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Marine Quaternary System in Tohoku and Kanto Region, Japan

Hisao Nakacawa

Abstract The boundary between the Pliocene and Pleistocene has been defined in the stratotype Vrica
section in southern Italy. The boundary is extended to a horizon between the marker tuff beds Kd20
and Kd25 in the lower part of the Kiwada Formation of the Boso Peninsula, Japan.

The Pleistocene will be subdivided into three parts. The Lower/Middle and Middle/Upper bound-
aries in the Pleistocene correspond to the geomagnetic polarity transition from the Matuyama Reversed to
Brunhes Normal Chrons and the last high stand of sea-level in the Pleistocene, respectively.

The marine Lower Pleistocene sediments, together with the Pliocene, composes the hills, the Middle
Pleistocene marine sediments occur in the middle terrace formation, and the marine Upper Pleistocene is
the basal to middle part of the coastal plain formations in the Pacific coastal areas of Tohcku Region, as
well as in some other areas in Japan.

Combined bio- and magnetostratigraphy makes it possible to correlate the maiine Pleistocene to the
global extent, but some problems have been still unsolved in the correlation between marine and terrestrial
sediments. Among others, the relation of marine magnetostratigraphy accompanied by biostratigraphy
to magnetic chronology accompanied by numerical age determination should be reexamined. By the
recent fission track dating on the volcanic ash layers in the Boso Peninsula and Kinki Region, the “Olduvai’
Subzone and ‘““Gauss” Zone inferred in marine sections are most likely corresponded to the Gauss Chron
and a part of Gilbert Chron, respectively, in the Cox’s scale.

The Lower to Middle Pleistocene of the Kanto Region is in on-lap sequence, which is deviated from
general trend in accumulation, owing to regional subsidence during deposition. The subsidence began in
the Pliocene by huge submarine slumping towards south, which involved almost whole Kanto Region and
exerted influence on the Pacific areas of Tohoku Region. The unconformities at the top of the Kurotaki
Formation in the Boso Peninsula and the top of the Tatsunokuchi Formation in the Sendai area represent
the slumping of the Kanto Region and its derivation in the Tohoku Region.
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RECOMMENDATIONS OF COMMISSION APPOINTED TO
ADVISE ON THE DEFINITION OF THE
PLIOCENE - PLEISTOCENE BOUNDARY

While the discussions of Section H were taking place, the Council of the Congress appointed a
Temporary Commission to advise on the q of the definition of the Pli Teist
Boundary.

The following served as members of the Commission:—

Kirk Bryan (U.S.A.) Hallam L. Movius, Jr. (U.S.A))
G. Dubois (France) K. P. Oakley (Gt. Britain)
A. T. Hopwood (Gt. Britain) L.L. Ray (US.A)
W. B. R. King (Gt. Britain) L M. van der Vierk (Netherlands)
L. S. B. Leakey (Kenya) D. N. Wadia (India)
C. I. Migliorini (Italy) D. M. 5. Watson (Gt. Britain)
K. Milthers (Denmark) E. J. Wayland (Bechuanaland)
F. E. Zeuner (Gt. Britain)

At the lusion of the Eight h Session, on Sep 1st, 1948, the Council unanimously
accepted the dations of the Cc ion, which were as follows:
(1) The Commission coasiders that it is necessary to select a type-area where the Pliocene-

Pl?islf)ccnc (Tertiary-Quaternary) boundary can be drawn in d with stratigray
principles.

(2) The Commission considers that the Pliocene-Pleistocene boundary should be based on chan-
ges in marine faunas, since this is the classic method of grouping fossiliferous strata. The classic area
of marine sedimentation in Italy is regarded as the area where this principle can be implemented
best. It is here too that terrestrial (continental) equivalents of the marine faunas under considera-
tion can be determined.

(3) The Commission recommends that, in order to eliminate existing ambiguities, the Lower
Pleistocene should include as its basal member in the type-area the Calabrian formation (marine)
together with its terrestrial (continental) equivalent the Villafranchian.

The Commission notes that according to evidence given this usage would place the boundary
at the horizon of the first indication of climatic deterioration in the Italian Neogene succession.

It is understood that the Geological Society of Italy is now working on the problem of selecting

The Base of the Pleistocene Series

On behalf of the Pliocene-Pleistocene Boundary Working
Group, R.P. Suggate submitted a formal proposal for
definition of the base of the Pleistocene Series dated 27 May
1984. The submission was agcompanied by & separate
description of the proposed stratotype and its correlation,
prepared by the Working Group Chairman and Secretary, E.
Aguirre and G. Pasini, who have also summarized the details
in the accompanying paper.

The boundary stratotype for the base of the Pleistocene
Series is within subsection B of the Vrica Section, approxi-
mately 4 km south of Crotone in the Marchesato Peninsula,
Calabria, southern Italy, latitude 39°02' 18.61" north,
longitude 17°08' 05.79" east. The marker point.for the base
is at the base of the claystone conformably overlying the
sapropelic marker bed e in the section. The boundary lies
between the Last Appearance Datum of Discoaster brouweri
(below) and the Last Appearance Datums of Globigerinoides
obliquus extremus and Cyclococcolithus macintyrei and First
Appearance Datums of Gephyrocapsa oceanica and
Globigerinoides tenellus (above); these taxa are distinctive
nannoplankton and foraminifera of widespread distribution.
It also lies between the top of the Olduvai normal polarity
zone and a zone with dominantly left-coiled specimens of the
foraminifer Neogloboquadrina pachyderma. The boundary is
some 3-6 metres (representing a period of 10,000-20,000
years) above the top of the . Olduvai normal polarity
subchron. The base of the Pleistocene Series automatically
defines the top of the underlying Pliocene Series. ICS
approved the definition by 20 votes in favour, 1 against, and 4
abstentions.

a type-locality for the precisc definition of the boundary, and it is hoped that a report of their findings
will be made at the Nineteenth Session of the Congress. Meanwhile, some of the implications of the

proposed definition have been discussed in Nature, 163, p. 186, Jan. 29, 1949; Man, 1949, 72.

INTERNATIONAL GEOLOGICAL CONGRESS
REPORT OF THE EIGHTEENTH SESSION
GREAT BRITAIN 1948
PART IX

PROCEEDINGS OF SECTION H
THE PLIOCENE-PLEISTOCENE BOUNDARY
LONDON 1950
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Vrica QERIZ2AKICHRIRE RIS, £ ORRA
ELICHREREI ML S EREE S 5. 2DEX 134 90
m T, 8 OELML C-D Ooffg TOEMCLIS.
CNIDTFHD S1008 W&, Ehio PN oficzh
ZNHEOFEREE 5 2 13 RNRmE R L., b
DIERRRERIC, TFAD HIEIC Gephyrocapsa caribbeanica
DEEH TR, Discoaster brouweri & Globigerinoides obliquus
DOEH MR, Gephyrocapsa oceanica DFEH TR &
1, IEWERET O BT Cyclococcolithus  macintyrei DEE
HTBR, Cytheropteon testudo DFEHTIBAH -T, & D
IERE S PR EHREYIC LD 5T 3 “Matu-
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ApB  lowest horizon of Asterorotalia pulchella
CRT  highest horizon of Cycrococcolithus macintyrei
ObT  highest horizon of Discoaster brouwari
DKT  highest horixo‘n of icula kamtachatica
DpT  highest horizon of
BB lowest horizon of £
EmT  highest horizon of
I i GaB  lowest horizon of Gephy!
x GasB -lowest horizon of Globoquadrina asanoi
g GasT highest horizon of Globoquadrina aeanoi
; GeB lowest horizon of Gephyrocapsa caribbeanica
o GET  highest horizon of Globigerinoides fistuloaua
ApB e GiB  lowest horizon of Globorotalia inflata
- @B  lowest horizon of Globoquadrina kagaensis
_____ —GocB GT  highest horizon of Cloboquadrina kagas
PLR 7] GocB  lowest horizon of Gephy.
GoT  highest horizon of Glob

e —ee— PLR L <
I highest horizon of Globorotalia to

\ " Gtrp  lowest horizon of Globorotalia tru noides
Go¥ N
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HST  highest horizon of Relicosphacra sellii
o

HeB  lowest horizon of Hesocena elliptica
s HeT  highest horizon of Nesocena elliptica

T 4o hoxizon of right to left coiling change of

reogloboquadrina pachyderma
opr P18 lowest hocizon of Peendoemiliania lacunosa
ST PLR  horizon of left to right coiling. change of
Pulleniatina spp.
RpT &
PRL  horizon

of right to left coiling change of
Pulleniatina spp.

lowest horizon of- Sphaeroidinella dehiscens
highest horizon of Sphaeroidinella dehiscens

ST highest horizon of Sphacroidinellopeis spp.

highest horlzon of Thalassiocaird convesa
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Mirsunasur et al. (1976) Ik nid ¥84 EE L3 5
Mammuthus proximus 3, #5/r Yl L3820 & E AE THE
W T Stegodon aurorae 3, JTHE - LB H» O Stego-
don orientalis 3, THEEER T D Elephas trogontherii
BENZNEHL VWS, S/, TRERD» O El-
phas nawmanni DIFISNTN S, KPE (1969) OFER 37
FER T Metasequoia V3N YEE LI THI L, Cropto-
meria [IEAHE R, OHBT 5. HRSKEF TR
RIES B D R T b CERBI S D,

TNRFFEEMCAOERRTY &, BBIEHERYHIC
£ B 5N TS Jaramillo FHHCHNMT 2 (B3,

1976 ; Nakacawa and Nursuma, 1977).

—77, REEE TS a - TEics &< H
Bz HEINTNT, Itmuara and Kamer (1982)73
Fre ki, KilkgBoTFEIL TKUKBLITIE Ste
godon sugiyamai ¥, Z O LALD BALA = v —KILKEE
Tlx Stegodon akashiensis ¥, ENI7 Y F KIIKE E Tl
Mammuthus paramammonteus shigensis H, X 51T AL/
Tk UKE % T Mammuthus armeniacus proximus 5,
ZD AT Stegodon orientalis ¥l INTWD, Fiz,
Matasequoia JEPRBEYEILILE T ~ T KILKBMAT, Crypto
meria HBEHEIIZN XD TAMOTALA v —KILKE {F
FCH5. REBERFOBRKEICONTIE K-Ar B &
C749¥ay b7y 7 BBFEHNEINLTNT,
FHEKILKE DS 1. 59~1. 60 Ma, FE T KLKE - T
M4 zo— KUKE s ZhFi, 1.24 Ma, 1.06 Ma,
v v kK@ 0.92Ma 2 ETH S,
Kawmer (1987) 713 &3 Cox OMBKENRREIC Lichi-
T, FAKIUKELUTOERGHRZ Gauss BIEREIC,
FrEAkILKE - TREKLIKE © TJ5 ich b IEREHRE
Olduvar RRE¥IC, © v 27 KIUKBMED BRI
Jaramillo FFHCHMTAEDE LTINS,

TELADEMRIZEE LT, BABYLEOER
ZHEREL T, Mitsunasur and Kuwano (1973) [3E#
O KHEAE LD S i 8 T T O IERS
WA KBTS THO Gauss #IC ST ZHDE LT
EWbB. COB, HBKERIHEIIN TN e
FEEMILAORBRIE ERBEINI P - 7o, RENE
EEH S MR T ERIC T T ORI, BT X
Hic, 2MAOHEREFRO Jaramillo HEICHHIN S
DDTH5.

BOlicis - C, SRIEBROKRRER & 1 - THE

ITinArRA and

BORIKED 74 v ¥ a v 7w ERBSEE I
(TEZ A, 1984 ; 83K - &5, 1983 ; Suzukl & Suci-
HARA, 1988). Z#lic ki, RIGEEOBIEE KR A3
3.37 Ma, HB/E@ Na-14 28 3.12Ma, AEJE HS |3
9.76 Ma, EHIMAE Kdesp 75 2.59 Ma, Kdy 25 2. 54
Ma, Kdy 75 2,34 Ma, KRB O £ 2.06 Ma, Oy
B 1.90 Ma, #54 JEE Ug As 1.47 Ma, U, %3 1. 06 Ma
AR Kusg 25 0.87 Ma, Ef§E Chy 2% 0.63 Ma,
78 Ksiy 03 0,62 Ma, HijE2E Te-s 75 0. 39 Ma,
BJE GoP-2 3 0.31 Ma T&H 5. F I KREE i34
EPKILKIEAS 2. 27 Ma, fEEDKIIKIEDS 1. 59 Ma, 17
1 10K LURIE S 1.24 Ma, T4 = 8 — KL BRIE DS 1. 06
Ma, €7 kKUKED0.92Ma 12X TH5., ZnHD
FAl—WEHIC L BHEMEZ B L TH B &, KRREREL
e 1Lk LR B 0D b o0 TE R 1 SRR R R A 2L
DOIEBREEICHEY L, KRB R0 © v 7 KliKEAs
O EREHIE FRBRP CRREIS W TH 59, AR
JEEHR T =Y # K LIKE A O IR R 3 LR AT
KR L 5~ 4 4 W 1B IERARHS I, KRR
B FEo KUK AL LT O IS I B HEE T
MO ICZNFNMANT I LK 5,

D74 9¥av Iy 7ERMLL, R - BHE
(1983) i3 Cox RIED Olduvai IERFRIEH ERfFITIC
bbb EINTOBEEFHE - EFHERL, LRERFT
FARHERELEE D O MiFicd b EEZ fz. ItHaRA et
al. (1987) {ZMEHTHE - BEFTREEAUS, BL LD, KK
EER P E THOBERIC—-HTSE LTS,

L L, Mo, BIEERLHREE R
KE->TEDLNTEB ST, fidRo X Hic, BHo
BFICE > THREINTWT, EEBOBMBBER T
WIS N5, BEEEROBIEFERIL E RIS h
TRV, BROY CTALICH 5 IR 1 R IEHE
ByeatERERT Oldgval il INTHWSH O
SRR EIN D, ZORMHEERSBEL TN
.

TEM S HEM L OBERD S E 1CHERC LTS
ZIS0DS, EMAE FEo Olduvai F#E & KRB 5
TR LD Olduvai HFMFEIKHED &0 &30, W
HuR O FLEY) & AR EZOHIIIREICZ 0 X
HahtBbng, HAEEROWHBRO 7 4 v a v
by ZEMREEREBELUTCAS E, T SHIERGEED
HEDOTHAEREESK X, ZOBEDTEEIE NS
D5, FREREMEE TR EEER, 3718bblE
BB T—#%ic Olduvai HilE IN TV 5 EREH 3
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BRBOMESERF CoxDitt T E R K

Ma 0

0.90

1.60
1.70

e KR O HBRER & HIMSREE O Cox

RELOBEFR HMBIBERCR LSRR
$BAK - 2R (1983) o LigEEio F.T. 4
ek 3.

Cox DFHED Olduvai HEITIIHISLIZWHD EEZ
55, CDXHWEZTL 5L, Cox DIGMEMFRE L
REOHMRER & OBRRRBK6 DL HIKEETHAS.
Vrica OBERIBROK 0m EAlicdhs M2 0kl
JROBEHERDBE I N2 & B35 5 (OBrADOVICH et
al., 1982) 28, Z#{#iZ 1.99+0.08 Ma 7, HIFEZE S
ZhHs Olduvai HIADE LD EITEZOT, Hvk Il
IKOBHER L2 6D TRIBVPELTNE. L, [
T Vrica OEFRO D SOt OKIIKED 54 2.2
Ma OHEESHEI NI,
AATREXRERONICIBREEDERZ, PR

A * 1988—4

BOSHICIRREFHOBRZREEEL LTNE T EMD
WA, ZOHEEDEET ZERICOVTIR, —RF
BT 200X BEMBSEEAINTVSE W AZHE
5 - VbR, 198872E), ER, WERROMEHT—EHIHD H
WEBERF - (LEER - BEERRTNT Cox DOFEE
KXHHELTVNBEHDEFBLOHN, BEAEREDNSC
EBEIroteh, b ULERED LS NGERIcH B &1
3, ZOREIBHERSETROERBICORT, i
DREIBEEIZBETHAD.

6. BRENROST - BREREDHISAEY

HA L Z 0RO EEHAER ORI L, Hrs
I Nion Db ORIENIEE (L&, 1979,
1981 ; Sarro and Ujng,, ed.,1977 ; ITiHARA and KaMEr,
ed., 1987 ; ItTtnara and Kuwano, ed., 1982 ; IxeBe and
Tsvucni, ed., 1984 ; JbfffE, 1986 ; Tsucui, ed., 1987 ;
HASIUALERIR, 1987158) 2BULT, 2haiod
DI DIBERDERNSD - /.

BERD 4+ RIFED N SORBEBE L THHENIC
HOOoNBHN, MFHEBELNRCOVWTRSZ &, 205

T EERERRRIC, DO OMRENSH S, 0E, K1

RUIESBEREELEREEBICE 5T, W D2hoH
& s U T A7,

(1) #EH—EFHRORBREBICONT

HARDEEHT —EFHRIERANCHBE L T B 22 A
s, BARHT & BRALHS O KPR T, MO
W HBRBSRED ONE . BREBRBTR2OMBIR
LREROTEICH - T, BREARE (i, 1951) &
LTHIGNT VS, CORBERIERLEEDORE, BUE
TR OB, SRB) I EROWEE - B4 B0 - XS
EITO®EN EROBEFH - B - BEo/ME) EHED
BE - B =A0 DES - DRI EROER - Hi
TOB/ LR/ - ThigE R TMERIcOU 3, X
DICHT NSBEKEOWELE - T BT #
U, BEETEED SHETILHE L S TRRTT RN
HICELU TS, RESEE T OHE T HEE
B oEREEORMYTEEE, R TR AR Ik
O, ZHEETRMTETH . REE0 LNBIRER
YETHERE, ZEETREBET, WIhb kil
WBEEFE LT IMETH S, BRERBEETI, 0
AncsEE - BIEE - AFRE - BREE - KERB
B3, TOMRICTRALY B LN - T B3, BB~
KIFETRBIRET, BiHBREZ/REBLET,
R o BREICEK 75y 32 X1 Ik LT
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¥R

L NEfR

BTN BEAEGOEEEEN

HEKLREY, aaBIEkLEREY AT OBAKR BRITE S v — 7 (1953)

D Czo VEF kK& HREFES.

3. COHRORKARBEOEFHIT =8 &5 (1954~
1976) DAGRTEEIC L > THH LT, ZO/KER
Ik, Bl v A DERCREL T E2EH
IR LT BB Ox X0 ENOFEETH - T,
CNREREBRE I AREARBE TR ICHS (K6 ).
HEREAZOSOICDNTI3/NE (1951, 1957). B
WEGEFZE s v —7 (1964) 18 EDEESH L. BIET
HEUTARBETH A D EVD ONBBHIFAEE DOBRT
Ho7ch, FEAHEOEBORBRENLS "C®LD
EE) (BRBIE S v —7", 1953) BEEIN T, B
BARAHICHS BEEOBHRIBKEREREY = £ &
U, HEEMOBHBMETRYE - vv r SOEARIE
SEEh, ILABEZME-TOS., FREOBEMTT
KA ENS vV E - Fe - R EODOH
B CHRBREDIMARES, RESETORIKEIC
7 FF A4 rEEUTOS bk, 1951). FEROVTEAE
T Yov M EAEETIED, ZKRAREDEFTHH
3. o OHIBIRREAE SIZHTT, TNOHE
LRAZLTWA, Ebicbhicid, MR TIIBE -
Bt KE - BRHOV AL VE - BEXDRY, BE
2500 m (C R SSREEDSEIS B4, BE/E TOHIE T,
FEH~HELL, BREEICT Sy T ALD XD BT

5. COXIHREDS S, il (1951) FREGR &
RS, KRB T coMicED, BEII—F
WEEITY Bie LT, BlRdasadiciEL, 20%
‘rCFbn O R S Zodth BB E L
{, HEOERZ, BaitiREicosfzbhn, tEgs
KEBIT over LI SIBECEELR U C, ZhafsE
BRTH - ferICE b B R ERT 2 L5 -2
EEZ Tz, 1B/ (1951) (SBSTEEE O AT AL
BREDLL, COREEIMLIZDEN (B 3000m) ¥
JEE OEE L KENBEICFEE L THWAE LTS,
%, CORBEMNEOHBIRTEFRI LTAS &,
FERGROWAE - Vv b BRI~ THRL, KET S
BRIKAE D A H~TEE cHlgi U, BREE O £k &
15T a . KILPEYEHEEICAE Ucfhim bic & H4ER
Ufzhs, B - v b BEE T AHER Uk, #Flmoid
RIBEFHE S TORBEYEL L - THEBxh, KERE
BEBICOHRTBICE . T OHEICHE Ui/
Ly, EATFTOOEBOEEC K > TELLEDEEZLDS
N5, ZOHOHEEWIICh X0t BREREE L
THHELTVS, '

Eik B2 D &7 A Mo HEEE O e RELL T
BB E, PHR—EMFCE SO E, SFBERE 16
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U, ZOrdbiinc TR omREER, i~ E3H
Bk A BB OSYT 5. 20dbkcHyER—Bic
JEEFI LT B D, KREEO LA OBEEEIIL» DR~
HBYBIRINTERIN . HE Td 5 (BEE,
1976). % 7o, ZOHENILERAIC RAVISTEREAM D H

RSBy 2L HRCEEN TV S, METHHEEE -

B9 b e, HHBAXESHEEITL, EHK, FiiER
VIORIZ EFEINCTE L, BT HEIMERIL,
el EAEDDTET B E VWS BEAE S > TW05B . RiT
=FL (1981) D F &7 EERHT O BREESEERIC L
13, BRI BT ~ D Eiseid, BAHTHIS A ~FE S
OHTICHHE LTS EAHILTNT, TOHERS
it 5, SFRERHIE S UG oM A T H
3. HORHEREAEREEMIC RS9 B & S — iR E DS
HH0K, LBFBONME O/ EI3RSD, T
BHEOMTH S, 2O &3, BINCERMTEE

U, BENRBVO CAK T EEBRL TS, ERER
ORI S HA I h, HERREERIEED
JEERER LTV A, £, W - ERILSEOR
BRI, 825, FIRIIOWMBAELET, ¢ OXE
BIANET U EEZ b0, BRABSIEETILs
AMER Ui REICAE U bDTH S, COBEE)IT
S - TREEHER N U, TREE ORI ik
FLTVE, I DICERYE - R EOHEDIHS
M.y, bR oEBo#EEER L, EUTEOED X
A CHER, SR INAEARE D ALARA 2 BEH U 7o S0 Bk
WEFEOBIRN 20m TH S, BEKHER & O
ZId R UEIER LTINS,

BN E R M R LEloHIRo b5~ HHE)c
E - TH Ufc WNW-ESE HROMEE &, ®RicZ i
ik U7c NNE-SSW s & Diafiis & 0#Aash
LD, BAEBEREEGRICIE N-S EROWBE RS
B0, CNRCORMOFNEET SDOTH A, M
R RIRT 5 2 DOMMEHD 5 B, HFRERL 7 7
&, BERBANHEL, ThFhEFEiesd -T 3
(Nakacawa, 1962).

HREAE ORI, MBS — LB, $3
EWREIETHE. CNRBIBRBICTOWT Gauss B &
WEINTERSDTHBD, BZ 5L Gilbert FADH
OERIICHSE LT ETHAS. T ORHOMERE
BHRERFI B D BRUEEP LN IR O B IEER s & Tk
BE—WORFEDHICH - T, REAERFELEY. %
feHdb R A BAERR TOEETHS. —F, &
RAES L AW ORES OFET 5 O LHT AR

/S 1988—4

BEEILLIMETH 2. ¢ C THRAEFTHOED E
BARBAICE ST, KUWEYE R &5 BRE A
Vo 7w TRICHRONTO S, IBHETRILIED
LA ROKRNESEIEETER TS, CoRK
BOMENIETOHBE—LEBMEEMERITE 3 ER
WHIT, WAREHRT Gauss EINTWVWB bDIC, FH4
45 (Manasg, 1979-80 ; Korzum, 197275 &),

- RAEMTEEIRICB T A EO A I EIico O
HHROEFHANTH 2720, 20 LRORES 2 EE
HIC RT3 C ERTERVDS, BIREIE © H11E
HiPH B RO BE TR, REARBEETEEL -0,
BOOBE RO —#ic RERKEIC, BZb< RS

VIBED BB Ik B, BRER-TOBETHANDS

(Smrsara, 1961, 1962 ; Ismipa, 1981 ; JbAd 132,
1981). Z{E#OItZETIRIED LEIZ X BT g 4L
SHHELTVAE,

O AROREIC IR - WREBENX{FEZLT
WA DS, HEERO FRNLEY T8 K OV B 24 T O B4 16
ZREE, WODLDOKXBZ EIcbA~NETL, &XE
OEFETE, UTEL, BUTRKETYT 5. (F
JIT, 1961 5 BRALHITEEPUACRIE 2 v — 77, 1969 75 8),
JE NI T, — B3R OISR & BRI AHE D
O-rEE AT, ARSI RO RS =R 0 EIC
BEAEZATHNSE (HIEs, 1963a, b) 28, ch oD
NME b FRICEBXHOBRAOIENCES 4 5. 6L
RSO R T OEE S F 7ot E Tk LT 3
CEERLTVS. '

RILHT 32 oS, FE=7R - BIURORELE S,
AZRFE ST 2R S > T B, FEROBE
BORITHEBSMEICNERRIZL, 20BFmEis L
B HIS D WNW-ESE 5D #ICSEIT LT3 X 5
IcEbh 5.

Pl e sl, BRAEE KIS S BEMS
@, BERIHOEMD, HIROILSEEZIERIER T v
THTH - T, FHG ORI Z OREMIC LY,
BERMT D ERA 7 v 7 ICHN TR D D18 ) K
AT VTSGR, WINGRIEE TR LT
WHEDEEBZOLND.

BRI PR C I EREEE CREFiZ D>, 1986) 23k
MEBHCYHI N, COHEBOMICHIRILSE, kT
THBROARMANOWEIMEEIN TS, HHREHS T
VEE TR D VBB T3 A I BN A O Ik Y
AR HH S (Yosuma & Nursuma, 1976). 2 &
FAREEIIE T THRVD, FTEOHEBBEHIILT ~E
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B, #EEE» 513U T 5 HEIIBRTRE 28
A== F o LS5, HNEfilic ECHEE LTS5
(IBaraky, 1986). 73%, HAEAE © HMBEEIZA
BRf~ETLTWA L, Z2OtEOHALLRARTHS
CRYBHT IS 2 v — 77, 1969 188). Fio, B
LB TOHH O WM ~0 HFB HbhTH5S (B
B, 196975 &),

(2) WAL T - IR 2 1h

PRSI _EE h hEY EHERE T, HARDRMT
WREEM - T 5130, ERSERERY 31T
b, ZONMED SHRETEEZ SN HPABEE &
ICHEL TV 5. AT DR SESHITICHTT
IEEEE - AERS S o— B THERETIEEEET
A~ EFHESIE LTS, FRER S & g
% EHEREBIAREII B £ 008, PIBEERICAE U e M HbD HETR
WMThH5. LR CMNEREROREROITEE G5
JIiE e, 1964) &, ZJLIOEF NS & 7o NERAID
ke - SMUD ERICE B ERTENTHAD.

BB 13 & ORSHID ¥EARE O I BT SRS
i TH 5. BB TR THEF, S5 &knTh
WEFHSEBRE IR, EHO=ZWEE~FERLRE
Th LRBRAPHEAEE TOBRTH L. BERET
X SICHTHDS BB EO—OBRETH 2 B LIEY
BEOERTH-T, TRERLEOMOHEICH S L
BERLICOBRERS R o (BR - KM,
1966), #RE (FARBIUEITES, 1970) - FRE (B8
BB PUEHgES, 1974, 1980) I h ERMHOYERE T
HbHEND.

Ok S IEBEEMG IO - AR RO BT A
RCHFOFZERISOBRRTH B0, 2D HE L OB
FEEAMES ARHEREMIZ, MEKELCERR 7 v 7 RIO
FEEEBORETHAD . BREBTINLICHST S
LEbLNSbDOICKIES (1981 ; Nirer et. al., 1987)
DORFERESY, L THREBROBEE & Y
(388 - /N, 1957) 18 03%h 5.

Bt ~ s © B AR O Y5 AR EEET - H
BRI ARTTHRICRESICEIL s T0B ETABE L, B
78 & DRROCHERMAR IO, BEOKHIRES
BXIEFEREORRICE T HE - MA (1986) O
Fic ki, HETHE - FEITRO BERIIEKE - ATEER T
EARITER IS, fERTH - EFRoSRIEN B P ic b
%, 1k, NEERETRUBSZE2EL onTocHl
BRINULIODEOTNOLOTHE LN S, L §
(1986) 72 &ic ki, T OHIS ORET— BB R

FRICiE, SPGBl SERTTRRA D FEEE Hs W
T, EROBEHAEA L CNIGERT S b0 Elbh
5.

Bt B TR TR Bk L E R LT 5
FREREDZ L, MFHREOBRIAEAETHS. e
HAMR R R & B, HBTHER D SRR
DTERE LT Lt s, BALHE OFE =KD
HERASTEHNZ BN LiddeAd (1959) 2R3 LY, £
COBFERBIC L > THODITENT NS 53, HRETHE
FREEFTRRE O DE L BT IR RICB O filE & - T
R U &3, co—Rimd S JRhd, PN
RERTHSD. oW, “HEWOOYEE" (XX
BRICRRATORO, IB—a8METE, MEoR
BAE B THRE O EAICX 5ICHERO KFEIE I HER]
L, eI cRBERBICHEBLLTHT, WTh
b4V -5y TROREHRE &> TVB. DT ER
Jb B NFRER D PLiEDSREFTIH AT LK, HRRBAHY D
BB O BT LcC ERRLTWS . FEE A
BidbtENmEcE LT, L0 NGO YE £ 43 ) W
3, WHEER T — 3N A AL BN —Frf R K 2 T
BRLTW3, HIu)T o g bR RRE TR K < B
NTWBY, 2055, J6b)I—FERE (RS, Z
NLHE, UFEOMXOBIRE LT, b XL, ¥
BIIRCIPE T, PPt - P EE & HPRECSID AL
TIEPOPREETH 5. AREHOEINCITH F 0 Ml
PEOMIEL , A FEIEM D il & # O PG FF 2
BR « B & OSIFRITHE - tE WL, 5 SR
BThb. CDXIKRTL % &, BT OFEULIR
DFOHIZ S &b & AR LTHT, ZoHICHbE
AHIDE U b D EEA DN, WO T3
RO B —EHHEL X SICHWIO KRS, Mok %
bolck®, BHNATD > TEEIL, 32Ul
E2RLTVWAE 508 E. e, HHIEHED D &5
BEZ 8B AHH, HILHITTDEED S I USRI ILEL
RTH5B. BZOL, B LUIEHA~DRED ZAICLD
HOTHAS. JbLIRO LRI B - fo i
HEE S STV S RIS EPYRIRTR S v — 77,
19697572) A%, HPHM MO MR &~ 5 &, db b HE
HREE D T A C LT, Bl othilkic
PE-THELISD EMDNS. HHRFDMHEHDOET
BAAHE, EERERD SHEFICH T, HUEH3 1
KRR, PO LPGEH By, AR Y o 3 I 25 B
&, ot b H—p] s THGHHS e LT Rio ]
HEBRA S I A, DO THPERIBIOMB ST 12 d

NI | -El ectronic Library Service



The Ceol ogi cal Society of Japan

36 i I

DERLND., 7V — b OIED GHEEIN S HTES
OREAFERZER RO UARAEBIE S - THRAT
WATHAS.

. ¢ ¥ U

HISROX S ERHICDOTHE L, AKICBY 5
HESTARD TG - I & DOBEfRE, ML KR E
HUICEER Ue A3, &IT, BT TR T 2 BEHH
T ORI ET E, © DORE RN 2 BREREESS
JURHLHTT IC B 1 2 (EHH ORI DN TEEL A
7o, Fame UTERT NI,

(1) BEHHOTRIIHF 7Y 7D Vrica THREX 1
T, ZOEEERFERERBORAMMEETHIcH 5.

2) BEFHEIRDINEHELTWS, BAETII,
REFTHE & TR TSI AT — SRR O et ic & 2 HERY
T, BE—HOREMRICHY, EEMAEHER L TL
5.

(8) AR RIREHH D A B IF R O Y T
BYERBERETH 23, H - EEoERIZ/NEE O R
FRALE AR o EBRIiC 72 5 .

(4) LIBFEHHE & SEFII—BUCREL, FLEHE2HER
LT3,

(5) ¥FRHEFMOHBEEEF & Cox DOHIBEIRE &
ORI 5 TR, 7o & ZIXRETE - /5T
FiERNY Cox o Olduvai HHATIZ?E L, Gauss HiDHE
BT M T 2 WREMESE .

(6) BERMSERHNT, BRABEUBOBERZS v
&, BiThnb - 7ot RN DB e s fthic & -
TIRINTNS,

(7) ERALHTS 3 =HR IR, REdbED EERIE R
Useld 7o s, BERTHE - Bl Iic ERiIch i 3401 - R
B IMEHRS &, RS SRR it R st C - 7=,
7V~ t O O EEEICTE X 1L 5 BT IS
LHIREDGIIREER, LA, HEEETHSS.
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