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sequence in the southern part of the Osado Mountain area, Sado Island, Niigata Prefecture, Japan. Bull.
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Abstract: A revised lithostratigraphy has been proposed for the Neogene sedimentary sequence
distributed in the southern part of the Osado Mountains area, Sado Island. The Neogene sediments of this
area unconformably overlie the lower Miocene volcanic rocks, and are divided into seven formations in
ascending order: the Orito, Hanyugawa, Nakayama, Nozaka, Kawachi, Kaidate and Shichiba formations.
The Orito Formation is redefined in this report, consisting of fluvial sediments in its lower part and
muddy fine-grained sandstone of estuary environment in its upper part. The newly proposed Hanyugawa
Formation is conformably overlies the Orito Formation with a basal transgressive conglomerate bed and
consists of marine calcareous sandstone, gray marine mudstone and glauconite sandstone. The redefined
Nakayama Formation is composed of lower hard siliceous mudstone and upper diatomaceous mudstone
containing abundant well-preserved marine diatom fossils. The Nozaka Formation is proposed for
massive mudstone which overlies the Nakayama Formation with a glauconite bed.

Keywords: Neogene, Miocene, Pliocene, lithostratigraphy, marine sediment, Sado, Niigata, Japan
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Maps showing surveyed area in Sado Island, Niigata Prefecture. Distribution of Neogene and Pleistocene sedimentary rocks
with the Ogi Basalt (Miocene) is based on the Compilation Committee of the Geologic Map of Niigata Prefecture (2000). Maps
a and b are geographic maps around Hiranezaki and Nakayama Tunnel, respectively (Geographic maps “Kinpokusan” and
“Aikawa” (1:25,000 in scale) published by Geospatial Information Authority of Japan, respectively). A and B indicate locations of
stratigraphic sections A and B of the Orito and Hanyugawa formations shown in Figs. 6 and 7. Star marks indicate the areas where
widespread tephra beds shown in Fig. 13 are distributed.
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Fig. 5 Correlation of stratigraphic sections. Locations of
stratigraphic sections are shown in Figs. 1 and 3.
Tephra beds shown in roman, italic and bold types
were named by Sakamoto (1992), Kurokawa and
Tomita (1995) and Yanagisawa and Watanabe (2017),
respectively. Diatom zones: Akiba (1986), Yanagisawa
and Akiba (1998), Watanabe and Yanagisawa (2005).
Diatom biostratigraphy in this area is based on
Yanagisawa and Watanabe (2017).
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Fig. 6  Correlation of the Orito and Hanyugawa formations. Locations of sections A and B are shown in Fig.
1 and locations of sections C, D and E are shown in Fig. 3. Detailed lithology is shown in Fig. 7 for
sections A and B, and in Fig. 8 for sections C and D, respectively.
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Fig.7  Lithology of the Orito and Hanyugawa formations (1). Locations of sections A and B are shown in Fig. 1.
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Fig.8  Lithology of the Orito and Hanyugawa formations (2). Locations of sections C and D are shown in Fig. 3. See Fig. 8
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3. 3@owARSHIKGOJFRETICHEST 5. v
LG MR EDRE Dk AR U, MR BRI T LA
W55, ik MIOWHRAEIIE E 10 cm THESREO
bizEEE S, 2FHOWRAERIEER 16 com T, 13
HoWika O L4710 cm OfgHeIHE 5. Ik LM OWE
fa g (L X#40 cm) TiX , FEB25 cm 13RS LT
BWETH D, E&E1S cm BB THEEN 1 cm KOM#E%
FIX5IHE. 2D EA730 cm KB DIKEIRETH D,
Z O RizilifE MBOBEYEE 2P EE 5> T 5.

PZAENSW) 22 > 3 v (H3XE) Tid, BINART
3H 55, THNOTNFREOIEMRRS %8> T, miF
1om EED & < M SN 7-MEE» 5 %5 5510 cm 2O
BEAIERIZ S 1, F O LSRR E O Wi g (4
L EBEX25 ecm P E) NEEL TWEOMNEETE
% (3B 6IXE).

BE 06-15mbl L.

b\ PRGBS  5 AIKERE O FRIE FELARE
2 5%, Patinopecten kimurai(Yokoyama) R Placopecten
nomurai Masuda 78 £ Pectinidae % Tk & % M D Fifg
AFECA A EEN T 2 ORFY - bk, 1977). 2, @
H1 (1965) @ Pectinid fauna IZAH4$ 5. ZDIEh, #EFR
YH (1) Ok UK - N, 1987), w=, w32, 7V
YV AROEPHEES S (AR, 1952 5 &K - K, 1977).
F 72, FMEA» 6%, e OEREAGAREIh TS
(K#%, 1977b 5 BPH, 1994 5 AJEMZE 2 L — 7 - el
RERBSHSHERD A/ — s #EE=E, 2013). /ML
PEHIRIC B 2 A MY DD 513, KA LD
Miogypsina kotoi Hanzawa, Operculina complanata japonica
Hanzawa?® B ) 4 % (f§l 21, Hanzawa, 1935 ; ¥t H,
1956 5 /IMEFEMRIFE 2 L — 7, 1977 5 INKRIHAREZE 2
L —7, 1986).

HBIRIE AREROBERO PRIy v —77T, —
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H MO TFRBOTEMEMAE S RBEIA TS, £z,
PP D K /INEERR Pectinidae 7% & DAV O Hik i %
G, ZOZEiE, TREBOMNBERE»SREEHFVE
o, PITANBOIEERBICRWISEN L 22 L Em
. DLEoZehs, ZOBESRITEAEIZES 7 7 WM
WThy, AR TIRITEEIC X 2EEIES TEK
N7z r AV M HEEEZONS.

BEA O BN OGIRERE I, FHEO RN % 78§ Pectinid
fauna & &dr. NEJE - B (1989) Ik L, 25 L7
BUHEBEE 340D 30 m LIV (SHE~NHIBE) D% %
R LA, ARKEWA LEEEROXEORE
AERLTWNS,

FIRBEWAE DA ARG 2 &E—BIZRsh, £<D
WrCIX, WEEE OW ISR AR U 2 25 HE
BLTWa, WROBEEENKCRE» D55 Z L,
F 7R T IR GIRE IS 3 O ARE A R E T
WA ZEn6, MHFAEORERBIEOREL, JEARNIZTR
BENHERET 2 R (MU ~ B RN LIE) Th -7z &
HeEEhsd, 205 BEEICENT, BEREEDR M
WREAEWEREIC & 2N T (ke &) offaic &
HHERMEH & D &, WRREERIC X 2 FEH O =
WIERH 2R E L, REIBICh 2> THRBMENH L /272
DICHERAIER L DEBbNS. HREE LT3,
PEIEE B OB D L VHEDEED NV 2D &S
BIGN R Eh 5.

FRX - B THOTFREBOHEFRNR(17.0-16.7 Ma) 7

5, KO TFHRREMRIZV16.7T Mafih e EZ bNS. —H,
KRED FRRAERIE, EioFlEOHEEAFENAL» 58
123 Mal 2 S5 DT, KEOHERFRIL16.7-12.3
Mak 7 % (SE 102 5 MR - 938, 2017). % ¥, P
AN FrE SRR O LA IS b h s,

5.3 B

kR (1950). AFW X THIESR

v G T R B

BFEf THOP_ANEEESITE Y, ENOBER
BlESICEDNRS.

TE AR TREEERSORE, 2 FHOM A
NgoMako FIREF 5. Ko LRIZT 7 Tk
WKA-5D L& 4 5.

Ko FROEHE LT, AR SIWT ol
W & DRI H BURkaREO THRAWL ERET 20
NEE LA, 2 OMEika R I3Ies I A 2 BT
ZORT, WHOREO TR BRI TRk T, BER
WFHHEEIC IR A3 720, FEBE, ZOWRAREIIEETH
2128 22b56 7, JEFICh2DIZL L, FuliEoEH
B LSFANRLIA1992) 3 EBHT, ThE TOMRT
Z O ABOEEICK D W RIEAEL K. TD7
W, ZOWHFRGRBOTREVL ERE & > TiiliE L

YiRE DI % BHRELZ 269 D DIF IR HE L v &y
Ehb, F7z, BEHRASEL, ZOWEROREOBER
BOIEA, WO AHE AL g & B oY
FESPIL TWB DT, B I\ T AR TIEifE % 35
THIXEEETH B, FHAL L 2B CIEmFIXIEE A
EXFITE &,

HWRERERIIEHBERIC L > TERTIONLE LA,
LS & BB OBEROLGAIL, AHERIC L 2 EEN
HLWOT, A TIE, FEMCHEECAETRICE S
THIEPIHMEIZRA TE S XS IZED . Thbb, H
g ER%Z, LW ONPDTAN & 7Baffitiy DIFAR
Z—ET 5 K512, wkaEhOT 7 7k WKA-5D |
MEEFRLZ, 77 5 WKA-51E, JEE 32 cm THEHAD
JeiE L2zl ~ R E OHRE N 7 A BT 7 I TH
% (WA, 1992 5 MR - #8538, 2017 DX 9SH).

A HEEREEZFLTIHN, KETFHTEY Y S
DR AE I & 0 B O HE TS (PE k01 FEiH
WeHhoTWab, KEFICHOGNS I ) BAOERIC
DT, BHBO K 5 ISR (massive), 55EERH (weakly
laminated), #£PH (laminated) D3 & 4 7 IZKH L CTadifk

L7=(B1R). FIOXTHEELAETFTER LKLY
VavERAELT, 1 D20HEAHRKELZEDTHS.
b, EHORIME L SHIZKD, N1 ~N6DF/
Mzt 3,

NUGHBER S ©, SRRJEE & BERJe s i 0 IR L
Mo BN, BEE LTINS S HEBET 5. N2 &
HEBIeS T, A & MRS OB L2 5 &
D, BRIEEIZIEEAEEE A0, N3IFEEEEES »
5, BURIES LS EMEE OB OB L AL L, bT
PIZIERIRSE A RET . ERLICES » THRIESE 21 S
By, HEBTRHEEAEDBINEE»S 85,

NAIZBERBED 2D 6 5 55, HEFHEEBE TN
ZETHIEOMMOEMHE ZEETH 5. HEOGHE
ALK, AEAHEES RO L KEI E 5 5
(WIR - Y558, 2017). BHEICH I A HEATTOETL,
BRI (X ) —76@) Tl HKGERTS. 77,
Hegsidibtm ik 7oy 2i28lh 5 0icxt
L, NaOJFIFE L Tl < 4 aaRicBlhs 2
ETXBIE NS, NAOHEIZIE, JE X2 cm ORIk
OWEREAPAES S, Z oMb EIREkSA &<, FH
LD LRNS.

NSIITHUHEHREBE L & D, BRRIRE & 5 5ERTR S 234
DS H, —EBTITEIIEE D RKET 5. L ONG
RO HEEISE DA Sk 5.

VU A OMRAERIZ KD, ZhEDOREIEARE T
TIRMEJE L 5> TS, RRIERIIEHIEE E
FEHEIZ T ATV B (S . B ALfloH L (NK) b > %
Lt g T, NPD5Dir D HFfEYE (910 Ma) £ T
NHERE & E->Th D, PILEDO TS5 (EE 150 m)
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I 2 glauconite bed s | 9
Orito G muddy fine : :
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Fig. 9

JEre (R - 152)

PHEIAETEHED NS, ZHIZHLT, mEEDF_
ENSW) 227 > 3 VT, U H OfKiE NPDSBHFD
FRE (9123 Ma) ETL2EATE ST, RS & -
TOWBDERBR N (BRIEIRATE10m DT) DA
Th5b.

BE 230-320m. dtHDEr L 3 VIFEREBEESK).
B & H B RS L OB ofisERIEIED v s v g
VIFE FREHISEL TR D, dLfllT & D IE < Hikg A4k
L, KoEPE R L EERT.

ta ABOHBELERAD & X RED R WA HED
LT S (RMRIE 2, 19775 BB, 1977 5 VE81E »,
1977 5 Fk3E, 1987 5 WRJEIZ A, 1987 5 @iEIE A, 1987 ;
Y834, 1987 ; MIRIZ A, 2009 5 MIGR - 4§34, 2017). 7=
72 UV Y Tl e i F O RS SR EE SR TA IR L T B
AflHbATIE, FEALIEAIRIEE A CEET, K
AHLRCEDOANBERT 2 (HHIE2, 1983, 1987).
ZDEN, KR S 3AekHLA (LB, 1978) RUEEE
HiFE (Uchio, 1974) N5 ¥ T 5.

HERRIRIE  FEUERE SR 3O PR O VRl MR 23 (8 o 9 B 28,
WEAEMY &N, WifsliZ £\ Thalassionema | & %
W (BIR - 93, 2017). BIR(1996) O FEFE G RIS
KL, T U - BEHE I S B M~ R i (A
ZAREENT. BERALETIE, KETHEIEIES)
T, Martinottiella communis, Cyclammina spp. 2MEET
Spirosigmoiliella compressa %5 TENEA L, Kk Lk

Bl O EHEOM S, HRKE &R s v 2 v ERE
LT L7, FWEREREY 2 Y a v ORIRKI OB
FSRNTRY. 77 IRE, v—~ RRBIRA (1992), A4

£y 2 RN - EH(1995), K= FRMPHIR - %
BN ICk>TEhTh@mt S hi HE oW L HE
A R UE X Akiba (1986), Yanagisawa and Akiba (1998) & U*
Watanabe and Yanagisawa (2005) 12 & 5. AKHUSOH (LA
FEF SR - P (2017) 12k 3. NK = il b v 3L 2

Ya VSN RMEY s Y 2 VI WKEEE Y Y 3 v

TB-1: BB T 222 a V5 TBIL :BIHINT Tt a

VSTBABIIIM Yo > g v SWB AN s v g v,
Subdivision of the Nakayama Formation. Columnar section is
composed of each stratigraphic section shown in Fig. 5. Tephra
beds shown in roman, italic and bold types were named by
Sakamoto (1992), Kurokawa and Tomita (1995) and Yanagisawa
and Watanabe (2017), respectively. Diatom zones: Akiba (1986),
Yanagisawa and Akiba (1998), Watanabe and Yanagisawa (2005).
Diatom biostratigraphy in this area is based on Yanagisawa
and Watanabe (2017). NK: Nakayama Tunnel section; SN:
Shiinoki-rindo Road section; WK: Wakamiya section; TB-I:
Shichibagawa I section; TB-IIL: Shichibagawa Il lower section;
TB-III: Shichibagawa Il section; SW: Hanyugawa section.
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B (HEEEIRE) 2 513 M. commuinis DA 6 75 5 B 7%
HESBRI 205 (AFHFIEH, 1983,1987). Th b O
#£1Z, BAINES (1989) DA FLEIZHD < dkEE
BIZk s &, HipWEs FTRORE 2 RET 5. Dk
26, AREBOUHERGEE L LT, PEMRHR O RS 2
e b, PA(1992) A 1ijima and Tada (1990) R &
(1989) O H ARUFHE O M PR - MR He DTk L
T3 &1, lFHERIR O IEE S PERS 5 OftE
YIOFTADEBED 5D S HEN 20 a DNy 2T, B
MIAHER DR DBRBIC S > 728 DL b 5.

4 - R HEMART T, ABEIINPDSB 2 5
NPD7AM D720, HERGEE 2 5 2 OHERFRIE

123-6.5 Mak B N5 (10X 5 PR - ¥, 2017).
72, M I h=SEHOEMRIE, N1 1212.3-11.4 Ma,
N2 1311.4-104 Ma, N3 (310.4-9.9 Ma, N4 139.9-9.4 Ma,

N5 139.4-7.4 Ma, N6 137465 MakHEE S 3. KJF
IEHRHIRY U O TEFAR b e h 5.

5. 4 FHiRE

wE R HAME S OB 4 048 (HARE
4y, 2000) T, WIS T 24103, E ek
FHATS5 D1 £721327 5 T40 1 MERICHHGE < h
TV AHIB R EHARMIE (L - W)l 5 E) &> Tt s
22 EEHALTS. JEEhTWEY, WERIZEX A
TV A ERHHEDMY (%A R ERMWEO AR T
NCHAFOHEES & UTHA S TN T, di)aths s
BWDT, 22T, HAHOBEHENS500 miZfiiEdT 5
PTIREE E3RDICb mAT, HREET5

XM EETTRIBOWMNEEIE P 5 O F HAE S st ihi
AOEBIRNVOREETETS. AEWK) s 3V
D FEWNR - ¥, 2017 OfFXKI3) & dili b v R
(NK) ¥ 2 ¥ 3 v O FE MR - 1832, 2017 DfFX1) %
ZH. BPUE O T RREHE O FHHFEIR ISR - 732 (2017)
DfFX 9 £H]

BFEEFE FhohmliEicgesIicEL S, EompkE
IZARESIZEDN .

EHx ARTRIEBREREHOT 7 7 FWKA-5D L
E55. Mo ki, KEOTRIE, HEATD
NPD7A 4t & NPD7Ba fiidy DRI —3d 5 L H ICEHK
hTws, LR B omARE L ORRATERT 5.
EH BREREEOJS,» S LS. HELORELED
D, EAEZRLBIZ AR TSR  HEEEE & 1EEN
B, AT, LG O TS 2 HT T TERRIKE
V=T @) ER2TE0IC L, BREBORSIZRLLHS
WIHKEE RS 5. 72720, dliEoigE» o BiikEo
TEENOEHZEEHRN T, WilEOBERMNETIE,
JEDEMIEEI L, WikakEs 2 i, mkEo X
FEZIFEEL <, &<, L L 2B TR OV
DREFNT AL TE AW,

EBE #XHAETH70 m.

b\ HEHE A @RIEH, 19775 EHIED, 1977 5 Fk
1987 5 HEIEA, 1987 5 HREIE A, 1987 5 WINR - V%
W, 2017), FEEMEEME (Uchio, 1974), fERMLA (1LLEFH:,
1978), KO fLEBAbA (EHH1E A, 1983, 1987) s EPET 5.
HRBIRE HEENE T TMORILEIZIRT, HE
@ Paralia sulcata, Actinoptychus senarius 7388fl1L, g
Wb g0 ShRAKAERE ML T3, &
7o, IEICHIR L THEEOEREES R LTS, —
¥, EAAfLEEEHEIZIZ & A E Martinottiella commuinis
DA G, Miliammina sp.% ¥ 5 WLJH 2 FEEE 3 E Y
55 (AHEA, 1983, 1987). Zh 6 OEAHFLEREE
&, BAINEA (1989) DA AT FLHIZ IS < HARHEIHIE
2k B &, FiliEEFR UL RGO &R
45, Librs, WIREOHEREREE LTiE, HilikE
EEREIIFAREE T, HCSMEDNNY 20X S BIGIH
HMEIN200, HEOGHENMHAD L, BEERRK
AREEAEHES ML TWB Z en 5, dlifge i38ix
D, PENEYMIORA DL E % b 5P T 5 &5 5B

(p.275—)

FI0X KPETEHIE O H 8 = R M OV U R HERCE JH D 4ER
JEFF. MR SR AEAURUE 1 Gradstein ef al. (2012)
12, H b X 43 idAkiba (1986), Yanagisawa
and Akiba (1998) } U* Watanabe and Yanagisawa (2005)
12, FRECHRAL A X 43 13 Kamikuri e al. (2004,
2007) & 1" Sanfilippo and Nigrini (1998) {2, {##i=E
FALEH X o3/ - 5 (1999) K& O/IN i %
72 (2004) 12, fEBHMEAW X 53E Yamanoi (1989) (2,
AIKE F 7 AL IX 53 iE Okada and Bukry (1980)
12, BIKE S a4 BRI A (1999) KU
Sato et al. (2009) 2, VFEEMEA FLERIL AT X 531
Blow (1969), K% (1978) & UF = #i 1% £ (2004) I,
A A LRI X 531 Matsunaga (1963) X USRS
(1987) 12 &S <. FrisIRyiH a1, Bk b
BRIRETRA S (2000) KO LREE A 2011) 12X 5.

Fig. 10  Chronology of the Neogene and Quaternary sedimentary
sequence distributed in the Osado Mountain area, Sado
Island. Geomagnetic polarity time scale: Gradstein et
al. (2012); Diatom zones: Akiba (1986), Yanagisawa
and Akiba (1998), Watanabe and Yanagisawa (2005);
Radiolarian zones: Kamikuri ef al. (2004, 2007),
Sanfilippo and Nigrini (1998); Dinoflagellate zones:
Obuse and Kurita (1999), Obuse et al. (2004); Pollen
zones: Yamanoi (1989); Nannofossil zones: Okada
and Bukry (1980); Nannofossil biohorizones: Sato
et al. (1999, 2009); Planktonic foraminiferal zones:
Blow (1969), Maiya (1978), Miwa et al. (2004);
Benthic foraminiferal zones: Matsunaga (1963), Maiya
(1987). Niigata borehole stratigraphy is based on the
Compilation Committee of the Geologic Map of Niigata
Prefecture (2000) and Kudo et al. (2011).
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Fig. 11

Correlation of the Neogene and Quaternary sedimentary sequences in Sado Island. Geomagnetic polarity time scale:

Gradstein et al. (2012); Diatom zones: Akiba (1986), Yanagisawa and Akiba (1998), Watanabe and Yanagisawa (2005);
Planktonic foraminiferal zones: Maiya (1978), Miwa et al. (2004). Niigata borehole stratigraphy is based on the
Compilation Committee of the Geologic Map of Niigata Prefecture (2000) and Kudo e al. (2011).
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Fig. 13

Correlation of widespread Neogene tephra beds in Niigata and northern Kanto areas. Location of each area is
shown in Fig. 1. Geomagnetic polarity time scale: Gradstein ef al. (2012); Diatom zones: Akiba (1986), Yanagisawa
and Akiba (1998), Watanabe and Yanagisawa (2005). Niigata borehole stratigraphy is based on the Compilation

Committee of the Geologic Map of Niigata Prefecture (2000) and Kudo et al. (2011).
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