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SUMMARY

Using X-ray diffraction, X-ray fluorescence and Mossbauer spectroscopy, we were
able to study the chemical ingredients, different kinds of oxidized iron, the atomic
value, and magnetic properties for 19 pieces of pottery which were found in 4
prehistoric sites from Gosan-ri, Sangmo-r1i, Gwakji-ri, and Samyang-dong on Jeju
island.

By the X-ray diffraction spectrum analysis We found a slight X-ray diffraction
peak which can differentiate goethite and hematite from the pottery samples in
Gosan-ri and Samyang-ri, but this X-ray diffraction peak was not found in the
pottery samples from Sangmo-ri and Gwakji—ri.

The main component of the 19 pieces of prehistoric pottery excavated from the
four areas of Jeju was silicate minerals like SiO: The results of the X-ray spectrum
indicated that all 19 samples of excavated pottery contain silicate as the main
component. By the X-ray spectrum We also found a diffraction peak of clay
minerals, containing quartz and feldspar, but not mullite or cristobalite. It indicated
the firing temperature of the pottery found was less than 800, C.

After the analysis of the X-ray Fluorescence, we found very little difference in the
chemical ingredients content and it shows that people made the pottery by using the
ingredients of the same quality from the same area and controling the ingredients of
the raw clay consistently. I think the slight difference of the chemical ingredients
contents and plasticity of the pottery is due to the amount of clay and the
reinforcing agents used in the mixing process. This mixing process could produce
some impurities and organisms could contaminate it and affect its plasticity. Also,

the analysis showed that the prehistoric pottery found in Jeju is not made of soil
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made of basalt which contained an iron inclusion of paleo soil minerals, but created
partly by raw clay made of neutral volcanic rocks like trachyte.

The pieces of prehistoric Jeju pottery were made of raw clay which contained
many Fe™ ions. Therefore the pottery color is mostly reddish brown. Also the
pottery was made by mixing clay, which contained a small amount of organisms, Fe,
Mg, K and so on, but a lot of SiO; which caused the clay to easily expand or bloat
when it was overheated during the process of kneading the clay and firing it.

The Mossbauer spectrum found that the Gosan-ri pottery’s isomer shift degree was
between 0.241 mm/s ~0.322 mm/s which showed us the atomic value of the iron
was Fe’ contained. While the Sangmo-r1i, Gwakji-ri and Samyang-dong pottery’s
isomer shift degree was between 0.167 mm/s ~0.293 mm/s and 0.840 mm/s ~ 1.063
mm/s which showed us the atomic value of the iron was Fe” and Fe’ contained.
The doublet due to the Fe® derived from a linear mineral like pyroxene, which
contained in basalt. The doublet resulting from Fe is derived from
superparamagnetism, goethite and structural iron.

And, the quadruple splitting degree obtained by the Maossbauer spectrum from
pieces of pottery in the four prehistoric sites were between 0.564 mm/s ~ 0.633 mm/s
at it's lowest and 2.432mm/s ~ 2.900mm/s at its highest. So it is concluded that there
is little difference in regard to the location of the excavation site. From this result,
the mineral composition in ferrihydrite was very similar to superparamagnetism
goethite and silicate clay minerals in a sample ore of excavated pottery in the four
prehistoric sites of Jeju island.

The magnetic hyperfine field strength of goethite and hematite from the Mossbauer
spectrum of prehistoric samples found in Jeju island was between 477.266 kOe -~
496.486 kOe and 500.181 kOe~ 510.525 kOe. The magnetic hyperfine field strength of
goethite and hematite contained in the pottery samples, was less than 505 kOe and

525 kOe obtained in magnetic hyperfine field strength of pure goethite and hematite.



The splitting of the inner magnetic order effects the magnetic hyperfine splitting. The
reason for the splitting of the inner magnetic order is due to the change of Fe’ in
the goethite lattice into the diamagnetic positive ions which contain Al

The iron( Fe™ and Fe™) in normal soils does not exist independently like an oxide,
but as material substituted for positive ions like Al” and Si" which have a similar
coordination number in the crystal structure of clay minerals. Therefore, when the
pottery from this type of clay is fired, it undergoes changes in crystal structure and,
as the result of it, the Fe ions also undergo changes in bonding.

The Gosan-1i pottery’s resonant absorption area of Fe” is 0% and the Sangmo-Ti,
Gwakji-ri, Samyang-dong pottery’s resonant absorption area of Fe¥ : Fe* is 6559
%~8746 % 1253 %~32.25 %.

The 19 pieces of pottery found in 4 different prehistoric sites of Jeju island were
made of the ingredients of the same quality from the same area and there is a very
little difference in the quality of pottery according to the chemical ingredients. The
difference in the quality of the pottery is due to the purity of Bisim as well as a
different ratio of Bisim and raw clay in the process of making the pottery. Even if
the pottery is produced by using the raw clay from the Jeju area, the different
qualities of pottery may also depend on where the people at the time got the Bisim
and how they used it. Therefore, the production of potteries in Jeju was influenced
by the methods used in the mainland and combined their own knowledge using the
materials from the geological environment of Jeju to produce the unique type of Jeju

pottery.
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Fig. 1. Origin of isomer shift.
(a) Electric monopole shifts nuclear energy levels without lifting the degeneracy.

(b) Mossbauer spectrum of isomer shift.
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2 3mi—II+1)

35
121-1) (35

_1 7
- 4 szeQ (].+ 3 )

2 %8 ¥ o (Gutlich, 1975).
olgb e 45 A HE A go] “Fe o] &3 9ol Fig. 20149 o] vehydt

ok “Feel 13} o17] FElt 23 FAF7E 3224 45T 5 G oAl o8] A

E,

m

rl

_4

7] FAFIE 2172, +3/290 F e FHE EEEI 23 1/290 71A dEHE A7)
AbE=AE BRIEZE gl7] wiie] A el olu 4552 a5 gl o3 F o+

el ey x| o]F A Aol=

AEQZJMZ/ Q(1+43£) 2 (36)
7} v, o] AE 4% A D (quadrupole splitting)©] g} o}

5, ZO|M| K7 B

AR A7) o) FFA mUE p= AAde] 2|4 471G ok FEAge] o

Zeeman& & oF7]3F olUX FHE BEEAIZIT

o

1ol A5 24 Hamiltonian H,<

Hr =—#-B=;g7g%"‘ﬁ I-B (37)

7} ¥m (Wertheim, 1971 ; Gutlich, 1975), o714 g2 #9] Lande’ % ¢ AH(nuclear

Lande’ splitting)©] t}.
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57Fe

Isomer Shift Quadrupole Splitting
(a)

S ofF
Z.
Qo
2 )
2 IS
=
Z 1 2
<
e 4Eq
B [
0
VELOCITY(mm/sec)

(b)

Fig. 2. Quadrupole splitting for a nucleus with spin I =3/2 in exited state(’’Fe).
(a) 1=3/2 level is split into two sublevels by electric quadrupole interaction.

(b) Mossbauer spectrum of quadrupole splitting.
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TFeel A 1A AUI=1/2, gy=g,=0.1808) T el PEAR LA, o]

N

FE([=3/2, gy=g,=—0.1033 )= 4/M9 FEA2 Aok w2 4,2 F

eh _

magneton®©|™ 1 2 4, = 3.1525x10 ~ '8 MeV/gausso|t}. o]7] A o= U4

E,,=—gnuyB m; (38)

~
i)

A,omps A7) GATRA —[< omy <IE UESE Ak 7H

]9} e o2& “Feoll HEAZIA HW Fig. 3 @AH 13 € Fe(=3/2)= 47
o REE AT uet AeE(=1/2)% 2749 BE9E EdE oy v wE A
ol AEE Am=0, +1S WH3F= 674wte] 7hsstv, Table 13 o] 77] 2+

Y FEAL wet 6749 Aelwe] bsdn Fig 3 (b 22 6749 IHFEAL

Zy dolel ddA Are 4554 L3 FAHA Clebsch-Gordan A2} &= 2]-%-&
vector coupling coefficientol] ¢]sle] A AW Table 1S o] &3] 38 Table 29 %
ol 67§92 y-4 Holé] Z} £xE 7 & Ut
AR o] Ao EAstE A7 ES 2 2ol oA TtalE Ao ofyet 3 F9E
E=E AAE 93k Aoltl. = microscopic electronic currentol] €%k Ao & o] Zu|A

#}7] 7 (magnetic hyperfine field) B .+
By= B.t B,y t B (39)
o} o] A 7} AEom FAHTh
A e a3 A4 @e sHAE Alolo) ARPBAGOE Fermidld HEAE

(contact interaction)< e H

B.= BTy S 1w P-11 207> (40
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otk o714 [+ @ (0)—| | T, (0)|2E 27 2wo] 4, sHapd wel sua Wmolt,

Table 1. Relative probability for a dipole 3/2, 1/2 transition.
(1) The Clebsch-Gordan coefficients (2) C* and B are the angular
independent and dependent terms arbitrarily normalized (3) Relative

intensities observed at 90°and 0°to the principle axis.

Magnetic spectra (M1) C C? H B =90° B=0°
e S m " (1) @ | @ 3) 3)
+3/2 |+1/2 |+1 1 3 |1+ cos® 3 6
v1/2 [+1/2 0| @/3"| 2 3 sin’# 4 0
-1/2 |+1/2 -1l /3] 1 |1+ cos 1 2
-3/2 |+1/2 |-2 0 0 0 0 0
+3/2 |-1/2 |+2 0 0 0 0 0
+1/2 | -1/2 gl +1Lof @QL3I? |1, 41+ cos™® 1 2
-1/2 |-1/2 Ou hatebiad) UiolveEr2 2 sin 4 0
-3/2 |-1/2 |-1 1 3 |1+ cos® 3 6
Quadrupole spectra(M1) C* H b= 90° =0
Transitions (2) (2) (3) (3)
£1/2 |[+£1/2 1 (2 + 3sin’® 5 2
£3/2 |[+£1/2 1|31 + cos™®) 5 2

F WA e Axpe] #A=AF(orbital current)el] ols] WA EHE= 27 F oy
— -1 41
Borb 2/'lN-L< 7/,3 > (41)

ol ®rh o7IM 2 A= WHAola L2 A= AEF eIt

A HA e Hxe] 2o g 23 25 H(dipole field) & 2 A

Bd,-pz—sz< JQL;LZ - ;%) (42)
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1
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2 _1
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1
— 1 Y )\ —-3
= +%
Isomer Magnetic Dipole
Shift Splitting
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~ 0k
AN
Z
S 3
7))
wn
=
) 2
z
o et 1
Sl
0
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(b)

Fig. 3. Magnetic hyperfine splitting for a nucleus with spin I =3/2 and I =1/2 state.
(a) The nuclear energy levels by magnetic hyperfine splitting.

(b) Méssbauer spectrum of magnetic hyperfine splitting.
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o] ®t}. oJ7|H S 23 ZeEFolm, ,o Axte 9 wWE ot WEAdn e

2A-A %= Aol gle olA o] &2 0ot

Table 2. Direction-dependent probability term H(J,m).

J =1 J =2
m = 0 1/ 2 sin’h 3/ 4 sin’f
m ==*1 1/4(1+ cos?h) 1/ 4 (cos™ + cos® 28)
m =z*2 - 1/ 4 (cos’® + sin® 28/4)
A Al 2o 7lodEE Mosshauer ¥Ae] Az Fxol e doy dwrHow

Fermifi% 45289 7wk 7b4 2k 4ol 246 glolq w5d 27] o534
= A9 gy) WEe ZRsaux s AR el U del
9 A7) 2554 4Eatgo] BA6 doju A A%l @

o
fot
S
o
rﬂ
o
-
o
-
rr
ol
2 Ho

olg]gt dutx el e A A9 Hamiltonian Hy <

Hyn = HQ + Hu (43)
2 FoRY. AV Hp, Huye 27z A7) 453 A7] 254 th$ Hamiltonian©]
=

7=0, 1/2%Q < guyH °1%8 (43)2e) oux n{HHL A7) 45549 IS
A7) A5 G A 1 AT EGE B 5 ] wEel 2 ooluA afge
ml Y QV 29—
E =~ gyuyH,+ (-1 " Y a (dcos 0=l (44)

of Hu, olul g Y uFT EF Abele] Zg vedth o)eld Ag-el Hel 33y
= AEge wEse W9 delA sbsshl |k

gl 4,5 A, jUA F5A Abolo] zpAele} g

=
2
w0
o
Q
o
(‘D
1>
1m
o
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Ay — Ao = % qQ(3 cos 20— 1) (45)
o] ®rh. meF (44)2 o A %equ — 0ol FAYSHHE  g=cos "Y(1/V3)  ol@
dp— A =00 Bk T3 o] e Table 33 2ol & Ei &9 @S A F e
d, ¥ @& 7HE ASE 13/2, +3/2 =11/2, +1/2>, 13/2, —3/2>=11/2, —1/2><
Aol oUA7 AEel ¢1S W Bt o 2A e g ¢ cos (1/V3)S BAE zte
dola, w9 #&e hE AT 13/2,43/2=11/2,+1/2>, 13/2, —3/2>=
11/2, —1/2>°  AeloluA7t AEol ¢& wWrt o A Jehdr] g
0 < cos L(1/V3) #BAES 7HAE Aol AFE M Mossbauer 2~ EF o] Lheh
A #r,

Table 3. The position of Mossbauer resonant absorption corresponding to six ¥
-ray transitions resulting of Fe 14.4keV level |3/2 M,> to ground

level | 1/2 M,>, where @& is the isomer shift.

Number Transition ( My—M, ) Position of resonance absorption line
1 -3/2—>-1/2 i+ Eg +1/2(3g +go)mwH
2 -1/2—->-1/2 i-FEo +1/2(C g -g )uwH
3 1/2—>-1/2 i-E -1/2C g +g wH
4 -1/2—> 1/2 i -Fo +1/2( g+ g uwH
5 1/2—> 1/2 i-Eo -1/2( g -go)wH
6 3/2—> 1/2 i+Ey -1/2(3g -go)inH
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Magnetic Dipole = Magnetic Dipole &
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(a)
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----- Magnetic Dipole Interaction only
—— Magnetic Dipole & Electric Quadrupole Interaction

(b)

Fig. 4. The nuclear energy levels and absorption peak position by magnetic dipole

interaction and quadrupole interaction.
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A= 3lg.l+g)unB (46)
7] A= Ehe] 2mAl A7l tial] AllA HEedew h5E u Fig. 44 #
AVFEEA B o8rs wol oux] =97t o] EE A "}l o] A= wAIMALE S

A mRlEd od 4G AUA EF o FH RelA vhebuh
olsh o] 2l A7H RAL Dot el ZeemankiH el PRl o)
u, sjo] URAge thew g

B == w0 1P 1 1 w0 | -2 )
_#N<A‘h(7§5. 7’) _%>

AN L& A% ZeEFolth 9 Ao AA G AL o|FA Fe sHA oF

go A7) AE 2eEFA Al A=AR A% 47)

B, Mosshausr AT ERO| somputer Fitting

N

A2 S YERU = ferrite &Aoo tidt Mossbauer ~HEHL 7 o 6248 7}
X Zeeman 2 2 ER S FHOoR FAH dom o|AS #A5HY] f& F 29 6
WA Lorentziand @2 AEg & A4 AW FAFE Zz=ad osto] ALkei
olmf A7 AT Aol Al A FZEGel Hlgte] ] A4S wd A5
£ st

624 JN7lel AFAA Dopplerdg: poll -5+ 6249 iHA peakoll Al¢ H+=
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countF N(p)& THe Ao 7&d F Ak
N(v) = N(0) — zA L0 (48)
exp/2
1714 N(o0)i= baseline®] ¥olelvl, A’ o), I, = 44 M4 peake] 4k, 9
2, AZolt}, o]x] (4R)A e E EHHE AL baseline, 4=, 9%, AZS wi7iHF2 3
= global 17 p= AFsAl AdEste] g A& HA2E = A2 ASYS o] &3]
=4 2HERy) o)

£ ax

= 35 Wils(R)— Nk, p))’ (49)

4714 (k)= kA channelel Al5%+= dataTol3, Mk, p)= k¥ A channelo] o
SHE HX (koA @)A e mg gelth. 28l W yw(k) ke WEkEe] e
] weighting €1}t 3o},

ol

a7 se gEe Avsgd,

il
o

ol g3te] ztzhe] o

rlo

t}

dlo

Z7A3s}o A Mossbauer 2~FHEH o] FA 2]

&

vy=0+AE,+1/2(3g.+ g)1nB
h=0—AdEy,+1/2(g.+ g, unB
vo=0—AdE¢+1/2(g,— g)urB
vi=0—AdEq—1/2(g,~ g 1B (50)
vo=0—AdE¢—1/2(g,+ g, urB

=0+ 4E,—1/2(3g.+ g)pnB

2
A
X
LS

. = #°l Lande’ 4 A nuclear Lande’ splitting)e] 714 €&, g,= ©17]

Ao AFEY Hoko] Wil ZeemanidS Kol AdFHER &3 NS
Holx 2dEY 4532 Bd ~"ded oz RIS fittingdtgth. WA Zeemandd
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X-7Adol ZA e el e Abdkd w dAke] A AQl Wil o A AYS

ARTzI} dEAAd dx Fo mA o AmolA FAo] nel X-Ho] AAW <A}a}
°f m4 e don 2312 Bragg WA o3

nA=2d " sinf (53)
ojth. 7|4 p& REAMAIFOIH, o] e AT WEe| o) sbddE F fe] X-A A}
ole] Amate] s YAt Mol wpae] Fop e Folth gL A dE B

%o W Aol Aol g Aele] AW £ o] WFowNE YAsHE XA Ate]

AU

o ztmolt). o] A4 AR 2, g ol 28] AAe] ol p = 1,2, .50 04
= ofel el AT g, g, 0, .. 50l tehdth we WA ZHEE 547
20t AT = X-Hah Rase X4 Abole] Zholth, 919 AL oAl How

S — sing < 1 1

OJBE 1 24 ’% BAES wEIIo

g 9ol pol A F U g A e lojmw ool B3E 2970 3
do] adojw 24L& e} 2
A< 2d’ (55)

olml d=d ’[neta ¥, nAa WARE Zbe doe] F W2 (wh, nk, n)BANME] 1
04

A WAL 7hEE B, Bragg WA S the b o] et
A = 2dsiné (56)
aela g P OF AW (4, k) B ARAESE o, 2Ea AW 2] A
del A=
_ 2 2 2
;}5 E ihj—’fi&az (57)
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2 @olm, 34 X-A BEE Nigl 2Ae] ¥84% golAtd AR 25% o]yl

o2 g2 X-A 8 £4ddA 33 XA Aes FAET(E S, 2000).

33, mHewRE Ao so Ao o) ofF e Fom H RuALE s |
A g B Ada

I‘I I
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7T 7%
74 ,///j‘//ﬁe/f 77
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Fig. 5. The generation of primary fluorescence.
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Fong = Ctuad (61)
sin ¢;
GF X-AH WEIA = F,; =Ffaxxfarw;, (62)
o] 7] A = 9a e AFES(mass fraction)o]iL, : /10% A2 9 BASFAF
(mass photoelectric absorption coefficient)o]th. (62)219] £, 5 54 A= H=7E o

719 sgol

=

fae 574 Adine)ol o719 AAA =] A<D (series)Qtoll A WEd &

293 g f 8% XAl A5 olthcE Sl g, H0 $%9 FEL

Fi g, =fx*fg X0k, (63)

N

b €. foe BE &5 9 U A absorption jump factor)® WERHEE FFHAA 42
ETFAF U TREEYH 78 F o Faunt 25 & oluAdAY FFAF
&

of =3 AL Ul F5A5e mz AelArh ool weh g e 2o X3

fo— 2L (64)
K r
K
w0 g4 9P X He RE Wgow WEHLE A%/% 94T BE 0 jix

w54 PAEel FAUL gRlA ARE Helds] A ANA HE fEAY

fcscd, o OF FHE AARL oF Al A AR Tedt o] mAHT



toat Q, sing;
exp ( sin ¢, )47r sing,

A7V p = B3 E Q004 ARG FTE AR el AFE gL

A GAE EF adds o, Fes gelsd 3 4 8 7R AR el ofs 2§t

1 2,
dPt,i,f:I/lo Cz/"z /le fsm¢ 471. eXD(—# t)dt (66)

AN i FEFFATFEAN 5 2ol AoH

Ame $AE F@s FAGT A4 W 6604 =0 FHAAA 4rau

2,4 1 Citt ia,

of F B 45 G2 Aels

A AdEs TR ARSAM A o dAF FRFEE o AR R

CLu,
P = G.C, [ R g (70)
, o
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Fig. 6. The generation of secondary fluorescence.
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7} €t Fig. 6298 gl &9 Fuah gy Ak 14 934 =
P
il exp(— 5 ,, v)2ruducos a
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(73)
ol gulA FE 12 FH X-Ad

Py dt
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4 Stk 727(1,‘1—1,‘2) 9] :7“1_&
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= Aystd
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1
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7} #r.

was FAe Amel tal g7 g0l Wel 244 0ol Fadka AR F
o Az AL (7947 B

_30_



Q4 H1aH24, 1

_ 1 o
SZl.fz_ 2 I/loCICZF l,le 2,/ 471- Sin¢7 7 5.4y Y Y L (7 )
sing; sing,
A7 L& vad #Zo] Fojxin
. S, 4 ¥ s 3
L=y B 1y, SIby gy Pad 1 (79)
M52, Sll’l¢l‘ M s, 45, M s, 2y, Sln¢r M s, 4y,
wek 9% 1o 24 94e Yoy F Ak 134 Fgol o AT oo gg wE
#eES fsl Folof gk = ()2 % 1A FFe (7004 e WHoR X-AH Ak
o tiaf AEs]Folok A 5, 2000).

_31_



HEs Maprld = 22 2 Al22] H4

H .
TH mﬂ \Dr @ £ m.o e X OC —~
e o B ok N m T T
ilijwuff;iﬁf;
g T 40k I R T T
—_ .= = = = " —

s g5 ® L ET @;mivacﬂmﬁm_w%

2 o owm zoﬁﬂgogq_ﬂlqaxo
z%xai;7ﬂ‘J%Lgﬁyamﬂ%

i °F O o Sk B <° Moo CRCY
iR o T S N T R
ﬁooﬂ1e1ﬁgi A S O -
TGS o Mo R W iy % B oW K °
6! o m_rm g M = ® I uﬂo ™ mm lw T of g T = o
g %@%mﬂﬂévuﬂﬂy zﬂﬂumﬂ% g
s o T e ~ ® o oo 2 MR e
A AN A 4 T ow N o ow oy 2
g B W M SR o om T © T o
‘.:1_ o < Lt = o ,W.L M_AIL AL ° ﬁ OW nwr o o d.ﬁ ﬂ Zo ZT

N o o ge O 2 S = ™
W <™y R R No ™
o AR G- o o Al = Moz o P oo 2w M i

AR _ T o=l X oz <
KT O oy wom mo RO 5w o o N ey TR it} mﬁ "
PR I T B Rk o L F BT ox e N
QL%M¢0347§4 = 0 o= = o
EI R m__ i A9 % N M Mw w2 M % m._ﬂ o W

X 0 | ut - 15 = =
mgov%uﬂﬁmﬁwzngiwqﬁf@1%Lmzﬂ
o *E Mg =TT gt o T QT T ow
ﬂzﬂﬂﬂaﬂuﬁﬁw% NI B
E%%ﬂ&ﬂﬂ% =P BN agZ o
ﬂmm%@ﬂm;ﬁos w B ﬂw_ﬁwﬂmaLﬂﬂ
= Lo @E - ir gy Ko P e W A o oF R

— ) 0 n —_ T — o_U”
< ook o ~ S T R
—_ R . T e B o (- n o
< ogr o e XTOX Do = me ol An X oF Ml o| °
X _ o W T W B o oo 1 & # o M ™ wﬁ AL Mrmo <A
— 9 W o N = ol el — X X -
< ® oo - Iy H < 3 o mr i N T E Y
~ i ~N N - X - X g ~ w E - N
oo P < = SR Ty ¥ X
ot N oz N xS AR B ~ o X = W
N TR ok W, ® W B P X W oT T T o = ® W .
ﬂ?@%ﬂ%%%%%ﬁ%ﬂﬁa @u%_cﬂﬂ

® B o W ok ~ _ i Uﬁ oy bR WE ol WX W m-r;

k) Of ~ ZT et ~ »QI ﬂ —_— »AO
| X_! Enﬂ Lf m.u.—o 1 s k3 Lt .

AR AA AGE Fig. 791 heRRITh
- 32 -

A% AR



‘puers| nfor Jo o31s o3e ouoysiyald oy pue ojdwes L1o110d Jo aus oy 7 31

“apdwes A1a110d jo 211s ay L @
wy ng ot L]
‘puelsy nlfar jo 211s a8e suosiygaad o W
OpPEIEy o
opeilery Oy

o | I T L O T LI DILBURS

._.._lu_c_umi._.: ATy |
(EEIE LR

11— Hunangig N - senon
Hduap - fusimeg

- u_-_._u.__n_.h._”m.

_u_u__.u.ﬂu

11 - O 3y D]

Ao-nfar AT

apring DD

UOp - Wepdun
L1- Buoa A B L A

_33_



P 1 5 AT MR Adsie Al

ahe}, weA

S

Aol 7k Al

S

HFEMANAIO FHA U 24 A2e 55

AFes e 1950 me] ghet

Z.

ekl WHoR A5

3

I T I %?
diool g m o e o5 " s -
wo Mo T oo X oz X g
A N . o w
A woE — B
E T H ooy Y = 7 2 ol mﬁ_
ZE3rEE izcT 22
o o el g T 3 -
i CH G ! eI T
ki X - %,_ o %_. & op ) wo © T w
LT lx TES P L &
ol R ~y 0 o= N ~ O~ &= o1 =
n = S
E%ﬂﬂ%ﬂ%% W0 e R
Mflm ] Mo % ! W — < b © T . T
1__/l T | %o it T o e N w#
o W X BT @l - o oj D om o= =
,_W KR ‘M.U A(WM W _ = ‘U| \NL J)Alo ﬂ 2q Mv_,_
KR o kg 24 ook w T 5 W E o ~
A A 5 SHERE -
R TR B TR g F e BTN
R TG A TR T
o E o & M 5 T oo Yo
SofzEiim o BrEIsT
my 5 o - 0 S o = o
° ﬂ G I I i w § U % o
ol H_MT JJ N ) ofpy = 115 M ) e ,@ of o
3 o X W X 3 A|m
B Nfo WX oy, e z N o g,
o) wu oo > T o wf o M - ¥ &
B - B < X T3 T oow
I N g R Fow T xR W F
L E H R oF M%Mw_ﬂﬁm
o 5 Fom P ox R E g F
Gy g er e Z Azaa s
) n\l/ il Ny vl ) o T o
s E @ e = ™ W 7R R oy
N E R Z o5 ow AR = N- oF o < ©oF b
ci ~ 50 ¥ 0 . MA_I — NE _ X _,i _
¥ L A N X = o [ s
T+ M E N T T T > = e

E7]¢]

fLE

=

|71 =

T, shatAlel dAdl, §7]
A A

76,0006 ©]

Al
-
gl

2

K719 7
N719 7%
_34_

}

°
pil

=

R

A, FrEAe 9

£

AR Hol AAZ|AY 719 o

3, vl A719)

=
T



EJE‘]IL--I' Iy

& Vi Halla

T

Laea, Ey

'_'|

A71= w714 71sF 49 A717F 2RENLY, BV =

&
TEZIFUIAMSCER), A2 EZ7IPHSCEEE ol & 5 Ak



], ZFRHZe A% FARFHATE o] FHo WIS Ay|o] FA, vhAl A7) FAl 3t
Edo o A7) AR 4y, kA Adl, §71E EV] EAR Hol AN/AY
2 AAshal ATHE AT, 1993).
o] FAAA WEH BEVH F 2 AFoAes §7IREH B dAFEEV|AE &
A o em itk A AFEE E7[He FAAE 0.6em W - 9ol BV W
EE L BT HEAZA FAAS wi 9on, BV QHEHe offdl x4 £
gtk 71 ¥ E7]1(Fig. 9, GS1, GS2)¢ HEE vAd 27t 49 HeEdax FHde
2 dare] BAAZE AL Rolx ko JAFEET](Fig. 9, GS3, GS4)E 7t =9
oy A& Z7] 2 AL Yol A4 3 EFo] Holu gtk oL wiE Fo| S
A EV)E "ol 87 A3 AXAZ w1 Abo] R FRe] delues s w9 F
M B7E & 4 A5IAY AUXA Sd=E A4S HolFr] A% BAAR ALEE
thal Boej it

Fig. 9. The shape of Gosan-ri pottery.

_36_



1985 & o] FHE FHAFT

oh
400m Aol 912 gt th(Fig. 10). sibS wel Z2A P4 = o
5 100m, &4 150mel o] &t

i Sangmo-ri
¥ prehistoric site.

ean ok

EJt'jLI -y

& Mi.Halla

Seppwipo-cily

Fig. 10. The location of Sangmo-ri prehistoric site.

_37_



23}

=

1

=]
=

t}.
I} 11 &=

o]
PR

=

o

al
iy

fLE

]_

5|
=g

ok

12}

Z

ArE A3 o el
27)e] 7t

3ATR o] AT UF Zow

1
.

oo
1
DA 2

?_

=

o] velxton, DA

L

Ju

=

}

ey
s}

=
FLN

—;I':]—’_’

S

1590t

st 270 9

S
o

AA 72
BAT, AT Ad RelFE CAT, 2A%A

=

7] <]

R

fu

o]

=

1988
A7
9%
=

=

o

E7]

3|
]

‘Z#O
syl

N

o

B

)
Hr
N

"
oF
)

il

o
A

-

AFEe) o A el M ]l L

olue} 7}

L

Ju

THEY

141

7

E

1

]

15

Aus
pES

L
Ju

o] Aol A L

AFmo Ao &

o

TR

1Al E7]elA ®} g

R

o] Y& E7]olt} 1, 294 E7)

E7]olt} 2vHA
, 34l BV &=

| A w4 wE, Fobrtbe

°

71827 A

wr

A
il

EVE A

.
>4

9] 7]
3=

_’_6
l &

=

=

M B. C 100d =

©

Y

AFEe] MRy g

0.5em Ul - 9]e]al 3%

Skt ol

1
.

=1
-

L

R

A 7ol A
7

R
-

O
=

_04

= h
A

1l

3

b:

=
K3

gl

A

Ay

%7 Atel FRE7

J
] ar ATH(AIF 5=, 1990).
Faek =71

8

©

To® Ho}
S ABE A
A AA

=

Al
2l

of FAA A H=H EV
E714

9/]
=)

B

T BojA] =

)

R
olo

BAANZ A

E
=

_38_

SHA Holm &7

S

78ol7k §

o}

=



aMl sM2 SM3 sM4 S5

0 1 2 34 Hem

et

Fig. 11. The shape of Sangmo-ri pottery.

3) #AA e FAAG} FTE BV

d

ZA g 2AFEA FHL vk ddie] 4 1Km, ¥ 05~0.8Kme] iz, &% 30~40m
o Y& g4 e 91xst . Ith(Fig. 12). o] #4& 19730 o] e ol
o] Fol i, HF HAST FAZ 1 m o4 HH 2 AHE vwA We Bk ol
ool 271 27 Ade FHEHEY] £33l W AFdAME ud - 24 AY
=27, 719k Fol ®ela glo] Tl (Bl AA FEFo] HAHY dees & 5 3
=3

o] FAANAN FEY EVFE FE EVHS0 F
B9 eV ¥ fdom FERAT. Aol HEC A - AR - 244 gl =
BAANZ ALEF Folz] o]l EV7b Qld, Folrtel A
Folrte] A FEFA EFH F kA FFo] Ark wkA IWMAMETE F3] A4

=

ZE5 ] A A A o] FFe] EV7F 53] deHols As dH T

ofN
tlo

O]‘?‘.—ﬂ. o].‘:[ﬂ ZX] D]U‘/]

_Bi
N
M
x
>,
o
T
oft
m
)
fo
ot
il

N _|
N



i-.ll.'“ju-l:“il.:r

Gwakii-ri

& ML Halla

¥ 'iflh'.'."lliji—ri

3 . I'a 1 ri
"«'}:'Lf-hna!&m“is'th

E !

woprbey] e AR 49 EVEY FdeA Kot vE AAY Be=E =
T Zlol7h a1, FFSHA ol HItYPom ofsfEtt. 1R T I AR E7
o fiREo] 05~0.7cm AEAH H&E, 1.0~1.lecm7} REoZ t}&o UevE Az
A 14 BV FAARG BT o] FAAA wEE = - skFe] EV7F Az

°of AT AolE Holxu oy FIEAL EVVF FEHA Fi UAFSE Hol §4

_40_



59

S5

E7] A Vles &

A =&

p
R

o Az BAAE &S eI ud

)=]
T

fu
R

oz wFol wel AFEY FE E7]

wol o EgE sole JAT

fu
R

Fredol e

A 14 B71& oo

Eus
0

24

o) %2 3

o oheh, 2t Al7lvht P

e olw & Aol

&

212 BV =2

= 3
RN

-l

1.2~1.5cmo]

pu
R

oAt A

o, & &7ol=

T
A=

A A7) = LB sk

X A XS

Gl

[

GJ3

G2

(]

SCH

A

¢ 1 2 3

Fig. 13. The shape of Gwakji-ri pottery.

713, 54 1.2~1.5Km, ¥& 05~

He gAE
7k 7]

bol digrgl vheol

S

. B
g A%

14 14)7)

fe)
e

=
=

0.6Km %<l 100,000m* =9 ® ¢

i Avk(Fig. 14).

_41_



[ ]
Samvsg g

4& Mt Halla

SremEwipo-ciny

| fAolAE wrel A, Bad, 44 FEdEs], 4849 $Ae4 279

dEEA AN E7], EFlEY] §9 BN EHJT =3 =4, 3

, &4, A7, = W, e s g3 2w, 7, oA 59

Hukrh wEE U o] FAANA wHH FTo}

_42_



of FEEVIZE olojA W= AZIE v g2 A7l 2AA d4E Aer B
K

a] A=
e FE MY EE AHgsa gk FoaA AvlE $44 93
5! %

Aelth Al WA AZIE AT AENE/S FFEAEI L Fukste Adw o v
of slgshs E717F AE GA0A g el HEE Aom Hol of WA A
G0l A1 oimel rhee YAAE Aow walth v WA A7 AEEa )

b FE o3 glov AR A E71% ANAYES| L FelHE A7]ol o]e

A7 T (A 521, 2001).
of FAANA L= EVjE T & Aol HEC dE BAFAS] TR Y

A B4l weh AYE BV PREE E9e Al ASSAT. el A8

U7t gl 12 HEH HAEoR FAE 07 cem ~08 cm ol &

\=
ar T
We AR AgH nud #e Aved mel 9Bl Heln E7] HHe w4

aY1 5Y2 5Y3 5Y4 5Y5
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sto] A ZelR L, HAe o]fH X AL " AAATFLA(USGS)A A A 2FeE =5 A&



Jd EFE EF 12/ B0 AHHE MBH #4148 #d 54 12901, o] AR5
shet Ao HeVE dAHo JemE O MeE G477
AlokE o] &dtel 950 TellA 30 ol 7hdstel Al#tek 15709 = AlHE AHE-3H

o,

3) Mosshauer =2 EH H A
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Fig. 16. Block diagram of Mossbauer spectrometer system.
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Fig. 17. The X-ray diffraction spectra of Gosan-ri pottery.
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Fig. 18. The X-ray diffraction spectra of Sangmo-1i pottery.
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Fig. 19. The X-ray diffraction spectra of Gwakji-11 pottery
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Fig. 20. The X-ray diffraction spectra of Samyang-dong pottery.
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ZUolEE RERYEZYNE FFE(MmAY)e]l ==d, o3 800T ~900T 7+A]
H LA Qb sy Zhdo] FRAl Fow v 3 Adtste] A AEH R Eopiith 1y
1,000°C 7h7ke] =W, EelolE, AgrEwEtolE, 23] W(spinel) & L&A (EH

WAL ¥ Y AFGREER, glass phase)o] A HAT) o5& VR HA Forg A

i
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)

AeeE A T AR E 5 ATHE, 1983).

Glass(1945)= ZAA s/ 24 71&dYolEE 1,000CAdA v-EFvvurt 4=, &
o] EE 1250TCoA A= AgsEdetoExs 1,300C7 wojof AFHAT 349
a1, Wahl(1962)> Mg, Fe, Pb, Ca & &wE0] &% dfHo] ol u2dAHA e ¥
o dFS Fu, 95Tl Ld A FA 13 el EVE 4w A, 1,200l A
= 24 BElolEVF FAE L 1250CoAE AuaEdalo]lEe 33 3 HdHS Ho &=

o{l

o
0%
Lo
Hﬂ

2R AFE ) Adeld w2E AAAY BE g 2L Fad
#Zo] FAToIM, FEFEN 44 5o PAE Yeta o), FepolEsg)

a
EdgelE ol 9% IAMS AFHA Fau Juk wEA olE BV 24

2. -4 HE 24

D AF= A 2719 3hstzA]

ATEE T2 249 A371E Feho] M (Pliocene) 25 Al47]  ZEho] ~EA|
(Pleistocene)dll A dojt itgso 2sle] AAHA AHozH 3kt Wele thake
Fe 3}§t&=o] 2= Qla, o] AE&S Al 53 w72 B Ao st d¢
= = W ooty AF 3
A fralEol EX of 70 %v AIFAA I ES 5SS 7HA k. webs d
ool Fstd #ZEH 11 Ek(paleo soi)d BAAZ 290 dFLE BRYLPolE o] &
o] Az A FEe] 47) A Gl AHE 19749 AAAY BE7|H ] st =4S Lo}
B 9 X-A ¥% B 9 a 1 AE Table 4, 5, 6, 7] YER 2T

=
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Table 4. Chemical composition of Gosan-ri pottery.

* FepyOsz @ Total Fe

#x L.OI : Loss on Ignition

(Unit : wt%)

Sample Gosan-11 pottery
Component GS1 GS2 GS3 GS4
Si0s 63.77 64.71 51.59 50.28
AlOs3 17.37 17.49 20.85 21.38
*FesOs3 522 4.78 11.49 12.40
MnO 0.05 0.05 0.06 0.12
CaO 1.10 1.14 2.21 1.36
MgO 0.30 0.39 1.03 1.49
K20 2.84 291 2.04 1.68
NazO 1.05 1.11 2.06 1.43
P20Os 0.13 0.20 1.1 0.55
TiO 0.79 0.76 2.18 2.10
xx[.0.1 7.98 7.29 5.40 7.26
Total 100.61 100.85 100.02 100.05
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Table 5. Chemical composition of Sangmo-ri pottery.
* FesOs @ Total Fe #% [.OI : Loss on Ignition

(Unit : wt%)

Sample Sangmo-ri pottery
Components SM1 SM2 SM3 SM4 SMb5
Si0. 58.82 56.26 61.70 60.96 56.72
AlO3 15.76 16.79 14.79 15.83 16.00
*Fes03 8.05 741 712 7.25 8.42
MnO 0.06 0.06 0.06 0.06 0.04
Ca0O 3.11 3.21 2.74 2.36 2.17
MgO 2.74 2.72 2.99 2.31 1.69
K20 1.52 1.53 1.83 1.94 1.53
NaxO 1.71 1.82 1.90 1.66 1.42
P20s 0.25 0.25 0.18 0.19 0.23
TiO; 1.39 1.59 1.61 141 1.68
#xx[.0.1 5.92 7.67 4.78 5.80 10.24
Total 99.34 99.27 99.01 99.77 100.14
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Table 6. Chemical composition of Gwakji-ri pottery.
* FesOs @ Total Fe #% [.OI : Loss on Ignition

(Unit : wt%)

Sample Gwakji-11 pottery

Components GJ1 GJ2 GJ3 GJ4 GJ5
Si0. 58.43 61.66 59.21 61.86 58.54
Al:03 13.62 18.39 15.32 17.21 14.52
*FesO3 8.77 6.68 6.99 573 8.76
MnO 0.10 0.06 0.06 0.04 0.80
CaO 3.95 2.88 442 277 3.84
MgO 10.07 2.64 2.78 1.97 2.83
KO 1.32 1.87 1.72 2.14 1.91
NaxO 1.08 1.76 1.79 1.87 1.86
P205 0.12 0.24 0.42 0.67 0.38
TiOy 1.29 1.70 1.46 1.53 1.58
#x] 0.1 0.50 0.80 543 4.06 4.31
Total 99.23 98.68 99.60 99.86 99.33
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Table 7. Chemical composition of Gwakji-ri pottery.
* FesOs @ Total Fe #% [.OI : Loss on Ignition

(Unit : wt%)

Sample Samyang—dong pottery
Components SY1 SY2 SY3 SY4 SY5
Si0. 56.39 51.52 58.12 53.27 55.63
AlO3 19.38 18.46 19.24 19.51 18.90
*Fes03 5.96 9.07 8.36 7.76 9.83
MnO 0.04 0.06 0.02 0.02 0.05
Ca0O 2.45 3.15 2.74 2.14 2.01
MgO 1.66 2.26 2.39 2.48 1.63
K20 1.49 1.65 1.96 2.97 1.60
NaxO 1.30 1.72 1.87 1.76 1.87
P2Os 4.56 3.57 2.30 2.43 5.28
TiO» 1.75 2.23 1.61 1.65 2.04
#xx[.0.1 5.14 6.67 4.82 5.81 4.07
Total 100.12 100.38 103.43 99.83 102.91
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Table 4, 5, 6, 75 Sl B AF%= HAAAN E7]H ARl we} 3134 E 9
gheko]l & zbolE Holx| Fa Ut o= FYUI A FoA LA dEES AMESH
of HES A& 2d& dAHA A, EVIE Aot Boxe=d E7|E A
s wel 243 AolE Kol AL EVIE AFete HAoA HES BAANE
E3et= Aolo] Wt BEEH F71E ol A PR FEFe] ofdrt

ATl A7) A Foll A AHE 1970 HAAAI E7]|He] X-d F3 A4S &
gk 3}8lA E-S Shin and Tavernier(1988)¢} Song and Yoo(1991)2] <o A ¥r3l
AFE sikslEol Aidd vud u 4 E7]He Si0; &S 4860 wt% ~
63.77 wt%®= UElY d71Ad dFSol F EAQ A E S Si0: i 22.00 wt%
~ 43.00 wt%oll Hld] Z & Holi vt g AlLO; FEF 1479 wt% ~
21.35 wt% 2 33 E o] 2670 wt% ~ 34.09 wt%e vl B u @G F£XE H
A3, FexO3 $FS 478 wt% ~ 1240 wtx= sF3 &9 1015 wt% ~ 16.81
wt2e ot Hlas] & o vbAl 24 H Qi

(1997 0] AF FHFHol thE Aol w3 AFE= ZFEHO SO, I 59.86
wt% ~ 6359 wt%, AlOs; g 14.77 wt% ~1852 wt%, Fe:O; & 6.34 wt% ~
8.03 wt# 4 E7]¢ st Hlwd o= SiOr I AlbOs S Ml =8t
ROt FeO3 3HFe HA#S ko, Haughs =4 £45H A

Eh AFEe w34 wFTE B AAX = Ad Ao FEEV]e ek
(5, 1993)# %= Hlwst T A oAH, sF AW FiE E7]Y SO, #dEe
54.19 wt% ~ 7475 wt%ZE, ALO; &2 11.31 wt% ~ 2295 wt%=Z, Fe:O3 &%
& 281 wt% ~ 558 wt%® A Qth ol F FIA EWH AFE HAAAD E
7] Al59] FeOs ko] wi-¢- =kal Si0p &2 ko™, ALOs &2 v =3/
A H AT

o]e] HEo|A Shin and Tavernier(1988)¢} Song and Yoo(1991)7} A% 3}
AFBEo] gk Aol A EHEl FeOz &aFol Hlal & AFolA AH&E 47 Ao E
H FexO3 o] wl¢ w2 A Si0, 52 =3 AlLO; o] 2o A

e}
&
se 2HT W U AY BVls 2ddd 22 T4 el d FEHoer A4



d #ZEHE, 1995 mEE o s Abgsto]l AFREASES & ¢ dvh e A

o] &2l Si9t Alo]l 47) A HAAIAY E7|H AlZo BT o] TFgHHo 9SS &

T A, A4 o)<l Tigk Mne] e 53] i, = CaO ko] Swt% o]t
2 @A Eo 47 A AAAY E7]E= B4 3 d #E(Maniatis 5, 1981)5 o] &3}
of A=At o A}

AEE 9 E7/A/FE wE d #F YA (colourant) 2+ 715, Fe, Mn, Ti, Co
5ol o, Table 4, 5, 6, 72 F3|A B AFE HAAY E7]H A5 o]
of Z& AAAE A FIVES AQdsA tE A2 v Fo] FfrHo] oen=

=d, A=A, 14

K718 A Fhwl we Er19 Mo A9Anty B 5 9
N g o] Fe''ol&el Aol glom Hsolut FAASe]wL, AH A (magnetite),
siderite 57 %ol Feol o] EFHW B MAFolth 1 ; F/RS 1 G
sspgelol met M, S4, g So AxE wolth E/Ave 3 3 HE
o Qe gHgont, HAtadHt B/9e aAUA FHAT. f712e A4S
Aol AEel LeHol AW AE AHWA Axwo] QoA F1E ¢

gk A= 900C ol Al o] F o Z T (Goffer, Z., 1980).

A

¢
ut

o] e %
o2 Uehn Qi Ao wel, AWA, FWA B3} o] Fe¥ o] Lo @eol 49
5o Mo MgEoz Nn FUY) R A4S AAE

gl
< Wal 3= Aol tF-Eolu, Bl wEh Mol g AolE Hole AL E

HA =7 o] WAHAY Matel 2ozt et AztA

I

2) AFE AAAI E7]e] et E Ak v
2&S olgstel nAAS WP AMEE 6] EVE AHT 9 =719 H
Eoll 29¥ SiO29F ALOse] A1 FaFulel] weh B nAgdHd dFE T
) o]

Add. webA AFE AAAY E718e diste] X-Ad dFEHes 4
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F% AER Foizl 7 B@Te FES 72 FF JNES 1 HFT BT
2 ouel BAFHGTEIDE wRlch 2z sgEe] BAgEu FolA SO,
ALOze] #A5HE A9sta, 1WA Fe0s MnO, CaO, MgO, K:0, Na:O, P.Os,
TiOz9] A1 Fakstel RO, #AFH R A3, Si0x9h RxOyel #2p51]

i)

5 ALO3® EAFHIE Yol A Si029F ROyel A9l EAFHE x, yFol Hl

o (%4, 1988)8to] Fig. 21l LFEF AT
Fig. 2194 3329 B4 vy} BSo] wo] g45= ()W wao=
ZHA W olE EEEo] dFe ZE&AWSADE FEey] wEel A kER)
o} Fe1d3 2xvt wolxlth, 23 By EEol #ol did FAHEE 1,000T
oA g gt AFE I, 1250C7F HW o Fol g Ant F4% 72U 1,25
Yol i 1,800C7 oAM= Fdstrt dojyr gk

A= vk B3 e HEC AN HE&E SRR ofR QA F3Ado] Eo
Aol Aol Fojxth, spekE el Ak HlolA SiO7F BolAl= )W WEgFew o
obd g ol Ztai A BEZF HStA B E A HE " (bloating) @ o] U
Wl A9 Sioh AP Foldtd HEZE 2249 b 49 £5& HHFER
HpEh A A R, ot Vg S aded YUt n el e e

2
A e yrolxTh(H, 1988)1 H4lth.

E71 Algde X-A 3" BEAdAR SO,

kol wrh

e A A AAAH BV EeEdd o3 ARy ddd e FE
H dde AAN Si0, o] gormw wdo] Hu EZL AshA BFHEAY H
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Fig. 21. The Chemistry ingredient of Jeju island pottery.
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3. Mogsbauer AT EER S&

Massbauer A~HEZHE 3Ast=d ZR3 w& v g (parameter) 52 1 S.(Isomer
Shift), Q. S.(Quadruple Splitting), Hn(Magnetic Hyperfine Splitting)©]t}. Massbauer 2=
AET EAHE 1l BE779 40 AEAIZAS w ol getrge] Holes d8A
Eo] A&, temperingol] &gt HIFAQ] A, 2z 9kl F9-HHGrangas T,
1971)a2 Badul gtk

AT 470 A9 AAAIY FAA A TaE AHE 19709 E7E Algel i)
Mossbauer el ofs Yebd o]F 3 §FAS A8 E487] 913 Lorentzian 3

=
M

ZHE B4 AFE 47 AGoA] g=E 19709 E71H Az tha] A2 (300K)l A
=43k Mossbauer spectrum= Fig. 22, 23, 24, 25°] YEFH AL, Lorentzian $HFE 9|
AASH O R GE3F Mossbauer parametergt s Table 5, 6, 7, 8o YEHIATH

D oA ol

JHAA O FFe EFAY & 0014 olBgoE EEBA AAHe] U
gomd ool Axshy seagdel(oledd, THADS BAUL ol AFY

S Fe'= 07~1.4 m/s, Fe’'= 01~05 m/sS Ho|lx FH2A3 e uo]= Fe*', Fe’
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Fig. 22. The Mossbauer spectra of Gosan-ri pottery.
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Fig. 23. The Mossbauer spectra of Sangmo-r11 pottery.
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Fig. 24. The Mossbauer spectra of Gwakji-11 pottery.
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Fig. 25. The Mossbauer spectra of Samyang-dong pottery.
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Table 8 Msassbauer parameters of Gosan-ri  pottery.

Sample Gosan-ri pottery
Components GS1 GS2 GS3 GS4
L S.(mm/s) 0.315 0.305 0.320 0.322
Fe®" doublet
D1 Q. S.(mm/s) 1.749 1.960 1.753 1751
R. A.(%) 11.44 5.80 3.20 1.86
I S.(mm/s) 0.292 0.279 0.301 0.291
Fe®' doublet
(D2} Q. S.(mm/s) 0.877 0.895 0.804 0.994
R. A.(%) 8.34 15.73 30.72 20.69
L S.(mm/s) 0.246 0.230 0.259 0.241
Fe*" doublet
03) Q. S.(mm/s) 0.601 0.633 0.564 0.605
R. A.(%) 27.86 15.34 21.33 24.63
I S.(mm/s)
Fe®" doublet
. S.(mm/s)
(D4) e B
R. A.(%)
L S.(mm/s) 0.317 0.317 0.273 0.276
Goethite Q. S.(mm/s) -0.251 ~0.249 -0.203 -0.203
(SD) Hii(kOe) 477694 | 477.950 496.486 495.732
R. A.(%) 33.60 32.17 28.72 31.93
I S.(mm/s) 0.333 0.336 0.343 0.346
Hematite Q. S.(mm/s) -0.081 -0.076 -0.166 -0.165
(52) Hi(kOe) 500502 | 500.485 510.525 509.750
R. A.(%) 18.77 30.96 16.03 20.88
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Table 9. Massbauer parameters of Sangmo-ri pottery.

Sangmo-ri pottery

Sample

Components SM1 SM2 SM3 SM4 SM5
I S.(mm/s) 0.219 0.196 0.196 0.220 0.221

Fe*" doublet
DD Q. S.(mm/s) 2.024 2.070 20.070 2.030 2.033
R. A.(%) 0.47 0.19 1.19 8.82 6.58
I S.(mm/s) 0.269 0.272 0.267 0.268 0.268

Fe®" doublet
D2) Q. S.(mm/s) 0.922 0.909 0.918 0.925 0.920
R. A.(%) 14.58 10.20 9.31 6.17 11.94
I S.(mm/s) 0.224 0.226 0.221 0.225 0.227

Fe*" doublet
(D3) Q. S.(mm/s) 0.647 0.633 0.643 0.645 0.645
R. A.(%) 16.30 12.21 13.10 16.69 18.03
I. S.(mm/s) 0.841 0.845 0.841 0.840 0.842

Fe*" doublet
(D4) Q. S.(mm/s) 2.433 2.442 2.432 2.435 2.436
R. A.(%) 20.49 18.25 17.85 21.40 12.53
I S.(mm/s) 0.326 0.325 0.322 0.326 0.326
Goethite | Q. S.(mm/s) | -0.061 | -0.061 | -0.064 | -0.060 | -0.060
(SD Hii(kOe) 477.868 | 477.266 | 477725 | AT7.796 | 477.782
R. A.(%) 23.59 29.29 26.09 22.67 28.08
I S.(mm/s) 0.299 0.299 0.296 0.300 0.301
Hematite | Q. S.(mm/s) | 0284 | -0287 | -0.287 | -0.283 | -0.281
(52) Hye(kOe) 500.659 | 500.181 | 500.360 | 500.588 | 500.445
R. A.(%) 24.58 29.85 32.47 22.94 22.83
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Table 10. Massbauer parameters of Gwakji—ri pottery.

Gwakji-ri pottery

Sample

Components GJ1 GJ2 GJ3 GJ4 GJ5
I S.(mm/s) 0.175 0.167 0.168 0.196 0.167

Fe*" doublet
DD Q. S.(mm/s) 2.019 2.017 2.018 2.070 2.017
R. A.(%) 6.44 1.53 3.42 7.34 2.61
I S.(mm/s) 0.293 0.294 0.296 0.272 0.293

Fe®" doublet
D2) Q. S.(mm/s) 0.866 0.864 0.866 0.909 0.866
R. A.(%) 2.72 19.66 7.08 14.16 15.29
I S.(mm/s) 0.249 0.250 0.252 0.226 0.250

Fe*" doublet
(D3) Q. S.(mm/s) 0.587 0.585 0.590 0.633 0.585
R. A.(%) 11.01 5.68 17.95 11.79 12.81
I. S.(mm/s) 1.034 1.035 1.036 1.045 1.035

Fe*" doublet
(D4) Q. S.(mm/s) 2.891 2.889 2.900 2.601 2.889
R. A.(%) 32.25 17.81 17.95 20.67 27.10
I S.(mm/s) 0.335 0.338 0.338 0.343 0.338
Goethite | Q. S.mm/s) | -0.076 | -0.074 | -0.075 | -0.078 | -0.075
(SD Hii(kOe) 477979 | 477.765 | 477.764 | 495732 | 477.779
R. A.(%) 20.07 26.29 21.57 28.79 22.33
I S.(mm/s) 0.300 0.303 0.304 0.302 0.303
Hematite | Q. S.mm/s) | 0282 | -0281 | -0.282 | -0.203 | -0.281
(52) Hye(kOe) 500.787 | 500.573 | 500.559 | 500.182 | 500.588
R. A.(%) 25.35 30.52 32.51 17.31 19.87
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Table 11. Méssbauer parameters of Samyang-dong pottery.

Samyang—dong pottery

Sample
Components SY1 SY?2 SY3 SY4 SYb
I S.(mm/s) 0.169 0.175 0.167 0.172 0.176
Fe® doublet
D1) Q. S.(mm/s) 2.050 2.019 2.017 2.047 2.021
R. A.(%) 2.86 4.37 8.09 3.22 3.40
I S.(mm/s) 0.264 0.293 0.294 0.308 0.272
Fe*" doublet
D2) Q. S.(mm/s) 0.851 0.866 0.864 0.865 0.848
R. A.(%) 31.78 15.35 6.71 14.69 15.75
I S.(mm/s) 0.251 0.249 0.250 0.256 0.252
Fe® doublet
D3) Q. S.(mm/s) 0.586 0.587 0.585 0.586 0.583
R. A.(%) 6.51 9.25 13.19 9.47 21.55
I S.(mm/s) 1.063 1.034 1.035 1.005 1.034
Fe*" doublet
(D4) Q. S.(mm/s) 2.875 2.891 2.899 2.885 2.890
R. A.(%) 15.87 14.56 16.07 28.10 17.59
I S.(mm/s) 0.339 0.335 0.338 0.340 0.337
Goethite | Q. S.mm/s) | ~0076 | -0.076 | 0074 | -0.075 | -0.074
(S1) Hiut(kOe) 477782 | 477.879 | 477.765 | 477.883 | 477.874
R. A.(%) 27.35 2852 29.08 22.86 26.12
I. S.(mm/s) 0.303 0.300 0.303 0.304 0.302
Hematite | Q. S.mm/s) | -0283 | -0.282 | -0.281 | -0.283 | -0.284
(52) Hii(kOe) 500.713 | 500.787 | 500.673 | 500.702 | 500.763
R. A.(%) 15.63 27.95 26.87 21.67 15.58
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-0.3 mn/s ~0.3 mn/s= HITHSZ, 1983).

AT 478 A AARAIY FAAolA AT E7IH Algel dia] e
2 Mossbauer ~HEZH O ZRE AL o|F M olAAA o]F 32 Fig. 26, 27, 28,
291 e AT

Table 8& 3Alg] E7|H A &) thdt Mossbauer parameterdto] iL, Fig. 26& 1L
2tE] BE7]H A& thdlMossbauer ~HEZH O ZHRE A2 o]F XA o|AHA o]F
gkolth. Table8¥ Fig. 26014 Hojxxo] aite] E714 Aas §7]+ 2719 GSI,
GS2¢l A% D19 #H997F 0305 mm/s ~ 0.315 mn/sZ, D29 H$7F 0279 mn/s ~
0.292 mn/s=, D32 |97} 0230 mn/s ~ 0.246 mn/sE 7FA = Ao ® e} 9o
H, FAFEEZ]) GS3, GS4]1 - D1¢] W97k 0320 mn/s ~ 0.322 mn/sE, D29
HA7F 0.201 m/s ~ 0301 mn/sE, D39 H$I7F 0.241 mn/s ~ 0.259 mn/sE& 7HA =
Ao 2 Yepta ot o] gES Fe''ol 71918 o5 A DI, D2, D37F $H¥E A 7

o FWel wet o] dAA o]sgke]l oFire] AolE Holalon o=
< HE FE VM BE7|E UHEAUTE Seto R AFE Ad dole] Bkt
e HE B4 Frlee wek vebhd RAolAY, EV]e] TR wEt AFAY
#5E ol &ste] AAHAG G E HE AR vF] AR AR Aol of At
Table 9= A58 E7|H A& thd Mossbauer parameterfte] il, Fig. 272 4
28 E7|H A8 siMossbauer 2HEH O ZRE AL o]F Mo o|AdAxA olE
Zkolt}. Table 9% Fig. 27014 ®Holx]5=o] D19 HH7F 0196 mn/s ~ 0.227 mn/sZ,
D22 ®H97F 0268 mm/s ~ 0.272 mn/sE, D39 HL7F 0224 mn/s ~0.227 m/sE, D4
o] H97F 0.840mn/s ~0.845mn/s°] M E 7HA= A2 YERIL Qlo] AR wE
ol JAA olFgel Aol A glon, o gEL HAA Fe''sl Felol 7]190% o] F

A D1, D2, D3, D47} S5 € = 4709 e FFdes vA9S & 5 ok
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Isomer Shift ( mm/s )
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Fig. 26. The isomer shift of Gosan-11 pottery.
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Fig. 27. The isomer shift of Sangmo-ri pottery.
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Table 102 X8l E7]H Al&o] o3+ Mossbauer parameterdte] i, Fig. 282 #X]
g E7|H Alsmel tfaiMossbaver ZHERIOZ Y AL o]FAe] o]JAA o] ghol
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Isomer Shift ( mm/s )
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Fig. 28. The isomer shift of Gwakji-ri pottery.
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Fig. 29. The isomer shift of Samyang—dong pottery.
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QuadruPole Splitting ( mm/s )
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Fig. 30 . The quadrupole splitting of Gosan-ri pottery.
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Fig. 31. The quadrupole splitting of Sangmo-ri pottery.
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Fig. 32. The quadrupole splitting of Gwakji-r1 pottery.
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QuadruPole Splitting ( mm/s )
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Fig. 33. The quadrupole splitting of Samyang—-dong pottery.
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Magnetic Hyperfinne Spitting ( kOe )
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Fig. 34. The magnetic hyperfine splitting of Gosan-ri pottery.
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Fig. 35. The magnetic hyperfine splitting of Sangmo-ri pottery.
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Magnetic Hyperfinne Spitting ( kOe)
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Fig. 36. The magnetic hyperfine splitting of Gwakji-ri pottery.
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Fig. 37. The magnetic hyperfine splitting of Samyang-dong pottery.
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