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Relationship of slow earthquakes to intraslab and inland earthquakes
in the Nankai subduction zone

Saeko Kita* (BRI & UC Berkeley),

Heidi Houston (USC), Suguru Yabe (AIST), Sachiko Tanaka,

Youichi Asano (NIED) , Takuo Shibutani (DPRI, Kyoto Univ.), Naoki Suda (Hiroshima Univ.)
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Depth profile of frictional properties inferred from cuttings obtained at
the Nankai Trough C0002 drilling site
Riho Fujioka*, Ikuo Katayama (Hiroshima Univ. Sci.), Manami Kitamura (AIST),
Hanaya Okuda (Univ. of Tokyo, AORI), Takehiro Hirose (JAMSTEC)
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Temperature dependence of direct effect on the friction of single-crystal
muscovite from room to elevated temperature
H. Sakuma® (NIMS), D. Moore (USGS), D. Lockner (USGS)

Deformation in the crust often localizes along weak faults. Characterizing the frictional behavior of
materials in faults is essential to understand the crustal dynamics. The rate and state friction (RSF) law
(Dieterich 1979; Ruina 1983) achieved great success in characterizing the friction of simulated fault and
gouges as a function of slip velocity and holding time. The RSF law is, however, semi-empirical and it
is difficult to apply at temperatures and pressures beyond the experimentally tested ranges. To develop
a non-empirical RSF law, the physics behind the semi-empirical parameters must be revealed.

“ 2

We have studied the direct-effect parameter “a” which is the critical parameter in the RSF law for the
response of the change in slip rate. The parameter has been interpreted as a thermally activated process
at asperity contacts (Stesky 1978; Heslot et al., 1994). Based on the process, the “a” value should
increase with increasing temperature. Our velocity-stepping shear tests on single-crystal muscovite,

“ t3]

however, indicate that the value clearly decreases with increasing temperature from ~25° to 400°C.
This implies that the thermally activated process may not be applied to the friction of muscovite.

We also conducted the non-equilibrium molecular dynamics simulations of single-crystal muscovite to
reveal the behavior occurring at the contact area during the sliding. Simulation conditions are: 25 to
600°C, normal stress of 6 GPa, shear rate of 10 to 10'> s7!. The “a” value is calculated by the difference
in the steady state friction coefficient among different shear
rates. The simulated “a” value decreases with increasing
temperature at shear rate higher than 10'° s™!. At shear rates
<10'9s7! the simulated “a” values are constant independent of

temperature. These results indicate that the physics of direct

effect of single-muscovite may not be interpreted by the

thermal activation theory.

Fig. A snapshot of MD simulations

Keywords: direct effect, thermal activation process, mica, molecular dynamics, rate and state friction law

*Corresponding author: SAKUMA.Hiroshi@nims.go.jp

@Japan Association of Mineralogical Sciences. -51,54-03 -



S1,54-04

— AL RN H AR 222021 4R L - 2

BKBRKICER LA T4 FEZEADERE LT
HrE R A B2 & DR

ZHIE— (IKER),

B A (JAMSTEC « &%= 7 HF),

REIK URER),

DAS Kaushik (J&BK),
BJEER—ES (LN R)

Relationship between hydrothermal fluid-induced illite and void, and
faulting process
J. Ando” (Hiroshima Univ.), K. Kojima (Hiroshima Univ.), K. Das (Hiroshima Univ.),
N. Tomioka (JAMSTEC), S. Uehara (Kyushu Univ.)
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Influence of pore geometry and alteration minerals on seismic wave
velocities of Epidosite collected from the Oman Drilling Projects
Kumpei Nagase*, Ikuo Katayama (Hiroshima Uni. Sci.), Kohei Hatakeyama (Meisei Uni.),

Yuya Akamatsu (Hiroshima Uni.
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Fluid inclusions in calcite of serpentinite mud seamounts
in the Mariana forearc
Chihaya Yamamoto !*, Kento Kugimiya !, Shinya Ishido !, Tatsuhiko Kawamoto !, Yuji Ichiyama ?
('Dept Geosciences, Faculty Science, Shizuoka Univ., Dept Geosciences, Faculty Science, Chiba Univ.)

We report chemical species, salinity and homogenization temperature of fluid inclusions in calcite in
serpentinite mud seamounts in the Mariana forearc and provide constraints on the chemical composition
of subduction fluids. Based on the obtained data, we suggest that the fluid inclusions represent saline

fluids derived from the plate boundary.

BUDIT : <~ U 7 HHEEORHNETIE, W<

DINORERCE Ve L D FENFHER STV
5. < U T L AIAFITIEA I TH 5 7=
O, MERUECWAA D _EH-7 2 BRI LSRR 2
FEIRME I X - TR EL S L, E Tz,
IE R U AR IXBEIZ K — S A A EA & £
BLI-WEICho TLERETHRED, 71— §

BEROWMKEDOMEEE %2 K/NNRICT 5 &5
Z B A% (Salisbury et al., 2002, Proc Ocean
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Diffusive fractionation of carbon isotopes in rhyolitic melt
Akira Kawahara*, Shumpei Yoshimura (Hokkaido Univ.)

We measured diffusivity of 'CO; and '*CO; in dry and hydrous rhyolitic melts. We found that
diffusive fractionation occurred significantly between '2CO; and '3CO; in hydrous rhyolitic melts,

while it did not occur in dry melts.

HEREED 2 e~ S~ ERT L, T
NMET LA 5, 2oLk &, —D
DIEEFENE LS T b EE D[RR DAL L
Zho ORI CIEGRIER R 2 L b,
FERfE o [N [N iAo A (RE ) 23
T35 EDPHLNTWS (eg., Fortin et al.,
2017) . FERERMRSIS TH S COICD
WTh, 2COz & BCO, D fHCHLE ST A 23
# 2 » (Watson, 2017), &HER O R HZIGE
REICERNRPEY RITTAREESD 2
B, ZOEELHRERIELSAHTH L, %
ZCARWIE TlZ, OFT-IR % v 72 %
£ BCO, DEBSITE DT, QWSUEE
H T AND CO, DILHFEFRD 2 D% AT\,
2CO, & BCO, DYLEI B Z 5 2>
D= MREE L 72

<FiE>

FIHIIREE o Jithl a8 Bl A % 750-1000°C,
6-100 MPa @ 4:ff:¢ CO-H.0 IR&TiA
72 13 AlR CO, JittAhic 24-576 Wi F;
L. CO %2 ¥7, 2L T, FT-IR %
v CEEINER D 12CO, + ¥*CO, + H,O DR
FED A % S0HT L 720 BCO4 1F 2280 cm ™ 1%
Hatrm D EBH LTV 528 (Thinger
etal, 1994), ZDREIIH T Y ITfKW 72

Keywords: CO», diffusive fractionation, silicic melt

O, ki nzMEST 5 L IZHEETH
o7z AW TIIER LRI E 2 52k
A TE % FT-IR v, 50%50 umd & —
LCHEERE A 1024 [0 CHEPT L
T, B 0.3 ppm ® BCO, % £0.01
ppm(3%) DRECTHIECTE 52 X HIC L7z,
<>

iR CO Z W72 FERTIZ, 77 AE&KE
12 0.1 ~0.2wt% TH - 7z, 2CO, DILELR
13 5.15x10 m?/s (750°C) ~1.57 <10
2m?/s (1000°C). JEE(L = 4 v ¥ — 1% 148
k]/ mol TH 57, T, [FEROEEZIT
72 Blank (1994) DFEHE & 131F—E L T
7zo F 72, BCO, DILHUREL 2CO, DA
LIRIFFE L. BEARIEENITZED b1
B oz, —F, CO~H,O R&TE%EH
WZEERTIE A 7 A E/KEIT 0.3~3.0 wt%
ThHholz, TDLE BCO, & 2CO, THLEX
7a7 7 ANDBRIIKRECERY, BCO,
DILEREL D J5 53 18~30%1% LK < . JiEk
DB o THwB 2 EBHBALE, 2D
b, BKEDEWD BCO, & 2CO,
DILE RN E " 5 2 T b T L 2R
I, BEMREZIT> T 5,
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Investigation of the magma evolution process inferred from major and

trace element compositions of amphibole
Ikuo Okada*, Tomoyuki. Shibata, Masako Yoshikawa (Hiroshima Univ.),
Hidemi Ishibashi (Shizuoka Univ.), Takeshi Sugimoto (Geothermal Engineering Co., Ltd.),
Yasutaka Hayasaka (Hiroshima Univ.)

PEELIEY DAL - FRINLARRE AL, AR
T2 A0 oY L AR EE BT 5 -
W, <7< DOENEFED H 5 TOIERE
Rt 5. Fal, ZZLEMNRITZHWS C
& T, MR ICHE D W B 2R A v b D
YA LR O HEE DR 2 2 5, AR
PHEIND X HCko7-. Hlz2iE, EEE
JEFEER T — 2 %% EEM o3 % 2 & T,
AP O EFEICRME 2 O RO R - E
TR A+ O FEICRML % HEE 3 5 ik
iR & (eg., Putika 2016; Ridolfi &
Renzulli 2012; Zhang et al., 2017), L5 %K
LW ) oo BAG I 3 2 3 A 03K
MicfTbN T3 (e.g., Nagasaki et al., 2017;
L8172 2021). X 5iciE, MBKENE S
CHEENEECTH - 72APIH - A FREOM
BICHEDOBLRED Ml - mIEEBE oL L &
BIFSHT CHEE T2 L AA[REE o 72
(Shimizu et al., 2017; Humphreys et al., 2019).
Falx, cho o iclREINZFEER
HLTHWS Z LT, v/ ~oiELiEfRo »
BRI Ic BT 5, R - E ), FEITHE -
WMEITTHEMREHE T 2 2 &2 HMIT, LM
JLHER AL IE 3 % FUAL AT Ko & 1lis
o PG 0 EEITHE - WEITRMER i
L7z, ¥7-, ARG oMETEMRRSITICH
72 5T, LA-ICP-MS T X 2 [P o b i % il 7
L 7-. APIA o EEITHEMAK X EPMA THOHT
L7.

AR kil o ZIE T o AP, FxIC
Si iICZ L w27 —7 (58-6.2 atomic per
formula unit (apfu)) & EL 7L —7 (6.5-7.0
apfu) I3 b, THbD I N—TIEFE—
ZIAFICHAET 5. AWFFETIE, R % pSi,
®“E % Si LIS HEE L 2 APTE o R

EENEME, 3L OHFEAL O EEIEHEM
iX1Z, pSi A 356-600 MPa, 932-1016°C, X ik
BE»LTA YA ME (Si0,=52.3-62.9 wt.%)
T, rSi 2 73-221 MPa, 773-846°C, FifUa™E

(Si0,=72.2-80.3 wt.%) TZNZNH7 2 #i
FH2MS 5 7z, MR~ v b VIR L % —
v (PM &2 —v) KIiZEB\WT, pSi & rSi &
e A b (BUF pSi AV b & 1Si AL b
ENER) EiE & b LIL JCEICE &, HFS JC
FONGE L 7= LR 7 Bl ~ 7~ O R &
R, L L7edds, pSi A4 MFIED Sr D
B LAY IS SrY B (90-180) THED
FonzoicxtL, Si AL MIAD S DR
HLAK SrY b (24-42) ZRT. pSi AL b D
PM 82— SyYx7 X Hh 4 + oFE %
Fi oM KILEED 7 4 %4 + (Shibata et al.,
2014) LHEMLT 3. —J5, 1Si AN M IR K
INFEDFACA (Shibata et al., 2014) ®JLHE K
o KB Ak 7 7 oo kilg o
Z (Albertetal.,2019) & FHMIT 2. Z oFM
i, KEEE kK ZEC L) 3EERE~ /'~
DA & LT — i e o 5850 i b
BEZHLNTWS (eg., Kimura et al., 2015)
TEH5, 1Si A b b HERYE O VARl
BEFCTHELFEZDZZLTHHTE 20
b LR,

DEoz&»s, BfKILUTTE, T£AH
4 VE~ I~ L HGRRR AR 35~
=B, FNFN, Fin 5 HEE L IRECHEEL,
Inhb=r~0RAEPHEMAALD~ 7 < i
fLicBAG5 LTw3 etEZLNE. ZThbDl
e, MG OFEICE - MEITERMAKIT
Wit~ ~7 0 2R CERKINE~
7= OREIFEE A B o) e tiER L8y
—VTHDLILERTEEZLNS,

Keywords: amphibole, magma evolution, magma mixing, P-T conditions, Yufu volcano
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Crystal habit change of groundmass pyroxenes depending on magma

ascent paths revealed by single-step decompression experiments
Shota OKUMURA*(Kyoto Univ.), Satoshi OKUMURA (Tohoku Univ.), Akira MIYAKE (Kyoto Univ.)

WE, =7/~ kEERPIcL AR Y —%

6 A A BERE DI KRR IS B S 5 & AR
fixhTwall, Z ok IS o
R ic B3R 7n FREE I, WY o kL
EEL v A ORI N TwE, —
% B I X IRE K T A U 72 EAES HTE O
e &b IKEEGER I LR 528, B
HENHT XS 2 & CREBUEERH - <
KL 2560350, HEKREEK (7Y =
—R) oA ZOHITHD EEZLNT
W3R bbb, DX D BT
B> & EAEE % S8 T & 2 wAlEEE
D570, thoBmafMmroHT 2L
BRD HND, —JT, FAE 2011 FEK
77V ==K, Trn/R) BT B
e b, FA I EEOE SO R (B
DALEE) 23 BRI S @ EIE O fREE IC 7
D522 ERBLEE, ¥ 77 =—KE
KTIX{110}, {010} 2> & 72 B /N AR O f 5
A2 < &ENE 71, 7rh ) REKT
X HIC{100y 2B S N/ NAEA T TH
577, 7. BERIEEKICE T, fifhic
BUBROIINAFICEATH2, ez
LW 2 513 {110} D 5k L 72U i %
fERE LW, @ HIE D8RI - THEA
WO OMESWMY T2 2 L 2RE L,
L2 Lanb, 2 0EBRWHEEIXRZfTbi
T 7Ry,

Z TR TR, BB RIERA 2 vz
JEAS AU EER % 1T\, B 0 LG
MAEBIEL 72, FREGHEICIE U 72 S
LB LI L, v/~ ERBEROREEL L
CTHREMASHEIER»EZEL 72,

T FEBR L B AL R T o A B UK BV
BEE CfTo 72, HAEWE L LT, KEKRIE
BADKRRA &, 2o ZERRME 2728Y
A 7RO 2EHEEHA W, ZE i Au ¥
A FICKEFEHALEZDDEERFAKE L LT,

NNO = 1 DL ITERR, 120 MPa, 920 °CD
IREED & | FF il AT GREURE 120-10 MPa)
LCfRFFL, 2Bl L 72, SEEREI) T3]
LC, ERMHEEETE FHEMEICL 20
S S ORLER - TRAR T %217 - 72,

B OFER, BaZ HMAWE & L 725k
INICiX, BEEPKE L R ICOoNTHEA
aekH 23 \AED HSAE~ 2L L 72, Bt
K7 AR HREYE L Lz EEREINY T,
120 MPa CRFF L TAKEIN L 7235413754
H2AFETH O, HiGHE 10 MPa O RIINYITIX
VUKD FTH o 77,

EEAER 2O MBHESKELS R BICD
NWCEAHZR NARE = NAE = MAE~Z1
T2 BRI N, T ORERIE, FEdIC
Z U K AR RN e BB H D13 5 23,
FEEICE ANAEARE 2 BG XD b
GHE RS2 BRBEL, v/~ 7
JHEDFEWICE K L 72T 2 EiE L 72,
—J7. RIRER CHERE X 7= DUt o s 1%,
B 7 ACThweBETE o/, 2D
fEE L, JMERTOMSMmoAEICER T 2 L F
Abid, Thbb, WEERICH I
oS 2 L0 bR icBEREmARE LR
& T, RITAE U 2 ERhEmHIEE 2R S vz
LHEE I NG, oz kit, KRIEEKAkD—E
D= =i, AREESICHD TZ L WEE
AN DREEDL S —RIC R LEZ & %2R
B35, AEEAOSEEIE. GETOERD X
O it ERIBREAHIRN T 2 T2
bbb LRI N S,

[51FHHR]

'Cassidy et al. 2018, Nat. Commun., 9, 2839.

2Nakamura 2006, J. Miner. Petrol. Sci., 101, 178—198.
SHFIZ 2> 2019, HAMBRR ERIEHE 2019 fFR2.
SEANE D 2020, HASEYIRFAS 2020 44,

[FEF) AWFgE X, HARR A e o EFEF R IR IC X
LR AEZ T b DTH D,
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