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Chemical Analysis of the Pigments Used in
the Wall Paintings of the Royal Tomb of Amenophis 111

Kazumitsu TAKAHASHI*!, Akiko NISHISAKA*?, Yoshinari ABE*>,
Ayana NAKAMURA**, Izumi NAKAI*® and Sakuji YOSHIMURA*®

Abstract

Non-destructive analyses, i.e. X-ray fluorescence spectrometry (XRF), micro Raman spectroscopy (MRS),
and X-ray powder diffractometry (XRD), of the pigments used in the wall paintings of the royal tomb of
Amenophis III and those remaining on pottery shards were conducted during the third long-term season of the
conservation project of the wall paintings in the royal tomb of Amenophis III. Several pottery shards which were
found outside the tomb contain the blue, red, black, yellow, white and green pigments and they were supposed to
be used as a palette by the ancient artisan to decorate the tomb’s walls. The comparative study was carried out for
both pigments on the wall paintings and pottery shards.

Based on the combined use of several non-destructive analytical techniques, pigments used in the wall
paintings were identified. The results of identification were as follows: white, Huntite (Mg;Ca(CO;),); blue,
Egyptian blue (CaCuSi 0O,(); red, Hematite (Fe,03); yellow, Orpiment (As,S;); black, Manganese black and
Carbon black.

Several pigments on the pottery shards were analyzed and identified in the same way as those on the wall
paintings. The result showed that the pigments on the pottery shards correspond to those of the wall paintings,
except that only Carbon black was found from the pottery shards, although two kinds of black pigments were
used in the tomb. Thus the pottery shards could be related to the decoration of wall paintings in the tomb of
Amenophis III.

Also the multiple analyses of XRF and MRS revealed ancient art technique to create different intermediary
shades. Several colors are made from “mixing” of two (or more) pigments, and dark blue was identified as
Egyptian blue mixed with manganese black and green as Egyptian blue mixed with orpiment. Furthermore, the
light blue background of the wall paintings which is characteristic color in the tomb of Amenophis III, and some

of the succeeding tombs of the kings such as Horemheb and Ramesess I, was identified by multiple analyses of
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XRF and MRS. The microscopic observation of the light blue background revealed large pale blue particles and
minute black particles have been scattered on the surface. XRF analyses of the light blue background showed that
they contain significant amount of copper, hence these blue particles would be Egyptian blue. By MRS analysis
identified the black particles in the background as carbon black. Again, ancient art technique of mixing colors
was recognized.

It is notable that the analysis showed the difference of impurities in the components of the pigments and
kind of pigments between the rooms in the tomb. The results agree with previous Egyptological studies showing

that there were stylistic differences of the wall paintings between the rooms.
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Y1 TAIATTINHE DB
Fig.l1 Room E east wall in the royal tomb of Amenophis III

V2 FAIANTSINZHED wp
Fig.2 Room E south wall in the royal tomb of Amenophis III
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Y3 TAIATT I LA B
Fig.3 Room I west wall in the royal tomb of Amenophis III

V4 FTAIATTIH2EJEE 6
Fig.4 Room J north face of pillar 6 in the royal tomb of Amenophis 11T
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Fig.5 Pottery shards which contain several pigments

@) #pe @
O EFRBRIUONL Y MIHT2FREP O N ITKED .

OFER O F=5 F 26 T B K75 - i
TEOWMETOY NG, 2 AMRICER SNEREERATE T, 0 ("PARTFEN DI L TH 5.
2Ry BZFR LEERIZDONTHE - O FPRTRICE> T T2 I LT, wH¥OHEE, KT
Nhw MTHE LZER N AR O 2@ | SNLNERTT D, TOROITETBIUTNL Y
MTRBHND §HEERITDWTHFCX G i LB S X 2 55l T E D W e R O S T B KUy
W20 D, Ko EREZY - OXXRTRAL, 28 -0 22t LE#2L " Tz s
LIZDNTHRETT %o

=]
~

@i fi T LD

AHHFERRETEHTASAF T INI ZOFBE, TTICYE? 25097 510k THHRY OMEE X
RS 2R WEER SN DNTBEO, ZO5HPTICEo T AFRITHRE SN THLEROFH
SHAB/MERSTWS (Uda et al. 2004; Uda 2005; 572 2011), L L7Aaais, 5 M3 Tl P SH 724



66 ISP %199

DX RS SO GEE O E THEIX G ED XGRS BRI TEHOTHY . 35X RITE
Boes il RIGECE S T X HRIT & B G IE WD S ONIE- SHTRSNBR ® . L DRSS
it HHVEE -7 DT EAET SNV E VS LWENE LD, TITAFPTEICX B SFOI
ICHIIT T Sl i e ) §5 2810k > Ty # RS EE 5 74 3 DA [T DB R A
ERL, APETHINTOSER O T 0 R ER Ak,

OF BRI KBER OHNITDNT

INETOFLFICELD, 22DI2 ELEZ2BXVTZ2H3IE, e |L, TORENNEENL 1D
AR I TS (Johnson 1998: 81-85; Kawai 2004) 7, Z DI DWT, #A INERCHE VAL
SNDMEDIMERF-Liz,

@ = TTFICDONT

2 EBEROATOERBSICONTI, 572 HIKXK2 0 #4Y TRy EWRXHRT L7275 &
MTET, ZOHE DY AP RFLIRS T/ (Uda et al. 2004), 3322 &L THAZEN5DIF, 1 H P
DEB TIIREITERWEE OME BER>DHEICEHS LTVWEh, HD0VIR X7 FTRARFITERN
FHBREDBIZ 2T VRAR (N—R>T Ty IR HUNLE) BTFA INTHEHADELESNTH S,
EHPTRE VWDHEYLX AR E THIUTE /7 OA =YD P ITROHE R DI TE, £k, F7
PEYTENETHIETH-R T Ty IRHBUR O TH Y EEERS, TITIDELICE L
AN HFEHh 5 ZETHERNVATOERLDNRFICEOTEETINTVLIONDEPEY 5/, £z,
THBICHLTH, [2 CEZ TIRERITHENEHF INTHO (Kawai 2004: 143), TF.33571DONW T
BT E DB ERRTL T2,

4, TAANTTIH2 ERD O Hig 57

(1) 2 ZBF2 @ s HER O Ty S

THBRONMEICE WHENAEERICDNT, EREOETTEAG 5, FTRIATRENI VT L ILEFD
BRIz DNTH Y iz, SHEROW TG 57k, N TIREWICER O Tl 2 L0k,
B2, EZ2OFFRICIONWTHEAICZ2A W, iz sl /=,

ORE1

SRR THRERNOEILXGE ST 2R D56, XIRb 7 256 Wiz, BonsE5XEARY ML
KA ERN B ST TR 2BS N0 E ENH, TITEHEB 7O T 6, 121285
WTEHA TSRO D DN TVRVI DT HFafi b, O Rg#H%EHEL (F03), &§ohidsl
XARZ MVEY 6123 LY, 2 R EL TN ST LANRIIENTED, Y23 a 22 ko E95
BOTHDHIENDND, LIT, MRTELTT A%, U2 (P), BE 8. AUTL K., F¥ >
(Ti), B, A hOFIL (St AREIESNE, T BT DOFYCXGEARYT ML E>8%T 5T 8 ¥4
B OGN EFARELSIET, EDNOLERDRP SNTVWLONEHTTH T ENPVGEERD, T
SLUTHEWXRSFICKVE SN RGTAT, STV fick st Tl 2dbdd I ET, &
DF MO RISER S TN IS N B,



TANTT 3N EERICE P INERN O 67

2

10 K-Ka
~ Pd-L*
i Ca-Ka
) 10'f Sk g .
& P-K S 2

S X

g | s g 2%
8 1oop @ T3
= X € F
é iy
= 10"}
1l
il

10—2 1 1

0 5 10 15 20 25 30

TXILF— keV
V6 T2 AR, DA RS (F03) OBZLXANRT ML (37X R
Fig.6 The X-ray fluorescence spectrum of plaster in Room I west wall (FO3) (white X-ray excitation mode)
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Fig.7 The comparison between X-ray fluorescence spectrum of blue pigments (F07)
and plaster (FO3) in Room I west wall (white X-ray excitation mode)
KRR
1y
e
R
£
i
&
oo
)
| | | | |
0 200 400 600 800 1000 1200

X227 B lem!

Y8 IZ2AE, BEWEHBTITBIREERTOIIANT Ml (GElIRE O TR

Fig.8 The Raman spectrum of blue pigments in Room I west wall (the detection limit is indicated by broken line)



TANTT 32 ERRITH P SR O 69

% (Ullrich 1979; Tite et al. 1984), 725, #2 S*SHOLI T RN THR SN2 EER LT, 2972y
2 TN =D IV ANV (CoALOy) %2 7 ET2ERER DIV « TI—N51 95
. TNV R - T3 52 ROESICA WwWH N, BFEEER L L TOFH I3 5072y (Shortland et al.
2006a), 7H DO HFP T IZEH2ITBNTAADBIEHER T 25 LN ST Ty 2T I—
ThHENDmBANA I N,

AR ITINS LY T IANEHTTAZ ERFNEASNZDEFE 182 89 FAD M EAZRIHUHHDZ
ETHO (Beck 1934; Oppenheim 1973; Nicholson 1993, 2006; Shortland 2001), ZHA K OLT Y7 MTHBWN
THNFE JREeROETHEHMUGDOT UKD EENTDN TV T 7 AT A TP T v 2T )—,
ZTLT, MECEERARINEHIADZIERTARELTHIR SND I LLEBO, TAIATT IH
SHORNAE2 T TR IAZENAOND L DR E, ATATEHELTOHRDFEYL NE X
D, REDGVWHREPOHIIER LR DENT, TITEEXINLONE HR/OEE - FE2HTE Uk
ATy TRATT, HRBREEBERERMELTAFRETLENITHTHD, ZHIFTEAORAVRY I
TR YR K IZIZAL SN NI YT MY OF B TH o, TDRD, 2 BHAE 18 2 gAY TR
ROHREAENIABKET 747 > AIF, FIFHETEYTEHO2 ey THDIALINE ENDHT EN LN
(Kaczmarczyk and Hedges 1983; Shortland and Eremin 2006; Tite et al. 2007), 3 &3 A FTLo T v > -
TN—IZBNTHLEI. YN FFZ O T o v - TN =D 7P FICBNT, AADGT )
HBIN TS (Hatton et al. 2008) Py LA LAAS, 2 EFEROE AN s 0 Figh (Y7) 2558,
A X (Sn-Ka: 25.2 keV) @FE<AEIINTH ST, 38808 FA INRPIISL NN, LT, YTIZ
W3EE Ok (As) WREIESNTHED, 272 v TI—QHR[PRELT, 3 HTEARAHT OEX
BEOHEAPNFA SNV 20T L TND, MICEZ 2R L TER 24 D& THD "B 57
HIDOHHOIY T RTHAE INTIEWER, YT TREIZNTVNSHIELZOE — 73 Z 12 100 &3E 0=
MBHBHZENE, TOERIFESTOEDIZEY NN LEZ D TR AL, BURL MR R Y ([T &
LTHTE L TWEDDETADDONFZTTHAS, Iizl., B T5H5LDIC. 2 ZF2OIEWE R ITIE
Eixze QERNER SNTVE0, B EROR 22 G WL I0RI DIAATND a2 £ 3 T3
TERWV, AXZEERN- HTHI OEXZZTDENIRRNEEIL, 7 OFPTALLE LT12 B
BOEAWAN A4S TIEZATEIHDTH D, BICAXZEERNWENIAICONT, #AHLNDTE
2 DOH D, Thbhb, BHAEUAOHEFEZARN ELTIO T RE T TESNAZVEE L, 2523 4
DB FR ZLE O TVWRNWIY T RER (AYRYITHHEK) TESNEIDT v - T —%81 LTW
EWELETH D, 4HPLICBNT, 2 2SI T MIOID T v 2 T —IiZ7R, TR DAY
REYITHOLIDT v >« TIN—DHNT A 5& LTI ENEHINT WS (Hatton et al. 2008), L
MU, ERLASHTHDF B OHRP T, 3EERY O 52T3 52 L02ER0 T Z05fi
FREBELaHOLETIO T vy - T —OREHRFETERETTHZEETERL, Lo TA/ARTIE, 9
BA L 12RO WA 4 ADOENITNTIY S v > - TI—ThD, 25 LDAXES
FRNEVNIHRAVEEEZS DEVNIELF EZRRNDITFD S,

BF ¥
FOWAR TG E LT, (2204 N5 63X OILLEE OV OUEI S OFYLXFANRYT

V(F20) &% 910 L, * B SIEA S NAN S LERNRALIZN, EHEEOENTHHIE
MYREAND, TITEEPERN O EEH S, B2 05 G WA TEHT <> 50U 6 5 i



BB (Pd-Ka Comp. T#R#E{L)

HELE (MR E)

IOT NPT H 195

102

) K-Ka — IERE HEEXEeH s (F20)
Pd-L — IEFE T2 (FO3)

1Ca-Ka
10'F Sk g .
P S E
g
N S 2
— o ] N
100p @ &8 %
x|l W ¢ E
</ £ £
8
101+
10—2 ]
0 5 10 15 20 25 30
TXILF— keV
Yo THALBE, YA YA (F20) &7 23%4 (FO3) OASCXRRANRY ML (46X SREE)

Fig.9 The comparison between X-ray fluorescence spectrum of yellow pigments (F20)
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Fig.23 The Raman spectrum of light blue background in Room I west wall (the detection limit is indicated by broken line)

TR TIARICBNTEDD TH WISLESN 2 L, T<HE THO TORIIIND &S, §EDOL
FBTICR I T v > - TN =D TG L TWD T ENATFIND, TITHEPET D 25 fiR!
DHEAL—y FBRONT R EN/ZCCD A AT EFR LT, 20 § OHEAFREHRTIZ fo O3 3305 &35
F35, EZ (R QTR VS OEMEST I 2L (Y 24), HBHINIKROEMETE & -5l
g, BEWED S (Y 24(0) TR IYT v s TI—LADNDESRE O R TNEE LTHO,
AT T2 B2 O 355 (Y 240) Kb INEXLKURETNAT L TNWEZENPENER STz, LI,
[2 @2 NT052 103, AT OFPVANLGEGTTE LTNSZEHLTAND, JHUTH L TE2 B
BOEFE T (Y 24(c)) T, BEDOFRTIIETLTVWEHODZ W > BRI 2 Ba g (T
TEDLOTGEMNLS, AEORTHI2EREFOXSICHWELEL LB OTRAELS, SRZEE SIS TY
TLTWe, IRZF5TTERINE SG CHEPEEF ORI 2ET L TTASL, 12 LEZ2 D
EBE5CBNTHRT RN TICRCERN THLITO T v 2 T =G 1 LTRD P aEniing 1, LT,

it

!

5
- -0

e

<.

Y24 FEWE L PBROMELR IS OMAESE (5 % x20)
(@ T2 3R, S a32a 385 (F16) ; (b) 12 ALBF, A E5H.8%5 ; (o) E 2 wF, A0 54387
Fig.24 Blue pigments and light blue background photographed through the microscope, x20 magnification: (a) blue pigments
in Room I west wall (F16); (b) light blue background in Room I west wall; (c) light blue background in Room E south wall



82 ISP %199

apER)

Q\Y}’

IOT v TI—ET BENOARTRS (BRIEZETIUIY N A K23 — R AAE
HELTRBTICEENTHED, 12 E B4 TRZORTIZH NL BN 5,
FITEEROEFITICTY T v s T —BX U SNDL A RN’ DN TG o gl 237
LI, VX ARICKDREIEND 5 OREBLURE 2036 0 2310 & m Uk, 5588
TOFFELT, I2H2DAMS I XL DY AATTIHE2XT D)\ MRy OJE’EEI@A'W%\%K
5 (FO1) QFSCX G il 2Y 25124 LW, T<#3 TRH DM, T8 T iﬂ@ﬂgﬂ
TWBZEMDbND, T2, 12 DLEERICEENTWAETIH Y, SEERICE ENTHRAEESHIDOV
T%ﬁ@%ff%ﬁﬁ%ﬁbfmto%:fl?lﬁﬁﬁmfsi\E%@ﬁg%mf5i‘J§@6@®
R BIUE R ICONTENENZ AL RN OF X200, S NEE, o BiO
EZ0D8 K a™E 2> 2285 (F03) & B L2H0OMNY 26 THDH, 1 &L Hizefi o TN 2318
SERE, VEMIZtlo CTLI—N—ZFF T TREZ4#LTHD, FTREISNAEHBOREZLTHDE,
WTNOTBDOERICBNTH 1o DR T AR DBN LN ENDMND Y, ZHIZT 2 &5 i
EHHEFICBWTAINEFD LN, ICBIAI VT Y vy - T — 06 L OB L 2 L DRI AT
HDOTHS 'Y, BRICEZICHL T tlo DHRE TP LD BB 05 HE WRE TREIEN TV,
BARWA BT OER T LA THORENLLDIT, 2 EAFTITHER SNTHDLIIT v > - T)Lb—ITi3H
Bd SR &L THE QDEFNE ENDVEEENT 2 5N5, LhL, REIENEMEEZOE—7%
parNTHDE, BAVEBTOINXKART ML (Y T) TRE—IVRENFELLERD0IIHL,
TR (Y 25) TREHEE EB-O>TVWS, ZhRTRbE, LB TRIIINZEREIO Y v -
TI—d ORI LT DHHDOTIERS, EFETVR>NILT v > - T —EI3HITETE LT05
@ﬁﬁﬁémZ&%anméo%%b<;®t%i*i&@%fﬁbhfhééﬁﬁﬂ@n*# oy
HORWFLICi X560 THHEH 25N, HRB T EER LT TRIEE OIE 72N LA EER A
LTSI EEZAELTWVD, BICY T ICDNWTETHAD E, 12RO h5134 7 /x4
DA DPREIS Nz Ko THB T OBEHEELTI (Y 24(b) IKALENDL A, YW RLEER
DHR T TH D ERETED, LMLANS, WIS TI AL OERLENEDR L2 OAT, #5
EZ B2 BRI 28 6% -8 % T, REISNAETIH D ORERETE D 2B 5 EIFEAELDS
T, LinLishis, EZ 2o 85 IcB 0 284808 % (Y 24(c)) TR SNDAE K 1
TLTWed), XOHVAREERN TRAVWY DR AR (—R AR ER MG LR N5 LT
WBHDEFREIND, ZITEZ (p) B2OELBSICLONDAER;ITDONTEHST T 5
SR oElA IYVT TR TN =9 NELDNDZRFREZIINY 77572 RO, AN D
Ju—RigE—rpREiSnz (Y27, RSN AEE — 738 5 &2 ko ET22 8, Wb
BH—RLT Iy IOE—s &= BLfz, T2 6220 « A% QBRI ICH L TIIBEELE G B LU
WS AR o TWRWALE S BB OITE 5 SR NE L UUTNSD 20, TR =R T 5y
T LTNDHEENE WET 25N 5, TR IR > TWEAEER OEDRN, Tab5 1
T@%?/ﬁ‘”aﬁﬁﬂﬁﬁbh,Eé(%&UJ?@G#*E A7) TRA—RYFLEER
BNTNBENI AL, TADLEWE T OER TR LK< LTS, 12 LEZ (BXUITZ
ﬁ6@?@-i@)@ﬁ?@ﬁM@‘%@ﬁiﬂw@fﬁﬁi#B%%éhtzatﬁéa

i ARPTESNAEFT LN CHTHOAEELDDE, AMEICLABHT LIS TIE, 287
ER (T2 T oy T)b—) EAER (0 3) BWLUAEER BFe). AeER (327 %iH
it@ﬁ~$/7777)&mﬁ5@<&%3@ﬁ@%ﬂﬁ&é0nDtﬁﬁﬁﬁfW:bTmé_&ﬂ

Jull



TANTT 32 ERRITH P SR O 83

0.20
Ca-Ka Feka — IZEFE TRE5 (FO1) SrKa || Srks

Carkp — |EFHE Tio (FO3)

0.15

K-Ka

Mn-Ka

S-K
a

Ar-Ka
Ti-K
oj -

CrKa*

B (Pd-Ka Comp. T#H#E1b)

8 10 12 14 16 18
TXILF— keV

Y25 T2 AR, AEATEETE (FO1) &7 2252 (FO3) DEYCX ARy ML 8 (24X fiJFH)
Fig.25 The comparison between X-ray fluorescence spectrum of light blue background (FO1)
and plaster (F03) in Room I west wall (monochromatic X-ray excitation mode)
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Table 1 Results of non-destructive identification of pigments used in wall Paintings and the comparison with previous studies
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Fig.28 The X-ray fluorescence spectrum of blue pigments on pottery shard (O018) (white X-ray excitation mode)
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BT & o TR B EER O W) 5 AN L 51, BIRICK DB R ORI DM EL NS INETOT
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ROBNRERXDNTHEFLZED TNELNET A TND,
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) YAATT 3N EOINETORP O ICHL TI U™ 2% (Kondo 1992, 19955 5 & 1993; Yoshimura
and Kondo 1995; 3 # . iifk 1994, 2000; 7 A > AF 7 I H 2 . (KV22) %% & 71013 % 8 £ ff 2008, 2011), =
oo INEFTORGEMESIZHLTUT I 2% % (945 i 2001; Yoshimura and Kondo (eds.) 2004; Yoshimura
and Nishisaka 2008; Yoshimura et al. 2005; & *{ 2005), . 2011 §# 10 /25 2012 f 5 f £ TR S
T AANTFTIN L OEIRRGEH T O o7 MRYY [Zfibiz, H3ARGER IO o7 hokg
IZONTIE, 25 E (5 i2013),

2) J2ZL. ARBITE, REEANO VRS H (dead time) DFFEAI30% 2B AL 55 et S859 D
RSN RD > T b,
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25O THh5, f:/ﬁmﬂq’éﬁ»<@“ég_&fxf\7 MLVD A KR DT 2N, G- Sz TEhh<D.,
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MEEINZHEH S TENT EL N,
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y#* TI=bAinZdf L. JO-RBE—VEZF@WTIN—RT I 7 OWELXBNTOHR Y 7 AH)—

VHEERP L.

5) FAATT3H2HAQEFRIZONWTIE, U &EH B (T AAT T HTH 2 585 113 8 2 2008: 58-
138, Figs.58-132, Pls.4-8, 10-30.1),

6) ERDONY L &85 OFIZ RPp EIZD0TIE, Ut 2B 0 (T AAT T U2 Z355 A% 8
2011: 19-56, Figs.10-40, Pls.10, 15-26, 28),

7) B EE NS, T2 EFRR2 QBN A LT E2 BRI T3, e O WA (4
HE30 FOUR) THE pN A TR I N TS (Johnson 1998: 81-85; Kawai 2004)
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753‘ (Jaksch et al. 1983: 525), 12 @ s Mg &% U<, W7V —)LOF 18 2 FEIADRT 7 A VL D= D[~

TATH, 7\;<®q| IF#ERIN TR (Ambers 2008: 38), - 7o, BT HLIICEZ TIX, AXDET:
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KRERFSNIZTSHZ &ﬁﬂ;}’irhé

1) 7B ORIBFEREAFEZBEOF T A M FTHoTH, s XFERENSFOGET I 205 LT g
ThHd, Ll B 7L THRLOEE2ICESNLERTH D, Bhmd ICX o TRETESND IV X GHBAR
NG D, £ TAFOZEITET 2R/ ICELPBRMLTEENTVD, Lo TFBOFTHFITBNTIE., 7
A5 OESLX AR AR O R EERE | LT, VSO EWSMKOL A TRH L TLES 20
SLLEDE BRXDDLIEMTERN,

1) 72720, ZFE7) =705 7% (Abe etal. 2012) TiE, HIART 747 X AIZFR NI/ brt
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JIVH « ATV AREDI a N &L WTW 8 828 3 (7021 dA SN TR,

12)E2 AP T OIFETTIE, 4001 B X E— ROATETN WE 307 (real time) & L7z, '
SEOVE W2 OAE 75 @3@&?\%@7‘:733. PRO2 a7k £8P 2] D% ﬂé%@‘?‘\n@“é i3 T
e Th b,

1B TOT v T I— & AR TRAICT 2 E (Scott 2010), Z D, % 19 2 8D X)L A D & i (Evans
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<, Bls/r—2&5 (Lee and Quirke 2000: 112-113),

14) f=DAFLX AR ML EF 2720, ba‘f» KHT 2538750 —2I% 520 ::ﬂﬁ'fXﬁ“ﬁ
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WMORAEEG D ZETY B XMIFE DS 12 «Tmﬁ‘) DF R TREN S EZE RS,

15) 22T A IIMEISNTVABEZTDONT, 7\%31?\’(}3 W E X B i s TR 23 Enalh 2 5
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K0, BEFEDOHERN—VEDE CE0DIIREE T LD N THDET ZA65N5,
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