Journal of Conservation Science
Vol. 16, pp 89-103(2004)
Printed in the Republic of Korea

=M R ADIA E/C\JOH Olct
oiEtE SRMO| 2= Ol

LA | WEsl | SARY | ZEE | Yot
=g reD weveh
EEREEEEE e

P AEa AaA gt

Classification of Obsidian Artifacts found in the Korean

Peninsula by Chemical Compositions and Magnetic Properties

Nam-Chul Cho | Yong-Hee Park* | Seong-Jae Doh* | Hyung-Tae Kang | In-Tak Nam**

Conservation Science Laboratory, National Museum of Korea, Seoul, 140-026, KOREA
*Department of Earth and Environmental Sciences, Korea University, Seoul, 136-713, KOREA

**Department of Advanced Materials Science and Engineering, Kangwon National University, Chuncheon, Kangwon-do, 200-701, KOREA

A Selue A 9 A SAGN FEE SaY 9T A Q8 Kyushy Al 44
=i
=

24 94 F F o430l sl F o448, vjFE 2 A7) E BA3E ol gsle] AR R BFEITH FeAR
AlOs, Ca0, NaO+ K02 5=g& AFS3sl] & 5 A9 giREe] ZaM0] Subalkaline Ag°

ofN Lot

11

o S A4S AR 9 UIPR GRS

o=

£ % e B lost g

AR 5490 238 29t

2 EF 2o A Y oFE FASsI oled A

g o} AR oAl 7 AR A
Aol FaE L vPIRE o8

Absract  Provenance discrimination of sixty four obsidian artifacts found in the Korean Peninsular has been car-
ried out using major elements, minor elements and magnetic properties. Most of obsidians in this study were classi-
fied into the subalkaline series based on the contents of AbOs, CaO and Na:0+K-0 in samples. Provenance & obsid-
ians were classified into three major groups using major elements and minor elements analyse. This result suggests
that there are no correlations among the three groups whose provenances are different. Although the magnetic prop-
erties of obsidians do not yield clear groupings according to the archaeological site, the bivariate plot for the magnet-
ic susceptibility and the saturation isothermal remanent magnetization shows a rough correlation with the results of

major and minor elements analyses.
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Table 3. Eigenvalue and proportion by principal component AlQOs, Si0Oz, KO, Ca0, FeQ 5 T AL ¥iea
analysis using major elements -
o : , ol g3tgict.
Component  Eigenvalues Proportion (%) Commulative (%) o ol ZAE DA W E=2d 193
O o p== N
1 3.021 43.153 43.153 Table 3& oI# 3 LA1¢l A eadl Ak,
2 2525 36.068 79.221 7191& D FA7|d &5 R Slolt), of F nfgkd
3 0.659 9.421 88.643 -
’ : 72} ZA B o gl BLALe) okS. o] Zlo] &
4 0586 8.375 97.018 ul o= =2 o}-,; ‘11‘1_4 o= "}ﬂ"'ﬂtq, ] %)\ }
5 0.140 2.005 99.023 Tl Fag TR M B SR TR
6 0.067 0.953 99.975 al A o Wl o] 2HE 1 0Z ¥ VEO
7 0.002 0.025 100000 13} FAE 224 YeRdY) o] FAE 1, 28 X Y&
2 3lo] Hol "olEl & 243 et ek AR 1, 2
Table 4. Communalities by principal component analysis E o] &3] Ho] HolEE £415 Al A% A
using major elements e

olB} % ol Ax wldahe 7k 7o g2A Jehit

Elements Communalities
Initial Extraction %, 7l gold 7t FAEo] to[el & A4 of = =k
N0 1.000 0890 Aoherh Ve @ el A 13848 757
MgO 1.000 0.893 R
AlOs 1.000 0.596 O:]%O] 43 158/01.‘1; X'" —,—Qj ;qx‘ﬂ E“O]Ei-o’]
SOz 1.000 0.988 43.153%% 13e 4 Y-S HodF= Aot 3 F
e o g -1, 2] 4710182 79.221% 24 AA Hlolele]
Ca0 1.000 0.565 di 1, 29 A1 e2 19.221% =
FeO 1.000 0733 79.221%% A% & 9T Table 4% 2 AR F%
e R Aol 3B 28 2481, 29 9
B NRE AAE Yohdr) 3led Wol 0185 o) Aol WSS B FHo A 24 o
I Y. e 7F 2EAY feXN39 FoAE AR FEE G 2R S 3le7hE ovfsid, of
o 3 AAAAE dol uxt SPSS(statistical g,%O] 222 7)ojsl= %7} U}, Table 48 BA H
package for social science) T2 I#E o] 23 FA R H8i02, MgO, NaxO, K09 28 AEEo] AlOs,
AR AT BAAA B A5 Ca0, FeO 72} &5 v|3lo] Jjaog 7t IR
A 7Zo] ¢k MnO, TiO:2 A9 Na:O, MgO, o) A 7]edeke Aoz el 9T
e .
| ] : ;
T .;67 S "
0 -
- 20
~ &
5 2
g i * 26
S 29
,g T ®  Suyanggae, Danyang, Chungbuk
g # Yondaedo island, Tongyeong, Gyeongnam
= -3 - & Yokjido island, Tongyeong, Gyeongnam
& ¥ Sangnodaede island, Tongyeong, Gyecngnam
b “  Dongsamdong, Busan
4 - 48 4 :ang:uyang;;,\‘;anggu\] G;‘:i\rr;/qondo
4 @ Pzzgtuos:n Mo‘unte:i:u‘ °
T *  Kyushu prefecture, Japan
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Principal Component 1

Fig. 2. Bivariate plot of first two principal components to major elements.
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Fig. 2= A&, 28 o431 AN 7k 2|59 3
7 ERE el vehd Zlojth. 13l B I A )
ol JFow °l$°12% U B Uk 4 ADEL
Wik 2EH TN ER o|Folx] glon BOF
o] BAe= ?“71 lﬂM 229 A% 75 Y-
Felot 25 ST FPN 2E ZaNEEM N2 4
A S}, =g C:L*wl e A 597 ddix,
SA R, AetEet 4 54, Ad o] = 93
g3 dF 4 Kyushu A< Eaxjo] & dhle
IF2 o7 vk 28y B C g9 A S
FiolA Y8 HAA gloy AR F aFez 47
EeleoiAng 7k 257te] 4aAdAr) 54 gL Ao
2y, a2ug B A7) Fa48S o83 4
Aol A 4 1‘%4 Apo] 7} FeBA A VEA] 2t
HEol Pl S o] &3 AR ERE AAFR] A= v
Wil Ao H}%“%‘S}D‘r. T3 AR E 24 A
B3R HNE oA Y F8AHERE Y F AL &
T AFgEoA 29 No. 48, 50 A 85T} Y&
Kyushu A[#ellA] ZE# No. 24, 25, 26 A|8E, 18
I FE UG S 14 EE No. 5, 7, 10 Al8E
< Al 2F(A, B, OF EAZ FEHA et 2 9
e BET SAEYG FAA] s dEeld 2EH
S84 134 "ol i}, F ol¢} ol U] 252
o] £7] Kol "ol e T/NERT MR Aud
A7} Aolt}, B3 o] Aih= 3l5Hd &
F AFote dA ks Aoz e dEx|ox &7
SEHIE AR T2 A FHEARE Pea S
5=

o

lt

o

2. N[N0 o8t 524 BE

ul g Eo] o] AR EFEe A Qo) wet 9789 A
A9l eyl Bas) g 3o 7hssh, ojug
a7 A RFE A8 FEPA 99 S e E

< old g AFoltt, a2 BR U] nE L 3
FEAslo] AR EF sh= Aol 7P f-&ait) v
A E there] rIEA R FolA 2 2] ARSI
ZFEA 9 X971 SRR A4 & gtk BAeA
24 A8 %5\_& kAo 2 At RFHUA}, WEA
&2 738w, 7 A B2t P 2jol7} Am WEA)

Table 5. Eigenvalue and proportion by principal component
analysis using minor elements

Component  Eigenvalue  Proportion (%) Commulative (%)

1 6.341 70.458 70.458
2 1.493 16.689 87.047
3 0.658 7.309 94.356
4 0.291 3.231 97.687
5 0.104 1.163 98.740
6 6.366E-02 0.707 99.448
7 2.630E-02 0.292 99.740
8 1.337E-02 0.149 99.888
9 1.004E-02 0.112 100.000

Table 6. Communalities by principal component analysis
using minor elements

Elements Communalities
Initial Extraction
Sm 1.000 0.980
La 1.000 0.983
Ce 1.000 0,982
Sc 1.000 0.834
Cs 1.000 0.649
Hf 1.000 0.887
Lu . 1.000 0.783
Rb 1.000 0.824
To 1.000 0.912
FE AL Ygasolt
B A 2EAY Pl XY % 6449 Z84

ANad} thsie) AR E R Sm, La, Ce,
Sc, Cs, Hf, Lu, Rb, Tb, Sb 5 10719} vz % =&
A3 rHTable 1). Table 2= #4138 7} u]gk] £
B, BFAUA, AeATelth, B nPdEY =
£ 53l o BA 24 F9) iRl SRR
(principal component analysis)®} 4% Wl g5
(linear discriminant function analysis) 22 2z} 2] 9¥
S a4 0] AT E A ERE AAEIT

1) #8884

FA ke B ow 2R 10709] nlRgE
Z B2 ABA HEo] gt E SbE A7 9l el
t3led SPSS Z2IWE o] 45 FAE FANeRE F
Al 7 FaX7te] A S LolH sttt

Table 5= /3% 4| 23iA 249 1/, 714
& 4 T &2 Ve Ao, o] F afgte] 713
2 FE 1, 29 PRV AL 87.047%=A A Y
B gith. Table 62 Z e 384224 Sm,
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Fig. 3. Bivariate plot of first two principal components to minor elements.
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EHE HE G R FREAE M B Table 7. Equality of group means by linear discriminant func-
oS Aoltl, tion analysis
Variance Wilks' Lambda F
5 B3 Sm 0.076 69.76
2) A8 WE 24 La 0.104 49.40
BEENL Fisheroll 93l 25 =98 A4 714 Ce g';” ‘11:53?2
Sc 275 .
o, FHAFE D sl HHWSE X1, X2, X3, Cs 0.064 83.90
.olek B o] BYuSEY AATE The 44 H 0262 1621
. . N Lu 0.275 15.15
7} ol 18 F 5low ol Wigeeel o), dhEw Rb 0.237 1856
9] FKES ek ool ek BEAS(DY B 7 ™ 0267 1580
& 4 3l o] WAl el JE TR e

Table 8. Canonical discriminant functions by linear discriminant
ot} function analysis )

Function Figenvalue Canonical ~ Wilks  Chisquare F
correlation  Lambda

1 72263 0.993 0000 . 4339 72
2 31474 0984 0005 2407 56
3 1665 0790 0.154 80 42
4 1087 0714 0.412 99 30
HEANL ZEA7E ST 4 4 ZEAEER A 5 0073  0.261 0.839 79 20
6
7
8

D=80+8X + X + X +.... + X
(D: HEHF, fo: APSE, B G A

22 9257 o A 088 oled 2 ol 0070 0255  0.900 48 12

= RS ) A T_%ow 188 5 5lek. 2 0037 0188  0.963 17 6
Huz FARENonHE ZEAER 25T o|FA 0002 0046 0998 0.1 2
9 ZolA ol Az JRAZL G Aoz 3

A= e 93e A2 @ 55319 A mEd tisle] WEEY ERt} 3A 713ke AEEYS B 5 AtHTable 7).
< AT 7 2EAE S8 Alage] il 24 Table 8el4= #E o] AEHAAAE BoiFz 3l
AFE Table 7-100 eI, o}, g4 19 -9 0.993, 34 2 0.9840]| B2 3

Table 72 7t SEAE BEI] ¥ A-ES 1, 27009 o3& A& 3HBAZL 338 S &
Aeg Aot Wilks®] #r7} 1ol o] 22 B34 3 itk 53] FFABBAE VL 2 8 1, 29 wEY
@] Fito] FLshthe A= Andta of gkol 0 7t Fo] 4= kel 2, Wilkse] doke 2hem, 3
7R Aee] E4te] FEAk HlE A7) W& FARTA =3 7P Ao Juzl $Ego] 43
@ Azile Aozt drke A& vehdt) olE He F]5S & 3er, 3 1, 2 okelid B2 Ao
s & 5 U & Aol A{r=E nElsl] 78 Fat vehfol At B3 ol T AETTS o183 77 4
olt}. Fgkol = Fuzle] ¥ido] Atk= AL 9n| o] wadre] B, 5 4 I A AL

o9, 222 g gEEAS o] &34 BFE ol Sm, Cs, Table 99} 2t}
La, Ces} 2 945o°] Sc, Hf, Lu, Rb, Tb 59 94

&1 = 7.568Sm+0.876La+0.095Ce + 19.117Sc+0.484Cs-0.66H-48.875Lu+0.012Rb+ 1.178Th-58.059
34 2 = -1.064Sm +0.317La-0.014Ce+ 13.847Sc+10.02Cs +3.27Hf-51.519Lu+0.059Rb-6.623Th-61.994

Table 9. Group centroids by linear discriminant function analysis
Suyanggae, Yondaedoisland, Yokjidoisland, ~Sangnodaedoisland, Dongsamdong  Sangmuyongri, Songdoisland,  Paekiusan  Kyushu prefecture,

Danyang, Tongyeong, Tongyeong, Tongyeong, Busan Yanggu, Yeosu, Mountain Japan
Chungbuk  Gyeongnam . Gyeongnam Gyeongnam Gangwondo Jeonnam
Function 1 2.150 -6.985 -6.852 -8.362 -6.834 4.820 ~4.259 20.047 -6.470

Function2 ~ -2.408 2.199 2.046 2.176 2.937 -5.647 3.452 12519 3552
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Function 1

Fig. 4. Plot of first two linear discriminant function to minor elements.

Table 10. Classification results by linear discriminant function analysis

Original Group Total Predicted group (%)
1 2 3 4 5 6 7 8 9

Suyanggae,
Danyang, 5 5(100%)
Chungbuk

Yondaedo island,

Tongyeong, 7 2(286%) 4(567.1%) 1014.3%)
Gyeongnam

Yokijido island,

Tongyeong, 7 3(42.9%) 2(286%) 2(28.6%)
Gyeongnam

Sangnodaedo

island, 2 2(100%)
Tongyeong,
Gyeongnam

Dongsamdong,
Busan 6 1(16.7%) 1016.7%) 1(16.7%) 3(50.0%)
Sangmuyongri,
Yanggu,
Gangwondo 19 1(6.3%) 18(94.7%)

Songdo island,
Yeosu,

Jeonnam 2 1(60.0%) 1(50.0%)
Paektusan

Mountain 4 4(100%)
Kyushu

prefecture,
Japan 3 1(33.3%) 2(66.7%)

* 67.3% of original grouped cases correctly classified
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Table 100 ©] AHFFE Bl 2 2 EAE & Table 11. Magnetic properties of obsidian

QAL Agn 2 B2y FeR2 = B= Specimen Site x NRM SIRM
HE drht 2 ERe FEAE vedie $RER No. (10°m*/kg) (A - mikg) (A - mtkg)
A, o BR7e AF} H+ Hit ratio”} 67.3%2 e} 1 13 23 680
el 2(3) 14 29 1170
: 34 g yanggee 62 46 5760
: gz o 4(5) s 8.9 0.50 250
Fig. 4°l= 919 5 WEIFE o] 88l 33 2+ & 5@ Denvang, 32 50 1570
A BEA5E 24 sl »}E}»ﬂ Holth. IR 6 Chungbuk 15 0s0 100
7(8) 36 57 1430
HA 3A A A 2oz UHdA vt S8 A 8(10) 8.9 0.50 2.70
Eo3 o Q. AT Al =AE ok 9(12) 23 40 810
T AdE, A=, Atz 2o BaE A 1003) . o 9% b
44l $% HE a8a dE Kyushu x]uLoﬂ,q z2E 11(14)  Yondaedo island, 1g 103 727
12(15)  Tongyeong, 6.3 47 1530
H S8Mo] e 2F-S o]F 3 gloH, FH gke 13(16) Gyeongnam 9.2 8.7 890
) 14017) 48 9% 1480
TN AU 5 FF-EE] FE 40| shle) 15(18) 28 78 - 1370
% vREe s WEA 2B EgMEo as 16(61) 18 80 844
2 Are 2 HEe] shiel 17(62) 18 o4 787
= °o]Fa §Jt}. 18(63) L 16 19 485
= ) . 19(64) Yokjido island, 13 27 545
o] Azl= FAE B¥Ylos BN Anel As 20(66) gongveong, 27 65 1500
- = = = = - yeongnam 1
AP} & P R APl EEW FeMe g P 8 5
£ Kyushu A olid €89 E8M9 AHAA7) e 23(69) 9.3 35 670
> 24(70) Sangnodaedo sland, 13 790 1040
W, ZAE Fg 3EEEY 25 A sl 53 25(22) Tongyeong, Gyeongnam 25 38 847
Z2E T gM8 ghlg Ui gl Mi=Algl Alwg) 26(20) 78 46 2470
. TN Fdehe 27(27) 62 89 2440
& HAFT), £33 GEEN A3E 1 34 28(28) Dongsamdong, 47 79 1770
3 ] 29(91) B 20 56 942
£ £ Adits} Zo] W AFe] ZeA0] gk o 25 520 1010
- 31(93) 19 78 676
M EZEHE FeAT 48dArt gle sl
1 &= A3t SaEA H’)’f‘ . et 32(37) 48 22 1038
o} A7 i Gy Aol 2EY SaM9) A 33(39) 36 50 2708
34(40) 26 24 749
4 4E Kyushu AWd 238447} e ez ux 35(41) 37 24 635
e 36(42 34 44 653
Hi glom™®, = Fg e 14 EE 52 37543; 29 2% 1026
o] AL HWi=AL S oAlolgly ¥ o 38(44) 28 40 692
Hel 73 ATt A Sadelzta e vt gle 39(45) 22 39 998
oo B o] Baduz s WEiae AddA st 40(48) 26 0.20 0.800
4149 sangmuyongri, 40 290 2380
e 2o Bl ngeg Ag7xe] AxeE § 42(50)  yangqu " 10 15 2.80
. ‘ 43(51) ) 36 1700 1940
e -0-7] :TL/H7] }\]I;H_g] 3z @'3 _11.,.1\}0] o]_q q___ 44(52) Gangwondo a4 2 2960
1o 20 45(53) 36 34 1290
257 A= B n}% My A ol x 3 47(55) 30 36 1230
3] 8- E‘r BE 747 f4 25 £ 1800 ‘o4 1 o
QAE Yglv)m - BAo] 9T} 49(57) 130 130 4840
50(58) 130 5800 7180
51(59) 160 140 7090
. 52(60) 9% 101 4740
A 251 AX| 25
3. ZpIH S olgst | =57 53(78) Songdoisland, Yeosu, 37 23 1420
54(79) Jeonnam 16 350 950
- 55(84) 150 1500 9107
B g0 MR EFE AT o 7} wol ol 4HE 56(98) Paektusan 120 190 4980
AR EX oz A2 (NRM FJsons 57(99) Mountain 9% 30 1930
]"]—1 = o——i ]’ T }‘§]'( _), i o AT 58(100) a4 25 869
ABHSIRM), A Tl ot oled 214 §4g 59(23) 99 78 2830
w Eaox =eloln 60(24) 1800 330 9420
o A7l F84 <ol Bolle AFEES] 49 ¥ 61(25) Kyushu 1100 490 14800
=27 o] BalAol 5 3 62(26) prefecture, 970 770 9830
i 1 35 59 HRAQA a2 ofa) APt A2 63(94)  Japan 49 1500 1950
oM Uil ZF AgRel Wzt Zloldf 2lsix ARE 64(96) 15 27 1400

* Number of the parenthesis is the original sample number in collection.
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Fig. 5. Bivariate plot of x versus NRM of obsidians.
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Fig. 7. Bivariate plot of x versus SIRM of obsidians.
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