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Cenozoic volcanism in the South Fossa Magna and arc junction problem
between the Izu-Bonin and Honshu arcs

Mitsuo Sumazu

Abstract The history of Cenozoic volcanism in the South Fossa Magna is divided into four phases:
the first (24-5 Ma), the second (5-2 Ma), the third (2-0.5 Ma) and the fourth (0.5 Ma to the
present).

The first phase: The first volcanism is most distinctive, and the products attain several
thousand meters in total thickness. It is inferred from an occurrence of Lepidcyclina and Miogypsina
that the first volcanism in the Tanzawa, Misaka, Koma and Fujigawa areas occurred under
shallow sea. Volcanic rocks of the lower part of the Tanzawa, Aikawa, Nishi-yatsushiro ‘and
Kushigata-yama Groups are composed of tholeiitic basalt-basaltic andesite with tholeiitic dacite,
that is, they are products of bimodal volcanism. In the upper part, calc-alkali andesitic rocks are
locally occurred in the northern part of the Misaka and Koma areas. Based on whole-rock and
minor chemical composition, the above-mentioned volcanic rocks are considered to have been
derived from the island arc type-tholeiitic magma.

On the other hand, alkali rocks erupted in the Takakusa-yama and Fujigawa areas, western
part of the South Fossa Magna. Especially the volcanism of the Takakusa-yama area may be
inferred to have erupted under deep sea and to have formed a sea mount or oceanic island from
an occurrence of benthic foraminiferal assemblage and petrographic characters of volcanic rocks
ranging from trachybasalt to trachyandesite and trachyite. Alkali rocks of the Fujigawa area
are alkali olivine basalt in different from those of the Takakusa-yama area.

Volcanism of the Izu Peninsula occurred under shallow sea. Volcanic rocks of the Yugashima
Group are mainly composed of calc-alkali andesite altered to propylite.

The second phase: The second volcanism occurred, in smaller scale than the first volcanism,
and in the Fujigawa, Ashigara and Izu Peninsula areas. Volcanic rocks of the Fujigawa Group
and the lower part of the Ashigara Group are composed mainly of calc-alkali andesite, and
partially of -tholeiitic basalt and andesite. These Groups contain benthic foraminiferal assemblage
showing deep sea environment. Volcanism of the Fujigawa area is thought to have occurred on
terrace or scarp bounding the trough-like basin from sedimentological analysis of accompanying
flysch and conglomerate. On the other hand, volcanism of the Izu Peninsula occurred under
shallow sea. Volcanic rocks of the Shirahama Group and the Umegl Formation are composed
mainly of calc-alkali dacite or andesite and partially with basalt.

The third phase: The third volcanism is local, and produced the Iwabuchi volcanic rocks and
the volcanic rocks of the upper part of the Ashigara Group and the Usami Volcano. The Iwabuchi
volcanic rocks which erupted on fan deposits are composed of tholeiitic basalt and andesite and
calc-alkali andesite. Volcanic rocks of the Usami Volcano are mainly composed of tholeiitic
andesite.

The fourth phase: So-called Quaternary Volcanoes such as the Hakone, Fuji, Taga, Yugawara,
Amagi and Omuro ones are the products of the fourth volcanism.

In regard to the arc junction problem in this region, an hypothesis that the Izu-Bonin arc
collided with the Central Honshu has been proposed by Matsupa (1978) and others. In this
hypothesis, it is considered that the main collision took place in the Pliocene as a result of
northward movement of the Izu Block. The author intend to briefly discuss on this problem
based on the Cenozoic volcanism of the South Fossa Magna. The Tanzawa-Misaka-Koma area
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joins the Izu Peninsula and both, as a whole form the northern part of the Izu-Bonin arc which
1s divided from the southern part by the Soofu Tectonic Line. The northern part has a same
scale of extension as the Northeast Honshu arc, and shows the NE-SW or NNE-SSW trend of
volcanic belts. It is unnatural that the Izu Peninsula i1s separated from the main part of the
South Fossa Magna. On the present relation of position of the Honshu arc and the northern part
of the Izu-Bonin arc, the latter is thought to have collided into the former. And, it is considered
that the collision of the Izu-Bonin arc with the Honshu arc took place not at the north of the
Izu Peninsula, but at the north to the Tanzawa-Misaka-Koma area and that the acme of the
collision was before deposition of the Pliocene Marutaki conglomerate.
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TATA LMY HEEER»ALAREREA A VHTH B (FEE, 1976MS).

TRE, PALAA-EBERLRE, »ALAA LA L, ABF(1952) 135k R—BWIERM D%+ £
—EEA -EHEL - N ER YRS, BREE BREMLETOEHDFHERIZ DWW THNLRY,
TREALRE, »ALAR-HBEAETLE, L TR A CHBAHERIZBL, »PALARLER
Z A SO LIS T, B EIREEA T4 E, PALAA-ETEEALRE 23 KILE, L

T4 b, TEEE-ANAETAYA FTHE. B A - EEORINEN RO S CHEL Ty

BHNEALERE—KIUET, PALAR-EY 5.

FroEARRE, PALAA-EEEATILE, T 2. W2 Mo xlE

WEALIETH» 5. BLINEFEOKIERRZLE» RS T, ZRE,
FHRIGEE, ZNBEEOXIE A ELWOMEE » TATA M), PASLAR - L oA —E8H

Lk, IXTEDH  HREERTHS. fa&lE, A LAA—L2EG - ANE -8
b . RIS faglE, Lodan—Easacils, Ala—L

IR D Kz DWW TUE (KEP « B H, 1958) THA—TBEALTILEB L UL AL AR EE
ZENEEIN TV B, 22 TIRE#RIIA(1976), ALRE, BEA— L 28 —EEaERE, L
B (1975MS)iz & N Eeik§ 5. : FHA-EEER T4, P THDL. KREITV L

EARERES, THHLT 2 EHB, SNEED TAVVE, RUEEZANLITAANVEBLIUYVLT
BARERGETAYA M THDE. ZREEIPAL A VETHS.

AA—E@EEALRE, SHEAYRE, EMLEYL EAERBOERIIHEMITHTH 20, AL
BEAZRE, L 2EA - TEEAERETY LT AR —EdEa S, A —-ARNARLE, AN
AMETHB., TAYA MIEEELT A VA T, ARIUER ET, TREIZIVLTAVETHE (1B
AA - EEA - L2 EATA YA L THE. — H, 1961, BRERINF 7 v—7, 1981).
T ) LREE D ST 7 T lEA LAY BHIEHE, EALRBOKLIERIZ, LIFLIE
EYT 5. AR —ANABILNEY ) 208N 5.
PR EEMC AL T 2 IR RE o kLS HIERBEOEAIZTAY A VEXBRE2TETS

LA -l n R RE ~KlE, ARE-% 7, LRE, RS, REEBEEFE-Tw5. 7
HEA RIS, ANARILE, EEEa T4 44 b A4 MIARE - SEERTA Y4 b, BRAT
T, ANITAANVEDLDOTHE. BORENE 494 MT, ZOMOERIILA S AR —LEES

ALTATAL MPTHB. TRE~KE, LAER L@y, BE
BN ERoOPE/ GRS, TH kLEZHEIK BfBCE TH 5 QRFIH, 1970).
WD &R - BNRF DL D EED vy, F MmALAR—EBEAERE~TILERZY L TA
RIS T 2 LB b s FEMED EA XIS IE NETH DD, KD DOHAIERBEOERIIANLIT
HHEREREDL LD TAAVETH . NAVETHS.
c. B (FH, 1978MS) AR DER I A b AR — L Z A —EEER

R LEEEO SO R ERE~RKIAET, kG ZlE, A%k - L oEa —HaEacilaTin
ELTTATA P 2HE) . PALARERE, »A J7TNLA)VETHS(EHE, 1981IMS).

LAR—ERALRESG, EEAYRE, »ALAA REHOKLERL, YL TA NEDOPALAH
L EEEA RIS, EEARE, EEER A — L ZEAERLSE, LZEARUSEEANLIT LY
WaZlE, ARAERUET, IRE~LKLENSE VE DA AR —EdEEa RIS, TEER— L
CIEVVvTA VET, RIUED—FIZA NI T LA TR TINE, @A — L2 A - ARE%RLE,
VETHBD, HIBEDEN S, L&A —AlaETlsE, ARETAYA L THE
(A BF, 1951).
FEEEOE» BBROXNNERIEZHE»E L (S 3, E 3D KL
HYAMEESBE ST, By BRI/ T 5 HHKIBDERIIV VT A VEDDPALARA—
LondizidbThic L 2B —IEEEALLE, RO LRE, L2 - SEEalE s

A —ANATA A 2RO SNED A NI TN 7T VEDL R - EEEOTIE, L&
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% 2 NazO+KzO_‘Si02[ZI

a. KB AHRILM(EE - FE, 1980). /2N :
BRI (BT A, 1976) b L ORI, B RAE(T
AN, 1979M S)obe v r > HAERAER. IERL
DRI - B RBMHE L FEAEEES. BHS
CoN—
B S~ g EFEoT s BRI, 1979
MS).
EHRIITLL, BTAA) VL TA FREETALS
TV VTA MR, PAAVEEET LY VE, T
AVEEERT NS EEEENER (Kuno, 1966,
43k, 1973). IeBLUGPIETART > FBLUY
FNTZDY VT A L FROG{EIF (Carmichael
et al, 1974). '
b. BABIUARBEFNZFNELNEBEN KLES
NECFCEAREER LFHAEERNOER (&
Ei3h, 1983).
c. hEALBLWIAIBFNFNERALOE Y A
CHEEEER, LAEAEEROEL. KREBN,
FHERAINDEH. KAX B kUNER. —&
A AEBKILE.

BRI Y VT A O & (Shibata et al,
1979).

AR SIS TH 5 (R, 1979MS). EiRkFicix
A AT Y A EEL.

EELXUEE N, 1976, F2WU013 5, 1982).

FHERKLIOERITESHEAZRE, PALAR
— L oM —dEn s, L2 - SEEa
FIWET, KEZYVTAMVEATH B, . LEBOH
AbAF— L ZHEA— WA EGL 2N T
7 ) ETH B (FE, 1982MS).

II. (Lo

Na:0+K:0—S5i0., K.0-Si0., MFA[XIZ &H#H
DKIEDEERFERFERL2(E2, 3, 4 ).
ST T, AP (1953) XAt U4 O
=R, LAHEAEERIEKSLZL02X5 L TH
L7z, AE¥ERSIZHEZALD DL DIFH0 2ER\T
HBiHEL2HETHL.

Naz:0+K:20—Si0:(% 2 ¥a) £ T, #1 D
KB H T, FHRILO L DIZEE - H(1980)
MRLzzd iz, IE7AArY VLT AL, BT
FERERNBT L. #HIK - BEEUDO LD LFE
BETH DD, SiO2 55 LA EDLDIHMET LAY vV L
TAFRNZET 2 L00 %, ZoORIZIZERELL
fPEDT VA VE, EXILE FROTALAVEL
w7z,

g2HoE LN PR KA 2 Kbk, VL7
A NRINEHDNTTNHY) RINDE DD D BHY, »
FTHLETNALAY YL TA PRIIEET LI HER
EBRHDBHRAFEIC 7y FENDLLDOHEL, [
RUDEARRBENLDEEZ s (BEIZD,
1983).

FI3IMokUBIZTHES DL, F4 o kil
OB KAL) E—fIcR L2 (B2 Ke). HEK
By DM LT AR VLT A PR, B
T KIDLDIZET L I FERRERY] & Z 05518,
FRKILOH TV LT A FRIND L DIZET 7Y
VYU TA FRINCET 5 (8IR - EE, 19767 ).

FHERXKLND L DIZET TR E A4 > A
BHERIZBT 505 o HiE N, 1962) 0 513K T
WAV LT A PRVNICES. GRAkILREIZ2 70
SHEZ T TH B, ST I FERERY KT
ANV LT A FRINCES.

F2Xalzli 74 2T F(CaArMICHAEL et al.,
1964), #'Z 332 (McBimrney and W 1L1aMS, 1969)
DYVTA PR ERLZZ. 72, F2Xc
R VT 4 P ORSEIFE (S uisaTa et al.,
1979) %R L 72,

NS R T S &L, B1 Mo kiliEikLE,
BROLDERLY, BIKOY VT4 F DA~
HLTws., 2L K72 )T A4 RO
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SIS A S

L DD S OFHAANIROFFHERT, M k1L
HERLLHETHS.

52 Ralz TAA ) EEIFET LA VEDER(Kuno,
1966) 35 L U5 T LA ) SRS & HEER (4K, 1973)
PRL. FRUCE B E, BEILIDOKILAEIZT LY
) FRE —HE RS AL E —HEE O RS
T, TAA)EBIEEVD, BT LA ) EDHEBDL
DI FEN—ETH5H. —4, BXINE, HREHOT L
71 )& Na:0+K0058 D A7 <, MFIZHL D
RS Twah,

oM
~ -

- = 5,5 Gb 615
Si0z

F3R K2:0—8i0:X
FLBNEE 2 BICR L.
ADFERIT TR 5, Kr ) KA RS )R,
Fi 7 ) RIE &y ) RUEEOBR % fHa L 226

K20—Si0:X (% 3 X) T & DM 2 7R .

G (1981) DA 1), HREIA) 2 E D% F A
iz, BE - FBRLBOBRT LAY VLT A R E
BTN FEERERID K0—Si0: M ETHBER
MEITIT—EL T b, L7d - THE - FERMIE
DEIWEN % KA )V RILAETH 525, FHR, #
IR, #FRZL#o kLS (3 Ka) B UOERINNED
Lo (3 Kb) 13EH ). Y D2 DRI
FhhioTnab.,

T VT A4 &1 Si02 52% LT TIE X FlHt
TEWY, BERMMEDOBEIEES TS (B
2, 3@c). T4 RT7> VB, 77/ 3T2FEDY
LT A FRIID KGOS ER & XD EK0%
HEKINBD KINEDEH AR LI WE L < Bind
LHENESTHS,

FeO*

Naz0+Kz0 MgO
g4 MFAMX
FeBAL L PHR I kA, NBA L EER, B L
DKIE. KERL BEINEHEN XLA.
2% Fh kB ICERGS

sp. No. 1 2 3 4 5 6 7 3 9
R.S. HA HA LT HA LT LT T T T
si0, 47.18  48.48  50.60 50.91 52.15 54.28 58.08 51.91 52.92
X,0 0.20  0.37  0.51 0.4l  0.37  0.21  0.61  0.40  0.47
Feo*/Mg0 1.43  1.99  1.50  1.26  2.20  1.88  2.64  1.58 1,48
Rb 5 8 6 4 s 8 9 8 22
sr 276 304 338 426 169 154 164 355 407
Ba 17 151 28 114 - 85 92 147 191
Rb/Sr .0l9  .026  .019  .0l0  .032  .051  .054  .023  .055
Ni 96 21 50 49 17 17 14 29 33
co 33 28 44 27 26 22 15 26 25
v 289 432 361 384 281 170 196 261 262
875¢/56x 0.7037 0.7032
Sp.No. 10 11 12 13 14 15 16 17

R.S. ca ca ca T ca ca T ca

sio, 53.95 55.31 55.82 56.90 57.06 58.44 47.70 51.15

X,0 0.61 1.14 0.60  0.78  1.33  2.13  0.56  0.61
FeO*/Mgo 0.96  1.95  1.76  1.64  1.57  1.41  2.08  1.76

Rb 10 27 32 59 4 42 4 9

sr 452 340 370 304 281 290 549 444

Ba 188 169 223 247 235 267 271 126

Rb/ST 023 .079  .087  .192  .145  .143  .066  .203

Ni 17 17 22 18 32 a5 29 48

co 17 20 19 22 23 20 33 28

v 224 190 236 251 240 186 325 258

875¢ /855 0.7032 0.7034 0.7034 0.7034

1—7 FRER, BIER. 815 8B,
16, 17 ZMiklEsE, T Vv T4 % LT K
FTAANVVYLTA MR, HA: ST+ ERE C
A ANTTAANER (4FE WEE)

MFAR(E 4 R) Cla PHRILH D KIIEIZFeO ™
HBE T AEN A on T A, K, WL, B
B KIEIZKRESHE - FREO L 2 a8 s
FOEBIC7Tey FENS. BHIIEESKLSL

* GILL(1981) DX 403 Si02 52% ~63% DT E N T\ 5
B, ZOBRBIIEINZNMEL2LDOTHS.
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FEER7 4 v ¥ - = 7R RSO H AR RIER & Billa e s

FTTIzHEHBLLLYIZ, EVACEARZELLDY
L # AR ERNOEBIC 72y P ENEd, T
V747 MBRREOBNEE L EZ LN (BRI
7, 1983).

MR LEEDERIIFHREHENL ALY MgO il
2 7ay PENS.

FHR, FNEE, BLERE, S#HXLENER
DIMBITHE % BT BEETHIL 258, ZDHERE

2RI L2,
500r @\
N . Aby
\
t \\\ \\
200F 4 N
VN
N . \ Y
~ ‘1 \ ‘\
St \ |
100 lé\\‘ o |
- l\\ \\ :"1\
N RN
AN, TUR
o, 9O
. AN \\O;'\\
407 O\\ SRR
Ni o)
o \\ ‘*\
m \
pp I ol B W
20 \@O \
. O @ W e8S
N \ ~ AN
\ Y N \
10| \\\ \
1
8- AN 1
i A, O
6 w,
“/
4|
2 L
8 6 4 2 0
Mgo wt %

# 5K Ni—MgOX
B2 FHRER, BNBEOXE. AR BLIIE
BEOXIE. Aby D EEBEYLVTA M. el TART
FovL P4 bR IWIEBEFAkLOYV LT A FRA
Ni3h, 1982). S AEED KILE.

Ni—MgOX (4 5 ) Tz MgO D S\ PHREH D&
AIE NI B W, BEEVYLVLTA L, TART >
FOVYLVTA LD DR, MgOD Iz Ni
BT 5 A ZOMERIZFHR, BIEgHLEL
Mg#EnamEpzEmEzRL Thb, BE 71 v

Ve S FDI L DEREBLTY LT A+ AT
DEREHANT TN )VERVNDERIZRNTE L
W FLTCZoMmIZEFAKUDNOY LT A FRID
EAERBBITH S CRMNITA, 1982). HERFLND5
B L (L bID EZNTHAEVOEALIL21E
EIR N

FHR, BMNEEED KILEDRD/Srl30.001~0.05
T, FEAE(EIR, 1979)LE&F kL (AN,
1982) DT LA ) Vv T4 FRVIDER LT
53(86X). —F, BHlE#EBLIENALAT
13, SrOEIIEFNL L)L E 0D, RbATE LIZ
£, Bo-la&iHEE2RY. s L ot
ARbARIMICIMEL 722 L 2RT. ZOMEIIR K
KILDBERDF L EITITEL .

2000

1000 |

600

400

Sr 200
ppm

i 2 4 6 10 20 40 60 100 200 400 1000
Rb ppm

%6 Sr—RbY
Ta: FHRERH, BIE#HEOXUE. Fu ELNEHE
KEBEUEBALS. I SFXLUHOVLT A b
FCEMITA, 1982). Lri FEKEDET LAY VL
T4 FER, 1979).

87G5r/86Sr fHIZEE 2 RIS L 727, BINgHD Y
VTPA L, ELINBEHAVLVLTA N, ANITILY
Vi, EWLAILE E L 0.70318~0.70375 M EiIFHET,
B4, R, FEEo SN AL ER, 1979),
Thbb, FE - NEFIRDOAKUEDHEEEN H %
W, BERINEEO XEOHEIZE U RROIE 7 5
w W e okl kLA (Suuro, 1974), 1k
s (F#EIZ A, 1978) DM (0.7038~0.7042) & 1) X
PR,

Lk B by, WEs, SrEfIRbIL,
RERIZE 2 23 FHRILH, ERN4E, S kil

EOIGEL 2B ERDL, BV L TA BV
TG THEZ 2R LTS, TRITF 7,

NI | -El ectronic Library Service
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SRR S IS

FY - NEEROSME L E DIBL TV B, B
WYL T4 MILBHA, BEBDOVLTA MR
FlokillgmE Lo Tns.,

ZxL, BEET7 4 v - e 7 ORI A
T rEELUNT LA ) EIBFEEOT L) 5L
UL, BEENERDOLDEIZERE S T 5.

M kARSI 2L,

81 8o KUEDHIBIEL(REER K<)
PHRIL M4, SR EETRE Y v T A R,
MERIL b, BRIV VT A PR EHA LT
TouAh )BT, B OFIRETI 2 E D 5
3. 2LT, RKESOHBTIIET LI FERER
TN L DHETH 0IZx L, PHRILHIZIZACT v
BN VLT A FBRIID L DD S 2 ) KA 70 3%
Wk b

—%, EHNE, ERILMOPES, SELL s,
BB 7+ v - = 7 FOBEBMIBICDAT LA ) &
MHbLILTEY,

# 2 o KINENDSHITELNRIZR SN T3
D THIBIIZE LR TE v, L L, BHUSE
I VCE N WEY ) 20RO LN, kLA
DEAFHAEE B L & i, EET T
= 7D Z OB kilIE & OEES

EORL o KIEOTIRESZ DWW T, FE -/
SO KHENS, B SET A VLT A4 R,
BT ANV LT A FRY, Th) RED)
LT B ZEDBALPICEN TS (BIR - HE,
19767 &),

g 22

AMMWEFE - NEFERSEBICHHb3=, =OME

1. 7)) > 7EHRROFE - NEFEIR

7 v g 7EHOE (2 Mallil) Ok R
IZOWTERL TAB.

a. PHR, 83K, EEILK & FEEBOME YN
BER L, BN S KILATE S A L Ty T4
BS 2 TE VDY, BE DM AT 5 FER KL
DD T EK ARSI RWWBE O TR, 72
FEEEEIZIE WL D EE 2 LT b (A, 1952).
$72, BRWMBEFHETT CALfaFHRWLMD kIl
EOMEGATVWE., 2D EI3FHRILM & FrEE

B —E DL TS L WL D THEZ L2 .

B, Marsupa(1978) (IR EREEZMWE 7+ v+
PRI ED T,
b. FEIENEICEL

e BFE - NEEIN

AL H I DFIREN &AL SN D.

D HILS .

ETIE IR ERERT 2B L T EIc TS
T3 (5%, 1983). & - NEEFEIDALERIS,
Fh b /AN R R, RTINS SRR, B B R,
WM, IR ERT, PR CESIL Tnb.
Z O AMKIZIE <, IR o | & 2 Bk
BIGEID ZHE D T, BALARMIMDIKE I L DH
LLew ek T s (EEIEA, 1983).

—F . N, WEHEBICHESRKUE» SR T
Xy, TTIC—EASOIZL N MES N TS
A, WEREHICLTAL, Pul & LIFmEBER
b ALz IE R A LS AL A L T B ETRETE
e H(FETH).

FE - NEFIRELRRS 6= 1) T Fikic» i TS,
WD R =F A} (~42Ma) D', RE, BEB LV
mEOTER O/ NEEHERICEL, BINAITES 1A
FcthE A LI NT5. LarL, BEEZ TOM,
LI TIEACETEIN TR W, BES L, FE -/
SEIDBHIZNEBENEK(27—15Ma) #D L
DEEZ LN, 7YY TEEBDERICERE L2
LOTHAHY.

d. BELOT LA VEERFHR - #3K - BEE
i3 L G E B OB 8 =48k 1LE 13 B OIAY 7Z tE

WEFF - Tnb,

e. PHR - fI3K - BEEEILH ORI RO T 1L AINIK
t?ﬁtNE—SW&wLNEE—SWWT‘@E#%
HE—&INL EOFHHE EIZITFETTH L. HERD
RSN EE s oyl LR TN A

FALAINIRCIE IR D HTEIEF N S WL NN

E—SSWT, 0% kIUiGgh% e L 2R
FHll, ZAUHEHIS N ERE T, £
METHNNW—S S EDNETESTH L. FHR -
R - BEEEILM L FE - NN T O R % AT
Bl 2ELTEL2ZbNE. 21T, HF1Hn
EHE)P bimodal TH B Z Eh 5, FMEOMREIIEN
W LEZOLND.

FlohiFzz e 6id, FHR - B - EELME
S OB ;tEﬁitzi:Jlla}l&t E M %%oﬁ}i SN

SFIKO—FIZ S, FIFEZOAmICL S 2 &p°
REY (W
I FE - AR & AN B%

B A E TORMNROTREE L A D &, T
T T AN L ) AR S Tz &

EzZbith. FE - PNEEINIH S A ITHE
SHFToEEN FIC, EREEICERTL TREL

eEzonb. LaL, FIBE=ZRKORIAARIMNIK L
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B WEET 4 - = 2 BN
LoORIMAC KL, 2. PEREHTHE, 3. THEREHM, 4. BENHE, 5. hHEE, 6. HESRGHEENE),
CTW, HER, 8. ZMI - HFRERE, 9. HEAEMEE 10, MRS L OTE I PHHALE
#, 11. W8, 12. HEWTE

FE - ANFERRALIROE I, BT CldsEdic oL
L 72 3D IS 8 =4 (MR o ) HEAE 2 A 57 7=
WRELLZOKL, BETREEZ2 L HE=R
DEIRIZAIEE TIE D 5%, UERCHERSE: I3 & =
NTHEIEITL T s Th b,

IR &R - DNEFIDBRIENRBE S A 2 &,
FE - AEFIK & ICHEBE 0L ) odb A
EAZROELEMAVEREL>TWSE., Z it

ADYMaTsupa(1978) DFEHIBENE 22 (5 ~ 3 Ma)
DEHIHE > 72D L Lz as, FILIETIZHEA
(ER)HHe - TALTTREME D K& v, ([Tl s, &
TNED b T 7 RDOWRER D WK H~Fe8) L 7>
ZEDLAEDLE, BHMAHDF v > R LD
A FHR, BRI ERALE T o b - 72 & 2 3 5
Ne05LTHE, HWINBOREILZ DA (E2) 0
Hobhrd Lk,
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FE - NEFRDOEAL 72 E BN b85S 2R L
TA LY, FTALAIMNIL & DRIE I3 KRR Mz L
B - 72 B8R4 5.

P4 AT BAL AR KB IERIC k &
iz, E - ANEFINEE L E DO BEA D 2
EIBEESRKRE CFEL T B, i3 HEIz
KEZICTERE N2 LTI LA b, 2L F
24 DT OAL B BIRIE Marsupa(1978) & Al

ICERNZIIIRAELE OG>k IcBbns.

L2 L, —7F, Marsupa(l978) ok 5 (2 HFri-ih 8
WHFERED 500 kmEHIZH - 72 & F 2 DLENY
WEEZLNEZ EIENICHRN, ok R
THEFERD L DEET, ZERNTEELREZ
T, WEEBENEK, &7v—toE#rKd 2 &
WHEMICIIFEMBEoOLE L VIR L TT(BT
59 L, Uepa and Ben—Avranam (1972) OFE

< INERHROD N —2 7 A EFEfTIE D H ORI D T
TLBTHAT.

0. 2Ma BB 71+ v - =7 F

2 Mall#®, KILIEEI O ETIXEE 3 b 72 ) Db
Tx el rBLUEFORIIEZ LA &Y
TNESTHEERL T 5.

B, RS O MWL B3 — EiEE
H, BHEEZOCRENEL &, BRIROFHR,
IR ILh e FEREOBICEL T3,

MaTsupa (1978) 13 = M EEHHIC {7 & #1358 530 ~50km
Jbite, ®mzEL, W7 1+ v - = 7 ORI A
AN EHE 2 7z, WESAICHEE T & 2K
DEBOEIIL, EAERE~ BWEHENE, B
J TG HERERT, 13131.8MaRiit & % 5. FEEHIZAL
DEHEIZ T L3 E 2 A2 AY, 1.8Ma BRI & e
DEUEDH oL IcBbNS.

FETHE OB IZAA LR, Wb CAbici
FL T 2%, HRERTE O FA o RAERERE LR,
N S#EBT, FIZAML TW5., HEKREIE7 1)
w BTV — P ET VT —FDERE L TE
HXNTWwaA, HIEIZHEKFLEEICHEREL, 20
%aEs L 7 RS AT I3 FE 1 B RS b —
OERTHLLIICELNSE. LrL, FE - IE
BT Bl &k iz & ) HOREICM E - 72
EEZ LN, INHNEBELBREIIEZIIz.

1.8Ma BB L V) DX, 72, B “H
KEEFZE—7 x v - = 7 FEEE ORELE

FEHEEREELNLBLDI Ly P ENLBREBEE—AE
B EMTH B (Yuasa et al., 1981).

# ot R

(1 ~2Ma)lcd H725 (b, 19837 &).

BAED BN, MERWEANER L, Ack-
THBNZ SLDiECIEH 555, BEED S~
DIEFES H 722 2R LTS, ZNii2Ma Ll
BOEBOBENHSbNTHSS. LHrL, 2Ma
VIBDOFEER 7 x v ¥« = 7+ D5EENGI3 TR DIRGH
BHAAND EES LD L LI,

BB, H2H(5~2Ma) NBELNBEDKLED
HAEAILE 7 + v - = I F BB F N & @D
HLZ ERIERHLEY, F1HWHONE—SWHAD
WrgdiofE-> 2B REZE L L2 kliEE» 5, NS
FEITEA7 5 w4 - =7 Fi2B L2 RIEnE
BNDEIREEZ DL, Tx ot T RRERL
72 R DA & DIREBOEE A5 Ma lZ T TICIEF - T
WRZEERERL TSR Lk,

FAOKITEETE L AL & L THRZ - N
B (CE—EEBE)ICE L 2, BiEX- - EK
(1982)1z kAU E E CIRIET A )V LT A4 b
RHC, RAOFHIR—FEREDTIDIEETH Y,
RUT 7 =720 TEHLLZZEEZTRLTWS.
—%. BTN, HETK->Twab.

Bt kill7a > NIRRT 2d a7z L DT
5 EIHEI L. BEFHAOKLT7BY F R E
ZIZO K I RETH 555, HWACARMNIMD A & FH
FRICHR VS, BHORLORD K 2@l e 3
UL, Marsupa(1978)57R L T 5 L 9 I2E ML D
ki 7w b EYSREMICIZIZEITL TOIT S 2
Ll b,

¥ b b
1. 75 v - =7 FoPFERKLEHTKE
CRD 4 HoFEEEHICHIT SN S.
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