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ABSTRACT: The Antarctic continental margins exhibit unique sedimentary characteristics influenced by climatic changes in glacial
environments and oceanic circulation. This study aims to trace the variability of bottom current and associated paleoenvironmental conditions
in the Ross Sea continental rise through comprehensive interpretation of sedimentary facies, grain size distribution, and anisotropy of magnetic
susceptibility (AMS). The sedimentary facies of the studied core are divided into two, diamictite with abundant ice-rafted debris (IRD) and
laminated silt lacking IRD. Silty sediments with well-developed wavy contact and cross laminae indicate the influence of sustained bottom
currents. The diamictite layers display faint or absent sedimentary structures and abundant bioturbation, but occasionally contain gravel-
and sand-rich layers formed by bottom-current winnowing. AMS results show that the degree of magnetic anisotropy (P’) has no consistent
relationship with sedimentary facies and grain size variations, probably due to disturbances from secondary magnetic fabrics, and is not regarded
as a direct proxy for current intensity. However, enhanced oblate fabrics align with the laminated silts and gravel-rich layers, contourite
deposition by geostrophic currents flowing around the Ross Sea. These results imply that magnetic fabrics may sensitively reflect sedimentary
processes that vary with bottom current systems in the Ross Sea (e.g., lamination and winnowing), highlighting the need for future magnetic
studies in various polar environmental settings.
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oF 2T WY R B 2V

= tiE Y Y Y

S 24 Yol Bt S Este] AT EEee S
4 Hslo] 2231 J3RS n]2tKJoughin and Alley, 2011;
Golledge ef al., 2012). E3] F=ZHAH(Transantarctic
Mountains) A]&2] A'd=HWest Antarctica) X2 HIA}
i Fito] st oo FA lo] FE=el vl 719 |
slo]l < s W3-8tk (Hughes, 1973). Ad=1 5
=2 AA A7 =28 (Ross Sea)= W-5(ice shelf)
I iS50 WA TR Ago=(ad 1), WY At
g0 wa} @& oFo] J=HAZ4Antarctic Bottom Water)
£ A5t AAF g = 71§ 24 AA - 552
Q1 S-S 3N Orsi et al., 2002; Orsi and Wiederwohl, 2009).
olHt 53 A2 gy o= lF| 228 1t

Ol

A, @A, v| 2 7|F ¥ olsfstr] Y7t =2 AFAS
o2 d#A the.g., Jacobs et al., 2002; Anderson et
al., 2014; Schmidtko et al., 2014; McKay et al., 2019).
2o gEswte) Bzee 22 Watel AT &
Elof| e} oheket 3, A, A5 ST A A8l 9]
2=, Y A7, A g7, 574 HEA T LR F
2 7182 A5 Pudsey, 2000; Lucchi et al., 2002; Lucchi
and Rebesco, 2007). H/2] A7 & SE|of] 22 Ql FTF
& We 22 &5l e B2 - adg At
o|FojFH o}, W EHEL Hlwd A&HQ EF 7]
S 39l Al g tigt AR E AT 5= Sl ARl
Aol AFAT7L BES AR o|th. EAg o)A =3P
o|A 9| A AFEZTE A= HEAME-tEHY H
2 A D F2F 7|He 2 no] oA o] 73} A5 3
=(bottom current)?] Z7| A3+ 81 tH(De Santis et al.,
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Fig. 1. Map of the Ross Sea continental margin and location of the studied core RS15-LC48 (modified from McKay et al., 2017).
The principal water masses are illustrated by arrows. ISW (purple): Ice Shelf Water formed by Ross ice shelf melting; HSSW
(pink): High Salinity Shelf Water produced on the continental shelf; CDW (red): Circumpolar Antarctic Deep Water; ASC (green):
Antarctic Slope Current; AABW (blue and white): Antarctic Bottom Water; RSBW: Ross Sea Bottom Water which is a newly
formed AABW from mixture of HSSW and CDW. In the inset: Ross Sea Gyre (RG) modified from Dotto et al. (2018) and the

study area (black rectangle).
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1999; McKay et al., 2019; Conte ef al., 2021). S}X|qt o]
23t B3 27 A T A EE A oy, '
=3 A= B 755 5 AE 719 A dAE
o] &3t AR AFA - oo = Qs SefolX
EA) B2t 228 a7 w8l it FR= X8| Agt
Aot} A3 Atel] WEH, Feto|AEA FeF 248 of
S50 AXF "YARS 7]|F Ho|7|(climate transition)o]
et X351, F7] E8to|AEA| A o]7](Mid-Pleistocene
Transition, MPT; ~700-1,200 ka)o]] 24 1 7} &4+
T 7] BEEA AHo]7|(Mid-Brunhes Transition, MBT;
~400-600 ka) o] & ZF4st A o2 FAETHMcKay et al.,
2012). o3t W] Zsh= 2235 s AlA EFF 7|5
Hol7|o] we} Wakelee 7hs4S Lrehiite.g. Albot,
2016; Bollen et al., 2022).

i R}-&(magnetic susceptibility)2 25 Z}7]7}o] H]E|
Sh= Al ARt 58S e, iRk o]W-d(Anisotropy
of Magnetic Susceptibility, AMS)-& ZAv}gFo| wha} &
A= A gholl 719ksto] YAke] FAZ Q1 BB EE
HE=A] 4 4 = A= 24 W o tEllwood
and Ledbetter, 1979; Doh, 1991; Tarling and Hrouda, 1993;
Son et al., 2000). o]2|3+ Y E 7|Rte = s EHFY of
A oA #A42 E-E A viES Alofske 1
3 H A Ak ol ded ez A8ESitke.g.,
Joseph et al., 1998, 2002; Parés et al., 2007; Ohneiser and
Wilson, 2018). 18U Y= tjSFHE e} ZHe 719 % %]
oA ARG =53 Ad&o] Zop 1X|27] H2ZE
(paleomagnetic declination)®] FE=7} 27| wjo) EZ
= Al Zoj9 71E5 A (paleomagnetic north) WS
AAsl7] o]gaL, o] wiiZof| HZb5 o] &3 AR} i W3k
B 9 R U9y 592 AgHolt). B3 2|9 95
Al B, & WA AR 9 SE o k2 ot Bl F
Zh-go 2 Qg 4 3449 ol wiwol d=el E4
EoA Al oS A8 A= AY §lrh 2 A+
oAM= At ~709hd B2t FAE H= 228 S §
A ZoA B2, Y= W tizkE o 240 7|kt
THA ARE o= 7 £ BAHE A FH
S SR ES YRt o2 AT el Al7| AAREE
°o]-&5= w3/ A E(sortable silt)2} thARE o'/ A7t
HWE Fote] 23 37 " AAAZA &7 oA
ZZl(magnetic fabric)?] &g 7FsAES H7185}A} 31t

2. 3= 3 Y

2.1. 8309 2 A=
AFAEE FAA740] 2014/2015 H=- BAHANAOSB)
S 228 AR hET(68°53.9289'S, 171°09.8914'E)°]
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A 33t B4 E F230] RS15-LC48(54 3,167 m; 4
0] 1,472 cm)< o]&5tch A+ AF2 d=SASTY =
8 /= AZ F 319l Adare Trough?] F 100 km E&
of %8P (Orsi and Wiederwohl, 2009; Morrison et al.,
2020), AF AFole L2, 199 FAL oIS
(Circumpolar Deep Water)Z0| ZASHKOrsi and Wiederwohl,
2009). F=APHZ(Antarctic Slope Current)}= tSAH-S
k2l A3Fsl= X F(geostrophic current)o]|H, 2AZS
(Ross Gyre)2] @& A2} A& 288 Whitworth ef al.,
1985). tiE5olA= sl BT di =2 sl L
FH4(High Salinity Shelf Water)7} A=, 1 G)&
7t eSS EHE ) 2A dSAE 9 7Y
o] Tl= 1Y YF5(Dense Shelf Water)7} 4502
F=EHOrsi ef al., 1999; Gordon et al., 2009). ©]|ZA|
22804 FAAE ESASTE AR U AR R &
AbE]o] AR Ao A4S 23T (Jacobs, 2004; Orsi
etal., 1999).

5L F 6] RS15-LC482] U-channel A|RE ©]-83 11X
Z}7] Ailef 2JHH(Ohneiser et al., 2019), 3 Zo]2] F]
SH= F 2509 | Ao st mhx|ul Z]2E7] G 7]
¢l HEA-upopnt AHA|(78RHE )= ¢F 430 cm 79|
of| A ERIFETHBE E A& oF 0.55 c/kyr). & Aol|A
= A oA 412 flste] Zojo) AR ¢F 340 cm
T A ekl FE(T em)E 01831 A9 ALH o
2 F 1527119 RARE QFsttE FA= RF 4
A 247+ FE= FAIE MR} Fo| AR RS 7Y
7|=% sto] B2 E o FEHA Hol YUt H 2).

2.2. UiITtE 014 53

2 AFE f5lo] Zof RSIS-LCARY HE A2E o=
SR AR AT o] B33 Agico MFK1-A Kappabridge
o) A& A3 -5 FAE o835t tAkE oS
Skt E3L S FHoj o] Fa] thRpe(k) Fof 270
YL £33 =422 Ohneiser et al. (2019) of 2]3}o]

pushing
of cubes

+X

<« Core top

Fig. 2. Sampling scheme and sample coordinate system used
in this study (after Richter ef al., 2007).
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HuE vk Qlok 2 Al 7o s 321 thRbs: o] d Bhd
A(AMS ellipsoid)= A= ZQ1 HH(K)), TIHK>), 2
2(K3) A @2 522 sto] Y oEth(Tarling and
Hrouda, 1993). B+ 31| ALK K = (K + K> +
K3)/30. 2 AL, «oF fARE RS Blad = ik
olHA] ERIAE= EJZEC] 27|22 (sediment magnetic fabric)
= 71| Sls &8, Al 55 7|9k 2 AL uf
N4 = o231 Zoh(Jelinek, 1981; Hrouda, 1982): A}7|
RFE(L) = KilKo, A7) GEFEE) = K/Ks, o134
(P') = exp {21 = M) + (1~ M)’ + (s = M1} 2, Bl
D) =201 = m5) / (i~ 1]~ 1 (71 i =In Ky, 7 =1n
Ko, 13 =1n K3, N = (1 + 12 + 13)/32 UEFA). P'= o
49 ArE Ve, gho] 245 ARt FEo| ZeliA|
= 2 Yulshs ai Al719) A|E2 AGETHe.g., Joseph
et al., 1998, 2002; Parés et al., 2007). T= EF)F| o] Hej=
HALFH(Oblate; 0<T<1) E+= HAFHE(Prolate; -1 =<
T<0)2 o3t} oy BHAE =48k S8l Al
55 shbto] Rsilch FIHY A= A= FE
AE W2t o] AUH2 xZo| =Fo|H, El{E ¥H
O 2 FEARE Yol Y= Y xF kot 11 2).
2.3 EIMd & QI EIME QT 2M

0] RS15-LC489] B34 o At 9 E|XE SH(F
A 1 ecm, & 8 cm, Z20] 30 cm)]| tjgt X-A A2 Ohneiser
et al. (2019)T} Jung et al. (2019)0) 4 B1E|Qich 2 A7
oA o)A A A5 v 2 Fo] A 350 cm
Tzl e AR B84 Baks askloh EeE X-A
ARIC 2 RE Hd 2 om Zo] HH 02 AgH 23 H
SHAEE2 mm)9 7= McKay et al. (2022)0)| A A
SHARE o833t

Q% 48 9J3) § om Qo] 7o A Hg 2
NEE T2 12T ¥, McKay et al. (2022)7} A|Fgt
He wet Bskea, A E FARUEER A5 53
ABE719 Qi AASA 2 mm o] A& ARESH] 29
g RS EESHGTh o] % SAHFA9] oA Y=EA
7](Malvern Mastersizer 3000)5 ARE3}o] 2 mm ©]35}2]
AHd-old EAES e R e 25 S5,
=M= Folk and Ward (1957)E w2} AAt=Qict &
34 AE F7K10-63 um)S] Bt Y&=(SS)E= AFEHE
oA AT BT S= AAALZ AREH, SA] S =
22 A8 (McCave et al., 1995; McCave and Andrews,
2019). Tel WLALE o] e A HABe] 7
T A9 AL o] B 284 gAEel A43Et ¢
S TS 4= Q7] wj o], Paterson and Heslop (2015)1}
Stevenard et al. (2023)2] Matlab £2Z E o] & 0] 83}

H1

RNCETOETEEE

S0 RSI5-LCASOl s F2 of 2 maf xir} BRe =
o) tlojojel= Haaa 291 YA} gL =8
A&t g28 AE §ZAro] 2S5 3K Ohneiser ef al.,
2019). &t F7H<350 cm)Q] AEZo|= A= mm
29| HaY(plana-) Y A}FgFZ2](cross lamination)7} Q1A E
(29 3a). £3], 70-102 cm 9 270-286 cmoj|A] F=E]
2wl (wavy)e] AR} 2 st A sl 7
Alo] ekt B e 27} SETHIH 3a, 4a, 4b)
2, 29 QA7 e colojel EoluE AnkH o R
M7 £EA 9 ALeao] EHo) BaEA,
o] 2 AERTo] A2 AR W J-Z(sand-/gravel-rich
layer) T3t VERATH(9)): 280-310 cm) (ZLH 3a, 3b, 4).

B JEREL CololulE 77l £ 29
qre, 92 AE P04 B2 AR W 29 A
e BAITKY 30), me) B Wsk WeHuE B
% wisiol Al AR Hol(18 3d), Be 29
VA7 e aEe) FHE SURRESE olulaick B
X e B w8 USSR BB B
U 9w T A ARS BTk 3oy, Bt
B4 AEO] B (SS%)7te] AlkAK(correlation coefficient;
)= AF 350 cm L0 021 2.2 ol, M) 2
2 med o shee] st Lage] Avkwell cur
rent-sorted; 1>0.5)2 E7] o]FHTthMcCave and Andrews,
2019). ¥hd gk 2E(>63 um) o] AdAlE 0.81
2 52 & Holet, ol #hol 2 4A f4oll ==
Ao o YAEE Y IS W= guEg &
Qlthe.g., McCave and Andrews, 2019).

ATAR Q= Aol BEHLE FHE B}
7] 9J3te] th4=2] end-member (EM)E ARESto] HES
22]5h= Hi(Stevenard et al., 2023)2 A3}tk & 6
Ao EME o] g3te] 4% 244G 28T F, EMI3S
O]-83tH SSirp frees ARFSFATHSupplementary 13 1).
WA EE FFE BT SSikp_eet SS%rrD_ree®] A4
A= 0872, B A} vlawsto] 24| F7H5 gk 22l
t}. Fo] Zojof I SSipp et AN O R A5 A
EZ7F Yol A ERTH ) ~75 cm, ~105 ¢cm, ~275-280 cm),
A7 gt ~80-100 cm 7oA = H|wLA] A
UeRd Tt 2# 3h).

3.2. TNIEE
A2 ditd e 2 BaE b AHdgEe] ol vl



2= =AM HEH EESQ UXE 01¢y A+

#ote, giEFHEAAE T2 A7 459 719
A, 714 5 278 240 i fAsha] §4 WekE bt
gt} Fo] RS15-LC482] thal-&(x) Zh2 Muta oz ot
ool EZoA] 11 GF ] AE A WA Yeh EHE
oz H3kol A4S X QI Ohneiser ef al., 2019). G+
A|R(<350 cm)oll A= nER7FA] 2 ciAREEke] Wshe |
2 E W B S fARE A 2olH, o]l 29
A QA vl FEL AYFES ke AS 9n|

o|'£‘||

—

12 Hol S0

010

=4

04
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FTH2 3c, 3d, 30).

AT A 22 BIFRAE(Kn) 32 2F 95.0 x 107 SI9k
201 x 10° ST Afo]9] W] =& 7k Woln, o= 242
A, miasfato] E9f -2 H|RMd g ferrimagnetic miner-
als)o] EJAES tix&o =2 S vZlth= A A4
3cK(Tarling and Hrouda, 1993). Ohneiser et al. (2019)=
0] RSIS-LCASS] Tt @H4iA] B4 2498 59 ~580C
o] s 2= A4 o] Fa AAFE|H, AHdF

(a) Lithology  (b) Bioturbation (d) IRDCount () SS (h) SS.p e (i) Lineation (L)
5 Index (>2 mm) (um) (um) Foliation (F)
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(Wt%) (um) (104 81)
Legend
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Fig. 3. Stratigraphic variations in lithology, grain size and magnetic anisotropy data of core RS15-LC48 (top 350 cm). (a) Lithologic

description (modified after Ohneiser et al., 2019), (b) bioturbation

index (Albot, 2016), (c) ice-rafted debris (IRD) >2 mm count

(McKay et al., 2022), (d) contents of sand (>63 um), silt (4-63 um) and clay (>4 um), (¢) mean grain size, (f) mean grain size
of sortable silt, (g) content of sortable silt, (h) mean grain size of sortable silt after IRD correction, (i) k, magnetic susceptibility
(Ohneiser et al., 2019), (j) magnetic lineation L and magnetic foliation F, and (k) the corrected degree of anisotropy (#'). Shaded

layers represent laminated silts.
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=9 A7) YA | (magnetic domain state)7} A7
9 (pseudo single domain)o] SF3H-E Selstach A&
oA B4 Sl oleiat X754 Th7) 7 single
domain) A333=2] ZBHEAJ 0] ofsf o'/ EtEIA|Y =
o] Hut+= YA}7]) 22 (inverse magnetic fabric) IS
i AIg 4= 91 A gHcH(Rochette ef al., 1992).

o Zlojof] whE o)A A (P’) FF2 <20 cm, 60-105
cm, 130-160 cm, 270-340 cm 77H| A v & 34 WS
5}1(1.004-1.048), 0] 52 ~1.01 F=2] W1 ek A ¢l p’
e Hole X} AERITHIHY 3k). & FFollA= ol
£ Wl 27t o/ o]y Tgbolzt Holaiey, of
23 P’ gk WE2 A7) Az LRt gE+E Fe
ABRAS Bol 1, B4 FH 42l ABAE A
FTHY 3j, 3k). A712H EHL L3} Fo] ATRAES
EA)3}3}= Flinn diagram (Flinn, 1962) 2 P’-T diagram
(Jelinek, 1981014 2t Lyehgteh: 2.2 o]y 77h2 vl
A 2 F G THe= Qs HEF 7= FYof 3
Teh B, W oy F7hE T o] Theksi] s}
of TA9Ie MRS LEPAET Sa, 5b). AFAIRY P-T
BAE Joseph et al. (1998)0] Aoz E7T HAS
A v uE uf, F2 oA Fh YA S0

ot BHA, =2 oA S i EE S ZE(drift)
)27 7} AAFTH LY Sb).

2 AFoME 9= AFAT A7 B4 AR
7] HZro] B8 o] oK Ohneiser ef al., 2019) o]*A
ERA 9] v G WS PR o r BUsHA| = oyl e,
FAYo] EAE F20) BRE olgstel A7) 23} 4%
W Aele Blsigch AT AR AvHoR
F K St =HHA K 2 K, 59] AS(girdle) £
£ HoFH(1H 5¢), o= ¢RtE o2 =g E34H |
b BA 22 Wrggtth(Hrouda, 1982). &2 o4 +
72 K, Z0] wd Aol Uit oy 2719} 97|
Sh= WHA( " 5d), B2 oA 2 53] K | K&
o] ZA| 4= o] U= HAETHH Se).

4. E9

4.1. EI¥ &t E|X2HE Bl

o] RS15-LC480Y|4] yEEsto] #aw= A32et 4
o2 77 el AL EHE YT tfRIAL
oA Wal7]-27] EjHeh Walol et Wdshs 5
Al A =3} GAFSFCHRebesco er al., 2014). -
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Fig. 4. X-ray images of core sections showing characteristics of sedimentary structures and texture. (a) 60-120 cm, (b) 240-300
cm, and (¢) 300-350 cm. Gravel-rich layers (GRLs) are marked by arrows.



H= EAM WEH BESQ UXE 018 &

ZH(<350 cm) o} AV Tholo}a o] SjulatAL} RAEt
SEet R et 2e AR = =2
NI HHEANH YA ROZ 5] ofFTHBusetti
et al., 2003; Rebesco et al., 2014). L&} o] 7oA =
o ZZ(gravel-rich layer)o] £ YAEH(IH 3, 4), ¢t
Fo| M E AT AS sl ot A dA
A& 4=1kst 713 Zl-8-(erosional winnowing)®ll 2]t 7
© 2 | HH(Stow and Piper, 1984; Howe ef al., 2001;
Bollen et al., 2022). o]i= E| 433 W Al o] W/AHEH
PAE AAY 4= e A= 37 Il A== 9
BIS}AIRE, T S 240) g BgahEo) ol A4
9 E57|22 BB AEHS 4O Boltke., Drewry
and Cooper, 1981).

70-102 cm 3te] G52 AEA & IEH AEF
o), me] WeRt o A4 0 ALl et A4
2 4% jRel QR AHEcHIH 3. 4). o 7l
e o] A2 A2 A5 diFo £=7F =4 @52 9

o
HlSkAIRE, B AEL B YE(SSio ) 7 A

€ High anisotropy intervals

@) 104
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7] 47} ol U1l FRIAHEC23 emiy
& XA 1™ 3h; McCave and Hall, 2006). $FH, 270-286
em T7k) A28 AEo M AU A7t SAjste]
28 AN B BHo|YS AoT 2EAH1Y
3h). & 7] G359 HEA W dE] AY §l=
AL 55 FA|3t WAk (grounded ice sheet)o] A
g R27HA ARt WA B 47F AafAY, =2 WA
o] He| TSt AFA|A7HA| =gdt W dEo] A4
3t 2 0 2 A5k 4= tMcKay e al., 2012; Albot, 2016).

0] RS15-LC48f T3t 22 x]=}7] A7} ~430 cm Z)
olollA] oF 78%hd AL e U, AT FIHEAE 350
cm)= o 707hd A2 HE S EH FHS ugT A
02 24 4 Uk M3 AT, o A7) ek 22
o) F42A GRtho] R RATEE M7} EE oo}
uEs g3e) AEs} WS SARE HEgo] Leht
, 458 AEA A 279 =2 FoHdel &
Q1= Bollen ef al., 2022). Bollen et al. (2022)°] AX]
g E|A g mdo 2, Wslr] St HAE WA

<> Low anisotropy intervals
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Fig. 5. Bivariate plots of AMS parameters and lower hemisphere projections of the three principal AMS axes. (a) Lineation L
versus foliation F plotted in a Flinn diagram (Flinn, 1962), (b) The corrected anisotropy degree P' versus the shape parameter
T'plotted on a Jelinek (1981) plot. Shaded areas in the Jelinek plot represent empirical relationships between magnetic fabric and
typical depositional mechanisms determined by Joseph et al. (1998). Projections of the K (red), K; (green), and K; (blue) axes
for (c) the total studied samples, (d) high anisotropy intervals, and (¢) low anisotropy intervals. The mean directions of the principal
axes are presented as open symbols together with their 95% confidence ellipses.
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o] Hti2 AAWL u WA A HEEE §4 A
W, Ei g4 o3t AUE AT Sof o3 o
Ao 339 AYA HAR0] S 29 FUR
o o3} A% elS WAk, Ware] FEstwA Heke 1
UE 884 2 932U YAt B olRE B
nle Gelrh wee Haate] WAEE i, WAl &
H3| FEF 77 ol A el ventx) ga %
B3k WA HET A RPREY A7 EAF o et
Wtk 2 AT 2] S0] Ao, S5 AME Arjrdo] B
ZAeolof sk, HAALY] SAS el o SE mdo
o3 3% AA @ =Az-go] AL TFsAe] kT
o g

4.2. E|HtE Moot T 018d

At A H9| A mdoxa eyt FHEeE 25 E g4
Z-Z RIS YU 554 f-E00 o3 vlwd] 73t o
Y29 B4 gAoA F4E Aoz Atttk(Bollen et
al., 2022). & AFAEE AL, 37 A7l AXA=Z AR
SSirp_reet= EJAAYO] whet T3 HSE HolX= ¥o
4, B2 22 AR thool| Eof Hg] |58 AET}
AoUA] 9] B A gHolA BAEME ALer FE3Th 1)
Ao 2] e A sk B gHefo] g3 HE 1
of| A W& Z(™ 3c¢); 2) SSwwp ] 7HF W2 FhO] A
2] AE Z7to)| A YeEh= Z(~75 cm, ~105 cm, ~275-280
cm; 719 3h). TEhA AR o FHE G432 AE= A
FHF Ee AYHoR vt yUE 58 &0 2
< Ao A9 A3 sfiFel 3t B A 2-g-S vtk A
°F Mt T A9 O R AATE SSip e HEHE
B AA H3tol| o3t aF &%= 2po|(F-2 1 93t 71F)
7} @A oA SR Sk 7Fe = AARRtTE TR
- 2F 80-100 cm 7] AEZ A3 A 2 SSikD e
£ 1PSHH(H 3h), A7 E Wt 2 240 w2t 5
T4 EAAE A5k E-E 7HA R iR A7l A
o7t 51 7Hs 4 TR EAfEHE

Qo2 15 &= S7ho] ol AP e st
= BAE Y= 715 4HIA TN Ledbetter and Ellwood,
1980), & ALA| 2] &}7] oY BE(P’) W= E|ZAY
9 AREZ7|9F AT/dS HolA| et 2E 3e, 3k). P' W
T AR AR IS oA BHEAY FEe T K
o} A8 osfE = JUTHE 5). =2 oA FtollA
TEE = K 59 23T K S X YFor o] A=
QIsE -2 (imbrication) 9] WEZ AA|SH (1 5d), 73}
H Hetx 9 =zE gAY BRI F& YAt
(Knight and Walker, 1988; Tauxe et al., 1998). 3+H, *F&
o] oA E K Fol 24 FoflA ZA "ot e

H(2E Se), AHbA o2 FALT K9 K52 BH 2
£ 5A0= k= YA A2 Y A7 221} YX|5HA]
=t ol 13} B 29| wgks YR
A7) o A= A& AHF B 2ol vdstr]
ol 23 4] o] e thEit Z2 aQlo] g Eojof
ok AR, AdelA e HAE Zo] A3/ S 2
of W E&So HEPS of7Iste] S A2 &%
(mingling), & (distortion), A3F o}X| 7L (upward-arch-
ing beds) 52 FAAY 4= UK Snowball ef al., 2019; Yang
et al., 2019). B4, Zo] A7 A o o] |7} o] A
U A7 BAES Follle IR 8| K Fo] 3o
AN FaystA HEE o Uck(Copons et al., 1997,
Aubourg and Oufi, 1999; Shimono et al., 2014; Snowball
et al., 2019). A, Fo] A7 9 FE A7 25 2ol A
& ASSHEFHEAN xS P K S F 7
7} x&2 ut SR EEE S 4~ i Gravenor ef al.,
1984; Copons et al., 1997; Xuan et al., 2012; Yang et al.,
2019). & AFAIR] -, X-A AR oy BHA| =
FE Fof FAE 9 F/iHo] uEA] a2 Eeld
= Qlth ZEU K 0] x5 WS 7= Ae 28
o 7B A& QF] A SHof 27t L7 o Bl
Ao] e He A3 WA = ATk ol T L HLS 53
W2 Eo] o Z3HE A7 A R4 HZsHA 28
77301 Atk A= F ol gt o Qo =, ¥ oA
THNA Kok K, S0] AS(girdle)& B48h= A2 3T
HH(K,-K3) 2.2 9] grain rolling @AYC.2 S4E 4= 1o
™(Tarling and Hrouda, 1993; Tauxe et al., 1998), ©]+=
rollingo] @75= 5723t Al719] sif(e.g, LU= H=F
T )7 EAREE AARITE mEbA G2 o
HE R 7 SR H b= 23 A7) 22 o &%t wke vt
ot A= A H
AR A7 29 7FeAdole Eetal, HYF29 &
| oA FHEE oA S A5 HEST SR
/A Zol AEshe At & YARITHaE 3). wet
] 2 AFARA TEEE A7) oA Wish= dR=
7] Wt} A glo] AF slifroll 23t BF 712ke] W3}, =
B39 B4 % 714 2 THE A UA g HY
T2 7FEE wrdsis Ao g gorErt o|#dt 5504 E
ZA| 0] BAL 71% Wste| mE 228 siF AlA HiE
Hrgstm, et 713 % 1l E iS5t ofstE
WS st 2A8] FHE AZ WFos T2E A
PREAVRETNEDTT A R a7Ade)
HAzgo] a3 G 712 202 K Lucchi
et al., 2002; Lucchi and Rebesco, 2007; Kim et al., 2018;
Bollen ef al., 2022). A7 A2 2F 707hd S o8] ¥
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2= =AM WS EESQ UXE 01¢d

o] "l3l7|e}t 7H)7E =EsE Ao g AR X|ul EJYAL
ol 7+ W57 Z_PHCVI F715 FRSHA AEst7] ook
(2™ 3a). 2= E6taL, 228 B4 7|5 Ho)7]
of wa} Xkt Zi% 1T o, A AR HE(>~240
cm)ol|A BEAEE G459, AHEF D A7] HeA2(aH
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et al., 2012)3} 37 GEA| Hof LS PR o] ggFo g
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Supplementary Fig. 1. Representative grain size distribution and its unmixing result for IRD-corrected sortable silt calculation.
Six End-Members (EMs) are defined in the order of increasing grain size (EM 1-6). EM 1-3 were used as the current-sorted EM
group in this study (e.g., Stevenard et al., 2023). Vertical dashed lines indicate the sortable silt range (10-63 um).



