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O@F—7—F a7 MY (Coptic textiles), KAZFEH (natural dye), B (shell purple), 3w ¥ (lac),

ARSI (visible spectrometry),

WA (fluorescence spectrometry),

W X #8547 (X-ray fluorescence spectrometry)

1. ZUHIZ

HEKFREEMEICZ a7 M GER 1) 2
INTWB, Thoid, HEREERZHEHEZD
PR E R - BEFHES 1916 FFO 1 F ) R EIRE R
b - cak (s s (1126 « BN H),
MR &, 1922 KB L Y 7 B EEH R
ToFHMEShAAZ Y v a BB LT GUEBAER
LEYEERES (2162 a7 MEHIE) Sickbl
T&3 (EFR2), 40, ZhosO&ERMS 10 H%2 R,
Ao KRRERHIDWT, bk E Tk &4 2 ER
BT 24T - 120

A7) vARE, FANIIKRO T 7 14 12— LHE
NEHERBEFICE LT THS, L3 o—< Uk
ik, FUVIVTABENEFTZ2ZY T MEZDOHK
EHEBEELTHRAI, A7V ) vaxEVILZR, E
RoETHH4A V) 2AoFAroEThic LI 58
SO TE D, HIBICE T 3THOPLME LT
2T, FENICOERELNTH - 72, 1896 4F

KHEE 547 V) v A RBHORIETIE, A v 7 X7 4+ —

FREDN—=F =R e FL VT2 )VET—H—
Kk, 50 HAEICRI/SENZALEDRAOBEEN
HRINIIELETHHONTN S,

20 R FBDITINESNIc T T MEPM O 5 B A
HET2bD0RIKIWON TS ), BEOER (H
YifEESE S (2162)) BEEL—HITHS, Choil
BEEE#EM,SOHTEBEINTEY, TV 7 Mo
M7 ERTIC 81 5 REM OEMZ I TH 5 LALE S
5NB, 41 EEDTSTAIE BTV T MRIBIZK D,
WHOAETEKBTH > e E L bic, A7) vazx
BBESN B 2 LT o1, 207, KENT EMS
CEICKDHTARELE FHD, A7 VY vaxomEfli
XICJLhs 5 ibEihs © & A THIE, 1000 4L E S 8D
IR U BREE MR e B C EiTE o e, AT, A
7o) AR FAIVHTIRE NS, BEDOF I
MBI XA EKICRBONE LMDl ED
T U, BAREOIET RIS/ SEL a7 Mk
ZIUHETI2HEBEMBRIEIN TS,

AN

D REKERER BPHER T606-8502 FBMERHHARKILEIESET
Y SRF EARERA T630-8211 ZREBZRTHMEE 129

Y RmEAKE KREEWE T606-8501 REBFRESTARXEBEE

Y BHKE HBEHMERPE 79108507 BHEEHTIRITEIEIS
Y REAKE LHEEHFRFT T611-0011 REMFEHRTE
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a7 MR, RELIETURE#R TS EnE
WA, ThoDXKREHKT 280 BEh, a7 M
YOO LEO>OEENFHTH S (Carroll : 1988, Corto
pasi 1 2007), C OICERERAME, ARIIEEAR, MIEIEKBL
WO HAEDENE L, KoFoMz, LBk
THREEIC L 2 XMk Ish 2, ChET, a7 M
PO SN IRER BRI OV TIR, RERHKOR
LTk, R=nNF, TAX, Tv7, HBERHEOY
BlELTiE, ¥75, YUK, FLy 7, i, F-
BRROGHR ELTIE, Tr— FREDA vV TEIK
SGETHYEL BIUHEMSHSNTWS (A @ 1956,
Stoyanova : 2008), N 5 DZEEHI DN TDRKDOHEH
Hozid, BHBERICES(HEICEEE ST
Mol EETE, e OBERMENLT Fo—FiC
L BHERE b LI TWw5d (Wouters : 1985, Orska-
Gawrys et al. : 2003, Trojanowicz et al. : 2004), H
RIZBNTS, ERAB VIV o— FERSEVLET S
37 ME OGN T 2 ML H B (xRS 120070
EETE, FEROREATICONT, METHEEHICX
% HPLC ®EESH Eo#AH (Wouters : 1985,
RS 12001, fk K« fke K 2009 MEEshs—4,
HWHEFLRICL 25563 A TH % (Leona and
Winter : 2001, &% A5 : 2001, Nakamura et al. :
2009, HH 201D, AWIETI, BROHK L, FEM
O EEETH - 1eted, T A N—=T -7
RO RGOt E R E B R T 21T - 72,

2. A - ik

2.1 &f

SRORER, RORKOYE, HE - KOREOL
BoREEHME LT, EESERFSROER 3 (B
#EFS (1126) 6~8), KET V7 M B HFEHEITATFH
7o) v i EER T A BRES (2162)
1~7) DFF10 SAH L7,

U, MUEICRESNhTOE4HET, ThoD
YR IC OO THEP B AT - LBEERERED oh T
M, Fihe, —HEOERNT, SCEHBRAIE ORI (1911
E~1985 4E) 1Tk - BRE N TEY, TORMIIE
Mk 0 bBANED Shic, TD, a[HSPEMTE

2

KUZRITHES T B TR, BEEEO/NSH
(THbb X DEHZ) BERICOWT, MEET-7,

FRERBIZBOTHRSTICH LB ERITRYT (K
1(1126), K2 (2162)), ZhZhOREORBIZLT
DB TH 5,

1126-6 (K1 75) &, #&, R, #, #Hk F, &
H HOTEIOBIELTH S, EXEFFHTXY]
SN 3 DDOIEFES M S8 D, IREHR, B|EHRR,
HERFOEMAEDE S, I3, SBRODOHMAET, X
HIBF T2 REGI&EZ AR 5, BIIABORITKY, H
USN D tRICBRENH VLSO, TXTSE|OTH 5,
BRHEEZ, #E6.0cm XA 7.2cm,

1126-7 (K1 ) 3, K, #FK #H H %RH
HD 6 i 578 2 B HEXRTH 5, 1ELERST IR,
AR, HOMBARDBIKIZED, T OSEMSIARIICEEL
D, FiX, STYDRRART, XS T2E:251&Z5
A%, M, AERORHE, AUNOESRPEET, T
RTSH|OTH B, EHR-FER, HE5.9cm X B 7.2cm,

1126-8 (K1 7) ¥, BELo#Oiks T, #HEoO
i &% LRE OB THHEXMSHK L ZEh T3,
—HOERID S b, KAEOARITEK T L EBREMNA
WoNTW5, BBLPKRFLOKLEET, BELb
TRTSHROTH B, BRTEL, HE88cm X # 175
CIno

2162-1 (K2 LB %) 13, HEKXOEHEL 0—
BThb, & BE FR & AOSBLSED, K
OFHk D H o 0% I AR IE SOk 0 &
M5, BIIFDOSHOEART, XHRBIT2AH5&%
Az B, L, AEOARMK, AUSNOELANERET,
TRTSHROTH B, BRI, #E 2.5cm X 30.5cmo

2162-2 (K2 EB £) 3, BEKOEHED 0—
T, B R BEG, KBB4 B TIEFXSEY
KEhTW5, BREEREE T 3OS e T
HEADORADHMOMRTERE SN TN 5, &#iF, KD S
BROBREZBRODICLEEBARTH B, #i3, HEBOD
MUSN BT, $XTSHOTHB, BRTER,
HE 4.7cm X # 12.4cm,

2162-3 (2 B R 1, K OE R K
HKE, HO 6B oRIIEENTH B, EifFL, k&



M1 RERHRATtETE 27 Nk BEkES (1126) 6, 7, 8
Fig. 1 Coptic textiles stored in the Kyoto University Museum:
serial number [1126] 6, 7, 8

2162-1 2162-2

M2 SR FRESTEYEETE 37 MY B8ES (2162) 1, 2, 3, 4, 5, 6, 7
Fig. 2 Coptic textiles stored in the Kyoto University Museum:
serial number [2162] 1, 2, 3, 4, 5, 6, 7



1 BH FEHKRERAEMERE 27 MY
Table 1 Coptic textiles stored in the Kyoto University Museum
HEBEE |8 i . i . wE
FH  owmyr B | FH O omuyr 1 5
_ ;=3 s |@
1126-6 EX 75 s2 =] B s |& %% = we & 3=
_ 07+ S =]
1126-7  |fAHIEX EmEE | S2 B | wme | s |3k sk ® E AE
1126-8 HEEX L2 S & L e S |& #E BEKROMmO
_ . i3 s |A =
2162-1 A -1EF7F X C:freS S =] BE s |l B 5 = B EEIR DS Hitahy
2162-2  |fE#HX mR | 252 | wie | g | S s ms T IR O T LAY
55 S =]
2162-3 fEEX 5= S2 =] BE s | =& 8 we us
s i3 S B
2162-4  |S{AIPIEX HRFE | S2 B | ke s |#% mE Bm & Am
E:7 S S =] =
2162-5 #H RS g8 R S B B E s |= BEER O FHtehY
2162-6 F:27723 s |B -
= HE#R ST WHEE | 2(S2) =] BRE s,z |mE mm BHEEAROMHMO
200 |- @R | S B | &% | s |& T
FERE S =] _
2162-7 fEC - BFESC E R S =] BRE s | 25 5 8 = =F:: i

* SIESHMUEBE R ZIZZRUB R, S2(ISHMYD B R2AB|EZT DX [ Z(S2)ISRY 2XEFZRY ICLI= T AREIET

* THRRISHBEARREET

Bk EZEICE L, BREFRBTRLTOL S, BRI,
R B, MELADP SR BIEXDEIN TS, #iES
MO OBAT, XKETT2ASIEEAZ 5, HIIAR
DD, AUNDOERIIEET, $XTSHOTH
%, GRS, #E 7.2cm X 11.3cm,

2162-4 (M2 W ) &, & BHE B %KH,
D 6 i 578 2B FIEXTH 5, ELETANEL,
XD EHALBEA T B, KiF, SBRODEART, X
BHAT2RI&ZAZ 5, ik, HEORIEEK, AU
NOBERIZEET, §NTSEOTHS, BRTER,
#E 12.3cm X ¥ 9.8cm,

2162-5 (K2 B H®RT) &, HEHKORHED
D—ET, XBRELAD 2N LK LML TH S,
KoK TRBOMES DENS, MOMAREROTIE
BT X OURRER D 29, BRIE, BO SHD T, HE
WITR2~3KF|X2AHZ 5, XHOEDHBOARR
K, ROBRIIEET, SMOTH B, EBRTEE, #
4.2cm X 1 8.8cm,

21626 (K2 TB H) &, SHEHERKEEOFHD»
o, HEKOMOMS LEETE 5, B, BE, Bi#o

4

o THA SO O SN BIBOH T, £ OFmICHE
HOFMAEMNR 2T o T35, Bk sE, BEL
IRAR DR AL HIZHIRICHE D A A1 S, MIOKAR T
ML EHSDLTV S, BIX, KO SHD
BAR2AREZBRO LIBARTH B, X, HIMD S
Mo %, BELBHOBKRIEKET, BEISHKRY,
BHIZZROTH D, BHOFHEOHIL, BEE LR
DSHOBARTH B, BRTHERL, #E 9.9cm X H 225
CIne

21627 (K2 WH~TR 7)) &, Fothr 5IEX
LRG0 A N B#H T O—ET, RIS IC
* BE OH R B/ HOEMALLShTLS, &
BRED SO BRT, XKIBST2~3451525Z 5,
iz, AfRORIEIH, AUSNOERIIERET, TS
B THB, ER~HEEE, #E 19.4cm X4 25.0cm,
11T, FgEHODWTU Lo EL LB, &
B, TITE, BRBITERDOBMERM ZAIRBIZEIC
KX, B R Hr0EEELLTEABL TN S,
a7 MEWE, U7 b EERER K D IER IR S
MNTE7HEF Linum usitatissimum. L) % {72 4
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Fig. 3 Measurement points of each Coptic textiles samples

EHi A S, RICAROMAEDLE, ROTEZEAD
XHOMOIBLEVL I EESEHRIN TS (BA -
1988), AMIFAAZAT » 72EEHI DWW T, Kild 5 &,
FVae«o—< U8 Giif332~1% 395), E¥ 74 L1
(Hif 395~641), 1 2 F LM (642~1250) D =Hlicb7
5EEZZON, ThEhOXROREN» S, 21626,
2162-5 (&7 L3« m—=< U, 1126-8, 2162-1, 1126-6,
1126-7, 2162-7, 2162-3, 2162-4 I EH v 5 1 v,
2162-2 1314 25 itz hEhxticnd s GER 3 ),

Eoiowic, wETAR, Fv7, 1o d, A%
Zh TN ORI AERFB LI, BETHER, Tv7D
NS, Th TR E X OWHBIKH TR Licy —
IVERW, 80 CT, 20 Mgt d s EiICk DB L
feo 42 Y TOFAIZIE, Na,S,0, i1k 3 ETER%EM
Wi, HEICDWTIE, 77 F¥AARA XK= (Thais
(Reishia) clavigera), L& — LU v 7 Z H (Murex

trunculus % 7213 Murex brandaris) ZHOTAKRR, 77—
NVEhEhicff L b0k, ThZhfEsEae A, B
E L7,

2.3 SAHE

SRIOFER, BrEHE LICHRO—BRE L TIT-
fetcdd, FEMSEMTEFIE Lic, Lichi- T, 46k
ZEEKRET ZHEBGITFELRA L, wBEGTE S
BN =TT, i, —HERENdRELT
HOE X B 2TT-72 (M3). ThEThDOREKER
S TITHERMFIILUTOED TH 5,
2.3.1 FIRSLSIT

$iE 1 USB4000 (F— ¥ v v 7+ b= 24
R v F e S UF, AV y Mg 25 mm, JIE
M E#PH © 380~700 nm, /N> KNig:25nm, 7 7 A
SN—TER D L5mm, AIEEHE © 5 mm, WEME :45°
2.3.2 =ZRTEAESHKSHT

PE U FluoroMax-3 ((#R) 385840

5



s R FE/ eS0T, RF v VEE 10
nm/sec, AV v Mg (Eh&) : 50nm, RV v Mg
(85%) : 3.0 nm, FEHMEHAE (k) : 300~600 nm,
Z7 v 78 (i) : 13nm, JEHEHE (FL) !
350~700 nm, A7 v 7# (FHK) :1.0nm, X7 7 A
N—EZ :5.0mm, HIEHEE 5 mm
2.3.3 Bk X BT

RiE (B 714V v 7R X BREHEE X Pert Pro
MRD £ BE# K X # [0l % & © b doE sk
(BOEDAX 8y GhRiiGENE S, =2V ¥ —
SREIEOL X BEE OSSR EE A L,

X Bt 7al (SAVT+—HR), T4IF—:
NFYY L, FERDFITE-LFR, X RE—HE
FEIEEEE © 25 mm, FIMNERE : 40kV, EIMEHRR : 10 mA,
X BIEHA 0 110° , 54754 L 1200 sec

3. MR

T iciagstl, H& - Repzhshic- 0t
SHIHERIIDVTHENS, KRBICBWT, FRERH
OYFLELTIE, THRBLUT v 7 (2162-2) %R
Ui, &7z, Ha - RBRKORHIELTE, T+—F
BEDA Y VITEERSETH B LUHE (1126-

8) EMEA Ui, i, EBRHMAMIIBA L VITET AR
THDIGREROIH (2162-5) bROM -7, KK
TR, HEEsRkamriclvon i aTREESE O E
BREHI OO TRAARAMRBB oA -/, £
MICB$ 2R 3BT L7,

3.1 REREEH
3.1.1 FIRSKSH

ARSI, BRI © DRl 2 D 1T YR AT
ELT, ChETICHRBCULIICIECEHEN TV 5,
ZEtORER, ARUCEMEEEHEDORRY bV E
i35 &0@86ITh %, METIRT 74X —T o —
TEHOTRHFARY MVERK Ui, REFARYT hV
E_RWSNEL, ZomKEE Q,.) E&RHL, £
NENDOREHES D ZR7 b EHEE « Bat L7z, KR
Wi, REHHEARZ MVOJREEBRIET 37200
ITETH 5, BoNIER—EBEE2ITRT,

B 41, PHET 713 OEERR & 2162-7 D REE S
QDG AR T FIVIE S I E D RSB AT MLk
N o PAPET /1R D RS AR T PVITEB T, 505
nm & 555 nm IZ 2 DOWMAMED Shic, Thoid,
THRICEER A HTH-7c (xRS 12007,

£2 RBROLERITER
Table 2 Results of red dyed textiles

EEES  HIEERT &, DR N b sy i) =RITH I AT ) & Gu ket
(A pax, NM) (Aex/Aem, NM/NM)

1126-6 @ Ui 505, 560 500/605, 538/603 VRS
1126-6 ) AR 505, 550 500/557, 500/591, 538/592 7 7R
1126-7 Ui 505, 560 500/602, 538/603 T H
1126-7 @ WIR 505, 550 500/557, 500/592, 538/593 S
2162-1 @ 7R 505, 555 500/565, 500/599, 538/599 VRS
2162-2 ® in 530, 575 438/598 Ty
2162-3 ® Ui 500, 550 *1 T A
2162-4 @ 7R 505, 555 *1 7 HF
2162-7 @ 7R 505, 555 500/559, 500/598, 538/598 T

"R E



80

60

40

Reflectance, %

20

550 600 650
Wavelength, nm

400 450 500 700

80

60

40

Reflectance, %

20

550 600 650

Wavelength, nm

400 450 500 700

0.02
555

001 |
505

Second derivative
o

-0.01

-0.02
450

500 550 600

Wavelength, nm

650 700 750

0.02

0.01 555

578
505

Second derivative
o

-0.01

-0.02
450

600

Wavelength, nm

500 550 650 700 750

4 TEET ARB XV 2162-7 ORBEEFQD IS ZART bV () EZRMS ZAX7 bV ()
Fig. 4 Reflectance spectra (left) and secondary differentiation (right) of red dyed textiles
a. PEEET 71 3x (FREEEUED) O NRGTRARZ bV
b. BEET 1 x (GREERED DERH IR A7 MV
c. 21627 DRI @D 53 HG AR v
d. 2162-7 DFREERSF @D 3G IR AR T bV

2162-7 DARBERSF D IR AR 7 PIITBWLT b,
Amax 1 505 nm, 555 nm THH, THAXRDBHHNT
WBZEMREN, 11266, 1126-7, 2162-1~4 D
IR PRI IT DTS, ZIRMDP A7 ML
TARICHRRS A, B2 -TEBY, Ao TS
PRI TH R THB I EDMHO M EL 5T, T T Mkt
KRS T AR, BETH X (Ruba
tinctorum) Dixh, Wild type DT /7 % (Rubia
peregrina) Du[REMEHEZ SN Bh (Wouters : 2001),
BAMFICBOTRES NI T A 20, WFhOWMPET
HEMIAHTH B, £, 2162-7 DFRMELLH D K
Moy AR MIVIZIE, 578 nm ity a V¥ —E— 7 53R
Bohbdn, ZOE—7E, FERSGOHICEE D
», THRUNOREOHHIZL S bDhiE, FHTH

%, BB, TOYalF—E—7E, 1126-7, 2162-
1, 2162-3 DFRAIFITO>VTHRED SN,

K5icid, 7 v 7 OEHERE & 2162-2 DAREERS O
RSt ART MVIZ S NIC IR AR MIVERT, T v
7 OFEHREFRL O KGR IR AR 7 PILVIZBNT,
A 13 525 nm, 575 nm T » 72, 2162-2 DAL
2OV Th, RS ARYZ MIVITEBIT S A, 13530
nm, 575 nm TH Y, ZTOMHIZT v 7 OIEHERR & 13
ERIUTH 70 R AR MBSO N Bk E L
T, FIVAZRTIVAZT aF Z— L% Sh 3,
LREROMEEN SBMET S L, Pl Lbr AR
DRV SN EEERENEEZL SN 5,
3.1.2 ZRTERADKI

ZRTCHAS AT, HBBEKE (A, <xd

7
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K5 5v78XU21622 OFRBESODOERF ZART bV () EZRMS AT bV (F)
Fig. 5 Reflectance spectra (left) and secondary differentiation (right) of red dyed textiles

a. vy (EERED OSRRHRRY ML
b. T v 7 (REERED OMERG RS ZART MV
c. 2162-2 D FEHHBDFIHRKF A X7 MV
d. 2162-2 O FREIMF@ D 53 KA AR T bV

BEARY MV E, BhEEEEDV LI O>EALNOH
HHEL, 207 —5%3WTICERL, MEEEEMH
RIZELIbDTH B, BEICBLHE R % & /oMt h)
HiEEE L 5, 5N ERGRITZRITIOLHEARS

MILERRT A, TOMKEE Q./A.) &, Hx DR
FHIRFE TH 570, AL OIERIES T & U THHHA
EICE#THS (T« BFH - 1994, FAH @ 1997, fkx
A5 200D,

9, WY 2RO AR T 2700, BB
ThHdHY—)VEFHERDZRITTHEFHEANRT MIVEK 6
AaBIUDITET, " VOHEEHITIE A,/ = 363
nm/429 nm XA KBED Sz, —F, HERD AR
MIVIZIE, Ao/Aw = 388 nm/465 nm IR AFLE LT,

DEIC, HEET A OFEEERE, 2162-7 3 LU 11266

DAREERST D ZIRTLHEIF A RS MV &R 6c~e 1T
Y. BETHFOBER, T, TUHFY Y, TT
Vv, YA RTNTY v Thb, BT /73 DFHER
B ZX7 MUV, /A, = 500 nm/598 nm 27
FY VICHET B AHNED 57z (Shimoyama and
Noda : 1994), %72, A./Am = 363 nm/424 nm 213,
WY THhIMEICHRT FELbA SN, —A,
2162-7 8 £ F 1126-6 I DWW TlE, A./A., = 500~538
nm/600 nm fFEIZ7 Y HFY VICHK T BBMANEEL
720

51T, RO BOLREE L 0 FMICKRETT 5700,
Ao = 500 nm IZBIF BHDER RS bV & A, = 600 nm
KB BENERNR Y MVER L, SR & AR &
ERHBHBE LI bONK T TH S, AHETAXDELR
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Fig. 6 Fluorescence spectra of red dyed textiles

a. 7 —Ib (FEAEEED

b. HiFE (GEAEEUED

c. PEPET 7% (BRHESUED

d. 2162-7 DREESIE e 1126-6 DHREESD f. 2162-2 DHREIIG
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Fig. 7 Fluorescence spectra of red dyed textiles

a PAEET /1% (RE#EEED) O « B A X7 d b
b. 2162-7 DFEIF@ODFHE « AR M
c. 1126-6 ORETHHFP@ DR « HIHEZ X7 bV

N7 MVD 2., 13598 nm TH D, AT, 561 nm &
637 nm IZY¥ s V¥ —E—7 L Shic, BT b
JViZid, 463 nm, 500 nm, 538 nm IZHKDTEIEL 72,
F 72, 375 nm IC MM TH 3 EMEOHIE E R ITHRK
MED o i, 2162-T DFRBEFOHEIHEART ML
DINTIE, Ap = 598 nm T&H Y, 559 nm & 639 nm
Y aVy—E—BFEELTEYD, ZhoD 2, fH
137 Ak OREREGRL & 123 —H U7, iR ML,
375 nm, 463 nm, 513 nm, 538 nm IZHRKBFEEL,
500 nm iZ ¥ a V¥ —E—7nH oSN, THxOEER
BOREZR7 MVIZB T 2HEIZIZRUCTH - 72, 2
EAROFRRARY MVERRDZEELTHE, Ay =
513 nm DOHRKDEFE, 500 nm & 538 nm & DIEE L
DEWRH T oH, ThoDHEIR, AEHIEPLEED

10

Bzl 2HBOEEMNEZL o b, FEMETAHETH
%, 1126-6 DFRBIBH DR R T MILITDN T,
604 nm IZHAKDBELEL, 639 nm ity a vy —E—7
MAHELNTEY, Thoma, HiE, 77 x0EER
BEZE—H U7, 7HXICHFR 560 nm DY 5
WE—E—7 OERE, REWHES S VET I RBERO
HOBWIc X2 BonEEnrssEEZ o505
(Clementi et al. : 2009), B2 27 bIVICBILTh,
T HF OREERE S IHIER U A, HE S OBKMASS
N, THAXNFALONTNWSE I ENRBENTI, L =
417 nm ICB B, BMEBOHILESFICEE DL
%22 515 (Nevin et al. : 2006, Nevin et al. : 2008),
RSB S T v 7 ERE SN 21622 DR
IZDNTIE, ZRICHOES R R MV ORBK IS AR



THY, ZOSTE,SIGRHICE T 2 HHRMRIIE
chigh-7z (K61,

3.2 BE - REREREH

Ho - FORREORPELTE, 1V IT2ERS &
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Table 3 Results of blue and purple dyed textiles
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11266 ©) WH 695 - (o
1126-7 ® H 700 — (v
1126-7 ® WH 695 - frya
1126-8 ® '3 525,675 + H#&
2162-1 ® &= 710 *! Arod
2162-2 ® RE 695 — Ao
2162-3 ® W 685 *! Sf o4
2162-4 ® B 715 *1 Ao
2162-5 ® % 505, 550, 695 — Arva, THX
2162-6 @ & 700 — (o
2162-6 @ R 700 — Ao
2162-7 D & 705 *! frod
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Fig. 8 Reflectance spectra and secondary differentiation of blue dyed textiles
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Fig. 9 Reflectance spectra (left) and secondary differentiation (right) of purple dyed textiles

a. BE (R A) OSRRHFZRS t v
b. H¥ (EEERE A) O4RS ZRMS AR bV
c. ¥ (¥R H B) OBHRHFRRT bV
d. H% (GE¥ERE B) 048R ZRMS 2R b
e. 1126-8 DRBEFO@DHHRHFARY b
f. 1126-8 DR BEHAO@ D HKHF ZIRMSZ Z X7 b

DPEEET % (Rubia peregrina) »» oW Ehi-tadk

ThsEEZLN B,

ZOWmMETH X

(Rubia

tinctorum) 1¥3 — o v SHIIRIZJL S BT 5 2 EA4
S5hTED, FOMEBICE S MWD R EIZRET

» 3 (Cardon: 2007, F71z, S v 7 RDERNI A A H
SLYODHREALSBINENEBHETH S, 7 v 74§D
BIa—owXeTTUH e TIOTRTAYVATHEEL »

SOFERGINED SN BN, 7 VT TiE Kerra. spp.,

13



14

Intensity, x 10°

10 1126-8 D% M5 © OB X FRHIE 5%

Fig. 10 The scene of measurement of fluorescence spectrometry

Cl

Fe Br
!
N N Y

Intensity, x 10°

10 15 20 25
Energy, keV

B 11

30

Ca
I Cr

Ca
l‘\Mj A" A y
0 5 10 15 20 25

Energy, keV

1126-8 DEIXFR AR T ML
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Spectroscopic Analysis of Dyes Used in Coptic Textiles
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To elucidate the natural dyes used in the Coptic textiles housed in Kyoto University Museu
m’s Egypt collection, spectroscopic analyses were performed using visible reflectance spectrome-
try, fluorescence spectrometry, and X-ray fluorescence spectrometry. The Coptic textiles in the
collection can be divided into two groups according to their origin. One comprises those textiles
collected by Professor Kosaku Hamada, the founder of the archaeology laboratory of the Kyoto
University Graduate School of Letters, while he were studying in England in 1916; the other com-
prises those donated by the British School of Archaeology in Egypt through Professor Flinders
Petrie, who worked for the Archaeology Department of London University in 1922. The latter set
of artifacts was excavated from Oxyrhynchus, Egypt, and contained items belonging to the suc-
cessive Greco-Roman (BC 332-AD 395), Byzantine (AD 395-AD 641), and Islamic (AD 642-AD 1250)
eras.

Three items from the collection of Professor Hamada and seven items from the British School
of Archaeology in Egypt were selected for spectroscopic analysis of natural dyes, particularly
red, blue, and purple dyes. Madder (from Rubia) and lac (from Coccoidea) were detected in the
red-dyed textiles, indigo in the blue-dyed textiles, and Tyrian purple (from sea snails) in the pur-
ple-dyed textiles.

Visible reflectance spectra from the red-dyed textiles were measured using a fiber-optic probe,
and the wavelengths of peaks in the second derivative spectra were reviewed. The peaks ob-
served at 500-505 nm and 550-560 nm are characteristic of madder dye, suggesting western madder
(Rubia tinctorum) or wild madder (Rubia peregrina) as plausible sources of the color. The peaks
observed at 530 nm and 575 nm are characteristic of lac dye. The results of fluorescence spec-
trometry analyses agreed with the results of visible reflectance spectrometry analyses.

A peak in the second derivative spectrum was observed at 700 nm for the blue- and purple-dyed
textiles. This is characteristic of indigo. However, the chemical constitution of indigo is similar to
that of Tyrian purple. Therefore, X-ray fluorescence spectrometry analysis was used to test for
the presence of bromine, which is found in Tyrian purple but not indigo, to distinguish the dye

used. As a result, Tyrian purple was detected in the purple-dyed textiles.
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