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1 2 3

Si0, 76. 50 66. 54 64.90
TiO, 0. 66 0.45 0.60
Al,O3 11.78 16,76 17.71
Fe, 0y 1.28 0.55 0.75
FeO 0.07 4,51 4,08
MnO 0.01 0.09 0.08
MgO 0.65 1. 46 1.65
Ca0O 0.01 1.21 2.10
Na,O 0.50 1.97 2.34
K;0 3.38 3.73 3.24
P,Os 0.05 0.12 0.11
H,O (=) 0.76 0.28 0.26
H,O0 (+) 1. 60 1.04 0.96
CO; 4,25 n. d. n. d.

101.50 98.71 98,78

1: iRy 7= v 2 (BERAE—BEB—ER-2n JVEHR)

JUF B
2: R Ay 72 v (BEF — HE8 —MELR—FHR)
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AEF~HRIT, RREHEZRT I ENZ N, BEATIILEVBEEZ~TIRA TR D
DRI E A 2R3 2 L 3% <, LR UIFHEES & FALoJes & OBRICiTikih L7
RN DD, 723, KO LR GH 20 m FALO G UEIZ A @O IREUS B EEIK
ENTATELTVND, ZHUTEE 2~3m T, BicbiBifisiLd, Z0IENTH
HRPEIZZ LW, RIEOBEIKED 2, 3 DFHEIZAEL TV D,

NEERME IS D E ) E D DI LA & ST 503, AR CiEd R RIE L E
W, #AEIZHT--> T, Cladophlebis sp., Nilssonia ? sp., Brachyphyllum sp.,
Calpolithus sp., B X OBHRMMEA 2 HWIE LIS T &R0V, BEICITE X B[RS
REBEANNEL, THICHRHANEENTND I EREL,

B A B

AJEIZENNE O LIZBAISE A2 D FAY 58 O Bl S T, 166 m OJEIE &
b, EE LTHR~RREDT L a—XENLR DN, 2 FikcBmbs ™ &

BRLL  ESHE FEICA BN DR BEOFRE Lo GEMR S REWE ST (RN OER)

FE8)  EFHE O BREKRME SN TV AIAIFRO LD TH D W, 728, 215 OKES IZAREHIZ S > 5
PRILE LTV %, Nucula sp., Glycymeris sp., Inoceramus japonicus, Panopaea sp., Polyptych-
oceras subundulatum, Gaudryceras denseplicatum, Texanites amakusense, Linuparus japonicus,
L. sp., Lamna sp., Odontaspis complanata, Otodus cfr. nasus, Oxyrhina sp., Zamiophyllum
cfr. Bachianum, Phyllites sp.
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FEETOWBEEAENMIEL, TS TEREIZTE - P L LE & oMy I
%, JBEIZZNZNT0m, 50m, 45 m Thd, FLADEEEILES 8m N T
AR D720 IR BEF S, BYbT 2 L ERREEEZ 2T 5 2 LRZW,
TE E)HES MBI SN TE KB SND, B EEICELa SRS 5 L4k
1T, BLICHHENLRD, WAITTRObOREET, Milzail t£<, B0
I3 em LR DYes D8 2 QAL AICH S, —RICE<SEBELTWD, TEd 5
HThH, TOFEETIEINR Y OREZEERA DI, & ZIIRIZFHORE L5
MBI E R D D, £, BEBWOLDOLEX ONSERLADKELIES 1.6~
2.0 m OFBRIEY A A 3 BHEIC A LN D, AREAICIT 2HEDH Y, £ 1 DEMIR 1
ALTRT XD ICEMRRAN LED B LR E MRS T, JEBR & B LA
LTEWSTEY, “TEVHL" DL THD, D 1 DIEKIR 12B THHND LD
RERACA T, THUEHRIED A g B & AT L TRV o TR Y, BERICIEA 7R
<, BIOMOAIR & IFHAF LR,

3 T e = RANT) B @ JE PR TR
12 EFHE FRomERIcE s AEA (E)H05 0HER)

WHEEAENOIZRD X 5 MLARRBMS NIz, 2B, ZOETOWENLITTAD
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HRCBRIA A PET D,
Crassostrea ?  sp.
Lucina cfr. fallax FORBES
Caryocorbla sp.
Linuparus japonicus NAGAO

KHEOHST DM CIEE A BB 2L BICEDRCEERIE R H Y, £
DESFTK1Imb D,

RE AR LT, RIS ADEESEEL S > T2, DHEEAO FEICE
F v — b - W - RBCE 7R & OHERTE OBITINA T, K KEESh o ARBESHE &
1 0.56~1.0 mDES DEENIL BHO LN D, BEITEAEOE T TEIML 25
BRANCN > T, ERHEO LERTEO b O ~HK T, M@ize boZ L3R
WV, EERBVIREDHENKSE SO, FKHTIL 2.5m OJF E OFiHCE BB S ~EEIX
BIEE DN REENC 5N D, K EEOMAHENOET 2ILAIFTROL D Th D,

Gaudryceras sp.

Inoceramus japonicus NAGAO & MATsuUmMOTO
l. naumanni Y OKOYAMA

Portlandia sp.

Lucina cfr. fallax FORBES

Neilonella ? sp.

Arcidae spp.

EB PRI OBIRIIEN B2 Y, EALCRDIZEM R D, BRI TIEREE
JEBL S 2 HAL, EAUTEROMBERBIET 5, ML CRIEMEowE I m L3

HEREZETIHAN LI LEIEEND, 0L 5 RHBITE I EHOBSEICE
W, FHBA DEFHRIRIC AT T, BINCEAEARDERA A H A, KE WO ILEA 30cm
Llbick s, BAEARDZ X EEOMEN ST SNz B2 5N D50, —ER L
RO LIERIEA SRR LIz TaetE b b 2, ERHE LA o 138 ridsaniZsin
20,
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R B

AIGITEFHE & EABRICH Y, HEER0OBHBRICRESICHESND, 8
B3R T0m TH D, RILEO A I L CEHART, & ACHICITEHENR
CEOWEDTORFIIE LD TH RO ONDICTERY, LEER->T, T

WIEE HIRAHTIC BT 2 BREETLET DD TH D,

WILJBILVERE - W - S JOIKAEL B2 0, LIE LIIREY & Bide, BEIX
FRERZEDRAEEOLOT, HAGEEL, AEEEL CHETLINEITT

B2V, FERIE S 272 ) B HICTRE - AR JOEIKEN 2D,
ISR D E AN L, NRIETE AR D, A mAE O S 1T 10 mEi#& T,
TS ITEABICRD Z 0% <, HWRE ez, LIX UM &, 8BS oBx
—MRIZER ecm LT T, Frv— MERKEDZ D, D BORNCE - WAL
M5, KECEHBATIZE A ERD BV,

B KB - A KW ISR O R ILE 2 5132 < O banmon T D 810, K
Mg Tidd 72 <, RAFIT L < 2V, BEEDEEIRED BRI L2 B DD 5 5 Asplenium
? cfr. puilasokense Heer, Salix spp. % [RE L7ZICT &R0,

m 11 & % = %

B OH g R

B EAL O NG BREO LR BN AT LT L, ALHRIIAENIE T, A
T LB LT D, B ITHE L 7= B IS BEAS R RIS A TS 7 1 A L TV 51

AT, WERE L bALEITIC 10~20" BT WS, AKEREOMERARL S K& WS, |
(/25 13 CHEAEIZ/NE RBHOT, FERORICITEZE A L EOXZITRD 5
N, AHIRIC 350 B WH OBIRIT TATRES L S5,

PR & ABEREOBIITE L B20, ZhHOXBIEASICTE D, AKE
BEOBER L, KES/ A EERE ORI T v — b« BEHCE - W e & DR CRERL S
M, KACEBEASIER ISRV OIZK L, 8RR RECIRkpE— L < ISk s —o
FEEARERIIC S, BEBKTHD, 0L REEICADNDE LVERE, W

FE9)  BEL L THRITITN 2 TO D KT = K OURIBIRIE K LIS & 3R 72 5,
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A AR OB B : B HIE R OB
[XRR13  AGERGIE & BT R OBEAS D &R

JEREHERSRFIC 35 1T 2 % IO BRI DO B AW EWEED DT, HERKRNOEH =
ACRNEEZ ANT T OKRBIEBN 2 HEET 2 9 A TERESNLOREZ L TH D,

B BB IR 350m T, WIS AEE L ICKy END, ABEEHITHRIHEREDIC S
Zr, D DNCMEARE E B2 bR HEIER S, BEL L KESIIRERETH A,
A O EBT DAL D F O EICE R 205 - A xR L THMBHETE 1D
OHFET BT 5 b D EE 2R, D7 < &b ARMIRO B HEREPICIE 4 SOl
EROLHIENTE D, ZlEDOE I I ZElL, H2, 30b0IFH 1, 4
DHD XY HIX DT, WIS AR RS & WA, 5 4 g LM IR
PRAPEL TV A™Y, BEREE, 1 WIS EO b0 NE IR TV 51E
PET R THABEE TH D,

P AIEE DD TENTHLINET D, MWbAIT3 BHECE N, RFETEL
FELGEECTh D, %idd 2D LD RMERMEN O AT, NEREAREWENL, A5FR
D 2E DS g I B H D BB PE DAL AR L L TR Y, b &IESH
B EBERZOND, Lo, BFHEHOKRRITEH ZRoritaEi s Zx T X
mAH 9,

%
)

FE10)  AZEIXE S O N AT I RS b ARG B L, € ZCIEARUR TR A b e LY Lo Hig = T
b & DT, BIRAEPIMELTND, LER->T, H4RERBICHEIREDNRHD LIk D,

A
£
: g
Bz =Fs
2Hm Foslos
Ews
% BESRIE
&l x . Sl
T sERE (RWEE)
T |& 6 AT
C & BT
= Jii
G
B
B
Bl |
%
u| |£|E pi
- e
5|28 %
2|
s
&l |-
e
5=

WA U oH g R R R X
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b I =

JEJE 180m T, Fifé B &Iy EN D, FHIEE 1 fwmfgofesichizn,
T OMBLE &5 2, 3 dwAEIE EEIIE VWD, KRBT 5L, 3ERICRERSY, Z
NWHIFSEE L LTERT, —MITNB RN BTSN TWD,

TE BHHEHOEERESICHYETEI0mOEETHY, AZEHORILE
DECAEEORERE L > THR>TWD, REGHPBEIND L AT
28, B - JFEBETEO 2, 3 OHE Tl A OBIERA LN D,

TEOIFE A ERETESEN O, LEOWE - JREZ MR d, BT —MRICE
BL0emNAD L AKBENZMET, ZADEBR TR TASN TS, FHEE
IIAZEREO LD LY —BAR<, Ny~ —CHRZBITEEN L V25, BRI AT
TRV UIRRCE - s - FBRAE « Fv— b« RilCE - i, AR EEZ 2 65
RERETHY, 205 LREAIITKIEER S > L bZ W, 20 &) REESOMNE
1L, BEOREIPE(THE502 1L, FHERSEAZEL TEDLLRV, A
F~MRLD T NV 23— X T, L RRITHEEE IS E Y, RIREROFENE L
W, JEEHIEA RV, L EICREYSE OMA 2 ET b OB LND, BHIEO K
HIAEFITHT T, AEOERIKECBA T B ESE DZ20NIRO b d, BEREITEN
LIATIMBEED LN ERHIEICZ Ly,

£ JEE 100m T, BEE - WABIWNEREEEL L, BIKARE LOHEREHA
L, AZMGOTEKRIGIZ®RS>TND,

TEROBE 1T ERICT S ERBICKREZI L, LEO TEL LD 2058
L, 0O RRBEBKTIEE N Do BIEITRADZ, o b OIXMEnd 5
0, BUEBATORR L 2> T2 bDIFESKI0em DO LD TH D, ZORBEITEH
EREOOSBLThbol b <L, FRIIIEIEH10em~1 mdO~Xr A M
LB E R D D, ZOBENPLIZRAFO LG 2 ZEL, RObLOBFRES
nic,

Osmunda macrophylla PENHALLOW
Adiantites sp.

Taxedium dubium (STERNBERG)
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Sequoia langsdorfi (BRONGNIART)
Metasequoia occidentalis (NEWBERRY)
Glyptostrobus europaeus (BRONGNIART)
Equisetum sp.

Geonomites ?  sp.

Musophyllum cfr. complicatum LESQUEREUX
M. ?  sp.

Acer arcticum HEerR

Ulmus ?  sp.

Juglans sp.

Betula sp. «

AR 14 dEOWRELE ST H T DR PEIRE (RO AGEOY) LB
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Populus Zaddachi HEer
Cercidiphyllum arcticum (HEER)
C. elongatum ? BROWN

JIFR R OH T This{ba & & HIZ Corbicula ? sp. B X O Z BRI L 7=,

EIRIEAE O EALIITE S K 10 m ORI EEIRAE R DD, ZhidmEmaz 2l
IR T, JEET D & EACRMEIE DS L CEBAICR D, —RT D EMED XS ITH
AOVEFCBRT 2L, BEAR - A - 88 - VI ABLOLUER SR> T
B, BAEDR, RIEEERKE O LICHOEERER > TS 2 EbbY, 20
ERRAE S - TH L mEE DD,

W2 WmEEITEIE 30 mm T, BESOIZIUED, BERKEE~T, JKAGBI L B
HocARBIOEBKEZHDIESEEZ b > THKD D, BWEEBKSTAGEZEL, Ho
WHOWMEICLSELHLTEY, BHF»6 Thiotg e Xllshnd, WEMiTT
3, AEOTEHITESE L, KEVMOMEEEZEEE LT EEMICR S LAz &
BRI GBI T D, WYB NS &AL BB L T\ &, BERE - BRIKE VeSS
APt L 512, MIKbd 5, b0 ELIZ< DIV ME - JEAE KUREKH I
HIRIFED LML AN EEN, TRO b ORIz,

Metasequoia occidentalis (NEWBERRY)
Sequoia langsdorfi (BRONGNIART)
Taxodium dubium (STERNBERG)
Glyptostrobus europaeus (BRONGNIART)
Torreya ? Dicksoniana HEER
Betula sp. 8
Platanus Guillelmae ? GOEPPERT
Populus Zuddachi HEeer
Cercidiphyllum arcticum (HEER)
Cornus hyperborea ? HEER
Viburunum Nordenskiodi HEer
V. N. var.

INHDENCHEAL LI A R H Y, ZRANTITSEARDRED E S B LIz &
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AONDPEREZTDONRD 5,

WEFEARE TS 3 I35 50 mDEEE L 5, FIKO 105m Oy ITHeE T,
INDBWE~NERBVEDY, 52 EALICTeny - TIRA - BEIKE - AIROASEIZ
ZLTEI S UAEDN & TARIREE XKD 5, KBIZ2EDHY, BMELIIENE Z
5TA0em i OBIEE b0, NESETIXREOBIILA bRV, ZOBED
AREXGE LT EEZEX LN DR B 5,

A E B

Vhig & TEA R T, ERIT 17T0m Th D, FTEE LEEicariFonsd, 2o
WECTAER TS LZMEL, xRl ORSICEZITEBIZEENDILOTH
Do LIzi3oT, AERLEMIETVIERDANERITA 5, RBAEKIE 4 fhlfEic
U, FEEMRLERIS, EIEMhaEs oY 3 5,

TE ABEIOWMELZMERL WD —HOEWEEN N ThD, HEITK
120 m, PR IZERHAE W AMICBIE SN TRV T, SMONGZEO X
ITIEE S bbby, WRMAETIIRIMOVBEEENH2Y, RASEHOE L RE
L7cH~HPI A L o R E D, BEE - DAL LEEOLOLFRILTH D
{bA DFEHITE S THRY,

&8 AEMGTONE=ROK LH AT HOT, AZERLOMERBIZ DT NS
T DT ER, KKEHIESND S DEEDTHAEE LH O AL E 0D T

m

P, BEIZ50m TH D,
THALOE X 30 m OERNIIHEE & fh7e Y Wia ERAE EDHBN S5, Wi~
MBI OT N a—ZXDEDTh 5D, BT ORI EPICHEY, R 1~3cm D

Mz &, AT 2~4mDESTUTLIEREMEZ T, RFIZESZVARRD
&0 b 2T 5,

Platanus aceroides GOEPPERT

Cercidiphyllum arcticum (HEER)

Juglans nigella HEer

Ulmus sp.

A2 20 m DIBAFITB BRI ENS R0, AT - BEE OB E -
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TWo, BAEFEAEL, LZLIEEEEETe,

om. 12 % WM %
TR B CHEREY - RRRHHERT 3 K ORI 2 572 5

BEH L URKIH#EEY

AT B DB L AVFETE L, L (VTR & DT D, M x BREE'Y 13A
UG T b B DB I Ak L, HERW A AT m E DR E WS DO DIEICKEERE - A
g - ZFE - RRE LIS, bl CTuAERE & LA, balEHn
TESIROA, 2T SR IR A, o 3 EIT RN TH 5 L v
Y. ZOBHETIEIMHHOETE~NIZL S, BEEEEA - it L OMRALIZ 3 K3l
L, HERORRE S ZHIHiE D,

SREEHEY BE B3R g — 20300 L, HEEY O EREN EEE L
WS, KIRTFALICHEEER B Y, Efflcn—2&208FTW5D, 2EOREEITHm~20
m EHEE SN D, KIER OREREMITIT “ANROWE” L LTI Mo T 51b8k)E
T, BEEET DR KFFREHR IRV T 20 mIZET S Vb T,
LinL, AHIECIEE LWL OEewn, I ClE X KBS em LT o %
b OWEEN FZAHA BN D, RBFEIC &K & FERZ2HERED R H Y, EIEIL 10m
EREZIR, I~3mMOWEEIZIZLEY, EAmou—2208TND, ZODERE
B WERICE LR H D,

R EHREY W EOYERES T, MBSO T D, EONEILEL
PPLRVBKRE LM EREOLOEFTEL S TH D,

B R B & URKEREY ™) MR OR ST ONERIEITIC LY 1) 2
b3 20, - - BEIOKMTEL, TEEIr—LnbERIND 2 LRZn, 2
O LITFNIRL =HHBEN TELS 9B 2D,

HOERE
BN DOWFC AL, B W - ML EnbR 5, FEIIB LIOZO3RICH >

FELD e RIEORWIG - marih R & e,
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TIFHFESE DAL 72V IR, KERODITRBOHL L 2> TWNDA, BRI
Vo T, ARHUR TIRILHIAN RIS E D, R O EIT L < R,

m. j& A H# F

AEMEHIBI T LZFRINE I L < D@k~ o T HIRBET 5, LaL, BUEBRIT
POFINTE HENGE LTS T, Z OO FARGE L - ML - PRIFER (& HICBHHEE

KRELE

19 Tes i

s | TR

Bl
ﬁ Fr—h
X RABE
x IB%
X mE
T BEREm

W6 —T X H L NSO~ AT BRI
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JISEIL) 1FRLPTH D, ZDOMOFEOLRITOT Y ZFIEHIcH Y, LR
DFRAE % AR LTl et B & U To B REEIR, 36 K OV=R Ak s v oo /N B oD
PR TH D, TNOITTRTHMAEKLPCTH D, AKEH - BFHERTIEZHOR
Yido %78, BN SV, B RHER PSSR A W Y, BRATICHER 20,

m. 1 ~ v #H v

~ I PERITE 6 IR LI X O IZER L, 6 O D 5 Tl HEJIGEILIEH
BAREL, LObLRMEOROARAROIILTHSD, TOMOIEKED H BT,
BB ORZ Vo, ER - e - WIHOEK TH D, ZnBIFTXTLb—T7~y
Z o PHIZET 2 O THEMILRE OBMERIER 22T, Whwd “HvrT A
STV, 72k, FFREN - ks - EARZ: EOFURITIE, ~ o A0 LA
WEESR ERREEE L OO L7 2V A (REE), B3EXOWESH D W ITEA
ELRTHNRTICHY Z e EL, U7 U8R E LTHIER SR TVD,

B E I 1L 12050~

HFRIUFEE HA E)IF I TYRICALE L, I\ TRRAGEER O B R K 16 km (2
H2Y, FINFEBFTHTE CAZADERH D, FLINTIEE R SR 0.8 km TEY
5o

BIASSEE T TIZBIT ST W e L Whild, B3 FRO TIHREAREI N, £
D%FEL DEBERT, BUEITHHERBEAR I L > TRE STV D,

N—=T Xy el TRFNEPOF v — MBI Dk L L ZRo
PART, REEOT ¥ — FOREIIERVIRR BB L, FTC X 0 BRI L Ao o T
W5, BRI ER 22 “Ee " AL E DO TEL OREO~ » H 4k
MEFET 5,

ARINOIE AN BRI I, PUIBEER  (BFEATPID - BIRASEER' (T RAGHER Y
FRARA E > Y _P) O 2HIRA D 5,

RINIBROFEED 572203, T 2JEHED BT, WD 3 D>OPIRHFITH T
LD, LA

b NSNS R TP S EFIN N
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Y HGRE - OKRE - mH - YA - ARG
ARBEIR AT AR
BB AR SN TV D O I Y FHART, —360m I THEEA TS, IH
TR — M E R IE N10~15" E, BIRHE 70~80" W T, ERLERE 200m, B4
JEE 420 m T, MEIX 0.5~1.6m TH 2D, LAaL, FEEHEM L Eadbic Lo
RN FRIOZRE L 720, @i O PR EIIBIR O EHK L 2o TV D, EHEMKITRE
HOWEIBZID > THRE L TWDA, ZoEMITMIENI E Hi 51 STH D,
B REA0MI%, KA (pyrochroite) « /~w A~ >4 (hausmannite) « 7 7
n 5 (tephroite) - -~ > % i (rhodochrosite) - /N7 % (rhodonite) « 7 7
7 8 (braunite) « fk~ > 9L (manganosite) « fii~ > 7 9 (alabandite) 72
EThs,
WFEOLERITRO®BY Th 5,
FHBE(t) FEHE(t) sz (%) ~ AU R(t)

IEFN304F 9,889 6,780 46 2,982.6
3147 12,160 8,175 46 3,561.0
324F 16,800 12,160 45 5,135.0

¥, WFIITEN S32F £ TOMAEFIL, HHL 99,110 t, FEHL 61,4661, v
B 26,633.9t T B,

Hilks « PWIGER & AL OFER S L 7B A H > T A0S W, BIFEL
BITRILPTH D,

T OMAFTCIBELA & 523, WRIFE T D EMRFURIT RN E T/ IUIEIT S
7

m. 2 4

[52:ESNENITE I 3::F kN S

FUFEREA FJINCATE L, B E)NSEL o b5 500 miZ =5,

KIE 8 N HEIE S WA o # PUCTTERIE CEIR S re, MRk EEE O 16 )
WIS 33 T DR AT SNy, BT L Z2<Mb e Ikl & 2oz,
WEFI23 AR S, BEIXHTBLERR () 2FTE L Cnd, OmBtHtE L vy ¥
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B FEB AT TR 450 m DN ABUE A EESL L, T &Ry 25— HHiEsR
it LOGINRRHEIC K W A A D723, R S B2 9 A LURIKIE L TW 2,

PRI —T X H s bRt RFINBOFRNL Y 7 2V A (BHICHRE L7 =
NA) PORPKEE L OARER A % R L 7Bl LR <, Bk 2 5k 572 5,
M N10"E~N10" W, E&} 70~80" W D=0 » RHL 22 EIRFLIAR T, MigEiR L b I
0.5~2.0m, 60~100 m DEMLERELHF L TW\D, FATEWITWMEEIEE EL L,
RO GG - PIHSAEES X OBEERIE - ((r=— 30 ZfER-o T2, ABL R
WA - YT IAE L L, AL RS TV D, WALIE Cu0.2~0.6%,
Fe20~38%, S14~28%FRETH 5,

- N TTR

T RO EAATRIEIR O _FHEICALE LT 5, I\ F VA ZEER X 0 [E 8 2 3
THY 2 Bef], WIS CTTE, 2k ) ESK 2.5 km THMUCET 5, BITR40FEE
Ranzewvwbhnd, BIERICH & EBYERIEINENBRIEIIRILFTH S,
N—TRUKE Y NOFRKICEL, BFEINBOFRNL Y 7 2 VA (BEHRALY 7 2L
) PIZHEND L v KRR % 538 U T B s REE IR ©,  S58A8E - 3EERSL A = &
L, DEOBIIEASE « FKSILE LR > TnD, ABL VIR E L THRA - 97 5
AR L ORBEALZET D, W ONOH0E, BHRH 50, BEMEL TAHTE
R0, HELF N E VY,

ZDIED, SIS OIS IHIA B D, T ZIRERIE KIS A B < LA AR
DB OESRIE - EWEBEOIG L= b 02T L2 b D TH 5728, I 6T
AN

m. 3 &

SF

FEREEER - W R L b RIE & B,

AERBEECEENEERUEPIZHD, L, WTiLbilid, »ougrticz L
WO T MR, FEERE R, RIRTENNEOAREZRET 2 72D HERIT 72
b, IRERER DN DR o1,
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IWERBOARELTHONTWDOIXFHEHO L DT, NEEARLH 1D
SN T& e, AMBNTIIAERB O L OIRMBICZR ST, TRdRiEITkE -
WThD, KBTDHL, H5RITRT LD ICHE LM 3 BEICRERSH D, LD
H, B3 EEOAROREINL 2, 3525, B2 WEREO L OIIBAT SR
722wy, B RERICATES 2 O AR IS T 5 EHRAEE T, Ziudk <L
B CTBATISNTE 2, BIEBITL TV D DIIFMRINIZT TH D, ok, £ D5
&, B O FRRICIIFSCE RIS 0 D b o T REO A HE RS 5,

ok
RE

FEH R

AT R R H 5, EERIT20LBET, HRBEITAE 200t THD

JE T 10" ERIL, 60 cm WAADIE S & &2, FEEEIT 5,300 h U —T,
WRHR & LTI SN TN D

g%
}

PSRRI D 4T
Kos R 4 A EERE WS
% %  ca % %

21.42 6.22 44.84 27.52 0.61 /

(HEFn28 445 F & TRBAIT R AT L2 Codir)

m. 4 3% BE|

<hoz

IO MR L K i, TOEREIEALMENTNLYY, RIITAZEEKO
flix DJEEICE EN, ENRPOEHEREND B ARICHL> TERT 2, 205
B, ARRREMICE LI IR > TET 5, BUETIRIRI ORI T 2bh T
s, ENEPOLDEBIT LIZBR A D,

LA N

D OERE A0, #ESHERE, Vol 3, No. 35, 1895
2) JLFEAL : PR E e S Ao B T, MR MERE, Vol. 18, No. 219, 1911

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)
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HARBTR: 200543 0 1 R XIERL BT, RPEEE, 1915

JERPPT L« 35 FIRIJUF ARG IR MAKSE, B4, Vol. 5, No. 346, 1917

HILFI =BG - =g 2 7 7, #3EE, Vol. 5, No. 2, 3, 1926
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(Abstract)

GENERAL REMARK

The area of this sheet-map is situated in the northeastern part
of the Kitakami mountainland of Northeast Japan, and is a part
of so-called “Kitakami marginal zone”, in which granites of the
Outer intrusive zone and volcanic rocks of the Outer volcanic zone
are distributed. Paleozoic, Cretaceous and Paleogene formations
are also distributed in this sheet-map area. The activity of gran-
itic rocks is considered to be late Paleo-Cretaceous in age.

This area is one of the most important areas for studying the
history and character of Mesozoic igneous activity in the Kitaka-



mi mountainland.

Stratigraphical sequence and order of the igneous activity are

shown in Table 1.

Table 1
Geological age Formation Igneous activity
g Quaternary Terrace and fan deposits loam
) Paleogene rhyolitic and
© Tertiary Noda group andesitic tuffs
o rceous Kuji group rhyolitic tuff
(Miyako group)
Tanohata granitic
rock
Kuki granite

Otanabe (Matsumae-
'g and zawa basic tuff
N
2 Paleo— Akkagawa formation)
8 Paleo .
= formations
= Cretaceous

(Takijirisawa formation)

Misaki & Kurosaki

.- . basic-intermediate and
acidic volcanic rocks
acidic volcanic rocks
(Harachiyama formation)
(Omoto formation)
Permian Paleozoic formation basic tuff

Round bracket represents the formations distributed in the

adjacent sheet-map areas.

Igneous rocks of the area together with the adjacent districts
are arranged in the following three zones from east side to west

side;

Ist zone «-eeeeeeeeee acidic volcanic rocks (Misaki, Kurosaki,
Omoto and Omoe)

2nd zone e granitic stocks (Kuki, Kurumihata, Taro
and Johutsumori)

3rd zone e granitic masses having batholithic di-
mension (Hashikami, Tanohata and Miyako)

GEOLOGY
Paleozoic

The Paleozoic formation is exposed only in the western border
of the area. It is composed of limestone and clayslate which are
thermally metamorphosed by the Tanohata granitic mass. Main
metamorphic rock is andalusite-cordierite hornfels which contains
andalusite, cordierite, biotite, muscovite, plagioclase, quartz, po-
tash-feldspar and a small amount of sillimanite. The formation
is probably Permian in age.

Paleo-Cretaceous

The Otanabe formation is distributed at the south coast, and
the Akkagawa formation occupies the central part of this area as
roof-pendant on the Tanohata granitic mass. The Otanabe forma-
tion may be correlated to the Matsumaezawa formation, which is
distributed in the district adjacent south to this mapped area and
is Paleo-Cretaceous in age. Being separated by the Tanohata gran-
itic mass, the stratigraphical relation between the Akkagawa and
Otanabe formations are obscure. But the former has resemblance
in lithological character and geological structure to the latter
rather than to the Paleozoic formation.

The Otanabe formation is composed of clayslate, sandstone and
chert. The clayslate is mostly black in color owing to the carbo-



naceous matter, and is, in part, sandy and finely laminated. These
sediments are thermally metamorphosed into biotite slate and cor-
dierite hornfels.

The Akkagawa formation is unconformably covered by the Kuji
group in the northeast and is presumably bordered by faults against
the Paleozoic formation. It is mainly composed of clayslate, sand-
stone, chert, basic tuff and small lenticular limestone. Most of
clayslates have fine laminae or cross-laminations. At the eastern
part, the strikes of these sediments are N-S and the dips are steep
to the west, but at the central part gentle dome and basin struc-
tures are discovered.

The Akkagawa formation is thermally metamorphosed and
altered almost into various hornfelses.

From the original rock and grain size the hornfelses are class-
ified as follows;

(Rock type) (Original rock)
massive hornfelg:--:-rooorrerrreen clayslate
sandstone hornfelg:------oooemeeeeeeeeeeee sandstone

laminated hornfels
banded hornfels

fine-grained hornfels
} --------------------- sandy clayslate
These hornfelses have similar mineral assemblage comprising
biotite, cordierite, plagioclase, potash-feldspar, quartz and muscovite.
Rarely sillimanite or garnet are added to the assemblage. Horn-
felses have tendency of increasing of potash-feldspar in accordance
with increasing of the grain size.

Misaki and Kurosaki acidic volcanic rocks

The Misaki and Kurosaki acidic rocks are distributed in the
north and south along the coast respectively.

The Misaki acidic volcanic rocks are bordered by the faults
against the Kuki granite and the Noda group, and the Kurosaki
acidic volcanic rocks are also bordered by the fault against the
Otanabe formation. These acidic rocks may be acidic member of
the Harachiyama formation, which is distributed in the Tard sheet-

map area. They are greyish green or greyish blue in color, and
are almost porphyritic and compact. They also show brecciated or
banded structure and, at the Misaki coast, mylonitic structures.
Sandstone and siliceous clayslate beds are included in them.

Their phenocrysts are mainly plagioclases and partly potash
feldspars. Mafic phenocrysts are altered into chlorites. Groundmass
is perfectly altered into fine-grained aggregate of albite, quartz,
epidote, sericite, chlorite etc. Pyrite is impregnated. From the che-
mical analysis, two varieties approximate to dacite and rhyolite
compositions are recognized.

Kuki granite

This granite is bordered everywhere by faults against the
adjacent rocks. It is stock-like in shape and heterogeneous in
mineral composition. In this mapped area, it is pale red to pink
in color, medium-grained and granular, but partly graphic in
texture. It is accompanied with granite porphyry. At the Kuki
and Misaki coasts, it is mylonitized as well as the Misaki acidic
volcanic rocks. Main components are plagioclase, potash feldspar
(orthoclase perthite), quartz, biotite and a small amount of horn-
blende. Biotite is altered to chlorite.

Diorite and porphyrite

Diorite occurs as a small body intruding the chert of the
Otanabe formation at Otanabe. The contact plane is irregular, and
the diorite includes many breccias of chert. The rock is medium-
grained and has a tinge of brown, and consists of plagioclase and
hornblende.

Porphyrite forms dykes which intrude the Otanabe formation.
Several dykes of northeast direction are recognized along the
coast. Diorite and porphyrite are thermally metamorphosed by
the Tanohata granitic mass and, accordingly they contain reddish
brown biotite.
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Basalt

This rock forms dyke and sheet which invade the Misaki acidic
volcanic rock or the Kuki granite. It is greenish black in color.
It is partly doleritic and accompanies dolerite pegmatite. Dolerite

has doleritic texture in which plagioclase and augite are combined
with each other. Majority of basalts are heavily altered and
contain chlorite and epidote.

Tanohata granitic mass

This granite is extensively distributed in the area and in-
trudes the Paleozoic formation in the west and discordantly intrudes
the Otanabe and Akkagawa formations in the east.

It is divided into the following four rock types.

Moichi type:---ooereeereeeees hornblende-biotite granodiorite
Takinosawa type: ===+ ditto

Otanabe type---oooemeeeeees hornblende-biotite-quartz monzonite
Kawaguchi type-:----coeoeeeee hornblende-biotite-quartz diorite-

granodiorite

At Hudai the Otanabe type is intruded by many aplite dykes.
The Moichi type is medium-grained and subhedral granular, and
partly shows monzonitic texture. Main mineral components are
plagioclase, quartz, potash feldspar, biotite and hornblende.

The Takinosawa type is medium-grained and has slightly
foliated structure. It contains a small amount of basic inclusions.
Main mineral components are similar to those of the Moichi type,
but hornblende and sphene are more abundant.

The Otanabe type is medium-grained, and dark grey in color.
Being partly stained by hematite needles, it is pale red in color.
Although main mineral components of this type are similar to those
of the former two, potash feldspars are more abundant. This
type gradually changes into the Moichi type. As a variety of
this type, pale red aplitic granite occurs at Shimoakka.

The Kawaguchi type is medium-grained, melanocratic and has
remarkable foliated structure of ovoid basic inclusions in the

west. Main mineral components are plagioclase, hornblende,
biotite, quartz and monoclinic pyroxene. Moreover, gabbroic and
calcareous xenolithes are contained in this type. The former is

mainly composed of olivine, rhombic and monoclinic pyroxenes,
hornblende, plagioclase, biotite and spinel, and the latter comprises
wollastonite, diopside, grossularite, calcite, hornblende, plagioclase,
quartz and sphene.

Neo-Cretaceous

The Kuji group, about 420m in thickness, overlies the Tanohata
granitic mass and the Akkagawa formation with a remarkable
unconformity. It is divided into the Tamagawa, Kunitan and
Sawayama formations in ascending order.

The Tamagawa formation begins with basal conglomerate, and
is of brackish to littoral deposits, nearly 190 meters thick. It is
composed of conglomerate, sandstone, often cross-bedded, and mud-
stone with rhyolitic tuff, among which conglomerate is predomi-
nant near the base and the top of the formation. Coal seams are
locally embedded in some horizons, including sometimes amber.
Molluscan fossils are found in the beds succeeding above the basal
conglomerate, and plant fossils, poorly preserved, are also contain-
ed sparingly. In the lower half of the formation, the lateral
changes in litho- and biofacies are comparatively conspicuous.

The Kunitan formation consists of monotonous, neritic sedi-
ments composed chiefly of medium- to fine-grained sandstone, inter-
calating two persistent sandy shale beds, and is subdivisible into
the lower, middle and upper parts. Conglomerate and rhyolitic
tuff, however, are present in small amounts. The sandy shale
beds occupying the tops of the lower and middle parts, respectively
are fossiliferous, of which the upper one yields Inoceramus japonicus
Nacano & MATsumoOTO, I. naumanni Yokovama, Gaudryceras sp.
and so forth. The thickness of the formation is 165 meters.

The Sawayama formation is sequences of strata, more than 70
meters thick, that shows a consistent repetition of such rocks as



conglomerate, sandstone, mudstone and rhyolitic tuff, interbedding
carbonaceous matters. The intercalation of tuff is more frequent
in the lower half of the formation. Plant fossils occur sporadical-
ly, but no molluscan fossils have been collected yet.

The lithological and paleontological evidences indicate that the
Kuji group, as awhole, represents one cycle of sedimentation, its
three formations corresponding to the deposits of transgressive,
inundation and regressive phases, respectively. The age of the
present group is nearly assigned to Urakawan (Coniacian to Campa-
nian) .

Paleogene

The Noda group is intimately associated with the upper Cre-
taceous Kuji group in distribution and geologic structure, and
rests unconformably on the latter. Both groups dip to the northeast
at angles of 10 to 20 degrees, except near the Kuki fault along
which the vertical displacement is estimated at more than 765 me-
ters, where southwesterly dip reaches a maxImum of 60 degrees.
Nevertheless, there are a remarkable difference between two
groups in respect to the sedimentational condition under which
these groups were formed. The Noda group seems to be non-
marine sediments, about 340 meters in thickness, and comprises the
Minato and Kuki formations.

The Minato formation consists of conglomerate, sandstone, mud-

stone and rhyolitic to andesitic tuff with coal. Conglomerate is
the most dominant constituent, especially in the lower part of the
formation. The upper part includes coal seams which are work-

able and available as a key bed, and contains lots of well-preserved
plant fossils, such as Osmunda, Sequoia, Metasequoia, Taxodium, Glyp-
tostrobus, Equisetum, Geonomites? Musophyllum, Populus, Platanus, Cercid-
iphyllum, and Viburunum. Fish scales and Corbicula? sp. are col-
lected, even though animal fossils are very rare.

The Kuki formation is built up of the lower part consisting
mostly of conglomerate, and the upper part of sandstone and mud-

stone. Carbonaceous matters are present. Plant fossils similar
to those from the underlying formation occur locally.

Paying attention to the change of sediments based mostly on
the grain size, one can say that four cycles of sedimentation ap-
pear in the group. Each of them starts with an accumulation of
coarser material, and then ends with finer one in which coal seams
and tuff are included. The fourth cycle is recognized in the Kuki
formation, and the remainders are in the Minato formation. The age
of the Noda group is considered to be early Oligocene.

Quaternary

Terrace and fan deposits: The coastal terrace is rather widely
distributed, and the several stepped terrace planes on which the
sediments rest are discriminated from the difference of altitude
reaching a maximum of some 270 meters. The river terrace and fan
deposits are also observed along the banks of rivers. In general,
sand, gravel and clay compose the lower part of each deposit and
loam occurs in the upper.

Alluvium: The alluvial deposits are composed of sand, gravel
and clay, and develop along coast and rivers, especially Ube river
and its tributaries.

ECONOMIC GEOLOGY

Main ore deposits of this sheet-map area are manganese ore
deposits embedded in the Akkagawa formation. Other ore deposits
are pyro-metasomatic deposits.

Coal seams are found in the Kuji and Noda groups. Poor
iron sand beds are included in the terrace deposits.

Manganese ore

Most of the manganese deposits in this area are of small scale,
and have not been worked. Ore deposits of the Nodatamagawa mine
are only of large scale, and are one of the most useful manganese
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deposits in Japan.

All manganese deposits in this area are thermally meta-
morphosed by the Tanohata granitic mass, and ore minerals are
altered to the "Keiman”, namely the manganese silicates such as
rhodonite and tephroite. Moreover, ore bodies are turned to the
complicated forms by folding.

The deposits of the Nodatamagawa mine consist of the Shimma-
ida, Misago and Kamishiro ore zones. The ore bodies of the Misago
zone are exploited at present. This zone has the elongation of about
1,200 meters in the strike-side and about 450 meters in dip-side. The
central fold part forms the bonanza, and the shoot trends N30" E, and
dips to 51°S. Ore minerals are pyrochroite, hausmannite, tephroite,
rhodonite, rhodochrosite, manganosite, alabandite, braunite, etc. Ac-
companylng with the manganese ore body, uraniferous ores occur in
this mine. They have two varieties of mode of occurrence. One is
in veinlets along faults and fractures, and the other is in hornfels
between the massive and banded cherts. Uraniferous mineral is
uraninite.

Ore deposits of the Kirimatsu and Tamane mines were once
worked. The characters of these deposits are similar to those of the
Nodatamagawa mine.

Copper and other metallic ores

The Shimmaida ore deposit of the Nodatamagawa mine and the
ore deposit of the Hudai mine are also formed in the Akkagawa
formation. They are pyrometasomatic deposits replacing lenticular
limestones.

Ore minerals of the Shimmaida deposit are pyrrhotite and a
small amount of chalcopyrite, sphalerite and pyrite. Ore minerals
of the Hudai deposit are chalcopyrite, pyrite, sphalerite and molybde-
nite. Skarn minerals of both deposits are grossularite, salite, and
epidote. Both deposits are of small scale and are not worked at
present.

Coal

The coal-bearing strata are found in all formations of the

Kuji and Noda groups, exclusive of the Kunitan formation. In
this area, the coal seams at three horizons of the Minato for-
mation are important, and at many places, have been worked on
a small scale. The active mine is, however, only the Ube coal
mine working the lowest coal seam.

Amber

The amber from the Kuji group has been known as “Kuji-no-
kurinogo”. It is contained often in carbonaceous mudstone, some-
times in mudstone and sandstone. The occurrence of amber is
common in the Tamagawa formation. In the area of this sheet-
map, no working amber mine is seen nowadays.
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