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Fig. 1 Resonance curves measured by applying the shear to NaCl
solution (7.0x 1073 M) confined between mica surfaces at
seven different surface separations. The reference state of the
separation and mica-mica contact in air are shown together.
The arrows denote the peak positions of the resonance
curves. Reprinted with permission from Physical Review
Letters, 96, 046104 (2006).
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Fig. 2 (Color online) A photo of the sample cell placed on a 6-axis
diffractometer. The sample cell can be seen in the white
square. The schematic figure of the sample cell is shown in
the bottom.
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Fig. 3 (Color online) A snapshot of the simulation cell for mica/
0.6 m NaCl solution.
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Fig. 4 (Color online) (a) X-ray reflectivity profiles of water and
KCl solutions on a mica surface. The symbols are experimen-
tal results of pure water (circles), 0.01 M KCI (squares),
and 0.5 M KClI solution (triangles)323%. The solid line is the
result of MD simulations. (b) Calculated individual struc-
ture facter (|F|) of mica crystal with a surface (|F,Fcrrl,
dashed-dotted line), relaxed mica surface (|Fyicarelaxed! s
dashed line), and water (|Fyue|, solid line). Reprinted
from Geochimica et Cosmochimica Acta, 73, H. Sakuma
and K. Kawamura, Structure and Dynamics of Water on
Muscovite Mica Surfaces, 41004110, Copyright (2009),
with permission from Elsevier.
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Fig. 5 (Color online) X-ray CTR scattering profiles of mica/0.5 M
NaCl solution (blue circles) and mica/pure water (open
triangles) interfaces?¥’. The numbers 00/ (/=2, 4, 6, 8, 10,
12, 14) indicate the locations of the Bragg reflection points
of mica by the 00/ plane. The solid and broken lines indicate
the calculated profiles by the best-fit model to mica/0.5 M
NacCl solution and mica/pure water interfaces, respectively.
Adapted with permission from The Journal of Physical Che-
mistry C, 115, 15959, 2011. Copyright 2011 American
Chemical Society.
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(b) 0.5 M NaCl solution on mica
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Fig. 6 (Color online) Comparisons of the electron density profiles obtained by the X-ray CTR scattering measurements
and MD simulations of (a) mica/pure water and (b) mica/0.5 M NaCl solution interfaces. Reprinted with per-
mission from The Journal of Physical Chemistry C, 115, 15959, 2011. Copyright 2011 American Chemical

Society.
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Fig. 7(Color online) (Top) Electron density profiles of a mica/0.6 m
Nacl solution for individual elements obtained from MD simu-
lations. (Bottom) Side view of the iso-density surface of water
molecules around a Na* ion adsorbed on a mica surface. The
iso-surface shows the positions where the density is six times
higher than that in the bulk. Adapted with permission from
The Journal of Physical Chemistry C, 115, 15959, 2011.
Copyright 2011 American Chemical Society.
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TWAKDYTTHDS, BRI OMDHEORKRIL, X
CTR #HLORER A2 HB§ H2EETT IV O— DB E L\
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BHOT, AF VR FrRAERIC X - CTRIL /B
HBETFIVIC X DB OHETE L 013, BEICHEEEAE VI
T TH 5o

4. BEH/NaCl kFRF EDOYE LIBED
HERELVER
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Table 1 A comparison of the dynamics and structure of aqueous NaCl solution at the interface with a muscovite surface

Aims To measure the ‘‘Dynamics’> of confined NaCl | To measure the ‘Structure’’ at muscovite/NaCl
solution between muscovite surface solution interface
Methods Resonance shear mesurement2?) X-ray CTR scattering measurements
+MD simulations¥
Samples Aqueous NaCl solution (0.007 M) confined between | Aqueous NaCl solution (0.5M) on a muscovite

muscovite surfaces

surface

Measured properties
layer force

Viscosity, lubricity, hydration force, electrical double | Electron density, element distribution

 Surface separation D<20 A
Increased viscosity
High repulsive hydration force
*D<10A
Largely increased viscosity

Summary of the results

High repulsive hydration force
High lubricity

(by a factor of 100~10000 relative to bulk solution)

» The distance from a muscovite surface z<12 A
Electron density oscillation

e z<5A
Hydrated Na* ion adsorbed on a muscovite surface
as an inner sphere complex
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First hydration shell

Mica

Fig. 8 (Color online) Schematic figure of NaCl solution confined
between mica surfaces.

FLOLOEBEELAICTEEL -AEREGYREL 2
Nat 4 F V2T THTARETH AL LAMOLNTE

DW, L LAKMRNDPBLEINTVS, CNHDOH
FEpLRMEITEE L7z Nat A 7V OIEREITIZE VW
tEzZbN5,

MR OISR R & X 4 CTR #fiLFER « MD FHEO*}
% Table 110779, KitkROPEFER» HIIAEREM
BOEEN20 A LT CTHikRO LA B A LN/, O
Bl A O A ERFREICKR S N 72910 A 0% EES) 2
Hefih 3 HEHECTIN T B, KiERBEBITHE KT 50133
HEEEREAS 10 A LI FTh Y, £7210 A LUF CidskmEmo
NaCl KB BEAMO T IV F—%2WIN L, BERFEH
[ RIS A & L TRBEL T\ 5, T OFR MRk
10A LRI, AEBEREIICHBEEE Y LTl L KM
Na* A4 4V O —AKMm@E LM+ 5 <cdH 5 (Fig.
8), SO kb, EEMIEHEL A LIT T NaCl KA
ORERPE <, SEEEELRT O, WELA Nat A
IV EEL N L 0 KRG Fa2ERBICREEL T A7
ThHhHEEETED,

4.2 WMBEKICKDBEZRFHOETEIE?

YR O BEEISRICIE, BEKOFELENREETH 5
C & AR TH N, AEREmE O NaCl KEHRIZ DWW
TREKRRED &S RV THET 2D & FEDOT < D
MEPORAL CE/, TTTRIBIS, YLD 5WE
KDB B &, SRR OB A AR T % IOV TELE
T 5,

BWiEEHl &, BEGEREEOBEEBEECE D
12, FHEPTHEICIEECREMEOD 5K EE 2 Bh
%o COMBAREKICYTIDS &, BEKITEYER
LR SN L EARLEETH S, AEREMICHRE
N7z NaCl KB OB A, AICHE L /cAERERmEICE A
TV THAHNat 4V HRET S, F/zNat A 4 ik
TR FE—AAEV (-365k]/mol)20 DT, FEICK

DFERBETHIENTES, TORDHERERICRE
L 72K & L T AR T & %, —Ji, HERE
% BHARICRE L 7256, BHICAERER» 5K
Han, FEEERENSD, %7 CsCl KB & HE BRI
HHC B A T b FBRICHIE T A B3, BiikO%E, B
ERFEMICEE LIcA L VP H0 TH Y K FOREF
DB &, FIBITHE L IR & IR &k Ch
ML TWB7D, REICWEL72HO0 4 v BPlan
CEDNRERTKIEGICHH SN S EE2 BN 5, CsCl
KB OHEICIE, Cst OKRFI FIVF—B/PhEnWizd
(=250kJ/mol)2, Ko F & FICRIETEFEHITK
DERE P HHHINTL X D720, s Ey,

FIZAZERORRICKER D CHRET A HEM OS5 EITITE
BELEEL NS A2 Thb, HEESKE, AER
R & 2 SEEN /G CREARLEL 570,
EHICHBE T 255044 (AZROHEEIEA4Y) 3
vV iERE— (®BE) ORICLDEL» SN CTHREE
BT B, TD7x b L EEEMERICEEL TWBHH5A
T VBB CDT, ARWEINTT THESICEER 2 HGHFH
N5 LI b,

4.3 RADHA b« AICHITDHBEKICKD EE
BIXRY([CHTEIER

7V —TWRE TR R INIAAT 24+ (YRFA
FREVEYBRFA M) MRS AZEROK SRV
EEA (WEEMN) CThb, AZRIIEEMEL T-1.0
ICHBRLTWBDITHL, AAZ XA FE—IZ-0.2~
0.6DHFICH D, DEDVDHERITIAAYZ XA FICHN
T, BiIC2BEEBA A VR KRG FEOEDTOT W
LEZDLTEPTED, IMRLAAZZA FIIAEREL
N, BEIZ/KSADKEGEL Z EMNTELDT, EE
2 ORERERS LURmMBICK A REFTE 500, Ehk
cHEEIHE & DICSHBROBETH H, 7V —THETHRA
INBZDOMOEY), Bl ZITMERAIEAA 7 XA+ &
VBB e\, WA KT Z D S MERUAZRE © Wi
DOH KL KFERETH L TREICHFLET S, TIT
DEEL I EFEOREDEINT E T OBEKRDPIH S
NFIHFAETELPRMBE LR S, WFICLTh, F/
A= IWAT —VOWBEZEKB 7 ) —TWED A 5 = A LI
WL CEHEERBREHTRL-L TS EEZLNS, T
TIRESBAL TE72BE1C, WEKOPEHIC Y ORERY
BRDLDE AEL L ENEGHLBE L HTHH D,

5. D YIS

KT ISR INTHWLY VTV ELVT AEO 7
) —JHEBICOWT, INE TOBRMESEIC L LR,
Wiy A RS B 80 « WA K OBEEMIC O W TR L
Too WMAEKENDFWER ETES Inm BEDKS, %
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BUC R CEEA & L CBIET 5008 5 2k, Hitk -
HEEOME/ERIC I VMEREL, TOANZAL% X
CTR8(#LEM & MD HEIC L DML 22 C LIC>W(H
BEC#HR L 72 L, TOLDEF J A—FIVAT—)b
OWEKDPBIE RO EICK SR EL 52 WD Ed
NS, IERICA VNI FOBLERTHH EEZ T b,
SHBITSDICHERLT TR, 7 —7WEEERT 5
FTRTOFHIZONWT, BEKOBRADPLETH S, F/-
R LA TN EERFEOREL SHROBHETH
%o

BT

KEK-PF BL-4C (2 5517 524130 X ## CTR #eil E 5%
BROKZFRFOIEBIEHE:, KEK O AlEH
BEDFXRMIIETH H, BBR XHEEFTOY — F )L H§
Hrid BRRE—14+4:, MD 83 MUK O HEATH% &
DOIHFEHFETH 5, HAE BL-4C O X i CTR #ELER D
HEAEETHY, KBEROPELRD T LI 5T
KEK DL —HHIC &4 5, AR OBETIZY20,
2HOEFAED A/ MCKHT Do ABHFEO—IRITFHIT
# (23740390) DMK ZZ T 72bDTH 5,
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A mechanism and stability of water lubrication
between mineral surfaces:
The physics of Creeping faults

Hiroshi SAKUMA Department of Earth & Planetary Sciences, Graduate School of Science &
Engineering, Tokyo Institute of Technology

Abstract Creeping faults are characterized by the continuous fault slip without large earthquakes. One of
the famous creeping faults is the central zone of the San Andreas Fault. The creeping mechanism
has been unclear yet even though there are many geophysical observations of the fault. The most
plausible hypothesis to explain the creeping mechanism is the lubrication effects of layered-struc-
ture minerals and the adsorbed water on the mineral surfaces. Here, | review the researches of the
physical properties of the fault based on the geophysical observations and explain recent experi-
ments using synchrotron radiation to reveal the mechanism of the lubrication due to the adsorbed
water confined between mineral surfaces.
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