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LB (S 508), RIS & el LESRTTIC

BAEDE (BAB), 7 L CEKIICE LU : o,
(BBGEB) ONECER%. L, oo Hk: g g
Wi Ry FRILIE) , P A o3 B AR (K gﬁzz
ARG THER S 5. * ”f
BRI, R SRS + AL B NP T 72 l }
PIR S R MRS 53 L2 W B BB D — T % 5

W, FHEEROPERO S E S ERBEL TES T
(- TWD (58K, SEFHIL, 2 ROWEHE - 1 et 2
BERLTHY, PHOFRAIE T FHROE EE
WISy EhD GESCEBM). FENL, FICHEED

L BkERE (@) 23, Eh~ERECT Lk

BOWRE (EONE) BT 5. L, FiC
UL NEEOERE (RIRE) 1D, HEROBE
(REEB T ~BEL, B LHCromemE s
e UEREB L) L7h. MEFSD 55, KigHg
RTEEIC AT 5 b0 (RS e a B L L
T TS 5T 5 5.

BRI, M T E & > T B
VAIE R R ONT 1B HER, SEBE70 1T I - oA
Hi 5 AT ET B2 BB WRIE A3 5
IHRHITWTR GBS - W - YRR L o ERE—

[Wo]w =

BRI BENBHETHEOBAER RAREO NE-SW HHOMBRICE - ERTH 5. ABRRBEARASL, MO

Bife =
IRRETY
[ wnmees

El%ﬂﬁ;wh‘%
% PR -]
] mwwve

LI -
FIRFTE M £ 35
1

RIS THAMVNREZBELTH S



AEE (Km)

B

ey i

Wy~ 4 o H{LA T
22> W (Hn) 9 HMILERITER

Ee RERIBHIEERRO S MEESR

RIERE DU D72 5.

PIIERE T, R TR E YO — B OHERY) L HEE S D . BB HERMIE, KA B %
VED EH ST DT R HERE Y T 5. T, K OHEK R E T HLIE O MR HERY TH
D, T OIEE, FIRROEE, RO - kL, BUEORMERIELEIELD - fLONEICE 2> T
W5,

ZOfh, JBILOEFRIC MR S DTSR L, £ A TR S & UC RS R IR
W S TN,

ARHUIRHT S =R O MG DV 1, KR A T, db BILHIE o F - A RV i A i 5 NSH [ &
ORI ST 55 = O Abkk %2 B9 2 ENE-WSW 5 M ORI S35 2 J5 [ O FE i XEd &, 8
MU D Z IR M TH D (B4 - 66 - 6TBH).

Je bR - dARE, IR ISR TRALICOAT 5. PHHGEFEA ZAUxi LT
TNy hTBHLOEBEX LD, WIS T ORMEOEEORBRIIAH TH L. MEK EITR
LizbBY, &IN5 AT R A il - CEICE A~ L, NSHIEOE LV PR 8 7 B 15580
HAL, Tt BILHE RO - HAEREROBIEE R L T DL EERHND.

—J7, FIREIE K ORIRFE AT, B = RICEDIBD TIRONZBEH TH D23, [XINE I8 76 7
ICENE-WSW % & > THfi L TWD. ZOFMTWb 2 RIT—FFFHOFmic—H L, il
B THERLAL Y £ CEAEOIERODEIRD HiLd (ZdMmiEH, 19810 2). ZOFMMORmES
B, EHEEERONMH D WVIEENOM T EIT COFIEE R L TN 5.

BrEE = ROMEME MBI 5 &, AR BEERN L ERER L OO RS 28I, £O LT T

VX0 2 ME R R B D VRSSOV T, KRR (1954), AbAT (1958, 1959), B (1960), AEH - K (1960), J\
By A (1966) 72 EDORLN DD,
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BERERPROOND. REEBE, EARMICITE R E O OLER J7 1 O Rl o Hikic 4y
fERoIL, 2FE U TEHE =% LTI DIEICHEMN CEHEAL > TS, IEd KV EMICAD
L, WEE»OME FEICNT TOBREL, BENT BIER~ S = RICA— =T v L, H
HiZmro ARG 2R LTV 5. BICHEAE LS bR BRI QIHFIZ, XV o KEE
RV TR D B AL~ & ROBR G ZET T 5.

ZOMBTBIERNT, ARSI CNNW-SSEJF M1 2) OREIIEEIC KB ST\ 5. Z ol
MITEIL, BREEZHLET L F—2REEOEFBEERIC L > TREST oD, ThbbE AN
ROBEEHIIE, BTl L H 5 LR, B e BAR R ORI & 281 %
D, INHIEIKRFELT, BEREHRAREE L, MBI T OHUE AR Z P & 9 2 BV -
BIBEZER LTS, —F, BRBEREHTDE 2 LA ~IRE L= 0 X 9 I/ 5 KIS
g, e~ s MBS 2R T D, KIEWSANT, FORR TEMANSH ML LA
DRMER L 72D, Bk O LB A AR LTV D

s 5 V5 e A 0D 8 & 329 5 NNW-SSEJ7 [ O #E B S o C, R T I O W@ BEAS 35 2 2%,
WTFNLHIEWE TH S, T bDIENS, REEREEEHIOERIT—RFROIRFER Lo, Tl
FHIOERENFED b D.

EHETEY, EI—FRE O OEE TR OIEZAL ORI A 2 RS, KBIIZIZIEE~ &
BRI 5. EEABROSHBIL, AT B S LTI ~mh- T, HR LY BAioBHEy,
BEBHUTOMEZ 4 — =T v 7 LT 5. REFL, REEEREZ HERE S O Bk i 12
U7z, EOIMNTH IR SNk BERIcHRE L2 b o B2 ohb.

HHBERE, ki, BB - KIER - SIRE A - &R AR EONSH M Ol bR
MEEIC R S D . ZHext U CIXIE kg /s, RIT—FIT# AL o Hisk ¢lx, ENE-WSW 5 n %
& o THART D HEHE = RIEIUR L 2572070, T L FGHOEE b 0% 7 AR IR R OBk
NRDHND.

LR ONST M OGS, RKIEHUIR AR &6 LA T2 6 202, NW-SE~WNW-ESEJ 1A
WAL TWD. Zohmig, bk Nns) BRI Ra 228l o H i th 5.

HEHERT, FrRLEREDRCRBEE R AEAIT, NSHH K TENE-WSWI5H D 2 J7 18 D F
TEENZ Lo T, ARHIEOIZIFH BB LR R SN b0 THAH. Thb 2
AN U7z & 36 0 AHIEE D 0 BAREE ORI M Th 5.

FEFEOME RS L, SHBHEOTN L IZEHMNTHS. Lizis - CTRHEERBRELL L or i
WX, BRI IR R LR ICTER SN2 b D E EZ BND. 7277 LT OER IREF AR 2 5

EfeE, —EIIBIEICE TRATVWD Z &3, Atk T8 KIBHRN TR ShTnw s (i
BF, 1967). 7pds, AHUKIZISWTS, Rk LIBY, EHHELET I HHIEED V< D2, 15
EDRIREMED 5 5.

2 R R (CEH - KW, 1960) OFTIZ—ET D
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M. 2 EEbAH X R OMLERR & o fE stk

AHUROFE =R1T, B EaHEORTIND, FIRO LI Y —r (LAH) ITRyEnd .

B LR @IS E T 5 b o Tldie vy, MGUER Eias b K E T E Tk Actino-
cyclus ingens V' —> & L TRAEOIT B, K8 LEBIT Denticulopsis lauta ' —AZE O HiLD. Wi#E
DOEFRIL D. lauta s. str. BFIOCELTLHEHETH L. HELOEFRONL OhOL— R TIE,
D. lauta ¥'— ¥ F¥BIZ D. hyalina %53 5 XHQRD HD (FKEE, 1979) 7238, AHUK CImR s
WV, EERA A E LZRVRIE D Z O XIS T2 00, H2WIIEDEEDORNERIZLY
HIFIS AR L TOD 00, W e bIRETE 220,

=SVRET T ERE FEhE Tid D. nicobarica Y —, FEEGE EEIX D. praedimorpha ¥ —
VZEDBND. WY —rOfERIE, D. praedimorpha 73ERE L CEEHT B BHED FIRICEMN D2, A
MR CIIgE L A HDFEDOEH N ENTH > TR BT R E 3 E TE 2200,

T AR K KA RJE I, Thalassionema hirosakiensis s 1. V' —2 (R ¥ IZ&0HOHNE. ZDY'—r
D TIRIE, Denticulopsis hustedtii 23 KEIZPEHT D EHED FIRE S 573, ARHUR TITRIAIE T DO—

=
g
&
a 5=
>
I @ @ )
3 3 N Ag g 38 & - " 2 rare
g4 ., 353 fd oz . § i g .
§ & H £ a .§ 5 5 _s g . s 3 g :2 g g€ common~frequent
3 B o Ao 2 2 I
E '§, '§ 3 ‘3 'g E g '§ ‘§ 'é 'E § _g E E g E § % g‘ E g '§ :§ o a abundant~very abundant
SINTERSEERLE S NI ER RN N NS
223 33e233s8 B8Syed 283 84
§§§§§§P§agﬁééésggﬁgéggls 3
mgg,b§§§,§§e§§§g§§4§~“sg'ﬁg‘g:éﬁ g8 Distom Z
TS R EEEEEEE R RN D ER IR ERE I S 0 e o | e
FEld388858,8888883888288848¢8 338 (BARRON, 1980)
v
il T )
EXN Denticulopsis kamtschatica §
w00k [ ® 1 £
& 8 ?
KRR B ' : ‘ | ! ‘ l i ! Thalaas;;ulnemz' ) . 35
T RE T irosa Lensx: 8. ha kE
oy ———— -
BREE I : : praedimorp
[ ] , : ’ Denticulopsia nicobarica
' @
= IR
=8k ' L T
. ? =
LY ?
* 1§ . ) ' Denticulopsis lauta
] ) Actinocyclus ingens o
® =8
RG] 9 FEE
HER

EON EEAEBERLAOERFONN R UERILEH

3 HKEE (1979) KU BarroN (1980) (ZHE-5<.
4 Zhidds L% Coscinodiscus marginatus ' —> (FkE, 1977) 12HAM$ 5.
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HAEBROT D, hustedtii 22892 XEIEARV. LivbE0 FLoFERs#FILEZ D. hustedtii ¥ —%) 12
FRRE LEENZ &5, R, AMIRTIIE AL LERBGE L ORMT D. hustedtii >~ — 23K L
TN EBEZLND.

HO OB R OEREREL, D. kamtschatica ' — & HND. AV —r D FRIE, Thalassionema hiro-
sakiensis s |. 23EH L72< 72 2 @%E, EFRIE, Denticulopsis seminae var. fossilis 23418 CEH T 5 BHET
ZTNENHE SN D, AMILORES #7513 D. seminaevar. fossilis I3RFERLTH 5.

Db X9 BB LA R %, FIIOHE = RICBT DREERR S LI L TA D L, FI0KD L
BOTHD. ZOFTEEINDIOE, BEEREPEHICHET 5 D. pragdimorpha ¥ —> Thbd. ZD
S, AT OBE O R TSI, FRLO D. nicobarica »/—> & OB, —
BT FRREOHICHERR S LTS (Jurl, 1980, 1981).

F I AUE T A K O 5 IR 0 HUR IS F6E T D a0 Mg K Ve DFH Y&, D. kamtschatica & & b
\Z D. seminae var. fosslis 7% L, D. kamtschatica-D. seminae var. fosslis ' —> % IZ&H 5T

(Koizumi, 1972 ; Koizumi et al., 1980).

O XD b AR X0 b, AR ORSEER O EHBREO FHEE TIE, iHH

Diatom Zone w & nom —/R DSDP
Age (#k 3, 1979) (KOIZUMI . 1972)  (A$R%) (R (W, 1980) gﬁg ZBA
(BARRON, 1980) | (% W, 1981) (Banron.1980)
D. seminae var.
fossilis — -
(23]
D. kamtschatica u
Pliccene 121
.cc
D. kamtschatica @E
42-3
42-5
Thalassionema Pyl ]
hirosakiensis
st % RUN
Late =
<
Miocene - Q
5| .8
< Q
) kS
Q g
[¢] 64-1
_______ D. praedimorpha 64-3
” M| —[EakN go.cc
Middle D. nicobarica E/z:
Miocene =
68-1
D. lauta 685
KRN 83,cc
Eh:rly Ac. ingens nme R Bhoe
iocene
— ) —J

IR BRLEHRYIC I FE=ZRoHK

%) Z®Y— % D. praedimorpha »/—> & Coscinodiscus marginatsus ¥ —> OiZdh > T, ZOREEIL, D. hustedtii O%REH T
ST BNns (BKIE, 1979).
) D. kamtschatica ' —> OE L T 5.
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1R BREREHIR L UEHIRE OFEZRNER

» _ il & s 9 Y oW #® O’
B¥ n BT XA B A F K N EREE S LN B A9
- ® % ) *. )
K| ® B & E ® f& A (Bmon. 360> (Ma) ® B & EER RS Braton. 19600 (Ma)
" il X £ * W 23 & L]
Denticulopsis
- & [T | l4 5.8, 5.9(F.T)" Ed R W kamtschatica
B £ 00 R @ Fortipecten takahashii 2 ?g;'imﬂaﬂia leg (F.T.)" %= o0 W
1 LD._kemtshatica| | 000 | _____
B O] l6.5(F.T.)" A B 8 T
% e 6.9(K-Ar) (ARA)
% BiRE TRE l€9.3,9.6,11.6 (F.T.
4 (Esliﬂﬁ)m
N - [4 15.0(K-Ar)
B B B e FT L
€ 14.5, 14.7(F.T.) N
th Rd x B RE Thalassionema
N X B hirosakiensis
=N FoHRUME sl
= Globorotalia acostaensis DHE" [ Denticulopsis® & [ Denticulopsis
% praedimorpha praedimorpha
% Cyrtocapsella tetrapera V)‘Fﬁ'LV)” ___________ T |
BRI Ul
? Denticulopsis
*’I" B ® ] ﬁﬂ L & E nicobarica
J = v 5 R
B & W
E Denticulopsis
% Orbulina spp. OWR" 20 (FT)V X ® R losts
% R B oo Nephralepldmfz japomc.u” "
i B ;——-——mx Paleoparadoxic labatai X B ls——— Actinocyclus
oM O R : 4 22.0(K-Ar)® - " R M ingens
¢ Liguidsmber-Comptoniphyllum 11 X Desmostylus hesperus japonicus'® L __________
’5 & Vicarya sp.% Ficus”® : Zj :EI: :2:;:1;) L] # K B & Vicarya yokoyamai ¥
T.) (™ 2" Liquidamber-Comptoniphyllum
B N s 9
" . ) K -F
L O | % Eostegodon ysem?alahdema LR RLI X Eostegodon pseudlﬁvlzstidens%
X Stegolophodon miyokoae® o
2 = N 4 22.3(K-Ar)

@ Mullusca, oo
(3THR) 1) s E KB FE 221t 5 3088 (1980),
7) RH-#(1977),

Foraminifera,

8) EIE(1979),

%k Radiolaria, X Mammal,
2) Hanzawa et al.(1953),

9) Okutsu{1955),

3) HH(1867),
10) SuikaMA(1966),

& Plant,

(K-AD) AU D LT AT,
4) Korzumt (1980),

5) 4H-HME (1980),

11) Tamanvu(1975)

(FTY74>3> b7y 28k,

6) Fulli(1981),




W04 BB BEEST G L T ISR S . % 7o AR B0 B LA O RERHEE, EERLATEE |
B HID 2 E 1 bRl I 27 LTV A28, HUCHERBRBE ORI & 5 ot Ll
AN

AH & A B U - ORI OHBRELIE, 28 L b IR, WHEROHETBF - 248 - SH 1L
FZOMOBRND, —HH 1EOL S ICELbbRD. T7b by BB FHOBAR b EEEH %
T, AHIEOHEE N KRB E COMICRY T2 Th5 5. BB, MRiEsbEBAEETE
GRS T 5 L B2 bRB. THUD & D AR B ko S8 B Ok (R ERE & A ik
DFH BB LOREIBICAOVTIE, KA B 5 EEHCZ L

KU FHEIE, AR OZ L R0, HEAE U< B, MilHEE 2L, 2oBER R
RIS BT & ERE & ORI O RBRET IR0 bILG. TOL D RT LiE, AHIKAED
Bl & T, ST U C BT o 7 SEARRIBE O T o 1= 2 2T b O Th 5 5.

—J7, AHBSREEHREIE, MG TR < AT 2 R E D D KEEE £ OB RBEHTIRITHY 3
B. 205 bENBEHSALIIIC ST 5 RETHEIL, 2o CIRIME B OSITAE & FHER T (B -
T, 1939) 4%, AHED L O ICRIAE S EIEE E T 4K S, B LA B 4 E RS
sTESHT.

M. e =

%N

m. 1 FEE (RD®

FIRTEIZEE LCHEEN DR DT =B8R T, AKIEHIRH TS L, %k 2RIFERAEIE L
EbiT, AT ROBB A L TN\ D.

MRS HIl (1951) 12k 5.

W), AL, —HcHE{tA Pseudomonotis ochotica ZFEY 5 & L CHEA STV (iR, 1898 ; (P,
1900). &#F (1918) 1%, Zh b “#A{tfi% Daondla L5728, AJE% Daonela Bed& (X, Yaee and
SHimizu (1927a) 1%, BEIZFEX DA OFEEZITVY, A% Daondla Beds & 7=, Hiv T, Yase and
SHimizu (1933) 1, AJEOEFAAL B LHFTE O = B R FEHERACT L L, BRI B RO b DR
bDHZ L, Daondla Beds & [Fiidf#el (& THR-o7. ZaUcxk LT, i)l (1951) 1%, AJEAH
HIEHE L ITEMDPEL T2 00, EEOBBENAARHTSH Y, (A bI@fEN RN &b, —IShiE
DHLDEL LT, KEEFNEL M4 L.

B FFETI B AL Tkmo A 55D

SERUVEBE A —H2 5L hicE & LTofi L, EI—FRFFRIUAbICII@EHE Lawy, —
J5, ARHUER & OFGHIWIT TN D03, M TR PIEHU O 2RI b AT 5.

D REER O AT A RIS & REEREE, AR e o% e ERT RN STV S, R RIEHURE I A 5 )
FBIZOWTHE, BRERTS & ORBECALE-ST 5D PRHREN R 2. Ko TIR B IEHEA & LTI R4 i i
Adsz Lzl

8 WEE GO S, UTRETHS.
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Okutsu and Hase (1958) (2 & AU, MBI OMB~L 2T v 2 —D & HT, EEFIMICIBU
T A R OMES TR L, ThAVEERICFIFEICER LIz L LTS,

REORERE, THRARHTHDP, MFICHEHT DFIANTO A< & H500ml BIZET 5.

Wi B IC AT AR, N200W-N30  EDEM T, 20 -40 EOHATHS. —J, K
e Mok e VA SR RFI T 3R B RS 5 O/ NHBRIZ 3 A 5 b 01, IZIENSOER T, F50 WOlRTH B, =
OFEHER OGN, T R KRN ORFEIC bR b D, Lo TARBIZEKRE LT,
NSHE D% b OWAHEEA R L T B b,

BFER AEIIARHIEOR TAE T, TIRIZAHTHS. FUFITE R 2> SHEE BT ICHNT TldsiEzs
JEIZ, ZH X0 A CIMERITEEICHEIEIC L > CTRESICEDN S, I I EEED
N5%HMbd 5.

B ABIEELT #TITORELEZMKGAROLEBAOERAY Moy, WHEESKOH
BV EEZPAE LTS, HEKOWEESIE - RIEE TH L, BUbEX 72 & ZATHED A <Rk
WCHEEL, BULEILROH 2 TR az O Tn5. EIEE< 0fe, B - WEES & #10cm)»
HEEXIMBEDESTAEELTWS., BEbEEZITS <, LIXLIELV—XERD, RRKEAR
WLHEBEEZ LD BBLLXD.

R REDOIIEL ORKEILARENT 21E0, edwba, fEba (B - HE, 1976)
HAHN TS, YaBE and SHiMizu (1927b), SHimizu (1930), ARE (1958), /INE - B (1959), BANDO
(19633, b, 1964), Havasaka (1966) 7e FD#itizE b L, OBV THD FE2FEK). B, Z
DIFD, BERHOBAZITH T, WEESEF LY AR Rhizocorallium (J&BIHEE OlERI45mm, U
SEIREEE OBERT-8mm, B RORRE) 2 EM L.

B R OFUERY S LB OFI FIRNRA, SEHUIIS12BIcRT) S0
Wi, FURTE & R RGO D RERTSTHORIE ORES RO E RO h 5

ek RS LREESND I LRS-, AT Slaty cleavage 23 FETTRIBEME I LD, AHE TIXEE
Ll
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®oF FNEEMSYILE EEREREANLLEE)

Ammonoidea
Ptychites compressus YABE and SHIMIZU
P. compressus hamadaensis ONUKI and Banpo
P. rifunus YABE and SHIMIZU
P. yabei SHIMIZU
P. aff. cognatus (OPPEL)
. nipponicus BANDO
. miyagiensis BANDO
. sp. cf. P. trocheaeformis (LINDSTROEM)
spp.
Flexoptychites matsushimaensis BANDO

N Y

Beyrichites chitanii YABE and SHimmizu
Arpadites? sp. indet.

Hollandites nipponicus (SHIMIZU)
Gymnotoceras paucicostatus (YABE and SHIMIZU)
Protrachyceras reitzi (BoECKH)

P. sp.

Kellnerites cf. bosnensis HAUER

K. sp.

Paraceratites aff. trinodosus (Mojsisovics)
P. cf. trinodosus (Mojsisovics)

P. cf. wardi (SMITH)

P, orientalis (YABE and SHiMIZU)

P. cf. clarkei SmiTH

Monophyllites wengensis (KLIPSTEIN)

M. cf. wengensis (Klipstein)

M. sphaerophyllus (HAUER)

M.? sp. indet.

Japonites aff. ugra (DIENER)

J. cf. dieneri (MARTELLI)

Epig ymnites aff. jollyanus (OPPEL)

Anag ymnites aff. acutus HAUER
Tropigastrites aff. halli (Mojsisovics)
T.? sp. indet.

Hungarites nipponicus BANDO

Danubites sp. indet.

Nevadites? angusticostatus YABE and SHIMIZU
N.? japonicus YABE and SHIMIZU

Nautiloidea
Syringonautilus japonicus YABE and SHIMIZU
Pleuronautilus (Hol tilus) yabei BANDO

Pleuronautilus? sp. indet.

Nautiloidea gen. et sp. indet.

,17,



Coleoidea

Atractites hataii BANDO

Bivalvia

Daonella kotoi multistrata YABE and SHIMIZU
D. densisulcata YABE and SHIMIZU
Mpyoconcha hamadaensis YABE and SHIMIZU
Pecten sp.

Pedalion sp.

Megalodosus sp.

Nucula? sp.

Castropoda

Mellarium? sp. aff. M. nodulosum WATERHOUSE

Pleurotomaria (Eymarella?) sp. aff. P. (E.) praecbaucis KRUMBECK
Lepodotrichus? hataii HAvAsaka

Coelostylina (Coelostylina?) sp. aff. C. (C.) abbreviata KoxeN
Gastropoda gen. et sp. indet.

Brachiopoda

Spiriferina kaneharai YABE and SHiMIZU

S. cf. lilangensis SToLicZKA

EIR P LWZBRORRRURL

o ® oI H K W H AN i H XN

B W6 .

. oo % B |5 ;E N | T2

Rhaetian e | T I] [[ II}L]I
ij Norian
B MAE# F R G B F
#e TR " O - R T S P
#® . B Bt B WAy &
5 Carnian \"“T‘”““"’" B B
A - |
F ot F Fr
BENRNN BERR | R 1
Ladinian F .
= R
=
A HAHREH
i PRER ] !
1 Anisian '3 e R R
TR B E

Bt ~1% 8 Scythian | Seythian ?| Scythian Permian Permian | Permian ? | Scythian

F W

,18,
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F7-Banpo (1963a) 1%, AEH 5 Lepidodendron (ZHEML L7 kA7 DREH Z 8 LT 5.
Bt Banpo (1963b) 1%, 7 €A ML HENOH— EH=EROM LU EZRS E3R),
FIFFB oWt A Anisian2»bLadinian (2725 & LTV 5.

m 2 O A Y

MR, BTc Ly, HEANAOAEKUREAOABDOERPZHEEALTWD (H59X%
). ZNOIRELI-3mBEO/NEB LD THD. Tb OB AF ML, BEEN4S ERVLNTO
ETHD. MITBERETHLN, FHARI Ty 7 E2ECTWDLZERDHS.

AANIFIFEPICEA L, ZOBERHE = RPRHICEETIC RN SN D Z & h b, ARk S
BERO—D LRI END.

Hak FFEREEOLENE
RC/ vh (rRiE», 1971,

M. 3 FIFfERE¥E (Gr) Table | @ no. 13, 14 X 9)
No. 1 2

FURFIE BT, FUTRTE B O BGEIR O oD T MR ICE ig 5§3<; 63;2
HTBAETHY, FEIEDN (1971) ORFEEEIHRY T 5. ALO, 18.47 15.71
AEFUDRIE R — B TIE 7 <, fEMPEE, 74 A0 Fe,0, 4.37 1.99
4, FIPIRRE, B B ORI DT 5 TS, . ol I
FIWEkEOT 7T 4 Mkb R BNS. Loy L— AR MgO 4.07 1.37
T, EREIIS0IE, FEEMOEL AL EEANETHS. 1‘\’1:00 ‘;:3 ::g
BT T, PO LRk ta— B D% (k4 B3 5 Wi £ PO K.O 1.94 a1
AT, RAES-SMMICET 5. LT LIEHEMRE SR 5. ﬁzgt (1)13 ggg
FRBPHM L AT D2 Libs. ZOMDERNENE  po, 0.3 0.2
LCHAEARE <, G- 7 U EL - WA REEN Total 100.66 | 100.44
TS, RERRFHEER CHBER— Bk Z R L, B&I a % .08
-3mm, A MEEDELNEDONRZ. BHMEL T L0 Or 11.46 24. 29
. FEEOIMMATEOME Y LT, WEANATICLR msl | 2
OHND. ARTFEEE AR RT. 1) BARREA LD An 29.56 17.71
FEORBRE T, —MICS—H A MEEZ T BRI V‘j,o - om
DHME LTE, A7y - BIRARERRED LS. En 10. 14 3.26
b B 5 % < OTERESEEEOMHERIZ OV T 1;: 5.9 0.53
1%, K-AREIZE Y, —E&BRVTL10-120 X 10 4F0fE (A iff Fa _ _
) BESNTUVWD (SHIBATA and MILLER, 1962 ; {i[HF « fi Mt 6.34 2.88
M, 1965). FURFERESEIC OV COMBOERMERRIES sl

No. 1 MeHRaHEANE €Y RKH
No.2 ##ARET 5254 b

D MR B O TH Y, HER EICERBESh TR,
W Srreckeisen (1967) OAFAIZHS< .
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VR, R HEROBATH L LBZLND.
FHEIED (1971 1%, FFERAEEOFaHMEE LT, RO 2Fl2HE LTS (F4%R).

V. ¥ % = %

V. 1 WmE5EH

ARBIBIERE, AR O TR Ch 5. BB L, FIEZ RESICE, SHE
BHCABAICEDND . RERIITAL LY, HEE - iiTiE - MUUE - 05 & ORERE O 5 EIZIX
myEND 3. WA LE S REEE TIRBRETH Y, T OMITkERNE & HE S5,

BT RO ARE 2 b - TRINIE 2 REAICHE, TSRS EOBIR ATE K UK AT D
7%, FREOMBEIE, EHE=RICHKT DA - BA - EMEES R EOR—EBP G ENT
W5,

PENT 3 B E A5 M VKBS 22 572 0, BEURABES - BEURE DV Mae a4 5.
AEOET, BEAICHARFEAICHELELL, EO@ERMEICZ L.

MAGUE L, €O FEITEERSE R QK E S O BJE» b2 ) s 2 &7, BT v MR UE D
HIgnb2o>TnD. RBIFERE LTET~RE L, EenmsomiRE R5EmAH 5. K
JE 3R K ORI L &2 ZPES 5.

AR KT HERE L 72 2 O KPHRMERI TR O T b, MR OVEF L, sEBICK S,
AT LITBEABPEN SR, —HIC N MakOEIKE S 2 AT 5.

KRETE R S L MEICRE SN ME T, BIREE 2 HAT 5. ABTEMEOERFL, 4
eI yShD.

NG B ENGRDMBIBEIE, &l LTS =R LIS T DIRICHRER TEZR DR, BE
B2l & 9% Mg CNNW-SSE T RIS I SR STV D (554 - 5+ 6 - TIZI).

V. 1. 1 EZE (Sh, Shb)

HiseY, ABEHIRRTERIC oA L, FICLIEE A (S ROEIERICHET 5 AEE (Shb)
MHi5. BT HBEFEE L IS, KRS =R0K Mz 50 5.

MWEEY  EIL (1934) XU, BTN AL, [ERENE) (BRI, 1932MS) LI
EhCnie. 2otk BHEHRDOPEHTEFHE UZEE - N (1953) 1%, Ind TEREAREEE)
AL, FEIZHEE (1967) 1E, TOHTHKILGEEIMESEREY S EE) SEHLE.
ARG TR OO, EICLEA (1967) DERICHESTWD. 52T Nomura (1935) X, HAET—
WA HHRFR O T T4 “Shiogama formation” ™ d % & IC—HE L7228, Z ORSITEAETITEL
bz, Kfd CldEs o — 285720100, REOABE > 5D CREBOAHTE RS

W TIATEA B B VA 2 EOBATEL ST A ME L, ML, BLEEEVYTI
) RS OB R OIS 2 D 72 b OIS 5 &9 Th 5.
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ZlkETs.

R SEETEELE T (R DR KIEHEN)

AHRRUBE B0, AR ISR 79 AR g KR &R C, FURRTM I F 35 OB IR
WA EERRIZHT LT D, T K 0 AL ~E B O I E SN D72 DBI LRy, £k
MT—FIRFRR AL 5340 L 72\,

JE L THEE) RPN CH9200-250m, HEEE TE /KR O FIFFETA A AHE CHI150m, 2= L CHE
~RENHL 725,

g Ao —EEIENS/ 2V LNSO' ET, EAHEI0-15 ETH S,

BFBEfFR FNBORLLBHLZE > TBY, WONIREABGETH D, BIEHKAENEN =D, K
EHOFEMIAATH S, EALOERETE & IG5 (12 - 13 - 14K).

B ORE, RO EMEEAESE DR 5T (Shh) &, KILAEYS - BERARYS - A EEIKH
TR EMBRR A FH (Sh) I HZ N TXS.

EEL (Shb) : FUFETIBE X 0 mE S ICREIC T 5. BEIZ1020mTH 5. s - BYE
Wi - DA - TEEEEKOEE 2 Eiif = RICHRT AN GRS, EIChTNcLl
AAEEEIRCZ D, ABIIRRPDANEROREZOLONRL WD, FNCREMOEELEEND
(F15M) . EEITREOE T O ORIRE 2 L OVE G722 203, FEIRIZ ISV T2 D[R EE MRV

.

H12K HEN - ERUE - EREOREREERNV— M —| 0-0 : BRESES @R X : FRHRE
R, RFIROBT LT
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SHrW—DRH O

b

P

vf. very fine—grained

f. fine—grained
m. medium-grained
AR S c. coarse-grained
®E ve. very coarse—grained
e
2 el (ZLEEEELY)
FLERARS
[on] mme
BLRIKE
KBS

iR A ws
B e
RRR 0
SR

IR BER - TR - BAROERE GEREERA— M2E12RIRT)
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SWer— —>NE

@
. D D@ N BN B a
BB M| BEEKE— 0% 020 2 e S AN A

AR R

LR RON ]

L
pap| KA

L

B4R HER - CHETHE - EEEO B ESR

SE15I ML O A B OBRER (FIRFITRM R IRA (T, BRI 12BICR ) i =Ritoko
RS20, ZEABITE ER. o R A

720, — BT O EESEHEFEMIC AR 0 B,

WaAED % IIIMBL LB SfBEE T, IR T I &2 o T D, ZOMOWEE, Fik ORI
JEHIZIERRD DB, ZAUCEEE LCHIR (1963) 1%, B D 2MCIE O E AR S, 1EIFRIHA
ikl %7~ 925 Nipponitrigonia DFEEHZHE L T\ 5.

FEEHN D ER~OBVEDL YV ITRMTHD. TRbLIHE =ZRICHNT 2 AHEO 5 2E 5134
HTHEERD, FRFCIEE A ERILE MDD 78 D BEE 22 LA BEE 7o LB A IS ~ L BT
5. ZORRIE, FUFRTMER S OERIRWCBIESND.

FIEEBIE, YRS FEOHRRIZ Lo, ARHUBETE = RORKIEEEE & AR ESD.

EE (S : EE L TKILIAEEE - BERAELE L OBEIRED G20, T O IEHEIEICB T LIZLIER
HAZRBEEZ 2L TN D, FMROEBOEIREWE AT 5. &RE U TIL TFERIC LA B A
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F16l  HisRE S OR IS BRI A IS ORI GRS AR, REHRITHE12RIOR )

B0, EMICER MRS R OBEIRAE N Z < 725,

FEEIT IR EELCH B4, HIET DU TR, F K E A I AR 72
JEBEAFEE L TV D, BURERE LICABSEENROSE, BEDPHME LAl THE L TV &2 AD
H5.

KIS - BRI A B 2R 5 AREEO KL, B A SR A LIS C, 2ol 7 A g%
L R OB O BNANRAE L, EIFIIC T~ 51, EE - fEREERS 7 &0 = SR O
DEENLEEND L DIC2D. LZIEEITE®EER10-20cmfEE TH 523, EHIT50em-1mit b O
b (BB16X). FREBIEA (1976) 1, ABORNEBOLFESHHEL LT6FEZHREL WD (BB5
). HERICHERT AL, ZEAEREKMUTTHS. ZNHABITEL > T, BMIZIEE<
RO, ZUAOMELED LS.

LA U LIEEREREULZ R 323, MBI L CHifiEC, mRRain LIEEIKAE 27 5.
712 LA TTE KRS S AR O BRI 4T 2 H50IL, Ry LIRBEEZHT, Biib A<
HilAbLCna. ZAUTEF I TREIMNCAER SN ERE T EZEX HTWD (I3 - g, 1962).

ZRBRFFIT AR AR G KOV THEAE ) X0 I PN AT T = AR5 O ARG 0 L) RIS 491
1, JEEEMORKOEAREIKEDPNEL TS, Z OGRS ITENE L, B~ T
BLied, BARORBUOREIMELS, FLENCKLERREERLTND.

FR ABORICEMBICONT, 4 H - M (1980) 1ZK-AREIC & V22, 3X 109 FE DR FE{\ &
WELTWA., 2 bAEOMERRIZPHINE 2 onb.

V. 1. 2 ({EHBETE (Su)

Vel 3R M b L, i L MEOKILEM» DR SN DA, KOENZE>TH
B LR L2 b ORNR D EEN TS, ARIEHIEI TG/ L, —E TR E &2 B8 > T
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®5R HERN - BREERORRBFREBLRLSEEOWADOLENERT V2

-3 % = | "8 R EBFE
No. 1 2 3 4 5 6 7 8 9

Si0, 54,85 54.36 55. 86 57.14 59. 3¢ 55,75 57.89 56. 40 57.46
TiO, 0.67 0.66 0.96 0.79 0.69 0.72 0.69 0.88 0.77
Al O 18.98 19.86 18.14 19.33 17.86 16.98 16.68 18.81 18.42
Fe, O, 5.22 5.05 2.20 2.52 3.35 2,34 3.01 2.90 1.77
FeO 2.10 2.75 5.46 4.47 3.16 5.60 4.03 4.45 5.09
MnO 0.10 0.09 0.18 0.14 0.12 0.12 0.16 0.13 0.12
MgO 3.72 3.45 4,11 3.15 2.45 4.92 4.69 3.48 2.80
CaO 8.48 8.62 8.43 7.73 6.98 8.92 8.25 8.26 6.69
Na,O 2.90 2.48 2.38 2.78 3.28 2.64 2.60 2.28 2.87
K,0 0.89 0.64 0. 88 0.95 0.85 0.77 0.69 0.80 1.02
P,04 0.16 0.17 0.19 0.18 0.28 0.15 0.11 0.16 0.09
H,O* 0.90 1.02 0.72 0.63 0.90 0.69 0.61 0.93 1.53
H,0- 0.58 0.61 0.18 0.10 0.42 0.20 0.30 0.20 1.30
Total 99, 55 99, 76 99. 69 99,91 99.68 99, 80 99.71 99.68 99, 93
Q 12.36 14.46 12.77 14.27 18.50 10.45 15.73 15. 82
Or 5.26 3.78 5.20 5.61 5.02 4.55 4.08 4.73
Ab 24.54 20.99 20.14 23.52 27.75 22.34 22. 00 19.29
An 36. 14 41,17 36.21 37.17 31.50 32.21 31.80 38.73
G , 0.11
Wo 2.04 0.20 1.82 0.54 4.62 3.51 0.50
En 9.26 8.55 10. 25 7.85 6.10 12.26 11.68 8.67
Fs 6.96 5.08 2.12 7.38 4.08 4.56
Mt 5.15 7.24 3.19 3.65 4.86 3.39 4.36 4.20
Hm 1.67 0.05
Il 1.27 1.25 1.82 1.50 1.31 1.37 1.31 1.67
Ap 0.37 0.39 0.44 0.42 0.65 0.35 0.25 0.37

No. 1. A6 AREBELRBFEARLE, SHAFFIIEOA

No. 2. »ALAREBANAEA IR RINEARILA. SHEHIFFHTE b

No. 3. #EEARPEAERLE, HlfEEkRREAR

No. 4. HEECAERIBERLTIE, HETHE

No. 5. ¥ EHERBEORLE, EETEE

No. 6. ¥BRARBEARLE, SHEMWESE/INGLR

No. 7. 3BMAREMELILE, HAERRETERS

No. 8. ¥HHEREHELZILE, PEREETER S

No. 9. WEMARBEARILE, PAERMEETRLAR

No. 1-6: HERWOXPEHOXRM. FIzd (1976), p. 140, 2RO 1-6.
No. 7,8: £ 5&REXKARSTEORKARBP OB, BERiEs (1976), p. 140, F2RD 7, 8.
No. 9: SEFRBILRLAREOREE. U (1979), p. 193, Table 1 @ (12).

5.

HEE Hanzawa et al. (1953) @ “Sauramachi formation” 12K 5. 7072 LREFICITEE LWV Fodki 722
<, REZMEHED HIAE] RO TR O—8 Ik LTn5., AREIEEER - i (1953) @
NEMARE T, %m| (1967) © MERITIE] (IEEHY 5. ARG ClE, %ikoEp)E L o5R
%, BARKEDEET 5BHED FICREL TVD.

B R (R TR IEHIEN) . el Z oHiax, BUWED 5 40 1 B
MHEEE) (BS54 4 A %AT) (TITRA S THRNY,

W 2755 Fro 1 P T I3 ASh TG,
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NERUVBRE M —ns,
HEMMRA &% C, FIRFRII AR E T
iy D, THEVIFITE, EAofEpE
WA —=N"=F v 7O THBIND 20D
B L7220,

J& I VX TR s B B ARAE TR
240m, FIFFETIE HASE TRI110m, 35~
WEICHL 72D GBISNZH).

BE A TIZEMZIINS-N20° ED
A&, 2025 EOfEIRIZ R L TW5.

BFER TOLOHEERE M, 5 AT
BT 50, ABETE, KUHEE ZE
Liao 2 Ja el EaeffinTfg & 45, b
(AT DS B T T 5. FFFHT I H
dehcix, BEELEHEA—N—F 7L
T, FiiffgxEsE > T\Wb (FHl14KS
HR) .

BH AREITERKEDS - KBS %
FL LT, BEKMABE - BEKE X OBEIKE
VIV NEEHRET D, ZNHITAWIC
T 5N, EHOMEEAEL L, Hik
IZZ L.

KILMEEE - BEIRABEE L, & HICRIEBIC L > Tl a n 5. REITEKERE H D WOITIRE R
JRETESBEEN TV D, BERITARITEem2 S 10emIRE O & OB E DS, KBS 2138550
emZ BT LOR LIZLIEEEND CGEITH) . FIFFITRAAME TR, FOKLIMNEEREET LR, £
DRV OPFINNTH, BERER A A IVE & Lo ABEE N a8 LT 5. BT R ATk
FEREN S « BEIKE L NE - BER 72 EOEMBLOB L WEREN G R>T0D., ZRAOAEREZ27T 5
RN, THEEE) XRHAN CEREE L 22 0, M ~URBICEIR BRSSPI E v L N ORA 3% < e
5. ABHICIE, WANWALREURED, JEE2-3mOMIBIEIK S H B WITIEGEIK S M EN TV S,

KT Z DX S kxR BR DR SN D2, ke U TEHERIZIE B~ HlIiTm iy ~%
NEIIRI LT 2R H 5 GE14K) . 2R BEER MBS K OVKIL MBS O—H 2 R< &, RBIXamic
JEHBRTH 5.

R A TEOEIKE SV M (R iEHikrN) 2> ba 4 PET 5. Okutsu (1950, 1955)
1%, ABROWEREbRERT S ARtz [HEEf#E (Shiogama flora) | LMY, b3 Com-
ptoniphyllum-Liquidamber—-Ficus CHRAES T b D Z &2 |EL T 5.

7= Eostegoden pseudolatidens YABE DEEMAHE ST 5 (YABE, 1950 ; 28H, 1967). 7272 LR

pit

B

%17 PEITITRE O K L FBE R OBERERY S« 2 v MEO
HEEH NI , SR e 12 ISR
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(ZIFFEHAHR SN TORW D, £ OREHIEYEHEEICARE 5T H 5 005k LI,

V. 1. 3 #REE ()
MFUE L, AR TR ORISR OISO L, EHATBICEAICERD. PR EN S

RIS - BESORJENDGRY, R E KRR Lo oL ARSI S O BIEICB LT 5.

HWER Hanzawa et al. (1958) @ “Ajiri formation” (Z2X 2. AEM - /b (1953) @ [EHAEE
W, 4l (1967) o [HEFUE] (TIZIEMEN T 5. AREE TIIARRE S EIHITRE & OBER %, BAgREN
HET D BEDORKIK L T 5.

RS EETRENT LR ENT AR CHEILE Y (ICE D (R TR iR Hk)

SHERUVEBE AHUIEAN T, HETFHRAEL SR EBITHEILE T £ oM 5. ZhX W

X, REBICX > THE S, HERIZITEH L.

JeElE, BAHED THI250m, TREECE THI240m, JEHRF~REICHEES 22D (FE141K) .

BE  AHUI TR, NS-N20 ED M, 15-30° EOEEIZ R L TWA. RBABTIZIIZ KD
INETRESERD B, EALGIINSHEOEMO b O EET 5.

BFERFR FRAOEBILFICHT TIERITE 2585128, 2k 0 67 TR E % B
Y5, HOCERBENEAICERD. RBIIUCOWT—EREA LT I2ERLH D (BEH, 1967).
FHE 5L, MULUBITEIC B O & ORI TH Y, BARIKS TR b SR ERERE
DOFIATET Db DO EHB LTS,

B AEE, TOTHIERICEREN S - B R OBSS O BEJEN S0, i ISR A B 2
FHET D, EEIZ LV MERORRI A O L BE L2 EE T, BIKEBEHAG L Tnb. BTk B
XV MEERS TS, EEARBIX RIS, BHEMICIT EFIEE, HURACIIR T &bk 51
M5 (13 - 14X) .

ARJE O F FERICIE, JE S Emi» 5 10mER OBFIR IR A BRI E 3 FEE L, AT & o5 &2/ LTw»
D, ZOUGOBAEIKEE, FICERER S 55 W E LV MaTe O R AT, B o BT
IXGTEDZEbHD. ETAITED, RINEAEELZHER, BIRABE BT 2005 5.
FIENIRILAR ZEATND.

T, EICHFRAOBEREWS - BIKE R OEEE O RN B0, EH~REBIZI L NE OB
%< 0D, BEAL, FR2-3cmOARE T O LA LI S, BERAORIK S 5V ITEERE
WETIZ L RRICATEL TV D, FERE, REITHE ~OEE AT L.

X, #K10ems H2mEREE O BAAL CTHJE U 72 S m 0 O MBI A K NV MEDGR Y, —EE
JRAEZHAT D, FPROHFERBWITIZE A ERObNRN. BERIZE L EKE T, KLTALHEIR
TR A T EHATNS.

B BEIE, BICHEHRAOI IV MENSRY, BIREWEEZEAT 5. REP, &btk L s

ZRT. VLV MARITOCHE TR, MEEERL A 2 5 A, BROKEE T OZIUCELLL TV 5.

B HUEA OBk 2ot TR RO TR 12, T EHBE SN 5 W TNV THTE L2V, EAUIBHEDIR
HHEIE T H-=THACYS 25,
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ECHR Y T DA MR, AN C I AL A B IRV AT ST K OV S R s P LR 320 0D 22 (2 5y
5.
F AEOE TEIEWED DSV Maroiamibn (563 2, Lol MENDE
mbE (RE1R) BENT .
HEHE] MEHIRNOAREITZ < DEAEEATEY, Hanzawa et al. (1953) 1%, Sratoria sra-
toriensis (OTukA) - Turritella shataii NomUuRa - Vicarya yokoyamai TAKEYAMA - Batillaria tateiwai MAKI-

YAMA 7R EDFEHEZHRELTWD. Zhb BeR MRBENEMILE

eI > S Sy A
EHHHATNOREZIETH 5. FIRFRTAE I 400m DEER
ZOWE, HE o BT (TR X Sequoia sempervirens ENDELICHER
EHIERA) DAEA S, Desmostylus hesperus Liquidamber formosana HaNCE

japonicus TOKUNAGA and IwAsakl DFEHIN frE SRR H R 5 £ 500m

e Pterocarya rhoifolia SIEBOLD et ZUCCARINI
; 7
WESNTND (SHIKAMA, 1966). Fagus americana SWEET

Dryophylium sp.
V. 1. 4 #BEE Mty - Mt;) Liquidamber formosana HANCE
BRI B & 8 E, REE)E Hlex sp.

OxuTsu (1955)

n

£18H REM - KEMOEREWERAV— MR | O-@: RBRERRA— b+ (FI19E)  —| O-0 : X5R
EREA— b BUE) X : BHEBEXIIA Yy FHA, RFEROBTEFT
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- 4G
XS

i Q)
36

YA

AN AN

P L EAH

H19X BEROHERERE @REfERV— FREIBRIZTT)

AOEFE - BxBRECHMT5. BAaRKEE3E L, VNG - BIRBEW S 2HET 5. K@
FERAOEE L, kO 5EHBICKyIND GBIOKSH).
R AR E (Mts)
DV MEEE (Mty)
FURFAREETE (Mty)
A EECEEE (Mty)
T ARECEEE (Mty)
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REIMEFUE & KIRE O > T, BB AGBRENET 2JEHETH 5.

WESE HFTHD. M (1967) O TREEEIE ) - [EFAREEIRAE | OKESY - [T 7 ARS8 ) -
TR - TR « THERT RS O — A O THFRE O—fHE2 e b D TH 5. HANZAWA
etal. (1953) @ “Matsushimatuff member”, JEH - /INHL (1953) @ TIASBEEETE] 1%, AHURIGHEIC
ST DARBDO—HEETHS.

WM ARSI VES IS U 7R > D 6 o T BEIRT 3R |2 28 2 Y37 TR o0 ik,

AARUBE ARG E T O R BB VG EL O Mg, KO BTG e 5 5850 O g2 oA 5
5. JEEIL, 2R T350-400mTH 5.

BE ABIIRRIICIENSEOEMT, RICERLTWD. ZELEAEEL s A Bisshc k
D R— 2R A R LTS, EAR B I A TREBRE, AR ST AL VEES T ) | W Rl &
D, HERT 2y 7L T05. ZOMIZ S /INEBEIE S 5 W IEEiEE RO bvd . b EE
DOER K OEO L, 1FE A ENNW-SSETH 5.

BRFER &gl TroMplE & OBMRIE, AR TE O TR A DS EE 03 540 DI ST 5
O ED R OB L EZIC B W CBE SN S, 2T, A IIMERE %25 -30° OMET, —
RARAES DO XL S I > TV D (E20) . R T2MAEE, SAROIHEEREL, EHNTNS
<72, FaiBULTE T CIIfERE BB THWZ D2, REHEITFIFEOIZE A LE EICAE L TW

AR BRI HE T DA TP, e S RICHRT DL <, AR A b Bk

EEZEZDBND VIV MEOBLEENR TS

ZO XS A RE L HEPUE & OBIRICOWT, SEE (1967) X, —HARESTHY, BV LEHRA~
BAEBMRCBITT 2L LTS, —F, REL TEEORKEGRE, A2 L7720 L2 KIEEC X
% R EiE A &R L, WEOMIC KX REHNERERD 2V ETHERLH S (BEHE - /i,
1953).

REIIBEFBLBEREOO L0 Erb b, HONEARBORALLBHELE > TR, —ERRE
ARMRICH D, Lo L bARME Tl L 0 R8RS, MU B KR £ Tavn b
HOEMT 2 MO TH Y, KR KIEBOEY ChHMBEE L EHTT LD L
WL Cuna. B, MEFEEOVEMITEOWT b Tk s RS BRI ~A—n"—F v 7L TEY,
ZOEBMPREBIZLEEHNTND EEILNDLIDOTHD. ZOXHIRT s, REHITEARMIC
IR - /it (1953) OFRICHE, AR E TAE & ORICIEK & Z2RFEINERIZ 2RV S O GEEBIR)
EEZD. TeBBBILALE B\ TE, AEITMEFUE & —HINNW-SSES M OEifE T L T\ %

Mg BEmE UAMME BEGRLY BEHD EBRCD SabE
ofsRiEE  RRNEE DRBATTS &

#0R ERELBRBROERORY v F (RRRGRILERRR ) 5~ 54 V08, 27y FHARBIBRIETT)
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ARJE & A L ORI, WBULEALS CIERE &, MR EBRTERNTE 50 DAREC )T COMIE T =R
JB L RRGBRICH D, EOMOHIE TIT—MICKIRBIC L - TERAEICEDND D, BB THET &L
A2Hd5.

A AETRICZIE AR OAER 2 TS RROBAEIE SR 5, BT MUY L5
JBIHSy S D Z LIFREICIR T2 L B0 Th D, ABITAKHICHERS L7z &Il S D KFFHEREY % &=
BmELTNB.

d LEEERARRETER BHOBIKEW ST LY, RFERRO Pectinidae 72 & 0 BAbA % #EH T
% (PEHORX BT RS 5, Loc051'9). FE/sov MNEEEN LEERE LA 2 T2 (R 1 %),

THETREREBE Mt,)

WRER EH - b (1953) 2% TRBEEKCETE] & L2 b DDORESIL, AMEICEEND.

B AR ST & FOR AN A B [EE IR

DIRUBE A5 DAL ED & OB BB P O & 4 12043 5. BIEILRIomMTH 5

BFE{FE TOJE L OBRICOWTIFBECHE L kR 7z. J7ebbildhlg & 13EARBRICH D LB X
D, BRI AT E A AICE R Y, HREERFTIRINAEEETEL TS, £
GRE LA T, ARSI DD,

AR AEHBIERICZIE AL TR ARV LRIKRAOBARIEN DR Y, BRI IT Al
DREET D (F21X) . AEEE, —RIES3-6m, fifuldbE cideomll LICET 20 LA BN
L. EEEASREEA R LEEAE L L, IR R00AS - SRS - B - e, Mgk
EEZOND VIV NEREOABERV UEBZR L X TS, BENC k-, HiE = RIcHkT 5
AEEOTTR, ZICE AL B EE> TW 5. BERITRK2MIET 528, % < i3em 5310

mm%—%—mms

W21 ML & O kB E TR A B I AL 0D A S O FEIH (T AT L s kS
) T=TA4 AR, BRI 18RI R T)

19 HPER kIR UL B
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cmTh 5. HHEIL, BERBEAERKEH 2 WVIERA T R OER & S 0RKRER ST, BREITE<
V. BB ABEORER T, AEHEOFER THIBARICE BT S, Ak, MEITHRER L
AT OFEE80-100mEL L1453 T~ 2 ABEA TR ARV LRBOZ Y, RISEGI L L TH A<
o TN%.

BABIKE L, BAJKOEEICAE - REREEH, EREEOMOMEIC 8 L THEERICE <
OWBANGEEALTOD, BRIINRY ISRAL, TORITRHRAIT, RELORJIMNHKRE Lz
V. EER A RIS R mm S emERE T, AT D TR OBIhE L0 L%, Fim
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fRE 1% RENBEHISTE=SRENERLER (B %3k

T Diatom Zone | D.k. | T.h D.p| D.n. |D. 1.] A
T Formations & % B § g 'mi -:j: X 7| 48
Diatoms B T - 2R ﬁ =) Sk = B\ &
~—  (R|E|E|g| W |B|E ® |®|&E
Actinocyclus ehrenbergii RaLrs & var. * | *x * * | o
A. ellipticus GRUN * *
A. ingens RaTT. * * © 0|0l |0 *
A. ingens var. nodes BALDALF * * | x| x| %
Actinoptychus undulatus (BALL.) RALFs O|©®] o * | x| % * *
A. splendens (SHAD.) RALFS * | *
Amphora spp. * | *
Anaulus sp. * | *
Auliscus spp. *
Bacillaria paradoxa GMELIN *
Biddulphia aurita (LyNG.) BREB. & Gob. * * | x *
B. calamus TEMP. & BRUN * *
B. tuomyi (BaiL.) Rop. *
B.?sp. A * | o | *
Cocconeis californica (GRUN.) GRUN. * *
C. costata GREG. * | % * *
C. scutellum EHr. @ x| * * * * | %
C. vitrea BRUN * *
C. spp. * | % * * | x| x| %
Coscinodiscus endoi KaNava * | ok * | ok | ok | *
C. lewsianus GREV. x | * | %
C. marginatus EHR. * * O I N T I N
C. nitidus GREG. *
C. oculus-iridis EHR. *
C. symbolophorus GRUN. * * | x| % | x| x| %
C. temperei BRUN * | o | *
C. vetutissimus PANT *
C. cfr. & aff. yabei * * | x| *x | %
C. aff. nodulifer * *
C.sp. A *
C. spp. * | * * | x| k[ x| k[ x| %
Craspedodiscus rhombicus GRUN. *
Cymatogonia amblyoceras (EHR.) HANNA *
Cyelotella striata (Kt1z) GRUN. o | *
Cymatosira debyi Temp. & BRUN * *
C. aff. lorentziana * | x
Delphineis surirella (EHR.) ANDREWS * | x| %
Denticulopsis dimorpha (SCHRADER) SIMONSEN *

A * rare, 0 common, O frequent, © abundant, ® very abundant

Diatom Zone D. k.---Denticulopsis kamischatica, T. h.--- Thalassionema hirosakiensis 3. 1., D. p.---Denticulopsis praedimorpha

D. n...-Denticulopsis nicobarica, D. l.---Denticulopsis lauta, A. i.--Actinocyclus ingens
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D. hustedtii (StmonsEN & KANAYA) SIMONSEN
. hyalina (SCHRADER) SIMONSEN

. kamtschatica (ZABELINA) SIMONSEN

. lauta (BAIL.) SIMONSEN

. 8p. A (cfr. lauta by BARRON)

. nicobarica (GRUN.) SIMONSEN

. norwegica (SCHRADER) SIMONSEN

SbbbbbLbL

. praedimorpha (AKIBA) BARRON
D. aff. lauta

Diploneis spp.

Endictya oceanica EHR.
Glyphodesmis sp.

Goniothecium rogersii EHR,
Grammaltophora spp.

Hemiaulus bipons (EHR.) GRUN.
H. aff. polymorphus

Hemidiscus cuneiformis WaLL.
Hpyalodiscus ukaiensis IcHIKAWA
H. spp.

lkebea spp. (=Goniothecium tenue BRUN)
Kisseleviella carina SHESH.
Liradiscus bipolaris LOEMAN
Medialia splendida SHESH.
Melosira sol (Eur.) Krrz.

M. sulcata (Enr.) Kirz.
Navicula spp. (marine)

Nitzschia challengeri SCHRADER

N. fossilis

N. pliocena (Brun) Kanava
N.sp. 1

N.sp. 2

N.sp. 3

N.sp. 4

N. cfr. fossilis

N. punctata (W. S.) GRuN.

N. spp.

Opephora martyi HERIB,
Plagiogramma staurophorum (GreG.) HEIs.
Pseudodimerogramma elegans SCHRADER
Pseudopodosira elegans SHESH.

P. aff. hyalina

Pterotheca subulata GRUN.,
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Raphidodiscus marylandicus CHRIST.
Rhabdonema japonicum Temp. & BrUN
Rhaphoneis elegans (PANT.) HANNA
R. miocenica SCHRADER

R. spp.

Rhizosolenia alata BRIGHTW.

. barboi (Brun) TeEMP. & PERAG.

. miocenica SCHRADER

. styliformis BRicHTW.

. sp. (aff. praebarboi)

spp.

Rossiella praepaleacea (SCHRADER) GERSONDE

MR R X

R. tatsunokuchiensis (Korzumi) GERSONDE
Rouxia californica PERAG.

R. naviculoides SCHRADER

R. peragalli Brun & HEeRrIB.
Stephanodiscus? sp.

Stephanogonia hanzawae Kanava
S. aff. hanzawae

Stephanopyxis spp.

Stictodiscus californicus GREv.,

8. kittonianus GREV.

Synedra camtchatica GRUN.

S. jouseana SHESH.

S. cfr. jouseana

§. miocenica SCHRADER

Thalassionema hirosakiensis (KANAYA)
SCHRADER s. str.

T hirosakiensis (KANAYA) SCHRADER s. L.
T nitzschioides GRUN.

T. aff. nitzschioides

Thalassiosira antiqua (Grun.) CL.

T. borealis Korzumt

T. leptopus (Grun.) HasLE

T. lineata Jousk

T'. manifesta SHESH.

T. nidulus (TEMP. & BRUN) JOUSE s. str.
T. spp.

Thalassiothrix longissima CL. & GRUN.
Triceratium condecorum BRIGHTW.
Trochosira spinosa Krr.

Zygoceros quadricornis GRUN.
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Diatoms - - RS ﬁ = a = B R
T~ R E|L| B |E|®| B |®| &
Aulacosira granulata complex * | o * *
Cyclotella kiitzingiana Tuw.
C. meneghiniana Kirrz.
Cymbella spp. *
Epithemia spp.
Eunotia sp. * *
Hantzschia amphioxis (EHR.) GRUN. *
Navicula spp. (non-marine)
Pinnularia sp.
Rhopalodia spp.
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(Written in 1981)

(Abstract)

The Matsushima sheet map covers the area from lat. 38°20" to 3830’ N. and from long.
141°0" to 141" 15" E. and includes Matsushima and Ishinomaki Bays in the southern part of
the district. The coastline of Ishinomaki Bay is gently concave and that of Matsushima Bay is
diversified contrastively. The latter which is dotted with more than 200 islets of various sizes,
providing wonderful scenic beauty decorated with evergreen pine trees (called “matsu” in
Japanese), offers one of the Japan’s “Scenic Trio” named “Matsushima’.

The land area with low hills and fluviatile plains is geographically situated in the southeast-
ern part of the Sendai Plain between the Kitakami Mountains and the Ou Mountain Range.
The hills are characterized by the accordant summit level ranging in altitude from 50 to
90 meters. Among them, Bangamori-yama of 210.6 meters and Asahi—yama of 173.8 metersin
of anticlines, which are presumed to be active folds, and they are composed of Miocene sand-
stone and andesite lava respectively.

Terraces recognized on the margin of the hills are divided into the lower and middle
terraces based upon their surface altitude. It is inferred that they had been formed from
middle to late Pleistocene time.
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The flat fluviatile plains surrounding the hills are classified into two different types of
plain, such as flood plain and coastal one. The flood plain, less than 7 meters in altitude,
extends along the Naruse and Yoshida Rivers and is characterized by natural levee and back
marsh. The coastal plain covers the area facing Ishinomaki Bay, eastern part of the mapped
district. In this plain, several rows of beach ridges are developed roughly parallel to the
shoreline.

From the view point of human geography, it is concluded that almost all of towns and
villages in these plains are generally situated on the natural levees and the beach ridges.
On the other hand, back marshes are cultivated as puddy fields. One of the special features in
the mapped district is that artificial changes of land-use have been highly developed.Particu—-
larly large reclaimed lands are conspicuous, most of which have been drained during these
several decades for the production of rice crop.

GEOLOGY

The mapped district is underlain by Tertiary and Quaternary sediments and their bed

Table |
Geologic Age Geologic System Remarks
Holocene Alluvium and talus deposits
Pleistocene El#]%igrio fgrrace deposits
Tawaraniwa F. ) )
Bliocens Omotezawa F. Transgression
Tatsunokuchi F. .
Kameokd F. Hanaremori F. Transgression
Omatsuzawa F. U Upheaval
) pper m.
Bangamoriyama F~{ Lower m, Regional
g Kashimadai F. Upheaval
o Main part
© Hataya F. {Shirosqkayomc Tuff M.| Acidic
=4 Nemari Tuffaceous Volecanism
= . Sandstone M.
5 Mitsuya F, Upper m.
Lower m,
Neko F.
Saondstone siltstone m. | Foiding ond
Diatomaceous Upheaval
! = siltstone m.
Miocene Otsuka F. Tuffaceous sandstone
a sandy siltstone m.
3 Siltstone m.
5 Upper pumice tuff m.
Siltstone m.
g Matsushima F. Tuff breccia m. Acidic to
5 Middle pumice tuff m. Intermediate
£ Lower pumice tuff m. Volcanism
£z Ajiri F. .
2 Oido Tuffaceous | Transgression
= Sauramachi F. Sandstone M.
= : Oido F.{ Asahiyama .
Shiogama F. Andesite M. Intermediate
Kakeyama Volcanism
Conglomerate M
Cretaceous (7} ~ Rifu_Granitic Rocks
Triassic Rifu F

F.; Formation

M. ; Member

~ 3 Unconformity
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rocks. The geological succession with some remarks is summarized in Table 1.
PRE-TERTIARY

The bed rocks of pre-Tertiary age which crop out in a small area of the southwestern
district, are the Triassic Rifu Formation and the Rihu Granitic Rocks. The granitic rocks are
regarded as the intrusion into the Rifu Formation during Cretaceous time.

The Rifu Formation unconformably overlain by the Tertiary sediments is made up mainly
of shale and contains some intercalated thin layers of fine-grained sandstone. The molluscan
fauna reported by several authors comprises some remarkable Ammonoidea and Pelecypoda
which indicate that the formation is of Anisian to Ladinian age.

The Rifu Granitic Rocks is distributed in a very small mass and is composed of hornblende
and plagioclase, with subordinate amounts of quartz, potassium feldspar and clinopyroxene.

TERTIARY

The Tertiary sediments are composed of the Miocene and Pliocene strata and underlie
most of the hills. The Miocene strata, excluding the Oido Formation which is isolated in a
narrow area of the northeastern district, are divided into two groups from the distinct difference
of lithology and geologic structure, that is, the Matsushimawan and Shida Groups. The
Pliocene strata probably correspond to the Sendai Group in the type area about 20 kilometers
southwest of Matsushima Town.

Matsushimawan Group

The Matsushimawan Group overlies unconformably the bed rocks and is exposed in the
region around Matsushima Bay, southern half of the mapped district.

This group, from the base upward, consists of non—altered intermediate volcanic rocks and
their pyroclastics (the Shiogama and Sauramachi Formations), alternating beds of tuff,
tuffaceous sandstone and siltstone (the Ajiri Formation), acidic pyroclastic flow deposits (the
Matsushima Formation) and alternating beds of siltstone and sandstone intercalated with
tuffaceous sandstone (the Otsuka Formation). The sediments from the Shiogama Formation
to the lower part of the Ajiri Formation accumulated on land or in shallow waters.

The Shiogama Formation unconformably rests on the Rifu Formation with a basal
breccia and is composed mostly of andesitic tuff breccia and volcanic breccia, and occasionally
contains some intercalated pumice tuff and tuffaceous sandstone. The basal breccia contains
large boulders of sandstone, shale, granitic rock and porphyrite derived from the pre-Tertiary
bed rocks.

The Sauramachi Formation consists mainly of tuffaceous sandstone and volcanic con-
glomerate with some intercalations of tuff breccia and tuffaceous siltstone. The lithology of
the formation changes irregularly both laterally and vertically.

The Ajiri Formation consists of alternating beds of tuff and tuffaceous sandstone with
conglomerate in the lower part and of alternating beds of tuffaceous siltstone and fine-grained
sandstone in the upper part. To the south the formation becomes both thicker and finer
grained. The formation is famous for its containment of abundant fossil shells and plants.
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The characteristic Miocene mammal Desmostylus hesperus japonicus TOKUNAGA and IWASAKI is
obtained from this formation (SHIKAMA, 1966) .

OkuTsU (1955) reported that the flora from the Sauramachi and Ajiri Formations is repre-
sented by warm climate species, such as Comptoniphyllum naumanni NATHORST, Liquidamber
formosana HANCE and Ficus tiliaefolia HEER. HANZAWA et al. (1953) described that the Ajiri
Formation yields abundant marine fossil shells, such as Siratoria siratoriensis(OTUKA), Tur -
ritella shataii NOMURA, Vicarya yokoyamai TAKEYAMA, Batillaria tateiwai MAKIYAMA, etc. These
are predominant species of early Miocene age in Japan.

The Matsushima Formation is typified by a large quantity of pyroclastic flow deposits.
The formation is divided lithologically into five members, that is, the lower pumice tuff,
middle pumice tuff, tuff breccia, siltstone and upper pumice tuff members in ascending
order.

The lower pumice tuff member is made up mainly of pumice tuff with andesite frag-
ments. This member differs from the other members in containing much hornblende in pumice
and matrix. The middle pumice tuff member is made up of pumice tuff with various shaped
siltstone clasts which reach a maximum diameter of 1 meter. The tuff breccia member is
essentially pumice tuff, but contains plenty of angular rock fragments of glassy andesite,
rhyolite and siltstone from pebble to boulder size. This feature distinguishes the tuff member
from the other. Within the Matsushima Formation, the siltstone member represents the
only horizon which is dominated by siltstone. The upper pumice tuff member consists of
pumice tuff layers with occasional intercalations of tuffaceous sandstone and tuffaceous silt-
stone.

The Otsuka Formation is represented mainly by thick marine siltstone intercalated with
tuffaceous sandstone. The formation is lithologically divided into four members, namely, the
siltstone, tuffaceous sandstone sandy siltstone, diatomaceous siltstone and siltstone sandstone
members in ascending order.

The siltstone member is made up of thick-bedded to massive siltstone which is associated
with tuffaceous sandstone and submarine eruptions of dacite in a middle stage of the accumu-
lation. The tuffaceous sandstone sandy siltstone member is composed chiefly of medium- to
coarse-grained tuffaceous sandstone and sandy siltstone, both of which characteristically
contains numerous pumice fragments of one or two millimeters in diameter. The tuffaceous
sandstone exhibits cross-bedding and sandy siltstone is marked by undulate bedding. The
diatomaceous siltstone member is made up of flaky siltstone containing abundant marine
diatoms. The siltstone sandstone member consists of alternating beds of siltstone and sand-
stone. The member coarsens upward in general, indicating gradual shallowing of the sedimen-
tary environment.

Oido Formation

The Oido Formation unconformably covered with the Shida Group crops out in the north-
eastern district. The formation consists of conglomerate, non-altered intermediate volcanic
rocks and their pyroclastics, which is respectively named the Kakeyama Conglomerate,
Asahiyama Andesite and Oido Tuffaceous Sandstone Members. From the lithologic features,
the formation probably crroesponds to the lower part of the Matsushimawan Group. It is
assumed that these strata were deposited under non—marine conditions, as a whole.
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The Kakeyama Conglomerate Member is a basal conglomerate composed of cobbles and
boulders of shale, sandstone, granitic rock and chert derived from the pre-Tertiary rocks. The
Asahiyama Andesite Member is augite hypersthene andesite lava extruded after the accumu-—
lation of the Kakeyama Conglomerate Member. The Oido Tuffaceous Sandstone Member is
made up chiefly of tuffaceous sandstone with andesite breccia and occasionally contains some
sandy siltstone and pumice tuff. It has been pointed out by TAKAHASHI and MATSUNO (1969)
that the Oido Tuffaceous Sandstone Member and the correlatives of the Asahiyama Andesite
Member are in interrelation of interfingering each other.

Shida Group

The Shida Group exposed in the hills along the Naruse and Yoshida Rivers, northern half
of the mapped district, has an unconformable relationship with the bed rocks, the Matsushima-
wan Group and the Oido Formation.

This group is made up chiefly of a thick sequence of neritic psammyte with frequent inter—
calations of tuff layers and can be divided into the lower and upper parts based on the conspicu-
ous unconformity at the middle horizon. The lower part, from the base upward, consists of
tuffaceous sandstone (the Neko Formation), poorly tuffaceous and remarkably cross-bedded
sandstone (the Mitsuya Formation), tuffaceous sandstone with thick tuff layer (the Hataya
Formation) and poorly tuffaceous sandstone (the Kashimadai Formation). The upper part
consists of cross-bedded coarse-grained sandstone (the Bangamoriyama Formation) and
fine-grained sandstone intercalated with many tuff layers (the Omatsuzawa Formation) in
ascending order.

The Neko Formation lies unconformably on the Otsuka Formation with a thin pebble
breccia. The formation is mainly fuffaceous sandstone and contains intercalated pumice tuff
in western exposures. The tuffaceous sandstone is black, fine- to coarse-grained and thick-
bedded to massive, and occasionary cross-bedded.

The Mitsuya Formation, which is representative of the lower part of the Shida Group,
unconformably rests on different stratigraphic horizons of the Neko Formation and of the
Matsushimawan Group. The formation is made up mainly of fine- to coarse-grained cross-
bedded sandstone and is divided into three members, that is, the lower, upper and Nemari
Tuffaceous Sandstone Member. The three members are further subdivided from grain size
differences into two types of sedimentary facies, namely, the fine-grained and coarse-grained
facies. In addition to that, the conglomerate facies is recognized at the base of the upper
member.

The lower member is composed of fine-grained sandstone (the fine-grained facies) and
medium- to coarse-grained cross-bedded sandstone (the coarse-grained facies). The upper
member, from the base upward, consists of pebble to cobble breccia of shale and siltstone
(the conglomerate facies), medium- to coarse-grained cross-bedded sandstone (the coarse-
grained facies) and alternating beds of fine-grained sandstone and silty very fine-grained
sandstone with many fine-grained tuff layers (the fine-grained facies). The Nemari Tufface-
ous Sandstone Member is made up largely of fine- to coarse-grained tuffaceous sandstone (the
coarse-grained facies) and contains flaky siltstone (the fine-grained facies) in the uppermost
part. This member is interfingering relationship with the upper member.

The Hataya Formation consists of thick-bedded pumice tuff in the lower part and
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alternating beds of tuffaceous sandstone and tuff in the upper part. The lower part is named
the Shirasakayama Tuff Member. The upper part is lithologically subdivided into the slump
bed, tuff and tuffaceous sandstone facies in ascending order. The formation, as a whole,
overlaps the underlying Mitsuya Formation and rests directly upon the Matsushimawan
Group and the bed rocks.

The Shirasakayama Tuff Member is a large quantity of pumice-flow deposits, about 130
meters in maximum thickness, which is presumed to have been formed from only one eruption.
The member consists of breccia and tuffaceous sandstone in the basal part grading upward
into pumice tuff in the main part and into uppermost fine-grained tuff.

The Kashimadai Formation is made up mainly of fine- to very fine-grained sandstone
and contains many tuff layers. The formation contains abundant trace fossils.

The Bangamoriyama Formation unconformably overlies the lower part of the Shida
Group. The formation is mainly medium-grained sandstone and contains coarse- to very
coarse-grained tuffaceous sandstone in the lower part in southwestern outcrops. From this
lithologic feature, the formation is divided into the lower and upper members.

The lower member is black, loose and cross-bedded sandstone, which contains numerous
pumice fragments. The upper member is well-sorted sandstone and becomes both thicker
and coarser grained to the southwest.

The Omatsuzawa Formation is alternating beds of thick-bedded very fine- to fine-
grained sandstone and tuff layers. The tuff layers are widely traceable as key beds. The
formation yields plenty of marine sublitoral or benthic diatoms, furthermore contains
non-marine diatoms. This paleontological evidence indicates that the sedimentary environment
of the formation had become remarkably shallow.

Pliocene Strata (the Correlatives to the Sendai Group)

The Pliocene strata rest unconformably upon the underlying formations and crop out in
a few hills. Rock facies of the strata represent two times of replacement from transgression to
regression. The first transgressional facies is represented by a cycle which grades from the
basal conglomerate (the Kameoka Formation) upward into marine siltstone (the Tawaraniwa
Formation). The second is composed of terrestrial alternating beds of siltstone and sandstone
(the Omotezawa Formation) and marine sandstone intercalated with siltstone (the Tawaraniwa
Formation). Among the Pliocene strata, sandstone (the Hanaremori Formation) whose distri-
bution is localized in the southwestern district is probably equivalent to the Kameoka and
Tatsunokuchi Formation.

The Kameoka Formation is made up mainly of pebble to cobble conglomerate with
some intercalations of thin sandstone and siltstone. The formation is regarded as basal facies
of the Pliocene strata in the mapped district.

The Tatsunokuchi Formation consists of dark bluish siltstone and sandy siltstone, which
contains abundant marine shells. The Formation is representative of marine sediments of
Pliocene age in the Pacific side of Northeast Honsha, Japan. The molluscan assemblage
obtained from the formation is called “the Tatsunokuchi Fauna”.

The Hanaremori Formation unconformably overlies the Hataya Formation and the
bed rocks with thin basal conglomerate. The formation is made up largely of fine- to medium-
grained sandstone and contains scattered rock fagments.
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The Omotezawa Formation which is unconformable to the Tatsunokuchi Formation
consists of alternating beds of siltstone and sandstone and contains interbedded tuff layers
and lignite seams.

The Tawaraniwa Formation lies on the Omotezawa Formation except direct uncon-
formable relation to the Oido Formation in the northeastern district. This formation is made
up mainly of marine sandstone which grades upward into alternating beds of siltstone and
sandstone with minable lignite seams. The striking feature is that well-rounded conglomerate
of andesite cobbles exists at places where the formation rests directly on the Oido Formation.
The conglomerate, about 10 meters in thickness, is imagined to have been deposited in a
rocky coast at that time.

QUATERNARY

The Quaternary sediments are the Embana Formation,the fluvial terrace deposits and
the Alluvium.

The Embana Formation is made up mainly of cobble-sized gravels and contains cross-
bedded sands and silts. The geologic age of the formation has not been confirmed by fossil
evidence yet. The formation is distributed in association with the middle terrace. Therefore
the formation is assigned tentatively to be middle Pleistocene in age.

The fluvial terrace deposits which form the lower terrace are exposed in comparatively
small portions along rivers. The deposits consists chiefly of various kinds of pebbles and cobbles,
and contains some cross-bedded loose sands.

Thc Alluvium is made up mainly of the sediments deposited during the rise of the sea level
posterior to the Wirm Glacial Age. The sediments which form the fluviatile plains in the
mapped district are weakly consolidated. It is clarified that the sediments are, from the base
upward, composed of gravels, marine sands and clays and fluvial sands and clays on the basis
of some borehole data.

In addition, the talus deposits are recognized at the foot of Asahi-yama which has relatively
steep slopes.

GEOLOGIC STRUCTURE

Two different trends of the basement structure, which have controlled the complicated
geologic structure of the Tertiary formations, are distinguished in the mapped district. These
two trends can be traced steadily in coincidence with those of the steep dips of the residual
gravity anomalies (See the geologic map). The distribution of the Rifu Formation and the
Rifu Granitic Rocks are bordered on the north by “the Nagamachi-Rifu Dislocation Line”
that is inferred to be an active fault on the topographic features in the mapped district. The
basement rocks exposed in the Kitakami Mountains are distributed roughly parallel to the
eastern border of the mapped district.

The geologic structure of the Tertiary formations in the mapped district is quite different
from that in the region roundabout. Bedding of the Matsushimawan Group dips southeast to
northeast as a whole. However the group is highly faulted and folded in the area between the
southwestern flank of the basement mass of the Rifu Formation and the southeastern flank of

-119-



the Miyatojima Anticline, forming a NNW-SSE trending synclinolium.

The faults prevailing in the Matsushimawan Group are classified into NNW-SSE-, ENE-
WSW- and NNE-SSW-trending normal fault systems. The first is parallel to the above
synclinolium trend and the second is coincident with the direction of “the Nagamachi-Rifu
Dislocation Line”. The last is consistent with the general structural trend of the Shida Group.
It is presumed that the Matsushimawan Group was affected fundamentally by the NNW-
SSE-trending folding and faulting prior to the accumulation of the Shida Group, resulting in
crustal decormation marked by clinounconformity between the two groups.

The Shida Group is characterized by gentle folds with NS- to NNE-SSW-trending axes in
general. The axes turn to the NW-SE to WNW-ESE direction toward the north, which is
fundamental folding trend of the Tertiary formations in the neighboring Wakuya district north
of the mapped district. To the contrary, in the southwestern district, the Shida Group has
ENE-WSW-trending folds parallel to the trend of “the Nagamachi-Rifu Dislocation Line”.

The folds of the Pliocene strata are in harmony with those of the Shida Group. MATSUNO
(1967) described that folding movement had continued during the accumulation of the
Pliocene formations. The framework of the geologic structure of the Shida Group and the
overlying formations is considered to be completed after the deposition of the Pliocene strata
in the mapped district.

ACTIVE FAULTING AND FOLDING

“The Nagamachi-Rifu Dislocation Line” has been considered to be an NE-SW- to ENE-
WSW-trending active reverse fault from the evidence that it has displaced fluvial terrace
surfaces in Sendai City about 20 kilometers southwest of Matsushima Town. Its trend can be
traced as a topographic lineament from Sendai City to Rifu Town in the southwestern district.
This topographic lineament is coincident with the northern border of the exposures of the bed
rocks. However there is no positive field evidence to support such active movement as above
mentioned.

The Bangamoriyama Anticline, parallel to “the Nagamachi—Rifu Dislocation Line", is
presumed to be an active fold. The anticline has caused the rise of Bangamori-yama, the
highest in the mapped district, although the mountain is made up of cross-bedded loose
sandstone. It is quite suggestive that the Hanaremori Syncline is recognized south to the
anticline, in the parallel direction to each other.

The Asahiyama Flexure, which is present along the boundary between the Miocene and
the Pliocene strata in the eastern hills, forms the east wing of the Oshio Anticline. The summit
level in the western region of the flexure is about 20 meters higher than that of eastern region.
Several parts of the flexure are transformed into reverse faults moderately dipping westward.
It is assumed that the west side of the flexure has been elevated and thrusted, as a whole, to
create the Oshio Anticline.

ECONOMIC GEOLOGY AND EARTHQUAKE EFFECTS

No workable mine exists in the mapped district at present, although limonite ores occur at
places in the coastal plain facing Ishinomaki Bay and attempts had been made to recover
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them during the time before and after World War 1. Lignite intercalated within the ter—
restrial Pliocene strata had been mined from early times for domestic use. During several
years after World War II, the production of lignite had been tremendously increased to meet
demand of fuel in place of bituminous coal.

Shales of the Rifu Formation, gravels of the Kakeyama Conglomerate Member and andesite
lava of the Asahiyama Andesite Member have been quarried and now supply huge quantities
of crushed stone for concrete aggregate and road metal. Besides the above, sands in the
Mitsuya Formation have been extensively excavated as fill material. Pumice tuff, especialy in
the Matsushima Formation, has been quarried at several places and sold as flagstone and
buildingstone.

It has been reported that the Miyagiken-oki Earthquake of June 12, 1978, caused slope
movement and liquefaction within the mapped district. The landslides and rock-falls occured
at several points around the hills and islands, some of which attacked residences. The lique-
faction was recognized in the fluviatile plains, where the alluvial marine sands are interbedded
underneath.
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