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ABSTRACT Itis characterized and classified as the type of red brown glass beads to compare the chemical composition
and manufacturing technique on the 141 samples in 12 sites of the Three Kingdom Period analyzed until now. It can
be divided into three types according to the chemical composition of stabilizers(CaO & Al,Os3) and soda raw
materials(MgO & K»O) on the red brown glass beads except one sample. Type I of high alumina glass is identified as
the most common types that is 78.6 % of the distribution ratio at analytical samples and is excavated the most from ruin
sites. In contrast, type II, 13.6 % of distribution ratio at analytical samples, is about 5 % CaO and A1,O3, MgO and K,O
at around 1.5 % is similar to the composition of plant ash glass. Type III is that the content of CaO is higher than A1,O;
and the content of MgO and KO is below 1.5 %. It is the same as the composition of natron glass and its share is the
lowest as 7.9 %. Of these, type III is divided into two types according to the content of MgO and K,O. It is identified
that manufacturing technique of type I and II is drawing and type III is casting method with microscopic investigations.
Type Il and 111 is estimated that raw materials is different because is confirmed in the majority of ruins in spite of the
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fact that distribution ratio is very low. So, red brown glass beads distributed in Korea Peninsula are divided into three

types of glass culture.

Key Words: Red brown glass beads, Mutisalah, Soda glass group, High alumina glass, Drawing technique, Casting technique
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FHbEoA ERIEE 7 o1& AlI719) atifEl= 7]
AH 271402 2YRE Bo] 52 549 BTt o
T 4F A9 12F eFolth(Lee, 1993; Song et al.,
2005). o] Al7]e]l fElF&S g 105 wRke] &7k
2 SEHY 38t 24| YulERddo R d#A ok
°o|% gt=o] arfale 719A IA71E 71Ae R 7l
ZIskaA o R Frbetal 2L ZERfElwo] vEhd
o GEREE 2 ZEA RS W2 AfreolE oAl
7I17MA A&H o2 SEHY 34|7] AFEE = 1~-24)7]
73 A FrdEe tdR o7 ASAY /2 &
3te] £/E o8tk o|F 6Al71F o= HE S TS F
Aoz dfgTol 43st7] A& tH(Kim, 2001; Kim,
et al, 2007; Kim, 2013). 0| ¢} Zro] t}eFst {8 2AJo] L
Bhue 3= adifEle FE 2 AT DR ERo
Aok gl i A deat ey &
of P E I 2eR4 RS GRtR oz WA AP, =
A o] M AlF gheoltt. oo H]ste] ATkl EE
FElEolA Uehd= 34 AS oldol 224, 3304,
=AY, A, A gl B 5 of g 71A] Ato] gjlE )
gk o] A7]ols &5 o FHES Este A5l
A EA YebdthKim, 2013).

ojFoll A AEA fElTFeS 41 “FEARPEHIL &2
t EFY #5082 =g ZFTE T AHf F
HesHA Ezstar jlom J=-HAY E3-dolA s
WS Fole] Fh E dEo FUE AR FAHA
THLee, 1993). FEFEA] 2H A28 2782 7]
A% 1A7] G BDE FHOIH AE A% FEH] A
2hato] 3~447]] o] 2w o] §AqA o ZE
EtH(Chonbuk Cultural Properties Institute, 2007; Chonbuk
National University Museum, 2010; Chungnam Institute of
History and Culture, 2011; Honam Cultural Properties
Institute Center, 2013). E3F o] A]7]o) 24N §2]1&2
FHERR W EFE} T2 vl Rrrt H5E e
AR 7oA 22 ZEE T 9lckPark, 2007; Kim,

2008). o2} e AN )70 BE AL IThf
A A Fx9 BE WE T 2
2 HojFi FAoltt

B ATE A7 AR 248 A 42
felTee) B4 A4S Helstel st 24T A2 74
o we £33 B 0|8 Bato] A el 7L
42 AN B3R} Sk o2 B Selue B
A 30 AFg10] 52 714 Balet ol BX-AAA 23t
£ ojsiehin] 483 A0S ATY 4 U Ao 7Y
stk £ A7) o] §8 B4 At 42 740) Hrl F3
Zof tat wln) 5% Aa2E Ao Ao 42 TS
B43to] Tt AR Aol SR T B 42T BE el
ul gt Aatolet,

2, ATFCHA

A7 ez AR A4 fE55 14180 29
127 52 o] EAJT} EEZ == Table 13} Figure 19]] EA|5}
Act.

H2a §el74e AR A4S BHy vhske(Hoam
museum, 1998), LAt =35 (Gyeonggi Cultural Properties
Institute, 2012), oFAF Het2] BFX] 23)(Chungnam Institute
of History and Culture, 2011), Y 2% £dj2](Korea
Cultural Heritage Foundation, 1999), €17] $-%2](Song,
2006), &5 428 (Song, 2006), &5 FHIS(Yu and
Kang, 2001), ¥-&] 5-AHKang and Koh, 2010), 223 FAH2]
(Chonbuk Cultural Properties Institute, 2007), 13 A%
(Honam Cultural Properties Institute Center, 2013), 5= A}
2] (Chonbuk National University Museum, 2010), 23 9
2] -2 (Yeongnam Cultural Properties Institute, 2009)-2-
2 ga9) 24 A71= 2475 6A7]2 BT o
B4 2t A7 Gae SH0H AP 182 Aglehn
A2 el BT o] B TEE Ak o)
oA BE SEEHU o]FolA 4 $HF, oMt BT
SR 2, FH o S, 47 S, Y G, o
s, &5 A A2 Rt £RE FrhE L Qo
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Table 1. Analytical sample list of the red brown glass bead.

No. Symbol Site Type of tomb Century No. of samples
1 mhr Mabha-ri site wooden coffin tomb or stone chamber tomb 4C 4
5 sc Sucheong-dong site wooden cofﬁn tomb or wpodep coffin tomb 4-5C 44
with an encircling ditch
. Myeongam-ri . . . - . 2C late-
3 t Bakjimeure site pit-tomb or pit-tomb with an encircling ditch 3C late 18
4 och Ochang site pit-tomb 3C 8
5 ea Eungam-ri site pit-tomb 3C late 12
6 sch Suchon-ri site wooden chamber tomb 4C late 2
7 mr  King Muryeong's Tomb brick room tomb 529 2
8 nst Neungsalli Temple remains related workshop 6C 1
9 ns Namsan-ri site pit-tomb with an encircling ditch 3-5C 13
10 sd Seondong site pit-tomb 3-5C 19
1 sw Sangun-ri site clay chamber, woodeq coffin and stone 4-5C 17
chamber tomb in mound
12 dc Deokcheon-ri site wooden chamber tomb 3Cnel?ély_ 1
Total 141
3. olquty A PR} F85 AHhS DS ol 5L v}

Fog 4270 A5 71N e Brkstgnt.
3.1. ZMEN

2K Ha 2 AR D7 (Scanning Electron Microscope,
JEOL JSM-5400, Japan)ol| 2.2+l of ] 2| 5424 7| (Energy 4.1, 3F
Dispersive X-Ray Spectrometer, OXFORD INCA x-sight,
England)Z AFE-3HTH 4 Aof 99.9 % HAE IUE AN feT& B 241E 7|22 §A, A,

1

=3V

2 AR 0] W) o3t AAAS AZst 7R 20 AT 9E 8|3 ZAA| o tigt 5442 Figure 20 EAS}

kV, 24A2 15 me] ZAA 2,000612 sl Wu o {FFS FESI o] 2HE V|22 74 £FE B,

2o 2 150% ZAstart FZA3}, FAagk a2]3 2Ok Table 20]] EA3MH T
AR grddol AlFste] B4 AR THS o ZA] 9 545 IR R sk A FEelAM A

222 TAANA AHS AR AZNo. 400, 600, 300, AN FIYTES 1HS A st BT AvhfELoez &
1,200)9} AulA|(6, 1 m) 2242 Aufsiget. 2 dup ek FE ACKFigure 2(a)). Q204 ElE A2 f2lts
njth A 27 9 dER] GEE 2o A2 58733 2 &uFE o]l TN dubEREle, oA
A QAstgon Ba FES B4 240 X g3 ZERIRETO] EelE v glov vt A e AR &

L AN EA AR AEEE o] B4 oAl Eeto] ER1E 1 Qlck(Tamura ef al, 2013). &
tal 2ol A AL 182 oA =35 FHM 2EH
32 OJMTE RHat H o2 §A| 240] NayO 15.2 %, Ko0 5.4 %0} o= &

Wbl ackpelzel g4 240 Hlalel KO Bl &

A2 7152 A A A 1|7 (Optical Microscope, Leica MZ7s, L 7oz yle| &g Ve SE o8 Hrksk 4
Germany)& AHg3tel W) W 2 ¥4, A4 % FBE. glohKim, 2001). T2t AR SHle W47} 10
B F A 22 48 5Y & EH EAS 1A Bkl fEle Alggo] ot Ao nE 5 B4
o 28l FAMAUTA(TESCAN MIRA LMH,  A|sjateict. weba ebgal, 4ot 9=, Zhar|e] 54 72
Czechyg B85t f2] @] 7|1%, 4, EE 59 olAe ol& Al 14039 84 ATE 7|22 B7isigict
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A &2 CaO%t ALO: 2 A B0 wtat
37H 3oz FREHFigure 2(b)). 182 CaOXth
ALOs9 Fo] 2 nEFNUfE 2 AAE At
¢ A2 fElHE 1405004 /& 78.6 %ol °|12=
107o] ZE = 7P dutAel 3= & 4= ot 7]
29| kA 9] JLEo|| A= LCA-AA|(Low CaO<ALO3)2t
LCHAZ|(CaO < 5 %, ALOs > 5 %)o]| Z3t=m B A
W Ca0 1.1~4.3 %, AlLO; 2.2~ 11.4 %o|t}. 1gF
Hu-El= A fElehs ThE okXotY] A 24 L
2 ZHomoL FH A FoA F2 SEEH= AR 4F
A 9JtH(Francis, 1996). A48 13.5 %<l 194 0] T ==
132 Ca0 4.3~5.4 %, Al,Os 4.1 ~6.2 %2 CaO2t ALO;
5%NE 7L E FESs 7|E0 A ER ez A
got7] o= gHAI7F QIck(Kim, 2001). BHE H-5-&0] 7.9 %
2 7B G ¥ A ko] Ca0 6.2~9.0 %,
ALO; 1.9~2.3 %2 HCLAZ|(CaO > 5 %, ALO; < 5 %)°]l
fFohs A2 QL ket fEolth

A7 felqEoA AdA R CaO FFo] w2 113
T} g el thste] MgOL}t K,09] degol| Wk 4t 97 9

Hwaseong Mahari(4)
Osan Sucheongdong(44)

Asan Myeongam Bakjimeure(18)
Gongju Suchonri(2) ’_’_’_——ﬁ?"

Gongju King Muryeong'’s Tomb(2) (3
Buyeo Neungsalli temple(1) :

Gochang Namsanri(13)
Gochang Seondongri(19)

g gelo] esto] MgO} KiO 15 %S 71202 LMK
(Low MgO, K,0)-2 2T}8] 9= 24 35 4R UER],
HMK#(High MgO, K:0)2 8% A& A7H AMGE Aoz
adHA Qlon ZHzF A Y|EE-G2|(Natron glass)e} 215
A-2](Plant ash glass)2fal F-EcK(Shortland et al., 2000;
Mirti et al., 2009; Wedepohl et al., 2011). 1132 MgO 1.2~
1.8 %, K;0 1.2~2.1 %= g=F 7|21 1.5 %9} v|usle] 3
WOJsHA BEska ot} RS HMKae| gkt
webH 192 A} U2 2 Sfof A8 A2 ARBaES 7
/4 AAE 4 ok 2Eu D32 AlEA/-E9] ABA
¢l 2421 HCLAA |2} HMK®Zh= 4 2Jo)7} gleus
245 o] o gt vlal A7t Fasich ¥ -2 MgO
2} K071 1.5 % 0|3kl LMKg 2 2 E=rn] MgO2} K,0
9] el wet 2714 o2 ARt Ml-ag-2 MgO
0.47~0.83 %, K50 0.58~0.81 %2 At H7lsh7] Y3l
Agets AR YEgo] A4E HIH YEEs)
o} o1 x5k HhE M-b&-E MgO 1.1~ 1.4 %, Ko0 1.1~ 1.6

o

Cheongwon Ochang(8)
Yeongi Eungamri(12)
Wanju Sangunri(17)

Gyeongju Deokcheonri(1)
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%2 M-a3 2ot T3 3} SAE 24 0 2 Vet 2 A& 7ol Xfo] 7} 1= 9l thFigure 3).
2P| 9] EAJL2 Zh 32 ARSI TiO,, MnO, Fe,Os, A2 f23Ee] AP 53 1FL Fdsta y

Cu09| BF 24 SAFIT ol VjEsel WASKAT AT SWW WO 34 Fo| WU YO Hop §
(Figure 2(d)). 197} IIF-& Cu02) Seo] 7] Uehol wet 2
Cwt QU Alsfelo] R 285 Ao BaEth B 2 AR AR B 5 itk 0|9} 2L B NGl M=
B 52 AR 27K §3olA B FoOs 3o] 374 U 551 Shlsich. vhvlo] MR- Al 2711 §3e)
Ehdth U} FoOsS QUbROR Aokl wet Pl b B Th4o] 7] 27k QAR W] glo] BEsta B8
A, Pl B Wl AR Jeld gome Tt Mo UEs) & godoe] BAHL 5 Badsing
2 e A8 3t] A TR Zel Het F7HE AT S 7)ol o8] AlakEl Ao B 4 gir

8 5}eHGoffer, 1980). 7§82 Lehs 2HA|9) K]

A8 USRS SIS S Aol 43 7Y 53
42. MzIH H2A Gl 7Eol UG 374 FHY A 5

Ag AR 5ol 1270 420 48 982 Hes
AN Gel7se U4 W FAAARNAS olget  HTHTabled).

WA TR B AT B8 o1et 2 Ao et THE 7t g obik et uix mae} A7 € He] GHE AelF B
25.0 15.0
0Otj(18) mMea(12) Xoch(8) A mhr(4) [(Isch(2) / sc(44) 06(18)
ons(13) X sd(19) +sw(17) @mr(2) enst(1) =dc(1) Ttype mea(12)
20.0 1 KT N X och(8)
4 A mhr(4)
100 {  / \
—~ 15.0 - '% e ] \l [sch(2)
§ E i X sc(44)
o} 8 ons(13)
< 100 2 sd(19)
sw(17)
5.0 4 Soda glass group \ L/ omr(2)
O oe” - Q(Qg) XX type 4 nst(1)
"""""" =dc(1)
0.0 ‘ ‘ 0.0 : :
0.0 5.0 10.0 0.0 5.0 10.0 15.0
Na,O(wt%) CaO(wi%)
(a) Flux (Na,0 & K>0) (b) Stabilizer (CaO & Al,O3)
45 2.0
otj(18) mTi02 @MnO [OFe203 MCuO —
xoch(1)
sc(2)
ons(s) 15 4
3.0 sd(2)
< sw(1)
z =de(®) = 10
Q S8 N E
X " -— \I
15 4 0% 0D [ I type
"o -0 05 |
Ko “= II-b type
-4 type
0.0 ‘ ‘ 0.0 cleal - w .
0.0 15 3.0 4.5 | I Iii-a Iil-b
MgO(wt%) Type
(c) Soda row material (MgO & K,0) (d) Colorants with glass types

Figure 2. The classification of flux, stabilizer, soda raw material and colorant on red brown glass beads.



284 | EZ1tst5|X| Vol.29, No.3, 2013

=

£ Aol BlEE: 17 %ﬁi‘i‘liﬂl GEE AL f2]  §R0] L IL MIF-E A o) e B AolA A
S0 AFAQ $HOR B 5 glon] VR 647] B8 5L B B $YRA ANHOoR et 24 7
SECEREERN EE_E}. olo] ulate] AtHoR W el AT Lotk 4] A golw BPekT IFE

o

o

Table 2. The chemical compositions of red brown glass beads at the sites of Three Kingdoms.

Oxide Concentration (Wt. %)

Type Si0, NaO KO0 Ca0  ALOs MgO TiO; MnO Fe0; CuO
i Aver 664 184 17 21 57 076 071 010 13 1.6
10ea  Sd 4.1 23 0.6 06 25 039 040 009 04 04
Min 586 121 08 1.1 22 011 031 000 06 04
Max 742 236 3.1 43 114 159 218 029 23 3.0
I Aver 619 212 18 49 49 15 024 012 12 1.0
19a  Sd 14 19 03 0.3 0.6 01 004 006 02 0.1
Min 602 170 12 43 4.1 12 017 000 09 08
Max 644 236 2.1 54 62 18 030 023 15 13
Mla  Aver 665 192 067 79 22 065 <01 <01 10  <0.1
6ea  Std 12 0.8 008 08 0.1 012 0.6
Min 652 181 058 7.1 19 047 0.6
Max 680 206 081 90 23 083 1.7
b Aver 654 207 13 66 22 12 <01 <01 19 <01
Sea  Sd 08 06 02 0.4 0.1 0.1 0.6
Min 645 199 1.1 62 21 1.1 1.0
Max 663 214 16 7.1 23 1.4 24

500 500 500

(a) (b) © @
Figure 3. Images of optical microscope and SEM on red brown glass beads. (a) I'type (sd-9), (b) I type (ns-18), (c) I1l-a
type (sc-51), (d) II-b type (tj-41).
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Table 3. Distribution ratio of type of red brawn glass bead for each sites

Percentage(No. of sample)

. 1 i
No. Symbo Site Century I type II type 1II-a type III-b type
1 mhr Mabha-ri site 4C 100%(4) - - -
2 sc Sucheong-dong site 4-5C 95.4%(41) 23%(1)  2.3%(1) -
3 tj Myeongam-ri Bakjimeure site  2C late-3C late - 61.1%(11) 11.1%(2) 27.8%(5)
4 och Ochang site 3C 87.5%(7) - 12.5%(1) -
5 ca Eungam-ri site 3C late 100%(12) - - -
6 sch Suchon-ri site 4C late 100%(2) - - -
7 mr King Muryeong's Tomb 529 100%(2) - - -
8 nst Neungsalli Temple 6C 100%(1) - - -
9 ns Namsan-ri site 3-5C 61.5%(8) 38.5%(5) - -
10 sd Seondong site 3-5C 89.5%(17) - 10.5%(2) -
11 SW Sangun-ri site 4-5C 94.1%(16)  5.9%(1) - -
12 dc Deokcheon-ri site 3C early-mid - 100%(1) - -
Total 78.6%(110) 13.6%(19) 4.3%(6)  3.6%(5)
oMt BtE WA B, oA 3T, I 9, EF 4 A2 {EFE0A 7P ARl 22 B FA A
<, AF 932 fAoA, Ml-aB2 otk ] 92 SEHE AFAA fFolth ¥ 7= A=A 2
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Ao BelEng 4us} 2] Be $HoR woE IS 197 4% VU A Tas 5L SRt o
o} Wb QhA 714 371A) SHEe AL 2ot 454 AR Ca0sk ALO,S] Bl oF 5 % 2l Fol7} 9l
2 So N2 O 2] Boje 728 4 ok ol wlal 40 920 A4S YRl M0} K07} 1.5 % ez
o M-bHL AF7H) obih Beke) yxlmel] Sl Mgt AZAgelo) 243 SA 54E Relvt veio] 113
ez &g Fo gsfl dAHez et 24 W 2 ALO;ETE Ca09] Fo] 22 AFA Y atetd7-2
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