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A summary of the Chiba Section, Japan: a proposal of Global Boundary Stratotype Section and
Point (GSSP) for the base of the Middle Pleistocene Subseries

Abstract

F#EL 273 92 GSSP 2R F—LF We propose the extensively studied Chiba section of the Chiba
composite section (CbCS) as the Global Boundary Stratotype Sec-
tion and Point (GSSP) to define the base of the Middle Pleistocene

GSSP proposal group® Subseries and Chibanian Stage. The CbCS is a continuous and ex-

panded marine sedimentary succession within the middle of the Ko-
2018 4 6 12 HEZf. kumoto Formation, Boso Peninsula, Chiba Prefecture. It contains
2018 -9 H 21 H=. well-preserved pollen, marine micro- and macrofossils, a tightly-de-

fined Matuyama—Brunhes (M-B) paleomagnetic polarity boundary,
and numerous tephra beds, allowing the establishment of a robust
and precise chronostratigraphic framework across the Lower—Mid-
dle Pleistocene boundary. Its deep-marine, open-ocean continental
slope setting, coupled with high sedimentation rates with no evidence
of abrupt deposition, has resulted in preserving both terrestrial and
marine environmental changes in and around Marine Isotope Stage
19 (MIS 19). We have performed high-resolution oxygen isotope anal-
ysis, as well as detailed sedimentological, geochemical, and biostrati-
graphic studies of the CbCS, confirming the completeness of the
stratigraphic interval spanning the Lower—Middle Pleistocene
boundary. The M-B polarity boundary serves as the agreed primary
guide for the Lower—-Middle Pleistocene boundary, and the CbCS
represents one of the most detailed marine sedimentary records yet
obtained for this reversal, yielding an astronomical age of 772.9 ka
with a duration of ca. 1.9 kyr. This section therefore offers an excep-
tional opportunity to calibrate the geological time scale as well as
understand the dynamics of the geodynamo. The widespread Byk-E
tephra lies close to the reversal, allowing precise regional lithostrati-
graphic correlation. The CbCS is easy to access from international
airports. The section will be permanently preserved and maintained
by the local government as a natural monument. Based on these at-
tributes, the base of the Byk-E tephra bed in the Chiba section is the
best horizon for establishing the GSSP that will define the Lower—
Middle Pleistocene boundary.
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F L & I

IR SR Wi & 87 > b (Global Boundary Stra-
totype Sections and Points : GSSPs) & 13, A JE Fr (H
T0) 12 BT S B (Stage) D T ERZ #laE 9 S il (Wi & R 1
>R (HARME AR, 2001; HAME SR, 2018) T
H%. % GSSP 13, EFEJE 2 B2 (International Com-
mission on Stratigraphy : ICS) /» 2R I Nz T OR—H
)bz E R B A (International Union of Geological
Sciences : ITUGS) M #it#Ed 2 Z &ic k> THRESI N 2.
GSSP 13, BRI FEREE 2 HE T 2 EEIR A Y > 5 —
R&MD280, FERBFET TR, REZETIRT-OIHE
ROFr U TL—2alREICBNWTHEERFEL /5.

TS (Lower—Middle Pleistocene bound-
ary) (BN L-M 5254 GSSP DL, SEIURCE 7/
Z:H 22 (Subcommission on Quaternary Stratigraphy : SQS)
DTITEHE S NEET S DRAEITH D & GSSP itz
1 DIRB ZEMSIED B NS, EXEHAIT, L-MERD
“primary guide” % Matuyama—Brunhes (M-B) 5i5t & L,
GSSP 28 ET 554:M4%, M-BEREEH, FAERIRG
9 B F AL X 7 — 2 (marine oxygen isotope stage;
MIS) &EZDHi% 1 DT OO MIS BRSNS, e iz
U7-#3Rk)E & U7z (Head and Gibbard, 2005). HiERREEGR
PEDWFIRI, B RCER A TS P s v & U CRci
INDET TR, EFEZKR D 7 1T HRE AR pldE
DE—2 &L TEHBINS7 E (Raisbeck et al., 2006 7
E), BERWIRA RN THBZENS, T8 H
IZHIT2H-> EHEBEREMILESIN TS (Head et al.,
2008 72 &), —J, AHI-HITET OB, KI-RTK
A 2N D 4 TENS 10 THERMANOBITRE, K&TE
B OKKHE BROEMHOMELR EITBWTRE AT
% R L 72 8T & D (Maasch, 1988; Mudelsee and
Stattegger, 1997; Mudelsee and Schulz, 1997; Raymo et
al., 1997; Head and Gibbard, 2005; Clark et al., 2006;
Head et al., 2008; Elderfield et al., 2012; Head and Gib-
bard, 2015 7 £ ), #& i i3"Early-Middle Pleistocene
transition” 7% & & M1 #1 T W % (Head and Gibbard,
2015). Z @ Early-Middle Pleistocene transition (ZH17F
HEHRNGER 2 ERT 572901003, BEROKUEET 2L
BT - BB 2 2 EAIRITH D, Z D72 DHMEM
ERETDHEVNDFEIKRTSH L-M 55 GSSP 13 EH E /2 1%
ZHFD.

TE#E#E A 7 2 3 > (Chiba composite section; LA~
CbCOE, ERIEHISTITHMd 5 EikEHE AR
IZhiE L, L-M 552 SO EE» DHERTEE O JEHITK
E /o WERIEEHEREY) T % (Kazaoka et al., 2015; Nishida
et al., 2016; Okada et al., 2017; Suganuma et al., 2018)
(Fig. ). CbCS1E, ZDOHLERDZTELI > a 23D
#ENtrare, ZOMADDRY T a SRS
N%. CbCSMHIE, HEDOBRWEEOWAELE, 6L
G, BB D RAE TRT S 1172 M-B 525, BRULE

2019—1

DT 7 INMEINTND ZENS, FHTHEDEWER
JE OIS RETH S, F£/2, CbCSITId, #EEL T
Ontake-Byakubi (2L~ Byk-E) 77 5 #3588 5 11 (Fig. 2)
(Takeshita et al., 2016), 772.7+7.2 ka OHFEFH)L T
U-Pb A T 11T % (Suganuma et al., 2015). &
512 CbCS 1L, 1—F > 7 REDHRIITAIET D EWDIE
HEEN S, RERSE > A— 2 OEB I ERGMER, 1t
PERSEPEIC BT 5 B EABOMITIC B L Tna. &<
T a3, R - PHREDEBRE®RNS DT 7t
AHEL, HITHBRRICE > THEEOREFE DI IN TN
5. PDEoZ&ns, FEREZ > a21d, L-M 55 GSSP
IZHo B L EAto 1 DThH 2.

201746 ATH, THEEYZ 3> GSSPREF—LIZ
FIURE T NEEROIFEERRCTELE 3 > O L-M 5
5t GSSP #2 % F (The Chiba Section, Japan: a proposed
Global Boundary Stratotype Section and Point (GSSP)
for the base of the Middle Pleistocene Subseries) Z 42
L7, ZoR%EI Kazaoka et al.(2015), Suganuma
et al.(2015), Nishida et al.(2016), Okada et al. 2017),
B XU Suganuma et al. 2018) DNEZEHLEL, EESD
fRBECEUS L =il - AR LI A Z AW zBR R R
PLAEEh, AEROT, BULAREE, T T SO, BRUED
i DHEREAHY - HUERIL AR ATRE R 2R A L, Al 15
FbE I BT 2 el K ORI B1F 2 i) TR 72 R
BAFGEERERTZET, CbCSDGSSP &L TORT >
PylbEmRLIE. £LTC TEEYZ D a DHITHRICED 5
N% Byk-E 77 7 DR E FE-HEEFHER B L O[T
INZT B & D B ER S S U AR A > b E LT
REL. AR SERRE LZREZZONED S B, WX
ELTREFRADEHMNCONTHBRICERILZHDTH 5.

GSSP DEAELERETOESE

ER AR A E A, WEAENZ EREE 7 (nter-
national Chronostratigraphic Chart) & L CH/RL T 5.
Z D GSSP iE DIEENT 1977 FFITHRE > 7208, KX 5
DEFPLFRIZEITEL TRIMEIIG U TREENTHED
AIRD L-M BERO XD ICELARICE > THARVIFD H
2.

Remane et al.(1996) 13 GSSP M7z REL&MHEEL T,
UTFoRzEFZELE.

- LB DHEREGHE DK E /R MRE DS, TR E

FoTHEMLTNWAI &

CEURETCHRL, BEHOENEL <BWI L,
KT by VIsEW, BRI OHER &
Yo Tz &

- BECEROREO RO LA ZEL L, BNt
AIEFFLERRETH D I L.

- TSR PR RIS A X2 S (BB WITAEE) 2R
LR RN LA T 72 EDAAEFHREL L T D T L.

- BHFEREOMEN DD T L.

s EHHESTIUTER L EHICOWTH S Aic ST
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HT &,

- PRI S Cn S T &.

< T IRAMENWT &

INS5DOEMEDODH &, Richmond(1996) 13 L-M 5i 5+
GSSP IZDWT, Wh&UE 7Rtk S e v 2 5§ L ige Y 72 1
AR CH O, Toisbaiiie o En s 2o
A M-BESR CTHD I ENRTED I L5 MELE
FTDOAT, M-BES, b L <IFEHEdT 2 a5 (itho-
logical unit) DEJEIZ L-M £ GSSP #iE< Z& &L=

CbCS & L-M 5@ GSSP ITRET 28 =13, A&HA
MR ORI R A EBER) F8D B &, 1990 40 5k
o7 1990 F#I, EREPR Y E S (The Interna-
tional Union for Quaternary Science : INQUA) @ Sub-
commission on Major Subdivisions of the Pleistocene
DiEETH S G. M. Richmond KA 5 257 27 RKVEEE
FEERODFRETH > IR ETRELRA, EHHOM
(RFITTEE - Wil o & UC, BRI E DA T 7wt
ELTEESINTVDENEA S N(HARB UKL,
199D, REHEKZH.OITEDOMBAFBE N/ 1991 4F 8
HIZAERTTIT N2 INQUA 55 13 BIR=2ITHBWN T, Sub-
commission on Major Subdivisions of the Pleistocene
DZBKIC Richmond X, BIZBRICHEHRNER SN,
Efitt s U CTHAER), —a—2—I 2R, AFZU7RE
MHT 5N @EH, 1992). TNESITT, HARFEMLE
23R D Subcommission IZRIET BHFEEEREL T,
e TECERTREE LB T 2 MTE R B GEIEE ¢ RE
AN 2R E LT, wind 52 & & Uz (HARBH 2,
1992). 1995 £ D % 14 [5 INQUA X)L U > K& T,
CbCS DHEZRT & & BITHID TRIUT L-M BHR O
&9 B LN /RSN (Kumai, 1995), CbCS D JE ) (Ni-
rei et al., 1995) & M-B 5t (Aida et al., 1995) 2580 T
6 B DFERNIS SN CKA, 1996). ENTI 1996 i,
CbCS IZBF 5 L-M B S OWFSERR R proceedings & U
TE &8 57z (Workshop for Quaternary Stratigraphy
of Boso, 1996). Z=®1%, INQUA DJEJF - AU EIYEZE
& £ (Commission on Stratigraphy and Geochronology:
CSC) (ZHE:Brad Pillans K) 13, 1% U 7 ®E#H D
Montalbano Jonico & 7 2 3 > & Valle di Manche & 7
T a, BIUCLCS D3 DnEmithotins, T-M i
5t GSSP Z#E T 5 H#t &R Lz (ZHA - 88, 2006).
ZDHBUIES < GSSP #EHmICERIT /N o 7228, 2013
TR S AV DU AR TR S 1172 STRATI (Interna-
tional Congress on Stratigraphy) 2013 iIZEWT, &HT
SQS OEEFIZTHT L 7= Martin J. Head FRDF, 2015 4
@ INQUA #iiRAR=ZHEL T, L-M 55t GSSP Of%
i 2RI DB ENAE /2. D STRATI 2013 D=
HmOKFRICBNWT, 1YV TD2HAFDEY > a > T,
MIS 20 225 MIS 18 ORIDERISEF2 e S 4, FH
IS TAFEZSEN DIETC & RSUER E DL BITON TN DR E,
REZOYPEITHERFRIZIZITH > Tz LiL, Wit
72 a NS DN OMERBIEfH SN TH W/, Valle

TELY 2 a3 > O -SRI GSSP ke 7

di Manche £ 7 2 a3 213, BEREREMIKRLAEE R ETD
M-B BEROAMBICEMNEINTND I &, -#EER
% Pitagora 7 7 T I FHERHIE T H 2 nlREE SRR S N TH
0, ZO7OFT 7T ORFHFERMEBEFETERNEINT
Wiz (REHFAME). E 7, Montalbano Janico 7 2 3 >i&
FERRAEFNC &5 T M-B 85U U 7= i & aci e o
T3 Z & (Sagnotti et al., 2010) MEEE SNz —7H,
CbCS IZDW T GSSP DIELEICAR ARG 53 RAE DL 3R
AR AT &% - BRI DWW T ORI E A
EfTbNTHE oY, iz, iR & ORI T—
7 b AT E OEFRISRFAMES LB TR I N TV
nolz. 61T, EHHREAREOREN 2SO MR T Ot X
OFHMNAHTH D Z R EDEMEHH D, STRATI
2013 DFFIZBNTIE, &< 2 U TIN5, CbCS D
HEfFARBICE > T GSSP DIERITHD I8\ T &NV EH KRR
HThDEHEBINTVWE ZORNZEHEATSQS D
Head ZE KT, CbCS DRREF—LZFHMMEL T, 2015
O INQUA 4T B KA E TIC GSSP fRZEICNE T —4
% CbCS DiFFERE & U THEIEGE FTHET 5 2 EAUWE
ThHEL. INEZITT20134 10 H, HLIFIHDHT
HAENICY A7 F—LzflfElLz. 2L T, HABMKY
ROMKERER E U THENEFREFTAZERZREL,
B AT BRI T 5 2 & T, GSSPIREZEDOHEI
AR RISHFEDEIT EFi R EHED TN T & & k.

TEEAEI 3 OHE

1. HhEBIE

FREROREFEWTIIEE 1940 £ X 0 &E I
(1949), SHIFENA951), =%(1954), =FUT/N(1959),
=FFMA961D), AMHEIEMNA97D), =FiFH»0979),
ERG - = (1984) LIk > TiED 5N ERERITRE
PETL—RET A UEHET L — N OFEALTEE DILAAH
e U 7z BRa il ie O 5> THEEL & anb
(Seno and Takano, 1989). LiERHT, FArk b R,
WsiiE, RAERE, KIRME, dfmE, KHARE, 7,
EAE fi/KeE diEE Red THEE SRE
B OEMIHE TR S 41 (Kazaoka et al., 2015), &<
BRI OEZ R VICB N THEHENRE <, e
BT 22 EMNTES (Fig. 2). £ZCIEEE 3000 m Bk
Tho, FEAMIZIEEFH R ZRT (Ito and Katsura,
1992). HiEHE#KRT 28BN 5L, AKET /{ba
(Takayama, 1967; ¥ E0, 1988), ¥FilEthEA fL b
(Oda, 1977), EH:E{t47 (Cherepanova et al., 2002), it
WaJER (H1E, 1976), B UEEERMAEF (Okada and
Niitsuma, 1989; Pickering et al., 1999; itiE2, 2005) 73
ENEIN TS (Fig. 3). £/, HRERICIIIERICS
DT T SHMRDH BN, HE DL LY I S
NTEWETHIZDY, 1980; FHuFA, 1988; SHIZAY, 1994;
FED, 1996; B, 1997, B O1EH, 1999; EEEH,
2000; #5A 2000; & f&1F, 2005; Satoguchi and Naga-
hashi, 201272 &). ZN56DOTF—F &#HRAEL T, LiRER



8 TEEtL V2 a> GSSPREF — L4 2019—1

| 30

= ; , Subpolar Gyre

eODP'983 Lake Baikal 3
Sulmona Westerly jet y \/S 25
30°N| v 20
-—
MD00-0961 N North Pacific Subtropical Gyre 15
10
5
®EPICA Dome C 0
0 90°E 180°E 90°W C
b Il Alpine vegetation

1% Kuroshio
i Extension
‘ Current
& Figure 1c
&)

120°E

130°E
4 8 B e

140°E  150°E

0 5 10 15 20 25 30°C

Il Subalpine coniferous forest

[ Subarctic coniferous &
deciduous broadleaved
mixed forest

3 Cool temperate deciduous
broadleaved forest

160°E

[ Warm temperate evergreen 407
broadleaved forest <~
8
[ Temperate coniferous & ,g?
forest S
g
\ 9
130° CbCS
354
/ 5
I S Pacific plate
‘i Osaka Bay core \®

Philippine Sea plate
140°
l

o
2.
>
=
[}
2
=l

Fig. 1. Location and setting of the Chiba composite section, Kokumoto Formation, in the Kazusa Group, east-central part of
the Japanese archipelago. (a) and (b) Oceanographic and atmospheric setting of the Japanese archipelago in summer. Loca-
tion of the westerly jet during summer is based on Zhang et al. (2011). Positions of the major ocean currents in the North
Pacific are drawn based on Brown et al. (2001). Ocean temperature gradient in these figures are based on the World Ocean
Atlas 2013 (Locarnini et al., 2013) drawn by Ocean Data View software [URL1]. An arrow flowing from the Japan Sea to
Pacific Ocean in Fig. 1b is the Tsugaru Warm Current (TWC). The boxes mark the location of Fig. 1b and 1c, respectively.
(c) Potential vegetation map of the Japanese archipelago simplified from Yoshioka (1973). The locations of the borehole
drilling cores, sections, and an Antarctic ice core referred in discussion are shown. Abbreviations: Chiba composite section,
CbCS; Montalbano Jonico section, MJS; Valle di Manche section, VdAM. Modified from Suganuma et al. (2018).

DOHEFEFEMIT 2.4-0.45Ma EHfEE ST 5 (Tto et al.,
2016).
2. BEBICHITZBAEDEE - [IRIBE

JEPERTRS, AR DR & FE IR OO S A il Ze 3
5 EE - R G /KE E JIEN S TH 0, HEELE)
MRICBWTEEREED D TH 5. CbCSIZHBIT 5
R ERYRCERE, AP R T o B BRI IR S %
TR (Subarctic front) OB E &KL LzH D EE X
5N, ORI RERINIRGURAT) 2 g 2 L TIERICE

EHTH5. INSOKAOBEFITREBELARLEZR > TH
D, ALK O fRETHR (Polar front) Db\ DB,
HA D O E%Z > hO—)L T 57 V7B A—
SEEEYEL, 1—T 37 OHEREN S OGO HHAIC
bEBEHADLEEZSNTVWS Fig. la). LER>T,
CbCS M5 S N EA B RLET, 11— T2 7 i
PR TR, 2ERNWARKIREAT 2 R 5 L THE
BinT—5 Lix5.

¥z, HASETEIICEL, EEEDRE WD LT
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Fig. 2. Simplified geologic map of the Boso Peninsula based on Mitsunashi et al. (1961) and Ishiwada et al. (1971). Red
stars and circles are locations of the Chiba composite section and Byk-E tephra bed used for detailed lithostratigraphic de-

scription. Modified from Suganuma et al. (2018).

SRRICHEAEZA L, fEMRiEe AW RBETic@El Tn
%. BUEDHE# BB I VBRI BT DA Hfk A
f8f #k (Warm-temperate broadleaved evergreen forest) T
HBH. THITKL, BIREE ORI I3 7% 5L R
(Cool-temperate deciduous broadleaved forest) %3 Jis %3
0, ZOEOIESIZIEE R (Subalpine coniferous
forests) 3 & U 1L 4E (Alpine vegetation) 28 & % (Fig.
lc; &, 1973). LiE#HICELd 2 bAI3ES U
UEGNTREDKFRICE > THRIFN 2 EEZEZ 5N, HBEHOD
SR 1G0T 5 L TEERT— 5 E1R T 2.
3. CbCS DERETIV

LR ERE IR RN L T D (Kazao-
ka et al., 2015), N5 EFEMEE LT CbCS DERET IV
BHEINTVD, E<ITHAFRMAERFD, oz eR
JEFFE 70— NV RERITSHE S E S 2 ENTE S
W, D THEETHS. Okada and Niitsuma (1989) &
U Pickering et al. (1999 12D < &, FRBERHAHEX
D B JEHEDY MIS 35 /05 MIS 151, £DHT
H CbCS 1Z MIS 21 7125 MIS 18 IZkHind % (Figs. 3, 4).
7z, ZOxN S FREHOHREENIEFITRENT &
GE¥#1 200 ecm/kyr), & U CHEREGEREEIZOK I — RAKI00
2V EEHY DA K ELE) 2 S U 7oA R LTS

LTWa Z ENHBMNITR o 72 (Kazaoka et al., 2015).

CbCS #EFVHE/IIR WV OEAE & R & E b O 8k
FHUEN SRS NzR—Y > 7 a7 (CHOSHI-1 27)
(Fig. 2) DBITIE, kILA T 2 DE#iERB K O FERHMEEMR
D RN S, CbCS @ Kul, Ku2B, BXLUFKu3 777
N CHOSHI-1 27 TH 551 % YkK9, Yk85 B XU
Yk7.5 77 7 &b E (B, 2017; Suganuma et
al., 2018), Z oxfkbic#E D < & CbCS @ LR i3 MIS
18/19 8525t K U EALiTxt b9 % (Suganuma et al., 2015;
Okada et al., 2017). Suganuma et al. (2018) Tid, CbCS
DO FRMAR AT 2 S 512 BALITHET 2 & Tl MIS
18/19 R 2@ L7z, £L T, Z® CbCS D FFNIK
A2, EAREEICBW CREG LR LA OB R FARL
EEFLERD S S X N7z iKY 7 0 3 o iR (Blderfield et
al., 2012) 1Tk T % & & TRIVFRITHIR L 72 FRET IV
Z L7z (Fig. 4) (Suganuma et al., 2018; Fig. 6). C
DFERETIVIZHED &, CbCS 1E MIS 20 %3 (801 ka)
5 MIS 18 #if (748 ka) IZHInd 5 Z &, CbCS iZBIT2
HEFEHEE ORI (44 cm/kyr) DF A 2 > 713 ik EERIC
IIET D EMASNTIES T2 £, M-BERIIBITS
HEFEHEZIT 89 cm/kyr & RED SNz
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FEEES®I 3 VDER

1. BIEER

CbCS 13, ZDHLERDTELY > 3 2a0EE
7332 (35°17.41'N; 140°8.48'E) DIFnic, #“EMM
73 >(35°17.41'N; 140 849E) itz a>
(35°17.15'N; 140 7 88E) {ﬁEI'Eﬁ/E!/(?)S 16.85'N;
140°7.47'B), /J\E}ilﬂtﬁ 2 3>(35°18.52'N; 140°11.89'E)
M5725 (Fig. 5). ZN50&7 > a dass kLR ET
BLOEMHBERFICE > TRgETHILENTHD, CbCS

ORERIRESBEINTWS., TEEE > a1E, GSSP
ELUTREINTVLERE)MWOHFEHETH D, L-MER
EIHIICEIER T2 Z LN TES.

CbCS I3AEMBEOFZEL 22 )V NENSTR0, Tz
TKBEGSAE T CHERIZRRIERL 720D - < D EHERE L TR S 1
T EBZ 5N, KIEMRMIIIEE A R A LA RS20
(Nishida et al., 2016). EJREROENDENE<ITE
73 ar I TRENDZHDD, AT TORELEREDR
HG R AR T RHUIED 5N THE 5T, ML E L=
HEFEBREZ VRIS S 115 (Nishida et al., 2016).

2. \LRER

HRREREOLA BT B9, AR K OB O
A EBITIEFEIZE TN TNWS, TN SIIREYLATZT T
B, MILAITHYTEHDOHEALTHED (Kazaoka et al.,
2015), InFETicHastInzFEfbals, BEba R,
1973; 553, 1990), E@mEa (RH, 1986), fEkMba (R
i, 1969; Suganuma et al., 2018), @HEEMHEA L
HORRNET—F), FlEEBICEAGALRIEA(Oda,
1977, RH, 1979; F 1, 1994; Igarashi, 1996; ZEik,
1961; Aoki, 1968; 554130, 2016), GIKE S /(b ek
17, 1988, 1999; Suganuma et al., 2018), & # b A
(Cherepanova et al., 2002), f& # H 1k 1 (Suganuma et
al., 2018), =L CTHBRLA REEORNET—F)TH
2.

REETIE, iBOHERLADS 5, FFLWILT—F %
k& UTRIT L2 BT, WEROMIZERE, Suganuma et
al.(2018), =L CTZDEDOMEHEREMKL T, LiER
BELUCbCS DEAREIZH T 2 &G DR &R L 2.
aam L2 fband, fekfea, mIRE S /{ba, EEba, %
HEEEFLE A, BARL R A, Bba, gt
1, MRl a, BRdiba, REBEHEE TH S (Fig.
3). HEADREROMBIILL FOED TH 5.

2.1 femeds LR ERFE O LM ba ORI RTE (1969) I
Lo Trbi, LA D < HR BRI O KEASH)
MM SN TWD, EREH,NSII2ARELT VR b
TekE, VB TLUTATFROENNERT LS, H
TH Metasequoia J&DMER FRRBEAREMED 55 Z
EMRTH S, ZHITIMA T, Suganuma et al. 2018)
Li CbCS IZBWT 2 FE MR Z T — MIS 20 75 MIS

I CoFEMARfEM b A ZMmET L, & <IZMIS 19¢

méﬁégﬁ HHE TSR 2R TN 5.

TELY 2 a3 > O -SRI GSSP ke 11

22. AKEF /A LREHOAKES /LS, Fik
1371 (1988, 1999) Ik - THEF SR, JLIERPEETRES
NFHERAKE S /MbAREERZ BT 5 &Ik > T,
FRERSEOERDPHS NI /2. TORE, Disl s
2.06 Ma25 0.889 Ma IZMF TP 10 MO AIKE S/
fbAERERMPRE I N EZL, Ths 0TI
CbCS ZFDEAEIC DWW TG L 72 it BHE O JE A7 ks
HEODMP»NDHDO TRV, ZD7®D, Suganuma et
al. 2018) L= DEDBIRENIE > T, FEMll/aGIKE S/
fbERBFPBE SN, M-B BEITHY, bLIiFzD
BESURPHALE S 2 AIKE T /LA EEEEA 50Tz > T
Wiz, —7, LEEEOZEEN 513 EIT MIS 19 ICHH
T 2 EHEDORBINC R OLENENH U7z 2 LAVRB S
hf:

CEEREA LEREFOHEEAA i Cherepanova et
al. (2002) ko TR N, ERERNCIEE 7 ok a R
HEHIAED 5ND T & &, HE AR DW= REfIK
BOETEMTONTNS. &<, FABINRREOHEEL
AEARE ORI ICHE T2 LR TH 5.
2.4, FEEEILREA Lk Fﬁkf’%?%(ﬁ&lﬁﬁﬂﬂﬂh
ADMFEDRIR, 6 D OFREMEA FLUULA OEESFENFE0
N T35 (Oda, 1977; BH, 1979; A&, 1994; Igarashi,
1996; 48k, 1961; Suganuma et al., 2018; #4137, 2016).
TNHBD DB, Neogloboquadrina inglei D P LR (ca.
0.7 Ma; Kucera and Kennett, 2000) 23EAJ& IR D9
WMLICEO 5N D 2 Ens EERIED, 2016), M-B 57
TR d HA R SR D FIREMED D B, —, EVEA
FLEAEAREROMEHRE R S, AFRTERIE DS O &
LR, TROBEG, B, 2L CHEEROLEE G
BB ENTES (FH AR, 1994). Z0O#EE, M-B &H5R
D P TR DZBNRELIZo /2 T &R SN T
% (Igarashi, 1996; Suganuma et al., 2018).
2.5. EEBILBRILA Aoki(1968) 13 L @Fﬁmrﬁiﬁﬂ
JULAEOWZEZETTY, [FEEHC 17 AL ARER 2
EL. 25 OIAEREOZEN S, EARBHERIR I
W EERBAR DR TWeZ ENER I N TS, —
4, EAREO M-B SRAIEZOERAR LI bAICERZS T
7= Kamemaru (1996) 13, WiRiEH: 2ROV 2 AR LR
fbaBEOHIZ, NHREMORA G UYL AL RITIRAE
LTWbZEaEHLE.
2.6. IERILA LREREEO KA ORI TH
NTHAWn. Z07H, Suganuma et al.2018) 21 A,
REFAERNFIC CbCS 22 5 PE T 2 Bl R A O FE e s
HNETo. FNHICLDE, CbCS DEIAJGHERG R D&
JEEEE, B EEMomEOEEEZITTHD, &<
MIS 19 IZBEZF 7RG 5N TN 5.
2.7 BR¥(tA, BELA, BRmith, BEEEELCA H
A & BEIbAE, ERERASRTOBRTONTH
D ([UH, 1986; R, 1973; 55, 1990), WinbEE
WOEBITIE U RS K OHEHRROZ(EATRED 5T
2. iz, RESTCEHCEBRMLA SRR LA O

M
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WEM 125(1)

WETOERDHEINTNS.
3. mthRER

CbCS &8, LiREREZ 4 & Ui & A nmse
FEWELZEFD. HINEN 196913, FRE2EDH
ARBEEFE#RE L, CbCSEfEDEENBNIZHBNT
WRERRD & RN OZ{LEF AL, M-B 5% Ku2 7
TIOTMK30m &Lz ZD%, Niitsuma(1971), #i
Z£(1976), BIHE - #HEH(1984) 12k 2 —HDOWFFLIC
EoT, Wit ra il T M-BEMMIKWR2 777
DT 50 mFHITH DT EAVREN, M-BEHD2m k
MO A EMELKILKE (TNTT 77 2) BAlGE I Tn 2.
%7;:7 Okada and Niitsuma (198913, #7232 &,
EENBELOEEICBWTTNTT 77 7 DOE N2 M-B 5
AR INAHZ EaHMELZ. ZOTNTT 77 J135EE
JIHBWIZ BT S TEL a2 ilBNWT —H#HOT T T
(Byk-A~D) &£ &EBHIZHOTByYk-E 77 7 & L CadiEn
T3 HDTH S (Kazaoka et al., 2015). =L T, Tsu-
nakawa et al. (1999) 13, Z oKz HIc L
M-B #ERICB T 2 MUK EBOEILETT> . T D,
Aida et al.(1995), &M (1997), BLUEH Q01D ITL>
T, TEEIa2iIBF2 M-BERNBYk-ET 75D
AL 1.52.0m (FEICALET 2 2 &G I b,
ZNGS DFEERARIFTEIC BN TS, M-B 85UT T R TER
MG L 0 RD &Nz i MG G SRE SN TN
7z.

—7J, Suganuma et al. (2015) 13115 K T/NEHl &
Ta o SERELL 72BN U RS BERE 21TV, SR O
G LIS RIS DB E 2T TN D T E &S
MZLT, M-BEANBYk-E 777 ® EAi# 0.8 m I2f&
EEddZE&%RLE HWT, Hyodo et al.(2016) 1ZH
Wt r s a s TIEIL 728 —1 > 7kl 2 FHu, 210
M-B 55 Byk-E 577 5 @ k4L 1 m fhEICfiES % 2 &
ZELTWS, S 5ICHEA, Okada et al. Q017) 1 T4
Yoy a BIUEEMRNY Y > a > h b HICBE ) fRAE
(10 cm 1B O RS Z#REL, INns0tr >3
BT M-B BTN 5 SR 5 L DA B 3
Byk-E7 77D EA02m A5 1.95m OICE®D 5N D
&, ELTM-BERDNBYk-E 777D EAL 1.1 mIZf
B9 oI Lzmli(Figs. 5, 6. ZOfRIE, Suganuma
et al. (2015) 3L U Hyodo et al. (2016) D5 E HI1FIFHEE
HBWTHO, WIFNDH CbCS IZHBT 5 M-B 55177 Byk-E
@A 1 mAABEICAET 5 2 E2RLTHS (Fig. 5).

L EDOFEFRN S, CbCS IZBITF 5 M-B 5513 MIS 19¢
KRIALEL, EORFERMEL 772.9ka £725 2 &S
MIT755 7= (Suganuma et al., 2018). Z® M-B BFH4E
fEVE, JERPEPE(773.1 ka; Channell et al., 2010; Chan-
nell, 2017) BE VA > R¥EE(772 ka; Valet et al., 2014) 7
SHEINTNDRFEREE AN TH . Tz, B
Bh o "'Be 75 v 7 A0 E—r n S HEE I D M-B 5
SHAEARAE (772 ka; Valet et al., 2014; 770-772 ka; Suga-
numa et al., 2010; Simon et al., 2016; 768.5-776.0 ka;

TELY 2 a3 > O -SRI GSSP ke 13

Simon et al., 2017), BXURLERTTINKE SNz
Y 1 227 (EPICA Dome C) D "“'Be 7 5w 7 A5
KD S NTZERME(771.7£6.0ka) E BESIITH 5 (Ant-
arctic Ice Core Chronology 2012 [AICC2012]; Bazin et
al., 2013). CbCS IZ3B1F 2 g &0 iz I (A8 i g A&
Wi E / ALICB T 2 HIM & U, @IS m /D) ITD
WTH, CbCS DEMRETIVICHED & 1.9kyr LHEEI N
(Okada et al., 2017), 4t K 7 ¥ @ & £ (2.9-6.2 kyr)
(Channell et al., 2010) &I1FIF—89 5. —J, CbCS D
FRETNICEDZ, Byk-E7 7 7 @ U-Pb FMED» 5
M-B B EREZEHHE T 5 & 771.517.2ka £735.

4. KIKER

LB T, AR O & D ICEEZR K LK DY IR

VINTHED, EIEZNBICELOLY > a A3HA
SR BT B BRI LK OY A T 72 a>d
—D & EN T35 (Satoguchi and Nagahashi, 2012). %
7z, INHOTT I, KRER, HEEBERE BRUM
BIERES & OEET—EHR O KILIKE & QIR LD 5
NTCW2 HTHIEA, 1980; SfHIEA, 1994; B, 1995; B
FHEA, 1999; BIFEN, 2000; EfEiEA, 2000; Suzuki et
al., 2005).
4.1. Byk-ET735 Byk-E 77713, EEFIREIH
95 LRBEHO L-M BERICBWT, Ho & biiE s uE
T & % (0Okada and Niitsuma, 1989; Kazaoka et al.,
2015; EiliEay, 2016). CbCS IZHBWNWT, Byk-E 77 71d
1.0-5.0 cm EOAEOBEAEMAKILIKTHD, ETEE
IREDWE )L MEIZHkENS. KU T ZDRITEICE
GEIT, REOANGEDTMRES RH) A & BREA
ZEE. JEM, REEdnn, AREOFESERE, B
KB ARG S, Byk-E 7 7 Z i3 Lk
JR O YUTS 7 7 7 &xf bt & 71T % (Takeshita et al.,
2016).

Byk-E 77 JIE MIOWEI I MEgZERET 5 I &7a<
WL ChBZens, BINKILIREBEY CHD EEZ 5N
%. Suganuma et al. (201513, Byk-E 77 JiZ@En >3
DI a kT ERG E LT SHRIMP (Sensitive High-Res-
olution Ton Microprobe) U-Pb FAGlIE 21T\, Byk-E 7
T7IOEHFEMREL TTR27E72ka DEZEH TNV S,
Byk-E 77 13, CbCS 24T M-B A OM Fic i
LTWasZENSE, M-BEROFERRELT TR, X%
JEBBHEREOF ¥ ) T — a TR L THEERE
WY 5.
4.2. ZDMHDT TS CbCS 513, Byk-E 77 FLISNC
HEK DT T I MR SN TS (Kazaoka et al., 2015;
Nishida et al., 2016; Suganuma et al., 2018). Byk-E 7
7 5 @ EALIZE Byk-A~D D4 DT 7 Z5%, CbCS Lk
HOEW )L FEFITIE Tas(A-C) BE U Tap (A BE U
B) 73#Z® 5 1 (Kazaoka et al., 2015), &2 a > RoOxt
P EE BRI R LTS (Fig. 5).
5. {LZERF

CbCS o5 5N 7Bl - IKAR LA OFE FEFAL
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Stratigraphic distance from the Byk-E tephra (m)

) N - ) w IN » 1o ~
S ) o o IS 1) o S ) =)
T T D P T T BT B B I T I I S I B I I I I B B |

&
S

A
o
L

Urajiro

YWO1 smers,

08 .n

09 wuur
11 S5

TH#EE V3> GSSP RET— L4

= YT760
Yoro River
= 730
=720
=712
= 700
= 690
= 680
= 670
= 650
= 640
= 630
= 620
= 610
= 600
Ku1 - D50
TB-2 core
Yoro-Tabuchi Hyodo et al.(2016)
0 -
Ku2A
_____________________ 104
__________ z i
3 20}
3
''''' o
=
,,,,,, 3
3 A
o
o
]
o
Yanagawa g %07
<
o
YGO06 == » 8 ]
"""""""""" 40i
: 507]
. B3-86 ]
. N = ]
“Chiba section
Polarity Chron Lithology Samples
- Brunhes e pUMICE — paleomagnetics
= fine ash - oxygen isotopes
[ ] Matuyama .
———  scoria - Mg/Ca
[ siltstone - pollen analyses
——— thin sand layer » radiolarians
=====sand layer » nannofossils
I sand with mud crusts I high-resolution interval

2019—1
Kokusabata
5 Ku1 D e
o
LRI | 05
- <
=== q
:: < 10
=== q
===
- <
- 15
- <
LR |
:: <« 2
=== 4
- <

=== 44 25

LR
i
- 30
=«
LR
A«
:- <« 35
o«
o <« 39
Byk-A
—————— Byk-E

Fig. 5. Detailed stratigraphic correlations of the Chiba composite section between the Urajiro, Yanagawa, Yoro River, Yoro-

Tabuchi, and Kokusabata sections in comparison with a drilled core (TB-2 core) near the Chiba (proposed GSSP) and Yoro-
Tabuchi sections (Hyodo et al., 2016). The stratigraphic correlations are based on lithological changes and marker tephra

beds. Sampling horizons for paleomagnetic (thin horizontal bars), 8O (light blue lines) measurements (Suganuma et al.,
2015; Okada et al., 2017; Suganuma et al., 2018), pollen (orange squares), and marine microfossils (calcareous nannofos-
sils: red triangles and radiolarians: purple triangles) are shown in the figure. Modified from Suganuma et al. (2018).
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Fig. 6. Chronostratigraphic and stratigraphic features observed in the Chiba composite section: Clearly recognized geomag-
netic polarity reversal (Matuyama—Brunhes boundary), high-resolution 8'*O stratigraphy from benthic and planktonic fora-
minifera, paleoceanographic and paleoclimatic changes reconstructed by marine microfossils and pollen records. Schematic
pictures of analyzed fossils are shown. SST: sea-surface temperature. The LR04 benthic stack (Lisiecki and Raymo, 2005)
and the eustatic curve of Elderfield et al. (2012) are shown for comparison.

RHZEEN S, MIS20 305 MIS18 miEIC BT 2t
KEEDOHEAEMMETL S N7z (Figs. 6, 7). Efi/sZ @)
IZHEHETY % &, Termination IX E# & MIS19 8¢/ 5
MISI8 HiFIZBNWT, A FLEUb A ORI AL LI
BTELOEWEROEE Z/RY. ZOBRRMKLOZS)
M, EARFLIbA ORERFEMKLAT L D ISR
EVeW, REKBREZIESOZBEERL TS EERS
N5, BIEOILHATEEICB N T, —RITH S O E L)
ITNE W, IREOHEELARIIIEFEITREN. Xk, FilEE
B LU A OB FERIAR L DR EERREE (—0.24% /°O) 13, 1
5 DEEE XD B K E V(0.5 % /salinity) (Oba et al.,
2006). L7=h5>7T, CbCS 2B B ENA FLRA DB
FEMR AT, 0SB 2%E (<50 m, Globi-
gerina bulloides) $ X Ui &g (100-200 m, Globorotalia
inflata) D/KBEEZRL TWDEEZALGND. &I,
Termination IX [E#£IZH1T 2 ZIMZ/KIRAEI, Younger
Dryas @ & S I 2788 m b1 X 2> &R L TV S AR
MMdb. —F, MIS19 ¥ 5S MISIS i DEE - #ik
BRI DRFL & bk U TR E < LB T 5 (Fig. 7). 2D
Z&id, ZOHRICILIER I B W TEHE /KO AT A
EELIEERBET D,

MIS19 [CH(F Btttk D TR - BB FEENRLER & DLLE

CbCS ML Nz di&fe - L ELE), & <ICTEEE
FINAR L ZE BB K e OZ 8, Termination IX O
TAIDTITBWTCI I AEYF YA VIV EEENTH
5. Fiz, ZOFEkEEMY 1 237 (EPICA Dome C) ®

rsEacsk (Augustin et al., 2004; Jouzel et al., 2007; Be-
reiter et al., 2015), ALRFEEBIVA > REICTBT 5
I F R LA E) (Channell and Kleiven, 2000; Hodell et
al., 2008; Valet et al., 2014), JUHERAHEERE FRINRLL
EEA L w27 (LRO4) (Lisiecki and Raymo, 2005), {7k
#711% 2 (Elderfield et al., 2012), 3 & U bipolar see-
saw model IZ U727 THEEL /U —2> 5 > FOHR
sLék (Barker et al., 201D &9 % & (Fig.7), =0E
1 Termination IX B, BXUMISI9 #¥:0 5 MISIS
AREIC B D2 EEOLZHNFIEFRAL TWE I ENbhs.,
—7%, Valle di Manche &7 > a > O R R IK LA
(Capraro et al., 2017) &, % U 7 H1{f Sulmona #1125
VB SR R AR LE B K OVREEHE & A Sicék (Giaccio et al.,
201513, hodi&Eiskicxt U T Termination IX ® %
I 2UNRRRL, M-B BEROFERBHRICRZ> TN D
i, Sulmona 1D M-B 5 DEAUT DWW T FRAL D
HEDER S N % 75 £ (Evans and Muxworthy, 2018),
Valle di Manche =7 & 3 B 5 M-B R OEA -
B DWTIEEREI AWM EEE Z 5N 5. £/, Montal-
bano Jonico &7 > 3 > DR FIAHZAE) (Simon et al.,
201D, FEEICHMRENE NS DD, MIS19 %1 —E
RIEDREENS (Fig. 7).

A, MIS19 13, #L3E 258 O K8 S BAE O K
MISD o7 o7 &L THEHEZED TW5. CbCS i,
MIS19 IZHBF B & - A A B L ik & = 2 fifRe CREtT
TELRETTERL, M-BEREHNT, El7Y 12370
WEFRLER S B EEOR L ITHETH D, RIS TR

=
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Fig. 7. Paleoclimatic and paleoceano-
graphic changes through MIS 19. (a)
65°N insolation in June (red), and pre-
cession parameter (gray) and obliquity
(black)(Laskar et al., 2004). (b) Deute-
rium isotope (purple)(Augustin et al.,
2004), and temperature change (red)
(DTs) (Jouzel et al., 2007) from deute-
rium content, and CO, concentration
(yellowish green)(Bereiter et al., 2015)
records of the European Project for Ice
Coring in Antarctica (EPICA) Dome C
ice core. (c) LR04 benthic stack (gray)
(Lisiecki and Raymo, 2005) and sea
level proxy (blue)(Elderfield et al.,
2012). (d) Benthic §"*0 record from
the Montalbano Jonico section, Italy
(light blue)(Simon et al., 2017). (e)
Oxygen isotope (8'°0) stratigraphy
from the Sulmona lake sediments, cen-
tral Italy gbrown) (Giaccio et al.,
2015). (f) 8"0 records of Ocean Drill-
ing Program (ODP) Site 983 (red/blue)
(Channell and Kleiven, 2000) and In-
tegrated Ocean Drilling Program
(IODP) Site 1308 (light blue)(Hodell
et al., 2008) from the North Atlantic.
(g) 8"°0 records from the Indian Ocean
(red)(Valet et al., 2014). (h) A synthet-
ic record of Greenland climate vari-
ability (3'0) based on the thermal bi-
polar seesaw model (purple)(Barker et
al., 2011). (i) 8"°O stratigraphy of ben-
thic and planktonic foraminifera with
the broadleaved pollen percentage
(yellow shade) from the Chiba com-
posite section (Suganuma et al., 2018).
Red/blue lines are from the Yanagawa,
Urajiro, and Kokusabata sections (1.0
m spacing), and orange and light blue
lines are from the Yoro River and
Yoro-Tabuchi sections (0.2 and 1.0 m
spacing). Possible location of the
Younger Dryas-type cooling event is
shown by a blue arrow. Ages of each
data are based on each studies. Modi-
fied from Suganuma et al. (2018).
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B2, PEREIRORIEE FUES TR IND TN
7 UBEEEFT D GSSP £ LT, EREE T A
ITHTEEEGEY > 3> (CbCS) DHILETRD TR 2 g
CERRETRL, BEONRIIMAT, Wk - SOMEET
DO WERAT), FERFAMAKILED), B0, BUban
£, 77 ORI, BRUEOMOHEREFR - HiEk(b
BRI 2 fEA BT, CNETICHS MR- =T 4
t 272 a BLUCbCS DRHIILLTFDOED TH 5.

(DFEELY a3 >BELUCbCS Tl L-M #5t GSSP
@ “primary guide” T®H % M-B 5t ATBAIRIZiERE T
5 KXFERETINICEDS &, CbCS KBTS
M-B B SRR AUE L 772.9 ka, iSRRI 1.9
kyr EHEE S5 (Suganuma et al., 2018).

Q) FELY > aicBnT, HlEEKLRED LT
75C#H%Byk-E57 I/ M-BEHROK 1.1m T
RZFDH 5N, CbCS 2BV DR/t bz alfe & L
T3 (Okada et al., 2017). Byk-E 77 705155
N7z 772.7+£7.2 ka @ U-Pb zircon K (Suganuma
et al., 2015) H CbCS DREMRETINZZHEL TN
2.

Q) @5 fREE D IRAF LU A DB RFIGKEFIC X -
T, T¥ELI > a>BIUCbCSIZTHBNT MIS20 %
(801 ka) 72 5 MIS18 Hif¥ (748 ka) D /K- >k H]
A 27 IR U 72 e 7 i P HERE Y S e iR =
17z (Suganuma et al., 2018). M-B £5HTH1T o4k
FEHEEL 89 cm/kyr TH 5.

DREDRY, fekrba, SO ERMLA (GIKE T
A, HEea, it - AR LA, el
A, BEa, Bphiba, miesea), e
e (Bfef), & U TR LA 72 & DHER(L
T —ZI2E 5T, MIS 20 #Fn5S MIS 18 #if:
T CORE R S - AT S Nz,

PULEoF#EEY 2 3 >BEUCbCS DRI, L-M 55
GSSP & L TOELREREZ TR THR WL NV THiZT. £
e, TERI a3 2 D0EBRIEEZEL T, WS
Y 7 EANRL, BHOREFEDEDSNTWS. kDl
Ems, RLETERZ > a DHICHBRIIEO SN S
Byk-E 77 2O Filiz L-M 55 GSSP O b - & HEN
JEHEL U CTIRET 5.
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