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Reconstraction of paleostress states in the Walanae fault zone in South Sulawesi using t
multiple inverse method with
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Paleostress analysis using the multiple inverse method with calcite twin data was performed in the East Walanae fault (EWF
zone in South Sulawesi, Indonesia. The geomorphic trace of the EWF can be recognised as a distinct line between the Bor
Mountains and the Walanae Depression, around which an intensive deformation zone characterised by various scales of fau
and folds are developed. Carbonate rocks with numerous calcite twins and mesoscale faults are ubiquitous around the EW
trace. Therefore EWF zone is a useful location for testing the inclusion of calcite twin data in the multiple inverse technique to
determine paleostress states. One to three poles of differently oriented twin lamellae and c-axis orientation were measured f
each grain from three mutually perpendicular thin sections for 11 samples using a U-Stage optical microscope. The data set ft
multiple inverse method consists of the attitude of the e-plane, gliding direction and sense of shear of e-twinning. We prepare
data files not only for twinned e-planes but also for the remaining untwinned e-planes in a grain with one or two twin sets. We
incorporated the untwinned e-plane data for determining stress states with the multiple inverse method using calcite twins. In th
analysis, the identified stress states by twinned e-plane data were tested calculating misfit treglengle on the untwinned
e-plane between the calculated maximum shear stress direction for every identified stress state and the observed potential glidi
direction. Itis possible to say that the sampled rocks had never experienced stress states to activate any of the untwinned e-plan
Therefore, if most untwinned e-plane data (95% or more in this study) are incompatibl8Q degree ) with the stress state
identified from twinned plane data, then the stress state is viable for both the twinned and untwinned e-planes.

The analysis using calcite twin yielded reliable paleostress states similar and consistent with those from fault-slip data through
out the study area. Dominant and common stress states are characterized by NE-SW-to-E-W-treratdidgvertically to
moderately-south-plunging3 with generally small values of stress ratio These stress states were most likely caused by col-
lision of eastern Sulawesi with the Australian fragments since the Pliocene, and they could have activated the EWF as a rever:
fault with a dextral shear component, accounting for the contraction deformation structures and landforms along the trace of th
fault. Calcite twin and mesoscale faults were activated predominantly during the fold tightening stage and subordinately before
folding.

F—U— F: ZEMMEE, RGN, T T TKER
Keywords: multiple inverse method, calcite twin, Walanae fault zone

1/1



Japan Geoscience Union Meeting 2014 /0 <9 ’

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]gggggiem

Union

SCG65-02 =55:423 IRfE]:5 H 2 H 09:15-09:30

JiIRAT AR T3 D7 ’nfﬁﬁ%%I J&J10D 5 10] & {iE

Capability of calcite twin for estimating stress magnitudes and orientations
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FfRA ORI, NIEIC e A TEZ T & T, WIS > 728iEARZ BT 9. O ¢l UT 3 [ER#R
2l X2 3AMICAAHEL, W mbiEEPAINICRED T REZRRD. O L DORRMICIE e N ZIE I TREZR A 3
HACH 3D, ZOHTHEDTETHL twin, TETWHWAETNUI untwinm& W5 . WEmEZWEm & AU, 555
7 W EZEN T & ARaRE, WEDISHA V3= 3 YV ERIOEZ TN TES T b E. LHrEAEIERICIE,
PRI 31 2 HIWS 15 10 MPaZ B A T NUER SRV E WS WD B T-0Ic, WiEDE LiE-> TN Dk
FHEOHETE F TN TE /= (e.g., Lacombe, 2010)

FRED e IS K BI5TTA 2IN—=2 3 VIERENIT 12018, e WES TSI ENTZ TR TE 2h e nsH T LicD
WTHERMN MBI 2T o 1. ZORE, RO Ehbhro Tz 61D twin HHiuntwin FiC X 2 HlFE, fEEaHFE
BUTEZIS DK EL25F LM /35< %%, Z L THEDFHKIOMEE, ZISHOWRKELEICFLLES. X,
O EDOFEFINCIE e WEE I ATRE/R I 3 71D 51, F DS B twin [ TH % & DDEMNLMZ LIS IO HIF)F 58 <
5. LhLuntwiniizr—2 & LTHIAT %5, YTV INA T ACFEEIRETHS. AT AIHEKT
25%C 8 ET 5. K 200MPaz i 2 A HEEL T, ZICTINDfRIE R %S,

F—T— R SR ab s, B, 157
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Enhanced detectability of stress tensor inversion from heterogeneous fault-slip data witl
preferred orientations
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Wik DA ARk, SIS EIERIS DL K > TER I NS T XD EafRE (Morris etal., 1996 HRKEWIZE
BEMRKENEVS Bt DEAEMNH S (BlZ1E, Lisle and Srivastava, 2004 —/7C, % < OIS0 FEEZ,
Wi DZE T DS SIS AT TH B £ 5 Wallace-Bott (W-B) {RFHTHDNT, Wi DIThih & HRIs 1 & #EE 3
5. TOlEE, SRHOBHEOSEZFIH U THE-> WiEZ TS 2 DICERTH 5. dhb, BfFO5EmIEI
D THIIREDYVNE R RR T2 LIS W TR0 EEN 5 THS. LM LEND, W-BIREHDIEN TN &

JSSTSIRNTEORHBEDRE 2 E 726 LT LES. HlZE, ERMENFRET 255G, HREEC X UE TN
ﬁﬂibi 2 JTMOWIEE % 2 %703 5 ICHEET 5. £ TAH, W-BARGHS KAuUE, TSl 2 oW —Eiimo ks A
OHEPNCHFENS & UK E iz, HIRWE D X S 1M MEZ R OWiE 7 — 2 2137272 51X, W-B b Sifi L
T, @”\‘D{tﬁr'rﬂ%*éﬂw“j(%b\ciffik{}ii@”éﬁfﬁ, JSTINDOHFIE 2 L TEEDTHS. KT, HEODIGT
WGENT 2 (RE—5%) WiET— 2 ZRITT 2551, SORIBEDR RO 5ND. Z T TARIIZIE, XD HEh%RE
Z ek U Tz S iRtz 18529 5.

W-B IRERIC D < ISJTfiENTE D U & DT % Houghiti (Yamaji et al., 2006; Sato 2006, Eﬁméhtl&%ﬁ)@@"\ D77
m] & SIS IR T ML D 7R Alcx UTHFARA T % HEEE ) %Hﬁﬁﬂﬁ‘%?&“(%% TR, EEEETRDIE
MR OREZ iR AL 2 K 5 I 12K T 5. HiFEDOT AN LT, D5 b‘o’(b\%*ﬁfﬁz‘r—’}’%ﬁﬁﬁbt
KT — 2%, FEdCEMEOMIN RS A3 B W 20055 L, 5P [SED (EW @RS SS9 5 Wifg 5050 5 i
%. BIEOWIEE HNIET XA LSER L, %EOWEHIE TR ERRED R Z WM ER T E 7. (/KD Hough
%TiE, EAUERISH LRI TE R > e, B Pz Eligoi izt cE iz,

FIRDOWiIE T — Z DG & LT, SR ORIt E @Rz Y 2/ N R OISR 28N 5. 2D
ks oD/ TR I, WWTERDS ) & ERTERDS SRR T 2 L OMMEEL TS (B2, Angelier and Huchon, 1987
CNS DGO, HERIZICBRIICKEZ DT 5 T EDNRER S 12D, HirFEEEHWS C & THERRHIKE
L7z.
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Reconstruction of absolute stress based on a condition of aftershock occurrence
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Hitsg N DA IS IS -EBFE A 2 BfiR 9 5 5 A TR TH 5, AEDOHIEE D FEERISIE & RE O FEEBMED
RKHHN, THICARBICKZINELEFETENR, IWHELEOKE S 2RI L TG 1 Z#HEET 5 2 MW T
% (BlzxiX. Hardebeck and Hauksson, 2001; Wesson and Boyd, 2007; Yang et aD,2018' L. B (3 AZRTOHE
HENE DRV, TNSDOFEZEH TEAHIBIIESN TV, AZETIE. RENOFEBMAD WG ETE,
REDFAET B 5072 —DIKT % C & TS 152180 TE 5 FiEZME LD TlE T %,

AWHFETCIE. REOFEEEME T/RE NS ME B0 & UTARERDHID SIHEL TS EEX S, T
AEBBZICT NIz E WS T Lid, 2o LITAEHT 58 AW &SI DL TEFK ST NS slip tendency(Morris et
al., 1996 I AEEZDIEZI MRKENT LW END, AWFETIE T DM Z2ER L. LUTOTFNET oot i /15 72 H#E
i‘a—%o

(1) AEROHSIETEHINRKN T~ REL. ZDISHT VYV E B LT 5, £l TOFHSITICAE
WK KBIGNELEZELADYE ST & T, AEBROMIIG 1 A Z51HT %,

(2) ZNZTNOREZOMEEICH LT, AEFD slip-tendency(T,?) %585 B ZHWTEHET %, [ARRICAER
O slip-tendency(T,%) & A ZHWVTEHET %, T, OFHREICE LT, BABISHEZOE EM S5 Kb iAW
EREOIXRD AL LIZEDZMS T LIcd b, LEN>T, T4 RADEEED S 5,

(3) Tsa>TP OEM2EWT LTeREBICH LT S=XT, Z3kd B, Wi/ O T T,2>T,b Zhilz T HAICE. KEW
5D T, % SOFHRICHW %,

(4) YIS B 20V FY—F LAEMNE (1) ~ (3) 20U, SHIRKICE SR 2 tifiE &9 %,

CDFEDOZ Y2 MRS B 72D < DD OBUHEER 21T > 720 T *>T,0 DM ANE > 75 B IZHE DR
MMz e LTHAEINTUEWRERRTE R o Teh, TORMEERE L GEIIIHHMES 38 TIE L Wb HEE
TEIzo RIS TDJjiE% 2013FREESHEDOHE (M6.3) I Uiz, REEDFEEMMAR P BB ICHRIEME DR
WEMA BT & T, MLELLED 11IHDfEZRE LTz, AFEDT XD E7)VId Uchide and Ide (2007 /577 i i
FLERICTE U THER UTzo PRI Cld. AEATOIS% & LT, BR8P — AL 2 1 723 W 4
PHEEE N, #5711 200~300MPak K% - 7z,

AEE RIS EAEOHEROfENT TId. FERPIOBINIIIE 7 — I A THIEERE (Hi-net, KiK-ned, SU%JT. #UKHE

B BKPIEIO T — 2 LA E B TIHE X Uic, FEREMEOHEE TR, K - HITTEIRO 7175 Les#Eic
LE Ul WWHZECOFAETRMBEZE L0707 S L2 UE Uiz, st U TEH#HL X,

F—U — R ARS8, A, FEERNE, 2013 IRER S OHIEE, slip-tendency
Keywords: absolute stress field, aftershock, focal mechanism, 2013 Awaiji Island earthquake, slip-tendency
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Motions after rainfall in borehole tiltmeters and the azimuth of crustal stress before and
after 2011 Tohoku Earthquake
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b B SR AR ZE
INIED

A7 R—=)VERIGH T, —WRICBERIC X 22203 BIAIC K DITRE > T AN OHENC R S T & EH (1987 1
XOBHLMCENTED, o5 (rainfall component &iE1T9 % /i (rainfall-free component; RFE7)) TldF#r
DXAEEIRSNEWV. BH (1987, 1989 &, BHHE - gD R 7 F— )V XEREFTOEHIN 5, RFFEIE, KIE
WL SO IR, EDHIEED A 11 = X LR 53R D IR R KM 1 i BB R —HT S LRl Thid,
RG22 3208 LT R 7 R —)ViEfEIC & % open crackDEm M BB R KEMEIC I i — T 57 e E R
5N5.

AT TE, 2011FEO LT A EREMHIE ORI S 72 % 20104F 4 H~12 H KR U 20114E 4 H~12 H - 20124F 4
H~12 HORIK - f& BREAHE O B Hi-net S ENEERHT X > TR O NS URIZE) 7 — Z ORI K 5 L) 72
AN, HIEE RGO HGR IO ORFEZ L & DBIRIC DWW TE Rz il 1z,

FEEICIE, 20104F 4 H~12 A DY « WESEEHLD 7 85D RFF D /50727779, IWEH (Wb E ) Bl
Tl RFFERZT O NIMEIER AT > TWT, T OB SEs T ERALH S AR EFE A T S M i KA /5 7
RIS T A>T EAVREENS. CTOBMEE D MOBRIAN T, COBMNISEL, WFRISDWERNIZ
E RFFGT DN RIS TNTSE DN TWT, TOfBE—HH L H AR DA DT 50 T % Bt 5 & 1k iz
BTG THo T LR ENS.

FABIC/RT 20114 4 H~12 AN U 20124 4 H~12 HOARITIE, B AR OB R IEDRED 12 DIC
BT LR THEBIEHCA 72y b ATy MEOKER R T I, KEBITWVENIZELZ S ASENT, BWNICX
ZIEBZFOMHIZ 2010EI1Z ER S TldaW. TDEMNT, HTAH CEH) MO YBKH (W) OmiEHH5STi&, RFF
B3 DANITIE 20104 & BERTIZ & A LI EAR S N, £z IWEH S 20124F0 52D 20104 &
HART 100 BETHEOZLLTHAEWL. IWWH BHBE T RFFE O GMIEAERT IR ECERD, RIFFEILS
MR > T4, DGOH (k7)) BN B AERIC IWWH Bl & AEFNCIZIZ E A ER UK > 7z RFFR D50,
FAEA T K E EDWTWS. THGH Gadk) Bl TIE, 20124E 13BN 7s i & & 2 NS LR D/ A AH
KEL, 2011F0D RFFETDIilE 2010 L 1F & A EZ(EL TWIRWNWEK S TH 5. JUOHBIHI TIZRERIC X 2 28]
MEFEAERENT, HRRTISH AN ARERICEL LI DIHIERICHWT W7 5w 7T LE>T28D &
EZ2o6N5.

IR« FRISIREEHE O Hi-net BHAIKEIC & > TEIIE Nz dd by ACEREPHNERTR O RIC X 2 ERIEZ#H 5, AE
HiD S IWEH BU sUSHE OB TR KM T RIS TH 722 &, MUAREBRICRKE T L M
WED I TS ICIEN -T2 EAVRENT WV S.

F—T— F: A7 R—)VRERGT, BERNIC K 2 258), #7507, S5 At
Keywords: borehole tiltmeter, tilt motions after rainfall, azimuth of crustal stress, 2011 Great Tohoku Earthquake
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AZIMUTH OF RAINFALL-FREE COMPONENT
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Evaluation of faults in the site of power plants and stress analyses
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JRFIBRIERE B 2O TRAGEEFTBU AR OFREICBI T 2 GE 26 &, PR 254 12 HICHfEEhzE7 L
o —2BICBWVT, BN D 5 B F-6 iliieid [FPRIGENd 2 ATREIE D H 5 Mg Tldaw e d Sibm2 15
7. TOBAHEDMWFETIIHE T — 2K 2618 MED NIz, 22T, IS ED X 51 TFERIEHIT %
AREMED B ZWiEE | ORI b N T2 ARG TIERNT 5.

ROFEEFTBHINIC BT BEPERRAORE L LT, WiE02 I LfE» %<, FRZTENHR TRV L,
W OTERIEREMN TN 2 ZEHMIE A K BB FEZEA TE AV E VWS RDBITFENE. BT IfiROZ 4
FEBEICBOTE, EWENGODEET, HHEHEIEAT UERER0. WiEm LIRS N5fT — 2z izl
JEDES 1 & ZFAUSFED SR, 75 EOMEZH B DD, HEDNHENIEZ->ED LTWa ke, L#HE
PRV 38U 2 Wi RIS U T THEIC EEAREN g L.

ISR D W THEWIEN £ 5 2 flid 57 DFEZ 7 LT, AV v TT7 2T — (Morris, etal., 1996y
KO OREE L BHEDIC N Z RS 5 L WS EZ L, IR Z TG A T — I RIS 2 L WS B A /D
B%. 201LEFILHT AP IER O HARYBICOWTHE K Diaahd 2 K5, MiEDEZHICIIRMNH 5. £
T CREBFEBHTEMHIANBH OFEIC BT, BEOEZ I STz, EHAT—VIEE UK S FISC k- THiE
MREOIRLEWVTWAHIEEZSNS. TITRAESHTE, MEICHSNSHEDNFR ISR EN TS &
e, [FUCIEBRA T — OMGE & FIl Lz, KERFEE T, COMREZ ML U FiREOMR LIRSS L
T, FERIEEIT 2D ZWiEE ) OHWiZ T 7z

F—T— R FEEFT, ORI, IS ST, iR A T —
Keywords: power plant, fracture zones in the site, stress tensor inversion, tectonic stage
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Stress rate dependency and effect of volatile element on seismicity of volcano-tectoni
earthquakes
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1. iICHBIC

NINFEERRIIC H > TE I I DEBREE DR L, JoIORRIZ{EAEE OGN LR THSD TREWN. Fi, 7
OB AT K DR D I E NS, TDX S &S &R O 2 T URSEEIEN AT 2728
KB AKEEEIZE=2) V7 2R ENEAEO—DE LT, £ MUTHIBEAICHHAIN TV S. L#
U, (ORI ETHET ZUMHIER ERICHRE L, HEFREEMEOMINCRIT Lz, 25 WidEamix kLG,

OFHBICFI L 72N3E & AL, ZOBEE, BT —2ORE, JltEtEREFRROHFIOARE, HEiEH R
DEBRMNET VORI ENFTENS. MUEEOHERERZ(L O OERE & > LGNV, kiliE#i%E
GO THFRIREED TEBRI] AIHMBEICHWAZRETH S LBV, B fHAERDT-.

PHE RS TR ZIHE OBINHEA E H S, HRLH) & EISEH» D TEMEICBIIE N TWVS. 1~ 2FFHPTR
A9 2 IR IVR AR « DG EICE L, HEISEDRREZ LT 5 2 BTN TV 5. FEEMOMIEZ SR UL
2T T OHBERHNHRET D S HiE X N5 )5/1Z k7% Rate and Sate Friction Law (RSH) 1@ % &, —EBOHAM
ZIRE, EEMICHIHTE 2 2R Uiz, SR, BHENET IV DANTZERZESL, ETIVOREZTT> /.

2. ETIVONRE

RTROERZO IR T KELD X 5 RIGA TR C 2HER, ISIEDRALILZELT 5D T, ZOREDILITE
FT%L, BEDIGHEREMEOREICEE LTV, TOXS RIS HBREOMRZIR O AN EREETIVELT
RSFHIN® 5. FEAINCIZ, TO RSFHIT, A KEDHIVT I NHTT 1~2km THAET 2 k&R ORG B =
BEATERD, X TEROEINZ N L Y RAME T Uz 2011FELFEIE, ©F7 )05 TAREX N2 HEESE & BHAED
KELTNB T EDHEMT -T2, TDzd, fﬁﬁﬁftu’ﬂ@ﬁ’ BrERE LTz,

7 A A > K + Northern Volcanic Rift ZonéClZ, & 10kmILZEOHIFRIC XA 2 WE A L1, X1 7E[OEE
@@%Tﬁ$ﬂ%ﬁ%$bkztﬁﬂ%h,Lhﬁ&47#6Mﬁéhﬁgﬁkﬁibﬁ#@%@%@ﬁk%ﬁ%ﬁ&
T LI EREREEZSNT VWS, iz, HRINCHZAZ) T TV EO LaFossakl U Tld, EXIRED 5.,
DFE DR O & HEEE O EFICEWHBIAH 2 2 EANHISN TS, TDXIIC, BALEIIINLIK
HENTAEFEMER DD, MEEHZ 5SS LAV DOHhOKINTHENTWS. ZT T, HHKDORERI FERIER Y
AU TR OB EDBINT %, IWHERHCIZDT 2 WS R EEA L. £z, EMNRIIAEEO LV R
IME R U7z 201 14ELIRENE, EREH SiTcia~< 7 OMSE D e L, <7< Sl FAOERE R OMiGE Dl k%
EEZ, A ERTEHEMEMLUAVWETIVEEA LK., COETIVCEKDEITFT—2LETIUREDBL —8T
BT Eh]o Tz,

3. kb

CCTemRLizT e, 1) kUELOMEREIOZE(bE, <7 ERBEZI0NGEOZELE <7 <h 51 RICHFEMER
DHREENZHEOMENHEL TERC 3. 2) S HEOZIE, RSFANCHEDWET IV TCEBMICGTHMETES. 3)%
NTHHTE R VWHEEB OZ(IX, oI LOFIN SRR IC X ZENREENTHS. LWVWIFRTHS. D
F0, MCEZIX, IGO0 THHTERWHEIEHOZ(EN 5, HROMRMER S OBEDOZ(LIHET T & % nfHE
WRHZ NS T ETH%. CTTRPUREDHIZERLUED, 7TeE3ETIE—RNEEDOTHD, B b
EnfbThNUE, EONLITE COFERBEHTES. g, MEREIEOZLOINZEIC X B IS NI
HloTHIUX, BARNCHRITMEE LT ERL T3 EEZONTWV AR ZRNTESAEEELH 2 T LR
LTW3. THUISHIET 5 AKUENDFREDPEAFER DO TRNCIRICI DT ENEZ ENS.

Eidoc i, HEEEHENCNETLESTZEKT, Hilchth MREOTE= 2 V7 Ttk ig3 L ERLT
W5, 511E, ISHZEILLISNONED, HRIERTOZEICEZEDTHEHOEDERIET 5128, MUK A EZER
PNCERMI L, BT IVZEREES 5 T i85z,

GtE] [ LRt GNSST— 2 Z R Lz, Gt L CHlEZHRRS.

F—TU— R:klPEthEE, HEEFREhRL, 522l HsasB), IR

Keywords: volcano-tectonic earthquakes, seismicity, stress rate change, ground deformation, volatile element
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Investigation into stress field and strength at hypocenters at South Afrlcan gold mines

/NEIR 72 0 ik BFE 2 ; Hofmann Gerhartl; Roberts Davé; Clements Trevdr; Piper Phit ; 280 B8 5 ; by (4 6 ;
B i ©

OGASAWARA, Hiroshi* ; KATO, Harum? ; HOFMANN, Gerhard ; ROBERTS, Davé ; CLEMENTS, Trevot ; PIPER,
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M7 7040 (FM7) @i, EBREORIER THERBHZOSNTITHE TE 578, 19914FEIC IASPEI THIEEDSE
By LR o N%. HALET & OHRFEIENMEEO TS, £ D blF 20094ELI#%IE. YIHY « NIWETEDN DD TRV
BRETRAIN, MOERDHATERESNTZWVERENMESNDDH B, AHEXTIE. TOEDHADO—ONRTH 5
# K 1.0~3.4kmTirbNniz 7 DOHRGISHHE. ISHhETY V7 OBk, HiZE Back Analysisic & 2 EJRDIST] - il
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