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Late Cenozoic benthic foraminiferal assemblages in
the Japan Sea coastal region of northeast Honshu, Japan

Yasumochi Matoba™

Abstract Late Cenozoic faunal changes of benthic foraminifera in the Japan Sea coastal region of north-

east Honshu, Japan, are descrided on the basis of land sections in relation to the palecenvironmental
history of the Japan Sea since the birth of the sea. According to recent paleomagnetic studies, the Japan
Sea opened up during Early to Middle Miocene time, whereby drifting the Japanese Islands away from
the Asian Continent. The earliest evidence of marine incursion in the Japan Sea region comes from fos-
sil diatoms of the Daijima age occurring in late Early Miocene sediments (Koizumi, 1988). The diatom
flora was collected from localities that yielded of leaves of land plants named the Daijima-type flora,
and it was composed of a mixture of marine, brackish and fresh water species suggesting an estuarine
condition.

Distinct marine faunas appeared at the beginning of the Middle Miocene as shown by the occurrence
of planktonic foraminifers of Zone N. 8 age (Maiya, 1978). The benthic foraminiferal assemblages in
the earliest Middle Miocene (N. 8 to N.10) strata, that are an early to middle Nishikurosawa age,
consist of 1) sub-tropical shallow-water assemblage that includes many Middle Miocene species as well
as such larger foraminifera as Miogypsina and Operculing, 2 ) deep water assemblage of southern ori-
gin characterized by several deep water species living in the present-day Pacific off southwestern
Japan, and 3 ) transitional fauna of the two. This occurrence of deep water (middle bathyal) fauna
during the earliest developmental stage of the Japan Sea is quite remarkable. In the late Nishikurosawa
age (N.11) , all the shallow-sea areas submerged deeper, and this subsidence culminated in the deep
sea basin of the Onnagawa age during late Middle to Late Miocene time.

At the middle period of the Middle Miocene, a transition period from the Nishikurosawa to Onnagawa
age, sea conditions changed greately from warm to cold waters as shown by a change in the planktonic
foraminiferal faunas, suggesting the curtailment of inflow of warm current into the sea owing to the
closing seaways located in the southern margin. Sediments of the Onnagawa age are characterized by
siliceous shale and diatomite in the northern Japan. The benthic foraminiferal fauna also changed its
character, containing largely agglutinated species inhabiting lower middle bathyal to lower bathyal
depths. Recently, however, a unique fauna was discovered in the Tsugaru Peninsula from the Gen-
pachimori Formation, which is correlatable with the upper part of the Onnagawa Formation. The fauna
shows a character transitional from the lower Middle Miocene Nishikurosawa age faunas to those of the
Pliocene-Pleistocene Funakawa, Kitaura and Wakimoto ages in terms of inclusion of characteristic spe-
cies of both faunas. Spriosigmoilinella compressa, an important species among agglutinated foraminifera

of the lower Middle to Upper Miocene of the Japan Sea region, is considered also a member of southern
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deep water. These facts suggest that the deep-water Nishikurosawa fauna did not become extinct
altogether, but that it was able to survive in some deep water areas of the sea and changed gradually
its character to give rise to the Pliocene-Pleistocene fauna. However, the warm water planktonic fauna
disappeared in the middle of Middle Miocene.

In the Pliocene Funakawa age, the benthic foraminiferal fauna consists of a mixture of upper middle
to upper bathyal calcareous species and agglutinated species. Although this fauna indicates a marine
condition shallower than that of the preceding Onnagawa age, this apparent shallowing is considered
not to reflect shallowing of the Japan Sea basin but to have resulted from the uplift of the eastern mar-
gin of the sea. During the Upper Miocene to Pliocene interval, the northeast Honshu gradually uplifted
earlier than western, Japan Sea side, such as the area of the Oga Peninsula. Thus, by the beginning of
Pleistocene, northeast Honshu became emerged, accompanied by the movement of a group of thrust
faults along the present-day coast of Akita Prefecture, and a marine basin in which the Kitaura and
Wakimoto formations deposited remaind further westward. These early Pleistocene marine formations
contain a dominantly calcareous, upper bathyal benthic foraminiferal fauna. At the end of Wakimoto
age, the area of Oga Peninsula became uplifted, and the shallow-marine to brackish-water Shibikawa,
Anden and Katanishi formations continued to deposit in the area altliough intervened by a slight stratig-
raphic gaps between each other. Thus, the Oga Peninsula provides the most complete record of Pleis-
tocene marine environment within the Japan Sea region, although it is confined to shallow, surface wa-

ter conditions.
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Fig. 1

Correlation between planktonic microfossil zones and paleomagnetic stratigraphy (after Oda,

1986a, b), and stratigraphic successions in the Oga Peninsula and Akita City areas (slightly
modified from Matoba et al., 1989).

NI | -El ectronic Library Service




The Ceol ogi cal Society of Japan

FALAM H A O % AH ERBEE A ILREEOLE 129

N.10) DA FLRBE B - HAFHEL £ <
&, BHPLBERSBAREBEIHEAL TV Z & 2R
F. L LAMAPERLLL T PIRERR I & REVAFLH A R
HL, HAEBBEIAKFELSEHTEL TV ZEEIDLN
% (A8, 1981). Z oo BARFIEOHHIEN L,
A ILR 2 S A7, BLUOKRERILEBEDS
FiHAKE (1988) Lo THM»NL TS, 72 L 0™
TRERVBEORIBEDRETH AN TBY, /24
BoOBREBOESDICOVWTIEWE EARETH A,
THEREAEEI O N.10~N.11 (BH, 1986Db o N.11)
WIRERERKERILRFELEIHFBHE IR TR
Martinottiella, “Haplophragmoides” s & DRVEFILRD
LWEEICPDY CKA, 1988 ; K& - HE, 1981,
%4 (1963) @ Foram. Sharp Line i3 Z OFEE DO ILE
EOREEIIH LS R OkA - FEE, 1981). IR
EOREMGIIEAL R 2D, BEEBILAEOTRNE
REETE, BEOLCESEnOEEL EHEHEAD
BEEFERY), BEEOEELICESIIEDLIS.
ZOEBEHSE N I0~N. 11 IS s AR AH T
& A Denticulopsis hyalina Zone B X UF D. hustedtii
Zone 23t S N ARERBE Y &4 (MR - B3, 1989).
¥ 72 BRI R T T RIRE BB CREM PR A & L ERE
EEOBEAEAILHEEIBIZE DS (FIR, 1990MS ;
Matoba et al., 1990). F7-Z OBEHIIZH - AFKEDHE
MHE R EEORER b 5 7285 (2 O LHAE
BAFHEE L 8 Twb) Tid, Uvigerina, Pullenia,
Sphaeroiding, Bolivina, Cibicides 7% & 2> & 72 B KFEF
HOBEIIEbL,TWA, R EREILREER
Globorotalia 7 & DRI % &%, € OHEE RIS
<, N.O 0BiL D $ES o T& . FfkLE L
RIKEF v 7fbAICEs THRENRTW S (£,
1982 ; {EfEIE A, 1991).

AR & 12, THERPARE~$H [N.8~N.9 (~
N.10)] (2 B ARSI REMEE O RV L, 5
WD 1,000~2,000m O REIRAIFEEL Tz, —
iz = OO RIERE 2 B E L 8 ~ BAGE R B A
ILERKRBEAEILEREG I EDELCHONTWA D,
COMBOBRBIRLTERBTH /2L EIOLND S
ENH o7z (KF, 1982 ; Ujiié, 1988). Lo L 2 DFF
WICREHED AL TWD I Eid, T TISEE - S0
(1966) 12X - THIFHehTWwA, LBEEOHREDE
W I RBEEFLE Miogypsina, Operculing % &t 4 &~
N — KB X 0 25 ~ AT IR A B ILREES S
HLTBY, —HEBIICIIETREBKDOBEN DA
LCTwi.

TR o REEL & F o o) B R E/NIAE LRI,

Ammonia tochigiensis (Ucio)

A . hatatatensis (Takayanagi)

A. honyaensis (Asano)

A .cf. yubariensis (Asano)

Elphidium cf. frigidum Cushman

E. yomotoense Asano

Elphidiella momiyamensis Uchio

Buccella tanaii (Uchio)

B. akahiraensis Ujiié

B. mansfieldi (Cushman)

Hanzawaia tagaensis Asano

Nownion kidoharaensis Fukuta

Nonionella miocenica Cushman

Pseudononion subcostatum Fujita & Ito

Cibicides datensis Fujita & Ito

C. tani Iwasa & Kikuchi
% ESHORY PRI OFYHES 5 % B (Matoba et
al., 1990). —HEREBHERER,

Uvigerina proboscidea Schwager

“Hop kinsina” morimachiensis Matsunaga

“H.” shinboi Matsunaga

Stilostomella lepidula (Schwager)

S. spp.

Gyroidina orbicularis d’Orbigny

Pullenia bulloides d’Orbigny

Melonis pompilioides (Fichtel & Moll)

“Haplop hragmoides” spp.

Cyclammina spp.

Martinottiella communis (d'Orbigny)

Dolothia spp.

Goesella spp.

Spilosigmoilinella compressa Matsunaga
REDPLRHBETHDH. KA - F 1(1981), K4(1988)
I D& R BEE® Hopkinsina-Gyroiding FEHE L IFA
75 ZOBEE, BBEOMICHRIETER HAMUEOHE
RKPEOEBAPIELL TV AIAKEEL L (HEAT
WEDTHEMTH D, WEOFH, BES { EI#EE
LA LNDEEE,

Amphicoryna fukushimaensis (Asano)

Bolivina marginata masudai Asano

B. asanoi Uchio

Fursenkoina honyaensis (Asano)

Virgurinella miocenica (Cushman & Ponton)

Alabamina japonica (Asano)

NI | -El ectronic Library Service



MR RE

Soci ety of Japan

130

£ > eee———
01-f Nm——
101 < IR

sunq_a
h X x|®
HHE
<[<f°

7

2
1

S:

NS
ANS-

)
t
o
o

ANA-1
Al

AN
ANS-

Ed
'
[}
o

“i”l“l”l”i

i
b3
Q
z

il

p—
e
————
o~ pwo—

S
————
—
—
—
——

8993002

*JeA 1JJ01S43|[3NM SIPIOPIIIQLD)
suebajo ejusying

ewwab euptoakn

ejeBiaaet eupydiowtapenty
stubesy ) peyauouon
s1uyjeqns eujuingoqoln

+dds eupwwedAy

Y RUWJ0) SjUNWWOD 2]13{110U1Iely
UIYdS ejfassa0n

essadwod efaulowbisosrdg
“saea 7 eduoddiu eunnueyy
eqojanbuinb ejuanng

sninp|tu SIploulpiodLo

teunlyt eupydsowiipenty

1322125 ejpawNso|IYD

esuode| euiplosaeyds

1epnsew elIauNAleA
eapyrsoqosd eutsabian
$1SU30I0U e1RLNS BUILNG

sisuagydewIow {,uisulidol, )eulsebian

staeinaaado e|1deaqern
1ouese SaAPINqD

ejesadned euljewouy
stunwwod euyiMming
sninopane spaoue)

edtuasow ejjpulInBbaiA
s11e1uap)>20 eurabomnbuy
sisuaeduoy eujonuasang
afesisne uojuOUCIISY
esp0pesqe| ) eujjjauo|uoN
sisudeduoy 1132339 ejuowry
sjsudeseu *)o eyPssedopnasy
51U3d01U Bf|IUCIUON
feanwewy <33 eupwing
e1sNqos 3> eujajlog

ouese eupnIng

|Apesq eujjesoy

1136uiptey edajossyayy
sisusojou euibBeg

esjuode| eutweqeiy

*saea 3 asuaorownd wnipiydyy
asudewos '3 "jje o ds wnipydyy
s|suaenzonoy eujtaboinbuy
eUEPIIO|) )} BUIAlOg

fouese eutatjog

SISUI RIRYOPIY UOUON

v -ds wnippydiy
sisuarayese ejaddNg

*saeA 7 juer s3ppdIqI)
sisuanfiysy eytaojurerg
sisuaebe) elemezueyy

*SAEA 7 SiSUdIEP $IPIOIQID
‘SJeA 3 tfeue) ejjadang
wniejsodqns uoluouopnasd

v ewsoy ewissnuebad ejpuiwng
sisusweliwow efaipjudi3y
s1su3iBiysoy efuowwy
wnpiBiy <> wnipydiz
IpaYysuew e}13oNg

8 ewa0) 1Apesq eujtesoy

*saea 4 enBy eupydaowijodopnasy

stsuatteqni ¢)3 ejuowwy

G|

N

*wao4|uortewr 03] vorewso]
:vt:ﬂu;»x_n_:m orounien uopiew.sod esnely

uonjewsog emexeuny emebeunn

uonew.io
BMESOINNIYS IN

The Geol ogi cal

BRUEAR

PIIEL, REAKED ) T CRBKD BAEE L 4

-

VT REPS
S, AEL

HHE R

D

Bl
L7z

-

i, WEHA, it

NI | -El ectronic Library Service

ENTEETH B. KD (1988)

e ETF IV
WENTHARBEORAFILHBEL X, N. 8 Tlditit

-
[,

>

3

2P
B LODORERIEIE LT, SR LUAEROED |

-
—

[

b & DL HRBILRKDEF VI
BAB XU ZDMOBERI G & 1IZBWT 7

AHEDAL LT X 72 2 133 2 B,
CERLTWSREEZ S

SEELTE

TEBEL H

-

B AR I AR 4 |

Fig. 2 Stratigraphic occurrence of selected benthic foraminiferal species of the Oga Peninsula
(after Matoba et al.,1990).
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BRI E DR S HEA LK TH 0, BALARIM B A uEE
TRESAPEEEENLCHR L. CoBICizH
FUNBRIERLCOERE LR >TBY, HEREIILY
RO TKPEIOTHEE N TV EEZORS, Th
PEARBEFENRZbDTHH (IREF - S, 1966 ;
Asano, Ingle and Takayanagi, 1969 ; #EfE, 1972).

%4 (1963) 1%, B L CEERORHKICBITS
COL) REERILHBEEOELICEBL, 2%
Foram. Sharp Line & XU, EHAXRSH KO H#ED
GEDIIRBEDEEZT. LTI NIEHREEEE
W OHERE L 20 BT OKRETFR L O/, FHEHE
WIHDOTHEIRE &L ZNBOR % LIkt s ns b0 &
2bh7z. E52%H (1985 ; Tai, 1988) i, Foram.
Sharp Line 2R, 7 A F % v HEBIZHBHEI LS =
EERLTWAS. LA LS, K& - #E (1981) i@
FEREFILRICE B - b0 RIS L SnT
%3t (1963) @ Foram. Sharp Line % BALAMN - dvigE
AL, ENDTRREEOHE L LHOBRTH Y,
KA (1978) @ Globorotalia peripheroronda/G . quinifalcata
Zone & Globorotalia peripheroacuta/G . miozea (s. 1.)
Zone DHH, Blow (1969) D N.9 & N.10 DRI
MLET B 2R LA 2L TEILARM CBITAEH

(196313 %) AML-BHE ZN XD EAro, FBHER
& & ZINBOBEFIHL T RE#ETH Y, EELO Plank-
tonic Foraminiferal Sharp Surface 124+ 5 (k4 -
£, 1981). 7% b5 Foram. Sharp Line i3 LB #135
ERALANMIRE T, KA (1978) DFERAEILRILA
W1oH0Tha Eicns, Zhid, BEAMNBBOH
ARHEEE O EE 2 LR, BRI & 3w
COPNELRLIDDSHNL N,

EAFILHEBEITHERMODDO L KRELEDb 572
B, MEREOSESHitgifiomh REBKDOEE R
ZTHEIZA > TE ISR L 2 b 1T Tld v, BELE
DRENEHRIC, KEHOBBRE L EROEREER
RETHEHESICT NIRRT N ARY 2 EIKBRERE S
2, AIKEFRILE L EARE T A REBREAGILREED
HAOND I EDH B, T OBERTTERGICESYT
Ho ZEBHAIKEEL, ZOBOES ~EHtORE
TRENLBIKREEE HRE L -HETHSD. Table ]
CEELERINBRICEN T 5 BEAFEOFILER (1,
1988) %R¥. OB IEEALE © Thalassionema
schraderi Zone \ZAH4 U (FKZE - SEHR, 1988), B
Bog)lEgLifictibsns (Fig. 1). &2 Tiddil
MO RBEREOBYIE T H B Stilostomella

spp., “Hopkinsing” morimachiensis, Pullenia bulloides ,

Table 1

Miocene Genpachimori Formation, collected from

Benthic foraminifera in the Upper
an exposure along the Okawame-zawa, Tsugaru
(after Matoba,
1988). The formation is correlated with the Tha-

lassionema schraderi Zone of diatom (Akiba and

Peninsula, Aomori Peninsula

Hiramatsu, 1988), thus with the uppermost part

of the Onnagawa Formation of the Oga Peninsula.

M-37A M-37B

"Haplophragmoides” spp. 1 2
Cyclammina sp. 2
Martinottielia communis (d'Orbigny) forma A 15

Triloculina tricatinata d'Orbigny 2
Sigmoilopsis schlumbergeri (Sitvestri) 3

Lagena spp. 2
Dentalina calomorpha (Reuss)

D. sp.

Nodosaria spp.

Frondicularia sp.

Fissurina spp.

Sphaeroidina bulloides d'Orbigny
Bolivina decussata Brady

B. cf. decussata Brady

B. spp.

Loxostomoides bradyi (Asano)
Stilostomella hayasakai (Ishizaki)
S. insecta (Schwager)

S. japonica (lIshizaki) 1
S. lepidula (Schwager) 1
Bulimina nipponica Asano 1
Globobulimina affinis (d’Orbigny)

G. spp.

Hopkinsina? morimachiensis Matsunaga
Trifarina kokozuraensis Asano
Uvigerina cf. akitaensis Asano
Fursenkoina sp. A

[Py NS JESTIE R Y
Nt WU = N =N

+=
0NN

F. sp. B

F. sp. C

Cassidulina norcrossi Cushman

C. norvangi Thalmann

C. spp.

Valvulineria sadonica Asano

V. sp. A

V. sp.B

Eponides? sp. A

Eilohedra cf. nipponica (Kuwano)

Buccella spp.

Gavelinopsis hatakeyamai (lwasa & Kikuchi)
Epistominella pulchella Husezima &Maruhasi
Pseudoparrella takayanagii (lwasa)
Planulina sp.

Cibicides spp.

Anomalina glabrata Cushman

A.? sp.

Nonionella globosa Ishiwada

N. sp. A

Pseudononion spp.

Astrononion sp.

Pullenia bulioides (d'Orbigny)
Quadrimorphina laevigata (Phleger & Parker)
Chilostomella oolina Schwager

Gyroidina spp.

Oridorsalis umbonatus (Reuss)
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Globigerina spp.

Chilostomella oolina, Gyroidina spp. &, BEFHE ~F
MOMIIE, REFE, EEE, Lig, BEBorE
B 7% & T & % Epistominella pulchella, Pseudoparrella
takayanagii, Cassidulina norcrossi, Valvulineria sadowica,
Bolivina decussata %z EWBEA L 1-BETH 5. |
& IAHT, Ao BRBAMEBT B XD, B
JIIE HERIC BT Spirosigmoilinella compressa HSHEME, L
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Fig. 3 Lithofacies and paleoenvironments in the Oga Peninsula and Akita City areas based on benthic

and planktonic foraminifera.

On the right column, letter C and W denote, respectively, colder and warmer waters, and the

center line indicates the present-day condition of the surface water.

NI | -El ectronic Library Service



The Ceol ogi cal Society of Japan

134 HIBRE

Miliammina echigoensis BSF NI E o Thb b I & B34
5N TBYH (Matsunaga, 1955, 1963 ; K4 - # H,

1977), BAETHEEFLRCLE—HOV— I

#ThHAH. L LREOFERMILAIC XS Fig. 1 O
Iy niic ks s, BEEETIEIORBEN LIS
AYEETHL. BELBERECBIAHR (1975) O
LR X B L, Spirosigmoilinella compressa 13 T BIRE
BLEmars, IR, IERTEHE ChinEsL T
BT, —FFRLD EOMIBFREHETO2H
HicbFAEoERSALNS. BHEREOEN EROE
Bt xiT-oTnhH LA THD. RETHERD LI,
R ORI O T E L T TS Miliammina echigoensis
Zone 12 Ao TWB DT, *DEBHEIIBEREFETIZAII
RBERTIHmICHLLFEINS.

Spirosigmoilinella compressa ZHEFETH A0, T
DEEYHENDD L EEEKT A L3 TERN. L
A LR R R RIRE KRR L £ BT
BABHICBALTWSDT, AHREHTRERKOE
LAz LTEWTHA D, Ko AFH (1977) 2L hid
RS i R R I (N. 8) 1 B AT R O KT
Bl & B ARKER & AT A A, KFEMEITIE N, 8 ~N.
9 THET AWK L, HAWBETIE N.16  TEFT
B, ZOZ ki, RIEOVEERYOGREREI IR
IHITCHELTV RO L EXBORERRICL2HE L AS
ZEMNTES. Thbb, PR CEBRRE
SENECBITT A L &, LYo AAREOREHAIZERT
B X T BRI O AASERT S N7z, b ISRV 22 (G
AAE) LhoTWwiz, ZOWRRT, £ LTHEEDEK
Bt BT B A L R BRR OBE S SRR D
B4 2% b 5 7 (Planktonic Foram. Sharp Surface).
Lo Ledss, ERBADOFTIZZENITZERE R bR <,
Z LRI BAEIEA L TERE L T B REB K
BEARZAETE LISV, TR ~ s s 0 20
%8 U R4 BT - BRI OEIBREICEILLT
wot ZLTC (BEEXETO) ZIHOKREIIW-
THAREDFOEBAKIATE OB, Spiro-
sigmoilinella compressa BB HFRIEBKOEL L b
CEARE,SRECHEBLAEbOEEZLNS.

Spirosigmoilinella compressa V& Z O H= 7Y 1 O TR A
HHEITHEETAbIITEZL, HEHEAE,»LIRIE
LAEEHLAEWCKS - FE,1977). C OBEE KA -
M (1977) 1, AEIEBESCEABRIEOERKE
HEnruhrbeEr Lil, AEIDEEEEAL
B XN, BUNBER T OKE TREENTE
SRTWwA D, BEEERER L HRBEER OO

WLz bELONS, BEEEORIIBTOREEL
AR ET A (IR, 1990MS ; Matoba et al., 1990).
Fyo i Niiici, 1) AR L bR ) WEALRE
£y 2) KEE L bRDT Cyclamming 2 XEL THH
BEALEBEEOMIC, 3) MLOBERRE» 55 &k
EHRERKOAINEE S aUCAKEDERSHE
2, UEHEOHRKBOHTHEAFIT T LEILNS.
STk, FOXIRBEEFALLL) LHEEO
MOBERPLEOEBEICH 722 L TERT 5.
FHED3) OBENINTTROLN TV EP SO
3, FOBMBIAREEILRTH S0, —#KicKl
270 & 4| A BTHA 0 R AB AR KR A LI & fRAF LIS
CWEMHEDSTHS S . BED BRIEDEAAILEE
12 BV TR T - CERBE L BEHEL 2H
BIL, AABETOWEEILROERE L BEHEETOD
BAILROEE* BT 5 &, 2OlEEHETOW
BATLROHERE L BRI 2B %RYT (Matoba, 1976).
oz ki, BEOEBETTSHAEEOWERFILRD
Y b oAKEER, BEFELZo L TRAD
CIVEAILREROBEIIED > TWAH I & 2T,

SOMNBOBERENSE D 2o Tz, LR
EL751T 2 5 1T H W 2 %\, ODP Leg 127, 1280455
DR OFTHE- NS, ijima et al. (1988) 1ZHFE
TWERER R L2 SF LT, HALARMMRO B AREG
BT BT A C OB 0E L W EEHEY R, BEO
BRI Z O MEBEVHERECHBRLADOTHHLER
HHEE R L7

BHAh R~ R (AR)IIHR)

REREME TR, H XD Z0HMHLEHEPOH
BB OB LB R RS ER L, IO 1AL
OB BEELECIILHEE, BAR, KETEZE TR
K@, ERBLEIshTws (KA, 1928). 20
oSO RFE Y fAasdbel. THXDZIE, f
B, R, HEEKEmEORERTLE ST
x7- (#hsB, 1962). Lo L20gEELA (MR - 24,
1977), AIREF v /bR (RS, 1988) XL o T,
2 NS BT IR OX HAMBIE S iz (B3P,
1989 : Matoba et al., 1990) (Fig. 1). #H Lvafkid, #
EHAILRIC LS N TOE (Maiya et al., 1976 ; K
A, 1978) L —HFETAHI WD ol. L LREBE
fEmaomBERHEIc BT, FABTHOBEFR
BIR SR ICRIET B IREB 5 & Neogloboquadring asanoi,
Globorotalia orientalis, Orbulina universa % & & LR
BEE AR L S e (IR, 1990MS). T i k4 (1978

NI | -El ectronic Library Service
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Maiya et al., 1976) @ Globigerina pachyderma (dextral)
/Globorotalia orientalis Zone FE{DEMETH b, FKHH
HBMOREFB TR SN0 THSD. ZOER
W& o TRERBEEMICA I X A ANTIE—3T 5 =
AR VAR

CNBFEMAILRICAEBFE Z0b OIEY» S - /-
DTEZ V. FTTITEN X9 122 DRBEA T I —fIc
FAIREBILE OREFEL, EICHBETHERI? T A
Tha. ZO1HIORBEMNECHE L TREROYHO
ELEERICO &0 8, WHATHA S ATV ABBRS I
Beo T/ (KA, 1978) 4%, MHTOMBRS & HFE
DHE DRI L DI T D 7720 EE2 5N
5.

BREAEBOMINNE L, (3ITKEMEOREEE & HH
RIZHET 225, BRTFEIEKS (1978) D Globorotalia
ikebei/Orbuling universa Zone, € 1L Ll ki3 Globigerina
pachyderma (dextral) /Globorotalia orientalis Zone
H A, FHEMEHILBRE LT LT Orbuling, Globigeri-
noides, Globorotalia 72 E DIZHERE 2 S 2 L 26, H
RiEOWTI, B2 5 BUEOX BN T TATE &
WL, LIEUITHARBICBREISRALZE RSN,

J& A LR Epistominella pulchella, Pseudoparrella
takayanagii, Eilohedra rotunda, Valvulineria sadonica ,
Melonis pompilioides, Pullenia apertura, Bolivinita quadri-
latera 7% & DRIKEFEIZ, Miliammina echigoensis, Marti-
nottiella communis, M. nodulosa, Eggerella bradyi 7z & Db
HAEILREZRALZBETH S, S EPRiEEOR
frExon, THOLINBLDEL Zords, i
A D EEH & ZBR O 2 WA 2V oS ORIz
LHbDTHA9.

St (b - M - #11 - RE - BER)

LT B T a0 S BRI A S S AL R,
AeiiE (el 3 £, 1973, DRIRIC X %) FTERIE KA (1978)
D Globigerina pachyderma (dextral)/Globorotalia orien-
talis Zone, I E 1% Globigerina pachyderma (sinis- tral)
/G, quingueloba Zone, By A& 1 Globigerina pachyderma

(sinistral) /G. incompta Zone T 5. Lifi/E b &I
BOWTERRDOHETH B G. pachyderma #5, HEHIIES
Dy AT (%, dextral) »5EEBD Y 4 7 (£,
sinistral) Db DIZEBIIIKE K BILT 5. EAGILE
FERIARIH & N CEEM ARG OBES LB -
Bo 7z, £ DRI K E RMEE % L, Episto-
minella pulchella, Cassidulina norcrossi, C. norvangi,

Bolivina decussata, Uvigerina akitaensis (vars.), Angu-

logerina kokozuraensis, Valvulineria sadonica, Pullenia
aperiula 2 L EELTHHETH D, T DL nEER,
BAED BARMED200~700m (~1,000m) o k&5
KL TREbDTHBH, —SOMIIBED B A
i Z2 vy (Matoba, 1978, 1984 ; f93p - AR, 1986).

FEMEILEBEORICAOND XS 12, JLEfEL
HORHLEH RBEORBIEROKRE 572, #E
DAL LIRS A SN D Globigerina pachyderma DA%
90% LL_E 20 & 72590 % DL E~DZEAb1E B AR g 0 22 e Hl
217 (DSDP Leg 31, Site 299) 125 T &4 < FIAEIZEE
WHNTV% (Ingle, 1975a ). /%22 TEA D
I, HERTHERIN TV LD LREIEL DS HEm o
ERBELLBES A LN, AEOLEOYEICS ZCE
MM B ARG CBRSRA LS LR EN D,

CORHIDMBOEE TI2iE, KEBOBEERSEIZRS
BRI LB R, RAEHLNBRIC L s TRES RS
B EWTREREIC & o THALAMNAS LR L, R8RS
TboTBELA. 2LC20EHEMBHEOTER (HA
W) TRALEE, BAR ORI & Hiv THERE L
7z,

ThATE DHEREAR I 1213 B R Bt S I ke - 1%
HLLTOWICEIEL, BlafuCHIBodES > 1
7z, B BRITRRBEAFILEBREL S GER,
1990 ; Matoba et al., 1990). #6)II@ DMK, FE
FEOBERIZLY, FEOEIICHRE L -6)IB1E L
CHEFL:. BOWEL D), RHBSH)IBICEE,
ERAEESCHR L. RHBOEAAFIL AL )]
& &R B RRERETHS. ZOREEEBLE
EAE D, AN REEIC BT 2 EH RSO ERE
THLHEEBHHEL 7. BEBEITEREB IS
% Bkl K O #07& © B % (BT RERF 7 )V — 7, 1977).

SRR ~ PR A 20K - BRI s L
IHKEDET & ERD S 54, BELE TR
HBREBHOREFRE D, BHEKEDTLE DR
B ES AT, LA LRASAMNAL S H AR IC
REZLIEBEERE, HABLEREICBY CHRE
HEIRDECEEL TR THY, BEFroAE
HBIZOWTEHL DOFHRERE L TV D,

BPBHRO BAEICE L CEELERES v,
EH AR A S BIE T T OB RAOKE O #E KK T 125
BUT, BARMOWERE L HILEBEICK X 2B L
HoleZ EFFOLNT WS, ZOBEHFHEKIEIZOWT
BEX by a7 e HWHESSHED 5 (12K,
1975 ; /R, 1977 ; K3, 1989). E£ L T hFTHAE
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B L UKFEOBENHILRER L, BETRONAS
B AR FILBRIAER L BB T A Z L I0d& -
T, COBEIZOWTBRRTE L (B9, 1978 ;
Matoba, 1984 : f9#5 « &K, 1986). HAE D EEH
BB EXIZEOEDODOKERTF =T THLY, HE
DR T & TR RUED B AREICD W TIER
T 5.

b ¥ K

Plbiz, S E— kM m sy Rl L T AL
KHABREOELTELNAEE B L FERFILR
(LEBOEBIOVWTHN, BRBOHREIILSRL
7. BEEECKETTHIRC BT A, EEB LB
HILED S A BRI ERICB T A HEREOLEDOER
% Fig. 3127

o0 RBEEDLAEERICD LD BOTRH

JEARMIE O, LEEO HARBRBEHTH A, HLD
ik XD, BRBOERE ZOHROEELROE
BHIZHELPICTELDREREHTH 5. ODP Leg
127, 128 DEMIREIE T TIZiTh 2 ORI A S
nTBY, ZBHHOFLWHEERIED 2 HTS R
LEIATHAH. TORRPHFEINTNL.
W OB IHEILOHCHIY, KAKREHFERG
AR, FEILFHREREHAE S XU EmE)
IS ICIAR L ERE TR E WL E, B REHE
IR NS IZ I R EF AR T ARE T Wz 2w
P INODFAIIECEEHTS.

X 18

FREEHE - SERY J7, 1988 EHREB IR, HAIIES
YUTRHBOFE=RARECERT. BB H
W, BEREREORE%, 35-51.
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