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Schwagerina cfr. japonica (GUMBEL)
small foraminifera

Loc. 12— HEAUL  URHRSRAT [ R 53k D 74 /5

Coral
Loc. 13— HEA IR S CEL SR A [ =L 5k O vh 75
Coral

Loc. 14—l V7 P8 P AR B0 07 JET 11 5 L
Neoschwagerina craticulifera (ScHWAGER)
Neoschwagerina cfr. colaniae Ozawa
Neoschwagerina sp.

Schwagerina sp.
small foraminifera

Loc. 15— i VR p8 FPF B o ST 1 s (L oo AL s
Neoschwagerina sp.

Loc. 16— I U2 74 FI PRI £ TN P s 1L o AL
Neoschwagerina sp.
Verbeekina sp.
small foraminifera

Loc. 17— &l VR P8 PR o WEHT AR R B D e 77
Neoschwagerina craticulifera (SCHWAGER)
Neoschwagerina margaritae DEPRAT

Loc. 18— Iy UL SR F P AISHE SE A Hh il o R 5
Neoschwagerina cfr. craticulifera (SCHWAGER)
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WEETICEESNALAR, WIThEZEBKEZRTEDTH S,

B OOIREOMEICIE, AIREDIEMCHERSNNZ V. Ok EBEZS O
CEBERNGREE > THERI L2 C L 2R R L TV 5,

LA L, BEROAKEOHHICE T, Hlc k> THIKE - BRI h
SIS MR E B K UG D2 D R 5,

Flfk 35 K ORERREECA * °Y ) 0 RS OIS K OO LIRS Z 75 S Hh
JEICE LW, RN LHIREBICIE 2 DD THEV, MBI B TIE A IS & 8%
IRRIRE S 5 THBIT 2 DM CTH %o Bl Z S HEEER BLR BT IC I BRI S DY A RS
ZWOAATHARZRL, H2VIEAIREDRERL Y AZHHE L TOEDNH5
NB, TOPNCE>T, HifkkE T X UHERE DA (35 P OIK S OHERE & [FIRER Dk
I TH 5 LE T ENZH, — RS ORI IZ GO RIS HIF IR >
THEELTHALEZLELONZEDEZ W, PO Ty Ml O A (F S E-
WICHU % KEHRSE, TLABOHERMRICEALIZEDTHS S, ThDEODif
DOEBEHICMTH O FANCES TER,

CNEDEAFEICEZDEAHLTEY, 2EERO~%FROZREL, FFLL
ZHRLTVRIBHICERBOEERTETLEH 5, KIADBEITIE IR, B
KTh->T, RICEMUTHEH LD, WETEEARZDL STZH LGV, KEh
THIEIN S > TRELE LTHELTWVS T L2, £ Mk, BEakkscd
B0, R >HLROE O, MK THMEE~HEEEOLDEEH 5,

WAMNCIER > FEZRT T LEdH b, BINEEDOE DI > TH-> T, Kk
OFFEL - JFED 5 DI EEE R LTV 5,

KEEDHEICBNWTE, BIKEEDOLEICBNTE, RO IS Ik
ABXUCREATHZH, ZELTYIIVA - BRG - Bifa - fEG - BER - i
Efi-Jifffi - Vo254, HB2VREAORFICED > TVDB T ENZ, R
DFEANCIE MM 5 AREIED TR L TV 5,

FEEREE NS mMEOEME, MEDHE LTZRICEENTWVEDT,
fifa O E Lb—iiE, HEASE L TEHELUMOEDTH S,

#E AREoOLEmIE N 40 ~ 80° E T, HANE 40 ~ 70° N Th %, AEmiddbHipicis

FE10) AR R Ic kB E T ANEB L,
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MR 10 ZESRERRE O/ Z RS GRS T Ic B0V

WTIENEDEMERTH, WHHICBOTIEE-WIHEDEMCZELT %, R
Sk D i P B TSR &, HETER & ORISR IC BV T N-STEoEmz 4
L, MigEOREDE LY (KK 10 1),

Hy LR O A L O JE#BH & O E RO ILEIC BV T, NEFE~ E-W D WiE A
E-TW5B, Ik, TOEMNICHIEINCI > TeWiE &, NIFROTETRZ 82 N-S T
IRV & D, w3 - ST - fEE B X OB ARCE 2 Yo T
%o HBEFFULE - FE5E R S CICHRRIE OIS MES 2 WA 3B X U hd kil S
20, LRI BV TR RRRE & Bl & Y .

HERA FREOONED S IEARAEDEICBW TR Lizk 31c, Bipmickitkh
BXUHOGRBNEE N, FHCHEROMAIC XD, MERL 30X 51
flism & b, Loc. 1, Loc. 2, Loc. 31 %> Tl Genus Pseudofusulina, Genus
Paraschwagerina, Genus Schwagerina IZJ&8 9 2 #jd iz pEH U, HAORUEE
FICB T B0 bhid% Pseudoschwagerina zone O _FEICAYS L, HHERAIE L
BROPHNCET %, ¥, HRE/REONERICCNEZRLT 2551, ROERE
ERE O EEHEICAHMS T S8 DTHA S, Loc. 4, Loc. 5V Tk Genus Para-
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fusulina, Genus Misellina )@ 9 2 ##kz L L, HARDEEEFICHITZWV
D % Parafusulina zone I U, HERRE AT — Bl OBHZw L —
BRI ORIHICET 2, Z&f, EREIRKOHESICC Nz Wity 52745518, UElE
WK SHY T 580DTHA5, Loc. 7, Loc. 8, Loc. 9, Loc. 10, Loc. 11, Loc.
12, Loc. 14, Loc. 15, Loc. 16, Loc. 17, Loc. 18. i % \» T & Genus Neosch-
wagerina, Genus Cancellina, Genus Schwagerina, Genus Verbeekina iC/J&
I HHEEL A EN L, BAOEMRETFICHET % 0hbid% Neoschwagerina zone I
YU, MRS T ERICE 9 2. BRE5REIC 51 5 i A O ERIEIC
HYT25EDTHA5,

FFEORRZEC T, TOMERUEHH a5l —a8/lIicbcsE DT
H%,

LRCOBERICE DB NS L 51T, FRREOILIBE O mfic sy > THIE R &
D 755, FEREDREILDLIKE D B IFRHREICERN T DA MWRFER TH %,
O EMBXURIE L, MEO=%LEHICKYT S LEbNS,

% W B

L 3 MR B DO ALES, 97 B EIRIRY AR L EATE | B o BB
FUBERRT, FEAR LARWIRERIF S - 500 - Ha - R - TR B X UK
TR « RO - WEHE) IRIIC D 7z o THARIC /TS 5

B8 MRS - - BE - BREIE B X UFr— 25 A0, LRLEAIKRE
DN Y AW T %, AJEIEHIEEICI > Tl E 3 X CIREUE I I B h
5T LICKOREDIT BN, MDOZEOEARNE TR EADTHELL T3,

Midca B~z 2L, BLd 2 L dmtazrEd 2, Milia3Fcms - 5
B - Fry— b, BRUK, #, KEORKEMHEZHKE L, HAIKERZ RY T
END B, —MRICTKEETHD, HETRCE, BREEhAGSE 2 8GR d 5 C
EMNTE S,

WHEIER e, BKad2 0 idRkkazR L, Bbd 5 & 5850, wmilad 50
Rz 9 %, R IEAIRL, R & 72 MR CRAC AR DBEE R Ib R e H %, LI
UIEREKICEDRE 2 mm~ 1 cm OfEEZH L, REFMICHMEZHT %, Xh

FE11D) 19544 EiE - MiAIC X bt E Nz,
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KeRddLtdbsd, LILEKREDZ2WVIEFv— b EHEUEBHALTS S
HBH, —HUCITEREE, B, UK TEMAHGEGNZ V. BRI RS D B I
WHlEN B,

Fy— h3REE, BREHLZVEAHEZEL, —MRIC 5 mm N O R EREHR
EOWWEZ A, 2~5mOFHREZHT TS, EolIchReRdslLdd
%o

T SR I AT & Fo2r BT N O — RIS S 3T 2 DA TH %, FEIIINHE,
RHCHROREEO I LW DD, BIZROES - a - HEES - BIEAREB X U» 5%
T, BOERIE1~5cm THs,

AREFAABE~IKAEZ 2T 5, —RICKHMET, JEEE 4~ 5 m THiltkcZ
LW AIKEEAREOIE L FEiBic /L > ARITHE IS L, bR Z L,

fAk TS 35 K OHERRIEE A I BELE O B ic LW IS D Tz 5 THi T %, fk~k
wzR L, BILLTw, RCHEEEZERY, ERTREEOI LD D, Kk
HBRBLTROTH 2D, RSO~ Eltz 5 5, T U Tk ~H#R T2 ki
B, MUbT B eEMOZEL, TBICKDHETZ LN TES,

Elz o L9 2 M TIREAEO LI IS ICE B, MER MR EDNZ 0,
REFURZTLET2HH TR ABOILTET ¥ — FBXOMREICEH, M
BIMEDLSEHALTVS.

HENMOHE - — B XOCNINCDEZHHETIE, THERERSEDN V%L,
FBIC M AE 2 T %, —H, FBREUEOENICE D NI EE DD 4T 3 M
RMCHOANTRELCE> TV N H 5, FLE LIRHIE & ORKBNG, FkksS
DL, TRELFRAOZLBIUHENIIBICE>ThENEDTH S,

BE MiEOEMIE I N5 ~ 70° E T, It H 5 WIERIHIC 30 ~ TO0°ER S %,
B TE AL UTERBEDN g DN, £ L TEMNOEINGE TG SO A
MNEWV, BLE ORI WIE Rz & > THERUE - IR - B AREEE3Z
TUE T B D, T OMIEICIH > TRIEKRE H 2 VI ESHAEALTWS T LH
Dzl izw,

RKEBBIUBEILBICB N TE 2 ERNBIU 1 RHEEZ 2T 58 DD K S ICH
bbb,

B B LED S SRR OGS D SHEMTHE LG 2R R T %
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DHT, FHRIEICENHAIRREALTHSH, T O AT K TRGER L
WOHWILT, 5ADO 1 HERIE T=H ™ OB k> THBHL TV, #ik
WLPEFRFIR S TN+ B ARBEIC DT 2 HE O S i IER L xS N b, HEA
BB TR HHfigEE 1 2 2 0 2R U, 2 OHERRIRIE > i BB
BZTEMHPHLTVZOT, SILEE KA ZELICHYT 5 THA 5,

B oA BTV

HESERTA A 7238 2 BRPE OHIAFIC IS, WA KOG D HED SRR E N, THEZ
JEELZ R S S D, b K OHEIEWTE THE S N TIRBEICET 5, ChaEARE
ELTRANT %0 WA IIReR MM B X UREMD EEN S, HEOER
13 N50 ~ 70° E T, b/ 60 ~ 70° MR L, #HIEICEANTEEN DR, AR
HENLHWLT, H2VRHTERICET 25 H5D, ZTOMUIELEEVOT—
S ERICaHTHE L,

. 2. 3 HEROFEF

WEE TOHICHBW T HIIEH-IKNIC T % SRS E D0, S B & UHhdE
BIOEHBRZRAT L TAHTHEHN, REICBWTHAEDEFNMEGEZLRT 5.

CNEOMFEORNTRETVHIER, ITY FRICET ZMEILETH S, i
B &t AR & DJEFP BRI EEE L THENT 2 L AN BEVDTIYTH
%,

UL, oA a5k Lz MR s 208 S5, Z5TIfbaidel
FEINT, Thichbo> THIRRBX U BROMAZHEHT 2O THE NIk
B PRI OHRSE TH %, MEILEE ENEDEMEA L, HEEICEWEMNZ
AU, R EHRE 2R T, BERSEITNCE > TEICEATY S, R L 300
mlZiEu,

T (BRI I 35U B Al i st b N, RTA IR AL ORI M T %,
B LS RN THWIE TH 20, ikl g & fmkikz i U, AR A
WHTH%, ENEDEMEAL, FdH3WVIdIcEM L, SRAEZKL TVS &
HCEZSND, HEOFERZEAETIHELNTEV. CNERMELXUSILEL

TE12) 1954 4 ik - MEIC kb @ E NI,
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DJE PN ARG A TS 270, FEB I UHIEEZNSOEFEAICK D
A & D EMICIE T %, 97D BRRE D S T il & b “Ed NS
DB 2RI HERRZET D, £ UTHERRORKEE O L EHENIC & > THlE
B2 E SN <ELT 5 &, fEEOEE I &, AL aiH ok
WTHo, BEL UTRBEZMEBEODIIICH»> THL RS I 2> Tw
%o TAUCH L THIEIZ® > BAJLICBERI L TV 20T, SnkidEzw Ul z
BLTWBEDTHS 5, HILED S BROREICRIL DA ARFERT, Kigrh
MBS Wb AT Dy, FRRE & OEROM ARG R TSH 2, R ORFEDOM
ARJE SRR I W E B R THE SN B A, ZOEED SRERE L O LH LLitlE
TH295,

” 3 IIFI é—E EI%EIH&)

1. 3.1 vup-+ /e

P97 E RS IR L O B RIS BT, ) LGRS SRR I A L, —fiic
B AR LS LN %, ARG BV TR ABRONREN AN HHTS 3,
PUE DA+ H7 % iS50 B M 2T Uz, RIEH N 51, W Z RS
HIEAFFEAERNEEN TR,

PO HREREE, B KA RS TICC MO DHER X LT 55, M E X UkEkk
BPCEBE AT B UIE UIDKBE 3B 22T TREEE L TV 5, BT, BER
EXRE, BLIRCILBERZTERL L, W > TR L, KRBV,

HEREGEHEAL OB THZ L, AREBRUF v —hREFEALHAE LR
W EHIC K> THIIEND (R 11 ~ 14 BIR).

VU5 REREIAE L TR S DK E NS, MRS B9 % O TAERE
DERFEWICT % T LIEEHTE,

A8 NIEHSTERECESHY % AR, MIEICETHN 2 TSR],
W ERE DTN TR I mET, LB EICEKH L TR LSRR

RE13) RN L I M U< $ B DTk 53), 55) ICkBETAMEL,
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[XIfR 11 ~ 14

[Xhf 11
VYT BEO RS SR AR B O WA 5 JE B2 kg GEERINE I 380 0

[ 12



X 13

ki 14
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DEEZE > TABANC R TS 72 TR EkkERE], BaLiiliia e hzhzh
10 em AN DEE THRIRICEZH T 280072 ThhakiieaaE) &L, £z TS,
MR 2K Uiz, TNHDEEM, T Llicibs - MildabXotahso
HIBEMHEICRILT 2T N0,

WHEEHRO~BKazR L, Mbd 3 edpta~fiEtrEd s, —Richhi~
IR T, MM e LCikaihizitd e U, EARNBRXUZDAEREDOWR T EN
%o TOEMICRORHCE DERE 1 cm WD RHEANRD /NG T 2 9 5 L DN%
Vo BUIRZA S TICiE, EDOO TR TH 5, Mok a2 RICT 250 HNEHE
L, $2WVIZEOEEIE KA, —RICTEEEDHBTH %, MET DA LIEL
BTHEETH S, RHICEBICEEZ A, ZOMORNE MOHENFEET 5, W
ICBEHE S % Rfi50 L X AU O FE SR LN TSR O AT X, Rilis O g I+
TV, WY LA B, T OB ICiE Ginkgodium RO TH > TV 25
HICBVEVDNTVA) ILBPHIRERTEDOHH % *,

Kb d B, Ba~mgxaz2l, Bbd 2 e Ra~FHltrEds, Lot
DITIFREMDEEND T eNDH D, —MRICHBEMNEZAEL, LieN> THELST
Vo HIBEIECRZHT 5, SEOMNICTRERE 2V MEE EAMMNICHEL, AR
AR L, WAL E e B LB TH S, BRSNS TR &
ZENTERNTZ2EDTHA 5,

WERNE BEOW S B KOG DEEE, BE MG EDESHETZED
KBV TE, FIMAEECBONTE, TNENFIOHEOZMCHBIT 2 EB X
URi S & KEE RV, TNOOHBERAENRBOZ LEMIRAEN DT LEHS
W, —RICHEDNEEDOISICBIRENS, XINSDOHFED L NRIGR S O HiE
FIIMRE O L BT 5. VU TEREOGMCETNSDHE, RIS AEED
BHIL, BEATCBOWCGEMB K THERMDHRICED NS Z i, HAEE DS L
DYEETZHED—DTH %,

B TR U CIERICD ARV, LI 2 EHERDE NG, Thb
B, MERERIHESTD 5 BRICKERE 9 5 355 L MRS O FE5R-E Y ILIGE IC D 7o o TH TN
T35 1EE, WEROREBEICET ZHETICHRL THoMmL, —HoliEEREEN
518 THD, HENSEYVINCHIz> THMT 25 EIE MBI 20 ~ 30 m DJE
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EZET BN, HAELTTIE 100 mLLEICEL, ZORICBW»THKI S & Al
%o BUIEARLITOMEET, BMOMEBIIWE - #itks - 7v— b - ROIKEB XU
EHEETHD, BITIET b T Y FROMELEORMKETH 2MEOT v — 65k
bNB, dEFICHET RIS i 2 A, WERRE B OB MNICED 5
N, 10~ 20 m DEE DRI EDENICHZIEHICZ S FBLDTH %, BUIER
1em WALz F & L, BEORMBIEF v — b - WEBX UGS TH S, T
DIEMTAIRE (EREORERICHBIT 2 L DICEEIT ) AL EHbns, Th
50 2 EHEICEED S NS HAR, HEBET, MEEZEKT S LD TIIRWVAE
E10km M EICKATRED LN, MHEICKELTREELZRETH S,

BERRR ARG AERE EICE 2 < Rnd, AERRICEEIRZ 2L THHT %,
MERRE DS A O~ RO 2 2L, —RICRETH S, HETEL, > HH
PICHEATVREDEH D, TOEMTURED THEEIRZ 29 2 Bk PCA H T
NHO, KmazR L, HMEENEFETH S,

HE COHIRKICHMT AT HERMIENE~ENEDEMZRL, R ENW

Bk 16 SRIN—ALERBEROE O\~ —ONE) BLUZ OB, LA RREE, T
SR (HEERHEIC B0 0
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12 50 ~ 80° IR %, HUEIIMUH AR 2 2 7RSSR, THRCESZAT, R L%
FE R 29 2H, MBI > TRAICHETI 24 U ElEMEZ E > TV 5 L&A
hEh3,

ARERED LRI R LGSR & > THEROIEME L i n 54 (KK 15
B, BERIE X DS TR LR OMWE T, R LA 2 tkaw,
10 m WAL DRI BV CTRINED RS 5N 5, FIABROE > i E i E
ZWEND %,

MBS XIS P 350 % VU H IR IR 76 1 1 ARSM O5R )1 [ — (LR L
IR 53 d B HERE ™ Y O~ TH %, W TEEEZTEUT, ZOMER
RIEEBIB ROV 2 51 2aH, —HBREERDZVIRAELNNICDIES 0T
H55LVDNTVS, KIFHIKND SRR ZIETRT 2 LAZIEEALAVEEN
TWAEVOT, KA OM 5B OB O 5 5 ThFhoRHRICE
T BMERIEHLED TR,

. 3.2 7 ARl g

FARJINLE E Rig O JLsEIc BV, fRBEO DT % N O R4 % iy
Zdith, H W KR ICHE D Thh SALEA AR T F RN, — 7 JEF R
72 TR LXK e AT O3S %o TN 0T 2 5E50E & ISMTE T L, D
2 WVIEFESE & ORICIERCE - MifkE 3 K OIREMER BE S 2 MEL TV 5,

FRUINMLIE S E S L OHE» 540, HOEB X TleEAREZ#HRS, Fv
— L EGERVODRHMTH S, ABICBIZWECHRKEZ LI LI, B
AL, EREHETD 5,

WEEHERDEDITHANT I OIEGT, »D, KOMKOEDNLL, —HIH
HETHD, HETHRL, MPFOEELL, CTLIKEHEIHKRTH S, WEDS Bk
MEOLOR, BTIE7IVI—XEDOEDEEENS,

Mt Bz 2L, mMbd s emitazr 292, ~WICHELHEL, HBARE
MHzmRL, FHEPHCEATO S, AR CHZEL TV AEAICE, LIELIEEER
ORtAE & D EBOENRE R T2, TORAICEOTEEMIZERLTTLTE

TE14) 1954 4 il - A IC K D@ E NI,
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D, HEROX S ICFBEELE N TV, BUCBEES 2 585 LIXITE U A o 1o e
PRI R ARSI, Wb 5498 (Lebensspuren) MEESHHN S,

FAHINILOFETTIC B\ CTHKE D9 2 HUK O LRI E MK B ORRED D L,
T ORMEIZ T A8 & CE RO/ NUORE * ZEAT %, COHOOMED
RIEMENTIEEVD, B2 YaIkBklosoEBbns,

AR HFE OHE T, RACHED B VIFMIEICRILT %, BIEHERE 10 cm
DURC, WMIKBIFRMETH O, Fv— b - BRI - (ERSE A 0B X UERS
ERAESEN54A0, REEIWES L2 VERETH S,

GIREE RO I EMCFEL L, Btz 235, SR, B, feEch
%, ~MRICRE~WHEZEL, ML, MMTHS, FICHBORICET,

HiE X NE OEZ/RL, 5> TR NWIC 60° HMT 5, FliEE 35k T % 7%
[N

HERHRIERTNCR LIz AICK D, YaohBHICET 20 eHES NS,

I. 3.3 K # g*w

KA EE RIEHI N OJLRERIC BN, B BT KAND S KA, RO S B
SO 2T, WS 2 Mtk oD & T-RERTAZ 4 DA D 72 B HIAi IS 049 % o

miE T AEROREE L, LI Z 2 FROME LR E 72 e ks L H#9 5
N, HAEOBRIIHETH %,

KARE - Kitks - EEBXUEESICK OMKEN S,

WaEEKRa~Ttz 2L, PR~ T, HERDE DICNTHETEL, v,
JEBRIE —HUCHHIR CIE WA, HESFEHET 587 TG EEZRd, HE0
EDE— ST IVA—ABTH %,

HitlE a0 LHARFKEZEL, HRZERZ RS, BUEL®T W,

BEEEREICZ> TLELIERS NS, BIZBKU FOMBTH > T, ok
JEFv—h2ZELLl, ThCOWTHE - HEHS - [EMaB R UARRISEZ 3,
F7ed b5y FROME LR EROT vy — PR EENS, BHEWIE
WETH 5,

iE15) 1954 4 EE - MFIC K b @I N,
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g oL ENEWCED, ERHIML T 40 ~ 55° N Z/Rd, 2 LW EHhIEEE
S5NEV, HAEFHTERANTHEELL DR,

BRI ARE D B IXEADRH VTN TOROVO THLE DN TRV, KAk
EREEEEESTKRICL, BZLLEHEREHTHA S,

. 3. 4 @ m @

TN & RIS B2 9 % T AR X th s 0D 12 ST s B L RS A B ARIX
IR IC B TR A N LAEIE A IS B W T, BHLEORICHIE THAA TN TNE
SHEHT %,

EE RO R RO D 2EN 555,

A OME, EEB MM A S 10 cm BRI R CHIAARTH %, MOREIZ, K
RELROE - v — b BXUWETH 2 DRI EEROEN LV, BOKRIZ
ISR EN, FRBHEMEREOTHD, T ORBEEOWEILiREE DR
LEbDNS,

B IRICIRERE T, Liehd s TERMBOREIE A TH 5, ARXIEHRICE
WTIEBEILE & OBRIENIETH B, IS % @A RiEHS o A7 #ETRE O
EHONTEMSHIW LT, HERAEEGTHA S,

ARIEAZER L TWERLD, SENSATHER EREEbN S,

Il. 3. 5 % /¢ %"

A KIE RN O JEREC 7319 % LM T & 7 3RS TR 2 Bilc LT8Rl
JE &, MR KRS D 2 VIR LT & > TR EN S,

T T He s 0 SR E O Ll 2 fig - T2 oS E A ERMHRENTH D,
IR TZ /It ED X VEBEHABISE NS,

Z IR RHNCE - DIV NE - WWEBRUHEN S0, I EROH#EE L 3 EH
IS MCHES %, Z/elid—Ric & <HUE L, EEIIERICHIETH 2, L
U, EUDRKCAICHT B HHE TR IE N R D EELLTWv 3,

FE16) 1954 4" i - M IC K b E e,
AE17) 1954 4 Eil - Wit kb E e,
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B8 ME - DV FERERKE~REzR L, BT 5 Lt~ marzed
%o MIBICEINSHEENH D, NEFICHIBDRET 5, —MICHHRZ Rz 52
5%,

FAEI AN B X CE /tHbEO/NER FICBH T 2HREEZV LYV REN S,
ZHHA - EBABIUTHEDOLGARNEES N, TOS BICEHPEFEICE ST

Polymesoda (lsodomella) shiroiensis (YABE & NAGAO)

Natica (Amauropsis) sanchuensis YABE & NAGAO

Cladophlebis exiliformis (GEYLER)

Sphenopteris sp.

LFEEShIELONEEND,

WEEEREO~EREE T 5, —~RICEIRZ R L, EEARHRE CHEEASFEDT
%o HRI~HIALT, FRIRMAERICE T, LIXUIRHOMIREZHE L, @i E
WEHICASTRZ T DD D, WEDEMICE, HOEZELEAKEG Y VI—XE
DEDNFET B,

B 2 ~ 7 cm DIEMICK/IRLZ DM ZO LAICE A, BEAt, et
BE~HFRKOOF ¥ — FBREEL, WEBLUREELHY, ISV RO
M L ISR OEMEHEEAE MR FENL HERWETVW LIV NETH S,

BiE 2B RICE-WHOERZE L, MAH 50 IEdEAIC 30 ~ 60° R
5%, 2k LTENEDZEDORMIMMETH 2 5 LD, Bt k> THEDE
AT NTED, BREFANEY, ZOMEERINELTH> T, /NMalhZ R
FTEoLBbn, ZouEOMER N EROFMBEEICH S NS MG & 357k
%o

R WA - SV P EDHHICBW TR bAIC KD, Z/ofEiE N
RIZIET

.36 # %t F""Y

AR BEAR IR FARIEE AR SR O LT IT BT, IBRCA 38 K Uik BRI g O Ik 71
EOOHTI/NEHIKICIR S N THEINT 5. 8D DRI 5 BRI > T BRI

i 18) AMIcBWTHIICH 4,
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BHAREN S, AREHRE - BEBIUCHANSRD, EHE DD THRTH
%o

Hidca i B~ ktaz 2L, FH L EIE L2 DD 2 Rilks O JE P LR R
Wi T, HBEMEICES, DMEFICENSMEDH S,

WERZEEZRTH> CTRO~KREZEL, BT 2 B~ EHtzr2d 5,
R~ R D — R IC 2V, BRI BRI S O/ 2 a3 H T %,

PEADBETERE 5 mm~ 1 cm DL DMEFICZ VD, 5~10mIc ki DEDH
%, BOEMICIZF v—F REOFvy—F2E8) PREZS, ROMEERES - as
KU EAOKENGENS L H D, ~RIHHRIWETH S,

M) iE N 65° EICED, 50° NICHIRI 5, —MUCEELIZF L <7xu,

BRI A NRIEEL LR DT 550D, F v — b 2E &3 G
D2/ eEPRAEE EOHREFICEUL, EEOREEROANS, hERELT
<,

1. 3. 7 HEHROREF
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(Abstract)

TOPOGRAPHY

The area of this sheet-map is in the central part of Kyushu,
about 50 km away from the sea-shore in the east. A mountain
range occupies the central part of the area, many rivers cut deeply
the mountains and the topography is very steep.

GEOLOGY

1. General Remarks
The Paleozoic and Mesozoic formations occupy the major parts



of this area, and these formations accompanied with the igneous
and metamorphic rocks show the zonal arrangement, stretching
east-northeast, which is characteristic of the Outer Zone of
Southwest Japan.  All these formations and their geologic struc-
tures are closely related to those in the Kumagawa district to the
southwest where the Paleozoic and Mesozoic stratigraphy is best
known in Kyusht, and the area mapped corresponds geologically
to the ENE extension from this district.

Tectonically, the area mapped may be divided into three
terrains.

The northwestern corner of this area is covered by the
volcanics of Mt. Aso, rised to the north. Under the volcanics,
the Tsurugabuchi igneous rock is exposed in a row.  The well
know Usuki-Yatsushiro tectonic line may be concealed under the
volcanics on the south side of the Tsurugabuchi igneous rock,
though the location is uncertain.

The volcanics developed along valleys are seen deeply as far
as the next mountainous terrain.

The next terrain extends over major part of the mapped area
and is composed mostly of Permian and Carboniferous rocks, in
which the Gotlandian and Mesozoic formations are tectonically
sandwiched, and various kinds of intrusive rocks occur as many
slender belts. In the Permian and Carboniferous, are distinguished
the Kagamiyama formation (middle Permian), the Yuzuruha
formation (upper of lower Carboniferous) and the Yurugidake
formation (middle of lower Permian to middle Permian), which
occur in zones successively from north to south and are bordered
by faults with each other or inserted by intrusive bodies between
them. The sandwiched formations are enumerated, from north
to south, as the Takabatake formation (upper Mesozoic), the
Shibanomoto formation (lower Cretaceous), the Maidake formation
(probably Mesozoic), the Gionyama formation (Gotlandian), the
Oishi formation (upper Mesozoic), the Tonegoyama formation
(upper Jurassic) and the Takaragi formation (unknown age).
Among the intrusives, most remarkable is the Kuraoka igneous



rock which occurs in an intimate relation with the Gotlandian,
and others are basic rocks such as diabase and serpentine which
occur as numerous slices parallel to the beddings of the Paleozoic
sediments or along the strike faults.

In the southeastern part of the area, the prominent fault zone
called the Butsuzo-Itogawa tectonic line bounds the Paleozoic
terrain with the Shimanto group (unknown Mesozoic).

Table 1 shows the geologic successions with some remarks of
the rock formations in this sheet-map.

2. Paleozoic

Gotlandian (Gionyama formation)

The Gionyama formation occurs in a belt 1,000 meters wide
near Gionyama or 300 meters wide near Hibira in Gokase town
in the northeastern part of this sheet-map. Its western extension
is found as small exposure, north of Maidake in Seiwa village.

The Kuraoka igneous rocks occur in a close relation with this
formation, and these two are always bounded on the Paleozoic or
Mesozoic formations by faults or by serpentine bodies probably
being invaded along faults.

The Gionyama formation is mainly composed of limestone,
clayslate, sandstone, chert, tuff and rhyolite, but the exposure
near Maidake consists only of chert. Rhyolite, tuff and chert
compose the lower part and limestone occurs in the upper part.
The abundance of green-colored chert is characteristic of the
Gotlandian. From limestone, Halysites cfr. kitakamiensis SuGIYAMA,
Favosites sp., Tryplasma sp., Heliolites sp., Stromatoporoids, Bra-
chiopods and Crinoid stem are discovered, and from calcareous
sandstone, Trilobite yields.

The strike is N 70°E throughout the formation, inclining
steeply northward in appearance.

By the fauna, such as Halysites cfr. kitakamiensis SuGiyamA
this formation is correlated to the Gotlandian formation known
in the Kumagawa district.



Table 1

Geological age Formation Rock-facies
Q0 .
‘é welded tuff, tuff-breccia,
& | Quaternary Aso volcanics
5 pumice, volcanic ash
O
clayslate
Unknown Maidake formation sandstone
conglomerate
? clayslate
Early . . siltstone
Cretaceous Shibanomoto formation sandstone
9 conglomerate
.8 | Late Mesozoic | Takabatake formation conglomerate
o\ - T e _
3 clayslate
& | Late Mesozoic | Oishi formation shale
p= sandstone
9 conglomerate
. ’ . clayslate, limestone,
Late Jurassic Tonegoyama formation sandstone, conglomerate
?
Shimanto gr.oup sandstone, clayslate,
. . . alternation of sandstone
Undifferentiated Eﬁ:} att(;o;he Yurugidake and clayslate, diabase
schalstein, conglomerate
. . alternation of sandstone
Unknown Takaragi formation and clayslate
9 O
Middle chert, clayslate,
Permian Kagamiyama formation | sandstone, diabase
? schalstein, limestone
Middle limestone
Permian conglomerate
8 clayslate
§ Yurugidake formation sandstone
9 chert
& Lower diabase_
Permian fault schalstein
Lower limestone, clayslate,
Carbonif Yuzuruha formation sandstone, conglomerate,
arboniterous diabase, schalstein
9
limestone, clayslate,
Gotlandian Gionyama formation sandstone, chert, tuff,

rhyolite




Fossils

Igneous activity

Polymesoda
Natica
Cladophlebis
Sphenopteris

Bryozoa, Ammonite, Crinoid
stem

Coral

Neoschwagerina, Cancellina,
Schwagerina, Verbeekina,
Parafusulina, Misellina,
Pseudofusulina,
Paraschwagerina,
Schwagerina

Millerella sp., Diphyphyllum
sp., Cyathophylloid coral gen.
& sp., indet, Bryozoa

Halysites, Favosites
Tryplasma, Heliolites,
Stromatoporoids, Brichiopods,
Crinoid stem, Trilobite

Intrusion of the Tsurugabuchi Igneous
body

Serpentine
Basic gneiss

Intrusion of the Kuraoka Igneous body




Lower Carboniferous (Yuzuruha formation)

This formation occurs in a zone west of Yuzuruha, Seiwa
village, in the northwestern part of this area.

It is mainly composed of clayslate and sandstone with interca-
lations of limestone, conglomerate, diabase and schalstein. It is
characteristic that clayslate is conspicuous, but chert is absent.
The clayslate is black or dark gray in color, and includes ovoids
or lenses of sandstone, sporadically. Conglomerate contains pebbles
of greenish chert, milky chert, granitic rock and siliceous shale.
From limestone, Millerella sp., Diphyphyllum sp., Cyathophylloid
coral gen. & sp. inded., and Bryozoa are discovered.

The strike of the Yuzuruha formation is N 60~ 80°E, and
the dip, 70~ 80° to the north in the northern part and 60~ 80°
to the south in the southern part.

By the discovery of fossils, the Yuzuruha formation is
correlated to the Kakizako formation in the Kumagawa district
and assigned as the upper part of lower Carboniferous.

Middle of lower Permian-middle Permian (Yurugidake

formation)

The Yurugidake formation is extensive in the central part of
the area. It is mainly composed of sandstone, clayslate, chert,
limestone and schalstein with rare intercalations of conglomerate.
Sandstone, clayslate and chert are abundant throughout the for-
mation.  Limestone and schalstein are conspicuous, particularly
in the southern peripheral part, though they are intercalated also
in other parts. Limestone beds occurring in the southern part
have no fossils, but those in other parts contain the fossils of
fusulinids such as Pseudofusulina, Paraschwagerina, Schwagerina,
Parafusulina, Misellina, Neoschwagerina, Cancellina and Verbeekina,
with remains of corals.

The strike of this formation is N 40~80° E and the dip is
40~70°N. No distinct folding structures are recognized.

The fossil evidence indicates that the geological age is from
middle of earlier Permian to middle Permian. The formation is



correlated to upper subzone of upper part of the Tobiishi group,
the Shizo formation and their equivalents in the Kumagawa
district. The southern peripheral part rich in limestone and
schalstein suggests that a part of the formation, at least, may
be correlated to the Sambosan group of Shikoku Island.

Middle Permian? (Kagamiyama formation)

The Kagamiyama formation is distributed in the northern part
of the area. It is composed of clayslate, sandstone, conglomerate,
schalstein and chert, intercalating small lenses of limestone.

The stratification-plane is clear, as sandstone, clayslate and
chert are usually in alternation. It is characteristic that this
formation is frequently intruded by diabase and serpentine along
the stratification-plane. Generally, clayslate is phyllitic and shows
minor or wavy folding structures.  Chert shows the banding
structures 2~ 5 cm wide. The beds of conglomerate are found only
along the tributary of the Kamoshishi-gawa and in the Gokase
town. They carry pebbles of black shale, sandstone, siliceous rock,
acidic igneous rock and porphyrite in sandy or muddy matrix.

The strike of this formation is N45~ 70°E and the dip is
30 ~ 70°N or S. The distribution of this formation is sepa-
rated into three blocks by two valleys covered by the Aso volcanics.
There are an anticlinal structure in the central Kuromine block,
and anticlinal and synclinal structures in the western Yahazudake
block.

A coral is discovered from the limestone at Umenokizuru in
Seiwa village, but no fossils available for the determination of
geological age are found. However, near Toroku in the Mitai
sheet-map, the beds probably the northeastern extension of this
formation yield middle Permian fossils.

Paleozoic (Takaragi formation)

This formation is sandwiched in the Yurugidake formation,
being bounded by faults on both sides. It is composed of alter-
nation of sandstone and clayslate, and shows clear stratification-



plane. Clayslate contains imperfect fragments of plant. The
strike of this formation is N 50~70°E, and the dip is 60~70°N.
The geological age is not clear whether Paleozoic or Mesozoic.

3. Mesozoic
The Mesozoic sediments are divided into six stratigraphic
units mostly from their rock facies as well as tectonic relationships.

Undifferentiated Mesozoic (Shimanto group)

This group in this area is mainly composed of sandstone bed,
clayslate bed and the banded alternation bed of these rocks
intercalating conglomerate and schalstein.  This group is distin-
guishable in the field from the Paleozoic sediments by the clear
stratification-plane and absence of limestone and chert.

The strike of this group is NE-SW or ENE-WSW and the
dip is 50 ~80°WN.

It is considered generally that the geological age of the
Shimanto group in Southwest Japan is mainly from Jurassic to
Triassic and may extend to Paleozoic or earlier Cretaceous. As
the fossils are not discovered in this area, the geological age is
not precisely determined.

Upper Jurassic (Tonegoyama formation)

In the northeastern part of the area mapped, the Tonegoyama
formation occur in a narrow belt, and is bounded on the
Yurugidake formation by faults. It is mainly composed of
sandstone and clayslate intercalated with thin conglomerate and
muddy limestone, and it is characteristic that the stratification-
plane of this formation is clear, and fine alternation of san-
dstone and clayslate is observable.

The strike of this formation is NE-SW and the dip is 60°
NW. The folding structure is not distinguished.

From the dark gray clayslate, crinoid stem, bryozoa and
ammonite are discovered. By the ammonite, the geological age
of the Tonegoyama formation is presumed to be later Jurassic.



Upper Mesozoic (Oishi formation)

The Oishi formation is distributed in the northeastern part
of the area mapped. It is bordered by faults on the Yurugidake
formation to the south and on the Gionyama formation or the
Kuraoka igneous rock to the north. It is composed of sandstone,
clayslate, shale and conglomerate.

The strike is ENE-WSW, and the dip is 40~ 55°N. Although
no fossils are discovered, but the geological age of this formation
may be assumed to be later Mesozoic by the distinction of rock
facies.

Upper Mesozoic (Takabatake formation)

This formation is seen in a small area, inserted with faults
in the Kagamiyama formation in the northern margin of the area.
This formation is composed of brownish conglomerate. The strike
and the dip is not observed.

No fossils are found, but this formation may be considered as
the upper Mesozoic on account of rock facies.

Lower Cretaceous (Shibanomoto formation)

This formation occurs in the northeastern part of the area,
and is in fault relations with the Kuraoka igneous rock on the
south side and the Kagamiyama formation on the north. It
is composed of clayslate, siltstone, sandstone and conglomerate.

The strike is NE-SW, and the dip is 30~60°N or S. From
the clayslate and siltstone, Polymesoda (Isodomella) shiroiensis
(YABE & NAGAO), Natica (Amauropsis) sanchuensis YABE &
NAGAO, Cladophlebis exiliformis (GEYLER)?, Sphenopteris sp. are
discovered. From this fossil evidence, this formation belongs to
the lower Cretaceous.

Mesozoic (Maidake formation)

The Maidake formation crops out in a small area, north of
Maidake, Seiwa village in the northern part of the area.

This formation is bounded by a fault and by serpentine



10

on the Gotlandian Gionyama formation.

This formation is composed of clayslate, sandstone and con-
glomerate. The stratification-plane is clear, striking N 65°E and
dipping at 50° to the north.  No fossils are discovered, but the
rock-facies suggests that this formation may belong to the
Mesozoic.

4. lIgneous Rocks

Igneous rocks in the area mapped are the Kuraoka igneous
rock, diabase, schalstein, basic gneiss, the Tsurugabuchi igneous
rock and the Aso volcanics.

Kuraoka igneous rock

This rock consists of granite, grano-diorite and their mylonitic
derivatives. It is distributed as slender belts in the northern part
of the area, mostly in an intimate association with the Gotlandian
occurrences and always in fault relations with other formations.

It is probably intruded into the Gotlandian, and may be
correlated to the Mitake igneous rock in Shikoku lIsland, which
is also associated with Gotlandian formation and is presumed to
be the middle Permian intrusive.

Diabase, schalstein and basic gneiss

Diabase and schalstein are most common igneous rocks in this
area, and their most abundant occurrences are bounded on the
Kagamiyama formation.

Basic gneiss occurs in the northeastern part of the area.
It is gneissose, being composed of dark layers rich in horn-
blende and the white ones rich in feldspar.

Serpentine

Serpentine occurs as numerous slender bodies intruded in the
Paleozoic formations or localized along faults, mostly in the
northern half of the area.
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Tsurugabuchi igneous rock

The Tsurugabuchi igneous rock croping out in the north-
western part of the area mapped is composed mostly of granite
porphyry, and includes a large mass of crystalline limestone.
This igneous rock may be correlated to the Miyanohara granitic
rocks, near the Kumagawa district, which have been assigned to
Ladinic in age.

Aso volcanics

Aso volcanics are distributed in the northwestern part of the
area and along valleys in the central mountainland.

They are composed of welded tuff, tuff-breccia, pumice and
volcanic ash.

ECONOMIC GEOLOGY

Manganese

Small manganese deposits are found in the area of the Yuru-
gidake formation.  They are lenticular bodies embedded in chert
or siliceous clayslate. The ores consist of manganese oxide,
carbonate and rhodonite.

Gold, silver, copper and iron sulphide

The ore deposits of the Shiiba mine embraced in the Permian
Yurugidake formation in the eastern half of the area mapped belong
to the cupriferous pyrite deposits of bedded form.  They consist
of two parallel ore-bodies which are 300 meters and 180 meters
in length, respectively, and are 1~ 3 meters in width. The ores
include pyrite, pyrrhotite and chalcopyrite, and contain 1.7%
Cu and 33% S in average, besides traces of gold and silver.
The mine is closed at present.

Other ore deposits, which were once prospected for gold,
silver or copper ores, are of no economic importance.



HAF 32 4F 10 H 10 HFIR
HAFN 32 42 10 H 15 H¥EfT

T 2% By B
LI W < )

BT

HiRlE | o /%
FIRIAT - FE ep =2 0 &2 R Al






