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Abstract

The outcrop of the Cape Sukoton intrusion, a constituent of Miocene
doleritic sill swarm in the northern part of Rebun Island, north Hokkai-
do, is 1,600 X 600m wide and more than 240m thick, and dips gently
eastward. It can be lithologically divided into three zones; the upper
Colummnar Joint Zone, middle Banded Structure Zone, and lower Mas- -
sive Zone. The appearance of columnar joints is remarkable in dolerit-
ic rocks of the Columnar Joint Zone. Banded structures and columnar
joints are also well developed in the doleritic rocks of the Banded Struc-
ture Zone, whereas both banded structures and columnar joints are
not observed in porphyrites of the Massive Zone.

Based on structural analysis of columnar joints, lithological descrip-
tions of rocks in each zone, and the presence of interlayered sill-
sediment structure at the boundary between the intrusion and
sedimentary rocks, the Cape Sukoton intrusion is infered to have
formed in the following main three stage magmatic events. 1) first stage
(formation of the Columnar Joint Zone); intrusion of a basaltic magma
into wet and poorly consolidated sediments, and melanocratic to leu-
cocratic dolerites and leucocratic andesitic veins were generated during
subsequent cooling contraction and crystallization of magma, and
columnar joints were formed throughout the body, 2) second stage
(formation of the Banded Structure Zone); intrusion of a new basaltic

- magma into the Columnar Joint Zone and wet poorly consolidated sed-

iments. During cooling of the magma, banded structures composed of
stratified vesicular and non-vesicular layers have been formed in
melanocratic dolerites, and 3) third stage (formation of the Massive
Zone); intrusion of another magma into the Banded Structure Zone,
prior to the complete cooling of the Banded Structure Zone. During the
third stage, melanocratic dolerites of the Banded Structure Zone might
have been brought into the intruding magma, which resulted in the
appearance of melanocratic enclaves contained in the Massive Zone.

Key words: the Cape of Sukoton, Rebun island in northern Hokkaido,
dolerite, sill, columnar joint, banded structure, cooling contraction, inter-
layered sill-sediment structure, crystallization differentiation

WTIFON TS (FEE, 1999). JE#E - dJil (1999) 13 14
~ IMa DKILUEHYOREBICDONWTHR LI TS, 513,

MBI FEMErARORNSE — TR LI O EAD KIfEE UTEEIRAKIL E BRKILBED 2 <FFFET B 2 &
I, ST KBRS RICHM L TS, i 5, 14 ~ 1Ma QILMBEILEIIZIE ST D /NS VIRE~ BRI
2B LEKIESET I P2 A EORERIZONT NETBPN TNl EZ2mE TIN5,

13, INFETHABZEANTRINTE BT, 1995; JbEERALm O EILES (Fig.1) 1%, RO L IHEA
AT IEDS, 1995; Watanabe, 1995; [L#8 « H1)1], 1999 72 &). B (BREIE, 1995) BREDFEICRL A1 MBI EA

ZD5B, KUHEDEEHE-CEBEDO RN
(1995) &JLHH - H)Il (1999) TARINTWS,

3, BEES, BN EE T DRRISMETH D, IS DB AGHRITHEAR
REEE KINEZIEBEIC Lo TSNz b O EHEETN TN S

(1995) 13 14 ~ 9OMa OEHPOTZKIIEETH YD, nT (EHE - )1, 1999). IS OB ASEOEIR, NS,

HIHEREECHEBKILRED, LBl

VR HA SRR HBlE B DRI 7 £ OREITE AR OISR O

PR 29 DK E W E2HERL TWa, R ZITRS, BABMEEDOERLRDET Py AEER
H O RGEIE QWS AL EE] LR R OB E DL AT D TEHLETHEELEASNS. '

©The Geological Society of Japan 2003

442



HIEHME 109 (8)

T TEESIIXBICET 520 N B AFHEOTE
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Fig.1. Geological map of Rebun Island, Hokkaido, Japan,
modified from 1: 50,000 geological map, Rebunto (Nagao et
al., 1963). A square frame shows the location of the Cape
Sukoton intrusion. F: Formation. G: Group.
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M - ERNTEERIT B, £z, FOER - ERNIAEZBELT
HE—HTH S, —RIHREOEOMED HRANL, HiE
DIHEARIC BT 2 5RE L ERXT B FMERT EEA 5N
TWa, 7205 KEEEIHREENBR I N 254, 1
REFEOFEOMEDH ML, HEORHEEERT 5HHEZ
A9 Uames, 1920; Spry, 1962). IN5DZEMS, A
RREREOBEmICHNICEALEZIILEEZ BN,
e, FANCERLUZARTHB I ELD, HUNEED |
HBRIC, FRIMTEROTEHICAHE L TWS, 20L& S AEk
OEEORE SHREEE, BREEE, SREDHMm
(Fig.2) M5, BHALI DIEIZEED B8 S TR L
TWwas&EEZ5NS (Fig.3).

Fig.2. Lithological map of the Cape

Sukoton intrusion showing three

zones: Columnar Joint Zone, Banded

Structure Zone and Massive Zone.

Cross sections A-A’, B-B’, C-C’ and

D-D’ are shown in Fig.3. Points a and
b b show positions of the boundary
between the Cape Sukoton intrusion
and Hamanaka Formation. Points c,
d and e show positions of type local-
ity of the Columnar Joint Zone,
Banded Structure Zone and Massive
Zone, respectively.
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FEIREIEAIE A O b IR LRE A~ B RS O R IR W IR
T5 (Fig2). #HOBEIEIR/NT 16m THD., HIMIZ 3
h RERIBRRNTH S (Fig2 @ c JAHE). HeETIE
FERETEFERE S 5%, WREHESHET2B56H5. W
HERIC I3 L EBIRIEERD 5N, RS OFET S EFNT,
FRETBE DFEEEET & D bIEHE & OB ABEROREHI T
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30°~41°NE TH5 (Fig.6-B). ZOEEIIBICHRNDHE
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LT B, BEEEE 36cm, K 180cm THBA, 90 ~
100cm OHFEERTHDHAL Fig.7-A). FOREF X3
WHIEH & OB AR 5 ILANZ AN 60cm 205 140cm
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Fig.3. Cross sections of the Cape Sukoton intrusion. The locations of A-A’, B-B’, C-C’ and D-D’ are shown in Fig.2.

A

LTHLEND (Fig.8-A). BHERL I FOEZIEMN 0.1
~5m P ET, fIFNOEEITENEDT Im, ENWHDOT
I3 10m A EH S, BOMEDSEIFHIREE O MRS M
BT 5, HREHIIERE R 4 MICIIEEICRET
50, BAERL I PATIERHEBOBEENE N,
FREREEIZIIE 2 ~ 10mm DEW Si0: S BERTE
HERIUAERR CATIRISEMRET2) AUTUE
ABEND. ZOHIIRE N RIS - 20, Y FRICHK
e LEREERTESbH D, FOMHESANIHEIRETREE

Fig.4. Photographs of the Columnar Joint Zone, Banded
Structure Zone and Massive Zone. A scale bar is about 30cm.
Locations are shown in Fig.2.

(A) Columnar Joint Zone; columnar joint is well appeared.
(B) Banded Structure Zone; both banded structure and
columnar joints are well appeared.

(C) Massive Zone; both columnar joint and banded struc-

ture are not observed.

DHRATEELT 2.
EH
REEHOERE RL 51 MIh > T A — EfiER R
LS4 hTHY, BEERL S MNIHFMER KL 51 h T
H5. RIERMNIEREERIIETH 2.
A R-ERERRLIA b ZORLI 1 AT S
> 4.0%), BREL 6.5%), fRA 694 %), Fe—
TiEE (2.2 %) KOWRIN, 974747« v 2@k
BRT. AT IFA 0.3~0.6mm) 1ENGESTEH B,
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Fig.5. Photograph and sketch of the interlayered sill-sediment structure, which consists of siliceous mudstone (SM) and
dolerite (DO). Location is shown at point b in Fig.2
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Fig.6. Strike and dip of hexagonal and pentagonal planes which are perpendicular to columns observed in the Columnar Joint
Zone and Banded Structure Zone. The Cape Sukoton intrusion was divided into 100m range blocks shown in (B). The data were
obtained from columns in each block (named a-i) along west coast of the Cape Sukoton and columns in each block (named -
n) along east coast. Blank blocks show the portion from which data were not obtained because columnar joint is not observed
or there is no exposure in these blocks.

(A) Lower hemisphere projection for strike and dip of surfaces perpendicular to columnar joint. Closed dots show measure-
ment data, and an open circle and value do point-maximum pattern in each block

northeastward

(B) Plot of point-maximum pattern of strike and dip in each block. This figure shows the Cape Sukoton intrusion inclining
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Table 1 Summary of mineral assemblages of rocks and character of rock facies for the Cape Sukoton intrusion. A: well appear-
ance, B: slightly appearance, C: no appearance.
Ol; olivine, Cpx; clinopyroxene, Opx; orthopyroxene, Pl; plagioclase, Qtz; quartz, Ap; apatite, Zeo; zeolite. Modal composition:

©= 60vol%, 60 >O= 10vol%, 10vol% >A= 5vol%, 5vol% >+ + > 1vold, 1 >+ > 0vol%, — = Ovol%.
Zone Name Columnar Joint Zone Banded Structure Zone Massive Zone
character of rock facies
. 1: ti I ti L . . lanocrati I i - .
Facies mel ?ggﬁra c eu(r:(())::‘,‘x;a ic | desitic vein | chilled margin me arl(:gl((: ic eucrgglx;anc andesitic vein leu;:gccll;atlc me::zr:;?;bz;ﬂc
colwmnar | A($36-180 c } A($50-164
joint o) B C cm) B C C C
banded
structure ¢ c c c A c c C C
OI-Cpx . . Opx-Cpx : . . .
Rock type dolente Cpx dolerite | Cpx andesite Ol basalt dolerite Cpx dolerite | Cpx andesite |Cpx porphyrite) Cpx dolerite
Main constituent minerals
ol ++ | - - A - - - - —
length (nm) | 03-06 . 03—0.9
Cpx A ++ + ++ AN ++ + A +
length (mm ) 0.3-0.6 0.6—1.2 03—06 03—0.6 03—06 0.6—1.2 03—-0.6 03—30 0.9—12
Opx - - - - ++ - - - -
length (mm) 03~—12
Pl @) ©) A O © @) A © O
fength (mm) 0.3 —0.9 1.0—3.0 03 —1.5 03-09 03—-15  1.0—3.0 03 —15 1.0—3.0 06—18
Fe-Ti oxide ++ ++ - + ++ ++ - ++ +
length (mm) 0.15—03 03% 03 03 % 03+ 03—1.8 03%
Qtz - - - - - - - A -
length (mm) 03—1.2
“m"r‘;{ Zeo,Qtz Qtz Zeo, Ap, Qtz Qtz Zeo, Ap Qtz

ETYRFIA MELAERETH S, HEER 0.3 ~ 0.6mm)
HEER~EEROBAFREETH S, AEA 0.3~ 09mm)
WBIERERGEZRL, BEERERERETHS. Fe—TiBL
¥ (0.15 ~0.3mm) ZFEBERZEOIITATA MEAIVAS
A N ThHs. SRR LI SIEBRAEIC L > TED
50 TN3, ,
HEEARLSA b ZORL I MIBEFER 4.7 %),
BEA (75.3%), Fe—Ti B 2.7%) LDBERIA,
VT T7 154y IHEERT. BEEMES (0.6 ~ 1.2mm)
HERROAE~FEERZEZ THS. fEEG (1.0~ 3.0mm)
BEREHESEZRL, BEREEERETHS. Fe—TiR{L
WRIBEBREROTTANTAL &, AIVAFA NTHS. Sk
R8RSR R EEIC L > THD 5N TN D,
HEERZILE: ZORUEOHEINIEAES (0.8 %),
HEA 83%) XOMExINs HilEs 0.3~ 0.6mm)
FEHROBEHHEETHS. BEA 0.3~ 15mm BFEE
ROBEB~EERERTHS. AK 90.9 %) FHFHES,
FED, Fe—TiBLOBRIN, 12575225
HBERT. AEOREAE, $HREEL, ToRENIZL
BEMROBESRE TR 5.

2. FEIRIBES

(9 - B - HEREES S HRBEF OER)

RS A O N D IHBABRDIL WHF TEHT 5.
HOEZIIIOMm THS., #AMIIA T b IPEER, 77
Eay  fBETH 5 Figld @ d gfhin). —E TR
DRET DO, HOLMIHRETHENFET S, HRE
HOEMEICIE, ZOMIEAMEERT D RICMEE & o

BOBUICKDRIMEENFEEL T3, Llahi> TG,
FORETHEE S RERIC KL Z7 FRICHRETENRET 260
?, FHITERT DHEINEE OFEICE D REREEE & K3
N5,

HREE OO BT REIARA~FAARE R Y. HIREDE
DR SR EEAZ T D OEMEANE, JCEFTE NI © ~
80° W29°~ 35° NE, EESTILIN35° W~80°E9" ~
13°NW Th5 (Fig.6-B). ALEOEEIHRIHER DR
ABFHEOERM - @8 (N19° W30° B) BT 5. HE
FIIE/N 50em, K 164cm TH DA, 100 ~ 110cm DEFH
ERTHONEZ (Fig.7-A). FORESFEFTEZOEA
BN S EOREICEN 60cm 25 140cm ~NEHEIL,
BUREZFMN S T 140em /5 80em 2T 5. FL T,
MR OELORE, HORE» SHIREICEN DAL L
0, EFHEEDEAERNSHONERNMMN D EL DN
REV, JEFEEEELREICEN o T 100cm 525 80cm 1238
PMITHEAST D (Fig.7-B).

HIREHE O EMIZ A 5N FREE & 3 R & 3l i
1359 20 ~ 30cm TH 5. HO_EEI NN MmO <
20, KEICEIREEIRHEERCRS, WREEE DERE

CEAERAIRL S M6 D. ZOEEERL S MY
BiREL, HREESE DS CERICBREER O LI
%< HH6N% (Fig.8-B). BHERL I MAE 2m BLE,
E& 10m B EDBHDHL,
FRIRETER & RIBRICRE RIS AN bR A E AR AR IS
HHIBHMN, HEREEEOZFNLD HIEE 2 ~ 30mm &K
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A) B)

Columnar Joint
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100
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20 Columnar Joint Zone
15 b av. 104cm

min. 36em

max. 180cm Fig.7. Results of measure-

ment of diameters of colum-
nar joints in the Columnar
Joint Zone and Banded

10

T

%30 50 70 90 110 130 150 170 190em Massive Structure Zone.
0 S T Zone (A) Histograms of diame-
- - ) ters of columnar joints in
ST Columnar Joint 11,0 Golumnar Joint Zone
10 av. 105em and Banded Structure Zone.
15 min. 50em av: average value, min: min-
max. 164cm imum value, max: maximum

20 ¢ value.

25 Banded Structure Zone (B) Contour distribution of
N (total no. 101) diameters of columnar

joints. A unit is cm.

Fig.8. Photographs of occurrence of leucocratic dolerite layers and
leucocratic andesitic veins.

(A) Leucocratic dolerite layers (L) observed in the upper part of
the Columnar Joint Zone. M shows melanocratic dolerite layers.
Both layers are perpendicular to columnar joint. Location of this
outerop, about 10m in height, is shown in Fig.2.

(B) A leucocratic dolerite layer (L) observed in the upper part of
the Banded Structure Zone composed mainly of melanocratic
dolerite (M) . Patchs including aggregates of vesicle (AV) are also
perpendicular to the columnar joint. The layers in the lower part of
this zone are melanocratic dolerite enriched in aggregates of vesi-
cles. Location of this outcrop, about 40m in height, is shown in Fig.2.
(C) Y shaped leucocratic andesitic veins (LV) seen in melano-
cratic dolerite of the Banded Structure Zone (M).Hammer scale is
30cm long. Location is shown in Fig.2.

E<R%. REBEMIRPIHIREIEOERIFED 515, (Fig.8-B), ZDEIRDITIAIDZ < IZALIREIHE DGR AT &

(Fig 8-C).

RIS S IR S 3By, BEERL ST
PRI DEEYRBEND (Fig9). ZOEESPIIRKIE
20cm, £BEAT1 ~b5m Oy FIRFEEERL, ®KRAERET
5, ZORADESKITEREEFOTHICEZL /L

BHRZLTW5,

WSS OEAR, ETEBOATIIRL, HREEHD
EALLDEAMGRETHS. EPELOBEZEOEAERIIER
IR, HREEY & OB ABRTRREEHFOEAICR
BRSO 5N Fig2 @ c G, ZOBABZRIHE
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Fig.9. Photographs of aggregates of vesicle (AV) in melano-
clatic dolerite (DO) of the Banded Structure Zone. A scale
bar is 1m. The locality is shown in Fig.2.

IREIHRR OFEREIIRZ Y > T\ 572, ks Rk L
TR GHEREIEH O /< 0SERE U, HEIREIEATER S
NEBITEALZEEZSNS.,

(BE)

RIREETROERE N I MIREG - BAER R L
1 bhTHY, EBEERL S MIEMEGRLI1 M TH
%. Tz, RIEEMRSEMEAZIETHS. R
WORL A b EQOBEABETIC BT 2m AR5
O-HEAXRATHS. BREA L I - EEREA

ZIERZ ER U ARRGEEO b D ST 20, 22T

13N 5 ORLEI AT 2.
EABO-BEEBERLSA b ZORL I MNIFER
(B.0%), HAMER 9.1%), FHEH B1.7%), Fe—Ti &
thh (1.8 %) MNEHRIN, TTF T4 51 v iz R
7. RS 0.3~ 1.2mm) IERHEROESEEET, K
B~RFBOLEEZRET S, BAFER (0.3~ 0.6mm) &
HRROEEREREDOLONZN. £HER (0.3 ~ 1.5mm)
BIEREEEERL, BEREBERETHS. Fe—Ti B
¥ 0.2 ~04mm) FEBERZOI T AL FEAIVATA
NTH 5, SRR LM EDBDOTINY A N, WA,
TEIZL DD SN TND, N
hoS U A-BEEAYERE: COERERZN S >E 6.9
%), HEEE 25 %), AEG @45%) LPEOFe—Ti
ks (0.1%) XoHmaIns., H>5>26H (0.3~0.9
mm) BEBEETHIN, TR MELZFEETH
5. HEMER (0.3 ~0.6mm) ZEFROBRERT, fE&
GEEMRERTHONEZN, HEA 0.3 ~0.9mm) i3,
BTHAONDBDEN T U AYEER SRR ERT
bOEMBHD, FIET—ELHICESIT SEAH 5. Fe—
Ti B{t# (0.2~ 0.4mm) REBEREOIIATA MNTH
D, HAMGICEEINIHOHH D, AH 67.0%) 138
EAEHIAMNERY, 1257 —F—F V% RT

3. BRRF

(P - BEK - BREET L RFOBR)

BRI Z O b VIR WIZOTE L, #RRnER<

EEREILE, RL S MEAD b ATE A BAROPERERE & AR : 449

HHEZENESEEICEER TS (Fig2). FOETEEN
T130m TH 5. BIHTIAR T S I NFREOERR
ThD (Fig2 ®e ). BREOETIIHIREEE SA2HAE
BOWME L OROENT, BREHTEEIT b5,
W EHRT 2 EEEEEME > HTHD, AIETER
DEIFREFEANASNS, o EFICE £EOR
BaEY (FLI1 R Aasns (Fig.10).

O BEAEMICEER AR SNz, RaaE
VORI AER~EAEREZRTHOMNS (Figs.10-4,
B), “REEREA~RIR” £2R3TH0D (Figs.10-C, D) &%
BTH2., BRODDIIME~BEAEIRTH D, §iEHE
BT 3. BERD B OO IIBIRFOBSIERITER LT 5.
BLH SRR E S OBERMI TR E S m~ lom @7 Oy
JIRTHZH, FHOPFRRANCHENAEE 10em BEINT <
2B, ik, BAEKOLOIEIEIEEZT, Z0EcHEY
NTEREINZEEBZEND DT =N XIIRDEE TS
(Fig.10-B, REMFD). “IRFEIEM~R" O 013t
ONEBINTHHT B, TELRIBERLUTVWIRIZEX 51,
—EICHEER DI BFEDH 5ND  (Fig.10-C, D). LiAso T,
D “RBERLREA~RIK OBOIIEERDD DDESGETH
LrEZzBND., BOBEIINIOC WS° ETH5D., “RER
FER~HAR" 2T 2RO BDITHET MO EE > A
R 5ND (Fig.10-D).

(B8
BB A COEREIAER (78.1 %), HRER
(6.1%), Fe—Ti B4 3.8%), G (85 %) LDIHEHE .
N, $I7F T Ty VHEBERT. BENET (0.8~
3.0mm) EEHR~ERROBREROSONE N, FER
(1.0 ~3.0mm) REHEROCEBEHETHD, XFHroa7
iz —3 2541 MELTWS, Fe—TiB/kH (0.3~
1.8mm) {IRTARA N, AINAFA NTHD, °T7NTA
MIBEEREEL, AIVAFTA MNIRITARS RO AT &
LTHBNEHDE, BINTAHASNDHONHD, HETH
REREZRT. G2 (0.3~ 1.2mm) EEREREERTH
3. PRI LEEC R DD 5N D,
HEEORLSA b 2O RV 1 NIBEDAY ORFES
ATHHNEENEL . BHihEn (1.0%), #EA 636
%), Fe—Ti BtM Q.0%) KOMEIN, F7LT715+
v 7 HEEAERT. BEANES (0.9~ l.2mm) BERROBE
HMETHED. HEE 0.6~ 1.8mm) REETERROER
~EERESTH S, Fe—TiBEY 0.2~04mm) <
FANRA RNEANAFA NTHD, FRIE R T8 & m
HEIZXDEDHENTND.

LELFERK

1. 9FE

23 F IEEABREBRT BEA 49 BEHC DWW TER
HAEEMBILEOGTET o/, ERATEOSHIE, &
ERFHEEICRE SN TNDEN X HH5HES RIX3000
BN, &iE- B 1997 &3 1 10 FRAF 20—
RETIT 2. WETREROHSHIE, FU 8t X SohnE
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Fig.10. Photographs of melanocratic enclaves shown as dark gray parts in the Massive Zone. The localities A, B, C and D are

shown in Fig.2.
(A) Subangular-shaped enclaves. A scale bar is 30cm.

(B) Breccia-shaped enclaves showing jigsaw puzzle-like occurrence. A scale bar is 30cm.
(C) A crowd of enclaves, showing layered structure. Qutcrop height is about 10m.
(D) Stratified structure composed of melanocratic enclave layers and leucocratic porphyrite ones. A scale bar is 1m.

B RIX3000 2V, =6 - Rk 1997 12k 1 2 Fm|R
NI AE—=REETITo 72, Table 2 AR O HE 2R
T, B, BB D ERSTTEORBRICIET N TEK
100 BITHE L =& TN D,

2. FEBEMOSFH

23 b AMFE AR R EB T 556D FeO */Mg0 —Si0:
K2 Fig. 11 1RT. INHAEED SI0: S F &L 53.6 ~
62.1wt % DHIFH£RT DITH L, FeO *MgO OB/ X A
728, Miyashiro (1974) 122V 7IVHURFD KL >
RZERT.
BRAEEOBEE RL 51 b, BREETOERERL
T4 b, BREOEHAEL VAR BRTSEAD SI0: B
BIXFNF4 54.1 ~ 555wt %, 53.6 ~ 58.7wt %, 55.6 ~
60.9wt X THB. —F, FHREEE, BRESHOERE
RL51 hD Si0: SHRIZ 57.3 ~ 58wt %, ks
OZIEBMIRD Si0: EHEIL 62.1wt B TH5. Fi, B
WEHPOREEEY (RLJ14 ) D Si0. BF 21562~
57.3wt % TdH 5. \
Fig 12 IZINSERDON—I—HER Lz AEAGERD
B, Si0: BEEDEIMMIAEN TiOs, K0, P.0s S7F BAHHE
L, Al:Os, CaO, MgO B H WD T H—~ED ML RE

270y b &3NS, FeO *, MnO, Na:0 T EAEL W,
Fig.131C 8i0: GAR EAMBETREAROBREZR L
FEABKROEAITZIEEMIRERE, Si0. &FEDHEM
IZfEV ND, Y, Rb, Ba, Zr S EAMEML, Ni, Sr, Cr 2F &
WEADTHZ—EDO KL REZTOY hEN5,

Z ®

1. BEARE

A3 b AR AER LB L OB ABERITE, mWENE
ZIRICA DA TS ERDERE SN Fig.h). ZOER
EREZR D DI, R3O b IFRA QT O Y IRE A & iET
BLOEBEABERICHALN, FITREHIERRTA M
RENTWS (Goto, 1997), E/KDABEREHEREYHIZEN
RURMEALZGEITE, WY S KBENREL,
REFEHEEDIREET S EEL 5N TS (Kokelaar,
1986; Busby-Spera and White, 1987). 1 IHE AFHEA &
EHE OB ABRBEICRHINZART 1 MOBASK
EHEREE C DIRZTREE T A EABRROERT, CRAER
IWEBER T INBKOEEEHRBEMICBEA LI &ITL DB
RENEEELSNTNS (Goto, 1997). AT VIREA
AEROBEABICS, RRF1 MIEDSNENEDD, BH
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DIEDBIZEKOKERIRETH - /2012, HHEWILFRE
EL, ZORER, THEOBEARERICTBWTRL I b EHE
Y EPFTRE BT DL IR EEL LN S,

X EIEIC AT 2IRFEPICE, X3 b AFEAER
I 0¥ RO LHABERIADE ARSI D, EHD/N
HERRL 91 NEEABSENEET S, INH60EKED
BABERABIICH 5N 51EFEOARO RSN
HNTWG, 21U, 7T OBEARCHEREY RSN L7
FHEEZSND,

PLED&Dic, HXBIEMETIE, S THDRERER
BOHREYHIC, TbbIERE OB~ EEERIC, X

REE~ZHEERLIEE T < O/NUEN DEREDOE A .

EHNMTONZEEZ 5N,

2. 3HDRM ,

AEAARIFREES, MRS, HBREO 3 ®HicK
SINBEEE DD, FRETES SRS E ABRIC
HBDTEMND, THEOERIITETORRERNS /=2 &
NTEEIND. RS SRR OB RITE I CHIL T
EIRNWOT, ZOMBRIEFAHTHB. £ T, SKHFORE
BEAFYOMRBREZZERTLILICXKD, MEOREERE
EHEE L.

FEREA YO E B AR, BRETEER B L O IRAES
HERETAEREERL 1 FOENOHFANICH S (Fig.
11, 12, 13). BEEAYOEGIIEEL Th5500, H1
T ADRED TR, Fiz, SR ORI EEE T
9528, MREGH SR OERAHEN SBIRE DN
HICHED > TREAAEYORNEI L TN T ERENS,
HEaaYns, BREOEBREE CEEHRLLZTT DR
REEEHEANOBEAICKD, BREEROBEERL 11O
—EHAMDAEN TR I NI EE LGNS, UK 2R
L7z ICMDIAENTRGRESEFOERE R L 1 Ma
REO< 7 DRENC L O8I E S 7z LELZ6ND. —#
DEREL TWAEEEBRY 51 MIZOBIC X DHES
N, PTV-NZVROFIRERT LA EEALLN
5, Ffr, BEAEHOLIIMHEREETS. Z0Z&F
B AR L2 /< OB AR, SiEEHIITERIC
BEREL TWEN o2 EERL TN,

PLEgREZ &G, AEARERERLT S 3 #idzhe
NOBEEHHR LR TTDEAIZL DB INELEEL LN
5. TOEAEFHFREEE G IR Th 5.
RS OBEE RL 57 MYRRETEH P ORRET 2
o TWBZENS, BIREEFERRL <7< DEARE
S, HREESEERR LT INEEICERE LB TH
5, BWREEBR L YOBARINL, Fovsvics
D ZENLBIEEHFOBREERL I MaSEEEZZON
LG EEAEYOERE DH LT, BIESESEBRLEY
TR OREHEETH 5.

3. BEDAHGERE

FEREER O OB HED K E S ITmABERICEKFT 2

(James, 1920). DD, AEWWEEI®-KD&ELER
HEEE, ASVEHERIIENBREEZRBL THSEEA5

HEEEASCE, KL T NEXD b B ABRONER RS & I REE 451

SiO, wt%
64 r
X/
(@]
Il
60 .
56 i
52
0 1 3 4

2
FeQ#*/MgO

@ melanocratic dolerite in the Columnar Joint Zone
A melanocratic dolerite in the Banded Structure Zone
& porphyrite in the Massive Zone

O leucocratic dolerite in the Columnar Joint Zone
A\ leucocratic dolerite in the Banded Structure Zone
4 melanocratic doleritic enclave in the Massive Zone
% andesite vein in the Banded Structure Zone

Fig.11. FeO */MgO vs. SiO: diagram for rocks of the Cape
Sukoton intrusion. A broken line shows the boundary
between the fields of calc-alkaline series (CA) and tholeiitic
series (TH) after Miyashiro (1974).

nzs.

Fig.7-B ITREND & D ITARBERDILHEEIC AT AR
HIERE T ORREHOWITROAE X1E, BEEH» 5IFBITH
MNERT S (60cm M H 140cm). ZHUL, EFEHEICH
EHEBOEERKET S I & THENEETH S, T72hB,
Bk OB ARHCII R RANC DIRPENFREL, BEAE
FUCHRE L TOWREMAE SinAERES R E V20 (BiR)
ICERO/NE WEREIRATERL X 4, ALERIC D iR
INE LR TN 2D () ITBRORE WERIREIEERL
INEEEBEZLNS.

ETEOEIRIE S T RET SR E OEROR T
3, EFE & OB ABERMEN SRS OPERICE
AL B0cm M5 140cm), BWRFFICHD> TEUGEDT
B2LEFRT (140cm 225 80cm). ZL T, WEEOEL
O, REREEE ONED SBIREICRM D EEL 0 b,
EE & OB ABERD SRS O WA E» > o FF
MAE D, ABEROILFERORIREES A S AR
O DB B BRIRE AN > TR D ITHA TS (100cm
M5 80cm), ZIUIFIREEEH OIS & Bk, s
EOBABEFITEELTWERFMZERER SN, Siiss
DPRRIZANNVRLZ ICEHI SN - Z LR RTEEZ BN,

UipL, BASEFN S B RRERIC M S i HEEE O =
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Table 2 Major and trace element compositions for rocks of the Cape Sukoton intrusion. C: melanocratic rock in the
Columnar Joint Zone. B: melanocratic rock in the Banded Structure Zone. M: leucocratic dolerite in the Massive Zone.
Cl: leucocratic dolerite in the Columnar Joint Zone. Bl: leucocratic dolerite in the Banded Structure Zone. CE:

enclave in the Massive Zone. A: andesite vein. L.O.I: loss of ignition.

No. 1 2 3 4 5 3 7 8 9 10 11 12 13 14 15 16 17
Sample No. Sc04  Sc158  Scl50  Sc218  Sc219 - Sc220 Sc232  S¢233  Sc235  Sc237 SC157  Sc231 SullF Sul5  Sk04 HNO3 SR108
Rock Type C C C C C C C C C C C C _Ei B B B B
Si02 5395 5431 5388 5370 5398 5415 5336 53.66 5497 5421 5404 5343 5381 5390 5444 5540 5421
TiOz 0.94 0.92 0.94 0.95 0.92 1.00 097 0.97 0.97 0.93 0.93 0.97 0.93 0.91 0.88 0.91 0.93
AlOs 17.02 1710 17.08 1728 17.17 17.07 1702 1724 1733 17.08 1670 1679 1677 1674 1657 17.67 1734
FeO* 9.05 845 872 8.80 8.64 8.73 870 8.53 828 8.49 8.73 8.90 8.70 8.78 831 7.76 8.80
MnO 0.22 0.16 0.17 0.15 0.15 0.16 0.13 0.12 0.15 0.14 0.17 0.14 0.16 0.16 0.14 0.16 0.14
MgO 6.52 592 6.14 6.22 6.32 6.14 6.25 6.07 5.67 6.46 6.18 6.06 596 6.32 6.34 546 5.76
Ca0 6.65 7.57 831 781 741 7.60 6.85 7.65 7.37 6.56 7.25 722 8.29 6.96 7.11 834 8.79
NaO 3.8 421 3.75 421 434 4.20 4.54 4.60 4.14 4.37 4.04 4.26 327 3.94 3.97 3.20 2.99
K0 123 0.74 036 039 0.60 0.46 136 105 0.81 130 1.09 1.07 0.88 118 128 1.00 0.90
PLOs 0.29 0.28 0.26 0.27 0.26 0.29 0.29 030 031 0.27 0.25 0.28 031 0.25 0.21 0.27 0.27
ToTal 99.72  99.66 9954 9979 9979 99.78 9946 100.17 9998 99.81 9937 99.12 99.08 9912 99.23 100.18 100.13
L.OI 2.16 1.55 119 1.66 170 1.55 131 1.38 1.40 1.43 2.23 1.74 0.92 1.60 3.77 121 242
Ba 3481 2730 3085 1836 2185 2766 2261 199.0 262.0 2716 3097 207.2- 3005 299.6 3793 2971 3096
Cr 1506 1646 1678 1598 153.8 1532 1585 1461 1282 1775 1652 1505 1550 162.9 1686 1617 1442
Nb 59 75 7.1 7.1 6.8 79 6.8 77 8.2 73 6.7 72 7.0 6.7 53 15 72
Ni 84.2 86.0 89.6 915 91.0 884 913 85.6 79.5 7.1 93.0 90.0 80.6 852 80.0 79.6 843
Rb 211 117 23 73 91 6.4 218 13.6 13.7 221 17.0 17.5 14.1 20.9 227 14.6 113
Sr 327.5 3694 3797 3737 359.6 3637 350.1 3769 3692 3432 3495 3598 3673 3320 3009 4139 3897
v 209.1 1908 1963 1990 1971 2078 2062 2079 1974 1951 1896 1859 1926 0.9 2070 1872 1928
Y 24.6 246 23.5 233 23.0 25.0 224 252 24.8 249 224 227 263 4.6 21.6 24.6 25.1
Zr 1142 1239 1173 1179 1144 1283 1095 1248 1318 1180 1120 1126 1167 1173 1059 1326 1230
Ne. 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
Sample No. SR14  Sc145  Sc239 Sc44 K204  Sc45 Sci4  Sc03  Sk0S Td09 Sc107 Scl8 SCI198  Scl197 Scl83  Scl89  Sc208
Rock gxge B B B B B B B B M M M M IX’! M M M M
SiOz 5290 5506 5410 5383 5646 5432 5414 5437 5549 5885 5899 5679 5885 5603 5589 59.12 5490
TiC: 0.92 0.92 0.92 0.96 1.03 0.90 0.90 0.93 1.38 137 1.59 1.06 139 1.00 1.01 1.45 0.99
ALOs 17.14 1676 1701 1698 1622 1743 1735 1685 1598 1505 1455 1720 1501 1568 1673 1478 1773
FeO* 8.56 8.76 845 8.96 845 8.23 823 8.59 9.22 9.19 9.74 7.60 875 834 8.23 8.72 841
MnO 0.10 0.15 0.18 0.13 0.12 0.18 0.17 0.18 0.19 0.17 0.14 0.13 0.14 0.13 0.14 0.14 0.10
MgO 7.02 5.85 589 6.00 4.88 5.46 546 5.86 433 3.24 3.03 4.25 3.78 6.00 5.01 327 6.18 .
Ca0 7.08 7.38 821 8.63 6.48 744 741 711 7.00 6.39 4.99 7.10 595 6.65 6.26 4.11 6.76
NaO 4.41 3.50 3.54 3.64 426 3.66 3.64 421 3.80 3.50 3.67 436 3.82 437 43% 5.85 3.64
K0 1.22 0.84 0.84 036 1.19 1.26 1.30 0.65 141 1.07 2.09 122 1.66 117 1.50 131 0.57
P:0s 0.26 0.27 0.26 029 0.25 0.23 0.24 0.25 0.32 0.37 0.36 0.26 042 0.27 0.26 0.35 0.29
ToTal 99.61 99.50 99.38 9979 9934 99.10 9884 99.00 99.12 99.21 9915 9998 9977 9964 940 99.11  99.56
LOI 135 147 0.97 1.88 1.57 2.81 2.17 182 415 4.42 2.94 0.91 1.10 164 1.55 1.85 2.00
Ba 2916 3154 3181 1612 409.6 3160 493.1 3489 3303 2472 7605 389.0 4015 4464 5024 4357 2085
Cr 1487 1642 1495 1553 856 1313 364 1495 41.6 1.9 155 56.1 107  133.0 1124 89 1664
Nb 6.6 7.5 71 6.5 6.6 7.0 74 6.9 8.5 84 10.8 6.5 9.8 6.9 6.7 9.5 7.6
Ni 803 86.5 76.5 881 38.1 68.5 242 79.8 31.0 153 118 283 16.6 61.2 49.9 14.1 957
Rb 116 11.1 9.3 34 16.9 245 322 10.8 252 18.0 312 164 262 17.3 232 214 9.0
Sr 3615 3692 3643 3733 3173 3758 2581 3429 2298 1257 2692 3214 28L1 3075 3108 2448 3731
v 1902 1817 2046 2009 2495 2013 2415 2040 3051 2429 3082 2205 2584 2212 2100 2921 2068
Y 250 245 25.0 26.0 26.8 237 28.5 252 30.1 379 335 270 376 269 265 371 262
Zr 1205 1331 1190 1157 1225 1271 1444 1218 1461 1801 1723 1223 1681 1244 1220 1808 1226
No. 35 36 37 38 39 40 41 2 a8 a4 45 46 47 48 49

Sample No. Sc213  Sc95 SC130  Sri00 Sul06F Sc178 Sc171  Sci80  Skiz ~ SKil Sk14 SkOSE  Sc2il ScB  8C168

_Rock type M M M Cl Bl Bl Bl Bl CE CE CE CE CE CE A

Si02 5863 5669 5928 5864 5816 5649 5701 5676 5504 5582 5552 5446 5571 5526  61.19

TiO2 1.55 116 130 148 1.59 1.19 1.09 120 0.87 0.99 0.79 0.86 0.34 0.82 1.56

ALOs 1487 1655 1489 1422 1483 1626 1596 1644 1654 1682 17.54 1680 1726 1663 13.99

FeO¥ 9.13 821 879 9.80 9.54 872 8.16 8.24 7.97 7.85 7.28 8.22 745 791 776

MnO 0.14 0.12 0.15 0.17 0.17 0.14 0.16 0.15 0.13 0.14 0.12 0.15 0.13 0.14 0.13

MgO 338 423 3.77 3.2t 3.14 4.78 4.80 417 6.13 475 513 6.27 534 6.44 3.42

Ca0 518 596 5.80 336 4.41 6.37 5.67 6.10 7.52 711 7.80 7.02 3.02 6.46 3.96

NxzO 433 4.89 343 4.88 545 4.13 438 4.44 3.67 3.96 3.63 4.09 3.88 4.02 4.34

K0 1.87 1.14 1.50 2.24 1.25 1.19 1.68 168 121 1.20 1.27 121 1.05 1.46 235

Pz0s 0.38 0.26 031 0.45 0.44 0.27 0.26 0.29 0.20 0.23 0.20 0.20 0.22 0.18 0.56

ToTal 99.44 9920 9922 9896 9897 99.55 9919 9946 9928 9885 9928 9929 9990 9931 99.24

L.OI 114 207 4.05 1.58 1.40 1.40 223 146 0.79 4.03 0.78 333 134 531 1.01

Ba 507.0 3803 3060 449.9 4155 4216 5463 399.6 3846 4589 3826 3293 469.0 604.0

Cr 9.0 481 11.1 263 743 29.5 524 1692 841 1346 1535 1249 1463 3.1

Nb 99 7.0 94 12.9 6.9 72 8.1 7.0 75 53 57 63 12 13.7

Ni 132 286 13.9 17.7 39.6 257 3L9 68.1 383 577 68.0 571 68.4 9.9

Rb 282 16.8 219 24.9 17.5 270 222 21.5 203 21.7 23.0 16.7 23.6 40.5

Sr 2520 3175 2639 2503 3051 2784 3326 3009 317.5 3321 3322 3190 3189 2343

v 2868 2600 2583 2769 2388 2303 2309 1778 2042 1591 1934 1773 1872 17129

Y 37.1 285 333 39.4 28.1 29.0 318 24.0 26.2 235 236 244 23.8 48.9

Zr 1722 1313 1674 2059 1302 1301 1491 1150 1268 1109 1098 1207 1207 2434
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T, RS SERREHC A D BIRETE O ORI
BORMIZIATERN, 22T, BRS0B AL
PN HIEFBOBEERRE L. TOHEAITIE, dtEflo
EE & OBEFIhEORIREE I EM S Aicasm S h
WHOLIITTHD, UL, BRERERLEZTTYOEA
AEREEE Z R L R OREEIFICELE ZO%
TEIER T DBHIFEIC L DIBIRBERHD U OEEN
BiahizEEZ2 N5, ZO-DITHIREHEOEOWHEE
VRIS O NER D SR & DBERIZHN o ThE <A
DREHEIND. Fiz, BRUAZL D REINEERTICHE

Si0; wt%

Fig.12. SiO: vs. major element variation diagrams for rocks
of the Cape Sukoton intrusion. The fields of Low-, Med-,
High-K andesites in SiOz vs. K:O diagram are from Gill
(1981). Symbols are the same as in Fig.11.

THHEREEOROMEROBLOBREDEND, &8
DEREDENERL TNWSEEL5ND.

4. HRBTOERZELORE

AEKERE T 250 0OHYHEAEOEIESI0. SEED
BN AEY, RHEA+HBEAEE N5 A+ Fe—Ti BfE
Y GeREEEOEEERL I N -fET+EaEa+
REMEA+ Fe—Ti B (BIRESHEOBEEERL 1R
—SHER+EAMER + Fe—Ti MY GLk#ED RL 351+
EEaaay) ARE+HEMNEG+ Fe—Ti BiLH + G5
(RIRETE, MRBEFHOEAE RL S/ FRURKRED
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BHREE A, RIUAEMR ~EBbET53,

ZOX D2 S E OIS, Figs.12, 13I1TRL7E
Si0: BHBOMEINTHED EEHTTHE, METEOEHEEDE
BRI L TWa, FlZIE, Ni & Cr 5681, Si0:. EHED
Z U WESRETES R RIS OBEE R L 51 b b,
B Si0: BHEZERTHREEHOBAERL S b, B
RHEOBEHE L > H B L O IE MR WE L < B
95 (Fig.13). ZOMBRELIIERA-ER I IMSD >
72h, #GEA, BRMEGOSERBLTNS, £i22
N5 DEAD SiO: BHEOMEIFED MgO &6 B DR

SiO; wt%

Fig.13. Si0: vs. trace element variation diagrams for rocks
of the Cape Sukoton intrusion. Symbols are the same as in
Fig.11.

SN2 R3S T AR EMERDR %, AlOs, St 28
BOMHAEAD b L > FIEREEDOSHE, CaO BF =DM
AV B L > R EAER, AEGOSRIE KL Th
HEEZLNS. SiO: BHEDEINIES TiO. EFEDHE
kL >R, REROEBERICBNT Fe—Ti BkHD
SRS L TWieho 2l L2 RBL TS, ZOZ X,
FREROEMET Fe—Ti BB OE— RHELERICKZENS S
NENWZ EMNEBIRFFIND. FERIC, Si0: EFEDHENC
FES P.Os BHBOBIMNL > Kb, 7/NF1 SOSRIZE
HELTWiho I 2R LTS, '
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Fig.14. Zr vs. Nb diagram for rocks of the Cape Sukoton
intrusion. The analytical date are mostly plotted on a
straight line with Zr/Nb ratio = 17. Symbols are the same as
in Fig.11.

Si0: EHEDEMICAED Nb, Rb, Ba, Y, Zr /5 & OTREE
TEROBEBAIEMNL > R, ROy (h52h,
HAMER, fER) OSTHE, ZhSOmENRTIINS
WD%Bﬂmﬁotzbéﬁﬁbfmén:@:am,:h
SO (1> 5 >h, BREn, f0EG, fRR) &R
HEEZILE~RILEHROWAIRTTOD Nb, Rb, Ba, Y, Zr @
SEBRENIEEIT/NI W E (Pearce and Norry, 1979;
Gill, 1981; Rollinson, 1993) IZREL T3 &&EZ 55,

AT A, BRER, fO5Ea, RIEEREOIMEE
RAEBZUE~ZEERROEHEMD Nb & Zr OB
BizED< & (Pearace and Norry, 1979), WtEDLRE
BRIE~RIEE <7 R TOEESEREIZEL L Ty
B, LziioT, RA—<7h50IN5DIMO5IER
WX ORI N EEGRITO Zr/Nb 13, 1 EHE—FDEERT
ZENHIFEND. Fig 14 ITAREEDERD Nb—7Zr K2R

UZz. Fig. 14 13 LEC DS H RO L T ND,

Zr SHEIIEMET B0%, Zr/Nb BIRE—EDME (Zr/Nb =
17) Ths.

5 BRERLIA bBLCRILEEBIRORA
FERETEER R R RIERICIE, B Sio. aFRERT
BRERNL I MR, BOSIO. BERERTEHE L
71 FBIUORIIEEMIRORS N TS, EROL I,
INSENSI0: BFHERERTEAR, KREETT YO
AMEERIC L > TS Nc EEA 5N%. BHERLS
1 M, FRREFEER SEREET T O EIicE <55
NBILps, ZORLIA M, #ERMUERTERSN
Jo 8i0: R RICEDEED /NS WHLIRAS, HREEH &
RREER TN TNO EEICBEIL, WA - BREL TR E

IEEEILT S, BL 1 NEA D b U AREABROPEREE & RiERE 455

NiEEZ5N5.

—7, AKEEPIZH SN D REEMIRE RSN Si0:
BHEBERTHIROEEIIZ  OLRAEOEVEEFRTE
ABHEDPORETN, TOBREESFLLIATVD
(Helz, 1980; Greenough and Dostal, 1992; Carman, 1994;
Goto, 1996 72 &). BIZE, dtEAELEEDF> > O
IHICEEY 2 AREARIIEOEAEKICS, ElSi0. 28
BERIMIRSASNS (Goto, 1996). ZDHIRITIE AL
OB TEFIL, N FIHNEhS - =gk ¥ FiC
BODNUEBEREERTIEND, T EABDEE
DHBIZI D TR ENEZBOBHENBIZ, EES{LE
ATERENEERMEBETREL b DEEZ SN TIND
(Goto, 1996). ABEABERICHENDZIUEEMIRIT, R
ERE O MIRGICELRT 751, DX DA I T IcE
FNETBI e, ROMENFT > I VIRDE N EEKIZS
SNDHIROBDITEYL TWB I EMD, F a3 Vil
DENEERH O SRR Y EABROBAEINE
12, REMUER TERS NZREHMUEA L TR X
NzbnDEEZLND,

6. BETEHE

INETHRTEREZLIICEDE, RO VIHEASEEKD
WRBREEERT 5. KR OEREAK % Fig.15 [KRLZ
FREIER O (Figs.15-A ~ O): KEROBRIIEFIC
HRGBEEZBR L= YOBEATHBE> = (Fig15-A),
ORI RIFEIERERED DEKEOEN D - EP B D BIE
HOEITHh> THEMAICEA LKL, $£72, ZOTXTINE
A - BELEEIC, mANETTDEEbI, BESUER
MM DFTHE Lz (Fig.15-B). T DRFICHR I N0 AT,
BEERLIA N, EHERL ST NTHD. BERERLZ
A MIFREERDOHE R AER OEITIZ I D B S N
2%, ARIREEEE EERICREIL, WA BT ZEICEDE
RENz (Figs.15-B~ 0). T BT TOBRHAHEFTL
BROBHEICN U THTABHENBE SRR E N BF
BRL A N OFEMRIFICEE L Tz S LR 2 D

- HENEICA > TBEIL, %H - @l T2 UsEHRkE

R L7 (Figs.15-B ~ Q). X7 X OEKIICIEEED:
HiE o U TRERSHESEAR I N, HIREENER S
(Figs.15-B ~ C).

BIRIBES DR (Figs.15-D ~ @) : FRREERIERE L =
Bz, BEREsEERR LY IOBEALR (Fig15-D).
FRUIAREIEE AR LY I LRI, ETEOEE
T ORESEICSRIICEA LS, —ER3RIRETEEH ORI
FHIICEA LR, T0%, ETELOBAERD SHAEE
I S TAHINET L, ARRETER & RHRIC, b
MNP TEL, ERERL I, BHERL 1 b
BmEnk (Figs.15-E~ Q). MRS EHIcRET szl
EHHIR B AR O TN S AR, RS
Hicmh-> TBEIL, WA - BRT2Z&izL 0Bl
(Figs.15-E, @), <7< QOEMERINICIIEREBEIRE TN
7z (Fig.15-G). #RINMEER 2RO 2SSl R E
FITH S BIETIDEE N DENIT & D B X158 &k
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““““ magma >
__________ : ~injection of
___________ basaltic magma

along bedding

Intrusion of basaltic magma ( forming
the Columnar Joint Zone) into wet poo-
rly consolidated sediment (Hamanaka
Formation).

B

fractionated liquid

= residual melt

Cooling contraction and crystallization
of magma.
Formation of crack in the whole mass.

C

leucocratic rock

colomnar
Jjoint

vein

Intrusion of new basaltic magma (for-
ming the Banded Structure Zone) into
the Columnar Joint Zzone and wet poor-
ly consolidated sediment.

EiE BR 2003—S8

L EIG

S s =
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!l. e =ni
Cooling contraction and crystallizati-
on of magma. Formation of the crack
in the Banded Structure Zone.

fracture
crystal

g
ande cture
— Zone

magma forming
the Massive Zone

Intrusion of new magma (forming the
Massive Zone)into the Banded Structu-
re Zone.

banded
straciure

banded
structure

columnar joint

,; : N andesite vein
Formation of columnar joint and ban-

ded structure in the Banded Structure

Zone.

Cape of Sukoton intrusion

E

erosion

Sea level
h 4

- B

Uprising and inclination of the Cape
Sukoton intrusion.

Fig.15. A model for the formation of the Cape Sukoton intrusion (see text for detail explanation).
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DBVERLTREINDG, ZOMMETHE, HHOBEDES
NS EHE DFEWIZFED IRNAY, MERDHG AN
HIZlR, GALEEDZEEZ SNDWANEBEHRINS.
TS DR RRNS, MREESHREEIC X > Tl
NTNS7=DITHREEEOBLIRTTh 5. REKRE FkZ
BB RESDAKRE Y 54 RV (Toramaru et al.,
1996) IR OEMERL I b (Kushiro, 1964) XD #k
HEN, TOEEIRLSNTNS, &I, Toramaru et
al. (1996) X2 D& > 7afEikiEE% “Vesicle layering” &
WO, ZUd <O E BRI O, RUF DR
FFTIREE C ORISR E OMEERIZ L D BRI &
WU TWD, E-HAEREID, “Vesicle layering” WAL
INBE&MHE D RBEABRDBEDLDITY T OREH
MMEETTH D, 2) KFHEHE 1 —2km, FEE 100m BLFO/N
BEEETH S, 3) “Vesicle” WREHETSZ&ick5
S DRERERANIZNT LR EEBTTNWS (Tora-
maru et al., 1996). FRAKDFINEEHFITEZIEH 90m T
HY, EREESEBRE L=< Y 7B KORERE R
EEALTWS, Fiz, MREEHIIEKIEY ORsRIERM
RO NN, TS OFED, BIREEEOBRSEMEDS
Toramaru et al. (1996) @ “Vesicle layering” DS
2L TNBZEERELTWS, Lizh> T, Toramaru
et al. (1996) B3Z& 7= “Vesicle layering” OBREMHIZD
TIIE5, HREESEZRR LTS < bEIEEE 2R
U7<2"%% Toramaru et al. (1996) D 3 &E&#~ELT
EREL TS EEZLGNDH, FRREEHICIIREREEIZER
HHERRY, FOERIZDWTIIHRERE TS M TR
2% N
BRBOTR (Figs.15-F ~ Q) : FREEH OB AN &K
ICRAETIC, BERTE R L 72~ &7 < VAL EE R DI E &
W& # OBERANE KRS SEHHICBEA L (Fig.15-
F). EHE & DEFNEORIREERIZZ D~ 7 < ORI
HZEoT, T ‘B OREMEMEINAL, BRREHIC
HENDIEEAEYNE, BEREEBRL =<7 < BARICE
FOBREEH OERO—EED ZEN/ZZ &Itk TR
EN7e (Fig.15-F). REEAGAY ORI FHELRD B DA
Z2NDIE, BOAENEREEHOEAVZERIITERL
TWiahokZ &ITL5.

FO%, FAERIESESICLORCENLEZ (Fig.15-
0.

LlED& iz, Ao REASEEKI 3 HOI T YOEA
Lo THERENAEEEZ 5ND, FIRETEY - HikES
B OLREEBR T A ER OSSR, F—oab bk
L2 RERIZRIREND 2 EMS (Figs.11, 12, 13, 15), &
FNOXT RN, RO X DRMEIET T ICHETS
HDEBEZLND,

¥ & B /
AT N AREAEKIC DOV THIES - SEFREE

fTohER, UTOMESHSNIIZo 2
1. AERISHREEOREOFE L, ARG BR

B E, BL I MER D N AR A B R OAEIEE & TRER 47

WEOBEIC LY, SERAK D HREEES, SIS,
PR 3 MICK N5, FRETEY, MiieEE B
BERL I FEEAERLSA M5, RlEEHAR
RERERL S MUcHIET 5, SREILENEE 8
5720, WEEED (KL51 ) ZEEcE.

2. FERPCHETIHREEOBELD, AEHIEN
TR ZSV EZ X BN, BEO TN 5 1k~ HRE,
WSS, ROREEE O X N 5,

3. SHWEABRICHD, HREES EREES IR
HOIEFTEALE

4 3HEMRTAELRSBHERLD, A—HROE
HEETT NS OREMUERICE D ERINALELS
Nn5s.

5. REIRETEE SAEREEE R L~ /R B AR DS
EERETEEMUERCEVERERL 51 & BEEERL
S NRORIEERIRE R Uz, RS e S (it
IRENERA SRRSO LR BB LR S N OAEE S
RLS1 hTHD, BIEHERIEEORRENEIZEAL
TSN ONRLAEHIRCTH 5.

it i

FHEETTOBRHRED, BFRFHETELOLBES
BB R UFIR KRR - XEREAREHFEROSEGE
ROETIF—DHE, BEOHAIIIERSEFE N7
W BRI L T3, EIRFTHEROEESEZHBR
BICITERRBRIBIE 2 WS W, REEED DR, X
A EREHKICIIESOIRMERE L TWF e ik,
LT RGOIEZERKZIIC D, BBOFLITIFEDE
BTEEEE > TWekWwe, JtEERFORHEC—EL
CALMBES R OEE EfLICdERE TERER
LTnwiZnwe ki, REOUBICERZIEREWVWIZL
. LbEDOBAICEBILEHRL LT3,
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