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ABSTRACT : The aim of this study is to investigate the relations among each white stone and their
characteristics through the chemical and mineralogical analysis of them excavated from around some
kilns in archaeological sites. Moreover it was intended to infer the function of kilns. Nine white stones
were chosen from three different archaeological sites, the each name of which is Sanyang-ri,
Youngdu-ri and Gwangdae-ri in Chungcheongnam-do. In the mineralogical characteristics of thin
section, eight stones containing calcite are altered and recrystallized by metasomatism and hydrothermal
process, and Calcites, major component minerals of limestone, were identified by the analysis of XRD.
On the basis of this result, we can infer the stones to be classified into limestone groups. One the
other hand, research revealed that one of the white stones was a white pelitic stone composed of
quartz, microcline and muscovite. In the analysis of chemical composition, except for the white pelitic
stone eight stones are mainly composed of CaO which is major component of Calcite. Besides, as a
results of correlation analysis by using a chemical compositions of major and minor elements in
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white stones, little did each archaeological site have the relativity. In conclusion, each archacological
site was estimated that they would use a limestone ores extracted from different deposits, and there is
a high possibility that the function of these kilns is to produce quicklime

Key wonrds : white stone, archaeological site, metasomatism, hydrothermal process, limestone

MoE

dutA o7 1 Tstz FHA A A3 £E A3
A, dE Y 59 A (e BE)o| Aol
A ZE T Qo) ol A3y At AWME A
S2A AFA SAE7] A o)A Highd AR
B TE WEd Y ASZ AEE7] AEle, A
Hol 2 § 1 AEEY 724, A3, T5A,
nA A 297 gy, 1wk 439 &
2 Aol BAH X32AL, fEARE, F45A9
o o]gFo YTHEFH, 2009). &, IO AT A
23 A AAE /A U= A 29 st vt
2 Mglojt}. sIAT 57 $FA ol ul¢ Hi,
FA2A 9 71X wEe o]F E49 EAL Hdt
Ao BAMsty, 1 EAY #3AE FHdA, &
T 59 TEAH A7t go] A X o
WA gl F oMbAl Akeke] frEe %
EAATLoNA 20073 SERE 7E7A L2
290 2A LB AHT 27] o9 =4
At £7] 7ie} 17)19F ERE 37], FAA 17], 719}
HAANG & o] ZAEHJNFIEIAATY,
2007).

o WA obXo] 2EH 2AFTE =] 7ot
7} 8919 TN GMECE o 50 m AE o
A AAANN FJHADG 27T 27 HE F
U3t FEHE Hol3 o, IRV} FHE AT
PAZ AT = Y A= 2AHAY FE
= AE 160~170 cm, Z°] 80 cm ARZ YFol
H FEE Holx o, 9 e+ Iy
o 3deq ZAFeE FASA FoRritk 444
Uige] Aol 42 a7)) Fo) 9lom, Aade
TEE 15 2FTED 28 24779 dado]
AF ez Yo A4As dadel AA REo
AL 30 cm AEE Fon, AF e ddFg=
SYR7E FEI} gy ATk 28y o
2579 A I 75H £ U 24 5
A7F BRIH T A el TS 974, 2007).

¢ FEHHOE AT, Yopt 2457
53 57 RAUAS AFALLA ST F
HE ARRA ST 54 AU FY opA
Tolo} 9 YT BN 2R 94 Y
Wl 243 4 48N K2 4BIAE

7 gotE A s

b oo (O N ox

B4 AR R A Y

AT WS S oAl At e) A RTeIA
ZEE N4 oY 533 2L A FAD &4
fr7h d2EolR S oMt SRl AdT 2
e FAHAAN 228 44 44 4423 5 59
A& EHeR glen, 24 ARE 9494 5
AL Aoz YEPSTHIE 1).

Aoz AR 9P B4 Aurd dA
Hog mE Amrt Wde mu glor, sHd o
Fo| B 2980 HAH] It 28y AR
EW 2GES AAG AR I s E 2T
4 Aol Btk 53] 39 A B AN
ZEE T ARE O AEE vl e 7P,
71gol whon, delA]) ofa FFTh ES 8 A
29 A9 e f3A 2E g4 g BAsT}
- Fojgor], W2 of AsE WA =T} 7H

i

Fht
A7 Y

24 ABE EH0) 337 0B P 2
3wz AAT 5 EHY 2@Bo| g T

| fle #
A ARE ANEE At vA dEEwg #2E
g g e AFsgTh. FEY 24 g A
A #Esy] A% ARERA B (Polarization
Microscope, Axioplan, Carl Zeiss, Germany)Z A &
of AE7} AASA WL, F8) Astel Azl
S fAZ A3 ABA A Bedd F Aok

— 200 —



Table 1. Mineralogy identified by X-ray diffraction analysis

Sample No. Excavation Site Excavation Site
1 Calcite (CaCQs), Olivine (Mg:Si0y)
2 Calcite [Ca(COs)], Olivine (Mg:5i0,)
3 Sanyang-ri, Asan, Chungnam Calcite (CaCOs)
4 Calcite (CaCOs), Actinolite [Ca{MgFe)sSigOx(OH)]
5 Caleite {(CaCOs), Actinolite [Ca{MgFe)sSisOxn(OHY,]
6 Calcite (CaCOs)
Yongdu-ri, Asan, Chungnam )
7 Calcite (CaCOs)
8 Quartz (Si0;), Microcline (KAISi:0g),
Gwangdae-ri, Cheongyang, Chungnam Muscovite [KAL{AIS;;040)(OH))
9 Calcite (CaCOs), Aragonite (CaCOs)

Fig. 1. Pictures of white stones excavated from archaeological sites (A: Sanvang-ri, B: Yongdu-ri, C: Gwar
dea-1i).
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Fig. 2. Polarizing microscopic images of white stones (crossed nicols). A~E: Sanyang-1i, F ~G: Yongdu-ri, H~

1: Gwangdea-ri.
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Fig. 3. Comparison of X-ray diffraction patterns for
white stones.
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Table 2. Chemical compositions of major elemenis in white stones excavated from study sites

Concentration (wt%)

Sample No.
Ca0  ALOs FeO K20 Mg0O  MnO  NaO  TiOs P,0;

1 40.1 0.04 0.03 0.01 9.96 0.01 0.01 - 0.01
2 37.7 0.10 0.10 0.01 9.06 0.01 0.01 - 0.01
3 434 0.07 0.11 - 5.51 0.02 0.01 - 0.01
4 27.7 0.99 0.05 0.04 14.59 - 0.03 0.02 0.02
5 39.7 0.14 0.06 0.01 7.07 0.04 0.02 - 0.01
6 497 0.07 0.02 0.03 1.20 - 0.01 - 0.01
7 474 0.02 0.01 0.01 0.93 - 0.01 - 0.01
8 0.11 12.0 0.47 0.01 0.25 0.02 0.01 0.01 0.01
9 325 0.20 0.12 0.34 7.77 - 0.01 - 0.01

A EL Ca0 ol HA 27 7wt%olA A

434w%e] WelolH, ofit &5EoA ZEH Y ;

A 4] CaO FFE 474~49Twt%0l T, 1] .

Aok BogeM EEH 8 ARE Ca09 ol TN

e 3 ALO:Y gl oW 9 ARE " /‘; ;. \\s

CaO9 Fo] 32.5wm%=A A vehta gk € ° O

%, 8l ARE AT O NEEL EF Ca07b ¢ - \ 2/

FAEH, o]9d T HEEo| vF FHH A o NS

A4 FTRYE ¢ 7 At 8W AEE Ca09 A 1

BRAL WA, ALO:S] BP0l EOh m gHe ] (a4)

APAQ EAR FAEIF)Y ARF+=2 B, 71& 1 " ~

+743200009] AFH MY ATAS SO 1] T

= o 2 Al ol A B ANET A6l o] R CaO(wtt)

;52%] :‘—?-l g;ﬁgfq.“ égﬂ];])g 2 :q]" Aﬁj J% ﬁlé‘_ Fig. 4. Plots of CaO (wi%) versus MgO (W%) of

CaCO:E FHEOZ 311 g0y BT T4A2A
MgCOs, FeCO;, MnCO; 58 FA3l1 glomg
MgO, FeO, MnO 52 2EAEE Fiste 3t
(C1F3, 1990). 18 4= ol T X349 AL F
CaO%t T8A 482 Mgogte] AAAAE =A
sta] o] 59 dHA4E Aot Ak 1H S
2ol 434 Alggol A F A9 1Fo® £F
e & F Ak 4 1 IFe F oMt 857
AN 2R ARSI, I 21FS ot 4+
g AF AN E )M 2Ed A=l
TESQ okt E5E FAHAM FED 43
5 6l T2 T AQET M0 24 b
G YW, Ca09 AERAC] AY &2 Aog B
P57 22 4344E ¢ & Aok 1 21§
ot el AY BTl 2EY NIMES
AR CaO%} MgO9] H&2A4E AYx Sl

—

o

white stones from study sites.

8 ot AN 2EH NE 449 FeE
Ca09] §Fo] A ¥aL, M09 F&xAo] AlY
EF AR Hol 349 57 AY FA 4
& A% AY FhPoM 2L 81 A=
CaO%t MgO2] o] A ol o IF
A= ZIHA %t

F 32 o) B4 FHE nFdE 2T
V| geae SAelA nhate] Watet DA B

2d
A7F 9o H(Mason and Moore, 1982), ¥ & ool A
% §;]_5’LH 2 A=)

fr o

SHEM A8 E o] &3t HARHE e BRI
EAgsled $23 YaolthdEH 9, 1995).
I ER o3 nFd4Y EAS AHEE L
Fositt vlFgdAh S o] &3 WA 4
< FE S} VE o] &8ttt SrE HAENA A



2

A SE 0

e

o
i

Table 3. Concentrations of minor elements
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in white stones excavated from study sites

Sample Concentration (ppm)
No. Ba S S Cr V Zr Co Ni Rb Y Cd Sn Sb Cs La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Pb Th
1 28 11 77 101 94 03 37 01 31 04 07 12 09 02 08 0.1 02 02 01 01 0.1 59 0.1
2 Il 78 13 39 120 32 04 34 02 47 04 08 01 01 47 25 06 22 03 01 03 01 03 0.1 02 02 88 03
3 288 L1 40 103 39 04 34 01 20 04 06 0.1 66 13 13 64 12 04 16 02 14 03 09 01 06 01 11 02
4 30038 14 98 165 93 04 29 10 38 03 07 03 39 24 05 18 03 0.1 04 03 0.1 02 0.2 62 04
5 19107 12 54 121 61 05 32 03 210 04 10 190 50 27 10 16 04 16 02 14 03 10 01 07 01 16 02
6 29 492 10 34 71 24 03 38 03 59 03 14 0l 12 L1 02 10 02 01 03 01 03 01 03 02 12 0l
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Fig. 5. Plots of Sr (ppm) versus V (ppm) of white
stones from study sites.
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