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IZJRT D L HEE SN DB O HBORMEANE N LD, FHUIREICE R itBel3d b hie oz

NI ES L, ZREBOFEMITHEI N SRl - hhEiticbizs . Lo, R
(1988) 1T &V @i STl - T ko i i b O EEHEHEIL, MaTsumoTo (1966, 1971) 1T
&V i S 7z Pitar matsuraensis & & T UL ARFEOEREHEL V & ThICAET S (5 M) . %
7=, fREIED (1984) |2 2 Theocotyle sp. DFEHFEFAICE EN D WREMEAE V. ZD X5, =88
FEDLAERUCON IR ANR SN TRY , 45H 0 LV M AR HIRST AR .

Elxk ZgEME»rOSEHNLLEEEIHRLE
EFEKRGEZD, FLEFHERICL S, EHHAREIE, ZHERESHEHE.
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Silicosigmoilina sp. @)
Thalmannammina cf. anfracta BELFORD O O
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Ground Mass (wt.%)

Bulk (wt.%) (Recal. to 1009%) Norm on Bulk
Si0, 40.95 45.20 or 0.50
AlLO, 5.74 11.15 ab 4.93
Fe,0s 3.72 7.23 an 12.79
FeO 7.66 2.72 wo 4.00
MgO 30.89 21.75 en 13.46
CaO 451 8.77 fs 1.75
Na,O 0.58 1.13 fo 44.52
K,O 0.08 0.15 fa 6.23
TiO, 0.87 1.69 il 1.65
MnO 0.11 0.21 mg 5.40
NiO 0.22 chr 0.63
Cr,0, 0.43
PO, tr.
H,O(+) 3.68
H,0(—) 0.96
Total 100.40 100.00
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2). Zofh, YEDOTTARLGIWE G, ZIKEWE LTH 7 A EBEDRTREART 7 F /WA
MNRDHND.

9572747 —

HH (1978) @ Fr== LSS T 5. EAKTGEOEICE 150m ([Zh7 Y, %ikd 5 MEkaD
P2 £ KRB TOMT S, Pz O ik - oS Th 5. BEREE T T,
2 1-2mm OFAERBHRAROCAROESER L DEOANABE LN, BREAKROARIE, LIXLIE-
Ao r77 4y 7ilkERT GEVRIRL). ANAIZZEDOIZEAENEEL, ef - fkitAf -
T F B EOMRSEA I EE o TS, Eiz, BEMICI X2 T AT ¢ v 7 HEETRT D



DHHD.
Bhua
M (1978) DOPIREAICHY T 5. WEAKTTGHOWEICHE 100m, FALKI800m (Zblzo THAiT 5.
PIRAIIC TR IR O S E T, SENICIEEEZ 2T T 5. BT T, AHED - HANED - 81
FEI3R WNKUEEOMFEEBRRY VA

No. 1 2 3 4 5 6 7
Si0, (wt.%) | 63.01 67.13 6804 6882 7224 7282 4992
TiO, 1.01 063 069 050 072 0.83 199
Al O, 16.88 1556 15.16 1446 1336 1343 15.73
Fe,0, 207 289 222 187 209 113 589
FeO 297 129 167 142 129 103 529
MnO 014 014 013 010 011 005 027
MgO 128 064 108 140 078 066 5.21
Ca0 066 130 132 134 075 124 546
Na,O 6.28 577 588 465 590 462 445
K.O 298 278 189 317 076 298 1.37
P.Os 025 013 014 010 016 011 049
H,O+ 1.77 108 116 140 131 0.88 286
H,0— 027 026 027 028 028 020 0.67
Total 99.57 99.60 99.65 99.51 99.75 99.98 99.60
Q 11.64 19.82 22.74 2520 3323 3155 0.88
or 1798 1665 1133 19.05 4.56 1780 839
ab 54.25 4949 50.48 40.02 50.73 39.52 39.04
an 168 568 572 610 272 549 19.59
ne - - - - - - -
C 278 102 140 120 188 062 -
wo - - - - - - 2.16
di { en - - - - - - 1.66
fs - - - - - - 0.26
hy {en 325 162 273 355 197 166 11.79
fs 2.39 - 0.34 043 - - 1.88
fo - - - - - - -
ol {fa ) ~ ) _ B _ _
mt 306 283 327 276 247 109 885
hm - 0.98 - - 042 039 -
il 196 121 133 097 139 159 392
ap 060 031 034 024 039 026 1.20
D. L 83.86 8596 8455 84.27 8852 88.88 4831
- BRETHAEOR 1.2km FAHA b
2: 7 RELILOI1.2km "
3 WARHFHEAOTE 800m b vesd
4: 7 BRILER "
5. BT ERR R ”
6: » RIR®OFE 1.5km »
7: 7 REOIE Lskm "

BRI & B (7 0 AFHFE) , /v L3EIR HO+, —FBROTERELEEAH T .



Wi 572 55 B SRR 273 (VIR 2) . AR IZZDIE L A EBRNAGICEET S &
L, ZOELOZEGEH L LT, SREh - REEEIEY - 77 F BAR EREL TN D,

(4) bSHERL

AT, ETUKIEEO SRR T 8 GURHRBUMLTIIMN I A-1 BIR) [\ CTIEF i &1T
Sfe. HTiEE 2V AFHRIEE S 3 RIT, Fiz, SEOSHEICHIE (1978) OOHTEE A THER L
7z (Na,0+K,0) -Si0, MAZH 16 KIIRT. FEADSi0, HEHEOFPAIL, 741 F2361-68%,
WRCH69-T4%, TAHY RLTA R346-57% THD. TAFA bDSi0, BH R Hilk) Hilk
DHLO BINED, 1982) L E<—HL, TAHY RLTA MTOWTHALBET fEis) Mgz /53445
B HU IR RIS AR, R ) ko b o & B 5. Ak, M (1978) KUHR
(1986) (ZRifi SN EAL, ARIOPE CITHRLTES, MH (1978) DOHFHEDLHF 16 KL
F1TH IR L.

BT RIImk L DI OHkiEE) L OBRERT VT 7 Th D, A, TR Hukic oA
T o7 TR - M L - LS OB RO 7 28 m (&, 1982) ZfEf TR L7z,
Si0,-D.I. T, D.I ONE & HITSi0, AWHE L TWBAS, MMEE (MIEE - T A %A b - Fih
He 7T T AT =) &, T Mg o7 v ) EEOEER LD S10, ITEMIZ TN TN D.
ZDOZ LI, AHUEOEMIE N T VT Y ZRE DI K o TTE 72RO ES & 138722
HREHHSZ L EZRL TN 5.

(65) BEEE

FIE 7K ) MUt PN G BT« RN IE C & 2R OREIE DA 0 iR T2 o, Al EfRo i
BRSO B, HMiEOAE) IFRHTHS. LHLRBL, MAIICHEET DIRE L O%EIR

WL
(wi%) 10 - P

I o+ "

= HMEZILE - + v o
| MEHRE - 7ATAL| 32VT AR n ddt o
//® @

5

[}

—5

Na:0 + K0

kL
FAFA

FETNH N ELE

TN KRS

ol 1 | ! | 1
45 50 55 60 65 70 75

8i0, (wt%)

E16 BIKLEED (Na,0+K,0) -Si0,
KED, @ixEn£h, Kuno (1968) 2 k27 LA VEAREBT VI FERRUET VI FEREY VT A VE
EROBRETHD, MBOBEGRUMERES I, MiDDLEMOST (1972) & 2 KILESIEOERIGTH 5.
Si0; BR1* (Na,0+K,0) 0EEHHRIZ, HO0+, —#Bu(HAEL @AV,
OITLAYRVIA b, ATERWE, VIRIEBE, - FAA N, O RS,
B/ 7747 —
EEOBOEFR, SEMLEEHOES (EIXRER), ol (1978) 2L 3.




a
0o m
70 - v
+ FF
Si0: 60| tr -
A O
| _ﬂ_g_o_—'G"‘
50 0=
| | 1 ! 1 L 1
i - o
Tio, % | %0 0 ____?—-——-ﬁg ___________ + -
! e et | 1 v ‘|“ﬁ§ I
20
< & R e +
18 ST e Foom-n—-
A1203 o 2 v + +
16 |- o B;* o "
oo
14} o
L i 1 ! | ! | 1 |
o
oF o S oo
sl O T~
FeOx 6 . o
eQ % B RS
B o
N v mo 0
2 H
i | L 1 1 ] - 1
10 | "
sk %o
L e
Mgo ° R SN
4k - >~
2 So—tm
L | L | L 4 7"!&%3 n
\\\
12 o
o ~.
10 © ~ae
gL < RN
Ca0 SN
61 ° ~
4k Y
L Fs
2
] ] 1 1 1 L 'EFED » |
8- L + I
6 By 5 - + 1—~:¥+DD
Naz0O 4 —__Q,-o—" O B
2+ ot o
| L 1 ! Y L L 1
6 u]
v -
s J—
K0 S _{f’ #Ej;; BD
r O =TT 0 +
0 Coy==="" % & i 1 Lm0 .|
20 40 60 80 100

D.L

BITE BNKLEEORBREY-D. L Grisg X
BtMOREESERFI6OHLEARCETIEL THS. BSRFIE”LREL.
BRI RELEO 7 v 4 ) ERICET A EEOBIRN R ZLER £ R T s (s, 1982),



OB REAL 2 UILAES - BRI OB A AT L, P~ 40-S0°FRREBRIT 5. 7o, MRLHEET X 0>
HERHEIC &~ C, b FHEA TR BT, Ol AR L, RSO e & e 5 7 —
S B IAR o T. — 0, T MRG0 & 2 5 Cli~20- 10 BRI L, 7 1127
Ui L, 2ol TR T - MH S CRRE T L3 B LI S A - S DA 23R B
R TEEICR, BT AT B LRSS (ILIED, 1982).

V. 7 pEHA EER

(1) ERE-BRE-Fryr—FEABOILREELER

INETIE, @k OF . 25 EATEOREEE OERE R T 2 ILaR#HE SN TN D,

BLEEE:  RARINREROR RIS 2 LREREE LOAKEWEN X, SHE=AMOR
fefi OKEF, 1956;Iwasaki and Ono, 1977 72Y) KU'BLow (1969) @ P11 (ka4
xRt S B A FL s (KK, 1983;18aRAKI, 1984) ZPETH. %72, O DI 7 F4
ERJEAPRAEIPL2 - P13 (FRRAHTEO ) (St ST D REM A LI A & T 5  (IBARAK,
1984). ®|Z, BEFv— b (B9 XHS17 TEED 1%, RiepeL and SanriLippo (1978) @ Dor-
cadospyris ateuchus Zone (BERGGREN et al.,1985 |2 % & ffuiliisr i — iyl o )i (okfbb &
NDHBHEATHERET D (B4 H).

FR/AEEE BIULOTHE BOI 7 74 MEREAIKEND, PL4 (MLEET D% (2%t
En a2 T 5 (IBaRakL, 1984). ZDIE, [RAAPCED B IXAaHHIE - ATImEEi
DF > 74k (Honjo and MINOURA, 1968 Iymva et al. , 1981) M OMEHHIE - #4871t Discocyclina sp.
(G - #¥, 1946) 2ETDH. —H, EFvy— b (9 KM 26 THRID »6IX, Prunopyle
titan TRl & & & Topii o i O FTREMEAS M L AR E 2 E T 25 (554 ). 72, Iuva et
al. (1981) 1%, T/ BORJEF v — MED WO R 2 #E LT 5.

(2) RMEERELTETIRRERVUFYyr— MR EDEREER

FILE AT DI 7 F A4 NMEREADCE, BRIEARKE - Ty — b, MK KRERSICHE) Tr— b
Dyl (BB KHR 5, 6, 7 TERED 2»61%, H#ikE# it o Podocyrtis ampla Zone (BERGGREN et
al., 1985 12k % &, P11 EE-P12 (THY) I sh o b alrRzET 2 (B4 R). £,
IBARAKI (1984) (I#fH QRO I 7 Z7 4 MEAPE Casl) (FETIEER L Sh T iRnsox
() &TRF) 25, P12-PL3 IS 2B ERA LA Z®E LTV D. ERE LT
ZE CEID) ICfES BRSO, T — b GRS 2 DIkt - dogr gyl oo b
AEET D (BR, 1986a). Fiz, KRIFINE LETOI 7 F 4 MERBEAKEERLD GBS 7o
P - S AA I ORE A AL, BEIRAETTE DT e, GG - T OB i %
L, F¥—F &) 2ot o i b a A mE S Tnsd (uiva et al., 1981 ; WATANABE
and Iyva, 1983;1BARAKI, 1984;32iR, 1986a). (2, WAFJIIHFEEBOEIRME KIS E £ D AR
CESL) 22 5idP14 oA fLifbaZE L, MET v — bR ZIUTHE S BIREIEE 2> b 13 m%
HAESET I — WEET oD B AL R OB kO Lk &2 T 2 (L),



BiE WABE»SERL RSB E
e T (1989) 12 & 2, EEE A SRR, BNBETRKIC S S, HEHREGtS 3 E 8 KU
IEBE, HHOKS; Im AKERE (XREFEOELIIREETZL0), | I KBRKE, Ic:
BERKE-Fr—"b, c.HBFr—1, sc: BHEEE-RES v— b, m! B HERSKCTH

BT b O EiEE e EL

HEHRERE Lk | K &

R

T 3L

WEES

14 1517 16 18

sc sc ¢ ImIm

21 26
m ¢

24 27 28 39
m sc sc m

Actinomma () sp.

Actinommidae gen. ef sp. indet.
Amphisphaera minor

Amphisphaera sp. cf. A. minor
Amphymenium sp. cf. A. splendiarmatum
Anthocyrtidium (?) sp.

Bathropyramis sp.

Bathropyramis (?) sp.

Calocycletta sp. cf. C. virginis

Carpocanisirum sp. +
Clathrocanium sp.
Collosphaera (?) sp.
Cyclampterium (2) sp.
Cyrtocapsella cornuta
Cyriocapsella tetrapera
Cyriocapsella tetrapera (7)

Dendrospyris sp. +
Dictyoprora sp. cf. D. amphora
Dorcadospyris sp.

Eucyrtidium diaphanes
Eucyrtidium sp. cf. E. diaphanes
Eucyrtidium cienkowskit
Eucyrtidium sp.

Eucyrtidium (?) sp.

Histriastrum sp.

Larcopyle (?)sp.
Liriospyris (?) sp. +
Lithelius (?) sp.

Lychnocanomma sp. cf. L. bellum
Lychnocanomma sp. +
Periphaena (?) sp.
Podocyrtis helenae
Podocyrtis sp. cf. P. sinuosa
Podocyrtis spp.

Prunopyle titan

Prunopyle sp. cf. P. titan

Sethocyrtis (?) sp. +
Spongodiscus sp. cf. S. osculosus
Spongodiscus spp.

Spongurus spp.

Spumellaria gen. et sp. indet.
Stichocorys sp. cf. S. delmont
Stichocorys sp. cf. S. diploconus
Stichocorys (?) sp.

Stylatractus (?) sp. +

Stylochlamydium (?) sp.
Stylodictya sp.

Stylodictya (?) sp.

Stylosphaera (?) sp.
Stylosphaerinae gen. et sp. indet.
Tetrapyle sp.

Theocampe (?) sp.

Theocotyle (?) sp.

Theocyriis tuberosa

Thyrsocyrtis (?) sp.

fi B B BE 2% | m o
+

Calocycletta (?) sp. + +

e e
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3) BEBEROLBEER

K, FERZOFH ROAE LAOTE DI, JEH (1980), Tuiva et al. (1981), R (1986
a) RO - B (1989) 12XV, il #Td Cyrtocapsella tetrapera Zone-Stichoccrys del-
montensis Zone (BERGGREN et al., 19851202 &, AIMHHTHAT:D N4 1H6 - N5 IZAHY) 1oxhib S
N LA REE SR IL I N TV D, WEIRE EROTEE D HIXZ OIENNT, By o i
AL azET S OF L - &4, 1984). Fiz, KR AOISE (659 19 TR 26 bH
FOFREMESE VbR TS (4 £). HIS, KH)IE EEROIRE DS IX Sichocorys del-
montensis Zone—Calocyclleta costata Zone (BERGGREN et al., 1985 2L 5 &, N5 R - N7 (CFEY)
OB ON6-NS  (FTH AR ] - gt i) ozt ALib AR 2 ET 5 (KK,
1981;1MA et al., 1981;IBARAKI and Tsuchi, 1982; iR, 1986a; 21U+ T)II, 1989). &/TfE -
ROFETKNZE LE (7 A0 ) LEEE) ([SHAET 2UEE 51, N8 ORIt LI b ATk %
PET S (BINEDS, 19825 IBARAKI and TsucHi, 1982).

7%, B EERROBAIREEBNREL, Fr— MESlAETIRE (B9 KM 12 TR b
1, REAET I - WOE I I A R D i b A T E R E T S (BB A R) . F, FHE B RO
JIHE EARORE S HIX, 7HE (1960), #i+ T (1981) HOFFRERERME KO E - &4 (1984)
WZ& 0, WO LA’ RE SN TS, 2L OB EOFLEfbalE, WiEittoF v — k
WCHSRT 22— GRELA) ORIEEREWEEZBNRD Il - T, 1989). Fiz, FH/ A
FHEAHET 5, KIFNE AR 1 F v — MER O, BAHELOFIL A% EST S (Lo
FRERME) 2%, Zhb ZRIEF O ATREMEAS B .

UL EDEH A L FRERDN S, WRBHOZRE - APCE - F v — MIBEITTEAE - Wil
(8, 5 FERFPBIGT), Welm g i TR rogie — sh ol Fe B2 onsd. KikiE - AlkE - F v
— MEEREOAIRE - T — b EBMMEEIE L CET LAKE - v — b EORITERZITRD BN
7R, WE AR O ERRAEAIIRIN R OE TVl B TIEINS (I of#) CTh 503, WiRdE E
ERTIXFAE AR N6-N8 O =S BRACHAAREAICEDN D Z 05, N5 (Rt fE) &
HESND (#il - T, 1989).

V. & M B &

(Fltg— » TIIE—)

Fri BRI RS B R OB A 2 TR T2 HGER B A A L, TEO 2 B L O FEICE
200-500m REDIEBELES . AUFETIE, Z03 BEOIREEEZBRNT, HiEHOMSICH



BhicgtiE (EFEHED LW KILKER &) #3872 2 el T&leholz. iz, ThbolesEo b -
TRRAEBRNT, JRFEFH OB FTREZR IR M ~DEHZELE RN TET 2 L b TERN T2, 207D,
A TIIH BT E BB SUTE IS, ERaTE R OWE (Z1), B (72), SRR
EROMES (23) D3 SOEMIZKSy LT,

FOTEERE I L) VI (276 2 FLRIHE (518 () 568 L, Z OMIILFIMC Rz - - B
EHETS.

(1) BRMTRE L 3 dsk

HRWiE (CRIZ2y, 1989) OALBNI/HANT 5 #MERICIE, 2 >OEHIcieaRE (Z2 8) »MFEEL,
b0 BT3B IIWEEBE (218 2EET S (18 RUT19 K).

3ODZLEIX, TObLONGENEN, $EiEH (1989) OWMWNIETRERE, BIJIEREL)
ARV A ICHYE T 5. FAOZLE (TRETES B8 1%, Jea@EB e Lbs Liea M EiFEE R

Sy

B ORI % B TEIRERE D . E72, TR OBEEE LIELIEL » SRICHIT LTV 5. i
OV (GRS 15, & LTHSEROFRTENGRY, FHe R a R LR
% BT S ERE AR R ORI 7 UV BIRE £ 1E5 . 5 © U BRI 1L BRI R & 5 T
LB OMBERE ENS. BE800m Ths. Lo ZLE (BRIERE) &, T Ess by
BB T D IR E LB S M S 5. BRI 300m Bh b (LRI,

E72, 2ODI2EDH b, Wﬁ@*{)mi‘%};%‘gﬁ%é (Jr, 1945:821F7>, 1989) ([ZARM L, J&
BRI/ 80 LI TR 1 572 5. BRI C, AU S8 em DR & B,
FBIEIRA 200m. L0 22 X FAAEIE (71) 1224720, R b 500m Bl EoREIEEH L
B UIRGOIIREE 1720, JRAEOEBAWERATREMES . BRECH, Z1E (6
FONBEIE) DRSS ETRA TR b AB OIS ERTIG, FICHRTRE ~WET 5 O3B SN
B ZHUCK L TERD B AT T ORI, AT BT EOR T GRS 35
SNV ERTEN G2, WM (KB EREA) 25T, LER-T, -0l ciA
BEWE &S L L TR 21 B ERIBEIE) L8 LTV 2 MR 5 5.

(2) RRGEEARLLS

EURITE ORI AT % HRBEEE, & LCREEtE (Z1 ) b0, i kil je s
JE (22 J8) ROVGEHIRE K OBEAERE (Z3J8) %#1E5.

ZOHIRD 71 JBIE, KBIREROREDNS, i, FE, FEIC3 sshd (18 KUN19 X).
Z1B T BERSEIE A (1989) 0 FHEAYETRET B O BRI L, WP ( 720 LIRS
0% B BEREE L EOES DA, 52D, TR OV BSOS TR .
BER BT HARIE T L L7 221 R ORHETT - BRI - AR E ORI 2 6%, TAUREL
Y. E, AERCATET HIREERTIICIER T L F L 5 X 55 R O/MEH R
BENS. TBEEI00m (T 5. 71 BRHEIEEEIE (1989) LRI RS E K OH b
BB, L LCHIBETE L DR DR/ E TG 57 5. ATEPIC b FHEO b o &
R AR (1 % 24 % SR B A AET 5. IR 1, 300n BEECH S, 21§ IR EEEEN
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Rk EE

SWRERVHE(Z3)

RIRHD S

Z 1B

1000m

Fiti
RiEE

500

BRHTE R s

BLARHT AL )
BI9K HEEROEAERE

(1989) DERWDERATBICNYT . ABLHEOADERETBE L L, BEEEE >
AT RIS B ATE I 1L % 5 o 7 R AR 5. B 900m L.

HERER, Lo 22 JBIASEE0 (1989) ORBNEEIBICHY U, BERHRELFREA & SR ec 4>
5T, AN - BREBIC I - T 5. FHETE AR O RAHISIC & AR T2 & B2
BRDREERS AT 5. ABIRIKEOMITEEE EIRE L, A BSOS B I SHR
HROBE (23) 2. £f, —HIC, FREESULEIREIRE, HANAZILL OME &
AT O — S0 M X0 BEKIFRERSHEENS. ABORBEE300m P ET 2
73 BT S B m-20m B ORI OB S EERA R CHAE (L k) Thh, £& LT
B - R RORE, BT R VRSO - B 72 5. $72, AT Lepidocydlina 72 &
DI AL % P iR O T LML B3R5 7 1 1ot OBz Bt

(3) ELORITIR OO R L T 18 0D 3 b

FURMTE %5E & 37 LTS it 70t FE KR B Av-C72\ S, BERETRD B D70 I35 &,
EURITE DAL 555 5 BABEES, BERRIEREND 21 8 Tt e S5 L Shs



V. 2 pEHbaLER

(1) BEMAARELERRLETRER

R ERE HITRA (1981), Isaraki (1989) KUERIED (1989) 12XV, WHRREIZAD) T
LR ILIMEa RS RE ST D B5R).

INHOWEICLD L, BRETEILMISEO T z2 B (/7 #RERE, 518 X#him2 KO3)
I%, Globorotalia tumida plesiotumida (N17-N18) K U*Globoquadrina dehiscens dehiscens (N5-N
18) ZETRELET 2 (Baraky, 1989). F7z, Lo z2 /@ (GRS, %18 Miis4, 5, 6)
22513, Globigerinoides conglobatus (N 17 &8 - Hitt), Globoquadrina dehiscens dehiscens 72 & % JE
32 (IBARAKI, 1989;%8(F2y, 1989). —F, BERMEEIUMIIC ORI 2 21 B THE (55 18 X

SR BEBHSED L EEEELRLE
#1,6,8,10 KA (1988 £4f5), H1602,3,5,7 3 IBARAKI (1989),
His 4 RO g (1989) 12X 5. BHMADMERSE 18REHE.

@ % EH®A) 1 2 3|4 5 617 8 9 10
Globigerina bulloides
G. Sfalconensis +
G. nepenthes + + +  + + +
Globigerinoides bollii +
G. conglobatus +
G. immaturus +
G. obliquus obliquus + + + 4| +
G. obliquus extremus +
G. sacculifer + 4+ + +
G. trilobus + 4+ 4+ |+ +
Candeina nitida +
Globigerinella obesa +
Globoquadrina allispira + + + +
G. dehiscens dehiscens + | + +
G. dehiscens advena 4+ +
G. venezuelana + 4| + +
Globigerinita glutinata 4+ +
Orbulina sturalis + +
0. universa + | + +
Globorotalia conoidea +
G. Jjuanai +
G. menardii + 4+ +| +
G. merotumida +
G. miozea conoidea +
G. scitula +
G. tumida plesiotumida + +
Neogloboquadrina pachyderma +
N acostaensis + 4+ + | + +
Pulleniatina primalis +
Sphaeroidinellopsis seminulina + + + + 4+
S. subdehiscens + + + + |+ + +




BTR BRBECHEET 5 KIUKBO
PEIHFH7 4 vy av Iy,
B i oy SN Ty BT e sl S
22 T 5811 EE ps B EE pi e (% 1)
SNs | ==Ns/SS | =Ni | =2ZNs/SS [ EN¢ pd
t) (t/cm?) t) (t/cm?) (n) | (nfcm?)

120A1 Zircon | 277 6.94 xX10° 777 1.95x10° 1158 | 7.82x10*
120A4 Zircon | 320 12.35 X 10° 917 3.54X10° 1157 | 7.81X10*

* 1. pd EHEN S AOFEEELTL 5 v 2 EE (n/cm?)

* 2. FAUE T=5.96x10"* X PthX ENs/ENi= ¢ X ps X pd/pi

* 3. M2 e={(1/VENs)*+ (1/VENT) 2+ (1/VENS ) 212 X 100(%)

¥4 rIHEREIEOEE-BEL T v 0BE (s, pi) OHEFRE

*5. 77 BREU=5X100Xpi/Pth ((BL, Yrav@E&bTyFr s
SNBEBAMRPRA 12 um LRET 2)

7) 7251, Pulleniatina primalis  (N17 3#5 - Bittt) ZZTefEENWE STV D (IBaraKl, 1989).
FiZ, 71 8 R (R 9) 2251%, Candeina nitida (N17 ¥ - Zifh) KU Globigerina ne-
penthes (N14-N19) %FES 5 (GRIFAy, 1989).

NS OFREEALIMEAICES< &, FEBHO THIINIT-N18 (BIIAusrito %M - fEgritty)
) kIR LB BND. B, TRNETOLEZA, HRBRNOIZZEOWLEANLS DL &
I % Globorotalia tumida tumida |37 WL S LTV 72200,

(2) AREAMHILETHIXREREARLELBELE

FrbdfE iR Lo 22 (FEReE ) ([CET 2 8HesE (238 8) TOAPCEB,N b1, He R
12779 & 9 72 Lepidocyclina, Miogypsina 72 & O KB LI LA REEZ PET S (fXE, 1961b: % - 4
A, 1988;51F7%>, 1989). Z OBEEITIIALOI A= O ERA S ORERS WL E A2 N8 -N9 fH4JE 2 5
F& R, & T 5 Lepidocyclina (Nephrolepidina) sumatrensis & ¢e (& - #A34L, 1988). AKX EHAE
GUEEIEETIID RN LEICKIEEEROBEREEND. £z, RKIEEE —EO/ELX
HeEsER B30 (N8) 2v51%, Lepidocyclina & X Miogypsina 23 % L& T2 (B, 1971). Zh
HOFEEND, F Lepidocyclina APRAHENE, N - @EILKILEEICHEDI I ARAIZHRT 5 hEE
PERE .

BoXR HEBEHRLBCSINIAEKSEB,»SELL

e RBRTLRIEE
- B (1988) 12 & 5. BRI 18 DS,

Lepidocyclina (Nephrolepidina) japonica

L. (N.) angulosa

L. (N.) sumatrensis

Miogypsina (lepidosemicyclina) thecidaeformis
M. (Miogypsina) kotoi

Sphaerogypsina globula

Victoriella sp.

Amphistegina radiata

Acervulina inhaerens




T4vvartzy s FRUEE-ER
KILKFEO RIS 3 (TE A- 2 B8,

nvzya | (x| g &Y - (% 5)
] * e A4
T | FUE L] L | RREO | R
T n m PR
®th . U
(nfem®) | (Ma) | (Ma) | (%) | (k) (cm?) | (ppm)
4.88 <10 10.4 0.8 7.6 30 0.464 3.99x10~¢ 199
4.87x10" 10.1 0.7 7.1 30 0.805 2.59X10* 363

bt TR BRIEREE Y 7 X L NBS SRM612
B DEFRGIBEEER | A{=7.03X10"""(1/yrs)
BT O Ui 5 2 A BRICKHER | of=577X 102 (cm?)
25 @ 2UAC S BRI [ [=7.253 X 1072 (235U/4 1))
B{#i : B=6.23X10°(@th=B X pd)
& (zeta f@) : Calibration factor
E=®thxofx/pdx A f=Bx of xI/1f=371

(3) Z24vdavir3viER
ARFFETIE, # TS0 $ 5 22 8 (REEERE) (SHIET 2 2 O KIWRIED 7 1 v v
3y Ty ZERMEZEM L. £ OfEE, 10,4 +0.8Ma KTUN10. 1 = 0. TMa DEREEHZ (5
T£).

AEE N7 4 v a v b Ty ZEREE, B U2 A L REAIC & AR ER (N17-N
18, #95 - TMa) IZHATHR Y HV. ZHETOL ZH, BHIRAEET O HO0 5 ITRHIREIH R
RAEERBREINTBLY, ROV 4 v ary b7y ZEMBOBRITASL TR,

V. 3 M E R E

W EREE AR L LTEE L b Lo R, R B RALoMEE RS S, LaL, Ex otk
FERNC 725 AL, Mk LALIR - FiFg & m &2 A3 2k (4 0> & BRJIFIRIC 2T C ol
RAPI NI AL O #ilsk) , ALALvE - rpgdEm O (G A FUIITREIC 2T T O LU
JEDEMAMREH IR E IR Dk (i SHak GBI cXlahsd FE20K). 209
b, EFPFEICKE HRNLDHIRCIE, @ik L CTILICEAT 289N E< RO b s, £z, Mk
OHEEZ AT DM TH, SR - BTSRRI BE L 72 Ml oA0iB AT 7 &l or il SEAY -
R VA7

EREEIECIE, RO BUER - R BRSO (AR & Bl B, IR Z A 5 i & e
OFEMAS TG F IR D WK OFE & BRIl 2, SAETT 7 U3 olilaRrofgih (ERFEN) &
DIFIET 5.

(1) [EEFEKEGEZEHT H48M

COFEOFEIIE, LI ORI - SRS B, 6 B2 SRR R T otk K&
OB ARG O BARIRTE W IR 3 HUSIZRo b (5520 X)), kA1 - Bkt ds B bzt
BORENT, (FFFFALOHMBIEZ G TS 3 MOMB L EROXT Mok d. b omfl - HRAT I
100-400m OHFEHE CHER) 26 L, AMETESIT 5. A8 - BE o 42 b i bt 400-
800m O 1 LD MR- WRAT 23572 % . HIERZRTE LA CITALR - [ A Ch 523, Jbid bfhET



IEIEmRAL R & 72D, Teds, HIEA (1989) 1ZZ Dfifl - WRST st a2 kLA, R EEE B
ERIEIEA TV D, IR I B Im o ¥E i ZRAEERE 200-400m FREEOD 1 Lo MRL - HRMT
235782, EINEIFHAT AL OHUE TITALIEEE - BRI CTh 523, 48 L0 i CIHERHE o R
ZFCAALHE - MR E ISR U Q0 A, £, ZolRt- RST 13 SANTICEET B H I 1)
OERERHCE S WIS L > T BTV 5.

(2) fERE

HEEHERI D 5 5, RNIHE > BABTICAAET 5. F7z, HERNAENT Bk o754 & mALmfs S ke &
2T LT, PHEARTE T K OHMRED B ILFIZE 2 HUIRICAFTE T 2130, MO HIZHFEET S (F
20 ). ZHOEREMIINT R L EB DV A~EAETT T U5, SiEH (1989) 11X, Zh
OO A4 %, HEr AL EEARL MEARL ORIV LA TS, 209 h, fr s
Bt & 2 omdtmflo B E ORER)NmEHE, SRR T A ¥ —liROFIEZ A7 5 344 &
Rigdzenc&sd (I, 19893b). HEBKOERIMAHIIEEM O o IS L, &4, A
A AR RO MR OALBR 2 229, Mg WRHT~ A # — i O S TERIC M 720, SRt o
W % PE S . AR RIS RIS 38 2 B A 2 R 3~ M O L OFFRRIC S 72 0, it
Rt OIIRTIE 204 5 . FJIRA o PG A [ U I (1986) DERIBRA %2 7 HITHY L, Myl
TIRHIA o 7 ORI MORKITE 125, A HF o 7 EOIMMOSIFII R TH Y, AR IfRO
L5 B b IR OBERUIAEE L v,

I OBREI OTE AT, 412> (1989) ROUWEIL (1989b) [Tk - TEHRIN TN D, 4
7 (1989) X, FMAEHOENWZIZL>Tr7ry 7L TEY, ThbOMET o v 7 RNERI
FREEEN AR 22 LIS R VISR SN LB X TS, —J, I (1989b) X, b O
with % 7 L— N BB OB RO S o iR (I, 1989a) O—TBREE R L, %
DAL D 7' L — b OERDILINAIM > TR S & LTS,

VI. & & B8 B

(FIE— - ZlE—)

VI. 1 BFEOEMH

EAERBIFITE L L TEOERRIEICE HE R OBEE N b0, ZIE - T4 YA ML A,
BUREWE, E R OVEESBOWERERLBEZMES. Z05b, #E, WEROEESOWERS
HIIIHNIT A~V ED S, £, KIUEDZ L RO EEZ A L, WaElaAE
ROBEPERY A PUTRIET 5. AWFIETIL, TR HISIC o+ 2 A SRR, REREOE X5y
WA EE (KIWRBZRE) 2R D LR T Rholc. Tow, ARETIE, EAEEHE



/I /I A%tb

P

i Ax mawssexraus - s

L BENNERETTTYUTS
WK RE . ERH(EEHE)

Y| REEMR
P27 BERE (RO L )
] ®mAWEE

1 2km

20 HEEHOMERE
tER1FRE (A-D) D& A ig, 8&SL B:HEAM, C:ERIIMEM, D:mR/iER,



PRSI, BRRETRLOME (H1), B (H2), 2% (H3) KO%ILE -7
A B RIIRIRE (H4) D4 SORICRS LT,

(1) REEREOBFRUEEORE

MK R ST B I O R O ORI Jerh, 2 LT - BRWTTBHIRF /o —
7 (1986) RSN, IEAERBHAERDREF K OEHOE LIRS .

s - BETTERITF /L —> (1986) 12, A EEREE Fnb, ANTARE, SURE, FERERE,
BRI SE, TN REROIABREO 6 REICKA LTS (21 B2 ). [k Mo id
B 6 BED S b, Lo AR RO AR ORMS AL, TR 4 P06 R 5 Hik
T 5.

ANFTPSRIBIL, /NI OB 24 7= 2 B | Tt > 2 0 S0 TP FERIC o1 C o sk
AL, & LCIREOEBAEIRA B SRR SN 5. 8% 250m B L.

S S AL TR BT P BTSRRI A0 L, & L CRILET - K IIRMEE &
ATREHJE G5, EIEIX600m DL L.

BEHEIG B IR BE )1 & R INCEeE N A LB ORI/ L, EHZE & REREORRFRIZH
B, KRR OFREE L FROMEILRI S ShE, FEoFRERREESODERE
T, OB - MBS A OB SRS, 1,300m OBFEAT 5. EROMIEILEILS - K
B OB L DHO TGN BA2 D, K 1, 200m ORITEET 5.

B B L LSO A 0 B /NI [ 23 C OB [ 0 R RIS A5 (521
). SREBORREIL FIOWLAHE & OG5 Sh 5. WHEIZE L LCHEN b
D, EALORIFTREICIE LR UIRABEROE#ENRO bLd. BEEmHEIE T2, 000m BLEIZE
5. —J7, RIS L L CREEBROB RS TR b 72 5 T AT 5.
JZ1%900m L .

TP S B | S50 ST ) ik B B | Pk 24 C, HEIR 1 S5 o0 101 B OV T 15
W AT IR B (21 R). AR TFRED, ZLEE R ORI L 5
BB, £l L CH R O BB SRS TG b 72 5 RS, I s B A £ L L
B 2 L PR, TSV T o B 72 2 R B EORE B O L IR OB B> 72 2 £ IR
OS5 EHEICK S IND. RRBEORAERERIL3, 000m LA EIZET 5.

NI B RBABA RO A8 B BT T L, Er LCHENLAS, JBIF L,
500m LA L.

(2) TH#KIBRIZHHT ZREEMED RN

HL B AR 0T 5 A EREO LA 2 L, £ e L O ESBOB SRS TR LAY, K
RO E R ORI 15 (3524 ). RORHEE TG S 10-50cm B ORYLHE & 715 - 20em
B OIEE & OFREEN 57D, BEBOEHICE LT UIEMBNR 5. $72, Gy pes
ST, BRI IR S AP, RIBIOEIBEE & L) RO MR BT A L
R B b OIS, BRI AT R O | B 5343 5 HA @ BRI T
B, ABEIEREERT DL ORS, AT - A - BAER OEI A R O - 71 1
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EIEUFRE
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SRHE
EHRE
SEARE

BEFH LTS
BMEE
TR RR
BRERE N

F21R EEEEROMER
4% « BFE S v — 7 (1986, 1988) W INEEIE,
s (O-0) oW O RFAN, @ EEFEAES, @/ AN () ®#, @ BEIEH, @K%
s, ®: ZlEs, @ FAREM.

B EETe.

H2 JEiZE & LTRSS, 4TI o ST & O & B DAL o B 1 & i) IlicER £
T MR 3 WIS 3T 2. FRIEHRITIC A 3 2 A8 ISR - BB L—7" (1986) OFHRIEHED
JgO—EIZ2E 20, EL UTHl - Y A OB B2, BIZmDo THEEOY A X/ halihsd. %
ST T DA, FH (1945) OMBSSEICHYE L, E& LTH - R A XOB» 5705,
JEYERTIE, #RURAHED S D LD b0 EATAIET 5 (F24 K). BESImpEE (mmsh) o
WEFIZHM L, EROGVPEEN LV /NS5,



BH RN RE AL
A LW HH A EENR
! |

22 EAEEROMENER
% BAEET A — 7 (1986) WIIEEIE, WMEKROMER A 21 ISR,

AR
iR — Iah —> K
pit )
MaeauvRE !
(B R &% F) i
v

(M HEB S E)

(AR E)
L HRE )
(h-e5H) =" (KFBE)

<$mw@§§ (WP )

(FSILEE)

£
EE s R L2
(FR%B) /R

]
AR R [~

w3 E B

il 38

BB EOEEROBFXS
4% - RABER S A —7 (1986) 2 —HSE.

JIEBLIAIZ AT 2 H2 JEiX, 2l (1961) OJIEEESS K OYE - BENERF 7 v—7 (1986)
ONAHRRITTNE L, 1, 500m W EORREHT 5. ABEH - KEY A XOBE % Tk L
R, B OBEBROREBANES . £, KT, FRE 0 S K n OBEE, [
Lm B OB, A1 0cm OIREEAE 72 5 LML & 7 B B AAET 5. BRI
SEROTERIE 72 & OV + ZILE - Ve - BT SROMBE - EA - Fy— MR EThS.

H3 B & UCiRAL S O MR R O BF B o 0> ST iR D B BHIRTE 712 A0 C O MU IC 53
F5. RIHEOABEIRGE (1944) KOFHH (1945) ORATREICHNS L, £& L TRAER LI
REDIRIBE N B4, ST I8 &5, ABREKIDE (HUB) & U7 EE f s
(HAJB) LH85d 5. E7o, RS ATROBEIC Y 7= 5 Wk AHECR BIES, 300m BEDHE
EATB, FAOME HEES L ARSI 725, IS EFHES DI AET B 3 IR 0
BRIEE D S0, FeKIERIEL300m FRETH S.

AT & LCRiiy) e ek & BIRIGEIC AT 5. 2 01Ehs, bk U7l SR A E S



QEULE-FA9A b
KB 35 (H4)

R 2 m3)

b=
V=]

[ ]weRrsn

55 24 V7K ) HBRC 3 % A E R OB E - HE
L sk res, 2 s, 3 BiRAILE, 4 NS, 5:)IaEs.

S H3EIZHES T, R BEREGITHT TN 5. TIRIERBIC 33 5 H4 Jg
EKE (1944) OEARIIKTEETARYS T 5. ABITHEAEAZ IS ORIRABS 2 =L L, ARAERM
WEAZIGE - 74 A SR ORI ARG 2128 OBR AlEE R ORGS0 5 . BUR ARS8
50-200m FREDRESZFD, THELRABREDCEIOEREMEE (H1E) CHBETL. BEIFE
03‘?%%&0“43@?\1)”?%&912@?Eﬂ%ﬁmi, Fl—BEEZONDES2-5m O HAAEKERBNFAETS.
AERAETER Imm BEOMRA L 0. 5mm BEOHEMEA K OREANaE 57, “RgHE LT
REBSESEA O M U T D COBREEIE, 4K - BRMEFF /L —> (1986) 12XV h—aiE
ERPUFCESIE OBER & SNTZERCETE EHEE SN DY, AWIECIE RRE 2 HUS LIS CIEE D53 % e
T&E otz

ERMED HAJBII ARG (1944) KROMHE (1945) OERALAITHY L, BT RLS - BRE
ARG LZICE - BERT A VA M EORURARLE, KIIABLE - FEGE RO EY BIRENSRS.
BEA 2T, B L-2mm OFES L 2-3mm OHEEWESG KO 1 -2mm OIS ((REB) OBEH
EAL, ABRTEIRRALHEANA D25, ZRkEWE LT, RTEAZEE N TODHIEAD
Eh, WA, IREBEIMZR ERE LTS, BAEAANAZIIAEL, RE2-3mm OREAL 1-2
mm FEOARA L0, 5mm QWAL 2B E LTEA, ARAHRS - ARG - 4006 K OZE
BULI2HTANGRD. ANABRITIA YA MExaA L, ZREME LTRien, RIS
CLTW5. BERTAVA ME, BRICERLI-2mm OFREA, 0. 5mm OA% « REFLOVDEDA
PaxER, ARIAE - BRA - VVIRARENGRD. Fi, A5 (IR) CRIEAD ZRIEm & L
TAELTWD. RBIIFAMAOIFERE CRBEL, K600m OBEELHT L2, MR OHRE
HEENLD & RIMICHE 72 5. LIRS EIRE T IIHT THMT 5 He 8T, Zls - 74 3 A MEEKA
s - MBSO % . BURABLE O NIICIET A 4 NEOAEBERCEERMAEL, 1. 5km (2o
oo Tl E N 5.



VI 2 pEHba & ER

(1) BEUHHARRUVEREFT Y/ LBLETER

IR BIIRAR (1981), BREHMIZ A—7 (1981), % - BN v —7 (1986), £
3 (1988), IBarakl (1989) KUVEENEA (1989) ITX Y, WHRREICA RN LIFEENEA FLI LA A
HEINTND. Eiz, BEEN (1989) TAKREF Y /MbAZIHETHEL T D, b OEIC L
DL, EAEEREDDET DIRIEEA LI O RERIINLE (IO 225 N21 (BRI
) iehes. £, AKES Y LR ORRERIZCNI-CNLL V' — (B3 - Rirfgfesr i)
ThDH. TOEIC, BEEAELBAROARE TSV AL S RAEEROERIE, Ikl
i - T CH B3, 82 OFILEATEEDFE G HE LR ERORICIE, RIZBRD K512, —if,
FIE (¥R SRDBND. Freds, HUERS K OHIES TSR - BRERIRF 7 L—> (1986) 12H-5<.

A B RO B T 4 5 6 2 /NN SR K OV I 22 8 T~ 5 13, Globorotaria tumida tumida,
Globigerinoides conglobatus 7 K # G el EEE L (8 £), TOHTEMIINIS-NI9 THD (B
SRR V—=, 1981;1BARAKI, 1989). F7z, HEFRE (EH S O CIIFEHERRE LEICHY
9 5%) M 5i, Neogloboquadrina asanoi & U520 Pulleniatina primalis # &ie, N21 4 1R7 51k
ORHEARFET D (KK, 1981;1BARAKI, 1989).

CXLT, L, L0 EACAES 2B R e LEIIN2 T OBEEPET D LdEZ, N1T LT
“N19 TR SN A RELET 5. £io, FARE T O —@EEIX, Sphaeroidinella dehiscens
EELTEEIEL, ZORTEMIINIO ThD (IBarakl, 1989). HIZ, [FRE ORI HEHE
513 Globorotalia tumida plesiotumida 72 & # & e N17-N18 OFELEL (B8 £), Ik HEOEREL
JE7 513 Globigerina praebulloides # &1 N16-N17 2HRT 2 RELET 5. EOEEREORE L
505 )IEEREN 51T, Globoquadrina dehiscens dehiscens X () Globorotalia lenguaensis % & ¢
RE4EX> Globorotalia tumida tumida,Globorotalia tumida plesiotumida 7e £ & & el EAPE L, TDIE
RERITNLG 725 NI8 T2 (f3H, 1988;IBARAKI, 1989).

LD X 50, IAEERED O T 23l L LA TR ORI, NITNRED O =1 L O
TEIRIR BB IS CORMBIE T TIENIS 0B N21 172 h, EIZEERDBEEL RoTWVS. L
L, MEREL EOBYETIE, N16 °HN19 b=k E T 28EZEL, BF Lo LT E
b OFRER E BWET H. ZOFEIZOWTL, HED L ZARD ZOOMFRBAHETH 5.

1) 48 « BRIEEIRF 2 L—7 (1986) KONZ A IFIEHEEE U 7= AR O A0 B 7k ONC HVELA & D fiR

RICREY DD 5.

2) IR G L EOJEHEC & E DR LAY, T OBEICRET S Zkibn FE

fbm) TH5.

e OITHRE T, 2) OFEERENEE X TN, RkNfmE o 7-0icig, DXk

0 FEMZR AT o R OV A OB EIE b & K0, BUOHERIIE R SO FIEIC L5 EAT—42 0
B « ERBRARAIRTHD.



B8R BRAEBH,SEHL LEEMEILRILE
B v — 7 (1981), 4 - BRTEEIRF S L — 7 (1986), F43E (1988) e tF IBARAKI (1989) 2k %, A%
3, IhoOWEI XY HE S EESA 258 21 QotEREUE 3ROBFXSICEESE L TERL .

e 7 —fa iR IR F
B A RE|REIRE o | nm wm 58 S8 S8

Globigerina bulloides + + + +
G. decoraperta + + + + + +
G. Sfalconensis + + 4 + + + +
G. Joliata +
G. nepenthes + + + + + + + +
G. praebulloides +
Globigerinoides bollii + + + ¥
G. conglobalus + + + + +
G. elongatus + + +
G. immaturus + T ¥ T
G. obliquus obliquus + + + + + + + + + +
G. obliquus extremus + + + + + + +
G. ruber + + + + + + +
G. sacculifer + + + + + + + +
G. trilobus + + + + + + + +
Candeina nitida +
Globigerinella aequilateralis + +
Globoguadrina allispira + + + + + +
G. dehiscens dehiscens ¥ ¥
G. venezuelana + 4
Globigerinita glutinata + + + + +
G. parkerae +
Orbulina bilobata +
0. sturalis + + +
0. universa + + + + + + + + +
Globorotalia cibaoensis +
G. conoidea + +
G. conomiozea + + + +
G. crassaformis + + +
G. hirsuta +
G. inflata + +
G. lenguaensis +
G. margaritae +
G. menardii + + + + + + +
G. merotumida +
G. miocenica +
G. miozea conoidea + + + + + +
G. multicamerala + +
G. obesa +
G. puncticulata +
G. scitula + + + + +
G. sphericomiozea + +
G. tosaensis
G. tumida plesiotumida +
G. tumida tumida + + + + + +
Neogloboquadrina asanoi +
N. acosiaensis + + + + + + + + +
N. pachyderma + + + +
Pulleniatina primalis + + + + + +
Sphaeroidinella dehiscens + + + +
Sphaeroidinellopsis seminuli + o+ + o+ o+ o+ o+ 4
S. subdehiscens + + + + + + + +

(2) BEFABRRUERLER
LB BEER) Mk oA 2 )G REBIE, A1E (1988) 2LV, 9 RIURT IO R (L
B - PR EOEAAILIEAERERS R SN TWD. £, SEFITOSRE B ONSHIRIR



Box JIGFREr SEBL L BEREILRILE
GE (1988) 12X 5. EESSIRILEY [H940) Mo Ly,

Ammodiscoides iaponicus
Cyclammina ezoensis

C. Spp.

Trochammina globigeriniformis
Eggerella spp.

Karreriella brady:

Martinottiella communis communis

M. communis hosoyaensis
Quinqueloculina vulgaris

Q. Spp.

Pyrgo spp.

Sigmoilopsis schlumbergeri
Dentalina sp.

Lenticulina spp.
Glandulina nipponica
Fissurina lucida

F. marginata

F. spp.
Sphaeroidina sp.
Bolivinita quadrilatera

Stilostomella spp.
Bulimina rostrvata

B. striata
Globobulimina sp.
Uvigerina proboscidea
U. sp.

Planulina wuellerstorfi
Cibicides spp.
Pleurostomella alternans
P. brevis
Globocassidulina subglobosa
Chilostomella oolina
Nonionella sp.

Pullenia bulloides

P Spp.

Gyroidina sp.
Ovridorsalis umbonatus
Gyroidinoides soldanii
Hanzawaia nipponica
Melonis barleeanus

Bolivina sp. M. sphaeroides
Hoeglundina elegans

FOERAHE O NRIEN HIE, 510 RITRT LS @i BIbA 2S5 (KER, 1938, 19448k
B V—27, 1981). Ziubd B LAREIE, BYIHUITIZ A3 55 BIEH LK O g O Btk
TR (Makivama, 1931, TsucHi, 1961as 4=« 3RA, 1979 72 &) LHERIT . F72, KEBHDBET
L LTHEL, BAEMRERE RSN LG, AROBEEED OAEY & T S, ZkcHE
LzborfiEsns.

VI 3 #ft H &

(1) 7EehME

IERAEER TR L UTHAERV LALETE - BRI moME s Ly FERT 5. AR OB S
X, BEYITHR - ANMATINZIR 5 /ANATN R AL & 2 o dE 5 HE R OFgii) | 154 2 il & U, Z o mE il
OBMFHEE SR SN D (821 k022 ). BUNOE RS, FEMEIRME) b AL~EC D
HElRRAL & LR AT 2 D AL~ EO DR BF AN 2 5. 2 ZoORFHIEEITES L, il
JIER LA ~T T U T 5.

PEHIOB ARG L, FEEF T 5 R B~ EON D AR & ST 7 B B R A~ E OV 1R
MR 625, £, HEEAROERICIZFS00m-1kn OFBEEVT, SaHESE ILERD 231
ETD 21 X). FAMANIERUALA~BEEE L, & RETO K ILERE )55 - BRMTOE
WSS (IEBESS) OffiEE XET 5. RfHIde~77 oL, SR TIEm A B OERFE i o
FREAEAL, B URNRHRE 25, FAMFHIRRA L CHIIREE ENEBIctohbs B2 b5,



Flo® ROEEH»>SEHULRLA,
KIF (1938, 1944) R USRS v —7 (1981) 125 %,

Amussiopecten titomiensis
A. praesignis
Aequipecten cf. vesiculasus
Chlamys sp.

Mizhopecten sp.
Glycymeris cf. totomiensis
G. cf. nakamurai
G. sp.

Clementia sp.

Cardium sp.

Venericardia panda
Ostrea aff. musashiana
Conus aff. tuberculosus
Corbicula cf. japonica
Lemintina muronoensis

bl

Limaria cf. konnot

Glycymeris totomiensis
Dentalium sp.
Balanus sp.

2EH
TR

—J7, SRR ORI LRI B xR O RIAHETHER L, Tl v Ak ~3Eh Ly, 2ol
7y, A BIRIFUZ AN T ORI OFEIRAT I Bk 2 LK - B3R5 [ OFE IS A F(E T 5
(2) W8

A BRI, Bl U 7-R Akt oG 2 U 268 - FvEEmONEATFET 2 (21 X). [E
KJHERNTUIE, PR R ORISR OZ )RS, ZORGOWENFET 5. FRMED
Wi VR I RI D GHAAT > B B 2 6 C L | IR DTS B 7~ 5. ZOWiEIc LY, mEfRIEE
bW NS F AR, LSRR O oA i3, HanT Lk, 300-500m FREARTH LT
W5, 728, ZOWEOBHIIME CEhololow, MERCIIHEERE L LTRR L. —FH, %
I ESROWITE, JIETN40-50°E £\, 70 - 90° A EMN OWIBBEIENSBILE S, KILFEE-ORE
5 D5 S ORG MRS 2 ZERET U T IS B A ST D,

(3) HAINELEE

Wk, K& (1944) R (1961) 7280, 1ZEHRPIIEL O LTI - C PRI o B 72 1
EWEE (PP EWRE) AEET S E LTWA. LL, EHLOMRAETIE, 4 - BTSH 2 L —
7 (1986) O & MR, [FIEEOBIBAEEE R OZ O, HE RS & OVEHH 5370 O AHE
CICWBEIATERT 5 2 LILTE AN ST, SO LS RTMAERE RS, TIIPE LWEIEAEE LR
AREMER W EB X HND. LInLARR S, FffiCii~7z X 912, FEEE LB b ARE DR FERIL,
FAR (1961) O TPl IR TERIC 2973 5 MUB 1 5 BEIC T S M8 & 0 bt Lo
T, A, BN DAL T, BSROENRFIIIIR E2EB LT, A EWEOESIC
DWTHBRFT 2 RERH 5.
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VIL 1 ¥ 3%

RS Mgz A4 2 BOFftIE. (HEE) HERSERONVIEE, I, #E, &ALB: Ry,
VRN, PALBE T N ORRIRHHERE, (RQLBE o e OSRRIRH R X0y S D,

VIL 1. 1 HEFEEE k- BRIEHN 2 r—7, 1986)

AT VB | s oD Fin FR R T 5 VL3 2 AT PN AT 0D [ BE S DML 43 A5 9 BB T v,
WA EERE NEAICE ). AEBITE L U CRIKORE - ELEE A X0 PR OV R 6 Ak S
o EE25 X)), ENCHBORLEZMES. BUEOREITEE UTHW - B 6725, EEfEEIE L
TEAEBRICHRT 2 LHEE SILOEEE, Wa, RIEENLRY, ZOEnICBlkE 0 - AL
DRIEEOBE 2 E2ES . ARBEBIIBNT NS, HERIEIT% > TR\, B8 0 BLJE i 3% & 250
-280m DL IANEL, BREEIT100m (ZET D EHMESND. EHIREIEIIHE, BoMBEK
OV > B HBRH R & 73 | OAFRIKHERS ) & HEE S, KEF (1944) AT % [N | O HERgs &
EZTND.

%25 BILFRERE (FRMAIMEOMEK 2 km O EEFHREA)



BT 27 5 1K IR B R OME A IR R STV, K (1944) 1EHHR O ATBIEOREI 5,
AW 2 IR RIS 58 HEJE (5% - KIE, 1933) I LT, B BESER Mol
BEHIZEY T A KR EAEE R, BTHNED (1980) 1XFIKILIKIE % B oSRE RN ET S
Ks=10 KILIKIZRIHE LTS, L >T, ZHHDOXHICES &, MFBFIREE OHER ALK
50 JIAFRI & HEE S4L5.

VI. 1. 2 $%& R ('m, 1945)
AIBII A EHE G KA v F—F = o DA O/NEERE G (20T 5. KA 2 —dL{l
O EREALVES T, AEPFAEREE NEEICE ) OBBEEINS. AEIXTELE LTRBRKOEE S

"o w6 ¢ o 0o

dULL“‘f.‘”%””?». < 7%
I l i S ACR TR
‘ MUU’U E ’f?"f’}l o
ﬂ " e Hutul s S lmkiﬁ)
[ITL
w"°'° 0 mnmuu IHHWL_LL!_J—__\J_LUJA‘L :
| J,L,—Ll’-: : Satp el :

5 26 HEEOBEEAERUCA Y v F (FAm/AR, HKIESKERE,
OBEFIRETIHRETE L) m2-m4 BB SRR RRE,



Bl xR BEOEHINER
SHEASY /o= 5 4, BEORRBRUBREE 26 IEE, 58 ml
i3 m2 O 2m FRICHR.

P BEES mé m3 m2 ml
Arboreal pollen
Abies 18 15 6 36
Tsuga 1 6 4 17
Picea - 4 - 11
Larix-Pseudotsuga - 1 - -
Pinus subgen. Haploxylon - - - 3
Pinus subgen. Diploxylon - 3 - 3
Pinus (Unknown) 2 11 2 15
Sciadopitys 6 21 5 20
T.-C 1 1 - 1
Taxodiaceae (cf. Cryptomeria) 67 134 21 88
Juglans 4 2 -1
Carpinus-Ostrya - - 1 -
Betula - - - 1
Alnus 3 - 1 4
Fagus 4 1 1 5
Quercus subgen. Lepidobalanus 2 5 - 10
Quercus subgen. Cyclobalanopsis 1 - - -
Castanopsis - - 1 -
Ulmus- Zelkova 2 2 - 3
cf. Cercidiphyllum - - - 1
Lagerstroemia 2 2 - -
Araliaceae - - - 2
Viburnum 1 - - -
Nonarboreal pollen
Typha - - - 1
Gramineae 5 13 1 34
Cyperaceae 24 28 8 80
Eviocaulon - - - 1
Polygonum - - - 1
Chenopodiaceae - 1 1
Caryophyllaceae - 1 - -
Ranunculaceae - - - 1
Artemisia 16 32 11 88
other Carduoideae - 1 1 4
Cichorioideae - 1 - -
Unknown 15 18 4 11
Fern spores
Lycopodium - - - 1
Pteris - - - 1
other Pteridophyta 8 12 7 22
TOTAL
Arboreal pollen 114 208 42 231
Nonarboreal pollen 45 77 21 211
Uuknown 15 18 4 11
Fern spores 8 12 7 24

Total Number of Pollen & Spores 182 315 74 477




222578, LA UT23ERA > Z — Al oo R T - M 23 sl 2. iRoBEI3d < &b 16m L
FRIZET L EHEEEIND.

TBAKA 2 =N 20K LB O RRE T, AT HE (W63 4 12 A %) O
28526 BURT & O REBEHEMNBIEE S, T OBHEICH T D 5EE ITEE L RO IE» DR S,
RTE, oviE (NLO°W M) OLEFM L) ~10-1 18T 5. £, FEKFREEL R
O - KEE  (PACB: HER) (SR 5 BB OB X XM - masE L L, AE
T 572 5. JRBIIHRKAEZ2THME I L B 2Y), —ETITMEENRCS. 4, 4 BED
Jelg WEIVME »oH 11 RITRTIER a2t Lz, WIhoEHE TS Taxodiaceae (cf
Cryptomeria) 73 /5 L, Abies/&K& O Sciadpitys J&23 Lk EsRICHEL T 5. F£7, Efro 2 fgig)
DI 6 Lagerstroemia B4 0E L7z, T b 4 EHEOIEK LA ISR ClMR R 4R & i,
TAL B BALIZ Ao TRBEDSIRRRL L7 2 L 27/ 5. 723, O (1945) (3AREREHOKI500m
PN B A KR OG> b Bk (Dentaliumsp., Anadara sp.,Yoldiasp.) & LT\ 5.
%Eﬁ%%,ﬁgﬁﬁ®@%%E(L,wm)uﬁméhfwé(ﬁﬁﬁh,w&aL-ﬁm,wm
78, AE LMo T ARG OJEHE, HYE RS L OB Z oL &7 LAgu., R ERE I
FUET T > THIKE F > /{11 Gephyrocapsa oceanica ZEE L (hELIEAy, 1981), - ki
Emiliania huxleyi # 92 (M, 1987). 7z, MEREPHICHET 5 Ng-1 KILKE G,
1985) 1%, RERJERED Mal0 JEHEOFI B SUINEXILKE GEII, 1973) Zxibansd G5)INE0
1989). T o oxicik-o< &, FHEOHRFIITHI20-30 FEMLHEEIND.

VI. 1.3 BHBREEEY

KRR, BHEIFROSS (& 110m) KO EOWes (F250-290m), IEONCILE))IFKD
bt (R 70m) 2T 2 @B L E OMAE T 5. 8 K O LGHEARF O AR )IL,
FT B RO D0 R (V) DS, IR Im U EEHEESND. F72, Wbt
FECIE, JEE3. 5m L Eod - K (BhidE) o ki, JEX2.5-3m OMARLT Y OWE L b
- v NEMIRE S Y, EICE X 30em L EOBEEENEAR D (527 X).
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B2TH BURLERYOERE WAMLE, WEINER)



RHEREW (T HERETE O 1 2 R OBRATARIE, 3 NI RRBE D BRI 2 5, TPACEE I & OFRAR IHER ) &
Db, EEIRESE &0 b OHER L HIT SN S, E7o, AHER O —IZFEE IS LS D R
REMED D 223, FEAIZIA BTl

VIL 1. 4 H#ERERE (1, 1960)
AJEITA RO K ORI AR L, FALOAREILEE 25 A28 5 . A O Bl L bk

[ ERRE ) HUIZ R L, Tk HUs T, TKTHTE BRI B SRR O AL 2 b TN 0 D .
FHJEEITES 30-60m OREHRM TH Y, H - FH - MR - aFavip EolAE A %
BET D (Tsuchl, 1955 ; Ui, 1985).

(7K HIOBEHERBIZEE LTRE L 2L NBOMEREN G20, BWHEI IV NBROWEELES.
W& MNEOMAJEL, ESHem OF - HbELIES Imm-1lem BED IV MNEOHENHRD,
FATHE R ET D (F28 X). BEI L MEICIIIEBARE L, 2 2mm-5cm FEEOM - hEg L
HEURRATS. WREIEEL LT, Lo/ NERE & OWBESIc Y 7= o8 LEIcsEL (329 ),
SRR E 72 IR IRR R EATEEBANGED H D T - MW 67 5. WETIITE S 10em- 1 m FRE DM -
FESE S ICE E N D . AR O BREERE D> O 1X R A 72 o RKEM LA TR EE STV,

[E7K) MRS 53 AR 2 BRETR B IEIE - AL ~8 < (5-10°FREE) Rt 5.

EHEVR B IR D RS (TSR] OHER & HEE STy (R 55 U fo ke
TN—", 1969 72 L), K, /NEEEE EEICK 8 HAERTO Pm-1 KILKJENPIES 5 Z L 3 5l
S (bH - #E, 1986), ZOHEENEMIT LA TN S.

B2 EERBOW-v AR HAHEE)
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|| asiEe

| pasm s hb

f&1-5em
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10 IR R b
A L RORA
F1-2cmnBE
5 BWREILNE
DIBEE
BELILLE
2| (85t cH—~
r?\ FHEESL)

29X FHRE -/ DNERETHORRE (EATHETIRE S OBE)

VI. 1.5 HEBRERURERGERD

AHERENE,  FHRR TSR S AT B AT (530 [X) OHERMmABEUE & L, [FE
xS 5 EHEE SN DEINR VOB R ORRMOKERM E —E L 72D Th 5. Fiz, HH#E
HI7e X EOIRHUIAFAE L7220 As, AR/ NERYE (1, 1960 21134y, 19825tk 1985) HAK
HEREICE DTz, T D OHEREY ORI US/NERYE 2 BT By Ty, HERE i O BIFTRE
HER DRICFREL 22 ED3 D, AR - oK L HEE S LD

AR D 7= R B RN, 2208 RO R B — BT ] R OVBF I, SR AR [ o fict — 28R
[, FEEHS O SR AHE A SIS 5. Brm & BUTEK & O L L) || Fik o 1EF - 7 15 ¢ 55
-100m, ARG T 40-80m FREE, FEUIVRC25-TOm BRETH D, B HER L P - A i
EEETLHEEROWERE N O END. BEIE—RIC2-10m BETH L), RFOBELTIIRK
15mBARIZEL (R—V > 7EEHC L D), W EfCy v NEROREORZ A . 7B mHERY
Mg, Bk U7 LB EHEREIC e CRED UL S A TR B3, BEIRERD A OB Filed 2 JEIE) 15
WMOBEERNT, BIVEIROEREZ BT 5 & 2 AT LA LD LN

AJFCE DTN R L, 2265 /e O PR, RIS OAEZERTT, i) o &R AR,
OB | R OBE T IS L, BRI EES . 205 b, BEIERITHRT 5 AHE:
RO LSS O f RS BE 2s DA S, — IS A L R IE o0 ALY - IS A B, (%
WeTIE, AHFEMATGRR T HBEARBICI S 10-40m BEO/NERFET S, Zhbo/NmiE, 1
LT Im B EOBINAILEEO AL RAKESm ICET D) OIS, MEEOKKNZ - &
HESND.

/INEEBEJE A B R O TEES K OALE S AT T 2 MR T Y, FRLOEHIRBELEAICES (B



29 [X). TE7K) Hudh CIiE KIS ETIC B MROImR LT EEND . HAERMTO/NEEE
JEIEH - KA X (BHITR2-15em f2E) o[ - EHAEEN ORI (F31 M), FNIJEIH
10cm O - MEEZ BT, BT 15mBETHY, —MOBIATILILILE~20°F2EE < BRYE
HAHET S,

INEESE XN OBBET AV Z ORI E B Z BT D GERE, 1985). A EEICIIERD X 5
2898 JTAERTD Pm-1 KWK e END. LIoh o, ARBIEBIHHLS O/ Be R HERE M OV

5 30 HATLTFORGI I RFRREE (FUERLRMELZEREL) OEREA
WEOEFIGERMREE LB 5, £, PHBEEKRUP - BEEEHMEIRFE: L T Tu 5,

FIIN DEBRBONRNEEN GATEE)



I B D 454 B ILHERSY) (2111037, 1987) ITitbSn .

VI.1. 6 EMBRERUVEBERDERD

ARJEIXZAEN, PRI, BRI & ORI KOV OSTRIB NI AT 5, BB OARNLEL [} O
WRHEDOHEREW) & A7 LR\ AR5 2 E & HEYE (1, 1960 Eh, 19825k, 1985) Z—fEL 7z
HLOTHD. AFOHRENRIL, B L —eiitic kS L HEESND.

ZEINRDTIE, Bl L7z B EOIRNIIC 2-3 BEOBEEDFIET . £z, MRV TS Hf7L
K& LB A7 &b 2 BROBENFET D, ARG TIIIND & L TR EIZE
Oz, TNHOEEOHREMITES 1-10m FEEOHMA - HHEE S 20, FERTPN)ISCER o (i
ITEROHERE) EECISRTEOWE L NEE D 2 205 5. BRIRMHER I3 - B A X - #ifh
BECHUIE A S 72 0, B EFREOEE LG EFEo &5 & CIEpiRiHERi & £ 5

=] & L A B I O ALV AT T D BEEHER T Y, AR LA TEK ) koW K
EIRASTC D . AR MEREE K OB R IE & 1 0 JAA CHERE L TR 0, Z ORI (E M)
(/DR OHERE R CNER) LY H20-30m IRAZICH D, EEHETALEICE B, WEET
(CHREEE B 3K s o0 [H 5 g AR EIE L TR Y, FBOBREAZBRT A I3 T
ot b (1960) XD E, ABIIMOM LOMEE LIE LIZHOIIKOEBEOEEN G20, BE
13 15m A RIS 5.

VI. 2 ¥ JE

NEK) HUBTIE, 2 ORI ALE S 2 BB RE A < AT 2. S oiddhy, 2511,
BRI, BLH) 1 78 & O O B K OB R RSB 23 095 . HWVEL I C IRt 2 thRg I
OHEREY (LE LTHY), W (& LT, W (L LTR) ROBUARHERM) O 4 SICR 5y LTRE
L7z, Zo5b, WREMORERYIZ, & L TR=Y 78k (IR MET SRR, 1983, 1984 72
L) ICBTHEESm NICHBIT 2 BHICESE, £/, A=V 7EROAFTTE Rh o - HlgIC
DV TIIBE B R ORI R (BEIIR, 1974 72 &) 2B LTKy - B Lk, 72k, NiEK]
M1 Z DIEDNT, AN TS K OIS ISR S 5.

VI. 2. 1 BJIFGERD KB

SR H oD P 2 & L C ST M A M TR EE 0 72 0, BEE (0 IR T )
RORWIE (B Tk - Bmiin ) 205 . B ORIEIEE | ko Mmim e (i
M) CTRK100mIZE#ET S (B2 X). AN—VUr7&k (Fi Rk, 1983, 1984 72 L) ()
S L, RIEHOMBIBIZAE < FHE LI /T 5.

FEEEL LCHIEA DY, BT - BTV G RR U ) B A ST 5 & = 578
7. BB C 60m (T 5 . ARERAOKIN O SHEAEINC TR S his L B2 b
BIHUEA RS A 3L CCHERE LT Y, KRN — 5o BRI HERE & HEE S5 . B
PICHENBIE (S k- b MU DRSS S LB OB~ CEEERE <, Nk



20 LEEIRTEZHBLY. F, TRLDORBTICITENCREIEANEENDD, ZOEHHE
R EEOVRRE IR TR,

EEIEEE LCREN DAY, I TR - BRSNS C I BRI A 0L 5 . IRBIEN A 15
LUFOHit - v b b7z 0, Wh 2SR Z BT 5. 0 & 9 kG RE IR AE/E 40m 12
L, SO OFBIC 72> T 15m LA EDE S 2H9 % (532 K). AP 6, 000 4F
Hi% E—2 &3 B 8KINE W) (2o THERE L 7o NS RHERI & B 2 b, WiERLA % B
EiCETe. b (1967, 1971) [T KMREERIC B ITRARHICAEE L L HEE SN D2 NB & T Pis &
BEA TS, B EVEO B CIE, PIERRIERE O ISR & HEE S 2 TR E K OV E R
JERHEREL T D (32 X). RRBOESITRK10m IET S, £z, Btk - ik
fHETH, WEEOR EEIXBAZE LRV LV RE L 20, WESHIEEREORLRNEL 5.
B et S BERITE N RIS AT COMIECIY, WIBRIEE O BIC e LA 2 8 T B g 2 0
T5. 1 (1967, 1971) 1Tk D&, AT DiA)E O _ERRITIEFEER 4m (SALE L,
ZORBMEITRANIICER T % Batillaria z#d 5. 72, TOETOW - EI IV NENLIX
Anadara granosa, Anomia lischkei, Ringicura doliaris72 & ® 80 L Lo EifEA BEUb G &2 ET S
(Tsuchr, 1953). BT, faK (1984) (ZX2 &, HEEBEILH - HEEIC 1T DUERUE O LR m B 3
ERAM TH Y, WEEUE B BRI S Lo~ L5, 970 & 140 y.B.P. O HCAERAE AR

TR O MR R B0, MR CATIETATICIENS 2-3 FIORM (IF 100-300m FLEE,
Hemdm, THEOES 8-10m FE) MMAET 2 (d, 197184 « IR, 1974).

VI. 2. 2 REEHMRUBAKROAEE

AEARH K OB ORI 1L, £ & U CHE R OREE Ok snD. R—U v 7%k (1 -
i, 1974 Fid BHERRIRAE, 1983 72 &) 10k D &, RO EMH K& OBLRIR T OMFEE XA
BEROZE AR HTES 60m MLEIZEL, TEOMILES (FZFE) SO EFE T TS 30
m LA RICHEET S, E72, EPNIRERORE LT TIE 15-20m fREE, Rk 4% BRES& R AT
TIX10-15m BEDE IR H 5.

VI. 2. 3 AIREHMRUETLMH

R TlE, THIBR R OFERRE OBRR R It > CATHICHE SN Lo 5 5, ki
BENRKRERLOEANTLEME LTBRE L. TOEE2R S OB EFRIEO BN 2 & H IRk OiiE
B, RASERE T O WL RO, WA SHERTRA v F—F 2 VR ETH B,

Fio, HNHE UCTRE LTCE I TERE ORI L O OJED owiElas K T3t Th 5. Zh
O QNI HIO KER ST THNG 41 48 - KIE3FOF | HUEFTH, KIE 10 45— HF1 13 £ 05 2 HIIEF T %,
JOMEFN 36 AELARE 7 WRIT 072 2 UETEHEA 6 7 T2 18 U TR SN b D TH D (KA RIG KIS
RS, 1988).
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VIL o B &

(FZ1LtE— - FIE—)

M7 HUBUZ 50§ 2 A I OMERLE IOV TS, BSR4 DETREL/ZDT, Z I TITHER
W&z TRk S LIE, B R R OTEREIC OV Tl 5.

VI 1 BEAAEZERT 5 _ LW)E

ME7k) HIg i, HEEIERR, KA - B ERZ: & 0 8 SOIRITFg LM O LEiE S FEES
5. Zooh, WEIHER GBI 2T 5 4 SOB R LK TIEOBIEIC oW T, IV
BEOHAE FAOE TR L. 22T, Zhb 4 o0 BB EZRL, i, bk oska)ll -
[ DA & IR _ LW IC SV Ck <5,

VIL 1. 1 #LigER
el (AR, 1956) (XM 7+ LW OS5 R & 23l LW CTH Y, &)II30RD 7)1
WERAFHE T L, i, o CTHEK) IO LERHICE Y, TICEERYI Rk, W)k
O WERT, KRFNEROEBICET S, TOMEEITH 100kn TH 5. AHEERITETEIILT
FiER AL, # T - T I CIENG-25°E oA A L, 1/ Mo TR A IR - B L
H-VERIEICE R D.

(K RN T, ARSI IR ETE 570 & KA EALE 5 O — AR IREZR T, #FIREO KBS
EOHR 2@l 5. WEHEEITE 9 Motm4l MHHREOWE650m) KOH42 CRAEOTERI 700
m) TEIZEIN. Z05b, Him4l TIIRIEEIENLISE EMTH~60 EMT 5. Wiy v oIiER
DENT, ZABHO L RSO RATS (M2 J8) 257 B ORI & el ehif R 6
TEOBICH B3 2 (533K, F7-, MR 42 CIEMEEIZIZERALERN TR~70-90° A 2. =
TTUE, MRIEb S R N OV MR A 7, BERA T S BAESEE (ML JE) AT B ORE
BRIV L #E95 . WIBICITRET 2 M1 IR m (Zh 7> TR S, e R OB
RE3em BELTO L R0 LEROMT ITH STV D, BT TOBRICLLE, Thbo
M IZ A B F VIR S A 2 o 3 B A 062 DR Sy, B5BHIE (SMrim) & FAT7e 71N nl &
s T,

eGSR OEIEIE 15 Ma BUCREA U7z & HEE S0 2 H2EE) o HAERE A (eiiiZny, 1989)
WY B, BEumEN6-N8 o =A@iticEbns. 72721, ZEEFILUEEROMEILER 413
EHMOIRE LTRY, —HCTIIFEREER L FATRRIEEZ M L CEABR 8 5. Eiz, flgE
BB B2 =8, WP ERED O (XA gt (N5 A1) ool b A% ET 5. Zhbo



PN B
V¥ =

NIS'E.60'W
FIBM HUABESROBHE BEMASOME2km, 59 BE 41

D, LSRR O EEIEBIREYIL 20Ma 725 156Ma O EHEE SN B.

VIL 1. 2 +#HuiEER

OISR (B, 19720) [EAIE I KO T4 2T WIH Co Y, RAAT ORI (54
JIZEH) bsC Ul - FRRRETERA 4 L, 4oL L T HO & MBI O T 2 7 F LT, T4
K 7. AHERA I RTULHE O TR 123 > CHI~IED, FUROM S CL2f DA
ORI 5. ZOWHIERIT, [ ) SO BT TR, [ LR O S 288 LT, B
HEHTA N RS T IR %, 2 OMORBIER 34 50km TH 5.

ARHEERRIE, PRSI 0 MU G RIS TR 72 2 F> DIt LT, TR 0 Byl G130
45 TR LT (SR MR A AT 5. E72, MRDIEOHISCHE, ARSI - TR ET



5. WIBEETHITE 9 MMl 40 ROV 8 [N 29 RON32 R Y THESND. Z0H b, Him40 (FE
FHEFREORKI400m) TiE, N16°W &M, IZIFE (80°FHZR L 80° WEAD OWiEm iz
TW5) #8ie LT, KIPNE EEOIESIZEAT L2740 RLZ 4 SBRENKIEEOT A ¥4k
KINAEEE BT 5. ZOBHEOK100m B (RB)ORE) 126 N15°E &), 90-85° BRI W E #TE
PAEE L, KIF)NE_EAROFROEE A 238 60-70cm OB 2 - T, BNKILEEOT A VA ~&
i s, F, #29 (FRIAVTHELEAN) TIE, N65°E &M, 35 LR OBERZ /M LT,
RIENE_EAROCPUFIRE 2R B U N KIS O T v ) ZRE O LT EL T\ 2. Wi
EOEEEALIE 10em (ST o T - i STV B

RO ERROTE BRI, RIS NS OF LI A ZET H8/N - mslkIEEE N5 2 L
26, PRI (15Ma L) &5 2 55, AMEROTEE2ME L LT R ©H 5 23
A7 &b R INCIRE) L 72 RELIAATE L7220,

VI 1. 3 #RAJ - HEMER

Sl - ARG (5, 1918) 1%, AAMHNREOREIIN OHGEHAZ K TRMICET 5, RER
#9250km OFFALHEWIE Tl 5. /NRIREARE O ARSI/ NIR - $ 0 (A, 1961) & HFHTH,
WA EEEH T + v =7 (BLIROEOIGIER) & OFRE 729 /INMIR AR O A4
VREEE LA i LRI )BT AW E Y, BITEAN ORI, Bl K OHElRE o 5 05 %
F T LClifk) MlkiciEd 2. ARKIERIEAN TIE, Lo SR E I > QEIEmAICEY, #
T3R8 — A 7K B C R i 5.

7K HUSN O fa1| - E TSR 2RO HR A a9 L 3T, Z O b RO % i
RS % BT RO FEIEWIE IS L, PE~25-T0 REMEAT 2WEmE A+ 5. WiEOBEHEITH9
KoHm 22, 23, 25 RETREIND. Z0H b, #HH22 (ER)IEEOEK 2kn) TIiX, &AL
BHDOT A FA FAN20°E £, 60-70°EHMOWIEIC L Y, FEEEOIEEE O RIZH L L Tna.
W31 O PR IR i & AT 22 BEBAASIERE L, TR T OOl 10-20cm XS, HitAk LT
W5, M 23 (BERESEEOAEK 1. 8km, HJIMGERVY) TIiE, N5°E &M, 25-35° FEROWE &5
LLT, TA%A MRS L O AKE L e leEE FfEERE) o Lic#ELTnws (334
K). HEHOTAHA MIPa EbESm L EICbizsoTTry 7L TS, £z, WiEHET
DOYESEITE 20 -50em (ZhTz > TS L, filfbLTwa. F7-, Hm 25 (RIPEBHEFEROK 1km
P8) TIZNIE°E EM, 55° FMHAOWIEIRABE SN, £OIKI100m (ZH N19°W A&, 42° EHHR
OEEEABIRS NS, CERE ORI Lkm (FUTIALE T 2R L G OB, ST IE R 7
Uy ~RIZHH L, ZOFS CIIR A - BREHIXIZIEARE W Em A AT 52 E2 61D, 20
£ O iR EOWEEL, FENLHOMERIH S ke (EH) ofERERF>LHESRD.

(37K ) HBN 51| - BTREE R T B P st (- ERTRE) o MERtAZ - TR Y, fER
e (5Ma LARE) ICIEE) L7-DIIfEFE TH 5. £7-, FukucH! et al. (1986) 1%, BJII EiROARE &GO
Wi 12 & F D A 3R BESR AREIEZFTVY, 2. 36Ma 205 0. 24Ma IZh 72 HHERMMEZH TN 5.
fth7, AHUS O REER S TR IZINIEBI L2 2 L 2R3 5HUI I N E TO L 2 A/ LTV,



534 A -HEBEROBE @RmERMOI 1. 8 km, 5 9 Kt 23)

VIIL. 1. 4 BREGHLEEE

FH IR LITRE (G, 1945) 1%, & LI EER O FIEEZ2THB CH Y, LB /s Hilgn
O MR 7 B BRI %58 o C, Tk RIS EET 2. AR HIs N I BE WIS T LT
PRIZED, ZI0BAMR, @b, HEER OGN 2 iE U RO/ 5. A B8 LA
DARE O Ml CIE RS NIz 503, BRI OR RN N E- AT MICEY, 58 EAEo e
TIET D LHEE SN D, AWE OISR - FREEIRIC K v Eif-, Z 2 bimBEAiEET
OWIEOFIERITK 20km TH D, 728, THAKHIRNOARBIZREGE (1944) O - BIVENTEICHH
EXE-R



FE AT LB 1 AR - RIS D Em A A L, K& (1944), FH (1945), A0 (1961) KU¥RIE
7 (1986) REWCED L, WEHEIEIE~40-70" IR 5. ABJETIE, K] HIPIZIS VT HARIRE
1 EWE OBIRA BT 2 2 LILTTE R oo, AT EEE ) U o B AT D B 1 P R O R
350m MU CIE, 421FA (1986) MBEICHE LTW\Wb L5z, MLERE L8 oW E@EE BRSNS
S TIEAMIBIZ LY, EEREORIKEN S NEAEBIROES (IIEIHEES) o Ricf@ ELTnD.
Wi mIE N25 W T, FE~40-45°BIRN 2. BRI O FH i BRI IT0EK 50 cm ORERH (S0 b
A XLLF ORI E D D725 — ) RO N5, Fio, NMEUIEEHESS OB % < (X
LTW5.

ARG TR ATt DARE (5 Ma LARE) (CTEE) L72WiE Ch 5%, EHHZIIIGE) L 72 FE i
INETOLZAHFL TV

VIIL. 2 & H B W%

MK HISJEDOE ) REL, FR (1982, 1987) IZX - CEMIICIRES TV 2. #35 I, M
FEOREI/NE L, HTFEBOME ISP O MBS 2 32 B 7 — 7 —BE & R T

MK HUIREL O B TR b IR SN 5 AL, & LR, mitEoRia RS, fomET
BB 2 ZoDBEFEREENBRFIENTFET D2 THD. 205 L, RUOKEN R, AL
EWiE R OEOIL R CEJIEIE) RIcfi@d 5. £z, EROREHEFRIL, & LIRBROS
Al (BRI OTEPREICALE L, HYTET - fEFr i E S 5, 000m SLEodiERk @ A HERE L 7=
HRIc 4725,

M7k Hidsio> B ) B AL & B TS I 22> TN L, S DiEAbdb e - a7 A E O
5. ZOX D REEIBOIEOO ST E LI#EORHEE RN TH Y, Omgal DHEEIHITIZIEH
PRI _EWIBIZ I > T D Tk Hilso> o - PRI AL - mPE 220 LRE ol b Ly REAT 5
FIHC L > THD BN, BEAMTIZOL D s b Ly FERBT 2 REIIEO 0. T
L5, NEK) s (& L)1) OBERENSZ =Rz o E RIS - EIcd L Tns &%
ZBND. ORI, [k RO B REME?SF & U CHEE - TRy 2 1, mL)iHom
EREE DR & BRI L COBESNIe b DO TH D Z L 2R AT 5. EFRAS, WP OE
FLARIEA LT OME T D Z & & BT 5.

VI 3 7% % &

VID 3. 1 SEME

TIE/K ) HUEI VAR LA AR, SRA)1 - SRR, MRIRE BT 72 &0 8 ROFFALME, WEEFND
& LW AET 223, BIRO K 512 2D OFWIEIZ OV TR IS IR E) L7 fEUERR S S
7200,

—5, HBET &5 HUs( iR A R O JLE & 2 AL BT (336 X)) 2MFETEL, K50 LI
O BEEZU > CWD. £z, FBTEL2 #HS T2 HHEAE D b L EHEE S5 B e %
BloTHY (- T, 1982), FHEEHE 0. 25m/10° FLL O BRIGHIE B x 6 ([Lilg



35°20°

35°10"

[

35°0°

40‘\
3450° \
133N«/

FEIHM [EAR] HEBALDOENRE (L7#EER, 1,000m) BR (1987) k3. &I V¥,
L%/l -REsR, 2 BRREELWNE, 3 AL ERE

Fy, 1981). AIE LW OE L)L OERITE)NWE (5536 X) LRI, 95 TaR1O & E -
VeI a4 50m, 1.2-1.4 HERTEHEESNDENEEMR D (SW1) Zfy20m B SETW5 (1
W, 1979; (LIEHEA>, 1981). ZOHFFEMNDL, LSO A ILTE Bl CE)INE) 13 ALRE
Im/10° FLL LD ARIGHEEE X b b, FIZ, ALMEWE (8B o Zh & EfTES
AR E15, B LT 7Ok (L)) IEREICIE L T Y, A A m/ 107
FELLED ARG & B2 5N TS (L, 1979, 1984184 - Hidk, 1981187, 1984 /2 &). 45
12 I T HIGEE Ot Z R~

VIL 3.2 d-LHEHFHOLER

HERBIZOMmT 59 « BRI, e UTrkem der - wEi) ~ERd2 (G 38 X B

-B). TS OB LN ORI =AM OUHER) TH Y, FIERMICITIZERT 20 LHHA A~



BLTWZEEZLND. LR T, AEEBONENA~EE FASHEL, 30 HERUEOE
Britteh - BT D HIBAE TN LV B SN LR CTE 5. 1 (1959, 1960) KU Tsuckr (1970)
VX, EHHLONAMNE — o ROMEED D, AEEBEAACE - Ml SO RME AT 5 K—atEod:
HE 2L, FAMEORETXFRERICI VBB MR LTS, £z, HE (1985) 18t
KIWRIE Do AiTe En D, AEEERIHICOMAT 2B BB I F—o%iE (ZFE F—25) BMEEL,
I E O FNIEALTE - REET R OfhA FFomAEE (HACERRD PEETHE LTS (537 MK
O 38 MM A-A7) . LR OEEOREICHK S &, HERBEOLFIZILHE - M X T2 2 #Hd)

0 5

138°30°

36K [l MsEEOERES AR
WA (1979,1984), |LEFiEA> (1981) RUMZI - Tl (1982) 12 Xk 3, ALERIENE, #
OERREHH LR CERLWE EREORuSH 2HE). 1 AILSKE (EL
WilE), 2: KEWE 3 KEBLUKE, 4 ALELEE 5 ZIINE (ALHLEEOE+
N EAOERE), 6 PILKIE 7 FHAEE 8: RAKIE,



(& 2\ NFALH - BT 2710 & 9 248D L ALTE - BREZ T & T o L NER D botebo L E

AbND.

2B & @45 (Tsucr, 1961b ; +, 1968).

ZOED RFFTELRT D 2 FIROEFROFEE, Maii g S0P « Bk o

B12KR (A MEADCHFET 2EREDOHET
(L iE A (1981) (T hOEE,
. Wi o A B O WiIBOANTEHE X 2 DFS ) BT REE
EW B (a8 () MEOR S . R & 2 DRHL /104
ALLFENRE | B N1OE 8kmLlE | - ESOEEMOHERED 0 | - £96000 4 7-8
(BN | JLis N30-40E° 40-50 m EHEBE (B SWEELOELEE
TER B BE) LEB7IE (L) EoC ERE 4050+
(FEfHIE) B omEEE) 120y. B. P.
« R¥lE2E  £7100 m - 13800 £ 7
[BENFR () BEROEECHE -
CEEHONEMT | Tl KR O1CEMR
(R B 2EE D {H13760+£300y. B. P.
=)
KEKE | N30-60W 7 km HELRE IE 150 1 - K95 HE 2<
fEREe -95m Lk e 9t E L i TPflow
(PP {AIREAD) E L
cHE LRI : 80 - 18000 & 3-5
-40m BEAEICLIUCE
RIE
CHELRMIVE 70! - 15000 & 3-5
-50 m biEmcRLsEE 2
brd s
ALILEET I (SWS5) & | - 13000 4 5-6
60-80 m Ms# %28 AT 2 &€
Turzus
LZRUNE | BIL-NICE | 15kmBAE ) - HETRM I HE 160 - #95 FE 3<
PEERY ? m Bl E
(FE{RIRERT)
ALLE BB | EiFEEdER | 12km CEBERE  smilE 2 HEEDEL 0.25<
(E)ILAEE) | 60-90°PaiER} [l e R ] AT 28 Tk
(FafAIRE ) BREBE 25mbll | 1R DEY 0.25<
Bifei=rrA ] 777, htrEET
Wz
ZNWE | NICW-N20'E | 15km Bl E | - BIREOWBAL : #1 + 10000 &£ 0.1<
(BB | FEiEs m b [HEEE] HWMREROARRE DHC
(FEEIEAD) £ & 10730£90 y.
B. P.
ENEERL (SWD) @ - 1.2-14 A 2>
i 20 m
‘; BRI 50m | - 495 1+




BroRE AREWREES

N
/| L3
Ao " rrs SRR
i PR®E (ARLSE)
A 7ERXXY
G opoiy, /) amerm REZE
5 /

N
e
NN
N

@
AN

RN
SRR
PR
RS

N

SURUGA

! /\‘ o o
S <
giles ;/// [P % I w2 A3
Q.8 phs
lOlUU 2(}00m

T T T Y TN WY T W |

BN AEEEOMER
MR (1985) k3. 1: BHAFEMOEME, 2 AREEMEEOER - H, 31 8B L2 2 KILKE

1000m 0

B8 E FELEOHEMEN
SR (1985) ok B, MIEMROMERE 3THER, MEOBRRIIE TR L@, Ne ! RERE,
Kn | REEILEEEERR, Mr @ REELLIBERARE - >0 M ERME, Ks: R, Os:/ERE.



FEBBIC AT D5k (RERIE IS S D rTREMEA R 1, AR BRI+ 2 BT ORI
LARIRICAE~10° FREEHRIT S, LA, FaE & 5 PALBHERIICIE, AL~BRE 23RN0
LIR. T OO PALE U OTERREFHII TR TH 503,  Be i O BT K UM R o Jalf b
BRENDHITT 2 L, HEEKE (FREH) OWRRIERHS. ZOHENELWET DL, FHETEMNS
ITIIKI 10 GEERTHEICIZALAMEE T2 HENEB AN ZTIFIE L2 EFE A BN,

IX. ol o2

(B #E—)

X. 1 K¥ & &

[E e (1983) RO (1984) ARPICEDE, Tk Huk) SEBNRAHTIC )N T OB
PR C I, BaR ORI EERICALTE - M Z Ell L 3 2 gk OB EE T D (B39 B). Tk
RO AT O M 5 1 O FEAER TR TR 30 X 10 °IZEEL, HRRSIWIEITE T LTE T OZLME L TR
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GEOLOGY

OF THE

SHIMIZU DISTRICT

By
Yuichi Suciyama and Koichi SHIMOKAWA

(written in 1989)

(Abstract)

The Shimizu District, a quadrangle of lat. 3500' -35010" N and long. 138015'-138030" E, is
situated on the northwest of Suruga Bay where the Philippine Sea Plate is subducting
beneath Honshu. The district lies in the foreland of the Akaishi Mountains, and mostly
consists of mountains ranging in altitude from 300 to 1,000 meters. There exists an
alluvial lowland along the Tomoe River in the southeastern corner of the quadrangle.
There is a hilly land called the Udo Hills on the south of the alluvial lowland (Fig. 1).

The Shimizu District is situated geologically at the intersection of the Outer Zone of
Southwest Japan and the South Fossa Magna. The Itoigawa-Shizuoka Tectonic Line, the
western border fault of the Fossa Magna, traverses the quadrangle meridionally (Fig. 1).
The Outer Zone of Southwest Japan in the Akaishi Mountains is divided from inner to outer
sides into the Sambagawa, Chichibu, Shimanto and Setogawa Belts (Fig.1). The western-
most part of the South Fossa Magna along the Fuji River is referred to in this report as the
Fujikawa Belt.

The Shimizu Quadrangle covers an easternmost tip of the Shimanto Belt, central part
of the Setogawa Belt and southernmost part of the Fuiikawa Belt(Fig.1). The strata

distributed in and around the Shimizu District are summarized in Figure 2.
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South Fossa Magna

Geological map of the Akaishi Mountains and southwestern part of the

1: Mikura Subbelt, 2 : Setogawa Subbelt, 3 : Oigawa Subbelt, 4 : Shizuoka Subbelt,

5 : Hamaishidake Subbelt.

Groups, * 2 : included in the Setogawa Group in a broad sense.
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Figure 2 Summary of geology in the Shimizu District
* © not distributed in the Shimizu District.

The Shimanto Belt and The Mikura Group

The strata of the Shimanto Belt in the Akaishi Mountains are divided tectono-strati-
graphically into five groups; the Akaishi, Shirane, Sumatagawa, Inui and Mikura Groups
from northwest to southeast (Fig.1). These five groups are in fault contact with each
other and form distinct tectonic zones. They range in age from latest Early Cretaceous
(Akaishi Group) to middle Early Miocene (Mikura Group). Among the five groups, only
the youngest Mikura Group is exposed in the Shimizu District (Fig.1).

The Mikura Group is composed mainly of rhythmically alternating beds of sandstone
and shale(turbidites), shaly formation intercalating dismembered sandstone beds, and
variegated tuffaceous shale beds. The group lacks igneous rocks and pelagic sediments
such as chert and micritic limestone. The total thickness of the group exceeds 2,000
meters in the southern part and becomes thinner northwards. Turbidite sandstone beds

distributed in the southernmost part possess sole marks indicating a current direction from
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south to north.

The Mikura Group strikes ENE-WSW to NE-SW and dips 30 to 80°N or NW. A folding
structure composed of three anticlinoria with a wave length of about 5 kilometers is
inferred from the facing of turbidites.

The variegated tuffaceous shale beds in the lower part of the Mikura Group contain
Eocene benthic foraminifers indicating a deep-sea environment. The middle and upper
parts of the group yield Oligocene to Early Miocene radiolarian fossils and Oligocene
shallow-sea molluscs.

The Mikura Group is unconformably overlain by the late Eary Miocene to earliest
Middle Miocene Mikasa Group, and is in fault contact with the Eocene to Early Miocene
Setogawa Group of the Setogawa Belt by the Sasayama Tectonic Line.

The Mikura Group is correlative with the Muro Group of the Shimanto Belt in the Kii
Peninsula on the basis of resemblances in tectonic position, geologic age and lithologies.
The depositional environment of the Mikura Group is inferred to be a trench bottom or
landward slope in Eocene time and to be a forearc basin in Oligocene to middle Early

Miocene time.
The Setogawa Belt and the Setogawa Group

The Setogawa Belt trends NS, and its western and eastern sides are bounded by the
Sasayama and the Itoigawa-Shizuoka Tectonic Lines, respectively(Fig.1). The belt is
composed of six sheets overthrusting eastwards. Based on the stratigraphic sequences of
the thrust sheets, the Setogawa Belt can be subdivided into two subbelts; the Setogawa
Subbelt which is composed of the western four sheets (the Odake, Takayama, Tawarazawa
and Utsunoya sheets) and the C_)igawa Subbelt composed of the eastern two sheets (the
Oigawa and Ryuso sheets).

At the basal parts of the four thrust sheets of the Setogawa Subbelt, there exists a
basalt-limestone-chert complex (B-L-C complex). The B-L-C complex is mainly com-
posed of bedded micritic limestone and bedded chert which are conformably overlain by
terrigenous clastic rocks and underlain by basalt volcaniclastic rocks and basalt lava
accompanied by biosparite and calcarenite. On the other hand, the two thrust sheets of the
Oigawa Subbelt lack the B-L-C complex and consist of terrigenous clastic rocks and
contemporaneous volcanic rocks (the Ryuso-Takakusayama volcanic rocks). In this
report, these sedimentary and volcanic constituents of the Setogawa Belt are inclusively
referred to as the Setogawa Group.

The terrigenous clastic rocks of the Setogawa Group include chiefly alternating beds
of sandstone and mudstone, sandstone, black mudstone, variegated tuffaceous mudstone
and dismembered sandstone- mudstone beds. Blocks of limestone, chert, basalt, etc.,
derived from the B-L-C complex and ranging in size from a few centimeters to several
kilometers, are contained in mudstones and dismembered beds. The apparent total thick
ness of the clastic rocks exceeds 4,000 meters in the Takayama thrust sheet and 2,500
meters in the Oigawa sheet.

Serpentinized ultramafic rocks are intruded in the N-S to NNE-SSW direction in the

variegated tuffaceous mudstone distributed close to the Sasayama Tectonic Line. Picrite
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basalt is intruded in the B-L-C complex of the Takayama sheet and clastic rocks of the
Tawarazawa sheet.

The Ryuso-Takakusayama volcanic rocks are mainly composed of dacite and alkali
basalt associated with intrusive bodies of trachyte, rhyolite, granophyre, alkali dolerite and
gabbro.

The general strike of the Setogawa Group is NE-SW to NNE- SSW in the southern
part of the Setogawa Belt and changes into NNE-SSW to N-S in the northern part. The
strata dip 40 to 70°NW or W although locally dip SE. Folds with a half wavelength of
several hundred meters to one kilometers are developed in each thrust sheet.

Then B-L-C complex yields radiolarian fossils of Middle Eocene to earliest Miocene age
and planktonic foraminiferal fossils of Middle Eocene to Oligocene age. The clastic rocks,
especially black mudstone and variegated tuffaceous mudstone contain radiolaria of Early
Miocene age and foraminifers of Oligocene to earliest Middle Miocene age. The Setogawa
Group in the southwestern part of the Setogawa Subbelt is unconformably overlain by the
Mikasa Group of late Ealy Miocene age. On the other hand, the upper part of the clastic
sequences of the (_)igawa Subbelt and the Ryuso-Takakusayama volcanic rocks are contem-
poraneous with the Mikasa Group.

The B-C-L complex of the Setogawa Group is correlative with the limestone and chert
beds of the Mineoka Group in the Boso Peninsula, and is inferred to be of volcanic seamount
or ridge origin. The four thrust sheets of the Setogawa Subbelt are considered to be
accretlonary prisms formed in middle Early Miocene time. Further, the clastic rocks of
the 6igawa Subbelt ¢ Oigawa Group” ) is regarded as deposits on a landward trench slope
to trench bottom, while the Mikasa Group is as deposits in a forearc basin formed on the

Setogawa accretionary prisms in late Early Miocene time (Fig.2).

The Fujikawa Belt and the Shizuoka and Hamaishidake Groups.

The Fujikawa Belt occupies the southwestern part of the South Fossa Magna and is
bounded by the Itoigawa-Shizuoka Tectonic Line on the west and by the Iriyama Thrust
on the east. The belt is subdivided into the western Shizuoka Subbelt and the eastern
Hamaishidake Subbelt by the west-dipping Tashiro-toge Thrust. The sedimentary piles
of the Shizuoka and the Hamaishidake Subbelts are referred to as the Shizuoka Group and
the Hamaishidake Group respectively.

The Shizuoka Group is mainly composed of sandstone and rhythmically alternating
beds of sandsone and mudstone. Mudstone beds 200 to 500 meters thick occurs at the lower
and uppermost parts of the group. Limestone cobbles containing larger foraminifera such
as Lepidocyclina and Miogypsina are sparse in the mudsone of the uppermost part. The total
thickness of the Shizuoka Group exceeds 3,000 meters.

The Shizuoka Group, as a whole, strikes NS and dips W. N-S-trending folds with a
half wavelength of a few hundred meters are developed in several areas including the area
adjacent to the Itoigawa-Shizuoka Tectonic Line. The Shizuoka Group swings the strike
from N-S to E-W direction and forms conspicuous bending structures in the areas near
Umegaya and along the Kuro River.

The lower part of the Shizuoka Group yields planktonic foraminiferal assemblages
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assigned to Zone N.17 to N.18 (late Late Miocene to Early Pliocene).

The Hamaishidake Group is composed of conglomerate, sandstone and alternating
beds of sandstone and thinner mudstone with a small amount of andesite to dacite volcani-
clastic rocks and mudstone. Only the upper part of the Hamaishidake Group,about 5,000
meters in total thickness, is exposed in the Shimizu District.

The Hamaishidake Group has an N-S to NNW-SSE-trending structure. There exists
an NNW-trending anticline (Kogdchi Anticline) along the lower course of the Okitsu
River, and synclinoria are developed on both sides of the anticline (Fig. 1). The western
synclinorium, which is situated in the Shimizu District, is composed of a north-plunging
syncline (Tokura Syncline) and a minor syncline and anticline on the eastern limb. The
Hamaishidake Group thrusts over the Quaternary deposits in the Kanbara Hills.

The Hamaishidake Group contains planktonic foraminiferal fossils of Zone N.17 to N.
21 ( late Late Miocene to Late Pliocene). Inconsistencies, however, exist between the litho-
stratigraphic horizons and the ages of the fossil assemblages. More precise biostratigra-
phic and tectono-stratigraphic study is needed to solve the problem.

The Shizuoka and Hamaishidake Groups are regarded as trench-fill deposits while the

contemporaneous Sagara and Kakegawa Groups in the Kakegawa region are as forearc

basin deposits (Fig. 2).
Quaternary

The Pleistocene deposits in the Shimizu District comprise the Sasano-toge Gravel Bed,
Mine Bed, higher terrace deposits, Kusanagi Mud Bed, middle terrace and fan deposits, and
lower terrace and fan deposits (Fig. 2).

The Sasano-toge Gravel Bed is a highly dissected gravel bed of fluvial origin, which
is distributed near the Sasano Pass to the south of Wadashima by the Okitsu River. The
bed is correlated with the Middle Pleistocene Saginota Gravel Bed (ca. 0.5 Ma) in the
Kanbara Hills.

The Mine Bed is a muddy deposit with gravel intercalations, which is exposed in the
Mine Hills near the Shimizu interchange of the Tomei Expressway. The bed is correlated
with the Middle Pleistocene Negoya Bed (ca. 0.2-0.3Ma) in the Udo Hills.

The higher terrace deposits are distributed in a restricted area along the IThara and
Yamakiri Rivers and are composed of mud and weathered gravels. The age and correla-
tion of the deposits are not elucidated for the present.

The Kusanagi Mud Bed is a muddy deposit formed in the Last Interglacial Stage and
is distributed in the Udo Hills. The mud bed is correlated with the Furuya Mud Bed in the
Makinohara Upland.

The middle terrace and fan deposits comprise a gravel bed forming the river terrace
160 to 190 meters high at Matsuno by the Abe River and its correlative terrace and fan
deposits including the Oshika Gravel Bed in the Udo Hills. The deposits consist of slightly
weathered gravels several to 15 meters thick. Colluvial deposits accompany the fan
deposits distributed on the western slope of the Rytiso Mountains. These deposits are
inferred to have been formed in the Last Interglacial Stage to Last Glacial Stage. The
Oshika Gravel Bed intercalates the Pm-I volcanic ash bed of 80,000 years BP.
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The lower terrace and and fan deposits are distributed along each river in the district
and consist of fresh gravels several meters thick. Along the Abe River, there exist several
levels of river terraces below the above-mentioned middle terrace. The deposits are
estimated to have been formed in the Last Glacial Stage and partly in Holocene age.

The Alluvium is distributed in an alluvial lowland along the Tomoe River, and valley
bottom plains and present river beds of each river. The alluvial deposits of a lowland
along the Tomoe River attain a maximum thickness of more than 100 meters. The lower
part of the deposits consists chiefly of gravels, while the upper part mainly comprises mud
with a maximum thickness more than 40 meters. The thick mud bed, forming a soft
ground with N values less than 15, was deposited in embayment to backmarsh environments
during the Postglacial transgression. Sand bar deposits are present extensively in the
coastal area. The alluvial deposits of valley bottom plains and present river beds are
mainly composed of gravels.

On the geological sheet map, the alluvial lowland deposits are classified into gravel-
dominant, sand-dominant and mud-dominant deposits based on a prevailing grain size in

subsurface shallower than five meters.
Active structures

Although there are eight remarkable thrust faults in the Shimizu District including the
Itoigawa-Shizuoka Tectonic Line, no evidence of the activities of these faults in the late
Quaternary has been obtained. Around the Kanbara Hills on the east of the district,
however, several active faults are identified. The Iriyama Thrust, the boundary fault
between the Fujikawa Belt and the Kanbara Hills, has displaced the Middle Pleistocene
Saginota Gravel Bed and river terrace deposits younger than 20,000 years BP. The thrust
is estimated to be a Class B active fault with an average slip rate more than 0.25m/10°%.
The Shibakawa Fault, the northern extension of the Iriyama Thrust to the north of the Fuji
River, has displaced lava flows of 12,000 to 14,000 years BP by 20 meters and is estimated
to be a Class A active fault. Further, the Fujikawa Fault (Iriyamase Fault) and several
an echelon faults are situated at the northern extension of the Suruga Trough, an active
plate boundary, and are estimated to be Class A active fault.

The middle to Late Pleistocene deposits in the Udo Hills dip landwards (northwest-
wards). The landward dip of these deposits is considered to have been formed by the
landward tilting during Middle to Late Pleistocene time because the deposits are of fan-
deltaic origin and dipped oceanwards originally. The detailed structural analysis of the
hills based on the tephrostratigraphy made it clear that gentle folds with NW-SE-trending

axes are superposed on the northwestward tilting.
Recent crustai movements and earthquakes
The crustai movements of the Shimizu District is closely related to the subduction of
the Philippine Sea Plate from the Suruga and Nankai Trough beneath Honshu.

The vertical movement of the district consists of sudden uplift at great earthquakes

occurring at plate boundaries at an interval of 100 to 150 years and gradual subsidence
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during the interearthquake periods. The last great earthquake occurred in 1854, and the
coseismic uplift near Shimizu is estimated to have been 1.5 to 3 meters. The present stage
is in the interval between the 1854 earthquake and the forthcoming “ Tokai Earthquake.”
The average rate of subsidence of Shimizu with respect to Numazu is 20 to 30 cm/100y.

The horizontal movement of the Shimizu District is characterized by the crustal
shortening in an NW-SE direction nearly parallel to the relative motion of the Philippine
Sea Plate. The maximum shortening rate amounts to 3x 10”4 and the maximum shear
strain reaches 2 to 6 x 10° 4.

The recent precise observation of earthquakes in Shizuoka Prefecture by the Nagoya
University and the National Research Center for Disaster Prevention has made it clear that
the foci of earthquakes occurring around the Shimizu District concentrate in the crust
shallower than 20 km and in the upper part of the subducting Philippine Sea Plate 20 to 40
km deep. Earthquakes in the Eurasian Plate have E-W-trending compressional axes,
whereas those in the upper part of the subducting plate have N-S-trending compressional
axes. Disastrous earthquakes which occurred in and around the Shimizu District range in
magnitude from 6.1 to 6.7. No earthquake over M7 has occurred. The Shizuoka Earth-
quake M 6.3, which is the latest destructive earthquake occurred in this district on Jury 11,
1935, killed 9 people.

Economic geology

Small-scale gold deposits are embedded in quartz veins intruding into slaty shales
distributed in the northern part of the Setogawa Belt. Deposits of chromium, manganese,
iron and copper occur in the serpentinite and basalt bodies of the Setogawa Group adjacent
to the Sasayama Tectonic Line. A small quantity of hematite is impregnated in the basalt
lava at the base of the Takayama thrust sheet near Mt.Takayama in Shizuoka City.
Some of these deposits were exploited in World War [0 ,but no mine is now operated.

There is a small-scale natural gas field in the alluvial lowland along the Tomoe River.
The gas is entrapped in the lower part of the alluvial deposits and the underlying Shizuoka
Group. The gas entrapped in the Shizuoka Group consists of CH, (89 to 99 vol.%) with a
minor amount of N, (1 to 11 vol.%). The gas in the alluvial deposits is characterized by
a higher content of N, (19 to 46 vol.%). The gas field has been developed since 1943 and
the gas production reached 750 m? a day in 1953. Afterwards, the gas production rapidly
decreased. At present, the gas is not exploited.

A relatively large amount of groundwater exists in the gravel-rich alluvial deposits
along the Abe River and about 650,000 m?® of groundwater is pumped up everyday. The
groundwater of the Abe-River watershed belongs to Ca(HCO,), type. On the other hand,
the groundwater of the Tomoe-River watershed belongs to NaHCO; type, and is rich in
chloride at the coastal area owing to the sea-water intrusion.

Mineral springs exist at several places in the Shimizu District. Springs used for
bathing and drinking are plotted on the geological sheet map.

Some quarries are now working micritic limestone and tuffaceous mudstone of the
Setogawa Group and sandstone of the Shizuoka Group mainly for roadstone aggregate.

Gravel and sand on the valley bottom plain of the Abe River are also dug for aggregate.

The annual production of the aggregates in the Shimizu District is about 100,000 m? in 1988.

0980



5 1B

1: KEFHEROEEKE L TEYT 2 XREDHEMEER

FHE-F—, A7 —VOES0.5mm, GEHEEUhS | HRAMAROHER 1 km)
2. BLUELATEOXREBESDEMBRER

ThHE—5—, AF¥—LOER0.5mm. cpx : EEHEH, ol ASAR (RK).
(REHFEh S« T ILOILEL 1 km)

0990



5 11

2

1 BlE RO TREXURBEOEMEER

THR—F—, A7 —-ADEX0.5mm, (GREHREMSE @ BETH T E)

2 BB LEOBRMARKSE (SAFA5—54 ) OFEBBEEE
THR=F—, A7 —LOKS0.5mm, GRHREGES @ BEHELOILES 1 km)

01000



ENIEIAR

2

1 BlUE RO 7 54 VIREOEMETE

THFE—F—, ATy —AOES0.5mm. ol : hASATH, sp. 7 TAAE AL,

(GREHFE S - #REATEIL O™ 300 m)

2 BTKILEEOTA 44 M OBEMBER

THR=Z7—, A7 —nOR&0.5mm. pl : fFEH, Q. AXK, cpx: HHER, hb . BTG
URfg). GRRHREUhS | SRTEEZ LU0 1. 2km)

01010



HIVEIR

2

D RMKEEORECEDEBRREHA

FHHE—F—, Ar—A0FHES0.5mm. pl: A, hb: AR, Q: AKX, bt: BER,
(ARHRIRM S - BEHRROE 1.5 km)

2IEMKLUEBEOTVAY FL T4 POBEHHETH

THR=7—, A7 —LOKS0.5mm. pl: fRA, ta. F5 - HEEELEED, o A,
(FERREU S - KT AY FHEDE 1.5 km)

01020



FEV R

2

CTHEINKUEED S ) 774 7 —DEMEER
BEXHE—F—, A7—AOES0.5mm mp: 427075749 7erRTHER Q! BXE,
GREHREU A BATAE FHEOME 1 km)
2 BIKUEROMAVLEDOEMEESH
THR=7—, A7 —AOK&0.5mm. pl: #EA, cpx : HRHER,
(RIS - ATTBE O 1 km)

01030



SCHERS | R

PILE— « TIHiE— (1990) #HAkMROME, MgnEHEEE CHH0 1 HER
t8), sEFER, 103p.

BIBLIOGRAPHIC REFERENCE
SuGiyama, Y. and SHIMOKAWA, K. (1990) Geology of the Shimizu district. With

Geological Sheet Map at 1: 50, 000, Geol. Surv. Japan, 103 p. (in Japanese
with English abstract 8 p. ).

FEK2E10H 8 H EI ORI
FRZEWALIH % 17

BREEEETESME 1 H 3/ & Fr

T305 FHEOWEHREITHI-S

HmRE L B H M

MmRAE &= F &
REHTRERAMHE 1-12-2

© 1990 Geological Survey of Japan



