 7z, Ellsworth and
Zhonghuai (1980) 13K & SR D D ITHIEE O FE B SR
(Focal mechanism, Fig. 4) 2254 U 7= Wil i &84 &9
D OSET—4 & UTRTMfENTE Uiz, HEOWEd R
0D F—4% & WIS RN, BEQRIIREZ RS 2
TEODEROENRFEELTUASKHWLOND X D735 7= (i
713, Gephart and Forsyth, 1984; Michael, 1984, 1987;
Angelier, 2002). 215 DFEE ANWTHASEREI TS
% < OWZERI B % (Bl 21F, Townend and Zoback, 2006;
Katsumata et al., 2010; Imanishi et al., 2011; Hasegawa
et al., 2012; Yoshida et al., 2016). £7z, J&/HRREZT T
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73 < BRI ARE O HEE Bk A 51T S (Terakawa et al.,
2010, 2012).

LR, MEBOT—& It 2 MM 9 2 & EofiEz
HKIFRms, TOMRKELTHREL CTELFEEZHNT
2.

1 DEHOMEIL, HEOFHEEMED 2 DO (Fig. 4) @
ELSHWIERCTH 2D TH D T & TROMEIK
T 5METH S Micheal, 1987). KHEHETHIUL
HBF AR DORBI I DINE — > DTN S T ORI FERN
ENDN, N T LW, Gephart and Forsyth
(1984) %> Michael (1984, 1987) ®FJLTIE, 2 DOHIMD
W5z WiEm &AL, T—hA NIy TO7 TO—F T
ZZRHMET 5. Angelier(2002) 1, I A7 1 v MOMKD
D 1T slip shear stress component (SSSC) &\ 5 J#E % 2
FU7z ZofEd, WEEIZEIEHNT BV SRR
SELNEZHATRORT MVOZAHT—FETHD, 2D
HiE CIXF CIZ/2 5. 22 °C, SSSC iz RmKRICT S
i) 7 R & U TCHIE IR 2 AR L T, /2L
OFFEIPHEIE THIAER TS U TERS NPT
Arnold and Townend Q007 13, N1 Rt & i IC i
EROBRIE S 2 5O IE BT T — & DRSS 2 008 1R I
B0 AS, ElEfRDAEN S 25 Uz

2 DHOBED, SRR R ZE I LT B S
12, EERORNESHRIET 2ITI3ES TE2NEWSBET
& 5. Wallace-Bott K120 > 7 s 71T Tl fEfTIC
FHTZT—5 0D &b HMIE - LW REDNDH S
729, I ORA(LE S 7= DI RO T A IR & /2 E L
TINTY 5 Z &% W (B A1, Wu et al., 2010; Martinez-
Garzon et al., 2013; Schoenball et al., 2014). 7=7= L,
SEILHIRSS E0ICHENE, RHIMRNOT— 5%
L IR ORERBIGFONRLI2D. INBITHLT, T—
% %4y BRI L E iR (Yamaji, 2000b) 258 H U 7251238
% (B Z1F, Pasquale et al., 2008; Macchiavelli et al., 2012).
ZEEIRIR T DA —Z RIS 258120, #ERARNTREEL
DOHEIOMLHITEEFELTLUES. HENH LD ITHHMNN
&, BEHMNOT = VD < 72003 0 ZERENES
N72<72%. Hardebeck and Michel 2006)1ZX A7 1 v
D B R EBERET DR OIS TG O ZEDHFEMZE L
bDERMET D EVSEEICID, EESEOETIVK
FEEARL &5 EikA7z. Otsubo et al. (2008) 14, FEIE
HEEETICI DOT—Fty &L TRNUHENTETD
77 O—FEREL. UL EL#E (Yamaji, 2000b)
DFEEER~DIGH TH 5. Otsubo et al. 2008) 13, It
FRERGIOD KL 7 O > S 2B AT REIN O TSRS S, i
MEEIM TR DN ZERLUTE
2. WEKE 1 RT—5 LT IENEEE

HOER2ESY B LB DRI fRATIR A B DOFEIE 2 3K T
5. WEESTHTO 1IRT—FIIHBEKTHD, ZIUIE
TRk C D IEFRIERY 72 7 O 2 EA OB I B EiE Z L
TS HEENEELE LU T RO 2 BIREE S XD ZEMWTES
(GFNI - AN, 2009). 2T, 1 RTF—HF MBI D,
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1990 448 & U Wallace-Bott it D2 4 A m S N TE
7= (B Z21E, Michael, 1991; Pollard, 1993; Twiss and Un-
ruh, 1998). Twiss and Unruh (1998) 13RI 255
RIEHEIR SET D 2 E OFMFT EREL TWa. Eiz,
FIEFNEFERFICEE Y v 55— DR DI P Yl
B oMM ZE T —45 &9 SR FESIRE S Nz (B AT,
Rivera and Cisternas, 1990; Horiuchi et al., 1995; Abers
and Gephart, 2001). TIN5 DOFETIE, HHIEL X2 B
D W I (FiiTD) O E #2880 & LT, Bl 7z P eIE)
D2 BT 5 X DI FIE O HAL &R & g
L, ZTOMETEMEL X2 hOR#ERNiERZRKD2 2 &
MW T & 2 () - Fajl, 2009). Terakawa and Matsu'ura
(2008) 1%, LFEETHAN LAFEN® DI EZ T 5 Fik
LT, #ZE®D CMT (Centroid Moment Tensor) 7—% 7
S5EFEIIC 3 RIIN) 2 #HE T DML REL
CMT &id, Bl N/ R EZ RS X <HHT SHED
friE, HE BROEEEWEZ RISk 2L TH %
(B A1E, Rice, 1980). Terakawa and Matsu'ura (2008) I
HASIEE T CMT 7—4 &AW HfEiiic L v, 3K
TCRIISIS TG DINY — > &R Uiz, 29 Lm0 MzES:)
W TOFEEME LTI+ — R ENw 7§52 Lb, 5%
DIETH %.

TEBAERE

TR DUMEE A — )L DREFEN ST, EOMENTER
EEDQRNIDHEE TS (B Z1E, Lacombe, 2010). Jish
ANDZDY TO—FI, EWEBIIIMU 7= Turner (1953)
DIFFEICIAE > T, 70 FREBRICHEL 2. AHTIEXT,
ZDOREHET AT DFEEF A& E DRI K2 TARIC
DTN &, ZRHEIE L TORIAZERMNL, WRED
HaT—& N ORESTTT 2 ) & T 2 Wik s
5. ORI HHF581% 1990 FEMN S DIEHDO DB
R I Nz
1. e &

JifRAT DRERRATRE (e R, (0112} i (e D) 12E > T
HATWTN A9 5 2 E TSI NS (Fig. 5). BRI NSHM
i AT OIS > T, b EDOREEHALZ 5T 2857
Z, TDITATDRANEIR. TAT (e ) DERA K
RO c AL, HFEMBEDOLN—TI 2T — D%,
AEERE TSSO EBSD (B2 4 HUELEHTE) CTHRIE
TED. TNSEHANRY Mle, ¢ TET. TATOHH
B D A (AR 2 B )L g TEIOIIERFENITRES T
BY, ¢ % e BICEHE LEAE L THIHTE 5 (Fig. 5).
FhE IS ORI S, BT OIE A3 19° E—E T,
1 DT ATHIZET ZHEAL tanl9° THD. T AT
N IATERIZE, TNEEET DM TIIR /28
Wiz % 2 5 8% (Groshong, 1972). 2D Z &ZEFIH L7
EBAHFATNLEESHTTHON TV B2 (B Z1F, Hung and Kuo,
1999; Kang et al., 2005; Kim et al., 2008), (L& (2016a)
HEHIICZENEBREFIL TV 5.

JifRAG e BFDEE (1 mm H720 DT AT OKED), T A
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9, O, OaunO, OO
() oo (an*]

Fig. 5. Geometry of e-twinning in calcite. Gray balls rep-
resent calcite atoms. The twinning results in simple shear
along the twin lamella. See text for the definitions of vec-
tors.

FifRAD e B DOBEXRIME. IREAD KT Ca . R
BRI E DR T A T - 7= ST A E S 5. MR DR
MV DEFIIAIZ .

J DIRFELH, HaE ORRFBITHT 2 Wb ZE R DR D
EGY, ZEIRH Ac DIEEIC/2 V155 (Jamison and Spang,
1976; Laurent et al., 1990). ZHSIEIEBITHETE2E
BOT U LISFIA SN WIRLE, w10, 2008), 2
FHELTOF v T — a UERERICE DfThiiTn
% (Rowe and Rutter, 1990; Sakaguchi et al., 2011; Ry-
backi et al., 2013). L2 L, e W% £ TIEDITI,
7 4 =)V RIZBT 5 AR EER Th 5 HIE~EH T °C &
DEIRTARIEDL ZENEL, £, AR LT OIS
ERHETIE g NI MLEDBDIATNEHINDS ZLxE
(Nemcok et al. (1999) 23 2/R 9 5 EER#ERITIE,  ShEEHE
L7zt > TN is EniiWifE s 1 708 & & L7z W%
BEEng), FRICEX2EBNEIOF v TL—2 320
MEr%, Rybacki et al. Q013) 2HEHIL TW5. 185 D%
BRickD L, BEL A DHWEITHBENEIH 27, Ac DA
B DIEHK 50% b DIREZEET T &S (Rybacki et al.,
2013). E 7275 D Ac HFEH D1, Rowe and Rutter
(1990) 5 X U Sakaguchi et al. 2011) & D HREIT/HhE W,
EWFEBR CIIEAFEEDRENRARICS 5RTEHKRR I &N
BNTEEEZDE, RRT—HIZELHFrUTL—a >
HEEZAS.
2. ART —% DEfET

HEHD e & g EWSFIT—5 OMRITT, FISEO
HARBH DA S TEISNT BHETES. ZOHEm
Wr5eid, WifE OMGEOWfREEZ SR LIS 5D Sz,
(1) /NErFEfEATEDE R

Z DEEHFTHEMEZ DIF 7= DI3 Turner (1953) 72> 72, %13
WDITHAWEEZ e WRITHEAL, e & g2 "0 9 54
FICPHElE THIZNH 2 EEZ, 61T, ZHERAKDEND
BRI B 155 N mEEN TN OGS Z o, il & o Bl
ERIB LTz, ZHUIAT LA F Y N2 TTE DAL
ThHO, 4THEfHbN TS WAL, Takeshita et al.,
2014; Tripathy and Saha, 2015). U2 LR O FEEHAE
RO LIREE, NS DOAMITHT LD o, & o; il
ET5DIFTIIR<, KOsz HENRDonz. B
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Fig. 6. Mohr diagram showing the normal and resolved
shear stresses along the twinning directions of twinned
and untwinned e-planes.

FEETA TR LIz e & LIRMNS T e HITEH L7z,
BT & O DT I 7 (ST WIS ) D RS TR AT A1 Rk S)) 2 7R g
TN IMT T T A

J& DFITET DEE % e WEITHEA L7zl & LTI, right
dihedra % (Angelier and Mechler, 1977) I1Z & % Pfiffner
and Burkhard (1987) & Nemcok et al.(1999), £ Hiifi#
k12K % Jaya and Nishikawa (2013), Hough i% (Yamaji
et al., 2006) iZ & % Kanai and Takagi (2016) DHFFEA1 &
5.

Wil DR E R DB SRR DT, WiED
fENTE 2 BRI T2 2 E13@EY) TRWEAD G D, JifE
AR DR, e i EOTIWIE SO g ks © 93
Bl ¢, 2 BABD T &, Tabb >4, TH S (Turner et
al., 1953; Lebensohn and Tomé, 1993). ZEERKRICL S
& T 13 2~12 MPa Th 0, RiELREICIKET 5758 (Rowe
and Rutter, 1990; Rybacki et al., 2013), 10 MPa &5
il 78 U1id Ui 011 % Jamison and Spang, 1976; La-
combe, 2010). =T, ZInJ] Ao THAEL S 2K WIS
i Ac/2 TH% (Fig. 6). L7zi>TAc<2T, 725 e Wi
IETERN. DTN A 27, & LEb D & S T3 %
JBIZIE WA ZRFD e [l TLMSENMZINT, ThzE
W72 971 Tl Wallace-Bott K ANMEEIRYICAR D DD TH
2. Ao MRETEMFITTE T AT OB Ii1A (g J1AD) 13,
FURERAME LR AN S RESTNDHEDIT/RD. Ao
7 D A~SEEBARMEEIR T TTEZ e W25, WiE
fRITFEZGEA U CERT SR A2 RENMTRO D Z &
MTES (Yamaji, 2015b). UL, BiEMHTFiETIEI0
HEHDFE LRSI L U MIRE S e,

(2)20 e DL

REEDFALN S, e DR & S TR 17 > )L
% RO DML, 70 FARLARRIZ BI¥E & 4172 (Jamison and
Spang, 1976; Laurent et al., 1981; Etchecopar, 1984;
Laurent et al., 1990). 72/5T®H Etchecopar(1984) D5k
137V —7 7 BHFEIN[URLY], 30 Fizhiz> TSR
DL TSI TEHDN TS, LT, /NbiEfgiiiaE sy
OXF v 7 Lk DEEOHEEITHONIZD L7z (BIAIS,
Lacombe, 2010), W52 D H OO S FamirsEix 1990
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ERTELIRE, K& <ERL7AaMn->7. Etchecopar T 7,
EEMELZLET, eMDOBEMHIATERKRLIZDDZE
twin @, Z 9 CRAWIED Zuntwin i & X, 7> 0
twin [ T3 4, untwin [ CldWZ S NBh> &
Ab. THE RERNTTVIVES EEND Fig. 6
DED7Mohr ¥4 7 7T L%ZEHiE, twin M & untwin [
DT —4% mi% ETICHEET 2K (R OBHR) 25< 2 &
MTEDOSHDOHEFH KT TN DT, Kl Eo
Mohr M OAZEIITE). OO0 BRI NRKRICR 26T
% s 1] &9 2 HfEED Etchecopar £ TdH 5.

Etchecopar iEICIZLA T O 3 DDOMEN D 5. H—IC,
untwin HIZIZEHBIORNNH 5. A EAZERT T A
FIREREINITKNWENDINA T ZIZKD, twin HD 25%
i < A% untwin [l &SRB X 5% (Yamaji, 2015a), =
W2, T, 2T8HEREL TSI ENMETHS. Ehok
DI ENEE IR EMERST EIEOMHBEZR D Z &1, WRE
RIZ & B BRI, T7abb 7, DENZERL TS (Lau-
rent et al., 2000). X7z, 7 IFRECIREICHKET S Z
EMHIS N TS (Rowe and Rutter, 1990). =12, R
Y27 =5 NS EROIEN & BT 5@ TH D, —DD
IS TIEEHATE W RRET—F B LIXLITHE 515 (Gro-
shong, 1972; Lacombe et al., 1990). Z#&MAETH % 7=
WIZ, —DOY > TIINOHRTIEHNEHRITBDZEbHD
7255, EBAHAUIZE > TR T A T DDA HFH D
INU, RE—I87 =% (ERNEDPELIZE DA A DS
D) WMESNDHHEME D & DD, FEERIITIES N7z Wk T A
Z DI AIfEHT O Z Ly (Lacombe and Laurent, 1996;
Nemcok et al., 1999; Laurent et al., 2000). 5% b,
Etchecopar i577 7" &5 1 BETHBEEDN 5 OfFZAR T
T IV EEREGENT S DIZEEETH % (Yamaji, 2015b).
(3)21 tHfe D%

PR DOEEERRT H729D, Yamaji 2015a) iR FEEHL
Gtk 7' > 1, # w5 11720 (Sato and Yamaji, 2006a) 123
T BRMENSRIEICEERA - bbb, T—ZITWiRT
DRMS RICOBAIR LT S X5 =%, VIAY—
DYA ZXH A DEIELTH O, Ao 237, DEMEETTHIUL,
A ERELSIRETED ZLERVWELE INSIThE
DWT, —ifk Hough 284 (Ballard, 1981 12X D AR5 —
IR T =5 NS EBDIS D EECE, ERLDNA 7 2
AN T—2 3 >hdH o> THANR MN@EiEsN5
Z &% YamajiQ015b) AR L7z, UL LorfiRReicidtE
SHSBH O, T, SEETRE 2 DDISHD Ac BRI
THIUT TR RBZDINNTHHEBILIC< ol ZOREX
5 KILOERE LEOFT—F DT 7 2— « 7 T A5 —fEhi TR
WTE, METRERT OB IEMEHALETHEE TE2 (L
#%, 2015, 2016¢; Yamaji, 2016¢). £7, HE FE W
STV, 7 DWW TOEN HER2H< 2 & T,
ZNSAHEETE 5 (Yamaji, 2016b; LI, 2016b).

AR OISR, RO~ 1 e EfofEE O
Wz ® 3 7T AE TC & % (Groshong, 1972; Passchier and
Trouw, 2005). L2 UARALINIFONT DL D TH%.
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FHRA Tl 7 A8 MPa~1 MPa 72D C, IR S1iif@tinz
SN 2 £ D D3+ MPa~H MPa, HEFEEICLT
BE m~$ km, 1R T 200°C BT ORISR 5
T & % (Burkhard, 1993; Gonzalez-Casado et al., 2006;
Lacombe et al., 2009). 7' {ED 2 HMHMEZUE, B
BAHEWDT I N AEMAT 2 FEICRDEAD
(Newman, 1994).

SEORZE

NGRS DT — % Z AW S RITEICDOWT, 22
PRI & OFRARE U7z, IS ENTE O T i ik
INZAET, T3 [icELDdensdizss.

B2, IO COBRD =D, RE—rT—%
T MRS S NG DIE 1 & L THRHIT 2 S0 S
ETH5. ZOREIL, EIR - LIRS 8T DTS
TR EE 2 > THRIRFE S TH 2 (B 213, Yamaji
and Sato, 2011; Yamaji, 2016a). UL, FIH SN2
RO VNETE O HIE O TEBERYR O FITIE TIIRRII L T
BN ZHUS, 1 ROWET—DUNT AZZERD 1 STl
IR <PEMNTHHE L, LS ERERISIIDHEMIIDOA R TE
END &S M ERAL (Sato and Yamaji, 2006a) 12
HERT 5. ZOMEERE BT 2835 A5 ZEHFERE
NINE, VI AY —fRIT CZOREZfR< ZENTEDDTE
n, GHROMETH 5.

B, EERORIBEINESEICENS ORiRHE
&, S SITIEMRHERZA D ENWHSETH S, ZHUIHE
DIEAERFRIBEAIT & 5 FERBRSMR DA TIEXREIC IR 5 73
WS, MR RIC TR & N s O Cl3E R MREC &
5. KECEIRTS S BERHEARDORIENRIREIRIG G0 H 5. WifE
ICBL T, SEHEFE L T E Wi MR e O IR R
TEVE B A1E, Zwingmann et al., 2010) OFA @121, To-
nai et al., 2016) 2YERN7Z5 5.

BT, BRI ST >V (EISEG AL &) &
FNRWNTAY ZHETHMETH S, R, FBBRIRIEE
b BEEMRER, 2 U TEIR IR 0T OHHE DIRE NE E
N5, NR TN UEFELZO—EIEER L TV 50 (]
Z1ZE, Yamaji et al., 2010; Yamaji, 2015a; Sato, 2016),
KR MM DR 13 HVE RS 1S O 5 L IRAT D A TIEA RIHE T
0, FRMERENAUIRTHS. SEPIROMBHTI BN THFA
A W S BRI AR I8 2 15 5 (51 21F, Hashimoto and
Eida, 2015), {750 OHERE - [R5 EAFHE TE
RIS DR E, EFTEMAT SV U 72 fifhT & DA
b EILBEAD.

E 3

2H0EAEGH L, HUHRERE TH 2 RIFLRFED
AHMERBIRO CHERICED, ERaskE<sgEIne.
AWFFED—EITR AR 7E BBl & (15H02141, 15K 17776,
15SHO1139) ZffA L7z, il T o ERL£7.

Akl & 2017—6

X [

Abers, G. A. and Gephart, J. W., 2001, Direct inversion of
earthquake first motions for both the stress tensor and focal
mechanisms and application to southern California. Jour.
Geophys. Res., 106, 26523-26540.

Anderson, E. M., 1905, The dynamics of faulting. Trans. Edin-
burgh. Geol. Soc., 8, 387—402.

Anderson, E. M., 1951, The Dynamics of Faulting and Dyke
Formation with Applications to Britain, 2nd ed., Oliver and
Boyd, London, 206p.

Angelier, J., 1979, Determination of the mean principal direc-
tions of stresses for a given fault population. Tectonophys-
ics, 56, T17-T26.

Angelier, J., 1984, Tectonic analysis of fault slip data sets. Jour:
Geophys. Res., 89, 5835-5848.

Angelier, J., 1989, From orientation to magnitudes in paleo-
stress determinations using fault slip data. Jour. Strut.
Geol., 11, 37-50.

Angelier, J., 1994, Fault slip analysis and palacostress recon-
struction. /n Hancock, P. L. ed., Continental Deformation,
Pergamon Press, Oxford, 53—100.

Angelier, J., 2002, Inversion of earthquake focal mechanisms to
obtain the seismotectonic stress IV-a new method free of
choice among nodal planes. Geophys. Jour. Int., 150, 588—
6009.

Angelier, J. and Mechler, P., 1977, Sur une méthode graphique
de recherché des contraintes principals également utilizable
en techtonique et en séismologie: la méthode des diedres
droits. Bull. Soc. Géol. Fr, 19, 1309-1318.

Arnold, R. and Townend, J., 2007, A Bayesian approach to esti-
mating tectonic stress from seismological data. Geophys.
Jour. Int., 170, 1336-1356.

Ballard, D. H., 1981, Generalizing the Hough transform to de-
tect arbitrary shapes. Pattern Recognit., 13, 111-122.

Borradaile, G. J., 2003, Statistics of Earth Science Data: Their
Distribution in Time, Space and Orientation. Springer, Ber-
lin, 280p.

Burkhard, M., 1993, Calcite twins, their geometry, appearance
and significance as stress-strain markers and indicators of
tectonic regime: a review. Jour. Strut. Geol., 10, 673—684.

Bott, M. H. P., 1959, The mechanics of oblique slip faulting.
Geol. Mag., 96, 109-117.

Carey, M. E. and Brunier, M. B., 1974, Analyse théorique et nu-
mérique d'un modéle mécanique élémentaire appliqué a
I'étude d'une population de failles. C. R. Acad. Sci., 279,
891-894.

Célérier, B., Etchecopar, A., Bergerat, F., Vergely, P., Arthaud, F.
and Laurent, P., 2012, Inferring stress from faulting: From
early concepts to inverse methods. Tectonophysics, 581,
206-219.

Delaney, P. T., Pollard, D. D., Ziony, J. I. and Mckee, E. H.,
1986, Field relations between dikes and joints: Emplace-
ment processes and paleostress analysis. Jour. Geophys.
Res., 91, 4920-4938. )

Etchecopar, A., 1984, Etude des Etats de Contraintes en Tecto-
nique Cassante et Simulation de Déformations Plastiques
(Upproche Mathématique) . PhD Thesis, Univ. Montpellier,
270p.

Etchecopar, A., Vasseur, G. and Daignieres, M., 1981, An in-
verse problem in microtectonics for the determination of
stress tensors from fault striation analysis. Jour. Struct.
Geol., 3, 51-65.

Ellsworth, W. L. and Zhonghuai, X., 1980, Determination of
the stress tensor from focal mechanism data. EOS Trans.
Amer. Geophys. Union, 61, 1117.

Fry, N., 1999, Striated faults: visual appreciation of their con-
straint on possible paleostress tensors. Jour. Strut. Geol., 21,



WEM 123(6)

7-21.

Gephart, J. W. and Forsyth, D. W., 1984, An improved method
for determining the regional stress tensor using earthquake
focal mechanism data: Application to the San Fernando
earthquake sequence. Jour. Geophys. Res., 89, 9305-9320.

Gonzalez-Casado, J. M., Gumiel, P., Giner-Robles, J. L., Cam-
pos, R. and Moreno, A., 2006, Calcite e-twins as markers of
recent tectonics: insights from Quaternary karstic deposit
from SE Spain. Jour. Struct. Geol., 28, 1084-1092.

Groshong, R. H., 1972, Strain calculated from twinning in cal-
cite. Geol. Soc. Amer. Bull., 83, 2025-2038.

Hardebeck, J. L. and Michael, A. J., 2006, Damped regional-
scale stress inversions: Methodology and examples for
southern California and the Coalinga aftershock sequence.
Jour. Geophys. Res., 111, B11310, doi: 10.1029/2005JB
004144.

Hasegawa, A., Yoshida, K., Asano, Y., Okada, T., linuma, T.
and Ito, Y., 2012, Change in stress field after the 2011 great
Tohoku-oki earthquake. Earth Planet. Sci. Lett., 355-356,
231-243.

Hashimoto, Y. and Eida, M., 2015, Quantitative estimation of
fluid pressure ratio of shear vein in an on-land accretionary
complex, the Yokonami mélange, the Cretaceous Shimanto
Belt, Kochi, southwest Japan. Tectonophysics, 665, 17-22.

Hashimoto, Y., Tobe, K., Yeh, E. C., Lin, W. and Song, S. R.,
2015, Changes in paleostress and its magnitude related to
seismic cycles in the Chelung-pu Fault, Taiwan. Tectonics,
34,2418-2428.

Horiuchi, S., Rocco, G. and Hasegawa, A., 1995, Discrimina-
tion of fault planes from auxiliary planes based on simulta-
neous determination of stress tensor and a large number of
fault plane solutions. Jour: Geophys. Res., 100, 8327-8338.

Hoshi, H. and Takagawa, M., 2009, Early Miocene parallel dike
swarms in the Tsuruga Bay area, back-arc side of central Ja-
pan. Jour. Geol. Soc. Japan, 115, 96-99.

Hung J. H. and Kuo C. K., 1999, Calcite twins for determining
paleostrain and paleostress in the thrust front of the Taiwan
collisional belt. Jour: Geol. Soc. China, 42, 209-232.

Imanishi, K., Kuwahara, Y., Takeda, T., Mizuno, T., Ito, H., Ito,
K., Wada, H. and Haryu, Y., 2011, Depth-dependent stress
field in and around the Atotsugawa fault, central Japan, de-
duced from microearthquake focal mechanisms: Evidence
for localized aseismic deformation in the downward exten-
sion of the fault. Jour. Geophys. Res., 116, B01305, doi:
10.1029/2010JB007900.

Isacks, B. and Molnar, P., 1971, Distribution of stresses in the
descending lithosphere from a global survey of focal-mech-
anism solutions of mantle earthquakes. Rev. Geophys., 9,
103-174.

Jaeger, J. C., 1956, Elasticity, Fracture and Flow, 2nd ed.
Methuen, London, 212p.

Jamison, R. W. and Spang, J., 1976, Use of calcite twin lamel-
lae to infer differential stresses. Geol. Soc. Amer. Bull., 87,
868-887.

Jaya, A. and Nishikawa, O., 2013, Paleostress reconstruction
from calcite twin and fault—slip data using the multiple in-
verse method in the East Walanae fault zone: Implications
for the Neogene contraction in South Sulawesi, Indonesia.
Jour: Struct. Geol., 55, 34-49.

Jolly, R. J. H. and Sanderson, D. J. A, 1997, Mohr circle con-
struction for the opening of a pre-existing fracture. Jour:
Struct. Geol., 19, 887-892.

Kanai, T. and Takagi, H., 2016, Determination of the stress con-
ditions of the ductile-to-brittle regime along the Asuke
Shear Zone, SW Japan. Jour: Struct. Geol., 85, 154—167.

BHAN - EATEHE (Kanai, T. and Takagi, H.), 2017, ##kH5H
HRERAETICHET S eIV Ryr 707 vy 7 &N
ST - RS RIS & ST NI © e A B DWW T

ST IRATE D FEJE &R 399

(Paleostress directions estimated from healed microcracks
in the Cretaceous granitoids: their variation along a transect
normal to the Median Tectonic Line, central Japan). HVE#E
(Jour: Geol. Soc. Japan), 123, 147-162.

SHHEN - g B - ST (Kanai, T., Yamaji, A. and Takagi,
H), 2014, BREEHanfiz@MALice—I)L k1700
T I K DI SIfENT ¢ G OSEFACR A FIC BT 261
(Paleostress analyses by means of mixed Bingham distribu-
tions of healed microcracks in the Ryoke granites, Central
Japan) . #EHE Jour. Geol. Soc. Japan), 120, 23-35.

Kang, S. S., Kim, J. M. and Jang, B. A., 2005, Paleostress fields
from calcite twins in Pyeongan Supergroup, South Korea.
Island Arc, 14, 137-149.

Katsumata, K., Kosuga, M., Katao, H. and the Japanese Univer-
sity Group of the Joint Seismic Observations at NKTZ,
2010, Focal mechanisms and stress field in the Atotsugawa
fault area, central Honshu, Japan. Earth Planets Space, 62,
367-380.

Kim, J. M., Jang, B. A., Obara, Y. and Kang, S. S., 2008, Paleo-
stress reconstructions based on calcite twins in the Joseon
Supergroup, northeastern Ogcheon Belt(South Korea). Is-
land Are, 17, 57-69.

ANPRIESC - LK 2 - B E L (Kobayashi, H., Yamaji, A. and
Masuda, F.), 2005, G2 B s o hEii O e - MR
B - 727 b =7 X (Miocene stratigraphy, sedimentary envi-
ronments and tectonics in the Wajima area, Noto Peninsula,
southern margin of the Japan Sea). HEHEt Jour: Geol. Soc.
Japan), 111, 286-299.

WG 1 - (L% ¥ (Kusuhashi, N. and Yamaji A.), 2001, Z5EIRH
IR DA TT TR RS PR H A DR IET 7 S =2 X (Mio-
cene tectonics of SW Japan as in inferred from the Kuma
Group, Shikokw). HEHE (Jour. Geol. Soc. Japan), 107, 26—
40.

Lacombe, O., 2010, Calcite twins, a tool for tectonic studies in
thrust belts and stable orogenic forelands. Oil Gas Sci., 65,
809-838.

Lacombe, O., 2012, Do fault slip data inversions actually yield
“paleostresses” that can be compared with contemporary
stresses? A critical discussion. C. R. Geosci., 344, 159—173.

Lacombe, O., Angelier, J., Laurent, Ph., Bergerat, F. and Tourn-
eret, Ch., 1990. Joint analyses of calcite twins and fault
slips as a key for deciphering polyphase tectonics: Burgun-
dy as a case study. Tectonophysics, 182, 279-300.

Lacombe, O. and Laurent, P., 1996, Determination of deviatoric
stress tensors based on inversion of calcite twin data from
experimentally deformed monophase samples: preliminary
results. Tectonophysics, 255, 189-202.

Lacombe O., Malandain J., Vilasi N., Amrouch K. and Roure F.,
2009, From paleostresses to paleoburial in fold-thrust belts:
preliminary results from calcite twin analysis in the outer
Albanides. Tectonophysics, 475, 128—141.

Laurent, P., Bernard, P., Vasseur, G. and Etchecopar, A., 1981.
Stress tensor determination from the study of e twins in cal-
cite: a linear programming method. Tectonophysics, 78,
651-660.

Laurent, P., Kern, H. and Lacombe, O., 2000, Determination of
deviatoric stress tensors based on inversion of calcite twin
data from experimentally deformed monophase samples.
Part II. Axial and triaxial stress experiments. Tectonophys-
ics, 327, 131-148.

Laurent, P., Tourneret, C. and Laborde, O., 1990, Determining
deviatoric stress tensors from calcite twins: applications to
monophased synthetic and natural polycrystals. Tectonics, 9,
379-389.

Leavers, V. F., 1992, Shape Detection in Computer Vision Us-
ing the Hough Transform. Springer-Verlag, London, 201p.

Lebensohn, R. A. and Tomé¢, C. N., 1993, A study of the stress
state associated with twin nucleation and propagation in



400 Ve & - RIF

anisotropic materials. Phil. Mag. A, 67, 187-206.

Lisle, R. J. and Srivastava, D. C., 2004, Test of the frictional re-
activation theory for faults and validity of fault-slip analy-
sis. Geology, 32, 569-572.

Macchiavelli, C., Mazzoli, S., Megna, A., Saggese, F., Santini,
S. and Vitale, S., 2012, Applying the Multiple Inverse
Method to the analysis of earthquake focal mechanismdata:
New insights into the active stress field of Italy and sur-
rounding regions. Tectonophysics, 580, 124—149.

Martinez-Garzon, P., Bohnhoff, M., Kwiatek, G., Dresen, G.,
2013, Stress tensor changes related to fluid injection at The
Geysers geothermal field, California. Geophys. Res. Lett.,
40, 2596-2601.

McFarland, J. M., Morris, A. P. and Ferrill, D. A., 2012, Stress
inversion using slip tendency. Comp. Geosci., 41, 40—46.

A W, B - 5% 0 E R (Menke, W., translated by
Yanagidani, T. and Tsukada, K.), 1997, BEf1 > /N— A G ¢
Wil & 5 — & f# T (Geophysical Data Analysis: Discrete
Inverse Theory). w5 Ekt (Kokon Shoin), #5(, 294p.

Michael, A. J., 1984, Determination of stress from slip data:
Faults and folds. Jour. Geophys. Res., 89, 11517-11526.

Michael, A. J., 1987, Use of focal mechanisms to determine
stress: A control study. Jour: Geophys. Res., 92, 357-368.

Michael, A. J., 1991, Spatial variation in stress within the 1987
Whittier Narrows California aftershock sequence: New
techniques and results. Jour: Geophys. Res., 96, 6303—-6319.

BRSSP —Z - WA A - #5A3#E% (Minamizawa, S., Ku-
wano, K., Sakaguchi, A. and Hashimoto, Y.), 2006, MUY=
W =R T i = e O RGN & IS ) B f# AT (Structural
and paleo-stress analyses of Muroto formation, the Tertiary
Shimanto Complex, Shikokw). HEHE (Struct. Geol.), 49,
87-98.

=BG - 11 % (Mino K. and Yamaji A.), 1999, #HE D)1
REEZHEER U 7= MU 3317 2/ NBTB AT © e S D B 2 1
& U C(The separation of paleostresses from heterogeneous
fault-slip data: the case of Boso area, Japan). HE4E (Jour
Geol. Soc. Japan), 105, 574-584.

Miyakawa, A. and Otsubo, M., 2015, Applicability of slip ten-
dency for understanding long-term fault activity: A case
study of active faults in northeastern Japan. Jour. Japan
Soc. Civil. Eng., 3, 105-114.

HAEH Miyamoto, S.), 1999, 7 I A —GHAM 77217
F AL 1) 7 DR &S Untroduction to Cluster Analysis:
Theory and Applications of Fuzzy Clustering)*. #& 1t il
(Morikita Publ.), 5%, 164p.

Morris, A., Ferrill, D. A. and Henderson, D. B., 1996, Slip-ten-
dency analysis and fault reactivation. Geology, 24, 275-278.

Nakamura, K., 1977, Volcanos as possible indicators of tectonic
stress orientation—principle and proposal. Jour. Volcanol.
Geotherm. Res., 2, 1-16.

Nemcok, M., Kovac, D. and Lisle, R. J., 1999, A stress inver-
sion procedure for polyphaser calcite twin and fault/slip
data sets. Jour: Struct. Geol., 21, 597-611.

Nemcok, M. and Lisle, R. J., 1995, A stress inversion procedure
for polyphase fault/slip data sets. Jour. Struct. Geol., 17,
1445-1453.

Newman, J., 1994, The influence of grain size and grain size
distribution on methods for estimating paleostresses from
twinning in carbonates. Jour: Struct. Geol., 16, 1589-1601.

P 35 - BT - HHES - B a8 (Nishikawa, O., Okudai-
ra, T., Yoshida, M. and Shiraishi, T.), 2008, Hi3FIEReHis =
RITHET 54 B iE (Deformation structures developed in
the Neogene strata in Dewa hilly land, Akita Prefecture).
HEHME Jour. Geol. Soc. Japan), 114, ST5-S85.

Orife, T. and Lisle, R. J., 2003, Numerical processing of palaeo-
stress results. Jour: Struct. Geol., 25, 949-957.

Otsubo, M., Miyakawa, A., Kawasaki, R., Sato, K., Yamaguchi,
A. and Kimura, G., 2016, Variations in stress and driving

Akl & 2017—6

pore fluid pressure ratio using vein orientations along
megasplay faults-example from the Nobeoka Thrust, south-
west Japan. Island Arc, 25, 421-432.

Otsubo, M., Sato, K. and Yamaji, A., 2006, Computerized iden-
tification of stress tensors determined from heterogeneous
fault-slip data by combining the multiple inverse method
and k-means clustering. Jour: Struct. Geol., 28, 991-997.

RIE 3k - FANRCA: - L) — « /NI (Otsubo, M., Shigematsu,
N., Kitagawa, Y. and Koizumi, N.), 2009, Fif ~ & 7iLHA
Ay RIS C DI I I52558 © RERF TN 35 L OSREAL T g 1L
BRI T 7 % & 5 Wi 2 F VL C (Stress history in the forearc
region of the Nankai trough subduction zone: paleostress
analysis based on faults in core samples from the Kumano
Ichiura and Kihoku Miyama sites, Kii Peninsula, SW Ja-
pan). HEHE Uour. Geol. Soc. Japan), 115, 457-469.

Otsubo, M., Yamaji, A. and Kubo, A., 2008, Determination of
stresses from heterogeneous focal mechanism data: An ad-
aptation of the multiple inverse method. Tectonophysics,
457, 150-160.

Ottosen, N. and Ristinmaa, M., 2005, The Mechanics of Consti-
tutive Modeling. Elsevier, Amsterdam, 745p.

Pasquale, G., Matteis, R., Romeo, A. and Maresca, R., 2008,
Earthquake focal mechanisms and stress inversion in the Ir-
pinia Region (southern Italy) . Jour: Seismol., 13, 107—124.

Passchier, C. W. and Trouw, R. A. J., 2005, Microtectonics, 2nd
ed. Springer, Berlin, 366p.

Pfiffner, O. A. and Burkhard, M., 1987, Determination of paleo-
stress axes orientations from fault, twin and earthquake
data. Ann. Tectonicae, 1, 48-57.

Pollard, D. D., 1993, Stress inversion methods: are they based
on faulty assumptions? Jour. Struct. Geol., 15, 1045-1054.

Ramsay, J. G. and Lisle, R. J., 2000, The Techniques of Modern
Structural Geology. Volume 3: Applications of Continuum
Mechanics in Structural Geology. Academic Press, London,
1061p.

Rice, J. R., 1980, The mechanics of earthquake rupture. /n
Dziewonski, A. M. and Boschi, E. ed. Physics of the Earth's
Interior, North-Holland Publishing Company, Amsterdam,
555-649.

Rivera, L. and Cisternas, A., 1990, Stress tensor and fault solu-
tions for a population of earthquakes. Bull. Seism. Soc.
Amer., 80, 600-614.

Rowe, D. W. and Rutter, E., 1990, Palaeostress estimation using
calcite twinning: experimental calibration and application
to nature. Jour: Struct. Geol., 12, 1-17.

Rybacki, E., Evans, B., Janssen, C., Wirth, W. and Dresen, G.,
2013, Influence of stress, temperature, and strain on calcite
twins constrained by deformation experiments. Tectono-
physics, 601, 20-36.

Sakaguchi, A., Sakaguchi, H., Nishiura, D., Nakatani, M. and
Yoshida, S., 2011, Elastic stress indication in elastically re-
bounded rock. Geophys. Res. Lett., 38, 1.09316, doi: 10.1029/
2011GL047055.

Sato, K., 2006, Incorporation of incomplete fault-slip data into
stress tensor inversion. Tectonophysics, 421, 319-330.

PeiiEE (Sato, K, 2010, WSS FIE O LIgisE © 25 Bk
& Hough 2 #12 X % i fi# % (A comparative study between
multiple inverse method and Hough-transform-based in-
verse method for stress estimation). HA<MiER 2R R} 22 &
2010 K = 7 #6 4& Uapan Geosci. Union Meet. 2010, Ab-
str.), STT075-01.

Sato, K., 2012a, Fast multiple inversion for stress analysis from
fault-slip data. Comp. Geosci., 40, 132—137.

Sato, K., 2012b, Physical meaning of stress difference for fault-
slip analysis. Math. Geosci., 44, 635-644.

Sato, K., 2016, A computerized method to estimate friction co-
efficient from orientation distribution of meso-scale faults.
Jour. Struct. Geol., 89, 44-53.



WEM 123(6)

Sato, K. and Yamaji, A., 2006a, Embedding stress difference in
parameter space for stress tensor inversion. Jour. Struct.
Geol., 28,957-971.

Sato, K. and Yamaji, A., 2006b, Uniform distribution of points
on a hypersphere for improving the resolution of stress ten-
sor inversion. Jour: Struct. Geol., 28, 972-979.

Sato, K., Yamaji, A. and Tonai, S., 2013, Parametric and non-
parametric statistical approaches to the determination of pa-
leostress from dilatant fractures: Application to an Early
Miocene dike swarm in central Japan. Tectonophysics, 588,
69-81.

Sbar, M. L., 1982, Delineation and interpretation of seismotec-
tonic domains in western North America. Jour. Geophys.
Res., 87,3919-3928.

Schoenball, M., Dorbath, L., Gaucher, E., Wellmann, J. F. and
Kohl, T., 2014, Change of stress regime during geothermal
reservoir stimulation. Geophys. Res. Lett., 41, 1163-1170.

Takeshita, T., Yamaguchi, A. and Shigematsu, N., 2014, Stress
reversal recorded in calcite vein cuttings from the Nankai
accretionary prism, southwest Japan. Earth Planets Space,
66: 144, doi: 10.1186/s40623-014-0144-4.

Terakawa, T. Matsu'ura, M., 2008, CMT data inversion using a
Bayesian information criterion to estimate seismogenic
stress fields. Geophys. Jour. Int., 172, 674—684.

FINFET - A 77 (Terakawa, T. Matsu’ ura, M.), 2009, HiE>
ZBF 2SN 2N—2 3 > OFIER : CMT 57— 1 > )N—
T a B KBS OHEE (A Methodological breakthrough
in stress inversion: Estimation of 3-D tectonic stress pat-
terns from CMT data inversion). %5 2 4§ (Jour: Seismol.
Soc. Japan. 2nd Ser.) , 61, 339-346.

Terakawa, T., Miller, S. A. and Deichmann, N., 2012, High fluid
pressure and triggered earthquakes in the enhanced geother-
mal system in Basel, Switzerland. Jour: Geophys. Res., 117,
B07305, doi: 10.1029/2011JB008980.

Terakawa, T., Zoporowski, A., Galvan, B. and Miller, S. A.,
2010, High-pressure fluid at hypocentral depths in the
L'Aquila region inferred from earthquake focal mecha-
nisms. Geology, 38, 995-998.

Tonai, S., Ito, S., Hashimoto, Y., Tamura, H. and Tomioka, N.,
2016, Complete *’Ar resetting in an ultracataclasite by reac-
tivation of a fossil seismogenic fault along the subducting
plate interface in the Mugi Mélange of the Shimanto accre-
tionary complex, southwest Japan. Jour. Struct. Geol., 89,
19-29.

Tonai, S., Sato, K. and Ashi, J., 2011, Incremental fold test for
paleostress analysis using the Hough transform inverse
method. Jour. Struct. Geol., 33, 1158-1168.

Townend, J., Zoback, M. D., 2006, Stress, strain, and mountain
building in central Japan. Jour. Geophys. Res., 111, B03411,
doi: 10.1029/2005JB003759.

Tripathy, V. and Saha, D., 2015, Inversion of calcite twin data,
paleostress reconstruction and multiphase weak deforma-
tion in cratonic interior: Evidence from the Proterozoic
Cuddapah basin, India. Jour. Struct. Geol., 77, 62-81.

Tsunakawa, H., 1986, Neocene stress field of the Japanese arcs
and its relation to igneous activity. Tectonophysics, 124,
1-22.

Tsutsumi, H., Sato, K., and Yamaji, A. 2012, Stability of the re-
gional stress field in central Japan during the late Quaterna-
ry inferred from the stress inversion of the active fault data.
Geophys. Res. Lett., 39, 123303, doi: 10.1029/2012GL
054094.

Turner, F. J., 1953, Nature and dynamic interpretation of defor-
mation lamellae in calcite of three marbles. Amer. Jour. Sci.,
251, 276-298.

Twiss, R. J., Unruh, J. R., 1998, Analysis of fault slip inver-
sions: Do they constrain stress or strain rate? Jour. Geophys.
Res., 103, 12205-12222.

ST IRATE D FEJE &R 401

Wallace, R. E., 1951, Geometry of shearing stress and relation
to faulting. Jour. Geol., 59, 118—130.

Wu, Y. M., Hsu, Y. J., Chang, C. H., Teng, L. S., Nakamura, M.,
2010, Temporal and spatial variation of stress field in Tai-
wan from 1991 to 2007: Insights from comprehensive first
motion focal mechanism catalog. Earth Planet. Sci. Lett.,
298, 306-316.

L& B (Yamaji, A.), 1999, ZHEMEDE © RO 2T 5/
W e fig A @ #r T 1% (Multiple inverse method : a numerical
technique to separate stresses from heterogeneous fault-slip
data). HHEME (Struct. Geol.), 43, 79-88.

Yamaji, A., 2000a, The multiple inverse method applied to me-
so-scale faults in mid-Quaternary fore-arc sediments near
the triple trench junction off central Japan. Jour. Struct.
Geol., 22, 429-440.

Yamaji, A., 2000b, The multiple inverse method: a new tech-
nique to separate stresses from heterogeneous fault-slip
data. Jour. Struct. Geol., 22, 441-452.

& #(Yamaji, A, 2001, # L W/ INEEf#HT (Review on fault
striation analysis). ! & ¥t (Jour. Geol. Soc. Japan), 107,
461-479.

I #(Yamaji A.), 2012, ERiEFE S (A historical review of
the methods for inferring paleostresses from dike orienta-
tions). HWEHE Jour: Geol. Soc. Japan), 118, 335-350.

Yamaji, A., 2015a, How tightly does calcite e-twin constrain
stress? Jour. Struct. Geol., 72, 83-95.

Yamaji, A., 2015b, Generalized Hough transform for the stress
inversion of calcite twin data. Jour. Struct. Geol., 80, 2—15.

g 2 (Yamaji, A, 2015, F A RED 10T —5 5 5D
FEIRN T 2V ) e B9 %81 F1% (A method for determining
deviatoric stress tensors from heterogeneous calcite twin
data). HAMEERE 122 AN RSHRES (122nd Ann.
Meet. Geol. Soc. Japan, Abstr.), R4-O-15.

Yamaji, A., 2016a, Genetic algorithm for fitting a mixed Bing-
ham distribution to 3D orientations: a tool for the statistical
and paleostress analyses of fracture orientations. Island Arc,
25, 72-83.

Yamaji, A., 2016b, Solving the simultaneous equations of
stress, temperature, depth, and critical resolved shear stress
using calcite e-twin data. Geophys. Res. Abstr. EGU2016-
11966.

Yamaji, A., 2016c, Separation of deviatoric stress tensors from
heterogeneous calcite twin data using a statistical mixture
model. Geophys. Res. Abstr., EGU2016-11369.

g B (Yamaji, A.), 2016a, EAET & ZSTHMAT ORI © 2. Huh
A &2 O HE % 8 31 (Lecture note on the theories of
strain and deformation analyses: 2. Infinitesimal deforma-
tion and their geological measurements). HEHE (Jour: Geol.
Soc. Japan), 122, 551-562.

g Z(Yamaji, A.), 2016b, JifEa DT AAENTIC X 2 H R -
R - s OHEE (Paleo temperatures, depths and stress-
es evaluated using calcite twinning paleopiezometry). H#A
HERBCE R A A 2016 TR TR Japan Geosci. Union
Meet. 2016, Abstr:), SCG63-17.

i % (Yamaji, A.), 2016¢, HEDIRERITT > )V & FfRA R
DFAT—& o SEHYE G 210 € 7 )L (Statistical
mixture model for separating deviatoric stress tensors from
heterogeneous calcite twin data). H 7 i Bk 2% 2 Fl 7 58 &
2016 £ K = 7 & % (Japan Geosci. Union Meet. 2016, Ab-
str.), SCG63-P25.

Yamaji, A., Otsubo, M. and Sato, K., 2006, Paleostress analysis
using the Hough transform for separating stresses from het-
erogeneous fault-slip data. Jour. Struct. Geol., 28, 980-990.

Yamaji, A. and Sato, K., 2006, Distances for the solutions of
stress tensor inversion in relation to misfit angles that ac-
company the solutions. Geophys. Jour. Int., 167, 933-942.

Yamaji, A., Sato, K. and Tonai, S., 2010, Stochastic modeling
for the stress inversion of vein orientations: Paleostress



402 Ve & - RIF

analysis of Pliocene epithermal veins in southwestern Ky-
ushu, Japan. Jour. Struct. Geol., 32, 1137-1146.

Yamaji, A. and Sato, K., 2011, Clustering of fracture orienta-
tions using a mixed Bingham distribution and its applica-
tion to paleostress analysis from dike or vein orientations.
Jour. Struct. Geol., 33, 1148-1157.

Yamaji, A. and Sato, K., 2012, A spherical code and stress ten-
sor inversion. Comp. Geosci., 38, 164—167.

Yamaji, A., Tomita, S. and Otsubo, M., 2005, Bedding tilt test
for paleostress analysis. Jour: Struct. Geol., 27, 161-170.
(L7C# A (Yamamoto, T.), 1991, HASIEOEIH A RCEIREE & i
1% it 71 % (Late Cenozoic dike swarms and tectonic stress
field in Japan), 58 H ¥ (Bull. Geol. Surv. Japan), 42, 131—

148.

Yoshida, K., Hasegawa, A., Saito, T., Asano, Y., Tanaka, S.,
Sawazaki, K., Urata, Y., Fukuyama, E., 2016, Stress rota-
tions due to the M6.5 foreshock and M7.3 main shock in
the 2016 Kumamoto, SW Japan, earthquake sequence. Geo-
phys. Res. Lett., 43, 10097-10104.

Yukutake, Y., Takeda, T. and Yoshida, A., 2015, The applicabili-
ty of frictional reactivation theory to active faults in Japan
based on slip tendency analysis. Earth Planet. Sci. Lett.,
411, 188-198

Zoback, M. L., Zoback, M. D., 1980, State of stress in the con-
terminous United States. Jour. Geophys. Res., 85, 6113—
6156.

Zwingmann, H., Yamada, K. and Tagami, T., 2010, Timing of
brittle deformation within the Nojima fault zone, Japan.
Chem. Geol., 275, 176-185.

[URL1]EJi#ifilZ B2 (Nuclear Regulation Authority), JF¥
JiFs T N DA RS 9 5 A R &6 (Expert meet-
ing on the investigation of fracture zones in the nuclear
power plants) *. http://www.nsr.go.jp/disclosure/commit-
tee/yuushikisya/hasaitai.html

[URL2]J5+ 82 B2 (Nuclear Regulation Authority), ¥
TIFEEFEOMN R OFHEICRE T 2 Ak HF 2 H 1T DWW T (Ba-
sic policy of the expert meetings on the investigations of
fracture zones in the nuclear power station sites) *. http://
www.nsr.go.jp/data/000047086.pdf

[URL3] 5+ /12 52 (Nuclear Regulation Authority), B
B IR ALK AT E T QBN O FHIIZ DWW T (Report
on investigation of fracture zones at the Ohi Power Station,
Kansai Electric Power Co., Inc.) *. http://www.nsr.go.jp/
data/000047800.pdf

[URL4]Célérier, B., Software available on this site. http://
www.bcelerier.univ-montp2.fr/software/bc.software.e.html

* English translation from the original written in Japanese.

(Z B

2017—6

»r—)l/)

EBEEL  FHER ARG A AR ER R
A, RNE - BEEY, 77 h =
A, N CRERORIEB L UWER ) v 77—
& DEIOEH &G IRDHi 2 A

KEE B EEENREUIITHERER S >
& —FEHFEE. RN - fEEY, 77 b
A, N TCIIHIE O FE B R O & B A
Uy T7F—4 OO FEFEEOIGHICET 55

N e

WEE B SRR AR EG A AR R
Rfr Bz, IENE  figiEs, 77 b

o2 NI RRE A DR BE.

402.)

22D DODOHh 5.

fEBEEE - KT B - LB 3 2017, BHERBAFEORREICH. HEM 123,
391-402. (Sato, K., Otsubo, M. and Yamaji, A., 2017, Recent advancement and
applications of stress tensor inversion techniques. Jour. Geol. Soc. Japan, 123, 391—

WSS AT, BUE RIS EFNEED, T N2 ADEE MY 55T
5. ZOHFETHFIHILIZT TR, iR RFEORZ R HHON D L DT> 7.
T, NETE, HEOREBEER ARSI EDSIREINE, HRa NS
EB5N5. I8 ORZEMZB ORI, BB hicHKETE2TF—IMNEEL TN TDH,
NN E BRI T 20 ENH S, T IR T, ET/NEEMIT CE NS AEEL /R D,
HE OB DOMEATICOINHINSE XD IR o7 RNTAEIRSCIEMIR CRIGEIC/R D,
TSI 3 ADOFEIREAL - WO AH RS TRELESHNTE 2 LD o /. HiRa
M TH RN RETTRRIC/R Y, TG SIS ITmA, ZJ OHEE © 7l EE




