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o} B} 5 FHo) ghitxe} 1 Fld= A 3t
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7t del £x3tx 9ok (Fig. 1. o1& Mk
o gt F9A A3kl A7 A Sakst
FE YA o] A Y 352 HE SUEA ) A7
293 ARE AlFsldEr}. o] |99 7|E ATFE
& o] 3HalelEe] T WEEAE] FokdE &
F-oto) Zeixe} o] gy W o] F3H FHY
&2 A€ Ze BEERET 4ol o3 it
994 2AE YA AeE A9ty slck
(Nohda et al., 1988; Basu ¢ dl., 1991; Tatsumoto
and Nakamura, 1991; Tatsumoto ef al., 1992; Tu
et dl., 1992). o1& AqHE o] Zindler and
Hart(1986)°] ekt & 5 UL A9 AR
£ AMEY 855, 55 ¥ 135 F3W AAY
skl i+ DMM-EM 1 4HYdo2(Basu e 4.,
1991; Tatsumoto and Nakamura, 1991), ¥kd 35
ZFU obFo](Anhui), *%35(Jiangsu) B A=A
(Zheijiang)¥ #telHHainan)d % FEFFEAY
Mg DMM-EM 11 41 (Peng of al., 1986;
Flower et al., 1992; Tu et al., 1992)2.2 A==t}
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Fig. 1. Distribution map of Cenozoic volcanic rocks around
Korean Peninsula after Zhou and Armstrong (1982). Iso-
topic signitures of Cenozoic volcanic rocks around Korean
Peninsula are divided into DMM-EM I and DMM-EM 1I
mixing relationships according to the inferred colhision
zone (heavy solid and dashed line) between North China
Block and South China Block after Yin and Nie (1993). Lo-
cations in China: A; Wudalianchi, B; Mudanjiang, C
Huinan, D; Longgan, E; Changbai Mt., F; Kuandian, G;
Weichang region, H; Abaga, I; Hannouba, J; Datong, K; He-
bei, L; Shandong, M; Anhui-Jiangsu, N; Zhejiang, O;
Fujian, P; Penghu Is., Qi Hainan Is. R; South Chian Sea.
Locations in South Korea: P; Baengnyeong Island, C; Choo-
garyong rift valley (Jeongok-Cheolwon), K; Kosong, U; Ul-
leung Island, D; Dok Island, CH; Cheju Island.
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71 1002, 10079)7HA = 3pikSdbe vt 2212} 2He- 3}
ARFE 718 7R Z 9o, Al 2 A ¢
= A2 AR Frafto|c) (KR53, 1976). 3604
N 71 SRS 7R3 e AFEE ke g ¢
Bte] A S Holw], T2 S3bFel Azt 4t
At Y B2 F0 g o] FoA gt

AF=E P tlokRt 3Rk Na-Ald e &
Ze] 73, slefololol e, FAjglolE 9 zyigts}
2eke] &elolo]Eolr} (Lee, 1982; Lee, 1989; uhE
W3t @A, 1991). o] & 3Rk a3} <F 100
m7HA R ERf8la, 1 o)k AltinlAre] 1A E)
A3 2 FANZ FA == 7ste] BEIG (A4
Tk 714, 1984; 3714, 1991 uhEw ot dAH,
1991; 23} 9], 1991). AFxe) HA A7) % st
3ol & A AR st aix e ol=7R] =
2] dlake] =3 glr}. Lee (1982)& ZA 7]
71744t B2 (basal basalt stage)e} -8-1i=] &
471 (lava plateau stage)®} 3719 ¥4t7] (shield
stage) ®3 F7)e] J148sAF 3A7) (cinder
cone stage)® T-E3lgl e (Fig. 2), 7138 +5
71-&dAl A7) Bk dRElF Pt 2
oh, £471% slefololo| EollA Zmigte] E3lE 7+
zt Hol= Ao st AE7HA] deA AT
= 3R] K/Ar A 93 #3 1.20 Ma (£
2] 3L ZEA-FA A7 hH)olA Ha
0.025 Ma (gheit 2 EA, AF2r) Wby o]
Abell AR kg o2 AR Y-S BT (&
AT €], 1986; Won et ., 1986; o153 2], 1987;
Tamanyu, 1990).

AFEe] A7) 2 sy Ay o)Akt
(1966), L5 (1976), Lee (1982, 1984), Lee (1989),
2R 3 A9 (1991, 1993, b, 1994, 1995), V53
2] (1993), Lee ¢ dl. (1994) Sl &J3) o]Fo1Al v} 9]
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Fig. 2. The simplified geologic map and sampling sites of the volcanic rocks from Cheju island. Division of volcanic
stages is after Lee (1982). Locations: 1; Kwangryeong gulch, 2; Aerimok-Yongsil trail, JS; Songupri core site, CE; Ishi-
dol core site, JP; surface sampling site at the base of Suwolbong tuff ring.
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Table 1. Sampling localities.

sample number altitude(m) national grid(lat./long.)

J2 860 38.08/151.85
Jé 770 38.05/150.48
nz2 600 40.08/149.35
J17 470 41.85/148.65
J20 290 43.84/148.75
J28 30 48.50/148.00
J37 1670 35.30/155.34
J4o 1410 34.06/153.35
JT23A 1640 34.48/156.70
Js1 160 40.05/182.50
Js17 25 40.05/182.50
CEl 356 32.75/128.35
JP 2 28.60/122.45
BDA1-2 1 52.90/158.15

4719 feloto]lEE dioZ st (Table 1%
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Fig. 3. Columnar section and sample location (solid circle)
of two boring cores (JS and CE). Sample numbers with
K/Ar date are quoted from Yun et al. (1992) and Miyake
et al. (1993). Abbreviation: TH; tholelite, B; alkali basalt,
H; hawaiite, M; mugearite.

Fig. 2). Alg7t A€ AQ9¥2 A4S AHud o}
£33 ok AFE B3] AT AFA A A
Zo02 o 3km A% Foial stellA] oot F
W (2= 900 m)7HA] 9% 15km 9] Zeol&E i}
(Fig. 2). o] A& A7 547} < 15mal 2590
oAke] LokF7) ShalElEd), A% FAkel $FE
AL sl AR 2 445720 AFE 7ol nje} /)
T3 AP W] @] 9 o] Frlsle ARE
Halrh, o]EE djF-F 3lejolojo] E-frA|e}e] Eo]
o of7re| e XUy weelolea FAYC
ez YA, 1993a). o) AFNMENEF Y
Ze] W5l slefoloto] E o JxjEle] £ AR A
BE 4= 2048 oY AEE AAsET(] AR).
o153 YT 3P FE AA e 2RG(EH

I HAA=, 1995) Alge W2 (1640 m;
JT23), HALE1714m; J37) 28]3 2A(1350
m; J40) A eliA] Zhzt 144 IS AFH spsrt

3, Lejojo| B A8 T R AlFIole} § £
o] $A =FolA Ak 5] el AF=
ol AFAINA & 30 km HE FEE X%
AT A A58l A5 F2E 165 m)olA
A3g Zle=, 23] gobd$rt geldle}h o2 F
£e]olo] Ex= frAeto] Eol 3ANEH 10m 71
AL e A3 A(+160 ms JS1F S5a A
& FHH(+20~+40 m)ollA] ebe] ARt YAt
o Zkzk 10me] 5741 20e] FelojolE (JS17)R
T35 (Fig. 3). I A89] o] A& ol AlFA]
ol oF 25 km A FAZol A7 BAFT ¢
+ olAlE EAFHA AFd AR 4§ AF
ool A2l thAAQ] Yx]ell glem o]
267} o}44e} S<tR7} FAHTh 2 F el &)
olo] E(CEL)7} e AFshe X3l £x3t
(Fig. 3). 7 22| A F=Ho} o] e, o]A]F Folo| 4]
FAQoz2RE o 15km HE AFol] 28 FAF
T+ zA] YUY S33te] FAYE ol F = 4%
Z 3kl =29 o4F (P)= 23381} (Fig. 2).

Algoll gt SR FAEL F L A2
22 Table 29} 2l 3, AFAld] QP He
Fotell =58 AFejeldulel xHY Febv] A
(0153 k|, Algl B4 37k (BDAL-2)9] 23
H 594 v AAE g B o]5 A8 F
W2el 279H0.025 Ma; Won ¢ al., 1986)2 #j¢)st
A= A Adjdge] o] o] Feix]A] kA
ot B89 hgelghie 040 Ma o] Fell(e)5d 1t
AL 7WQLEAD), 4] &Ejolel B 049 Maol ¥ (&
A9, 1993), AF oAES AL 017MaolF
(Miyake e dl., 1993), 5982 22 0.60 Ma®l¥(¢]
59 9], 1987)¢l 27 a2l AR gdEo)

AR FAZ X &N
EUANRE oF 170 mg A =F FH3l vIEE ulo)
ol W &34 (HF:HCIO:HNO; = 3:1:1) 3~4

ml& 7H F F4e 2, 150°Ce] hdube]olA i
AEZE (1247} ol 7Mdsigdleh. ohed, njolake]
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Table 2. Selected major and trace element abundances of the volcanic rocks form Cheju Island, Korea.
Alkaline rocks Tholeiites
Sample No. o3 Ji7  Jj2  J6 J12 J20  J37  J40 JT23A
AB AR Hw Hw Mu  Mu Tr Tr T¢It 17 CEl
K0 (wt%) 1.44 1.29 2.27 229 272 2.58 559 4.83 5.51 055 092 041 0.45
PLOs(wt%) 043 051 098 064 074 09 006 020 007 021 030 019 021
Ba(ppm) 376 345 673 388 792 599 567 1066 739 141 235 103 136
Nb(ppm) 44 39 73 42 76 64 125 102 119 122 177 9.1 10.8
Zr(ppm) 218 209 382 233 426 333 539 288 161 121 166 109 137
La(ppm) 32 28.4 59.4 33.1 67 57.8 26.3 34 28.6 17 22 8 18
Sr(ppm) 527 542 616 628 632 641 43 285 209 289 392 280 271
Nd(ppm) 346 328 624 525 645 612 27 375 256 11 19 9 16
Pb(ppm) 280 229 465 264 460 393 498 180 558 - -
Th(ppm) 565 445 952 628 10.63 10.30 21.87 435 13.97 0.5 1.5 <0.5 2
U(ppm) 103 091 137 124 210 206 492 087 176 <05 <05 <05 05
P0s/K0 030 040 043 028 027 037 001 004 002 038 033 046 047
Ba/Nb 855 88 922 924 1042 936 454 1045 621 1156 1328 1132 1259
La/Nb 073 073 0.81 079 0.88 090 021 033 0.24 139 124 088 1.67
Zr/Nb 4.95 5.36 5.23 555  5.61 520 431 282 1.35 992 939 11.98 12.69
Ba/La 1175 1215 1133 1172 11.82 10.36 21.56 31.35 25.84
Ba/Th 66.55 7753 70.69 6178 7451 5816 2592 2451 52.90

*Nine samples(J6, J12, J28, ]2, J17, ]20, J37, J40 and JT23A) were analyzed by XRF(K,0O and P,0s) and ICP-MS(Ba, Nb,
Zr, La, Sr, Nd, Pb, Th, and U) at Korea Basic Science Institute(analyst; Choi, M.S.) and four samples(JS1, JS17, CE1 and
JP) were analyzed by XRF except for La and Nd by ICP-AES at Dept. Geosciences, Franklin and Marshall College, Lan-
caster, PA, USA (analyst; Mertzman, S.A.). Analytical uncertainties were better than 1% for K;O and P,0s, and 10-15%

for trace elements in both Lab.

* Abbreviation: AB; alkali basalt, Hw; hawaiite, Mu; mugearite, Tr; trachyte.

=8 oo} 7l A FE AxAF)E, 6N HCl <
1 ml& 748l o} AZA71F 25N HCL 1 miell 5o o
Alge] AAc) A5F 23090 X8k [P} BDAL-
2t sisel o7t 249 <3S AAS] A8, oF
3~4A17718F 100°CellA 6N HClo |7 Hesdet7} Ab
& ujehd G BEE 2es B8 2~338 A33)
of Az o}g- 99| S-S B3t

QA Ee)E ghe gojogRE] ofold A
(Dowex AG 50W-X8, H'form, 200~400# mesh)
oll4] 2.5N HCl, 6N HCI, 2N HNOsE A3} Pb,
Sr 3} A A 3 EF YA(REE)E ¥ A1AT. #2{d
Pb, Sr3} REE Ejg4e 3|9 2 s
HCIO&} HNOs& zHzt S9h8- 718 Ariste 224
% oh-g w9 Be) 2] il en, Srd
AFEo t}A HNO; 3-8 Hrisled Zx¥ &
Aslgict 2e)€ PbAlEE IN HBr 1 mi& 718 2
vjag ulEE Lol 2AFGR|(AGL X8, CI' form,

Vol. 5, No 1, 1996

100~200#)° E3}8te] 1IN HBr= 6N HClE ©]-&
st} PhE #2J3lgic). o19f AAIRE Ay whge 9
AR 2](1992)¢} 2}, ¥21¥ REEE 0.06N HCI 0.
06 ml 7Fke g A7 F, ofe] 2 wIFA(AG
50W-X8 200~400#, NH"form)>E $3A1H 05
M=} 0.2M$#] HIBA(a-hydroxy-isobutyric acid;
(CH»)C(OH)COH) 2948 o] 43l Ndg =i3}
oot 22l Ndgod& )¢ 53& 913 HCIO&
A7KE F, A Az Zch o] 2] ApAIRE A2
ubAE 2](1995)00 watct A Ad FAAo N
u]73%}k (blank)2 Sr& 400 pg, Nd+ 200 pg, 18]35
PbE 1 ng F]%ch

EUaEM L 2P TFAe] VG Sec-
tor 54-30 29| o3} A2 F=
o}, ¥Sr/®Srzke 0.1194%, 12|31 “*Nd/“Nd3=>
“Nd/“Nd=0.72192 F9495% ¥HidE BA
A 9%3x 2 (dynamic mode)Z FA13%]
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o} &A% YSr/*Sr& EFEA|E NBS 9879 3,
0.7102100.000010 (n=25, 26).2.2, "*Nd/“Nd
£ La Jolla®} 0.511849=0.000003 (n=18, 26)}|
g AdiAel gre2 ¥ uglcl g, Pb 599 4H)
= AAHEE (static mode)E ¥A4% £ ZFA 7
NBS 981¢] #4271 A5 $A4x)9] FHakg
of o3 HAE BAssch NBS 9818 A3k
2Ph/*Ph, *'Pb/**Pb, “*Pb/*Pb u]el] sl ztz}
16.909+0.004, 15.4450.006, 36.57--0.02 (n=32)
olv}, A3l UlH AUEE 0.02% (20)01o] 3
ol AMeE 0.05% (20)o]leltt (AE 9,
1992).

d

A= 3}4kke] Sr, Nd 2 Pb 5994w gk
¥4 A3s Table 33 2o, Aridadol] tigh X

AL skl o] & ¥4 Fig. 4%-¢] Fig. 8¢l
Al FQ goF sHabEal dlyeke) AQE A (St
Helena: Sun, 1980; White and Hofmann, 1982), 4
H]2 2]A] (Walvis Ridge: Richardson ef al., 1982),
Eg| A% e} #38} (Tristan da Cunha: Cliff ef dl.,
1991), al=ake] A8l (Kerguelen: White and
Hofmann, 1982; Storey ef al., 1988) & ejsg<}e] 5}
eto] A% (Stille e al., 1983, 1986)9} AlEo} FE
(Samoa: White and Hofmann, 1982; Palacz and
Saunders, 1986; Wright and White, 1987)2) 3}4ks}
ol U4 Apme) vlwslolol. it AFE Fi
o AN st A F £E5E, T Y Fau of
"EE  (Yamato)#A] A9 = x|(dredge) A&
(Tatsumoto and Nakamura, 1991)2} ¥-% =+
(Peng et al., 1986; Basu ef al., 1991) 2 W53 &
AW =R AR(Tu ef dl., 1992)2] AFE9}E ¥
stgict

Table 3. Sr, Nd and Pb isotopic composition of the volcanic rocks from Cheju Island, Korea.

Sample Rock YSr/*Sr Nd/MNd *5pb/*Ph “pPh/MPh  *®ph/*Ph
J28 AB 0.704267+9 0.512786+5 19.071 15.661 39.712
n7 AB 0.704032+7 0.512798+6 19.034 15.640 39.611
J2 Hw 0.704129+6 0.512778+5 19.002 15.629 39.556
J6 Hw 0.704040+6 0.512791+5 19.047 15.601 39.527
J20 Mu 0.704207+6 0.512776+5 19.034 15.603 39.552
112 Mu 0.704232+7 0.512783+6 18.984 15.627 39.565
37 Tr 0.704089+25 0.512781+8 - -
J40° Tr 0.704229+7 0.512770+29 18.900 15.541 39177

J23A° Tr 0.704089+8 0.512788+10 18.998 15.592 39.441
Jsi TH 0.704218+6 0.512780+7 19.058 15.655 39.719

Js17° TH 0.705305%8 0.512698+18 18.677 15.654 39.243
CEl TH 0.704469+6 0.512729+5 18.611 15.601 38.975
JP TH 0.705198+6 0.512684+7 19.117 15.690 39.605

(unleached) 0.705354+7 - - - -
BDA1-2"°  granitic fragment 0.716646 6 0.511625+8 18.303 15.731 38.590

* Abbreviations are the same as in Table 2. Errors in isotope ratios are reported as 20 of mean. No age correction was
applied. Sr, Nd and Pb isotopic compositions were measured on multi-collector VG 54-30 mass spectrometer at Korea
Basic Science Institute(analyst: C.-S. Cheong).
a; Leached 4 hours in hot(approximately 100°C) 6N HCI. b; Leached 4 hours in hot(approximately 50°C) 2.5N HCI.

¢; Jurassic granite fragment in scoria bed(Lee, D.Y., personal communication).

* Al Sr/®Sr ratios were normalized to *Sr/**Sr=0.1194 and the measured average “Sr/**Sr of standard NBS 987 was
0.710210%0.000010 (N=25). All **Nd/***Nd ratios were normalized to "“Nd/"**Nd=0.7219. The measured "*Nd/"Nd of
La Jolla was 0.511849+0.00003(N=18). Pb isotopic ratios were corrected for mass fractionation based on the results for
NBS 981; “*Pb/**Ph=16.909+0.004, *"Ph/**Pb=15.445+0,006, “*Ph/**Pb=36.57 +0.02. Procedural blank levels were 400

pg Sr, 200 pg Nd and 1 ng Ph.
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NPe1d-&-& AAeh =g ZY vlavtE e £3)
ol &= dH@e] AAFF FHAEH ]
3 2d=]R] dghi-& A A7) o] QAFolla] dejal
date|dFe Sr-Nd #4134+ Nakamura e dl.
(1990)°l 23 B.1¥ 3}efo|oto] B} Huje} 79
FrAbstch Lee (1982) & AFx d2e|ghi 5 o+
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Fig. 4. "Sr/*Sr vs. "*Nd/*“Nd plot for the volcanic rocks
from Cheju island. Symbols: open circle; alkali volcanic
rocks, solid square; tholeiite. Shown for comparison with
(A) representative OIBs and (B) Cenozoic volcanic rocks
around Cheju Island. Data fields are from St. Helena
(Sun, 1980; White and Hofmann, 1982), Walvis Ridge
(Richardson et al., 1982), Tristan da Cunha (Cliff et al.,
1991), Kerguelen (White and Hofmann, 1982; Storey et
al, 1988), Hawail (Stille et al., 1983, 1986), Samoa
(White and Hofmann, 1982; Palacz and Saunders, 1986;
Wright and White, 1987), Ulleung Island, Dok Island and
dredged sample from Yamato Basin in Korea Sea
(Tatsumoto and Nakamura, 1991), NE China (Peng et al.,
1986; Basu et al., 1991) and dredged samples from South
China Basin (Tu et al., 1992).
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o A7 4 71 34719 $E<hE
0.50~0.41 Ma °]¥)& Sr E$194nI7F 0.7040~
0.70459] Wl sidsiA| e, AFE - xde] =
W F(0.87~0.75 Ma) 9} A F= A7) & Lt
A 3A47] (0.60 Ma o]R)dl s|Fshe i FF
2 1 1]7} 0.7048~0.7052 A4 3HalelhRol 3A
A|71¢}k St FHA ] o8 F 1FoE 73 5
W& A Ag vl 2lc)

o] aditollr] BARE <dte] HFUEL Lee
(1982)9] A=A} 2Fol &3l=rl, 2 P LR 215l
w2 (33} NAEA) 321 aF SRR
Nd F1avl= o] A7) ZHFo) v]a] 7]
gEoleS el (0.512710~0.512774). ¥4,
g Bals= AT ejolo| E A8 94X £ A
7ol mef F9HA 2Ao] Wstehe A og weld)
AHA G} A TSr/ASre YR A®U} 0.
7051980] 1 F7]ol] £&3 102 HolE o]AIE A
E7F 0.704469°1th. ““Nd/*“Nd2 zHzt 0.512684%}
0.512729¢Ic}. &HH 540 Asg AlFRdAe
s Alme} AFRO] A8} TSr/%Sre zhzt (.
7053052} 0.7042182, “*Nd/'*“Nd-& 0.51269814
0.512780% W3}ghc}. o]s} o] £E Ay]d] &
Fejolo] EZF F9)dam] 9] Wish= Lee(1982)9] +
715l wE sk o AF) M2 R
a2y Al g8 7w &) gl o]gle] AFE
Zejofo]E9| dubAql Wzt g E o & 5
o] Alge) i3t AEE JSA N YA T3
22 4% Fa ¥ daie)] A= &4,
Z7 el $1X|3 &ejolo]E AR (JP)E AbxEE
3k 73§ Alelell A% ¥Sr/*Sr v]7} 0.0002 71 A}
o7} sl&-& BHAFErh ol AFx A8 Sr B4
W EA A= dlaeel] 28k Sr 59 dan)e] WA
7VsAdL e sfo} -5 viehiicth

FSr/*Sr-"“Nd/*“Nd ¥3} 23 (Fig. )4 AF=
PR Al siskRel WSt g 34
Hm, F749] &ejolo]Ex Almo} FEO| Azt
FAHH ¢4, AFEe] e sHRe 55
2 w0 Ao v]a] FHYaH g AP vbd, 3
5 272 2 53l ofrkE 22)9] sRikshil vl #
3% 5AE 7Y, 55 53 MR dgulel
A1, kel vjsl] Eelolo| ErF £9UA

)G
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Fig. 5. ™Pb/*Pb vs. “Pb/*Pb plot for the volcanic
rocks from Cheju island. NHRL (Northern Hemisphere
reference line; Hart, 1984) is also shown. Symbols and
data fields are the same as in Fig. 4.

Hoz H3lg BAS v AL dlelo] Ax(Stlle
et al., 1983, 1986)ollHE dubdal Exo= od#y
Qow, 8% Fo I (Hannuba)e} Feir|dd
(Kuandian) 219 (Song et ., 1990; Basu ¢ al., 1991;
Zhi et dl., 1992)MM = B u} gle}

Pb SR

ozhE|orFe]  “Ph/Pbe  18.9~19.1, *Pb/
Mphl= 155~15.7, *Ph/®PbE 39.4~39.70]9, &
glojo] E2] pL/MPhi= 18.6~19.1, *"Pb/**Pbe=
15.6~15.7, “*Pb/*Pbi= 39.0~39.7¢1c}. vizAd F
& H3lE Mol WA MR 2] SElole|E
£ T Al Bol W #£41x] 2] WisE Bl

26ply/2ph-2"Ph/*Ph  (Fig. 5)3} -**Ph/**Pb
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Fig. 6. “*Pb/™Pb vs. ““Pb/™Pb plot for the volcanic
rocks from Cheju island. Symbols and data fields are the
same as in Fig. 4.

W3} (Fig. 6)olM AF=e] skt FHe Al
A spabebRet #re]l Hart(1984)e] NHRL
(Northern Hemisphere Reference Line)®] €l
R AR o]l AMFEI} sUE FARE
FolM= &4 %A1 7% 14 (Dupal anomaly)
£ Hole 2% EA% 23 &S vehdeh A
Fx sHaskRe] Ph A AL AlFE
9} Sr-Nd 5-¢/ 4 v]7h fAKgE A7 3patket
Foll vlslAE & 3E Holk ubd Alwol 4t
-obE Bl 53 4o FAEY. =3 Sr-Nd &
A4 w7t fARRE 55 S0 aighFel gy
3 FEHY AFE 8 AS2] MJAFESFT 7T
2 2 Pb 5494 E A 3, EFF &
2 spalelFel wlmslbd HdAAd “Pb/*Pb,
Xph/2Ph = ¥Ph/MPhE]7F BEF 2F o ¥
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AL sArelEe) Sr-Nd-Pb E944 odF 97

SpAI% A2 FALR “Ph/APhEIE 27 S-S
T % 9ok

o &
SatE mEol Mg

AFE 2 S Wl Lxsl= A G 3
A= AlslebA el AFR e Wby o] 34
Adsta gl efFef o] A A g e o
k5] #alEglem dAEge o AXE A
2 A= 7 9jeh(ell; Nakamura ef al., 1985). ajef
7o} ol ol 2] o] el 25k sHAatatg-ol
A A7 2’ 2.9 52 oddfo] Ao dwiA
AR okt weba] o]#)§t sh4kghe] #)s}etAiql £
< WE ZURAY 2AAE U2 wkeddi) AFe
g T F-Holxlele] Al obzle] AYSFE v
E3te] w2 Wl IS dubA e i R 87
olxle] Al 2t st AP WEAAM
ol FotalE e sHitros FskE T
FAE e 7o) diRRolr] of A& H AP W
Ex} A es ¥y FHd4ad EAS e
WEe] EAE A Ag)

olefgt #-3¥l W& EAo A Ao yA
of e B w=ate] glrh A WE Hy"
YUY AR o A3k YA 2AE 2
£ PEFHo] wEAHd AFtH R A}
23 A7HEel dFslhs WEE FE Zrlse] 9l
o} ghchH(Zindler and Hart, 1986). o|2{3+ #-3t5) =i
9 A diM = o8] 712 Aate] gt ¥
HA) oF-& 4] AE(Schilling, 1973), WAl <&
(metasomatism)-& W WE(Wright, 1984;
Hawkesworth ef al., 1987, 1990; Hart, 1988), 2}A
of A= #ief Azt 2 A -E(White and Hof-
mann, 1982; Hofmann and White, 1982; Weaver,
1991) 2 tiEshdelly U2 WE2 -#3](Dosso
and Murthy, 1980; Mckenzie and O'Nions, 1983)
5ol Hakd WES PAsh o]zl VRN B
o] BhEolA]aL o]zle] A9 AFE doict
a1 Advdsba glch

o2} Zro] tioR}t fEll7) FAE A ol ¥ A
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o] TS F o FAHoE dFaly] YA
& A3l EA o) ot FolA] A E =
o] f-&3lc}l. Zindler and Hart (1986)%} Hart
(1988)= sk H 2974 T AE o] 43 o
5 53, 1 A¥H 59 A o E W
F3eo) G- (E2 AAI)S, 23" MORB #E
(DMM), 3= W5 (EM I, EM 1D, =& *U/
2phe] AE(HIMU)ER TR, sfef e
TFA ke 3R Sr, Nd 2 Pb £9]%14H)%= o]
5 B Ao AYE 5 85 AlASkH.
AA R g S Bl yalE AE e Z2E 9
£ Abole] Moz dud 4 9l FHUAL =S
Haloh(el; Wright and White, 1987; Stille e al.,
1986). o1&’ HAS H-3tg WEoA wHEe]Al ut
arh Abgdhe 28 BA Iz 4 e
EAsh=s 27 WEY ok 4lg wks 7ol
Sl&7te =3k} g+, Allegre ef al. (1981)2
F #7364 259 e} 5t A3std 54
= rtaebrt Asshe 59 A EAC 23t FEs
78] Wz okskew, sllof salehRe] U fAket
24 BAA fEE A& A A E

=
kil

R

o

e
i

HFz shiietwrel Mol

¥Sr/*Sr-*Pb/™Pb (Fig. 7) 2 Nd/“‘Nd-**Pb/
wph W3} 1% (Fig. 8)5-& Hospabarse) AiE 2
HAEAES & vehdi). Zindler and Hart(1986)2]
WE HYEoE B of Alwol Fri pEden
EM I whae] wWste Mol spabade]n}(DMM-
EM I A}o]9] 4Q]), A7alal o Eaj~st of 23
o] sMllRE EHoE EM & o wsla)
(DMM-EM I Ato]2} 41a]). AlF% spabarRel Sy,
Nd, Pb 5919144 3¢ Fig. 73} 8ol Absdu
Apmo} FES) HARKE dds A0 7h v)a
WA FS BjFT glen], ATd U sajact
o} 231e] salkRel wlsk & o WAl
F9UA u)7} FE BQ) 920 FUL 4 5 gk
vojalm AFEe] &elololeSe wau WE o
A3l EM 1 43¢ 38 WSk po)x glom, A
zxo| oz @RtRE Hlwy FHY oS
ZeojolE woke Addos AP FUL 2




% R S EREE 2

0.707 T T M T T
Kerguelen A
0.706 F Samoa 4
1S
v o.705f i
©
2
N Walvis g Cheju AB
@ 0.704 | Ridge - i
% Tristan da CunHa
0.703} o A
Hawall St Helena
0.707 +—
NE China
0.706 | Ulleung & Dok Is.
LS
2 o.7os
%
<
S o0} @—— Cheju AB
o0
S China Basin
0.703 I Korea Sea Basin

16 17 18 19 20 21 22
206Pb/204Pb

Fig. 7. ™Pb/™Pb vs. ¥Sr/*Sr plot for the volcanic rocks
from Cheju island. Symbols and data fields are the same
as in Fig. 4.

A3 B3l o]’ A& Zindler and Hart(1986)
7F Akt AE RS vws) B o 2slg A
E AR EM Ielv} EM [IEch= 44 Agd =
Aoln] 713 Ahd WHE A Bl DMMETh=s &
o] ¥3l%l A3s] H3bE 2Aelth ulely] o)t
WE R Alole] Aoz dughby ¢] Fig. 7%
8ol M & 714 FA1RE Abmo} FE o] shakekfe} vt
7IX| 2 EM 119} DMM Alel9] 4¢le 2 Ash= 7
o] 714 Bl Ao® gt ¢ AFe 54
2| sMREF vladd ATz shighge ¢
F= A skt viwAd fA1R 54E veRd
t}h ol NF AFx shkehFel fARE 54 veby
= 9T 49 Mt 94 DMM-EM 11 A+
¢} 4elo2 dedstw glet (Tu o dl, 1992; Flow-
er et al., 1992; Liu ¢f al., 1994).
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Fig. 8.7°Pb/*Pb vs. "“Nd/"Nd plot for the volcanic
rocks from Cheju island. Symbols and data fields are the
same.as in Fig. 4.

7k AdE B3l AFE 3RS AL 9E
A EAlo] utEelxrle Adwe| gldAdo] slex|
Atsl B7] fls 2 AE AR Alole] A& At
3le] o] & AFwe] sHikehR 2AF vlas) ngl}
(Fig. 9). o] Alatel A= oa] FHeA] AL 24
< 83l ALY 4, Y HE AR
+ Zindler and Hart (1986)2] DMM-A A& (¥Sy/
¥8r=0.7022, “Pb/™Pb=17.4~17.7, “*Nd/*Nd=
0.51335, Sr=6 ppm, Pb=0.02 ppm, Nd=0.33 ppm)
£ o] g3t ey}, #3E WE d¥al A F
AL g A¥o) chofile] o1 AAHE AE3] 74
¥ 4 IR (Hart, 1988) ¥ Weaver (1991)7}
HIMU-Al8 §4E (pelagic sediment)™ HIMU-
4714 =HAE 7k A9 AXESE B3 AAR
EM 1 (¥Sr/®8r=0.7055~0.7060, *Pb/*Pb=17.6~
17.7, Nd/**Nd=0.51230, Sr=106 ppm, Pb=1.49
ppm, Nd=117ppm)3®} EM 1 AE (¥Sy/¥Sr=

l-N i

J. Petrol. Soc. Korea



AFx #AlgkRe] SrNd-Pb FHU4 Q7 99

0.709 . —
0.708}
o.707F Ulleung & Dok Is.
~
f:,’ 0.706 F
% EM I
~
v 0.705F
[ 28
o0 10
0.70s} s “~ Cheju AB ]
0.703 2 Baengnyeong s, 1
DMM-A Jeongok, Koseong
0.702 L
0.5134 —
Baengnyeong s,
0.5132 | Jeongok, Koseong
S ossof
,2, ) Cheju AB
h-J
= |
~ o0.5128
'es
2,
”
T 0.5126 1
~
0.5124 1 Ulleung & Dok Is. 4
0.5122 . N
17 18 19 20
206Pb/204Pb

Fig. 9. Mixing calculations with “®Pb/™Pb vs. ¥Sr/®sr
(A) and **Nd/**Nd (B) plot for the volcanic rocks from
Cheju island. Mixing parameters: DMM-A from Zindler
and Hart (1986) ("Sr/*Sr=0.7022, *Pb/*Pb=17.4-17.7,
Nd/"“Nd=0.51335, Sr=6 ppm, Pb=0.02 ppm, Nd=0.33
ppm), EM I from Weaver (1991) (¥Sr/*Sr=0.7055-
0.7060, “*Pb/*Pb=17.6-17.7, **Nd/*Nd=0.51230, Sr=
106 ppm, Pb=1.49 ppm, Nd=11.7 ppm), EM II from
Weaver (1991) (¥'Sr/*Sr=0.7080, *°Pb/*Pb=19.0-19.2,
Nd/* Nd=0.51250, Sr=102 ppm, Ph=1.725 ppm, Nd=
9.4 ppm). Symbols are the same as in Fig. 4. Because the
end components have some ranges in their isotope com-
positions, mixing relations between any two of them can-
not be shown by single curve. Twa curves between
DMM-A and EM I and other two curves between DMM-
A and EM II represent the composiitional range which
can be produced by the mixing of enriched materials
(EM). Mixing proportions of EM are shown by percent
number. Fields of Ulleung Island and Dok Island
(Tatsumoto and Nakamura, 1991) and Baengnyeong Is-
land, Jeongok and Koseong area (unpublished data) are
also shown for the comparison.

0.7080, ™Pb/®Pb=19.0~19.2, “*Nd/*Nd=0.51250,
Sr=102 ppm, Pb=1.725 ppm, Nd=9.4 ppm)< &
stalct. Alatel AHRE 3tel WEQ) S Ph FeF
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< West and Leeman (1987)°] 3}e}old] ¥ejolzt
2}(Haleakala) 3HIoHR-o] 20 AlAtell AH$= EM
A% (Z+7} 100 ppm, 1.6 ppm) fALS}IE). o=’k
59 aRlelAE FE8EN 7 whavke] gAde)
v EEAAY Ao o7 wlamte] Bieaie g
SAAE2) Z2A o oigk FAI7E GUE) o) FoixjA] &
3] ol =dll WA A AR ) 2Ao] & U8}
2 e 797t di-Relch. 1} A AH Q] WAy
ot FHHE viavte] 445 58 53 o=
& el leAlE Hrk 4 glg Aes Adw
o},

Fig. 99 ¥Sr/*Sr-"*Pb/*Pbi} “*Nd/**Nd-
“Ph/™Pb B 4m] 2] H3lel gk 4] A A3
< AFx kR 33 A SEE-Ex sl
§ (Tatsumoto and Nakamura, 1991) % w8 x &
5, 24 X994 SR EE 218)9] #H3l 9o
& Zo] vehligich o] 23S Aved AFx 3}
AFHF-9] Sr-Nd-Pb $$1€944 B2 6| & M9l =
A $loll 3] FolAl= etk 2t olv k&
i3] vlE Fs) w9l uie} o] DMM-
EMII 7t9] 4ele 2 dwdsh= Zlo] DMM-EM I 7}
9 Ao Husle A Bole 34 o AFE 3
AEFE) 594 A4S A e o) o) AL
EM ¥ 33} Hi3}E Hole 23 5-5 % 3MIQL59)
= g3 7R =3 Fig. 989 EM [ ¥ EM
I A2&F Adsinsd DMME A5 w315 AHE A}
o]9] Aoz E AFE MIgHFY Nd 5944942 =
e A ARE 4 g & 5 Uk

WE R Abole] 419) v &L SHUA B F
Froll mel of7by o} A5 Jebde}, Sr3t Ph B
el A AT 2 AFE FAGFE ¥
A% HE A2 4y 4E(DMM-A)F 3= o
S(EM ID EAZ F 97~93% o 3~7%2] B]&
2 Al AoR vehe], Nd} Ph 5984 A}e)g]
A= o] Ae] 85~93% o 7~15%2] ¥] &= vjehd
t}. ol&t xfole WE AR gro] AAlel] A}
| 27 tha Zol7} Ql&-& AN} et o] F
1y 254 fejolo] e YRYFEY DMM
] A vehin o) &jololEr} AFE
o] dH TS oPIRE ¥-3 WEEAS ¥l 3
Yebg s gl vielich, uke ebzleleli M)

al
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Fig. 10. (A) Primitive mantle (McDonough et al,, 1992)
normalized and (B) N-MORB (Pearce, 1982, 1983)-nor-
malized diagrams for the alkali basalts and tholeiites from
Cheju island. Average trend of basaltic rocks in Samoa
(Palacz and Saunders, 1986) is shown for comparison.

o8 ool DMM B3] AlelA AXEPR-& A
3k}, Lee (1982)9) Sr 59994 ZAA RN E A
% 3AEEe] 7] Aol B} R3bd F9ds
zA9] vlanpyt BEslge sMege] $olde
Aoz AP viarkEe] £5d Ao v
Y}, mkek o) Alo] MFE shiletE-e] Aubre] Ao
olgha oA AHE 3318 WEF AYPYWVE Alo]
o] A39je] akaEe] Asa} vlo] vlont A
o Fedzh A WEL AHAQ ol FH O F
ot Z1-g utedgcky HMF 5 ghek. 2 ol
3 22 U B AuEAT FHU S Y
o] o) FAF=| oo} & o2 AdFct

3, NE 29 F35 93 sHaletFe VA
245 olgsrixdit) Avlayde 1 o e
o] Fi u| ke YAWEY A T Fotsi=e
PG AR Apg3H] o]o) U Ao izt
€2 #|A3kA (e, Pearce, 1982; Wilson, 1989),

opzebe] i gl A wisisl] obe B34
A (incompatible) "1ZAx Alo]e] B]&E o] 83}
FZEAe) A0 Fg3lr| gt (o, Weaver of
al., 1987; Weaver, 1991). Fig. 10 o] @47:9) A8
ZF z2ge A3 GFEdF Lol AE
o s YANE (McDonough et al., 1992)3} A
of Fotsz] |9t (Pearce, 1982, 1983) ¥ 22
EFsste o Ho-H4 W3 77k bl Aol
o}, W ZE 98l Alwol 7= W] AFLe] BF
A8 (57] 2|82 H4F; Palacz and Saunders, 1986)
W3le o] Yepligich o] 2™l AFE &2
olo] B abelqtFol vls] E3AAHA WUATe
Fere Au gAR s AR WSS Held,
Pearce(1982)2] % 24 dFghRe] BAA
W3} gelnt dxgc}, w3 AFE SHRFR {4
3 £919 4 EAS el AlRo}l Fxo] e
P Fotahy AFFE) fARRE S Rl

3, Weaver (1991)+= 544 A4 28] +
5= HIMU-, EM I- 22|32 EM II-3}4Hd 9] 4
o] FAIIES 234 vgdaw|EE FEIGT
stgd onf, E3) Ba/Nb, Ba/Th 2 Ba/Lavl= EM I-
7 EM II-314-& FE8h= AR AH-E 4 3l
&g A Askgdch. Fig. 11 Ba/Nb-La/Nb, Zr/Nb-
La/Nb z2]% Ba/Th-Ba/La®] #3la3E& RAFE
t}. Ba/Nb-La/Nb ¥ Zr/Nb-La/Nb 13l A5
% el ghRas F2 EM I3 EM 119] %3] 3
L 3o Folu, &ejololEx bl sl
o] B& 38 Z=r}. Ba/Th-Ba/La®] ¥H3}23HoA
= gl o] EM M19] il Falct.
o) 2ol &ejelol = Th ¥Agke] glol =43t
2 Zsgch dubdo g E3AA wPAEUAm]
g o] 4t AE 29 f5= 2 vl - EE-EA
Zob Wsslx] Wolo sl Ae AR It
(Weaver ef dl., 1987; Weaver, 1991). 12} 45
A He)TelolEe] T 2UYe) ¥R EFHE 7
© Qe FE3} varizke] Fu@AlelA Nbell vl
Zr, Lav} &0 3A4A< SAS Z7] vl &4
go] AsPglol w2} Zr/Nbe} La/Nb vle AAA =
t} webd oleidl YA E Alole) vig-E sMIsHRe
BE ZYte] 4 Bt opjE} YA FE
242 AEE FA utdsiA et (o, le Roex,
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Fig. 11. Incompatible trace element ratio plots. (A) Ba/
Nb-La/Nb, (B) Zr/Nb-La/Nb and (C) Ba/Th-Ba/La. Sym-
bols are the same as in Fig. 4. The fields of EM I OIB,
EM II OIB and HIMU OIB from Weaver (1991). Koolau
tholeiite data are from Roden et al. {1994). Reference
values of PM (primitive mantle), MORB and CC
(continental crust) are from Saunders et al. (1988) and
Weaver (1991).

1987; Roden e dl., 1994). Wa}A] dzietsel &
glojol & 7ke] 54 vlgdan|e] ol e
3} AAE (1994)0) o]n] H<l ule} o] A|Fwe
Felolo)Er} el ol vlel ¥R LA} =
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WS wedses Ad = o
XTZxN 84M: DMM-EM 112 28

o] A AAE AF= MIHFE DMM-
EM I 44 #AlE AFs 749 35, S22 &
5 F=U AAdY sMiskEe] DMM-EM 1 A4
(Basu et al., 1991; Tatsumoto and Nakamura, 1991)
T 2ol & Koo)Xk, Fg T ehFe], A 2
Aotz stodd g HFEFHEAW SR (Peng
et al., 1986; Flower ¢t al., 1992; Tu e al., 1992)%}
Absich, weba] Al MRS HAAIA 9419
F5 ofAlo} A fetAle} s U Ay AES] A
A EAIR= e, S5 B sdske 3 @
E Aol x|9A e} ulzl EM I3} EM 2 2582
AN gL, A AT 2 S Ui5e] o] st
tF-9] A3kt gl A wieky | o] 348 43l
I 9= ek who] 2AA o gk Wk dgkeol
ghol=let (Nakamura et dl., 1985). mWehA o xj%2
g4 2L YA WE A ek ¥4 o 3A
o] A& Fa) HEA AYE A AR} 28]
v} o]9} o] FAo] Y F3E WAE EHE
o] AYBES Tl AedsiA € AL o] BF of
Alote] sMitatE-g o} AR B Al A FE FF3t
Ato] HoglE& Zle|rh

A Eot AFEE $IF FH = g9
sharas-e eyl wo] Al wheke] wste} dxw
3} feplopre] FEZ Qs o) A FANA
defd A2 Mg} (o], Xingyuan and Daning,
1987). o123’ #73ellA Fdwisiel AJ7hE 2o
Qe dAHAFS dod Qe THEALS
$A4 dEH WES] A & 4ok AH #
7oA o gL Ao 2] dojutA =
W A Fo At M3t Aok Zlo] op &
A9 AR A FFE S 4wl gich AR
ol FAR 5 17 wfjF-oll 027t HFH B2
DS A o4 S gt HFE AlEolo]Adel 23
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Sr-Nd-Pb Isotopic Compositions of Lavas from Cheju Island, Korea

Jun-Beom Park, Kye-Hun Park and Chang-Sik Cheong

Isotope Research Group, Korea Basic Science Institute
Eoeundong 52, Yuseong Gu, Taejeon, 305-333, Korea

ABSTRACT : Sr, Nd and Pb isotopic characteristics of alkaline lavas and tholeiites in Cheju Island
show that the isotopic compositions of the former slightly overlap, but have relatively more depleted
than the latter. However, in viewpoint of the two eruptional stratigraphies of tholeiites, the isotopic
composition of the older one is similar to those of alkaline rocks in Lava Plateau Stage after Lee
(1982), while those of the younger is overlapped with those of alkaline rocks in this study (Shield
Stage). These suggest that the parental magmas of alkaline lavas and tholeiites might have originated
from the homogenous mantle source and that the characteristics of the mantle source to be partially
melted might be different between the eruption stages. The isotopic signatures of the volcanic rocks
in Cheju Island overlap with those in Samoa I[slands and South China Basin, indicating the DMM-EM
II mixing trend. This is distingushed from the DMM-EM I trend of the Cenozoic volcanic rocks in
Korea except for Cheju Island and Northeastern China. The modelled binary mixing calculation
between DMM and EM II materials indicates that the mantle source of the volcanic rocks in Cheju Is-
land had been mixed about less than 10% of enriched mantle material (EM II} with depleted mantle
material (DMM). Concerned with the indentation model between North China Block (NCB) and
South China Block (SCB) after Yin and Nie (1993), we suggest that the distinct isotopic features of
DMM-EM I and DMM-EM II of the Cenozoic volcanic rock in Korea as well as China can be ex-
plained by the difference of the nature of subcontinental lithospheric mantle as enriched mantle ma-
terials, i.e. EM I of NCB, while EM II of SCB.

Key words : Cheju Island, alkaline lavas, tholeiite, depleted artd enriched mantle, subcontinental litho-
sphere, block
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