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Simultaneous measurements of elastic wave velocity and conductivity in a brine-saturated
sandstone under confining pressures
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Pore-fluid pressure is a critical parameter that governs geodynamic processes including seismic
activities. Its evaluation through geophysical observations provides us insights into these
processes. The quantitative evaluation requires a thorough understanding of the influence of
pore-fluid pressure on geophysical parameters, such as seismic velocity and electrical
conductivity. We have studied elastic wave velocities and electrical conductivity in a
brine-saturated sandstone under different confining and pore-fluid pressures.

Berea sandstone (OH, USA) was selected as a rock sample for its high porosity (~20%) and
permeability (~107" m’). It is mainly composed of subangular quartz grains, with small amounts of
feldspar grains. Microstructural examinations showed that clay minerals (e.g., kaolinite) and
carbonates (e.g., calcite) fill many gaps between grains. The grain size is 100-200 micrometers.
Cylindrical samples (D=26 mm, L=30 mm) were saturated with 0.1 M KCl aqueous solution. Measurements
have been made using a 200 MPa hydrostatic pressure vessel, in which confining and pore-fluid
pressures can be separately controlled. An aqueous pore-fluid is electrically insulated from the
metal work by using plastic devices. Elastic wave velocity was measured with the pulse transmission
technique (PZT transducers, f=2 MHz), and electrical conductivity the two-electrode method (f=40 -
100 kHz).

Confining and pore-fluid pressures work in opposite ways. Increasing confining pressure closes
pores, while increasing pore-fluid pressure opens them. For a given pore-fluid pressure, both
compressional and shear velocities increase with increasing confining pressure, while electrical
conductivity decreases. When confining pressure is fixed, velocity decreases with increasing
pore-fluid pressure while conductivity increases. The closure and opening of pores can explain
observed changes of velocity and conductivity. For a given differential pressure, velocities show
no significant change with increasing confining pressure, while conductivity decreases. The
decrease in conductivity might be caused by irreversible compaction of clays under confining
pressures.
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Pressure dependence of elastic wave velocity and electrical conductivity in a
brine-saturated granitic rock

R ERE. B T

*miho makimura', Tohru Watanabe'

1. BELLXRFZRZHRBETZHEY
1.Graduate School of Science and Engineering, University of Toyama

Geophysical mapping of fluids is critical for understanding crustal dynamics. A unified model of a
fluid-bearing rock for velocity and conductivity is essential for quantitative inference on the
fluid distribution. We have measured elastic wave velocities and electrical conductivity in a
brine-saturated granitic rock under hydrostatic pressures and observed pore structures by X-ray CT
and BIB-SEM. Based on observation of pores, we have constructed a phenomenological model to explain
the observed pressure dependence of velocity and conductivity.

Measurements were made on a fine grained biotite granite saturated with 0.7 mol/L KCl solution.
Both compressional and shear wave velocities increased with increasing confining pressure and
electrical conductivity decreased. The velocities approached to those of solid phase at high
pressure, while the conductivity was still much higher than that of the solid phase. These changes
must reflect the closure of pores under pressure.

X-ray CT examinations showed that a lot of grain boundaries were open and that they formed
connected conduction paths. Few intragrain cracks were observed. BIB-SEM observations on open grain
boundaries showed that the aperture varied along a grain boundary. Grain boundary segments with
large apertures must be connected to form connected conduction paths under high pressure.

“Bed of nails” model (Gangi, 1978) was employed to model an open grain boundary with varying
aperture. The model assumed a power law distribution of aperture. Compressional wave velocity was
calculated following the formulation of Carlson and Gangi (1985). “Bed of nails” model was combined
with the effective medium theory (Kirkpatrick, 1973) to calculate electrical conductivity. The
observed pressure dependence of compressional wave velocity was well reproduced, while that of
conductivity poorly reproduced. The calculated conductivity tends to be lower than the measured
value at high pressures. The model should take into account the connectivity of pores. The spatial
distribution of aperture should be investigated.
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Electrical conductivity change in a brine-saturated granitic rock under uni-axial
compression
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Geophysical observations have shown that fluids exist pervasively within the crust. Fluids fill
intergrain cracks (open grain boundaries) and intra-grain cracks at the upper and middle crust
conditions. Since the opening of cracks strongly depends on the stress state, electrical
conductivity should be anisotropic under a stress state. We have conducted uni-axial compression
tests on brine-saturated granitic rocks and studied the change in electrical conductivity in the
directions parallel and perpendicular to the compression.

The loading system is composed of a hand press (Maximum load: 20 kN), a load cell and stainless
steel end-pieces. A fine grained (100-500 mm) biotite granite (Aji, Kagawa Pref., Japan) was
selected as a rock sample for its small grain size and textural uniformity. A cube sample with the
edge length of 25 mm was filled with 0.1 M KC1 aqueous solution and loaded up to 20 MPa. Electrical
impedance was continuously monitored during a compression test with two-electrode method (Ag-AgCl
electrodes).

Electrical conductivity decreased with increasing axial stress in the directions parallel and
perpendicular to the compression. When the axial stress was increased from @ MPa to 5 MPa, the
magnitude of decrease in conductivity was 2% and 4% in the direction parallel and perpendicular to
the compression, respectively. The decrease in conductivity was much smaller than that observed in
hydrostatic compression tests (e.g., Watanabe and Higuchi, 2015). The decrease in conductivity must
be caused by the closure of cracks, which were perpendicular or subperpendicular to the
compression.
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Elastic wave velocities and electrical conductivity in a brine-saturated chert
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Geophysical mapping of fluids is critical for understanding crustal processes. Seismic velocity and
electrical resistivity structures have been revealed to study the fluid distribution. However, the
fluid distribution has been still poorly constrained. Observed velocity and resistivity should be
combined to make a quantitative inference on fluid distribution. The combined interpretation
requires a thorough understanding of velocity and resistivity in fluid-saturated rocks. We have
studied elastic wave velocities and electrical conductivity in a brine-saturated chert to
understand the connectivity of pores at low porosity.

A fine grained chert (Kyoto Pref., Japan) was selected as a rock sample for its low porosity. The
rock sample was mostly composed of quartz. Circular disks (D=10 mm, L=3 mm) were cut from the rock
sample, and the compressional and shear wave velocities were measured to estimate the crack
density. Disc samples were filled with ©.1 M KC1 aqueous solution, and the electrical conductivity
was measured at ambient conditions with the two-electrode method. The relation between the crack
density and electrical conductivity will be presented in our poster.

F—U—FEBERERE. BRICEE. filf
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Sintering of fine-grained polycrystalline clinopyroxene
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ERE(ICSVWTHRATEBCRTEXNZILEBRY B26h(C(F, KEEMRIOREOMRIE (BuniEE) M
WRISIZEMNHS (e.g. Karato, 2010). C DK D ICHIKISIMBAERAERTIHICIE, KIE - ERKRENE
B(CHRIETETINRNS, HBEMRERAVCERENENTHS. ULHLENRS, BESGHTEIRRILA(CD
ESINSTETREROCHETRENEBRI S E(FHLL. ZTARETEIRALYIDEERE FR
ELTAHV, XRAYOERE RIRU ZINZERAEEFSSCEICERBL, N DEELREMEASBRE
DEBEfEE 2.

KMETRHFANNE - DASABDEIEBRILYD 1 BTHIRERBANDSSE, AT YN—Jv1k
(Hed:(aFeSi0;) MO DRLEBDIERART «+ 4T RERER (Di97Hed3:Cay goNay Mg, o;Fe, 435,05,
Di99Hed1:Ca, o;Na, o,Al, o,Md, goFey 551,05 ) 2B ERAY —SIEAEIGR (Di87Hed13:(a, 4,Na, 4,Mg, 5Fe, 1sAL
0005105 ) TERZERKIE LTHUVZ. SBRDBEFREZENETNHMAETL), E0OMRE —SlERE

%, PILTVHRXFESHPICIFEEHRTRE230-1280C, FIFHE2-60ETRBL 2. 85N BRI
REMER, REEMCERBZAOHERE EEREFEME (SEM) TTV), SEMRET C(CERERY T hE
AOWTRERCERRESE L. BRRAORE(C(E, XREFDH (XRD) , HALX#ERIHT (XRD) SKUSVY
DHADHEITOIE.
BONLBEHEAEDREMBHERET OLIBER, DiI7Hed3BEEIRIZATARDRIF, Di99Hed 1BEMHIA (IS LLERK
AL RFHNSEBRINSME/MERLIZ. 1230COEE T, ENTNOEBASER2mU T OEELRFH
518D, BEFRRREEETL, ENTIIERBEDS. 055 LU I3.%FTTEELZ. CNICHLT
1280CDEBERE TS, BBERHAISRIMRNEHSUnEE DIERILRI F TR SN, BELEENTNIEREED
94.1%H5 K V90.55UTTH o, CNSDFERNS, BEBIACSVTRBEED LR ICHWVWERDEELZ
FEORET, BEENTDICETFICRRRMEESNZEEZXSNSD. /T, Di87Hed13MEEA T (IHIALIL
RIF (<lpm) SHEXAEUTERIF (G5um) EMNEEL CTLISHEBETRLTHED, MhOBEHEEs LB LB d
IOEFLEN DIz, AFAEDER, 1280CKDE1230CTEEBELIRIBEIC, K DBECHET UMK (<2um)
N OBELEMNBELAZRREENEFONDS MDD O,
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Lower limit of Shimanto belt: constraints from elastic wave velocities of rocks from the
Kanto Mountains and the Tanzawa Mountains
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BETCE. FRNERMFEIN D vV EVEBISTE UL TERTL — bOTISRFAT—7A. @R)IEFESE
TRMFDNEFEMACBNERIT DT DEVSERLET O RO IERI L TL\S(Sato et al., 2005, Arai et
al., 2009), BFUEMOMRITH CH BFERBEFOILAICEEA+ERDHBL TLED., BillEREICEL DT
EOE+ERUOBRE - ZRIFEXS<ERLTUVD, BA+HTESHBEEIEOM TRBICEER L TULD
EEETINTULEIN, BRFEH CIIECHBYNLRBEE D CL\BCHICEEREZDDHEENI S L
MTEEL. UhU. BEEMSICH (FIRMNMBROBECBRERZEERNT S C(F. FEERESOMmRYET
FTIICHMEOHRRUESRXR D LTEETHD. BEETHEEZERI S LTEMEARARXTHD, €T
AR, BEEMSOARNMRERNEADVHET IV ERSI T S L TCEBLUA+F - BT - FERE&BZR
RIDEAZNRE L CEET CHMEREEAEERRE XML T,
EMERRERIEERIEEEIAZZEOE LYY U —SERERBEEZHV T, BE14m. K 12mD
A7HRENRE UTRAED.0GPa T TPERE (Vp) « SEEE (Vs) « Wp/VsERIE Uz, ENRIEE LT
FIWOENRYOT 1S+ bEFERAURZ, ERERIE U THERBILAERBICET DIHRRXFTI1SRBELIZY D
Ba. WHERSBCET ZUA+FEHERNINEFEREOWS. MLABENEIZY FOWEAE. B8=%
MEEHERER LI Y FOWERS. HR/IIEBAESFAERIUMICET SHME=-RFEREEOREBEZ AL

2o SOINEBRTIFIPHE - SEREIRADT 2 7V E—REERFERAVENNIILARFEIEEEHFRAL. 560
PRERE ESEEREERFICHEL. Vp/VsERE LTz, NILARFETIE. TF. FEREREEBHNSKHER
HREDERKN—IXANREEBRTFICANT D, RIC. BREBSFEERFICKDBIKICERIN, BFELEIL
D27 LAONYy T 7—0v RZEEHKL. aREROTHE LFATRE L. EERFICE D> TSRS
IZUOBRESICEBREIND, BET—F@3FI5IATIOXI—-TTI0ENDTR—-L—I Y TZERL

2o BAIARIOLEHE TEN S DEREROENEGRRPECRUCEFEERTH D PERUSKEES KL
OVp/VsZEBIET Do

BRE - WA+HEAD. FENI0nE TICHYT DENEA0.15-0.36Palc B (TBPERE - SFRE(
5.9-6.0 km/s&3.6-3.7km/sTH D Vp/VslFW™B+HEDHETI.61. WERETI.HEBIMEERT, CDIE
Vp/Vs(FRESEXRABUVCEICEBRL TV EEXS5ND, —. FHRWIMICORT SFEBETIE 0.56Pald
FOEERIDOPEIRE HHI6.6~6.7km/s. SEOREHMHI3.8km/s. Vp/VsH#I1.75~1.76 TH Bo
AEB(CL>TESNIEMEB+HROEANPEEE (FArai et al. (2009) TR NZE@BE+HED I MIFD L SRt
FEREBDZERE (6.1-6.2km/s) E(FFRANNTHD. WA+HHRT1 OkmBOES I THHI D EERIEBT B,
A +FEDDREORERN10knLERDFREBDPEIRE (36.5-6.6km/sTH M. ARRRIC KL > TR/SNZE@A
+HRDEADPRREFBERGTICHE UV TEPRRESL.5km/sICIEZELENC ENS. SFEEHI0kmELR(ICIYHE+
HEBRI DL OLAERAESELNEET DAREMFEVEBRIND,
mOA+EOERFECARPLEADRFHNSEBRINTSD. BL\Wp/VsEEVARSERICERL TV, L
EM>T. BAE+FHIMEVp/VsDMEEE UTCRX AU NAH SR> e, BEBEZE STERFEEREL
DPBZIEREAMREBEE L TULEULESHIC. BEBEEZ TORMNEBBRAERFRRRTEIRATH DM, B
B T ithEE R (MeS0-net) (CKXBMER~ET ST+ — (Nakagawa et al., 2011) DNSZDDHEHAL T
I CENSEBOFEELTERSN S,
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Elastic wave velocities of sandstones and mudstones from the Southern Chichibu and
Shimanto belts in the Kanto Mountains and greenstone from the Tanzawa group at high
pressure.
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BEEETCH T IHERRERE . fHERCEAMECL > THEONCHERREBEEZBRERE L
THIRIZDLTEETH D,

BEBICHVTIE. TrUEVEBTIL—RERITL—RIEHFHAATND—AT. HR/INEHEHRTEF

2 - INERIMNZ OFEEN S AMENCESR - ML (Taira et al.,1998). EHMILMRREENERINTUL
3. EHBEABOMRES . REETENBIN-EMNERBRS LUXEIROBREBEEZHNS L TEER
Th D, HRILICFHR LML & OFS/ NS RIGEROHROIENIC (. BELmAMIBLTED. 5 7I7
RECEEETL — REHAT C EICLDERSINEZRIIFE - BRE - @A +FOZNENSED, i
BEREBE NS DHEENSEBRINTUVD EFEINDIN. ZOFMEESECDVTIFRASHMCEINTULE
Vo BEBARCHVTIE. FIEEREENMTONTED. BIFES KUBITE-LARSEERNT(C & DHER
EEBSMNKSHSNTUS (Arai et al.,2009,2013,2014), FEEZEF(CH(FDIAMNME RS/ NZRITD I
RIS C DUV TARIATEIC K D KRS EMESEIRE & DR Z TV, BREADHEZTO>CEZBME L,
BEERICE. EXRYIUVS-BSGEERBRZBZAV. PR S K71 7IILE—RIRE#EF (10 Y-cut =
ZTBIFOL) EHVZRIVIRGSES KO/RILBEBEBEC KD Vp, Vs ZEBFICAE LUz, BR25CICH
WTHE/.06PaE COBMRREEREITOIZ, SBRHIRREILAMBCEITIHKRXFI1>RHLIZ Vv LD
Ba. LWREREICET A +FEERIARABHERBEOMNE. IMLABENEIZ Y ~OWE. Ga8=%
EEHEEHER LI -y FOMERS. BR/IIRAEBFABRLMICET 2HME=RFREFOREEDIERNZH
(A

BMRE - @A+HEAaN. FENI0nE ClCHEYT BSENEH0.15-0.356Palc H(FBPKRE(L5.9-6.0 km/sT
HoEM SEREE(F3.6-3.7km/sER L Vp/Vs(FEB+FDWETI.61. WERBRETL.EBIMEZ D, C
DEVp/VslE. ARBEXRABVCEICERAL TS EEZXS5ND, BEILMIEZRINSR TITON I IERIFRE
(Sato et al.,2005;Arai et al.,2009) Cl&. ZAMEN_EEBIRRDEIEIT (FREHI10kn(CPIREE6.5-6.6 km/sD
HREFLBOMERRFERN)NESND, AEXBRIERTE. @ERETICHUVTEPRKEEGL.S km/sICIFZEL
HWCENS, RIBLRICEHERF LA +HHREBR T 3L DEEAMNEFET Da8EH(HEV, BEERLTFESE
BE LTI ARSI E R RERE (Aral et al.,2013,2014) Tld. &M EERHRR(ICH UV TRFIEMET D
i CRERMNE TOPEIRE($5.6-6.0km/s. SERE(F3.4-3.7 km/sTHD. FERAIDORFRAM & ERILDD
THI6 kmBURE CTRHBROBFBEEENDIHT Do e, Vp/VslE~1.6EBMEETR L. AXBRER & BKROIERDZE
9. COREFBIXREBOMES KUAERERNSHHBNAGRSEXEOGLVHELHEDEATERINS L
RTINS,

FHEREBEHFEE D16PaZE COPEIRE(36.4-6.8 km/s. Vp/VsIIZH1.75CTh olz. PRERE(S. FHERERSEDM
MERREERBERELRIDE. FRM—TFTILVALREE~EL. ARANML 1S RAEE~PPE

Wo Vp/VsIFFERFEREEL D EE/U 0. MERREE CEFBRIRREE L DENMNICEVBFRICAHRT S
EEZ25N 3,
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Ultrasonic measurements of P-wave velocity and S-wave velocity under high pressure and
high temperature conditions in Oki-Dogo xenoliths, southwestern Japan
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IRTE, Tto et al(2002)=#06H & LIz ERYIEEE (C X > TABBANOM T hEREREEE N KH SN T
3. AEANIOMTERRBEZHESNCTDIC L, BRIEMOERRERREIT S L TEETHS.AMEA
KMCHWTTIVHIVXBRERCHDIATNCERE - BEREHEENZEONS. HEAEETHN
FEERRITDCENATELVWHTEBOENTH D HTEEEHREIT S LTERTHD, Takahashi et
al (1978) , Arai et al(2000), Abe et al(2005)% (XU sH& LIZFITHIEIC & o TRIRERIBEE DEMILE
AEMRERTONTUVD M T HERREBEEZE EAZNICHEBIRT 3 OH(CEEGDHERRET —INEE
TH3. BEREEHHESDHEIMEEE(CEAL TldYamane et al(2012)IC L BEEFRENREINTULS. —
. ARECIIEREREIGEEERICET IHESCH LU CEESERE T CHIEHEREINEE{TOR. &
&, PR (Vp) , SE (Vs) [FR—RBI X7 LATHESIN, EH, BREZLICHIT IREZRMERFLE.
HMERRERIEICIE, EXNYIY VS -BRISERERE, AEFRERERE, 79400 -T%H
Wz, IRBRFEZATBYFOLEFERAL, SERERFEERAVCAEE T 2. SAaRIEERN
14mm, RSHWImOPAERICKFEL, ZOREEMRELLZETDENI0CH A —T Y TURBELESE, X7
LOO7EUTERBUTIVY IFTLICHEPIFAL . Y TIVEBRPFAARL IV X5 LIERAE4m, EST80m= 1)
VARICTATN, F110.0-1.06PaRE T T0.056PafEICPK, SEREZNZENAELR. Fike, EN

1.0, 0.8, 0.6GPafFICBEEZR{LTHE, P, SREZNZNAELZ. —Hl& L TEBEHRICNT SAERBR
ZLATICRT.ESN.0 GPaBFICH UL\ TVplE7.22-7.35 km/s, Vs(d3.78-4.13 km/sTd DIz . AFEK TIZZDMD
HAERREZIEHTHRETS.
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Northern Miyagi is located in one of the strain concentration zones in NE Japan (Miura et al.,
2004). This area is known to have high seismicity and experienced two large earthquakes, the 1962
Northern Miyagi Earthquake (M6.5) and the 2003 Northern Miyagi Earthquake (M6.2). The 2003
earthquake was well studied and its focal mechanism and aftershock distribution support that the
earthquake was a high angle reversed fault, which is a reactivation of an originally normal fault,
created in the Miocene during the Japan opening. The surface extension of the fault is recognized
as a flexure. Geologically, the area is mostly simply covered with thick sediment and is surrounded
by granitic rocks of Kitakami Mountains to the east and to the north. A high magnetic anomaly under
the Izu-Numa area may represent the existence of relatively deep sediment. The objective of this
study is to image the geofluid in three dimensions and relate them to earthquake activities in the
region. The previous studies were by 2D modelings. We used MT data at 52 sites in total: 24 sites
are new and are arranged in an approximately 2 km grid whereas two older dataset were along
profiles, one NEE-SWW profile with 18 sites (Mitsuhata et al., 2001), and one NNE-SSW profile with
12 sites (Nagao, 1997). We inverted the data using WS3dMTINV (Siripunvaraporn and Egbert, 2009) The
preliminary model showed that shallow (less than 5km depth) and deep (deeper than 5km) conductors
exist: Shallow conductors represent sedimentary layers. One of them runs along the edge of the
Kitakami Mountains. Deep conductors may imply an anomalous body containing saline fluids
originating from slab fluids. Two deep conductors are significant. One is located at south of
Izu-numa with flexure, which is consistent with the previous result of Mitsuhata et al. (2001).
Another deep conductor exists to the south toward the hypocentral region of the 2003 Northern
Miyagi earthquake. We noticed that seismic activity is high around the deep conductors covered by
high-resistivity. The may imply the episodic migration of fluid from the fluid reservoir to the
upper brittle crust triggers high seismicity.

F—O— R HRRARA. MT
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Resistivity structure of Beppu-Haneyama fault zone
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CNETHZATON TS TS —HER (MT) ARICKXDHIBIEEREC L > T MRBRADOMERKEC(E
BAPAREEREDESERH D ENRBEINTEZ (e.g., Ichihara et al., 2011; Ogawa et al.,
2014; Aizawa et al., 2016), MUDATI(E. BE. REARTKEEBEZ2RD . KEFIZ2RD . SMERIZ 1RO D
BFFRINEES L. BE—RIZEOILERES (71 VE—F VX)) EXFHMIZ - HHEMBOILERHR (7rv/i—)&
KD, CNSZEAYN—T3aVDANE U THIEBRBEEHET 5. ULHULENSBRISHRIERIHRE. B
ROMFTFDHARKEL . ZREVICK > TEERFREDLHBITESZHEIT 3DEFBER TIEEL, Chi
TU. BELITOHEAREZHKEL. ELIMRIOBE - HIZEMO 7V E—F VY =AUV TLHEIWEEE#
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Preliminary report on wide-band MT survey across southern part of Tohoku (on
Agano-Samegawa line)
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Exchangeable cation composition of the smectite-rich plate boundary fault at the Japan
Trench

&M M. gL T, OZY vUF VT

*Jun Kameda', Chisaki Inaoi', Marianne Conin’

1.A6EERFE X REPHREEARALRFZER, 2.0 —XKE
1.Earth and Planetary System Science Department of Natural History Sciences, Graduate School of
Science, Hokkaido University, 2.Université de Lorraine CNRS, CREGU

The source fault of the 2011 Tohoku-oki earthquake (M,9.0) and accompanying tsunami is extremely
enriched in pelagic smectite. To better understand physico-chemical processes in such a
smectite-rich fault zone, we examined exchangeable cation composition of core samples recovered by
the Integrated Ocean Drilling Program (IODP) Expedition 343 The Japan Trench Fast Drilling Project
(JFAST).

The exchangeable cation compositions (Na‘, Ca®*

, K" and Mg®*) for the bulk samples were determined
by two methods. Four samples including two slip zone samples were analyzed by extracting cations in
ammonium acetate solution (Schollenberger method), and the concentrations of extracted cations in
the solution were measured using an atomic absorption photometer (Z-2000; Hitachi). Other samples
were analyzed by extracting cations with cobaltihexamine [Orsini and Remy, 1976], following
standard NF X31-130 at the INRA (Institut National de Recherche Agronomique) soil analysis
laboratory in Arras, France.

Our chemical analyses revealed that the fractional concentrations of exchangeable Ca®* and Mg* are
higher in the slip zone than in surrounding host rocks, while Na' is depleted in the slip zone. K'
shows a complicated depth profile, and this is probably due to strong interaction of K* with
smectite interlayer such as K-fixation. Based on pore fluid chemistry data, we estimated apparent
selectivity coefficient of exchange reactions in ternary system of Ca’*-Mg**-Na'. Comparison of the
coefficients suggests that Na' to Mg™ exchange reaction on smectite might have progressed markedly
in the slip zone. One explanation for this feature is local progress of the reaction triggered by a
recent thermogenic event, that was probably related with frictional coseimic slip during the
earthquake. Considering that frictional property of smectite gouge is dependent on the exchangeable
cation composition, chemical processes as observed in this study are intimately linked to physical
aspect of smectite-bearing faults.

FoD— R RS ATERE. B4 YRBRIG.
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Generation of pseudotachylyte and interseismic plastic deformation under granulite facies
conditions at Tonagh Island in the Napier Complex, East Antarctica

BB RS LR RAL ANIE ER. A% MR A8 8. 80 gL
*Tsuyoshi Toyoshima', Yasuhito Osanai’, Masaaki Owada’, Toshiaki Tsunogae*, Tomokazu Hokada®, Norio
Shigematsu®

1R KFEZEHERZRL 2. VINKEXERBASCARRRIEZEE. 3. LOXFIEZEL

- HIRRIZHE, 4. KK ZEMRIBR,. 5. BRI, 6.FE XL SMITr

1.Department of Geology, Faculty of Science, Niigata University, 2.Division of Evolution of Earth
Environments, Kyushu University, 3.Department of Earth Sciences, Yamaguchi University, 4.Faculty of
Life and Environmental Sciences, 5.National Institute of Polar Research, 6.National Institute of
Advanced Industrial Science and Technology

Seismic faulting (pseudotachylytes-producing faulting) and plastic deformation (formation of
ultramylonite) alternated under lower continental crustal conditions in Tonagh Island (Toyoshima et
al., 1999). We illustrate interseismic plastic deformations related to the Tonagh pseudotachylytes
as examples of ancient seismogenic zones in lower crust.

There are many granulite-facies mylonite zones in Tonagh Island, the Napier Complex, East
Antarctica. In some of them, cataclastic zones occur. Cataclastic zones are composed of alternation
of thin ultramylonites and pseudotachylytes formed under granulite-facies conditions. Cataclastic
zones are pseudotachylyte-producing fault zones. Granulite-facies ultramylonites occur also
abundant outside cataclastic zones. There are evidences for multiple generations of
pseudotachylytes and ultramylonites under granulite facies conditions.

There are two different types of granulite-facies ultramylonites in microstructures of
recrystallized plagioclase grains: type 1 and 2. Type 1 ultramylonites have polygonal medium
grains, with abundant triplejunctions, of plagioclase with smooth grain boundaries and very weakly
undulose extinction. Recrystallized quart grains of type 1 ultramylonites have polygonal shapes,
accompanied by fine recrystallized quartz grains. Type 2 ultramylonites include very fine grains
and elongated fine grains of plagioclase with strongly undulose extinction and irregular grain
boundaries with bulges. Plagioclase grains were fractured and became cataclasites before formation
of type 2mylonites. Quart of type 2 ultramylonites is strongly elongated quartz porphyroclasts with
bulges and fine recrystallized grains. Quartz ribbons are also abundant in type 2 ultramylonites.
Type 2 ultramylonites occur only in cataclastic zones (granulite-facies pseudotachylytes-generating
fault zones) and have been cut by fault veins of pseudotachylyte. Type 2 ultramylonites include
porphyroclasts of plagioclase aggregates of type 1 ultramylonites. Pseudotachylytes include
fragments of plagioclase aggregates of both type 1 and type 2 ultramylonites. Some of the
granulite-facies pseudotachylytes were mylonitized and became type 2 ultramylonites, which have
also been cut by other granulite-facies pseudotachylytes. The microstructures of quartz of type 2
ultramylonites appear occasionally to have become polygons, which observed in type 1
ultramylonites. Many of pseudotachylytes were subjected to type 2 mylonitization and show a
mylonitic foliation.

We clarified generation of pseudotachylytes occurred under high-temperature, lower crustal
conditions in the Tonagh Island. We also recognized the following two interseismic plastic
deformations under lower crustal, high-temperature conditions.

(1) Low strain rate or low differential stress plastic deformation

(2) High strain rate or high differential stress plastic deformation
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The microstructural and petrological features of lower crustal shear zones point to locally and
temporally, high strain rate or high differential stress at the cataclasitic zones immediately
before and after seismic faulting. These features also suggest continuous 