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HINHZ AD TG A TR R 4 3 IR d, Elc s o, Allbke 2Ol
251 d B ENEE ST 7 ZIc B3 T 200 5 A0 EMSHEAHNER L Fz S o
B ERSHEEHIK L, A0 14 LAH 8 I L 3HEL ERMB 0B bal e
& 2 HIOMNHZ AHREL TV 3 LT3,

6. X

ORI, KL JalHS A0 GNPRIEE SIChifsE S8 3 L, BoR Y Eauc R
D5 KEEKEF 2 8B 9H ¥ K U 9H YU w F ([) .96 ¥V v F (#).9H F1 »
Fo—LK Lifid 5 RRE N 4H0F 7 51000 TR, 9154 FRIBXLA ST L
Fo 1R a KB (To-a, BIENES, 1981) IR E N5 AN L,

KERKEF 2 MBF OH- (11) 70 » FOMHE M EEh 577 5], KA Z AOmT#
A5, EWMEHIERT 7 SoR TR, BER 1775 (OnPml, #10 HEN : BH - 5
H, 2003 4 &), IHFALEAOIEE (Hj-Kth, #)9 ~ 10 464 @ SL0EH, 1989, WIH] - 8,
2003, AR G, RAXRFER). WEHKET 73 (NN, 89 5N FUH, 1989, Wr
1 - #iHE, 2003), WFHIRT 75 (Nr-Y, 940~ 6.3 F9E W, 1989, BIH - §i+
2003) HEICIHHT ZAMEDSEZSNS, LHLEDSSKINA S AN L, range ¥
mode fx EREMICHET 22 EAHBTH - EBICIERATSHS.

Wt 14 BEUWE 10 IC3ENST 7 FRFICOVTIE, MiT$EH 5D range gAYk
< MEOT 7 ZICHRRT ZAMEEASE R 505, TSRy 0L LTI, Lido
F7FOuEh HENIUE 2 LORKISIEN S LA S, BRI e T E R E hT
WBK 1.3 ~ L4 JFERT 1 il SWIH Uil i it e (As-YP. #ilE 1962,
BI] - ik, 1992) E—HIONCROIEN &£ 2 SRCW BRI (AsK, B - §if,
1992, SUH, 1992, /- SN, 1994, WRIBIRIATT, 1999) (Clhkd SEEL £ A5
ha.

A7 MRS RINATS ASDUWT I, BERIRLO D0 i S OEBE i B 5
FHERSNTVEY, MATHNEEENTVS, HLVRZOTREENSEL 77 IO
T # 3.2 FTERTLANT *1 02 R LA SN Uz R KA 77 S (To-Of, Hiltday
1972, Hayakawa, 1985, Al h)il, 1979, Huli- Kils, 1986, WIHI- ¥iJf, 2003)
o 812 ~ 13 FEN LIS HRmA L S L HRBAFF 73 (ToH, $llED,
1972, Wl 1983, Hayakawa, 1995, BIIH - §ilk, 2003) & EiCilidd 5 alpEtEns S 2
5h5, ME8BEUREGICEENZMUHTACOVTE, lH 14 BLTEMA 101C8
FN DMl T A LT 2 L H TRIFSMEVE S LA A DM RO E A 504,

A

FIIE 5 i



w

FIAE RS

E 51, BERMS N TV AEET 7 F0XUH 5 AOTMIHEFEHIRE 4 8 L TREZHE
B, WE 14, BH 10, BUH B OUCIE, Si0: A8 T8 %A%, TIO: A' 0.3 %A, ALO. A
12.5% i, FeO#* 1.5~ 1.8%. MgO A% 0.4%MHE. Ca0 #° 2 %ifith. Na.O#% 3.7 ~3.8%
BUE, K204 L.3%aGig0 LA 2 AHEBENE, CORUHF AT, BRI
HINADRI SN TV B HUEA L ZOMAO N F AT 7 FOWTIE, To-Of % To-H & &1
HEF7FRHETBLICHA D, HE, ToOf P To-H L&D FCHD Ne-N® Nr-Y 4%
EMFRT 75 T 5 L, Ai#id TiO:, ALO., FeO, MgO., CaO, Na.O IC& &, Si0:%
KOICZE LV TiO: % FeQ R EGEHS &, LWITNE ToOf 0N BVEICHALE
OO, WOMSTICREHEZE L, RERRETOGREOREZELY.

i, H 10 BRUE 8 ICIE, SI0: B 78.5%LLE, Ti0: A% 0.3%FME, ALO. A% 12%3H,
FeO 7% 1.3%F0E, MgO A% 0.2%4R. CaO A 1.3% iz, Na:O» 35% M. KO3 %D
KA F ARBHEND, TOKIA TR, ERFEFHISR SN TV SR & 20
O H S ZET 27 OWTIE, As-K OXNH F A0 ERIHEPFHIBISIERIC K STV 5,
EHIC As-K & Nr-Y % NeN x EM P R7 7 5 2 Heed 5 & i Tio., Mg0, K:0 23,
5i0: % Na:Q ICZ LV,

LLEDE SIS, JliH 7 AOBEREM, WMITE, & 5120hd 5 20 B L
SEAMICHINT DL, WH 141030 L To-Of % To-H & E FRIBRT 75, il# 10
L BICI LA LE ToOf % To-H & E FRIKRT 7 T OIEMC As-K ANRIEL TV
A L EAGNS,

Al BOT, FRIBRT 7 7% AsYP IdpEd 2 Aalidf 7 Ao LE4hrd 5 3b ki @
10 &0 Lo 3ak AH8~T) S HARSBEEN TSI &%, T0 3a Mic
& HIFRT 759 As-KIChd 3 RNASABREL TV LB END, Sakiic@ag
TV HhEE, PREE AsKHRELTUVS B SBHENELOLIEESh S, 9F
FLyFicBLTE, WROMLAS ZEES (bR L) (HETAML,. LiTEsI
iy sHECH S, LA T, CORMICEWTLhBUIMTSHS 3akit, AsK &b
Lt EASNE 5. SP23 b LY F TR, BEhizkiliHZ AD RS PERVTHICTHIE
FHTHBA, P2 RO T EAHG6 (dakd) Kb hEND LS THS.
25, KRUKEF EBMARPR F L FIc B3 T NE6OF 75 ORUE. K0TS AOE
KIS, XD FO 4a i H H0ERE £ S5hb.

FERELICUMMLICENT, 77 TORFRNO BUOMAEREL, BREHETT->T
THEHMT ST LIk, AUMTRINE O FIIRT 7 SORRENSMLED ., #
2.4~ 2.5 HIEN 1 ICBRA LT I U L i B To JOUB (AT, B - #ik, 1976,
1992, ¥eAiddr, 1987, Bhliddr, 1993, iliiEs, 1995) iCdok¥ Bl 5 Al
TELGENESHD, HEILHT ADTRIHEFMBICHL T, MIFBIC RS L, &2
SIS RV LALPIREE SICHEND LAV,

7. k¥

S LBrARE A 1 SRR & UUREEKEF 2 B Bu T, ETRE. Al 5 . W
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i, EPMAIC & B3 ANH S ADEMIHE PRI ETT > 7. TOMBR, AUBTIED
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T, HERSICBEOTE FRAKART 75 (ToOf, #3.2 774

FRimadiliBe (To-a, 915 %) ICMEENAHLHEALNS. . X

PR |8 5 e £ < Bl S hizhali A 5 2o
i *1) HAHLIE R

AFTZZ (ToH, #1.2~ L3 HEM 1), ARG (AsK # 1.3~ 1.4 77901
M EICHPES B AV T LA SIS ol AMTHIIE Nz IHGBBOREMICD
Wik, P LY AsK FRIRIRICIFIICEREN TV 2 L 52 605,

*L BdHEBGE (140 K
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3 KBEAREF 2 REHO {1 g O MNP & LanilKIED 75 B
B 27 LA L &S
L. sbiidkt

WD LT AR AKEF 2 BB EIIH G A OV 4 112 2% H S a2 i1 -
Too EOENEAHIELD, GRIEGR FigL 5250 T3,

ST LTadaiE, o 7IEGER 30 . R L3, A1) B i, BAINAL—N 1R, =
YERY LAS— 19 2L BA- MR 53 MTHD, i Lzt i, BT 109 £
Tl 3 i THB. AMOMAE (W7 &, BEHREOTIICHE -T2

L. St fsik

1. R DBE L

FHmIck b xoC L FRENE,

@ HOXRHOMRZHRED, HEBISFROME £ L TEME L RIFT, < oMBHcEm
FOERBORIMAWIRFE N5,

@ RIFRRAKEO 5, WHROMHTREMMEMETERVE S &, MBI -
Ffic DL TE, S LS RSHOABNEHRICE > TEC MM LTRELE
5.

@O xuE, FFICHBE V. Rots (2002; 2003; 2004: Rots and Vermeersch 2004) 12 X > T}
EEE DA - CHFOABFORIE & OB THME . LS Tl THhiuE, &btz
EFEHLINC & - T U KR - BFEE ORI SRR TH 5 mbicitiEhznd 5
5, PRSSAROEIRIY O S WRHEOMSE, £EH £ < RAKOEMREIC X5 LEA SND BT
DVTE, TESHREUHLCRBL. Gl LTONHRIERITL. IEDMDABIRKE
ISR DHBDE SERATT ST B Lz, TORBIC, IEROTHTICIES, £ROTFM LR
MEEL .

2. i

KEYENCE # O F 2 2 =4 20 A 2—7VHX T, FEHR L » L VHZ100 (%
100-1000) & VT EI S 54iE (Keeley 1980) THFISOEN & 2 KIEOMIRATT- F=.
Eie, FA ZEORSROERNN L . NSO MO RREE MY T Bzhic.
Bl I OARS4 L  X VH-225 (% 25 — 175) #Hvie,

B A RO FORE EIC L BiERELZ /—IL R TE T ERS F,

M. 5347 ORI — MR O AT IO B & A KIE O il

1 EREOGERINT 2 — RN RER

TTTE. i (2006) IKBWTRUE, MAROAMEHET 5 IC B0 TRET<E N
AMIEERE L 0 EAMDGRIABIEE Nz 6 BT, B ICEOLBAMENE (i
o Fe T EORNCIEE S I, IRMOEREOR ANV T, GRAMERE hisir- s




IEXRD LS BB EZ 5N S,
© HEROWHIEDSS S . BN IADEREAEN E Nl o 7z (MAIBERASEL, %
Toid AR I A ).
@ HRWAIERNICIES | FEER D &1 TIENARIRRIC A Ui o sh I IR A3 L hr - T2,
@ Wigomikic & b EREDLRBA bh iz,
@ AEAMEHMDERGE O E WS S WREE 2 72 (R, BESRILS),
O LERGICOWT, EDOXRSICHIETEEMELUTICEL S,
2. )R O E

ERD - @D TiE, MM (FTIER) OTRERMT ST Lick-T, D
FMEHHHHETE S, EHADGRIEICANICIEFENTSH D QLI 1986a), SFE (wear)
I& THERC & B ki E JokiRal g (O AR 22M 1970: 148) LE®&END. EX
EVH A HET, ThicHL, MhMERE, OFIC Ko TREBORABGDCE RS LR
ARSI RIS E LIz, RRMICE CSH%RT, W (racture) 19 5,

—Hic, MhMEELE. RO, X OMEREREI NSNS HS. Tiabb, X
SEOARBNEZHEE EOBAIOR LY 0Bsic BT, £l (e 2E. 7
5 LEila B E N o< LT, ADBIS S SRIELETS &, WEEN OCRE) AL
TRETH LS IESMaHD S, Lih>T, MHEOMEWEIe, MRTOLRIED %
Lt {WAMTIE, WS IOtEEs N N LORKICED M5,

EEL, MENeH5. EHICRShOMNTY (X ER) Tk, EHORER%EEL
T, PhHSHOR R E huc S Ve F 2, Moss (1983a) OIT 5 X i, (L FOMEIIC
WL IEROF Z R, P8 L 72 AMASERETTS b, SR AR RIChD DIC VDT,
PNHBOSEED WS LD, ANAMEERDSMG TS, 61, M/MBITIE, W
HOER, FEb5HROUEFRNEROBBOERIC L SE0HHS (Keeley 1980: 4-5;
25-35 B, /. AROMBOFONIEMMTEZ (Shea and Klenck 1993),

LirL, DLEOESHAREEL TE, RO, MNMEHo SuRBRLICE. EH
SOEIRTA R TN 2 HEA VO T, BB RERR]. GREOMHAOEIZOLT
D5 HIEOHIGHE =55,

3. RERIEOFE

B EDRL TV ENELY, GROEAIOERGOTEZECAMMCE. F90
BROLMREA TS5 LARETHS (Yamada 1998). Bdx6. AGlMENEN, #
HADERTEIAERE N TS, B0 RBANOBIE X - TUEREOCRTD Kbh 5 ATkl
HHLHMETHL, WMTHOMN, (RIS, EHRFOBEESS 00, Kbtk
IEH IS HOFTRHE DO THHDEREA D B U, ZOaBEIE hixdr o f20lhE
R & b, LA, RRESETNE, STLLES ERFAL, £, SRR
DREALFICE>TE, MElcdd 2R P T EHRES, FHAE, a—2-Yo—2 A@xA
FHRED &30, JERICEE LI, MIEAHETTL T EHIFL TS, e
ek, FEEOEOIRE (B 27 &, DEPORIETLIDhP T, LT,
RISV T, MW TITb N EEIOMEEITT 2B &, GO XibRE: 8T 5

I E ARSI
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BENBHD.
4. RO

NS B ORI &L DRI O REEA KA S S, AL EREDER
(HASEFFENTH BT, AR, PHEDHEELIC W EWS . D HBREhC &
B0 AMKEF 2 BT I & TR BERTEUHE F & A EALRIED ) D i B — DT,
RO ORI O SRR O SR U 53 ETi>EV. #5 (2004) &, EET
CUH ORI & BBIRIERIES 5 Fohic, RMHLE IRV ITERTT > T03H, RN
TOE S HERNEICEOFRERN VAT EAATE G OT, BIENHVEOS, 20
TR IGE & TS ISz,

V. R D& mIRE & Z Ok

1. BEREEOE(L

CCCRABORENERNZLOMBIC OV TETOMK E D HEERL S, Al
O ERIC &, PREOBROERIC XS HREZEL (post-depositional surface
alteration = PDSM; Holms 1987 Levi-Sala 1986a, b) LAHC, AAMERAY e LI din %k
55, EZE, FIFE (1992) ORY LU TSRBERANEL - TS RRRLREE) (X,
GROEHME, —T, ABEESDVREIER Luvok, RMChR5 RO
OB T, BRSMICISNZAE > TR S hiMmic, FHs e TRIgORR
BRMEN RO E U SHGEIET. Fio, Friedmanetal. (1995) ELAF rL-
R ¥ P ORFISHREAG T« FOMOE L THAEZEER SN BHLHE, JHEiT-
T, GHIEIFOMLM (@455 1993ab) 12X ->T L LINOG D MMATER S 5,
2. BRAKLSZREE{LOEH

R BRI XA GROXNELOREZ, B k> TRESN, ThHRIELTY
BV EERTH D09 LE N ORO D RNZLORENEATHS LS T EidEu,
[AUHBFNTSE, W4 OGHHCL-> THIEOEIIRES, BERMICIE, FIUERET SRR
SRR OBV RIEO BRI EE TS L. R{AURHETHSNELGHTE. &
6 MG HRORITNEREOEBCCED . MIEORIESNE BG5S,

H#Ici G Ml 5N 3 ORI LS R0 3 N H 5,
@ 114237 1 F (white patina)

BT Fid, ) AEHOGEIC XD BB - &l BV TEL Kol
ELot=wic, BRSO HASHRTSHS  (Curwen 1940; Schmalz 1960; Hurst and
Kelly 1961; Rottlinder 1975: Stapert 1976). #{as37 ¢ J (brown patina) i& i~
DOEHEROTSFICE>TELS L EABNS  (Hurst and Kelly 1961; Rottlédnder 1975;
Stapert 1976), %FFFEOSHMATE, FLALRSNEZVOT, L FORGHIS
.

@ )ikl (sheen: Levi-Sala 1986a. b)

T AROE I A 8D B4 2 RIEOERI T, Rottlander (1975: 101) 7 LAV

WIZ X > TATMICHNT S C BIcHBh L, glossy patina (D¥EMULIF 1) Eof



AT, AEPICEL B8O RT3, Vaughan (1985a; 42-43) X LHRTOR O

HHPIBRIC K > TECREDIEITVA T BT H% soll sheen EFAL, TOHEE,

WERN SR A L TV S, WIS LA, COMOKREE. #HIOLRmOBRR

B LD, BEIC K> TR E EE¥ SO LWBREZEL SO THIERTSHS,
(@) MHE (bright spot; Moss 1983b: 81-83)

WRTERZSIERICH 5 TRIRD D - &0 LGRS, flfi&imic s> 4L
KRET BOT, B LT, EHHOERE & I BB IR e 295, sl
Ko TEY, BEOHEIEC, L0 ECAHINN S5, ChCDVTE.
L OWHT, RICIICRET 5.

3. REREOFEL

ET. Lo 3 MsioXm (kD> 5, Kkl (sheen) AMEREEE L, o &MEELEL
%o tiE (1986b) I3, Vaughn (i) @ soil sheen I THRER ) ORIAEY TR, LirL.
IFREARORMICHSNEWIREIE, WilgOXNEEOHTEEL, AHObLLLE
OEICE 580, WFORLRIC LS80, SRMARELTHRET S5k, M)
THABLINNC, FALPRLICK > TELLLOSHRELTVE LEAGNSD, Lizh's
TMERHDERE OIS L > T/ A XL B BKRIEE, & H BT EOREIBD Y &L T
FOEI (background polish) & L T—5L TS OMERINTHS (Yamada 1998).

Yamada (1998; 1LiFH 2006) Tik, ¥EOGROMEE A 5 BIRNCTT TIFIL 72, ST
TOHNEIANCHES 555, JORNOWRSE, TS migs, kO GIMmETis
#& <, KEYENCE DF ¥ 2L Y0 Ra— 70 450 1 (REFAMED 200 (FH1Y) THE
FEE N2 E DEOT, THICKHU TRZS BRI 5. @i & 0 mim i
AT 5 & S ISE TR, FILRIEOITROLRC b, & 04RO GRS 10%
PN %o S OIWEDEIROM- th- S EHNE, SRERIIC BRI RE U O M SO
ORI TFOETHREL THD, WHEROZNEFNORIEIC BT, FnEEA BRI
OWHIREREORA, FiMIC SRR 5 5.

LUFiz, WHEOEIRO MR AR k|
0 JRmL

RIS EEE LT B A, EBHICIE DT, T LR,
11 fadE

R EiHHH 10% LR, VWhibd “meat polish™ (B 21 7) SREFTIMOFH iRkl
“generic weak polish™  (Vaughan 1985:30) &l T%5.
28

TER A BRI I 20% B, FPRHEIC S8 L 7o R D A Y] AT
3

FE AT T 30 — 40%. WEARUCTEE L B, C. D, E: 21 7O & 5 i H
[IEWHET 5%,
4 3l

PRI UE 50% L L&KM S, a—2Ya—2 (A 2o PR Ok,

VI FEREE
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RIS TGE L (HOERBOR, ORI DHHcRNTES.,
5 JERicom

60 ~ 70%LLET, O— ¥ 0— R YOS 5EE LI @HIERGZ LHLTLEI O
THEH, L{OBG, O3 LMRFHINRBIROBIRS THERES i B EhE,

LR & B O R L B R Om R, GR&EOT Y 2LEiir SHI LR AN,
BUNF 26 IR & S5 F v — b EALIC BB LT ORNIE T 20N THD, 0
B, IR OFEATI AT I E S HE0bic, TH-dh) (= 25), -3 (= 3.5)
LuSHillon T I — L,

FIfas 37 ¢ Ol R RS .

0: ML

(1@ @

219
WEIEOERFDERMDMETE S,

3:

FEE LI B, C,D, E: 24 7O & 3 5 RIAFE T HETH S,
48

a=eya—R (A 24 DRI O X3 %, JRHICREL REIEOERTOR, o
WEE D S T 25,

51 FEHEICom

HAHGERITIE L RIS R EOT, RTOMEMAOERIIEMELTLE S,

FIf 87 ¢ T OWEI. BIREFTROBE L LTRASOT, LRO&HF T —IE
RIS C LML, LRSS TEBNEA 7T =SV ShEH, FhTE
BHEIEOMBTIBID, BB O (HE) &, WIDLRODEE L OFTEE R BIC
BELIZhES, MBNCEHVEREG, TOLS BHNEDT « FE L T REE
THILIEWBTHS L, E-UHFOERABRCEEL BV, LT, Mk iy «F
FHEEORETE. B0 Icgh5NTHS,

FIEHOWRER LB @/ AT  FORMEBIRACELTH S, WERXRERKRELTE
Bk 5 RMORME LD, JERICRE L IR & IERIC SR L (10T« FHREIL
LMICFERICTEET 5 T L, ilREY. FIDEROBRIENE < TS, AT ¢ T ORI
g, RERER RO ERVAEV. £ MRICRECERTE, &L HTXRERES
Wb, FICHEGOBTERDICEBICLASHSHET LEHSB. LT, RIOREN
Fo B MEO R RO IR, BRI S ROTENTE TS5, Bk ARSI,
FEC A% ETERSOnHETHELTHH 25, T 58 (=4, 2) Ok3icidli
@i L 7= KEYENCE 0 VHX & VHZ-100 O L > XO#H Sh Tk, FifsiF+ Hic ks
KOHEL DDA CERORMIAMBC SO TE LER TR ZOMTRXGIREICEL TV
BEHABOEN, W ERAETONAT « FOIGEHIE LT LD Do, ZO8. A
AT ¢ FORBOREI, M) BEEFAELOLESTVS,

LROBRR E AT« F OGS, ERNREYNHET S 00, ThETIm



I Uil 51, HROEANZ RGBS DWT, RTCHWEiEZERTs L0
EHAS.

V. RS KT 2Ol A2 & 2 i i

1. XiR@

KRNI ML ACEMIIT 7 — LiC & - THINE N ko e (188 1989; Bl -
BFK 1981; FiRfl 1982), 772 L, MERICIXEMEDERIIOR 2 FICidhi H LR
BY, TR XA THECLBELHLOT, B XA AT TESE, WA Lo
T TE %4 THRPOKRI | LVl e L DY LI, SEDSHTIE. WCE 2175
STFNUCHIM LIERIA S BN E Wiz, E 24 FHBUIEK A BITIE & Elclin T h,
MHEEAT, HEEEREOFETHYNCECS a5, FEMHFLEREBICEWTE
E & LI E EBTEBNIIARINE Wit ¥55L80n L, MICEXATL
LIahign,

WSS VHZ-100 0 150 {5 BRIV 2o 63 VHX TRV S N b2 X VHZ-450 (&,
450 fEARIEE R TH - A%, COMPRTIE. NRBOMBIZLL LHRAENBL00, 8
TS CIRMO S FRREIAMEE Lic < <, JCIRIE & IFXCIRIHT 53 42 MRS 7 T BIEFIC I
% ENEEETS St WIS SREIO KK 2 MOMBTIE, MR Oy R
A, BUDIEL I DIz - THIREH I LTS S LAY FHMBEORRTHML ., ftko
450 {5 Cld, RO DVT, WIRITE & IGRTBO KN, KREOLND &%
WNCHRT 52 LA L IMMTH S 2 EAFRIE N, SO, i R T nR
B VHZ-100 AL, SHfICH o1z,

BIEON, 150 HTOHEIHEOGITMICH R 2 HREO 5RO MERS & ABITE
BT EMHIP o OT, SHEMEOBELHE Ll #1124 mm X 1.8 mm OREAHE &
o THhRIHEO ETRNTESRESTHD, MR ENE<ZT L b, ARk
hENF T TRERR, R, SUOMNOIBKE E M E S T RO ERRE
EIRT ST EHAMTH S, HiRHOMBLBEHET 5102, KOILRL B2 55
A SEBRL ZERIDERE RN S RO E O AL TE, 4 ZlBo
HRICHAXELONMNDT, £ 150 FOFHICL EBHTHS. THUSEH ORI
PHTHY BN BH L ATHE D BVOT, RRERHIIC X5 Lt 2RI A,
AHEHCBIRE N TV ABADKREHE D BEOH N EDICHZ B8 L,

VHZ-100 ORHESFETH 5 100 fi5TLE, WRTIO HRIEIIE X SIS BT 2 35,
Ly KOO P Ml RIOELFAE L, BEASSB0L, JRTOHSORRIE
HBicha0T. SEOHEALTVEY, K6, HRICIE, ARMHL - ZX0EETIREL, @
BIE NI GROMEMIC T BHERTRETHEH, FLFIH, [ L TORBEE R
FEIRE . THAOKZE | A—JIC 8 WRAILEERIC BV T, B KESTHREATED,
IDBERD BT E OB L OMEEFEMICIBRE LY TR S, BIRL X X0f5$EE
2Lz, KEYENCE @ VHX @ L > ZOfip$deid, il O Smmmson Ciisos58e
2 TV B. TibBi#EO 200 HHHEDH 100 %> TV S, HICEY 55K
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PROKELIE, BHORAr—Ib» N—THIETESH, 100 EOL Y XTREE TR,
i L TOMRE (25 mm X 35 mm OG0 T 10 65, FEHEOTATIC (350 mm x
70 mm OFL) TlE 20 (512, 150 f5OLY XTREENEFIUE, ZhEh 15 5L 304
K-> TRHREN TV 5,

FEEM G H A THFOH L VKRGS, TR, Mg R LS A8lE
5 fz, WIBOKT MRS OTREV, HHUERIFOF, F L03 A57 U — @l Eh-
e

RO SRR BT, KR RO FED 5316 % F O E 12 K - T, e, KWL,
HIVRERRO 3 MM TRBL =, THUE, iR - Bt RREE L L i, TOWE LT
AT EOHHNERE ERLTWADT, RESHBEELLIEG, W URBORTANE
N TE, FRTERERNOREEN AT LEMBRIETE RV RS S0 85, Lo
N - SRR TR L. 0, KRl E L TisE T h b ol Bhad L L
HTHBHT LRE®RLEL,

2.

EAOEIRIE AN R THSOT (LM 1986a). TOHFOMMIZE & AiREL
EHZBME LAV, AMGTR, SUOMREO, WRE TS L < XA T ORI
RBSERT. KEAOLET rounding & H edge beveling EPEENS LD LA LT, A
HESTWED, MDEEETNLES KD TVIMEETT, TRMOMEE) LibiLR
WELH BN, FHCHERHN TR AAN— ZOBFETHUC TIFFE L& L. XRIZ - Tw
AWENBVE, o ThWlGLHS. i, BIEELTIREEhEL O, ThhWRTL
AENITHS T & 2R LIV,

3. BhRREE

HWRTRAZ L0 FH, “RNTLAOTRAZ MR, RTIORNTELE.
P GE, KRl & L SIS ROTEERHMTIES 508, —EORMiE L LTV
W, FEEAICIZE TR (1981) AIZRBIR THL T & SIS RME DT 21T 5 X & TH B,
WHOBHOL VT THEIT) O, FIOERROMT LB EbENEE, HH0NT
WLV ASTHT TR - BEEEOID IR B & L. R IR MBI s £ i flah o,
Lip LSROFRIC, fAHBHOS D Ao HSRIED 2 — 25565 T LS Rb N0
T, IR RUDMBEEUC DV T R M MR ST R TT A, SEIOWEING - BFEO TR & OF
T, MHEESHNC & > THOZNHA SN B TER L B 5,

PR, PSR G E B AN, WHEDERE « MIESEMRE W Ty aRliciE,
ROELIEH-TE, FOUTVERBOLNZLOEOT, MMESAYEREIC0H, Id
Uiz, &fo, SHMICEOTE, BCHNRCRA SN EZDIE D0 TIMEIR L. #
B I & L TIRE ATV T, T OIS U & BUNSE < b L T o3t
LTWHbITidEwy. £, MOMMBEE LTidEhi-t ok, Thhied LEHINRT
HBT LA, FKLAL,

4. R
GHRERN, 5. FRGFTHEELLE X TRZRELEBICRNEY 54 U5 koM.,



BEUTH LR TN E L 3 Iho i 2 — v &t 4 ZBRBIC DV TIRELES
(1996a. b) DIHHAHD, WLOGECDVTE, EEMNEEIETREL, WICL->TE
LSRRI TE S0A, RETEREICDV THRIC X SO RTRENEN B S Ak
EDARRHT B LR, BRDHHZETHS,

5. #@EH

Gendell and Pimay (1982) (. @iffPEEOMFEONE D ROBBICENT, A0S
OABAANGSIER E N5 C BB LT, AMEhicai2 @I giic - TEd
AT EOFNENERITOVTO Keeley (1982) OFUGMREE. BEtEIcBfE S AL,
WEARIC T BB ML AN (Stordeur ed. 1987), T—o v A piIHA#IF RO
WO PN BT, FEROBHOGIS RT ¥ T 2— L OREHOFHRIC D > T
(Anderson-Gerfaud 1990). LiL. #WEONREIC LA0EEHEDRE LS o0 £
i Keeley HAASERTB KA IS, TR THORR) Lo FRRm OB T2 R
05 Hehn THANEE L9 A EHEOGIRI & 8, TR E0FO5 HOT IR
RE=YHRWHSTHS, EHHE LTRFARESN, Hcdd salobThziEic
SBEERD LR NS LM ENSMHIC B 5008, BMNLEENSSTHD
(Cahen et al., 1979: 681). WARMEMNCIEST W TOIUE, BRIELCEVL, BEDICE
ORI ¥ S B L TR L [FET S C A T E AL (Newcomer and Moss 1982;
292), Juel Jenen (1988: 79) O MPWMMIEFD A5, B, EB6h L) Ll
QORI THB] LI AN SHEHE, S hE TORTEE O—RHNILRAE (LT 5.
el AR e RO O BEENFFIRIC 13 12 & > THRAEh TV SBIFES S
Dhd % OO, RURICAL —ZIBFORN A O TBHIC, —BICEMARMICHIR S h s 7 —
TERDASMEIBEVICHERTSS, EFLTVS,

UL, —AT. ERNEGETERPRFOILASFBEMCHE D ORI THETES
i, IERIC AR - RICE D LT T E AT E RGNS T LS. Al
TOMALHIEE CAISN TS, Bl FTH, Juel Jensen (1994) 537 v — 2 OHH
FHE OB A I AR S M S NS Y L. 5 S i & D BRI PR I A5
SOERBAEC ST L &EMIEL. ChERFoso fEMicE N TLBENS T LAMNL
TWa (GFEF 1998; 1)1l 5FEF 2000; T - HF%F 2003).

I, ~LF—@ V. Rots AR LRI X O RO TR L, ERERT
TW% (Rots 2002; 2003; 2004; Rots and Vermeersch 2004). Fiuc kiud. ¥ - (50
SRR LM e ARSI e KECHBEL, TORMICL > THW, RTFCX R
#, GREAQUC LIS AHFOBVBXIILES Evd. Shbi s FhUE, MR
CHEBERESABEOLVAK S, SEIOKMKE 2 WO HIZ> TR, F1 7
AMPLY FAY LA ERENIC A X h s Al S TENTV 5, Ch60
RO M 2B T E LU0 T— 20D, ORI TRITT
HHT LirD, Ros DHGLTVS XS Sl - MWICHILIL i 1o 20 E 5
HES 2O BEINTSHS, £, AAORMIBGRIFEREIoaMEE T LE
ABNAF A ZIEORHOBIEL LB, EHOAELHNIPEICMT 2o hiuE, &
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VB FERIEEE

WA CEIR R I A E { A5 T 5. FO T, ORI L FEHBICE VLT,
i e R TN AR TRV ROERE» A0 T < RIEOBFICOVTE, Chkd
BYaC Ll

JiHE (bright spot) I2DUVT 4, §i#0D Rots LAFIOWFES 5 ERHEO T ROT LD
ELTHIGNTVS (Juel Jensen 1994 %), MBHE ARG L TRNDZHRTLE
WENBIFWICHEMERIRGT, —RLTAZAT (O—r-Fo—2) WBH, KD
HRFNTHE I L L GHPERO LTI XA LTHEI LG, lRIEGEROMSERICAN
OENTEC&mi%{E (post-depositional surface modification = PDSM) L #igEh s, M
R MHADGNRO & 2 12, EREOFHOMOEANBICON, #EMCE &> TRE
{EOFMICHTTT 2O T AL, i LIOGRMIORAIEMISEYIN S, BHERGOERRCH
PO RN B0, REAIERIC PR, filiic IEHEECTVAEE. ¥
Bix 2 A TOBPAHECTOBMETE, WRHEDERE L OENHIESTHS, TOMRIL
FHTHEA, L THRMICHEAohEE, ROREOERICE>TELST LA
OFFEHICE > TR TN TE D, W TN S S0H E R54H5, REEldau. (L
TEROBEIIHABEHCOL B AERF T, FENOE QCHBESRE L TV aH. Alloim
OREOMBROPREE BTN LS 250 FEICER XA, PDSM &l
HUWMNAMERATYS (AR 1995). CO—HT, MELRTTBOBKADI (Holmes
1987) SHHFHKBOROH S AL—A—LOEMTEEUSIE (Keeley 1980 11; 1
BSOS SHIY TN, BOMEE ORI L > TELHS T LA 5. Rots I
MCEEMIC L >TERELS T EHSHE TR TV S, B0l - X (2004) &, &MIAGEE
ROUIBRETET E S B A MBS TOMMAHTICESV T, Rots Z5IHL T, Hhiio et
HHEEOE LT, HEOMEETRLTVS, ASHCHEOTE, COBLD S MBEEONE
ERBLE. AEOL08E0, (EMCHEES L RASL0EGRET 5 LARMCRD
OT, MiEOMEAENOGY. FEOHNEOLEHT, BIRTELEORRTIRRERL ., @
I 115 OB RO RLRE, FUIC B 5 MHE DT & F CRIET < 45 < S
ZORARTHZOT, TUPETHMBICOWTIR, RELLEHIHE LAkLA, ko
Wil 2R B O IR A5 B2 OBIR T T

MEOEH T, FMHHCIZE  OBEMNERDB D, W& LTES A TOMMEDLIRT &
KEHSDLLEDOLHD, ThTE, WIPMAONBICIZIL TRENSHER. AN
EBEMCERTE DM, EELEENDRDCTFELRS, LK IcllfiKHTES
At [ E RS, ARE LTI, RFNTSHSBC L, BIUNRGOWHO®RA, WM
JENNEIC TS 2O TR —~HEHRE ONIRmAZER, IEREICHITT A TH S,
Txbb, KRWENQAKY, BELEBAATRA XS TRECEIBUTLTE, WHH
ELTRAEAEEZ Y, HUOMS N RICOAM < BEL T 288, &L, o
HHEEE (12 XFLUL) OWRMIChE->TWTE, Rl LS HOMBE L < dl
ENMNED > TOHGHRICENT. B—EEREA R RICRMICEN S 5O 7E B & R
I Ufz, BOUICT FARBIENIERE X N, RSO MIIANEIER S M TN Hedd B8
THLEFICEMD ST, HHliORE LA EXREHNERE R TU0EWEES, i



ERELE.

Eiz, liE, ARTERAS XS RBELELONNBIE L TIEMENS T e BN
SRIDBRICH Iz T, BB &BE L0, GMCREEOLONSHHT LA K CHME
Nfe, BHEAEINIC L TELRLOES, BMOMEELe, FHEHOBATMEREDMMICK
HICE->T, TETFLREAMOEONEL D0, HBROT LESS, wWcE LA Ll
EBEVEVIGRE TS, 2 OWIN TRRTOEREAY—THD . HDT 5 Ll iih
WM TIEE <, BNSEYN2 S MIEO—RME R L, TMBELRORIN) & Ui,
JEC OMOKIREmIR, > 7EAROREREICALNET eSS, 2ONTEIEROM
ORI 22K B 55 L B SN M, SEEAEVIEHC, ERIUEE O TE»
YR & OEMEHAWY L& MRS X - fe, BUT, MEHE, ZThASEELTw
AEBEch, RIBETHAMGICE, MAHDLRGE O MO R & OB RS 5
BT LREBHEFEL S IV, SEOE, WEOBEEEEL R 20T, ML L
HOOHIZIEHHDERIAT S EN TV BAMER L H 55, BMEEAMENIEL B THEEha &
DI, MEREHELL o TRE T N AMEO AN, O LICMRE NS REICSA SBEN
PRV EBRT,

IR L BB IS ERAE & O TR, ERIFch T R L ORI ENS &5,
KETRLVIHFRLTWA, i MHAHORSH EORKERRICEDT T LHARBEZOT,
H—-0ERIcL TS, ERHCRIRICHSHIZLONE, MEDRVLOETATENT
na,

6. Bunm

MTAICIBIRY 5 T L ICk D, BHEOGEEOMSRICEEL, MHHREEEFE S
HTECE-T, MBABNICTBHNTSHS (WK 1993a - b;1998 BHD. Domanski et
al. (1994) (&, RYMISRIE (fracture toughness) OiXERAYRE EBINEMERTH D LMAT
VA, EEBEL NSRS RV OTRANTE . SRURHRICHMBEL ki0Hn, &
YWOMFMEICE D, KORISMERROBEHAESLTHT EHSVDT, ThEMHLT
WIRTEES S AN, RVEHTHS. WLV X5 in TIRPL TR b
BELETE. MLABLcs>TE, HoRHEAKRENT S, M0 it hlw
LW THRIOBANREHT B T Lic kb, WHTRETE 5. AROERSS R Rl
ZHEIC &5 TRIRMORAICANE L TV B0 THIUE, UMl EMofsd s L iic
KA RES BB TEOT, ThEMOKRKTHLTLICED, BHCKPTES, Tk,
WP T T, BINFRIC X BRI IERRIE A — T, PDSM OYERTIATH L MEkRN T S,
LIELELZOHL AR RTOL Rix- TS, Gl MNT 5 WM H 2 T
THB L, HWoORNE L xa, KRENTEV MRS E U A LIcFEL &0 oT,
BMILPE L WEY BT LIRS 2 B0 HESUC IR P — BT BRI T,
PRI ERREEHTEAMICOVT S, MR 20 R EERT 5555,

B B AP TR, BRI ERCIERD SN B A, B - BIIC DV T & ARk
HHSEBHENB LS (4K 1993a - b; 1998 Bi), MIGNABIFICOLTE, S0k
THBRENTVEY (KB 1998), Fh, HlREQET—2 Tidevas, B Zhud

L SR
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W ASAECE

N IR SO TEBIC BV THERICRONS LD ETHS (WANEGR  2005).
Ffz, B RRA~HC RN L HEE E 0D AT LT 1HERO 2004 EORRFTRIC HBL
TH. | AOBHIABOIN TORERE R TR S (U 2005). 1 HO&HEOT, @4
ORMOUGENE S B S5, Wilil RSO THEI L L, Ll ROBIZEEThuL
BB TN TR B 5. DA TOMIMFRORBUE IHE R S D
BEINE THD Z 5 THS.

VI R

A4 OB OBABOIAICOVTR, BRABVOT, KECHEELTE 2ol 1
HSTHK & HHETBME NI, kL LTHRYAT LICHDOS O AICHHRIED 5
NOT, RIS ARAT LI MR L350 - SRS X 2 0TIER O S S okl % &
BHTIET %, WUROW OV TLRL S,

1. +4 7RAH

F A ZHGEE LIS TROKPIOBRIE ERTH DM, AUV TH 1 7S
EWEN TS FBMEE FMH T RIS 2 O XN T THIH LI L0 TH S, &
RACEMICREER & T it No31 & R EIBIR L (EHHOB D AIIGET 5 A BV DT,
CCIRED TS 5. FMEHEE N L TR 4B 5 55 (Nos.1, 3, 6, 29,
31), THEMOLODSEIEEAOEMOBEEZBLTED, & LOEMIR- TS LD,
HIBR S TF A MR E B> TS,
© (A

FA THEBWICIE, BWO LEICE 247 GUCH-WOBRRTELS) B LIRE 24
FHUDGIHEREAS, FIRRO NI Y I HEEE - T d SHaH 8L GRIVT TR
1~2), ECHTELSE LU TELS B XA TELTAETESMELLS. &
Tz, NG, A TEMETBICES Lo RIS B, BNCEE XA T LY
MBLOLHZH, FESEOOT, SRENL TR IOERN & Lz GRINT I
R 4)e KREOFREHEODD IS (F~RED. AMOBENRBEL TOH8E (R &R
55D (BRTERNS). HEE L Fhek0H, ARALE-TWaT Ed, iy
WET A PR B DE LR L ik uvh B Bbn s, ik LTINS 1mm L
FOANEHLONE L, SO EERBMIMAAPEE EORSHVHHTES C L LT
%,

AR E OBGEILEEHLTVAH, iz, & DRWREEZRT T LA EL,
EREOEIREC (1S SR, AR TR A A B RS, R L O milic FFY
FCAH T BMENBVT kb, ISP ERMEEE NS, B K-> T
T A ORIIERTHELH Y . ELBMCHBBVENTHAC LI, THhEOEED
MBORIRIE « BEEEE . FRHEL 7 THOK S R Ofb Mo teh L TS QR e v
03, BasAROERCEbN R RRML L0 THE T L ETMT 5,

BLLO & 5 I MEAOCIN G & MO OS], BEUPIEEL LTRA B AIONR
OEPFH R L TV A B ERENICERT 5 &, BIMORIKH ARKIF 2 W 55 5



A 7 HEBOEEHRTH > EEN . WEOHRTE, vF - bvIhlokEzn
G |~ 2, Buio7 ) Y FEOBEEHLTRELTE, ThENOLRICIAPI L
OHMIC KD RO A R E NV, AlBFOF A 7GR LICRENTZE
LA TONREZAEDRELTHBOT MATERILREHLTOS), ThivKes
ICEMOMAICE Ut L3 hud, HYBOIOLELNEcOGiTirbh - LAEEEh
Bo THIEGHEMENEA S, BINCKEEA TEhAV RS DR + FolBsisie
APV LR, ThBED A TBAERAREL LT, AR ¥ &5 aloHEICE
EAEMHENT, ZIFNEOMETRII, oML TAREEHCENEELST L
i RE N R T B,

EOMDMEHEE LTIk, D 24 THETT 560 1 i (No8) H&H D, KIEOM/NME
#HNBL LA BE, 7 MOUMICERE N LiEEE NS, No22 ik, Kl L iBvy
T, WHEBISOF TS S D 2 FONREHS D . Ml FE 3 2% m sk i 5 5k
L7z Dy 2 FONRIMHB 5. £ INPIACH IR - MOYIMIE RS L ST,
I T (FERAic FRmWTwRR & LT, BRIt - Mol b O
Hirbhilz EHEET WD, No.20 B—ICHMTEL S B~ A % TRROEREA S 545
TEED AN L 5. No23 id, {ill'hiBic t7ed 5 58 L iz B %A FTONRm AR L, A
BEOMSFEORRL & 0P T, WWRINZ s LOMRIMGE RS, AMH A ZIBaMEE LTIRY
REHTHHIL L, CORIHREH LICHEHESNMhE X2 6N5, RN L,
HRWETERMASEEL TV 3O T, AROXREET-> DB L, Wil L LT
LHi e EHEE TN 5. ABIEM TN TOELO T AR LO DTy KA 7 LA 23—
ORIHEB LD B IEE LI LOMAIVE R, TOXIICIEAMOERTE, NO#
WEU - DELTHETHEH LEBENH D, hDOME0L S ICHBOUHSRRLTVS
AREMEA#E A S L. AR R AW E SN T MG TS, S 6RO
AT TH D L FA RN LItk

FIRAR S TV BHEIC I, e SR NEE TS LON65BS (Nos2, 3, 10,
11,17.31)  GERFAENG). COWRMEL. SPRAOIMTEC ORI~ S L
DECOT, EORABFC, J2o F 5 CER D A 7O XS U DABER. Mikh
IR 25 EHV e > THE U Al €85 5. No.30 DILIOITHE IR IC %R o o]
MEfED BD. EHIARMFIRITOSED (Nosd.5.7.8.9, 12,16, 18,19, 21, 22). ¥
HRECRHLTVSHEO (Nos.20, 23, 24, 25, 26). F4 ZIEGIROLMBOR)T LEZ S
NBE02 5 (Nos28, 29) £FE L RFOFTROD LRI F 5 hOMEFRLNS T Lick
%o WAk > TIthR 80550 Lvkyd, £ {OhRA R RO 5
fEAc i E nialiEtit 5 5.

FHRO R~ ARSI, T LI ORI AR B 0T, R~ O P $E1E
HEEE, EREHEAROND S EABV. ShLE, (@M, & - GRS X > THE TR
% D, KETHET S, LU, G0 LEROMHE 523 LE T L TERENT
VDY TIREL, LBOMREL FEC L IcDh, RBICHE <R D, i - SR
AN B LR + MO RSB L THITL TO <CBEAE . Nold REISHYT, 7

I E ARSI
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Nt ERETRNHBIAINC . WBRCRE P IEAIR0 5 NikL. B E D M NS
BICREAL =025
@ - O

L& 3o, AEEHO KN TRE ST FE 320 LIE SR, L MR
WA RN, TOMMNTIE. F~MESERRG P EIEORE, MR RohET Eh
Zu, hTH, MY S THBLINT) K& T LS XMTOMM RN ZEIBIC RO S,
PN EEPES . & L ERAZIE L A YD EWERIEORSE GRING IR T7 ~9)
EREORMNCH > THWT 5, BEEZEND RO~ M S MBERO KR EIO —D0, 34—/
B, EE N, HEEIC K AW R EEEGA, MBS AS AR - SRS TS
Al S %,

B FHEIC Ko TE LA THAM, MOBEREICX>TEELLZOT, HhidEE
BB ENLEOBEHML THOIR, VEEHBENTHD, TTT, FTO
BREEZ OB 5 T L R AB T, WL, WBEEEROMA RN SN, HDT ORI
OJjlae —FHEDWES . B9 L BRI U S o fe FIE7SF « FHNET L7
BROHICIE, 53 RI ST« FABRE NI, RMCHREAERE i L AhDE
DHB D, FOWTOMBEL PDSM ORIEMA L. WBEH T~ THIETT RO DI 5h
THD, Rots {5, FMHOBELETTE, #HICk>TELELOH, E5THVEONE
KN TEEVEOERTHS (MAMEGR, 2005), 727 L. Rots (2002:177, 184) ik
TRHAE N, BHICE > TE L3RS I HRREOMRHCNIEI L 2 fABIR E hie i
BHHOABEIC/ T, ML T 28PN S T, GO - BT
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