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ABSTRACT : This study tried to find the clue to Seokrok province by comparing Seokrok used in
painting culture properties with Seokrok ore from domestic occurrence and imported Seokrok ore. To
this end, chemical and mineralogical characteristics of painting cultural properties were identified with
portable X-ray Florescence (p-XRF), micro X-ray diffraction (micro XRD) and SEM/EDS Analysis. To
obtain Pb isotopic ratio, the Pb contained in Seokrok has been analyzed with Thermal lonization Mass
Spectrometer. Atacamite (or botallackite) and small quantity of brochantite were identified from
Seokrok in Dancheong, and malachite was also identified from Buddhist painting besides those two
ingredients. Without distinction of type, most Seokrok used in painting cultural properties is atacamite
composed of Cu and Cl. From Pb isotope analysis, it was found that Seokrok in painting cultural
properties was closer to that of north Korea, north China and Japan than south Korea as in regional
division for East North Asia suggested by Mabuchi. The Pb isotopic ratio of domestic green mineral
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belongs to the distribution of Seokrok inside the painting cultural properties but imported malachite
showed considerably difference. Considering the fact that atacamite, the main mineral of Seokrok in
painting cultural properties is rarely produced from southern mine of the Korean Peninsula and the

result of Pb isotope analysis.
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Table 1. The painting cultural properties and ore of Seokrok for analysis

Kind Sample Description Sample no. Location/Site
. . . Judu : DC-1
National Treasure 226, Myeongjeongjeon Hall of Changgyeonggung Palace
Jongdaram : DC-2 Seoul,
National Treasure 225, Injeongjeon Hall of Changdeokgung Palace DC-3 Gyeonggi
Treasure 816, Daejojeon Hall of Changdeokgung Palace D4
National Treasure 49, Daeungjeon Hall of Sudeoksa Temple, Yesan DC-5 Chung-cheong
Dan- Treasure 178, Daeungjeon Hall of Jeondeungsa Temple, Ganghwa DC-6 Gyeonggi
cheong National Treasure 290, Daeungjeon Hall of Tongdosa Temple, Yangsan DC-7
o . Banja : DC-8 Gyeong-sang
Ungginjeon Hall of Sinheungsa Temple, Ulsan
Daeryang : DC-9
Treasure 801, Daeungbojeon Hall of Magoksa Temple, Gongju DC-10 Chung-cheong
. . . . Changbang : DC-11
Treasure 1578, Main Hall of Gyeonggijeon Shrine, Jeonju Jeolla
Daeryang : DC-12
Treasure 1353, Buddhist Painting of Tongdosa Temple BP-1 Gyeong-sang
National Treasure 297, Hanging Painting of Ansimsa Temple BP-2
. T . . Chung-cheong
Buddhist Buddhist Painting in Daekwangbojeon Hall of Magoksa Temple, Gongju BP-3
painting left : BP-4
Buddhist Painting in Bogwangmyeongjeon Hall of Wibongsa Temple, Wanju right : BP-5 Jeolla
center : BP-6
Cu bearing green powder from Okdong mine in Uiseong RO-1
: T Gyeong-sang
Cu bearing green powder from Jeonheung mine in Uiseong RO-2
raw
material Malachite ore 1 (an active Seokrok pigment) RO-3 lmpgr‘:]/n
Malachite ore 2 (an active Seokrok pigment) RO-4 fmport/
pigm unknown
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Table 2. Chemical composition of Seokrok in Dancheong (p-XRF/EDS peak pattern)
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5
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Cu, S, P, Si, Al Ca, Fe, Pb (by EDS)

5
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S, Cu, Ca, K, Mg (by EDS)
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Si, S, Fe, K, Mg, Al, Cu (by EDS)
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Cu, CL, S, Si, K, Al, Mg, Pb (by EDS)
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Cu
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T
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Fig. 1. X-ray diffraction patterns of Seokrok in the
Dancheong (At : atacamite, Bo : botallackite, Br :
brochantite, Ce : celadonite, An : anglesite).
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Table 3. Chemical composition of Seokrok in Buddhist painting (p-XRF/EDS peak pattern)

Sample no. BP-1 BP-2 BP-3
Cu o
o )
cu |
cu =1
cu | = 1
-XRF/ Fb 3 n
PEDS f ' |sf § 7 TR
Fe Fb Fe : Pb m W [
.00 a.ﬁgnergygkcé.'\cfl? 12.00 1 sﬁu a_ﬁu mIIUElI:npml?uIEs; 14.IUU : Energy (kel'} ‘
Cu, Pb (by XRF) Cu, Pb, Cl (by XRF) Cu, S, Cl, Ca, Pb, Si, Al, Mg (by EDS)
Sample no. BP-4 BP-5 BP-6
] (CuKa
Fe Ki Cuka Pbla PbLb
[E! Fe Kb
ah2
Cukb
p-XRF/ Fe Chl 7u
EDS K IM‘ Pbla PhLb Cukb |l s(
i PV A A WA | . e w
50 s B us 75 10 15 ’ s ’ VNITO

Energy keV

Cu, S, Cl, Ca, Fe, Pb (by p-XRF)

Cu, Cl, Fe, Pb (by p-XRF)

Eneray kel Energy (keV)

Cu, Cl, Pb, Si, K (by EDS)

Ma

Ma

At

——8P-1

Bo
Bo

Bo
MMW — s

50

30 35 40 45

2Theta
Fig. 2. X-ray diffraction patterns of Seokrok in the
Buddhist painting (At : atacamite, Bo : botallackite,
Ma : malachite).
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Table 4. Chemical composition of Seokrok from
korean Copper mine and imported malachite ore
(XRF/EDS peak pattern)

RO-1

| s
Cu

RO-2

Sll cu Si

jj‘J Fe A cu
Mwh\ Pb | /J\J Mghwjiw/\j{‘ub b

10

T
10

5
Energy (keV) Energy (keV)

Cu, S, Si, Al, Zn, Pb
(by EDS)

RO-4

Cu, S, Fe, Si, Al, Pb
(by EDS)

RO-3

cu
Cu ‘
Cu

Fe cu
Pb J " ' Pb

400 800 800 1000 1200
Eneray(kev) o em omoa wmowowosmoweowe e

Cu, Pb (by XRF) Cu, Fe, Ni, Pb (by XRF)

Lt
=]

Ot
ro

QeUAH BEEXL

Hr

4 B3 5 ANEIA AE5E9e
] EAA A2 AHE Table 23} Table 3
of UeRItE PPbA¥Pb 3Ee 27 16.606~
18.730 (A2} : 0.6), 17.440~18.344 (A=} : 0.3)°]
o, 27pb/2¥Pb S 15.400~15.738 (HA}F @ 0.1),
15.550~15.671 (Hz} : 0.05)Z AHAHESA] | A
2R YAIZ AR PPo”Poot XPb/ P
244 HoFEoh Ppp %Py e 4t 0.840~
0.927 (A=A} : 0.03), 0.854~0.892 (A=} : 0.01)°]
o, 2%8pp/2%ph FHE 2.102~2.191 (A3} @ 0.03),
2.106~2.150 (H=} : 0.02)2 T 1|53 277pb/2%Ph
9} 2%pb/%Pb A4S YER)ATH

Table 30 =W B4+ AF SAJTELT ¢
A AN o] WiseldanE stk =
W Fikol A 2FH e mAlEEe] 26ppMpy ke
18.345~18.349, *’Pb/*Pb ZH-S 15.619~15.630,
Pb/2%Ph 0.8514~0.8518 2®Pb/**Pb ZH+S 2.1025
~2.10342 A9 AR 244S BTk v 74
4} malachite H3FEZol| A= 21.806, 15.810, 0.7250,
1.756 2.2 A= I FA4ke MEF= & At

Agge] FoH B4 45

Ma : malachite

2Theta
Fig. 3. X-ray diffraction patterns of the imported
malachite ore.
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Fig. 4. **Pb/*Pb vs 2’Pb/*Pb diagrams for the Seokrok from the painting cultural properties and ores.
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Fig. 5. 2Pb/”%Pb vs “®Pb/Pb diagrams for the Seokrok from the painting cultural properties and ores.
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Table 5. Pb isotopic compositions of the Seokrok
from the Dancheong
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Table 6. Pb isotopic compositions of the Seokrok
from the Buddhist painting

Samples  Pb”Pb  2Pb%Pb  2Pb%Ph  2Spb %ph Samples  2Pb”Pb  27PbPb 2PbYPb  2%pb/ °ph
DC-1 16606 15400 09273  2.1836 BP-1 17949 15606 08694  2.1412
DC-2 17793 15552 08740  2.1419 BP-2 17440 15550 08916  2.1352
DC-3 17365 15545 08952  2.1907 BP-3 17966 15634 08702  2.1327
DC-4 17597 15596  0.8862  2.1648 BP-4 18203 15664 08605  2.1178
DC-5 18206 15731 08640  2.1127 BP-5 18.047 15646 08670  2.1501
DC-6 18730 15738 08402  2.1020 BP-6 18344 15671 08543  2.1058
DC-7 18106 15585 08607  2.1082 MIN. 17440 15550  0.854 2.106
DC-8 17.897 15574 08702 2.1223 MAX. 18344 15671 0.892 2.150
DC-9 17.504 15589 08860  2.1387 Average  17.991 15629 0869 2.130
DC-10 17419 15507 08902  2.1360 STDV. 0.310 0.045 0.013 0.016
DC-11 17.633 15537 08811  2.1380
DC-12 16.673 15.433 0.9256 2.1809 Table 7. Pb isotopic compositions of the Cu bearing
MIN. 16.606 15.400 0.840 2.102 green powder from mine
MAX. 18730 15.738 0.927 2.191
Samples  Pb”™Pb  *Pb/”%Pb  "Pb/%Pb  2"Pb/**Pb
Average  17.635 15566 0.883 2.143
RO-1 18345 15619 08514 2.1025
STDV.  0.599 0.100 0.025 0.030
RO2 18349 15630 08518 2.1034
RO-3  21.806 15810 0.7250 17559
(o]
= ol MIN. 18345 15.619 0.725 1756
. o el - MAX.  21.806 15.810 0.852 2.103
s B4 188 ANEstAe) 45RAs = 19.500 15.686 0.809 1.987
o M= O o verage . . . .
2 HYEROR TASC] Alge] WAoo o 0.107 0.073 0.200
shAfel] whebA ofgre] FAA I FE|satde] A : : - : :
SR 3 s & T Utk BF E3E A5
- - =t L=] 3l = S )4 o] A4 oko
zalaks AAdA BAE AR A /)= 1;1 A o] s A2 ;qﬁzm | 24 l_stP
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2012; You, 2013; Lee et al., 2017). &A 2HE3H
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Fig. 6. Photo of the painting cultural properties and ore of Seokrok for analysis.

BP-4

BP-5

Fig. 7 Microscopic image of Seokrok area in the
Dancheong and tne Buddhist paintings by microscope.
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Fig. 8. Pb/”"Pb vs *Pb/**Pb diagrams for the Seokrok from painting cultural properties and ores. In
addition to the galenas from Korea, China and Japan are plotted for comparison (Data source : Mabuchi, 1985
(line), National Research Institute of Cultural Heritage (Korea) and Korea basic science institute, 2010 (Korean

region)).
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Fig. 9. ’Pb/”Pb vs 2®Pb/**Pb diagrams for the Seokrok from the painting cultural properties and ores. In
addition to the galenas from Korea, China and Japan are plotted for comparison (O : North Korea, @ : South
Korea, l : North China, O : South China, x : Japan). Data source : Mabuchi, 1985, National Research
Institute of Cultural Heritage (Korea) and Korea basic science institute, 2010.
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