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EE It 7tobA i (6M17]) 22 3ol AR A A7 &S Ately] Yl Wt 2o Aol gt W EA & AA8)
Aok ¥gt= A4S S22 T YL Ao L2 E2F 23 O 9o upF A Z-& 24 sto] QA Gt A& A g
A HHo = H2E 2 Y2 RE NG| U HA Yt R2E 2 B e AMEHA G, T A&

EAEE o|FolA it B &4 (BER) 0] &3] A=A ¢Fe B2 279 HjZh5o] e o] glon, HEg
2o X34 2 AAE 2459 doj AL R AT vt A F2 ¥ E (kaolinite(AlLSixOs(OH)s) E+= halloy-
site(ALLSi,0s(OH)s2H20)) & AH-8-3F 5 o1, A A of| Ab-&- 2 & Q& = %] Ab(cinnabar(HgS) E+= vermilion), 42
224 (malachite(Cu,CO3(OH)y)) 12] 22 v A2 o il (Jead white(PbCO5-Pb(OH)y))0] 291 A 0 & YErytth 2 28}
EQR RNH EYSSFETHAN G A7 Y YEt I FEAS Ao G A UeHA 245t o, R 28
EFo|WEEI AP0 AL A F EHPEAH o npt Ao R 2 HT. F HAE 245 HE A E HEF
EZ AR AL G ) 293 A& Qlo] e fle Ao, W0 & HojA = EAE AY L 5l
TtORIES RE2EE A A7) go] FHAZY LEHAS v AH oz Hojfd Ao w 54T

il 22 Y3 A e BE BEGE G2 Fs

ABSTRACT Rigorous analysis was performed to identify the structure and materials of the murals to study techniques
used on mural tombs of ancient Daegaya era(6th century). The murals were painted by applying mortar on the walls
and the ceiling after building a stone chamber and creating ground layers on mortar layers. Mud was applied on most
of the mortar layers on four sides of the walls except the ceiling. Sand was not used in mortar but was made of materials
with pure calcium substances. In addition, shells in irregular sizes with incomplete calcination were mixed; and the
mortar's white powder was inferred as lime obtained by calcination of oyster shells. Kaolinite(Al,Si>Os(OH)4) was used
in the ground layer, Cinnabar(HgS) was used for red pigment, Malachite(Cu,CO3(OH),) for green and Lead
white(PbCO;-Pb(OH),) for white. Mud plaster was applied on the mortar and was composed thinly and densely using
clayey of particle size smaller than that of medium sand. It was assumed that the finishing was for repair after long time
had passed since the mortar layer came off. Using lime made with oyster shells as mortar is unprecedented in ancient
Korean mural tombs and its durability was very poor, suggesting that Gaya's mortar production technique was relatively
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behind compared to that of Koguryo's in the same era.

Key Words: Mural Tomb, Manufacturing Technology, conservation, Mortar, Oyster shell white, Mud plaster
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o] whekala 2| wai wolth B 32 MME 2A
AEo) T s, E%Lot le 300-400m9] 7

2 H17 ke 52 A5 m2E2 21 §jo] e 9 A4 7 = AT 2

A A= 3,11, BEokx oz k= o] AAzo] By (Hg)dEol -ri AEEgeH, H—V—H— H(Pb) & °l 7P
o} o] maElE Zoll A AR 2ol Eay 4 A AEEAT 4 YAz Rl mae
o Qlt(Figure 1). % 912 % 7o) Fo] EAIBHE Ao| WHT WA, =4

L

Table 1. Category of Sample used to analyze.

Category Sample Content Location
. ceiling of
Pl red pigment burial chamber
. ceiling of
. (1 P2 green pigment burial chamber
pigment layer -
L ceiling of
P3 white pigment burial chamber
south wall of
P4 ground layer burial chamber
north Wall of
wi mortar layer burial chamber
west wall of
wall layer w2 mud layer burial chamber
w3 composite layer west wall of
mortar layer + mud layer urial chamoer
( lay d layer) burial chamb

Figure 1. Construction and micrographs of Mural Tomb in Goa-dong. (A) Mural paintings of ceiling on burial
chamber(a part). (B) Mortar and Mud plaster of west wall on Tomb passage. (C) Micrographs of the mortar
samples. (D) Micrographs of the cross section. (E) Cross section of compound layer(x50).
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Table 2. Summary of analytical results regarding pigment.

Content Elements Surface Possible assignment
Rear
P1 red pigment He ; cinnabqr
Al, Si (or vermilion)
P2 green pigment Cu - malachite
Al, Si
o Pb )
P3 white pigment ALSI lead white
Al, Si kaolinite
P4 ground layer Ca (or halloysite)
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Figure 3. Microstructure and chemical composition analytical results of ground layer on burial chamber(West wall).
(A) Surface of the ground layer(SEM-EDX). (B) Rear of the ground layer(SEM-EDX).
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o 0.12mm F7|2 BEEEF oo E ThE ulue) uehy
Fo] 2o} glch. SAlelA = EDX 24 At 72(Cu)
o] o] A HEEHS oW, XRDEA Axp F&H4
(malachite, Cu,CO3(OH),)¢] B4 = AthFigure 2). =M
offoll Al wh=] gl uperal 3] o3t uiwof i3 EDX 24
2 gHoAE B AEQ EFuLHADSL A7KSi)
7H AEHAL, oAM= Za(Ca)o] TAHRCE HEF
Ach(Figure 3).

HEEEg PAST i 78 2P Bagelge
shzo.2 Bol lem ol5te] sHSolck. o] 2} s
© Fwie] Gio] FAWIY i AR, iR A
suos 129 Yeie Rl mae Az duw
of T3l EDXE olg3tel oty Re B 23 24

(Ca), A2(0), H2(C)7F F4E2Y A= A=
(Figure 4). 18] 31 2 2Et2.9) Wil fbof ofjste] XRDE

E 3 H
il Srals @7 < A nin)

Figure 4. The chemical composition of the mortar
(SEM-EDX).

calcined(SEM).

ol B AR BAS ANT Az} e caleite,
CaC0;) 2.2 S A = ch(Figure 5).

HEEt2 5 et WA B tiste Bt HEgt
AEZS A7) 98l SEME o]&3to] A=Y mNzZS
Wt A= W A3, thaed] YAEA = 2
2 B FARE 227 B 9 o (Kim ef al., 2008),
ol YAE F Ui = o= FErt WFE Aol HH
T AcK(Figure 6)(Lee et al., 2008).
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SR BEFE AR A7tE QJuiA A 223
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Figure 5. Crystalline mineral of mortar(XRD).

Figure 6. Structure of a particle from mortar, this structure is observed in re-carbonated nacre particles of shell after
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Figure 8. Analytical results of elemental mapping.
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sfo] IE M8)2 mEEt2g vlEy 1 9o 1go] 18]
35. BB 24 4 w9l vl 3 (ground layeno] 24 =gk niekds

=
o magla 9o WE(kaolinite(ALSLOs(OH); E=
EASH AR B U ¢ I8 HAE S halloysite(ALSLOs(OH)2H,0)2 9 st & 11 9o
2= EDXE 0|83l elemental mappingS A5 B4 otg & AL shac).

elemental mapping point 12] B2x(C)2} Z4(Ca) Ha7} AW otRE= AML cinnabar(HgS, T+ vermilion)o],
A 9l AT G S0l Bt SR BEYST 18] 3 wjale lead white(PHCOyPb(OH),)7F AREE Aoz
of F2o] B3| Uehhs AS FUE = Ao, T 2= mae 2002d0] Y HPAEL tjako 2 P-XRF

ol o] Z9lolM= HAEFES SBHIEQ HR7HSi), & = A}g3t ob2 B4 A7} malachite EL atacamite® 324
FOLHALD, AF2(0) Yaso] DRFH Aok 2L 2 st 0L (Moon et al., 2002), B ALTA A FEAA
&0 BAEE SOl Z(Ca), H(C) da7t BHET L A} Bae ws A7 malachite(Cu,COOHR)EX 5
o ofg 52 H(Fe), Z&(K), F1HlEMg), EFUUY  Arlo] ZAAL AFLF Ao| Sl ITE. YU BA T
(AD, d=7HS) 5 B 2] 9450 2250 U o4 2R AEHE SR AN A7KS) JRe
AL 2 ZRIESick(Figure 8). HiER o] E ok Hol A 7]Q1gt Ao]n, Zg(Ca)JE2 vt
FA S B2 Ef2 30| YKy} Fakg Axto|chFigure 9).

Ao R2Et2E A5 WA ol o] el e
Z(Ca)9] Tegol 78 A &= XRD 427}
93} A|zto] AMgE BmEel2el B T3 YAt calcite(CaCO3)E SRHE Y HZe eilgrgo s 14

U3k

4, 1

ol\

0 1 2 3 4
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J > b o 4
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Figure 9. Analytical results of Green painting layer(SEM-EDX). (A) Detected at the surface of the ground layer
ingredients(pigment(Cu) and soil(Al, Si)). (B) Detected at the rear of the ground layer ingredients(Mortar(Ca)).
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ol glo] E7 ARAToRE Hslote] TRo| ofY
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