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Constituent Material Analysis of the Bamiyan Buddhist Wall Paintings
in Central Asia (1) :Using Synchrotron-based uFTIR, uXRF/uXRD Analyses

AKOEF
TANIGUCHI Yoko
lF Lol
QX BMEDRE L IRIK
OFED 7 LA KDty IE
O R VT ERBOREAMEDNE R
(4 D dml N m % & b= WY sy iy

O DFER
O/N\—ZV DS IR HFEEEDEIRE B
)
[(FRXEE

5GBS 9 TR E TILRARZ fo/\— S ¥ — V8L, 50 BOEEICEEARIN
TW3, BORE, ADA ZELUHAEHR, @1 > FejtoEicut, 47 AHRES
FEE LM E DRHRDHEEDRUIHREINTES Y, BEICE ZDREICEGEN, MRMNGEERHH >
fc&EEZS5N S, AFFTIE, ESRF(BUNT >~ 0O b AV R & DHRBIAZEE LTIT>TWVWS
IN—Z V=L HEEEDEERE « FEMBEE L ULEEICRET 2B L NIV, E8iE
DHAFHSBONERNT—2D55, HEFREIIHDDLS 3 DDEFAHLSBOSNHEREIR
R BEELIC, N—ZV—VEHCHIFBILBEEEOME EFIEICDWT, LEEAXRS
DEAHSEREHHF e, MNBEEITK > TcE—LTEHEL S/NEHNESNBHET A B SR-
LXRF, SR-uXRD DEESSH, SR-UFTIR HHFEBHEDE BT EICL ST, BHEOH um ENXE
BEERMICE OBEERENZ, BEICOWMIT AT E&EAREE Lz, &<IC, BUERT% SR-uXRF/
SR-UXRD IC &> CRABBET BT LIc kY, BHROELDERKFORENTERLTAN, ¥
EXLEEDOHATEICE WIS TEIEDNSWMF- Th > 1,

IN—ZV—LEEEE L, Y LRECERMBEEREME LIGEZEBMICERY ERTHIR
ETEHMNTEY, 7HEXEDL S, SEEABTHMEL, BSLITH &k 2>/\VE, %
R R AL BN EZSC—BHIEET AT ENBESHICE >, Thi, RERTIER
HOMEEEDEN EMBFT 5N, FEBICEENZEIEHD—IIL, $HAaBR\EELTWS
TEBHERRIN, Ffe, B E LEAZEOFERYHRE, $HRRENEDEMENOFBLE
BESHTHRIRT 24, HREHFDA Y AFEDPERRICHIGh2ERRE EELAEEREN
BEEEN, LRARMDBERD SR ITNERETHAT ELHSHEGE ST,

[F—7— ] B, Z=@BHEE, SR-UFTIR, SR-uUXRF/SR-UXRD, A X—I2 4

29



E R REEERRE
B177% 20125118

[ C&IC

roabOryTRVWIRIVF—ESZ oNfAENTE, AEECIRLGLSAREE S &,
EHANY MUV EFDOBO TIEEORWVBSANERS I ENTES, Nk, 70O VEEE
HEMRR, TOEIBBIXIVF—XEEFRET 2700 OV KRG E BOTESHLEEDR
ElE, BLZ 10FFIHOSBHHBMLTWNS, BERTIE, RHSH SPring-8 D> >»o/otO>y
WEHEZE AW R X IR (SR-XRF) Z&Edr, IFIRCHETR, FLEIRHTED T LND5,
HEFPELRENTF CELENCHHZEERLIEODNREREWMEILAS [Nakaietal 2001],

fict, EEH S T LB T DLEB OB fcHDRIER (B 4 2010] ©, T
DT DT AT AORIER [FH - ILTE 2006] LERE5N 5,

V7 O VRS, IRENTVSEEDEFEARICKEONEFR L, ELJIERALOEVR
NEHEBEDTEDFETH S, 7 bO b VEEHEE BV O =, BRI, REROH
FEXIRELERT 5 &, RENICEREOMETLES N, WNBEHIMOEIEICESIETHD, ¥
Vo0 bOVREEE, EREAFEES > TWBRSHIT, Ny oI350 RERBEELXEE K
MBICHIHIT BT ENTES, Fle, BEHRIGEFRANRY bLEE>TWABTS, ROZIXIVF—
D CERD) XExBEHIGBIRT AT ENTE, ZTOER, ROZ2DMTEDMENEEZREEL
TBHTEDAREILE D, DFY, WINBEICKRSEE—LTEEVS/INBELIESNS D, KE
PEEDEL DG uym EOEBBZELEF OWNEHZERE, SRETCONT 5HIBmSHTH
THS [Cotte etal 2010), TDKSEFEFE LT, FHIANRA D DRBIDEER & BEMDD %
7o [Cotte et al 2008] %=X L&, A THRET H2—EDT7 ITH_AZY «- N\—2v—VF
BICHEINIALBERBEODITEN DS (80112007 ; A0 - O + 2008a ; Cotte et al 2009],

o0 bavRsEERW XEEEH (SR-XRD), 77— TEMBAFRN DD (SR-FTIR)
LHARBECH BT, TNSDDHFEEMEHEDE DT EICE DT, TXTELRER BRI
H, FRE RERBEOME, D MERD, BEICKZEE Hum OBHNLLELIEEEEL
Wolek DI, BHETREL SR I DEBMXLEEDDICAEBN TCHEHEWVWZ D, HINED
AA=I VT RMETIRETH B, MBDTEDN, HFHEE ERENETDODHEHDTE
ICEENTWNS,

ATETIE, ESRF (BN o0 bOVKREEHESR) &OHEAZEE L TITOTWS, N—Zv—
MLBEBORIERE, HEMESKUBEEICET 8L NILOER - EEINEO DL S
BONERNT—2D55, HMEREICHDDSE 3 DDOEFALSBONBEREZRRTSHELE
61T, N=ZV—VEHCHIT HILHEBBEOME L REICDWT, LLRAXMERSDEADS
ERAEEIFTELN

BH, KB TRETHHERNBIL 2003 FE~ 2007 EICT THZRAEZ VERXILELERREX
{LEARAZERT, ERXACBHZERFAN T ofe TN—Z Y —VBIMRESE ORE (LR (EERS)
2005 ; 2006b, LA (fREE) 2006c] D> 5, ELKICEBDOREFEBEDREHFTRELERELZD
RREICEDIVNTWVS,

30



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

Q- X EEDRE LTI

EEElE, BTE/ZEBTETHY, ZORIERT S el IXIGEMPRORERNZEDT
HB. BELE, BONFTFTHIEHNEBEENRDD S, BHICERE THIBEMEEDE/E>
EEDTHB, BEAWT, H5E BELLLIE, Fv 7 N\APIREWVSTEZIFE) ([TAhEH<
feolcld, IREBICHT 2HBEBRBROARIRTH S, FIZAE, (B OFFKELGZEEEE, Zh
ZTNRBDOBERATMARTHY, KRDILY®, H5EDE, AIMICERLIEEE BiEE
Bz EEEEEBMED SRS, —H—PRW (KEXR) GERLGEBOMPELSIESNDHE
WEERL S, B, BiiE, BECAYVA— VG EOEIBMERRE T AEREBERICKIETNS,

BIEER OFICIE, BEE PR EVSTERADINZE RO THEBOMEKEZ 1SS RADEEEER
HBRLHMSNTWSY, &<IC, BPR BBGEHPHERVEBEHAILMIIEET, AF
THTELIIEBICRE R ETH O EBEINDS, FTORDFEY, 7ITHAZRZVDINZT
Vy—UHE, JVFYINREOIERSZXUDKDIC, HHHFETDIHLHEL LENENDSFH
DENBHOMBEESH T\ EbdHofc, EOMFHSIEEDLSBENAFTESD, H5
WiE, [mEAERENIEEABTATHEZERDER TE 200 E W B LS MMM R iTIC
DUWTHE, Mo TO—<EIC, BHCRBNZEINTWAZ b 5d, ERIV TN, FUT 7, O—
RERDEILEBICEST, MOTEALDBEWNT EHNSTH>ASTEHEBREINDS, TDD
1T, BZ < ORAIBMIUNCE, ZORDOY & LTEYE - BEESHEBEHNIMMERINTERZ (F1),

BIZIE, D1 MIVTADAPKT ) ZURIE, O— FRIZHWT, SBOBICEEEMNFT TRERL
THLTEIRKVMERRZNICREETETHEDOMARTHSA (T 70U L) HEETH
TWBTE, ZhEESITRBRL TRBOMK THLIMAEZRIET 55EP, b Y L%
AMBZEICE>THREDTTIVT 47 (FiEEdH) Z8ET 5AEICOVTHENTWLS [Caley -
Richards 1956 ; 7''J —=7 X 1986 ; Vitruvius 19991, Ftz, AFDORELGBEDRALZIE L TANE
DEBHSRAEMEY, ThEBRLZEITEK>TEWRRE LI\ TIVb— (BTIV—) »PIITH
BFEVSERELTHALRY, £z, OO ERBEETEELGRADORY (OKIEXR) ZFAT
2R0VIC, BRELKBAMATZIETAINGT 7—I A (KIBR) ZEHFHLIEY LT
Efe, T5IC, BEHIE, HABOEBEHEREEEIIC, LENERENENDHICEBLTLES
oY), BITRGEEAFZNEBED SMRAEEBHESNGEN VTR ENHD, LIeH>T,
BT, BROMEOHEICET2MHMEBEBREEECH oI,

DL, RRLMERAWNY, EBLHSTAEAINICEEDYEICELETEY LTHEE
TEHEBERERDN D2 —FHT, BENBRROERERS, L<AATNTERILHARCHSN
TW5, BN, JFZ—Ib, Y757, BEEL—FERE L THISNS L S GEMEIHR
DEBORKE, AEER EMES . ALY A ERT7IVIFEE) ICEBESTETEONS AN
DEREBDEEARTH B, TOMELERSE TOHIEEETEIMEICK>T, TEETFAE
BMEU TN, GE, T=MmPEBRICFIAINTE R, LHLEDLS, 7I7ICHEVTIX, B
B EWZIXBRBEDORIADEKEERIE O U ANEE TN, RBIEELSE L HASHBAITNTERLAED

31



E R REEERRE
B177% 20125118

EREERPERERICE T SHRIFRSNTL .

ERZIRBE LTRERT 2oIcE, Ric, TNZBEDLICEEY 5cdDEER], T4H5,
BEM (N1 25—, REAL FH) MEETH S (R 2). AKEIVZIVHERHPD_BE{LREICK D
TREIEC T DRRZFALC, TORBRECDIERAZEBEMETSTF Y - TLADRED
KBMDT7 ZE7 ALZBEME LTERRAY 2KERE, IIVEME, htq GE2VIN\VE%
FATZT NTHRE BEHEZAVIEHEBRE (TVAVATvY), BEREMND T LICK
DECEEHEEC Y, BRI 2TERDM FMh) ZRVSHEREGEICDET ST ENTES.
MM ERERE tRMBELG CERERZZR L, BMBEZRE L L TREPRDOLICRET 3,
Wbhika THARE] &EDH, LRICBWTT UNRIREICDEINS,

R, BHEBEMOBITROBRY, XEERDEHDHP—ERLICLZREBPEHEDEN
ZERLTUESNTEY, BRI, KEDOHRNNP, BERFHSLEHFERN (BRED) &
EZEMABIEEHD, &, HIARKEEVOTHLEFEELRBEZLDORZEERTE Y,
BETEN T BT LITE ST, SRGHRBZEVHT I ENTES. ROZEEYL, BIHEKALT
WRIREBHEGAICEDWV T, REGGRENHABRIN TS TELID /Ly b HERIZHDEN
A%, DFY, BBLIF, BEREINEDGHCBEM, TEETELAMY, BUA, LW ofiEsH
BEGE « BIRIC K > TRV HEN DB D EVZ B,

EEOREMBHCET 5TMRIE, £<IC, 7IT7HBEDOLDICDOWNTIE, TOREHFEED
BRI 286D TH B, BHTH, HMEERZEE LIERERICET 2R aIcE LTSS
COBPRENHZDEDD, SZHRGERERPEEM, BHEeRE JL—X, &&E Y1
7 (BLE®, THOBREHEICLHATHEVESICL, BTNV ZRTHHDERRE) Lo
FEHMEICET 2HBEMCOVTIE, DTOEMNGHLEHSEBOHTOE, TD&H, KE
DB 25w C 5 e DI EG HIFOETEFD/ Ly MMIDOWTIE, ROGHEREBRHGE
NTVGELDHEFRIRTH S,

LiehoT, EMERORERIT TGS, TETEEERMBONTZmDHE LT, RELX
AL DRRMR, BRI FOIRE, BEMEOBER, BBEORT, EEICAVWIERNHEERS,
PIEDREGE EZXTENICHET 5T LITEY, FCHTEBOREPEIMZRSNMNCTHI LN
TEBEVZ LD,

BOETIE, BARALBEICES N MERE BIRICKY, KEICEIF2BEMEIRZTHDE
BREEZONTEREBD DD, LIcH > BEMODICEET BB OHEBIMED > Tefcd,
DIREHADIEBITREIN TV, BEMORENEHRMETH SR I, KNI FHDH
DR TH O LEBLREBBERATH S EBDONS, LHL, mFETIE, DIRFEDERL LEIT,
AREMNOEERITIEM L, MBEDECEAPHEHCET 5%, D 10FHE Y TRESEATNS,
ZThE, ELICERMBELG EMNERZEDIT 5T D TESHEZ XLEEDREICISHY 51
KNMER e &, EEMEICOWVWTS, WEEZSBEICONT 2FENICA SR &ic
£BEVZ B,

ZOVOenFED, REXHMOREICICATNICHIERICIE, AIZIE, BUNESHE
BEEZ, TETERFMARDIHOECTHEENTHESFHZIMRL, LR LT, e

32



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

WoTe, &4 EFIMGHRATERE DEEZ RO TULEEDcOD AL FREREZRE L TL
BTENBBESICEDOND, &fc, TETELRIHEL, JIVFANT MM A=D VTG E
FHFHNEHELEDERICES ZEIcKY, BRUTHMST, BFEIC, LHrd, EPHI{TADE
FRERET 52 LD TEDIEEM (Non-invasive) ZIABEEDERICE D TERI L LLERDD
B1E5 5,

LHL, BELSE 2 LIBWAFHEMOITETIE, 85I LDTESDT —RICIHERNER
REH5D, BEICE>TR, WNERZRWOMOHBLUETH S, DI D ug WA
S, TOVMNERZERWAH S5 LTSNS BREIZERTH S,

ELIC, BNREBPEDRHZFHTcHD, BOZE Y BRP, BRI FORFBDOEMICDOVTIE,
RED S DIFEMANETRAIMIEIT TIFEZ LB LVBERTH 2, WNEBODITLS, £5
WO BN DLF R, ENEIEYS, HEDRE, BRIME, BIFrREOCFNTNEY, BOEY
ERPERORBEDOFEGE, RICELFTERIEREZSITHI LD TES, LA >T, FHEA
NEFEEHERZ BV FEORADDMFEDHBIZH, XILBEDHERFEDERELT
WETHADEEZ S,

PIZIE, FINFLRPARELZ ) U FHLAROEEZRERS L, H#PHGIERXZXUDERLE,
TEARA FOfFEE, BN [KEEY ] DXSBITRELABDIRE TH S LD GMRERIT 5,
LHL, CEORAEBLHHNS, ERICIIFREDEBHEREBL, FREHERILLTVSRSDIC,
BEHDVEVED, ThhE, §/% /BRt /BEVL 2 BDEKEDLED, REBICHADEK
I THBIEDASHITHE DTS, D&Y, (LENICREGEMERITIIRETOHEENL %D
TWBH, FTREGEHERPZCOEHNEIR, BELLDICERBEL TV SIHIC, REZEH
LRI TRARDEZBRT 2 EHVRBLDTH S, LHL, RADHERIMZRELT,
ERNBOEEPEREBL T LE b HEDEMBERDIHERINDLIcL 2T, LB EITH
PHLGERBPHFRETHEIM TV I LD 2> TE,

D&, SRABBEDEE, £, FINFLRZEHNCELLEHAERLILEDTIEE
W BLEKDIT, N—Zv—ViEHO N BOBBETH, —R, KREBIEHYBIDFLRED K
DICHZA DD, RBRITIE, FIIFALRADELSIC, BRBIFERELLEDTHY, REIFEE{LL
FRERICLDEDTH A EDDD > TER, N—IV—VEHTIIERELIC Do feiRBhMER
TN, FINFLRTEIEZEBELLPTVREHMERENLFITBERL. ThiE, BEOKRYHLR
WEEDLN TV 2HEESE 285 ECLEKRTH 2D, TEEEHHERMEP L RILAMDEEH
FELTVB I DS, RABREINDIBLVESICKRERN) I - 3 Y2/ OEBHHEEINT
WeZ EDPBESHITHEY DDHD [Bk i 2007], TDKDIC, RETIE, TETEERKMERAN
TAMZETITLICKY, LB L, EDLDICERENTEHDHICEEDEENZDOLEVNS T
L%, HOMCT B ENFRICE D TETLS,

FURMADHIERICE N T, b T CEMEBEHODRICHEBNERLNSHIN W e, BHER
BPRBEMZRET 5 LIFGHEHIELWVIRRICD T, LHL, BEDHRERDLS, RADIE
ZROTMICLIEDDRIIDENTH Y, BRISEVWTRZ# T ERITNT V7 DIREDIRR T
BHEWTED, RRICHSHNTEDTETCVS, R, 7I70BEIE, HAEHARLFEKIC,

33



E R REEERRE
B177% 20125118

N I—2 aVICEGEZRGEEEEROMEZ, TETEHEREMELBIC, BMERMEREL
TEARALIEEDTH S,

e, A—OuNIZHBIF3 TFFE] BEICHT HHABL e, PRV V7RV IT7HEOESE,
FEIEMICT HENRP, EMEBICE T HCEOBRICRVEEZEZ TS, FX, YHIFHD
BERCEICEDDDNALE, ZORELFERO—<A, FUITAIASIKE>TSTVERF
) TEBTEMNCEDTHSD, TNSITERTHETETEELMEPFMIE, TETELEBAL
BEDFERT, ZLIEA ZVHERA Y FHRITEREHZEDTH 5. HEBICET HELRHL,
B<I—Ov/N\DOEERHLZERICLTERELHSIINEE, VWEP, TETELEEBICED
BOMBFOERZZT, KERMHNGRPYEIFREICEVWTEBEADSERANE WD —HHER
ATHOEEVSETEERZD SBBMENSINERHRICREL2DHLE LN,

LIeh > T, ABETIE, EEEEOMEHLRICENMARICE EEST, HROBITOREMAZEY
RADXLHWZRE CREICANTZEAY ZEDEDE LTOEREDLS, /N\—I v —E8H0ILHK
BEIC DOV ZEHEWNER D,

@---FND T LA, WDty IHE

BEEEREEERRT 2B, —RNIC 70RO, T7X3] LV AEMERETNS T
ERZVD, OV DT AR LA LITEREN, ERGEMEPEEZRRLTWEWT EXH S,
AP DI -5 7 KEDOHRT7 V7 KD RAICIAS RONZSEBEORERELRRKIC, /\—
SV —VENOLEEBEIE, THOTEYVREDLICWDYS Y aRE (@ secco) Itk >TEE
ENBETHD, by ABELIE, ty = g0l Bmic, g&M%h, iR, MEMTSEE,
Rifs & VO BB DREM LR ZBE TREZECAEATHY, T LAOKELIFRE S,

WhpB 7 U RNSEGEEIE, K, EERE, EMESHER (HL), NG ERAGAREDRE
BZERVTEIMNIGREZIET D, SATIE, FEEDOREIIRO SNINZERT SIcEDHZ1E
FTEDBZVZDXDGEKRT, AR V7 DEEIFLEDT YNIFREICK > TR EED
THLEEEVWTIRGEVD, KT, T RS EDREZET 2, v IREICK DEEB LT
Ho TOESGHY LDEICE Y IRGEICK > TRZERSEHIL, 1V D7V v 2—AE, F
Ny b, RMVFRZVDOFDIVFLR, 7L 8S5FLRE, XE7UIFLR, BEESE, EE
FEEBELLE, LKT7ITICRBTENTES,

—HDTLAD (affresco) $ikld, 7L A= T, D&Y, AKREIVZIVZESER,
LRAKEIVZIVHE S TRREDEEE Eic, BRHZKITEDILEDTEERZT2EDTHD, AKX
BILRIVDHBERIRDZERRD B iR SR L CRBIB(ICT 2HEZFB LT, BERL EEICE
BN, 7LAOREIE, Biar B7Y7, HEaRIL RONSRETH S, KK
BEANZR ISR, Ty IBEDRE, ZWEBICREZZERT 51, EBEIFRIILT
HFET B, —AH, 7LADRBEDSE, AKEIVZIVEOA Y b IBDFEEDRETERZE
WY B, BERFIEA Y b FIBDOHRETAYIRAG,

7 LADFGEIC K Y BEEZERFT B 1cdIcld, IIFHEDREH LB D EARDREBICKEEEIND,

34



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

HARZESOICIE, AkA, KBA, BRGERBHIV D LEEIRDET HERZERL,
Hib (DFWKEIL) TAHZLICK>TERRZERT HREN DD, T, BELGEIVLZIVZ/E
BIeHICAKICIMZ ZEMME LT, B, I, £B/ERVLOFEFERT SEMHIERO—
RERDOSHSN TS [Vitruvius 19991, ZDEEHPEMIE, RREAEINSGKREILZIVIC
HLIEBL TV S,

HWEMICEZ T, SEECTHMGERE, XS PEIDBENICEETVERINSEEL S HDIC
WL, BEOXFERE LTERT 2AKIE, EEDH5AKEZXEDHRBZRBVTEHRR LR, K
ERWCHIEIRRSAREL T B8, BIVZIVEFERLED ETRBFADADSAFTHOH
BARATHADEEZSNS, LIcH>T, A7 Y7 PIERFEIEO L ST, fBEMICRKED
BONZHMEFE TIEEIKEIVZIVESZREE LTOWeDICX L, AREDDEVHIE T, &Y LI
KO TEBEAEOTHFEREL, TNty AFEICK > TeZEHBEENMKAINZ ENBAT
IFHWHEEZS5NS,

FUI7 - O—REROBEBDZ K IFAREIVZ IV EZFEE LTHEIMMTWS, BIKEIVZIV
DEICT L RAOFETHEINTWLWBEEHLZWVS, Ly AFENMRAITNTVWSEDEHS, &1
D, s, F|e KEBAERICOWCE, TETEEEEMERBEME L TR\t Y OREIC
KO TEBHBEINTNSE T EHZLN,

RELTICOMICEVREESNBEME LT, BREPAHALTSEY Y, IEELAHSND, Al
A&, BRERE (TVATATa0v7) & TV T741—Lh5HELIE 245 KR—
FL—b1 (A TIHBT BRICEINDSHERE) (1 ~41HEd) IEAEIN TS [Newman -
Serpico 2000], F ¥ 7 DiMERMERR G EDFRMICIE, WEHEALEZRBEME LTERLIEEDH
BDOH>7TW5 [Scott - Taniguchi 2002],

A—Z7ICBVWCREEX TICHS N TWARRIGO 7 LA OFKEE, TUN—FT4—>21T7
ZFE AVF, 20T v—T—)b) OBEETHY, &Y LOEECL Yy ARETRERON TV SR
FIHDAIE, —H—VEBDA SV EEICRSNS, FUYT - O—NGEEF—7, BEEBRIC
(D HD5T, AEELICK>TA by v aREEEY EIF 5 L5 EMEORENERIEE, Y
Fo—20 2 2 LUIREREICH BT T L&, A—7IVIIRREICH S/ \ v ZE, FEOFEEREE
DHRAIICH DI —F—VERWGEICRSNS,

Ny SALBOEMOBRBOEAFE, RE, FARFEME (TFVR) [NEHEINTOVSEEER
ICR2TENTES, TN, LEADLGZ, TElZR >—OBRXFEHNEH>TCLEEDT
HY, FJ7 - {L# (Greco-Buddhique) #zEMIEN S,

A2 7 TIIoNEDRICENIE, /\y ZLBUEHE LT DOBEER DS 5, ILMROELI NI EER
F (MG17451) GEIGRRZETE L7 LAORETHE N EDZEWD [HY KR 20071,
NV ZXLDOFEEEBRRTF )27 ALK TEONTZERIC, BREBVZT LAOEEDL
BAELTWSERAR, EEICRADMEZTISEAE L TEETHS,

BLCLFY 27 - ALBIRRDREKRNZER CH Y, TEHEROAMEOERRFEROEELDH S
=T —MLBEBODNET T —Y— - Fr—FEICENE, = —>—VDE@EIE, AT%E
BETRY LHSGEZTREVEIC, AEZABTHE L TERLTHLS, Ly IFEICLVESE

35



E R REEERRE
B177% 20125118

BLizbDTHhY, 3—Ov/NICRENST7 L RO EIERES EMERDIITTLS [Church 19211,
IhHbE, VIV O—RFAKREICESNZEEICEAL TSR, 77HZRZ VAR %EEIC, &
R7ITEVADARICED T LAOPEy DiiEsE, RO LIcLD Ly IFEEAELXSD
THTENTELD (K2), ARHZWIEEY T &L WS REDOME ZRE LT BEEY DMEIL,
THIZNZNOMBNTREPEBREDRBENERNTNSEEEZS5NS,

0 R IFEEDKANROY S

DRRRETBRRT DT « TITHZAZYDN—IV—2VEWE, ROFE, BOAZVEK
UipiBtH R, O« > FEdtolhsdt, 77 Y AR, IS Z#ESRERILDOEEDE D
TEHEPPANTMIEICH > TALBE T DO EDELTHISN S,

N=ZV—=2IE, N=ZIV—=VZFB, TH—5—T4—F8, HII7FBD=D2DEBINS%
AT VATHY, Blllcr> FzRZAse>Y Fy—o2 ke, k- /VNLARICEEE N, 18
= 2500m (F EDRAICHERVAM TH B,

N=ZY =B, TNENDORBICEERDSY, REXNLEFCERICHEE N/ N\—
SY-VAEEE J4—7—T4—BEE HUVTVAREE NI V—VEAHSPPEILE
23 - Vv - IVABELSGD, MEPHELS LTHBAINABUMNCD, (MEDEE,
BELLTERENEEASNSRELEDE S L, N—IV—2&EHCIE 1,000 8L0VAE DT
TNTW3,

LEBAZERREREMAR LY 2 —LOHEARICEINE, BEBEORKY LICSENDRATD
"CERRAIEDS, BEZ 5 HIEOMBIC/NN— I v — > TILBUER Th 2 BREH R INTLEE,
ZTOMTILENREZLA S IHILKRET, LT 5ROV EINEITEDTHE L
HEESHICENTWVS IR (BEEFS) 2006a], MEFICS L SAEFHROBEIT, MEHICT
ONEHEDTHY, LIeh 27T, TNTNDEHRICRBENTALEY®, K5 - 3TROH o fHigE
EDEWCE T, ARBICEMNIEEICLEEN, MRNGERHHOIcEEZZDHBEATH
52,

N=ZV—2VEPOIEEEZIECHELT, BRMVFREZ2Y (REOCHE - FHEVJIVER
X) DFIIVFALE, NET U FLRGEEDEEICRET 2T EEEEEME, ELFHNEATH
BICkY, TNSDEEEFRGED, 1V K, N7, ALZXL - O—X, HEDORZEZR2ITTH
ILltfedhé, BENDDWNNIULNGERDH 5 EOMEEREEE LTIV O— 2@ L TRE
ICED D CWARIBD RS NG Y DDH B, GO TET7 ITHZAE VI, T2 7 LDERH
EA Y FOILBSAL DT, Z L TREDRE LTALBERORENDEE/IL - DI vV T
U271 [Ei82002] LMIEDIFONK S, TNREIFIT, XLMICEMERIEZET 2, 17 FD
SEANERELIALED, PRV ITREHATHENEVSELNSHADIV— FEFTIREL, &
FiE, N\—IV—VUHEOEBEDOEF—7HEOPERE L OEEZRLT 5ELEDTHHI LD
5, ILEHFREBEFREATHRT VTGS ENABERIC OV TEERDLENTVS [BH
2008], EEICTTAHZARZVIIERICHERLILBERZHOMIHLEEZ 5.

36



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

T T T/RSILHEEEICIE, ZNZNDOEICEWVTLBBRROMEDE S £1T o e FEE LB AR
BNEESICESBETERPEMRERICK > TEMES NIEEMOBOIRBRENT NS, &<,
RATNHEMEYEER, BEAESFICTNSHNERICRDODN TS EEZS5NS,

BEMENE, b7 0O0—REEL, TELTEEME L LBICRASHOE ML SEZ5EN,
ESITLERGHIFNEBE L TV EEZ 5NS, BERVEEMHEZ EDL S ICERA LMD
TiE, ERIOESDOFEMAEAICINZ, PR D7 OHEBINRR, BMHOREM, HRICHITS
MBEDITHIL— FEVWSBRADNSEERHNIURETH S,

N=ZV—=UPERMFRAEVICHONZABEEBDIRERIAICDOWVWT, SREOBETLBICKS
EENIGORINcEROEEE G EDNFEREFIEFZINTLEL, T, HREDFEPER
MEHCOWTHIBeIclE, BEZDEDZBEEMNICHMBENT PR ERE T 2LEHLH 5.

K, HRBOEEMHICBELTEREMZSOHICIE, T TSR MR (a4 ttie) o M/
$85m De Lapidus), 74 bV« R (f27cal 1 ##d) O BEFE+F De Architectura libri decem.,
TAAART) TR Gt 1152 O [EEEE De Materia Medica libriquinquel X7 =X (%2
7o 1 t#id) D TEBYIES Naturalis Historia) 75 EERO—SAIC K ZEEROBELEMICEIT 5T E
TEEERPA > K - FTREADIGER TF 85 « R— bZ Gitrasatra) s EDBE LS,

O—<AfcBlc & D5, LY OEYICRE T 2HEEEIERICINZ, BER, ER, WMeMi
TASOEERMGE, REMBHCRCEELZABREZA TV, FRT7IT7 TREEBHMES
NBESICHE ALV EHEER > TEDINLDTHSD, TNSDETRICHSHNBME
P, RAKSDOEHTY TICHRRT IT7PLIVRAERICEH SN TV AIBEEL B,

A FHRICOVWTSH, EREAICRT 2D EEINTWS, 1> FOREKNGE=MERE, [
A1 XTS5 —F Vishnupuranal DMIERTH S 7 BICICREINE DAY 2 XL IVE—VES
Vishnudharmottaral T&HBH, ZZIclE, BELBICKSKREFNICET 2EEHNELEINTNS
[E%5 1973 €& 1988], CDHDIRERE, [F b« X— bS] [Sivaramamurti 1978 ; £ 1988] (T,
CEOBERIEICDVWTDEERGENDNRESNDS, RERIE, ¥ Py —xEenERLIy T
2B (320 ~ 600 ) DEMMRBICE DIV TV S mMEEINEITFNEESEL [E5 19731,

HESD DR EIEREZCEGF ) 7 - O—<BROKREIERITH L, 17 RICEZ=E
&, ALEREY R —#DOY 77 A MIBWT, BLOmEarRd RiiHEEEICERDIF 5N
fRETHY, —H, ERNGEMRPEMCETIARICZ LV, LML, BIRPABAED EICIE
BEEECHECDOWTIIRNEF )27 « ST UEBORESICHL, &Y TOBED HITKRBEZHE R
ECDOWCEHLTWADIE, TD [Fh5 - X—hF)] KT TH S,

N ZA= =D, ¢ i bt [V feba i

4—1 oo bOvEEtE BW e DRE

FREINRE CH D> >/ a AV TRVWIRIVF—ZE5EZ oNEENFZ, FEE TR
HSAEEESE, EHRANY MLV EFHOBD TEEDSV B NZELIENTES, Nz,

37



E R REEERRE
B177% 20125118

o bavEEHEER, 70O MAYVEREE, MRENTVSHEDERARICHOE
FL, Z2LIBAMDBVIRNGHNELEDTEMFETH S, T, WINBZITK > ftE—LATS
BWS/NENESND TS, BEOLSEH um EOREBEESZ OWINGEREERE, S
ETHNT BTcdITBBHTHEMTH S [Cotte etal 2010],

vy bO b UBERERWEDRORIRIE, FIZIE, RROEHXRELRT HE, REMIC
BREOHETED, WINBEHIMHOAEICESTETHD, 70 bOrvigiE, BRRE
HEFEEE > TWBRDIT, Ny I TS0 REGBIHEXIFERBICHIHIT ST ENATES, £
fo, BEHIEGEGRANRY MLEES>TWSTs, ROBZIXIVF—0 (ERED) XigEBHIGER
TBHIEDTE, ZTORR, ROBDMTEDOMENEEZRLRL T2 EHAREICHE D,

—ARIT, RRETAHERRICIE, ZTOMEAEFMBLIETEIEHBANLEL S Y, ZNETNOEAN
RCERBODNEBZNATHIEHTES,

AW TlE, ESRF EDHEHRBMZEE LT, N—I v —VEERROEERZES KULLigEIcD
WTEEHLANILDER - BEMBEDODHE{T > T3, ESRFIEBAD SPring-8 & $EI L fz B
FHHERTHY, E—LIXILF—IEH60E eV (6GeV), £—LFREIXH 200mA TH 5,

AR CIET >0 OV ERBWERMINMERICESIT 2 BB, JEEYIED FTIR, XRF, XRD
D%, ZNZH SR-UFTIR, SR-uXRF, SR-uXRD EMERT &ICT B, AR TIX, FHwASCE D21
I T SR-UFTIR, SR-UXRF, 7z, HEASLIE ID18F IZ35U T SR-UXRF, SR-UXRD DBIEE1T -
e (®3),

4-2 DR SUBEMBRROTH OIKEY

BELZ 100 BICDIFRBN—ZY—>, T+—F—FT1—, A>3, AU - IvS5—)VaEE
D55, DO TEBHNERINCARIEIELZ 50BTHSH, REASNCEEBHEDIED (H
HW0NE, WEHICIRIEINEBER ZR8AEDKRL SEIX LIZEER ORICEEBHLEDLED) F,
N=—ZY—V2BE, 74+—F—T74—58, AU Z028, 1) - I+Z—IV1BDRH3E
THolece ZTDOH, EBEINEHANELSAEMENH S D EORIERS, | EDILREEGIEE
EZNZNRICERRE LTz, &8REIE, N\—Sv—VagsEsLUERKL, BXILHLS 201 &5,

B85t 279 RTH %,

ABDE IE, AEDKICHE L TWaNEGTRAZER LIt DbH SBEMICERE L e,
FEALEDEDIEDWVWT, AEADEDMEICHEINTWEDTH Db, RAUBZERT S
IR TH o fce BERDAYT Y M) —ERHPIC, TNODIAZEE - 52, BRI
DELOAT, ARNLGLDZERL TN, AEDEEICKRAGEBEDLEE L TWBIEEIE,
RENGEZEL SHNGERZRIL, FREUEZEER LT, A5 TIE, HKINEFRDRSHEERZ
BLWTHRET %,

BEEHE, 7TAZARZVBERXCEDHIDE EAKRICHEBIRY, REEME (Olympus 1
& BX51) FICBVOEEAB IUENMRENICKISER, B LR /SOoNE-—ZEHERA
SE e, BERMEXRITA0~100/8T, ECICKBRADBREFDRE, EEMHOBHPER,

38



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

SEMEDERFICBE LGN SEBRET oI,

B - BHEZLODE, FHNEHO—ERIE, KU TX7IVERBEE (Struers HEUSRIEIA RS
No.105) ZRWTEB L, 7OXt 7Y 3 EREICINERET 5lcdhlizc> T, BTk
AMEOBEMOKDICBRGERNEENTWVWSAEEMENH > fefzsd, 4,000 ~ 12,000 X v 1
DIRERZER T HERFE Tl Micro Surface ftBID< /70 « X v ¥ 272V TEARADEE
EEZIT Oz,

TORE T aviE, REBEHE (Olympus #8 BX51) ORAE— FICEWT, BEXBK
UEMNMEHRNECRE LTHR - BEP LUIRE AT ol BRAZEICDVTIE Plesters [Plesters
1956] ICELTWS, INOSDEEBELILFNEEHERAEERICOVTE, IIRISENTWS
(&0 fth 2006]

B NEHO—8IE, YO0 OYVEREEEBRW RO, GCO/MS P ELISA IC & 2 EHE
DRMDIS, BIETHEL T ZOXEEFAT HdlciE Ll

4—3 o0 bOYVEEYtE AW RO DR

SR-UFTIR D Dfcsh, BEEHLSE/ESNIMNGERDO—E%E, WREAEHEFET T =27 IVA
SARAL, BEEDERAESGARICBEVWTAIYEY FE/UBTERBLE (4,

AR T, ZOEERATARTZEBNTLES LS3GHEIE, WENO—HER) TX
TIVEiREICEIBE, /0 —LZAV, BEENBERTESLDGHMETS ~ 50um DR
DEH#DEONDLDITER L, Z2LT, BRI EEREREAZEIBEICKY RAY b D
MELUOT v EVTITH LT,

SR-uXRF & SR-uXRD 234 Cld SR-UFTIR BT CLERL LD EERRIC, =70 b—LZRAWE
R &M ERZRIR LTz, ZNZTNOERAE, SFRNICBIDFETHMAET 2T EHTE
A&510C, BENLEE, RELTWLS,

4—4 o0 kO VRS E FBUNESR-UFTIRSR

ID21 |38 Lz FTIR (Thermo Nicholat #1% Continuum S8##8% /8 L fc Nexus A HE)
ZRV, JwEETIT oI

CORBETIHEED RIRELEELT, 15um UTONEWVEEHORIETIEELIT, FEEICE
WEE, BHTEWVS/NEERSTENTETHY, BEGEDHNIICIIIERICEN THL S,
4000 ~ 800cm™ DEFET, 10um EDE—LEEL, 516 DAARY kL% 10pm DR T v T4
ARELTRYE YT HETDce AFv VIEET 32 E1Toc, TIEZ S —DRENREIL 1.8988cm™
SWTHY, FRREIL 8cm’, Happ-Genzel 7 RZA ¥ — 3 v ERBW e, T—2EUS EBFTIE,
Nicholat ##M Omnic V7 bV = 7 %=EB LTz

4—5 270 bavkgtHE B SR-uXRD/ SR-UXRFEIRFDHT

S/0R—LTRASAALIEEE, 2ROBORY TFLYY— FTIRARE, RS54 R
Y R EBVTER LINE Y 1 ¥ ROICENZ AN, 2x18um DE— LIk Y ID18F (24

39



E R REEERRE
B177% 20125118

BLEXKRET (REE—F) EEAXIERADOBRERZAVCRERRIEET> . Thic&ky,
B CHBADEITT — 2 E TRBEROFERHICAFTCESRZ LICED, TORHET, HERAFv L
—sEldp Tz W 300 RA > DD EIToTc. SR-UXRD BIEIL 28KeV, RETE— RTHIHE -1,
fHE L1z SR-UXRF I & Y, sTRIBR O BIRHCE (B 5) . H2RIE Ge TH B, BAONTcT—42IT,
ESRF CHERE N7 =787 5 LPyMca ZABWT 7 4 v T« Y T B KU ZEIT > Iz [Cotte
etal 20107,

e ﬁ*ﬁ@%ﬁ%

PREL LTz 279 mDWUNEHRID S 5, ESRF (CEHUNT SR-UFTIR, SR-uXRD, SR-pXRF ##iZ1T>
feABHEBET 51 RTH B, TDO5, N—IV—2|C 7 #HidFIELUEEHRT S MEREICHDD
% 3 DDFE[ZEY LIF, UTICKEHL,

5-1 FA:N@QEXHICERSN2EEma LIBEEXICDOWLT

5-1—1 EEmE LIEEXR

N@) ElE, N—I V=7 HRFELEEIRT 2 5FEEH LIFRHZE L BEEZET 50
BEDUEDTH S, Na) BENEEIL, AEBAFERATRE LY 2—I1tL2 "CERAEICK S
Th, 71H421%E (calAD 644-672 ) LB DTSN TLS (4 2006], N@) BOFKRHIE,
DEBICHEXE, ZDWAIL=BFXE, £ZONEIC4DO=AFKE, &5 3 EOXES
EHD (K6),

ZD>5 2 BBD=AFORAMEIEIE, HLZME6cm, KE 40 ~ 50cm OFIKRDEE K T
5NTW5%, RRUAFXKEONBAIEIEICIE, 6 NTD4mE (GH24F) IcHEH N, VRV%EL
DRBEDXH®E (\T5) KES5NS,

THORIE, BEEOAARME TCEON TV tOBEXHROREHNRRBEE CH >z, LHL,
REFBEEEORTHEENTONEC E LT, ROAEEDICHEINIABEERET 8L
BEDNRDNMFRTESLDICEY, EHIC, EBDRDICITEEEET HMEIMEMNIFZO>TW
BOHFEER I Nz AT fh 20071,

ZTNZNOEEXFRORRICITEIC 1 WOEBRGHEHIN, TNOSIEBRICERICRET 57
REGO2TWB, ELINODITNTRETNL, G123 2414F) OEBMIHGFET 51T TH
DD, TTIKZDELZEDHEELEDN TS, BERINE - EEXHIZ, Bl 2ER
D=AEXEICEWNT, ZOAEOTEIE, SHEET ) 71>, Rit@EHSIEHEEMT, FERID
2EEDO=AFKEICHEVNT, BAmNSKRERDEER, LAENSIRE FEDABDORIEH
BRInt (B7), TTTHEIMTWVWEIONLABDEFFTHZDD, HEHWNEN FoPry
ZYUORADE S GHFAFEDOEETYO LHF B THZHDH LUK 2006], REHIEIEL TWBTHR
BB Cd 5,

ZDE D GHRBOMEERICHMNRICEENRLRE LIXRIE, 1> FDT7 Y v > 2—&EH
17 BICHEHANL RSN, J72BAEMICRET 20DEEZIS5NS B - 28K 19991,

40



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

ZDOXFEEDRIRBERICEINIE, TTZOXEHEEICEBEDEBENBSNTEY, ZDLIC
HMOZEEDETEREELHYHIEHINTVDS, ZLT, INSOEETDEEHZLDITKRELHEST
N, BIMEEEEZRITHBIBOAAIIEYZRINTWVWS, Ffz, RORICIE, BORWUEERSH
BZMEBERINE, FHICHEERESMNCT B8, TXIVF—DBRENEXEOTEERNER
BIEFIBMEE (SEM-EDS) ERUWTEDHE, SR-UXRF, SR-pXRD 35 & T SR-UFTIR I & BH7
7otz (/O #12007],

5—1—2 #h-BEXFREDDERR

Nia) OB «- BEEXKREALSEBMLEEABNDS> S, @B REETSE [HRES:
BMM184], ¥DXikEsD [BHHES | BMM186] ZREAEMB T CHE LT, SBHAILHM
DPWSATRICEBREELCTVWEDY, HEHLEEHETHEHDLESGHEEEL TV

LHL, 70RE7 Y 3aVOBEABLUEMEHABRRDL S, RiE, TOL£BIE, REBICTIES
ETIEEL, $20um EDIREICHZBEDLEIC, BREEEDT Z AROEENHPER TN T
Blcolc, XEPHENEEBDEEEAZL VST EAESHTE T HEES  BMM177,
8,9 : sKIES  BMM186, X 11,121,

e, REBOEBEIE, BOWTHED LICAVWENAZHE T 2BREOEER (BILEV ) ZAVT
ONTWAZ EERR TN, BOTHBLRY IO SGSTRYEOMICH, BVWENEEET
2EHMEBFTEVEAERT HEVEREONEL R SNz, THEBRKIZ, BBOHNAERELT
W5,

5—1—3 SEM-EDSIc K B&RBAEDTED T

SEM-EDS ZRWTC, 70RE7 ¥ 3> [FHRES 1 BMMI186] OHZzEiTofc (K 13), KK
REFRZAEL, BEZETT, MEBEF 15KV ICBWTERE, AlEZ1Tof, EDSICDWTIRTTERE
EDEEDMICBIIDMEEELTT 7 EAVZIVINS A =% (FP) EzEAL, &7, T
woRBELSIMRE SN, REDESEEIDDHSIF, AXEMPREENTfcsd, BRI
MEBCAXETH B EEZONS HED X XDEREMD, $0ZRET HE TITE>TWELD
T EEEMTREDEEZA D,

SR-uXRF T& EDS D LM GHRERDF SN (K10), EHDICHAILY IV LHEENT
WBEKSICHZABD, TNERXD LEHAIY T LD KaDIBLEERE>TWE T EITRERTY %,
BT EDLDTHEDTHENT BT EHTES,

BEZAOERMOBOEREICHIVY T LDFBVEMEEENT, IhiE, BB > EEEH
DED LITRIIE LIMEICHSIEDEEZISNS,

5—1—4 SR-pFTIRIC K ZEHME DD

N(@) ERHRDE LEEDX AL SFSNIEN [EHRES  BMM178] O—#%, /0
F—LTERELIEDDE, HBOHRMKZBEBENZDLDICEAVEY FEVETERE L
HEDODMAEBEBECRA Y MBI OT Y EV T LTz,

41



E R REEERRE
B177% 20125118

BRAY FTRONFEARY MVER 14ITRT, ANY LD 5, FE7GERIN [al, [b], [c]
EERL, JvEYIEIToT

Ry EVITAELEERL BEESTEILAV N, BETHEEZOTOERMDOBTH 5.
BILE Y~ (A) DSBS NTEANRY MU, 58 < HHUOIRIN v(C-H) [a]l BKT v(C=0) [bl, & (C-H),
v(C-0) [c] ZRLTWATe®, MEEIMDETIMRTHZEEZS5ND, DT —Z2 L&,
TICKRABBBIEN L TOTHHBITERV S, HEBIENEELTWA T LB mRENE LTI
BETERL, TOEIVEY MES5~20um BREDEHDHZBERR LTS, —BHITE/L
AU b ELTHERTNSZEERERVNS T ETH, BILESICEVELT S8, TOWoEH
DHBBEEVHT T EHARETH S,

HEBETHOTICHASERGHEODEEL T/, (A) EBHTEULEAXT MLERLTEY,
THE58HMEHTHEHEEZS5NS,

Ffe, BT EEHBTHEOBICERBTEINTVWSERIMODBDANRY MMUICIET I R, 1| D
INHNRSNBTELS, BLIIAGEDZVINVED, ¥eEHETaICTEICBIEDE LTREE
nNreEEZ5NS,

BHETHE (B) (T 3535cm™ DL v(0-H) ITEHES|IR [d] ARS5NB, Thix, $AD
KELYIRITHRE TH S, 1400cm™ [HEDKREIBOIIN [e] £EES5NS, Tz, EHKDEFIC,
1520cm™ DIEVIRIN [f] A9 LTW3, ThiE, vAS(C=0) IciREREINBHILRFVIVE,
ARITFENERINTH S, LIeh>T, COEBETHIEIR, IREIMAMRTHET EERLTW
5EWVZ B,

thamld, SBITHZEMATMATSEERLPT VB THY, ZZIckEMRAST ETEL
FBLIR—ZANEBBZTENTES [Cotteetal 2006], LHLAELS, hALMEKERAVTE
KM ICERERREIES e DEDL, H5WE, HhEEHEEE TERLIZEDN, BRMICERIC
it LIeDHNEAREBTH B,

ARSEREICBHEINOERLZEBOEEMEBICDOVTIE, [EHHES (BMM184] Hh51ESN
AR MV (C) b5, RABEBICEASHOEBERNEZRNLIEELEDTIEGWLWHEEEEINS
B, BBREERIEE TICIEWL 2> TUOERL,

¥, BHALEBEET DT ZRAROBOREBON S 1320ecm™ (T 2 VBEAIV Y D LITH
HMAERINARZ THY, SEM-EDS IC KB HIVY U LDREFEREEBEMNRESND, TDV2
TEBAIVY UL, BRECOERIOBOXRED, MEMNL/NT T TEORSHDREICEKY
PRENECTEAIVARVBEEITRVE LB EERDTIEEWAEEZ 5N,

5—1-5 @) BEEXHEDDEIEE

LROERZELDHDE, Na) BERHRICRSNZEM) - BEXAIZ, UTOX S GIEE TR
TnfcEnEEZSNS (R3, K15,

Y, MULTDEICZ2V NV BEEALBELEDBZERLICE, ZEHZINNETELDTEE
Y, ZDLlc, MALEEMISLIEETHEZZR LTS, IORBTHEICIIIAHRD
BENTWVS, ThiF, SREHZRETRN—AMRICLELDHRIG L TRRANICERARRE G D

42



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

fHLDGON, BEXMICINE, #, KERLTEVIARZEOLEDNNIRHETH S,

DL, ZEHEERD ETE2MEZEIVZA Y FELTRWT, 2AESEICAEZRMY
IFTWB, TORAXSEF, 20um DEHZHFSL, FilE LTHEZATLEDTHS,

BN AZEDEIC, BRTXRzEHRE, REER (Jr—IUFY) TERZEY DXL
TW3, BYXRLLEAXBOEDICE, BEEKERV (HHWNIERBICEBDIS L) XAREZ
BEHL, BIEHLRBICLDEMTHEIDDEOIGMRESEZAEEZOSNS, TDXDIG THH
FDEHE] Z2< B7FEE, I -0V \DIRGEFICERINAEPIRED LICERBICER
LIl ZZm I 5 T Xy Akl ZBREE5,

5—2 FHH2:N@)EREDRFHMROEEBICDONT

5—2—1 NQ@EREDHHRICDOLNT

N(a) BORELAIPRERIC, BiMREEZ SNDRGEHEOINTL S, FEHSHTRVEBRDEHELE
ROEDY, ROERBDKL S7%5/\— Mz LIEENEE LD TH B,

NS I CHIRZ RIS fcfe®, TRETIE, BMROKREDIIRDONTEY, HEDO T EMDED
TWBDHTHD (K16),

1970 FRICREBRAFHAE LI ERIE, BEERONBRIGREL TV (K17), BtZzER
12, FROEBRPRHLEDY, TOEDEDIE, ROICRDHH[EZZELTWVND, ELEDEIC,
HUOWNEGREARDELDHEHNNT NS, BHRRIEEAENICHENCHEEIENTSY, EHbDH
Y, REBEONEBAMA—VLERTEHILENTES, CORDEDOHDH SR [FHHES !
BMMO35] Z#Ex L, otflcftlrc,

5—2—2 SR-uXRFZ B\t ERn DRI

VALY aVOBREICINE, BEORERDIE, WY LOTEYDLEICHESEHDE, B
THIE, BEEOBEHMZSALENLNDY, TOLIT, REBOEEBELEBBRADT L —XDEHE
mENTL B, BEZERADEBIRIFAVENREZREL, ABTHREIL, BUOBBDOHEAZHT 5.
BEOERNEZSATCBLENRENZRE L, BOLBHICKREDRBNFEZSATLS [AHES:
BMMO35] (18, 19).

ID21 (2&VF % SR-uXRF DX v £V J#ER%ZTRT (K20), FEEDICE, FREERELTEA
SHOIEEMHERENTVEDTIRGEVLDERES N, LHL, TOE-LSA1VTIE, Fe
D KRIHHAED T RIVF—THEEL TW2 T8, HERLT BIIEART7TH o1

Y, RRADHBDY L—XWADSIEAIVYTLPAY UL, BERDY, £, REO¥EE
B5lE, TIVEZULPAY LG EICIATHEER, MHOBREIREEINTVS, RIT, TOD
BREDEBRLIITIRELS, BEOE, BB THENSE, FAIRICIREETNTVS, BETHETIE,
AKXV BEREICREHEN TV S, BBOBICEENTWBRFTHED, H—KRYTSvIH7
ARIV=TSvIBED) VBEAIVY D LZERLTESBREBMETHSEREMED Do fch, >
HEBDELSBEINGWT EDS, TARU—-TSv Y, R—rT5v I THBAREMEIIES,
GLAA—RYTSvIRIT VT TSV ITHASEEZSND,

43



E R REEERRE
B177% 20125118

MEEDTREZRHET 5, LVE-LBEDSWVE—LS A IDISFICEHF S SR-XRF D
RyEYT%ETO (B21), E—LTA XD 2x18um Dfed, #RGEY T FIVOEREICHE >TWL
B0, ROBICIEE, BR, MHHIREEIN, REDBTHAICHLHIHNDET, HDREER
HEEEEND, £, BEBSLUEBDENSIE, BREMOBREENTNS,

5—2—3 SR-uXRDZ B\ i fMRIR EER D DM

ID18 [CHWLT, SR-uXRF 24 LERFCIG SN SR-puXRD DEIT/ N2 — > D Z{T D fo

2213, 1TEBBEYK 300 FOESNTVBEIT/NEZ—2HH5 550D 1D, REDEDE
OB TH 5.

REBOBHL S, MBLMENZERDSSE, /N1 FALIL—Y A F&t)b—T 1 FOEADREZE
Thic, oI AREV VY IASHBREENT, 7)YV IASRT A B THHREOILMTHY,
REEsE LTRVLLNIEEDEEZSNS, DT, 1920 FRITT v 7V AD 3 LTZBRKAL
BB DEREDFREERLS V)Y IS ERHLTLSD [Gettens 1938], I TH, Tv7~
ADDHFERICHNTRERIMESNT.

SR-pXRF TlE, REXBEERITEBRNMREEINTV S, BEMEIIATSHS72H< 1 b
DEFENMRE NN, SEID SR-uXRD B Tld, 72 AIA M ERETELED T,

ZOfBRERIE, thEEN—X & LEGRIC, FBOT )Y IZOMKICK>TEMIFLIES
DEEZBIENTES,

5—2—4 SR-uFTIR%Z AU MGG EERD DO

RIC, ID2TITHEWNTIT oA CEHRID SR-UFTIR ICK B PITERICOVTRE THL (K 23),
T DRBEDIE, EBREBHNRYEL STEBEENSE S,

HEE, BEESEEDNEVKSICERLTECRZ27IVTAHY FL, ZA4VEY FEILRS
TE(ERELIe, TOBREBFRE—FTAEL, JvEVITE LIRER, BORMEICBWTE
NZNEBEDZRNANY MVHBMESNTe, £T T, ZNZNDBREED S BHIDIRIICER 570
KO BRMNERRESOERER L TR VEY I&Tof (K24),

FIZIX, 5BEDBEDEHLSIE, 72 F I, Il EEEBEEIRINE & 1 TEBEDRINAR 5N,

e, RRADHEBBADE, REDE, 2BDE, BB THEINTHSIEIATIVEED, &z,
FE 2@ OB THEN SIEEBAMRE/\1 FOt/L—F 1 FORNAR SN, /\1 FOt/b—
HA &, 3530cm™ f[REICHED OH DRIEF DT EHHSNTVS, BEEBDELRRADE
BFEADBHL S, BEEEE EAIVRVEBICREE 1705cm™ ORINARS5N%, T5IC, RERME
DEEZERE EREDBD T —ERH 51F 1323ecm  PEIFHNES 1 VEBEIEORINE B 515,

ZIT, $TTOEEEHADEBIE, BIEREEEIRTIVEESER SIBEASHDORARIED &
STHY, £z, BBOBEH Lz, AROBEROMEICINZ, HEESBR®R, ITAT/IVEES
Bofct D 6k%, Thbb, hEEFENEH hAam, #iEEEDREEMHISEZEDTHDE
BEIND, R, BETHETHSH, 1730cm™ AN TR TIVES, £BAER, /\1 FOt/b—
HA MMIEHELR OH ORINARSNE T EHS, SHALEMR, ZO—HBIRERICE>TVEE

44



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

DCTHBEEZSNS,

—EHTOBREERDEICOVTIE, EBAROKIRGELERLTVEWEEICAIEYT 57 I F
| RUNHEDE DEBLLIICER LTS EDD, CDEIF, EMIBPINRGEDR VNI EBZEMD
ETBLDTHASEEZASNS, TOHAHHE, V1VBIBORRAZRESNDE I EHS,
—BE 2 VBAILY T LI EDYBICEE L TWSEREND B,

N(a) EDREEERID 5L, > 1 VEIIDRIEEMD H D ANRY MLHES N, ThiE, KifEERET
BEBASHDEREINENZE LD EBEEINS,

5—2-5 HIMRRETDTOBEE

LLE, SR-pXRF, SR-UXRD, SR-pFTIR DIERHEME L TERTSE, Na) BOILEICHI N
REBOBYDOETDICOVNTIE, RDEIICKEDHDTENTES (R4, K25,

£9, TEOLIC, BZoKBEHEEPILLTSHDEILHZEBNE L TEMMB LIRS
DEAVINIBEERDETHEDERHELTWNS, TDT &, GOUMSICEDT I/ BAMTSH,
FARNGEERIMEZIEONTWVDS (AT TFHRRT7IT - N\—ZV—VLHEBBEODT (2)] BER),

BHIEOED LEIC, $hEEEZEENSGIEBTHEZZRL TS, CORBTHIEIX, HhaMk
ZEATVD, EBDEIE, EIBASHOXRABEBICEZSL IV TTIIvIBEDRRZER
PETHENTRBELEDTH Y, GHNCIE, SRE S EMH, IaMb I WS T Ehbh o T,
ZVTTIvIDKIICERERERE, MEBEREFITEOTLEY, LORESGVWEWVWST
EDHIENTWS, ZDTes, DEERL 501, BlgEER LD TIEGWLHEHRAETNS,

EEBITDOWTIE, FERICERMTIEIH SN, Efiofctild, SBEEEHRTHY, Pidy thoEs
DERRR, —EHNDELEEIMAMICE O TS, GOUMS DFERH S, TOEIMEMIEP/SENS
KZ3THBlSD (RS THR7IT - N\—ZY—VLHEEBEODH (1)1 BR), 7V hHsH0
B2 IVHMER SN EEZAOSNS, TORERBICIE, WOERIETHSV )V IZTEWfeh
THIEIFRDILNRNFHEFENTEY, FEBELTBICRATWAEWD TELER TN

e, BEBEETAHEZCHNFHNERINTWDRTELS, 1 TO—F—H—%, TOFED
BICEENTWEEEZS5NS, Ffe, SR-uUXRD TSR TEHEHN o feH, SR-UXRF TIERED
BICERENFTENTVWABTENERINETELS, DB THZT72A<A FHAEENTL
SAEEMEH 5,

£z, SRUFTIRDRA Y MRAIEDL S, Y1 VBEHEEZ SNARNNMESNIT LS, R
DILYMEERIDY, BIREPRZEHE Vo BIEEL TWS I & T, iR CREREIANZL L,
ET5ICENDY 2 VBIANEE L TVWAEREHIC DV THIERL THERLN,

5-3 BB T4 —5—F 1 —AEDRELTOBEERMIONT

5-3—-1 PFRRE LIERICOWNT

R, 74—=F—74— 4% (K26, K27) DEED S B, FEHHZHE LTRET LIV, 74—
T4 —4BDOREIL, MOABEDRELIIEL ST, BREZELTEYHNLD S TRKD
BREELCTWVS,

45



E R REEERRE
B177% 20125118

T4+4—F—T14—48lE, N—Zv—2NaEBELBE&KIC, AEFEXYXHAEZRFOAERN
ThY, 7+—5—T4— 4BDEEE, AHEAFERAERE LY 2—1CL2 "CERAE
IZL 2T, 7HIER~ 8 tHiEE¥ (KHIAFEBD X calAD691-778 &, JLEEFR{AID X ca-
IAD692-775 &, RHFEAID X calAD691-773 &) LMBEDIFSN TS [HFf 2006],

74— —T4— 48X, RETCEABNGRIETAICEY, ZTOZOEEHIRONTLED
TW3, ZLDBEHRD, JIVERSNTTZ 7AZRZVENMTHHELTLE>TWSH, Nk
A, YIVEY DMTONEBRICEBEDRICES THELLIEEF EORETH o e, T THMRNR
ELFBERIE, T74—5— 74— 4BOKRMSEIIREN, A>T M) —|CBRENZED
(No.0891) TH %, Atflct LIiFEERD DN [EHHES  FDM055] X, TD—E8CH %,

ZORBEDNE, 7ORXET Y avERDE, £EOLEIC, FHGELEDE, &BFHOBLESD
B, BETHtEDLIC, B, B8, REHSLEIEEEEICKL >THEIMTLS (M28), 2D
BEBEICE, THOHE (k) EAFKORST (BR) ICKEXFENERICKST, REBER
CEPDICRERIMRLHDEEZS5NS A0 - I b 2008al,

5—3—2 SR-uFTIRZ BUL\AREE DD

DK %Z, SR-UFTR ZAW Tz T ofc. EMBDBBENZD L OITECRT A X, ZD
YIRZ214VEY FEIVETERL, ThETNORDAEZIT >EIS, REDEEENSHE
THEE T, BBl E TXATIVEEDRIRNR SN fe, THOBREDEBEHNSHETHEE T,
RSO DMICEHEYT 2MEHEENTWAH I ENBELME > (K28,29),

BEDFNADHBRANRY MVERTHBE, &, EERADHERFER (1) 1ol 7424
RAMHBZWIINSZATA b (BIGIREE | BEMELR) (THHNERINE, BZT5<EBEM
WMDO EDTHHW|OEHKIY, L—IV—7 1~ (2 VER) ORINHARSNS (E30), Ih
\&, ROREER L, BRMEL SLIBEMD, WMEMPN\I TV T7HEEDHIVRVEOZE
ERITTERLTERLELDTHDEEZSND,

Ric, REOFEBE 2) H5id, LMHEROBBEOUEDTHS/IVIFUEE, HED
RISERINTHS /IS FUVBEIADRINE, A EEMRN 5% Cle&E X SN HIAMDIRUIN
bHonfe (K31),

REOEERE 2) LABOEERE (3) ORI, FRKABDEHRERSNSITT THEH, M
N EZAVEY FEIVETERLERIC, BBEERIDPRAGLGEO>TLEEEASND,

KREOEERE (3) io5d, LIEHBRDOEHEOVEDTHZ/NIVIFVEORINE, AL
FHERDSE Ll EEZ SNBMARDRINDGHSNT, FEOEER (3) SREDOEEE (2)
ORI ZF N b DEHBDE (K32), T—F1 b (BEOELER) OmINE, /LI F R,
NIV F VESRDORIRZHER T 5 EHTED,

BHETHE (4) H51E3535em™ [THIL vIOH) ITEBHE SN FSNfe, ZTT, SHOKE
IEMETHZ/\A FOIV— 1 b EBALEIV—T 1~ (BEERE), T30O5HETHS
EEZSNS (K33),

BBBHDELES (I 7) B (5 H5iE, BENGET I FORNSRSND ELEDIC,

46



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

1050em™ fHEICZHEEORNARSND (K34), TDRBIX, SIBPLIALEDZ VNI ELE,
WBPT7SET7 ILGEDHL (EYIMHZHEE) mAZEATVWSEEZSNS,

R, RFEOERAGZBIEDBICIE, BIERICHRTZ2WMNHNESNS (K35, LeA>T,
BRSO DRABEELNSEBETHSHEEZ SN S,

=EIC, TNTNOYEICHENERNOERERZERLT, JvEY I LEEDER 36 (C
Y. Rl 2VINVE, s, EHMESEEINTH 1S BIIEENTWS T EHbD 5,

5—3—3 SR-pXRF & SR-uXRD%Z R W AR EBER D DOt

ELHABZECATAMAL, RUTFLYY— bREIKKARLEDICH LT, SR-uXRF & SR-
UXRD D EIEED T Z1T D fce SR-UXRD D v E>V T &K 37 1, SR-PXRF DRI v EY T %K
BICZENTNRT . TORMFAETIE, FHNIT, Tum x 4um BEDOH/NEET, ThTNhtk
D ERBRBED D ZREFICITO T ENTES,

SR-UXRF DT DFER, THIBH SEEREICHT TiD, REBOEBEICHKD, i, REOE
BEICIRIRHENTZ, SR-UXRD DI TIE, REDEEXREMRADSIEL—IL=TA4 ETRA
XA, BETHELSE IV NS FAIL—T 1 b, FREOEBEOIHSIET—H A
bEIZUL G HREINT,

IREEDD SR-UFTR DI TIE, 7—H A FOHMEHEEN, MEHFELTWVSHICEENDIH
R T 2 ENTEGRD DD, SR-UXRD Al Ky, TORBEOHRIC, UL (EaF)
EBRDFE (F—A— T —TA ) MAPFENTVWS I ELHERENT, TDRMICKY,
Feih @ SR-pFTIR DDHTHERZEIE T FERZEF o

5—3—4 REEHDEEE

NEDEREELEDHDE, 74—5—T 4 —4BDHA, BEOXEBEEIIUTOLSITES
TWekZEZ5NS (5 K39,

9, MU LICKDLEDOREIC, BREDOHROMEN 2BEFINTL S, ZALETRK
MDOLED EIC, KARDIRBETREZH &, EDOKDHDEDLDNBSITIRERS I ENTER
Wesh, ETEEREICBILESZRTHED DD, INLIE, TOVWocBLESZBERNE LIEED,
HEZVIEEDODETHBEEZSNS,

TOBEREERLTRBIIRABELSSGY, LOBHEERLGEILX, BBHZWVIIINREV>Z
VINGBEE, ALGEDENEZERZRELLDTH S,

BETHER, 8 (-4 Z2E&86/)N\1 FOat/b—Y4 ) EBhh 55 2eETHES
ncwnad,

¥EEIZ L5, RE, B8, KBTHY, ThTH, 72AXA b, #88, hF+4—H— (5—
TN ZEHELEDLDTH D, INTDRBIHZBEME L TWSD, TOMA, EBORIC
ERROERERIGL T/ VI FVBIRAP/ IV FUBEINE WO AIVRVEEEE CTWSER
PEEINT REICBEALTE, 72ARA MHREENT, ERREMSHSEANRSND KL
Dl [A#2004], 7 V7 DEBICEVWTREBEDD ST 2 AR A FHREETNSEHITHE TN

47



E R REEERRE
B177% 20125118

BH, T7EARA MY, FKEBOXKAILME UTERIRENER E LTERINLEDEDL, BKSE
EFRAVWTAINICER LIEEDEDL, H2WLIE, HRODERMISHDZRHWEERICKY 72
HRA MCEB LIBEREDL, BHSHTIEEL,

e, KBOEBBRERADND, L—IL—T4F (1U8E) HrEIhiz, Thik, %5
CREBMCEIMNTERLREPREZDERE LT, 72H74 MEEHE (0BG, B
EMTHZIEMEREL) BAREL, —SAIVRVBIEEICER L TWEEDN, MEMPNY T
7R ENHTEERBOFEREZF, T5IC—EHAL—IL—T7 4 MIERLEEWVWTIEGRLHLEE
"EN5,

ZDDMIERIE, 72AA b EBEMENES L TWIERRO—ERD, L—Ib—7 41 MCE1E
LTWBHlERLEE, BEEEEFAEG T

Q- IN=ZY =2 H S HHERGEDEIR & ERH

6—1 BEMELTDEMEH

Dk, HEREERVEEEDS S, N\—ZVY—YNaBET7+—F—T 14— 4BZWY LIS
TERZTofc. ThTh, BRBICEFEELERNZSAEMEEEEEZR/H DI LNHESH
ITiEote, HCEIIEG EBMMDERICRAEINTSY, IGEDORP THHEREBER ERIGT ST
slTkY, TETELBBHERDNEILLTVDIREICTDWTSE, BRI BT ENTES

SEEY EFfeDlE, N—I Vv —2VEROBREFOHRTE, 7 ¥ id~ 9 HidIicB5 T 8%
REEAVWEBODS 5, 2 DDAEDEAI TH S, 5 HIBICEDDIFZEBEEHL, 2 /\VEP
A LEBEMICAWEBHNEINTEY, FHHICK>T, ERITNIBEMICERDLHS
TEDPHD>TETWLS [AO #2008b],

SEEY EFTOmEREEFDBRED—EE, BEICBEMORZIEREWS T TIEELS, BED%E
BEPEOEYVER, RADHELIFEEICHRD TEMGIREZRALILEDEERA S, COMERE
&, FTERICHEDRIREN, HENICERGEEELEEDTHA S EBETN, FiEE LTHRC
DRV ENIEDHN—ZI YV —UNEATNEDEEZ SN,

REFTICHSN 3 RERBREME LTHWEERIE, 12 H#IERONLEHEDF 1) X M
Mogo¥E (R x—7>-dv b5 RKB) [Téngeberg 2006] [COHFEAIHNESNDIET TH S,
FEFEICBVTIE, RAVIFETEBICETOBERENEZ LIDE, 15#ICT S RV
ICKOTIRT URSEECHR DT, HWERENEIIENEEZEZAONTE

RETBHRE T, /N\—I V-V OBEEE CHLHVEZIEHERDEFILIRELE THONTEST,
RR7IT7DN—ZY—2 &b —0 v /INTEDAIEREINICHEREADBICIE, 400 L ED
FERELEKREGHFENELCTWVS, TD2 DOEMBICDNT, REF COERMEPEELIHIE
DHIEE e KHELSMNTENTULEL,

77V RIViRiE, BOWTFRY &, BlsEREEMRTHRERBREME LISERY DERFER L
TEDRHTH S, LHrLanik, /\Y—1) ek [Eastlake 2001] DN ZDFE LRI NT TR

48



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

SNTWBISHTHY, REIE, 777 FIVRERMNAERAICE M RE BB AL &
NBELDICTE2FDTH>T, BHEHERENBWSEHAHORBEIE 15 Hiel JIEsH 5,
HEREDRRICOWVWTIE, SERAREFADENEZF> (THERNINERELEETHED,
TTTIX, BERZFOEDDERICDOVTEMICEIB T 2EAER TH L,

FERREEDECEEFU VT - O—<HRICHI DO SHSNTEY, BRHOEZERIK, EX
mé LTEMCEIZTSEDTHS, O—OENFEET ARV TR (114D 1%, TEYEE
DIEHT, 7V (1-178), 72l (4-65) GERBOBYMEEZEERE LTBNLTWS
[Dioscorides 20001, U= R&, #U—7, EXEHSHEZFELHUMNMIE, 2 < OEEMH
ITDOVWTERLTWS, GHTH, E2—T—FEV KOS HZM(T7Iad4)XL), 7ILZDF Y
YHSEEDH (B 1A XL) BEDEMERICOVWTHEBRLTWSA, BEARMNICIE, HHevmeE
ERCTHFEDEERE LTORRZEMNE LIEDTHS K SEHREE 20091,

EhaEE, T=RICERTAHELTE FUITADEETIT47X (5 iHtfeR~ 61t
) DEFERICEIETAFDKREDEDNDEEZ SN TS [Eastlake 2001], EITHEERT BT &IC
KUESNE VIV MIE, TTTREERE LTOREGEIFIC, TERAPIVATVRT 1Y
JEIRICERIN, VIVIHIERZRETHDT, £BEPIVAVRAT v /BEERABICOIEST
RE&T 5] LmAENTWS,

ZTH5, HEHITTIC, 7IVIHDRREE SR (BELER) T2MHEZR/F DI LN
S5NTHY, TOBHEEL LTEBERPI VAV R T« v VEEDERIERDFRER L L THER
ThTWeEEZ SN,

TDEOGIRET ZRIE, BEPKREOREPOBEZMA S LICEVERT R ERY, Pt
A—Ov/N\TEZAITNAXEPIREEZH D ERBD L DICHEZEE A v AHEE &8
TEBRELDTH B,

Ni@) BERHOBYISXHDOAIHER (5 — 1) ThinfzkSIc, TOLILEET ZADMEP
REICDOWT, STVBPF I TBRESTEFIERNAZITRENZEINTLNS,

EELEDEBMYEIEICEVA I HILDTF R NBEINTEERPEEIIFRBATHE L, H&Z
gieDEDEEZSNS [IVy AFRR ([, BRMIE, AIVNFL, NIVT LSRR Y75
BERRBEEDEASZI VT ZXE LHREMEHCAWAMADTEZEN TS [Burnam 19201, fib
IcE, BERMCH, 7LEY, AZVER, 77V0F X FUNFLAE), ZIVS, UE,
AvaATFanF (NbZ—) R, kB, RTSDE, 7—F>Y FOAL, NIV LEEZES
DO SIRBINT Z AR B HEREELREIFSN TS [Burnam 1920], fEYIEZIEEPRRED
BigEMA T, FHIEMTHZEMANEERE L TS,

Tl BRI SV D ADIA—< ADOEER EF T DUNT De Coloribus et Artibus RomanorumJ (13
H%Y) TE, aurpetrum EMEENZEES T — ABLEDIA|C, TEFMH, (vesprum D) #iRZ,
VT, 7AI, YRSV IHBZWVNIEEHA] ZRETARTZIENRS5NS [Merrifield 1967],
HELT, EREEEAE LTHAVWSDTIEEL, TESETEIMEORIEPZREEL SEITRE
THERLTWAE#-LAHSNS,

N—=Z Y —VEEDOBEICET 2DMEROBIRNEHE S G > TWBERELT, TDLIIL,

49



E R REEERRE
B177% 20125118

ZRGERIORRICERINTVWAZENEEL TV SEESENH S,

BTV ZAELTRIITREL, REBOBEME LTERT 5cd0mileE L TEERICERL
TWaHIE, FCC TO—<ADBERERMICDOWVTY P, BELTA T4 IVAD IEETE4E
BEICDUNT On Divers Arts] (11 ~ 12 t#42) [Theophilus 1979] 7 &, I —O v/ NcHBWTE
TNEEETERNAFEICRSNS,

MICERRAGHELT, (RUT7OBERFIV—/ - Frr—_HEL HERDE

I Libro dellArte) (1400 £E8) [Thompson 1956 ; F T =—=1991] BREIFSNBH, ZF I
BFMRORARE, BEREZERCECRY GO 5H%E BT L—XZINT RSO LEITHFT
eEEEIF3AEGENRHEINTNS,

—7h, RADGEICET 2XEOFTIE, EZHROFERICET2EMIEEHSNTULEL,

AVERD TF+Z - X—bF] TR, BHEEETSOOMKE LT, TBMEORGT (B) (3
W& /N2 S (bakula) #ORIE (40 Z 2918) | ITDWVWTIRRNT W3,

NI SRDEENICE DB EIET DOBESHTIEGEWD, ZTHh5B5NEEIE, EES
WD DHWIBETHA S EEZASNS,

RAICBWTE, 7IVZERR T LKL BEONSZLidEIHSMENTEY, ¥/ - A
ZZADHRTE ItARKHL [Laufer 1967] ICEET ZEEEAF 5N, MBEEIE, Z> THLRAM
DEMTHMSNTWEARRE LTOFERICDOVWTIERERINTLEL, 7L @), 345b
B 4 (=147 VREK) ) OREIREDA S oPHRR7IT7ICEBELTWS, AT, EFE
RTUIICDONTEH, FRT7ITRA Y RICBELTEY, FBETRLGHEN TH ST,

RRT DT AHEDE M RAER LIEIC DV TIE, (EZMEDRERINGEE BTV HICRAT
H3., LHL, ERBRITEDZFEHDEMEDLEMNT, ZEEEAVEIERANMSN TV,

N—Z V=V BEBEICROSNDBEREICE, BENICE V7 - O—OEMIEMPER
mICAWVWSNIEZEREEU D GHLARED E TARE5NEV, 5%, AMEOEE» TR,
REBEMDEMEDREDNEITOLEL DS D,

6—2 T&PeRzlEDRE DT

T, N=IV—VEEICRSNS KSR REDERZSH Y & SICHRZES, FHiE
HROEGHMERD S, BARISIIEDEIRE, RERAOBEEIAICOWTRIZITLL,
ERREMO—EIC, TBFER] EMEINSTEMPMS5NS, LWok5, HEERZEREE
DIcK W FEEZ LIcHDDFHE L TRE—MRNICERINTWSHEECTHZH, TDRTDHEFK
PERICOWT, F2EY ELICEHRD RN o1

REL COREPEARICEIT AL, 1950 ~ 53 FITHF TITON EAZRER, BEK, ANER—,
ERE, WE—E VS FREDERIR, (EFESICK XM ELFENTZE BV BRI HE
ICBS ETAHKREN, ZOMRIF, ERBRD MEER] I LEEEBARFNEFEZAL
BT H—DRERAEENLE LTBROTEETH D,

EROBEICINE, ERRENE [Ekic) EMAIERELT, ITRRRKERADL SBERRAIC
fESnNTWomE e (X3 b) [—Bftin : PbO] ZEBETIES [&EMEkR) LT 2EHD

50



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

EEBREMDO—EHONBIITEBLUL TOedlc, EHDOTEMICET 2M#EEEIC, [EEiR]
DEMHDAVNSNS T LITE DD TIEEWH ERNT NS [ 1954],

BBR 11 & (1878 F) IcBJIERICK>TEMN TTEERD O NRI) OFBIC Mt (C&
D137 RE] OEAHY, HWT BBl WS H5END, ENOREICLNEL, B
NIZTREES ZHEHLFIROEICRDRE(IC [FIERRE] ORMHIMIITSNTSY, TIITBENT
W B/ EZRE/ BREBIUTEY ] EVWSFBRESIBLIESLET S,

ZHTH, ITRFRED SERRAD CDRDRERDEDIE, RONDY ICEDMEERZREE
THBZMEY, ZHEY ORWE EIHRZHBNHDTH S,

BN Te L 51T, EDORISERAMD SR ENDEMATH S, BEDMRTHSEEMEZM
ATETCREBETSE, BREICEENZMANAITAFIEL, HPTRBEERE LTEC S,
DMHPREWE - BT 2T EPFONT W, &<, THEMSED (1660 F) <, Ml
FEORICEFEEZEMA TAZFENF LIRBENTWVSELD [EF 1 1954], Th5DXHER
SERDS, R, TIRREOSEBRARDOTOICEREBZ AN ZEE >t TEmZ [EER]
EMTBEDICHE TR IT TS,

EEELEf, TRICTCEY DEICK, 7 &L, BREFOEEHC, HMEERE CROEIEAR
ELTAS) ZRELAEBZUTERLENOIRN 21 < | Bieich, RERAUEESL, A&
FREIAEFOEOANPERREY, RATFERICRFT 5T LZ2mNTL 5 [BFF 1949,

LA L, BFREZORRUCENT, EBRDERICET 2HEICDWNT, TOERERNG, &
MM PEEEIMER SN TO D LBES NN LD B3FRERF > TWEh ofcfe®d, B, mHD T8
fefz) EDONBEDELMEDLS, LEEDELIITEHELETWDTHS S EBbNS,

INEFRIC, EME, BRLICEZEEPERBDOLICER T 8L Whd Dl (D0
THEREZITOTWS, DHE] FAE, BRFIBICBLWTRRBERANSRoNS, LM, AIZIE,
Dmk) (TERAISFEPRtR) (747 ), DEsE) (MESFARE@EAE) FERLTWERVWEZZER L
cHDTHAEREED BB D, [FMlEZ] TBASECI FHEREDSR), HEhk) (MESKHEAECD),
M&) (TRASFEIR), [HHES] (TRIRSDY 757 F) 5 EIE, BSHcBIIFENhZR
WebDTHASEBEL TV S,

MEDKSIT, EMIF, P EBRREBRICIE, XMEDSEHD IFEER] FEEDHNOIN
THEERZRERBE, RALTITHOBZZERT 5 DHE] [TKELDITT 2 DDRIED
FEDS 2D TIEBEWVDEER LTV S,

6—3 #EFEMBIcDOWLT

R, TREFERR] ICRZIRMEERE L TEREINEEINS, BIREEBICOVWTERITHEL,

ERe@EIE, KOEBROMEKT, (CENGHEMIE—E{tEs (PbO) THB, HME LTETEZEHD
EAFLIETEEHNE, IADOERERRKRIC, IEBIET ST LICKO>TAINICERT BT &
LTEREBDNS, EARRD oL, RARZRDOBELHY, TnZThUH— (litharge),
X 3dv b (massicot) EMFEN, MEELLERE LTERINTERD, TOERE LTORERE
[CDWTIERBEAE T &H %L [Estaugh et.al 2004],

51



E R REEERRE
B177% 20125118

tRIERISHED BV S, DFRICABRHERBREZE T 2% EHICRNIENTHARESNS &, H
DEFIHEHINABETRT 5. TORBRE L TCHBEOERANMEE I NS, ZREERIE LT
WEEENDIDEIIHMEG TS, FEHAPICERBZ ANTRT 5 LIk >TESNITHIE,
FEAEEBBERTH S,

REFECHEREA T VDBEDEBAR LT >Z U7 7—IcknE, THEREE) EW>4F
DNIRNBDIEERICE>THSTHSHH, TDEFEME (mit(m'ir)-da-san) &L FEIE mirds-
sang, %1z, ®%ZE (mut(mur)-ta-san) (& murddsang 75 &, NIV 7EBICHK T 26D ThHS &
W (FFEEERED.

e, BRE ((RXEMB)) OREIETHAERL, Bl & NEZ] 1FEBITI T VDERE
THY, TTOMEHNIVY v DFRETHATEDRICEI TV SEHE > EBEITEZWED ] &b
NTWBEWD, e, BRE@EICE, EROARBRICHASNDLDGENDHEEEDEDEH S
& LTW3 [Laufer 19671, BBO—EILIRDMADBIID, NIV T EBICERZEDEECHSH
fefg) & LTERPFESIUBRICHSNTWEWS T &IE, FEICET %,

oI, BRELTRIITIEGS, ZEhZER EREETRE LILEBRZIESLHDIEER &
LTOFEFRBHAVSONTWE TN, TRl & &M@ bty hE LT I HRICE
BEEDEDTHADEWVSHHEMEETBL>26DE L TEETHD, N\—IV—VBEBEOEMKE
MZICEBERLHSZREEINTVLSIEEMD, BB DX, TZREERLELTE
HMITHRINENTZE DN E DD, SERLEFTHDHRETH S,

6—4 ERRENEARFERFFICHSNDBEEE

T T T, EBREMEERFERFFICROSNSHEHRON AL EMEEMIC DOV THITHER
W IR > THILY,

1950 EMICEBBREMER 27 RUCDWVWT, ERAERPLB—#SHARMIES, %, EF
EWVS T RAD SFEEMHEOREEEZIT > TS (LA 111954 1K 1999], TDART, EFETH
DARE—IE, TELTEHEEDHIENMNETICSVWTERZEARIGETRT EVWSEHEHLS, ER
BROERNT, SHOEEEERL TV, BRIEEREDRVEYE, FOHM (Xkid®eh) $E
BOY, BMMEIETHS T Y JIFEVEBEDEHNAERT S LV FEERT Lo N TV
%o

{tZEETHZ LG, HESZE2E (768 F) HEERORHD—IBEDHINETHFL,
SHPICEENZMOFEERER LI, WBIE, COMERRT Blchizy, LREESE LTER
BhrEVLeNfc EERBLTWS [ILE1999], FRCERD, ZORMBEMNSICE>TRES
NTW5 (B - 8k 20051,

EOmMEBICIE, B, 77 ROXELHROREBHIHEREIND, BFFEEFEINZBBEIHS
REESR, KEHLIB(LERTE E DA BEEER (08) MRETN, FREEEEENSHREBEHDL S,
AT K BB E, SBILBAEEN @EPTIE INVASHR] ERBEEINTWS) IL&%ED
PMEEENTLS LK 1999], SBLBFREERICK > TEBINTVSBAD S, TaDTR
HPEHEINTWS, iz, BEDOWBADSIE, ITHA M EROTEMRHINTWLS,

52



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

TDTEDLS, BRILBFREBERICE > TEEBEIN TV SED LREDEAH SIEEH TN D,
FIRMEERE L CRICMA SN TH BT EDEFEE BB EEZABNS,

ShELIANEER & L TERINBE, XA ARICAE SARERBERNMERIN TV
ELTH, BERORD THBHEEELTLE ST, DD SHEIT R EHNREETH D, ZD
fes, B EEMD LT HIMESTEEVERNMEREINRIDSEIMMMEE SN &iE, A
EERDETDMENME EBITHERINT EEFEIET B1EH0E LTEETH S,

L S DFAEIE, 1950 EREBICHBWTRARDAHFEEEAVEDTIEH BH, HDEE
BEIDWTHIRT B=®ICIEFENGRAD S o fc. ZTDfs, TTTHRHINTWVWS Y, &
DHETHZDD, HHTHZDD, HHWILLFDEZMHETHZDHbHS5EN, £, JHAIC
BENDROAEICOVTE, BRIEEBTHZDD, THAPIAE VL STMOIMEE TH B DHIE
WL ETAIIARBETH S, T [Eekal DB &T200F, HICEMUZENMREARSE,
thoTEMEH I N T & &, BEEHNEXXHER D S DRENEHIICKE 26D TH S, ZDTH,
KU L ERNEREIDNE TN TA LWD, FEWIEDHEERE THREDKRRICE VT, =
FHEE S BHMEICET 29HMTh NI LOHIRIKRTH B,

T, UBSICK 2 27 ADBEHOREDL S, HEENTRERE> THGEED IFEkie) @
EOGRAETRIEINIEEDN 7 R 307 SHEEEATIHE (F35), 452 BE KR, 607 5
FPERRR 17 AR 411, 757 SAEEM 29 M 1 80, BBIRD EITHE IS v 7 AW Dl Tz,
Whikps TR EMEINEFENDEDN 17 8, AEETNTWLS,

TD>5, ERRERIC 17T MEWRIETEh>TWS IEEKRRE] (&, BTAMGELE, X
BHIEERDORNELL GEDTH S, 7V FHMTCHRBEIRERAEIToE, FOANEELL@EIC
EREZEGELTHOONEIFLAZIHATERL, EEERNTREBVTHSHEDENEER L
ftbDEEZSND, NETIE 4 RITHEERITEY CTATRER TRIER OEEEDE
DFEEH, EIIE, BERVCLICEEREEEERT 5 DhHE] ORETEEINZEDENZS
[Z=REI &8 20071,

Frz, 1953 FIEBRFERFFOEMEICEHONIZEHARRKICOVTE ILIBHNEMRITLS
FEZITOCVD [ 1985:1999], hid, RBEZET 280D LICH, &k, &6 (XE8ICER)
THEIMMEEEDTHY, & BEEOTDHNBFANICHEARIGERLTWVWS, EARIGE T BOIE,
BRSO OBEERTEEHIGETEEINLEDEBEITNTWS, THEHFO¥EIL, EBK
EMCRSNS TFEfek) SO TEMULIREACIVEIMNIEEDTHEEEZ S, MEDED
—DOHBERIE, RBEDOLICERRBEZELEAZRY, TOLICEBHEIN TV EWVWSED
TH5,

TOEIGHRESZF, £/, ERREMICHVLSNS IEEikl EWS8IE, atickS
TERATNIBOTEDTHAD EWVDTENLEETIFAHWEL, E5IC, BREBE UV DRIREE
HHBLSNTWVBEHEIHENSTELIEG LA, ZNHHETEINEEDREEWVS ETAHE
BELDEELT, &z DHE] ET2E D20 BHTIEEVAERELTWS [EAT #1954],

FHEEFPREERRICETIAEDEREL LI, ERSIE, BREYERT7 V7 ICREDH
HNFEET SRR LIS L, HOERDREZFREDEN, &K, ERICRSoNSLS5H

53



E R REEERRE
B177% 20125118

ERFBZRVEDORIELDTERZT B2EMOKEICKRD TS, IMEEE) TERE] T, TX
BABARERHE, HEHERL | EOZENH DI &, TEE) TEIRE] (<& TRl oh) [F
W) FOHEICET SRHSHONDE T ENS, HRFPEIC [EER © Dt OERZRAEL
TW3% [EAY 19541,

FIEMOFERBER & L TRERENSEMREMIE, NIV T7EOFERE LTHRETESNLEDT
HY, REENR, VECELERBHAMANIC, EBREMIHREINDLSERMELEEITEET)
BIEAGNEELEDEEZSNS,

LHL, TNSDFER, BERZZEHERY EDEIDZERELLTEABLTVWSEVD R
TlE, BENNTHERETIEHZHDD, HETRAANGERBICEEZ2HDTHY, HIZIE, it
HEAVETHPERNGEELE VO BEIIRSNGEL, ZTORT, N—IV—PrhtLED
F—Av/N\ICRSNZHERELIET—REZET 5D THBHE LNELY,

NE, FU27 - O-EBRUEOREREE S, RE, RERARICBARFISIEA SN
BOAICOWT, MR R eER & L COEFEBOERDRRDL S, KITHRES LIRS Z1TD
feo AR TEY EFN—I V=2 DA BRIBIRA SN [ERekR) Dhe) ORGE,
FUT7 - O-ERUEONSEICRONZEET AR ELERZESATTERIICK > TRE
ICBREEIRE T L BT -0y /N ZROIKED 2TcL b2 D] TH S MERIE,
TNTNEIEHZERTHEVSHBRLHZEDD, TNTNORICERNGHERBR%ZRT L
WIFBEDEZAFERDH D TLELY,

FLH

— IV —VEBDEBEICAVSNIREEEMRICDOWT, &5 —ERBEBLTHEL,

N=ZY—2DN@) BRFICHONDAXBEDLICIE, —BICIXA T v URlE (ALE) I8
SILIEERGEBOBIENRERINTEY, XEPRGEZEBIENEIMREEZ TV EER
S5N3, TOEMEEE AV ARE] LOUBELTHDE, mHEE, AXED EICKAEE
PHEMOSHDEMMENNA TEEBHZWVIIFRBICBHT LIEEDERE LT, REMICHHLD
SHETHBIDDEIICERETVWBETAHTEL TN S,

ZOEOBEFREDIHIE, SHIBDEDEEZSNS by AFFE) ThHY, B H, AL,
NIV LEiRg, Y75 0 ESREEMEMHEZ R e DESBHEIFRDT ZX & L THREM
HTAWVBMAHZREN TS [Burnam 1920],

REBL L TOEMERDFIBICEAT 2B E 2P LEL, FUYTADEETI 717X (6
i) 0 TEFE) I, BEEEBEMELTHAVWAIVATRT v 7EYEEZRBEICH >
TIRET HHDRERB L LTERT B0 T IV HHIEH LTS,

N=Z Y=V OBEREICBEWVTEZ IV HH2WNNET I mbEEETNTWA S (O <X
L 2008b], #HEHAICEITZ IV IHOFRAPAXBDFEREVS AT, MEINEHEER
NESNS,

T5IT, FEPERREMICESNZEDEDMEAVRARERLZE LTO Nhtt] £188

54



TNBH, TTTERIHTZME, BEEERHSSEDMBDDWNIEMEEZSNTHY, B HP
VI, TVREVSEMIERSNEL, LHL, ThSDERIIR LT GUMS ExAL e
FIEMODEFDNTRE GV, BR7 I T7ICHEIT2EHOBEOREN G ENTHE ST, #iF
BROHRRT VT DEFEEBNICLE T HZ EHNTERVDOLIRKTH S,

RIS, N—ZV—VORERELEBREMCRSNS [Efia] &DOHBHERET L THILN,

9, BERANGIEERE LT, ZRFEFHEFOREGAG EEBREMICE, EBEZ2LR
MO EICEELNBBENTESY, SHhETHICKEEZHET /N\— IV —VEEDEAEIERKECESLE ST
WBZT EHBIFENS,

ERETHETHREEDERICOVNTIE, EEROEBLEHBEOLEE, RV I T7HEMAP
FREREDERICZDIEEEZKRD D BDEDTHSE, T TEREBDTHERL,

e, 5—DODMERE LT, EEic) OFEE, BERZEEREEY EhEEDEIRE
ELTHBRALTWAEVWDS AT, BNTEERETEH 200D, HEXTRANGEBICEE
2LDCTHBD, TORT, BBODBEZEHEERD SGSGETHERL, 2EAMNICEHRLTVS
N=Z Y =Pt O I—O v /NICESNZHEEEL IERE 5,

—hHT, N\—Zv—E@EL [Ffeikl OmELS, BZEhEBEREEE UeEAEEVERT S
HLEDTHBDETAHICEFEBLGLEANH S,

N=Z V=YV DBEEDIGZE, MEREEE DEEICIE THICIBMER TN TS Z EDRT
HB. e, Na BEXHOBYSESRDICESNS LS, ARBEOEEM (BILZAV ) &LT
WEEMERE, £z, BBEOTHERDICIRB EHERETEEEDEFA LTV T EHBESHIC
T2 TW5,

ZOMDEERBICOWVNTS, SREEZOMDER (F2A<C Py UV ISkkE) BREMLT
BRLTWS, TEER] ICDW\WTH, BBEDIE, B EMRBEERNE, REIDITIEAT
ERAVWTWAEDIDHS7E, IRERMEREITN TV S,

MEREAR ] ITBWTIE, SHOFREERE L THIRDGWVWEEZI SNDD, MEDEE [PbO]
HBNIFSH DIADMENMEA TN TS, BFEROEREE, ZIEhITHMEOEREBZMA,
BLTHSZDMEBERTHEDTHD, TDISH, HMPICEREBONFNZELTVGELWTEN
%<, HPDIRDERN—EKM THZDHESHICT DT LIFEH LY,

N—=Z Y —VEEDBERIDOE, BRREDFERERT LD GHBENG T —2IFB5SN TV
WA, SHAPICEADIZ K BENTWVWAB T EIEFERTH S, Thid, N\—IV—VEEDREBIDS
<H5B, MABHPELCTVWRTENSEHERINS, LHL, HEBPDE LA PIRAZEH
LTWB s, thARHOIMAEEERERERCEICKVELCKEEDTHZDL, HBWNIEEEE
BREEEBITHERT S EICKVELCKLDTHADN, ZDHRIEAHETH S,

B & L CHAPIMANMER TN TV RIREICE, ZTICEEERKOBIHEICEENTLS
DESD, PRICKS>THRT BT LIERETHY, TTT/N\—IV—VEEICEREENMITI
TWeDED, &ERT AT EIETELL,

N=ZV—VEEICEENSIDIBELHRAERTH ol &, BFe@E@HERNICMA 5N
BRTHBICEER, N—ZV—VEEICERINOBREIEDEC EBHELDICELZEDTH

55



E R REEERRE
B177% 20125118

fe&EZ 5N,

THIT, MAETHMHPEEMBICRNT 2T LDOFEE LT, SHEEREF>TREETS
B8, BRPEELREAIVY T LROBEEN LR HENMEND, HELTNDBEEDHD
BLTBGEWVWSTEDBIFONS cE X, RICAKPAB L BEE SIS, BIFROBEDL S,
AXRPABIRZEEO>OTCLEV, BBE L TOREERET I ENTELGL, SREZRAWVSIET,
BEO LRI RUOTEBICHT2BEUNRL, BRORENDVEHLLGZEVSFREHS, #HEE
HZMEROHEAEDEIE, MROBRL SHANTERDERTH 5D EEZ 5N,

KT, SREREZRET 5L D GOMFEDFHAEINTVBEFANDGW D, FRT7ITD
HFE5Y, B7IY7, A7 Y7 THERBAICBVLTIARMREE TN TV 2EEE, EEDEHIL7E
FELGL, SEORIHIEDOAITEFDEBMEFEZLN,

ERD&SIT, yrroraOrvBFEAERWEEAEEFIRT 52L& >T, EREER
FOEBICDWT, BBTEICER - BEMBORINETO ZENRREE G 2T, &<, LA
iz SR-UXRF/SR-UXRD ICK > CTRIFFAIE TE A T &lc kW, EREBETDMEL DERHKIFDRIE
NTEBELETAH, EBXMLEEOHEICEVWTBO TEMEI BV THASEEZASNS,

ZThHh5, 7HEHEHIELIEDOEEDEFE LT, EBNTHEREDHBZHERT ST ENTE
feo #&Y) TRDEEICRZMEHE AVt Y IRETILEICEZEO B E LTRSS TEELGMBED
&G BTD, 5% BIIHMBOEFDREILE TH S,

oI, TNSDN—ZV—VEESERBRENGELEICESNS Bk EOHBEELT,
RMERDFRLE, HEPHRASORADEROLAZEITSI LN TE . HMEPIRE, 28k
EANANITRSETEE T ELICEVBONDEREEN TH D, 5V oEBR L EYDRERFIT &
RS DEHFEDEICEY, MEREDRIILIEEEZASEA D, —AT, HBHEREOHE
BELT, 7V HDOEROREM YPGB ITE LI R SEDFER &V > ea THRNEHESAR
5N5,

LE, NS5 XTOEHH 6 HiIEH S SHIBITHITTESNBZEDTH S, LEH>T, &
DHT, N—IV—VOHEFENREDEFTHSEE, EBRICRONDLSBTRITDE
PEARDEIED RE DM ThH 5 EEHELE,

TEETED A, MBI LIEERICIE, BIEOBE ATHICEHE LIhROBER & &
HIFERT BT EITH>Te. LHL, FRTITHSRT7ITICHONT TOMBICHEWNT, EBIfE
BENBEMEZRE LEMIEBO TR, FGEEABAEBZITEE>TVEWL, e, B
FEfBDEEDRRTH D1 T /IC, BERE EEICEREMEBINIBHAE X ZBSMNTIEE -
TR,

ZDfs, HWEFEDRREZH <D, 1—7 7 KBERABICH T BFEEMBEOAEICHIT S BE8E
HOIEKRIE, SHEMYBGNERRGRBELEWVWZDBESS,

(F1E]
FAERDEITICIRE L C, XERFERIEMREMBIE (EFME (B)) [FREES 18700680 2
WO ) ==Y 7HZERV LY JEEREORFUIEEICET M FARAXRE : 20KBF)]

56



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

DB ER e, £ie, ABITHRE LI ESRFIC BT 2 9241E, HZEaER-E Combination of Micro-
X-ray Diffraction and Micro-Infrared Spectroscopy for the Study of Multi-Layered Buddhist Mural
Paintings from Bamiyan (GRE#&+S EC101 Y. Taniguchi, M. Cotte, E. Checroun) & LTHIRE N
HAZED—ERE LTERBEENTEEDTH S, MR 1E TH S Marine Cotte (European Synchrotron
Radiation Facility, France) |ICE&H L& T, %5, KRICFIA LTz FTIR OLEEICAWANY bLiE,
IRUG (Infrared and Raman Users Group) IZ& % IRUG database (www.irug.org) Hh55IA LS

DCTHB, seLTREHLET,

&t

L77L > RAELTFTIR ARY MU, IRUG T—Z2N—
Ah 55 1AL (IRUG 2007).

(1) —72AA LD FTIR X% kb, Philadelphia
Museum of Art, 2000. “IMP00198 Atacamite, natural”,
BEUNTZAIA LD FTIR ANXYT b, “IMP00166
Paratacamite”.

(2) — 4% =% 4 bDFTIR AX% kb, Philadelphia

(3)—tIb—H 1+ D FTIR AX% k)b, Philadelphia
Museum of Art, 2000. “IMP00268 Cerussite”.
4)—NAFOEIV—P A4 FDFTIRAXRY b
JUs Philadelphia Museum of Art, 2000. “IMP00121
Hydrocerrusite”.

(5) — AT 4v 7 DFIIRAXY k)b, British
Museum, 2000. “INRO0067 Mastic”.

Museum of Art, 2000. “IMP00188 Goethite”".

51 xR

Burnam, J. M. (1920) A Classical Technology edited from Codex Lucensis 490, R.G. Badger-the Gorham Press, Boston.

Caley, E. R., Richards, F. C. J., (1956) Theophrastus on stones: introduction, Greek text, English translation, and
commentary. The Ohio State University.

Church, A. (1921) Examination of certain specimens of mural painting and plaster from Ak-Terek, Kara-Sai, Khadalik,
Miran, 'Ming-Oi' and Tun-Huang. Serindlia, /I, 1390-1391.

Cotte, M. Checroun, E., Susini, J., Dumas, P., Tchoreloff, P., Besnard, M., Walter, Ph. (2006) Kinetics of oil saponification
by lead salts in ancient preparations of pharmaceutical lead plasters and painting lead mediums, Ta/anta, 70, 1136-
1142.

Cotte, M., Susini, J., Sole ~, V. A,, Taniguchi, Y., Chillida, J., Checroun, E., Walter, P. (2008) Applications of synchrotron-
based micro-imaging techniques to the chemical analysis of ancient paintings, Journal of Analytical Atomic
Spectrometry, 23, 820-828.

Cotte, M., Checroun, E., Mazel, V., Solé, V. A,, Richardin, P., Taniguchi, Y., Walter, P., Susini, J. (2009) Combination of FTIR
and X-Rays Synchrotron-Based Micro-Imaging Techniques for the Study of Ancient Paintings. A Practical Point of
View, e-Preservation Science, 6, 1-9.

Cotte, M., Dumas, P., Taniguchi, Y., Checroun, E., Walter, P., Susini, J.2010) Recent Applications and Current Trends
in Cultural Heritage Science Using Synchrotron-Based Fourier Transform Infrared Micro-spectroscopy, Comptes
Rendus Physique, 41, 590-600.

Dioscorides (2000) De material medica, Ibidis press.

Eastlake, C, L. (2001) Method's and Materials of Painting of the Great Schools and Masters, vol. 1, Dover Publications.

Estaugh, N., Walsh, V., Chaplin, T., Siddall, R. (eds.) (2004) Pigment Compendium: A dictionary of historical pigments,
Elsevier, Butterworth-Heinemann.

Gettens, R. J. (1938) The materials in the wall paintings of Bamiyan, Afghanistan. Technical Studies in the field of the
fine arts, 6, 186-193.

IRUG (2007) Infrared and Raman Users Group Spectral Database, In Price, B. and Pretzel, B. (eds), /RUG, Philadelphia.

Laufer, B. (1967) Sino-lranica: Chinese contributions to the history of civilization in ancient Iran. Ch'eng-wen

57



E R REEERRE
B177% 20125118

Publishing company.

Merrifield, M. (1967) Eraclius De Cooribus et Artibus Romanorum (XLIV), Medlieval and Renaissance Treatises on the
Arts of Painting, Dover Publications.

Nakai, I., Terada, Y., Itou, M., Sakurai, Y. (2001), Use of highly energetic (116 keV) synchrotron radiation for X-ray
fluorescence analysis of trace rare-earth and heavy elements. /. Synchrotron Rad. 8, 1078-1081.

Newman, R., Serpico, M. (2000) 19. Adhesive and Binders, In Nicholson, P. T., Show, I. (eds.), Ancient Egyptian Materials
and Technology, 475-494, Cambridge.

Plesters, J. (1956) Cross-sections and Chemical Analysis of Paint Samples, Studies in Conservation, 2, 110-131.

Scott, D., Taniguchi, Y. (2002) Archaeological Chemistry: a case study of a Greek polychrome Pelike, In Tiverios, M.A.,,
Tsiafakis, D.S.(eds.), Color in Ancient Greece: the role of color in Ancient Greek Art and Architecture (700-31 B.C) :
Proceedings of the conference held in Thessaloniki, 12th-16th April, 2000. Organized by the J. Paul Getty Museum
and Aristotle University of Thessaloniki, 235-244.

Sivaramamurti, C. (1978) Chitrasutra of the Vishnudharmottara, Kanak Publications.

Tangeberg, P. (2006) The crusifix from Hemse. In Nadolny, J., Kollandsrud, K, Sauerberg, L., Fraysaker, T. (eds.),
Medieval painting in Northern Europe: techniques, analysis, art history, 1-10. Archetype Publications.

Theophilus (1979) On Divers Arts (Hawthorne, J. G., Smith, C. S. trans.), Dover Publications.

Thompson, D. V. (1956) The Materials and Techniques of Medlieval Painting, Dover Publications.

Vitruvius (1999) Vitruvius: Ten Books on Architecture. (Rowland, |. D., Howe, T. N. (eds.), Cambridge University Press.

EHET (2008) [\—Zv—¥EAEREORR) [FER 772 7R 68, 63-81,

LEERX (1973) T( > FEfMEaE ), TRt

LEAIZRER, 8H &, ANE—, dtAKE LE—# (1954) TEERBMGAETRE IERNFERBLEEL 4,
1-18,

BHE hEEER FHEMR, HFWHAES (2010) MECBEMIARNDHIIEIIC L S H LM LRI OMBERIE KR
UBLIREDREN. Db E (BUNSEKI KAGAKU), 59,513-520,

KMER, AOBTF, EAREX (2007) [/\— I ¥ —LABEBORFEE 2) — | BB LU N@) BlcB 1 2RFEE—
IMRERIZ) 46, 189-200,

ET—)L-A> R (2007) T/\y ZOILEBE—EILF AREEMBICHIT DETFEERZ T—) (KTFER MA
=1t 293, 79-105,

fBERZE, =amR (fR) (1999) MEREMAELE FFEE 13 428 (DI, NFE,

E&FR (1988) T X o Uy MeEmwmE (> FEAEREIEHmERE— (B 63 FERFMEERHBE —
HE (O HERMRRES).

B E (1949) MEBREAOIE] MAEEMI 5, 104-117,

EAREASE, HEMER, ZERAR, TR, SEFAE (2007) MERELEE X I@OIC K 558 285 BEEICERTNILERORE ]
IEEEBOIREICET 2 HPHEAZE 2007), 38-53, MMIT{TEUEAEIISULEIEER R LBARZERT - ZUEH
B,

AOBF, AMHRE, gIBME (2006) N\N—ZV—VLAEBEEOMERT (1) —70XAE7 Y avicLdEER
EDRE—) MRFRE) 45, 1-8,

Aa0lBF U= v b, IZU—-2127—>, KMEEX (2007) [N—ZV—VILHEEBOMEDT (2)
—r70bavEEZERV N@) BlcdbiF 28352 BV CRIEDDT—] MREFRIE) 46, 181-188,

AOBF, <U—> 30wk (2008a) [\—ZV—LHEEICHITZMERIEICDOWNT MBHE) 298, 13-
30,

AAOBF, Y34 -<ALvy (2008b) N\—Zv—V{LHEBEOMENH 3) —HRAYVAO N/ ZT71—/B=E
DITEZEER LIEBERIONHT | Bd) B—1 MRERFE) 47,79-88,

FrrvZ—/ - FrZ—= (191) He@EMmi0F) GIxiR:R GREX, LA—%R), aFEE

TUZIR (1986) [ Z 7 X01@EE) (B~ 1I1%) (REHEM, PHFEX FEFEMAR), BLE.

FRAMEX (2006) ME4E N—ZV—VEFOLKEBEICEIET 2 AT B LUAMD AMS I K B ERERER
AES TNN—=Z Y —LBEBORFEMGERRICEBERAE—) TI7AZRZ U LEEREERE £2
&) (8 MXtEHEFMERGREFEER 1LY 2 — LAhBRAFEHERFIEER), 117-129, BAREE

AEIEFR] (2004) TIEARREICALSNZEEEEN ] MEARRCEL 26, 13-60,

58



[PR7 D7 - N=Z Y —VLEEEDODH ()] - BOBF

FRAIERD, SRERRIZ (2005) TX#EPIIC L2 HESE - EHBEROMKICAVSNZERNORAZE) NEARILE.
27, 69-82,

REEIEYEE (2007) IFE59 [ NEARRE] Bk [T 19 Fl), #HEEMAEEMRR,

LAt (BERSE) (2005) IN—Z YV —2VEROELELRF] (T ITAZRZXLEEREERNE £15),
BRGEE,

ILRFIE (2006) TH DR BILAEEEE—/\— v —> N(a) B— FM#E#EEM) 289, 95-99,

LFItE (BERE) (2006a) [\— =¥ —MLHEBEBORE—RHFHERRICKBZIERAUE—) (T ITHZRXEZUX
{LEERAEERNE $F2%), AAEE

ILRAE (BERE) (2006b) 7 7 AHZZARZ VRSB DAL  N— Vv —MLBEBEOMB L] (T77HZ
AR VALEEREENE $£3%), AGEE

ILRFItE (R) (2006c) [N—Z ¥ —2EPMREFEEBR 2006 FE (B6-7RIvyay) —) (TIHZIRXAZ
UXALEERAETERNSE BERE2%E), T I7HAZAZ2VERCE MITBUEAEM LR HE  BRESLRTER
ZRFT - RRILBIAZEAT,

il —7E (1985) MEfeic & ERFERE T MESULRzRIF) 30, 37-40,

ils—m (1999) TEBBEPEiR, ial, MELGEDFRAEICDOWT] MNEARKE 21, 31-41,

FHEE, LEREF 2006) TERIVT MHERERBRD T 71 7 RBNOBE DT —RAHRZIC L 2ERE
BYDODRIE E ZDIEROREEERIR| Givilizations, 9, 53-67, BBKFE XREHIZA.

(WEAKZAXHASR, EFETEAIEYELRNAZEE)
011 E7 A 14 B4, 2011 E 11 B 11 BEERT)

59



Bulletin of the National Museum of Japanese History
Vol. 177 November 2012

Constituent Material Analysis of the Bamiyan Buddhist Wall Paintings in Central Asia
(1) : Using Synchrotron-based uFTIR, uXRF/uXRD Analyses

TANIGUCHI Yoko

Approximately 50 caves at the Bamiyan site, once a vast Buddhist monastic complex, were decorated
with wall paintings between the early 5™ and late 9" centuries AD. These wall paintings reveal a variety
of cultural, technical and material influences from China, Iran, the Mediterranean, India and northern
nomadic cultures. Minute painting samples were analysed at the European Synchrotron Radiation Facility
(ESRF) in a collaborative research project using synchrotron-based pFTIR and uXRF/uXRD analyses in
order to identify constituent materials (both organic and inorganic) and alteration products. Results
derived from three samples presented the newly-discovered use of drying oils as binding media. These
results were then studied from wider cultural interactions between the West and East along the Silk Road.
Synchrotron-based analysis carries the advantage of having a high S/N and small beam size. Simultaneous
analysis of SR-uXRF/ SR-uXRD combined with SR-pFTIR analysis enabled the individual analysis of multiple
layers within paintings, even where layers were only a few um thick. It also enabled the identification of
each particle within such thin layers.

The Bamiyan wall paintings were made using the a secco technique, which involves applying organic
binding media mixed with pigments onto earthen rendering layers. Oil painting techniques with a
lead white ground appeared in Bamiyan after the mid-7" century AD. Fatty acids, resins, amid acids,
and polysaccharides were detected within each layer. At this point in time, the wall paintings stand as
the oldest example of oil painting techniques in the world. Some layers containing drying oils have
changed into lead soaps. The presence of some metal leafs with yellowed varnish, as well as the usage of
artificial pigments such as lead white and minium, suggest links with the ‘mecca’ technique of medieval
Mediterranean art and the ‘mitsuda-e’ technique of Shos0Oin, which shall be addressed upon reviewing

wider cultural interactions between the East and West in the 7" century AD.

Key Words: Painting materials, multi-layered structure, SR-uFTIR, SR-uXRF/uXRD, imaging
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