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Remanent magnetization and magnetic properties of the
Holocene sediment (HK19 core) recovered on the west shore
of Lake Shinji: implication for the paleoenvironmental

reconstruction of estuary areas

Akira Hayashida", Yoshiki Saito™”, Koji Seto’, Kota Katsuki’,
Shin’ya Hattori' and Ryota Yagi'

Abstract: In order to investigate Holocene environmental changes in Lake Shinji and surrounding
areas, a sediment core sequence of 34.8 m long (HK19 core) was recovered from the western shore near
the mouth of the Hii River, Shimane Prefecture. We made pass-through measurements of low-field
magnetic susceptibility, remanent magnetization, and anhysteretic remanent magnetization (ARM) of 42
u-channel samples from the HK19 core. Alternating field demagnetization up to 60 or 80 mT revealed
preservation of characteristic magnetic components at most intervals of silty-clay sediments, while the
coarse-grained sediments above 7 m and below 33 m showed unstable behavior during the stepwise
demagnetization. Maximum angular deviations (MADs) of the principal component analysis are
especially small at 7.2—11.4 m and 24.0-33.0 m. Although relative declination data of several samples
were seemingly affected by core twisting, the inclination variation of the lower interval is correlative
to the standard paleomagnetic secular variation record from Lake Biwa, referring to the occurrence of
the Kikai-Akahoya tephra layer in the HK19 core. The magnetic susceptibility and ARM susceptibility
data showed that magnetic mineral concentration at 11.4-24.0 m is significantly decreased compared to
the upper and lower intervals, suggesting diagenetic modification of magnetic minerals and degrading

of paleomagnetic signals under anoxic water conditions in a brackish environment.
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SEI R E L & BAR S O R D SSE ST IC
ME L, PR SERNNRATS E LB, Hfl]
DRG0 5 iz 3 T IRONEISE TR MR AT
BEUKIME IR TWB. T OO IR 5T
DR A KBS B Ot T O R, W) KD
HEREYI DGR E OB ZT TED, RIEHOM
JKE R b a7y (IR CTHEIE N
a7 iEl O 2B L TZOEEBIHRINTE
7o (EFEA, 2006; L » &% ,2006 7% 8). &5
ICAHIKOHEREYI D 5158 5N 5 HERBE ORI, H
TIT e BYA—VOWEHIRE, JREOKUREEH D
WRICE FE5TE T EAHFEINS. 2O K&
R EESE L, 20194 1 HicE v R oL 5
JIRE A (KD BT a7adkl (HK19 a77)
OHEHINT TN, — IR EE A BN )E
2B Tset RN RIS Nz, 2o a7 &tk
ORI IEH (T 1ITARENZ TETH
O, aEEFEICED T, MU AREEMT, B
B & IR DFERICHE D < FERET IV
EOMEIMTONT VS, FLlL, I EKEZ
{RICHD < HRAEZ BEE U CTRRERMEDRIE Z 170,
B THEREERBE O IURIR O Z b & HEREY) O R &URE
PEDZE & DA ISR B BB AU A O 7 77 it 8
TW5.

BRA TR 2 7 — )L D HERIG SR D258 5 B,
J& DRt HESRFRAEIT L < WV SN B HSIE REE Ok
Mwidin (> 10 4E) THBH, [F—MHPEoIC
WT & HIERRES OsREZA L (~ 10°4F), HBHWVIZ
BRI DR M & R A D2 ) CHHIREEUKTEZL,
102 ~ 10° 4F) DRdiREHH T &ic kb, HEEEY-®
KINEDERE EREEICTRE TE B EENENH B
(Korte et al., 2019). 7z & %X Kanamatsu et al. (2017,
2022) X, IREEHEAIERE 22 % Tz DI
FENREE S EDOTERVHAKREEOEHHHE
B a7 OREHALZAE U, EEETH O EHERT
P B & Ntz IR UK R 2 b AR (Al et al.,
1999; Hayashida et al., 2007) & %tk d 5 Lic k-
TEREDFRERZK LiFT 2. HK19 T 771D
WTIE, BIARDIER /IR E ORI 72 X5
R BN RD D T L TEDD, FTOREE
5 % Iz DIt i UK AE L DRLER N E RN T
H%.

—7, EKIEOE YIS BHERYIC BV T
R T WIHA T R D Te DI RETESEMI N A LT
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W« TR « WU e AR - AREBE -/ URIR

WABATREMENH O (72 & 21X Mohamed et al., 2011),
1992 AR IR HI & N 7z SEUR SRS o0 o 77 5808 (hn
WEIEH , 1998; Kato et al., 2003) T & R/KERE TP
B E NI ER D HT 5 I B CTRHIEIEYI &
AERREE DIREEN LT 2 T EARENTY
% (Inoue et al., 2004). F 7z, HAKEHAICBNTSE
FRICEREE N CHEEAER (vivianite) OZEFKFL (siderite)
MEREINZ T ENMSENTWS (1, 2003;
Minyuk et al., 2012 7% £). TN 5 IXH IR TRV
BRE RO ESRINEC K o TR 2k
T 570, HERMOREWLICE 2 5.2 % nlRelt
M5 (Frederichs et al., 2003).

C DX D ICHEREY DBESRFEDfRNTIE, IR
AR L DREERDEHEMN Z AL T 5 1= DICERETH
L ebic, HRMOMEAGTROZ AL WAL H
D87 "It 7%, ARFTIEHK 27D
FRRLE 0T & BEEIM O G SUREZ b ER & D
FEZMET L, RV ORSEHEDIFIEE U TEE
EOIRA LR & IR R (ARM) D2 &)
SR X N5 HEREBRIEDOZEBIC DWW Cikim d 5.

ABBLUEE

HK19 o771, EREHZEGZEITREGE ™
% 35°25°35.0”, HiE% 132°52°27.17, ik 0.04 m) D
IKENCIBWNT, #iED S 1.00-34.80 m DEFEETIEL
LTOKERY I+ —)b - 2T 5— (—8iIdiTH
AARRY VTS5 EHNVTHRNENTZEDTH D,
B 75 mm, X 4491 ecm O 37 43 A (HK19-1
t043) N"Hixs. FILOHHIE, FTHAARLY T
T—HV b N EHEZ ZEIFLOENE 6.0-11.78
mMh5TARDY V7 —) b« 27 (HK19-44 to 51)
MR ENTZD, ShOHEEELLOa 7 h 5157k
T—=RIHDILEDTH 5.

HK19 27 D 5 BEFEREK] 10-32 m O FEHEHIE
JVRNER T TH D, 32-33 m A2 Ok fE O 5
KI5 EZ 6N, £z, HFERN13-23mic
RO ATREMED S 2 EHINVIZR S N, FHBHI 7RIS
IKIBOBREEA R E NS, HEE 10m XD FAIOK:
IZ 47T m IIZWD MWL, TZEOYIERIRA X b
(&2, 2001; JEF 1A, 2006) DHBDT IV 2 HEREY)
ERIST T EMTES GEFED, %EHET).

HK19 a7 OHEREFERZHET 2 TN D &
U T, %% 1624-1626 m (HK19-22, 12-14 cm),
18.62-18.65 m (HK19-24, 74-77 c¢cm), 22.50 m
(HK19-29, 31 cm) O 3 JgHEIT K LIRENRD BN
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BifoNiER RS, (b) S5EHPEEE O HK19 7 ORREI . (@) 1213 NOAA Bathymetric
Viewer (https://www.ncei.noaa.gov/maps/bathymetry/), (b) {ZI&[E - H1FERZ (https:/maps.gsi.
gojp/) DT VVEEREHITEIX (BRI 2019 4F 6 H) ZHuiz,

Fig. 1 Location of the HK19 core. (a) Index map for the Nakaumi and Lake Shinji area.

Location of the Japan Trench and Lake Biwa are also shown. (b) Location of the HK19

drilling site on the western shore of Lake Shinji. Base maps of (a) and (b) are from NOAA
NCETI visualization of the General Bathymetric Chart of the Oceans (GEBCO_2020, https://

www.ncei.noaa.gov/maps/bathymetry/) and the digital elevation map (Shimane Prefecture,

June 2019) published by Geospatial Information Authority of Japan (https://maps.gsi.go.jp/),

respectively.

i MIOEDIZRAT A1RY (K-Ah) KLk (7,253
+ 46 cal years BP; Albert et al., 2018; 2019) [ Xtkb&
N GEFED, %Ed). Ao 2 o kilkix
“HKIFRDOT T EZ BN, SR (SOh)
B B WVIF =IEAAIR E 7213 = H LRI
VI BAREMENDH B, THIcRKa7 s 6Nk
YRR DWW THIPEIE A () I &> T
AMS B TERBFERDEENTED, ZOMRRIE
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JeATiige (LH - &% ,2006 72 8) THEE SNk
JEMKEIC B 2K O _FA OMEFES Eabd
JRET 7 2 OX L EFHFIN TS 5.

AW THOW IR EIE D7z Ok, O
HK19-43 %[ < 4240 a7 (HK19-1 ~ 42) DO
HAENCWIE 20 cm x 20 cm, E&E# 100 cm D75
AT 4w IRIMU F ¥ W R LA T Lick >
TRz, TN 5 OFHTDWT, Bartington £ DR
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{E#EF (Model MS2) & )L— 7+t % — (MS2C;
NFE 40 mm), U F v )Lk Rl Ok E 2 A S
bREHEY AT L2V, 1 cm [BR THIALER
DREZIT> T, FREBLDOREITIEZ/ S A AV —
HHBAEE R, 7151 (2G Enterprises Model 755R, 2@
R7FE42cm) ZH, &0 1 em [HFETHRK
Wk (NRM) ZHIET 5 & & 81, 5mT X720
10 mT [HFRE T 60 mT £ T, WLBEIC K > T3 80
mT F CERBEIATRIEM DR 211> Tz, ZDORR
WL, WRAZ)V—HED T — 2 I E Uz Y
7 b2 =7 (Upmag; Xuan and Channell, 2009) 7 |
U TERD RN 21TV, BRI R SIS RS
B DTN (U F v 2V 2 LIAA T T A 7Z
HHE L I MR A B X TIRA) ERAA T
(Maximum Angular Deviation: MAD) D% K& 7z,
T I, UF v 3 )VatkHS 0.1 mT O E RS % H
7R 5 E— 24 100 mT DA kg 72 i X
T LICK>TARM 2GS, ZOHIERRZ
JEEEIERG LR (ARM fiER) Ofié LTRLE.
INAZO)V—T )15 T U F ¥ 2V B &2 JE 9
556, L —MMHET 2 E—A > Malka
A IWVDOHLETZT TR, ZOMMANS D 2 HEREY D
WAL 5T B Lickhd. TOHFG2RTTTT
Wt Y —DRE IR D 2 WDIZ DB HRR & RN,
AWFE CHOWIZEBE O GIE Y —ohDh 5
NS 5 cm DRKEMEZFFD (Odaetal., 2016 7% E).
AR TR WA & i T DISERIFRICIE Uz
HAFF Z o THILENTAETH S D, WL
KHERDIV— Tt ¥ — THUSEWEE IR Z R
Dz, HIHA L &R AL D2 B 72 AR O fiR
BIETHIZRT 2T A TES. 238, HKI9-32 (IF
& 24.75-25.66 m) & HK19-33 (I 25.66-26.51 m)
D2 AKDUF v )V DV TIIHEERL 15O
FEDOEEICK D INZAZ)NV—ENTE b o
728, UF v 3 I)Vikkh 5 10 em b TIER L 7z
F a2 — 7R ARM 2N L, A F—H e (B
JFEE SMD-88) 72 W THEALIIE 2175 T=.

m R
H 2GR L DB SSHHEOFER, LA ED
JEHEIC BV TR RIS © TIRE T SRR AR

HEhiz (K2). 7m % (K2a) BXKU 33 mbL
G (1X12h) O RERTHEREY) 0 74 s R 0D 1 A2 T 4% 32
IIFARAIRZ e R 5N, ZORO IV ME
kit 5 752 2 5RO R L DI I I & WO EARIE DR
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HoNk (®2b-g). 22T, UFvxlidklc &
IC Upmag THiW /oI X 2l Ui, 1H
$RIY &CHE UTz 5-15 mT LU F 50 mT £ TORIDOW
RS (8-10 5) DWW, BFEAANDT Vh—Iik
T3N3l (Kirschvink, 1980) Z3EH L,
KRG R 0 D T i e L Tz

X1 3 1 7 i 7t D A2 IR TF G AT 0O NRM D5 & (1%
3a), NRM % 2 77D 1129 % R ki o
(Median Destructive Field: MDF, [X 3b), W4T —
ZOEMMUEOHZE L THW SN S &AM
(MAD, [X] 3¢), & SICHIRRA & RADME (MAD
< 15° DFERD A, X 3d,e) ZxL7z. NRM @
W IEEER) 114 m (HK19-15 & HK19-16 D) 35
K OVERE 239 m {135 (HK19-31 D& 5 0-20 cm)
THELERMR SN, MDF & MAD Of5RICE
NG EMICT H2ZEENRDENS. RE 114 m
KO EMNBXT239m KD FHICBWTLELERT
MDF VK& < MAD AVNEWT & i, HEASRO
N7 FVEREIX (K 2b, c BE UK 2f, g) 5 B 1
A%, K3ICRLIEXDICHEE 72-114m L 240~
33.0 m O TIZHIC MAD OfEAVINE L, kEED
AN A WaE RN CISE ghrl

pikD & IO, T IR UEmAIE Ty oylkim
I U F v )V UIAATZ F5 T 72 FEHE & U 7= Mt
ETHO, ZOLEEFI—D0a7 OHF TR
AAEZEALOHIF (1FIF + 20° DL ; Ali et al., 1999)
WKINE B T e ENS. LML, HKI9 a7 0
i, o= BABRROaTIThH
59, —ARKDOUF v )V OFT90° LI ED
FER AR A DR IR 2 b 2 RSB 2 EGERD B
7z (M3d). TOXo7%ZiE, 7D S0
BY 7 I—n50iRBlOM L LTECKEayo
RUNIUCEENT B ATEEMED EV. —ARD U F v %
JVERRLIN TR A OZE 83 o R &R AR 25 b O i e
(F7 40-60° ; Ali et al., 1999) ICHEH%5EDMNELMH>
=h, FIBAARaT7 T—0iE, b 0Ev v
k=) AT D I TR E RN ED SNz,
—77, BFIC MAD 0O/NE W EHE T ELERINHE B
RADOEEMN A SNz, X 3 1R UTRA O E
i 424° (FFMERAZ 94°) THDO, FEAEDEYE
T a7 REG S OB OB IR A (50.7°) 0l
il /7 ] DML AR g DR (54.9°) ITEET/h
SUVETH - 7=,

NRM O PRI RE DA R, 65% LI EDT—4#
M5 5° KD MAD g6 N7z (K3). —fkicid
MAD /' 10° il 0D /517 7 vy MR A 22 D WFZE IS FH
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Fig. 2 Representative results of stepwise alternating field (AF) demagnetization of the
NRM. Open (red) and closed (blue) symbols indicate vertical and horizontal components,

respectively, with peak AF levels (mT) for selected steps. The color figure is available in

the pdf version from the web site.
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MAD 7 15° Kifi O HIRAB LT @ RADHRE T T R, © ~ () DT Ty
IA—)L-a7 T =L BABRD AT T —IC XTI EN TR OX A/ R U, £z,
MAD DRHT/ NS WEREX [ & LT /1R (K-Ah) 2 588 3 KO KK DJFHEZRL, (o)
VCRURHER I C IS &0 2 Hitsil /5 1) oD HL OO 71 (GAD) IR DA (54.9°) 7
FCALTz. o —hid Laguna DT 2 7 R—TD pdf IRCHRAZ EMTES.

Fig. 3 Results of paleomagnetic analysis. Depth plots of (a) Intensity of natural remanent
magnetization (NRM), (b) Median destructive field (MDF) of the NRM, (c) Maximum angular
deviation (MAD) for the characteristic magnetic component, (d) relative declination and
(e) inclination of the characteristic component with the MAD less than 15°. Also shown are
intervals of extremely small MADs, horizons of three tephra layers including Kikai-Akahoya
(K-Ah) tephra, and the inclination of the geocentric axial dipole (GAD) field (54.9°) at the

drilling site. The color figure is available in the pdf version from the web site.
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BT ENZNH, BHEMEO B USSR 1S
572D MAD < 5° hWERFHAEE a8 H D
(Heslop and Roberts, 2016). T OFHAEN 5 &, HKI19
a7 OYELL O EHECLE IR R B D 7T
fNiZERDBENTETZLEWVWZ D, WHEIEYIEH
BAKE L MDE AN 15 mT % |[6] % PR 72-114 m
& 24.0-33.0 m DAKF TIXERIC MAD DEAVNE <,
e S s R OZENRD 5Nz (K3).
727120, TDS BEEE 72-11.4 m OFFHT DV T,
— KD U F ¥ )Vt B O i TR IR A Ok & 7%
ZEHR BN, 7D 2 WIEEROM UL
RHCR UNMWNE Uz REEDV R I NS,
HIAb = & ARM LR DOfE (X 4) 1, NRM
SR (X3) L FABRICEEER 114 m & 5FE 239 m
fHECEE R b E R Uz, EER 10-32m D)V
FER L (K4d) D55, HE 114239 m T3,
KILKE D B NMFHEOEEICHIST % & Ebhn
% YE— 7 2RO THIREZR DA 10+ (ST) 72 FlEl-
TW%. ARM B3R E TN &N RO 2 R
L, MAD O/NE W E RO (EET72-114m &
240-33.0 m) ITHAN, HEMEEIEZEEN NSV
EMHALMMTTE > Tz, HER 114 m Tl ARM gt
RICHEREA 2O IR SNS D, Zhictt
NTHIACEDOHEINI W TH S, KITRE 295
m {538 (HK19-37) @ ARM R %I %, #IREAL
DT T T I RENEVEEERZILDFEET 5.
ARM Rl 3R & WAL R O ZZ B DS T A (&
EHEOLEDEE T Ty b (K 4) ICHBICENT
BO, HICHMEIYEEENZLTSDTIEEL,
FEVIREDE W SRREMERL T DY A XD 2 DIFED R
Thb.

I

AHARD X I ER A AW CTROTARADZI1Fa
77 EREHN 55 0D BIAE O Hi e UK A S0 -ty 75 7] D HiL LAY
M1 DIRAICHER TEREICNE WEZ /R L T2
(K3). a7 UCNOEZ2 T T-n6elENH %
T —R =R T8, MAD 7 5° Kl T D
WCERE LT 11 IO ER T SV OB E) 1 725
B, ZOMEAERFZ (Angular Standard Deviation:
ASD) M 5° Z NaB T —REZKSITRLUTED,
30 HK-19 a7 5155 N7RAIZEEND 5
HENT IR SUREZLIFR (Alietal., 1999) &
Ee#E LT 10° FRE/NEWETEEN T 5 C EDEN D
bz, HEREYIDETS 3 2 5B L DR A DL
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BE 0 &R RS HSBIRARIED B VIXIRARRE
EREIN, FEERENTOHERER TN O ONS &
LI, WM EZHES KA REEEIRZ D
BGECRHICHEHZIC RS T EMNHISEN TS (Tauxe
and Kent, 1984; Li and Kodama, 2016 7% &£ ). F 7=,
SERT I DWIBHEREY) 72 F W To G SUK R 2 (B D
WFFE Tk, HRMOEEIC K > T 10° LLEDRA
EALEC > 2[R REB TN TV S (Turner et
al.,2015). HK19 a7 DRADMEICDOWVWTE, 514,
R LB T SO REME SR D[R] 8 7 & Dff%e 7258 U T
MRt 20080 H 5.

KA DOWERE Ty D 24.0-33.0 m DK [EHIC I,
GEIE 27.5 m 53T DRI 72 3 388 5e 1) 72 28 B AV RE
Hohn, EEHO KUK FEZLEERD 5 B
7595 ka (10° cal years BP, DL R[E L) ORMADED
PREFHLUMENRSND. EEMORRTIIZDOK
R DIR A DZBHHK] 45 ~ 55° OHEIFAHIC I % DITHT
L CHKI9 7 Tld 30 ~ 50° D& 75> TV B,
EEEI O oy bR UK AE 22 b AR O AR AR E oD e
& N7z K-Ah ALk (7,253 + 46 cal years BP) 7%
HK19 7 OFEER 25 mIcHHfEd 52 &b,
NS XA R O Mt SUK R 2 b 72 [ I U 72 A SR &
FEABTENTESD. iz, FOETHE O MR HE
FEYIORIKIZF 92 ka LHEEEINTEHED (LH - &
%2 ,2006 7% L), TNE TICEERIE LK (U-Oki;
10,177-10,255 cal years BP; Smith et al., 2013) (58 R.
TNTWVRRV. EEHOMKHERYITlE, Alietal.
(1999) MV HIREAUKFEZ L DRLERZ G- EA > O
713 U-Oki DIFE L TELTWRWND, HiltEoa
7 (BIW95-4) Ty it <UKFEZAL DR A DI IS
2R (10.5-10.1 ka) IC U-Oki BAEFEFNZ T LN
REMNTUWA (Hayashida et al., 2007, [¥ 5). HKI19
a7 DR DD 5 IE HK19 I 7 O i ik JE o
JECAHY U-Oki DE_EIC 72 B AT HEMED R E NS D,
T OIS PTEERERIC 75 - TS DV TS E
RBFERDOUERERZ ZDTE SICHETT 08D
H%.

HK19 7 O 24 m X O EALH B HERNx
R SUKEZ L DR 2G5 T N TEEh >
7z. 4R UTe K 9 ICEE 11.4-23.9 m OHEREY)
TR & ARM LR DEDFERIS/NE N T
ED, FIEARRRERNC & > TSI DN AR S %
WIFEE L, SRR EDRLERIC R EN N ATZ A RE
MNEZ 5NS. RN RERE TR o
Fe* MY Fe ICE L E N CAM Uinfb#kiz EOHAEIC
BB EMMSENTEHED (Roberts, 201575 &), A
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Fig. 4 Depth plots of magnetic mineral concentrations: (a) low-field magnetic susceptibility (k),
(b) anhysteretic susceptibility (karm), and (c) ratio of karm and k. Intervals of extremely small
MADs and horizons of three tephra layers including Kikai-Akahoya (K-Ah) tephra, and (d)
a simplified lithologic column are also shown. The color figure is available in the pdf version

from the web site.
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Fig. 5 Comparison of the remanent magnetization directions of the HK19 core and standard
paleosecular variation curves in Japan. (a) Depth plots of inclination of the characteristic component with
the MAD less than 5° and data after smoothing and filtering. (b) Inclination records of the paleosecular
variation curve from Lake Biwa (Lake Biwa SV-3, Ali et al., 1999; Lake Biwa BIW95-4, Hayashida et
al., 2007) and archacomagnetic data. Intervals of extremely small MADs and horizons of three tephra
layers including Kikai-Akahoya (K-Ah) tephra (a) and tephra layers (Kg: Amagi-Kawagodaira, SOh:
Sanbe-Oohirayama, ?: not identified, K-Ah: Kikai-Akahoya, U-Oki: Ulreung-Oki) in the Lake Biwa

piston cores (b) are also shown. The color figure is available in the pdf version from the web site.
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