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Abstract

Determination of the youngest active domains in fault zones that are not overlain by
Quaternary sedimentary cover are critical for evaluating recent fault activity, determining the current
local stress field, and mitigating the impacts of future earthquakes. Considering the exhumation of a
fault zone, the youngest active domain in a fault zone is supposed to correspond to the activity at the
minimum fault depth of a buried fault, such that the most vulnerable area, which possesses the lowest
rock/protolith density ratio, is assumed to be indicative of this recent fault activity. However, it is
difficult to measure the density of fault rocks and map the rock/protolith density ratio across a given
fault zone.

Here I utilize medical X-ray computed tomography (CT), a non-destructive technique for
observing and analyzing materials, to investigate the fault characteristics of several fault zones and
their surrounding regions in Japan. And I also attempt to determine the lowest density domain of a
given fault zone based on its CT numbers, which are a function of the density and effective atomic
number of the fault rock and protolith.

A CT image is essentially a bitmap of each pixel’s CT number; however, it also contains
various artifacts due to the X-ray photography and image reconstruction. Therefore, the effects of
these artifacts, especially beam hardening (BH), must be eliminated or reduced to ensure the accuracy
of the CT numbers and therefore provide an accurate quantitative analysis. BH artifacts cause the
edges of a CT image to appear brighter than the center, such that the CT numbers along the edges of
a sample are greater than those in the center. This occurs because the lower-energy X-rays are
absorbed more readily than the higher-energy ones when polychromatic X-rays pass through a sample
near its center, where the transmission thickness is large. Therefore, prior to the study using rock
samples, which are aggregates of minerals, the dual-energy methods (tube voltages: 140 and 100 kV)
are carried out to analyze the medical CT images of six different minerals with known densities and
effective atomic numbers (quartz, calcite, fluorite, rhodochrosite, cryptomelane, and hematite) and
found the following.

(1) The modal CT number, Ncmv, which is calculated from the two-dimensional (2D) CT image whose
peripheral CT values are excluded due to significant BH, could be used to estimate the p and Z.
values of the mineral samples.

(2) The recorded CT values for a single tube voltage (140 kV) can be used to estimate p and Z. for the
mineral samples since these parameters possess a positive correlation.

This study considered fault rock and protolith samples that were derived from pelitic schist,
tonalite, metabasalt, and granite along active faults (MTL, and Tsuruga and Yamada faults) and an

inactive fault (MTL) using the results of six different minerals study. The density, porosity, and



effective atomic number were determined for the different fault and protolith types, and relationships

among the CT value, density, and effective atomic number were investigated. Major results and

conclusions are as follows.

(1) The fault rock density, p:, decreases as it approaches the youngest active fault plane, and the
porosity, ¢, tends to increase by ~24% as p, decreases by 1 g/cm’, regardless of the fault rock or
protolith type. The porosity of the cataclasite adjacent to the fault gouge along the active faults is
19.7%, which is significantly larger than those of the other cataclasite sample locations; this
increased porosity may be due to the shallow depth that is affected by this proximal fault activity.

(2) The mean ¢ values are 1.5% (SD = 1.0%) for the protoliths, 12.6% (SD = 6.9%) for cataclasite,
12.0% (SD = 4.8%) for the fault gouge along the inactive fault, 17.4% (SD = 4.6%) for the fault
gouge along the active faults, and 32.2% for the fault breccia.

(3) There is a positive correlation between p; and the effective atomic number, Z, which is unique to
each fault and protolith type.

(4) The modal CT number, Ncrwm, which is calculated from a 2D CT image (excluding the periphery
where BH is significant, and the influences of cracks and minerals with a large effective atomic
number) can be used to estimate the p; and Z values of the protolith and fault rock samples.

(5) The Ncrv values were ~1900 + 300 for the protolith, ~1650 + 250 for cataclasite, ~1450 = 200 for
fault gouge in the inactive fault, and ~1100 + 100 for fault gouge in the active faults. Both Nemv
and the variation in Nctv decreased near the main fault plane. The Nervm of the fault rock in each
fault is the lowest in the fault gouge from the youngest active domain.

(6) The rock/protolith density ratio was ~0.8 £ 0.15 for cataclasite and fault gouge along the inactive
fault, and ~0.7 = 0.1 for fault gouge along the active faults.

(7) The change in fault rock characteristics due to the transition to the youngest active domain of the
fault zone is more distinct when analyzing Ncmv, which is a function of the p; and Z, than the
rock/protolith (p, and Z) ratios. This is also due to how Ncrm and the rock/protolith ratios are
calculated: Ncrw is calculated from more than 12,000 pixels of data by eliminating the sample area
due to the influence of cracks or minerals with a large effective atomic number, with the
rock/protolith p; and Z ratios also calculated using only a portion of each sample area.

(8) The Ncrm can be used to identify the lowest density domain of a fault.

In conclusion, it is highly possible to identify the youngest active domain in major fault zones
via a joint analysis of the lowest density domain using the Nctv and microstructure observations of

fault outcrop and fault gouge.



1. FiR

EBIUACOPERESE D 72\ RS IR E T 2 W R O W C b oG B BRI A b 5 2
Z i, Wi OIEBIEOFHIRC A U > 7T — 2 Db 3RD B LD BTG S5 D1 TR L UM
BYKOBRN O bEETH S, (kL0 A P OWE OREHEEER O OV T
1%, BRx 2 FEE AW TRA AL TE 72 (] 2. 1E Mizoguchi and Ueta, 2013; Shigematsu et al.,
2017; HHIED,2018). WifgHr OF&k - HIFIZBRET 5 &, WilgOsgiEEhfasix, Wigo
B/ INEEEIC BT DIFEHEMNC XA 2 B2 0D 2 &b, WilEaIZh W T bifisse
FEI, WS TIUTRES IS T 2B AR T RO TH 5 Z LM RESND. WiEHiL
DA DFEFEZ DNV TRRG ST FHIEH 523 (1] 213 Morrow and Lockner, 2001; 77N
73, 2005), A T2 BT EE O E 72 0080 E TII THhiuTuZeu . Rempe et al. (2013)
X, o7 v LT AMEE R L UCHIERIEYT M€ 2T 7« — 3 K OWIE A OBk S
BT, EWTEEISE-S 2O T P EGEESNT 2 HK & U THRER T oREs
HEE LTS, fIEA (2001) 1, 1995 4E(ZF8A4E U 7= S IR ma i 3R CYEEh L 72 37 S 17
JEt A B A=Y v 7 LA W TG S 7oL E OFE R, B ST RWE
fEa DL 2.6~2.7 g/em® T H DX L, Wilgkess Tl 1.5~2.5 glem’ FREE (29
HELTWD. 2720, WEEEHIER g TH D70, S oseBa < I WiE
HOBEZEBIEST 5 2 LI3E S Tid.

—7J7, arva—XWEREE (X-ray computed tomography: X #f CT) 1%, & D 3 &kt
PR IS 2 FEE CBIZE - fiftT 92 2 3 ATREZRHIAN Cdb 5. X #R CT 1, A O
W & L C 1972 4FIZ Hounsfield (2 & » CTEA{L U TLIRE (Hounsfield, 1973), HuER
FHEBFIZ W T S 2 O FMEDGE S 4, 1980 ARRATELIRE, [FET 215 L7 ERk
RNEHERE S5 (B 21E Wellington and Vinegar., 1987; Raynaud et al., 1989; Orsi et al.,
1994; Boespflug et al., 1995; Verhelst et al., 1996; Geet et al., 2000; Ueta et al., 2000). Hirono et al.
(2008) 1%, EWEM CT 2L % CT EAWEDOEE AR OB THh D Z L IZEH L,
1999 AFEAELEMTE CIRE) L 7-TEWiE DR — U > 7 a7 & 5t R Mg o 7w 2@ CT
GIRNT ZAT o T2RER, W@ AT o 2@ CT BB R TNE N L2 HE LTV D,
CT BHEICITMER L OFENE N TRY, CTEEBEOBRICOVTIIRF Sh T
720N, FAUNED (2017) 1%, EHEH CT & H VN CW BRI PN RS 2 8182 LTG5, I



JE@H 7 RO CT WifgI % 7 L— A b CT BRI TH S, [REETHLHZ L&
WL TND.

B K& LTWD Xt CT IXERM & AEZENTIGI S, BEEORE WIS ACHY)
2% LT X = m WA CT 2BV LILLD, A AD/NSWOEERe
FEPED/NSOREFEHEREY S CIIERA CT BEAFIATDL N TE D (FERIFD,
1995). EHFH CT 1%, FEXEM CTIZHARTAESICHA R TH 53, XARENMKLS, CT
WO (artifact) 7342 U297V (Ketcham and Carlson, 2001). FHEFIEA> (2000) 1%, EEE
H CT Z# v, SRR, LEsEs LOMERPEEI A x5 & L, X BROWIR D
AT =R, FYERELOIEAEDIRIK & ORHALER 82 BRIZAILT, AaalBtoNEE
EOBEE - T ZAT S TVDD, AF v D XD AR MBI TH D Z L P3MET
b, FFEOEEZFIAT L O —F—TEHICH G TX 7. Ketcham and Hanna
(2014) F LT Geet et al. (2000) 1%, ~o 7 1 CT Zxf% & L CHRYERE Lo 2 2 B9
LR EIT o CWAD, ZD 9B, Geetetal. (2000) 1%, Dual Energy %12 L 0 BJE & A%
&S EHEE LTV D. 723, Dual Energy ¥51%, 2 FEOEEILIC L D CT g2 HW
T FIETH Y, WEO XHEZFNLF—DFEWNIZLD CTEHEBEO =2 F 7 2 FOZEKIC
HH L TWEORINFH STV D.

AR, WEO 3 WotEREEICB$ 57— # Z IR TREIC IS © & DM
MO XHCT ZIEH L, BELADRTESOBETEH D CT Ml b IIER O RS E)E
IMOBEVEDHNLDT=DIZIVHATZ LD TH 5.

WO 2 TEIZBWNT, BE AR T-E SN TH D858 2 vy, BEFRACT %
IEH L7z CT fHOE BT TEZ R Lok, 3 BT, TEWE R L OFREEE o
JEBIRDO IS CRINL I e b KON ENZEn O 28R e L, B, Z5EE A
NETFKHE L CT ORI OV T 5. 5 4 FCITRAMiER 2B 220,
WEDE S FETIE, KL ELNTmR O NICHAZIRY &5 & L HIT
% OWFFTREIZ DOV TIR R 5,



2. CTEZAW-EENBETTFE

X M CT BifglE, &7 N ET5 CT lEEBILLIZLDOTHSHA, X SR

BOFHERRIC L DFEMBIC L 2 BBNEEN 5720, 1Effle CT HOHEHER CT fEHIZ X 5
ERRHEAAT O BRTIE, A%, FRORERI BT 2 BENNE LD,

MYERE LY, BB O R RERAT S GI RIS R TS, CT VIS W2 & TS h
5. T, BEHRMCT THEA SN TV DAY MLEA+ 5 A6 X ek 2%k
T DR, BRE S AR EOVFREH REFHI CIHE= R —r 0 X s K& <L,
HEE LIS WETZ R A X =KD X BMOBBRNKREL LD LIV EETHIHLOTH
D, A€ X#E AW CTEOEEIHTEIT O BRICROEET 2 UERH 5.

KRFETIE, SOELERTH D EAREE AV X CT BHEMITICE D, BELH
R FF SRR T H2REM 7R 6 TR (ARG H RS il R B == i
i) (Fig. 2-1, Table 2-1) Z*t5:& L, EEA CT 2 HWWCHYSG L7z CT it CT fa% v
T, WEBLORBRI AN CT HEER L, CTENLEE L AR &S EHEET
B FEICON TR 5.

F72, TEIED (2000) 1F, EHEH CT & W E B L ORERFNC BT, Zilan
a7 REORBE I N RKE L R DITONT X OB R X —H53 0 L0 BRI
SNDZEITRY, XHOBBEHHREDN NS DL LTS, ZoZ &L, HEESHR
ZACT % L RVER L ORBEOREENZL L, SRBEMRE L BRI 2 CT A ELZIT 5
ZEERLTWA. ZOXD BB BT IUE, SVE OB T 2 72 =
TREIO LI, BB OO F A N =% —12T 52 LA TH L. Ll
—Z, ARRERCSIE NI R A R L, REloRE S bEkx TH Y, Bask
P x5 & LT CT I L 5 E BIRHI Z1T 2 AT, REORE S o E0f
BATERT DN DD,

L7eoC, AETH, CTHHICHT DR S OB RSS2 AME LT, K
X XOBRILDAEOGWREL (Figs. 2.1a, g, Table 2-1) & T, CT i & #ENE S DBIHRIC
DNTHRF LT,



Fig. 2-1. Mineral samples used in this study. (a) quartz, (b) calcite, (c) fluorite, (d) rhodochrosite, (e)

cryptomelane, (f) hematite, (g) large quartz. Scales in cm.

Table 2-1. Mineral samples and specifications of CT image used in this study

W . s

Chemical Density  Effective atomic number

Specifications of CT image

No. Material Locality
formula  p (glem’) Z o Pixel size mm Slice width mm
a Quartz SiO, 2.65 11.85 0.107 0.25 Otome, Yamanashi, Japan
b Calcite CaCO; 2.7 15.88 0.059 0.25 Chihuahua, M exico
c Fluorite CaF, 32 17.08 0.088 0.25 Higashikanbara, Niigata, Japan
d Rhodochrosite MnCO; 3.7 20.39 0.137 0.25 Yoichi, Hokkaido, Japan
e Cryptomelane  KMngO14 4.44 21.86 0.098 0.25 Yoichi, Hokkaido, Japan
f Hematite Fe,0; 53 23.56 0.088 0.25 Anhui, China
g Quartz SiO, 2.65 11.85 0.205 0.25 Otome, Yamanashi, Japan

2-1 X #RABORES L VR AE

CT L, BN OWE OREEEIFRED 3 ot oAz At L= b0 Th D (72& %
IXHEFIEDY, 2000 ; FL1ED>, 2000 ; Ketcham and Carlson, 2001). JEX S O¥E2W/E %

B X g Lz & &, XBETIOES WL,

I=1Io exp (—u8)

IZEVREND., 22T, IBLO LT X BROBEL LOAFTRE, 1 1 38BERHTH
L., BEIOMNSEE p LIRTFES Z1ITEFL, kAL v FRSID (Wellington and

Vinegar, 1987).



u=p(a+bZ*¥E3?) (2-2)

ZIT, EVIREEEO X ¥ — (keV), aldZ 741 —1"FMRE, bidEHTHD.
R Yeha% D £ 912 X RO AN ARG A IZIE 2-2) BNEDF FMEZ 20, HHiIRD
CTEBD LI ICAG X EAVWDLEAICE, FUWETH-TH u X XBROZF/LX—
IR o THERLTD, K (2-2) 22D u —FNTRODL Z LT TE RV (T2 2T
%, 2000 ; PILIEA, 2000).

B DT DR A5 72 HALEMOINERIE, R DEE SN D AR FFFICH
#19% (Wellington and Vinegar, 1987).

Zo = (3 f238)'/°° 2-3)

ZIT, fAIFEETRICHT D i FAORTFOETFORIE, Zi1%i & O ORTEF ST
b5, BlIZIE, 1207 A FBRT (Z=14) L 2 DOMHERT (Z=8) ok SN s aHk
DANFT2E 513 11.85 [ (14/30 x 1433+ 16/30 x 838) 1381 L7275,

—J7, CTHf{gDO= v T A Maikd D CTE (Ner : HAZIZ Hounsfield Unit) (%, R:T
IREND.

Nep = 1000 x 28w (2-4)

Uw
Z 2T, w i IEBIORBEIREL, 1w 1K OFEEIRE Th 5. AR XD CT EEDOHA,

VAR D & B T2 X ¥ — (ERhT L F—) OFELZZT 5705, Ner DFt
BCE uw EDHELE S THBILL TWD 720, ERIT X —ITHE Lz p O X FRex
VX — A OENT L DB S .

LLEXY, CT B oEELs —EL L, X MO X—NFH—ThHH
B, BRIEIRE 1 1IN S p, AR ZAIKAF L, B ORRBEIRE u & K DB
IBEAREL po & DILTERSND CTHEBFEBRIZ, 6 2D5D/3T7 A—=FTHKAFT 5.

Geet et al. (2000) 1%, ~- 7 17 CT %\ T Dual energy 112 L 0 B & AR & 5%
HEL WD, BARmiax, £ 22 LY

% = A(E) + B(E)Zz38 (2-5)
B X, BEIL 130kV, 100kV THREE LTZBROFEID up/p &, Kl OGRR-H 5 223

EAREE CUTl U TR L7 ES A, B ZHWTEE p, AR FES Z. B8 LUV X
DFZHT AL F— TR U TR ERE ue & ORI RATHRIEL L TV 5.
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p= BhiE1—BikEn (2-6)
BhA—BjAp

Ze=[ (Azen - Angter) / (Bugzer - Byagn) 1 (1/3.8) (2-7)

T, EFHA, BOWZTDOh &1L, REHFOEBBLEDTRLEX—DIREE (h: HTX
NF—, R RLF—) ZRTd.

AT TIE, 6 FMEHOIMRE 2 X2, BEEA 140 kV L UV100 kV & LT CT #ifg
fENT ATV, B p L ARNEFHES ZAZOWT, FNENOEM (03 LN Zy, Table2-1)
X (2-6) BLUORK 2-7) NOHELNDFEME (b BLDN Ze) & DHELEATY, FEB X
ORI 5 OREEITA 272 CT EOREMEIC OV THe L=

BARANIE, BB gsshi cfitt L7z 2 oood CT Witk vy, 2 RoTHEHR O Hhuft
WTOATLE OWHERRE L ON2 TTHEIERIKRD 2 r — A E AT L L, &7 —ADHRAHA,
HMER LORSEEEZEH L-. 72, £iE)» (2000) 1 X O Tsuchiyamaetal. (2002) T
1%, CT % MV BT 247 5 B, MVERE(LOREEA ST T CT il @\ iR &
brE, CTEAMZTEIL e 2B HEOAE R E LTnD Z & ZBE 2, Al
BT HIEEROWIHIRE £ O 2 ITEHE 2RO 7 — ACDN T, fEkz xR s +58
& LB ISR OB A X SR T DB OV TR L 7=

Ul bzikEz, 424 7F—RZHOWTHIYE, FOES LORMELFET L, BE (o
LN Zy) OFEMNR S BIFR CTE%Z CTEGOREMEE L TRETHZ L & L.
1B, BEOEMp VX, i, A, dA, E~ 0 0 U JOTREFNZ OV T Deer
etal. (2013), 7 U7 kA L A5 Tl Anthony et al. (1997) OIEZHEM L7-.

2-2 wmEEH

A TlE, (—H) BAFIMFTEAT (LTl CRIEPI LSRRI 25) OEREH X CT A
Xr e LT, FIMRD1605NIvLT AT A ZANY IV CT (XY VAT 4TIV AT
2 (L Aquilion Precision TSX-304A) (Fig. 2-2a) ZA# ] L7=.



Fig. 2-2. (a) Medical X-ray CT system used in this study. (b, ¢, d) Investigation of proper reconstruction function
for X-ray CT image analyses of rock samples using a fault rock sample. (b) FC30, (c) FC21, (d) FC41.

XBIEIW 22 —47 v b, R A X204 X 05mm, AF¥FDRATA RET025
mm TH 0, REIZBT HIWEH2 V- CT BB 1 B2 B 05 X% 0.059~0.205
mm & L7 (Table 2-1).

EEITEIL, Dual Energy I X 2B a1T 9 72, ASEEO LR 140kV 8 LTV 100kV O
QR & Uiz, —75, BB, EEOWEIC LY CT Wil 0BG EEIC A & /-
SN L, BROEIBR A REMmEET 5 2 & &2 #Z2 L T300mAs & L7z,

B O FARE R I3RS A RS (Hybrid IR 1) @ AIDR 3D % H -, AL E |
(%, B, FEEB, MO NROBFERERIN U B O RS RE SN TEY,
FHERICOWCIE, BAZER LM E OB L 0 BAT HRVERLICHS T 5728, [BHC
(Beam Hardening Control) f7] & [BHC ] OWFHNZEBIRTE 5 L 5 IZRE STV
5. K TlE, B EEEEO CT A A a AT W Z & IZEH L, FC30 (', BHC
%), FC21 (8H%R, BHC /), FC41 (BEER, BHC %) o 3 fFHORME VT, Hamkto



X #t CT ERO PRI E) 72 PR EEE I Z DWW TR L 72 (Figs. 2-2b—d). & DfER,
FC30 (F, BHC ) THUG L7z CT BHEOMMGE D e b <, BiEE ORISR LT
WD Z &G, AT 2 RO FRERBIEIE FC30 (B, BHC #) & L7-.

LU EDOTREESAFITIES W THFEN D 3 YO 2 B L, 3B ISR OEE D 2 1R
JEWFE D CT Eif (1,024 X 1,024 27 &v) ZHiH L=,

2-3 X #RDEN T RILF—E & UKDIERFIFREL U

HARS 2 (2013) (2LAUE, AR X BOEDT L —1T, X BROMBENHEIC X
ST 12 IZEEFT 2 ZBE S CHIiE) (28T DFBEHREI G T 2 BH—0 X fmxr/L
X—, T72bb, HlENSE LVEAX RO L —E LTERMT b5,

PAME DR E Sosldl 2-1) 121/ 1h=05 ZRATEHZ Lick vk Trahs.

Sos=In2/u=0.693/ (2-8)

Aiw T, 7V I E W2 EERREIC L0 BEEEOYANE DR S ZHE L5 R,
140kV 1% 10.0cm, 100kV % 7.87cm Th 5 (Fig. 2-3a).

wIZ, WELTHEEORE S Sos IZHIET 5 X BROFED TR LF—%FIHT 5729,
Hubbell (1982) (ZRSNZT N =0 LZET LM F o3 F— L EEBGRE w lp LD
BIRICEESWTHRE Lz, BAMICIE, 7A=Y AOEEL 27gem® & LTHENTFT X
XTI DRRBE R 2R L, B L7 w23 (2-8) ITfRA L T F= ¥
— LT =7 AONAME DR S ORIRIZOWTHEFEL L= (Fig. 2-3b). #xf&IZ, Fig.2-3b &
[ BRI 10 B L7l DR S O SHGBIRIZ OV TiaT L72fER, BB EBEDE
TR —1T 140kV 1X 64.1 keV, 100kV (X 53.7keV TH 5.

IKOBIFIREL o 13, 7 AV I ESTAEHERAF LT & 0 AB S e =1L —Fl KD
FRESEREL (NIST, 2004) 38 X OVEZ= L F—ORERRERZHE %, 140 kV DAL
0.201 cm™, 100 kV OHA1X0.219 cm™ & L=,
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Fig. 2-3. (a) I/ Iy versus thickness of alminium S. (b) photon energy versus thickness of aluminum half-valence
layer Sos.

2-4 CT EHGMEMTHER

42 6 BN CT ifgds L O CT Bfg iRt i 4 Fig. 2-4~Fig.2-9 |2, &7 —ATHI L7z
HLfE, SERMERS X ONEAAE % Table 2-2 35 X O Fig. 2-10 1279,

R L OREEFE S ORI, FURHRILERIC IS T 2B L OB R T 5
fEHAN RSN D0 (Fig. 2-4~Fig.2-9 D ¢, dBLWg), Ak, HifEak LI OEAICONT
(IFENT R BRBIROFEI DR E DD BT, 24 7 —AOPRAE, PR K ORI
EEFA%TH D (Fig.2-10). ZDZ &iF, CTHOE A 7T AOSARTAIRDIBERIERL 0
ZoRT L LHEEA LTS (Fig 2-4~Fig. 2-9 ® £ L V).

—Ji, EUHUEE, 7V T N ALUBIXOREEIICOWTIE, AR, FiEA LU
AR TEEIEDIX L DEDRRENVD, BRI ZRN 2 — R 2 BIX W —2R 4
T, @EERIRE LIy —A 1 BIOr—A 3 IR TEL &M EL, FHHE
BAERFFLEIC/2 D (Fig. 2-10). 2O Z &%, BRI 2 < 2 LI X v VEIL O
EREH SN TND EEZ BN, FHEOIELSEOFERERE LT, #E~ v H U0
TEBHTICE SN DM OB, 7 )7 b A L ATREH R OZERROE, JRESKIE X R
TARNAF—DEIOFENE 2 HiLb.
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Fig. 2-4. X-ray CT image analysis result of quartz (No. a). (a) and (b) CT image of quartz (No.a) for which tube
voltage was maintained at (a) 140 kV and (b) 100 kV. (c) Traverses of CT numbers in images (a) and (b), along
superposed light-grey lines. Each CT number in Case 1 was calculated for all data on the lines, meanwhile, in
Case 2 it was calculated for the area excluding the peripheral area. The moving average value was calculated by
the centralized moving average of 10 points on the left and right. The dashed line shows the median of 140 kV,
and the alternate long and short dash line shows the median of 100 kV. (d) Distribution chart of CT number of
the 2D-CT image of 140 kV (a). (¢) and (f) CT number histogram of (e) the whole area of 2D-CT image (140
kV) and (f) near the central part (within the black dotted line) excluding the peripheral area. (g) Distribution chart
of CT number of the 2D-CT image of 100 kV (b). (h) and (i) CT number histogram of (h) the whole area of 2D-
CT image (100 kV) and (i) near the central part (within the black dotted line) excluding the peripheral area.
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Fig. 2-5. X-ray CT image analysis result of calcite (No. b). (a) — (i) are the same way of Figure 2.
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Fig. 2-6. X-ray CT image analysis result of fluorite (No. c). (a) — (i) are the same way of Figure 2.
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Fig. 2-7. X-ray CT image analysis result of thodochrosite (No. d). (a) — (i) are the same way of Figure 2.
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Fig. 2-8. X-ray CT image analysis result of cryptomelane (No. e). (a) — (i) are the same way of Figure 2.

RIS, —J, RO ERW A RIS E Lo r—R 2 8LV —2 4 TIE, %2
BROEEEAZ T D7 V)T AL ZBROTI 0.1 FRELIF THh S (Table 2-2, Fig. 2-12).
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Fig. 2-9. X-ray CT image analysis result of hematite (No. f). (a) — (i) are the same way of Figure 2.
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Fig. 2-10. Results of CT values of each mineral sample for each case calculated by CT image analysis.

Table 2-2. Results of CT values of each mineral sample calculated by CT image analysis

Calculation Case ! Results Quartz Calcite Fluorite Rhodochrosite Cryptomelane Hematite
range 140kV  100kV 140kV 100kV 140kV 100kV 140kV 100kV 140kV 100kV 140kV 100kV
Median 1808 2012 2604 3135 3203 4043 3582 4484 5739 7245 6454 7956
Mean 1808 2013 2607 3132 3248 4079 3505 4367 4711 5811 5783 6967
Mode 1809 2006 2574 3018 3139 3974 3734 5053 5806 7528 6731 8039
Case-1  Standard dev. 52 64 107 148 160 177 595 819 2140 2697 1850 2671
Contrast

lution ™ 0.04 0.05 0.06 0.07 0.07 0.06 0.23 0.23 0.52 0.51 0.39 0.47
resolution

Arbitrary Number of data 625 625 553 554 564 565 791 801 343 377 685 735
section line Median 1782 1973 2564 3091 3162 3992 3271 4081 5808 7371 6514 8032
Mean 1779 1974 2569 3091 3157 3999 3275 4061 5814 7354 6551 8040
Mode 1771 1941 2564 3096 3139 3974 3240 4317 5806 7404 6728 8032
Case-2  Standard dev. 40 48 39 47 64 73 101 204 33 59 120 79

Contrast

lution 0.03 0.03 0.02 0.02 0.03 0.03 0.04 0.07 0.01 0.01 0.03 0.01
resolution

Number of data 301 301 231 231 357 357 295 295 61 31 163 67
Median 1828 2031 2587 3133 3179 3993 3667 4701 5020 5999 6375 7488
Mean 1829 2033 2598 3142 3195 3979 3669 4638 4728 6098 6264 7400
Mode 1820 2037 2561 3120 3135 3960 3715 4988 6012 5983 6712 7755
Case-3  Standard dev. 54 63 118 131 220 279 394 559 1805 1692 907 1330

Contrast
. 0.04 0.04 0.07 0.06 0.1 0.1 0.15 0.16 0.42 0.4 0.19 0.24

resolution *

2D-cross Number of data 426377 426377 399549 399549 458725 458725 498836 498836 228237 228237 355884 355884
section Median 1794 1993 2549 3091 3116 3924 3259 4060 6299 7872 6449 8319
Mean 1793 1991 2545 3086 3114 3917 3249 4081 6401 7976 6459 8301
Mode 1792 1996 2548 3086 3108 3919 3301 4034 5800 7374 6436 8385
Case-4  Standard dev. 47 53 93 104 91 112 106 321 624 1134 187 174

Contrast

Jution 0.04 0.04 0.05 0.05 0.04 0.04 0.05 0.11 0.15 0.22 0.04 0.03
resolution

Number of data 138044 138044 184176 184176 215516 215516 112492 112492 16707 16707 53603 21955

*] Case 1 and case 3 are the cases where all data of arbitrary cross section or 2D cross section is the calculation
target, and case 2 and case 4 are the cases where the data of the region excluding the peripheral part affected by
the beam hardening is the calculation target.

*2 The contrast resolution of CT images 6x2%3 is normalized by the mode value.

WIZ, B —ATHEM LT CT O IE, FIMETS K OURAEIEE T u/ p & BRI
TH 2 L ORRE IR, EAREYRR L 0 SREI OB BIEREK AR Y YIT)
BLOB (EFX0AED) 25/ L7 (Fig 2-13).

RIS, EHEINTZABLIOB 2K 2-6) BLOK 2-7) ITfRAL, BEp L AT
Bel5 ZAZHONWT, ZNENDOEM (pB LD Zy) EFHEME (pe BEL W Ze) EOHEEEIT -
7= (Figs.2-14, 2-15).

LLEo &30 et LSRR, B LOA R &5 2 kb RIFCHETE 57— A3,
2 WIE CT B OB 255 E Licr— % 4 THY, il FHER L O5AAE

DWTNOREEM S FRREOHBMAZ AT 55, Kb RA7RHHMIMG S D OIThHE
(LUF, =24 D Netvowe) THD. ZOBGEHERIE, #UBHZKIZEIO CT 25 5\ VEI 2 BR
T LIZRVHEEORENBRBINDL ZLEFEHRL TS EEZXLND. £, F—
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Table 2-3. Relation between normalized CT value, Ncr / Ner (quartz), and normalized u / y (quartz)

Tube Nt / Ner(quartz)
voltage Material ! p(quartz) Case-1 Case-2 Case-3 Case-4
Median Mean Mode Median Mean Mode Median Mean Mode Median Mean Mode
Quartz 1.00 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00  1.00 1.00 1.00  1.00
Calcite 2.25 1.44 1.44 1.42 1.44 1.44 1.45 1.42 1.42 1.41 1.42 1.42 1.42
140 KV Fluorite 3.00 1.77 1.80 174 1.77 .77 177 1.74 .75 1.72 1.74 1.74 173
Rhodochrosite 6.51 1.98 1.94  2.06 1.84 1.84 183 2.01 2.01  2.04 1.82 1.81 1.84
Cryptomelane 8.89 3.17 2.61 321 3.26 327 328 2.75 2.59 330 3.51 357 324
Hematite 13.38 3.57 320 372 3.66 3.68  3.80 3.49 342 3.69 3.59 3.60  3.59
Quartz 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Calcite 2.40 1.56 1.56  1.50 1.57 1.57  1.60 1.54 1.55 153 1.55 1.55 1.55
100 KV Fluorite 3.24 2.01 2.03 1.98 2.02 2.03  2.05 1.97 1.96 194 1.97 1.97 196
Rhodochrosite 7.20 2.23 2.17 2.52 2.07 2.06 2.22 231 2.28 245 2.04 2.05 2.02
Cryptomelane 9.92 3.60 289 375 3.74 373 381 2.95 3.00 294 3.95 4.01  3.69
Hematite 15.02 3.95 3.46 4.01 4.07 4.07 4.14 3.69 3.64 3.81 4.17 4.17 4.20
(a) (b)
25 5.0
— Y =0.412x + 0.570 = Y = 1.028 In(x) + 0.745
850 y=0.989 8 § 40 y=0.921 8 g
s . -3 <30 8 o g
Z 45 oe Fl 2 Eig;_?:j_ji_?) ................ S -
5 | e T 20 | § Crp
= | e Cal = i &
~1.0 o =10 | 0 Rds
> Qz > T f
0.5 0.0 === '
0.5 1.5 25 3.5 0.0 5.0 10.0 15.0
X pr I pr(quartz) X pr | pr{(quartz)

Fig. 2-11. Relation between normalized CT number, Ncr / Ner (quartz), and normalized linear attenuation
coefficient, ur / ur (quartz) of (a) quartz, calcite and fluorite and (b) all samples. Abbreviations: Qz: quartz; Cal:
calcite; FI: fluorite; Rds: rthodochrosite; Crp: cryptomelane; Hem: hematite.
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Fig. 2-12. The degree of contrast resolution defined by the relation between Netmode and 6 X 23 / Netwviode.
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0.40 ¥=0112 8 o 0.40 V=099
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Fig. 2-13. Crossplot of effective atomic number exponent 3.8 versus attenuation u/p calculated by (a) Nermode

(case-4) and (b) Nctmedian (case-1). Regression lines were determined by least-squares analysis.

(a) (b)
60 Ncmvoe (Case-4) 6.0 Ncyedgian (Case-1)
55 55
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50 | p,=09820,+005 @ @ 50 |p.= 1.0%59,oé-1 0.10 i
&) = 0.966 i o y=0. T
g4 | Y < 45 .
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2.0 3.0 4.0 50 6.0 2.0 3.0 40 50 6.0
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Fig. 2-14. Crossplot of real density versus measured density calculated by (a) Ncrmode (case-4) and (b) Netmedian

(case-1). Regression lines were determined by least-squares analysis.

A 4IZIROVT R HBENG LN D 7 — R, [EEORWEROEERE XSG L Uiz —
A1 ThHY, BELIOARFES O G OHBENMER BRI THLOIIHIME CIT, 7
— A 1 ® Netvedin) CTHDH. 708, W7 —A L HIC CTENGE M SN AEDOH R
FTADELE o7, ZOBEROMIHITASBROBETH 5.

LIEXD, CT HigORE CT [EOREITIE, 2 WorHROHF.LEE 5 & L CRARfE
Netvoe ZHHT 2 Z EDEHTH S,
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Fig. 2-15. Crossplot of real effective atomic number exponent 3.8 versus measured effective atomic number
exponent 3.8 calculated by (a) Netmode (case-4) and (b) Nermedian (case-1). Regression lines were determined by
least-squares analysis.

PIBEORFICIE 7 — A 4 OFBMME Netvode & X5 E T 5703, 77— A 1 OHFIAE Netvedian 1
OWTHRGIRISRE L, ZOmEAMEIC YW THDOE TRHTT 5.

2-7 Ner EFRBE S & DR

Ner ERRBHE S & OBMRICEHT D MatE, KREIOHERD 2 HOATE (Figs. 2-1a, g) %
AWTER L7, /NS Wk (Fig. 2-1a) (30K 6.7cm, & 38 9.1cm, KREWEE (Fig. 2-
lg) 12K 9.4cm, K&K 189em Th 0, MEMiE 2 IF B LOR S Hne 452 L1
£V, XBOFBHES 2L ST THa LT,

KBt OSREMNEAEIL, Fig. 2-16 (R LBV 20~126 cm? TH Y, [HAEI AT 72
DEL (LU, EFBREX ) [CHRET2 L/ 5.1~127em (TS T 5. 728, RREc
13, AR 3L —0 X RGO BRI OBLR O ETEIE 140 kV T L7z CT B %
My, Fig. 2-16 (2”9 2 kot CT BEOTLZ G & L TR L2 —2 4 Ofghfl
Nemvode 33 K OFREHH AT O W 2R 25t R e LCRIBLE 7 — 2 1 ol
Netvedian 28 L7= (Table 2-5).

Ner & te & DBFRIZOWTHRET LTZRER, 6 SR T DI2200T Ner 2380 L, s
N6 1%, 7325 FFHHRT D & Nor i34 8% 84 LT\ % (Table2-5, Fig.2-17). 77— A 4
D Nemvode & fe & DERITIRATR SN D.
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Nctvode = 1866 —16.7¢, (2-10)

F72, 7— A4 D Netmose DI Ry &, 3B a ORLBIRIE S Z UL L7z . DL R & DR
/I

Rn=1.04—0.05R, (2-11)
TERIND. 2B, 7—A 1D Netedan \ ZOWTH, 7—2 4 D Netmode & VI FIREDREE
Y =35y dW il

ARELNT-RERIY, XBOFBREIDPHERKTHICONT, BT RrkLX—0 X BOEE
DR L, XABROBEIMRE BT 2 2B LT\, Ziuk, Bt oPIEf i
DU ERC LR TR 7 DRVER LN Z o CWND Z & LEEHTH D.

126.1 cm?

1149~ 1903 ~2667
CT number

Fig. 2-16. Cross-sections of CT images for studying the effect of sample thickness. (a) and (c) Cross section in
width direction. (b) and (d) Longitudinal section. No. a and No. g are the small quartz sample and the large quartz

sample, respectively.
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Table 2-5. Results on the relationship between CT number and sample thickness

Cross-sectional Equivalent transmission Ratio of ¢ Case-4 (Mode) Case-1 (Median)
No. area thickness auo ol te Ratio of N g Ratio of Ny
, Rt Ner Ner
(cny’) 1,(cm) Ry Ry
a 20.1 5.06 1.00 1801 1.00 1805 1.00
b 23.6 5.48 1.08 1764 0.98 1778 0.99
c 56.9 8.51 1.68 1703 0.95 1725 0.96
d 126.1 12.67 2.50 1663 0.92 1674 0.93
a b
(@) 1900 ( )1.10
..... [ Mode (Case_4) FITTTY YrreS Mode (Case_4)
1850 — - & - = Median (Case-1) 1.05 — - /& - = Median (Case-1)
1800 Ner=1874-16.2t 1.00 Ry = 1.041 - 0.045R,
25 ‘Qé\ Y = -0981 ) mz %.-""-: -~ = -0991
1750 RN 0.95 O
AN )
1700 o ‘ . 0.90
Ngr=1866—16.7t, P Ry = 1.039 - 0.049R,
1650 =_0.955 0.85 Y= -0.973
1600 0.80
0 5 10 15 0.5 1.5 2.5 3.5
te Rt

Fig. 2-17. (a) CT number Ncr versus equivalent transmission thickness #. and (b) ratio of Ncr versus ratio of z.

2-8 SIEED Ner, BE o, BURFES Z. DBEIR

2.6 ETERINIZT—A 4 D Netmode 3 LV —Z 1 D Nervedian & FIVY, 6 FEEEOIEWFA
Btaxtg & LT Ner LB po B TR RRTFE S Za & DBEURIZOW TG L7, 72k,
BENCE AT 5 CT mifgiE, EEIE 140kV THEY L7z CT Hifg 2 Hy .
=2 4 D Netvoe & BB po & ORAFRIE, Table2-6 38 L UV Fig. 2-18a (T~ & B0 K (2-12)
D ETEMRENFR (v =0.970) TREN, 7 —A 1 D Nervean & BE p DBIFR S Nervode
CIFTFEETH D,

pi=5.45 % 10 Netmode + 1.58 (2-12)

BRIEIREL ue 1T, K 2-5) W T OIS, WEOEE p LA T-ES Z (KT 57
W, B p & Ner & OBRIZ (2-5) BLOK 2-9) 7653 (2-13) THREND LB, &
JE p 1E Ner B LN Z Ol H KT 5.

p=(Ner/ 1000+ 1) % 1 / (A+ B x 23%) (2-13)
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ZIT, EEE 140 KV OEEAD 1y, 7 —A 4 D Netvode DEFED A BL OB 23 (2-13)
WZHRAT % &

= (Ncr/ 1000 + 1) x 0.201 /(0.228 +4.03 x 107 x Z3%) (2-14)

PEFELND.
*ji n{f.fW) 1 pu‘jﬁxjﬂ?%ﬁﬁ@?{ﬁzm il_Jl/\E@*HEgEg{’f (’Y 0925) 75‘%
HiL (Fig. 2-18b), X (2-15) TEEN5.

Ze=3.83p+4.40 (y=0.925) (2-15)
X @2-14) O ZI1z 2-15) ZRAT DL, AEOEE pi=2.65 DHE,

p=8.41x10*Ner+0.841 (2-16)
IREBLDOEE pi=5.3 DA

p=6.55x10* Ncr+0.655 (2-17)

ORFBANELND. X (2-16) BLUK (2-17) % Fig. 2-18a [IZH ¥ Trd. X (2-12)
IFE DN NS WNIGAITR (2-16) 1T L, BENSHERT D220 T (2-17) 1THEfGEIIC
HBL WD Z EnD, X (2-12) [TIXBEEDOHKRITHE > AR RSO KO ZES i
DIAENTEY, K (2-12) ZHNDZ EIZEY Netvore 23D p BT 25 2 & DS ATRE
ThbH. Lo T, BELAMRTEFIIZEOHBEREERH 256, | MEOEEL
THREE L7= CT iR OIREEE Netvose 7> DR KO DR &5 4 BEHEE T 5 2 & A3A]
BETHD.
BB O RS BRI 3K) 7.9~53.7 em?, #FEFIRIE S 11359 32~83 em TH D Z &

5, WBORE IOEWVOREITHUNFE L E X HiLD.

72¥, K (2-12) NOEESNDEEOFRE po & BAE p \TIXRAFRBEEMENRTRD Hi
% (Fig.2-18¢). F72, 77— A 1 D Nermedain (BT 2 RFHHESRIT- DUV T# Figs. 2-18a,¢,d (T
T ERY, TR 4D Nevoe & FERDFERDGF ST

WIZ, Ner EHNRTE S Za & DBURIZOWTHRET 5.

BRI 140kV THRE L7277 — & 4 D Netvode DYy, Table 2-4 L 0 (2-5) 1%

pi / p=0.228 +4.03 x 107 238 2-18)

70, L 2-18), X (2:9) BLOK (2-12) LW REINIEEAFE S Z 1T
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1/3.8

N .

( 1%34"'1) X (5.4—5><10_(21'12VO:TM+1.58) - 0228

Zoe = (2-19)

4,03x1077

TRIND. X (2-19) OREESND AN FF S OF R Ze & FUE Za (VX BAFREES
PEDRFRSO BiLd (Fig. 2-18d).

LLbEXY, EEA CT T Liz 2 ot CT B0 A %5 & U TR LR ERE
Nemvose 7 VD 2 S0 K0 BVERE L OB RIR S, SRRt 0% I JOE 2R 7%
BEWETDZEBARETHL I ENHLMNE otz T, (EEORNREIRE x5 &
L TR EN72 Netveaain & VD Z E1T 8D, ARERAE Netvose & [RIFREE D FEEE TREE & A %)
ARG ZHWET D LIXARETH LD, B~ AL, 7 U7 A LB XOSRERILD
LD I E L AR B S BARKE WVREIOEAITITVEB L O BEBNE R L, fRbrds &
ROIFLT =2 BT D720, BRHEROIISOENREL R LIHET L4
D& D.

Table 2-6. Results on the relationship among Ncr, pr and Ze*®

Cross-  Equivalent

. . Case-1 (Median) Case-4 (Mode)
. sectional transmission 38
M aterial area thick Py Z o Z o
ickness
) N ctm Pe Z.>" Nerm Pe Z.>"
(cm”) (cm)

Quartz 20.1 5.06 2.65 11.85 12026 1808 249 -17364 1792 2.56 -21083
Calcite 7.9 3.17 2.7 15.88 36579 2604 294 34432 2548 297 30336
Fluorite 14.6 431 32 17.08 48245 3203 328 64100 3108 3.27 60080
Rhodochrosite 53.7 8.27 3.7 2039 94577 3582 3.49 79921 3301 338 69086
Cryptomelane 25.5 5.70 4.44 21.86 123217 5739 4.70 142702 5800 4.74 149612
Hematite 19.0 4.92 5.3 23.56 163782 6454 5.10 156939 6436 5.09 163223
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6 & () 30
01F 545X 10*Ncryoqe + 158 »O Z, = 3.830,+ 4.40
5 y=0.970 & y=0.925
25

4 e
& ) I\]i .

3 20 ® -

2 7 = 5615 104Nerypagan + 148 [

y=0.978 15 0
1
----- @®----- Mode (Case-4) o
0 A Median (Case-1) 10
0 2000 4000 6000 8000 2.0 3.0 40 5.0 6.0
Ner Pt

(c) (d)

6

Pemode = 0-94p; +0.22 200000 Zeomedian® 8= 1.10Z.28- 10811
A T 150000 Q.

o 4 o i Ng
Q @ 100000

3 n-C

o] = 0.96p, +0.16
2 pcmedlanv = Oggts - 50000 ‘ Zecmoue™>8 = 1.17Z38- 18260
& y = 0.959
1 £ | e @ Mode (Case-4)
..... @ Mode (Case-4) 0 y A Median (Case-1)
0 A — Median (Case-1) Q¢ 50000 100000 150000 200000
2 3 4 5 6 50000

Pt

38
Zet

Fig. 2-18. (a) Real density p; versus CT number Ncr, (b) real effective atomic number Z versus real density py,
(c) calculated density p. versus pr and (d) calculated effective atomic number exponent 3.8 Z..>® versus real
effective atomic number exponent 3.8 Z.*%.

2-9 SRR DEMIT RILF—E. & Nor DEER
AFCTHWZ X R CT EEOIN T FVX—E 1L, EETE 140 kV DAL 64.1 keV,

100kV OH51% 53.7keV Th D03, (AT 5 Xff CT 2EE N R/ D5 L Eh R LF—E 3
F720, Nemvore BT S, 22T, K TR ONCHEHER A 270 5 CT 2EE TOMGT
AT A2 EEMREL, EIT LT —E, & Nemvose & DEMRIZOWTEEHL L 72 (Table
2-7). ZDFER, Netvode lEFERNT RV X —E, DRI L, £ OZAEOFEEE T Netvode
DOERIZEENEINT S (Fig. 2-192). £ 2T, 6 fEOIH DX NI ONTIEYGT RV
F—Ee & Nemvode & DBWRZ EHBIFATEEIL, A A BEZUUHA B & Nemmowe & DR
(ZOWTHEEPL L 7RG, Wb RAFZRMBIBIRDMG H L7z (Figs. 2-19b, ¢). 245 DR
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"% HTC, BB 140 kV (64.1 keV) D Nervoae & 2L UT2 IR VX —E & Ner &
DR % Fig.2-19d 35 L8 Table2-8 IR 9". 72385, Fig.2-19d Ti%, AmicBd s E B k&
O Ner OFRHIPAZ B8 L, E AW TIE 54~64keV, NertZ-2oWTid 1800~6400 O #ifH
IZBIT DR E R LIZ. 2 OERIIATRIZE T 2 MatiEE (Fig 2-19a) AT 5.

LLEX Y, K CRONRETEREZ B S CT EREICK I 2 REH# AT 5 72912,
CT B DFEZT FNF—E. ZHE L, Fig.2-19d 2iEHT2Z LIk, Kmickir 5%
T 140 kV (64.1 keV) D Nervose & DBIRIZOWTEILITX 5 & & Hig, [F CREEOIY
EROWTHRG SN Nor ZHEST 5 2 21250, CT EEOFEHT RVX—E, 2HETH
ZLENARETH D.

Table 2-7. Relation between effective energy E. and Nctmvode

Calculated Tube Effective energy . . . .
Icit Fl t Rhy h t t 1; H tit
value voltage (keV) Quartz  Calcite uorite odochrosite  Cryptomelane Hematite
N 140 kV 64.1 1792 2548 3108 3301 5800 6436
(TMode 100 kV 53.7 1996 3086 3919 4034 7374 8385
A -19.6 -51.7 -78 -70.5 -151.3  -1874
NCTMOde = AEe +B
B 3049.3 5863.9 8106.6 7818.8 15501.3 18448.6
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(a ) (b ) Nctuode (140 kv)

9000 0 2000 4000 6000 8000
8000 0
7000 =2 o
3 6000 -40 =
5 5000 <-60 '
4000 -80
3000 -100 '
2000 120 _
1000 -140 .9
0 160 | A= -0.034Ncyoge (140 kv) + 36.9 ™.
52.0 540 56.0 58.0 60.0 62.0 64.0 66.0-180 y=10.994 .
Effective energy E, (keV) -200
®Quartz A Calcite M Fluorite X Rhodochrosite ® Cryptomelane O Hematite
(C) (d) NCTMOdB (140 kV)
20000 9000 #1800
18000 b 8000
16000 @ 7000
14000 6000
b=
m 12000 = 5000
10000 g
8000 ~
6000 ’.- 3000
4000 2000
2000 L] B = 3.18Ncrmode (140kV) ~ 2367.4 1000
y = 0.997
0 0
0 2000 4000 6000 8000 52 54 56 58 60 62 64
Neruode (140 kv) Effective energy E, (keV)

Fig. 2-19. (a) CT number Ncrmode Versus effective energy E., (b) relation between the gradient A of the linear
regression equation for £, and Nctmode (140kv), (€) relation between the intercept B of the linear regression equation

for E.. and Nctmode (140 kv) and (d) relation between Ner and effective energy E. based on Netwmode (140 kv)-

30



Table 2-8. Relation between Ncr and effective energy E. based on Nctmode (140 kv)

N cTMode B Effective energy o N cTMode B Effective energy o
(140 kV) (keV) (140 kV) (keV)
1800 -24.3 3357 54 2045 4500 -116.1 11943 54 5674
56 1996 56 5441
58 1948 58 5209
60 1899 60 4977
62 1850 62 4745
64 1802 64 4513
2000 -31.1 3993 54 2314 5000 -133.1 13533 54 6346
56 2251 56 6079
58 2189 58 5813
60 2127 60 5547
62 2065 62 5281
64 2003 64 5015
2500 -48.1 5583 54 2986 5500 -150.1 15123 54 7018
56 2889 56 6717
58 2793 58 6417
60 2697 60 6117
62 2601 62 5817
64 2505 64 5517
3000 -65.1 7173 54 3658 6000 -167.1 16713 54 7690
56 3527 56 7355
58 3397 58 7021
60 3267 60 6687
62 3137 62 6353
64 3007 64 6019
3500 -82.1 8763 54 4330 6400 -180.7 17985 54 8227
56 4165 56 7866
58 4001 58 7504
60 3837 60 7143
62 3673 62 6782
64 3509 64 6420
4000 -99.1 10353 54 5002
56 4803
58 4605
60 4407
62 4209
64 4011
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3. WEBHRHDRIEBADEEE

AREETIL, TEWTEF K OFEIERTE O W Efgsa o Sl s h ClRE L 72 ads L oen e
NOREEZR L L, £F, WiEa0fENIEE, 22 L OE R FE& 5 ORH#-IC
DUWTHEP LT,

I, BEHRA CT &2 VT CT Mg 2 Bt U, Wilgsa ORI CT i, BEB L OHD)
JRF2 5 DBIFRICOW TR L, g ORI Bl 2 B BHICRRET D FEIC W TR
E SRR

S BIZ, FRIABIEE TRUE L - Ropii il & MR B e & DBIFRIZ OV TGS L, CT A
PN RFE U T (R BE R & BB E 258 E & 2 FEIC W TIRET 2.

728, AEO CT EOFEMNTITN 2 ECRE LFEZ AV, BVER Lo BRI
BE Lz, £, REE S OEOOREREE L O X Mo 1L — KBS CT EifRo
MBI T Z BT 5720, X FRERE I 10 cm & 725 K9 IZRUEH A X3 LOYR
M OFHEEEIT> T,

b=

3-1 B DMERENFES LV ERBENT

ARETIL, EWTECH D Z L D3RR BIENTFIEL, FEIEWTE O BIF 2B B FET S
SRR (DU T CIE MTL LBEFRT D) Afatxig e Lz, £7z, MTIL Thatxig e L
WA DAL, B SIS AR LOEER O h—FVETH D Z LD, b
I OIEWEOFE & U CILEETE, 2XRE—bRa OB & 2 EEE O & LT
FEWTBIZ OV T bRERIR L Uiz, 7pd8, Wilga Ry, ME T oliEs L, K
A L HERI S BE T DTS ClIi /e 5 2 E MR SND T2, AR ClEFHEE T oliE
EERRE L THRR L.

ARt C A U7-itkhls L OHE S 4 Table 3-1 33 K UVFig. 3-1, A AT oo
BX % Fig.3-2 (IR, 728, AREHTCIE, NEWE) 2% gt LIRICIR NGO bl
D8, TIEEWTRE | 2% LI OIR BN TR S iE & LTl 5.
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Table 3-1. Analyzed materials of the CT analyses, density analyses and XRF analyses performed during this
study. See Figs 3-1 and 3-2 for sample locations.

Fault activity
. Sample ) . .
Fault Location Protolith classification
Fault rock Protolith Active Inactive
Hiji HJ-8 Mz-5 schist O —
MTL . AT, ATS-1, 2, tonalite,

Awano-Tabiki g 534 HA1 schist ©
. . T-3,C-1, granite, B

Tsuruga Oritodani c-2 KATS L etabasalt (greenstone) ©
Yamada Mushu YDA YK-1 granite O —

0 200 km

k>x] Hida-Oki Belt [/} Mino-Tanba Belt

[ ] Hida-gaien Belt [:::] Ryoke met. Belt

[E=] Akiyoshi Belt Sanbagawa met. Belt
Suo-Chizu Belt Chichibu Belt

| Maizuru Belt I,:/] Kurosegawa Terrane
= Ultra-Tanba Belt =] Shimanto Belt

MTL :Median Tectonic Line

ISTL: Itoigawa-Shiziuoka Tectonic Line
met. :metamorphic

Fig. 3-1. Simplified geotectonic map showing the location of the study area around the MTL and the Tsuruga
and Yamada faults. The stars denote the approximate locations where the samples were collected; see Fig. 3-2
for further details on each sample site.
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=

[] Quaternary
Ryoke Belt
[.] Younger granite
[] Quartzdiorite
1 Granite-Granodiorite
[F_1 Hiji Tonalite & mylonite |} {
[ Mafic plutonic rocks
£ Pelitic/p it
(+quartzose) rocks
Mafic dyke
Sanbagawa Belt [] Quaternary
[7”]Peliic/mafic schist : Ryoke Belt
7 7 |y ‘x fx Izumi Group
4 = ‘."’ X ] Granite
x
x

D Granodiorite, Tonalite —
[EE piorite-mafic rocks
[ Pelitic rocks
Sanbagawa Belt
itic/mafic schist

k]

- ATRARY L

MTL in the Matsusaka area

I:I Quatemary 4"-' '\‘} -

[] pacite,rhyolite t) A
g |:| Felsic intr. rock 'L A2 "
2 [=5 sanast.muost. - 2%\ %' X

Andesite basalt b %
g D Felsic intr. rock <
§’ Granodiorite
E Granite

cret [ 5. Dacite, hyolite

é [E—]shate slate

o Ultramafic rock
o B

P R :Iaualemarv
o +I;(karojarii ;+ Cretaceous
LT [ Granite
*, Oritodani, * , /| Jurassic accretionary complex
NT=3:Ci1, 2, +//* | [[[] hen
K-1+175 —| [ Greenstone
Pelitic mixed rock

5km

Fig. 3-2. Geological maps of the area around (a) the MTL in the Ina area, (b) the MTL in the Matsusaka area, (c)
the Tsuruga Fault, and (d) the Yamada Fault. These maps have been simplified and partly modified after the
1/200,000 geological maps from the National Institute of Advanced Industrial Science and Technology (AIST):
(a) Kofu (2002), (b) Ise (2010), (c) Gihu (1992), and (d) Miyazu (1968). The stars denote the approximate
locations of fault outcrops and where the samples were collected.

(1) REELFRuign MTL (GEHFEEE ; EE)

MTL (%, PEr B AOIRIE PRI EHEET 2 KHERHSETH Y (Fig. 3-1), & DR
1T km LA EIC ST D AR, 1992). EBFE EOHRHIE D MTL 1%, N2 dhig
XN S E S TV D, AHE D MTL OFEHIKI 1 km LAPICIEFER F—F /L
kD~A vFA FIGA L, MTLIZITW S ORI TH 0, BE i), AR+
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BIXIZE A ERBD B (FAR, 1984). —J7, B =) IHFE S A A1, MTL 2263
m O THAIITH HEL, L RRIZOELELNA TS HOD, 10-20 m BEFL7ZFT T
IXAIRA RN TIZ & A ERBO LIV (FIA, 1984).

FERFIETE (Ibfé 35 F£ 48 43 10.0 B, AR 138 F£ 4 43 58.0 B) 1%, LOHIRELR A FERE
DERFARIF D77 > RO TITALE L, FEFHFOHFF b —T/Via & =IO/ A D
LT\ % (Figs. 3-2a, 3-3a).

B ORERL, MTL 7> 559 80 cm HUHID =31 1H5 Ok b Fr s IS S AL O WO %))
% g DIER DB H AL, FRFEER O EHNEBIE & & 2 Hivd (FARIED, 2019). HAT
IHEIE Y (Zm W ERREA A L, omfEictl Hid 2 &7 < E@E Mok L Cofid
% . FEENA Y OERMEANEINIE, 74°W TH 1, 46 20°-30°7L T3 5 5560580 B,
FHINOE L AE " WilE D PHGRD HLS (Figs.3-3a,b). AHEENE Y (IZ8) B 51
B T ICHAES 5 2L B KO & KIGUCKIUAT T AT &AT o 16 R, M 177
7 (On-Pml) HSRDOKILUA T ANEENTEY, ZOWEBOERIEEIRENIIN 10 4]
VBTHD (mARIEDY, 2019). 7238, ZOWIEIZIW TRVEYE OELER I 60 cm D AN
RO BT Z LG, RUTHYEEIE OHERFFERZ 10 FERTE 32 & 2 OWfE o EEHR L
1%0.012-0.018 m/ky & 722 (FEAIED, 2019).

FEFFRRIACIL, LRCORMTEBIE Y OIERH & U CGRE SN D REii A kde X 5 1
TESNEREE (HI-8) ZHRI L7z, FRBF HI-8 1%, WiERkRs oo [ OFREE ) & Wil A7 o o
(HJ8-2, HJI8-3, HI8-4) BL O I ¥ 7 L—HA k (HI8-1, HI8-5) |Z/3FE X4, HIS-2 & HIS-
3 OEEFUIHOIEE 28] 5 EWiEm Y (23575 (Fig. 3-3b). 7235, Wi SO EIXEA -
/R (1996) 1IZFHESW T T o7z,

F7o, Wi & RS L OBIRGT 21T 5 729, FERFEIEN DY 1.2 km FFIZ MTL 23 HHBL
T 5N EEIHOK 20 m B (k& 35 FE 47 43 29.4 B, BURE 138 JE 4 43 57.7 7)) 12BN T,
SIIHERE R a OREE OFREF MZ-5 Z 8B L7- (Figs. 3-2a, 3-3¢).

Wrlg s O 5B % Figs. 3-3d—3-3e (R, Wi a0l % 7 L—H%A  (HIS-1) (ZidE
ICEZR 1 mm LT OA%E, WEAOTZ 77 A0 "R EEN, ATNOBAEEENRES
%. BeHRENE Y \CHET DM T Y (HIS-3) (ZITAIRI ks T s —kRIc A L, A
NOBESHENEET D, BEE MZ-S5 ISR, BEA, AERB L OMED 77
£ L RREA DT H i D (Fig. 3-31) .

35



HJ8-4 HJ8-3 ‘HJ82 = HJI8-1

N

Fig. 3-3. (a) Photograph of the Hiji outcrop of the MTL. The stereoplot shows the orientation of the fault plane
Y and the direction of slip in the zone formed during the most recent fault movement. (b) Photograph of the
brittle fault rock HJ-8 observed from the direction perpendicular to the fault plane and parallel to the lineations.
(c) Photograph of protolith sample MZ-5. (d, e, f) Photomicrographs (cross-polarized light) of the fault rock
samples and the protolith. (d) HJ8-1. (e) HI8-3. (f) MZ-5. Abbreviations in (d, e, f): P: P-foliation; R;: Riedel
shear; Qz: quartz; Ab: albite; Chl: chlorite; Ph: phengite; Cc: calcite.

(2) =ZEEMMRFHAD MTL (REFH5IFERE ; EEEE)

= EFMBRARIO MTL 1%, I ZEREICAED (FERIED, 2010) (Fig. 3-2b), RALOW B
EfZZMSETE LT, HULERBOMEERILZRV (M, 1992). AHiio MTL OALH]
2km ATV F—F VER AT 5. M b—TF VBT EICRERA, AT Lo R
BLORKEAL LIZBERDGRY, MIL {fW TV A mJ A MeZ#D, MTL ([ZIETH
ITREREIENHEE L TV D (B, 1985).

SEHP S 9REH (b 34 B 26 43 34.6 B, R 136 F£ 15 43 10.5 ) (X =ERIRI I fL
&L, HH N —TF s & S ORE SR A3 LT\ D (Figs. 3-4a,b). MTL (2827 5 1H
FHNIBY LD 2t % B3 DM N — VS OB AR L, AEAIZR LA
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WIET D SO0, WIS ABMLOR T IFERD v, —J7, =SR-S
1%, MTL 254 2m O TEANTH L L, FIRZRATHhoEGEMERNHKET 55D
D, 20m FBREBENZPT CIXRIRA e IIZ & A SRR H AL,

Shigematsuetal. (2017) 1%, ARZEFHIZI\VTHIES OLTEEIEIZEET 238 21T o 72
FER, AW IIIBEF LRI 4 SDOTEBIA T — U338 b, RANEBIOEEE o 21X
Tt oM AL RIS GBI 2 ERfEE A & LT 5.

AR TlE, Shigematsuetal. (2017) 2SEHTEBIOIEM 2559 & FHliT 2 2 SROWifg D 5
b, fHFEM L SR OMESROWEZ x5 L L TRF L.

BRIABIZR ORER, EFHE & ZI)E OSSR 2 729 MTL I > TEK 1-3 cm DK~
VRO b, OGS ST R W ERREZ AT 5. WilE OERERNE NT6E, 31°N,
JEPIIZ 88 UL T T D4 GE 0 b L, RAEBOET & o A TEWEE L XA THY,
Shigematsu et al. (2017) D AT — 4 O L AT 5 (Fig. 3-4b).

ARFFUECIL, IcBiRES ChH 2 WEERR & LCoO MTL Z28tde X 5 ITEHAGRE (AT) %
BRELL 7= (Fig. 3-4c). #UEF AT 13, AT-1 LY AT-2 28 =314y, AT3-5 MEHFEH RS
L, iR DR OFRENSWTE T 7Y (AT-2, AT3) BLOIZ 7 L—H A b (AT-
1, AT-4, AT-5) IZAHEN, AT-2 & AT-3 OEEFRUE, BHHEEE Y ICHYS 5.

, [EAEDOFEEE AN R 5 WA 55 L OREE & OLRETEAT 5 720, HEFERICONT

IAREEIHD MTL 72589 5 m ALBITHHE h—TF B0 % 7 L—H4 1 Rl ATR-2 B L
ATR-3 (Fig. 3-4b), #9500 m ALV (K 300 m ALl THH: F—F A0~ A v+ Rk
ATR-4 (fi5f7) (Fig. 3-2b), #J13.5 km HALHIZAZE 2 MH-F89E CREA HA-1 (Figs. 3-2b, 3-
de) HEL L7z, —J, ZIIHICOWTIIARFZEIED MTL 2> 549 20m FE{HIF XU 1km
B HUAICYRE B O REAEE ATS-1 (Fig. 3-4b) 36 XY ATS-2 (Figs. 3-4d, 3-2b) ZHH L 7-.
ATS2 [ I BT DB ERTERE THLDICX L, ATS-1IZIXELA 2em FRE DA
FEDFERNEEND. b, M M—TFVEDT Z 7 L—P 4 Nk ATR2 35 KUY ATR3
(2T, ATR2 Z VT X #t CT i figtT, ATR3 %z WV CTEE T LU XRF o4
AT

Wrke’a DR G H % Figs. 3-4f, g (" d . WS OWA AT 1%, =IO h 2 7 L—14
A NAT-1 BXOWIE A U Y AT-2, HERODZ 7 L—HA b AT-4 15500 S4, FedilsE
Y 13 AT-4 & OB U< D AT2 Fa @O EsEZ A L Tho s bhn g 2 L 72z<
T 5. IO DZ 7 L—HA b AT IZIEEICERSN 02mm L FTOEEAD 7 Z
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7 A hivEEn, WEEY O AOEGEIENEET D, £, EEEOZ 7 L—H
A b AT-4 TlE, EAEBRERK05mm O~ A aFA MELIZAED T T 7 A v NS
BOFBEZITH E LI, BiED T Y AT2 Lird: L@ IC BV CHlE = o 20 R1
M &0 B A2 D 0.2 mm FREEDTREANRDFED bivd. —F5, BT OWE T
VY AT2 \ZIE, AT-1 D7 T 7 A 2 R aBAE L22ds BRI —RRIC 0 L, BARZRIE
WifEt o 2 DEEHEIEIFEET D.

SIS A ORES ATS-2 (Fig. 3-4h) (213 F 1A, #WRA, AERBIORA
PR H AL, WTILOH b EESK 0.2mm LLT & IEFITHIKI T 5. MTL 72 H#9 20 m B
TR L7 REE ATS-1IZIFEICAE, ERA, AERBIUCAENHEO LN, WTho
P B EF) 0.2 mm LA T EIEFITHIRI CTH VD, ATS-2 ITHNTHERVD V. ATS-1 3
FOATS2 DA HIT, & HITHREEHRADEERSLAZRORINC LV Hfl STV 5.

—J7, MR NVEORS HA-1 BL O~ A 24 & ATRA ([ZIXEITREA, AR,
AR LOREADED b5, HA-1IZE LSRR AR L OA A OEAITH 2mm
LUF, AEB I OEADOERITK 0.5 mm LLFTHD (Fig 3-4). —JF, v1 a1k
ATRA [ZHENLIREABLIOANADOERITN 1 mm LT THY, HA-1 IZHAATRE
<, TORBZAEOTEMESENFTEL TND. B¥ 7 L—H A b ATR-3 [ZITFEIZHE
£ 02 mm L FORRA, ARBIOMEORIEADT 7 7 AL FEOLI, v~ 1)
A ME LT A SEDORREREN AR B D .

3) #EME (TFAEE  FWE)

POEWIE L, EPEEFE R ORIR T Z NE-SW HINIEND AT M oOERTE T
D, ZFOIEREITH 25 km Th D (PERMHVERER S ¥ —, 2016). ZHEWIE/EL
TCHACREE (R A Eif) R OSSR OE LIS (P — %Y = Z D) 2355
i LTW5 (Fig. 3-2¢). ZEARIZD (1999) 1L, HLOBHIKIZIIT S N L o FREORERIZH

BOEWTE RIS O FATEEIREIIE 12 A te~14 HEAdR, BBTSENCrE S B RANM
HIE L52m, Y ETFEMGEEX 0506 /103 FFEE L LTV 5.

HDOBHIX ) BT 1.7 km BIPEICNLE T D7 8500 (A0 35 B2 32 53 15.0 7, kR 136
FE 143 8.6 F)) T, 1A bR & RIRFHER OE LA L, BRI > TR
1020 cm OWE A ™ V033880 s (Fig. 3-5a). Wi miXEsitts L Ot nm <, b
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Hatai
Tonalite

Fig. 3-4. (a, b) Photographs of the Awano-Tabiki outcrop of the MTL. The stereoplot shows the orientation of
the fault plane Y and the direction of slip in the zone formed during the most recent fault movement. (c)
Photograph of the brittle fault rock AT observed from the direction perpendicular to the planar features and
parallel to the lineations. (d, e) Photographs of protolith samples. (d) ATS-2. (¢) HA-1. (f, g, h, 1)
Photomicrographs (cross-polarized light) of the fault rock samples and the protolith. (f, g) AT. (h) ATS-2. (i) HA-
1. Abbreviations in (c, f, g): P: P-foliation; R;: Riedel shear; Py, P;: P foliations showing normal and reverse
senses of shear, respectively; Rin, Rir: Riedel shear showing normal and reverse senses of shear, respectively.
Abbreviations in (h, i): Qz: quartz; Pl: plagioclase; Ho: hornblende; Chl: chlorite; Ab: albite; Ph: phengite; Cc:

calcite.
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OB RRIRHHEFE IR b D . KE O EFERHT N49E, 78W TH Y, ki

15°TL T3 2 55A%80 DL, wFNEEOEE I > ATATNTHD. BigH vy T-3-1-
T-3-3 D955, F#UE 282 EoniEEhim IR A - AR OWE A D 2 T-3-3 HITAE
L, EICHRETHD.

ARFFCIE, FREOBFNEENN T-3-3 28de X 5 1TEHAEEL (T-3) 8B L7z, 0k
T-3 1%, T-3-1 BELONT32 NI RE, T-3-3 8 X0 T-3-4 BERPHEH ORI 126G
L, WiERHe OB ORENSEIE Y 7Y (T-3-1,T3-2,T-3-3) BLOH X7 L—H A b
(T-3-4) (Z/¥ES % (Fig. 3-5b). Hodi&EhE L T-3-2 & T-3-3 OIS % T-3-3
, BWVEBREEZE LR bl L Tnd. BT v Y T3-1 BLRORET U Y T3-2 13,
T-3-3 AR TRORHE TH D, T3-1 & T-32 OEERAHETIE, BEadYY 32 047
NOP 7+ T—2a UINFELTNDZ 0D, FCINEBIE D DK 10 em F2E OHIFHIT
RATTEERN DA Z T TN D EHE S D.

¥z, BEREORRENRR DWESE T L OREE & OHBRGI AT 5 72, TEEREIZD
WTIEh & 7 L—H A FalEFC-2, C-3 3 L ONEERUE K-1 (8544, Fig. 3-5), SRIRSHEH O
BIERETONWTIIH Z 7 b—Y A Mkl C-1, BB T-5 (Fig. 3-5g) ZERHRL7-.

Wi DR T E % Figs. 3-5¢ —e (7. BANSENEHEOEN T-3 1%, LA D
Wil 77w ¥ T-3-2 38 X OSER—FHE QWi T ™ ¥ T-3-3 125571 S 4L, Befn&Ehm iy, T-3-3
H % B O BRI 2 L O TSI 8 Hivd 2 & 722 T 5. T-3-3 [SIFARLZ2 s 181
W R L, BOREBIEANEIZITA T P 74V o—2a UNEET S, 7,
TR OWE 7 7 ¥ T-3-2 I EICER 02mm L F oA, U EA, fREADT T
A D T33 ITHARTE LG EN, ARRESEHEEIIRRO by, Liedi->T,
Z DOWilE ORFIEENT, Kb REE T Y T3-3 ICRESND EBZ HLD.

TGRS OREE K-1 (Fig. 3-5h) ([ZIXEICESN 2 mm OA %, FEA, D EABX
OEAR 1 mm UL FORERDROOND. {LEEAED T % 7 L—% A F C21ZITFIC
EAEK 0.3 mm LUF DA%, #RA, 1) ERABLOMEDCERERDOT Z 7 A IR
bibd.

—F, FRESHEEORES T-5 (Fig. 3-51) (ZITEICELK 0.1 mm L FOAPRAE L OH
RHEADGRD BILD. BHE T L—HA b C-1ITIEEICERN 0.1 mm LLFOARA, HRE
£, REAOT7 T 7 A SPRRBD LI, T-5IZHATHPAR DR,
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Tsuruga
Fault

Metabasalt

Fig. 3-5. (a) Photograph of the Oritodani outcrop of the Tsuruga Fault. The stereoplot shows the orientation of
the fault plane Y and the direction of slip in the zone formed during the most recent fault movement. (b)
Photograph of the brittle fault rock T-3 observed from the direction perpendicular to the planar features and
parallel to the lineations. (c, d, €) Photomicrographs (cross-polarized light) of the fault rock samples. (c) T-3-2—
T-3-3. (d) T-3-2. (e) T-3-3. (f, g) Photographs of protolith samples. (f) K-1. (g) T-5. (h, i) Photomicrographs
(cross-polarized light) of the protolith. (h) K-1. (i) T-5. Abbreviations in (e, h, i): P: P-foliation; Qz: quartz; PI:
plagioclase; Kf: K-feldspar; Bi: biotite; Ho: hornblende, Cpx: clinopyroxene.
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4) \LME (REFEE ; FWE)

WL, AR O P SIS AT 28 33 km OIERIETH Y, b
FRENILVE OWTE, ILHEWE, SESEAHIOWE D 3 SOWE DI SN DS (MR
WFFEHEEATR RS A Z B 23, 2004), AFw 0TI L HIBTRE SR 2 (L BT & FR L TG 5.
LI TR SR T AR RS (R AR A8 =) 23504 LT D (Fig. 3-2d).

HAEFREA (AL 35 FE 31 43 2.0 B, BERR 135 £ 0 43 28.7 B) @ a SREAIIT B HAE R A D
HE T L= A NERGA L, 18 1-2 cm OWIEH 7 V%05 BERMER X OSEFHEN E
Wil 23588 HiL% (Figs. 3-6a, b). Wifg D EMERNEI NSSE, 62°W TH Y, FEIZ 2070 T
T AL B, FEEEBOES Y o R I TNTH S, FHILIED 2017) 1%, a i
B S & U CIHTE OSBRI OV TRRGE LR, SBIUACLARE SIS 8 L7z W
CTIIBIE N O NS H &, WiEH O HHIZIEA X 7 2 A NAERRLABE O K
IEENZRT 10 BOWIEN 7 bR HfEIREENRBO 6D 2 L 2MmE LT\ D, Ak
E2> (2015) 1%, a FEED L7 OHEREE Z BN & 5% D W 03045 b FEEIC BT
T8 DIEBIRIEIC DUV CTRET LRGSR, 59 20 AERTLARRIC 6 [BIOTEE X h 23580 5
, BOISENREIILR 2,000 y. B.PLIKE, #9200 yBPLIATE LTV 5.

AREITIE, BB OHERSY 4 B3~ 2 1E T E OIER R 4 22 3 A& OWig 7 7~
Rt X O WCEIFAGEVE (YDA) Z 8RB L7= (Fig. 3-6¢). #AKEH YDA IZ, Wi lREts o[l
OFLENSME AR (YDA-1,2), WA 7Y (YDA-3) BLUH X7 L—HA kb (YDA-4)
IZFES I, BHEENE Y (3 YDA-2 & YDA-3 O8I YS 3 5. W@ AT bekoit
FIZLomigtar Ry 5. £, WiEEERE L OB EIT S 720, REHEI O 6
km PG R PELSAZES 2 ) R CEEAE RS O REERUEE YK (547, Fig. 3-6f) ZERER L7-.

Wrig s O 5 EH % Figs. 3.6d, e lZ~ 7. GBIz oA YDA2 - 3 1%, Wil A
YDA-2 B X OWIE A 2 YDA3 [T S, Icri&@Ehifly, YDA-2 & YDA-3 OFEsT
< D YDA-3 T mWERMEZ A L CHIOEREICE bt 2 L7 <k d 5. YDA-3 (T
FEICERKN 02 mm LTFOAE, B RABLOREADT 77 A NeE-IELRD D
HRLZ2KE LN —RRICO A L, HTNOP 74 Y =— 2 VIVEET 5. WiEAEE YDA-

2ITIFEICERER 03 mm LT oA, WY EA, RRADTZ I 7 A MhaEh, ZOK
M 2B OO HIMN T L TS, BX 7 L—H A b YDA-4 IZIFELK 0.2mm LU RO
1Y, WUEA, REABLOCRERO T I 7 AL MARO LI, TORME I3
FEIEL TS,
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—, BEE YK-1 [T EICESEN S mm LTFOA5E, fEA, 1) EABIOEERN
O BiLS (Fig. 3-6g).

N\ SMushu b
outcrop

Fig. 3-6. (a, b) Photographs of the Mushu outcrop of the Yamada Fault. The stereoplot shows the orientation of

the fault plane Y and the direction of slip in the zone formed during the most recent fault movement. (c)
Photograph of the brittle fault rock YDA observed from the direction perpendicular to the planar features and
parallel to the lineations. (d, €) Photomicrographs (cross-polarized light) of the fault rock samples. (d) YDA-4.
(e) YDA-2-YDA-3. (f) Photograph of protolith sample YK-1. (g) Photomicrographs (cross-polarized light) of
the protolith YK-1. Abbreviations in (d, e, g): P: P-foliation; R;: Riedel shear; Qz: quartz; Pl: plagioclase; Kf: K-
feldspar; Bi: biotite.
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32EE, ERESLUVADRTES
(1) BIERGE

Wriga skl L, Bk 2 X 9IEZ < DXERETLZ LD, BEREX, askiEs
& TR DNEFEERNT T 7.

REEOBRERBRIL, S0 0OBREERER 1GS2132-2009 (M T4242,2017) (ZHSWTHEfE L
T =5, WiEEREIOBERRIL, SR O AT B %A SRR T 5 72
¥, CRIEPI O/KEREARAR T A —4F— (Micrometritics £1#, AutoPore IV 9500 Version
2.02) = LT

Wi SR L O RSO ENRFE S Za 1%, XRF S92 & 0 B H L7508 o 24y
(SiO, TiO2, ALLOs, Fe,0s, MnO, MgO, CaO, Na,0, K0, P,0s) DEHHRE LU (2-3) 2 A0
THH L7z, 728, XRF Z3#711L, CRIEPI 1A @ XRF-1500 (X #EERT + Z A > b : Rh) (&
ASEYERTRY) 2L, I A — MECL D To T

(2) RIEHER

BE p, 25 ¢ 3 LOE RN T-E 5 Zo DRIEREF % Table 3-2 3 LWV Fig. 3-7 12”7
F72, HAOFHFETFSOFENEE KD 572D XRF 4R % Table 3-3 1277

W OWIBIZIW TS, BRIRBIEUC LV ERE L7c W@ o5 iEEhim Y 125 < 122
CHEEE p YT % (Fig. 3-Ta). RS FEOMEE R L OB, FE2E78 2.69 glom® (£
YR 72 0.10 glem®), T H 7 L—HA RN 2.28 glom® (BEHE(FZE 0.24 g/em?), FEIEITE DWW
7D 216 g/lem’® (BEVER 2 0.21 g/em?), EWTIE QW 77 ™7 273 1.92 glem?® (FEYER 22 0.16
glem?), WilE A 1.73 g/em® T D (Table3-2). B po & 22K ¢ & ORI OV CHLHL
L7ofR, ARCHIE OB L BT, BEN 1 gem?® W3 51200 TEEREI 24%
BRI a5 5D (Fig. 3-7b). AEMOWI AR ZEMRROFELEIEIT, REED 1.5%
(EEHERE 1.0%), T X7 L—HA FDY 12.6% (FEHERZE 6.9%), FEEWTE Wi 2~ 253
12.0% (FEHERZE 4.8%), TEWIEOWIE Y 7 PN 17.4% (FEHERZE 4.6%), Wi AEDS 32.2%
THY, 1EWEOWE T D IIFEWTE OWE T 7 TS TREDV NS <, ZERFEN K
EU) (Table 3-2). ZZ°C, FEWREOWIET VY (T-3-1, T-3-2, T-3-3) IZ2WTiE, #%iko
R R 2 E 2 CRB-FHESOWE v o ¥ T-3-3 ZiEliE, LA LREOEyT v Y
(T-3-1,T-3-2) ZIEEMIBICNFE L=, FTo, HE T L—TA v H L, [EEEOWIEY ~
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Table 3-2. Density, porosity, and XRF analysis results

. : Effective Fault gouge
Fault . . Bulk density Porosity . . ; .
name Location Material Sample number atomic number classification Protolith
Pt 1] Z ot Active Inactive
Cataclasite HJ8-1 2.03 19.5 12.30 — —
Fault gouge HJ8-2 1.70 25.4 12.04 O -
Hiji Fault gouge HJ8-3 1.89 13.9 12.24 ©) - schist
Fault gouge HJ8-4 1.80 19.8 12.12 @) -
Cataclasite HJ8-5 1.87 17.7 12.11 — —
Mizoguchi Protolith MZ-5 2.77 1.2 12.38 — —
oot GRY aer s we - -
MTL - - - - . schist
Cataclasite AT-1 2.26 14.4 11.34 - -
Fault gouge AT-2 1.79 20.0 11.52 - (@]
Awano-Tabiki Fault goulge AT-3 2.31 7.4 11.36 - (@]
Cataclasite AT-4 2.61 1.7 11.45 - -
Cataclasite AT-5 2.44 7.4 11.42 - - .
. tonalite
Cataclasite ATR-2,3* 2.56 3.3 12.17 - -
Mylonite ATR-4 2.65 1.0 12.13 — —
Protolith HA-1 2.76 0.6 12.72 — —
Protolith K-1 2.58 0.3 12.16 — —
Cataclasite C-3 2.47 4.6 12.11 - -
Cataclasite C-2 2.16 16.1 12.10 - - granite
Fault gouge T-3-1 2.28 10.1 11.96 - O
Tsuruga Oritodani Fault gouge T-3-2 227 10.4 12.08 - @)
Fault gouge T-3-3 215 13.4 12.54 @] -
Cataclasite T-34 2.23 18.9 13.55 - -
. metabasalt
Cataclasite C-1 2.43 12.4 14.10 — —
Protolith T-5 2.90 3.5 13.96 — —
Fault breccia YDA-1 1.84 28.0 12.43 - -
Fault breccia YDA-2 1.61 36.3 12.43 - -
Mushu .
Yamada Fault gouge YDA-3 2.05 14.3 11.99 @) - granite
Cataclasite YDA-4 1.98 22.7 12.05 — —
Karakawa Protolith YK-1 2.61 1.7 12.45 - -
- Material Number of Bulk density ~ STD Porosity STD Fault activity classification
samples
Fault breccia 2 1.73 - T 32.2 - Active fault
Fault gouge 5 1.92 0.16 17.4 4.6 Active fault
Mean of all samples Fault gouge 4 2.16 0.21 12.0 4.8 Inactive fault
Cataclasite 11 2.28 0.24 12.6 6.9 -
Protolith,Mylonite 8 2.69 0.10 1.5 1.0 —

*: ATR-2 was used for X-ray CT image analysis and ATR-3 was used for density and XRF analysis.

DNCUHE LT 4 B (HIS-1, HIS-5, T-3-4, YDA-4) DFEE & ZEsRD-HMEIL 2.03 glen?’,
197%Tod v, FEEWTIEOWIE AT U T2 3 3Kl (AT-1, AT-4, AT-5) @ 2.44 glem’,
TR\ TEEAN/NE , ZEBENRE V. S5, TERIEORHIEEE 55 50 cm
Bl 7= 2 306 (C-1, C-2) DHEFE & Z2psR D 1T 2.30 g/em’, 14.3%, #9220 m Bfiiu7= C-3
Tl 247 glem?, 4.6%CTH Y, FHIEENHEID D OBERRA K E < R DI ONTHEENR LA L,
ZEBREPBO T DR R O D, ks, IHEWTE ORATEENH 2> 5 3 m BEiu 7 ATR-3
DERJE L Z23R1T 2.56 g/em?, 3.3% CTdh 5. Zhangetal. (2000) 1%, WiE A 7 2 D ERELHT iy
DFEEN DOV TEBRIBFITE ATV, IF78R, BEEIREE, 28, BIEIC OV TR L7oAER,
Wi H 7 L DHFA LA B —RERIE I OB T 5 & LD, LTend- T,
TEWTIE D D 2 DZEBRERPIETEWTIEG DT D P DZERRRITIELRTRENZ L OER E LT,
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Fig. 3-7. Density, porosity, and effective atomic number measurement results. (a) Relationship between fault

rock type and real density, p.. (b) Crossplot of porosity, @, versus p:. (c) Crossplot of effective atomic number, Z;,
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Table 3-3. XRF analysis and effective atomic number (Zc) results for the rock samples

Effective atomic

Fault Location Material Sample SiO, TiO, AlLO3 Fe;03 MnO MgO CaO NaO KO P,0s ig.loss* Total number of
name number
rock sample
effective atomic number 11.85 19.13 11.34 23.56 23.26 10.87 18.36 10.42 18.11 12.37 - - -
Cataclasite HJ8-1 67.05 0.72 1396 6.57 028 323 061 141 221 0.10 3.86  100.00 12.30
Fault gouge HJ8-2 61.83 0.71 15.04 7.57 0.14 6.15 1.08 043 0.75 0.05 6.25  100.00 12.04
Hiji Fault gouge HJ8-3 63.71 0.73 14.07 815 020 523 100 0.71 0.85 0.05 5.30  100.00 12.24
Fault gouge HJ8-4 62.28 0.74 1510 7.73 037 567 111 041 0.56 0.08 5.95  100.00 12.12
Cataclasite HJ8-5 67.34 0.62 12.02 6.69 020 541 071 043 137 0.06 5.15  100.00 12.11
Mizoguchi Protolith MZ-5 66.22 0.60 14.98 549 013 202 165 225 344 0.10 3.10  100.00 12.38
Protolith ATS-2 6495 0.70 1710 6.16 019 205 093 262 3.80 0.18 1.33  100.00 12.64
MTL ATS-1 57.10 0.76 17.34 9.22 189 163 069 158 3.60 0.15 6.04  100.00 12.63
Cataclasite AT-1 56.36 0.33 6.96 392 0.15 593 1023 123 1.04 0.07 13.78  100.00 11.34
Fault gouge AT-2 59.53 0.69 1323 423 0.10 475 466 056 207 0.10 10.08  100.00 11.52
Awano-Tabiki Fault gouge AT-3 5290 0.54 1099 517 0.15 589 815 021 176 0.08 14.16  100.00 11.36
Cataclasite AT-4 57.93 0.73 1259 868 012 485 181 036 0.18 0.12 12.63  100.00 11.45
Cataclasite AT-5 56.18 0.52 10.73 6.15 0.13 574 587 007 131 0.14 13.16  100.00 11.42
Cataclasite ~ATR-2,3 70.28 0.68 1572 398 006 060 036 28 291 0.14 2.41 100.00 12.17
Mylonite ATR4 65.44 0.52 16.05 3.97 007 142 350 333 1.90 0.10 3.70  100.00 12.13
Protolith HA-1 5797 0.85 1614 751 013 322 595 277 1.69 0.15 3.61 100.00 12.72
Protolith K-1 76.87 0.07 12.63 126 004 0.07 042 359 4.64 0.01 0.39  100.00 12.16
Cataclasite C-3 76.65 0.06 1278 119 001 0.12 048 3.53 450 0.01 0.66  100.00 12.11
Cataclasite C-2 77.48 0.05 12.03 0.87 002 015 0.84 288 4.74 0.01 0.92  100.00 12.10
Fault gouge T-3-1 7291 0.05 12.06 1.34 008 040 329 171 431 0.02 3.83  100.00 11.96
Tsuruga  Oritodani Fault gouge T-3-2 76.48 0.05 1269 1.64 001 043 052 212 449 0.02 1.57  100.00 12.08
Fault gouge T-3-3 67.55 094 1252 648 010 191 243 152 298 0.22 3.34  100.00 12.54
Cataclasite T-34 55.34 321 11.60 14.02 026 437 415 137 137 0.59 3.72  100.00 13.55
Cataclasite C-1 49.73 2.84 13.04 16.39 027 406 6.67 3.06 0.98 0.80 2.16__ 100.00 14.10
Protolith T-5 50.24 1.80 11.89 12.31 0.23 6.47 11.35 3.02 1.30 0.18 1.20  100.00 13.96
Fault breccia YDA-1,2 70.22 0.37 1470 428 0.12 037 1.09 320 4.13 0.08 1.45  100.00 12.43
Yamada Mushu Fault gouge YDA-3 7097 062 16.10 3.32 0.00 0.79 0.77 058 296 0.23 3.66  100.00 11.99
Cataclasite YDA-4 7445 029 1451 152 0.01 046 081 212 4.07 0.08 1.67 __ 100.00 12.05
Karakawa Protolith YK-1 70.01 043 14.98 330 0.08 082 200 3.65 4.04 0.10 0.60  100.00 12.45

* 1 ig.loss indicates ignition loss of each sample.

—J5, BRI p L N TR Za DEIRIC DU T U755, B OB icxt 2 6%
JR PS5 DOELORRET, AFCWEIC L > TELORREITEWNIRDO b B DD, W
FTHUCOW T HEE p EBDEFES Zo \ITIEOFBBZENRD S5 (Fig. 3-7c). 73
F, ILHEEOWE A YDA-1 B X OVYDA2 1F, REE YK-1 12T p 8RR 40%F2 %
BT L2600, ZAIRBRETHY, SEHEEmIZTS<IZONT p B KO Zu B3R
DA L IIRE S B, T, BREEIEICB W THEARIIRE L 2T 5 2 &, Fe0;
DEHERBWET 7Y, BX 7 L—% A PEBIOREZKEL EES 428W% TH S
(Table 3-3) Z &b, BEEULOEEEZIT TWD LB BND. ZO7d, BT HHE
p & HRNR TR Za DEURORFICISWTIL, WIBARED 2 S A Egs L L. £7-,
BATSEh e T 2T 7w 2 HI8-3 B KL ONAT-2 Ti, BT Dlifg o o & izixh #

7 L—H A MEERTHBREFES Za 73 0.1 — 0.2 FEEERININT 27 A338D S5 (Table
3-2). T, EHNEENEIEEET DB U DIERBRENE L, FaOsNEL GEND T
&6 (Table 3-3), HiUTF/KIZ K DELEROIAE D ENEN & L THEE S L.

47



3-3 CT BRI E LU New, BE, BHRFESOERF

RTEEIZ 3T, FREABIZRIC 1V 3BE LW ORHTEENH Y (20D < ITOIVTHRE p &
RS Za DT 5 Z EDHBIT e o2, — 05, CTEITEE p & AR T-& 5
Ze DBBTH D Z L h, WifERl - SAFERNC CT i, R L OEE -5 OBIRIZD
WL, CT % HW e WiEa DR E BIRHE 432 7. 7285, DIBEORGCIE,
RV DL Z T TN D LB X LD ILHEEOWEMAEE (YDA-1, YDA-2) ZFR< 4
28 7 =X AfaiRIg L L.

2 BEIZBWTC, 6 FEOIWREZ x5 LT, $ELOREAR L7 CT i

LD EBMIBNT TEEARR LTS, SEWalBl OB & AR &5 I CITEOMBIBIMRA &
LT Enn, 1 HEEOEER (140 kV) THiz L7z CT BfR O CT fED LI 0% L &
AR H G EHERRECH D Z AR LT

RTEEIZBNT, ARFTHWZEAREIOBE L AR &5, SWE - S8/
CIZIEOHBABIR AR BN D Z E R BN E Rz T L inD, KETIE, 1 MEOEE
J£ (140 kV) THE L7z CT B D New, BB X OHERNRF-E S OBIRIZ OV TG L
7-.

BB, AXYFOATA AL 025mm, 1 7LD A XF0.098-0313 mm, fRE

5
%

S, BBIT 140kV, B BRI 300mAs & LT CT M (1,024 x 1,024 £ 7 &)L %
& L7z,

CT EHGRFATHE F & BTG R DFFEZR % Table3-4 127”77, 7235, CT D HAAME Nemv
ZEHT OB, MERLORENKE WVEEHGLM AR 2 &, WiEamtBlosa T
V= DR — L OBEROENE ORISR R T L, SVEI LB 7
5 DFFMTRH P OB E IR O 2R % 55 & L THIHE S CT o gl
Netvedian S BZRNZI2D Z & 2B E 2, £ — 0 OGO Z BT CT Eifg o4
FURBMEN) 25l LT Nem M L2,

(1) MTL JE35EsE

SRR Rs oW ERE HI-8 o CT i, EWiEmE Y OEFHOWRE S v Y
(HJ8-2, HI8-3, HI8-4) THE< (Fig.3-8a), 7% —IZ&IT % CT EDHAAE Nemm 13 994 —
1109 TH Y, EWEE Y (S8 2 RHTEElOWE 7~ 2 HI8-3 O Nem M3 /N TH 5.
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Table 3-4. Relationship among Ncrwm (calculated from the CT images at 140 kV), p;, and Z for each of the

samples.
Py locaton  Materal  hebe PROL New oo g LEARMIE o o pyp 2y ZETEEEMD 7, Zezuz
Cataclasite HJ8-1 113570 1333 277 2.03 2.03 0.0% 12.30 12.16 -1.1%
Fault gouge  HJ8-2 122389 1109 192 1.70 1.82 7.1% 12.04 12.10 0.5%
Hiji Fault gouge  HJ8-3 73380 994 176 1.89 0.54x10% 0.76 1.71 -9.5% 12.24 26710 11.8 12.07 -1.4%
Fault gouge  HJ8-4 61075 1065 170 1.80 1.78 -1.1% 1212 12.08 -0.3%
Cataclasite  HJ8-5 39613 1281 312 1.87 1.98 5.9% 12.11 12.14 0.2%
Mizoguchi Protolith MZ-5 132804 2056 112  2.77 2.72 -1.8% 12.38 12.35 -0.2%
Protolith ATS-2 119482 1961 129 2.66 2.68 0.8% 12.64 12.55 -0.7%
MTL . ATS-1 63283 1640 177 2.61 1.08x10° 0.56 233 -10.7% 12.63 157x10°  9.47 12.04 -4.7%
Cataclasite AT-1 202405 1765 171 2.26 2.47 9.3% 11.34 12.24 7.9%
Fault gouge  AT-2 17591 1209 143 1.79 1.87 4.5% 11.52 11.37 -1.3%
.. Fault gouge AT-3 11968 1665 104 2.31 2.38 3.0% 11.36 11.38 0.2%
Awano-Tabiki A
Cataclasite AT-4 103475 1864 161 2.61 2.62 0.4% 11.45 12.04 5.2%
Cataclasite AT-5 52123 1718 123 244 119x10°  0.40 244 0.0% 11.42 3.31x10°  5.87 11.56 1.2%
Cataclasite ATR-2,3 80661 1943 90 256 2.7 5.9% 1217 ) 12.30 1.1%
Mylonite ATR-4 132075 1820 210 2.65 2.57 -3.0% 12.13 11.89 -2.0%
Protolith HA-1 134722 1908 209 2.76 2.67 -3.3% 12.72 12.19 -4.2%
Protolith K-1 311751 1656 186  2.58 2.49 -3.5% 12.16 12.07 -0.7%
Cataclasite C-3 234228 1699 164 2.47 2.54 2.8% 12.11 12.08 -0.2%
Cataclasite C-2 241788 1471 93 216 1.23x10° 0.45 226 4.6% 12.10 2.83x10*% 11.6 12.02 -0.7%
Fault gouge  T-3-1 94154 1492 70 2.28 2.29 0.4% 11.96 12.02 0.5%
Tsuruga Oritodani Fault gouge T-3-2 64118 1428 121 2.27 2.21 -2.6% 12.08 12.00 -0.7%
Fault gouge  T-3-3 19558 1185 140 2.15 2.07 -3.7% 12.54 13.01 3.7%
Cataclasite T-34 78628 1622 206 2.23 5.47x10% 1.42 2.31 3.6% 13.55 7.66x10%  12.1 13.34 -1.5%
Cataclasite C-1 203854 1981 177 2.43 2.50 2.9% 14.10 . 13.62 -3.4%
Protolith T-5 201781 2590 204 2.90 2.84 -2.1% 13.96 14.08 0.9%
Mushu Fault gouge  YDA-3 49921 1108 130 2.05 1.93 -5.9% 11.99 11.97 -0.2%
Yamada Cataclasite  YDA-4 165093 1333 119  1.98 9.79x10“% 0.85 2.16 9.1% 12.05 6.95x10¢ 11.2 12,13 0.7%
Karakawa Protolith YK-1 329517 1730 244 2.61 2.54 -2.7% 12.45 12.40 -0.4%

F7-, WigA 7 P oIMUD S X 7 L—HA ~ (HI8-1, HIS-5) @ CT E{gIIWiE Al 7 izt
NTHSH L, NewlE 1281 - 1333 TH 5.

REAEE MZ-5 @ CT Bt T, A ERmICH Y T DRk OBER D588 L (Fig. 3-8b),
Nema 132056 TH 5. iE | mm FRELL N O AEAEIT, MABEZERORRE OXND, AH0
HRAIHASTHEIR A ESDPREVAZROGEMIRIHY T 5 B2 b,

Nera DR OxG: & U T8Ik CT DB 5347 OB % Figs. 3-8c—e (T . BHEKICES
FORIAT~13TTE 7 ARG E UTORE LSRR, CT I IERDAGIZ L2,
PR 21T 112-312 Th D (Table3-4). 7233, RMEHHICE < OEINVA B E TN DA, Nomv
£ ARV MANZ I THREE OB NI 72 B 7 D3RR B DA D3 5703, Nemw 1EE I
H DR A BRI FEE O CT EIZKE LTV 5.

—J7, CT B O— s SHRRENE 231 5 CT ED /041X Fig. 3-8f 38 L U Fig. 3-8g (27
TEBVTHY, Nervedin (HI-8 1 9911278, MZ-5:2088) X2 k7t CT Wifg L v B Sh
72 RS Netw &34 LT .

VLER YR U New VY, FERFRBEMHEO =) IHIRE a2 x5 & LT New &
pr & DEIRIZOWTRET L 72 A5 5L, BT O IEOMHBIBIER (p=9.54 x 10* Nerw +0.76,
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FHBELR %K 0.958) 233HD 7= (Fig. 3-12a).  Z DRERRA VT New & 0 B L 72 p.
& RN pe & DFZEITH 10%LL FTdH 5 (Table 3-4).

F7o, BRI Y, Fig 3-7c (R p & Zo & ORRER (Zo = 0.28p: + 11.6, FHEMREL
0.847) MOFFEIND Netm & Zo & DBIRA (Zo=2.67 x 10* Netm + 11.8) & HWTHZIE
FHT Zoe TR UTZAER, Zo & DFEZEIT 14%LLFTH D (Table 3-4).

2098 2730

(e) MZ-5
I 0000
1 CT number 2518 1 CT number 1701 1728 CT number 2989
Count : 113570 Min : 1 Count : 73380 Min : 1 Count : 132804 Min : 1728
Mode : 1333 Max - 2518 Mode : 994 Max : 1701 Mode : 2056 Max : 2989
Mean : 1180 StdDev - 277 Mean : 962 StdDev : 176 Mean : 2088 StdDev : 112
(f)sooo HJ-8 (g)sooo MZ-5
2500 2500
2000 g5 ‘HJQHJS . 2000 ] = v A == 2088
@ 1500 1078 10457 °% 3
é L 3 1500
£ 1000 W £
= < 1000
5 500 5
0 500
-500 0
-1000 -500 NJ L
-1500 -1000

Fig. 3-8. X-ray CT image analysis results for the Hiji outcrop samples. CT images of samples (a) HJ-8 and (b)
MZ-5. CT number histograms for (c) HJ8-1, (d) HI8-3, and (¢) MZ-5. The modal CT number, Ncrv, for each
zone was calculated near the center (within the white dotted line), with the peripheral CT numbers excluded. CT
number profiles for (f) HJ-8 and (g) MZ-5, with the values calculated along the dash—dotted lines in (a) and (b),

respectively.
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(2) MTL ¥ H5IHEE

SR 5 | FRUASTIT CEREL L 7= 7 50k} (AT, ATR2, ATR3, ATR4, HA-1, ATS1,ATS2) ® 5 5,
AT, HA-1 3K OVATS-2 @ CT E{fRTHRE K2 RFH & LT Figs. 3-9a—c [ IRT.

SEFMHT & ) & OMESERUC & D B S EIE A Bt e X 5 (TERI L 72 Wifgs s AT
O CT BfIL, EWEE Y OFEBOWREY 7 (AT-2, AT-3) TH;< (Fig.3-9a), 4%/ —v
2T D CT O FARME Nemv 1% 12091665 TH 0, EWifE M Y (ZHT 2 i Ehidfo =
BNNHFOWIE T D 2 (AT-2) O Nem D3/ T b, £z, Wil o P osMlloH 2 7 L —
T4~ (AT-1, AT-4, AT-5) @ CT EfgIIWIE T © I~ TH 5 <, Nerm 3 1718 — 1864
Thb.

TEFHAH N —F Va0 REEE HA-1 @ CT B2 T, BREEEBDIRE 232 A
EREE® HAL (Fig. 3-9b), Nerm X 1908 Th H. & 1-2mm FRED AL, HEHBEOM
REDRHMND, AFPREAICHANTERFEFFRREWARASRIEAITHY T2
EEZBIND.

ZWHEE Roa DR ATS-2 O CT g TIE,  ABRIE A 2 3 Dtk Ok )57
5L (Fig.3-9¢), Netm %1961 TH 5. 8K 1mm LLFO BEERIE, BHBZEOMEREED
KD, AR TEIR BT PREOVAERSCH RGOS WERBICHY T2 &5
bbb,

Netw DR OXFE & U= &880 CT [EOSEFE /34 % Figs. 3-9d-h (2R3, &fElkIC
THR) 1.2 T~20 T 7zl UTHE LR, CT MEFMRIER I L2
VY, FEAERZEIE 90210 T 5 (Table3-4). 728, BB E TN D2 ARFEFH S DORKE
WM DEBEZ LT T, Netw & 0 @V M 35U THEEE 230N 225380 S 554
D& DD, Ne 1T 26 DI DR A FRNTZIFER O CT EICKIS LTS

—J7, CT B O— 858K 1231 5 CT D34l Figs. 3-9ik (ZRT 80 Th
Y, Nervedan (AT: 1366 — 1801, HA-1:1965, ATS-2:1953) (%2 Yot CT Mifg L v B & 47z
EFC Netw EER3EE LTS,

VLR VEH L7 Now 2V, 5285 [ FEAHE O =) 1R E Aa 6 L OEE AN
H =T NEEZRHEE LT Nem & po & DBEURIZOWTHET LTIZRER, WTosafEicEs
WTHIEITIEEWIEOMBIRIR JRE 4 : po=1.08 x 10° Neru +0.56, HBIER% 0.857 ;
M b =T p=1.19 x 103 Netu + 040, FHEIREX 0.813) 2338 H41 (Figs. 3-12b, ¢),
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Fig. 3-9. X-ray CT image analysis results for the Awano—Tabiki outcrop samples. CT images of the (a) AT, (b)
HA-1, and (c) ATS-2 samples. CT number histograms for the (d) AT-1, (e) AT-2, (f) AT-4, (g) HA-1, and (h) ATS-
2 samples. The Ncrv value for each zone was calculated near the center (within the white dotted lines in (a)—(c)),
with the peripheral areas excluded. CT number profiles for (i) AT, (j) HA-1, and (k) ATS-2, with the values
calculated along the dash-dotted lines in (a)—(c), respectively.

Z OBIRAAE T Nor £ 0 BH L72BE po & SEHNE pe & OREEITH 10%LL T TH D

(Table 3-4).
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F7z, EREBRAE, Fig. 3-7¢ (TR T p & Zo & ORI JRE R Zoa= 1.45p + 8.7,
FHRAFRSL 0.827 5 M F—F IV« Zu=2.78p+4.76, FHREIFREX 0.802) 2> HIFE S LD Neru
& Zo & OBIRR (JEE R : Za=1.57 x 107 New + 9.47 5 Kl b —T L @ Zy=3.31x 107
Neww + 5.87) W THMR 7S Ze ZHRMLIZHER, Zo L OFEIT 7T9% U T TH S
(Table 3-4).

3) HEMEITFAEE

PP RGEIE TR L 72 6 30k} (T3, C-2, C-3,K-1, C-1, T-5) ® 95 b, T3, K-1 BLOT-5
O CT HRENTRE R 2R3 H & LT Figs. 3-10a—< [Z/R-7.

oyl PR S L L VTR e & OB BRI C & 5 BeiiEERS 2 Hete X 9 ICEER
L7cWrlgaalet -3 © CT Wi, FWriigm Y OFFOWiE A~ Y (T-3-1, T-3-2, T-3-3) T
i< (Fig. 3-10a), 45> — 2B CT DR Norv 13 1185 — 1492 TH v, TWrfEm
Y ZETehRBEER O LA DWIEH 7 (T-3-3) D Newm 23/NTH 5. T-3-2 13ahHk
D LB EHIEBORELZ T TND EEZDLIVDD, Notv X T-3-1 L [FIFRED 1428 TH
Y, FEEETEOWIEN VT D AT-2 O Ne 1209 % ERIS. £z, #BBTY Y T-3-1 5
FOBEET TV T3-21E, T33 ICHNTRRME THDH. I, HABIEORE, T3-3

CITHIRLZRE LR —RRIC A6 L, BBEBEATIZITETNOP 74V =—v g Ui
FEET HOIKL, T-32 X TICEE 02 mm L FOfA%, ) EA, READT T 7 2
¥ RIAT33 (AT EL G EN, ARRESEMHEIIERO b, RFTEEIE T-3-3 7o
Wrig 27 7 VICRE S TWD ZEMnD, ATl T-3-1 BLOT3-2 ZIREWEO T 2,
T-3-3 Z{EWiE DTy L LTHET 5. £, BT o oMol % 7 v—3 A k (T-
3-4) O CT H{IFWIEH 7 2~ TH S <, NevlE 1622 TH 5.

AR A OREERE K-1 O CT Hifg TIE, B AR &Mk a8 v (Fig. 3-
10b), Nerw (3 1656 ThH 5. EAE 2 mm FRELITNOAEAIMIE, EABEZEORMKE L OxtH)
B, AESPAEAICHARTHDETESDREVBERCHY T 520605,

FERFHEHOEZRE OREERE T-5 @ CT Eifg T, kA Lo Az RO TR E
Z 5 L (Fig. 3-10c), NemmlE 2590 TH 5.

Nerw DB HOxG: & U7 &k CT EDOBE 5347 % Figs. 3-10d-h |23, A EkICE
T 2H#2T5~31 87 B axg L LT LICRER, CT R IERI M RIZ L72Avn,
FEHERZE1X 70206 TH D (Table3-4). 728, WEHHICE ENDAHTHFE S DOKEWILY)
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7 1444

2117
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1 CTnumber 2266 1 CT number 2272
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Fig. 3-10. X-ray CT image analysis results for the Oritodani outcrop samples. CT images of samples (a) T-3, (b)
K-1, and (c) T-5. CT number histograms for (d) T-3-1, (e) T-3-3, (f) T-3-4, (g) K-1, and (h) T-5. The Nctm value
in each zone was calculated near the center (within the white dotted lines in (a)—(c)), with the peripheral values
excluded. CT number profiles for (i) T-3, (j) K-1, and (k) T-5, with the values calculated along the dash-dotted
lines in (a)—(c), respectively.
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—77, CT Hifgrh o— SBT3 D CT EDS3A7 X Figs. 3-10i-k (289 & B0 TH
Y, Neredian (T-3 @ 1204—1553, K-1: 1706, ATS-2 : 2612) X2 %o CT Wifg Lk v Hish
7z S Netw &3 A LT .

PLEXWEH L Now 2V, ST RBIAMEOILEERE I L OSERFHEH A LR
AEXRE LT Notm & po & DBRICOWTIRFE L7ZFER, WTINOARIZB W T H il
IZIXEVVIEOFEBARIR (TLEIERS © po= 123 x 10° Netw + 0.45, FHEIR%EL 0.872 ; X

D pe=547 x 10* Netm + 1.42, FHESFR%X 0.967) 3588 HAL (Figs. 3-12d,e), Z DBRAAE
T Netm £ 0 EH LTS pe & FERNE pe & OFRZEITH) 5%LL T Té D (Table 3-4).
F7-, EREBHRAL, Fig 3-7c iR po & Zo & OB (LEAERE + Zu=023p + 11.5,
FHEAFRSL 0.528 ; LU © Zu= 1.40p,+ 10.1, FHEIFREL 0.669) 2> HFE SN D Notv & Za
& DR (LEAERAE © Za=2.83 X 10 Nerm+ 11.6 5 ZEXRAE ¢ Zoa=7.66 % 10 Nerw +12.1
FAWTHREAES Ze R UTRER, Zo & OREZEIX 3.7% L FTH 5 (Table 3-4).

(4) |LmEfE RAEFEE

EHAL R O WA YDA © CT #ifgs, EWiEm Y 25t fim sl oWig »
¥ (YDA-3) ThiebIE< (Fig.3-11a), CTEDHMME Nem 1% 1108 TH Y, 42— Theh
Thd. £z, BB POIMUD T % 7 L—HA K (YDA-4) @ CT B IWE 5 ™7 212
AT S, NemlT 1333 ThD. 7035, CT BIBFEHTOXIGAN L LIz K@ Ao YDA-
1 BEVYDA-2 1T1F, #8EAL TIAE LB bERITR ST 2 AEEARKIZMm L T\ D,

—77, FEAFEL YK-1 @ CT Hif Ti, KK &Mk 722 B a2 380 H i (Fig. 3-11b),
Nemu 131730 ThH 5. EA 2mm FEELLT O AAHIL, EABIEZRORER L OXEN D, A5k
RREANHARTHNRTFESDREVRERIHY T 5B 261 5.

Netn DR O%S & U= &880 CT O$EE 5347 % Figs. 3-11c— (259, FfEICE
T KI5 F~33 T B AxG L LG LICRER, CT R IERI M IC LA,
IRUEIRAEIE 119244 TH S (Table 3-4). 72k, MBI E END AR FESDORKE WL
MOFEEZ T T, Nem £ 0 @l MANZ IV THEEDSOOH NS 272353880 H LD 560
DD, Nem T T D DA DR A FRONTZEFEH O CT EIZRS LT 5.

—J7, CT HifgH O— SEHHRIETI S5 D CT D43 A7 1% Fig. 3-11f 38 X OV Fig. 3-11g (27
FTEBVTHY, Nervedan (YDA : 11051325, YK-1 : 1782) (%2 &kt CT Eifg L 0 HH &
M7 BRE New EIRES LTV 5.
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Fig. 3-11. X-ray CT image analysis results for the Mushu outcrop samples. CT images of the (a) YDA and (b)
YK-1 samples. CT number histograms for (c) YDA-3, (d) YDA-4, and (e) YK-1. The Nctm values were
calculated near the center (within the white dotted lines in (a) and (b)) of each zone, with the peripheral areas
excluded. CT number profiles for (f) YDA and (g) YK-1, with the values calculated along the dash—dotted lines
in (a) and (b), respectively.

VLEX VR L7 New Z VY, BAEBIAHEOEEACRE Z R E LT Nem & p & D
BEFRICOW TR L72FER, W IS W IEOMBIBIE (0,=9.79 x 10* Nerw + 0.85, #HES
1247 0.893) 23F8® B (Fig. 3-12f), Z OBHERE VT Nemw £ 0 B L72EFE pe & 21
fiE pe & OFEZEITHI 10%LL F T 5 (Table 3-4).

F7o, ERRRRRE, Fig 3-7c (TR T po & Zo & OB (Z4=0.71p+10.6, tHEIFREX 0.975)
DHIFEIIND Netw & Zo & DR (Ze=6.95 x 10 Netw + 11.2) ZHAWTHIE &S
Ze R UTERER, Zo & DFEEIX 0.7%LL T ToH D (Table 3-4).
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Fig. 3-12. p—Ncrm crossplots for the sampled fault rocks and protoliths. (a) Schist (Hiji outcrop). (b) Schist

(Awano—Tabiki outcrop). (c) Tonalite (Awano—Tabiki outcrop). (d) Granite (Oritodani outcrop). (e) Metabasalt

(Oritodani outcrop). (f) Granite (Mushu outcrop).

SN
aFkaff

ATEICRW T, SEIEIC OV TERRANICIRE LSRR, Nem 20D Z LI2 XLV REER

JOWEE OB L AR TR S ZRTAETH D L OfmAEoNz. £ T, AET

B« AR ORFHERZEEEZ T, (Dpc& pe & DR IO Zy & Zee & DOBR, (2)

=

(X
Nema B K ORES 263 D WrfEa O L « AR TR 5B < WiEla DR,

JiE O s B P RS & Bl B & DRIFRIC DWW TR L 72,

4-1 Lt & Pc :‘:0)@13?:}3310 Lyt & ZLec t@%ﬁ‘%
Fig. 3-7b 3 L OV Fig. 3-7c IR $ L0, B L 290K & ORR CIIME-CafEIc L - T

PAE 7B [ O IR D HAVRVA,

3) W

BIE & AT T B L OBIR CIAMTE ORI X -

THAMDENDPFED bND 2 eb, BEEAMRTESOEETHD Nem ZHWTHE
=8B L OWE S OFHEZ MG 572120, Wi « ST TOMGNPNEL 2 5.
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L7235 C, AL, Wil - SN Nem & IO TEEE pe B L OERNRTE 5 Ze
R UM, Wilghl « SN HEH SR TO pe & Ze \IZOWTEANE p B LV Zo &
DOFHRIZOWTHEEB LR, pe BL O Ze X p B I N Zy L RAFREEEZET DL LD
I, WL bR E LT H LI EOHBIRGRIRED s (B : MBIR% 0.944, HED
JRF 5 FHEAFRER 0.895) (Fig. 4-1).

PLEXY, WTER] - BRI N 205 ZEICR Y, HE LA TR A SIET S
ZENAEETHD.
(@) ss (b)1s0
p.=0.90p, +0.24 . Z..=0.79Z,+257
y =0.944 y=0.895
3.0 14.0 X

& .

%l o
25 s 13.0 X

o (7‘% A o 4

Q N

20 00X 12.0
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Pt Lot
schist (MTL, Hiji) © fault gouge (active) © cataclasite @ protolith
schist (MTL, Awano-Tabiki) A fault gouge (inactive) A cataclasite A protolith
tonalite (MTL, Awano-Tabiki) [ fault gouge (inactive) O cataclasite M protolith, mylonite
granite (Tsuruga, Oritodani) <> fault gouge (inactive) <>cataclasite 4 protolith
metabasalt (Tsuruga, Oritodani) X fault gouge (active) = cataclasite K protolith
granite (Yamada, Mushu) fault breccia +fault gouge (active) =:cataclasite == protolith

Fig. 4-1. Crossplots of (a) the real density, p;, versus the measured density, p., which is calculated from Ncrws,
and (b) the real effective atomic number, Zy, versus the measured effective atomic number, Z., which is

calculated from Ncrvm. Regression lines were determined via least-squares analysis.

4-2 NemBLUBEICHT HMBEOEEL - BHRFESLICE D CHBEEDHHA

REaR JOWE S 264 & LTEE, AR5, CT EICOWTHRE LIEREER, p
Za BED Netw 13, WIS BEEABIEE CRRE L 72 W8 OB HHEERTIZ -5 < W22 T
THMRNG O, £, pdd Fig. 3-7c (T3 LB 0 Wikl « SRERNZE N ZEA O
Za DSBEZT D, RESTRT DB O L A I HIEs L OVERERIC B H LT
6T D2 LR, p kT D Za DECORETIH S LD,
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% 2T, Nen 38 K OREE T3S 2 Wil DR B L OB b WA ORHELZ DU T
T2 &L HIC, APETEFICOVTHREAICHT DWIEEDHICOWTRF L. Zh
B OREFHREFAIZ DN T Table 4-1 12T & & HIZ, ZNEND M HES KL O % Table
4-2 35 LWV Figs. 4-2a—< [ TR 7.

Nemm 1, Fig.4-2a (2980, REEIE 1900300 F2EE, % 7 L—H 4 R 16502250
FREE, FEIGIETE OWRE T 7 1% 1450200 FREE, JEETE OWE 5 w7 1% 1100100 2T
HY, WOBRENER, BIHEEHEIESICOoONTHED T L &b, ToiIEbHox

HNEL RS,

Table 4-1. Comparison of py, Zet, Nctw, and the rock/protolith ratios (py and Z*®) for each of the analyzed samples

Sample

Rock/Protolith ratio and

Faultname Location Material number Pt Zs  Nem compared protolith (No.) Remarks
ot Z&®  protolith (No.)
Cataclasite HJ8-1 2.03 1230 1333 0.73 0.98 (Mz-5)
Fault gouge HJ8-2 170 12.04 1109 0.61 0.90 (Mz-5)
Hiji Fault gouge HJ8-3 1.89 1224 994 068 0.96 (Mz-5) schist
i
Fault gouge HJ8-4 1.80 1212 1065 0.65 0.92 (Mz-5)
Cataclasite HJ8-5 1.87 1211 1281 0.68 0.92 (Mz-5)
Mizoguchi Protolith Mz-5 277 1238 2056 1.00 1.00 (Mz-5)
X ATS-2 2,66 12.64 1961 1.00 1.00 (ATS-2)
Protolith
ATS-1 261 1263 1640 0.98 1.00 (ATS-2) .
MTL schist
Cataclasite AT-1 226 1134 1765 0.85 0.66 (ATS-2)
Fault gouge AT-2 179 1152 1209 0.67 0.70 (ATS-2)
;. Fault gouge AT-3 231 1136 1665 0.84 0.65 (HA-1)
Awano-Tabiki
Cataclasite AT-4 261 1145 1864 095 0.67 (HA-1)
Cataclasite AT-5 244 1142 1718 0.89 0.66 (HA-1) tonalite
Cataclasite ATR-2 256 1217 1943 093 0385 (HA-1)
Mylonite ATR-4 265 1213 1820 0.96 0.83 (HA-1)
Protolith HA-1 276 1272 1908 1.00 1.00 (HA-1)
Protolith K-1 258 1216 1656 1.00 1.00 (K-1)
Cataclasite C-3 247 1211 1699 0.96 0.98 (K-1)
Cataclasite C-2 216 1210 1471 084 098 (K-1) granite
Fault gouge T-3-1 228 1196 1492 088 094 (K-1)
Tsuruga Oritodani Fault gouge T-3-2 227 12.08 1428 0.88 0.98 (K-1)
Fault gouge T-3-3 215 1254 1185 0.74 067 (T-5)
Cataclasite T-3-4 223 1355 1622 0.77 0.89 (T-5)
metabasalt
Cataclasite C-1 243 1410 1981 0.84 1.04 (T-5)
Protolith T-5 290 1396 2590 1.00 1.00 (T-5)
Mushu Fault gouge YDA-3 205 1199 1108 0.79 0.87 (YK-1)
Yamada Cataclasite YDA-4 198 12.05 1333 0.76 0.88 (YK-1) granite
Karakawa Protolith YK-1 261 1245 1730 1.00 1.00 (YK-1)
Fault gouge - 192 1219 1092 0.69 0.86 — Adtive fault
Fault gouge - 216 11.73 1449 082 0.82 - Inactive fault
Mean of all samples ;
Cataclasite - 228 1225 1637 0.84 0.86 - -
Protolith, Mylonite — 269 1263 1920 1.00 1.00 — -
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Table 4-2. Statistics of the determined Ncrm values and rock/protolith ratios (p; and Ze®)

Ncrm Rock/Protolith p; ratio Rock/Protolith Z ¢® ratio
ftem Fault gouge Fault gouge Cataclasite Protolith, Fault gouge Fault gouge Cataclasite Fault gouge Fault gouge Cataclasite
(Active) (Inactive) Mylonite (Active) (Inactive) (Active) (Inactive)

Max 1185 1665 1981 2590 0.79 0.88 0.96 0.96 0.98 1.04
75% 1109 1535 1815 1985 0.74 0.88 0.91 0.92 0.95 0.98
Median 1108 1460 1699 1864 0.68 0.86 0.84 0.90 0.82 0.89
25% 1065 1373 1402 1712 0.65 0.80 0.77 0.87 0.69 0.76

Min 994 1209 1281 1640 0.61 0.67 0.68 0.67 0.65 0.66
STD 62 163 239 288 0.06 0.09 0.09 0.10 0.14 0.13
Mean 1092 1449 1637 1920 0.69 0.82 0.84 0.86 0.82 0.86

Number of data 5 4 11 8 5 4 11 5 4 11

(a)

—~~
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—_
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.0
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= 2000 o8 ? ;
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500 (active) & 02
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()12 (d) 1
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*@’ 1.0 ._% o @E i g
% 08 —_ > 09
N Fault gouge ‘@ O A % _
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2 06 Cataclasite o (dime T34
% Fault gouge £ 07 ! >|'04J8—1
= 04 (inactive) E : dl)o";g:%lfé_c)uge
- (@] ey : :
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: . . . NCTM
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schist (MTL, Awano-Tabiki) A fault gouge (inactive) A cataclasite A protolith

tonalite (MTL, Awano-Tabiki) O fault gouge (inactive) O cataclasite M protolith, mylonite
granite (Tsuruga, Oritodani) <> fault gouge (inactive) <{>cataclasite 4 protolith

metabasalt (Tsuruga, Oritodani) X fault gouge (active) & cataclasite protolith

granite (Yamada, Mushu) fault breccia +fault gouge (active) = cataclasite Ez protolith

Fig. 4-2. Box plots of (a) Ncw, (b) rock/protolith pqratio, (c) and rock/protolith Ze*® ratio, and (d) crossplot of

Ncrv versus rock/protolith p ratio.

X AWEA OB X, Fig 4-2b 10T &30, BE 7 L—Y A | EIEGHTE
OWIEA D 1% 0.8+0.15 2, IGWIEOWIE A~ 13070010 BRETH 0, MR
DES, BHNEBRIZ LS IZHON TR 5. 72720, BEHOIXLHDEDORE SIEFH
RETHY, KMiEEDOSAEROENE Now (ZHET/IEWY (Fig. 4-2b).

e
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(S DTS DA R S EIE, Fig. 4-2¢ IR EB0, WS OFEEIC A7)
HbH7 085 BBETHY, WiEsEORAIZIS U EROEWITRD ey, Lien->T,
ARNRAF 5 IS OFERE & OBTEMEIIR <, Fig. 3-7c IR & B0 R OFHIZ L -
THMBE O A R~TEEZBND.

LLEXY, BHNEERBA~OBATIC N O Wilg s OFRHEOZIE N (2B W T b AR T
oL, BELITIEWIEOWIE AT Y IO EIZES TSN &, AR TES
Fel 3RS ORI ) BT I5S%FEEDIR FIZ & EE D Z LB 6 L7572 Neu I
BOCHIEE ORI O LN R b ARIC S Db 2R & LT, BEEAHRT-EFO
¥ C®H D New TlE, WiEHORIEIZIS U BEOBL L BRI T-F SO DB LA EE
T2 THHEEZLND. 12, Nem DEINH ORBESH DR TRES ORI O
WAL, REEKICRIT D0 12 TE 7 v EoT—2 x5 L L CRISTw
DO L, HERB L OEHEF RS IISEBICBIT A BV RA v hOT — X X5
ELTEORERTHLZEBERND 1 DEEZEROND.

Nemv & REEIZHRET B WS OB ORISR % Fig. 4-2d (2737, Nerw 8 X ORI
I ORREE N, B RERSIZIT-S 2N T3 523, FEEMEOWIE T 7 L b
B L—HA FOVMEBIIRE S EEL TS, Zhud, TEETEOWE D Y DIt
HAH T L—H A (HI8-1,HI8-5,T-3-4, YDA-4) 73, M FVEESCRA L I-iEWTE O HERE
BORBEZITHZ LITLD, ZEREBOHKE, NemB L OEELLOK Mo % 7 L
— A MIHARTHE LD, AR Now W] - ARBEAN DS & 7 L—F A b Do FatEEAH
IR 2D Z ENERTHSD.

4-3 HBOREZEBE L RITHEH L OBRK

AREFT TG L L 4B T, Wb RIS IC BV TRIE Lo BeiiEEhE o WrE
Y (HIS-3, AT-2, T-3-3, YDA-3) (2B T Ne DNEARAFEIC 72D & & i (RS o B3
Wi DEEE LI D\ T b iR Ehit & 72132 O IC B W CRIKIEIZ 72 5 & & 23R
iz, ZAUIBWiE OBETSBIRF OHIRRAEIRED, MEOWIBITEI IV TR bEW D
EMHEREBZ BND.

L7235 T, g D e {3 EE R 3, & OWTIE O BB R RSS2 rHErED 6 1,
I L DR T BRSO CHD Now VD L1080 RAATBIAHEE T 2 WHE
WRdH 5.
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UL, WiEAOEERTIX, WEEENC L 2 5EoRBLIMNT S, SO TRESrHER
%, HFKR~OEFER ED RGO ERIZ X DB 22T 556055720, WiEOK
R4 FEREI S 4T U S iR BRI RS LB WG E R H D Z L ICHETHOMNERD 5.
Nem i &0 FiE U T Rl BE SRR i TR BIEB LR35 aTREPEIC DUV T, BREABIZRIC
BT DVERBIEEC, OB L0 B S 2 WiE T T o OfEECE S i E DA
73 &L HE THEICRFTT DMERH D, ARRFHCHEGE Lz 4 g TlL, #RiA81IEE
(S XV EENEER AGEE L, Wi U P RNE B O B ORI A T oSO S
HHEIE MR Lo Z LD, AR S TR I S LT D r— A & LT
TE 5.

PIEXY, Nem ZIERT 5 Z & X 0 W8 OBARE AR ET 5 Z E X A[HETH D,
Wl DEFERBIZEF L OWTE 7 7 ¥ ORUIMEIEBIZE L AAG DY 2 2 LT X0 EATEERE A
WETE DN D DH. A4%IL, [EWE, IHEWER KON ZNOREE OREEFE %
oL, ARMRETCHR LA New 216 H LT O FARE FE RIS I ONE B 2 58 E
THFEOENEEZ S DITED D Z EDRHIFRFSND.

4-4 BRBHOEHTRILF—E. & Nor DER

29 B TIL, 6 FEOIWREI X5 & L TET RV F—E, & Ner & OBIRIZOWNTEE
HL, RTHLNRat e 825 CT EEICHT et~ i EIC >V Tligt
Lz, REIZHEWTY, miE L[ CHEZHG, SAaEHIET 5 38— r V¥ —E. & Ner
& DRI OWTEFRIAD ESFER N ZHEHL LU 7= (Table 4-3). Z DFE, HiE £ TOMECHEH
L 7= FEIT 140KV (64.1keV) @ Nermode (ZHNZC, [l UARAT X SPH TR L7248 )E 100
kV (53.7keV) @ Nervode 236 L CTRET L 7.

ZORER, BAEFELE HIT Nemode (TFERNT AR F—E OEIRIZHENEAD L, £DOZLOF
FEIE Netviose DIRICHEOHENNT % (Figs. 4-3a, d, g, j, m, p). ARSI E) =R F—E. &
Netmode & DOBIRZ EARERATURIL, Afd A BE U B & Nervose & DBIFRIZDONT
B LT AR, Netvoe D OARPHDRN T — 2 Z RO CO TS RAFZRFEBIBIR S B
7= (Figs.4-3b,c,e,f, h, i,k 1,n,0,q,1). F£72, AFHNIEE SN2 TOHRL A 35 LU0
A B & Nemvode & DBIMRICOWTEI L72/ER, 2k E LT Hila—& L7-AHBIBIHRDGE
WD (Figs. 4-4a,b). 7235, BEMORAE, SEWEEIORGHER (A=-0.034NcTvode (140
w) + 36.9, B = 3.18Nctode (140 kv) — 2367.4) & BAF72BEAMEDNRD HIL D0, GO AT
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D X 91T Netvode /NS WIHEITIE,  E AT D Nemvose DEALDFEEE I IHMFALHI LT
NS,

TN DOBRE VT, &I 140 kV (64.1 keV) D Nemose & HEHE L L72 I 3 LF
—E. & Ner & OFIRZHEFL L (Table4-4), WA D Ner DRFEAE (ERTE OWIE T © 2
1100, FEEWTEDWEH 73 1 1450, B2 7 L—HA k11650, R :1900) %ML LT
FLTRER, A WS D E. & Ner OBIRIZEFRBIOMFEHER L 595 (Figs. 4-3a,d, g, J,
m, p). 728, ZOMRTIE, AHICBIT 25 E. ORI A2 S8 LT 54~64 keV OFFAIC
BILEMRERLT.

LLEL Y, K CHonReht s B s CT EE ISR DRahaiE A+ 5 7290121,
CT 3@ DI R NF—E ZWE L, Figs.4-3a,d, g j, m p ZIEHTHZ LILY, Kin
[ZH 1T DEFEIE 140 kV (64.1 keV) D Netvode & DEIRICOWTHEBITE S L & i, FIU
RO B E O TR Sz Nor 2T 5 2 L1280, CT EEOFEZ= R ¥
—EHHEETHZ ENFHRETH 5.

Table 4-3. Relation between effective energy E. and Nerwvode Of each protolith type

Fault . ) Sample  Pixel 140kV (E. =64.1keV) 100 kV (E¢ = 53.7 keV) Ncrvoge = AEc + B )
Location Material Protolith
name number  count Nemw SD of Netm N SD of Ny A B
Cataclasite ~ HJ8-1 113570 1333 277 1572 324 -23.0 2806
Fault gouge  HJ8-2 122389 1109 192 1331 223 -21.3 2477
Hiji Fault gouge  HJ8-3 73380 994 176 1167 205 -16.6 2060 schist
Fault gouge  HJ8-4 61075 1065 170 1254 193 -18.2 2230
Cataclasite  HJ8-5 39613 1281 312 1464 355 -17.6 2409
Mizoguchi Protolith MZ-5 132804 2056 112 2384 138 -31.5 4078
Protolith ATS-2 119482 1961 129 2261 146 -28.8 3810
MTL ATS-1 63283 1640 177 1911 211 -26.1 3310 schist
Cataclasite ~ AT-1 202405 1765 171 2086 194 -30.9 3744
Fault gouge  AT-2 17591 1209 143 1444 136 -22.6 2657
.. Fault gouge  AT-3 11968 1665 104 1992 102 -31.4 3681
Awano-Tabiki N
Cataclasite ~ AT-4 103475 1864 161 2130 180 -25.6 3504
Cataclasite ~ AT-5 52123 1718 123 1929 136 -20.3 3019 tonalite
Cataclasite ATR-2,3 80661 1943 90 2271 102 -31.5 3965
Mylonite ATR-4 132075 1820 210 2138 270 -30.6 3780
Protolith HA-1 134722 1908 209 2270 240 -34.8 4139
Protolith K-1 311751 1656 186 1909 224 -24.3 3215
Cataclasite C-3 234228 1699 164 1914 208 -20.7 3024
Cataclasite C-2 241788 1471 93 1678 108 -19.9 2747 granite
Fault gouge  T-3-1 94154 1492 70 1721 74 -22.0 2903
Tsuruga Oritodani Fault gouge  T-3-2 64118 1428 121 1645 138 -20.9 2766
Fault gouge  T-3-3 19558 1185 140 1380 168 -18.8 2387
Cataclasite ~ T-3-4 78628 1622 206 1960 256 -32.5 3705
. metabasalt
Cataclasite C-1 203854 1981 177 2485 221 -48.5 5087
Protolith T-5 201781 2590 204 3172 267 -56.0 6177
Mushu Fault gouge YDA-3 49921 1108 130 1280 171 -16.5 2168
Yamada Cataclasite YDA-4 165093 1333 119 1515 136 -17.5 2455 granite
Karakawa Protolith YK-1 329517 1730 244 1966 298 -22.7 3185
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Table 4-4. Relation between Ncr and effective energy E. based on Ncmvode (140 kvy Of each protolith type

Fault Location  Protolith |/CTMode E. or Fault Location  Protolith Y CTMade E. Ner
name (140 kV) (keV) name (140 kV) (keV)

MTL Hiji schist 1100 -184 22982 54 1303 Tsuruga Oritodani  granite 1100 -18.8 23136 54 1298

56 1266 56 1261

58 1229 58 1223

60 1192 60 1186

62 1156 62 1148

64 1119 64 1110

1450 -23.0 29457 54 1705 1450 -20.9 2800.1 54 1672

56 1659 56 1630

58 1613 58 1588

60 1567 60 1546

62 1521 62 1504

64 1475 64 1463

1650 -25.6 33157 54 1934 1650 -22.1 3078.1 54 1885

56 1883 56 1841

58 1832 58 1796

60 1781 60 1752

62 1730 62 1708

64 1679 64 1664

1900 -28.8 37782 54 2221 1900 -23.6 34256 54 2151

56 2164 56 2104

58 2106 58 2057

60 2048 60 2010

62 1991 62 1962

64 1933 64 1915

Awano- schist 1100 -21.8 2499.3 54 1324 Tsuruga Oritodani metabasalt 1100 -18.6 22999 54 1296

Tabiki 56 1280 56 1258

58 1237 58 1221

60 1193 60 1184

62 1150 62 1147

64 1106 64 1110

1450 -25.2 3069.8 54 1711 1450 -28.1 32589 54 1744

56 1661 56 1688

58 1610 58 1632

60 1560 60 1576

62 1510 62 1520

64 1459 64 1464

1650 -27.1 33958 54 1932 1650 -33.5 3806.9 54 2001

56 1878 56 1934

58 1824 58 1867

60 1770 60 1800

62 1715 62 1733

64 1661 64 1666

1900 -29.5 3803.3 54 2209 1900 -40.2 44919 54 2321

56 2150 56 2241

58 2091 58 2160

60 2032 60 2080

62 1972 62 2000

64 1913 64 1919

Awano-  tonalite 1100 -14.7 20432 54 1251 Yamada Mushu granite 1100 -155 21229 54 1284

Tabiki 56 1222 56 1253

58 1192 58 1222

60 1163 60 1191

62 1134 62 1159

64 1104 64 1128

1450 -21.7 28412 54 1671 1450 -19.0 27039 54 1676

56 1628 56 1638

58 1584 58 1600

60 1541 60 1562

62 1498 62 1523

64 1454 64 1485

1650 -25.7 32972 54 1911 1650 -21.0 30359 54 1900

56 1860 56 1858

58 1808 58 1816

60 1757 60 1774

62 1706 62 1731

64 1654 64 1689

1900 -30.7 3867.2 54 2211 1900 -23.5 34509 54 2180

56 2150 56 2133

58 2088 58 2086

60 2027 60 2039

62 1966 62 1991

64 1904 64 1944
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Fig. 4-4. (a) Relation between the gradient A of the linear regression equation for E. and Nctmode (140 kvy for all
protolith, (b) relation between the intercept B of the linear regression equation for E. and Nctmode (140 kv) for all
protolith.
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