FEWIRA YA MDD ELAEFEMEMER 2 ERDE
RMFRE

—HIB-RFLF (ELADER) $LV0Y—37-3)L5-2X
(ICIRB) (VRLEERZOMEZORKIE)

fIEfEd. F8B. GIUA. HMEXEL, BOGT. SIEER

1L

PR CTIF S ESE R ARF AN FEAREAE R ORI FE~EEA SN THY,
ZOHMEEG O RAF - BB B L 72 S 37, MR S 7z
ML Bk o R, HHEERORE, SHITIZRE - BERIELRE, Eho
THRIE o EZVGEEEAMAE (LT, 2fH) 13, WRUERR S BIUHIK
SO BT HEHPTEA I T 2P 2 L e O THY, AR
ZO—BREL T, MR SN 17 WAL oW 2 si— v a-FLF
(BELAOERE) BIXOY—a7-INy—r 2 (RE) (VFaZErakE
ZORE) —IZB T 2ERRHEN R TR ORI E WG T 5D TH L,
INS2MEMDI B, BIFIZDOWTIIINE THRBHAN 2 0 2S£l 2
7o %l AR Z O FRBEICHE T 2 MO L b, HRFIZD
TR/ TR B LT B 2 i AT AT 1993 4R 1 T b LT BY, DRI
—O O W RELIZEARR AN R HTBITOIN TV S0, KIFET
EMEERICO VT D TN 2 AL T 72 FEMOMAIZE TS
BRI 2 HIZOWTIL, 2 - TR <5,

FEWAES SR SN BRI 2L I LML R TH Y, HIZiE
TES 2 HIUNRR 2 BRINL TITh B0 H 5. LTI EIZB VT,
TRHR, WD, B, TS AL o MM B A o720, FRELL
ANy R R B TR S S e a g = b S o v o R (BN
ZNZENDORBIZOWTHAII G 2 FERT HIENZFEL W, LA LED
Sy BRAFIRIE O L ESIZ DWW TIE, WHEZ 2> X0 FURHRIE £ 5 i A1
BT DD THY, BT THA D 0> BB %50 2§
PHCHRARBEOFZHAMA LTI EM T2 B EL T IERIE A2 I
T HEZ 0T PR E L, SHICIEM 2 RS T 723U 0258
B 52l Bl (VYA THOMEERT 5 FihEa @Rz, A
WEE TR L7200 T3, St XMoot B X OV 7 < 40t e v
I 2D ATEEE, TYYIVEIMEIC LSRR OB TH %,
INB3FHEH DG FEDH B, HOLX MR E BB BE IOV TIEAR
WFFeCRE LT RTOMEEIZOWTERL, HEX R casns:
MM 2 TC R D W THER e DO 2 e LT, LEIZELT
WG E 2 ORBOF MR B EAAZMGEL 72, ST~ v 5 taHric
DWTIE, FGX M B IO BGEBIS 2 Efi L 72 E R DI B D —
ERRELT, 55 FHEE DS BARN 2 W B O AR 2 217572 THAE132020
A6 HRPSTH AL, 202145 8 AT 2 N2 531 THEME S, 2020 4F
IZDWTIREIRZE M, 2021 4E 12D W CTIRIUK I A T b7z, AR Tid
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2020 E DM EE AW, 2021 EEDMEEB YL L, 2 AW OFH 1T A
ARSI U TAEZIEB 2T 72,

2. AENE

2-1. AERNRER

2-1-1. HIE-RILF (FELHDER)

(1655 FEH, ¥, HT7 X, fERTiE  &E82 5cmx 1&67cm, P.1998-0002)
COMERMICB TRBEULRCHFROT VML, HIFEDOTHAlTH-
TeBHBBER [ RKTVET) V] THPNIZDDLE 25N TBY, HiEo
ZAEERTOEI SRR DR ENT MW 2B 505, hEF CHREM =
AN EDFERR SN2 83 e olze ZOMMEL T, AERIT L OB
HAE T DT THEUT N D E CEM D A H IR R OB ST
BY, BEELEIIBE L THBZ 2 THEZITIREIEON L o7
EVIFERD D D7D, GHOF A NTOFAENGEL TEIRL 2.
KRB TR ZOFLEFLIZ, MEHT Szt 2SI H2E%
HIEL T, fig. IR L2520 SIC oW THOEX O B L F V¥ VB
B2 E L 720 72, HOGXMIHTIZHE D OB 0 HE 58 4l 1 % 4l il
THHI T, M T ~ V08T X B IR o W R Rl 2 A L 7.

=

2-12.%—27-FINE-2 X (ICRE) (VRLEEBONEZORIE)®
(1618~20FH. JAFZ. H> T 7 R AE&R T & 169.5cmx 18 198.5cm. P.1978-0006)
COMEMCIE. 1993 RIS U T YR AZ R D0 2D RFE—N—R VX
EThE ] LT B/ R A& B L 7 BRI 2 B A S S, AR
PEm BRI § 2 V=X 2L D T 5 OGO W TR bN 7z, i
ENTVLHERPEIIOWT, H—HME R 7)) 2 7 EA i O1E
i BRON—ZAFEME O MRS & IR L2/ 3 AERIV -V ABS $ 5
VIO B TIZBWTLE THi»N 7250 TIE%RL H5MEICE-TH
HICHi AN, S TW5T,

FRL72FAB I LT 2o E o 4 SNBSS RIS T o0
A7 vay PER SN, JFBME TOBIEE R T A F— 40 X s
et A SR L 72 BT BMEE (SEM-EDS) & izt a3 it bz, &
DRER, ARHIG OB ERQORETFAHHL, WO DEE R B 231
SEENTze — T T AT O NIz DRIEN 2 mIZ R SERBIEHOHH
DLTPARDORTHDID, MEEERICH VSO R k2 it
BIIAR T3 TH o720 T TARIMZETIE, MR ERIZOWTEF50 1 (fig.2)
DHEFEI 2 HOG XM BLOBRSEBISE 2 FEREL 729 $TITHHLT
W BFPERRFEZ DO W TOIEIRAS, 4T A O R R A RS B
SE BTl BRI E o 72 i 0 00 F A A & T - Al T 9
T 25 OFAARERE K TELILD, COEMERAENGLELTRINL
72HHTH 5,

2-2. MAFE
2-2-1. I XIEH
HE X #0HT (Xeray fluorescence analysis : XRF) i, ¥/ 12X #ia RS,
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WO RIS L X (HOEXH) 2RI 528 T &b
ROMHRAC R, T b BALFEMINE 50T T 5 Tk Th %, FERHIENIC
FH CEBALZERIR AT D — D THHIENH, FEMEMICRS T, it
W OWIEIZ BV TIALE L LTV DY,

ARFGETIET T =X 72 RS AL B o ] 7 58 XM 5HT2E 100FA
Rz, COEBIIMWEAYN, BEERL =N 22 E—F—ZL Zvh
B PCR/NRIBLZE R Y 7 7 & O AR A SR S I, 218 O R
1315 kg 22 525, 23— ALK - W T 528 T EEORITET
BT 2L TH Lo FAETIIHN F RO ER [N RALREL
EIHENZ & D& T/ - 5 2 BOLX M AT 28 25T RS T B, A
Fe T L 72 100FA I 29 L7238 812 M~ 2 & T ik <0 BBV 1395 % %,
— e 7 5 ERIEE \CH VLS B B T RE R A LT b7, ULl
DF VA NFHRIEIC BN TELDIRHBI A H 51, RFEEIZXHIREL
TEE/$T VY4 (PA) =5 Mibgse LT3 ary )7 Mg (SDD)
Zhi 2 %0 PAY =7 v b BRE LN X BRIV T, PABE o) 2—% (&
49 2 mm) 12 XD TS~ E G35 [ Xihie £— R &,
I A= OBV ST/ 70 X =512 25T Pd-KaficHita b LT
OIS 5 [ A X MR E—F] 2 8INTES, WFETVI=T L (AD
»H7 Y (U) FTORIECITCE DA TE, HF138 ~20 keViZ
W % F50 e (KU Chiuga vt Co 2 HE) 77 Mo £ T)
BRI TR A2 LA RETd Bo AWFZE T, B XM % il
L7z& B2 BT, At X Bk E—F GBI 40 kV., 581 0.25 mA)
& YA X ke £ — 1 (T 40 kV, &8 1.00 mA) TOEEZh 2
N Live time T100 3D E L 720 A% Tl MLV ICE QMUK HE
FAHIDZEDTEL P XS E—F TRON /AR ML O KA
§ %o PWEANYRIZHIEEN72 CMOS A X T X HIE 20 % B+
HIEHTE, AW TIIZOMBEZFIHL TR 5 M 8 . R
K FTOHBEDITIT—E (W5 mm) &AbLHTIEL72e AT ML
40 keVAHEETHE L TV 5D AFETIlE20 keVETOHPHZ LKL T
FRL, 20 keV L E OB = AV F—FURIZ e R I SN2 A 1A
SCHCHIE T o
222 BEWZ Y HINH
7= 43965701 (Raman spectroscopy) 1& ¥R W HGE 72132 D4
DY RAEIRO & I, WHEER»SFAEL [T~ U HEDE] 2586
BT 58T 5T LRVOBELFEN T2 FETHLW, 7~V #EDG
200 RIS AZETEONL TV AR MVICIE, WEEHER T 55T
DALZRE ST AR WA K SN THY, By - AR E DT W
HREICBWTH G ME D, 720 SO FERZEMBELMAGDED
T, 100 um BUF OBUNEISIC O T IR - 3l C o MW 52 A5 g
LY, ST T < > 53965047 (micro Raman spectroscopy : MRS) &
X5

AHZE TlE B&W Tek #1 B W %1 7 < > 435655 #1 %6 i Miniram %
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v B OB =y BACIS1 EMLA G D - REE T, Jemss - Jeizfb©
DM &L 720 Miniram TIZFEH L —H =i & LT 785 nm & 532
nm O 2 A BN TELAS, AR THAL7ZDDOEHHE TH S, Mihid
ELT2048¥ 7 LV O &S & F#F (CCD) 2 2. L—HF—H4HIIoT
HABDPSRELLTI< Y HELOI B, A—2 Z# 2RI T %, BACI51121%
R 54, 205, 405 D3 DL > X2 M1 B2 EASTE, AW T
L7240 0L ¥ A TR L—H — G134 50 um & 7% %, BAC151 @
S~ R #8453 % Miniram & 385 L 72 IR5E TRELZ 90 BE LY, R 62 5 1)
T A S RE 2 LA 77— RIS EE L7z RT3 1 2 dp 721 1000 XY
Bx 100 & L7z /oy L—F—HEHIE) BB A Z R LT, WEHFO
==k A7) (300 mW) @ 30% LLFIZEEE L7z ARWFFETIES
DT (BLADORR) OF g B LR GEE O M EZ217)
2OV L7 720 HIRED 0D BT =5 L LT WRUERKED
MRBIZBWTRREM DS EAT X BLO R (cinnabar : HgS) 122
WTHIHT L 720 BBy AT ETHE KL TR 2 B OB LTE L
%5720, KELOBEES TH D (VR LERDTIEZDORE) 12OV TIE,
£ [ 0 A A C U PRI E & T L 720

2-2-3. FURIVIEMIBER

BBl &M oy 2BOFIIN TV AT—T
VCR800 % JH 3720 ARHFFE TldHHEEE X— AL v X (f538:50 ~400 f5) %
B, Ly XASBERZ B TAY Y RICEEL T SRAREIER T D
AL THMEBISE IV og e L7z, Ly X0 EmIZH 1T Hh
720 7RO A LED BBHIZ 90 S liZ4 5E STBY, 0 pikl /35—
YEYNHZHIET, RO LR BE O T2 VR THIE S 5
SEDTED, 72720, WO ST 85— 2 )08 2 Th, HEE TR H
WA E PO IG52 281D ST, HDE (A 10) 12Xk o &
HNZMIYZIESENVEFEV 2B TER V20, AEBTHLNE
HOBDHEMED LT RRREEZ 5T 583 LV, B 38—
RS O BRI I SR U CTEE L, & IC DWW TH0 fi5& 400
& D 2 E W U Tzo PEEREIC I DL > e & 5 221 o [ o B 1%
#13emTH b,

S.RREER

3.1. (GGELANDER) O iR
3.1 . AR CRE - #HEIN /=B

FOUX M BLOHER T < Vi o R ROBMEE, ME-#Esh
7zt % table 1ICF o7z, 72, REM LR T THONIZHOEXBA R T
W fig. 312, *G ¥ 2T H % figd1I2FE D TRLIZ

g8 (58)

RO B~ a5 R E 4 MO W TE XS 2 ERL TV
ZZTIEEO—HIELTAOL DX AR V% fig.3 (a) IR L7z,
WtZe AN 4 (Ca) D KMEEIRIZ, 5 TiddH 555~ (P) O Kb
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N7ze —H T 2L POFERIZCaDZNINKIFICA VI H TRA
5% P-Kifi (Ka:2.0 keV) @ 19 2K = 300 F— IR O XML 22K P T
BHICRELURENRIBICK T 55225 5L, ERALHBLT
LI ZBWEEOPPROOMMICEHEENTVDILEZTIWES), /2
72 RO F XA L EREHWEL TITb b0 Tid %l 7
ZADIRE I ES>TPRKBIIEZITEAIL T 5720, TOETEEZ EmIIZ
g HILIITER V. CalPEELGLREOBIMELT, K= T Iy
2 (bone black) SHEE SN 7212, K= 75971310 wt %S IEZF DL
Lo (C) 2&Th% 4D XIS THEM L 72 308 X RO Tk
CHIR DX AR T 52 LIZTER W, fig.3 (a) 11X P % 8k (Fe)
DOKHOMMENTVLEZED D, Fe2 GTLADEM, BT —71—
(ochre) & D LE:% L3 5 T F: (earth pigment) b FIH &
NTVBLDEE 2 HLNEH, Fe X1 2D EWIZHK T EHDLITELZ W,
B poitiEni< 27y (Mn) b B HR O B2 H 5,0 F72,
et S 7z (Ph) o LR FENE k@it (2PbCO s+ Pb (OH) ) LYK%
FIa gk, 19 (lead white) ICHR § 20D THHEHEZHND, 5B, 2.3
keVAHEIZHRIE SN TV R E—=2 135 # (S) O Kt (Ka:2.3 keV) L Pb D
M (Ma:2.3 keV) BEBEL7ZDDTH Y, KFFFETHMLZTXTOH
R TPh AR SN T B ZEN D, SO HEIEX BT TIES DAEAELS
DNWTE R TER,

R=rT7 Ty, TPREEL S80I ST OBERHNL, MlADfEEL T&
DERALNTWAI LS RELTESNTWLIRIEDON T RE 2 Hh
%o THUE, E BRI OEVXE HWICATETIE ZBOBAEZTT
%4, TOTORAERLMENRLZIFEPODOFEFLH 00T MBS
72O THb, 2ZThigd (al) BLU (a2) 1R L7 A0l O BHMSE G H A L%
& W~ AR TSNS BB DI b DN ENSD DS, &N
BB TRY)DOZENTNEIEND, BELLTZABOE FIIFR—
YT IR B R R ELICRBEE DY), TOTIANEENLE
BHBEIEDHEMEIND, ZOMEmBE N7z 17 WAL DA 7) 7 TI, s
DAEBIBY D ENDEIEHNEL, ATT7yVaRe s TV F—/) R A K-
L—= OIS BRIV 2 W AR DB R A ST
TEVIHFREAER WA HLOT, COMAVNTENLGIIHEY DL L
WAEAEADLNT, FIEIAHTH L, EBEYELQRMEIZH
T LM ERESR L7201, 702027 var iz W TR O ERD
ZIRRBZENRIRTHY, S OIERIEFT I ORRO R TIE, &
TEROMBENIZEL TN LD EREZTHIZLIIHETH S,

(2)FE (FR)

BEOFRKIZOWT, WHRE DR %558 M THOGX MM 2177225
FHILLTBO7T THONIZART MV E fig.3 (b) IR L7z HXES THM
L7z I8V T, Ll L Tr A % (S) o KAkt 27z, fig.3 (b) 12
Hons SiK#t (1.7 keV) D=2 13X b O THMES TH HAHN, THUIERL
72 PEFEARIC, R AN F—FIR TIREEPRT 5720 ThHY, ElmE
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fig.1

AN FVF (RLADEEE) oW
R HOLXMAMBLIOT VIV
SAMESHIRIE S IR L4 TF
JiL 7225, BT~ > 5 AT
fu g5 (BO7) & F g4 (A10)
DHTIo720

table 1 Zv-FLF (GELAD R ) TS 28 5 R OFL0

=X AIEES (AT XM TRESNAASEN BRSO RMRC  RE-#EShAEH
EXR (THREBHOERAEEL  L2HATOHKE
5N3TR)
He& TRTOBESNSIHEL THRHE Pb - FAIS]
2-#8&  A01-B02-B09-B10 (B& -BEEEL. P Ca Mn, Fe — R=2T I A—h—HED
A09 (D). BO5 (BN TNE) TEEER
=) A02 ~07 - BO1 - BO7 (k) Al Si H2A (lazurite) KREIINTZ
i) A10 (TE) Fe, Hg B E7KSR (cinnabar)  7K$R4%
#E BO4 (%AR) Fe - BZKATA—F—H—HED
TEEER
e A08 - BO3 (£F). B06 ($8) Fe, Hg, Pb — $RH. 7KEB%k. HZEIIO—
F—h—%ED LR
26 BOS (& & - Yt#mp) Au - £
fig.3
(FELADOWEEY IZoWTHLN: ¥° g *Peaks from instrument
REMRFEX ARV, W i 8 o g s
FUBET e X E— I (TR 40 g g 2z
kV) THEN720DTHY, 19 keV I T

RSN TW5 Pd-Ka o=
YT MEN o THRERHASLL
ARRONE 3 ) e Y BN O S
=V TEIRLTH D, W RILLL
Toesh:(a)#§5-Th (A0D).
(b) O FH & ~FH 1 (BO7). (c)
BRO TE-K (A10), (d) BB
DKM~ (BO4). (e) EE DA
F—JLta (BO3). () BB —
&5 (BO8)o (*lx#IC kT2
¥—7)

Normalized intensity (logarithmic scale)

(a) A01

(b) BO7

(c) A10

(d) BO4

N °_.j ) (e) BO3
o [ - |
N\ (=
'\ ‘4” 7 EXVAVAVAVAN
N A UL VN (f) BOS
5 10 15 20
Energy /keV
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100 pm

(al) AO1 (x50) (a2) AO1 (x400)

1 mm 100 pm

(b1) BO7 (x50) (b2) BO7 (x400)

e

100 pm

(d2) BO4 (x400)

i

(€2) BO3 (x400)

100 pm

(f1) BO8 (x50) (f2) BO8 (x400)
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fig.d

(FELADOH) IZOWTELNT
fRE MR BB G I, 45O
T lzonT, TV 77 Ry MBI
fig.3ITR L7z HOL XA R T Ve
FIBLTBY, WX 21T
T Ll — DOV THEEL T
%o B 5 OB EFITOVTIL,
11350 5. 213400 15 THeE L 72b
DTHbo



fig.5

(FELADERE) IZoWTELNZT
RVARZI, (a) (ELAOEEE)
DI KIS (BOT) LIEAT XD
F ks (& Ailazurite) DI,
(b) (BLADBE) Dk FIEHS
53 (A10) & JRM% (cinnabar) O JL#,

(a) blue part
>
=
|7}
5 Lazurite
5 (reference)
o
Q
N
®
£
-
o
4 BO7
400 500 600 700 800
Raman shift /cm-1
(b) red part
z
|7}
c
3 Cinnabar
£ (reference)
°
Q
N
®
£
S A10
z
150 250 350 450 550
Raman shift /cm-1

MWL TELEZZ G WREEOSIVEINLDOLEZLND, CO/EMm 25
N7 AL GRS SNz F o @ L 8 (Cu) 2 F e T
LRIROFEIY THHEEMEL (7 X514 b, azurite : Cu, (CO,), (OH),) &
MALIZERTHET ATAM 250 (Co) &G r AR I A% £
{LL7= & B R CHH A IV (smalt, FERNE#ZR) . 2L TEH 4 A (lazurite:
(Na,Ca) ; (AISiO,) 5 (SO,,S,C) ,") R ED TV =T [ 7 V—T DM %
FEW LT EIERT AN ER RN THOND Kk VT <)~ (natural
ultramarine) 23 E I N0, ZOfh, BEOOFELLTHSNDA ¥ T7
= (indigo : CxsH N, 0,) by Ho L THH SN Tz, L LIh
DL, FEGELTSIZELLDIIATVIPRARTIVETT) OV
NDTHb, 2T HFORERDP ATV o7 E1203, ZOHEBERT
HHCoHIEXMMARIZ IV LI ENBIET THHDN 5T L7281
WZBWT ARELZED Coldl ML MM SN ad ol 72, SEKMO R
ACAIO Kb I N TwaZep s, FhgirHI RR I IV T <)~
THHLWEMEDRE WEE ZONTz, 722UV <) v O R Ll L
RIICHFELLEDT V=T LT V=T DHEWTHY, TNSITHEI %4
SRITHEEHEVET T, SHBRIB SNz AR STHET VT <Y DAo
MICHELEENDTEHR TH A0, TIVET <) Y DFAEZ DT A1
FEINIRIF 720 22T BOTICB W CIREMT ~ > e b L,
VARZ IR (figh (a) o T ¥ 78550 cm IS HGEL E— 2 A3
BEh, BRF—5LLTHIELA SR X o F s (Eka3H
&h) TRibEhE—2—H L7 LoT SOHMBERPT VT~
THHIEDFHIHE P DONTz0 S HIFENEL 72 H G5 O8I OH b,
R4y (A06) LIAL o 31 TR 2 Pb O L MM ST w225, £ 0
BREEIL G U7z BT RE S (fig.3 (a) IDBBHALMITRENIENS, F
BERIITSRE D LEEN TV D EF 25, figd (b1) BXUY (b2) IZ/RL
72 BO7 DM G E Tld, HhL AR R B Fio72 B T i LTBY,
TV ) LSRRG L CHAT LD TIE AL, $Bx®->TH{Lz |
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WZINET=) 2 BATLIZDDEIEREIN L, ZOIHTHED LIZT VIS
<) OEFBERA T LB LA RSN ETHY, 0 h%k
FarEAR T TROVEDEF 25, N TA D AV L D i TlE Pb-L
FRZx 92 SEKRR ORI 2SI L7228 020, $iH O RICEAQL 7V
RV DEEDPRTHIETNATA VR RIL 207259, TV T=) ¥
DFER LR DBITEAT A, T V7 O Sar-i Sang $LILEM (777 =X
5 oNF T =) THRIBENZB D813 51X 5T -0y FTH2H 3N
TWwhZle, ZORBROREEINS, MO F AL TE b D THEff
THotzo TLTEOHREIWZIL, LB A UL HERICHFATHCS
Nize SOERMIZOVTHEXKDOARD S, 2R TIYRIKRIIVET ) %
FE SN2 REE DS TR S CE 725, MO BR 2 RA SN TV BT RN
REBEZERONTZ IV TR YR ES LD ORIZEA L, TORIIET
AIGA M ER VT BIRHHNTWB I, L LARYES TS ofrseEic
FoTHDT, RIRTINVII) R EBRO EHRELTHASN TWLIERD
FHEAMICEMN T ON T,

Q) Fe (TE)

A0 TH LN HOEXMA R MV Z fig.3 (o) 12, SIS G F % figd (c1)
BI (2) 1R L7z M EN 2 Ph O Ligid, fhod 58 15 & FBR 2 67
FICHBR T 20D TH %o 58T 2E912 AMEDO YL ISR E EfkE L7z
bDOTHo70, BELZZOPhEMIL TWEDTHA), T OMWIZHE
B HRIB SN 72013 K4 (Hg) O LB THY, fftkst (HgS) % E s
LT BLHEN KGR THDEE ZONDY, Hgx & LB I Z o R
DIAMCHE LD\ e, SOEX M HTIC L) Hg s S 7z pic, &
DAERAAEH SN 7R R D KR TH LI EIXTITHEEN TH 5D, L
AUARZE Tl HOLXHA RS MV K S 7z Hg 255 b8 oIR8
THAT DI EEEMN T 2720, FMEIZBWTHEMT ~ v 5o e %
Mil7ze COMRESIMT =5 THEHRMW (RIXHEW) DAV ELIC
fig.5 MR L7z0 WHDARZ MY EICHI SN 7z E—213 5L THY,
A8 AT SN2 R KRR TH o ZEDIELL AR SNz, BB,
WX A RZ MV fig.3 (c) Tid Fe- KM i SnTBY, Lk
TIZELNTVEPRB SN TSI REEAE 2515,

ST RERR B IO LR DAL O @b A0 S e T REMEE LT,
FREOL—FFF (lake pigment) I2DW Tt TH L L—F AR E
DA BEBRH HOE X AR HTIC LB [ AT HEL V2%, —BIICIZALR Ca%
FREEE L CHGES NS (FENE k) o ALODHOEXHRA XTIV (fig.3 (c))
BV THAKMB LU CaKMIFMIEEN TV 2300, ZOHK%EL—
FHRHCO AT DT LI EFHEL V2D, T TSR MR E L TRIR%
DIFAEDIFFE SN TS L S O 5HT SR 2 S o L —F B o 47 i
BT HILIITER Y,

(4) #EE (BB OIKMR)
BO4 TRl L7z # G XA X7 ML fig.3 (d) 12, BMEI T H % fig.d (d1)
BLU(d2) IZR L 720 Fe KM 2SR I S, Fex £ &7 %

33



Wt R, B2 5134885 (goethite : a-FeOOH) 7 & @ Fe D fig AL - 7k
FALP L &R T S AR E L 7o RIRO B AR Th o4 T a—F—H—
(yellow ochre) 72& ¥t S 2o e, W Ik LLEE o 3R T C — M 1Y 12
S 7 # Bk LT A za—F—»—DAcd, PhE A X (Sn) %
FER e T HEER TH DA X (lead-tin yellow : Ph,SnO, F 721
PbSn0,). $ 5V &Pb&7 v F €V (Sh) DEKER THALT V¥ FEVE
#ft (lead-antimony yellow ¥ 72 1 Naples yellow : Pb,Sb,0,) 251 & 11 %
A SO FHIZ BV TE G225 Sn O Kl (Ka:25.2 keV) BL
ShOK# (Ko :26.3 keV) i3#i SNz ofze RIS, €3 (As) Dl
WM THDHA—E AU (5, orpiment : As,S;) . AsESHHEKEN
2B oAb FHHAHF R L L TR SN T /225 AsKaifi (10.5
keV) 23Pb-La# (10.5 keV) L BB § 2 iz ZEL T, EOET2OH
BAEOAsIIBB SN T2,

(G) & EEBDAF)

BO3 CHEON 72 H X MARZ MV fig.3 (e) IR L7ze FEIITHRSh
72t# 1k Fe. Hg, PbTHY, hbidznzh LR, KL, $hHIC
Hk$T2ILETHLHEEZOND, 2O M T L M S (figd (el)
BLU (e2)) 2 pE, EIT400 5 THw L7-figd (e2) T 7225 R
B DR AR RIEL TV LT 2 ERE T %o

(6) #HE~2 6t (BEEDNLER)

BO8 T HMN /- B XA NI MV fig.3 (f) ISR L 720 AT IV A5 b A
BIZ, R4 (Au) O LSRN EN 720 BOSIZOW TS Hiow 2 17o
7AEH HELOumBDENIEZFNL T OB OR T 058 EL TV AT
BRTEN-0T (figd (1) BLO (£2)). SO —FB SR Ic L) RIS
NTWBLIENHS D Lotz kL EETAZ M) T & 7V S— M
Fk DRV F1i: Salome with the head of John the Baptist (1670 4F-61, %,
AT T7ANIBWTH, WALHEINA DN ENA T MAEH I TS
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AT T (RL ADEERE) (X L TRHARIZRGE - e Sh7z br i, &
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BRCHI SN TV 2% 2 Co DEMEHI EEN TW MW I HIK§
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7 ORISR HREE DDA, S TlEdH 2 H ALK AR S,
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REDYRZ T VI R LAN Y Y AEELTAREAL (L—F1{k) &
F72L—FERPFHENTRDEE ZONL, Fal—FLLTdfTY
7% (W) OMICHER T 27 7 23 (rose madder) 2% L—F{LL
7-% % —L—% (madder lake) . IF ==V HIAL AT LY EN S
FfZECTH 5V IVEE (carminic acid: C,Hy, Oy3) ZL—F{LL 72—~
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IR WILA AT MVIIE R EDAR) T D S H5, BRI & B
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ZORMRYLHNETIIFT R LN EET 5,

— 7 REQO KM DR 20727 (R) 1 (B23) 125V CTid, W%
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HeR i B 72 ALK 5 L OF Ca- Kt oSl S 7225, 2o 522> wTo
19934ED 7T ALY Y Zay DFHIZB T, YO _FIZHESTEY 242 1 H
DIERBHY, £ LITKRKRORE, SHIZZFD RITREL—F A7 —XE
NTVLEVHIEATE OEEAHBIL T 7200, Ale Cald Mo g %
L—FHKTHA9. BI0BLU'B23 Tl L7z AR G- PiA2 22 fig.8
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FERNCED T L— XD NLEWN LB DIFAEZ IR TS D, B, EHH
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(B EE
OO KR (A14) IZOW TR LN ZZHOE XA PV A fig.7 (@) 12,
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VA SEE OIS, HEEEE O TEER ORI AR SN TV, Al6
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EEHHIRTH LW MDD B 720, 4l O HEX MR O #5475 L
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EEEAITEIZL T 2 %0 —H AV THAT BB SN o7z HITDWTEDS,
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WIEBI8IZHA Y THAIDAETE T AW REME I T30 12 %0 F72, JeATHIZE T
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S 7 = 2ot e A Ly BRI % R O ’/E 1 E I L Tn Be &
Bld BR XA GHT R 774 N =% T T 497 A oM e e Jemk
B0 JeBe b TR R e R B IR 2 OB ADMET LR35, S 4L
L7z DM R DIEZ IR T TOEZ VG RIS, RBFZED X9 72 ek
DI DA T, T ZEDRUEAF R D E L) DNEFIZOWTON
WMERLIEDE L NEN) FAZT N5 B A IE 2 F7 O IR
DOHAR N ZRBICBCC BOELZVOKTEILRL, ThEholE
WOV THWHLNTWA % IE LR 22813, HfEL oo %
RWR AL Ve QRN B2 E 535 L THETH S,
LA L. &\ OEXHE 72 T3 (EOGXHRHT R 8 ok X 4

a4



W) T JE 55 DTG WA R SN2 L4, W B R
ZOWBROWRDNE AN TFk (F= 500 774 N—F T 7497
A HGHT) TIREGOT = AR FAEI B T 2L 2350,
L720%5Cy b3 D2 alRHRIUO MG U7 255 JEpi i - e o0 7 &
HUDICIAE § 28T, JE ZEDTEIMAF S, 1R O PFIZE S TREIRAS
HEHERPEFONL I DbNG, SEFHAESINIZ2/EMITONTD, K
i CHEE L7 et - JEBfi Co MR ORI RE R E 200, 5, Z1
Av T varw GG AN IRENEITT b TWZEE L2,

ARWFZEIE. EL PR, B, SLE RO CHED TV LI FNFZE [ P63
Wi EEFT A E S OB - BB O WTOREN A ] O—BREL TITDNIADTH 5D, AT
B e B 4 (B4 B 1 20H01372) ORIk sz,

(1] rsMESeRl, PRty , <% 5, WAG AL, AT HE L, BRI T BRI 3 2 AR F
A A A —— IR R A A S L ST PR VESEMT AR AT ZERL 22 . 2021 25: 23-40.

[2] Kawaguchi K. A Comparison of Three Versions of The Flight of Lot and his Family from
Sodom. 3 X U Kamba N. A Comparison of the Ground, Pigment and Painting Techniques
Used in Three Versions of The Flight of Lot and his Family from Sodom. In: Nakamura T, edi-
tor. Rubens and his Workshop: The Flight of Lot and his Family from Sodom. The National
Museum of Western Art, Tokyo; 1994. pp.47-67, pp.69-94.

[3] &) I,

[4] ARWFFETIREL 725060 ATE G B D X1 [T ] OB THEHETE 20D TIIARL, ikt
(HOLX I THIUT XM BT~ 250t Th UL — 9 —) 2 MG 2-#PHIow
T[] SEDWEHERLDD (MGH) THDo AL THIHI M2 IR 72 BITDONT, A
Ze Tl [P5E 2 ) EL TR S EIHE L 72T 5 211 5-Ly 50 6 WT & St L 720 & [ U T
ENZZPAMBIEFIZ OV TH R LF 52T T2, B, K00 Cllg SR A HPH (FhiEto
WESHEPH) 13, AT PRI T IS R 2 50

(5] Ana-FNF (ELAOIEEE) | E VG EESEAEE () . T LV RSN A 44 1% | 5 2018 4%
7 H 20 HEET IR, pp.70-71.

[6] Y—a7-any—rA (&) (VR L& ELONZOF ) . 5E5) IR, pp.76-77.

[7] 5E2) 12,

[8] W piAMEMMD T HAMER L TVDA, ZIUIM N 2 &% H L2 COMlE TEAHEPH
R, EMERE) - MRS, R ERZL W CELHPHN TOR DI 2 FEHEL 72720 TH
%o

[9] EE1) 12,

[10] 7z& 213 Abe Y, Nakai I, Takahashi K, Kawai N, Yoshimura S. On-site analysis of
archaeological artifacts excavated from the site on the outcrop at Northwest Saqqara,
Egypt, by using a newly developed portable fluorescence spectrometer and diffractom-
eter. Anal. Bioanal. Chem. 2009; 395: 1987-1996. 33X 0" Abe Y, Shikaku R. Murakushi M.
Fukushima M. Nakai I. Did ancient glassware travel the Silk Road? X-ray fluorescence

analysis of a Sasanian glass vessel from Okinoshima Island, Japan. J. Archaeol. Sci. Rep.
2021; 40: #103195.

[117 & D TR,

[12] R=27F97 DIFAERMGES 120, BT~ V5 0T OFHHEL Tnd, L L, —
MR OO EIE T~ VM EREOL— W —IGHI Lo TEI F A= D0 A LA fE B AT R &
SN, COEOHRATIIRO~B 0BT OMMT~ V5o EEL w2 eeLl,

[13] Black P, Hermens E, Howard H. After Raphael: The Hunterian Entombment copy
examined in the context of copying practices in early 17"-century Rome. In: Hermens
E, editor. European Paintings 15"-18" century, copying, replicating and emulating.
Archetype publications Ltd in association with CATS, Copenhagen; 2014. pp.95-104. 2D
1 Technical research, Ground, p.100.

[14] KRR TH D E S OLERUT—E TIEAL LHICE> TUIRLIE R R b, 22
TRLALFERIZLL T O A S ZICL72bDTH 5 : Plesters J. Ultramarine Blue, Natural
and Artificial. In: Roy A, editor. Artists’ Pigments: A Handbook of Their History and
Characteristics, Volume 2. National Gallery of Art, Washington; 1986. pp.37-65.

[15] #t% (Prussian Blue : C;sFe,Nyo) 2S5 SN 72D, ZOMESOHIELE LD B D 1704 48
Thho T2 INVETRIANZKRARDTERT X2 KALL THESN 20D M, Hit 7%
BRI L TR SNZZADLEAET BAN BRIV T <) VSN 7201 19 1 TH 5o

[16] ARFEE LM @AY FOBFE A ELTEIE T NI 25 M LT\ A7, B8 kO A
LLTHRDET ALK ZN 505, S THRIESNZ: AR T ISR BEAY
FWEHIBI SIS, PLk, LRI HE R O RMAREA BIHR CEL R ED Al H il S
MBI SO TR T 50 72, fig.3 (b) TIEIME A5 PK AR SN TWa78, &
NITERT XN EETNLHIK A (apatite : Ca; (PO,) ; (F,CLOH)) Z& V) & F 3 859012 i3k
THLDEEZ NS,

45



[17] 5£14) O3CHkE S M, $7213 The Artist’s Palette. Blues. In: Bomford D, Roy A, edi-
tors. A CloserLook, colour. National Gallery London; 2009. pp.28-37.

[18] KIXFEWTH 2 M ZF AL L/zbD (93— cinnabar : B2R) &, Bl K5 AT
INZESNTHO (V7 —3)4 v vermilion : $UR) R BISNLBE DL WA, S EIOFEX M
SN R T < Vi M DI NSRRI T 5 LT TEL WV,

[19] Agresti G, Baraldi P, Pelosi C, Santamaria U. Yellow pigments based on lead, tin,

and antimony: ancient recipes, synthesis, characterization, and hue choice in artworks.
Color Res. Appl. 2016; 41: 226-231.

[20] DLF o * 54 vt %% 2 | “Salome with the head of John the Baptist by Carlo
Dolci”. Victoria and Albert Museum. https://www.vam.ac.uk/blog/caring-for-our-collec-
tions/salome-with-the-head-of-john-the-baptist-by-carlo-dolci (accessed Nov. 26", 2021).
B, Salome with the head of John the Baptist \Z\X[FIKEDEF — 7 DVERA BB INSN LD, K
NFDFERA>TWBEMTHEIEAMHEEIGERH TEDZDIRIAFIAFEZIL 7 T a/ld5N
721 DR TH L. L, 1995 FIHIREN/2 7TV F 2 A0 NV F =)D hyurs - L AT
13 VAT WRFr T =L, ZOT4 7N T & TV N—MEW T O/ =Y a  DAEOEREL
TROHLNTNS,

[21] §E2) IZHL,

[22] & 2) IZHL,

[23] #E2) IZFL, 72720, L —FERBAAAE T AT LR SIN TS,

[24] 722213 : Abe Y, Harimoto R, Kikugawa T, Yazawa K, Nishisaka A, Kawai N, Yoshimura
S, Nakai I. Transition in the use of cobalt-blue colorant in the New Kingdom of Egypt. J.
Archaeol. Sci. 2012; 39: 1793-1808. 7272L. Co At FEL TH A IN/=DIX 18 AL DI ETH S,
[25] Miihlethaler B, Thissen J. Smalt. 71:14)IC[AC, pp.113-130. 735, [ SCHEkc XU A~
bOTREMEASH B EHEDS 11 ~ 13 Al O BEEIC R Sh 7L § 5 EDH 5.

[26] 7:25) ICFL, B, AT ADRH OENEA T AT Co (Co™ F721x Co™ 1 F &L T
TEAE) ORI DB o3 BT WD H 505 AsDH IOV TIARKEF LN TA (B
FUOA=IVN) OF LR TH L. AsZz & ColiE L CTas Vb (erythrite : (Co,Ni),
(AsO,), - 8H,0). A<V (smaltite : (Co,Ni) As,,) . #E2/3V MG (cobaltite : CoAsS) 7Z:&
BN S,

[27] 7z-z.1Z: Spring M, Higgitt C, Saunders D. Investigation of pigment-medium interac-
tion processes in oil paint containing degraded smalt. Natl. Gallery Tech. Bull. 2005; 26:
56-70.

[28] ZOEDRAITEEL T, ANV ORAESIUIHE AL COMOIRD A% — M43 CREM 455
MEATH>TWEH, SN SO OWEEZHNE T 2ARRITB VT, ZoR4ESRICE
L7AE RISV T EZ ST 7272,

[29] EWSMEZTVHY > (arizarin : C,HO,) &7 V7))~ (purpurin : C,,H;Os) o

[30] 5£2) IZML,

[31] §E19) IZFL.

[32] #k2) i2HL,

[33] &E2) (IZML,

[34] 3:19) IZlM Lo B XU, Miihlethaler B, Thissen J. Lead —Tin Yellow. #:14) IC[AIL,
pp.83-112.

46



Preliminary Report on the Non-invasive and On-site Scientific Analyses
of Two Qil Paintings in the National Museum of Western Art, Tokyo

ABE Yoshinari, TERASHIMA Kai, FURUYAMA Luna,
MURAKUSHI Madoka, TANIGUCHI Yoko, TAKASHIMA Miho

This article is a preliminary report on our scientific investigation of

two 17th century oil paintings in the National Museum of Western Art
(NMWA) collection, namely, Mater Dolorosa by Carlo Dolci [c. 1655,
Italy] and The Flight of Lot and His Family from Sodom attributed to Jacob
Jordaens [c. 1618-20, Flanders]. We brought three types of portable
analytical instruments — an X-ray fluorescence spectrometer, a digital
optical microscope, and a micro Raman spectrometer — into the NMWA
gallery and storage areas. We used only non-invasive techniques to
investigate the materials and techniques used on the paintings. For Mater
Dolorosa, our analyses identified lead white, bone black, earth pigments
(yellow ochre, brown and black ochres), natural ultramarine, mercury
sulphide and shell gold (gold powder). It is particularly important to

note that our study determined that the Virgin’s blue robe was primarily
painted with natural ultramarine. Given the limited number of scientific
investigations previously conducted on works by Carlo Dolci, our analytical
results might help us better understand the materials and techniques

he employed. In The Flight of Lot and His Family from Sodom, we found
chalk, lead white, bone black, azurite, smalt, red lake, mercury sulphide,
lead-tin yellow, earth pigment and copper-containing green pigments
(possibly copper resinate or verdigris). The limited use of lead-tin yellow
and smalt in European paintings confirms the work’s production date,
which ranges from the mid-15" century to the mid-18" century. Smalt,

one of the pigments identified on this work, is a man-made blue pigment
consisting of cobalt-colored potash glass. We found smalt in two areas

on the painting, namely the dusty blue-colored clothes of the woman on
the far right and the greyish sky. Since it contains cobalt, this pigment is
known to easily change in reaction to drying oil, which means that some
areas of this painting have lost their original blue color and turned to a
greyish color. By carrying out our survey on-site we were able to avoid the
risk of damage caused by moving the works. On the other hand, these non-
invasive methods carry with them two major problems. Given that X-ray
fluorescence analysis can only detect inorganic elements, it is theoretically
impossible to identify organic colorants such as lake pigments. These
methods also analyze all of the information from the painting’s layers at
once, thus limiting our ability to individually investigate ground layers or
the individual layers of sub-surface multi-layer structures. Thus to assure
a complete scientific investigation of these paintings, it is desirable to
employ other analytical techniques in tandem with these non-invasive
methods.
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