Online ISSN : 2186-490X
Print ISSN : 1346-4272

WMEREMAHRS
BULLETIN OF THE GEOLOGICAL SURVEY OF JAPAN

ol. 73 No.1 2022

e R WEREREEYY—

SI45E



3R AL AIE 2SR
BULLETIN OF THE GEOLOGICAL SURVEY OF JAPAN
Vol.73 No.1 2022

F 3
VG =] P ER I o ST oD BER A o S i U
PIHREL - et - KIS 1

S BIRVL RN C D SO EIRA, —— RS e O VR S ARAFPED B ——
KWEFFR - EFELE - Mok fh 19

RENDEH
B3 o 4

WEHERA L Y 4 — T3, INFEOWE - FBlE#HAEO—BR e LT, T, FKLTE, W%
BRI 2 PKETN IR THE LA MED T 5. BETFINREEIC oM 2 HEio LiRE I,
O TOHEENRELA 5 DMK OB, b, Jer bR Tns, [FRED 1ML, 7Y -0
Ak BERBHIET, LR M T2 RBE L5 TED, EORARLEMIBEIN TS,

(BE - 3 PHEGE - s 1)

Cover Photograph

Awa no Dochu (earth pillars of Awa)

The Pleistocene Dochu Formation distributed in the Tokushima Plain is fluvial deposit composed of gravel, sand,
and mud originating from the Shikoku and Asan mountains. Awa no Dochu is known for its erosion landform with
the forest of earth pillars and is designated as a national natural monument.

(Photogarph and caption by HANEDA Yuki and NAKASHIMA Rei)
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HANEDA Yuki, NAKATANI Koretaka and MIZUNO Kiyohide (2022) Subsurface Pleistocene
magnetostratigraphy under the Aburagafuchi Lowland in the southwestern Nishi-mikawa Plain, central

Japan. Bulletin of the Geological Survey of Japan, vol. 73 (1), p. 1-17, 6 figs, 4 tables.

Abstract: We conducted paleomagnetic, rock-magnetic, and tephra analyses for the 80 m-deep core
GS-HKN-1, which was drilled at the Aburagafuchi Lowland, Hekinan City, Aichi Prefecture in 2018,
to constrain the depositional age of the subsurface Pleistocene in the Nishi-mikawa Plain. Progressive
alternating field demagnetization was conducted for samples obtained from 73 horizons, and then we
assigned paleomagnetic polarity zones based on resulting paleomagnetic inclinations. In combination
with the previously reported palynostratigraphy, it is thought that a polarity transition between 40.44 and
40.75 m within a non-marine mud bed is correlated to the Matuyama-Brunhes (M-B) boundary. The
stratigraphic position of the M—B boundary is consistent with those in oxygen isotope stratigraphy from
the Boso Peninsula, and North Atlantic. Volcanic glasses in muddy beds below the M—B boundary are
likely admixture of several reworked tephra beds, based on large deviations of those refractive indexes
and major and trace element components. In the future, additional thermomagnetic experiments, and
pollen analysis are required to evaluate the magnetostratigraphy and correlate muddy beds to Marine
Isotope Stages.

Keywords: magnetostratigraphy, Pleistocene, Matuyama—Brunhes boundary, EDX, element analysis, LA-
ICP-MS, Nishimikawa Plain, Aichi Prefecture
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Fig. 1

Locality of the coring site and geology around Aburagafuchi Lowland. (a) Shaded-relief map around Ise and Mikawa bays

modified from Geospatial Information Authority of Japan. (b) Geological map around the GS-HKN-1 core based on the
Seamless Digital Geological Map of Japan, 1: 200,000 (Geological Survey of Japan, AIST, 2018)

% (#%, 1984 ; F&JFIT A, 1985 ki, 1994 ; H B PNIE
22, 2011). MR OHERERIE, HEE LAk & OER
{LafHE L 2 D% L%, RE T T OERKE X+
52 &THEE Sz (FE, 1984 5 ZJFIE A, 1985 5 ARl
1994). &7=, 201742 5 [lE S 28 - =ER
SRR OIE - IR A O —BR T, S O - RK b
T8O mDA— LI 7R VrRBiEHEhiz. TDGS-
HKN-12 7 OfERH A5 6, KEREH RO E it
12361 5 R RN K 2 7 — ¥ (MIS : Marine Isotope
Stage) 16 ~ 2112 3 2 TERHE A TESEA DAL WS
X7 (BTEBIEA, 2019). LA L, P4 =i Bt F D
iRt a R UAOFERERICZ UL, 2 OHEFEE
ROHEEIZIIMEED R A B 5.

Z 2T, AWFFETIE, RO N RER B2 &
FRE AR TS2 I L AHMNE LT, GS-HKN-12 7
O IR S s K OVE ARG T A FEE U, o R S
BRORE L ERG L2, Z2OMHE, GS-HKN-12
TSI U ERERE L. 72, Bl-7 0 V5
REOTNORERZEENKUT T ZOFEKT, I
FOMBITCE I EFNE L 72D TR EZRET 5.

2. HBEFE
2. 1 Zk'— U \/7%**5"

GS-HKN-1 3 713,  BESEAiAe & 78 B A AL A &
V8= P29 R K D FENE L TV B HENE - =IE
?ﬁ}%fﬂj‘é@i{ﬁg . ﬁﬂﬁ%%ﬁﬁ@#%& L/«C, ﬁz\}ﬁjng%@

T WERE R T ET 26 2127 5 72920181
A X N7z, JRHIH S, BRSSOl (34
° 53 274" N, 137° I’ 278" E, JLEfEE:1.38 m, 55 1[X)),
PEHIFRIZ80 mTdH 5. GS-HKN-12 7 T, HERH AT
Huba - e, ioteiR Rl (ks s,
2019) 5 KT CNS 3 #T K H - FfEE, 2019) A1) & /-
ZOKER, GS-HKN-12 73R, & O - Wk
JEE G & D ~ RO RE TR & h B EBHICIX oy & h
D &y 5O - WEHRICHE D WREY 4 2 L8R
Sz (BTEBIE A, 2019). F 7z, HE39.85 ~ 7578 m
XE DOV » 5, KBREFEIZ 351 5 Fagus—Quercus 1
(MIS 16 ~ 21 5 A, 2009 ; &I - AIB, 2018) iZxttb
ENBEPMLATHEA R XT3 Z &h 6 (Rl
20, 2019), 7§ =S BpHE T S OO HEREBRAG AR A
L L EH00 kak TS REMEN H B, X 51, GS-
HKN-12 7 Tid, BEFHTHEHALGFRIBETDH 5
HACAEESE Lancineis rectilatus (Naya, 2010) 23EEHI9 5 A
(FTEBIZ A2, 2019 5 Naya, 2019), i IZH1F 52D
PEHERIZAIATS 5.

2.2 HFEHER

REERFBFRPBRE CATOBIEER22mED T
PLOYEEF AR, 73 FHED 5y M X I K OV A
AN DR & BRI 72 (BB 2 [X) . BURHREUC 13 755
Tem DEY A —FKx A4 VllF 2 —T%HL, a7
RIZF 2 —TE2FTMLIALZ & T, SEHRIZOE 1R
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HREHUE,  Jo & UM AR SRR O SREURFHE. BRI >
(2019) & —EBRZEE. Fagus—Quercusits 13 KPR IERE
125 AERHMEA I HED < RS, 2009 5 &JF -
A9, 2018).

Columnar section of the GS-HKN-1 core with pollen
and diatom data, and horizons of paleomagnetic samples
modified from Abe ef al. (2019). Fagus—Quercus
Superzone is from a local pollen zone for the Pleistocene
Osaka Group (Hongo, 2009; Nirei and Hongo, 2018).

Ttz PRI 7.

2.3 SRR

BRI LT, BT (NRM : natural remanent
magnetization) @ & ¥ & U B B % ¥t 14 B (pAFD :
progressive alternating field demagnetization) %, [E| 7 i i
R DB S — L F L — ANIZ R E & 17z SRM-760R
I8 A Z L — RUGEEEE A T )7 B (2G Enterprises 1 8) %
FIWTH 572, pAFDIE, ¥ — 2735430 ~ 10 mT D
PTIE2.5 mTAIAT, 10 ~ 60 mT OHFIFATIES mT 414
T, 60 ~ 80 mT DA TIZ10 mTHIAT, Arit16EH
TIT o 72, BIHGERE O FRERAL N2 PV R 25
(Zijderveld, 1967) 2% L 7=.

2.4 EAEKSN

AR TIEEAHRFERE LT, 2 TOMBHIH LT,
TR, RS EE, b &AL GEEREK
WAL, ARSI R AL, W EIRIR R AL O -
FRERALNE 21T > 72, 72, 9O L TR
AL DB ER 21T - 72, Th b AEABFER
3T RTEAABIIZERTICTERL 2. ITIC, ShlE
KoM O % FCik 9 5.

W () 1, WP ICE Eh 2 mEEEYO2EE
BANMT 5, HREEEIEIX, KLY-3S Kappabridge i
Hat (AGICOHH) % F W, Ml % it 3 AT D 4 T Dk
BHIR L THT 5 72

JEIERETR AT (ARM : anhysteretic remanent magnetization)
13, ARHCEREG 2 M A B2 6, RS O IRig %
HWAIWME S E L Z L THRAINRERILTH 5. %
DIRIENE, RFRGS O B R IRIE & BLFRGS R 1 He il
57, T N—EDGA LR OB DO &R
i, WfE, b XUBSHEEERICRET 5 (N, 1999
L), F7o, WG O ARSI R A R
FTEDICR LT, ARM IZ PLE AR 75 Bl hsd 1§ 12 25
WEhsd. ZD728%, ARMABRE D 55T 25 ARM ik
H (kcppw) & TG LD I (ear/x) &, BV O RAZ D FH
K 2 J8A5E & ¢ 5 (Banerjee et al., 1981 5 King et al., 1982) .
ARM DFEGF, WL % 0.03 mT, SEHhEss O i
KHRME % 80 mT DA T T, SRM-760R/ ¥ 2 A )L — Al
BEAOBNGERCTIT - 72, 72, ARMAHKEL
ARM 5% % FIINES5 8% 0.03 mT CTHIMSIL S 5 Z & TR
HiL 7=

HeRh IC & £ 2 RS OHEE X, LD
Fy VT —%RETS LTEHETHS. 22T, WkH
DORRIGEVESY # HEE § 5 72012, SRR EL IRM :
isothermal remanent magnetization) (D %51 3258 % 17 7% - 7=.
IRMIZ, —EDWE FIZHWT, FUBHI AT 2 2501
Y5223 L THER/INZELTHD, NRMIZIHEN
TEWX S A X ORI TFNDHF G KE W, TR
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W, B 5VIEERTICE 5 BB O ERES
B4 5L, IRMEBEIIKRES LS. 207D, IRMD
BRI, SR OBV O GA RO HL £ &
e 5 7-DIcHVWEN S,

¥, ek K OHRETERE S 5 BRECL 729 D Ok
2R LT, MBS 10 mT 2 £ 3000 mT O [ 0 &30
BEREIC T, IRM D i & iR R AL I E 2 520 L 7=
DAER, BRREE IR 2 17 7% - 72308, 422000
mT CREAL BRI L 72, 2 Z2°C, SRS 512000 mT T
1S X 72 IRM % B3 HI S5 1R 5% 54 i 1L (SIRM : saturation
isothermal remanent magnetization) & L C, D4 TDiR
BHZ SIRM % #51% - BALIIE 217k 572, £ D%, SIRM
ST &2, HHERRE IS 100 mT, 300 mT O E T EARH
|2 IR (BIRM : back-field isothermal remanent
magnetization) % # % U, WILHEIE 21T % > 72, IRM#&
sk & AL I 2 2 h, MMPMI10/ )L A gk 26
(Magnetic Measurement £t %) 35 X U'NMB-89 2 ¥ F — fi#
J1aF IR EY) % v 7z

RIGMESEE T N TR ORI ik & D. ZD
7=8, NLHGALOBREE W 5 2\ I3 B REE RGO
BT T BEIS & - T, HEREMNC & £ B RS % HEE
95 Z ENABETH B (Kruiver et al., 2001 ; Heslop et al.,
2002 ; Maxbauer et al., 2016 % &). % Z T, 9DDRED

-
—

IRM BX R & 1 928512 & > TH 2 IRMBERIIRR IS L T,

PRI T T o D oy il % iR A 7=, A7 BiElC 18, Maxbauer et
al. 2016)12& %Y =77 7Y r—3 3 YMAX Unmix %
Wz, f#bricis, JTOEREE. 7 — 2 % SF (smoothing
factor) =034V L04TAT 74 V#i5E L 7= IRMBES
WAEWMYT 5 Z & T2 IRMBEE R 2 v 2.
%72, SIRM¥ K U'BIRMD L HIERZR 2 5, Skt

(S-0.1, S-037 : Bloemendal et al., 1992) # 5.4 LU 7=, S.oir,

SostidZhZFh, REIA 100 mTLAF, 300 mTLL o
MIEYESE I A S IRM ESIRMD L TH D, AR O
7 2 VM (w2 3 24 PR AT A P EREDK
TR 1 DRV & K7 = oM (N~ & 4 bR
= A A I E O EIRRET O G TE SR DM 25
HEOEETH S, 20241 XD EWNZE, BPho
K7 x a@VimEN SN EERT. ThE/85 4 —
2 DB M2 13 Bloemendal ef al. (1992) 12k AL TOEE
A& W~

St = (1 — BIRMo.it/ SIRM) / 2

S.31 = (1 — BIRMoasr/ SIRM) /2

%%, BIRMor$ K O BIRMosrid, 72 hohEimiss
100 mT 5 £ U300 mT IZ¥61F 3 BIRMAEE TH 5.

2.5 FI759H

W 5022 ~ 7238 mDYSBE R 2RI, 77 7450
EiT o7z BE37B A, BERESHE S 0ICK B K
TV ERODBRERL TR T #BREL, 60°C CTHRIFHEZE

X%, 0.063 ~ 0.25 mm DK F & SRS U7z,
ZOME, +aEBEOKLF T 2 EEL 3R (5225 ~
5230 m, 58.42 ~ 58.47 m, 59.85 ~ 59.90 m) IZ X} L C,
JEHTE, TGy, MEITLRAN, B K ORCEHHSE T T
DKL T 2 DTGIRDBER AT - 72, KILA 7 ZDTEIK
DHFRF - B (1996) 129t - 7z, KA 7 2 DJEir#
124, IR SR 4 R E R EMAIOT (Fid#, 1995)
W7,

KiliH 7 ZDFEKT3HTE, Si0,, TiO,, ALO;, FeO*
(¥Fe%xFeO & L TEFHE L 721i), MnO, MgO, CaO,
N2,0, B EUKO0DIRIFIZONTENEL 7=, s3#ridtk
R EE ISR L, — 3L ¥ — S EEX R T
& (EDX) EMAX Evolution EX-270 (HORIBA #) & A7
T PEMBISUL510 (HITACHI ) % Fv 72, 73 &3,
DR EE 15 kv, UBFER0.3 nA, B UE — 41890
nm T4 ym U5 %2 ERXE, 74744 %5000 LT,
TZrAu—xty b (e (pZ)) BT TER LK OHIE
ARET R

EICR AT IR SR IR L, L — o —
T TV = g VIEEREA T T X~ B ESTET (LA-ICP-MS)
% A7z, ICP-MSIZ, Thermo FisherScientific f1#4CAP Qc,
L—H#—F7 T —¥ g v3E(LA) X, TELEDYNE#1#!
LSX-213 G2+ & /=, LAICK B3 RBEADF vV 7
HABXOTHA L Y OFHED =003 ¥ 3 VI AU
&, He HH 2 Z i U 7=, #EUEERH I, Kimura ef al. (2015)
MRS, USGSHFEITDGSE-IGH T 2 & W &k,
SRS 220 ks 5 211 ~ 13RI LTk
fg L 7=,

3. BR

3.1 X7 IV

PAFD DR A 3RITIRYT. GS-HKN-1 7 7 OikkHE,
iR AL TR LOREESTEL, 1ZE A ZORBHTHE
L OEE AR TH 7=, 22T, AFETIE, &
REFRHR LISR U 22HER 2 L E 2 5 AA ~DD4
DIZXGr L, WPEHE AR Az, £72, GS-HKN-12 7
WESRRE LTI R Tnan2g, dliAlm
e HAWERIETE RN, 202, miHEids
Mg SUIR AN D %, (RADIE (FAE) O5A LI
B (LA %) OEA IR E L.

27 AADRRHT, BRI ORI > TH
& N B & & A (B3Kla-d), 273805 5
IR HE NS B 1), Bk, il
mT BLF OB (KRR TIE 57) & 15 mT BL LD ssy (R
W) izadohsd,. Zhe 2200 LRFE, B
X E TR RO MR 2 fi < A8 H 0 (B3
Ka, ), PREESISMA02— e 25 % 2 R b oD g 1 i
ML EH S TWAZ L ERETS. £72, 75 A
DL, FHT4240 mT LI THEERRE 2 E 2 5 %
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BRI O MR OMRER. FREE L OREEICE DIV T, HESERE 2 5 ZA (a-d), 75 2B (e-h), 7

7 AC (i), B8XVZ 72D k-DIZHH. HBEOFEMIIARAL 22, Zh ZhOHEBERITERE R PR B &

UHALIREXI TR L, (e-h) & XTI OW T FmMMAEHEE &R L. mRmEZXII X7 P L O/

LT e UACET, Mtz | iman L E T e UTHIR L 2, BARmEER Lo F L K09k,
ZNZIIREAL RS L ORI & USRI OFEF AR T, RACWMER CRR) &, B4 22 o

Y — UM, il RALERE (7) & THRERT O BEALAREE () THIREIL L 7208 (0/3,) & L TIXUR L 7=, SRR
WK EoF B KUk, 2R F X2 PLOTYERE KO EEERAOZRE AR, RS 3%
BAEET. I, HETOBLEE A7 kA/m) 5 Unit @ BASHE X O % H i 713 kA/m) .

Results of progressive alternating field demagnetization (pAFD) for representative samples on orthogonal vector
diagrams. Results are classified into class A (a—d), class B (e-h), class C (i), and class D (k-1), based on remanence
stability. In orthogonal vector diagrams, the horizontal axis is the north—south direction or horizontal plane of vectors,
and the vertical axis is the east—west direction or vertical direction. Closed blue and open red circles in orthogonal vector
diagrams indicate horizontal and vertical components, respectively. Magnetization decay diagrams, indicated by closed
black circles, show normalized NRM intensities (J/J,) on each pAFD level. Closed blue and open red circles in equal-area
projections indicate remanence vectors projected on the lower and upper hemispheres, respectively. Specimen numbers
indicate sampling depth. Jo: NRM intensity before conducting pAFD (unit is kA/m); Unit: each scale width in orthogonal
vector diagrams (unit is kA/m).
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Table 1 Results of the paleomagnetic and rock-magnetic measurements.

Core depth (m) Lithology  Polarity Stability  Inclination () MAD (°) Range (mT) NRM int. (kA/m) «(SI) «ARM(SI) kARM/k S -0.3T S -0.1T SIRM (kA/m)

13.12 mud - D - - - 1.27E-07 9.33E-05  1.93E-05 0.21 0.96 0.80 9.86E-05
15.22 mud N C - - - 1.48E-07 9.03E-05  1.85E-05 0.21 0.96 0.81 7.67E-05
20.73 mud N B - - - 8.35E-07 9.54E-05  7.18E-05 0.75 0.96 0.81 1.70E-04
21.27 mud R B - - - 8.50E-07 1.01E-04  2.06E-05 0.20 0.95 0.79 9.21E-05
21.47 mud R B - - - 5.98E-07 7.75E-05  2.07E-05 0.27 0.96 0.80 8.04E-05
23.44 mud N A 48 12.2 30-50 4.24E-07 1.35E-04  5.26E-05 0.39 0.87 0.63 1.80E-04
24.36 mud N C - - - 4.43E-07 1.32E-04  4.31E-05 0.33 0.88 0.65 1.42E-04
25.78 sandy mud - D - - - 1.20E-07 4.00E-05  1.83E-05 0.46 0.94 0.63 9.62E-05
26.05 mud - D - - - 2.12E-07 1.05E-04  3.92E-05 0.37 0.89 0.68 1.25E-04
27.72 mud R A -13.8 8 30-50 1.17E-06 1.40E-04  3.24E-05 0.23 0.87 0.62 1.31E-04
28.13 mud N A 61.4 14.6 20-50 5.13E-07 1.29E-04  3.03E-05 0.24 0.86 0.60 1.36E-04
29.10 mud N A 40.8 7.8 20-40 7.89E-07 1.19E-04  5.12E-05 0.43 0.89 0.68 1.19E-04
29.52 mud N B - - - 5.95E-07 1.54E-04  3.11E-05 0.20 0.89 0.66 1.06E-04
30.40 peaty mud N C - - - 3.35E-07 9.25E-05  3.14E-05 0.34 0.90 0.69 6.35E-05
35.58 mud N C - - - 3.38E-07 1.07E-04  6.87E-05 0.64 0.94 0.74 2.16E-04
35.92 mud - D - - - 2.00E-07 1.14E-04  7.30E-05 0.64 0.95 0.77 2.08E-04
36.10 peaty mud N C - - - 3.00E-07 1.48E-04  8.40E-05 0.57 0.95 0.77 2.54E-04
36.50 mud - D - - - 3.85E-07 1.22E-04  6.97E-05 0.57 0.95 0.75 2.14E-04
36.88 mud N B - - - 4.76E-07 1.08E-04  7.16E-05 0.66 0.94 0.73 2.25E-04
37.06 mud N C - - - 3.01E-07 1.27E-04  8.39E-05 0.66 0.95 0.75 2.69E-04
37.36 mud - D - - - 2.99E-07 1.26E-04  8.49E-05 0.67 0.94 0.75 2.92E-04
37.64 mud N C - - - 4.84E-07 1.20E-04  9.02E-05 0.75 0.94 0.75 2.88E-04
37.88 mud N B - - - 4.51E-07 1.02E-04  7.50E-05 0.73 0.93 0.73 2.50E-04
38.22 mud N B - - - 1.19E-06 1.12E-04  7.63E-05 0.68 0.92 0.72 2.55E-04
3845 mud N C - - - 2.66E-07 1.04E-04  6.38E-05 0.61 091 0.72 2.41E-04
38.90 mud - D - - - 1.31E-07 8.76E-05  4.47E-05 0.51 0.93 0.75 1.65E-04
40.05 mud - D - - - 2.23E-07 1.09E-04  2.48E-05 0.23 0.95 0.77 9.95E-05
40.44 mud N C - - - 8.53E-07 1.26E-04  9.66E-05 0.77 0.91 0.73 2.75E-04
40.63 mud - D - - - 5.08E-07 1.59E-04  2.01E-04 1.27 0.96 0.83 3.65E-04
40.75 mud R C - - - 2.42E-07 1.71E-04  1.27E-04 0.74 0.95 0.80 2.41E-04
40.95 mud R C - - - 2.27E-07 1.49E-04  7.39E-05 0.50 0.92 0.73 1.57E-04
41.08 mud R C - - - 7.56E-08 1.26E-04  7.88E-05 0.63 0.93 0.74 1.75E-04
41.30 mud R B - - - 1.36E-07 1.09E-04  6.27E-05 0.57 0.93 0.74 1.45E-04
41.53 peaty mud - D - - - 1.40E-07 1.16E-04  8.39E-05 0.72 0.97 0.82 1.25E-04
41.71 peaty mud R B - - - 8.44E-08 9.52E-05  7.22E-05 0.76 0.97 0.83 9.97E-05
41.75 peaty mud R B - - - 1.35E-07 7.46E-05  6.02E-05 0.81 0.97 0.83 7.60E-05
41.90 peaty mud N C - - - 2.88E-07 1.08E-04  7.32E-05 0.68 0.97 0.82 1.11E-04
42.07 peaty mud R B - - - 6.60E-07 1.24E-04  9.44E-05 0.76 0.97 0.81 1.58E-04
42.30 peaty mud R B - - - 1.96E-07 1.17E-04  7.64E-05 0.66 0.97 0.82 1.12E-04
42.50 peaty mud - D - - - 9.44E-08 1.06E-04  6.95E-05 0.66 0.97 0.82 1.09E-04
42.74 peaty mud R B - - - 7.49E-08 1.09E-04  6.48E-05 0.59 0.97 0.82 9.84E-05
42.90 peaty mud - D - - - 1.48E-07 9.00E-05  6.34E-05 0.70 0.97 0.82 8.96E-05
43.12 peaty mud R B - - - 1.31E-07 8.94E-05  7.24E-05 0.81 0.97 0.82 1.02E-04
43.36 peaty mud R B - - - 7.15E-08 8.45E-05  6.58E-05 0.78 0.98 0.84 8.89E-05
44.88 peaty mud R C - - - 6.45E-07 1.62E-04  1.07E-04 0.66 0.94 0.75 3.82E-04
45.06 mud R B - - - 1.05E-06 1.37E-04  6.39E-05 0.47 0.91 0.66 2.25E-04
45.44 mud R B - - - 1.38E-06 1.07E-04  7.19E-05 0.67 0.93 0.69 2.39E-04
47.80 sandy mud N B - - - 1.45E-06 1.55E-04  2.49E-04 1.61 0.97 0.88 9.36E-04
49.60 sandy mud R B - - - 3.42E-07 1.06E-04  1.05E-04 1.00 0.95 0.75 2.27E-04
50.60 mud - D - - - 6.35E-07 1.35E-04  1.52E-04 1.12 0.95 0.81 4.59E-04
51.63 mud N A 28.7 22.6 30-55 8.50E-07 1.11E-04  1.37E-04 1.23 0.92 0.70 4.41E-04
52.60 mud - D - - - 1.99E-07 1.04E-04  1.20E-04 1.15 0.93 0.71 3.48E-04
53.60 mud R B - - - 8.48E-07 1.06E-04  1.07E-04 1.02 0.93 0.71 2.94E-04
54.55 mud R B - - - 2.22E-07 8.80E-05  8.54E-05 0.97 0.94 0.72 2.11E-04
55.50 mud R B - - - 1.99E-07 9.62E-05  9.44E-05 0.98 0.93 0.71 2.52E-04
56.52 mud R B - - - 1.99E-07 1.12E-04  1.01E-04 0.90 0.93 0.73 3.10E-04
57.50 mud R C - - - 1.45E-07 1.08E-04  9.56E-05 0.89 0.88 0.65 3.51E-04
58.50 mud - D - - - 1.94E-07 1.22E-04  1.15E-04 0.94 0.87 0.65 4.34E-04
59.50 mud - D - - - 1.68E-07 1.13E-04  1.20E-04 1.07 0.92 0.71 3.99E-04
60.50 mud R A -46.2 13.6 15-35 1.25E-06 1.97E-04  2.09E-04 1.06 0.97 0.88 1.02E-03
61.54 mud R A -51.5 38 20-55 3.57E-06 2.92E-04 3.73E-04 1.28 0.99 0.92 2.21E-03
62.55 mud R B - - - 1.00E-06 1.62E-04  2.31E-04 1.43 0.96 0.87 7.49E-04
63.48 mud R A -42.9 6.6 15-40 3.96E-06 4.25E-04  6.58E-04 1.55 0.99 0.92 2.92E-03
64.44 mud R A -52.9 3.1 20-45 5.97E-06 3.73E-04  7.65E-04 2.05 0.98 0.92 3.25E-03
65.50 mud R A -46.5 12.4 20-50 1.74E-06 1.88E-04  3.65E-04 1.95 0.96 0.87 1.10E-03
66.44 mud R A -59.2 10.8 15-50 5.33E-07 1.12E-04  1.46E-04 1.31 0.90 0.73 3.43E-04
67.16 mud R B - - - 4.72E-06 1.93E-04  5.59E-04 2.90 0.97 0.87 1.59E-03
69.50 mud R B - - - 1.71E-06 1.38E-04  1.19E-04 0.86 0.90 0.67 3.31E-04
69.55 mud R B - - - 1.43E-06 1.43E-04 1.31E-04 0.91 0.90 0.68 3.40E-04
70.33 peaty mud R B - - - 4.66E-06 1.40E-04  1.06E-03 7.58 0.93 0.77 4.80E-04
71.41 mud R B - - - 1.71E-06 1.42E-04  1.40E-04 0.99 0.89 0.72 4.13E-04
72.58 peaty mud - D - - - 1.22E-06 1.40E-04  1.25E-04 0.89 0.88 0.68 4.41E-04
76.50 sandy mud N B - - - 6.42E-06 2.67E-04  5.10E-04 1.91 0.99 0.94 2.26E-03




VY =PI N SR O R <UE R CRIEE 22)

N2 L5 ICMETRHEARS 5. Gk, 75 ZADREK
T, ERMmPEX L THAIZIAA > TESRMIZHE S
B IRy B VR &I LT, T B SR DT —
& % BT RS 5500 % 47\ (Kirschvink, 1980), RE(L-X
2 ML OIRFA I &R L7 BB 12).

25 ZBDPHE, RELBILEZRIEL TH 57, W

BlcfE>TATF VA %2y b ETAMZHIC (B3 Ke-h).
2RO S B30RAR Y T ABICHHI NS (B1E).

WitiZ B 4220 ~ 25 mT LU T D45 (KRB 15 53)
&30 mT LA Loy (BRI ) 12 6 h b, (KIRk
IR 2 RT3 B 2 VR AR I % R
IHEVWEALH B GEIXL g). 77 ABOMEHE, KA
O EFHEZIE ST ES TS 5.

25 ZCORBHE, REEHILERELTELY, I
WIZfE>TAF LA X v b E TRk Z2H#HiD 0 (3 Ki-
j). BETBHEEBOS B 1I5HER s 7 2CIZHEE NS (5B
12%). 10 mT YA F CHEMN SRR %2 RET 5548
» 5 (FEIX). 27 ACORBHE, RAD LT AHRNCHE
DT E A TEE TS 5.

2 5 ADOiREHE, RELWLEFRFEL CTH 63, M
PR E AR TH B B3R, &3ROS 5173
Ko 7 2DICAEE NS GE1R). HEICE->T2T
LAty b ECKMAER LTS, RADER Y
HOAFHEIZRZD ST — 213, MIEHENTELNED
LT I ADIIHL (BlA X, F3XK).

3.2 HHWHRERF

FAKNZ, 75 AAN DY T ACOLNY FLrb
FIWr U 72 GS-HKN-1 2 7 O g kit 2 nd. 2h?
NORGHRED T T o N4 A &, MR 2 ML OREN (2
5 ZK5y) RS, TR 15.22 ~ 40.44 m O X I3 IEARRG
AR 2 IR (HKN-N14#), % 40.75 ~ 71.41 m

D DX i i 1 2% B3 B g Ay (HKN-R147) Td 5.

Z£¥, HKN-N14 T, %2127 m, 2147 m, 27.72 m
TIRAD B E OB AR T T — 45, HKN-RIHFT
i, I 41.09 m, 41.90 m, 47.80 m, 51.63 m CIRFAH
THRIEDE#H#EERNT T — 28 H5N T\ 5.

GS-HKN-12 7 O i T &R E4E D ib B e fd 7> 5 $REL X
N7k (76.50 m) 12, 7 7 ABDIE# &R~ T (B3I
h, H4X). ZOFRBD72 cm EAIZITEEE A, &
TEWETeRE & 2 O L OB ORER 2= v M
FohbZEHE (REIEA, 2019), EBI O F R
(HKN-N24#) & LT#S .

3.3 EAETHYE

EABSNIEROBEE T a7 7 4 L& AR

NRM @3, W 13.12 ~ 5950 mD EIFX B Tld b
Bk Z—EDMTHMT 35, 60.50 mEIEETIX B )fE
WD I0fF 2L, 61.54 m, 6444 m, 67.16 m, 70.33

m¥B K U76.50 mD 5 FHETRICEWE AR Y. [HARIC,
ARMW R ZE L, 60 mMEORFXB TR EHHL,
NRM 585 & [f] UJgHECRICEWE 2R 7. gk &
U'SIRM &, NRMH8 &, ARMAF IR & 6 Ak D 2 8§
A—=VERTH, 7033 mDOE— 7 IR TE LV, ki,
ARMAFREHRIZ 60 m & 0 A7 EUE TR K 0 A
Wy, HBAWIERZETH B, 60 mD NALJBUETIXAFRE
KEDEVMEERT. ZOZ L, rawk LICRKB R
THED, O0mPETIIDREWNERALNS.

Sosr ¥ K USoarld, ZHZ40.86 ~ 0.99% & 170.60
~094DMTEFT S, Zh b Sk, 23.44 ~30.40 m,
40.44 ~ 4130 m, 45.06 m, 57.50 ~ 58.50 m O J&F[X [
TR/ E WV, 60 m & D TRIOFHEX I TIE, NRME
&% X ARMAEEE MKW FHET S IL 3 IR 5 5.

IRM B P& 1% T — 4 OB RERIZE KB L UOHE 2%
INY. ROt & OERENE, 2 h 2 IRM GRE DY
oy EXHBETR OIS RIE AR L T\ 5. RITR TR
SNzt IRMESIHIFRIE, 3240 L4DD
PR IR 53 (component) % A2 Z &2 & - THHA
BTH3. Zhokoid, £IRM % 5D % EHIA (F5H,
TO) MRE NI LE R, FRy, -0, b
KOBNUK s & L.

1522 m, 2147 m, 29.10 m® 3 XKD IRMIEERIR R
5%, 10~ 17 mT, 30 ~35mT, 78 ~97 mT, ¥ &
U200 mTEL LD 4D DREF I3 AT X h 5 (552 %%).
WTROREL R 78 ~ 97 mT DR T DEGHEH R KX <,
Ry b, 1522mE2047 m T, K16~ 17 mT
DE IR DFE5HEH32 ~37 % TRNTKEL, 29.10
m D FHPUF S (BRRE S [Bh] © 10 mT, TC : 2 %) 1ZMld 5.
F72, 1522m&2147 mOE =K 4 (Bh 35 mT, TC: 14
~ 20 %) ¥ L USEIURSY (Bh : >200mT, TC: 5~ 11 %)
AL B3, 2910 m Tk ZhZFRE K5 (Bh 2 30
mT, TC:39%), H=H5 (Bh:477mT, TC:12%) &5 5.

40.63m, 4130m, 41.71m, 51.63m, 66.44 m® 5k
IRMIESRR A 513, 3 D40 L4 D DIRRE K 7508
Mg Eehs (2. H-K3E, Zhos5208 ¢t
BLTED, ZOREESIZ47 ~ 54 mT, F5#L55 ~ 78
% TH5. FERDSUT TR, FH5ROENIH B, F
T#J143100 ~ 250 mT DELST & 10 mT Ji % DB 53 A AEE &
N5, £, 51.63 mb LU 6644 mDREH 513, F5%
1353 % &/ XA, 1000 mT Z#8 2 5 RISy 238 &
ha.

76.50 m DA 513, 3 DD S IR A X B (5
2F%). B ORES1IZ30 mT T, 1522 m¥6 K U2147
mDE =K Bh:35mT, TC:14~20%), & 5\ i
29.10 m D K5y (Bh : 30 mT, TC : 39 %) 123wy, 55
BArEse mT ORI 2 85, Z41340.63 ~ 66.44 m D
—J%y (Bh : 47 ~ 54 mT, TC: 55~ 78 %) IZSHM$ 5. &
SRR ORESE 5 mT T, ZOEFHERIZT % LK.
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Magnetic polarity (This study)

® Normal (Class A) ® Normal (Class B)
OReversed (Class A)

x Unidentified (Class D)

* Normal (Class C)
O Reversed (Class B) ° Reversed (Class C)

Diatom (Abe et al., 2019)

@ Marine-brackish species

< Freshwater species

1 Occurence of Lancineis rectilatus

#4X GS-HKN-12 7 O & KEITF b K R RAMKREEORE A M T a7 7 4 L. RFEO I,
55X TR U 7= B RETRM % 9288 % S0 U 72 3A0B O g 2 7R 7.

Fig.4 Magnetostratigraphy and profiles of rock-magnetic properties of the GS-HKN-1 core. Horizontal dashed
lines indicate samples for the stepwise IRM acquisition experiment, shown in Fig. 5.

3.4 TS
3.4.1 GS-HKN-1aA7DF775
HoX ks K UH3IE, HFagZ, o kLH 7 25
W7 — 2 &mRT.
FEE52.25 ~ 5230 m : 0.063 ~ 0.25 mm DK FHIZ, K

BIIZ U T21 %DKINHF 5 2 %E&R, ZTORIRITIZEE
AWEPNTLT 5 —LBITH B, Pl LU ZE—L
NIV A EEEN S, BITE MO T, 1.504 %71
R &< &, 1.497 ~ 1.502 (1.500) (FEIMAIEE— F =
PUTFRRE) LR, KILA 7 20 FRAHK T, &F



VY =PI N SR O R <UE R CRIEE 22)

6 - SN 15.22 m (SF = 0.4)

dM/dlog(B) x10°

dM/dlog(B) x10-

1.0 15 2.0 25 3.0 3.5

dM/dlog(B) x10°

dM/dlog(B) x10

1.5 2.0 25 3.0 35

log(B) (mT)

e Original data ~— Component 1

Spline curve == Component 2

Model curve ~— Component 3

=== Component 4

O d - O ome, LI, —
1.0 1.5 2.0 25 3.0 3.5
log(B) (mT)

5 BXREIRMAGTESEBRORE R, i & MEwhi, 2 h 2 hitEs o K O IRM ORI £, BRLIREDOTE,
ZTNTHEPNRM B ERROL T — 4 L ZD AT T 4 Vel End. RN (FLv vy, & K,
SO L)L, 2T T4 Ui E RS K SEPITE B E TV @O &) 2R THET S Z
LT WOKRTE, S5S%EHXMERT. SF: 24—V V7RI

Fig. 5 Results of the progressive IRM acquisition. Horizontal and vertical axises indicate the applied field and acquisition
efficiency of IRM in log scales, respectively. Black closed circles and gray shades are original data of the IRM
acquisition experiment, and its spline fit, respectively. Coercivity distributions (orange, green, light blue, and purple
lines and shades) are deconvoluted from the model curve (yellow line and shade), which best fits the spline curve. The
shaded area represents error envelopes of 95 % confidence intervals. SF: smoothing factor.
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Table 2 Coercivity components obtained by deconvoluting the IRM acquisition curves. SF: smoothing factor; Bs: mean

coercivity; DP: dispersion parameter; 7C: contribution.

Component 4

Component 3

Component 2

Component 1

Depth (m)

TC (%)
10.55
4.94
2.05

DP (mT)

Bh (mT)
266.86

7C (%)

DP (mT)
1.38
1.51
2.61
3.34
2.81
1.78
1.93
1.61
1.44

Bh (mT)

7C (%)
37.12

Bh (mT) DP (mT)
15.62
16.94

29.88
120.60

7C (%)
38.16

DP (mT)

Bh (mT)

1.93
1.60
1.51

14.18

35.06

2.23
2.21
1.76
2.71
3.49

1.74
1.87
1.94
1.64
2.31
1.80
2.00
2.04
1.78

78.23
91.46
97.11

15.22
21.47

29.10

443.52

19.90
12.44

22.42
2.88

35.34
476.83

32.14

43.02

10.01

38.98
22.69

46.53

13.10
0.48
197.33

54.89

46.89
49.50
53.50
54.26
47.25
30.39

40.63

19.25
14.60
17.85
18.60
29.88

201.38

77.87

41.30
41.71
51.63
66.44
76.50
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8.06
248
3.56

1.35
1.60
1.72

23.23

10.66
5.

34
1.68
2.13
2.

7.98
244 .41

66.67

1565.47
1413.15

39

10.05
10.36
5.06

74.29

5.58

237.65

72.25
69.06

1.06

36

56.22

HOMNYIE T Si0, 23773 %, ALO;2312.7 %, FeO*A31.0
%, CaOAS 1.1 %, Na,0A33.2 %, K,04 4.3 %Lz >
AR =N TE S, 72, HAEFEOFHME TSIO,
2778 %, ALO; A 123 %, FeO*%30.9 %, CaO# 1.0 %,
Na,0732.8 %, K048 %fHEIZd 7 I X4 —nAbh
5. kb, METRERAKTIZ, Basiso0 ppmaitk, »D
V210 ppm 2L B &, AMGEERH CRE EVEE & Dk
57 2 &DEET.

R 58.42 ~ 58.47 m : 0.063 ~ 0.25 mm DR TH1IZ, Ki
BIHIZLT27 %D kILF S5 28R ZTOERZIZE
WEDBNTLT 5= NHTH D, FHELO 2 E—
ANSTLEIE A BEEENS. KiLH 5 2 DJESTE (n) i,
1.496 ~ 1.504 (1.499) Td 5. K H 7 2 D FRK AR
T, GEEDOFHME TSI, 7773 %, ALO;A 12.6 %,
FeO* 2 1.1 %, CaO%'0.8 %, Na,0433.4 %, K,04%4.5
%REIZZ T 2 4 —=HFRBITE, 5225 ~ 52.30 milkloD
K043 %fIcy 9 28—, BRT B H 5 2 LIRIF
—$ 5. 72, Si0HT757 %, ALOsA13.2 %, FeO*
21.0 %, CaOA'1.3 %, Na,0»'2.7 %, K,0A'5.5 %t
WMIZE 79 24 =NA6ND. &k, MEILRMAKTIE,
V A% 14 ppm i #% & S WE 2 R T KLT 7 2 &5
&t

FFE59.85 ~ 59.90 m : 0.063 ~ 0.25 mm DK FHZ, K
BIIZ U T1.9 %D KILF T 2 %E&AR, ZTOBRITIEE
WEDBNTLT = NHTH D, FHABLO2E—
ANTARIEABEEETNS. KILH 5 ZDEHTE () i3,
1.505 ¢ LR T2 BR< &, 1.496 ~ 1.500 (1.498) &K<
K TR L7z 3o 3> 5L v ik /&, kil
H T ADEKITHEKTI, Si0,4377.4 %, ALO;A312.8
%, FeO*231.0 %, CaOA%0.7 %, Na,0433.3 %, K,04
46 %HILIZ2 5 24 —HFMTE 5. Zhid, 5225
~ 5230 m ikt & 58.42 ~ 5847 mIZA 5N B K,0434.3
%I L U45 %IEIZ Y 528 — %IRRT 54 T 2
CIRIE BT B, F72, Si0, 785 %, ALOA 123 %
FeO* #30.7 %, Ca074%0.9 %, Na,0%%3.5 %, K,0433.6
%BIEIZE 7 I 28 =HAONE. &b, WMEILEKS
TiE, PETIEH 50 LaY B0STEEDOKILT T 2 %8
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Fig. 6

Major element components of volcanic glasses in examined samples. Red circles, blue diamonds, and green

triangles indicate original data of volcanic glasses obtained from 52.25-52.30 m, 58.42—58.47 m and 59.85-59.90
m depths in the GS-HKN-1 core. Areas, which are closed by solid and dashed lines (orange: 52.25-52.30 m; light
blue: 58.42-58.47 m; light green: 59.85-59.90 m) indicate characteristic clusters.

L 10 ~ 100 mT DHIPHTEALT % (I 213, Day et al,
1977 ; Kodama and Hinnov, 2014). %7z, EJCH 7 HE
BT S h, R &Rl (kL) & LTk
Mgz v A4 74+ (fegh) &, w224 b
RvrANvA b EFBIU 2R %783 (Roberts et
al., 2011). D78, V4 H4 ML, HEMDH 50
HeRR S SYVERAL AW T 2 BRI LT LIS &k b

(Roberts, 2011 ; Okada et al., 20177 ). GS-HKN-12 7
PoB/ohE bRy bLDOKRPE, KiffFED s 5 2B
IS h, 27V Aty b ETRHER &S I2HE
xha (EEI). ZhiE, w7224, vINTA L,
BLUZ LA A &SI, B EPIL 7258
BEVESEMIAHE S WL F =3 T 5 T LTV B 0%
Abhb. £/, 57 ACRT T ADDOHER Y bILIC
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#3K GS-HKN-1I7IZEENBKINH T ZADOERMK. 7 A2V A0, £ F A2 -I2GENET -4
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Table 3 Major element composition of volcanic glass in the GS-HKN-1 core. Asterisks indicate datum, which is included in
each cluster (*: datum closed by solid line in Fig. 6; **: datum closed by dashed line in Fig. 6).

Major element composition of volcanic glass (%)

Depth (m) Count
SiO2 TiO2 ALO3 FeO* MnO MgO CaO Na2O K20 Total
52.25-52.30 1 78.42 0.28 12.40 0.79 0.09 0.17 0.93 3.72 3.19 100
2% 76.91 0.06 12.84 1.21 0 0.03 0.95 3.49 4.51 100
3 75.61 0.27 13.04 1.37 0.10 0.23 1.34 2.96 5.07 100
4% 76.88 0.12 12.95 1.02 0.03 0.05 0.85 3.56 4.54 100
5% 77.58 0.22 12.63 0.88 0.11 0.21 1.31 2.95 4.11 100
6* 77.51 0.09 12.72 0.84 0.20 0.04 0.64 3.12 4.83 100
TH* 78.02 0.03 1231 0.90 0.05 0.18 0.92 2.68 491 100
8* 77.36 0.18 12.61 1.18 0.11 0.20 1.27 3.11 3.98 100
9% 77.03 0.08 12.85 1.11 0.02 0.03 0.92 3.46 4.49 100
10 76.99 0.05 12.68 1.30 0 0.09 0.84 3.50 4.54 100
11 78.61 0.22 12.25 1.31 0.07 0.27 1.50 3.88 1.89 100
12* 71.71 0.19 12.58 0.85 0 0.19 1.32 3.13 4.03 100
13%* 77.24 0.33 12.26 1.04 0 0.12 1.02 2.79 5.19 100
14%* 78.06 0.16 12.34 0.75 0.12 0.19 1.00 3.06 4.32 100
15% 77.63 0.12 12.74 0.86 0 0.18 1.23 3.03 422 100
Average* 717.32 0.13 12.74 0.99 0.06 0.12 1.06 3.23 4.34 -
S.D.* 0.34 0.06 0.13 0.15 0.07 0.08 0.25 0.24 0.30 -
Average** 71.77 0.17 1231 0.90 0.06 0.17 0.98 2.84 4.81 -
S.D.** 0.46 0.15 0.04 0.14 0.06 0.04 0.05 0.20 0.44 -
58.42-58.47 1** 75.17 0.36 13.54 1.18 0.09 0.25 1.35 2.80 5.25 100
Q%% 7591 0.21 13.28 0.84 0 0.14 1.29 2.40 5.94 100
3x 75.47 0.25 13.12 1.38 0 0.25 1.36 3.06 5.12 100
4% 71.54 0.15 1251 1.13 0.03 0.14 0.82 3.18 4.51 100
5% 77.41 0.08 12.66 0.99 0.07 0.07 0.72 3.46 4.53 100
6 78.39 0.14 12.21 0.85 0.07 0.21 0.96 3.38 3.78 100
7 78.04 0.11 12.42 1.34 0.08 0.30 1.57 4.14 2.00 100
8 78.34 0.23 1231 0.92 0.22 0.16 0.88 3.64 3.30 100
9 78.21 0.18 12.34 0.79 0.11 0.21 0.91 3.58 3.67 100
10%** 76.16 0.38 12.99 0.60 0 0.32 1.30 2.70 5.55 100
11* 77.40 0.08 12.70 0.96 0 0.13 0.71 3.55 4.47 100
12* 77.01 0.18 12.66 1.25 0.02 0.05 0.89 331 4.63 100
13 77.81 0.37 12.05 1.70 0.08 0.36 1.79 3.54 231 100
14 77.84 0.25 12.37 0.74 0.04 0.24 0.99 3.06 4.46 100
15 77.60 0.15 12.87 1.04 0.03 0.07 0.85 2.15 5.24 100
Average* 77.34 0.12 12.63 1.08 0.03 0.10 0.79 3.37 4.53 -
S.D.* 0.23 0.05 0.09 0.13 0.03 0.04 0.08 0.16 0.07 -
Average** 75.68 0.30 13.23 1.00 0.02 0.24 1.33 2.74 5.46 -
S.D.** 0.44 0.08 0.24 0.35 0.05 0.08 0.03 0.27 0.36 -
59.85-59.90 1 77.71 0.27 12.55 0.77 0.20 0.26 1.34 2.95 3.94 100
2%* 78.35 0.15 12.21 0.77 0.04 0.14 0.85 3.12 4.38 100
3* 77.12 0.16 12.98 1.02 0.02 0.08 0.52 3.12 4.97 100
4% 71.74 0.01 12.80 0.77 0.07 0.04 0.75 3.27 4.55 100
5% 77.07 0.14 12.71 1.08 0.11 0.07 0.87 3.45 4.50 100
6* 77.43 0.11 12.74 1.05 0 0.11 0.76 3.26 4.56 100
7 76.15 0.18 13.19 1.08 0 0.20 1.32 2.76 5.13 100
8 77.86 0.20 11.76 1.24 0 0.30 1.44 1.80 5.39 100
9** 78.48 0.23 12.33 0.73 0.16 0.12 0.91 3.70 3.35 100
10%** 78.67 0.23 12.38 0.70 0 0.16 1.01 3.64 3.21 100
11 79.14 0.30 11.81 1.14 0 0.13 1.39 3.82 2.27 100
12* 77.43 0.14 12.74 1.07 0.06 0.08 0.81 3.21 4.45 100
13 717.67 0.18 12.77 0.79 0.10 0.18 1.04 3.48 3.78 100
14* 77.40 0.07 12.95 1.04 0.04 0.10 0.70 3.39 4.30 100
15* 77.29 0 12.81 0.91 0.19 0.07 0.59 3.19 4.94 100
Average* 71.36 0.09 12.82 0.99 0.07 0.08 0.72 3.27 4.61 -
S.D.* 0.23 0.06 0.11 0.11 0.06 0.02 0.12 0.11 0.25 -
Average** 78.50 0.20 1231 0.73 0.07 0.14 0.92 3.49 3.65 -
S.D.** 0.17 0.05 0.09 0.04 0.08 0.02 0.08 0.32 0.64 -
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Table 4 Trace element composition of volcanic glass in the GS-HKN-1 core.

Depth (m) Count LaY Trace element (ppm)

Sc \Y Cr Co Ni Cu Zn Ga Rb Sr Y Ir Nb Cs Ba La Ce

52.25-52.30 1 12 50 2.6 0.2 0.3 1.1 0.5 40.8 18.2 172.1 1133 24.1 1224 133 6.6 692.8 28.7 53.8
2 12 52 25 02 0.3 1.9 0.5 41.9 18.0 176.2 111.0 242 123.8 13.7 6.5 699.3 28.7 50.2
3 1.1 4.9 24 0.2 0.3 1.0 0.5 44.4 19.9 173.6 1103 25.1 122.6 132 6.3 717.0 28.6 52.8
4 1.2 5.0 2.7 0.2 0.3 1.0 0.8 39.0 18.3 178.1 109.6 24.0 123.8 13.6 6.4 697.4 289 50.8
5 12 51 25 02 0.4 1.9 0.7 384 17.8 176.1 110.5 24.0 120.6 13.5 6.5 699.0 29.4 513
6 12 5.1 2.6 0.5 0.3 1.0 0.8 412 18.0 177.0 108.0 23.6 116.4 13.7 6.7 699.1 27.9 51.7
7 12 50 25 02 0.3 1.0 0.5 39.1 183 167.6 1102 245 1223 13.9 6.3 712.5 28.8 51.6
8 12 51 2.6 0.2 0.3 1.0 1.1 46.8 18.8 176.7 108.0 23.8 125.3 132 6.8 713.7 29.2 52.8
9 1.2 52 2.5 0.2 0.3 15 0.5 41.9 19.2 177.8 111.6 248 1245 13.2 6.6 742.1 29.1 54.8
10 12 52 25 02 0.3 1.0 0.5 42.6 18.4 177.4 108.8 24.7 1242 133 6.4 712.2 285 62.6
11 13 58 10.1 0.0 1.1 0.0 12 385 24.7 303.4 109.8 26.7 180.6 10.8 88 813.7 33.8 65.5
12 1.6 6.6 1.2 12 12 0.0 0.0 384 229 2842 114.9 21.1 174.0 10.2 85 775.1 339 67.2
13 0.5 7.6 37 2.8 1.1 -33 43 44.6 16.0 51.0 103.9 48.8 189.8 6.3 1.6 538.3 22.1 38.8
58.42-58.47 1 1.1 5.6 2.0 0.0 0.3 0.1 1.1 40.6 18.0 181.5 1132 24.8 1354 133 6.4 719.6 274 56.9
2 1.1 53 1.9 0.0 0.2 0.1 1.1 40.7 17.4 184.8 1202 26.0 1327 13.8 84 730.1 27.4 552
3 12 50 1.5 0.0 0.3 0.1 0.4 40.9 18.1 183.5 1142 22.7 126.3 12.7 53 700.0 26.4 57.5
4 12 55 1.9 0.0 0.2 0.1 04 40.4 174 170.6 114.8 21.6 125.8 13.1 6.0 764.0 26.5 48.6
5 12 58 1.5 0.0 0.3 0.6 1.1 382 17.5 189.1 1133 239 128.0 132 6.2 740.5 28.1 56.8
6 1.1 50 2.0 0.0 0.3 0.1 04 41.7 17.2 181.1 98.8 24.6 128.6 14.0 6.2 732.3 26.9 48.3
7 1.0 51 2.0 0.0 0.3 0.1 0.9 40.0 17.8 185.6 103.7 24.7 129.2 13.7 6.1 761.6 25.1 53.6
8 12 4.4 14.8 34 1.4 6.5 5.0 24.9 18.1 203.6 130.1 239 214.5 132 7.5 640.5 28.7 50.5
9 14 36 14.8 1.1 13 44 2.7 249 214 214.8 133.8 24.0 2235 11.6 7.5 624.0 325 535
10 12 4.4 13.4 1.8 13 24 2.7 28.8 16.0 182.1 119.3 24.1 205.6 113 7.5 611.4 27.8 483
11 1.1 35 14.8 1.5 1.3 2.1 24 25.6 20.5 226.7 1374 252 190.8 132 7.8 622.8 27.9 41.5
59.85-59.90 1 12 4.9 2.6 0.1 0.3 1.0 04 39.8 17.8 168.2 117.3 239 122.1 13.1 6.7 673.6 28.6 54.6
2 12 54 24 0.1 0.4 27 0.4 423 17.5 177.3 112.0 242 1252 14.0 6.6 688.0 28.5 46.6
3 1.1 4.7 23 0.1 0.4 0.7 04 47.8 21.6 171.6 110.5 26.0 122.6 12.9 6.1 7274 284 523
4 12 4.9 29 0.1 0.3 0.7 1.1 359 18.1 181.6 109.0 23.7 1254 13.8 6.3 683.8 29.0 47.8
5 13 52 24 0.1 0.4 2.6 0.8 344 17.0 177.1 1109 23.7 118.1 13.5 6.5 687.4 30.2 48.9
6 12 51 2.8 0.9 0.3 0.7 0.9 40.7 174 179.2 105.4 22.8 108.8 14.1 6.9 687.7 26.7 49.7
7 12 4.8 24 0.1 0.2 0.7 0.4 36.1 18.1 1582 1104 24.8 121.9 14.4 59 717.3 28.8 49.6
8 13 5.1 27 0.1 0.3 0.7 1.6 53.1 19.2 1785 1053 232 128.7 129 72 720.1 29.8 52.3
9 12 53 24 0.1 0.3 1.9 04 424 20.1 180.9 1134 254 126.8 13.0 6.8 783.1 29.6 56.8
10 0.4 7.1 42 0.4 0.8 22 1.7 43.8 13.5 58.5 88.8 44.8 172.7 6.5 1.9 524.3 19.7 38.0
11 0.5 7.6 33 1.0 0.8 34 0.7 36.5 14.0 47.7 96.5 454 167.5 6.0 1.7 517.8 20.9 37.7
12 0.5 6.9 38 0.9 1.0 29 13 359 13.3 55.7 98.1 42.0 174.6 6.5 1.9 494.1 19.0 38.0
13 0.5 6.6 0.0 1.3 0.0 0.0 1.7 49.7 15.5 75.6 97.5 57.5 276.4 8.0 2.8 560.4 28.3 54.0

Trace element (ppm)

Depth (m) Count La/Y

Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta Pb Th U

52.25-52.30 1 12 6l 18.7 3.6 0.5 32 0.6 34 0.7 22 0.4 24 0.4 3.6 0.9 23.8 12.5 28
2 12 6l 18.5 37 0.6 32 0.6 34 0.7 23 0.3 25 0.4 35 0.9 234 12.6 2.9
3 L1 60 18.8 3.7 0.5 33 0.6 32 0.7 22 0.4 24 04 35 0.9 244 12.0 29
4 12 61 18.8 3.6 0.6 32 0.6 33 0.7 22 0.4 24 0.4 35 1.0 24.8 12.3 29
5 12 6l 18.9 37 0.5 32 0.6 35 0.7 23 0.4 23 0.4 3.6 1.0 244 122 29
6 12 6l 18.9 3.7 0.6 33 0.6 34 0.7 22 0.4 23 0.4 3.6 0.8 242 12.4 29
7 12 60 18.6 37 0.6 31 0.6 34 0.6 22 0.4 24 0.4 35 0.9 239 124 2.9
8 12 6l 18.7 36 0.6 3.1 0.6 33 0.6 22 04 23 04 3.6 1.0 24.1 122 3.0
9 12 60 18.9 37 0.6 33 0.6 33 0.7 23 03 24 0.4 3.6 0.9 25.1 12.3 29
1 12 65 223 5.1 0.6 39 0.6 4.0 0.9 27 0.4 2.5 0.5 34 0.8 23.0 12.7 3.1
11 13 71 19.4 53 0.8 35 0.7 29 09 2.0 0.4 25 0.5 6.4 0.9 232 20.5 43
12 1.6 57 20.9 4.9 0.6 3.6 0.7 25 0.7 2.0 0.2 23 03 58 12 233 19.6 4.5
13 05 43 19.1 3.8 0.8 5.0 0.8 5.5 1.3 34 0.6 5.7 0.7 4.7 0.5 18.5 6.4 1.6
58.42-58.47 1 .1 59 193 38 0.6 32 0.6 35 0.7 2.1 03 2.6 0.4 32 0.9 22.0 11.9 28
2 L1 60 21.6 37 0.6 35 0.6 33 0.6 22 0.3 24 0.5 35 0.9 224 12.5 29
3 12 56 19.9 37 0.5 33 0.4 3.0 0.7 1.9 0.3 23 0.3 29 1.0 22.6 12.3 30
4 12 6.1 19.0 3.8 0.6 33 0.5 3.1 0.6 1.9 0.3 22 03 3.0 0.9 22.1 12.3 29
5 12 57 20.8 39 0.6 32 0.6 33 0.7 1.9 0.3 25 0.5 3.1 1.0 225 12.0 31
6 .1 62 19.5 39 0.6 2.8 0.5 3.1 0.7 22 03 23 03 2.7 0.9 22.1 12.6 28
7 1.0 55 18.1 3.6 0.6 31 0.5 28 0.7 2.0 0.3 2.1 03 2.6 0.9 222 12.5 29
8 12 58 21.1 3.7 0.8 3.6 0.5 35 0.8 2.8 04 25 0.5 5.0 1.1 232 204 32
9 14 55 215 33 0.7 35 0.5 3.6 0.7 2.8 0.4 25 0.4 5.6 12 23.7 20.6 3.6
10 12 54 20.6 3.6 0.7 3.0 0.5 33 0.7 2.6 0.4 24 0.5 42 13 225 21.6 34
11 1.1 55 21.2 3.6 0.7 3.6 0.5 34 0.8 2.7 0.4 2.5 0.4 4.8 1.1 234 19.8 35
59.85-59.90 1 12 60 18.2 34 0.5 3.0 0.6 34 0.7 22 0.4 24 0.4 37 0.9 233 12.8 2.7
2 12 62 17.8 3.6 0.6 3.1 0.6 33 0.7 23 0.3 2.6 04 34 1.0 22.6 129 29
3 .1 59 18.4 35 0.5 32 0.6 29 0.6 2.0 0.4 24 0.4 35 1.0 24.7 11.5 29
4 12 61 18.4 33 0.5 3.1 0.7 33 0.7 2.1 0.4 23 0.4 35 1.0 25.6 12.3 28
5 13 6.0 18.7 3.6 0.5 32 0.6 3.6 0.6 24 0.4 22 0.4 3.6 1.0 24.8 11.9 29
6 12 60 18.6 3.6 0.6 32 0.6 33 0.6 22 0.4 23 0.4 3.7 0.7 243 124 2.9
7 12 58 18.1 35 0.5 3.0 0.7 33 0.6 2.1 0.4 25 0.4 35 0.9 23.7 12.4 29
8 13 6l 183 34 0.5 3.0 0.6 32 0.6 2.0 0.4 23 0.4 37 1.0 24.1 11.9 31
9 12 58 18.7 3.6 0.6 33 0.5 32 0.6 23 0.3 23 03 37 1.0 26.2 12.1 28
10 04 43 19.4 4.6 0.8 4.6 1.0 55 1.5 3.6 0.6 5.1 0.7 4.6 0.4 17.5 5.7 15
11 05 41 19.0 4.1 0.9 4.6 0.9 53 1.4 37 0.6 4.7 0.7 4.6 0.4 17.0 59 1.4
12 05 43 17.6 45 0.9 43 0.9 5.6 13 35 0.5 5.1 0.7 4.6 04 17.1 52 1.5
13 0.5 6.7 26.1 8.2 1.2 8.0 1.3 10.0 1.8 6.2 0.9 5.3 1.1 6.4 0.5 23.3 6.0 0.9
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&, LIELIE 10 mT LT OEHRR LR & £ b
B3, 1. Z ORI O, KR g
IR ZVWSERED Y7 %X 24 bR A~ A4 + 24
5 WL TH B EEZIOND. X512, IRMIERRIE
B O BHTASRIL, BE~BTmTORE %8 D~~
24 b (RERSE) R — 2 4+ OREBILER) 72 & Ok §i
WOFELLEE TS 5 (555X ; Tauxe, 2010 5 Kodama and
Hinnov, 2014). W< 22 DFkEHE, 80 mT & TpAFD %
fEL 7% T8, 15 ~20%EEORAERT I 25 (B
3Xa—e, h), ZHEEOREETE & DRIV A R
WbO—HEH> T2 EL6R 5.

4.2 GS-HKN-1 37 DERAB SIS

NRM &S, W%, ARMAEE, cpw/kcll, BT
SIRM{Z, #E60 mLETKELELHL, Zh&kd L
MOBFIXE & EHRIC R L 228 E 55 (F4X). Z
NoDEAHK/ ST X — 21X, 61.54m, 6444 m, 67.16
m, 7033 m, BXU76.50mDSEUET, ADIEE L 3.
—77, 62.55m, 66.44 m, 69.55m, ¥ KU'72.58 mTId,
WA MEZ R L, SHOBWADENES. Z0Zens,
W60 mLIEDRBIEIXE Tk, ArHo & £ h 5 mig:
oL KURAKELEHLZZ L E27R3T. §
bbb, 6255m, 6644 m, 69.55m, FLUVT72.58 mD
RETIE, ANv AL MR =84 R EDERES D
TACRERE 23N S VIR O EHREA ML 72729
12, NRMBERSHMETLZEEALhE. ZDZL
1%, SHANE76.50 m DRGSR T,  HEAK
WS E € 266.44 mTiE, 200 mT LA_E D e A8 I8 53
DT enbXFHEh 3 (FSK). 69.55mb &
V7258 miZALN B SILOBHE LK TIE, 2ho kg
#EdlekE s b IR R EEEHEOEN ARG Eh T b
Z b (FERIEA, 2019), JEAERKRE O HER BRI 12 BIE
T5EELZEND. i, NRMBRERHEEL EDS
AR T A — 2K E REFIT AV, FERUATHE
2 B POKERIE T OHER A eI £ T % 23.44 ~ 3040 m
XENZ BT S G2 5 FTERIE A, 2019), SHIF KW
iR G4 . HE30 m & B OO
ik, [FEIFEOF 5 % HD 2 MO M S O FEAE
EARL, ZORBIZHEEIO LD FTHORBTIEAS
hanwEEsX). MEr»s, WEmEYOEIKOSH
WRRMEAZEH T A ERKO—D & LT, HEKEZEE)
IZKAWRBRBEOBEN B EZEL SN 5.

4.3 WHEKEEONT

o MR SO DS R, 2D D IR MR A (HKN-NTHT :
1522 ~ 40.44 m, HKN-N247 : 76.50 m) & 12 O i fifi b
fir (HKN-R147 : 40.75 ~ 7141 m) % &€ L 72 (5F4K).
GS-HKN-1 2 7 Tld, PR EIEHIITIZ L > THH
MOHEREERHEE T b (FEIE A, 2019),

SR EMABHYE S Z LT HMICHERER
EHRTAZENBETH 5. TEIE39.85 ~ 75.78 mid,
Quercus subgen. Lepidobalanus (2 F J {3+ 7 #i)E ; #
xFpE B © 5.1 ~ 66.7%) & Fagus (7 F )& 5 MR pE H
B : 4.8 ~ 45.5%) D EEN TR T S5, KERERED
kb a5y T & b Fagus—Quercusifii (MIS 16 ~ 21)
(RHB, 2009 ; fFt - A4, 2018) 1249 5 LHEE S h
T3 (REBIE A, 2019). 2D 728, HKN-N1HrH KO
HKN-R1##E, ZHZFN T v IR, A8 L0 A 1)
12, ZOERPEPND39.85 ~ 43.85 m DIEEEIZMIS
19120 tbadh 5. F72, HRN-N2Z, FSLosiiim s o
E#fEHEEOVTANICHYT 2L EZ2 5N 5.

Bl B 1F 40 (2019) 1, GS-HKN-12 7 O H: @ AL 25 i
M 6, Fagus—Quercusil H 12 & £ 1 541.60 ~ 43.25 m,
4930 ~ 62.50 m, ¥ LK U76.50 ~ 76.52 m D g FE » 5
gt DL EEE T & 5 Lancineis rectilatus O EE M % )
H L7 L rectilatus 3, BIERSEEHIIOR—-Y) Vo0
THhELEMBRE A TED, BFEELELTOR
MR T3 (Win, 2019). 77 7EF, &
Wi SET, BXOMERET» S, BRTFEICKIT 5L
rectilatus O P HPHIZH 1.45 ~ 0.7 Ma (MIS 17)I1ZH1HY
ENTWB (WAIED, 2017 5 Naya, 2019). —Ji, GS-
HKN-12 7% 5 L. rectilatus D g ERRIZMIS 19 D
R TH, BETCEEIZ I 5% HAER MIS 17,
MEA, 2017 5 94, 2019 5 Naya, 2019) & FJF L 2\,
72720, BREEFFIZHE W TIMIS 1 HEDREHEIZ I\ T
& L. rectilatus BEEH§ B ATREMER GG S T b (5,
2019), HEBHLGIC 61T B MR O FEAHRIE L L TR
HTZ 2%, EHIIHMERBETH S,

¥ 7z, HKN-N14i# (27.72 m) #5 & OF'HKN-R1 47 (51.63 m)
2B\, KT s A D —Y 3 VOuREMLS S 5,
R ORRPE L3R & DIRAERT 7 7 A A DOIHHERER
NENTFh1EE» BN (3K, ¢, BLUE4
X). {6t EREFE 5, GS-HKN1 I 7 FRROERIZA
< & MIS 21 £ T B (FIFRIZ A, 2019). MIS 2114
O, G I h T A IR T 7 2 —> 3 v
121%, Kamikatsura (MIS 22-21 & % \MEMIS 22), Osaka
Bay (MIS 17), La Palma (MIS 15¢-b), Orphan Knoll (MIS
13a), Bermuda (MIS 11c), Portuguese Orphan (MIS 9a),
Pringle Falls (MIS 7d % & U°7d), Iceland Basin (MIS 7-6),
Blake (MIS 5e—d), Post-Blake (MIS 5c), Skalamaelifell (MIS
5¢) %2 E A B 5 (Channell et al., 2020). 27.72 midkiil-7
L VERED FROWEEK T A — a v OBThny
12, 51.63 miM -7 L VR & D oMK T 2 2
A= a VITHYT IS S 5.

4.4 WU-TIVBEROBA EHRIRE
GS-HKN-1 I 72 B 2R ILU-7 L VR O & e
TEERBEDOBMRIC DWW THRET 9 5. HKN-N1747 & HKN-R1
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WOBIRI340.44 ~ 4075 mICE LN GE4X), BiL-7
N UBRICHLEh 2 EHE L2 61 5. 40.50 ~ 40.55 m
OPeTFIRE 2 S T RAKEHRILAR, Z2h&) T
41.50 ~ 43.85 m DFERE TR » & 1T AL A 23
T 5 (FIERIEA, 2019). ZD7-%, 39.85 ~ 43.85 m DJE
BIF, MIS 19 DHOUG/AKHEZE BN IE U 7= HERBRE &
KMRLU T BB H 5. F72, GS-HKN-12 7 Tid,
CNS JLRAM D2 B 5 F 1 PR AR K [ O HE R IR ZE 8)
ZRML TSR ER 2 T 5. 40.50 ~ 40.55
mikHE, FROFREIERE OB (TR 41.60 m¥Bs K O°
42,55 m) IZHANRT, ROEHEBRE/ AEXECON) e R
WA R/ A (C/S) I TREST 5 h, KO E
ARSI o722 L &R (KH - FIE, 2019). LLEo
ZEnG, S L4050 ~ 40.55 mBHETIZ, 41.50
~ 43.85 m DABEIERE & 0 & W ARUEIH K2 >
mEEILND.
BABACEOWHEBRFN AL &2 5, MIS 1913,
MIS 19¢, 19b, 19aD3DDH T ATF—VIZRFTEh B
(Railsback et al., 2015 ; Haneda et al., 2020a). f31L—7J)L
VIRRNE, AEKHEFEOVERIE I 7 RERLEEIIE ) 5
FENL R O MIS 19¢ 2 5 19b N\ DA UES T 812 i
B ZEMNIHS N5 -5 TE D (Channell ef al., 2020 ;
Haneda ef al., 2020b), R} —F HSEHr A O GSSP (1
PEEE A A B & K 4~ I : Global Boundary Stratotype
Section and Point) TI3772.9 +5.4 ka D S E A H5 X
L T \» % (Haneda et al., 2020b ; Suganuma et al., 2021).
HKN-N14# & HKN-R1 47 OHHR, 3745 H GS-HKN-1 2
7 CHEE E N BIL-T L v BER O G RIZ IENER B 12
BhrnbdZers (FaX), FBEHEEY T 7 5 E Dk
KERMERETF IS 2IL-7 L VR ORERLE FE L
T,

LA L, 39.85~ 43.85 m DIREEGDOBLXZ LD
EMGELS, WENSBCA A TE Ty, %
D728, BFEEGNE SI12 & 2 BNOBRGESLETH 3.

4.5 F750Oi&s

ARWFZE TR, ML OJRER 2 RRIZT 750
Beat & 170, 3BT kil 5 2 sk ki LT 19
~27%&EENTVWBRZEERMILEZ L2L, Thb
ORBHZEEN B KILFT 5 2, ZOEEEN3 %LUT
THhHY, 77 7ORIKEEERTLEVADIZEDHER L
BERABRL AW, 72, ZOBITEL LT
2 MEBEBITEEARDIES DENKRE N &2 5 (56X,
3K, Hak), wiHITERHDIETOE KO E FED
TIIMRHEREL, IRELZEDTH D Z EAREX
N5, IhsDT 77 OREEMEF 5729, Kimura et
al. (2015) 1278 E = fERTIE D & BT HIEE T D 37/ DIA
W7 7 7 DFERS B & OERTLERERE & i U 7=
LAaL, Zh6IEET 7 7ok 3 k0UHT 7 2 TR

T ZEeNTEAro7 #-T, ShbENGRE Lk
Mo EZNDRET 7 7 &% T, GS-HKN-12 7 DO
-7 VBR & D MREFED KL H T 2 DHEFEIZ DN
T, 5HESRI2BENDETH S.

5. &

ARWFZETIE, B0 T8 T WEF BT O3 o Il (K3 C 4
Hll & 72 GS-HKN-1 2 7 OSSP 2 Mat L 7=, %
DFER, 20 O IEW A (HKN-N1A4F : 15.22 ~ 40.44 m,
HKN-N2# : 76,50 m) & 1-2 O 3 fi ik 45 (HKN-R145 :
40.75 ~ 71.41 m) & RE L 7=, FIEBIEA (2019) 12k - T
W X =ML AR & O & D, HKN-N1#E
TOU v IR, HKN-RI A7 AR L A, HKN-N2
HIR RS B b O I O W Fhae i b e h
5. -7 v EROREAE, 40.44 ~ 40.75 m XD
JEFHRIEEOFIZE» N B0 REMED S 5. RO
H i SRR, T R T 0 B8 BT R 0 HE R B 4G AR
A, RS E T# B Z & AR Y. %72, HKN-NI##
I L OTHKN-N2HFHZ B\ T, Bl oMk & 13580 %
O, RELBMAHF A ZhThIBE,r S/ Z
hold, BRI 27— 3 V12 & BRI 5E
Wy N E RS HREMNE A H 5. L L, MIl-7 L VB
ROEME EOHT, BRREEER L & OBMNERIC X 2/
FERDETH B,

BMERAR & 0 TROBHEICE T h 5 KT T 2 DR
B TR BLIOWMBILRESN AT 5572, ZO/HR
Bat L2kl 5 21%, RO T 7 50 RHERICEEK
TH5EDEEZ LN, GS-HKN-12 7 DHEREER O HIK
ICHWBZ LIZTEhr o7

K70 d S ER L, V8 =R o T Hi
W UH - EREES 2 5. —JF, HHR &R
KO FROREHETIE, HRMFEROHKICERHLET 771
EGER TV, GS-HKN-12 7 O 8 Hit o HERi4E
REMS 22T 51203, Sl LB talET % gL,
KBRS R B -7 & o 22 B LA B2 & Wi vhiR R
PR Z 7 — 9 OSBRI S 22127 - T S gk & kb
B AT 2R D B,

BE AT AED BISH 2D, PEETHR AT O
BTSRRI, BRI T — 2 otk & 7 7 Tk o
PREUCB L TR HERIZ & - 7=, [E MR E T OB 13 I&
TrHEBIZIE, EIREAL - AR TR HERIC & 5
7z AR, ENZRSBITER OB RIS T HEBIR B &k O
AR AR OFHE EEM L, e kB, h
B AU RC kRN ABRICK > TARELEFE SN
7z. PlbodEkcELm L by gy

X ®
BB HaR - his L - A RO (2019) P4 =] V- B R P,
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Kig JH"-mF EE'-#HAE EH
OHTAKI Toshiki, KANO Naomi and YOKOKURA Takanobu (2022) Seismic reflection survey at Konan
Town, Saitama Prefecture, Japan: linear dependence of the dip angles of reflection layers with depth. Bulletin

of the Geological Survey of Japan, vol. 73 (1), p. 19-28, 7 figs.

Abstract: We performed a seismic reflection survey using 3-component geophones with P-wave vibrators
in lowlands near the Arakawa River at Konan Town, Saitama Prefecture, Japan, in 2001. The direction
and length of the survey line are from approximately east to west and 2 km, respectively. This survey
was originally planned to obtain S-wave velocity of tilted underground structure using P-SV reflected
waves. Unfortunately, we found only one or two clear P-SV reflected waves on each receiver gathers,
which are not enough to determine the velocity. However, we also performed P-wave reflection analysis
using vertical component of the geophones. In this paper, we show the two-dimensional P-wave velocity
profiles and depth section along the reflection survey to a depth of about 1 km. The velocities beneath the
survey are obtained as from 200 to 300 m/s near the surface, from 400 to 700 m/s at 100-m depth, from
1,400 to 1,800 m/s at 500 m-depth, and from 2,700 to 3,000 m/s at 1,000-m depth. The obtained depth
profile shows several dipping layers from west to east. The dip angles of the layers measured along the
survey increase approximately linearly with depth from 7° to 12° at a rate of 5-6 °/km, indicating that
the inclination of the sedimentary layers caused by fault movement had increased at an approximately
constant rate with age in this area. These dipping layers are also observed in the depth profile of a
previous P-wave reflection survey that was performed about 1-km west of the survey at Konan Town with
the direction from south-west to north-east. Combined with their results, our findings suggest that the
sedimentary layers beneath the surveys tilt to the approximately north-east direction.

Keywords: P-wave reflection survey, P-wave velocity, P-SV reflected wave, near-surface structure,
Konan Town, Kumagaya City

g B TR TS Z OWFRD 1 km (E E PO P PSSR T
LR T, ZOBMKRERAE TS L, T
K 4 132001 4F- 1= S R ILVLRTNT (BLAE 2 1i7) 513 < WMORERE DO HOMEF T3k K2R EE LGNS,

OAKH T PR IR & F W 72 305 RO EE R 1T - 7=

HHFHSIFITERAHATZOREZIE2kmIZETHSB. 2D
PR 12 P-SV ICETIR & T 7= B R C 0D S T 5 fi
MaMSKL T 5Rakh 6 WA P-SV R EHRIZIE
LAETERTE D 5720, Ab¥TTE >/ 1 km
TR & TOPHNAEMNITA 572 PIHIE B KUK
ST DM RS 2R, 2 5 g I3 T 200 ~
300 m/s, Y& & 100 m™C 400 ~ 700 m/s, 500 m T 1,400 ~ 1,800
m/s, 1,000 m T2,700 ~ 3,000 m/sTEE TdH - 7=. K&
Wik ik, HER T T2 5 HADOMEFHE G 23 sk L T
52 ELERLTNS. T ORI IMOMER LT ~ 12°
IFETHD, WL EBIZONEBLZS ~ 6 /km THEAL
T3, ZOZ L, EHBOWTER %8 Z L 72

S —FEDOR— A THEITL TN T L EREL TS,

1. FUBIC

412, P-SVICHTIE & FH W 72 i T as, dhps fhax
E TOSPEHE (V) HEDRM FEORIAITH - T
%7z (e.g., BEAIZ A, 2003 5 Kano ef al., 2003 5 JIEFIE A,
2004, 2008 ; KyEIEA, 2011). Zhid, —DIlidisE
DFENRT X EFHIIT % LT T O ViHE D LUIRTA 6
EEABEERE > T3 Bl ZIEAR, 19955 )11
EA, 1998) 20 Th 5. 7289 —DITiE, PHEE
(Vo) & Vs D RIRHNE Z RS AR R DERE V5
TeHFEERHBE O F 220 2V HME D £ 5% 5 (eg,
Castagna et al., 1985 5 Avseth et al., 2010 5 Schon, 2011) 7z
BThD. TOR, P-SVIAHEAE 723 HEERHS
& B BB L (PSR FHE) 13 Vo ifid & Vi %

' PEEHATR AT B FARA £ v 4 — MRS HIFZEE™ (AIST, Geological Survey of Japan, Research Institute of Geology and Geoinformation)
" Corresponding author: OHTAKI, T., Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan. Email: t-ohtaki@aist.go.jp
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[FIRFICAIREE D RBE CIRIBE TA A=V v T E 518
N2 HETH 2 (NEFIEA, 2004).

L2L, ZOHEERICE, PHEERED2, 3f50F v v
ANEE KD RORE 2R (7 2y ) &R
ML RD, EVIFHNIIL I D B (KIEIEL, 2011).
F v VAILEHBBEAT S0, ETERSMETOAL
i 3 2 PUE A & 1308 W P-SV I A I ACE B R 43
WEHEHEHAT220TH5. LI—FDF v V3K
IIEH A B B 728, P-SVINER CIXPIRHEA & b
— OO FEBICEUTE BT 12— 131FE Lk 5.
—J, BAXA 77Xy BB EELDZDE, —DI2iE, P-
P SHE &8 P-SV R AHBARIE 3 P2 AN C R 12
AB LB KREL 55729 TH 5. &5 —DIliE, P-
P IS & D P-SV REHEDEREPE N 0IZ, P-SVX
HHEDIE S BIRIRO K X 2R MIIEST FTREATL
FVRTVEDTHE. IhoF v 2L EOHAKER
KA T Xy b EIIME > TR BRI FE 068 2 R R
LTS 202, WAL, Frr R ILBEomm
EMA LRSIV MEE AL Z L EHNEL, |k
TEIHEEIC X 2 PUERIBRIC 3 R 1 B A&
ATBZEIZE > THERZONB Z L ERL 7 (K
EA, 2011). ZOFX T, P-SVKHHHAZIRMIZIE
ITHEAS TS Z 2R L, P-PREHEEIZLDAE
ENFV, EHEE A 5T, 1524R5TOP-SV K EHE
Wifhsg o Va2 ko ohs Z 4R L7z ZLT,
Ve Vs & 52 72T RGE 5 L OERERGE € T LIS 7
WL, PGB X DB L 72 P-SV KSR ER D 6 Vg
WxE 2 AT BETRY, 5272V &L Z0aRMEE
Ham L7z, S BICARPREBREIC DV TIE, FEEEOEH
FLERD O AR ITIETIRD 72 Vo il & VP DGR & 0 [k
2o ARFEOAMEER L2 —F, EFEEEIZ D0
T, FEHEELSEHWEEORRE LTk,

IhES T, FEELIIMEHEA (2003) AT - 7= fEHFHE
IR T D3Ry IREHEEE T — 2 2 L, KigiE»
(2011) D HBETVe B KOV MG %K 2 Z & i A T
F72, F—HR EOBERZIRAIC 2O URAEETEH L,
TR TOREZLERD B Z & kAT L LS
BBE, TT4 TG (ZEHREBERE EMAESA v
54 VD KF-BYRSY) O3ZR N v FF IS5 2
JEMRIT AT D12 R 51T E DRD WM 2 P-SV K1 RV
AT A ZEZREETH Y, VilEEERD B Z LI
TELEhoT-.

—75, Z OO E R T ETERS %
o> 7 BHEOPHRG BB L FERL CTH D, WHRTD
Vol a T+ fEETROAZENTZ . 262K
SHIFRE X, BB OEFI O Bk 5 KRS HERTE 5.
Z OISR T, SR L =l L SUT T 3 Fcila
1Z2°(2000) 2 PR AEHF AT > T D. TD_DD
HBHIZE L T WD, ZORHEHIRETNEZAT

1 km(EE & BT, A% 5 O KGHIrmG 12 & {EREHEE A
RN THED, 2ROUBMORERZ KT 5 Z &0 X

D, ZOHIKIZEIT 3 REmOEF FHERLES 2L ]
TES72A5. 20K Rf@fi&dE L Z OHIKD V, i
WEARTZ L, BEFHo FESEORMO B & &
5THA.

AR TIE, EIE A (2003) 237 > 72 EHEHEGE K T D 3
O RGBT — 2 2@ L 72 2h 6 D O/RER
. 9, ETERGEMIT L TA S N7z 2TV, il
Wi 38R U RS IC DWW CEaRT 5. &kiZ, 5574
TR DZIRME T v P EIRT 5.

2. REHET

AREE T, MEIEA (2003) % TCISEERE LA BN 5.
BERIZ20014F 102326 11 A1THIZA T THERK
BRI E] (M, BHEERTH) OMEENR TIrbh . B
AU B FCF B OIZIT I E T 5. Sl OGRS
720, JEHEIZAKEIIAD 2 1T, JEOHERERE
kB EBbh TS, T OXHE = REES T3 km
IFE L XhTn5 (8K, 2002). HIRNCRES, 2k
M ¥ L U'CMP (Common Midpoint) DL %~ g. Rk
RUIZo RDEIEREME L, BZRAEUI 19251, R
Fi21910 mTH 3. EHEF2MIZbI TiT-7. Th
FhOZRER CHRERBIZ 213X U234 TH D,
A7ty FRRAKT272mBEU 2,02l mTH 5. %
B LUREHROMFZIOMTH Y, CMPORRFIZSm
TH 5. 2RI TE D10 Hz O 3555 32 ikds %
L7z PIREIEE L TN, 7L — 4 (model Y2400) 2
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a) Map showing the location of the CMP (Common midpoint) stacking line of the seismic reflection
survey (Konan2001) by Kano et al. (2003) at Konan Town in 2001 (solid red line). The survey was
conducted on a sedimentary layer south of the Arakawa River, which flows from west (left) to east
(right) in the upper part of the figure. Inset is a smaller-scale map of the survey area (square) with
prefecture borders. b) The locations of the shots (green), the receivers (blue), and the CMPs (red).
Note that these three locations are considerably overlapped. The CMPs where P-wave velocities are
analyzed in this study are shown as red squares with numbers. Every 25th receiver is shown as blue
open triangles.
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Fig. 2 The time picked during velocity analysis (green diamonds) shown on brute stack cross
section. The X axis is CMP number and the Y-axis is two-way travel time (ms).
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Fig. 4 a) Time section along the survey line obtained using P-wave

reflection profiling. Horizontal axis is CMP number and
vertical axis is two-way travel time (ms). b) Depth section
along the survey line. Horizontal axis is CMP number and
vertical axis is depth (m). The horizontal distances from
CMP 50 are shown below. ¢) Depth profile of the reflectors
beneath the survey line obtained by the P-wave velocity
analysis (red dotted lines) with layer numbers. The linearly
approximated reflectors are also shown as blue lines except
for the shallowest one (L1).
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Fig. 5 Inclination angles of the linearly approximated reflectors
shown in Fig. 4c with respect to layer depth at CMP 1.
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a) tHIE A (2000) D~ 4 7L — ¥ g v Wim (LLEHE A (2000) Fig. 6¢ % 85#%) 12, KA 5 FHiAH - 7z
CMPs 1700 ~ 1900 TOEF} L 7= G 46 & OV DA % fabhi - 7 CEAA . b) IL 2001 {IFRDO CMP &
A GRB) & LIINE 2 (2000) 237 7 - 7o RGHEHEE RS2 O CMP B A#1 (SR r) O —E8. A0h T
ShEN TN D 2D 1007 Z & D CMPs & SR OTLE 2001 HIFED CMPs 5, 400 D Z /4. S22l
BREREPITHEBEDL L 7285 KO 2 OB (F— i giin) , 1LiiEA (2000) Figs. 2, 41ZF0HEE Nu7=iT
FHWE D BB & 7 OME & B RRFER) & AbE TORT.

a) Depth section with poststack migration of Yamaguchi et al. (2000) reproduced from their Fig. 6¢c. Dipping
reflectors (solid green line) seen between CMPs 1700 and 1900 are superimposed on their figure with the inclination
angles we measured (green numerals). b) The CMP stacking lines of the seismic reflection surveys by Kano et al.
(2003) (Konan2001; solid red line), whose records are analyzed in this study, and by Yamaguchi et al. (2000) (S2;
dotted purple line). The positions of the CMP numbers of the survey by Yamaguchi ef al. at interval of 100 and those
by Kano et al. for CMPs 5 and 400, which are referred in the text, are also shown. A rough linear approximation of
the CMP lines by Yamaguchi ef al. and its perpendiculars are shown as blue dot-dash lines. Green thick line shows
the estimated location and strike of the presumed Konan Fault drawn in Figures 2 and 4 of Yamaguchi et al. (2000).
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Fig. 7 a) Vertical component receiver gathers. b) Radial component receiver gathers. Detected reflected waves

observed on only b) are shown by blue lines; waves on a) and b) by green lines. The former reflected waves
can be considered as P-SV reflected waves; the latter P-P reflected waves. The receiver numbers with the

corresponding CMP numbers are shown above. See Figure 1 for receiver locations.
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