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GDPU-1 137t TRy &  75YR4/4 6.0-87
GDPU2-1 1370} #7]% w) Ly = 5Y3/1 7
GDPU2-2 1&7}v} #7714  Soaiy B 25YR4/1 105-13.7
GDP2-1 23 7}vpAada FoYURy ol7ke] 75YR4/4 58-74
GDP2-2 2z 7}wid 7% IR °k7k8]  10YR5/4 6.4-7.1
GDP3-1 23 7}vl#H 7] % EIRRR ol7kg]  25Y4/1 3.8
GDP3-2 23 7}w}o 7% R ol7g]  25Y3/1 10
GDPW-1 137}l e 7% TRy = 5YR5/6 7.0-8.0
GDPW-2 135 7}u}t# 71 % T4 = 25Y4/1 86-9.9
GDPW-3 1&7}ut# 7% g Ry = 5Y3/1 5.0-64
FW-1 15 7hvld Ztup 75YR5/4
FW-3 13 7}we 7} 2.5Y4/2
FB-1 15 7}vfulet Zhuhup e 75YR3/4
33 MJ-1 T ol #tE] Fougs o}7ke]  5YR4/6 4.3-65
wx MJ-2 st 7k TRy & 5YR4/4 64-72
MJ-3 554 H RS ol7kg]  25Y4/1 56
#F  CH-1 AxFEF  AAIAEYQLE o/t 5YR6/6 7.8
2¥9E CH-2 AR5 A vt 5YR7/6  9.2-16
CH-3 A ETFF Al ol7tg]l  N4/0 73
CH-4 AETH B s ¥ 75YR6/6 465
CH-5 AETH wohE 1% u 25yr3/1 137
CH-6 AETH FEgel 1% H¥Fo] 7T5YR5/8 28
CH-7 ARTHF FAEFel 2 HEFe] 10YRH/A4 50
CH-8 AFTFE A4 ®FH @2ure 5YR4/4 46
CH-9 A RTHF A W5y w@2dtd 10YR6/4 39
CH-10 Axes wgRepriglax ob7ke]l 5YR6/4 8
CH-11 AETH A4 A5y = 10YR7/3 11
CH-12 A ETH Ad Wy = 10YR6/3 10
CH-13 A ETH A4 g = 2.5Y5/2 11
CH-14 AFT5 TRy =  75YR5/4 6
CH-15 A ETHF FoYUREy = 2.5Y4/1 6
CH-16 AETH Fryy = 10YR5/2 8
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=5
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e Mo
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N

2

iC)

N

s
ofL

iC)

54 H5 A 7 (mm)
EIREAS i 10YR4/3 10.8
Q- ) 75YR5/4 10.6
IR = 10YR3/3 6
FIR-RE = 75YR6/4 9.2
Q- ) 5YR5/4 13.7
GIRTSS = 75YR4/3 9.9

LT = 75YR4/3 8.9
7 & = 75YR4/4 10
ALFH = 75YR4/4 76
FoAgy °}7+e]  10YR5/3 5.7
FogRx ol7k2]  10YR4/3 8.1
TRy °k7te]l  75YR5/4 59
TRy °}7+e]  10YR5/3 6.2
FoARs = 25YR4/1 7
To gy = 10YR4/1 59
FoAEy = 10YR3/1 6.6
FoURy ) 25YR3/1 6.2
NZARELEAE) & 5YR4/6 5.8
N2AFHE AT & 5YR4/4 5.1
FYFH = 75YR5/3 5
Ty = 10YR5/2 6.4
EIREAS % 25YR4/2 5.1
95y = 25YR5/3 3.7
GIRS = 75YR3/4 8.1
FIR-RE = 10YR3/3 139
w5 3 10YR3/2 13.1
GIRS = 5YR3/4 84
IR = 5YR3/4 8.9
w5 3 75YR3/3 8.3
E 9 texture A
silt loam 75YR3/3
silt loam 75YR4/3
silty clay loam 75YR3/2
silty clay loam N1.5/0
silty clay loam 25 YR1.7/1
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(c)

(d

a3 2. A%

_16_



. . [ ]

(e)
KN- -2 KN 3
[ = | G52 U]
-—
()

a9 2. A&,

_17_



=0

B

A 3 F

<+

Aase]

L
.

SRR

o

il

5257 29 39 9

3

Experimental Flow Sheet

sample

Firing Temperature

Provenance

pottery

o

\size fraction‘

gravel sand silt clay

=
=
©
e s
B
g
g
3 g
i o0
g
=
=
@
3
B0
£
8
=
ER
.mm =.»
M e £'n
=4 85 g2
&=
= 5<
L=<
=
1]
=]
=
=
[ %]
]
g 1z}
= £2
— Sg
o= = s
[==1
= =<

_18_



31. E%Y 9%

A2 (gravel, >2mm), %2 (sand, 50xm—2mm), 2 E(silt, 2xm-50um),

A} X433

I8
zl,

3
B
T

g

=

A E(clay, <2m)e] 7} 9]

3

o
T
H

Fol 24X 7+

5

i

H

|

—_
o

pitd

o] wt% = A4b).

3.2. £ pH

913

Fol 2nm o]k Az

S
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e

o ol JFL 7]
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X

ko] pH7F wigs gl A

=

Il
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ke
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33. X-4 AR

=

A

a7l 18l
oAl & (bulk sample)t Y=

——
fite)

g

A7z, B, AE Az o

2] gt
Sttt

EER

zel

1o

s

Fel 223 300°C, 550°ColA 2217k &

)
N

N

o}

105C Q. EoA 24A7F

il
o}

~

0|

el
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2 FE 5 Bdste AN X-4 34 S e
AL SAGAEGA7F F2d X438 "4 7] (X-ray Diffractometer, XRD,

F&38te] Cu-Koid, A+ 40kV, A+
30mA, ¥ArEEl Imm, AF#<E 8 Imm, F3<% 0.15mm, FAISE 2 °20/min=
3-45° 207 3tol A S EFA T

B4 F FAEEY FFE &7 f8 Aol WH(Chung’s method, Chung,
1974a; Chung, 1974b)& Ab&3ste] WP S sttt RFEE 2 ALOs=s 1 EYS
Algek Z47F 0.1g8 & 4ol Cu-Kod, A 40kV, A+ 30mA, TAFEE 0.5mm,

MXP-3 Sys., Mac Science, Co., Japan)&

ArEEE 05mm, %<9 0.15mm, FT mode, sampling time lsec, 3-45° 20

A2 A5l felEeto]l =] v (thin section)S A ZHsic}. &3k
S vl #FEr] a8 dn @ el FEE ST F Ue
2 #EsAT S, EGARAA EE RHE FAE uAHSI] fFElEEo] =

WS A zbelgdct. @3] A& dE Nikon Microphot-FXAS AF&31 1 40

O

35 FAAAER A BA

FAAAFE 1] 7 (Scanning  Electron  Microscope, SEM, JEOL, JSM 5610LV,
Japan)e.2 HIRe] ©HS #ASFYY. AL dis e A2 1Hsta

Antstdth. Low vacuum  controldtoll 4] back  scattering image® <l
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(phosphorous)2] %3 E mapping 3} 9. t}.
36. €% 2 AAEEA

Aol neade AANWA vBES FAGE BB negdE 77
CHCEE

NE HAY & Yk B ATNAE AAFL BUE AN AFF-AR
o= ]
=
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i
v
8
Mo
1%
o
¥ HU
> i
19
S
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oX,
o
il
Lo,
12
o,
vy
ftlo
e
(o3
)
=
k
ox
oL
o,

£ 4 7] Thermogravimetric-differential thermal analysis, TG-DTA, 2000S,
MacScience, Co., Japan)& ©|&3}o], Mg 87]dA 4% 20C/minZ, 1100T

7HA w7 Fel M Zhdske] Han Lol 183 FA8a, RFEERE

-ALOsE AH&-sHAth

&2
flo
X
M
o
w
=)
t
M
R
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SN
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DO
ofh
ofd
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~
]
—
)
<
h
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w
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Q
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B
vl
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) AaEe AAE AMgEOs wEgE A2 ok 1000-1500 ©] S )

G EAst nndAse o3 wFS FHA AR e AU g

oA W 9 FsE AS sl stk wEkA dae] o)F

Aol AHrta 4l FEFYUA La Dy, Th, Sm, Yb, Eu, Lu,¥ HolFZ% Sc,
2

st B2 o dAERE 7] F3e B3 I
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2o o3 WMAzEe] GFS WA EF ol Eo o3 Wde] ave HE
Tk ks Bl Bof kg ela olFAdo] Hth(Lipin et al, 1989; Rollinson,
1993; Wayne Nesbitt and Markovics, 1997).

] ZFA 82 La, Dy, Th, Sm, Yb, Eu, Lu, Cr, Sc, Co?] 10940l tha] F=F
AAF AL APE AR FURE o] &te] FAAWAEEAS st
A2y 5de Bag A&, F57](long half-life) 94= °F 100mg, ©
F7](short half-life) ¥+ oF 3mgs EdEal &7]o do} gt A¥
& AR FUEEIMW, FAAE 281x10% n/em’ - sec)E FAAALOR 89
, A A HPGerd H&E 800041E vhal #A4171(EG&G ORTEC MCA

I

R

System, USA)E AF&-3}%1 T}

aL
ZF M7Re] W2 " NS ARA 22 3 AES HolH(NxM data

ke
I
N
>
il
1o
r >
Lot
d
o,
Mo
Lo
o,
&Y
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4 (Principal Component Analysis ; PCA)¥}

pitd

e 2 olE A (factor analysis) o &2

2 (Fisher’s discriminant analysis ; FDA)C.E H9 £

i

Ell, 1989).
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o}
4
"

el
R

g
—_—
o

el

ao

el

JvL

o)
%0

1

o]J
ol

& AANEI F A

T
gl
il
e

A

3 AES

= A7

2 AeH

Z o
5=

i
=

3t
=

=
=

I

a9

gl

=
T

g

A
)
4r
Mo

—_—

<
B
™

—

NI
w

)

Joh. SRSl 71 7]

Ho

o
;o.b
vl
e
wA

o)
]

cad
™
Hr

™
6

|

0
K

i

b3

]

o

]

3

gt~ (classification function or Fisher’s Discrimnant function)#}il

B

ojn

o)
<

+ WX,

Z = WiX; + WXy + -

el
=
)

gl
=}

AT

TR
el
B

N
N

¢

Ton

w
)

A

el

s Aol Wilks'

tH, 7HE Bol AR

AEs

=
=

pud

317}

Feolv]

AR oz dAu

=
S

7}

1
.

hul

o}, Wilk's lamda

2 o
X° ASE AA

lamda©] ™

il

il

A

&

S

b kel 84 3 719, 2000).

=
=

o Fetahs W)

A
S|

=

stk 18

b

_23_



o] Qu} o

3.10. EZY &4 4 F

—

. wEa e

o]

skl 105TCel A 24A1%F A

[¢)

2 A9

ZA AT A7l Z(A-Jeon UP-350, Korea)ol ql 2<% % 5C/min® 500, 600, 700,

800, 900, 1000, 1100, 1200°C7+A] 7k

Bl

)
s
<
0

4

G

o
N
\‘WO

_24_



o]
H

7FA] 1

=

A kg E

o] A tt.

R

3

i

49t 19 4ol ERR AT

7} 18.78% 9]

Ei
7}A] AL

foid
=

1=

s

[e]

A
8 =
g 211T%E =2

=

foi3
A=y

Al 47 A2
AgAG sl 858

]

AT

1.80%°] =}
sl

[e)

42 g E

E4(CH-9)

=
T

o7 AL 10.17%9)

4.1.

b
o] 2.83%= 7 wrokal

sttt 98 EYO-1DS = 383%, AE 76.27%, HE 1951%
g
o

Qo I EE o o ROOA
A % o WTM R g os
ﬂ_ﬁmx_ L.E ﬂ e} Ot ,m—l OT ﬂwo
ok E L% o = o
£} ey o __ R ol Mo
- - Tr o) »Aﬁ
— o ~ ~ E_.ﬁ Of ii
| ko) n
~5 O o
O ar mw A %
= v O
SO I
L T X %
‘_Iry| ~o T N
%E% e Ty
TR R T I xr =
: | i X~ O .y
T oz HoT <R
B4+ O Ww o5 POH
oo T X # &y
oo ~X o ~ ~
3 O_H 00 Bo © =
_ N I oy p [N
R o 2
rw_ o = OB T H >
= _ﬂu.u e 0 < e
o = o m#m - o
s} A = ) o O
W o m_m ) Lﬂ @ i
ﬁmn OI dﬂ Mﬂ ﬂ b oy
™ .
— . R =
mK T R = N MM
70 ~xo 9 X  op MR
o4 S _
N K R < — T .
_ i R T fo W
o o XN 2o ol
T s /R
DT.C n._AJI X =
i MoOR T T
C A A T
¥ F oo ox o
T 4T P& o
= 0% o
2 9% o W oW R o

oF
5

S}
4]
5-10°26°1 A

°

°ols
550C

s

a
s
a

L

EFO-DollA 2

A 2] o
v =

[¢]
A

=
=
L

od 31
3

it
e #

A

4 e A ]

ez}

o

}

2
7}s

=
T

A 2]
AHozA oI
[e)

=

A3, 550C A AT HUAH e

A

[ez]
=

].

3|

_25_

.

1

3150 10A22 o]F
H, e ARAFE 10A0

14.2A ¢ 3=

ok
=1

L

L

A U
o AA A

AZEZ Hg 28 300TC Y 5507T o A
1%

a



AL
00

-

KA
bt

™
%
()

o

ey
o)

ﬂo

_ZO
ol

o}

o

)
ol

(WP-S)

g A3

247} 28.2%

FA Fskal Bl de] v Ant eyt

3|

g EY(GS-9)& HE=A7 9 <

G

2

o]J

o

)

]

A4

14.2A 9]

KX
T

(KN-S)

KN-S

Ogave

B sand

it

B day

GS-S

WP-S

CH-S

0-1

ﬁo

T aate

= A

-S

&%, GS

E

k)

2%

)

&

_26_



E4 §HA B QERE, pH 1elu 3R 24
%
A= pH d=  FFHwt%) P Aeas
Az 0.39
AP TE - LSk 3.83 Qz, Fd
O-1 AE 76.27 Qz Ver, Ka, Ch, Mc
HE 19.51 Qz Ver, Ka, Ch, Mc
A2 1.80 Qz, Fd
KO ) 1878 Qz, Fd
Ave s HE 69.25 Qz, Fd Ver, Ka, Ch, Mc
CH-S ' e
HE 10.17 Qz Ver, Ka, Ch, Mc
by 0.17 Qz, Fd
23 99 o e 2.88 Qz, Fd
WP-5 HE 69.78 Qz Ver, Ka, Ch, Mc
HE 27.17 Qz Ver, Ka, Ch, Mc
by 0.16
A =) 761 Qz, Fd
P 621 HE 64.06 Qz, Fd Mec
GS-S ’
AE 28.16
27 0
A =2 5.44 Qz, Fd
43
KN-S 5.45 AE 74.34 Qz, Fd Ver, Ka, Mc
HE 20.21 Qz Ver, Ka, Mc
Abbreviation ;  Qz : quartz Fd : feldspar Ka : kaolinite Ver : vermiculite
Mc : mica Ch : chlorite
£ 5 97AY ELY F AR EY A FAF(EA 100%).
d7Ae M9 AP agegy R gEegd
G E 49.5 8.70 13.0 10.6 18.2
B AHF 32.1 0 21.5 8.65 37.8
T 44 44.0 6.77 7.08 10.2 32.0
A kg 155 8.21 7.01 8.66 60.6
AT A= 27.0 7.73 0 0 65.3
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Ch, Ver (a) (b)
Ka
Ch, Ver
¢ Ka, Ch
Mc
W Air-Dry Air-Dry
M ethyleneglycol \W\M\M& EG treatment
- % -
5500C 5500C
NMW Bulk sample W Bulk sample
m o
T T i T T T T T i T T T
5 10 15 20 25 30 35 5 10 15 20 25 30 35
20 20
Vi
(c) Yk (d)
Ch, Ver W
Air-dry
Me Ka, Ch
ethyleneglycol
Air-Dry
3000C
ethyleneglycol 5500C
Bulk sample
3000C
(e)
5500C o Air-Dry
MM M Bulk sample
TR T il
T T T T T T T T T T T T
5 10 15 20 25 30 35 10 15 20 25 30 35

a9 5. FHA BEYY X-AHdE. AEFES AWYANER AZste] FeAdzx
galFe 22, 300C3#H 550C I3 T X-A
(b) FF ANHF EY (o) ¢4 98 EY

%F. Abbreviation ; Ka : kaolinite, Ver : vermiculite, Mc : mica, Ch : chlorite.
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4.2.
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Qz QzFd
Qz
Fd ‘ HmM
| Fd'ol Qz Qz
KN-2 .
Jeju
l GS-2
Gwang
CH-16 .
ju
CH-1
Her
1
WM-1
Sun
ws-1
cheon
WP-1
Mu Mu Mu Mu
" x GDPU2-1
\
GDP3
Yeong
bﬂ GDp2-1 | gwang
'.l GDP-2
MJ-3
I I I I I
10 20 30 40 50

20, CuKo Radiation

a9 6. ATAYe dEAd Aaxe X-4 3dx=. GDPU2-1, GDP-2, GDP2-1,
GDPU-1, MJ-32 9% ZA1%; WP-1, WS-1, WM-12 +xd Z1%; CH-1, CH-8,
CH-162 #5F ZHI13; GS-2, KN-2&= A5 #2139, Abbreviation ; Qz : Quartz,
Fd @ Feldspar, Hm : Hematite, Mc : Mica, Mu : Mullite, Her : Hercynite, Ol : Olivin.
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%8 A7AY A e

of U2

Nl
o,

A9 A Si0, TiO, ALO; Fe;0; MnOMgO CaO NaO KO P,Os LOI. total

GDP2-1 7090 0.97 1724 4.78 0.01 0.83 0.21 0.61 2.54 0.04 1.60 99.73
GDPU2-2 69.77 0.88 17.60 528 0.01 1.04 0.32 0.99 2.66 0.06 1.04 99.68

oJ3} GDPW-1 72.08 1.05 1591 4.12 0.01 0.81 0.33 1.09 238 0.04 1.84 99.65
7= GDPW-3 69.55 0.94 18.07 5.63 0.01 1.09 040 096 2.63 0.05 0.01 99.35
FB-1 4895 043 4018 438 010 0.27 0.25 0.26 0.46 0.02 4.85 100.14

FW-3 69.81 1.02 1755 5.72 0.02 0.97 0.24 0.68 2.37 0.05 1.33 99.75

MJ-1 6539 0.89 1743 4.73 0.00 0.58 0.19 0.67 2.81 0.19 6.69 99.58

MJ-3  66.05 1.15 20.69 5.02 0.01 0.87 0.21 0.75 2.02 0.04 2.77 99.58

EYO-1 6798 099 1498 578 0.12 1.19 0.15 045 217 0.05 5.85 99.70

CH-10 66.31 090 18.82 841 0.01 0.77 0.25 0.68 2.43 0.19 1.29 100.05
CH-13 66.61 0.77 18.01 491 0.07 1.03 0.42 0.79 2.80 1.01 3.24 99.67
CH-16 71.59 0.89 16.66 5.84 0.02 0.89 0.34 0.58 2.20 0.06 0.99 100.05
g CH-9 6918 0.66 16.52 3.47 0.02 0.64 038 0.75 297 1.28 3.60 99.46
M5 CH-1 7276 0.89 1146 472 0.03 055 053 0.63 212 1.99 357 99.23
CH-3 6766 086 1595 4.41 0.11 0.60 0.39 092 247 0.20 6.37 99.96
CH-5 6518 0.62 1642 3.83 0.04 0.65 0.64 0.76 3.10 2.65 534 99.23
CH-8 6684 0.82 1529 518 0.05 0.74 048 0.76 2.69 1.29 512 99.26
EYCH-S 66.38 0.80 16.82 529 0.09 0.78 0.09 0.27 2.72 0.06 6.51 99.80

WB-2 5939 098 1922 626 0.02 1.14 0.27 0.75 2.72 0.23 8.72 99.70
WI-1 6223 1.18 16.67 811 0.02 0.96 0.24 0.52 2.01 0.06 8.21 100.2
WM-1 60.71 1.32 2251 10.97 0.03 1.29 0.30 0.37 1.69 0.04 0.73 99.99
WR-3 60.80 1.04 1846 6.84 0.03 149 0.28 0.70 2.62 0.18 7.06 99.50
WP-1 6550 1.03 16.66 559 0.02 1.40 045 1.05 2.26 0.11 5.84 9991
WP-4 65.63 098 15.72 6.18 0.03 1.04 0.47 0.86 2.29 0.09 6.44 99.72
WS-1 6346 123 1797 858 0.02 093 0.32 058 2.10 0.05 4.71 99.96
EYWPS 5928 0.95 1832 741 0.13 1.76 0.17 0.32 233 0.11 8.86 99.65

e H
2

o,

KN-2 5089 2.60 17.75 14.31 0.14 1.07 1.01 1.48 1.62 0.22 813 99.23

KN-3 54.80 1.68 18.03 11.51 0.12 140 0.82 1.25 1.88 0.12 799 99.59

Al GS-2 4298 234 20.72 1413 0.18 2.72 3.09 2.26 146 0.58 8.83 99.29
GS-3 4614 215 21.21 1321 010 1.61 250 233 1.66 0.39 7.95 99.24

FGCSS 41.06 2.76 17.63 14.58 0.27 5.84 1.14 0.67 0.95 0.33 14.17 99.40
EYKNS 49.03 2.56 19.68 13.78 0.26 1.25 0.41 0.50 1.25 0.14 11.16 100.0
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normalized value

0 \ \ \ \ \ \ \ \
Si02 TiO2 AI203 Fe203 MnO MgO CaO Na20 K20 P205

a9 11 A7AY EdeR RE5Y 2ok FAE FE. () 9% ¥E 23
S(GDP2-D#t =FO-D, (b) #FF AFs AAX(CH-DF EFCH-S), (=
4% AIaR(WB-2)3 EFWP-9), (d) AF ikl D23(GS-2)3 EY(GS-9),
(e) AlF #A¥el AIR(KN-2)7 EFKN-S). tii xF3 e 0-49 H9lA
RE(b)ol M= AR POs7F EFEY 3544 -
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X 9. TAALAEEA O g v FALGF

ATA 4 5= Co Cr Dy Sc La Sm Eu Tb Yb Lu

3% GDP-1 1379 9581 5.19 1525 4832 7.14 155 0.80 1.20 0.86

2= GDP-2 784 8399 394 1430 3535 524 093 047 084 0.73
GDP-3 786 9573 551 1573 4465 657 139 061 266 1.06
GDP-4 678 9638 444 1470 3652 564 119 0.76 226 0.79
GDPU-1 7.01 9384 579 1474 4041 628 136 065 348 1.05
GDPU2-1 13.03 9097 570 1546 5021 7.02 159 085 225 0.88
GDPU2-2 11.88 90.39 6.00 14.33 5052 7.2 143 071 250 0.78
GDP2-1 1033 8385 4.15 1293 41.10 626 117 077 170 054
GDP2-2 1852 108.12 625 1800 5814 873 182 068 1.83 0.69
GDP3-1 1639 12424 6.73 1818 6253 9.16 199 078 256 0.97
GDP3-2 1053 8949 534 14.07 4876 654 145 080 269 0.72
GDPW-1 9.32 10386 556 14.13 5094 740 152 083 225 092
GDPW-2 9.86 9169 6.03 1400 49.89 754 148 088 1.06 0.80
GDPW-3 1356 9832 691 1541 5836 721 177 076 117 091
FW-1 1458 9350 3.89 1142 4040 579 121 076 1.90 0.97
FW-3 1077 10063 541 14.14 5090 6.81 153 078 191 093
FB-1 1517 8.61 289 1227 3954 503 067 072 315 0.73
E90O-1 1383 8570 4.20 1311 4133 607 069 060 1.74 0.89
MJ-1 873 5705 410 11.87 2596 4.06 081 026 070 045
MJ-2 860 8268 471 1316 3085 559 1.14 078 129 048
MJ-3 868 9343 725 1494 6635 984 191 108 151 081

=3 WP-1 1624 12032 854 17.18 4456 543 130 049 282 097

BE| WP-2 1085 12312 7.13 1826 4749 776 158 0.80 342 1.17
WP-3  19.80 13278 896 20.77 49.08 7.91 173 078 352 042
WP-4 1008 11543 550 1612 4296 655 125 052 235 0.79
WP-5 1459 13060 471 19.01 4239 635 123 077 301 1.06
WP-6 1929 12452 385 1809 39.13 570 116 094 301 098
WK-1 14.16 11479 3.07 1678 3329 508 093 048 227 065
WK-2 1422 11469 379 1665 3864 674 122 062 262 0.76
WK-3 1394 10950 394 16773 63.15 1068 1.29 0.67 4.48 0.49
WR-1 10.28 100.28 4.33 16.82 40.39 649 1.09 085 329 057
WR-2 1240 10048 3.06 1698 3882 497 1.09 062 207 058
WR-3 1260 9286 399 17.00 4722 725 123 101 215 0.75
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Yhb

Lu

WR-4
WB-1
WB-2
WB-3
WB-4
WS-1
WS-2
WI-1
WM-1
WD-1
WD-2
ESFWP-S

10.76
11.32
12.28
12.87
13.62
12.29
13.76
13.68
22.22
22.60
18.85
18.13

102.40
97.16
97.26
98.91
105.09
116.69
122.88
122.08
147.35
174.36
173.83
97.39

5.03
5.29
4.73
4.38
4.30
6.22
5.10
3.99
5.73
5.83
5.42
5.94

17.66
17.93
18.28
18.43
19.64
15.02
15.15
17.11
22.08
23.65
32.36
17.44

48.83
49.66
51.21
56.10
52.68
45.06
40.55
40.00
56.48
62.71
60.18
47.38

7.97
8.29
9.30
10.72
10.38
6.65
5.64
6.47
8.38
9.33
9.54
8.09

1.29
1.69
1.68
1.7
1.74
0.98
0.92
118
1.70
1.56
1.72
1.74

0.81
1.10
0.85
0.94
1.02
0.80
0.55
0.98
0.90
0.73
0.86
0.86

2.30
2.46
2.83
2.96
2.73
2.66
3.71
2.82
3.11
2.07
1.97
4.29

0.93
0.94
0.66
0.96
0.66
0.98
0.88
0.87
1.14
112
0.97
0.97

o
N

o,
oft

CH-1
CH-2
CH-3
CH-4
CH-5
CH-6
CH-7
CH-8
CH-9
CH-10
CH-11
CH-12
CH-13
CH-14
CH-15
CH-16
EJCH-S

7.01
12.00
8.98
9.82
8.27
5.13
7.76
8.96
7.40
8.54
6.56
10.68
10.24
4.71
11.53
17.48
8.62

63.79

68.10
104.12
67.44

53.87

65.19

78.24

59.93

75.92

81.13

55.41

66.11

80.41

80.81

11877
79.83

14.04

4.35
4.61
4.54
5.58
5.23
5.45
5.50
411
4.97
6.84
6.12
531
5.89
5.30
6.98
5.56
4.68

10.71
14.17
11.03
11.73
10.29
12.63
13.24
11.96
11.21
15.62
10.95
11.17
12.88
12.89
18.28
12.94
9.65

35.65
37.63
33.07
42.81
38.02
31.71
37.90
38.04
41.41
48.21
42.81
41.01
50.34
42.08
54.23
45.82
42.57

542
5.74
5.60
6.01
5.94
5.44
5.78
5.34
6.28
7.29
6.99
6.01
7.27
5.09
7.92
5.29
6.16

1.06
1.36
1.24
1.38
1.36
1.28
1.49
1.32
1.32
1.65
1.45
1.25
1.63
1.33
1.78
1.25
1.40

0.85
0.60
0.63
0.58
0.45
0.73
0.71
0.61
0.72
0.84
0.82
0.54
0.87
0.37
0.86
0.86
0.56

3.95
3.78
191
221
3.96
2.04
1.81
1.82
1.92
3.92
4.66
2.02
3.87
1.94
2.30
4.09
177

0.74
0.60
0.71
0.67
0.68
0.63
0.75
0.69
0.66
0.71
0.90
0.62
0.70
0.65
0.87
0.76
0.64

GS-1

GS-2

GS-3
EYGS-S

27.40
31.71
17.92
49.77

142.58
129.90
128.23
207.62

3.17
431
3.09
3.76

14.22
15.30
12.77
20.76

2731
25.68
21.86
32.46

4.62
4.86
2.95
6.53

1.86
2.07
1.90
1.44

0.49
58.23
0.39
0.88

1.38
1.28
112
1.93

0.45
0.40
0.28
0.73

KN-1

KN-2

KN-3
EYKN-S

23.08
37.45
38.09
57.77

160.14
155.56
144.18
318.14

2.57
4.82
2.66
6.20

14.23
15.83
17.26
29.45

23.78
23.04
25.15
50.89

3.56
3.77
3.43
9.26

1.31
1.52
1.10
2.75

0.00
0.41
0.46
0.92

1.64
2.63
1.46
213

0.46
0.57
0.56
0.63

_47_



200

150

100

50

200

150

100

whole rock / chondrite

200

(c)

150 4

100

-y

50 +

0 I I I I A I I I |
La Sm Eu Tb Dy Yb Lu

a3 13, AR Y A3 B9 Chondrite-normalized REE pattern.

(a) 9% (@ 2 35 AH (@) A1z EY b) © €34 2%
I EG, (o AF (@) 2 A HaRy B¢ AT aitE e
A A E= MREEIIA WA mehe vhe 334& wel.

_48_



#7

51 212489 297

X
b

il

rvze)

X
%

Tor

K

R

el
A

FA ot

g

rJ

-

o
¥

B

o]

=
PN

3l 19 1elM 2

E =
= ©

A

A7A e

o

.Wmo

o

3t

L
Fu

Fol A AgE el vt

]
S

I=

Z

ofpy
NG

o

B

o] el

) B A Eolglal BY)E o] @k

-+
s

Foll M &HFAXG

il

]

%o

A F

&

=

1

=
=

w
o

B

xr
i
XM
o

L

~

el

o
u_n.wo
%)

el

—

il

N
—~

;o_l

V,O

o
AL
00

HEZE

AAEA 7R e

o

il

o
WK

X
)

S|
ay

ddAet 1-2ml AF A

Mo

7

=]
=

B ol Q2]

_49_



o A o7l

=

~

Al 2

al
=

Jipol =7}

= A

gl Ev §=

=

T A} 28y GDPU-1, GDPU2-2¢}

B
A EFol At

[e]

-

1
.

°o] &

™, 7]1Ze]

=]

Asl A3} A

=

o

O

Z

Tl

o
wjr

ol

oA 1-3mm<

AAge] A}

Aol nE 1

T

<
pal

A 2]

[e)

bl CH-3% CH-16=

1

AN AN

[e3ex]

S

oy

=<

oo

7

ol

2 Holt uvt CH-16

TIF9 4 1-3mmY

A €]

[e)

=

g

L

L

Mo

AE o WI-1, WD-1, WM-1

™ 0.5-2mm <]

o

Holw 7o BE AR

el A Exska Ao

w7 &)

S
=

o

e

-

0SS

ol

15

oM & o

=

o

3, A

[e]
Sk

ok
s

TR AL, on] =)
4 =] ]

Ak mE AEFEo] VEARAM

5]

]

Ao Au

Z
-

.

AR X-A88 24
‘|_

)

A

|G Aol &

=
T

b

FFetr1e] EgolAnt EFET S

A
_o]

=
L=<}

=3

p=13

&
28.2%
o]

[e)
.
A
=

¢

B

_ZT
o
oy
ol

)l

il
o

0

o
s
o

Nl

i

o

=

o

ol

=

|
j

el ol gatel =

4
=

Al

<A

—
1o

_50_



R

2

~
L

A4 o]
S|

2
ShE[ A

ok

oA e 7

7

&

d, &Ml
&

[e)

yS|
ax

e

.

2
L

al

ol A

=

o

.

dde BHAY B HEZEEA

]
JEFo dolugs 5 &

al

o
A

]
719] B.olA|

al

g
LR

A
oje} Z2 Aol A
3t} Kilikoglou et al.(1988), Cogswell et. al.(1996)<]

4ol
Fopor

=<

=
=

54
800Ce] gl A 7182 <

5.1.2. 333
o] Wol o] g5} gt}

o

F

—

O

ko8
o

£

Fol A9 glvt

kol

5= <

1100CT7kA] 7k 8

o=

R

Apell whel sl xFo] 7}

[a13
of

1
R

101

|

¢+
A

T

ARk

Skod

}_

S

=

=

AL

[e)

=

3 EFH9 Sc, Co, Cr

L

JE

g 744
10%

FaA Y A%
=

(Fisher’s classification function coefficient)

R

2

s

o~
T

A Aol A

2141 7) o}
SRR

1%

A
gl

k)

s
= X
T

=

HA A b3t WA EA]

25

o
)4 o

g
Aol A

-
gul

]_

fu

H
2
3}e)

(LcLennan, 1989; Rollinson, 1993).

7b =

=

el

B

ulJ
o

o

ol
o

gy 149 11

FSA et

_51_



R

-{51_

ARE A9

)
—

a9 159 % 1

=

el

19 14004 A2k

Ho] 74.1%9]

R EE EREE LR
%

Jojriet B
AA 274 F 204 B

3+
o}

s

¥ o] 96%°]

o] BF¥o] 77.8%2 AFAEE 7pA

w=
il

ZF 247 0]

e

o

0

X

o

A}
2}

o @em o] grol

- 9ot Wilks’ lamda
Co, Cr, Sc, Lu, La, Yb<

[e]

=

1]

3¢] Wilks’' lamda$} F3k

L

TS

3
Ria

ok

AT
8 5 A

S|
=

A 3+ Aol o6

Ao] 2= 84.4%7}
o] At

h=

144
| ok

&

=
5

5

h=

]
gl

SRR RIS

=

e

e
wr

el

[
=

TZxPE
Cr#} Sc,

L

fu

R

R

FHBAE e

7F3 =3, function 2914

2 o]

E

%
reo] 7t

[e;
3
R

3

e

Lu¥® Ybe

fu

HM function 194+ Co9

function 3°i A

o)

ol
=

il
ol
Gl
B
)

Py
e

-

ol
4

o
ace]

0
Ho

)

=

il
i

AFA A

ad 1563 #1190

Bk
oy
s
xr
il

ATt Wilks’ lamda$t F#to =25 Sc, Cr, Co,

B FRIYEZHEEHE function 1914+ Cr, Sc, Cool 9

=

R

Z 214 0]

el

B

Ybel o

1
.

function 2l A

wo] 77.8%9]

25
5 2t

=]

Aol
R

_52_

ey
=

] 5}
ol

3

ol 77.8%9]
deo] ek Aol A= 82.9%9]

Rius

3

s



— [ a

4 — | Suncheon

Jeju soil(Gimnyeong)

soil(Gosan)

DC2

Yeonggwang

Gwangju
4 T \ \ \

-4 0 4 8 12 16

a9 14 AA AFAAe] ARkt BEde] @
gHrel tholoj sl A Al
ANE7L 247t groupe & BFE I FFy 3

}\]E‘—‘ 2d 0] o
e al A H .

¥ 10, AA AFAde Aoy B vFdLTFE o
Wilk’s lamda, 7+Z3 43 93L& 1 .0 .
EFFASE gl 3892 Co, Cr, Sc, Lu, Lay <4491,

o, . Fisher’s classification function
Wilks F structure matrix coefficents
lamda

1 2 3 1.00 2.00 3.00 4.00

Dy | 0924 | 2.015 |-0.091|-0.083] 0.008 | 1.085 1.132 1.274 -1.882

Co | 0295 |58.194(0.484 | 0441 [ 0.382 | -0.377 | -0.557 -0.401 1.656

Cr | 0455 ]29.193] 0.272 | 0.606 | 0.441 | -0.032 | -0.040 -0.067 0.056

Sc | 0578 [17.761] 0.067 | 0.729 | 0.269 | 1.687 2.662 2.018 0.184

La | 0785 | 6663 [-0.159] 0.024 | 0.319 | 0.341 0.165 0.191 -0.568

Sm| 0.837 | 4754 |-0.114] 0.187 | 0.277 | -0.262 0.871 -0.680 -3.196

Eu | 0911 | 2368 | 0.103 |-0.014| 0.064 | -8.609 | -13.197 | -4.853 32.410

Th | 0.873 | 3544 | 0.127 | 0.037 | 0.018 | 0.140 0.196 0.092 0.262

Yb | 0792 | 6.389 |-0.107| 0.214 |-0.471| 1.632 3.663 3.301 1.713

Lu| 0.754 | 7.926 |-0.169| 0.103 | 0.357 | 15.723 | 15.280 11.598 3.787

cons -21.678 | -32.440 | -20.645 | -51.351
tant
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Gwangju

soil Suncheon

® 11 9300, =320, FFGB09 ESH ZAaxe wEFIFA. Wik's

lamda, 7283 281 EFF5FE UEHAAL AEH 2 Sc, Cr, Co, Ybe] &A%

}Zﬂéﬁa’ - structure matrix Fisher'’s (élgesfsflifégi?scm function
1 2 1.00 2.00 3.00
Dy | 0.995 0.157 -0.041 -0.039 2.159 2.688 2.049
Co | 0.694 14.8 0.419 -0.267 0.507 0.716 0.225
Cr | 0532 29.4 0.612 -0.217 0.017 0.026 -0.028
Sc 0.526 30.2 0.628 0.059 1.437 2.284 1.778
La | 0.942 2.08 0.090 -0.276 -0.117 -0.471 -0.127
Sm | 0.901 3.67 0.200 -0.178 2.583 4.990 1.192
Eu | 0.996 0.133 -0.024 -0.068 -16.608 —-24.475 -10.451
Tb | 0.963 1.30 0.119 -0.107 10.101 12.540 8.481
Yb | 0.850 591 0.117 0.503 0.981 2.662 2.701
Lu | 0912 3.25 0.153 -0.276 15.117 15.587 10.550
const -25.976 -42.170 -22.020
ant
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FAEG7E 1200Co A HAM o] BalswA BHolE ZAL v A
drho] 54, 1999). dlEA U] ExE 950Tl A AAH 7] AZate] 1000T
o] W dAgo] FHEAYEZF FAHI 1150TCAAM= 1 FFS A
(Jordan, et al., 1999)

Aoz X-A 3o EgolE glo] HAXAY AdFQ FEAYolE
7y 7V ZekA EA8E 95 GDP2-1, GDPW-3, MJ-3, WM-1. WD-1¢] L
U= g7l 7 FEe] ¥FESE 42 GDP3-1, GDP3-2, GDPU2-2,
l= 9= GDPU2-10lth (19 17).
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Hematite, Mc : Mica. Mu : Mullite, Her : Hercynite.

_62_



5.3. EEAY EYHFY IF

AR wjE o] SRS AAEA FH g dFS LA €

*

5 Aol miFE o] e & Ve NS ES AR EAd e FE
§ 2 8Z(dissolution phenomena), 213 ol F=(pore or void) o2 T}E
d EE S, B 7| EASIE FEo] el 23 FEY A T
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. 14 & SdRe] BARE ofF= FAEE T €2y €4, PO,
nOc =¥} nlag o
e AaoM e P05 o e 4Es FatEof dn 53] 9% e AR

0.06% olildl wbsf FF AFE AARL 01~27% 7HFe POs5 X3t

2=

i

9ol AaRe B HlE 3-47M ] POs TS 7HAAL AT WA o
Edod A= 05 wt2%ol 4] POss 2te= 4-97F 718 =&o](Lindsay et al, 1977)
Bl ok daxel et wdw gzd & gtk

ol(P)& E% Woll A A% organic P, Ca-bound P, Fe or Al-bound P9 &
g2 EAst=d A EGANAE Fe or Al-bound P9 FE|7} A8t &7
Edo = Ca-bound P7} 43 #Holtlk, Ca-bound PF 7FE &3k FEo]

apatite©] X Tk A EFo A Zola AtgkA| = A &o] JtH(Brady and Weil, 1999).

E§ o1& 9l4k(phosphate)®] HE|R Aol FAFo] AN HHE A9t Rl
foh 9, 1o FAel o) AE wwe] ol FEy AR &of o el A
o7} Sl A% AN THFreestone et al, 1985). ey} & AFATeA <19

P 7t apatite 2 o= LALA ki F= lo] y[Hd| EAMEAY &= (pore

or void)ol ¥ A4S Bk F5F AHs AR diFie] 9 s3] &2
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ABSTRACT

A Mineralogical Study on Ancient Pottery

from Jeonnam and Jeju Areas

Jang, Sung Yoon
Dept. of Earth System Sciences
The Graduate School

Yonsei University

This study aimed to investigate the provenance and the firing temperature
of ancient pottery excavated from Yeonggwang, Gwangju, Suncheon and Jeju.
The provenance of pottery was studied through a mineralogical approach based
on the mineral constituents and textures, and through a chemical and statistical
approach based on the major and trace element compositions. The transformation
of mineral phases in in-situ soil with increased temperatures was examined, and
the result was applied to the mineral composition of pottery to presume the
firing temperature.

As a result of mineralogical examinations on pottery and in-situ soils, each
pottery had its own mineral constituents and texture, and it is estimated that
the pottery was made of in-situ soil of each site. The chemical and statistical
analyses also supported this estimation. Pottery samples from Suncheon and
Jeju were successively separated into each group from the discriminant
analysis, but those from Yeonggwang and Gwangju showed the poor
discrimination due to their geological similarities. The effective variables for
the discrimination were in order of Co, Cr, Sc, Lu, La and Yb. Formation of

mullite and hercynite of high temperature phases observed in some pottery
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samples might be dependant on the chemical composition, indicating the
possibility to presume the provenance of pottery with a high firing
temperature.

The phase transition of minerals during firing processes may estimate the
firing temperature, and the formation of mullite and hercynite, and
disappearance of feldspar and mica in the pottery could indicate firing
temperature. The firing temperature of some pottery was estimated as
1,100-1,200 from Yeonggwang, and 1,000-1,100 from Gwangju. and Suncheon,
but it requires a detailed study considering non-equilibrium thermal conditions.
Chemical composition of pottery may also be influenced by the weathering and
alteration during the long-term burial. Pottery from Gwangju showed the
abnormal enrichment of phosphorous in the pores, indicating the effects of
alteration. Although it may not have a significant influence on this provenance
study based on chemical analysis, a comprehensive study considering the
mineral and chemical compositions and the effects of burial environment should
be carried out to investigate the provenance of the pottery.

Conclusively, as mineral characteristics of pottery may reflect provenance and
phase transition during the firing processes, the mineralogical study of ancient
pottery can contribute to the investigation of provenance and firing

temperature.

key word : pottery, provenance, firing temperature, alteration during burial
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