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Abstract: The stratigraphy of the Miocene “Saikawa Formation” distributed in the southern Kanazawa
area, [shikawa Prefecture, is revised based on litho- and biostratigraphic studies. The previously defined
“Saikawa Formation” is divided here into the Yamashina, Saikawa (redefined), and Koderayama
formations in ascending order. The Yamashina Formation consists mainly of mudstone and contains
diatoms which indicate ca.15.6—-15.4 Ma within the diatom zone NPD4A. The Saikawa Formation is
composed mainly of coarse-grained sandstone and the obtained diatoms were considered to be reworked.
However, calcareous nannofossils of the zone CN5a (13.6-11.8 Ma) were reported from the Saikawa
Formation in a previous study. These data indicate that the Saikawa Formation unconformably overlies
the Yamashina Formation. The Koderayama Formation is characterized mainly by fine-grained sandstone
with a basal conglomerate bed eroding the upper part of the Saikawa Formation. The Koderayama
Formation in turn is eroded by a conglomerate bed of the overlying Pleistocene Omma Formation. The
Koderayama Formation includes endocarps of Carya (Juglandaceae) which became extinct in Japan
before 3 Ma. Therefore, the Omma Formation should unconformably overlie the Koderayama Formation
with a sedimentary hiatus of more than 1.3 million years.

Keywords: Saikawa Formation, Miocene, diatom, biostratigraphy, Kanazawa, Ishikawa Prefecture
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Map of the southern Kanazawa area showing stratigraphic sections examined in this study (thick lines). Areas of geological

maps (Fig. 4 and Fig. 5) are also indicated in the map. Faults and inferred faults shown in this study are concealed by

Quaternary sediments.
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Fig.2  Comparison of stratigraphic frameworks proposed so far for the Miocene and Pleistocene sedimentary sequence in
the southern Kanazawa area. Conformable and unconformable boundaries are symbolized by normal and wavy lines,
respectively. Upper boundary of the Omma Formation is expediently indicated by a dashed line, when sediments

comparable to the Udatsuyama Formation are not covered in a study.
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respectively.
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Geological map of the western part of the studied area and geological profile between A and B. Faults and inferred faults

shown in this figure are concealed by Quaternary sediments.

Tl & W73 % B TR & 138 7 B P X 5
DHOWONTEALZLEFEL T, AR TIEIH 72t
B Er L 7.

SF FEHIROIEIE SRS T B GF4X, 5 5IX).
EBE 75210m Th3. BWETH7IS m, $kFTHIS
m Lk, FENIT210 m, BHILTH200 m #i#k, KA
DIFRFT 150 m, ETR 145 m, FAFHLTH90-140 m &

HEINS.
BFEfR THo TREEEBEAICEY, ERORIRE

IEARBAIZEDNS. 72770, EhrTik, BN
FIEERE, RFIRERBIEBEABEATEDLDh S L
fEEEhs EET7X).

B ARIEMELE R T 2 HIKCOWEIRE £
ZREE,SED, FCAKEREEZ G, WiE R
BHOPAEERD S, XN, BRI R OEEA ik
T, KRgEHoRSEHIZ, RAEL cm UTOBELR
R A S GEhb. RFRTEEERMIZ, ZOHM
LEHELT, Bl 2 &0 FEHRERT 5.
7L, IR RUE TR, EEICHRY§  SHIERE T
XHVEETX). AR EEoREMEIE, ARbaEI
Ko THEEL XN 72)E X 8 cm F2E O H@H: E- O MR 5
R RE % ke (5 8IXIE) .

KBAER HFORANE 2 S Portlandia tokunagai
(Yokoyama) ( N 2 F % 2 F # 4 ) (M1 fANKR2-15) %
Liquidambar sp. (7 7 J§& D —Ff) O R (HrENKR2-25)
MEEM U 7, RO E (M 5SGo16A) 20 5
Vitis sp. (7 F 2 J@ D —F6) OFET A, REOW R (e
FIAS008) 7 512 Carya sp. (#) 7 gD —FE) DRI
FEMH L 7=,

3. 2 EJIIJE (Saikawa Formation)

wE 2 H1930) Ay L, Ogasawara(1976) 12 & D
FEFR XN AR TR, BIIE A S RO HER
IZEHICRE L CTHERT S.

B SRR/ TF LA O R ik (b
SGO15A ~ SGO11 ; #6[X, 8.

S ERWII R ORISR T, Ogasawara (1976), 14
A INETR (1986) K UNE IE A (2001) D )1 EWVE EB1
Y9 5. BHILLIFEOHIE TIE, 53 (1959) D AkFfE
DT, FWh - i (2008) D AkZEfE FEBREIZH S § 5.
F7z, BICBWT, 5 (1959) O EEEE E O WSS
Y% (B2 ).

D HEHIROIEIEEIC AT B, EHEIZE
HHRER XN T AWV (4R, F5IX).

— 187 —



WEFHAM WS 2017 4F 5 68% H55

D Quaternary sediments

Omma Formation
Saikawa Formation

& Yamashina Formation
=231 (upper part)

Ny Yamashina Formation
(lower part)
Shimoaraya Formation

, 7 Inferred fault

/" Lithological boundary

/ strike and dip

(m)
D o0

FSX PHAHURAE OB X & C-DIR ORI, Zds, ARNIRIWike - Wk s a0~
IZIRTES 5.

Fig. 5  Geological map of the eastern part of the studied area and geological profile between C and D. Faults
and inferred faults shown in this figure are concealed by Quaternary sediments.
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Fig. 6  Index map showing outcrop numbers and sample localities in each stratigraphic section.
Outcrops marked with asterisk indicate diatom sample localities (point number =
sample number). Samples denoted by “.n” indicate calcareous concretions. Formation
boundaries are indicated by dotted lines. See Fig. 1 for locations of each section.
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Columnar section of the Yamashina, Saikawa and Koderayama formations exposed along
the Saikawa River near Koderayama, Kanazawa City. Photographs on the right side indicate
typical lithologies of each formation and formation boundaries. Length of hammer equals
ca. 33 cm. Length of sickle handle equals ca. 22 cm. A: Unconformity (dashed line) between
the Koderayama Formation (fine-grained sandstone) and the overlying Omma Formation
(fine-grained sandstone). B: Climbing ripples in sandstone in the Koderayama Formation.
C: Boundary (dashed line) between the Saikawa and Koderayama formations. D: Coarse-
grained sandstone rich in pumice and charcoalified plant fragments. E: White felsic fine-
grained tuff bed in the Yamashina Formation.
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FOX Rt v 3 vick A 1IUENE (JeE) & BR)IE CHRE) OAREES (HikYs004). A : FiESR. SBHIZAEE
AR, NUv ORI cm. B FBIEOREESHIZR S W 3 IWFEHROJEEEE (*). 275 — LN —
1$5cm.

Fig. 9  Unconformity between the Yamashina Formation (mudstone) and Saikawa Formation (coarse-grained sandstone) in
Yamashina stratigraphic section (locality Ys004). A: Photograph of the outcrop at Ys004. The unconformity is indicated by
dashed line. Length of hammer = ca. 33 cm. B: Mud clasts (*) presumably derived from the Yamashina Formation are found
in the basal conglomerate of the Saikawa Formation. Scale bar = 5 cm.
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Fig. 10

diatom bathymetry index (Bd2) in the Saikawa stratigraphic section.

Diatom and calcareous nannofossil biostatigraphies and change in diatom assemblage with

Diatom and calcareous nannofossil stratigraphies of this section are based on this study and
Takayama et al. (1988), respectively. Diatom zonation: Akiba (1986), Yanagisawa and Akiba
(1998) and Watanabe and Yanagisawa (2005). Calcareous nonnofossil zonation: Okada and

Bukry (1980).
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Occurrence chart of diatoms in the Saikawa stratigraphic section.
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Fig. 11  Diatom biostatigraphy in the Nuka 2 stratigraphic
section. Diatom zonation: Akiba (1986),
Yanagisawa and Akiba (1998) and Watanabe and
Yanagisawa (2005).
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Table 2 Occurrence chart of diatoms in the Nuka?2 stratigraphic section.
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Occurrence chart of diatoms in the Nukal, Kubo, Yamashina and Choshi stratigraphic sections.
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G: good, M: moderate, P: poor. A: abundant, C: common, R: rare.
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Fig. 12 Diatom and nannofossil biostratigraphies of the Miocene sequence in the southern
Kanazawa area. Diatom biostratigraphy is based on this study and Yanagisawa (1999a)
and calcareous nannofossil biostratigraphy is based on Takayama ef al. (1988) and Sato et
al. (1991). Diatom zonation: Akiba (1986), Yanagisawa and Akiba (1998) and Watanabe
and Yanagisawa (2005). Calcareous nannofossil zonation: Okada and Bukry (1980).
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firie PP RGUE DAL (5] 2 kg D T ER kg HE) THEIE L,
Z D FR oWy BRg FER LR TIEER L v (BB 12
X ; MR, 1999a). LA Lahs, BIlks Y a v T,
BN @RS DR Sg015A% & D. praelauta (35558

PERE D, BN FR¥E < F Tl IZES 3 5 (58
10). &7, #H2xr ¥ 3 v GBLK)RHEL ILRRY
ks a voORENECE3E) T3 D. praelauta H R
ENTW3. ZOREHIRNS, BIEOHEA? Th
JEHE» L DHHERETH B LB LD LHHTE 5.

BN g DR ATEAVRTRE LR e LT, B
JEIRIRIRD A & R & T 2N A S~ 55D, BKikE)
YL ATEES & & NIIEMOR BRI THERE L 72 & e
ENBDIC, HFECOREMRIZ, Jed 04 T oMl
~PEMRHE O BRBE CHERE L 22 ILFHE O 2 h & 1T L A EE
DoV EWVS [T E 5. BINR(2003) 12 & 2 1
AR B G IR O iR O EEAL O R O iR i Tid, e
a5 25 5 HHAEEM A & BEMI RN THERT L 225 T
1%, Denticulopsis spp., Actinocyclus ingens, Azpeitia spp.,
Coscinodiscus spp.7s & D INFAEFED T 2 LD EH
FTHOIIRL, WA EFERE T 5 AMENORERE T,
Paralia sulcata R Actinoptychus spp.7z & DI FEHEEN
FEC 2 HRE LA ES EE T 5. £ LT, T OHE
DEMTIX, Thalassionema spp. M 59 5 Witsik D EE:
LRI L > TREBOT 63 Z L HHL T 5.

SYGIK O 1FHE OHEFECARE T, Witk D H#E
T & 5 Thalassionema nitzschioides 7 30-60%F%2JE % 5
% (3B 10[Xl). Z+UZ Denticulopsis I, Actinocyclus ingens,
Coscinidiscus &7 £ DVEWTEL G HHT20-50% FLE,
WNRTETd 5 P sulcata X Actinoptychus spp A3 E—20%FE)E
o T3 DT, IIRNEOHEE(LAREE IR A 5 5
PRS2 CORFEDORE AR . £72, HIR(1999a)
O-Lithg EE ey BREOERLAIMOMERE RS
&, LERE L [ERE, Wik & SHEERIC 2 1 T ORI &
ALTWAB, —f, BNEEHECTNE U 72 B LA
O A 5 NIIREMI OHERY & HEE X, SR
OHFEIE T2 LMo H, FERIITHETERE P/
VEREAME 8 2 LR 5 o R OREEIC K < L7 HEdE
PEENT 5. M ICENEOHECARER, WEAED
P. sulcata 3B FEE & ILFIE R » BRI TRR S
WE OO, BHEE U UIRFUREL ZRLTE A LW
MHETH 2. ZORELRE)IEOHEATEDRES,
ZNEBILBIERT » BRE 4% E O T hifE 5 O HERTR
HBThDHEEADLLHHATETH 5.

GRS FREEIIMIIR (1996) 12 & » THRE & I 7z bk
AT, WFAIED & SMEAIEAN DIy DZALIZHE S T
HEAIENZL, 2R EIEIEPT L QRIEDKE
PENT B Z AR LT, HEREA OdHAEE BRI
HET BT H 5. PR (1996) iBd1 & Bd2 D 2 ffi i
DIFREAIRE L 722%, Bd2 D5 738 F R #EH 2A 0D
T, ARWIETIIBAR %MWz, ZOMREIELLFOR T
HEhs.

Bd2=(P+0.5T)/(P+T+S)
ZZTP, T, SIEZZNZNINESL, Wikl K Okt o
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HEMOME ORI 2R Y. FABEOBEIZE10XD
A EISR U722 B (1996) 12 K, Bd2fiE0.15 LA
EIRERT, 0.15-0.6 A3 HHAIREHN, 0.6 LA b3 REMT R A 25
LEZhLIEE Eh3b.

ST, BIOKOEN Y > 3 v OHEEE FEIEB2 il
DELER S &, (LRHED S RIIEANIEE A EELIE
&<, WikgE & B b, SMIUIRER & et o5t
HEOWE AR LTS, $Thbb, BINBIZAMEERD
WHEIEOBREAHEE S h B8 2 b b, HELOH
HAIPEN & PEMIRHE OBER AT OTE AR L TS, Z
DZ L, BIEOERECATENHHEREE TS S &
FTIE T ICHERETX 3,

512, BINEOHECARHEDS FHERTTE Th 211
e LT, BIEDORKE h OB O EHEEL 5
Wz 5. BIBOmHRME MBS Tk, HE S
FNRTOHIERE, BRTFEOREL L TTIEEL,
FREOMK], D2 0REHANLIEOBRE L TEZ
NTWBREAEPBERINS GEIBIX). 2TORHID
WTHER L 72b I Tldany, Zh s ol 128 M
DILFEHE R r RE, St s h-eE L5 L, BIIE
DHFACARHED LR W] 7 R & X < PI22HR &R
L, Hf» 6 PREN S BRRO LA EOR %
IREBNWZ EEFBHTE S, £z, BSOS
Bl &I h 7z & b B IRIEKRF 2 IEBIZE L &
2, ThEBERA S O FHERR 7 O A RIE LT B

Db &5ic, BIBOEE ARSI 4k
B o TE»LOFMUERTH 5 Z L Rk Ehs
N, ZHTHHLT3LRKEST /{LAIZONTE FHHE
FOTRMES S B iz b. LhL, —fRIZREA L
U L6 T B AKERILE I sV ORBIZE L,
HKHHBLTLE D 20, BEIZKS LD
BIMmDTHTH S, ZHIZHL, V) A2 5k 5HE
R T IZ 3R <, BRI REAN O FHERE A S < A
5hb. BlAXHAOHAERTIE, & B~ 5N
FCIS2 T Tl - RS OREREEE S EL <, Zhitk->
THHE AOHRE A RICBh TIRE S h, HERZ
B O —# & U CHERISISE IS h, B~ 0uid
DOHREIFFIZZ L GEhTWa, 72, FriBEONEH
BRI IE, BB TR U 72 Denticulopsis
J&=° Actinocyclus ingens 75 & O F OIS, FEHTH
ORIz 8% DO BEE CHiEl LTl b (K213,
MO - THE, 2011), ZHOIBHLNICHEERTH S &
filicx 3. LaL, AKES /AL EDRIKERIL
RIZDOWTE, TLMbT 2 PP RO 6N Z
LiZH 2300 HIAEE, EiliEs, 1983), HEEICES
N3 &5 BLREOHAERMBERIZAS LT,

PEoksiz, BlNEoEsEbazHEfER-Ts > TE,
FIKE > 7t B TH 2 MEELAEVWES A 5.
ENEA (1988) 2345 L 2RO G IKE F 7 bh i,

131X RGO M (Sg013H.n) B U DR 0 &
(Sg013F.n) DLH. HER 384, HEK
TRER &0 LRIEAR, KGN T3es 2
Z A b

Fig. 13 Photographs of granule conglomerate (Sg013H.
n) and very coarse-grained sandstone (Sg013F.
n) of the Saikawa Formation. White particles:
pumice fragments. Black particles: lithic fragments
or chacoalified plant fragments. Gray particles:
mudstone clasts.

RAFIZEN S OO, (LA IEEEOEHIZREIIR 6N
o, ARISAIKRE T 76T 8 IR K O O TRk 2
SOMHERN B B &R, LRHE~ 1 I D 41X
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MY 9 5 CN3 4 & CN4 i DIIERE T b 5 Sphaenolithus
heteromorphus W& ENTWEIT L L 5 0, &I
ok Zoiza<mitichTs s, HIKES /1t
ATEEHEERZWI L E2RBLTHWE, —F, fAKE
F /b AJEFE O CN5afiid, HiE 4L SR NPD4Bbii
B A5 NPDSCHF PEBICHY§ 528 (B 14 X)), Zhb
DHEFA LA 2R THES RN & 32 il S hik
W, ZDZEE, BIE»SET AHBAIZIEEAL
N TH B LERL TS,
PEBRLTELZ G, BINEOUREREER L LT
FEIKEF LA FERERAT 208 K0 & HlT 5.

5.3 #FIMIIFWLBIICOVT

KIFFETH 72N FILE & d g L 22 HEREE, pEko
WF5E TR T (M - KW, 1996 5 [, 2004 ;
Bl - BE3b, 2008) & 7= i3 B)IE &R (AL, 1997) & &
hTE7=EE2X).

9, KRge Lo KRR OREFRRICDOWTHELE
T 5. AW TIE, BBO I F~ Y OERE (Yamada and
Yamada, 2014)12MA, /DNFILE» S ) TIEDONERE
(R1D11, 12)R 7 Y BORFEAEB-. £/, NFL
@51, #UTRTvOMEBLASRRE Eh TV
(T - 1LH, 2016). BIAOH ) 7EidhE R OICkKC

Pty A L, HARTIE3 MaZE TIZHEW L 72 (Momohara,

1989 ; HIF, 2010). B 7 v )@ & HE & bR bk
AL, HARICBBWTIE, - a5 2.2 Mat

12, T3 2 Mag TITIZHER U 72 (LB - 37 58,

1970 ; Onishi, 1978). 3 F < VIZHAOMEA{LATETSH
%75, 1.75 MatH £ THRF L 2R S EI 2R %, 3
Ma% TIZHEWE L 72 (Yamada et al., 2014). —J5, KZkME
Dix FEOFMEIL, H<REE > TE 1 TMaETH
% (1A - 7R, 1996 5 Kitamura and Kimoto, 2007). 32
B2, Zh b DKM LRI KEE,» S5 3RO»-Th
59, AVTER T VEOMEROES LS Thgn
(% - Y&, 1989). #¢-> T, /NFILRE & K3EREOHERMFN
IZERR2 S B Z L IZHE»TH B, £/, /IFLEE B
PORREERTIEZ, DFILEOBAER, FALHDOHR

EPES MBS IZ & > THID A Fh T 5 JbF, 1997)

Pb»s, MEEAREGORMRIZH 2 LHMTE 5.

WAZ/ANSFIlRE & T DRE & DR BtR T & % 2,

ANSFILRE ORI IE,  FZORIRE 2 1l D A & liges

@A B 050 - KlJEE, 1996 5 Bail, 2004 5 55 8[XIC) #5,

i DHERHEARIZ BIBR A & B 2 A TIZIE 6 212 T
Ehah otz 2L, AN S ET A {ERHEA O
KiZ, LA 2L GUMICBNT, BIIBO DL
S MZEE > T3 (FK - (L, 2016). F72, /I
R MR 2 TR & U, MRS & ke 3 321
Jg L ZEHIZIZ S 2 DEBITE . X512, HHERT
HBNHEFE AN L ETZRINEERLZD, NrlkE

TIRRBEOMBMSE 255D, HEbasrEl LS5k
EOHEFREMTH BI2E b bd, HE AR &
NTOERVEVI BT EIIEE IR LS. DEDZ
e, AW TIENFILEEM U 2E e LT, K
ZECEIEE XT3 Z LW TH B WL 72,

5. 4 FEREBFOF LD EBERBODIHE O

AW L Th & TOMZE % RIS, SRRk
WROFENET 2 RIET 5 (B 14X). 2o LT, K
FHTREN L 2RV, BN R OVNFILE 2, g5
et DR T, AR & BRI (55 1 X)) 1251564
e Wb 5.

SRR BHIROPHIKD > 5, ELILEH & 1LFE
FTiE, EELARET (WNR, 1999a 5 AWF%E), AIKE
F AL B (R E A, 1991) & OV Mg XU e (i
EA, 200001230 % ) H4KISRT &S 2EREFD
A MBS T NS, 205 b, KARETH-ICH
% U2z Ik g i i3 4 g HE D41.5(15.6 Ma), D42 (15.5
Ma), D43(15.4 Ma) 23388 5 h, HEREFER & LTk
15.6 Mah* 549153 Ma TOERDHE SN 5. ILEE
B ARBEIZHE S RINE D 513 CNSatf (13.5-11.8 Ma) D
FIKEF 2ALERER L T D (BINEs, 1988), KJE
OHEFREFRIT Z OFREFANIZH 5 Z L IFHE»TH 50,
ZNLL EOERDIREIZTE 2V, NFILEIZ OV T,
BR TR, RERT — 2 2k, 7 OHEREMRIZAN
THb. 72771, 3 Ma LRENZHEIK L =t % &
®T,%wﬁﬁiﬁmkmu3mghéﬁm.#ﬁ,F
@®$ﬁ%§%f&%ﬁ Z NI QN VAR IR N

128 S TR S < b%%<%®%ﬁ$ﬁiﬁmﬁw
FREFDIBEEDENDHDZEDERONS. PbasH
K92 &, NFILEOHEREMRI, BRI
POEHHEE EEL TE ONRYTHELLEbNS.

Al - BRI uﬁfégim%ﬁ@¢%ﬁiT
kv ELEILE, ®1IHFE, im% 10 Mg g, D
FE, EERE»S x5 WA, BR, 1999). 2D 5,
e Jig 3 4 IR TH A SR I o LLRHRE IS R b & e B (BIR,
1999b) . KLl TiE, MR REA A A ICE
K0, EEEITAEEE D43.2(15.3-15.2 Ma) »* 5 NPD4A
WO LEREOBIZAED T 5T 5 (IR, 1999b). L
2L, SWRHHEE T, ZORXBORERY &K %
IWRHE O iz B IKE F 7 LA R OCN5at (13.5-11.8
Ma) 2T RBIEAAESTEHE > TS, HF LiEH»
(1964) Iz & HUE, EE LM TIE, BEEIZEERIIR
BAZEDNSDT, WROIERE» 535 L, 4N
IR D R & 723N pll g s EmER o b & h s ]
RS H 5. EEE» L ZEREEETE ZMLAR
FERTF— 2P BN TH 6T, EMESERIZHN

TIIAHITH %728, @RI B O H )G A -
dreE A, EHNNETEHOFERIIHRD T 2 & 5 i iidor
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et al. (2012) 12, H{LOEFIX 7 idAkiba (1986), Yanagisawa and Akiba (1998) J UfWatanabe and
Yanagisawa (2005) {2, /KB 7 / {tAaH X4} 1dOkada and Bukry (1980) 125D <.

Fig. 14 Chronostratigraphy of the Miocene sedimentary sequence in the southern Kanazawa area, with correlation to
the Miocene series in Hokuriku province. Geomagnetic time scale: Gradstein ef al. (2012). Diatom zonation:
Akiba (1986), Yanagisawa and Akiba (1998) and Watanabe and Yanagisawa (2005). Calcareous nannofossil

zonation: Okada and Bukry (1980).

DY Eh b (FIgIEA, 2016). ZOxFEAIEL W
L35 E, BARMIZIE, BIELSEEMNFITRIET O
HRE WS Z &Ik Db, 2 THHE61E, NFlkE
&, T kD g Lo L0 U2 I REOHERE
MOTEEMEN H 5. L L, ARG OEAIRID
MC, DMFLEEEERCELE SR 5. X, &
RS /NFILE S R IS A, 2T 5 & RERIES
DOEGNLHTHIT 5 OF LiZA, 1964). SEEREIIHE
FEPSRD, RE»ST5EHEBONREETATHT

LIRS TH 31282 20b 56T, HEEbAMZ
EAEEENTOERVONRETH 5. /INFILfE S E
BWETHY, HEAPEN LA EHTH I8N0
b6 T, HEtATE< R Shar -7 £, &
B 6 AKEF /LADPEN L VAT E HET 5 (1L
A - NR, 1996 5 BIIR, 1999b). WFhIZL B, 5%
INFILEOFRAEM & 2O FETHE 2T 2 0ENH
5.

LR RIS A6 9 B R T, TR &
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D@ﬁ%,%ﬁﬁggimg,%%@E,%%%EWﬁ
YRS R, BAREEE, RAaY L EEE, =a
JesiBkg), KAlkg ROENE?» 6 %2 (Fl 2, W
R, 1999c). 2D 55, FATE EBOERS >V MEE
B 6 = ATeEEIC T, ABUE D415, D42, D43
NRADHDENBEDT, HBHVIL N EWEE R EHE
EAHDHEZ S ORERWTEHBHE O LFHE I & h
5. 2O LMo XRMLIED, 56K D R # (Ogasawara et
al., 1989 ;5 MR, 1999a—c) E B D EERE I3 L h b0
THML, SRS KL I 2 h 2 HE
BN &ickhb. 72, FNEOTBIZHKENRS
OT1 EEKAE DEMRIHP IR HitO% L EhsZEeh»6
(FgIE2, 2016), SRFATEEERHIKO )35 D
TEIC X W B B B B

AN BEER ) B O BRI sk 1 43413 % vho i e Rl S
d, MK D REIARE, SRR, SR, ARERE RO
MR 6 & 5 (FHNNE A, 2002). EEE Lz 4 R
D415 D2, BRHFE TEIZD HRD 5h 5 (Hl
R, 1999d). it ->T, SRWTEEBHILOILFE L, ik
& L a o BRI FEbic b e h . 72, ZRiflhikic
B TdERARE” & BRIFRE T, GIKE T/ bah
CNSalZ Y 2 R OHRW T H D, SRR Rk
DENEIZZNE OHERD E T isxttbE b,

6. £&O

AT, SRR TR RN L 2hT
E LR DWW OB 21T > 7. £/, HE
LL RS 2, Zh o OHERIIOFN & HEE
L7
DZRETBIEG L XU/ E, LR Gor

), BIIE(HER), DIFlkE Grik) o3k IZX 5

L7z IiRtEisdes, B ERES, hpilkEiE

R & Tk e 5.

2) ek “RRN g WY & RN R YR R e oo S 7
LHEFEMITH D, Wi ARIERHOBRIZS 5 &)
RIS R S e - 7z,

3) IR HZ I, ZEREUEDA4L.5, D42, D3 A el 5 h, I
BB OHERIER & L Tid, 15.6-153 MadiffEE & h 3.

4) BIIREH 618 6 h - s b T B O vl ae 3 <
BIEOHREMRE LTIE, AREF 2RI X54E
R(13.5-11.8 Ma) 2T 2D YTH 5

5)INET, NrLBEARZEOTEHRE T2 RES

Ho7z. LaL, /NFILEIEZ3 MaZ TISHEME L 72 fb

PG4 2L 870, 1.7 MablBICHERE 2 BRIA L 7=

REG &I S P ITHEMFER DA R L 2O T E 1 5.

ANTRIL OO IEAE A HERAEARII AR T H % 28, BIfED &

Z A% S e F A TR OB Y LR

bhs.

BEE AR E S LDBICH 7D, FIKFLZETN
BIFRENEREAIZE, RO T & S OIS ERK St
AIZOWTOZTHEATHW, SIRKEARY 2T L%
OO S 212103, YA ERENDON I & TH O 72,
F7, BEaE ROCHYFEERRICE, MEICH > TR
FMAEBRLTOWZ2E, BRI XV MEVnEZ0nTk,
PlEoJ 2B L L LT 5.
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Plate 1

WEFHAMZEHE 2017 - 5 68% H5E

IRt 2 > 3 v ORI Grys003) A 6 gEH U - ikik @8k 4 (1-10) X O
B2 2 ¥ a v o/nFilifE (Hhrisgo0d) » 5 L b4 (11, 12). X
=3 —=i31 em. BNIEEOREEIYLA (1-10) DA RERS ¥
VA — OHBEREARFNCK T b, [INIEHEREARE TOBRES 2R 7.

Molluscan fossils (1-10) from the outcrop Ys003 of the Saikawa Formation in
Yamashina stratigraphic section and a plant fossil (11, 12) from the outcrop Sg004
of the Koderayama Formation in Saikawa stratigraphic section. Scale bars = 1 cm.
Specimens of molluscan fossils from the Saikawa Formation (1-10) are saved in the
repository of the Geological Museum of the Geological Survey of Japan, AIST. Code
number in parentheses indicates a registration number of Geological Museum for each
specimen.

1: Ennucula praenipponica Kamada [GSJ F18312]

2: Anadara sp. [GSJ F18313]

3: Saccella sp. [GSJ F18314]

4: Mizuhopecten kimurai kagaensis Ogasawara, right valve. [GSJ F18315]
5: Mizuhopecten kimurai kagaensis Ogasawara, left valve. [GSJ F18316]
6: Cultellus izumoensis Yokoyama [GSJ F18317]

7: Mya cuneiformis (B6hm) [GSJ F18318]

8: Panope cf. nomurae Kamada [GSJ F18319]

9: Neverita kiritaniana (Yokoyama) [GSJ F18320]

10: Dentalium yokoyamai Makiyama [GSJ F18321]

11: Carya sp. Outer face of valve.

12: Carya sp. Inner face of valve. Arrow indicates secondary septum.
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Plate2  Diatom fossils from the Yamashina and Saikawa formations. Number in parentheses indicates sample number.

(Scale bars A and B are for figs. 1-46 and 47-56, respectively.)

1, 2: Denticulopsis praelauta Akiba et Koizumi [1: NKR2-2, 2: NKR2-3]

3: Denticulopsis ichikawae Yanagisawa et Akiba [Sg017B]

4-9: Denticulopsis lauta (Bailey) Simonsen [4: NKR2-2, 5: NKR2-7, 6: Nk004, 7: Ys006, 8: Sg017A, 9: Nk004]
10-13: Denticulopsis ichikawae Yanagisawa et Akiba [10: Sg017L, 11: Sg017K, 12: Sg014D, 13: Sg017M]

14: Denticulopsis lauta (Bailey) Simonsen [NKR2-23]

15-32: Denticulopsis okunoi Yanagisawa et Akiba [15: Ys008, 16: NKR2-26, 17: NKR2-25, 18: Ys007, 19: Ys006, 20: NKR2-
28, 21: NKR2-11, 22: Ys006, 23: NKR2-25, 24: NKR2-23, 25: NKR2-19; 26, 27: Ys006, 28: NKR2-23, 29: NKR2-27,
30: NKR2-23, 31: Ys006, 32: Ys009]

33: Initial valve of Denticulopsis lauta (Bailey) Simonsen or D. ichikawae Yanagisawa et Akiba [Sg014D]
34-36: Nitzschia challnegeri Schrader [34: NKR2-3, 35: Sg013C, 36: NK004]

37-40: Nitzschia maleinterpretaria Schrader [37, 38, 40: Nk004, 39: NKR2-9]

41, 42: Crucidenticula kanayae Akiba et Yanagisawa [NKR2-26]

43-47: Nitzschia cf. grunowii Hasle [43: NKR2-9; 44, 46, 47: Nk004, 45: Kb003]

48: Denticula norwegica Schrader [NKR2-27]

49, 50: Delphineis angustata (Pantoscek) G. W. Andrews [49: Sg015B.n, 50: NKR2-9]

51, 53: Delphineis miocenica (Schrader) G. W. Andrews [51: Sg015C.n, 53: NKR2-31]

52: Delphineis surirella (Ehrenberg) G. W. Andrews [NKR2-9]

54-57: Delphineis penelliptica G. W. Andrews [54, 55: NKR2-19, 56: Sg0171, 57: NKR2-11]
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Plate 3  Diatom fossils from the Yamashina and Saikawa formations. Number in parentheses indicates sample number.
1-16: Cavitatus lanceolatus Akiba et Hiramatsu [1: Sg017B, 2: Sg017H, 3, 4: Sg015B, 5-7: Sg015C.n, 8: Ys006,
9: NKR2-17, 10: NKR2-27, 11: NKR2-26; 12, 13: Sg015B.n, 14: Sg017E, 15: Sg017B, 16: Ys007]
17, 18: Cavitatus linearis (Sheshukova) Akiba et Yanagisawa [17: NKR2-3, 18: Sg014C]
19-21: Cavitatus jouseanus (Sheshukova) D. M. Wiiliams [19: Nk004, 20: Ys006, 21: Sg016A]
22, 23: Cavitatus exiguus Yanagisawa et Akiba [22: Ag017B, 23: Nk004]
24-28: Cavitatus lanceolatus Akiba et Hiramatsu [24: Sg015C.n, 25: Sg017J, 26: NKR2-28, 27: Sg017E, 28: Sg015B]
29: Neodelphineis pelagica Takano [NKR2-7]
30: Cavitatus miocenica (Schrader) Akiba et Yanagisawa [NK004]
31-33: Thalassionema cf. hirosakiensis (Kanaya) Schrader [31: Sg017M, 32: NKR2-26, 33: NKR2-16]
34-36: Thalassionema obtusa (Grunow) G. W. Andrews [34: Sg017F, 35: Sg017L, 36: Sg013A]
37, 38: Thalassionema nitzschioides (Grunow) H. et M. Peragallo [37: Ys006, 38: Sg013C]
39: Pseudodimerogramma elliptica Schrader [NKR2-27]

40-45: Thalassionema cf. hirosakiensis (Kanaya) Schrader [40: Sg017M, 41: Sg013B, 42: Nk001, 43: Sg017N,
44: Sg015C.n, 45: Sg013A]

— 212 —



BIRTTHERIZ 73419 % oot IR 1 Re” D REFE" 2R PR (1L A)

— 213 —



WEFHAMZEHE 2017 - 5 68% H5E

X4 ILBHE R ORINEA» S REH L 7-Bag b A, [INIERRE = 2.

Plate4  Diatom fossils from the Yamashina and Saikawa formations. Number in parentheses indicates

sample number.

1: Actinocyclus ingens f. ingens (Rattrey) Whiting et Schrader [Nk004]
2, 3: Actinocyclus ingens f. nodus (Baldauf) Whiting et Schrader [2: NKR2-25, 3: Ys006]
4: Actinocyclus ingens f. planus Whiting et Schrader [Sg015C.n]

5-13: Actinocyclus cf. kisselevii Makarova [5: NKR2-14, 6: NKR2-12, 7: NKR2-9, 8: Kb004,
9: Nk004, 10: NKR2-13; 11, 12: Nk004, 13: Sg015B.n]
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Plate 5  Diatom fossils from the Yamashina and Saikawa formations. Number in parentheses
indicates sample number.

1, 2: Azpeitia endoi (Kanaya) P. A. Sims et G. A. Fryxell [1: NKR2-9, 2: Sg017J]
3, 4: Azpetia vetustissima (Pantoscek) P. A. Sims [Nk004]

5: Azpetia vetustissima (Pantoscek) P. A. Sims (triangle form) [Sg013C]
6-8: Coscinodiscus lewisianus Greville [6, 8: Nk004, 7: NKR2-25]

9: Coscinodiscus sp. [Sg017D]

10, 11: Paralia sulcata (Ehrenberg) Cleve [10: Sg017M, 11: NKR2-26]
12-14: Trochosira spinosa Kitton [12: Sg017D, 13: Sg015C.n, 14: Nk004]
15: Melosira scopos A. Mann [Nk004]

16: Stellarima microtrias (Ehrenberg) Hasle et P. A. Sims [Nk004]

17: Coscinodiscus asteromphalus Ehrenberg [Nk004]

18: Actinoptychus senarius (Ehrenberg) Ehrenberg [Sg015C.n]

19: Paralia sp. [NKR2-25]

20: Stellarima microtrias (Ehrenberg) Hasle et P. A. Sims [Sg0170]

21: Trochosira spinosa Kitton [Sg015B]

22: Raphidodiscus marylandicus Christian [Nk006]
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Plate 6  Diatom fossils from the Yamashina and Saikawa formations. Number in parentheses indicates sample number.

1, 2: Thalassiosira mizunamiensis Yanagisawa [1: Sg015B.n, 2: Sg013B]

3: Cestodiscus peplum Brun [Nk004]

4: Plagiogramma? sp. [NKR2-21]

5-11: Thalassiosira sp. (Matsushima) [5: NKR2-25, 6: Nk004, 7: Ys006, 8: Sg017N, 9: NKR2-11; 10, 11: Nk004]
12: Thalassiosira cf. grunowii Akiba et Yanagisawa [Ys006]

13: Actinoptychus vulgaris Schumann [NKR2-28]
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Plate 7  Diatom fossils from the Yamashina and Saikawa formations. Number in parentheses
indicates sample number.

1: Goniothecium rogersii Ehrenberg [NKR2-16]

2, 3: Rhizosolenia miocenica Schrader [2: Kb004, 3: Nk006]
4-6: Aulacoseira spp. [4, 5: Sg017D, 6: Sg015B]

7: Mediaria splendida Sheshukova [NKR2-7]

8, 9: Cymatosira cf. loretziana Grunow [8: NKR2-16, 9: Nk004]
10: Rhizosoleina sp. [NKR2-17]

11: Rhizosoleina sp. [NKR2-9]

12: Anaulus birostratus (Grunow) Grunow [Nk004]

13: Rhizosolenia sp. [Nk004]

14: Rhaphoneis parilis Hanna [Sg017N]

15: Rhaphoneis amphiceros Ehrenberg [Sg015C.n]

16, 17: Pyxilla sp. [16: NKR2-19, 17: NKR2-26]

18, 19: Proboscia interposita (Hajés) Jordan et Priddle [18: NKR2-21, 19: NKR2-10]

20: Diatoma sp. [As008]
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