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Occurrence and petrography of volcaniclastic rocks in the Tertiary Shimanto Supergroup along the
east coast of the Hata Peninsula, southwestern Shikoku, Southwest Japan, and its significance
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Abstract

Volcaniclastic rocks such as volcanic breccia, volcanic conglomerate,
volcanic sandstone, and mudstone with volcanic rock gravels are found
in small bodies scattered sporadically in the Shimanto Supergroup in
the east coast area of the Hata Peninsula, western Shikoku, SW
Japan. The volcaniclastic rocks are contained in chaotic facies made up
mainly of mudstone and sandstone of the Late Oligocene-Early
Miocene (Burdigalian) Shimizu and Arimisaki Formations, and are
occasionally accompanied by Middle Eocene limestone blocks. Most of
the volcaniclastic rocks were originally deposited from sediment grav-
ity flows such as debris flow and turbidity flow, although, the mecha-
nism of their emplacement in the chaotic facies still remains unsolved.
Volcanic rocks are composed of alkali basalt, trachyandesite, trachyte
and comendite, which are all classified into alkaline voleanic rock
series. Amygdules filled with chlorite and calcite are abundant in alkali
basalt and trachyandesite, indicating that they were formed at a shal-
low depth. Most volcanic rocks have been subjected to some degree of °
alteration. Pseudomorphs of olivine are commonly found in the alkali
basalts and all mafic minerals broke down to mixture of chlorite and
Fe-Ti oxide minerals. The alkali basalts have geochemical affinity to
within-plate basalts of seamount origin judging from some discrimina-
tion diagrams using alteration-resistant elements. All observations
suggest that collision of a seamount would have occurred during the
Late Oligocene-Early Miocene at the convergent margin of western
Shikoku. And the fragments of it incorporated into the accretionary
prism.

Key words: Shimanto Supergroup, Tertiary, volcaniclastic rocks, alkaline
volcanic rocks, Hata Peninsula, Philippine Sea, seamount, accretion, colli-
sion
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(volcaniclastic rock) &MER. kEEEZ, SAIEERE,
BKRIEERS, KIS (KILAEEE= volcanic breccia
& k1lIMH#EE = volcanic conglomerate 231, KR
% (volcanic sandstone), kUi IV ME (volcanic silt-
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Fig. 1. Geologic map of the study area, southwestern Shikoku, and index map, compiled from Kimura (1985), Oyaizu et al. (2002) and our
unpublished data. MTL: Median Tectonic Line. Stars show the locations of volcaniclastic rocks based on Taira et al. (1980), Kimura (1985) and
our own data. Locations 1, 2, 5 and 6 are the localities for sketches and outcrop photos of occurrence. Locations 1, 3, 4, 5 and 6 are the local-
ities for chemical analysis of volcanic rock.
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Fig. 2. Stratigraphy of the study area, southwestern Shikoku.
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Fig. 3. Paleocurrent directions estimated from sole marks in the
coherent facies of the Arimisaki Formation.
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Fig. 4. Sketch map showing the occurrence of mudstone with sandstone blocks and volcanic rock pebbles, Shimizu Formation, at Loc. 1 in

1. See text for more details.
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Fig. 4 for location and text for more details.
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Fig. 6. Sketch (plan view) showing the occurrence of volcaniclastic
rocks, Shimizu Formation, at Loc. 2 in Fig. 1. An arrow shows
upward direction deduced from grading. Refer to the text.
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Fig. 7. Photomicrograph of volcanic sandstone including volcanic
rock fragment with amygdules filled by chlorite. The sandstone con-
tains abundant secondary calcite. Pl: plagioclase, Vol: volcanic rock
fragment with amygdules.
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Fig. 8. Photo of a float of volcanic conglomerate, at Loc. 5 in Fig. 1.
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Fig. 9. Sketch (plan view) showing the occurrence of volcanic
sandstone, Arimisaki Formation, at Loc. 5 in Fig. 1. Small arrows
show upward directions of turbidite sandsones. Refer to the text.
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Fig. 10. Photomicrograph of volcanic sandstone with many bio-
clasts. Be: bioclast, Qtz: quartz, Vol: volcanic rock fragment.
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Fig. 11. Photo of ill-sorted very coarse volcanic sandstone with
limestone breccias (Lm), Arimisaki Formation, at Loc. 6 in Fig. 1.
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CHREANEDONDIBONDHE. HHEALYOHRE
(0.3—1.2 mm) &, —RIHFREGOHBAICERINTS
D, ZhSO—ETIEMNA T 1 > 791 MEL T3,
EHBEIMORE T EORERENrSMASAA (0115
mm) EHEETESHONHS (Fig. 14A). MaLifEESH
HHELREOOSND. BRAEHSE 0.1-7.0 mm) & TV
NA MEMBEETHD, Froh—REIROLNDIED
5. WROELD, GHEA -y I LEEdDBHEN

2006—2

2D 5ND. iz, UTUTESHH 5 W2 H#
AL TS,

GHRNIA I —TF—F NV 1>y —T 522 57—HE,
NUFY T+ v 4R (Fig. 14B) ZxL, #EA, 77
R, BEEGELY), NBHIY, TIN5 Mh5izs 2
WEHFTTHERINZEEG T, FERENUEERORE
ANROoND. Z<OBEATHE~BAAEORIGE (&
0.1—1.2mm) 258D 51 (Fig. 14C), BEASEOHLIEY
PO THREINH CIREENREZEL TWS, £EIY
ELT, BUERICL2BESRDONDILDDHS.

EREEAAL, BRKE~KKEEZEL, #F - BETH
D, 0.1 mm LAFOERR~ERRFES REHLEYEE
L, A > ——% VR H 5 2R EREERT.

LA ISR E 2 S O LR OIEE 2 D0 H
5, LIRS OIS ERIER EDBENICE > TREND
MEMENFEEL THBD, RERO7IVAY EA (0.01-
0.25 mm) ANREICH > TESI Uz Mma ki a~d. =
DIFn, AR, TELULERELY, NERIYbBROND.
Bl E L TER~EBROT NI 1 R EE0. B
BOFERFETIE, BREELT, BE~¥EEOTINAY
EfA (0.5—4.0 mm), ELWLELLESEATY, TBH
SMNGED 5NB. TIVAYEARZ UL VTSRS ER
T, AROHRIYCEBE, FROERSEEG EFEKT
H5. WITNLEERHREMMERZZT TN,

TIWAVFERE QXYM &, KEaEEL, H&EE
LTEE~¥BEOT7IVAVEA (0.2—5.5 mm), EEH
(0.2—2.5 mm), ANA 0.2—1.0 mm) BIURERIEY
(0.1—1.2 mm) #8&% (Fig. 14D). EERII—FTRIEAIL
AN MELTWS, HEtHsddD, TOHM
X =¥#EE, Y=Z =FEea02ttz Ry BEOTIAH
VEAPREER, FEHIMEFECDONSRIHARET >
IN—2 a3 w0 AHERIEEETYINAVEGELED
A%, PEESENY), BORERERY, Caihsix
5. BEIRARAIUERZZT TV,

KILEE - 70y O ERK

SERREG L2 KILER, S ESERBECSHELEERZ
o T30, EFTRERAEDHMIRESN TN HE
REAGNHIEEREL TWAREELT, #EAEMS 13
Akl TEED S 9 Bl ERGEL, 2EOERSBIUME
FTEOESETO /. SCiE, IWORFERARIZESR
Ty RS THRICREOZ BB X BoES
RIX3000 A L7z. oHAE SEESIEREZ
(2000) IZEFREN TS, #EEE (LOI; loss on igni-
tion) IZERBEZEICE > TEELZ. HKBBIUHEIRE D
BootEREZFNTN Table 1, 21Z5R7.

SiO: \ZEAKITHRE T D &, 45.4 ~ 72.5 % DR RS
FZERT.

FHH DO KIEEGT, BRO XS IcEERL, HREL
BRA, BERAREDE L WEEIERZH>THBD, 15
~10.6 6D LOI ZHATNS, FETEEOEREMfEEZ
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0.3mm

Fig. 13. Photomicrographs of volcanic sandstone (A) and quartz-feldspathic sandstone (B). Qtz: quartz, Pl: plagioclase, Mc: microcline, Cal:
calcite, Vol: volcanic rock fragment.

Fig. 14. Photomicrographs showing representative rock textures of alkaline volcanic rocks from the Shimizu and Arimisaki Formations,
Shimanto Supergroup. A: Olivine pseudomorph (O) in variolitic groundmass in alkali basalt. B: Fans of diverging plagioclase needles in alka-
li basalt, showing quench texture. C: Amygdules filled by chlorite and calcite in trachyte. D: Alkali-feldspar (Afs) and biotite (Bt) phe-
nocrysts in comendite.
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Table 1. Major and trace element compositions of volcanic rocks from the Shimizu Formation, Shimanto Supergroup.

No. SH-01 SH-02 SH-03 SH-04 SH-05 SH-06 SH-07 SH-08 SH-09 SH-10 SH-11 SH-12 SH-13
Locality 3 3 1 1 1 3 1 1 1 1 3 3 3
SiO, wt.%  41.61 45.35  46.41 46.53  46.51 46.78 4830 47.90 51.94 51.83 58.66 68.83  71.30
TiO, 2.90 2.66 4.29 4.28 3.20 n 2.74 2.88 2.88 2.61 0.82 0.45 0.53
ALO, 16.25 16.03 18.31 18.23 13.87 16.06 15.80 14.96 16.08 13.91 16.09 14.70 14.23
Fe,0;" 12.44 11.42 14.98 14.76 4.72 8.41 5.97 4.02 3.14 4.46 2.24 1.93 1.68
MnO 0.28 0.21 0.09 0.09 0.16 0.19 0.15 0.14 0.12 0.12 0.15 0.15 0.01
MgO 3.45 4.80 3.93 3.98 1.46 2.90 1.86 1.37 0.59 1.29 1.07 0.20 0.84
Ca0 9.29 5.33 1.28 1.23 12.74 7.38 10.47 11.17 11.61 10.65 5.55 1.98 0.62
Na,0 4.05 4.97 4.47 4.68 472 4.94 4.83 5.01 5.98 5.28 5.81 3.28 3.11
K0 0.32 0.28 0.17 0.17 0.65 1.05 0.92 0.84 0.07 0.16 2.81 6.10 5.85
LOI 8.37 8.02 4.87 5.02 10.64 7.22 8.48 10.30 6.66 8.09 5.66 1.85 1.51
P,0; 1.03 0.60 0.52 0.52 0.59 0.64 0.51 0.69 1.21 1.29 0.25 0.07 0.20
Total 99.99  99.67 99.32  99.49  99.26  99.28 100.03  99.28 100.28  99.69  99.11 99.54  99.88
V ppm 300 207 51.7.. 249 285 199 249 236 184 237 39.1 17.5 51.0
Cr 439 380 47.9 45.4 37.1 29.2 192 11.3 26.6 101 1.0 1.0 1.5
Ni 59.7 161 60.9 52.2 43.4 72.1 98.6 20.8 34.1 44.7 6.9 4.1 8.0
Cu 23.9 111 14.4 11.4 15.0 38.5 24.6 11.4 133 29.8 0.3 0.3 0.1
Zn 59.7 279 617 643 106 321 148 214 152 83.5 196 39.5 132 7
Ga 20.3 21.6 20.7 19.9 8.8 16.5 14.5 10.1 4.3 6.4 8.7 24.3 n.d.
Rb 16.9 11.2 11.0 11.7 40.0 33.5 46.8 48.8 10.9 12.6 51.1 1389 116
Sr 521 708 489 489 760 1015 765 771 890 820 974 3450 500
Ba 110 156 184 144 105 1480 141 208 212 276 6004 1123 4095
Y 38.6 33.3 51.7 52.4 38.5 36.6 26.4 42.5 43.8 41.7 40.2 66.6 33.0
Zr 217 207 293 289 142 338 156 201 130 167 554 748 617
Nb 56.9 69.4 93.0 90.5 53.9 87.5 52.5 76.6 52.2 49.6 90.7 164 130
Pb 2.9 16.8 7.9 6.4 2.7 3.8 7.9 4.7 10.5 6.9 9.9 9.2 n.d.

*: Total Fe as Fe,O; n.d.=not done
SH-01~ SH-07: alkali basalt ; SH-08 ~ SH-10: trachyandesite ; SH-11 : trachyte ; SH-12,SH-13: comendite

Table 2. Major and trace element compositions of volcanic rocks from the Arimisaki Formation, Shimanto Supergroup.

No. AR-01 AR-02 AR-03 AR-04 AR-05 AR-06 AR-07 AR-08 AR-09
Locality 6 5 6 6 5 5 6 4 4
SiO, wt.%  43.46  46.09 49.42 49.80  49.54 50.02 52.12 55.83 58.13
TiO, 3.14 3.61 3.46 3.89 2.37 2.27 2.53 2.89 3.14
ALO, 16.24 16.62 15.11 16.92 16.95 17.24 17.42 12.49 12.69
Fe,0; 10.92 9.89 9.51 10.62 8.89 8.20 8.29 6.63 9.93
MnO 0.18 0.33 0.17 0.13 0.13 0.13 0.10 0.18 0.08
MgO 4.32 3.29 2.76 3.61 4.42 4.23 3.22 2.43 3.41
CaO 7.38 5.18 8.44 3.43 4.45 4.34 4.08 7.00 3.14
Na,O 4.39 4.80 5.21 6.13 4,57 4,72 6.45 3.66 3.26
K,0 0.48 1.23 0.11 0.32 1.44 1.47 0.55 0.88 0.24
LOI 8.39 7.75 5.05 4.21 7.20 6.85 5.33 6.84 4.75
P,0; 0.53 0.55 0.61 0.52 0.36 0.62 0.46 0.53 0.43
Total 99.43 99.34  99.85  99.58 100.32 100.09 100.55 99.36  99.19
V ppm 295 191 319 240 212 201 146 242 217
Cr 22.5 7.8 18.1 24.1 51.1 52.7 189 9.7 11.5
Ni 81.2 60.2 57.2 46.9 71.6 67.3 93.8 52.1 30.1
Cu 39.8 16.6 50.6 70.0 70.8 49.9 63.3 33.8 43.6
Zn 208 482 250 599 168 158 236 153 248
Ga 25.4 18.2 22.6 23.0 22.2 21.0 19.9 15.3 19.1
Rb 17.7 45.0 8.6 12.2 35.6 36.0 14.8 21.8 12.1
Sr 830 811 411 360 1137 1165 718 597 491
Ba 66.0 298 47.0 55.0 1448 1469 400 1577 357
Y 32.0 31.5 33.1 37.0 23.2 21.5 31.7 27.8 31.5
Zr 254 290 245 202 166 152 190 241 233
Nb 69.1 85.6 69.0 72.5 49.6 45.5 51.6 55.6 49.8
Pb 4.5 3.8 1.9 3.1 4.0 4.7 3.1 8.2 13.3

*: Total Fe as Fe,O,
AR-01—ARO04:alkali basalt ; AR-05—~AR-07 : trachyandesite ; AR-08, AR-09:trachyte
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Fig. 15. Zr-P:0s diagram (after Winchester and Floyd, 1976) for
voleanic rocks from the Shimizu and Arimisaki Formations,
Shimanto Supergroup.

76 rhyolite
®
72
[ ]
rhyodacite comendite
" dacite
X 64
=5 Y @®  rrachyte
2 o]
oN 60 - trachy-
= andesite andesite S
D 561 s .
- $
52 ° Tl
alkali P
- basalt
= sub-alkaline
basalt ] basanite
44 - nephelinite
40 L 4
1.0 10.0

" Nb/Y

@ Shimizu Formation O Arimisaki Formation

Fig. 16. SiO-Nb/Y diagram (after Winchester and Floyd, 1977) for
volcanic rocks from the Shimizu and Arimisaki Formations,
Shimanto Supergroup.

5E, ZOXIBEENEITIIVAY TREED LIL TROAZ
57, £< OTLRITBWTHENRCFERZ RS TV
EEEATE . —5, Ti, Zr, Y, Nb/2ED HFS JTHRIIE
EEETOBENDI2L, bLBEHLZELTHENSDE
EBSEEAEERELIBNWEELZSNTVS (Cann, 1970;
Pearce and Cann, 1973; Winchester and Floyd, 1976;
Ludden et al.,, 1982). ZZ THHIZHFS jt& (high field-
strength elements) &M\ TiaRY 5. HFS JLREDOH T Nb
& Ir BABREASEREAZZ T THIEEAEBEEH LN
ZEMHALNITEINTNSA, Y BEBEERICHLUTEIRR
ETHDEIIRE S/ (Bienvenu et al., 1990; Allan and
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Fig. 17. 2Nb-Zr/4-Y discrimination diagram (after Meschede, 1986)
for basalts from the Shimizu and Arimisaki Formations, Shimanto
Supergroup. WPA: within-plate alkali basalts, WPT: within-plate
tholeiites, VAB: volcanic-arc basalts.
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Fig. 18. Ti0:-10MnO-10P:0; discrimination diagram (after Mullen,
1983) for volcanic rocks from the Shimizu and Arimisaki Forma-
tions, Shimanto Supergroup.

Gorton, 1992).

Fig. 15 @ Zr-P:0s [ (Winchester and Floyd, 1976) T
B, BEAEORBHIIT VI HOBRIZTO Y hEh3,
Fig. 16 {Z SiO:-Nb/Y (Winchester and Floyd, 1977) %
AT, ZOMETS, 7IVAHVRERE, HERlE HES,
JAEA MOEEIZT O hEN, &TTIVIVERDK
WETHBZE0bns, EFIVHUEER L EES AN
2%

FIHUERE~HES (Table 1, SHO1-11; Table 2,
AR01-09) 13, TiO: (0.8—4.4 %), P:05 (0.25—1.75 %),
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Fig. 19. MORB-normalized spidergrams for volcanic rocks from the
Shimizu and Arimisaki Formations. N-MORB-normalized values are after
Sun and McDonough (1989) . Compositions of OIA (Sun and McDonough,
1989), OIT (Sun et al., 1979), P-MORB (Sun and McDonough, 1989), and
alkaline volcanic rocks normalized to SiO: values of 60 % of Hawaii and
Jeju (Yoshida et al., 1987) are also shown for comparison.

1986) Ti¥, 2 TOFRENT L —MATIAY LRA DFER
27Oy hEh5d (Fig. 17). %7z TiO:-10MnO-10P-0s
(Mullen, 1983) TiZ, SiO: #545~ 54 %IZfFEINTNVD
DT, LROT7INAHI)ZREEHARILAIIR>T7Oy b
L7zhs, 1 EEAEOREHIMBES T VA KRADEEICT
Oy ks (Fig. 18).

TV AU KIABEDA > 32 )8F 1 7 IVTHED N-MORB
(Sun and McDonough, 1989) Z&k2##&{L/\¥—>% Fig.
191RT. H#EF—4 &L T, Si0:=60 %ITHRIBLLZF
MEENTADT7IINAULERE (FHIZH, 1987), BEET
VA ZEE (OIA, Sun and McDonough, 1989), iB¥E
VL7414 bXEA (OIT, Sun et al., 1979), P-MORB
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(Sun and McDonough, 1989) DOMEITLHE/NY — > #HFER
3. P AVLRECHARILE TIIEEICIOBEL 0T
W Sr, K, Rb, BLU' Ba #fr< &, Y5 NbA&HEINT
BEENDDIY—HRDEN, BREHRADLDITND
DEBEIIFED SN, TOAITBWTHEER E L TR
L7= OIA, OIT, P-MORB ®DWINEDEEYUL TS, Li
L7sAi5, OIT ®° P-MORB &3 Nb O LEIC DN T—
HiE W WMEZ RS AR Y, OIA DY — ACHEBIANEN
A%, HEAEDO—HRLIAL T A bDOX D7 Si0: DLV
BT, Fe-Ti BLSMM 7 XF A FOSRIZED PR Ti
DIFFEACMED Zr 1753t U TR T 9 572012 HFS JTREIT/N Y
—2NENB EETNTND (FHEIED, 1987). ZDX D73
& —FERED (1987) AURU7Z Si0: = 60 %KL
L7zEMEENT 1 DIFEET IV TRAEDZTNEERL
T3, FMNSOHEI TR, SEADHHIT Sr 43 Rb 2kt
LTELLETTDIEDIEMINTVDY, TAFA K
THEERIU72/NY — D8 51 5.

PLED X DIz A O KIIELT T L— AT IV Y ZEE
KRG EN, LREZEETHHEKIIEE TR I N-1E
FEEDDNIRICERE D EEZL NS,

Z =

EKBBIUEIRE S ORERICEEN D AEE, kil
H DM~ MEEE L RIS ATENERRRE (& XILEEER
B kLM, KUMEES, KIERE, Al )L b
BIRENSHRRENS. EHMEIC X D EEBRITGENNEE
OB, FHKEEFFBICE NS kiEEE, sl
THD EEMNRIGEENE G, —F, WEOHERERIZD
WTHE, TEKENR RGN 5 ZIGBHER LR O R P #T
i, IR R~ s R E i Th 5. =E=EIE, 81
IHOFBICHRE U= SHEESNTBY (B - F, 1979),
/K ECTEIRE I R B ERGEATET 5 L5950, TEIffE,
CZIEHEEFODDOOZWEOT IELICETHMLTH
D, TOHFEERII=ZIGEOHERLIAT &% X500 Th
A5, Tiabb, 7EEHIE/KE & eI it 5 =
I EHRELART ORI O S HEI NS, Znens
JEKE EEIREICE ENBKIEET, R—0RETH- =&
EZ256N5. ZHUIHEBOKIEERICE T3 kILEBED(L
AR OBLIEN S BRI NS,

SREKIE E Uz BRDE<1E, HEYEIRICHET 2
EEZOND. FIZE, Loc.l IKHEHT & KILIEERES
(Fig. 5) &, BAFITHHA INSEE 30 cm I0ET M
BEERFICE S, LaEMICL2ER - #fEs TIN5,
Loc.2 ITHEHT B KILIMAHEE — KIS & — MRIEEICE D 2
=T AW, BLEOBREEROREN ORI NS
HODEARELTRIELTHBY, KILUAEE D S HIRIEERE
D—EINT TD I —5 > AN —EDHFEME Himic &k D
HliztEZENS. Locs TIZY—EY 1 hEEXBND
KIS B EEHRT 5. Loc.6 THHEEYO—ERIL, BE,
SEEITHLT 2SR ZRLTBY, HEMENRIC
HERTBHZEEZREL TS, INSDKIEEIR, Locs

BRI HRERHPOKEDER - AR TOERE 119

Loc.BIT/RLZE DI, ARSPEAEZEKRD ETHWE UL
T, A% - REEWE) LHEFELTWS. /X - EREDS
14, Loc.6 @ Fig. 13B ODETFTHEEITRLZWAIEINS
£, < OIEMBEEEE EDITKIUE, FE AL—1b
F v — N EDZERAELN SR D EEMICHET S, BE
HRo7Oy 7R - L > XK EDEL Na%E - EAEWE
THO, TEREFOBRKMADWESL DY A TnEizb, &
KEFOELAEOWAEB L NEEMHFO T Oy 7 RIPEIE,
EBITERITZULL, HRIZED OKH, 1985). ZOH#
3, fEREFORE - BEREDE SEFNICALCTH 5. B
FEDETA, KNS EHE - REBEWELOFES 1
FRHENTWRY, FEOEMMIEHRKRT 55 —E5 1

MPEFDTIN—h—RT N =T =013, ¥—EFA1
FMEENIEF NS DHRNTERSNAZZLERL TS
(Fig. 3). 9725, TEIREDTHEKEFROAYE - BAEWE
1%, BOHIIHNHFEEEEE L T zEERA 5N,

—7, {HKEESTRRBOKILER: - 70wy 713, SR
BERAHEDOMERNS, TV LKRE — e lE —#
HA—OAY A NS RBTIVAVERIIOKIIAETH
5. INHITE, NS L TR S N kILfE M
DEYER LN 5 125 hifitgF ORI AN DS, =
KREVZSZEEIERT2 ETHERMEIZ I WE INSITERITBIT
DREHERND, INs—#EOKILEE, T — FRNERE
THO, MHFEBEHRL TWEEHEINS. BEDE<IZ
FLL<FHFELTHBY, HRIEHTOBREEKPHEEIN
5.

UEDZ ENS, EKEEFREICE NS AREDERYE
M, et OaIKEER R LRirE EE 250, mEFD
KIEEVE, BOHICHEREYE HIRICE 0 KK B HERE L
FeEHEEESN S, B~ s iR OWRES
DCREICEREEL, WHEMS B2 6 INMEEEE kLK
DD > T KIEEDREIEA ® L <IZHERIERICK DIE
B AT S Z EIT K DIEKE SAEIRE ORTEHE R S 1
FmEHEEEIND. WEICE EN DN EETCEERY T
H5BM, L <IIKEERICMR S NZHEY TH 20IEFR
BHTH 5.

LEFTHEOWHES AR S N5 DT L — MoiE/KE - eI
BEMAMSELT L - ERETD LS, BEEADHE
RFEFZEZEZD L TEETHD. FHKECHEINELHERE L
7oA i~ T AT (B&F 28—20 Ma) T3,
R A ARICB N TREFET L — EAEAAA TV (Hib-
bard and Karig, 1990a; Hall et al., 1995; Hickey-
Vargas, 1998), HLE 704UV #T L — b EFEHAE
EMPS AT 3 — ABBOBRICH >/~ (Kimira et al.,
2005) EINTHD, 74 UE T L — bASvER AAICH
BIAFIED = DI, 17~15 Ma B (Hibbard and Karig,
1990b; =48, 1999; Kimura et al., 2005) &35 RARH—H%
HT&®s. Lanl, PEBHEEOE=LET+RERORESR
D&, BmIHEENS T UE T L — NSTER H
EThAHALTWZETDRE (R, 1992) HdH 3. Cox
et al. (1989) IZEDHI, Wit~ rh#Hriic BASEEEI AL
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DAEKHEZR LB CHEINS.
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4. T OWHEEHEIEHTHEA S Al 0 8 S REITIT
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DIRE - 15 Z &2 & 0 iEKE & EE OREMA
RS hi=HEINS.
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