JAMSTEC Rep. Res. Dev., Volume 9 Number 2, September 2009, 95-104
HHEE © A5 T (2004 45 - 2008 4552) W IEHIE O R
—f8 -
BEF VY THEHMANC 51 %R

1999 4RI U7zt (77) H5E (Mw.7.6) THIES ) 2R L7zF = v > TWikdid, [F CHE T L7z 2
O, ZoduEE L 2N DS OE THI S N TR ) OFE) (B LEMEE) 2SKRE (RRoTw oK
&L, Maetal (2003) iZHBEW OB S CIIHE TR 2 2 L-MIEHOBEEREIF L KT LZE L, 20
BEESREE O T QIR K Z Wi A7 ¥ ORI LR CHB L LD & Lz, 208, ZToZEXE2HGEETAHNLH- T,
F v 2 TWIREALTRIC B\ TEREE 2000m OMENTIE I 2 B &, Wi i L OFLNFEHN R OV 7 308k & I 72 B R -1 2
A Tb Tz (RBF =)V v 7WiREHEIETm © TCDP). AT, I OMEIFHH O 7% 2T b WEAARE RIS L - TR
SN OVTHEE L, 052352, Ma et al. (2003) TIRESN/23 L 1327 Y, thermal pressurization i
b BIEdigEE LT AL L, 7 thermal pressurization 754 U7z D9 Z DEHEIZOWTE R #4742 - 72,

F—U—F AEBEF Vo 7HIBHEIEE (TCDP), ®EEEME, BEMEEIKT, thermal pressurization it

2009 42 H3H 529 ; 20094E6 H3 H 8
1 MSEATEBOE MR FE R SR - 2 7 i JEiT

ik =
b . E|
BOZATBOE N 7E IS RS - w0 o 7 e
T 783-8502  fHAIEESIEHHRL 200
+81-88-878-2195
azumaw @jamstec.go.jp

HVEME B ATBOR N TR

95



Special Issues: The results from the first five-year 's term (2004-2008) of JAMSTEC

— Review —
Scientific Result of material analyses of the Taiwan Chelungpu fault
Drilling Project (TCDP)

Wataru Azuma'*

The Chelungpu fault that had displaced in the Chi-Chi, Taiwan, earthquake in 1999, shows difference in
behavior of earthquake slip between the northern and middle-to-southern fault segments in the earthquake fault. The
reason why such difference was taken place is likely to cause reduction of the coseismic frictional strength in the
earthquake fault. To examine it from the ground truth, the Taiwan Chelungpu fault Drilling Project (TCDP) was
conducted, then target for the borehole logging and core sample analyses had been successfully achieved as the
International Continental Drilling Program (ICDP). This paper overviewed the TCDP scientific results particularly on
the mechanism to cause the coseismic reduction of friction strength of the earthquake fault from the view points of 1)
temperature increase, caused by the shear heating, to be estimated by the flux of rare earth element and 2) expansion
of the fault material deduced from the porosity change. Here two models; the elastohydrodynamic lubrication and the
thermal pressurization to be proposed (Ma et al., 2003), were examined, consequently the author assumed that the
fault materials behaved as non-Newtonian particle-powder-water mixture during the earthquake then that the latter
model is much appropriate in observation result and rheologic characteristics for this case is proposed.
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Fig. 1 (a) Seismic records, including acceleration, velocity and dislocation, of 1999, Taiwan, Chi-Chi earthquake around the northern part of the
Chelungpu Fault (b) Positions of the seismogram stations. Red line shows the surface break of the Chelungpu fault and a red star is the epicenter.

(fromMaet a., 2003)
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Fig. 2 Time and geometric distribution of the earthquake dlip within the seismic fault surface occurred in the 1999 Chi-Chi
earthquake (from Yue et al., 2005). Each box shows dip image of the every second unit and the total amount of the earthquake slip
was shown in the larger right box. Red bold line is the boundary between the Sanyi and the Chelungpu Faults. Black dot is the
earthquake source. Dislocation was firstly recorded just after 4 sec of occurrence of the earthquake and it tends to migrate
northward in second by second. The earthquake dlip was significantly developed in the shalow part of the fault, around 19 sto 27 s.
The maximum amount of the earthquake slip was reached to ~ 12 m shallower than 5 km deep.
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Fig. 3 Geologic map of the Chelungpu Fault with the position of the
drilling site (upper box) and the geologic section across the drilling site
(down box) (from Wu et al., 2007). Location of the cross section (b) is
showninboldlinein (a).
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Fig. 4 (&) Photo image of the core section. (b to €) X ray Computed Tomography (CT) Images of different CT number scale
images. Three possible fractures LZ1 to LZ3 are identified. (h and i) thin section open Nicol's prism images of 5h and 5i sites

in (8). (from Hirono et &, 2008)

JAMSTEC Rep. Res. Dev., Volume 9 Number 2, September 2009, 95-104 99



BEF oV THIRBIEIC B 5 RH

Scientific Result of material analyses of the Taiwan Chelungpu fault Drilling Project ( TCDP)

\$LZ1, LZ2, LZ3®3-o0%kihrpiscas. HL,
L1 R L3 dHBEAEDEA TV 035 —7, LZ2 7Z7idE
BTy v —TRBIRERL TS, ZOTErbLZ21
MM HARRHEETEZAY v eI NG,. g,
Hole C Tf7eb7zMa et al. (2006) DOFIESEGE L
LTHEY, LZ2AED I ERBHEEMBEOTERY v 7L
HEESNTHRROVOEDOTH L. [ED LZ2 OO Wil
FEFAA—VEBIELTAL). MY THEMIIES >2cm
DOHRALDHEAIZEGT, fRIN=T V& ANRETHETE
FELCBIET 2L, WBIHIN OL 3R RAON 0 B E
INBHOD, Ffke LTISMRALDEALZT VT A5 2
L—%4 ;557 % (Boullier et al., 2008).

7z, LZ2 TRRIMRIGS R34 T4 MEDHW DK
ARETWz, L, LZ2EATIISEWOEE, 7
ZAbZ R BI5 (Otsuki et al., 2009) 134D T F AU LawE
BEINTWZw, ZO—FKT, kR 2-oTHY,
EEND RIS OB & 72 LIRS NS, wifEE
DEMEFHAT 5720, S NIza 7R > TEN
TONMBTIHIERZ AT - 7GR L UL, ~400 CREET
SRR AR 7 VTR S I, GRS b LA 2k
A% 7> 72 (Mishima et al., 2006; Tanikawa et al., 2008).
ftiJ5, Ishikawa et al. (2008) &, BEWMIEICEHTNLM
WILHE M ORI AT 2 TR o 72 ZORHE, BNEAIT
FTH5HCs, RoR LI O VWPEI L SRBAFITIK
A, SriddEimL Tz, —J, #EAILHETH S Ba, La, Pd
R SmIZIT R A BHERENIRD NG oz, O
BEZHNT, You et al. (1996) 12X 251l b5 7 DHERE
Wa o 7-Mm TR OBKFEROFE R E LN, TomIb X
DREBURE 2 RDTHRDL L ~350C Loz, Zheidh)
12, Hamada et al. (2009) =% Otsuki et al. (2009) &,
Wi S OB N E L2 2= Ry F T4 |
OEEEZIRELTnA, AL, ZomimoThil, F
N SE AR A2 RO EIRIRENE U122 L 2R L
TW5.,

2. F =V TWE T D Do =D ?
TILFIZ3 DOBDZ M OVTHE 2 TAAw, J6E
TH U 7-HET R EB) 2 FAT 572012, i d OHIIE
KNz 2 J71EMa et al. (2003) (2 X BWE S VRO
P L ¢ 4. ZHud Brodsky and Kanamori (2001)
OBRHYEFAIEHEE TV (elastohydrodynamic lubrication
model) ZEEMBIGETL2b DT, WY 7 WEANEN:
JitkE UCHREED & R5E L C Navier-Stokes 3%Z vy, WilE
T OTLIRENER L OBIFRE b Wil 7y DRk s LCo
JESBINC X B LEHBIL L5 & LTW 5 A% ChH
5. L, a7Ar— IV TEZIN5% O (e

ZIRgET & IR OBETE) I IEMRNTH L. o T,
77 YNDE RN 5| &2 2§ 7260 (VB 70 W R i o014 1]
FEADRMER LRI LB E SNEKREE (7T AR
74 — (N OMMOE S LiFO) >10° ~104) %id
LTWeh &) POV TUIBGEESHE L v, S5, 4
Bl & 9 Wi Ol A KO Aa (PSZ) & LT Z 20mm
Tholze 3L, WEROMM TR 0.002 mm DL LA
VEE LD, HoT, MMt E MR % L CHEELR
FTROEDOATr =N, TT7BLUOBFRA 7 —IIBWTH
WiAES Tl { SHOMEE LTRSS TV 5.

—7J, LZ2 OEKRFEZEETLH L, FEEMIE, #
BT LZ2 Tk s BB %% 2 UIEMIE T
B FOREZ MR TE 2V, BETHE, HEHO
LZ2 3R & v 9 X 0 e LA BT & itk & o
WREREEEZDRELOTHY), WETRY (EA) O
ZE T L O KRR CTHMICER SIS L) kb ol
Bao5%w., EBRICOVWTOEZ FH2EHNT L0,
Middleton and Hampton (1973) Z5¢-C, HilkiifkE
MRARRAR G RO ZNEIIBIT A5 L EA LD
BRTRLTAL). ZOXTREIND XHIZ, ShEgEL
72U 7 DWE OB, FOEMIZA R L DR
WL CIOE Lopiti ke 70 (1) K72 Th{,
%) FHOBAGIERZETHE GBI L IoEE
(BE=1H) OB ZRE LImhRRRES oL Ay —
EFVE (2) RITRLE. ZoEFVICINE, WEw
DT BB OBWHRHICIE, FHOMEoMIZD,
BRI SN D - T, &) DIEMNLYHOERBETIO
AN e kP S

T=ue CREVEGRAR) (D
t=uet o tan +C (kb Fimpa e (2)
72720, ot CEEEOS ou A e EBAAEE 6, -

IS & @ kL OB FIEREEESM  C RG],

EBF 2NV TWET (2) ROET ATz
ETAPERFLS. WBTDIEITHIST (>
Saan ¢ + C) 12L&, ERIZL > THRIKRERILHT
Ho 7R B ORERE SN, RTHD LSRN
AT L—LEpEENG, X512, FEANEIZH->T
B L, HGANBYDL LR EHERTETICEENRS
BFIB#E 2, ZoREE—RNER5. A
L, WEERORKREE L CERMEPN TORTOMKBAL
AR, T AN AEAS 104 m LT oMk £ T/ &
KB, S OITHIRALICHECRERCRL 7 Ok & 7 B
&, HBHRELTORTFIZRAE V) XD idkhike LT
EHLIILOD. BIKIEZ ORI & AR NERS

100 JAMSTEC Rep. Res. Dev., Volume 9 Number 2, September 2009, 95-104



W. Azuma

HRTZANFORECEEOWHEAZ OB (HI) R
RLVHREL R D720, Van der Waals JJ &9 7z
GRiAEIE LTHEMC 2 EIl% 5.

=77, MRALDSHEL F TR ER DRI R 2 D),
WIRD X9 HBLIMNI DD L5EE LA 2 VAOW
iRl BIGAEL S CEIHOME). $hbb, BrRAy
T, HHEED S OBIWFIC X o THRAARBE I ER T 5 &,
Hrf- D22 A3 U CRUA RO BRI EZ 5 (LA /
VAN ER: dilatancy principal). H%E, kRS - X
b A MEEBERE VWA TEERIC LU (BIZE, 7
A, 2007), HEIHO GAH (PNFREERES) (XTYMHE 2K
LT T B e shTws, HL, ot
1, WHEOMESLOTAREFI L > TEHTHY, —FK
3D S, iy, RIS (E7) S E NG
DFAROERIREE FAE S HRUEIRS TELT 5.

WigAsE 72 LT, ECOREDWIRIHA L7205 X it
CTAX % VIETHOLNE CTEIOET LI ENTES
(Soh, 1997). M4 OW{$IZENSLZ] 225 LZ3 DT H
g, FUFTTIHNTD, 0563/ I0 D
INEHRCTHARTIELY, Wwbws g AEHH T
COMEIVNE L % B T DA, BARZIZHE R oL
e Y ORI (~1700) & F LS OEHT (~
2100) TRDBHNS CTHOZITKI 400 &£ 7525, —CT il
A ORI AW DN 7 BB (pay) DIRHFTE B,
COBEEEM > TCOTAERFTOREZRD S &
0.3g/cm® FEL oo TV A, ZOEBMIREIPENEKREDS
MR THY, BRI EL-EEL5N5, |
L, #HEAE LTI I TIHEEMIZCTA = 1300 pay
(p i T V2B L glem®) ZHIV-.

S BI, LT ORERED 513 ~350 COBIRIFEEI X
BHEWIREDOfATEER S B Y, (1) NHEIEZ 2Tk
Za— by E UThoE LS ss A e 2 B9 2 Rk
HEFE L ThL. KISIHRERDTR) & L e o
fRaRd. Fid Ma et al. (2006) CTHUE S N7zphiEE
(10 Pa's) TH N, Mmzfle L Otsuki et al. (2005) @
10000 Pa-s OBGE 2 TR L7z, g S N7zl C©
DI EIE8 m (Ma et al.,, 2006) TH5SH. ZDOXH» 555
PBHE, TONTNORMMEREZMEL TH M1 HHEHN
e~350 CULomWREREZHHTLI L TER
Mol FERELT, LEIFIGDIREZ RV, JF
TR IO BRI OB % E 2 UL, Wb B R EFTEE
LF721 T~ 350 CLLEDIERE 25| S 3 2 L I3k
LWZ &g CE 7.

—7J, thermal pressurization (HEZAb) (2R kg DF)
MR PRI DV TE A TR, Zoftait, 7
TVWE L BB OBIIRFB L OT Y VWE & 20

WHE & DBIRBOEN L T, BRI HER
DHBAKIE EADT &R EN5E 2 L2 > THIEHRIND
HSHAMET L, HHE L CliEm o Bz /s <
TELLVIHIDDTH D, HITBR72L DL, BEFEHRO
B, HBKOBSG OKOFEE), £ L TEREHRETO®
BT (EEALIES BIBR - 7 5 v 7 OEK) L EKED
W&, thermal pressurization 25\ 722 & ZRIES 5
Wi REBbN s, e S N zBEEE & A E)
Bt b LiclL72v 32—y 32k, Tanikawa and
Shimamoto (2009) &F =)V > ZWiEDILHT thermal
pressurization AVHIHERE L 722 & &R L7z, 5 1TR
FTAhMEEMOBE AL E, ZOdEM721F12 thermal
pressurization MV TN\ LAV h. T TEHER
ZEE, TR T ORI R ETRE T Y OB ARARETH
5. ThbHEEHEE S 7B KRBT R R E (10716
~10""m?) THIREHAIEE KRS iEZRL, W
JEH MR NMEORBIZP E NRBIC RS, Y 3alb—Y g
CORRTIE, TOX) LHBESME T CIRBERREAICL D
PAE IR U 72 BRSO RE 20 & PRIk H 8T, AR
& L CHIBMNEOMBIKEZE L LS8, BEWwEA
KEBRSED.  ZOWRIE—J5 TR O BHESRE 2 T

:I \ : ) I /
3 1] 'y
7FE BEtR@o2c s / 1
[ g !
L /
6 r i/ Fa g
[ af
- B r N ]
E‘ F .r/ / g
g 4.t f ; g ]
- L aF
.|i 3L 4/ / =
[ 7
& *
2F A +
k ” 4 Horooits®E 3
1L § ——10Pa - s [Maetal., 2003] 1
L . == 10000 [Otsuki et al., 2005]
r/’ — — 15000 ]
i Lo o o oo a o o s oo ba s o b s aa d ol

0 50 100 150 200 250 300 350 400
RE[C]

5 KRR AE L7z & O A DB BHBR N
0 2 & HRIRAER OB, Wilg D3 32 1.38m/s BB O
JEX:20mm MK 3.5.9 F ¥ 7Y 3 VB SRR OHRIE Ma et
al. (2003) & Otsuki et al. (2005) OIS L7-#5MEER. Z oM colts
i3 46.5 C (Kano et al., 2006) .

Fig. 5 Relationship between total amount of fault slip (m) and
temperature ("C) to be heated by the faulting when the Newtonian fluid
isassumed as behavior of the fault material. Hence the inclinations of the
lines show viscosity of each fluid. The in-situ burial temperature of
46.5°C was measured by Kano et d., (2006) . It can not be explained to
increase to >~350°C in the seismic event (Ishikawa et d, 2008), if the
fault material isassumed as the Newtonian fluid (see text).
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