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N=F v TORBTHELTVD. YUy RITE L MAROIE, W bE )R RS ORI H
20, MINEORREELFACE S, ZoX5R e odERy 5iE, &/ )I@EREEss, ik
HED D WITMREIZ K > TER S LT KD RIREE CTH L2 Z 2R LTV D

It & AEFBOBKEWEND, YUY IRICBWT, FHERICL - THEMILADRELIN, &
BRY, SABIRIC L > THEE S, BREEESE (1969) Lo THESN TN,

Betula onbaraensis TANAI et ONOE
Fagus n. sp.

Fagus jobanensis SUzZUKI
Liquidanbar endoi SUZUKI

Acer Subpietum SAPORTA

A. cf. nipponicum HARA

OI.3.5 /n iR B
& & dtkE (1959)
B AR B RAT N R
2 ERBRVOEBEEEIC, 0RO TR S, FIRNIOTFHRETHH LTV,
B E #Eo/NRAIECIE150mEl B, BRI TIE150mELl L, IO FEE R TiE 400m LA
LETHD.
B B ABIEBEBLOTHEBICHTOND. THEIE, G50 REBERUEICE b2y
MLTHEY, TZEVETITMIEE HiEE OIS L, FOGRVRTIE, EEEN ) g o
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LicEE-TWD. Eiz, BEJIBETIE, BERZIEEIARESCELTBY, LHXTLALE
HLTWieu.

AEOTHBIL, BLICHEEENLRY, —HROTRE L HNRAGKEBEZ LSS, £, /b
WPLBHBFRONWHIETIE, BIUEOEWEEILSATND, £, BB T2 oA EKE, ko
TV NE, BRBEIRKEDIEICE R > TWDA, FORAEKEL, HORUTE CIE FEEOEE - Bs
L, EEOVILV MEEOBHWIEITEL TN 5.

ANRAIE, 15 SR O ST LR & FRR IR 72 SIS0 LTV D A2 a1, WRRHS I < idhg ) fE
ENRBO FHBEZENTWD A, HOGRTIE, BARKEBOMICIZIEY InEHERLTRY, &
FEERE & R O E G & A Y e LT B R TH D

ERBEOINL MEEIZEAT, Te LICHPNIBARIKEEYZ, ThENMREREE - BUGHE L
WSS, /NRJEB OO EE T8 o Mg o BIR 2 S 10IR LT 5.

B OB EUA IIHCR OO 2 A T, FHEAR RS CIERE I A R TS RN R A IZi5TC
WD, BWIEICHEN T SERAEEPCE TP F K G, RiFELIZ K0 RIKEE =R os A
T, PROAKELPEAEHES TS, BLROBEIZAENO EFORIEES L Vo ik kEh T
W5, EEAICHARD ER FETRILT 5 LKL, MEMFICA DN VWbWw S BRAF ST
WA EMEEN TV D EAIZEITNS.

TEBICHENL TV DL LI, BHOBEERNSR->T 0D, ZIE SIEEA & OBERIE, 0k
JOJ AL CHET D Z ERHEDLN, Z 2 TIELNED EALOEER, ZEOKR EHOEA% 5
SHTEY, ZOEARTRIECLDIBOEBEE - 2TV, 202 L, ZIENEETR
THHZEHRRLTVS. ZIEE, FRREBEORE L ZBEOE@EMG LMo ZILETHD, 8T
TIE, BEAH1X3.0~5.0mm & 0.5mmii#k ORHRA &, 2.0mm#A>, THLLFOE@EREA & LA &
Lo TS, ARITFRCIRMREZ R L, BRA - BAbEA - BFREG - Bl KO 'O T T A
Lo TG, 205 bATAIL, HANEAOMIGHRICK o TR EA TR Y, A% (1954) * (T
X5 Vd—c BOURELEEINTWALED LRI THD. RINCREABLRE L, FEOT T ZADO—
1%, BEUEY o ARRORTHEMIZ L > TEBRZ TV 523, @)1 O KA T 5 & il T
b5, e, AR EROIRTHE, B&EE L TOROAEEZELRIEMKENTND.

EEEO, EERMEOBRAERK ST, BHEOKALRVKAGRRD LS A GREZRENT, 3.0
~10.0mmOMEFEAREE ZRBICEL I EBHMTH L. AEOEMMEREDVBOANGEE S, 1H
EHRIIFRA EEE 2.

BRI OAEZ AT, IKRAAHRREAT, BERAEDL LS EV IR TH S, BRI
50mm KD A%, 8.0mmARKDOREA, 5.0mmARKNZTNLUTORERE, PEOANANLR-TEH
V, WINLHETH D, AMEIH T AE TEMEDR H 52, KEBo A HEEME IR - 72—
F2EL, EZAILL o THRERESHRBDOLND.

RO v AR ESROE LT, BERETEZHEATVD.

IR OB IREIE OB B A TR AR A A T, & 2AIC L o TRAOWE RV LIV NE Dk

D OAE A (1954) @ KILBEOKIEE,  HEA2E, no. 196.
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PAEEFZEATND, HRLOMEARBOBARIIE LT, AREMEALEZZEGTNTN, BER
RURKER ARV MEDER R EZATNS.

PNRIED FEBICHEN TV HEIEIE, T nrmfbLTBY, Ry FelazfttoTinsd.
WA AREE & BIREE & OBEEIREIL, BANICEC T B Al LTEY, EREERBBEO RN
WCHERR LT 2 NSRS R T, SRR our < TEA SRS 13 EML - fERMEL TV S,

BEBER DRBITAED (1959), #K - 87 (1962) 2L DA OHEICIZIEMET 5. L
L, SRR LB IREE O XA OV TIE, AbkhEh (1959) ORERHCE BRI S HE &, BN
WYEBEIK R D X5y & 1T HIED 8 5.

NRIED I FE S HR > TOD/NUTIE T, DARE & FoM@)IE L ITEn e =R T2 <, 13
FEALZEND. LAL, ZHXYHITH DT, HBH EEAIED 5 2 A —"—F v 7L,
HRIRLIRTIE, SRAAREEAEEE) B O LICER > TWD. Lz TUMUFIEICEN TS, @)l
J& & DRI T OHERERIBRAMFEAES 2200 Liveu,

it B DIRFEOREOBE A S AL i b Haplophragmoides cf. emaciation (BRrapY),
Martinottiella communis (d’° ORBIGNY), DERINTWV5D

E72, RIEMIEOR—Y 7 44 EASM—2 5 OVRE 342.30~342.40m OAEOIE» D, ROAFL
mibf Martinottiela communis, Haplophragmides sp., Cyclamina cf. ezoensis, Spirosigmoilinella

compressa, MG SF, WEEEEYE (GREAENIEEED) (1970) KXo THEERLTWD

I.3.6 &/ Ml JE

W A Hms.

B AR NS 2 OB 7 /N,

S i ZoHIEOILEM, IR OSRFIIRO B SAvicn - T i)l - B2 )1 - BBk
FODRJNTHML TN D,

B E 400mpi L.

A B RBIEITE - fE . LIS 2 ERHRD. TEIFEEBENOIZLEY, B - s
HJg, BEAENCE, PENIEIREICS - RS A, LI - BUE 2T S RS DIBIZE /2 - T
W5,

R FEMOKRES L, 205 OB - WHEE S IBINC L > TEISARRY, B/ /MIEfAR
DAL TIHAOMTH 523, T OPFHTIX 100m LA ETH 5. BEA TR E O R I8 em~ 105 cm KD
ZiE - WACE « BAJRE - AaERZIEREOMBEAL GO T, 4 W)ITIEEK FH» bRl a%
FEL TS, FHOBAEKAL, KRAGTABRIOZ VAR T, FAAOBEEKEZIZIIATNS.

HER ORI IS - KA HJEIE, &/ /NIFHE TIIELSE S 110m TH D23, BI04 HJIAHL T
HEZ20mTHD. &/ /NIUFHETIE, FEBESK20mOIROEIKE v NE, Bekoles &

BEIRAE 720 LB E A O BB ONAICE /2 > TV 503, THEOERE SV MEEZ L v b LR ciki<
20, ZEIITIERITITND, 2OV MR, B L TW2RWES TIREFIKGETH 52, RimldEHA
BERL, FAAU RIS ORBME R EATH S, AEHOBKRIEE T FIRETH H, KEIAB
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BITHER TV D, B NIOSRIENTIE, A O RPTHYIA DB R L RICEER TV D - BEIK
RV LEKER S IR A6, AR OB A TH 5.

EEOBEPEL, BHIZE//NIEFBIRO T « EFICHMi LTS « FALOE /2 I ik
DIEEPIC, SREORAN 25 0RARKE L REQOWEREIE LAH20, BRIERO LS. Ih
B D72 INTITIRAR D EERE Y 5 BAE L TV D,

B DEE, INESRE 2 B~ CTREERERA ORE TRV, FBR - 5 /NI - 2l o%
TR, ESoOBKAIIREELTEY, TErEYrrAalRBAVRREOONDS. £z, &/ /MO
B SV ) N S SRR e W [ Bl Y A Y g

BOIBER AL, MIELE IE LN ERICE->TEY, TORBIFLABII - DR)I72ETH
LD, ARETEOBAEKEEIT, FIREROAE TENT 2 2 & AR, BiEEd 2 KB O
FIREFRIZ A0 LT 2/ NRUE OIREARTIE O AR & 13, SEBTRALEELT, /01 b L
TW2HDODORHTHY, MFIFFCHMELEZOND. KEIE, NEOMREARIELL LOJEYEDR,
BINEBNBO S 212, HENEGICHRBLIEE AN 58, OISR TIIamA NN, SHb
B DMSL LI-HIE & LTWnD.

It & AHIITHROABOKEEIEVEE U OWENG, WROLADFER S, WEIZH(1957)
CEoTHESNTVND.

Margarites sp.

Fulgoralia sp.

Cancellaria sp.

Arca sp. (cf. boucardi?)

Anadara sp.

Chlamys Swiftii (BERNARDI)

Chlamys sp. (akitana type)

Patinopecten cf. kagamianus (YOKOYAMA)

Lima (Acesta) sp.

Monia radiata (SOWERBY)

Crassatellites sp.
Venericardia sp.
“Protothaca” n. sp.
Venerupis? sp.

Panope japonica A. ADAMS

Periploma? sp.

ORRBENRTE K&EM - HA ¥ FE)

Il

ZOALAIFEE RV LRt o B B— BRI O b o LR SN TV D, £, FAR - &P (1959)
i, IeES/NIHEERE S L TERATHIEOA T, OORRREETHL LRELTVD.
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O0.3.7 &%/ BIB

o A ERIEEY (1969).

B FACERIOET. R B 2 BNGR M, M BE (Z31 5 SEEE D%/ Bk
PRI EERIEE EFLL).

3 W Z oM, HISALERI OB 2 A BRI NEE A LW DI E A,

B B O - Km0 5 & 300mbl L TH 5.

B M ABIZoHENTIE, ARZICEEORIKEEZ L L, WHEKS EBERIKE 1TSS A
TS,

AEZNCEERIE T, BT ~ERIK AR OE A TREBEITIZE A LRV, 3.0~5.0mmEE D A
ERIRA L BRRBICEEN TV D, BISER AL, %/ /NI EFICE SH10mo b O 1 A5 4i LT
WA, FRBOBEREA T, P TTIIAE - fHER - Wl - LA EOEmRLE Ly IR T
ZENBEENTND. BB, RERERTHDZ EZRLTVS.

BEER 5 NED S AR ORAEICE D, BEEAEGICEHER> TV 5.

It A& AKE)rdoiHMbaiEREALIA TV,

OI.3 8 BMEBERRLEE

WA H
B T ARSI B PR ARG > & [RGB IR AT E TR (IR HIRA)

S - BE  ZoMSEEORIR)IOT L, FERONNOILRIC, ZhZhvMEaEsmLTnD
BB O W BRI TP RIL < A L TR Y, Ihaife s L, EEIX500m ETHD.

B OME ARSI, SN o THRR IS OBIKABE D, B ICRIH OREIR MBS 5
IECEY, FEEZISEOEE - BIRENDR>TND.

FIRLE E DBR AN HIX L E - TV DO, TElFEOFTAOEO 7 E+HRIE (B R 12
VI T, ZOIEFNIFLIEOBKRABE P HIZCE->TWA. 7T KIMTOBK ABCE T, K
HEORERIZ, NFERELEFENU EOREZOLOEZELRAOARLZAHEEZEIZIFLHDOT
Y, FEHFLIIREOEREILITEEZEEATORVEAT, EIFTHEEMLE LT, A -/REA
Mm-S - AP0A - BEREE A, TOENTHIERS L AL E BRMRIZER TR R A
BOBHEALTND., Zhbod b, ANALEREREITA A MRICHENTY, EiELA S
AP A MELTWD. AEEREA - BREA - RUTEA B L OBSEL L, i) 52 BOB\ED
HTALINGTIRDH T AR EMEZ R LTV 5.

BRI A, HIKAOEETICABEAUTORAORINEHEZSRICELHOTH L. BORMNC
1%, BEREE OB B E R T b O %<, £, NEKWEIREZITKLEENUME, 1ELAL
BENTOVRNWIENFETH L. BEITZRY LTI RV,

EAEITRATHEREHO LS BE LD O, RO BEIWES 2 ERRLND. BEIRAES OB LR
A, WIS LA A LIS T, EEICHAE L TAREEDLORD D, BT L
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FERTIE, BEAHIE5.0mmROFER, 3.0mmKOEEMEA, BLT5.0mmKRDO LEMHANS/>T
BY, BICAREDESTLLONDD. ARETREA - BANEG - RA - EILE T X Enb s
HERTRAER A R LTV 5.

KUZEE— IS, FABICHA_THEETH Y, LEMA ORI TERY AT A AL T
WHZERBHBBRETHS. LoL, KEEIIINOEWRERA LI TR, KIEORED —MAESs L
<HTAEL, AV UR@EDLNS.

BOER AZIIETICHAY T 2 5 EMZIEEO FEE, EIF - KEmE e, AMUBIHY 3
DRMEO L& FRFRAORRICH S, ZOHETIE, WE ORI EHEFE TSR L 2 A1
TRNDS, B O i BRI D 1R P AR ORI O OB TTIE, /N OIS B & BEIKE SV M
DH R, BEWIZER>TVD. L, ZOHIKTIHIZEAL@IED S 2 ICEHES—"—F v
LT3,

I.3.9 X # B

& & LA iE (1957).

XM FACASRIRT, MR B A AT M RPN)

S BE  AKRBIEIHUKO LR OBBR T & 72NN LT D, BEEOVFE - KA
TR, 2 OHIE TIE80mA AT LTV 5.

5 B ZoMBORMEIL, BAKIIBEEIGE RV LEEIKE &, v NERKE L SR> TS,
AT K I IBERIR S5 13K A O R 2 1 T, R1.0em KO AL BEAMREGENTBY, —R/NREO
R AREEK S T8 OB ARSI TV IR IR E VB TH D, v MEEIKEIE, BAEKE & FE
THEUE I THD. Zh SR & e IR o KA RO I 2R, 8L 0%
FLLAPE D KAMfE & A —B L TV D,

BLIBER %), &/ /N IIEOHIHIE & AR EIE > TV 5.

It A& RKE»roIHMEAEFERINTHR.

I. 3. 10 FXEPRBRERE

OB . WREEEE (1969) 1LEREIE LA TN,

gl TARERIN)I 0 B o KA.

S 1 FAREEHARIR A g, [FR S ZOVITNET O R A o JHIIZ 5375 LT 5.

B E 200m.

B OB AAEEITEFE—FERO BB EERK, ERBIIEATIIRIEEE S MRS DIEE - T
WDH, %< OFETTIE, WERHEEDCE MRAEEIE, RV LEIKABREPNEEZEER->TBY, BHIK
FEEEICE & BRI & 2 B> TN D,

SEREEA L, BEKE OB PICIACE - TRE - BAREREDOBERRW ULIEFRO MR E < & F
nTn5.

VEAEEEIR TR DR A T, BRAD LY R T AEENNEENTVD. Rk 45
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NDLONRKEBETHY, WA TITEE LA LS, BAEKARS & XBIHSRRWH 0N H
5. BABRKEIIKACHRSEATHD.

BRI A BT T Y, A% - fHEA - Ml - LEREA - AR OSRL L, T AEOA LR
HEEBEDIEDS, Lo DDA 2% A TND.

BRE R OIERTH O AHEITIFE A LKETH Y, EBITZIT TR,

BARR RIEOBMBISEWAROHEL 9 O TRESRICER> TV,

M. 4 % W %

I.41 % £ &

@ & dAhEs (1957).

B TACER PNRT, PRI et i) | s

S M EFEAMONINIERE L 2 O3 T @) - KFZEF) - WEF)I3 L OB =ZMRD &
T T, EREGRE RIS U TOME A8 > ToMm L TWD. Eiz, JIRITHRERO ML oI
B/ NEUTOMEZE > THMLTND.

B B FiE40m. MHAFIE200m.

B M EPEMIoRER, & TSR A QEKEOWE, THITEOMICT I T3 LNk
NHLNDWEOIRE L EIKEDSE, BRI TMEOSGZBICEHAOEEPbR>TnS. &
O DOFEAFNT IS B OREIIE.

SR DB 3 B THBIE, TALE OFRZ (G720 E O ML 2 mICETEEE, TR AGOEIK
BWEZITE MRS, EEITHEZIISDT I TORETIRRKE SV MELESENLR>TVD (6
1), FEOIRE DRI, oMM OMA B Z < GENTND.

WEEEHEE (1968) 13, MAHIIZoA LTV 2 ARE 2 ME LR, BRI OARRE 288 & LTl
FERPILTVAHH, 22 THER—OHIZE LT3,

KIFTRE DRI T I T RDH D L, RBTORKEDEELAZET L LRENLAT, iR
TREREE T CHERE L - WIRkHERTRE TH 5.

BRI AR O TR T, FRMFESEIKEHZ NERICE-> TV D (F12K).

it B FEMHEOTRETNDL, ROVWKEEELAZEL, THERARARMIC L > TRESH,
WRAPESEE (1968) IZ& D ZOFRABHE SN TND.

Achnanthes Canceolata BRER.
Centronella Reichelti VoigT
Diatoma vwlgare BoRY

Diploneis ovalis (HiLsE) CLEVE
Epithemia sp.

Fragilaria construens (EHR.) GRUN.

Navicula sp.



Navicula gastrum EHR.
Navicula radiosa KiTz.
Opephora Martyi HERIBAUD
Pinnularia interrupta W. SMITH
Pinnularia sp.

Stephanodiscus niagarae EHR
Surirella sp.

Synedra ulna (N11ZSCH) EHR.
Synedra Vancheriae KU1z,

TS DALAERITIITEIED O T, ZORRIIFMAEIC LR, FHtEEL T,

F1L ) B E O B e

a. BEREKE CEABREMSRKER) b BLioRKRRE c 5roRET
HEHLERRUE A TEARE

120K FORRRIIAHEBEIR S T & I P O RS

30
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I. 4 2 REERLUAE

PEEMIEOZ SRR, MRS OMT 25 2 &, —H) IR m@)iEo Lics
NTBHTZ IR WIRIEOIEEZ 5 O TND 2 ERENDL, HULOKINEENIZ L > TR SN &
WEHOPTHD. LHL, ZOJRBHOPLTH DRGSR o TR LT, MLk
kil e LTEEBHB bR 72,

& HRR. ERHEEY (GRIAHGHA TALEE) (1968) ITMIEEE LA TND.

2 AN O NEE &, K25 503.8m O = SAHE AR LICa L TRY, Fo—HiL
JUPN O FFFIER A 2 A & B O E TR F LT 5.

B E #300m.

B B REBEIEBLICLEOERS E, KBRS 20 LEIRE LB D, FIEOEEZ1X
SATNS.

B, BBAOKREEZBOKUE, ELEFOMAZE0RAOZIEBELENDLRY, KB
THDH. WHIL, BKG - BERAREASREA LB AaZIIETH D, BEF T, BT 2.0~
3.0mmOFE A, 2.0mmfEEDEEHEA L LEMA L DTN, PEOAELZATVD. AT, &
R HAES - ROFEER - L E H T A ZTTMBBE O E DDA T AMTREE, E2IEK
MR Z R L CWA. ZRLOEMIE, WO AEERE 2 ZIT TR,

WPGPEEE (1968) 13X, ARZINEHICHE T2 RNEERBIL, ML ERE (gL A TND) (12
BHICERY, BPHECHOM L TWDIREREO L e X, FEREOBRICH S L LTS, Ll
ZOWETIE, BEALIOYE & IXEEOBBRITIHL A TIIRVDOT, RLLEEE Bl LT3
L L, BEERZCEEO FERZFRICOW T, S5ICHED 2L TR bR,

BOIBR A2ICEEE T OBERE & IIMERNRZER TRV, L, W& LE NITERIBT
HZ 81372 <, BEBO ) IR ESICHZ>TNDHEALILD.

0. 4 3 kLS

UL L1 Z ol oo U Kk &, 2 0 dbd KIMHIBIC 728 o TR 2 kILTH 5. LinL
O TIE, NPJILRIZZ OREHA T < ANEEFH A0 LTV D IZi E 720,

BHICLICE ORR MBS SRS & 6720, ZICEOEERIISATND. BICEITERE - M
BLOBEAT, EBRABE TEIRE & FEOEETIS, KNOZIEARELEIIELLOTHD.
BEIIZME DI DR T, BKABEOMICITS ENTEY, BKARE R EEia Lol
ThD.

0.4 4 BEXERE
COHIEOB X, BEEEICH L TV A EEASmOMREE L L, FJINIH - 2R B O E K
mOIFER &N D 5. BEHREIL, WIhbDEIOENLR->THD.
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I.4 5 &% & B
Z OHURII MR B O ML £ <, RIS o Tk & SIS o 7RI 04 L T DI E
RV WTILBED - BT Do TN D,

. S A &

M. 1 &K

oMY, bAETRLABIEEN/FEL TOARILAARNGZ ) — v 7HlicE EhTE D
BHOGIBIIRNLEIN LT\ 5. IBEICKBIBICBSE S gailind, i - 19X - KiE - K
ERHHN, BIEEWTNBIRILL TS,

FLIR % T OMIET 2 REE DRI 3T D L, [ FEFRO K DIk D.

1) A AT IRHRR - SRESLIR

2)  BNPUB - IMFRIR - SRNNFEER « K7 #Rh)NASRILIR - K7 #R o v IRGRIR - JRSEIR

3)  RGJIJE - VH IR - KRIEGLIR « B TEHLIR - ZHB—REBEIR « EHFLAR - KABHUR

4 NPUF 2 E RS K OWTIEIAR - WhIR LR

5)  THEFIRZ LESE - R A LR

2 LA T DOFEE=ZRD2HHIE LTV DR D 5 5, X« KIE - B - REI—ITNE, IR E
TIXBR O BPR 2 R, K - Wi HBIRSEK TH 0, FOIENIIRKROIK TH D, JEUE L GLR E D F
AT HH L THDE, NRRIERIFANNEO T e SNREOZRNIBE L TR Y, BkE ko
BILHR & HIREIRIE, I8 L 2 EoMifERs K OKIZEEDO Z2NIIEBE L TN D, S HITHTMmo
IRIMEBDE, SENTRARTZIME A D 20 F— SRS 2 T, WRNSHREE, SMAN JEeIR
F 7 ITHLIR & HEIRGEER & A ERIRICHESI LT B,

ML ARSI P ACEEH AR E O, T ESEO T BIRR &, NER T L oo
Ptk EaE LTIRIFL TV 5.

F /ISR SE 3 =R ORI O THCEE ORMCE, BEREEKE 22 EORINTIZ S EN TN D AKE
DI, AEPHEEDO BN Lo TE U A DL U HICRIET 2SR Th 5. B 728 A8k
WTARERGE - HBRGE - SHERGL - PHSRIE R L TH D,

KA &KW - PNISELD, @ NNITHEEOE K 4 km O KT #, I L OH)IFHEIC SO FER
DBIELTWD. RUFRILLB LIOHINEEILE L TREBICBITINTZZ LR H D5, YRFOWRIIIHA L
MTIEZR .

COMITEE ZROREEOT v — b - THER L L, TN0 &2 RESICE D 4/ \WE O BOAJRE
LXRE, SHICINLEFELLWRBEDOEIRENDRS> TS, SIRIZZN G DRICHET D A 5k
DIRINTEIRT 26D TH Y, BHRHNROME GEL8IK) Lguikds, EmER, SLAITKRDEY THS.

H2) HSIEFHEN EOE LR
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774

\—/-x}x

°

7L -
S,
N>

13 K7, H g LgER S 7[R

Lok oA A o# & "
Lo oA N20"E, 70°W | BHK - SRR - PO - B
2. F IS NWE, 9 MRS - KR - DOTENGL - 5 G - B2
3. M s R N°E, 65°W | BX
4. » | N50°E, 50°N R -n%
5. " i NSO°E, 50°N R AX
6. » » * K N60°E, 70°N | R#kdh - RS - DI - 72
7. ’ ] N25°E, 70°N i ”
8. " | N76°E, 80°N I ’
9. W J 1 N40°E, 75°W | ”
10. ” ‘ N40°E, 80°W ¢ F IS 3
11. 4 N56°E, 90° ML - R - DUHEAGK - B
12. L] N70°W, 90° R - v5X

Zh B MRMEN IS HRFORARRNO—BrBEL L1

MEKIL@  JIPNETAERE L0 EICH 4 km, )R EZDZRTH LTI EDEWA LY, KiEx=
REDPOIFE ST HEICAEL, JINE Y BEEEKGE L TV D.

ARILILERIERIE A EIESRE L, Z0%I917TFERIESIL (Zd) o3Zihé LTI, 19364
BRI MU O T 0, ARIICERIE SN2, 19414 IR, BAEICE > T 5.

FILfEOHBEIZ L = RORIEBORES - Ty — b E@NRBOZRE, BLUOIhLEER
HEEDENRD B 72> TN D, JRRIT LIS & FHCE & D2 0ICRIET D IRIKE & OB K Td 5.
BRI HUE T L CY R ORBLIE D H 20, HRE (1959) ki, SRoER - EHAHINTS®
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(Abstract)

The mapped area is situated at the northern end of the Green Tuff Region of
Northeast Honshu.

Like other areas in the Green Tuff Region, this area was under the terrestrial
and the erosional environment since the Cretaceous period. At the eariest Miocene,
the subsidence associated with volcanic activity. began with the deposition of the
formations which are composed of pyroclastic rocks and terrestrial and neritic
sediments in the main part of the region. In this area, however, it started from
the middle Miocene, and basic to acid volcanic rocks and marine sediments were
thickly piled up on the pre-Tertiary formation and igneous rock. Various ores
were deposited in some acid volcanic rocks.

The subsidence reduced at the late Miocene, and since then the area has changed
to the land, but the volcanic eruptions have continued with interruptions to the
Quaternary.

In this area, the Neogene sedimentary and volcanic rocks are widely developed
covering sedimentary rocks of unknown age and Cretaceous quartz diorite intrud-

ing them. The Quaternary lacustrine deposits and volcanic rocks are also sporadi-



Table 1
Age . Stratigraphy i Rock facies
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.8 Alluvial deposlits Send, gravel and clay
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Terrace deposits - Sand and gravel
. Ejecta of Osoreyama .
> ! Y Andesite tuff breccia
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° ° Volcano
= (=4 P
L [
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= 2 , . .
° @ Ohodake andesite Andesite tuff breccia and lava
(e} = -
Sandstone and mudstone
Nodai Formation |
conglomerate and sandstone
7»;7‘——1-—«W i e
2 Hontarozawa welded tuff  Dacite welded tuff and tuff
(-3
3 (2 Y e e
2 Ohata Formation Dacite tuff and futt breccia
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0 L TV N P
Wakinosawa andesite " Andesite tuff breccia (with
(Norfheustern)i intercalations of lava)
!
> ‘Areo- ' I
- |
o iYunomatagowa | R . - Dacite lava, tuff and
b ‘ | Formation | Dacite tuff breccia  welded tuft
— et
" \Kuzusawa M. ' Pumi tuff (with
: “C’ Ginembokuy “Yunokogawa : \un:lncfircglotion:l ot ':’nuufJS,’oi:ndstone and
M. : . ~._Mmudstone ) |
o Formation e
O Kozawa : Hard shale and Sandstone, conglomergte
o Formation Lmussive mudstone
® s ' Tutf breccia, sandstone
c Yunokawa and mudstone
o ' Formation Conglomerate
o
° R S Satatat:
[ . .
) . : . Rhyolite and dacite -
2 igawa ormation ; . . . .
‘ Hinokig F " tuff and tuff breccia (with intercaiations
| i of lava)
. ! U SR e e e ]
[ .
: . Kimpachizawa Formation| Black mudstone, siliceous mudstone and
} t ‘} basalt lava (with intercalations of tutt)
{ i
| ! o e e
Per - 5 ' Chert, sandstone, slate
. . Nagehama Formation Quartz diorite )
Tevtiary! ¢ basic tuff and hornfels
] .

cally distributed. The widest distribution of all the formations is of the middle
Miocene deposits which are composed mainly of acid volcanic rocks such as rhyo-
lite and dacite. These rocks are changed into “Green Tuff”’, a general term for

green-colored volcanic rocks of low metamorphic grades and contain many bedded



or vein type ore deposits.

The stratigraphic sequence in shown in Table 1
Basement rocke (Pre-Tertiary)

The pre-Tertiary rocks are distributed in the northwestern corner of this area
and comprises the Nagahama Formation and quartz diorite.

The Nagahama Formation is composed of slate, sandstone, chert, basic tuff and
limestone, some of which are phyllitic in part. They are thermally metamorphosed
along the contact with quartz diorite. The age of this formation is unknown.

Quartz diorite is greenish coarse- or medium-grained rock including hornblende
and biotite as mafic silicate minerals. The age is 108 m.y. according to K-Ar

dating on muscovite contained in the above-mentioned thermal metamorphic rocks.
Neogene Tertiary

The Neogene Tertiary consists of the Kimpachizawa Formation, the Hinoki-
gawa Formation, the Kozawa Formation, the Wakinosawa Andesite and the Han-
tarozawa Welded Tuff in ascending order in the main area. But in the north-
eastern corner of the area, the Yunokawa Formation unconformably overlies the
lower part of the Hinokigawa Formation. The Yunokogawa Formation and the
Yunomatagawa Formation are successively piled up on the Yunokawa Formation.

The Kimpachizawa Formation is distributed near the basement rocks and also
in the area extending from east to west through Aki-yama and Hachiro-dake to
the south of basement rocks. In the area of Sai and Oma, the lowest part of the
formation is composed of basal conglomerate. But in the greater part of this area,
basalt is directly overlapped on the pre-Tertiary rocks without conglomerate.

Basalt and mudstone are main constituents of the formation. Basalt occurs
chiefly as lavas and carries clinopyroxene as phenocryst and wholly altered.

Mudstone is composed of black and greyish white colored varieties but the
latter is few. Bathysphone sp. is found from the mudstone.

The Hinokigawa Formation is extensively developed in this area and charac-
terized by the existence of rhyolitic and dacitic pyroclastic rocks and lavas.
Basaltic and andesitic lavas and tuff breccia and mudstone occur subordinately.

The rock facies is different from place to place, and the following several types
are recognized.

The Ushidaki facies is mainly composed of lava and pyroclastic rocks of dacite
with aboundant phenocrysts of quartz and plagioclase. This facies is well seen
in the vicinity of Nodai Basin.

The Otokogawa facies is composed of pyroclastic rocks and lavas of rhyolite

without marked phenocrysts. The main occurrence is from the mid-stream of



the Otoko-gawa to the upper stream of the Shukunobe-gawa.

The Hinokigawa facies is of lavas and pyroclastic rocks of reddish brown rhyolite
with rare phenocrysts and perlite. It is widely developed from the lower stream of
the Shukunobe-gawa through the Hinoki-gawa to the Kawauchi-gawa. Besides, the
Takiyama facies is seen along the upper stream of the Wakino-sawa and is inter-
changed with the uppermost of the Hinokigawa facies.

Acid volcanic rocks of the formation are characterized by the wide-spread
alteration such as silicification, chloritization or argillitization except for a part
of the Hinoki-gawa facies. In these rocks, the several assemblage of secondary
products such as chlorite-sericite or montmorillonite-zeolite are found.

Basalt is present in Omoki of the western coast and mostly of autobrecciated
or pillow lavas. Mudstone is relatively extensive between the Otoko-gawa facies
and Hinokigawa facies near the Nishimata, Taisho and Iwadaki Mines.

The foraminifera fossils are found from the mudstone.

The Kozawa Formation occurs mainly in the hilly lands near the Ko-zawa
and the eastern area. The formation is divided into the lower and the upper parts.

The lower part is composed mainly of hard shale intercalated with massive
mudstone, thin beds of pumice tuff and andesite lavas in the western area of
Nishimata-zawa. It thins toward the east and disappears on the east of Higashi-
mata-zawa.

The upper part is composed of the pumice tuff intercalated with a bed of
siltstone. The lower and the upper pumice tuff are named the Ginnamboku and
the Kuzusawa Members respectively. The pumice tuff of Ginnamboku Member
is pale greyish white in color and is characterized by the abundance of large
quartz crystals 1 cm in diameter. The pumice tuff of the Kuzusawa Member
apparently resembles that of the Ginnamboku Member, but is different because
of the smaller size of quartz crystals and sporadic presence of hornblende cry-
stals. The siltstone contains diatom fragments and shows massive feature.

The fossils of Haplophragmoides cf. emacitation (BrRaDY) and Martinotiella
communis (4’ ORBIGNY) have been found in the hard shale of the lowest part.

The Yunokawa Formation is extensive in the northeastern corner of the area,
the Yuno-kawa and Naka-gawa, the tributaries of the Kawauchi-gawa. In the
area of the Naka-gawa and the neighbourhood, conglomerate covers the Kimpachi-
zawa Formation and is succeeded by the tuffaceous sandstone and siltstone with
dacite tuff and dacite tuff breccia in ascending order. But in other areas, thin
bed of conglomerate overlies the Kimpachizawa and Hinokigawa Formations
and dacite tuff breccia directly overlaps on the conglomerate.

Six species of plant fossils including Betula Onbaraensis TANAT et ONOE and
Liquidamber endoi SuzuKl were collected from the siltstone and sandstone in a

tributary of the Naka-gawa.



The Yunokogawa Formation unconformably covers the Yunokawa Formation.
The basal conglomerate contains pebbles of rhyolite, basalt and mudstone. The
lower part is represented by the alternation of conglomerate and sandstone, and
pumice tuff. The middle part is of tuffaceous mudstone and tuff, and the upper
part consists of tuff with intercalations of sandstone and conglomerate.

This formation is nearly contemporaneous with the upper part of Kozawa
Formation, because the pumice tuff of the lower part has the same petrographic
character as that of the Ginnamboku and Kuzusawa Members of the latter.

Sixteen species of molluscs including Panope Japonica A. Apams and Chlamys
swiftii (BERNARD) are found from the sandstone in the lower part of the forma-
tion.

The Yunomatagawa Formation narrowly occurs as pyroclastic rocks on the
Yunokogawa Formation in the northeastern corner of the area. The pyroclastic
rocks are characterized by the presence of abundant crystals of plagioclase and
quartz with pumice and lithic fragments and some parts are welded tuff.

The Wakinosawa Andesite consists mostly of andesite tuff breccia intercalated
with lavas, but in a few areas, the basal part is dacite tuff breccia. The andesite
of lavas and essential block of tuff breccia are mainly of hypersthene-augite
andesite and not altered except for the argillized portion in the environs of
Mutsukinzan Mine.

The Ohata Formation is narrowly distributed in the Yuno-kawa area. It is
mainly composed of pumice lapilli tuff and tuff with intercalation of tuffaceous
siltstone. No fossil has been found from this formation, but the formation is
lithologically similar to that in the Ohata-gawa area.

The Hantarozawa Welded Tuff is deposited in the marginal part of Nodai Basin
and covered by the Nodai Formation. It consists of the dacitic pyroclastic rocks

which are mostly composed of welded tuff and greyish white in color.

Quaternary

The Quaternary consists of the Nodai Formation, the Ohodake Andesite, the
ejecta of Osoreyama Volcano, the terrace deposits and the alluvial deposits.

The Nodai Formation is deposited in the Nodai Basin, the upper stream area
of the Kawaguchi-gawa. The lower part of the formation is composed of con-
glomerate and sandstone, and the upper part is of sandstone and siltstone includ-
ing limnetic diatom fossils.

The Ohodake Andesite covers the Hinokigawa Formation and the Nodai For-
mation on the foot of Oho-dake (mountain), southwest of Hata, and is composed
of tuff-breccia and lavas of quartz-bearing hypersthene-augite andesite.

The ejecta of Osoreyama Volcano are narrowly distributed in the easternmost

of the area. They consist of andesite tuff-breccia and volcanic breccia.



The terrace deposits are developed in the coastal terraces and the river terraces
along the Kawauchi-gawa and the others. The alluvial deposits are found mainly

along the same river and the seaside.

Geologic Structure

The major structure in this area is represented by a broad semi-dome sur-
rounding the pre-Tertiary rocks. Anticlines of a north-south trend appear from
Kawauchi to Yunokawa.

Local basin structures of various dimensions are recognized in the area of the
Hinokigawa and Yunokawa Formations. They arc volcanic structures and the
specific volcanic rocks in the formations are thickly accumulated within the

basins, but become thinner toward the margins and finally vanish.

Economic Geology

Ore deposits

In this area many Cu-Pb-Zn ore deposits such as the Nishimata, Taisho, Oage
and Abeshiro etc. are present, and are deposited mostly in the Kimpachizawa
and Hinokigawa Formations. But all of the mines have not been worked.

The deposits of Fukuura Mine (1)V in Shimono-zaki near Fukuura are of con-
tact metasomatic type. They are developed in the limestone of the Nagahama
Formation which is partly metamorphosed by quartz diorite. The chief ore
minerals are hematite, pyrite, chalcopyrite and sphalerite.

The deposits of Tengamori and Nakagawa Mines (2, 3) are situated in Tenga-
mori and its neighbourhood, west of Hata. They are chalcopyrite-sphalerite-
galena-quartz veins running dominantly in a NE-SW direction.

The deposits of Hata Mine (4) are situated in the confluence of the Kawauchi-
gawa and the Ara-Kawa. They are chalcopyrite-pyrite-sophalerite-quartz veins
which are embraced in the basalt of the Kimpachi Formation and the rhyolite
dikes.

The deposits of Oage Mine (5) arc found mainly in a rhyolite body of Tsuku-
shimori near Kawauchi and of the stockwork type. Chief ore minerals are pyrite,
chalcopyrite, enargite and chalcocite associated with quartz and alunite as gangue
minerals.

The deposits of Abeshiro Mine (6) are distributed in Abeshiro and are divided
in to several small deposits such as the Sakura, Kama, Matsu, Take and 0d5. All
of them are deposits of massive or bedded type.

The Sakura deposits are embraced in the tuff-breccia of the Hinokigawa For-

1) See the number of the sheet map.



mation. The western half of the deposits consists of Kuroko (black ore) and
the eastern half is Woko (yellow ore) which is rich in chalcopyrite with some
pyrite.

The Kama, the Matsu, the Odo deposits are embraced in tuff-breccia and rhyo-
lite of the Hinokigawa Formation. The Hime and the Shin-hime deposits are
found in tuff of the Ginnamboku Member of the Kozawa Formation. They are
of Kurokd, Woko and Keiko (siliceous ore).

The deposits of Nishimata and Taisho Mines (7, 8) are close to each other and
of the massive or bedded type, which is composed of Kuroko, fine-grained aggre-
gate of sphalerite, galena, chalcopyrite, etc. Their deposits occur in the pumice
tuff of the Hinokigawa Formation which is covered by shale, and had been worked

by strip mining.

Hot spring

The Yunokawa Hot Spring is located at Yunokawa along the Yuno-kawa
(river). It gushes from a fissure in tuff of the Yunokawa Formation. It is a

simple spring of 57°C.
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