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2 9o A obE KRR EAANYA AT B ASE], A RS oA E a2lu 3
JAbe] A skl X3l Sulje] Lejolo) el Tyl ohAZ|A, FESIE}, FAE 2 v R 49
H3AARE Bl o}5d FE wbtZAQl E|Fel vls) AlRAleln), 4 EL Hake) Ay
(Anee)3+ APE3IY (BER)E) 4 MY (Fone)o] Y 23S o) Ec) B4R AME§) A o) ukx}
ol il -2 vk o2 AkeEa, £ {39 thalsl A (aAvo] 2o HEHA)E A7) FEZ AT
th o]F £LE|olo] B kg MAE A, T4 Y49 W3 ¥ Frt (Si0.=51.0-52.5 wt%; Mg#=
54-60). FAE WA} Ho|FS dael Wspgape] dale|gdFel Fuafal AL FY wlavle) ¥3l2 &
2lote] B9} abzbuigte] HAE DY 4 grke 71& AARich @9, KO, Rb, Ba, Nb, Lag 7k vl& &
glotel =9} ebdeigle] KARRE Wb, P, Y, Yb £ MF43} A3l e} 9] F4AE 7he] u)i= gajojo)
E7} ebdeisrdc} mn). o]t vl A 5L AT R Le|ole] B} W] dRdFe 4 st

8490} e wrtachere fedes

Axjae},

MO AFIALE, SelololE, AR, XT3 g Adql

M o

- 26l dAa) AE sk g5 2§
HAE shitdoll s FejololEAl o o] dF4F
7 Ex3}, et Ao BE o 2 st
B3] F5, F WElAe) wfaet XS w2} o
oFsl} (Philpotts, 1990). €25}, eiseke] s2e}
&l (Caroline) F=o} 7o) wlard 22 shabAlel 4
© &ejololEAl AR AMEsHA| won, WolA
(transitional) #7917+ Na-Alde) ddeigbiant
Ao glr} (Mattey, 1982). wixjeke] sz A
(Gough Is.)ol}t 7h}e}Ad (Canary Is)3} 22 739+
FE PRUFE FAHAL g7t £ejolo|EA
d5orE 233t = stk (Borley, 1974; Le
Roex, 1985). WHH, 3ele] dxo] sMIHES de)
ol Bl3) Lejolo]EA] HFte] F (95%)E o] F
=], &ejololEx sMHabEe] Asle) A=) o
EEx9} AHite] thaksltl (Clague, 1987; Frey ¢ dl.
1991; Fodor e dl., 1992).

Fejole) EAF de] FFUFe] 7 1 %3
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M= 7hssict felojo] Bl AR 4 dF
ool viE) ubakza]o] FelslA] ¢fon), ExjHo g
ZrA] wbAgd s} A7) ARt Hk$- (reaction) 22 ¥
A% Ca-poor A (FAh}e] B 2 3lo]H4Al)
o] A WS 7 b (rim)YeRE AlEshe 7o)
oe) #EgE FEEE $8F J1Fe] Hr)
(Irvine and Baragar, 1971). 2=lv} dtelolj4de] d)e
ME 7)Aol 27t PR oS- =B AEY] o
Toll, DAIFA] 7] A9 Apo] (FEjole] Ex H]A]
velE, wbd ole] dAFge HEHHNM 4z
(interstice)& A-9~= FE F72 Ao (FEjol]E
= A4, 478 Q59T 4] ) S e
o] 7158 AMEsl T A9URE e 4 vt
{MacDonald and Katsura, 1964).

AFEe T2 Na-Alde] dde] slghRols] o
7o) HA<ta SMHER o]0zl eog o
%] ¢ler} (Kuno, 1966; Miyashiro, 1978; 9%,
1976; Lee, 1982; ¢]5°3 &, 1987), FT dT<iA
e olelx o =EA £ejololEA &
FUFE £X5t 9l-go] Xt (Lee, 1989
b AAE, 1991 45 5, 1993). Lee



AFre] £elolo]E APE 67

(1989)¢} 93T 5 (1993)2 AF ¥ 73238 9
A AN dASold, =3 el dbldy
(= AA49, 19915 S 58 249 e
A|FFiolollA] rge) &ejole| Ev} date|ghRol ¥
Aste] 3L QoS sk

e, olX7HA] ATl &ejolo] Eof gt 2}
A’ 9P 7120, e, gAstal ) gk AlQlA o
T o5 A v §ict o] A AFE B4 2A9
AAgelel A% 5T 7w pAke] e o x|gq)
AEsls &ejolol =3 TRl digh e 2 A
T3ebd A7 A4S 8w, 1 Aele E83c)

#2|0l0|ES] BE

Ao BEAE 2A 71H 25 #3271, &
Stehx] ®447], b #4271 a=lm 7| st
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Y72 FEEEd ($4, 1970, Lee, 1982; ©1%
d 5, 1987; €41 &, 1992), Fig. 1ol o] F8& o]
S} 213t AFEe] AAE Jehgl e, A
Ak A& A FAIEGTE 7189 Ao o
29, Age A9 71A A5 olg g8
Sz #¥Ad71e FAle] dFdell, olAlF A2
EAle] dE<h kA A7) Age] dFs
714 EAE 3A4d719] SRt M2 FHE A,
B3 FY% Fe] 4obie B4 distd A
g},

A A F F F (JS9 CE)2 &3 :a}9] dgke
2 PA AR AF A Qeich 5F AsE AR
(JS; IFETFHE 40.05/182.5)+= AlFANA oF 30
km X FEZ X3 FAFTFE TAAE A5
wlEnhg 2 5] pAbe] Weko g oF 1.5km ®eiAl
dFAE 2 (B 165 m)ellA AFHE AlFFole)

[ vava PLaTERy STAGE

[ smiero stace
[B] cioen cone sace

[l seomenTaRY ROCKS

Fig. 1. Simplified geologic map of the Cheju volcanic island, modified after Lee (1982). The sample locations of this study
are: JS, Songupri core (National Grid; 40.05/182.5); CE, Ishidol core (32.75/128.35); JP, Jigunae at the base of the Suwol-
bong tuff cone (28.60/122.45). Open circle and square indicate location of tholeiite reported by Lee (1989) and Won et dl.

(1993), respectively.
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Fig. 2. Stratigraphic sections of Songupri (JS) and Ishidol
(CE) cores. Boxes with horizontal and vertical lines in-
dicate pyroclastic rocks and unconsolidated sediments,
respectively. Sample numbers with K/Ar age in paren-
thesis are from Yun ef al. (1992) for JS section and Mi-
yake et al. (1993) for CE section. Vertical scale indicates
altitude (in meters) relative to the sea level. Ab-
breviations: B, alkali basalt; H, hawatite; M, mugearite;
TH, tholeiite. Solid circles with numbers are samples of
this study.

Ytolct, gepilel dizte] g x93} Ao gy
Al Al sl AF A9 IS oAE Ag
(CE; 3=3#22¥ 32.75/128.35)% AFA|ol|A] <F
25 km AX FAZRe Y7 BAFE IYR )4
E EAFHA AHE Ho) 665m oA AlFF
o}2] oiolc)

Fig. 2= A-329}t o]A|F AlF2oldl o3t &<}
FAERA, A A Q] i ste) Lejolo| ] A g

Ax2} A FLZ FolelA Bzl obzte]elo)
K/Ar Adld3) (£41 5, 1992; Miyake ef dl., 1993)
< 2] vehlideh e A9 A9 sl
H, "l &2 w72 (unconsolidated) 42 —
TrAjete] E—ahiba A sl olololo] Ektz] o
Fd—ode]olo| E—atatr] dFgt-sielolojolE—
TrAEte| E—&ejole] ERAjelo] B gH4} w3}
£ Bt} (Fig. 2). #stel F¥shes =422 A
E 9 A =709 A 2AE AA FAe 4
el vteht 9l Axck o 4ok (2 100 4 m).
s olefeollA] oleigt A3 E¥E o] Y F
We] o Al FFo} (AF, 4, A3 E fAlg
FE vehlin, 2AYE 4= 7o ¢35
SHE 8l e Aoz el (Hed,
1992; o154, 1993 <A=# %, 1993; whaH,
1994). o] HAZFE ¥ Y& FAEl)EE skl
29 D9 E 2 FAE < 65 melH, K/Ar Astedd)
= °F 049 Maolc} (F41 5, 1992). &ejojoler
A2 e FFNA 3Rt ElEl=dl, s o}
7+ 3% (Sl ¢ +20~+40 m) A= 2 10
me] FA 2019] &ejolo) £7} ohzbw] FFgtel §
Al A A (+160 m)E 10 m 718ke] FAl2
Al FrAlgte] Eof| §] A ghct.

olAIE AL 267 olAte] £tFU) FalE e,
B3 Abololl 4= i) S ES vl HAE
o] YAt} (Fig. 2). 4179 shpishe, 814
Al el Blelolofol E (mlm HH e gAl) -3}
AIAE Al E g dFh (e
2 3lsjolotol 9l FA|elol Bl YAl —dzte] A
o (FrAete| Bl Al —dde] "7t (3l9lo)
olo] Ev} ql)—ge]olol E 2| WSt Mt} ¥
o, AE 9 HEAS] r|uASL FHRY AF30}
AlA Hole szt fAlslh. o] A9 st
°F 0.62 Ma®] s}ejojolo] & spAtdF-0 2 RE] Azt
=98-S AAZ} (Miyake et dl., 1993). £&o}o]
Ex= g AlFFots} del st 326-362 me] A
BHTNA 103 4Heghc)

T4, JP A HL o]AlE Zold] A 2HE F 15
km AT MZFof| 3 AT A 34k A
T silel] Sl 98 £38e A (=FEE
FFE 28.60/122.45)% o|F= 4979 REAHo
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2, 2 R 3v9] &shirt Exshedl 2 F st
HlE g R slE 49te] EEjololER HqlF
ek A7E A Aol Eejolo]l B T4 A5
2] +25m/150 m, A% ©] Al &9 +325m 2 wAle
o] e 2AEA, 2 AR 15 B kA 93]
7t 247} eh2c), Age] Fopel|A] edte]tRel A
e 3v9] EelojolE 049Ma olF (f4 &
1992)0)] # 2 23]2] A2 v} A|7|e)] 2 FFo) 9]
AR 3AkE] skl Y Y §-3
o] 71ukg ol R QU= LelololEx Fle] gt
3 gy Y8 33 He FEAZ] (0)5Y 5
1987)E &3}, 0.60 Ma o) =Y ¢3]319] §
4 o)A E-&% ALE FAHLL 4, o]AEFY
£elolo] Ex 0.17 Ma ©| 3| #&315ic} (Miyake
et al., 1993). $ o= Lejojol B digt A3t BE
A|719] qFo] o] Folx o} & Ao}, 23] Za{Atel]
A Adge] Z$-ell g steiels, <F 0.5 Ma o] F+-¥
vz 2E7hR]) oge] SbEE eabEe] HA
g Ae o]Are] 7HE Q] &elololE AT Fo|

EMUY

219 Al A Gl 579] Eejole] Bl sl 447)
A, FEsE W Adse £ AA s 24
FEY 4L Mg A gl A3 gl

(EPMA)E )83, F A& (JS15% JS16)°l4 At
A, A a8lm ApE A e AR Al o] uky gl
oy Azle) s AR Bk 24 =4
2 AN B BT BA4X ke sl uhE
W3 AAdd (1993c)3 2t

ko] AR A wAd Eo i3t spshEA L |
= Franklin and Marshall Collegesll*] XRF ® (5
A& 94, Rb, Ba, Sr, Zr, Y, Cr, V, Ni, Nb, Zn,
Cu, U, Th, Ga), s3¥ (FeQ, Fe0,) % ICP-AES
4 (Be, Sc, La, Ce, Yb)ell 23 o]Fojg ovf 2 3
W& Kwon e dl. (1994) 71&=e Qlch. &
S EF A2 deke 9129] London HaelA IC-
P-AES WP og ik o g 2359]ow, o]
et A e v WA« (1993b)el] el
slct.

& o 7l

Table 12 &elojo] Eof] it w = BAIx]e} &l
73 BAL o8¢ Zlolth 1 uiA] AR &
2lofol B Ade] AR F} o]o nis] 1 ofo] A
HALH M 8] A7) AAEe] ArAdr] AR gjelA o]
M AL o] F= Al 2 Tl 7158 o] 27
3R ol7] Wil A Apke] It e AR
FHE 7Pl 4 SAE Aok dniAgstellA
© SAHoz Aol F upgk 2L 3wk

= 3-Ad g BA JCXA733 Axkae] A7) HANE 27 B2 74 (parting) & 2 vHby
Table 1. Mode data for tholeiites of the Cheju volcanic island.
Olivine Pyroxene Plagioclase _
Location SaI{In ple A(‘L’I)‘ Ground texture
0. m ph  mph ph mph ph mph mass
Songupri core Js1
JS16 +160 09 19 2.6 2.5 11.9 80.2 intergranular
JS17 +40 1.6 6.3 0.6 24 89.1 microcrystalline
+25 0.6 8.1 tr tr 2.6 88.8 microcrystalline
Ishidol core CE1 +356 0.6 19 1.0 1.8 1.1 2.9 90.8 intergranular
Base of Suwolbong JP +1 0.3 0.5 0.6 05 tr 98.1 subophytic

tuff cone

Modes based on about 1000 counts per sample.

Phenocrysts(ph) are >0.7mm; microphenocrysts(mph) 0.1-0.7; groundmass <0.1mm

Abbreviations; ALT-sampling altitude, tr-trace
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Fig. 3. Photomicrograph (under crossed nicols) of thin sec-
tion for tholeiite JS1, showing vesicular and intergranular
texture, with orthopyroxene (Opx) microphenocrysts sur-
rounded by plagioclase (P1) laths and pigeonite (Pgt).
The black area in the photo represents vesicles. The
white bar is 400 um long.

o2 AEEY, DA FA o] E (pigeonite)
o} HEF M o] Arlort Ak, dAe|ehF £
A= FEE}, 28y MacDonald and Katsura
(1964)7} AR Ge|dFe FE7IE] He
Z2-e 7RRe TR e B} gi7ke] Ao It
7| et

AHee] &Ejolo]EE ARE BT ok} oY
Z2ANNE F 7/ FEE F, 3 A (S
16, JS17)& APgA o)Lt ApY$IA B et A vk
o] LA miukt AL AW, 715 2
A3 FUR Gl 220] HE ERH ML B
olrt, uba AbRe] 7 (JS1)& 3he] Zlot B2
2 gae|tRe 2ARE Falo] FEEEH, T
Faoln] FA13Jel ARA 3 AP B ZFEA el
g7hak 22L& o]Frt (Fig. 3). AMAe ¢
(Table 2), A& JS162] v]ubd& Fo} (Ans)ot F
HE (Ane)7t M2 T8 AEFAE 2ol Hrle
Anzolr, A& JS1& wA 9] Fo} (Ana)ollA FH -
(Ans) 2 PlefRE ¥ FE MolX |, vk 2 4
71 Angs & A9 98 A (Table 2)2
A8 JS19) WAl 7S Fos, "1WHAS Fon, 233
"—‘171“: Foeole). ¥, JS16at 739 2E Abo] oA

T AR (Fon)e 7HAlTh A8 JS13} JS160i14] vlak
Ao AZshs A A e AR (Table 2)2 2E

A1 E (bronzite; Mg#=Mg/(Mg+Fe™?)x100 = 80-
83)2 A2] Rk mevt A7ldat AAEE DA
A (Table 2)& A Rol| w2} Xfol& Ak [S1E
nlubg o] ApREA FHE ZRba F7A] f3e &
AH3|A o] AbEshedl, Mg-slAve] & (Mg# = 72)
2} REFA (Mg# = 69)0]ch. Fxrte|EL] &2
A F B2 FAgle| 2o APA WY ZH-E (E
W3l A, 19930) 3 Ak A (Mg# = 43)
v ] Mg A¥o] 3= 54& 7kt 34, JS
16914E FA el B ARE3R] 9R |1 7] FE
2 7‘14 off mie} A &o] Aol7}t vhs MEFHe) AF
3t & 2= 2uAA 47 A=
Mg#—77°,l A o] AHE3IH, ole} 3 HEA R
255 gAre 71l FuE vlAA HE (aphyric
part; Table 2C2} eFoi)e] A7) HA o] Bl o
B3lEl Mg#=5841 o] AHEHr}.

o| A& &e]olo]E (CED)E AR th3tes,
Zaba) o] AT ApA 2 o] Izt =
2 & o]&rh, Y% EololE (JP) 2% o
oluka)& 7px| o ALE @ € (subophytic) £2]E ©]
21} B4 o2 Apkg] A o] HiAlE o] uby &2 7|
nk o 2 AEEw, TAFEA-E Ao Rt AR Rt

ZE O]

ot o 3}
2ag A 5o 2L 9 njEkdE fdae] dERe
Table 3} 2tch. A8 2 vijgkgd B Aae] WslE 3

Aol gleld, Lee (1989; CJ3, N9)o} AFR F
(1993; 202-3, 203-15)0] B3k &elolo]Ee] ¥4
= o] IFAALE o5 Si0-(NaO+KL0) #AE
(Fig. )41 MacDonald and Katsura (1964)%] £
WS A4, ejolo|ER EREY. B, o)F
& AFE 2AGS AL dHF AR (E
1, 1994)9} Zo] HAIFo2A] vl S stk

FME 22

ALO; 13.5-15.0 wt%,
Si0, 51.0-52.5 wi% s 7}Ain, kg Ajed o] £ejole]
=g, 22 53 AN sAHE 2 shit 27
o] o} x| Qol|A]2] Aed-Eelolo|E Y LelololE
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Table 2. Average mineral compositions of two Cheju tholeiites

7

A. Plagioclase
sample No. Js1 JS16
phase(NOA) P-C(4) P-M(2) MP(6) G(4) MP-C(9) MP-M(5) G(3)
Si0, 52.83 53.58 53.41 53.84 54.05 55.86 57.79
ALO; 29.24 28.60 28.70 28.46 28.40 26.89 26.03
FeO(T) 0.46 0.39 0.49 0.52 0.49 0.57 0.64
Ca0 12.65 11.91 12.05 11.74 11.44 9.74 8.29
Na0 4.40 4.98 4.86 5.02 5.26 6.22 6.94
K0 0.12 0.13 0.12 0.13 0.21 0.30 0.43
Total 99.70 99.58 99.63 99.71 99.84 99.58 100.12
%0r 0.7 0.7 0.7 0.7 1.2 1.7 2.4
Ab 38.4 42.8 41.9 43.3 449 52.7 58.8
An 60.9 56.5 57.4 56.0 53.9 45.6 38.8
B. Olivine
sample No. IS1 JS16
phase(NOA) P(2) MP(5) G(3) All(12)
Si0, 38.81 38.09 37.59 39.25
FeO(T) 23.22 25.18 29.28 20.01
MnO 0.28 0.30 0.31 0.24
MgO 38.15 36.90 33.10 40.45
Ca0 0.22 0.22 0.23 0.22
Total 100.67 100.68 100.51 100.17
Mg/(Mg+Fe) 0.75 0.72 0.67 0.78
C. Pyroxenes
sample No. Clinopyroxene Orthopyrozene
Js1 JS16 Is1 Js16
phase(NOA) G(6) G4 G(3) Ap-G(2) MP(13) MP(4)
SiO, 53.17 51.05 51.30 49.42 53.67 55.22
TiO, 0.41 0.87 0.75 0.94 0.32 0.22
Al0; 0.81 1.36 2.30 1.94 2.16 1.49
Cry04 0.17 0.15 0.19 0.02 0.28 0.17
FeO(T) 16.29 13.58 8.99 16.04 12.42 11.08
MnO 0.32 0.27 0.12 0.17 0.22 0.16
MgO 22.98 17.31 16.76 12.28 28.08 29.86
Ca0 5.25 13.58 17.52 17.32 2.02 1.91
Na,0 0.09 0.21 0.26 0.36 0.05 0.02
K0 0.01 0.01 0.01 0.01
Total 99.48 98.37 98.21 98.45 99.20 100.12
9%oWo 10.5 28.1 36.6 36.9 4.0 3.7
En 64.0 49.9 48.7 36.4 76.9 79.8
Fs 25.5 22.0 14.7 26.7 19.1 16.6
Mg/(Mg+Fe) 0.72 0.69 0.77 0.58 0.80 0.83

FeQ(T) as total Fe.

Abbreviations; P-phenocryst, MP-microphenocryst, G=groundmass, C-core, M-margin, NOA-number of analysis,

Ap-aphyric part.
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Table 3. Major element data for the Cheju tholeiites.

e - 949

Sample Js1 JS16  Js17 CE1  JP
Si0 5230 5161 5225 5249 51.29
TiO, 174 216 208 180 214
ALO; 1476 1406 1400 1462 1447
Fe0; 154 208 163 186 262
FeO 923 861 873 899 9.04
MnO 014 015 014 014 015
MgO 722 711 750 686 656
Ca0 870 881 843 890 823
Na:0 304 295 304 303 3.05
K0 055 079 092 041 045
P.Os 021 030 030 019 021
LOI 075 085 087 060 174
Total 100.18 9948 9989 99.89 99.95

CIPW norm

q 138 199 131 28 320
or 327 473 549 244 271
ab 2587 2531 2598 2582 26.28
an 2515 2311 2205 2526 2491
di-di 846 1022 965 9.04  7.82
di-hd 536 543 518 566 466
hy-en 1417 1322 1440 1302 13.02
hy-fs 1029 806 887 934 891
mt 225 306 239 272 387
il 332 416 399 344 414
ap 050 072 072 045 051
s} 7 A¥o] fAlslc}t (Fan and Hooper, 1991;

Wilson, 1989). MgO A¥-& EIX|42 o] 848 uf
(Fig. 5), $= ¥99 MgOE 7IAl& £elololex:
FUL MgO Aol ] AFUFe o)
i}'Oll’]”E‘Eﬂ, CaOgl- SlOz% “‘xi‘:ll, A]zoa, TiOz, NazO
K0 283 POs= drh o|efzte] &da] ARy}
Wt et o] Aolr) vhs AL o] 2] mrl
vke] AR 9 EsigiAe] YRS e 2
55 2vidch

AFx £ejolo] B Mg#i 54-60284] UubA]
ql HE71d 24 wharke] Mg#<l 68-71 (Wilson,
1989)°l wlal E3td FAL 7hAlct. &ejole] E4
FAE YAE 0|83 42¥ (phase diagram)2.2
FHEE A Hx A 4= o) (Grove ¢ dl.,
1982, 1714}; Baker and Eggler, 1987, 8 kb). oJ7]A]

10
+ Park
O Lee +
O wonetal. *
81 | ® This study . +
., w
+ . + +‘t,z
+ 0'
+
+ + o+ gt A

+ S

+ ¥

‘4- iy }"0’ v
<4 +

+ * ’*ﬁ‘ + #¢+

et

Na20+K20 (wt%)
o

+
.4 ter B
M

47 49 51 53 55 s7
Si02 (wt%)

Fig. 4. Alkalis (wt%) vs. SiO; (wt%) plot of the Cheju vol-
canic rocks except for trachyte. The line (MacDonald
and Katsura, 1964) divides alkali basalts from tholeiites.
Symbols: solid circle, this study; open circle, data from
Lee (1989); open square, data from Won e al. (1993);
plus, alkalic rocks from Park (1994).

B3R = @A o] Aol H4¥ A F ¢
Hollx] dojzl HEFHA+oAGo|E (T2 APy
AD+ARA FAAe] M E FAR| = Rl FHAH
o] AR} HE TP s} I,
Thompson (1972)-2 Fe-Ti Ats}4E (53] =5bd
Ae] o] & 5 J T mhavtaRE vl
2 z7)el AEIA, A she] FANM e =0} 7
Aol whet AR -AMAA] -3 A o] HEE F v
el AEE AYS B8 Bk o]2d de
vl Aol 13374 AAshs o g%
st (MORB)oI} 3le}olAde] Zakg-dllo} (Kilauea)
£ejolo] EollA AAHC) (Clague, 1987; Nielsen,
1988; Wilson, 1989). o1v] Q13% ule} 2] AFE
%elofo] Eolli= Fe-Ti A8} 3-Eo] FAF A =),
ol HlxZA HAE (MDA E3=E S 7sAS
AlARghe}, 23, ol F4lE vEhE et
¥3137 (=) dA 9, 1993, o) ¥ =)

DM E A
374 (compatible) ¥z: MgO7} Fragel et

Nizt Cr& F3] Zhast ot H4FS) A%
o] 9151 e-& A}, 4, VI S A9 YAt
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Fig. 5. MgO (wt%) vs. major oxide (wt%) variation diagrams for Cheju volcanic rocks. Symbols are the same as in Fig. 4.
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Fig. 6. MgO (wt%) vs. transitional metal elements plot for Cheju volcanic rocks. Symbols are the same as in Fig. 4.

o} (Fig. 6). ¥4 MgO°1W v wsby dde] Wy
oFFof "l Ni2 2 & 7B V, Crg Sc&
A2l fAsieh

£3%4 (incompatible) ¥4 Fig. 72 Ef-54,
A (high field strength) $4:¢1 Nb$ »hzwte]
23} A% (<, Pearce and Norry, 1979) 2 3} &
32 vdae] W3S el Aok £}

o] E¢] Ba, Rb, Zr, Sr, LREE®] #H3l= Nbe] #s)
o dfa) AT ghFet o] A (+)8] ARTAE B
ol Z7)3lA|ut, o) & W49 e dAE|dRel
vla gl Y Yb Wstoleln qheke et
9} FAkste] Nbe] wigtollx Aol dA3HA A=
t}. £elololEg} obzte] FRqHRel B354 44zt
ko] ol HE ZAA A 2A =lekrt HA
2 A WE AFHEI viavt kel EI3AA

(incompatibility)ell 7]1= A& ¢]9lgic}. gz
7R} £ujololEe] B34 A4 W /)&
717F AR A& ol Eo] ¥ 71 EA M2 )
2 2R 44 32 29 7|} wlanle] £31E &4
2 4 914 AJAKgkt} (Hanson, 1989). 224, Y
Zol| Eoj3he ZAAH Azt Bt gpgil Ao A
ZHc},

B EF YA (rare earth elements): B4 % 3
EF 49 =2 LREES] A% dgadFel
vla) & e 7RAY, Ybe A fAlsIo
(Fig. 7). &=2}o|E 3z (Taylor and McLennan,
1985)2.2 FF3}sle] 2 v]E “ebE (La/Ybn,
3.9-9.8 24 LREE7} HREE<] v}s} o] #3k2 &4
£ 7RH, dgdedFol vl 2 e A3
(Fig. 8).
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Fig. 7. Variation of incompatible elements against Nb for Cheju volcanic rocks. Symbols are the same as in Fig. 4.
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76 e - JA-
100 - Table 4. Trace element data for the Cheju tholeiites.
Nb (ppm) . Sample  JS1  JS16  Js17  CEl Jp
80 Ba 141 209 235 103 136
. ., Be 0.8 0.9 1 0.8 0.7
+
601 o ;e Cr 248 231 263 243 229
‘-I; *3 RE PN Cu 53 59 55 61 53
SR e Ga 201 21 27 20 215
401 . gestam Nb 122 176 177 91 108
O Leatt’ Ni 174 178 181 160 164
Q + + Park
201 . - o e stucy Rb 146 19 23 10.1 8.2
o % O Lee Sc 21 22 21 22 22
O Wonetal, Sr 289 382 392 280 271
0 : r . " Th 0.5 2.2 15 <0.5 2
0 3 ’(‘C /Yb)15 20 25 ) <05 <05 <05 <05 05
a/ton v 172 173 172 160 176
Fig. 8. (La/Yb)n vs. Nb (ppm) variation for Cheju vol- Y 24 2% 25 25 28
canic rocks. Chondrite values are from Taylor and
McLennan (1985). Symbols are the same as in Fig. 4. Zn 10 116 113 112 122
Zr 121 163 166 109 137
La' 17 21 22 8 18
&2/|010|E9| Hel Ce 25 35 37 26 32
Nd 11 17 19 9 16
Q_llﬂ-z;} o= %%E] 178_‘?‘(;};1]. :'é:a]o}o]_ri—g— v Sm 4.2 5.7 5.5 51 4.8
Holgule] Aale WE YRl 9] o] W Eu 11 1.4 14 14 12
. D 3.6 43 4.2 4. 4.2
)& zlo]7} E 4= 93X, Jaque and Green (1980) le 14 L5 Ls li 17
< 548 e Fo e Fhe BE IR ' ’ ' ' ’
B H38-5-0 Axe} ¢4 (o)) oo o8l & Y/Nb 197 148 141 275 259
Ze] HFgAs LelololEA wlarir}l AE 4 (La/Yb)n® 821 946 991 38  7.15

A2 Bk &, 10kbarolste] el 84
A ES} FAlgle] 3 &elolo]EA whiuiule]
A= =| k10 kbar o]AdlAE FE-8-5AHE 5
7Vakelt ule}l A== vhanke] AR e g%
bAoA gelolelEA R W) F, FA] HE
SUtellA de] FFghat Sejolo]Ert HAE =
gl FEE-gAE) FeaYE x| AFc) 7, o]
9ol & o] Fo] 77} o)A o2 Ry fH AL
2= A 4 gt} (Wilson, 1989).

shiketolld EER Aam|e 3ol Fe= 8902
PRz e 02 AW 4 glon, WE TUA
A2l ZA ) 2sl 7]al=c) (Weaver et al., 1987,
). ofu BujASrt fARE FE2Ee vie 247
o) FAA-E, Uk By FeAA g8 AR
7re) vl e Aedu LA ES AolE
A A&k} (Hanson, 1989). Table 4+ AlFx=2] &2

! Rare earth element data are semi-quantitative.
% Chondrite-normalized ratio using the values by Taylor
and Mclennen(1985)

ololEe} F 1Fo] wEdF (W, 19944
Bl BEA il oisf, 2 vle] It
EZA3 (10)E vebd Aolch 228 wefsirizt
= AR 22 Rl el §Y4e= LIL
(Large Ion Lithophile) €14 Zke] #] (e, Ba/La,
Rb/La)x fAksHAIRE, LIL €46 9% Y, PO,
Ybe) #) (4, Y/Nb, POs/K:0, Yb/La)¥ A& =
o}, &3} Zr/Nb v)= ] 545200 A9
AyslA|t, gty FEoh LEjolo| B Aolrt
o} dutd oz 43 sejzele|E HE ridel A
& WE FEo vis A3 BEAA 92 (LIL
% LREE)ZS] vl $E8-8457} 1% o4 o
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Fig. 9. Variation of P;0s/K;0 and Y/Nb with variable de-
grees of partial melting (F%). Non-modal batch melting
equation was used for calculation, as given by Shaw
(1970). Source mineralogy and phase relation during
melting are assumed to follow the relationship given by
Johnson et al. (1990). Source concentrations of P.0s and
KO are from McDonough and Frey (1989) and of Y and
Nb from Taylor and McLennan (1985). Partition coef-
ficient for K;O is from Chen and Frey (1985), and those
for P,Os and Y from Frey et al. (1978), and that for Nb
from Shimizu and Allegre (1978). The boxes of LPK,
HPK and Tholeiite indicate range of the degree of partial
melting for corresponding elemental ratios. Abbreviations:
LPK, alkali basaltic rocks with P,0:/K)0<0.3; HPK,
those with P;0s/K;0>0.3; TH, tholeiitic rock.

2 A Xolo]l M= Aol wisteR] oA
{(Chen and Frey, 1985), LIL % LREE®} AFAel
os) 231 A#al, PO;, Y ¥ HREE 7] ¥l &
4545 w1 gho] Wisiich ol A FA e
e AdEez w2 FulASE 7= PO
(Kds=-0.15; Thompson, 1975; Exley and Smith,
1982), Y (Kdv=1.4)% Yb (Kdw=4.03 =& 7.4)%
Qlaf WEoA F-E8-F== F1t AEE (residue)
2 e Ao olF Wdel & d%E F] dE
olc} (Frey et al., 1978; Budahn and Schmitt,
1985). Zr/Nb Bl 739 24719 FAAE A
o A}2=571% 1A%t (Erlank and Kable, 1976),
Zro] Nbell v]sh HF4 (Kdx=0.65, Kdw=0.03)7}
TAL3 A (Kdz=0.2, Kdw=0.02)e 3l 313t30]e]
A g8 el AR wet 2 vle FokEA 2
t} (McCallum and Charette, 1978; Shimizu and
Allegre, 1978; Le Roex et al., 1985). ¥, H&-4
FA T e HEstA] kol U= FAA
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< JehllE Ba/La, Rb/La, 18] Nb/La ¥l& &
Z2)3ta} &elolo| E7} AL dx|jlict. wetA AlF
9] £elolo| e ] AFghe] B34 iy
£ 0)5o] B4 7ol ¥ EE8AH T I8 v
w2 5E fe S AARRE

£l o)l AlF 59 g Mk ATE
28 R FE UE 2ekavkt 54 dExe
elolEgRe] BR449 79, o529 £33 vig
Hx7ke] vlel 71 AR W3t Aske] dHE 5 S
< 2ot () A4, 1993, b). o] ATellA
= AFze £eololer} dAd=bFel FU /™
o] MFA FH2xelolE WE ZtolA R85
Axe] zlold oa] YA viant2HE] 7]HH A
£ HAZ sl POJ/KO Bl2} Y/Nb ul2] Wsts
Arded 5 gleA] A o]d, Mysen (1982)2]
2d diAlel]l M 2 A AEE ol 43 S5=d
(<], Mysen and Kushiro, 1977)9] 4+ A7e} ¢
2= Johnson ef dl. (1990)9] =& AH&319:=
dl, WE YA FEZEL 55% FHEH+25% A
WHA+10% DA +10% A7, 854
Eol] Fd3he 2t HE FE2] A BlE 3% 7
B+3% AFHA+44% A +50% A5 o)
o}, whamte] 7t 14 g wste] Alke YA
9] AEe]l HAAWE AE (POs ¢ KO,
McDonough and Frey, 1989; Y$} Nb, Taylor and
McLennan, 1985)3} & 7§$-ol dial, vl = wjx|
(non-modal batch) ¥#8-§ “44] (Shaw, 1970)
o2 Axslr). Fig. 9k 284 ulE A
AME B) ) HE-E Jeld Zlog, ¢ ARl o
POs/K-O ¥let Y/Nb )7} A A5k #2483 =7t
A2 frAlsich &, G sk % LPKY2 2.0+0.
5%, HPKT-Z 2.9+0.4%, 414, £ejole]E= 8.0+
4.5% (Y/Nbulell 91844, 8.0+2.5%)°] F-¥2-5¢
vlovtERE J|AEGES B]lch deishRel
A4 Axle vk st A9 (1993a)e] HxS v}
e welElolE  (pyrolite) % ®|ZFAH
(undepleted) WHE Aol i3] LPKTL 5-10%,
HPKT2 10-15% A4t} 2pol7} e, ol 2 E
Al s}abA o] Ajolof| 23t FAjt HApelc). Lo}
olE2] AlAlgte ol Eele]lE E Ay WE Y
o ds} 30+10%2] FEE-HAHEE el Aol




78 Ll R B

vls) 1/39) k& veldc), i) o A vis)
o] Aol AtE FEEFHTE R Bl
A% e} 292 dte] FAlgl U Lefolo] Eof of
3 884 wde] A (Nakamura e dl., 1989
Kay and Gast, 1973; McDonough et al., 1985; Lio-
tard ef al., 1986)2}< FAFE Welol]e), 2F A ol
Nk AR ko] A fagll v} o 2T

Cheju Is.
x

Continental crust

~

£

5 ______ Sub-continental

lithospheric

'S mantle

o

0
ol

Asthenosphere

E Plume component
[&]Magma

(¥ 1Magma storage reservoirs

Fig. 10. Schematic diagram showing a model for the petro-
genesis of Cheju volcanic rocks. The depth of continental
crust (=32 km) under the southern part of Korean Pen-
insula quoted from Kim and Kim (1983), Kwon and Yang
(1985), and of sub-continental lithospheric mantle from
Wilson (1989). The dashed line indicates boundary
between spinel (Sp)- and garnet (Gnt}-lherzolite stability
field. Abbreviations are the same as in Fig. 9.

o} 3, WE-E4 9] 8543 (Kushiro, 1994) A3
£ o 10%E 71522 I ol3tellA e & 7
A wzwlzl, vbd 2 o] el = &ejote] EA vha
uk7} PAgS ) Aj. o9} vl waldH AR H 9
2 el et wis) &Sejelel 2] Algk
o] ezt rod|, =ddl Ak Astel 4§47
Aol A A WESHS] HELF 02 ThEA
desl Eel=le dae] A4 4HE vt 3
Fx= S-5APT] Holof2f3] 7]UAR o2 o
ARt ARAH R, AFT AIGFHE 234 v
47k v o] 83 v A= FXAQ v
o} 5o 474 s Telo] ol M & o E ¥
L5Axd 3 JAE wriamtERE AFze]
dze] JEYFel &elopo)Es] V1Y LR o
ulo] W3ls A A9 = o5& AR olw &
2olol B G whoiutel] Bls] 2UA]eA 9]
4540 & 3hg ket vlsl, A7k 48al
£ajololue] ¥ SR} XY el F3tsie]
qith. ol WMEAMY FELFH T} A2 ¥
5 ofo] WA UX|EIA] W& 2viEh, s
o2 st (Fheldd, 22 5)edM £ 5 o
(Borley, 1974; Le Roex, 1985).

Fig. 102 $2]8) o} oF (45wt AAd,
1993a, b)¢} o] Q7§ EUE 3l AF= HIHF
o} 2% mlavhe) YAH ¥3 mll S wAHoR O
gl zlol}, dubAe g miEdlxe] FHEFA =
AF BE a2z A varke] A BE 827
A9 et 2% A 93 FL=HEd (Frey
ef al., 1978; McKenzie and Bickle, 1988), A= 3}
AlotFe] obAslald B4 (o], B3A4A v

Table 5. Average incompatible element ratios for the Cheju basaltic rocks.

Alkali basalts

Tholeiites
HPK (16*) LPK (7) (5)

P,0y/K0 0.3310.02 0.2940.02 0.4610.12
La/Ce 0.5020.09 0.54::0.08 0.5520.10

Ba/Nb 1.0+ 14 10.60£0.32 113+ 15

La/Nb 0.89:0.12 0.9110.08 1.13+0.20

Zr/Nb 5.37+0.46 5.374+0.57 8.070.30

Y/Nb 0.8520.16 0.760.08 1.71£0.20

Data for alkali basalts are from Park and Kwon(1993a and b).

* Parenthesis unit indicates number of data.
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AFxze] Felolo| B HALF 79

¥))& 1 ®elavke] WE FURA O AAFRERA A
FA49 Aol ofsf TS WSS epdch W
oAy AFAL T4 279 A 25 kbar o144 gt
HollA] kA3t 24 (solidus phase)el=, 0.3 wt%
o]3l8] Eo] ZN% A= 20 kbar o4l kA3
t} (Green, 1973; Kay and Gast, 1973; Takahashi,
1983; Elthon and Scarfe, 1984). @& ollA wlamle
Arssld B8 Bao] <y it o& AEL] 2y
A g 7tEA2A P94 FEEFo] dovix
2 7tEAEE AR, F dedhe A2l w2t 8
444 %= HalshA At (McKenzie and Bickle,
1988). AFAME W& FETOE Ze oled Hol
ol 4] 2| xelo] BV} H-E-4-gEW, @ Ao
Agete 28 W9 AAA (potentialy L& oF
1400°C o1Ate]oiok g} (Latin ef al., 1993). ©]21t
Hog v|Fo] AF stFE RHE 2rtavke #
4 20kbar ©]4 (F70km ©]4h 1 kbar/3.5 km,
Hess, 1989)2] zlole} oF 1400°C olAtell A AFA]
He|xelol s} HRE-grlo] FUHUNSE AAME
o}, @9, Hd AEE o]83F Adam (1990)%
Kushiro (1994)2] £-§ A< AEA F-E2 852
2 A" 24 vianke] Sio, $e vharte] 4
Zolell, zela ehde] §E-S FE8-5A e vl
Fe AN AFEe ¥Eeg 24 Ak
LPKZA HPKT 12l £ejololER Zp& 1
AE7} Z7tsled, ol Asdlhe BF B AR
e RRo] 2zt of 2 ol WE S TER
AzE Axd me} FEEFAH=] Aot g
£ 9vldit} o] F mutarbe 2|7hog Abgsicly)
AAT Zolofl M WA} (FAE JA4E o] 88 U
Akl ojat dde] FFhFel vlsf &ejololE
7} ok 29% A% 7 ch) | o8] koot sk (chamber)
£ olFwdl, olu] Fste] dHE|YF F LPKTol
HPKell B3] R} Al o, whd Eejolo] Bz A4
o vhzm} HhE 0] 5518 A o2 AzbH el
dde|alFe}l £ejolo]|EY Aol T thgo R
A 5 Qe AL o]Eo] o]FH] WE TYeny
B fAdle ASolnh 2 Wig2A] Held o} W
E FETY Aot WE WARRAE (mantle
metasomatism)ol| &%t A &2 zfo] F-& Y 4
et o]#dt o= R FA YX§ gL it
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A|d 9] shatet A7-E F3 Basn, AAT F9
739 Fan and Hooper (1989)= Al <2zt
7} gelolo|Er} 4zt ohE g e e e
Rog At} Lee (1989)= AlFwe] dze
FAkgtell A A3l BlZFelo] E (spinel lherzolite)
SlefiokH (xenolith)o] Rl wd], AFwe} 27+
Ao 2 FARE F7al F52] AN 3PAakkRel
#2929 (Fan and Hooper, 1989), 2435 #iEe
M2 2 Holola FE4-5% viartE e o2
2ledfel LejololErt zb faAlENS rleAE
it} ol &rjojo]Ev] obzte] HEHFY HE 2
dal A5 HEelolEof vl Bt 2 ZHeoldl
e 29y HEele] o] B85l HA=E
35 2]v]gr}

Qo ¥ AE

o] dFE FE Fye Asel, v ¥Pe
o) AE zelx AT mate] AUl siekel] Svie)
alolo] E7} date|gtoll gAlste] EEsba 9SS
B8, olol el Ao obxiE B kAl
A7E Psisdch. wakzAoln, oy 2 Are]
Se)qtRels 2e), FARAL Lejololu: 4t
o] AN ALEIAe] A7] A Ee) oAy A
2 gdoiz] QI AL o] T Ale] 2 vl gk 7] F
& ol Zgtsla gl7) wliel] 28R} g} e
A2 e 7R %ekd 4 2 d}, dr) st
e EAH o AMIIA (gl E)o] kXl
o] ubg Fe mby o R AEEs wAuo|Ee} B
ERALe A7) FEET A2 o] 5L kg Ao
& FHRE EejololERA FF FER A4

sejolol B HRFT SAlSI, AFEe] e
HEate] Hls) S MgO A ¥-oll4 Ca0} Si0=
¥, A0, TiO; Na0, K0 28] 1 PO+ v 24
), zkalqtel vls) Nie %8 ghe 71 Cr,
V, Sc& A2l #A}3ic}h. 38, Ba, Rb, Zr, Sr,
LREE®] ¥3h= Nbe] wis}ol dia) Lejqtfio} 7t
o] A (+)9] AUAAE Holw Zrleix|et o]
9] geke delghRol vlE Y& wh, Y3} Yb
o] gk falsich dwte) dTglwle] FAE W
Ao F&Une] =Bkl Fole mriavt AR




80 SESE

9 B3 e] dHAE YR 2 (T ey
A, 1993a) = DS onidic). W, £3
A v 2e] wishs B4 HE YA A HE
AFFET voaeizie] B34 Ao JladE o g-E A
Akghet.

AF sHistela EA" o= xelrt vie PO
K02} Y/Nb 8] & o] 43+ #8-4-45d A4 A%
TR ) A o] AANES] 27 TAL H%, F
A2 AFA Hxele]EdA MZ & FE4-§
AeE e vlanlERE AFE 47 A8
Frop &ejololEr} 7|1 E-E Bk Ak ¥
854 Es 4E=hH LPKTol- HPKY
2l £ejole| ER 28 1 A xr) sk, o)

Asdhe B35 249 ME & 3Fo] Zt o
Zololx WE A& 7IBA 2E A e}

2455 Ao)7t S-S ovigic)
ZejololEQ] R-¥ o} BFA7|H A AT Al
Fro| PAAES el F8F 988 F 5 IdE
Aoz 71l AA, XF7R] AT FAEEA
£ 8= A3 (key bed) 22 F2 ZHYHF
EEA718 olgsked (o, Lee, 1982 ©]F%,
1993), ©] QA7-¢] A= AT HAddl = 3
AFLET) vl Bo] HAg FAlE o)ake] Al &
gojo] E sAkge] S-S Yehlle] &ejolo]E
7} mahte] ZAEe] 4L & 5 gl Aol £

£, ol B9 AR Wish= o]B0] HFoA £
3= 98-8 vYehlled, ol mlarbh YA AE
oA 3-8 vl g Avel 22 & e T2}
A& NEIc) fAFel 99 (1984)2 AlF
29| BEE-AdA] whgko g WAy s|AsHle B
Z23E B4 4F0'E AT vl e, £}
oleo] ¥} x|F7HX] Byl Lelojo]Ee] WbA
A9 (Lee, 1989; AFH %, 1993; A43}, MNAs
Al o] A7) G|l 2e] o]Fe] AAR
F3ol AR A Feat A Qle], 1 EEFER
Al e} FAEUE 7H5A ol ek

& o

2 A

o] Q7o A48 3ol ARE EAF ATH Z
YEALATRE o5 wpat, AP 7]

A4

A AR AFEAE] 271 AFFRA A=
et =3, 239 iy fstn DA viEE
HE 712ARR LA T A el Al Zo]
ZHAt=Rh o] =82 CMRATH| ol &3] #-¥3.e
2 214 = %

2123

uhEd, 1994, AlF% gHAkske] 2| gkehA 213}, o) ghalA}
g =F, dANEx e, oPLE, 305p.

ubEw, @A, 1991, AFE 3Hiteke] st 13
(2): AF FF debe i AFFet 97 84E.
A2 &)=, 27, 531.

by, AAH, 1993a, AlFx 3Makghe] A)sheba] 213}
A F B82H9 FatEA o mE 3H4eF9] A7)
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Tholeiitic volcanism in Cheju Island, Korea

Jun-Beom Park and Sung-Tack Kwon

Department of Geology, Yonser University

ABSTRACT : We report petrography, mineral chemistry, and major and trace element chemistry for
rare tholeiites in Cheju Island where alkalic rocks predominate. Available age data indicate that the
tholeiitic magmatism was younger than 0.49 Ma, possibly younger than 0.17 Ma. The tholeiites are
generally fine-grained, porphyritic rock and show intergranular texture with lath-shaped plagioclase
(Ana.), orthopyroxene (bronzite) and olivine (Foxs). Characteristically, two kinds of clinopyroxene
(pigeonite and augite) occur only in groundmass. The tholeiites have normative quartz and show lim-
ited compositional variations (Si0,=51.0-52.5 wt%; Mg#=>54-60). Major and transitional metal ele-
ment variations of tholeiites are distinct from those of alkaline rocks in MgO diagram, suggesting
that the two rock types cannot be simply related to differentiation process from the same magma.
The ratios among K:0, Rb, Ba, Nb and La are similar for both tholeiites and alkali basalts, however
the ratios between the elements (P, Y and Yb) having an affinity with garnet and the above ele-
ments are higher for tholeiites than for alkali basalts. These trace element ratios suggest that the tho-
leiites and alkali basalts were produced by different degrees of partial melting from a similar source
material (garnet lherzolite mantle).

Key words : Cheju volcanic island, tholeiite, alkali basalt, geochemistry, petrogenesis
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