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ABSTBACT The purpose of this study is to reveal the characteristics, correlations, and colorant materials of those using
the chemical compositions of 30 glasses excavated from the Sarari hall of the Mireuksaji stone pagoda, and to determine
the correlations between them and other glass excavated from the Wanggungri site. The results of the chemical analysis
of the 11 glass beads show that they are a soda glass group with high contents of SiO, and Na,O; these can be further
subdivided into soda-alumina groups (Na,O-Al,03-CaO-Si,0). The characteristics of the stabilizer are classified as being
of the high alumina glass group (LCHA), except for two glasses. It was concluded that colorant materials affected the
coloring for glass beads by various components including Ti, Mn, Fe, Cu and Pb. In addition, we examined six lead glasses
which are glass plate and unknown fragments that are of a common lead glass system (PbO-SiO;) with respect to the average
contents of PbO (70wt.%) and SiO, (30wt.%). As a result of comparing these relics with those of the glass beads excavated
by Wanggungri, there is a similarity in that they belong to the soda glass group. However, the contents of Na,O are relatively
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higher than that of the glass beads in the Mireuksaji pagoda, and most of relics include glasses with a low content of K;O

and CaO. In addition, the PbO and SiO; contents are slightly different in the lead glass. It seems that the glass relics made

at two different sites may have used different raw materials or techniques.

Key Words: Mireuksaji, Ancient glass, Sarira hole, Soda glass, Lead glass
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Table 1. Archaeological data of glass beads excavated from Mireuksaji stone pagoda

Sample No. Artifacts type Excavation spot Color
MR-01 Glass bead Inside of golden Sarira outer box Blue
MR-02 Glass bead Inside of golden Sarira outer box Blue
MR-03 Glass bead Inside of golden Sarira outer box Blue
MR-04 Glass bead Inside of golden Sarira outer box Bright blue
MR-05 Glass bead Inside of golden Sarira outer box Bright blue
MR-06 Glass bead Inside of golden Sarira outer box Grei:;lll(itce?osssr;:gg)on)
MR-07 Glass bead Inside of golden Sarira outer box Green
MR-08 Glass bead Inside of golden Sarira outer box Dark brown
MR-09 Glass bead Inside of golden Sarira outer box Yellow
MR-10 Glass bead Inside of golden Sarira inner box Brown
MR-11 Glass bead Inside of golden Sarira inner box Blue
MR-12 Glass bead Inside of golden Sarira inner small box Blue
MR-13 Glass bead Inside of bronze vessel 3 Blue
MR-14 Glass bead Inside of bronze vessel 4 Blue
MR-15 Glass bead Inside of bronze vessel 4 Green
MR-16 Glass bead Inside of bronze vessel 4 Brown
MR-17 Glass bead Inside of bronze vessel 4 Brown
MR-18 Glass bead Inside of bronze vessel 4 Bright blue
MR-19 Glass bead Inside of bronze vessel 5 Blue
MR-20 Glass bead Bottom of Sarira hole Bright blue
MR-21 Glass bead Bottom of Sarira hole Bright blue
MR-22 Glass bead Bottom of Sarira hole Bright blue
MR-23 Glass plate Bottom of Sarira hole Green
MR-24 Glass plate Bottom of Sarira hole Green
MR-25 Glass plate Bottom of Sarira hole Green
MR-26 Glass plate Bottom of Sarira hole Green
MR-27 Unknown glass Bottom of Sarira hole Bright green
MR-28 Unknown glass Bottom of Sarira hole Bright green
MR-29 Unknown glass Bottom of Sarira hole Bright blue
MR-30 Unknown glass Bottom of Sarira hole Brown
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Table 2. Major elements composition(wt.%) of glass beads excavated from Mireuksaji stone pagoda

Sample Composition(wt.%)

Values - -

No. SiO, ALOs Na,O K>O CaO MgO Fe,0O5 MnO TiO, CuO PbO Total
MR-01 Average 66.6 5.92 21.7 1.37 2.53 0.00 1.23 0.00 0.45 0.56 0.30 100.6
Std. Dev. 0.23 0.08 0.15 0.02 0.08 0.00 0.06 0.00 0.06 0.10 0.67 1.44
Average 66.0 7.14 21.1 1.66 2.01 0.00 1.38 0.00 0.56 0.70 0.00 100.5

MR-02 Std. Dev. 0.36 0.10 0.39 0.06 0.05 0.00 0.05 0.02 0.03 0.09 0.00 1.15
Average 65.9 7.62 21.1 1.86 2.00 0.00 1.11 0.00 0.51 0.69 0.00 100.8

MR-03 Std. Dev. 0.33 0.05 0.23 0.01 0.05 0.00 0.06 0.00 0.09 0.07 0.00 0.89
Average 67.9 5.85 20.9 1.37 2.39 0.00 1.28 0.00 0.36 0.54 0.00 100.7

MR-04 Std. Dev. 0.24 0.08 0.17 0.04 0.03 0.00 0.02 0.00 0.04 0.08 0.00 0.71
Average 68.4 5.93 20.3 1.30 2.46 0.00 1.23 0.00 0.38 0.94 0.00 100.9

MR-05 Std. Dev. 0.49 0.13 0.50 0.11 0.04 0.00 0.07 0.00 0.06 0.05 0.00 1.43
MR-06 Average 68.0 11.08 4.02 2.77 1.51 0.38 1.38 0.00 0.20 0.00 0.86 90.16
Std. Dev. 3.59 0.16 2.55 0.10 0.34 0.12 0.04 0.00 0.07 0.00 0.13 7.09

MR-07 Average 623 8.59 20.6 1.76 2.73 0.35 1.48 0.00 0.55 0.52 1.31 100.2
Std. Dev. 0.16 0.07 0.06 0.04 0.03 0.05 0.11 0.00 0.03 0.08 0.17 0.80

Average 62.0 7.57 23.6 1.60 3.09 0.26 1.18 0.33 0.47 0.00 0.00 100.1

MR-08 Std. Dev. 0.21 0.07 0.06 0.02 0.04 0.06 0.09 0.02 0.05 0.00 0.00 0.63
MR-09 Average 60.2 8.31 22.6 1.47 2.39 0.69 1.61 0.00 0.47 0.00 2.35 100.1
Std. Dev. 0.30 0.12 0.10 0.02 0.05 0.02 0.09 0.00 0.06 0.00 0.17 0.94
Average 66.6 7.94 18.9 1.71 2.62 0.42 1.60 0.29 0.49 0.00 0.00 100.5

MR-10 Std. Dev. 0.18 0.02 0.20 0.04 0.04 0.02 0.02 0.03 0.02 0.00 0.00 0.57
Average 67.7 5.85 20.9 1.32 2.45 0.00 1.25 0.00 0.39 0.69 0.00 100.6

MR-11 Std. Dev. 0.48 0.06 0.35 0.03 0.03 0.00 0.05 0.00 0.04 0.07 0.00 1.10
MR-12 Average 64.3 8.41 17.7 2.66 3.16 0.58 1.10 0.00 0.48 0.70 0.00 99.0
Std. Dev. 0.35 0.21 1.28 0.38 0.10 0.03 0.05 0.00 0.04 0.09 0.00 2.53

Average 62.0 7.53 23.6 1.56 2.88 0.31 1.10 0.00 0.48 0.60 0.00 100.1

MR-13 Std. Dev. 0.56 0.34 2.04 0.49 0.13 0.02 0.07 0.00 0.03 0.04 0.00 3.73
Average 66.4 7.59 20.1 1.79 2.03 0.00 1.45 0.00 0.51 0.56 0.00 100.5

MR-14 Std. Dev. 0.55 0.10 0.47 0.17 0.08 0.00 0.04 0.00 0.04 0.09 0.00 1.54
ey Average 62.4 10.31 15.2 1.79 3.74 0.59 2.01 0.00 0.36 0.97 3.05 100.4
Std. Dev. 0.95 0.31 0.47 0.09 0.06 0.04 0.06 0.00 0.03 0.08 0.36 2.46
MR-16 Average 59.2 8.31 24.6 1.65 3.44 0.31 1.40 0.49 0.58 0.00 0.00 100.0
Std. Dev. 0.14 0.05 0.11 0.03 0.05 0.03 0.04 0.05 0.06 0.00 0.00 0.57

MR-17 Average 59.7 8.37 24.1 1.65 3.45 0.36 1.44 0.46 0.57 0.00 0.00 100.1
Std. Dev. 0.41 0.06 0.26 0.04 0.09 0.06 0.04 0.05 0.04 0.00 0.00 1.04
MR-18 Average 66.8 7.58 19.5 1.77 2.22 0.21 1.45 0.00 0.52 0.76 0.00 100.8
Std. Dev. 0.19 0.06 0.14 0.06 0.11 0.02 0.04 0.00 0.04 0.10 0.00 0.74
MR-19 Average 65.9 8.58 18.5 1.83 2.58 0.34 1.37 0.00 0.58 0.83 0.00 100.5
Std. Dev. 0.39 0.12 0.38 0.14 0.03 0.04 0.06 0.00 0.04 0.07 0.00 1.27

MR-20 Average 62.5 7.54 23.7 1.56 2.75 0.28 1.08 0.00 0.41 0.48 0.00 100.3
Std. Dev. 0.54 0.09 0.93 0.24 0.05 0.05 0.06 0.00 0.04 0.06 0.00 2.05

MR-21 Average 62.9 7.70 22.8 1.73 2.78 0.00 1.00 0.00 0.52 0.64 0.00 100.1
Std. Dev. 6.30 0.77 8.48 0.99 0.27 0.00 0.14 0.00 0.07 0.06 0.00 17.08

MR-22 Average 61.6 7.55 24.2 1.55 2.78 0.22 1.03 0.00 0.48 0.63 0.00 100.1
Std. Dev. 0.10 0.09 0.12 0.04 0.06 0.05 0.04 0.00 0.05 0.10 0.00 0.65
MR-23 Average 28.8 0.16 0.03 0.01 0.00 0.00 0.06 0.00 0.05 0.23 70.71 100.0
Std. Dev. 0.16 0.08 0.01 0.04 0.00 0.00 0.08 0.00 0.05 0.13 0.26 0.80
MR-24 Average 28.8 0.07 0.00 0.07 0.07 0.00 0.16 0.02 0.00 0.24 70.56 100.0
Std. Dev. 0.23 0.06 0.00 0.02 0.06 0.00 0.11 0.05 0.00 0.17 0.20 0.90
MR25 Average 28.9 0.04 0.00 0.01 0.03 0.06 0.10 0.00 0.00 0.17 70.75 100.0
Std. Dev. 0.08 0.06 0.00 0.02 0.01 0.03 0.11 0.00 0.00 0.13 0.18 0.62
MR-26 Average 29.7 0.18 0.10 0.02 0.17 0.06 0.21 0.00 0.00 0.25 69.31 100.0
Std. Dev. 0.35 0.06 0.06 0.03 0.06 0.02 0.11 0.00 0.00 0.10 0.32 1.11
MR27 Average 29.9 0.15 0.08 0.06 0.03 0.00 0.13 0.04 0.05 0.27 69.34 100.0
Std. Dev. 0.11 0.07 0.04 0.02 0.01 0.00 0.05 0.02 0.02 0.10 0.15 0.60
MR-28 Average 29.8 0.17 0.07 0.05 0.00 0.00 0.14 0.00 0.00 0.12 69.66 100.0
Std. Dev. 0.15 0.05 0.02 0.04 0.00 0.00 0.07 0.00 0.00 0.06 0.16 0.55
MR-29 Average 76.0 3.14 11.0 1.47 6.75 1.43 0.45 0.00 0.00 0.00 0.00 100.4
Std. Dev. 0.07 0.04 0.07 0.03 0.05 0.07 0.06 0.05 0.05 0.06 0.00 0.59

MR-30 Average 70.1 5.33 13.0 2.82 8.15 0.36 0.45 0.00 0.00 0.00 0.00 100.2

Std. Dev. 0.05 0.04 0.07 0.03 0.05 0.02 0.04 0.02 0.03 0.01 0.00 0.37
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Figure 2. Distribution of flux components(Na,O vs
K>0) in the glass beads.
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nents(K>,O vs MgO) in the glass beads.
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Table 3. Major elements composition(wt.%) of glass beads excavated from Wanggungri site(Kim et al., 2006)

Composition(wt.%)

Relics Items - -
Si0, ALO; Na,0 K,0 CaO MgO Fe,0; MnO TiO, CuO PbO
GL11 726 9.65 063 423 728 206 108 006 102 001 0.0
GL18 629 436 873 232 693 137 124 006 133 002 8.68
GL20 771 513 118 225 428 02 21 01 357 115 0.02
Alkali glasses GL29-1 703 306 976 1.87 127 0.3 037 003 063 00 0.02
(8 samples)  GL30-4 633 441 104 48 767 267 154 01 214 124 0.0
GL30-6a 615 3.62 127 472 794 288 151 008 191 13 0.02
GL30-8 750 059 080 279 504 0.18 244 0.18 572 135 001
GL30-9 679 6.08 635 149 223 051 17 009 305 1.1 716
Lead glasses _Average 27.3 0.3 - - - - 0.2 - - 0.2 723
(9 samples)  Std. Dev. 0.7 0.0 - - - - 0.1 - - 01 07
Natural Average 945 3.4 0.02 014 015 03 032 002 067 003 0.01
minerals
(2 samples) Std.Dev. 0.0 004 002 014 002 006 006 001 015 00 0.0l
4= 91th(Song, 2006). o] E-Fol 2J51H Figure 3049t 2 {22 WY EUTHE 7| AL EIL(Brill ef al., 1979)9F=
o] H|ZA] Al 2B FE|&2 i LCHAE S Yx|she Aato|tt.
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ARJAA, FAAEE W 93, Fegolsl dad o
o] op B2 xtE|Fto] Bobd Aol T2 FidelA T2
dELH e R A2 f2]AR] o] T o] H ol fFeflA]
FAE AJAA| A st Hdsrl= FAZHN o FHot
Ate]E vigHo A HAE 72 f= FolA 542 &
ZTHMR-23 ~ MR-26)7} T T HO 2 FAE = u[dAI =
(MR-27, MR-28)°] ofjgt E447}, Si0,9] dgo] oF
30wt.%, PbO&] gHego] oF 70wt. %= UefLt FAA]ES]
W - R HAE fETE 5 e 8 e e
giE(lead glass)o|t}. E3 T2 Y47t HEEA] g
7 9] 24231 PbO-SiO Aot} o] 2§t A= 7C FH o
A 7o o] AFE vEAR] EE K HY EAA7L A
AH(SiO2)0] 30wt.% g =0l ‘H(PbO) 68wt.%0l 4t T-F-E

=l ol == d FRoloh ATels tEA F=o
A= vHg(Barium, BaO)& ¥t Q= W27t A%
=Y 3(Brill, 1999), Y22 ¢ Y4B E A7Hgst AR
3t Ao Kol 382 (PbO-Ba0-SiOy)7} 7| €A 2C9|
A 719F 3CL7HA] EEEHE ALCR HIUET glow
(Koezuka, 1994), $-g|Uete o 404 2EH 8%
9] ¥Eo] 7]¥A 2C AMrY {EE vhgo| TRE E-Ht
ErE2 B4 RS ZAZ AASHE dF-(Lee, 1989)7F
itk =3 7|9 5CE HUEE BT FaEkE| (FREAN)
o] uoA EEHE FT&Y &S A8t PbO-
K>0-Si0,9] Hol Zk2 A)719] F= gt /2l ot
£ AolE EJATKChoi et al., 1996)= HEAQ] il
719 BHE AFZTE0] k. ARt HEgol R-E
£8L 2000 Z27HA FE 1274 gho] X 1(Kim, 2001)
HAEE 247t Fgom, A7|H R & o u|EAA| Y
2] &2 HhEol &RE A & Qo] J-HkERE
o] o] A ZE Ao R wAstl Yl Aol YvkAolrt.

[e)
24&

i

[t

4,
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2 58 2 A2 vt da 2 7R S4E =4
o 4 Slei(Table 3). . AR S22 fHolH 2=
feFae 22 G Slsslon, ax gz ¢
2jo} Ao WY WEAY FEE elso] e
ATY 27 AREHL AREHIE 2SI 5 o
(Kim et al., 2006). E3F ¥Zr2] §-2] 83 FolA= A
2 FE A Nax09] ggo] 5% o1/l athi-al7} 53
oI U NaO2cF K08 B9 € 7 e
w EehpelE TR 4 ol 24S B9 A lE
o] 9 AEEA ool E L U HE nS A B2
27 REIE JREHo| TR0 A % 5 Ut BE
BfEdolA] ShEo 2 WA 298 ArkeelR BRHA
9 Ca09] §Hfo] o 8~9wt.%= =4 THrE o Qo] <5
oA TAE rhfeiet AR FARE EHE Bol7|=
ok 3=y EREY AfelME gy o] <F
72.3wt. %, SlOz-—] graFo] oF 27.3wt. %= E2l(Kim et al.,
2006)% Aoz Bol o] ghgFo] oF 2wt. %A = =17, Si0,
o) o] AR wise et AL 5 54 119 5
o] e oz tarhEs Aot &, F {f2o 249
of A, I FEFEY A7 ¥ Auteh= &
oA 71&x A=Y F/7t ol R RS 7ol et
”%‘El At U AH=719] &) LA 9A417] o] %
oY AR 28 oE Aolg= A
(JO, 2009)2 "o & ol A|7]H o2 u]EAX| 7} ¢FA T
ol o5 AlEol S L2 FA oA AR E A=Al=
gatA wetely] ot stejek= 29 344 A1717F A
2 23, §EY #8RT gkl Ahol7t Stk W
oA FHFE ) F FHY FES AZ GEAR E=A
27)58 o183t A= 7HsdE ik
5.8 2

QJAF B EALA] MEH9] A ZA] AHE oM EE
H 2A a2 I3 A S o8t BAR
A ohga 22 2ES Aok

LR U EERESTEREREREIEERES
7 E4S ZAT AT, $2ATLE S0, NaO AES
oheF g8t Ath-2]t(soda glass group)ol] 431, Al
Moz Arh-d=n)u}-ga]A|(Na;O-ALOs-CaO-Si,0) Ak
E3 FAA| 2 4] ALOs, CaO, MgO7} H7HE Aoz o]
u, o} 5} LCHAB O 2 B2 2 9k, et ALl
sfebaol A e vde) T 2 % 18-S HOLAYo]

o, 2 132 HCAZ L & B =] tE fefEL &
2tolg Hol=d] olgst At Al Aee] EAIIA], A
FU7)E e AR FY 93 AR = Hrh g2 As

£ e R gt 71 AR AT 5= A Aot ot
of| = ZFME Q1 Ti, Mn, Fe, Cu, Pb7} &= e} TG AL
2] 3 vpehof| A AR |t nl A B Si0,9) e
o] oF 30wt.%, PbO2] o] oF 7T0wt. %= Vet FA|AL
23] el Ro A ad fE4E 5 oE fE fED
+ THE PbO-SiO A B+ (lead glass) ATt

FHRRZ bSAK] EE fEFES Y UL %
38 2E FY7&Y 42T v wg 21, Y7 Atk
Al AL FAkSIHY Nax0 2] Fhego] a0 &2 n|ZAA]

LA F 10wt %A= =oh= Aol th2H, Y89

= PbO2} SiO;, §Fo] 27t 2}o] 7} Qlth.
AEF o7 T FAR A AZE {8 FES A= o
E A7 EE= ARVEE olgste ARE NS 7HsAol

e AOE W2, FAY BEANNE FBY HE

o] 2FH Hol7} G A0 Ho AR Ala FelAe]
FRVAYL YUAL S AR, AGERA, B A7t 2
el uet 2lo) Jugaol gete Ao R 23t

NN
o] =52 2014 % "oAt vl EARA] At Al
FEE AR B fg("FiA fE I3h 24))
gug vEtoz AT AR 158 27Kk, AEa
3lof 4% 4T RS wralvT
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