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Diatom Analysis on the Environment of Late Neogene

allong the Japan Sea Coast, Northeast Japan
Konosuke Sawamura
Abstract

Joust (1960) investigated the diatom flora from the surface of the bottom sediments in
the sea of the Far East and divided the environment of the sea into the oceanic, transitional,
and neritic zones on the basis of ecological classification of the diatom flora. It is also well shown
that sublittoral species dominate at some places along the coast of the Okhotsk Sea as in Fig. 5.
In this report, ecologically well-known recent species of diatom are classified into the following
three groups: oceanic(O), neritic(N), and sublittoral and fresh water group(SF) including
benthonic and brackish water species, and relation between the total numbers of diatom pieces
in each group is shown on a triangular diagram O-N-SF having many fields of diatom as-

semblage in relation to sedimentary environments (Fig. 7).
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Great progress has been made in studying quantitatively diatom flora of Late Neogene
in the oil field of Northeast Japan for these ten years and assemblages of flora at various locali-
ties there have been reported by many authors (Figs. 1 ~ 3 and Tabie 1). The ecological clas-
sification and the diagram mentioned above are applied to Neogene diatom flora to infer
sedimentary environments at that time. In this application, however, it is a problem how to
treat some extinct species of unknown ecology, such as Actinocyclus ingens RaTT. and Denticula
spp. abundantly found in some sediments espccially of the early stage of Late Miocene (Figs.
4-a and 4-b). To solve this problem, two methods are taken, the one is the method to calculate
correlation coefficients on the amount of such species and recent species in some fossil diatom
flora, and the other is the method to correlate different relations on the O-N-SF diagram in
accordance with various assumptions of ecology of the extinct species (Figs. 8 and 9). As the
results of these analysis, 4. ingens is estimated to be oceanic and Denticula spp. to be neritic
ecologically.

The sedimentary environments of the Japan Sea and its coast in Late Neogene are

inferred from the relations shown on the OA-Np-SF diagram prepared on the assumption
mentioned above.

1. The Yamato Rise near the center of the Japan Sea, at the middle of Late Miocene
and Pliocene, was not so strongly influenced by oceanic water as at the center of recent Okhotsk
sea, and so it seems that the Neogene basin which occupied the Japan Sea and vicinity was gener-
ally an inland sea through the period of Late Neogene (Fig. 16).

2. A boundary between the outer transition and the neritic field migrated towards the
center of the Japan Sea with a marine regression in the Neogene basin through the period of
Late Neogene (Fig. 17). The general direction of migration of the boundary was somewhat
modified in the Ajigasawa district probably situated near a connecting part between the basin
and the ocean at that time.

3. The environment of Neogene basin was not stable and through the general course
of regression, invasion of oceanic water in a short period occurred repeatedly. The invasion
was most strong at the middle of the medial (Funakawa) stage, or at the beginning of the late
(Kitaura) stage of Late Miocene (Fig. 15).

4. After the regression at the end of the early (Onnagawa) stage, the character of diatom
flora changed prominently to lack 4. ingens or Coscinodiscus yabei assemblage after Kanaya (1959).

5. Following the transgression at the middle of Funakawa stage, the area surrounding
Oga district seems to be upheaved abruptly, and the environment in Oga changed to be sublit-

toral at the end of the stage.
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. Ajigasawa
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. Shinzan substage

Relative abundance of some predominant
species in the diatom flora of Oga and Ajiga-~
sawa district.

Oga }Waklmoto stage

Oga }Kltaura stage

. Ajigasawa
. ditto (Odoji form. by KOIZUMI)} Funakawa stage

Oga
9. Onnagawa stage

: Actinocyclus ingens, C: Coscinodiscus marginaius
1 Denticula spp. T: Thalasstosira spp.
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Zoning of Okhotsk Sea by diatom flora contained in the bottom

sediment ( Jousg, 1962).

1. Neritic zone

2. Transitional zone

3. Oceanic zone 4. Coastal zone
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D4 AF (JousE, 1962)

Distribution of C. marginatus and C. oculus-iridis in the bottom

sediment of Okhotsk Sea.

1. Abundant 2. Common
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BRI R OBERREL Pl L B L, BETL7
Bl 5B, BAEROBEERELFEMRD60% IR XX
BIRB0B Y, LHELZEDI LD 4FITIRI%IZEBIA
TWis\ (% 2%). 4. ingens & Denticula spp. DAREN
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The amount of recent species, Denticula
spp. and Actinocyclus ingens in the fossil flora
treated in this paper,
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o 107 31 9 5 |152
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* Clase of recent spp. are counted and D. spp., 4. ingens are
neglected
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FEEREERIISVWTRELTART, BVEYLLD
NBEEERDDIZ LiTT .

5.1 HEBREIC L BH&E

CAEREREICDHAE NS SIBRES TN TS, &
DHEBIZSWVT, Z OAEEEEROE (O LEKFET )
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FHERERA CMIBTHICA OGN DEEERE (B3ERD
KN — b B OREFN—NZEBIIAORE), 209
ORI T EOBE, i) B TROTEERE

(% 3 TRV — b @ 9 ), FFIER & 3LATHigkAc 1B
B8, B RIS R (1966) 12 X BAp)11, dhiskg
DOREAFEDENEFRICOVT, bbb 5 BOMHEEG
BEREETBLITLE.

O/O+N fEITAMEEVEEER LR VEEEE B OE R 2 o Jh
DT, TORMNINEKRDOEEDOHRBE RS TR
L, KBRZLTWBETHD. Zht A ingens Off

(24 % % 4 5)
EI3R BEMMEEHEEROHA (IR, 1968;
&n, 19591k X B)

Composition of some diatom flora at Oga
district by Koizumi (1968) and Kanaya (1959).
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A o, 4
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£ 4 Mo M o< A b #

L o1 88 15 11 36 29 200

*79 S U192 19 2 72 4 200
x| 73 F | 55 15 74 1 43 12 9200
g 74 | ¥ 7 | 33 47 8 2 23 12 200
Tl s S| 186 30 278 11 20
MG @ 17 79 50 0 38 16 200
ﬁ "53|y gS | 930 21 29 34 33 53 200
B | *54 8 18 23 16 33 83 27 200
ol*s Mg a2 61 18 4 27 48 200
G| @3 [ 13102 23 6 41 15 200
[
E *62 | g 27 99 15 2 39 18 200
) | %63 < | 30102 14 10 29 15 200
o | 64 Y |87 92 10 0 7 4 200
5 65 § 81 63 21 0 31 4 200.
£ 90 T | 37133 16 0 11 200
Of or| @ 41115 3% 0 5 5 200
[«
P66 | %..5|107 87 42 0 1 13 20

67| £ § 163 515 0 2 15 200

68| (54 (195 1 4 0 0 0 20
% |49-1 3 96 17 6 23 22 200
W 92| 3 9 25 2 25 16 200
| 47 o | 87 2 4 17 74 41 200
| 4g-1 S |42 8 11 39 80 20 200
g |48-3 2 1 31 37 6 25 56 45 200
d wy
Slas-5| ® £ | 20 53 17 18 22 61 200
g 46 T | 23 26 10 33 48 60 200
> las-1] @ 32 13 37 17 58 43 200
3 l45-2 6 17 12 6123 36 200
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#AaAH ILEEEREHRANONEMNEEREL 4 ingens B 5 it Denticula spp. & o BHRK

Correlation coeficient of the amount of oceanic and A. ingens or Denticula spp. in some fossil

diatom flora.

. i i
-3 b & ¥ ‘ stage Locality
A | B e
BEMEAL—N] | KJILE® . _ _ Up. Onnagawa ~ Oga route 1 ~ 5
L1 <5 (B3 2195 | ~mupe 0.03 0.45 0.43 Funakawa 19 samples
o |m k& 74| kNEE® 075 —0.09 0.27 Up. Onnagawa S e TP
3 ?%ﬂﬁ& v—r8 ) BT 8B 0.74 0.25 0. 14} Lw. Onnagawa Oga route 8 9 samples
FIER - BAATHIS Loc. 3 & 4in Fig. 1
4| gm = I B 0.80, —0.32 —0.73 Onnagawa 8 samples
5 | R 214 ?gég% ~& 0.38) —0.05 -—0.42 Funakawa ~ Kitaura ?{ig:rs;?g\iisdistrict
Correlation coeficient

A: A. ingens: Oceanic/Oceanic + neritic

3 e ORI 4 ROAD X D ITh Y, )R
0 3HITIX, 0.7472L 0.8 L\ 5 BB A IE ORI
BRETLT3, Thbb, SMEKOHEOMV-HEIS
Y A. ingens DEGEKEIZS LV 5 2 LT, A. ingens X4t
MR L HESNS.

Denticula spp. i2->WTix (4% B), 4. ingens O 3
A&ﬁOﬁﬁ@@@ﬁ#%waméﬁ FHBREE AR
<, tHEEZR® IR EDTHD. 2T A ingens L
Denticula spp. @{EHZIS&@*EEE%%C%# 3k (HE4FRQ),
FIER - BARTOBEEET —0.73 & v~ 5 BAbR A REEIRE RS
RENTV S, JUOF TREEDMEC O THRETE 2V b
DD, Denticula spp. [LIEHEHEEER L HET 5 Z L 23TRE
ThHAS.

PLED X 5z, HHEREOBED b1k A. ingens 135415
P, Denticula spp. 1 LEMEELHE SN DM, HHEIo
WTIE, RCNHEETHD. EFHICOCT, BE~
WARBET B Z LOEBTLHHL VB VO T, UT
O-N-SF MZHVTE IR 2ED 5.

5.2 IEEBEL(LEMIC LR

BRI AR B R B O BB ¥R Pz
KELEL7ZZ LIEBIBEIL ZATH DN, /IR

(1968) D#MEFIZ X B, K&, B, MBI U%EE

F— b OEERBEME (B3R &HTL, BHhic
BIICEA TS, EINEEEERAL, 22 TI70 ~

100 m PES &4 2IcF &%, b —FEECIZ
BEEL, TOFSMOEREDL 2kn iz F £ 2\, 5 -
T, F— b OEBEHEEROEITE, kO X 5k
BRRI LTS b0 LER 5,

1) BHMELORME BLror— MB35 TH

B: Denticula spp.: Oceanic/Oceanic + neritic

C: A. ingens: Deniicula spp.

2 b BB > TOELERZ, v— bFEOHMTE
VIZEFIL TV 3.

2) HESBHBELOBREIE -k J LA DI B
BHEENL— PR EOREY~ &, JERBRARICERL T
W<,

75T, Denticula spp., 4. ingens DEREFEL T&K
D O-N-SF R#/EY, ZhbeHEmLEER, 20
Ho5 2 TERE2EEERD ISERAL TV HERE D
->T, FREROARBLEHETS I LIZTS.

BRBABDN O, HEAEERC LEES W -HE
E& AT O-N-SFRBMEL N TV BBRICiX, ThEFR
T32»ic, Mx b EROE LT ERINT DM
EEOEICATT 5 Z Licd 3. 5213 A. ingens, Denticula
spp. TH &M & Lz#Aicik, Nap LT, Xk
O-Nap-SF & LT,

ZICKIE, BN, MR XU EEF - b OB
THE (F3H) OBEHTHRIETS. ZoBFL—
DREETE, FHE EHB I UREHIESLT (8
BEN)&k.EB,E&MW~F®%T&®E§ﬁ$

TN TORTEAEMICTM TRV DT, —fRE
L THRBEED S,

Denticula spp. #3GHEEE L, A ingens Z4LPEMEE L
77% 8D 1 (OA-ND-SF [¥]), & B\ i} 4. ingens 33T
WEPEE L7z 9 Ko I (O-Nav-SF ) Ti, FEoRE
SiLEEMEEE (N) 08, PETHERERE (O)
DHEIL, RMTHRIEE (NAMEM), K B TR~ Yk
ﬁﬁﬁ(SF)®%%ﬁﬁﬁ%W~bwﬁﬁﬁ%uw

s BB O TR RTR O VI LR b1
5.ﬁwwzm@ﬁ@i%in,x%,%&m,wmw
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— N OlEIZ, &M ST, BRI, M), 2 ER3NENE LB, 55T 4. ingens BINFRIEL
£2FN— NOIEIKODETEME LT, PRICGREAT (KELEEAKRIE, 20 1 FH2E9IROIIT R LA,
w3, EENDVv— Mo B 2EEREDBMWELIZECND

Nap, OaND DL D&, F7bb D.spp. &4MENE  —HHl#NL LTHbh, fiiv— b ofificisiy 500

~—SFa
(V)
: 49'
281K 676 ! oo
: 90 BEEES
e | éos ¢ Black Shale
: 65
= 14 $64 :
BUIER 5 H e
e “(?%_"%%——‘la*\ §2$ SRR
nzan diato-
—— ,:7| %‘% 62 N 66 maceous mudstone
ESUL A | ! ! .
nnagawa : | 3 [EREN
sfage K@t WAL BI-b REFN-H sfnifsﬁle
Route | Route 2 Route 4- Route 5 |

1 : D.spp. ZiLHifl, A. ingens RAHAELARE 1 : D. spp. ZILHIM, A. ingens BILWEELRE
I0: D.spp. Z5\¥HE, A. ingens ZIRFRMLEE IV: ¥ 7AEE (MR, 1968) = 20fFHE

% 8 [ Denticula spp. 8 X U8 Actinocyclus ingens D LR ERE L EBED,
HUEMETRBTSERMEOEL
Floral variation through Shinzan substage at Oga district, in cases of assumed
ecology of Denticula spp. and Actinocyclus ingens.

I. D. spp.: Neritic, A. ingens: Oceanic . D. spp.: Neritic, 4. ingens: Neritic
TM. D.spp.: Oceanic, A. ingens: Sublittoral ~ IV. Number of samples by Koizumi (1968) and their horizon
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Nab Nb

® a0 on

2
NN s
o] Nx E=l4
Lss

X 4 l N6
(IV) O:Nap:SF

(1), (II): Denticula spp. % FUEfE, Actinocyclus ingens % MR L (RE
(IID), (IV): D. spp. bLifEfE, A. ingens bIEUFHE L KFE
(L), (V) : (Dd3vix(IDicES L 4, 2RHEREIE/NMR (1968) 2 il
a~e %2 FOFERNV— b OHUSES
L EEES, 20 RS, 3 DERSE, 4 DECEUDHERS, 5: B4, 6: BRERE
HOR BREMEBENETHE (ERVv—) omBHELSLL
ThicE S
Variation of diatom flora of route 8 at Oga district and zoning
on the columnar section.

(I), (XI)): Denticula spp.: neritic, Actinocyclus ingens: Oceanic

(I11), (IV): D. spp.: neritic, 4. ingens: neritic

(II), (IV): Zoning on the results of fig. (I) or (II). The columnar
sections are simplifyed ones of Korzumi, 1968

a ~ e: Locality in the route 8 of Fig. 2

1: siliceous shale, 2: mudstone, 3: Sandy mudstone, 4: Sandrich
sandy mudstone, 5: Sandstone, 6: Nishikurosawa Formation

BEONER & REME R, EKE, BEIEA—N o &, HIFETIRBERIB L TREN, BETIIHBEL T
BEFIERTRPFEICZTELTRY, HIRMZEILOE w32, ZOBMMEIcoVTIE, Hifa, c s
AERELENTY S, #6577, Nab 55k OaNbp Bl TIXSFi#f, Hife OBETIXS FI% & bizmL,

HOREBITAEY LW h 5. B KBNS SNz, HUgE iz ZEZRH D, Oa
T T Nab & OaNp 0f{RiE % BEHIRL)IE T8  No OBETHE b, ¢ d OIFIC/EEMEEE (O) 238
CERA— b, #3%) THET5. FBDIH LT, Nab OEAIIZZ OIEIZOM B L

OaAND DEEI-IRE Nabp DEI-TMFE R 3 T3,
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wEHRER AR

T OHIREE L 2 ARE TR 5 &, OaND DA
(E9-IR) izik, HEd2 Db altA»->T, Tabb
HIEREIzAL s SERIC A » TOMEMERENHDP LTy 3
ZEWREh, TORIVEHEE ERREZ LIRS
NTV3. Zhickl T Nab 04 (E9-IVR) Tk
AP ORYERES b L EHOET 5 b ik
L THEREOTLL T3 Z LAVTEh, MBS
{bidde LARBETH S,

ZZTES-IVRICHY R B L, Fb— b DBARE
{BICFAFIE T 5 D1, KA — b OIRIEEELR O
FEE (No. 74) ML, bbbl LCEILERORE
PORAEERECED DN, Zhiific, EEILr—
b B R R LR (No. 56) 1 B3/ b B
OBBIEDONLEETHD. ThITHEER D
LIEFEEAL & B OB & IR IR I B
3, SEHH SRR L B EEEAEA0HB I LR
RLTVALOLEISNS. CORMMBEI-IFKEIV
L 2T 5 L, AR & AR B HIRAE
{LOBR, %9 -TK+7abb OaND DIREN L Y F
MrEZLND.

Tl TIHRTEIC BT 2 HHEAEMEFI-TKT
WETD L, TORLD, FEYITETCL VDE»DL
BEICELSTNE LD o720, I/ EBEIHE
WL, bIFNICEFIE o THAREKDBEERD R
STz, kT, HEFESEIC S & &b Ik
CERERRICINE ~ OKBEOBAME T & L biT, B
HEEICBT 5 L 9ick Y, RBICIISITITHHEIC
TlLibDLHEESRD.

T LT, 59 -IVEIC L, &R
CRLTW=Z LithY, Z0OMick bh 2EEREER
Rl & MR B R L E SIS LT B 2 & h b
HC, FRMERY S EFREBOMETE Y, HEOET
& B b ICHEREYII L L e D, EROEFELES LS
ol bHEEESND. THIITERREN B2 5 ERIC
FRVBELTRY, ThERBARCENNEBIE-TzL
S5z kEind. Z0X)BRESE, BEEETIERD
BRTVARVOTED, HF9-IVHIRZY TRV ih
X5,

PLED X 5 in8Uc K-S\ T, Denticula spp. IIITHEME
EERE, Actinogyclus ingens VIHVEMEEB L LTHEER D Z &
it 5.

ED AREE TR (AR OEECAE RREARMERT
VWb, R HACE B A0 OHEFRRE I BRI b Y —i%
LELZONTEY, A ingens B35 &, % 9-MK,
FI-TRO X 5 CBHEREER DI RZL B, T 04k
BIZ 2oV TR BREORMPEENTYBE L) Th 5.

(B ukE 843

6. BE-BURELUZOBRIOEH
BEHREORE

ZNETOERITE ST, Denticula JBOHHIFE 2T
YgrE, Actinocyclus ingens A PERE L LT, {LAEENERI4E
BoTRENOEERE L, SRS EASIcZ (Oa
LWEEE T B), FIoIGEMEMEEEEME Az (On), &
N LR~ YKEEEEEARE (SF) LoRILERE
SAMKRITRL, §4 505X CHMEHERE 2R
3

6.1 %« JII &

ZEOHBBREIIEL —HThotEBLLRATY
B, BEEREMRIESETH- T, WRICEL TIE
LIZEAT Vb D EEZ LN, LL, HREED
LA EVEREIEAHBRICB T 00, SER
BENL LRI Z LIZFEE RS TS 5 (510- 1 X).

EEBMEOBMMNE(LE A5 &, YO EM
RObNS. BEMIBROL) I TEHOBEII HBE R
FIZBET D2, Ok B OA e) L) LI BdE
DIEE AL TP L, @SSl , i
KL - T3, Z OEMAZELFTHIROEIZ S &
bhd. It EiroT, FERMEOEERHETIT,
ZOPEROBERINRE~PWABICE R, NEBRREEC
BT 5. & ORRE~RARBIC—FICE RERE, &)
BETEOREIC LA LR, Mk e TREET, 20TE
DREIN PR TAFBRICTE L ABICNRSh
T3,

BEEETAE DMV L b E - BAIR T, 1B IR A & 5L
BTN AR OBRERNERICEALTE Y, MFBK TH
AERICIE VB ARSI TS. L ICHIERIEE
LERE~RAEESA TV RV ETEETHE. =
N3 L, BARTHIRTER, FHE RS L B
BOBERHEIDIEROENE BoTv3. RE
BEHUSR O J1FE LI OREE, T L A S IDEERE
HLILETINEENBIOTELV— s OF T ORE
ISV EET, KB THOREICE 2 RiEE &
nd.

0 X 5l NEIRTENCIE, = OMIRILIE A
ZBL, BLRTR Z UM IRHIRIEAN R IR WA 2 &
W, LB IROBBICRRE~EKELZ L L
b, MR AR DI ABEKOREE O 1T BALE
holebitEEns. &JIHFHICITNE~PKED
EMNEMLEm bR b B, &) HHLH XA
BLUBEHIRIGEEEFCB T L5tk o, BEl
BEFLIRRTT S &, KR, #ER0PL
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(1) Denticula spp. %ITHFRE, Actinocyclus ingens % JWPERE L 883 o3 ey
(I1) D. spp., 4. ingens & & & ICEWEREL B0 e d

L BRI, 2 B iRMiR, 3 1 HERMIR 4 AR

1 BENCED o TORE, MREL

HI0M )l B M A R

Composition of the diatom flora of Onnagawa stage.

(I): Denticula spp.: neritic Actinocyclus ingens: oceanic
(II): D. spp.: neritic A. ingens: neritic
1 ~ 4: Locality numbers in fig. 1 and table 1.

«: Upwards variation of composition

BIFEFEL =L O LTS, BOEEREIE S
FROBNED LT3, Zoifiokicid, TR
BT & e o 7208, ERIIR IO E LI T i)l
BHEHOBE L OIS RBAEBEICRLTRY, 2o
ERTAEKOEENEE LI LIESRS.

7B, TICHIETY SN2, A ingens 3T UEE &
RETHEEIN-IRO X 5Tk Y, &R oBEaE
EEAEPEERBEL LY, H0- I FEORE W
ZEREBRELTBL.

6.2 &E || B &

BER b, EUERERE FRcE shds
BREICOVTIE, BENPLIABEYREDOKIEL—
PEEEFL—FET, IF 2 km OPVEFIZSWTO

BERHDIOHRTHS. HEMHBEIZLIELILE &
G, /g & RT < KEMTEFRICEL, &5
KA PR BENEEL T3,
EEEREOBMMAELIZL)IR LW ERERL, B
OREFEINEROBRSTEICHEML T3, HIRNE
{LL BT, TOKIRL— b OBETNEBER, B
JIB XCHFENIIV— d ORETEER (EXEAEBRIC
BT 3), #eFl— b OBBIERTAEANBER TH 2
2, MIsER B L, b SRR - THEERE
DEIMEML T3, B TEILV— MR T ORED
AERICERICES, NERBETHD. ZONV—L+T
VR b AR — I L 72 & & & el s h
THURE,
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4

wEREAERNA®R BAuk H45)

1 BEMIRREL— b, 20, ERNV—b
3:E, FHEUV—, 4/, #Ir—>1
5[, L&l —h

« 1 BE~ DML

FIIR HEIUHEPRE O EERBAERK
Composition of the diatom flora of Shinzan
substage.

1: Route 1 of Oga district in fig. 2
2: Route 2, 3: Route 3, 4: Route 4, 5: Route 5
«: Upwards variation of composition

ELTEREOBET, BURBNTINLICELVE
{LERLTC3. ZORTFEHTTFELN— MRS
L UBEZRABEKDBABELTVD L b, —f&
B R BT RO AGE 238 Y SHEKDOTRAL S -
T, *opBrERcE b0 L#ESRD.

6.3 M JII P&

B OEEBRRE TR CRIED b HL < REEA T
5. ZOWETIIBEEMIE L B RHK L xSz N E
T, BEOERBEIZ N E TRTE - & Rk EE
AR 201 LT, BT abh, BEMROER
BN, OB FHOBEO—HERV T, RERITR
LT3 (#12K).

Bk C AR OB MBOR & SIIEILE
Pl B 2%, IO BENIER VLN R R B
L, BELEREGEER 2V LIMER B EO R bR DD L
WM TH 5. EEUER TIX EMOMEISEIER
REML T B30I LT, #IETEREI2”Ic L, M,
Uit LTAHRBND L DT TEHOEMEX 2V L #5T
VR B b FIRICED - T, —HEICINE ~ Bk
WL T, EEMENREREELL->Ty3.

ZOX 5 RBEMOELE LT, HIRRELD 728
BT, HMJIv— b OREZE OIS X UR E /M o X

X% Dd4o©®0e0

SF Oa

-1 @ BEMISEAIENV— b, 1-4: [F, #)Jbhv—1
1-6: [/, BEDCHNV—F, 1-7: R, #B)ir—1
2-a1 BLRHE, t&rRER “KETR”
2-ag: ARBOKRAEE, 2-b [ HBFRHK
2-d [, HAKEE 5 EEIRRER
L~u, 1~6: E#~Fd o TOMREL

1260 R R EE AR AR ML AR I

Composition of the diatom flora of
Funakawa stage

1-1: Route 1 of Oga district, 1-4: Route 4 of Oga

1-6: Route 6 of Oga, 1-7: Route 7 of Oga

2-ay: Odoji Formation by Korzumr at(A) area of
Ajigasawa district shown in fig. 3

2-ag: Akaishi Formation at (a) area

2-b: (b) area of Ajigasawa district

2-d: (d) area of Ajigasawa district

5: Goshogawara district

L ~ U, 1 ~ 6: Upwards variation of flora

8, BEOHA—bOBREL Y LEISNERCEALTY
5. ELER TRV - N BEOBNV— FHEOR
£F)— N OEEERENR LA ERICEATR Y, &
W LB CiAE) I — b & ZOtTERO TELL— b TH
UL A EERICE e BESA BD T & ETHi Tl
Fibb, HI— AT BRI BE i A 1
T, BEMBEDTTORRERMBE ED T b0 LE
xbh3.

it C, BEILEHNICR T DPEE L AMEKOTAR, #i}
JNEEIC IR L, £ 0 b Eh REN R — b T
BET 2, SRMICEREES LT E, #IERI
RIS BT R I E STV 5. 2 OWSNED 0 BET
BRI VEHicAELTRY, F2EBLE0REL—b
OEEFERATRE T 1 Fl 2R THTRREEERR
BLTVS.

37 RIIR T, ERRERROEEILP0RL,
AERBEIFET DI LO0, IDBREET A b h ik
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CRHBREI ) A ELEIAFESRE MO THBENRE (RE%2Y)

V.,

T DR T b BERR O BRI dLS 7 RIIK T
AR, SLISHIZ 1 ~6 DL LTREND LS IT, &
TEOREIEIERICBL, LI > THEE
PEEINL THAEBR2), WL > COMBEREICED,
W CRE LAMNEIBEANT (4, 5, 6),/MHERITRKE
ML, N~ RKE R BTN @R ERT.

BB, TORBMBMERINED “KRETFE” LFAB
DEEHEL—FL THER S LHARCEDLLZLOTH
5. 221 ~6 DERMZHE-T, TOHIKOMIFEE
NETBLEIROADL iRy, Db, HERE
b EOHEG) T LT 2085 2 &a5R
Sh, TOTHLELEROBBIEL LS. 20
oW TiRBIEENS.

B2 R TR E ORI 5 & VIR TIR R
v dbe r RMR OB LIS L, FOEF 10km o
BFBX CiEbThinRE~RABCBELERLRD S
N3N, 1H0HREOTEETEZY. LHL, KEIE
BRIV DA MR O BEEEER AR R IC B+ 5 28
TR BETH Y, TR R ORE L) IFE
EHiCBT 25, TERBETHDIOT, k&7 RX
WCHANRB &, &b IABEEICE U EFAE &g
b5,

ZDX 5T, By RHER ) TR T T
B o T A ERDPE Is W ERE L TR L R DI E
D, WCTRERL TSR L o7z, SO, BHED
M, FT BRI AR AR D B <, BLR
WELC LEESICMNBL Wb 0 LS RS,

6.4 db B

JhIERE D EEEERARIC 2\ T b Bk & 3 IR s &
ORFIHBTH S . WHIR & L RIREIC A~ CREERER
DEAVIRIIRD, EERKEEL RT3 (FI3K).

BEMROBERBEIMIEI 1T 5 LR U < e
CRL, SMEREOEF R . L, BAMEL
BHEHEL 5TV 5,

i —  OEEBEREITIHER T ERCE TS, 22
T, ETEINEREE, EAricma e siin
LINMIBRE L 1208, LB Cikbra o UNiRmEE ~ kT
PR AEAEHALMTGRL TS, SV — DT
¥R T UPEHOBRBERNEBRKICET 523, 2o,
DTN TRBBH, W — MeRiT 5 &R
BHBND. HNA— O EEORETHRICRRE~ R
KREICEH, B EHTREL CHIEREEL >
3

EEEEREAE o Mz AL TR Lk, M.

Nb

TTT
L das

!
© o a N

Xx%#D>dooo
U!-AI\I)I\)N

SF Ona

14 BEMISAENIA— b, 1-6:F, BEOBA—T
=70/, B)Iv—1, 2-a By, dé s R,
2-b t[F], HEKE, 2-e :[@lE, 4:GANMUR, 5 EHRT
JEHE, L~u, l~4: E¥~mo o> TOM

g% 24

FI3M LR EE R AR
Composition of the diatom floora of Kitaura stage,

1-4: Route 4 of Oga district

1-6: Route 6 of Oga

1-7: Route 7 of Oga

2-a: (a) area of Ajigasawa district

2-b: (b) area of Ajigasawa

2—-e: (e) area of Ajigasawa

4: Hirosaki district

5: Goshogawara district

L ~ U, 1 ~ 4: Upwards variation of flora

ML — b &b, ARJIBEOTE N — b BEELARIFR O FIH
EPEdTH3.

Zo ko, AL BRI ELIEHE TS b 0
D, FELTREIBECEL, BERECHRERZL
VI ERBART, WIS RE LR TR D
SlbDEHESHSD.

By U OB TR E R L, £OKRIMME
NEHREETSHD. BN LEEFRETHRKT,
HIBHED 1 ~4IRERTVB L 91T, ZORERD
BHEIAERICBT 528 BISED 1), Rz - T
SMEREEE L2), RO Tt~ k@ s8mE), &k
HTHEL E VI EEPED D,

HEEBEOHBREIIS £ VEE TR VO TH B,
B IRIIRICINB &, ZOFDEFIRS X UGLETT
i, BTE AR TS, BEtER R BR T2 L
REETD L, CThLNEEOSERE VLD L
HdoND.

728, RETIRORERAEBKICBL, ZOfIME
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HEBREFTAR BEuE K45

R BITERBEICHNS &, AERORREMNL T
w3,

D& 5B WM T B AR S I#I X D L
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Composition of the flora of Neogene
at Japan Sea and southern Hokkaido.
Numbers are the same to the locality
numbers in table 1, and fig. 1,
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Migration of the boundary between outer

transition province and neritic province,

O: Onnagawa stage, F: Funakawa stage, K: Kitaura stage,

‘W: Wakimoto stage
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