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Miogypsina kotoi HANZAWA,

Globigerina cf. bulloides d” ORBIGNY

Sigmoilina sp.

Spirosigmoilinella compressa MATSUNAGA

Mavrtinottiella bradyana tarukiensis (ASANO)

Haplophragmoides sp.

Bathysiphon sp.

Pullenia sp.

Discorbis sp.

Uvigerina sp.
KELE

Propeamussium tateiwai KANEHARA

P, sp.

Astarte sp.

Protothaca sp.

Adammnestia sp,

Fusitriton sp.

Dentalium yokoyamai MARTYAMA.
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%, A LA LRI CIIRIK R~ KB G a2 T, B0 AIAITAE L Ttz ="y L nE
Vo ETFTEANG - BEROA Y A MeRFE L, EEiaCHEESLA AR T 2, 5 - fRA
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TITAMAERR DGR B D, AT A SR E AL E CREIRIR A R,
s (MrR)
BERER ORI L, HUKILEOAEL A EZEL, AGTORROEZHTOERSE TH 5,

o. 2 8 K 1 <F &

KIESFRE (A« REF—J&, 1928)

K@ LI FIREA~FREZ RTIEE N6 Y, I TIREJRE] 04 THHIN TS, L
OIIIE Lo less & ARE TROZ I KBIRRETH 2, AHURTIE, Sl Liscs RO Hic
FED AR, BERAEES 3 X OIS DEMEZ Kfg DOk L L Lz, Z OEK MBS I K OREKE
X, PR AR O PRI M ST, BT ILE TR BHITE D BRBE L o TV DS, A
DOHRBTIXZTORENEWH TH 5, MILEEEHIRO PEFICh > TEH T 2 AR 2 13 S te, A
JE AR DR IFEEN R TH D,

=i KR T R AESE VT

AR CIE TR BT R, SFIRO RO BRI =T 2,

NHBELUVEE AR ORI R R A HIEIC RSN D, & HICAEEIE IR B IY; 2 XA T
FRHZ D BN TR Y, 2k 0 ARSI L, SR RTIERAHE T HE OBR 23 5 <
AT Ko TR IRTHRERILS 0T D, Z OHIBIIAEPRERIRA ORER N D 55 L m W RE &R 5
HITH Y ETHSH) , HEFHEORENDITH LN TIEARWVA, KIEOEA, &5 WIEl
KUZEFRH T T 2 Z ENES D, BRITHEAMOFEH, FRT4HEmEFEEND, A
P O PR CIIEEAE S HIF S 50> TR Y, ENE—KRT2I0MTH 2,

18 ARJE O FRILF IR A~ SR A DOJLIRTR A 2 B 72 0 BT 2 & ARz BRI E, )1
JED XS ITHAE L A, Ak OB CIE T B EAIZHT T, WETRS ~ v NEES—
WA ~ IR A O/ (cyclothem) A3F S 405, HUEERT 5 0D XA (LI P e HiIs P8 k|2 9y o 7 Hiig
TUE, A OB FRIEHIA IS B~ CHRLE 2B B TR R I - B - SRR 72 & O MUK

ZRd, BT & KBS ST PREET/INEED U,

BB iR AT TALOM g F KO MO E &1 3EEERICH 5, AR OBIRESE DI
SRFFR N D72 <, RIEE S T & > D ARTFHERE O R 23 K & B O 1 CREEINC b~ 72 &
A% FBEAHOREIRK (F26X*) 72532 & AR I EHERTAIN OHERTBREE D o3 20 2 b—E
H DORIENHML S 72 52— CB IR S HERT L 7e — O ZEHERHR 2 /8 L T D, BALTERTE & OBTR & Bk
HTh 2N, HRMORER D H < 72 2 UEEHE LT, MU CHERd g & ORI ISR B e
b, W - EERE - SRS EEZ IS0, IROOBIIKIIEFEO O TH L HES

, ALK IO KIS BN I e o Te b B2 b s,

(&= KEPOIAITRRDO LBV TH D,

BT REESFEEN b

ZJiha
Fulgoraria prevostina (CROSSE)
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Neptunea sp.

Tectonatica janthostomoides KURODA et HABE

Nuculana robai (KURODA)

Acila nakajimai OTUKA

A, gotischei (BOHM)

Limopsis tokaionsis YOKOYAMA
HEFR

Cadulus sp.

Cornula sp.

Plicifusus sp.

Tectonatica sp.

Nuculana sp.

Limopsis sp.

Macoma sp.

Rectiplanes sp.

ek ALl

KRG T

Haplophragmoides cf. subglobosmh (SaR)

H. evoluta NATLAND

Cyclammina japonica ASANO

C, pusilla BRADY

Eggerella sp.

Martinottiella communis (I’ ORBIGNY)

Nonion pompilioides (FICHTEL et MOLL)

N. nicobarense CUSHMAN

Bolivinita quadri latera (SCHWAGER)

Uvigerina akitaensis ASANO

U. canariensis d’ ORBIGNY

Valvulineria sadonica ASANO

Angulogerina kokozuraensis ASANO

RAERE 15
Quingueloculina seminulum (LINNAEUS)
Dentalina setanaensis ASANO
Elphidium subgromulosum ASANO
Angulogerina kokozuraensis ASANO
Angulogerina hughesi (GALLOWAY et WISSLER)
Uvigerina akitaensis ASANO
U. peregrina derupia TODD
Bolivina robusta BRADY
Eponides umbonatus (REUSS)
Epistominella pullchella HUSEZIMA et MARUHASHI
Cassiduling japonica ASANO et NAKAMURA
C. yabei ASANO et NAKAMURA
C. kasiwazakiensis HUSEZIMA et MARUHASHI
C. subglobosa BRADY
Glovigerina borealis BRADY

(2 - Kk
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I. 2.9 4 [ Jg

HERfE (A KA —, 1928)

REZEE UTRE SV M~V MEDAE 72 SRR 22 ES 70 H72 0, Mo - B - §E
PEERHA SN D, AT e ITmE R MES T, PETRIEERN AR TH D, MR T
WARRE RIS A D ET D, & TR TEITEES DR ENE L, —EBIL Lo RMESEkE &
BRBERICHE LD EEZBND, AMIMNICEW THE CIX T OREERBICEAICE RS, L
L7223 &5 \BRIR R D s D ST BN AT g JLE I A B AR b TR Y, R H
BN SERICIT S 5 & b IERIMEIR CH o7 2 E BTV D (HILRE - e =R, 1963)

AJE B E A KRB B A & sEH L Turritella, Acila, Macoma, Mya 4725 HJE % 72 L CT#
T2 E03b5 (F27*)

i AR T AL 5 R — T 4

AU TITIE S ARJEDR AT 2725 TAckE & OBFRITTIIR AT E R, FR, L8 & oBRITENS
fHECRBIZEIND (B26MBH) |

NTHBELUVEE AR F U TR SR A AR A < A3 A3 2, HUEARED C i mifebih 4 &
THBH LY XL ARzidor i L2y, B C A TR 2 FE i L o CHIJE AR 3R LKW
DR BND,

FEL L L MU T VAT S B e M 0 5 a0 LB S, ALK & OBERIITE
BahTnd,

#28  HEMfEO R ELE 2RI E LV N
(IR EETEH, <FR)
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JE R IE AR R T400m,  HBEE—FRT510m, HENR—KIRT740mTH 5,

=g ARIE OIS IRFIR O~k %R L, MR IR OVes L+ 5, Lol —
WACIE KRBT & BN THBL TRV DL MAB KOSV NERVAE NS 25, B TRALTIE T~k
D<A (BE28K) .
PEETIIEFATIROBEB A BIR SN DY, ZH BIF2RMNHERIC X D 60 &5 2 D IRER AT
IZEAE T, MERM O TV ORI &3R5, ZOREME Z ZCIHMRIC NED &) LRy (B
201K0) L PR MU T HE U 7o MU CITHLRIA 23 B8 T 2, AREHIZIE I < BRI BAbA 030
ET %,

A TR AL L BB R (23 RSN 0 TR ) RSN IR © & < BRI A B4, Hib~rh
HE UV ABELED CSHOBEEMRESH, BHEVHOITMAMICET 5,

AT P LIS el L CIRAE A T 5, IEICIZOAEAIL NED &) BNEFEND,
AIB IR ORI E N2 <, BEHNIN O F% B ARE I - 7 B CIEE & 17TmE = 2 54

H20l AR g O Yess IR A B S ABAIZERL 13 5 =47

JABHAET S (30 . WA ~HURIED 22 B 72 0 BEREL CHRUE K O & S i fie, BRI
G AL A O 2L BICE ATV D,

AP OESITMRL TV MENENLU T O DNREPRETH D, T LTRSS BIMEZRD
HOITDIRNP R L LB TE S, #EMIEFIZInE LTERSh TV D 8EE, =5
5 (1962) (2 &> THIHITEE TR B Seb D TH D, Z OFE T T/E Z45~60cm
DR FET v MO T FIRICFFHE 72 O 8 G 2 R TR A BRI & L v RIS & e, R
JE AR —HIRI—HLRL O HERS MR (cyclothem) Z23(FET 2,

J=gAESTER AHIF O M TIEASE L FALOREFE 2 G IB, B o) &I IT R
GlIEDND, 7, J\EREELHUROGUFE LS L OHIERPRIEOFEERIC JduE, 0 8 AL | S
ZhELBOBHERAFEANTET HZ EMmbn TS (S, 1963) .



33

tm AT EREICBEAZER L, WEEICIEE SICEET L, RFIRBIT RN R
HFThb, TNHIETEDEBY THD,

ok B BN FR M AT, WA oW RO Bba
Cancellaria sp.
Fu’ goraria (Psephaea) sp.
Suawodrillia declivis (v. MARTENS)
Tectoratica sp.
Trophonopsis wyemurai (YOKOYAMA)
Turritella saishuznsic YOKOYAMA
Acila nzkazimai OTURA
Anadare amicula (YOKOYAMA)
Giycymeris winockiensis var, (SOWERBY)
Clinocardium fastosum (YOKOYAMA)
Protothaca adamsi (REEVE)
Macoma calcarea GMELIN
(52 : AILkE)
1R HPVIVERDO B LA
Chlamys coshibensis (YOKOYAMA)
Patiropecten kurosawaensis (YOKOYAMA)
Lucinoma acutilineatum (CONRAD)
Serripes sp.
Macoma calcarea GMELIN
Mya japonica JAY
(BB + Kalrkk)

LUt N
I 2. 10 i JII )=
)@ (4 KGR —, 1918MS; #MILIURE, 19258371 ; £ fth, F4kF28h, 1930 ; AT ILE

’

1934 ; KRR - MFH/NE, 194152 &V finds L ERD e SHLT)

M 5 T e s o0 R DR A 2 LB S BIA VY, SERNIRASE IS DT 2o+
5o JBIFIFAOMH 55 08 EIRIZAHTH 5,

=g Tl LTHAEBN LY TRLORERME & I300E H A RICT 5, ENRTIESY EEan
TR DKL~ ABRLOTE D B 72> T D, & ISR ORIEIICIIRE S M, H2WIER
VB & LI E UG O/NE~TENBEAN LS TE 20T 5 2 & b b 5. WEETITIE LI LITEESEA
LEIRZHERR RN D,

IEAESLER A ILE OB TIIT R A DAL T ENI0emDIE E THTEL TV D Z ENH AT
ARJEIE TALOFENE L TN EEOMRICH L2 b D LHEESND, AT OHEICKIT 5 0bW
LMEME L s R EETH D, LA oORERE L OBRIIFEHE RS AHTH D,

B AEhH S eAIFEN L2, KJg EEOEIK OB EE T3 < OERERIBES
nd,
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o. 3. 1 % W /g

W (M4 0 RIBE—, 1930)

ARHIE T A IR O VT AR IRE SN, & LTIk ~AIRID S KO 520, Bl
N ERRE AL S T, AJBILREE L) E LT OIS 2 FIE RSO EE Rk 2R LR B )
B IR 2, BEI (1965) 132 05V HERE T LU s & L TR, AHUELESTlk20
~AmOREE B FHE 27 L, BEEICH> TEBIET 5, Mk nzET 2 @3rEhicy v Ak
BRBNEEND,

it 1A O B I FRES I A B R I A A O B MR & ST D, ARHBR ClEpE o
J\BRIE I — 4 CHHE AR 5 5,

DEHEVEE AL O P I H 5 = RO HE & 58 > TIRERFECHM T2, #IHET
T BV E MR 2 IR L, £ OPASEET SR CRHMNERE) 12> TEIHT 2, Bk IIEE
LTS L 2 ATIHERIIATH B, BIFLIFE TIIHBIZIZEATED, ¥ <ERICIRD, A
JE DS AT ITHG R S A AR S, TR B RS TR B O TR 2 Bk L CIAL ST %, £ O
FEIEE L L CHEEm80mMEL FOHIK Th 25 2%, @V E = A TIHEE120mIc b AR A b D, AT
WM 720, = OHEEM AR & PEFER TS (BER 5B, 1965) . AEOREITITHI%E
THERISoMA T E S, BB OFFEEHT L uF120miciE T 2.

b=t i HIEEICIE S 1~2mOBE AR ET 5, BORE SITER~FPIRRPETHBED 5V
K S REMED 5725, ZIE L LTS & 2 ATEEINE S Bk L7 Ufif i
ROEHIERMES . M0 OEREN OFBEIETOBEE TIIBITEE B CHIBE~ 2R T, F7z PR~ Rz
WOFIZHOMEMCEENTERDE LRSS (E3LK) . BEHOBHIIA v TV r—va
%R LEAUIKTEDNEN S TEICHN - 2 L 2R LT 5, (BIENHE AN EZE Sh, 0%
TR T D, BIACHERL 2R H0 40 (I3 4618 2 R T IO E 25 5 £ 1UE S1330~40emTh 5, WhIE
I LR LIRAEABIE ST 5, TR B E A5 &30emids & UN5ema i@k z 13 S te,

i IP ] [} JE GEEETEI.
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SBIEAFITIESRR ORI S A3 FEE LERD IS R R 2, AR ORI T e L/ 3 B4R
Shad (832K)

=TS LEA ARHII TV AL OHER 8 LA T 2 B EARI RS TR D . )18 & o BIRIT oA
WARRIRD IO TH D3, WA EH AL P2 T E 2 RS I0E S 2L nmbiTn
%, AR O E IR S RIS IE O T E I Twave baseS 272 W B 0 12 2 L B RT LD TH A 9,
itam % DA & Corbicula japonica PRIMED EE I 2N 51 HAL TN S, IS HR) 1 o0 [ETE IV
DFEHEN B Corbicula sp3fi b7z, Loy L HAbAIZE b TENTKREICRT L ) et %
PET D,

HLIFE WEE D oMb a
Trapa manshurica FLEROV. var.
T. bispinosa FLEROV.
Juglans ailanthipolia CARR.
Fagus crenata BLUME
Styrax obassia SIEB. et ZUCC.
Manyanthes trifoliata LINN,
Cryptomeria japonica (LINN.)
Larix leptolepis SIEB. et ZUCC.

Thujopsis dolabrata (IINN.)
(#EM—18, 1965)

o. 3 2 BREHEMBIOWE

BE M DBy IR LT3 b D, B mIdE - 1 - Kt C oM b2 5
HEREE &, BRI ~ERE7 SR T T T BB 2 IR LR BB R L h RS,

BB (T H 05 b bo b bIEWATIZ D, BTG, N -7 B KRAHTIC
JEL AT B, B X 10~20mo B Eifi &2 T 5.,

ERE75# (WPHEE) RV oFEE)
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W32 WP TICBE S DR LNTE (T FETERER)

FRALEE . (Tm) (2ol B HOFERARE, O R NS TS AT 5. A E20~60maD Bk [
wx o< b, S HIATE OB LEICHI S T & D AlREMED & 2 3 A RN < B 6 22 TR W,

ENLER R (Th) XES100m4 = %, SHILPEE I CriiE @ 180mIc B M N A b ivd, Ly
LW b oA a3k,

BE IR L2 oA A3 R & D A BERE T 2 AR TR 35 X OVBK A [ Hidsl L2 23 TR I & <
34 L, ARHUEN TIZILo —#% 7 L CNNW - SSEOFAICO NS, B AT & I (775> -
TI~105N DO A GRS 2 3 K& < i, AR & IR R T HIRE « Fwd BFIRE - N
keth LA 01T B LD,

RERD B 51 B MR 5 3.5~ AkmNEEEZ &5 1, RIFAN OB AR T, &l 55
PRLICHR DWW TH D, T ORNEEN THFTZAF O AN G732 5, BEMOHERITS I, ES
2~3MLUANEETH HH, KBPHFTILLIOME Z x5, FEETZHROFM I X OKIEAK/ N RTO
FICTIT T o kLKE B E L - By - KILREREA L - W EWONHICER ) IS Lo L 72
LIRS LR EAE LT 5, 09 AR ILKE B LR & 30emilifts TSSOV AR S
FNTWD, W EITRBFE JOYHEE L TR s,

Wb A ZA~BHI OR) AN I ET D, HeidTTI0mE Z 2, T T EWn 6720 ik
I Lo, WEIEghs SO OREE L CRIASNZY, FBIECMEL S 2o T b,

TNHERD AR H ARUEI IR » 7228 O BAIRECTH 5, EIX500~600mTdh 5, T HIT TidRw
A& 6T 2,

O. 3. 3 ® M /&

AHIIRAN 2 i LRI TE CIB S BN - JR)1 - BB, o> /NN S > TR & 7= Il vt
JB L, JEREOGDII > THT 5, WIRIRTE X OWR 280 2 SR 55, J\EREH
BT TARIC X > TTRE(L L, IRMARHEROTR - B - B2 X & L IS OABBHRLND, WHHE
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EHOIENE ZA1IF70mE Z 25, NERIBIZET HfEE O TIRIZ0strea bed i & & 2 Hi T
% (FrEpEKHES, 1968)

m. & M #

m. 1 # @

AU TR EXBRBATIEL © 2 b DITAIMB LORRATATH D, HIERTICALET Sl & LT
BIHE < B E - WA S 5, BRIV TR A CEEIOL X7 Y v b, BIHE
THEFEATFX Y v bob, WA CEESTF Y v MVORENZ A7, BUEZ D OE T4
SEALLAEFEDENZAACE>TWD, BHIEFRICOVSERTICHEAAOND L 251355
25, HP OB L LCi/hanZ &, MAEORENREN &, KIEER2 0 ETE TEALT
WHZ L, 22ET, MEOBRFREICHT > TRE ZRIFHTE TR, HIRPE RIS IEAY 2 1\ RRE sk
OHITITITEREESEE SN TR Y, ZOHIBOTIAEIE S TS, ZOMOMTERE LTI
IR - IR - M - - N—=T A b - R LR S D KFEICB U CRES B R HEE 5 O AL
FHOENEERPHT Y ZE LT D, EMIVEOMRREENLZEMZAD LS 2 0L 25
TIZHERE L TODERZOREITNTILE /A S0,

M. 2 A3 K ORTAMER SR AT A

AT (1965) OEEHZ L D,

Z2)IHA (PRICEHRL)

HMEH L UVRE S B AR RS OFKH T RIS & 0, BLPIRRRALRER R 5 Tkmo L
#7100m EREHATIZH 5,

b= HE—H T EIAE ~ A SRV )IE - RIEFEN L2 5, SilEixz)lE - )l
B OREIREIETH D, M TIEBEE 2B B LT,

#iE R IC R F— 22" L, WEOBEMTP L <15~18, THE|IKI45 2T,

3% D O OVERTAE~2,200m, 18 1£800m CHPETED W E A G 2 8-> T\ 5 (BE33X)

i E PRI O2MERE 3T DAy, il g e TS TE O E FF130m, VRIS BE X R AR
I FAI31I0MTd D, M) IE O REIEE T ENHEUCE R B b RIE S B b T\,

[F5H - KOMER JFOMRIZEDO L) TH D (F12%%) . MEADMERIZONTOESRSY

12k BRI R ER R

B oE| B W/ | K Bk | Rl 5 B B B
5 a s m | osec| e see| e | ec HEM | ow|m o w| m o
~215°  ~275° ~300°C~
0. 941
W REm B 476.1 | 274.2 | 178.8 47 88 18.4 1 20.4 ) 28.0 l 32.2

(HAZLEFRV—6LD) FigL03°C
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33 R A
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. H Hh
\ i 51 Jil = J
) i W = n
& iy biii] H A & i I A
(k1) (km3) %D 1) (km?)
BI¥a45 1912 174.90
KIE 2 8,181.59 322. 00
3 107, 822. 80 1,125.00
4 144, 631. 30 12.27 1, 649. 00
5 124, 480.11 799. 02 9, 651. 66
6 111,573. 88 6,353. 6 735.44 51,920.15
7 86, 909. 45 8,322.8 1,214.23 54,993. 81
8 66, 900. 31 6,362.5 1,944.67 65,033.72
9 59, 292. 78 6,323.2 2,421.09 68, 228.59
10 1921 67,019. 66 13,213.6 2,497.89 86,816.11 881.3
11 37,139. 02 3,736.0 1,937.87 67,819. 36 2,124.6
12 40, 887. 65 7,516.1 4,526.20 49,722.17 2,321.2
13 33,714.49 6, 050. 5 8,259, 65 40, 630. 04 2,176.7
14 31,987. 44 5,160.5 9, 652.79 30,229. 72 1,767.3
15 27,202. 15 3,678.6 9,481.18 22, 440. 45 1,600.6
WA 2 1927 24,624. 62 2,264.4 9,802.33 21,945, 60 2,726.2
3 20,718.70 2,855.7 8,613.31 19.294.19 | 1,582. 4
4 18,739. 30 2,192.5 6,688. 36 18, 035. 02 1,290.7
5 1930 16, 037.10 1,876.3 5,122.80 16,733.49 759.7
6 15, 077. 00 1,764.0 4,063.23 16,131. 85 694.7
7 14, 535. 52 1,700.7 3,683.36 15, 809. 27 890. 1
8 13, 379. 30 1,565.4 3,978.08 14,934. 46 1,080,8
9 12,144. 80 1,420.9 4,443.61 13,433.71 1,140.6
10 1935 11, 460. 00 1,340.8 4,151.87 12,928.25 1,159.1
11 10,744. 45 1,257.1 3,977.79 12,272.18 1,088. 4
12 10, 431. 40 1,220.5 3,707.87 12,776.72 1,254.4
13 . 9,291.00 1,087.0 4,524.90 12, 287. 38 1,322.2
14 8,415. 00 984.6 4,869.71 11,471.11 1,291.0
15 7,628.00 891.9 4,321.36 10, 803. 90 1,359.2
16 . 6,690. 00 782.7 3,978. 00 10,122. 67 1,478.0
17 3,935. 40 460. 4 2,610.69 6,284.72 1,835.0
18 4,344.28 508.3 2,399, 09 5,689, 67 1,299.7
19 4,587.80 536.8 1,754. 64 4,601.19 523.0
20 1945 4,336.25 507. 3 1,261.87 3,308. 36 554. 0
21 3,110.70 298.6 963,79 2, 756. 66 762.8
22 3,271.20 299. 4 1,685.32 4,436.52 764, 9
23 2,476.18 283.0 1,250, 09 3,138.60 723.1
24 3,789.16 270.2 1,421.85 4,244.54 667.5
25 . 4,553. 06 269.5 1,622.69 4,367.10 662.3
26 4,525.67 111.3 1,812.64 4,224.54 350. 4
27 4,664.54 102.1 1,852.21 4,281.58 328.4
28 4,533.58 106.0 2,189, 40 3,928.73 341.9
29 4,545, 87 109.9 2,061.40 3,894.45 332.6
30 1955 4,588. 63 109.0 2,134. 09 3,903.78 301.5
31 3,949,51 112.1 671.75 1,311.66 95.0
32 3,585. 46 112.1 4,795.90
33 3,735.57 103.7 4,413.20 HE
34 3,457.22 103. 4 BL 3,976. 97 =
35 3,363.79 108. 4 T 3,830.41 1,809.0
36 2,885.79 78.0 & 3,509.23
37 2,476.00 13.7 i 2,992. 25 709. 0
38 1,955. 00 28.6 ~ 2,746.23 1,435.8
39 1,824.00 156. 6 & 1,854.16 990.2
40 1965 1, 580. 00 760.2 E 577.82 110.4
41 1,669. 00 130.0 1,329.33 53.0
42 — S— 1,299, 04 2,148.4
- 1,228,232.70 139, 000. 0 145,100.4 | 1,008, 355.68 46,692. 4

RERGEEE & D 3IA (A2ERIEN « B4 2> CEEIE CGRIeaEND O

Wridiau,

131V v M v Y ek 16685.0mg (RA0ESH) 7> 5 #%/N4082.5mg (C1753F)

il

EARE

BEAZTWD,
8T*¥nl vy b Thod

—HiHORRKEREIRSZHO8HTF Y v
o M AXERAEAT AT

1V v b 729 HCO; 134 K3619.5mg (C205-4F) 75 #x/N439.2mg (R40%5HE) , C

IZhblzoTWn5

SRV 0D PE T BV 3B RS I I AR EEL0T - m U T

Kb, AR O R
IETAHLOEBZ LI, BIBPIICIIFESE L Tz,

B L2 3B A<

$K9115

T3
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LI\ BB O T 2D 2B E > THEENMEML TS, 5B LTACHHEN/ LT D
(%13%) .

2)IHE - HLCHE (RiAmEXst)

MEH L URE )1 PR H R P S, FERK AR LR & 0, T 1L R TR P T8 T
TS L2 DRMICH D, Z 0200 BRI H O P8 G HIAkmICALE S 5, (o e
i1 D BLRIEE TH D,

AR TIC 380 T HI R B IE CIRBEIR S DR EITZ LV, ErE I3 O FE55£93,000m,  15:91,600m
DFEMIE F— 2R RHEE T EBERA S IEE, BIERAHIEETH D, SIEROERICIEET
2% WX S ClTE H OBIRNIIER 12D D, BRI KOREEOWE R R oD (5534K) |

TEWTE O P OJENEE S 2 DR LTV D, FUHOMERZFRTEFEIRD LB Th o, &
JI = I E O FHIE T 27 7 v b EETH 2, FUHOLEIM & < 5_TRT, HHHEE O TEI
ETCREL 2%, HHMOHAZ v< b LIVUTHEBKROZERRTHL LWV D,

1A% BJINMA - L RO PR 2

= bid B OBlkE RBAkE O # B OR OB %

FumfEm | B . . } .
®a | mm | s0cc arc soc | e ec | M| KT | E i | T
~215° C ~275° C~800° C ~

WHLHE | 0.9423 | BER | MEE | 48.6  27.0 17.1 | 64.0 87.0 3.0 \ 14.5 9.0 172.0

81.5

B)ilwE | 0.9768 | B | B4 | 655.4 286.6 141.1 | 113 174 7L | 13.5 4.5
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GEOLOGY
OF THE

GOJOME DISTRICT
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Hirokazu HASE & Jiro HIRAYAMA

(Written in 1969)

(Abstract)

The Gojome sheet comprises an area from lat. 39" 50’ to 40" 00’ N. and
from long.140° 00" to 140 15" E. and lies in the central portion of Akita
prefecture, Northeastern Honsyu, Japan. In the west, the area is bordered by
the shoreline of the Hachirogata lake where has reclaimed, and partly by that
of the Japan Sea. The central town in this area is Gojome-machi, where is
located about 25km north of Akita-Shi.

The rocks cropped out in the area are mainly oil bearing sedimentary
rocks and volcanic ones of the Neogene Tertiary. The distribution of the
sedimentary rocks are controlled by so-called “Oil-field Stucture” in the district
of Northeastern Honshu whose trend stretches north to south. Apparent thickness
of the Tertiary system attains totally more than 2,400m in the area. These are
named in ascending order : the Koyanosawa, the Koani, the Onnagawa, the
Funakawa, the Tentokuji, the Sasaoka and the Shibikawa fomation. The Quate-
rnary system including the Katanishi fomation, Terrace deposits and alluvium
overlies unconformably the Tertiary system.

Generally speaking, these series of the Neogene formations are the product
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of geosynclinal subsidence and they are mainly composed of siliceous shale,
massive mudstone, siltstone, sandy mudstone, sandstone and many intercalations
of tuff layers. A summerized stratigraphic sequence of the rocks is shown in the
Table 1. The European chronological subdivision and absolute time scale are
also given in the table after K. Chinzei's trial.

IGNEOUS ROCK

Within the area of Manaitayama volcanics complex, a mass of quartz
diorite intrusion crops out. The western rim is bordered partly by fault and the
rest is abutted by Tertiary sediments. The age of the igneous intrusion is
considered between the time of early to middle Onnagawa stage.

NEOGENE TERTIARY

Miocene

K oyanosawa for mation

The Koyanosawa formation is overlain conformably by the Onnagawa
formation and lower limit is not known. The name is given after type locality,
Koyanosawa at the northernmost area of the sheet. It is distributed in the
limited area along the anticlinal axes or cores of dome structures, and is
composed of shale, tuffaceous shale, sandstone and conglomerate. Poor outcrops
of the formation pleclude precise observation of the formation. Total thickness
of the formation is presumably more than 250m. From the calcareous layers in
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the formation, the occurrence of the fossil foraminifera Miogypsina kotoi
Hanzawa was reported and the formation is correlated to the Miocene Nishi-
kurosawa formation which is the type formation in the standard subdivision of
the Neogene Tertiary in the Japan Sea coast area of the Northeastern Japan.

K oani formation

The Koani formation crops out only in the easternmost portion of the
area and is overlain by the Onnagawa formation. The formation is mainly
consists of hard-shale with abundant deal of layers of spilitic basalt and its
pyroclastics. Also dolerite sheets with maximum thickness attains over 50m are
often observed.

The formation was firstly named and described by M. SaiTo and A.
Osawa (1956) in its type locality in the Aniai sheet map area east to this area.
Based upon its stratigraphic relation with the overlying Onnagawa formation
and palaeontological evidence, it is considered that the formation is contem-
poraneous heteropic facies to the above-mentioned Koyanosawa formation. The
Koani formation is the northern extension of popularly known Sunakobuchi
formation nearby Akita-shi. Much amount of basic volcanic rocks in the forma-
tion suggests marginal facies of the geosyncline.

M anaitayama volcanics complex

Centering around the highest peak of the area, Manaitayama (721.8m),
Miocene volcanics complex crops out forming anticlinal and topographic height
with north-south trend. From the cores of borings for oil exploitation, this
volcanics complex is recognized to be distributed widely beneath the sedimentary
oil bearing formation through the area. The volcanic activities range over middle
Onnagawa stage to middle Funakawa stage. Volcanic rocks are rhyolite, dacite,
andesite, basaltic andesite with large number of amigudules, and propyrite.

Onnagawa formation

The Onnagawa formation conformably underlies the Funakawa formation
and both formations are important as oil-bearing horizons in the area.The
Onnagawa formation croups out along the north-south trend folding axes and
counts maximum thickness more than 300m. It is characterized by well stratified
siliceous hard-shale intercalated with many layers of tuff. Many minor foldings
are observed locally in the area.

Two structual fault and folding systems of north-south and northwest-
southeast trend develop cutting each other conjugately.

The occurrence of fossils are poor in number. Marine fossil remains such
as fish scales and fish bones are found mainly in dolomitic nodules of the
formation. In addition to those, some foraminiferid fossils have been reported.

Funakawa formation
The Funakawa formation crops out widely over whole area except the
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volcanic rocks area. The rock facies are massive non-stratified black colored
mudstone with considerable number of tuff layers or tuffaceous ones. It shows
that the formation is the products of the subsidence under stagnant marine
condition in geosynclinal region. However, it can be observed remarkable slumped
beds within the formation which may be formed by the submarine mudflow
triggered by volcanic activities.

According to the results at carefully surveyed area, Yunomata to Asaminai,
north of Gojome-machi, the slumped bed may have affected the minor differentia-
tion of the sedimentary basin. Namely, at the area, the thicker the slumped
bed is, the thinner the deposits of the sediments above the slumped horizon
become, and vice versa,though there are not so apparent differences in the
thickness from the top of the Onnagawa formation to the base of slumped bed.

In the type locality, along Kokawaguchi-gawa, total thickness of the formation
attains 670m.

Foraminiferid fossils have been reported through the formation. However,
megafossils are only found quite locally in the lenticular, coarser bed or pebbly
mudstone and they are rare in number.

M oriyama volcanics

The Moriyama volcanics crop out protruding on the coastal low land in
the northernmost portion of the area. The name of the volcanics was given after
beautiful mount “Moriyama (325.4m)” . Rocks are mainly biotite-hornblende
dacite and minor intrusion mass of rhyolite is observed.

Miocene-Pliocene

Tentokuji formation

The Tentokuji formation mainly consists of grey mudstone, and intercalated
with tuff layers of comparatively fine grained. There are no fundamental
differences in rock facies between the formation and the Funakawa formation
except only slight differences in color and grain size of the mudstone.

The lowest boundary of the formation is asigned to the top of the
Y unokoshiyama rhyolite lava flow and its pyrocrastic layer which forms efficient
key bed in the area.

East of the Gojome syncline, particularly along the Manaitayama volcanics
complex area, the formation is intercalated with many sandstone and conglomerate
and interfingers with the lower part of the Sasaoka formation.

Scarce number of mega-fossils such as molluscan remains are found in
the formation, though foraminiferid fossils or monoaxial sponge fossil Makiyama
chitanii MAKIYAMA are generally yielded.

Toal thickness of the formation varies from 270m to 430m at the measured
routes.

Pliocene

Sasaoka formation



The Sasaoka formation overlies the Tentokuji formation. As a whole, the
lowermost part of the formation is composed of coarser sediments compared with
that of the lowerlying Tentokuji formation. In the eastern flank of the Gojome
syncline, 3-4 layers of conglomerate are observed at the bottom of the forma-
tion. According to the data obtained from oil wells in the Hachirogata reclaimed
land, remarkable unconformity is known. That is, the Sasaoka formation overlies
directly on the Funakawa formation lacking the Tentokuji formation and some
occasion, more than half of the Funakawa formation is eroded out. The Sasaoka
formation comprises siltstone, sandy siltstone, silty sandstone, sandstone and
intercalations of round granule-pebble size conglomerate. Tuff layers in the
formation are fine grained and not so thick, generally less than Im, some of
these are persistent and tracable as good key beds.

Abundant molluscan fossil remains are found particularly in sand and silty
sand facies. Total thickness of the formation attains maximum 740m at Y omo-
ginai-zawa to Mizusawa route and 400m at Terasawa.

Shibikawa formation

The Shibikawa formation forms the uppermost part of the series of the
geosynclinal sediments in the area and is distributed along the axis of the
Gojome syncline near Yomoginai-dai. Only its basal part can be recognized in
the area. The formation is well known by its abundant molluscan fossils at the
type locality, Shibikawa in Oga peninsula about 20km west of the area. No
fossil remains are found but many “Leben Spulen” in the sand bed in this area.
The formation is mainly composed of medium to coarse grained loose sand. It
is distinguished from the the uppermost part of the Sasaoka formation based upon
the difference in color of the rocks and the existence of some basal gravel beds
of the formation.

Stratigraphic relationship between these two formations may be uncon-
formity with basal gravel bed. Thickness of the formation is more than 40m.

QUATERNARY

Katanishi formation

The Katanishi formation overlies almost horizontally the folded Tertiary
sediments. The formation consists mainly of medium to fine grained sand and
gravel with silt and peat layers as intercalations. The formation is distributed
along the eastern periphery of this area opposite to Hachirogata reclaimed land.
Topographically, the distribution area forms low hilly land less than 80m above
the sea level.

Some genera of plant remains such as Trapa, Juglans, Fagus, Styrax,
Menyanthes, Criptomcria, Lxrix and Thujopsis are reported from the formation.

No animal fossil remains have been found except Corbiculid fossils. The forma-
tion is deposited under the lake condition of brackish to fresh water.



Terrace deposits

Terraces in this area are classified into three groups, the upper, the middle
and the lower terrace in terms of their altitude above the sea level and surface
topographic features. The lower and the middle terraces are comparatively
dominant, but the upper terrace is almost eroded out. These are composed of
gravel, sand and clay.

Sand dune

Southwestern corner of the sheet map is covered with dune sand. Nine to
ten rows of sand dunes stretching northwest to southeast direction are developed.
From the Japan Sea side to inland, they reduce the thickness of sand covers
and their topographic height.

Alluvium
Several rivers flow in the Hachiro-gata and form fluviatiatile plain along
their courses. The alluvium is mostly composed of sand, gravel and clay.

ECONOMIC GEOLOGY

Oil and gas

The most valuable underground resources in this area is oil and natural
gas. Well known Toyokawa(includes Urayama) and Kurokawa oil field are
working today, but they have been almost exploited out. Some of oil seepages
are recognized on the anticlinal axis at Bo-mura out of the oil fields, but
prospecting for oil here have been unsuccessfully carried out. The Hachirogata
reclaimed land is expected for future exploitation, where some anticlinal
structures are assumed beneath the lake deposits.

Miscellany

Besides oil and gas, a hotspring, mineral springs, building stone and
sand, pearlite and stoneware clay are notable as natural resources in the area.
Among them, Dacite of the Moriyama volcanics is extensively excavated as
building stone and crushed stone at some places.
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