OH

Al

I9)

-t

KO
<

&l
nr

gl
wr

F

FRI2l

CMA 2019 M

S2IONME

=
—

JNE

iy
1
K

=
(=)

=" LH <

Hict- Bt

3

i0J

00

0l

i
<
0d
oF
(40

-

oll
Ok
Rl
K-
OF

LICt.

Sh
=

=
=

Al

30

1.

2026.

E
ol

Kk
[0
D
i

50
mm

[s)

-

wr

Ok

o]

ol &

ol
=l

)

-

wr

Ok

oFJ
)

KO

wr

Ok



AT A FFARFE FHELE o83 Hgkent T WE AF B 9T
] s A off Al

ol E} o) gk o
AgATAYA | o & 3 oo oz | | e 3,000 5H
A9 4 L~ 3 :
iz;m; HHEF Ul A4 w53 o171
FATFAT | FH=H A=A 7718

- H LA
QoKATAHRE FAOR x4 5004H0]) o 37

LA

o Z2F UEUY FOJ(RS15-LC4A7) A A A7 AEE(MS)S 750-550 ka TIHAA =
a1, 550-250 kaoll 7F4, 250 ka ©]% WEAo] F713}.

o 37] Zgo]~EAN (250 ka ©]F)olA IRD7} FRs|A L authigenic "Bed}o] AFaA o]
solx, Hal-s A52EE 73 ek,

o W wWSl= MIS 49 LLGMO] YEd & MIS 3-2 5% A&EHA W3 T4 a7t &
Q1.
o A Wat= Hgenk vho] T WatEo] g B A A FFES wol Axd
A vws] FE5sta HlFEAIE Wt A S B,
o W3 FA W3lEs 3R WwE 3 S5 UHE JdBEY, vpxe yrjd = Wt
7 AEH R gholHlaS HoF
o EHEtxnl T A XPsH FA, Aolx Y AATH FH, ANSAHTH FA
s T 4T
o Hgtxnl WAA/HEY FH 2 AR JAE B en upxv ®Ehr] sk Wete] A
%2 ARE wAF
3 = S8 B9 AL Meteoric Be, In-situ "Be/PAl, ®tA ¥, D&t
4 el o 7]

7} A}
(7 570 ©1d) o) Cosmogenic Nuclides, Meteoric "Be, In-situ "Be/*Al, Glacial Landform,

Accelerator Mass Spectrometry

of




Hr

A

™
A

& AT

_
o

ofu

==
T

g

boAlE e

S

A AA A

e

L
A

]/

3

il

o,

& =A< Aot

3]

IS oF 60m Fsste] AAH Z=AIeL A ALS]el wigt v

3]

Al

AL
=
| .

ANF AzE Wl YA

—_
o

el

37 A8 A7)

MIEER

J|

=
=

o} FRE <

2
=5

)

7
Nio

o

3

‘_?,]

ol &

o)},

S,

bl @78

3]

AP Tes A, ol&

o

AT W&

II.

Meteoric “Be

Nr

2
)

B
A
H

wK

-

In-situ '“Be, 2°Al

F

T
ﬁo
w
o
B
mK

Ho

ngl
of
i
o

—

o

o

—

£l
-

sl
A

K
o

o)
o

A

o

w
)

AT

Iv.

750-550 ka Ztel

KN
L

I th&ol 3Zol(RS15-LC47) &4 A3, A7ZF+&MS)

223

550-250 kadll 74, 250 ka o] $ ®E4d o]

%] 1 authigenic °Be#} 2]

Yol 4 IRD7} Z5-3

28 787t yEbd.

gho] 2 EA|(250 ka ©]

=
=

7]



o 70 W3l= MIS 49 LLGMo] yebd & MIS 3-2 &<t A& Wl 54 gart g2
=,

o AW Wal= gt The] ThE WEtSo] s BorR o T4 Hake drol And
A vlws) F53ka vlFAHA Wt i FFE 2.

o W3t FA He J$ERY WiE St S5 Y3 AuHH, vpA e W)= s}
7 ALHOE GRS BAE

o ElShnt v A AFH T, Aol -] AL FA, AiSAHNE FAE

3 2AT

o dlehent MRS Fu 2 2% GAS BUsEon v Yaks] S Pate] A

V. A7 NEE e Z8A ¢

=clrl=4,’
o2
ﬂ
HJ

ool 5 9] authigenic 'Be 42 o]d ATFTEAM 1 F8&8A4 UFHA
), E}%H‘& 7138 g st AT FANA AEHOE F8Eo gt olHF FAH= Al

&£d ASE oiEH, HolgAMo] o8 AYdA FEHHEA wet A7 AL F=5 AA=
A9 & QA olF Bol WYE Bx Y, HAE ol% % #d 4ol 9 A7} s
7

E3, 20219 FRIAGIA A BEANA AAT £4 YHAY AR Hehent o,
MEol BE Aje] AT A}E WHOE wFo| Aol weh, o AT HAE s
= ‘?3

e Oe Aqoss 9% 349 Zoz Juht ogd Aowe 2ads dFe Fud
ge x% A9e 212 B78 ¢ Y= J8E AT o) AT Eob: WAAIE ) 7
AY oz ot



SUMMARY

(3 B 2 o %)

. Title
Reconstructing Ice Shelf Dynamics in Terra Nova Bay using Cosmogenic Nuclides

[l. Purpose and Necessity of R&D

Antarctic ice sheets retreat when mass loss due to erosion and melting
exceeds accumulation from snowfall. In particular, the East Antarctic Ice Sheet
contains a substantial proportion of the global ice volume. Antarctica hosts the
largest reservoir of ice on Earth, and the complete melting of the Antarctic Ice
Sheet would result in a global sea-level rise of approximately 60 m, causing

severe impacts on low-lying cities and coastal communities worldwide.

Understanding past variations in Antarctic ice sheets and ice shelves during
geological timescales is therefore essential for assessing the role of the cryosphere
within the climate system and for predicting the rate and magnitude of future
sea-level rise under warming scenarios. To this end, this study combined the
development of experimental approaches for cosmogenic nuclide analysis, which
provides robust constraints on glacier dynamics, with their application to glacial
landforms observed in both marine and terrestrial environments in Antarctica.

[ll. Contents and Extent of R&D

* Investigation of downcore variations in meteoric cosmogenic '°Be concentrations

in marine sediment cores.

* Implementation and improvement of experimental procedures for the extraction
of meteoric '°Be.

* Cosmogenic nuclide surface exposure dating of terrestrial glacial landforms.
e Extraction of in-situ '°Be and 2°Al and conversion to surface exposure ages.

* Reconstruction of ice-shelf and glacier dynamics and associated palaeoclimatic
conditions.

e Presentation of results at scientific conferences and submission of

peer-reviewed manuscripts.



IV. R&D Results

* Analysis of the Ross Sea continental rise core (RS15-LC47) shows high
magnetic susceptibility (MS) values during 750-550 ka, a decline during 550-250

ka, and increased variability after 250 ka.

* Increased abundance of ice-rafted debris (IRD) after 250 ka, with a clear
correlation to authigenic '°Be, indicating intensified glacier—ocean interactions

during the Late Pleistocene.

* Campbell Glacier exhibits a Local Last Glacial Maximum (LLGM) during MIS 4,
followed by continuous ice thickness reduction throughout MIS 3-2.

* Compared to other glaciers in Terra Nova Bay that were strongly influenced by
marine ice-sheet instability, Campbell Glacier shows a distinct and asynchronous
pattern of ice thinning.

* Variations in ice thickness are more closely linked to Mt. Melbourne volcanic
activity than to climatic forcing, demonstrating persistent glacier thinning even

during the Last Glacial Period.

* Integrated analysis of submarine geomorphological evidence from Terra Nova

Bay, geological evidence from Cape Washington, and geochronological constraints.

* Reconstruction of the geometry and downwasting history of the Terra Nova Ice
Sheet/Ice Shelf, revealing sustained ice loss throughout the Last Glacial Period.

V. Application Plans of R&D Results

Authigenic '°Be analyses from marine sediment cores have proven effective in
previous studies and have been widely applied in diverse climatic and
oceanographic research contexts. This approach is expected to continue to expand,
and as datasets are established across multiple regions, the scope of research may
be extended to the entire Southern Ocean, enabling investigations of beryllium

distribution patterns, sediment transport processes, and related phenomena.

In addition, based on terrestrial glacial landform samples collected during the
2021 austral summer field campaign at Jang Bogo Station and research results
from Terra Nova Bay and Victoria Land, manuscripts have been submitted, and
the applicability of this research is expected to expand further to other regions.
This integrated approach provides opportunities to investigate additional exposed
areas around the Ross Sea and the Southern Ocean, thereby contributing to the
advancement of this field of research.
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M2 =ude Zls/ig d&

$FANA F9EE oA $F A (Cosmic Ray, $54)€ A7) 76l 1)
ShaA ofe] B ANl ANSS dosln P4, B3k A, 24 FHA L R gL

Q.Oh'sy ou}zg A s o] &

=

HAE JAF E WA (Secondary Cosmic Ray)S t7]=
S o o], o] FAHNA 7] T Y=Y F
=8 U*%Oixlb 7] 7] ¥ (meteoric) FFAFE 99427 A1y FHES S a9

o] AF AL o7 WE A E(in-situ) FFARFE UL E SR

7] FolA AAE FYLA F meteoric "Bed t)7] - GAfol] S AL Hgol &
=] o5 X HAHE2 =4 ¥t Willenbring and von Blanckenburg, 2010) (=L

71719 "Bed] %= slewoly syl oo {7 9 A
of E@epA7] wiiol, Wee] AX R FH At tiF 7P A Aelal &

2 2 BrddEgos 2 4l MC A ti7] FelA AdEE
ol A & Azl B, =F ol g8 FrEe 44 e

=48 o] FOM A Beo] #l|% E]z,%d] F28 dd2 EAehs 49 ‘authigenic’©]
ot E5-H A= o] 9 Be
o] =dl ol ‘detntal ol 2k Xl%é}tﬂ =

o o] detrital "Be “g+ol tiall AlA Tk FEek “Bee] & & 5 A Ak

oje} &, oA WY FEE TS dv T A4S IS o2 PAHE= in situ
B9t Be, HC, PAL I So] STHA 2 Wah} gz o] WAt e B
Aol oJ&] wjEF o e W FATe] dntgo] dojipx] K, Wsle] FH o3 wF
= Z7bRE QRS oko] NEeMo s AAYE T 23l EA o ® Q& in situ &9
o

gl AREE™, Aol Tl whek A E =

O

bor
i

HAELS Wste] 44 9 534 ol5g HYs}t
theksl A5 74zF uf-o WA E(atoms/g of mineral/year)¥ 152 w77 (half-life) S ©]
L3 gt AdE AWML = 9



Brimary, cosmic_ray; particle

-'-Sec_undary
particle

(neutron, nj
@ 1'5{]

i f
d ustt-at!a:.:rg;d = praclputatmn \/
meteoric '‘Be i / fallout 7/

= ™ n “Be % r'f/r é -'f G ':’H @
s
O
L ]
+ p '

9 A 10Be(§1§_7% DY SAOREEH FIHE

a9 1 t7]17] Y9 (meteoric) FFAFE F¢
(detrital) “Be(}=& t}o]ol=) (Rhee, 2024).
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(a) ity Dk ‘Ffi' ( Nuclear reaction between  Low ("®Be)  High
Py 4 Cosmic Ray and Mineral i

,
Cosmicray *, ¥ R g ,'.-__7 Old

]
v x = 1 \
5 I Exposure
1. Blocked by glacier 1 . /

o

Surface of the
glacial landform

(b) High a00
. | %
8 1 £ 600
@ 1 =
o | g
= | B 300 - O
E {+) Production rate o
] (-) Decay constant = ©
Low : z , , o] : E
Young Old 0 10 20 30
Exposure age Exposure age (ka)

Y 2 $FAGE Bel9ne A4, B 998 B3 W AF =2 A 34 Pye)

T2 % (Rhee, 2025).
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=

Meteoric "BeE FZ3al= ¥ o2 Selective hydroxide precipitation (Tera et al.,
1986), Hydroxide precipitation with EDTA (Ditchburn and Whitehead, 1994) or with
fluoride (Tera et al., 1986), Solvent extraction with acetylacetone (Bourles et al., 1989),
Ion exchange chromatography (von Blanckenburg et al., 1996), Fusion method (Stone,
1998) 5ol 9o, Bourles®| leaching ¥} 1% 59U FE55 93 o]&xskzy] 1
218 &3alo] Hybrid method for extracting meteoric “BeS 7043t tHRhee et al.,
2022a).

At 10 Sk s ek B A Eo A authigenic BeS F&3teE 45 dAtEo] 3
=Stk Wittmann et al. (2012)- ‘Selective chemical extraction’ W& AF&-3}o] reactive
authigenic Be& F%3}%t}. Magnesium Chloride, SFAHEE Z3AM74A] ©}oket 5529 AFS A}
&t DAY leaching W& AA GEHAE] T4 424 (calcium carbonate) ¥ 71

O ==

2]e] HFE (exchangeable, amorphous oxide, organic, and silicate residual) & F=35}= W

[e5

2lo|t}, o] ¥ amorphous and crystaline FeO-MnOoll 4 FZ% ®2E2 authigenic &2
2 Botth 1 9 leaching oA FE% HEEHFS detrital A, = 4o S0 & H A
49 Az WollA AAE wEEolgt 335k tE Selective chemical extraction W2
Stone®] 533t fusion W @] o] 2w LTS A S0l E Be 9|9 FolRES &

43 AATL 5+ Adrke gl vk

T T LR Ve AdSA Vel = S B G " dd =Y
S Tt w Agketth o] B 13 dolA iRk dof o]2= ARE Ao F A
olH, WAMY ' At S, FV|FrAA YE T3 §@7 A 19 ekl M #
ol #&H= Al S T sutE A A HA BAM g4 Al SAH2 77189 'L
H o= Qe Ao oF 6nF W79 ddiwt A4S = ok fEE-EE A 42 @t
A A=l A=Y, o oF 505t def A WS 7Htk(Higgins et al., 2000). 31 7]F
muld s 71 e HAEe] F-E4Q W AH-E(bleaching) B w2 33 s} e Aol A

=

Kol

WF-ol A in-situ FENO] FAFE UL
= | ARS W 4 Q) 53], 107

Wrleh 21 7] sjdo] wkEE A7 Ao E w1 7E Zh2E 1,380,000 2 717,000 91

"Bex} Ale] F2 ARg¥tH(Lal, 1991; Gosse and Phillips, 2001). ¥, 231 7] o]5.¢] W3}

o FEY #A2E A7 uje "Bext tEo] JiHoz wr)7) vl g2 MC (5,730d) 7k

AHEHETE o]# 3 Be-Al Be-Col #HojE &83F A Fon Zits] o] Fo)A4

Al % 239 oy} £& 9387 A8 Be-Al A7 F2 g edd =F JAE 7}

A= A oA 23 E o] rHDi Nicola et al., 2012; Oberholzer et al., 2008; Strasky et al.,

2009). o] 7= @A A FRA AFE H|FEto] o FH] F BE S Aol &

f5o] Ao Ans AA T 5= IA Ik
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L1 siFA= A

THTTUGN SAHAFLAAM = 71 aE st AT FH9a AFA
(Cosmogenic Nuclides Lab.)oll 4] 283} authigenic 'Be 3 %
Arbsto| =54 olnle] &3t QLO”EE FZ9 o]2uIFLHE AH T8 =2 Be 75 W2

2833 Ut Rhee et al, 2022a).

FE A= A= b= AAF 2A71el whet Bedto] 2 o] @ebA 7] wiel 200 pm ©]
she] QAFERES ARESITE o 05-1g9 AEFS HZE nAd Wi Gilste]==dolyl
(NHOH-HCD) 3} o} EAHHOAC)S] &3 &S o] &3] &% authigenic BeS %3519t
& ol = "Bettyte] ol Bel EAE O] gl7] WlEo] AEHE Bed] FEE HER F
Asle] spetslojof st} o]E 93] &9 UX(TRY)E Wz F=E3dF] ICP-MS(Inductively
Coupled Plasma-Mass Spectrometer) 2 "Bed] ¥EZ 24 6}‘213} Beo] = Ad-oxw
w9~ SHF(“Be/’Be = 1E-15 ~ 1E-11)°] W] wfite] Aol me F9194o] asds
e, 248 9a AMS(Accelerator Mass Spectrometry) 7}t *’éfﬁ—. olt}. thwh AMS+E “Be

54|

l

9 F2Z =243 Zo] obd Be/fBe vl & Bed] H=nk 73] Wi, 4 Est
=24 9 R4S e “Beo] 9 §lal Be H=7t €A% A K carrier) S FYaFolof 3t}
o]Z ¢Jal °F 1000 ppm 5% FHe]olE o] &3 "Be spikeE Wi HEAFHT

kds] HxzE ME2 HCl 59 F Sol=Bio-Rad, AG 1 x 8) ¥ o]=(Bio-Rad,
AG-MP #¥) 13 A7ls Agete] Bes FEITE o] HANA thdg w59 HClS A
ato] ThE ol 23} ol &S HE A|A st 1% BeE FZ3t} Be(OH),= pH 7-8 W
el NH,OHE AH&ate] AR, o]F AHdES A ZrlHdA 0= 7FIAA
Be(OH)»Z BeO& &} (calcination) Al Z t}.

HAF AZS AMSE 2457] 918 AM%(Cs) o]&W ZAHsputtering) Tl A ol Loz
Holjokatr, ol& 93] H 7] A7) s=olof st} B3k 1500°C 9] ionizerol A Yo & Al o]
2] ZAbel o] 7tgE Aol A ¥AE ¢ UAEE EHUEERE Folof gt 12y BeO
= ol 54o] oftrE Yol FE(Nb) 5% 7HFE 11 Hl&E EFste eAls Alzett

3 AEY dHEEe AVAELEE o A

o (29 5).

=

Hl A F(beam current)E A& &

[

)

&
]

;O
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1g soil 8M-HNO, 1l > 9% HNO;-25-mi
{270-°Cdry-down) s.n. (H0-°C-15-min)
I Be Y
— N s
Agitation
(0.04 M NH,OH-HCl K-removal )
+ 25 % HOAc) 20 ml Hclo, Qﬁg}%@g 2 {pi 'ﬁ
(95 °C, 6 hr) PrecipitatedKCIO, “Be@m
BeF, 2
S.n.
\ A s 7
FHuming Be-extraction D
ry down
-HNO; ot Eo warter Qz crucible
o 4 E ' ) (80 °C, dry down)
(240 °C, dry down) (240-°C—~30-mb
. , Fusion Oxidation
Dissolving Furnace
Propanegas-torch .
14N HN03 4 ml {4995‘4—99@_0%% (800 OC, 10 mln)
+ 9N HCI 2 ml ' (BeO)
(240 °C, ~2 ml) KqBeF,
Fhx Targetting
ICP sub-sampling Ptcrucible Niobium (Nb)
DI water ~20 ml Sample—+Na.S0, (1 part)
Sub sampling (0.5 g) 25-g+KHF 05
M residu%lD ® M
ICP MS 9BSepcla|jSer 10 A;MS ;
9Be concentration ~038 g Be/°Be ratio
gy 3 nEdgEgw SFEAHT FdAs AFAY UEHAEEFH

authigenic Be &% L2 EZF.
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1.2 S3A 5 Ag

L APAdA FEArh A3 Kohl %
H AS AREskal tH(Kohl and Nishiizumi,
1992; Kim et al., 2024).(Rhee et al., 2019; L9 49} 5). <

SAH2507710 pm) 2719 Al&9F A=t}

H =
N 9 ek RS PRI o}

S4e A9 AERE A7) 913 HF S HNOso) A% £3589 AHgste] 289ha 27
g Eoel o] A o9l AH, ¥R 2 Fo] fleleth 4-53] wHEFH F53
al

el AHE oGl AdFEE AARH.

o
O

=4 Mg oF 50ge AHEEHA HH, A1E ol Beol glon®, d9Fow A
9] “Be carrierg 2o} "Be/'Be?] Hl&< AT & & FHE wEL TAIY A5 A2

A% A el oln o= Ar EFEUT] o
BAVAAL Bl & 2TE PALY] g AXE] 9lEA
Sske= 8ol Bastth AgE =o)7] S8 Lo HFS HNO; E3H-8-45 Al
AIZE 7FEEEh o] §99] AR5 dojul Re & o]% Be Ayto] met Al ST A
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=35t7] 918l o] ug A AREste] gt w20 HCls o] &3 & ol &
AU A Az} Al 3 9 A cation exchange column #4 oA Beg 3431 o] %

o7 1FxEe HClIE ol&3l AlS 3Fsleth 39 Bedt Al> NH,OHE o] &3 717}
BeOHZ} AIOH FHZ HHAAFTh ol% 77} 8002k 900TCeolA 151t calcination Al A
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19 4. 28l 8l Geochronology 23

[ ¥ +
150~200g Cation column BeOH AlIOH
medium sand (HCI) precipitation precipitation
(250~500 pm) 7 (BeCl, + NH,OH) (AICl, + NH,OH)
¥ Anion column ¥ )
Leaching (HCl) Gel cleaning Gel cleaning
(HCl +H,0,) 7 1 1
v F fuming Gel drying down Gel drying down
Leaching (HNO, + HCIO,) Be(OH),, NH,CI Al(OH),, NH,CI
(HF + HNO,) 7 1 I
] o o
Calcination Calcination
Magnetic mineral - ICP AES_ BeO ALO,
; Al concentration
separation 1 1
! - t Targeting Targeting
20~50 g SiO, ICP sub-sampling Al target, Nb powder, Cu target, Ag powder,
i) ~8 ml Cu pin Cu pin
Carrier spike i v v
(°Be abundant HNO,, | Dissolution AMS AMS
1,000 gpi, =038 0) (HEHND:) 10Be/*Be ratio 26127 ratio

29] in-situ Be/Al A8 T2 &S,

a7 5 SAEAE/7NYE A EZFEHE in-situ Be/Al % 344,
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1.3 AMS 4

= 91817) 4 A A (KIST) e 6MV Tandetron AMSE o] -&&te] 7} A Z¢] 19Be/Bed] H]
&5 A3t o (29 6). B4 A= A5 HF AW BAY FYe 9§
07KNSTD s®itf= AE(5-1, 5-2, 5-3)= AF&3sH, Z+zhe] X% H]-&(Nominal ratio)<
2,709 x 101, 8558 x 102 6.320 x 10 20|t}

Be &340 A doj7 BeO FH9] B AMS9] AZE Ao 507t & ~dri= A
Z5 A3 ‘Beo] ¥ A, Be¢] ROI (Region of Interest), '’Be/’Be vl & 5& 7|02 &
de AXA "k MES A= SNICS (Source of Negative Ions by Cesium Sputtering)
= Cs HHAE 70T ooz 7tdal] 54 e Cs 5715 AAdstH, Se] 9 T49 Cs
Aabe F 74 715 S 3k A HAlE 1500 TR 7FE 9 o]yl A9l FEste] d-AE W
Z3ota Cs' 2 o]23}%+= A A parabolicd o] tpolAolA A yeon oldo]
Aol Bl S5 Aol Cs'9] o] 2W& HFAIA Cs 2AME FA gt + HA= gl A
F B2 W7ol Hoj 7] wiitel o] &3} A] &2 Cs 5717F ¢4 F49 Cs 2 Sk
GgetA Hrt Cs'ol&Hlo] BHAS we] BeO7l Lo o] £4<] Cs o2 HE AxE AA

4
¥ Be-0¢| el AFol HB3l7 Hrk B3 AEE o ortelq Ho| Q= FFom o7
= euelAe] F4e FHse] FEA.

FZ9 Be-OZ v E3 of] B2 2 IAES Low Energy Magnetol /] Magnetic Mass
Seperations & shH, Aol 2591 BeO #4ke} 2691 “BeO, 18]al 55 94<] 'BO A=
wE ek 2y e dEs Ad FA dAs el FEEH oUAE il xle PE
olaf Wt 7} Al AE}h T o] Magnetic Mass Seperation®l| 4] Bouncing Pulse Injection
Magnet& 2@ 2 9] A7HS 2488wt} ‘Bed Fol B7] v Aoz #e FY A
7S mjguron Aol 2591 A EA(BeO)7F AU 4 dE AS AolF W Bes 7
A &= g2 dlo] H(faraday cup)S Fa A Hh Wk 'Bed oko] 7] wjfo] Arhz o
220 NS ko Aape] 9 iy EaHBeO, "BO)7F Aubd 4= 9l A¢S Ao
F1 YBe s 7+A438k= GIC (Gas Ionization Chamber) 2 ©]%-&Ht}l, Akl wha} =4 AJ7ko] t}
27] el olH g Fd ARFS Fol A

Low Energy Magnets &g #24v 52 7H4571E5 338t A ==t Tandeton 7}
&7 29 7S dlEthe 9nE 2o gtk 7hEr]e] v Eukd ks Aol F
Goli= 45MV7E A7 ok ekwtoll A F47kA], 0014 A5SMVEZ 7H5H Be-Ov 5949 +3
HAzo| oa] EHA 7H57] ol A Qe Stripping Ar 7FA9F FE8HAL, o= BAE 1A

ato] Be*'o} 09 gAz ®eldn) 715719 B 2ges AEolr] wio] Be* & Al
oF 59 EHS I g W o HEshA wrh

Ard%

=

i)

7HEE 4RSS High Energy Magnet®] 1A E xAdol olaf A#pd=z 2 24 =2
7HAA Ak “Beel - AMS9] wekel GIC7HA] o) &3kar, At e o] %

G- =ZAo] o Fo] HuE 7 Shdo s vlo] FelA SH ¥ Low Energy Magnet®] =3}
2 F90 23] Beol ol 45 o] dedle] Fo] daln] YRZ S0k ‘Be o] 22 ey
ol Holl FRaH FA3}E I ojuje] AFE o|&3lo] ‘Bed YA M5E ALt = gk

'Be&- ‘Bedt #dEo] &} GICTHA o588 = gt ol TF U4 Bx o] o]

_‘|7_



& ft}h 'B2 B St FHLAE A9 B 5 19.9% 4 EAtE 2 Suj o] Boky F9
A491 YBe Ao wt=A] 2| A Eojok 3t} Bey} B2 Electrostatic deflector (ESA)I
9)+= Energy Absorbing Foil (SisNy)& %535t Be*' oA Be'' 2, B*olA B"Z 242 Ax=
2N QA EW &m7h fashed olu AL s ¥ BE B Audem Jankgol
Zol Be''oll M8 &=7t o Aaste] ESAQ W] ¥us|n 7y FE2 Wy sl AAd.
ol@A FEH "Be2 HFHOE GICA E017F d-olo] AF-EHCiHyy) 7H2=9F whg-at AAtE
3=t SipNy foildl A A AE A -8 "By} 'Beo] 9= Ax1e] sjelo] th=7] wjio] GIC

o 448l BANNE B BFA4LE FhHoE 2T & vk

GICAA =9 “Beo] /g Hefdlo] HllA 48 QAFE Aitste] & “Beol 7l
st 71 “Be/'Bee] Ml &= Azgto] vheA €l ahAwt SN, foil & E3stH "Bed] 7=
Abo] AA ESA lellA @& &do] BAsy] wiie, 72 v 0l &2 HAS 98 47
A 2= JF2REH A2 BAAES AHgste] mAgd
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il
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Be? 2 Woldl 4 917] wEol SiN, foil & o &3] 714 = BFNL AU BS A

- PN
= 4 3l
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1.4 Authigenic *Bes %9} authigenic "Be/’Be H|& 72k

91o] AAA S Fa AMSE F4% wdFe 54 54 A7 "Be/Be vl &= Uehd
o} b 133k nie} o] Fusion WH 2] authigenic &S FZ317] 9138 leaching
HAE Waetdeh. waka] o) Hol] ALgstd AABA A LA authigenic “BewhS F-3F
7] 91814 authigenic A3} detrital A Eo] 25 E35 0] E total ‘Bed] H%Z ICP-AES
(Inductively Coupled Plasma-Atomic Emission Spectrometer)S %3 =4d a7t A
Atk AMS A2 142 “Be/Be w&3 ICP-MS A& 12 authigenic ‘Be?] %& o4&
3lo] authigenic “Be?d] I71A] 2wtz k= A HAoh

24838 7|E ATES authigenic “Bedl @Y FxHTH
S 1o gk 53] HAES AuSAH ATl &
HOHAE AR A7 e shel Aditel o)
of we} A3 g+ 7k = authigenic "Be/*Be H]

UE L Eoll ] WHEF
authigenic Be/’Be H] &<
A "Be F9194 Y(atoms/g) VS

Hso] e 4= ql7] wiitel vl Azt

22 F2 A

g HS2E 912 0) Ao A = meteoric 'Be®] A ES A fAlSH
AbeE 91Ee] thE AT Ao A FEE meteoric 'Be FE< A Al v 5
A9 9] g|UdE A E 1ojo] thate] meteoric "Be BE ZTEIAS FALE 7]E A5 A
meteoric "Be %9 HATA = oF 10° atoms/go|H, I < 374 ol A 2] meteoric “Be %
2o HEAE o 10°-10° atoms/g® PEE A K Scherer et al., 1998, Sjunneskog et al.,
2007).
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S REEEEE R E

21 LA E 24 A+ 2 A7

228l HAA $=AZ5(Antarctic Bottom Water, AABW) 33 9] oF 40%E A
st FE =3 A= WA Fale JA Wehrt o m s T8 S2 T
3 Orsi et al, 2002; Anderson et al., 2014). 2o A ASH AFEL AFIwAt
(West Antarctic Ice Sheet, WAIS)®2] $E 7} 21 &= AR Aol A 223 A o A]e]
ok - WA AFS 2AFRo] A okAS o]l Aol Wl FQ3HS FExsu Q)
ANDRILL 1B Fofoll A= of 5005 el Al 1008t W Alelel] sjdate= 283]9] 7] - 114
7] F717F glEdon, dF §A 759 Tl Wl 32 A7]E REYGsheE Ao R 3
2 ¥t} (Naish et al., 2009).

U
2

I

H Ao mEw 2 ol o] WAIS d7lx FHE F2 oF 49 134
F719] A+ AAF A= (obliquity) ®atel &) 2dElar, o] FrIHLS F7]
FY|2~ A o] 7] (Bruhnes transition, ~0.43 Ma)7}#] A4 % 1 th(Ohneiser et al., 2023). A
1009+ &<k WAISS] ¢hdgh Z¥o] did 571+ Eg4sHA %, ANDRILL 1B o]0l
7159 W] - 7] g S 2 B0l B AdEHet HA AEHE AR by
S AAFSHH, ol A A AR 84 Wsle)l ded Ao HAT(McKay et al,
2012). 3 F7] Sgol2EA Hol7] HIF R mrde= F43% ajdst ] HiE A,

5k

o WF Fuy HH e 2 9P
3}

T (L

-

Teiv S59 B34 Ad A0 of o R s o] Ao WA W AdTE HE
TAT Wof] F3ks o] glom AHH 1FF V| FS ulg FESI dE5E HAES
ool whEA Holo g FA Aol ey s v, gisAME Y S A ES Bt
AEAQ 18 V5SS AFTT 5 Aot B AFE 22 dSuelA - HYE =
o} (RS15-LCANE ©1 438l Z7] Zeho]~EA o] Fo] uaj 37 Was +93tasl 3%
o, A7 74&(MS), F71 €4 (TOC), C/N H(C/N ratio), B-2FZH¢ (CaC03), AE71Y

Y2 VS|

7F 22 (biogenic silica), E| 4] 3}4]
o7 EAdte] d= tiE FRY

2 o (d 7).

d, 712] 3L authigenic Be & 5} 2]
Mo ned 2313 B Ae= XH?*ééPE AE 5%

2 dn &
Sy
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(B) Modetiea Simulations WEE  WE 185
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(W) ssaUNoIUl AMSD
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29 7 2289 LC 47 A2 A SR U W mg O3S 2R
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RS15-LC47 A= FoloA SHE MS+ A% s
8). °F 750 - 550 ka T-7Fell A= FElgh F4] glo] ¥& MS %k | ‘/}E‘rurui 550 - 250 ka
;1-7}01]/\1 Aukd o 2 ZDL

rlo
Z
)
rlo
fo
il
=)
oM

© AES HEVE fAleH, = 4 23 JA] dE9 HE
o} Atk 3ol Awkell A A IRD (Ice Rafted Debris)9} A4, o] A
HAFo] Ao w Yeuy, 53] $7] Zeto] 2E A (250 ka o] F)ell IRD7} 43
o] FEHAL YEE A AERT o] BAH R ok 500 - 700 kaol| 3 F 5}
720 - 1040 cm Firoll M = HE Fe ok AbSE FE27F dEsty, devE R
X% glEh

Sy olN‘

o\

CaCOs, TOC, C/N, 2%, Bae A=W Wsl= 750 - 550 ka 7-7Fell Al CaCOs, TOC,

C/N gkol 7} =7 vdeyH, o] F asiAwt o d3] MEAdS Belrh(d 9). v 2
T2 950 ka o] F F7Fstal WE Aol AT Baws 750 - 550 ka 7ol Al Ao A o ok
€ ghg mold, o o A7ld TOCE EAW e A4 AREL e oned
th 934k Best ‘Be 7= 2 ('Be/Be) Hli= 7] ZEo|AEAR 52 ZTleeE A
&S ®Holm, 550 - 750 ka 3t 7 virk 53] (“Be/fBe)9t “Bet= MS9b= W) 7
S Holal, 250 ka o] Tl 22y TOC W3leh 2 A X3k

_23_



{a) MS (c) Density {i) (“Bel"Be),,.k) 'Be,...(m) CaCO,,..{0) TOC ..
{S1x10%) (gem’) (e} Sand (%) (g) Clay (%)  (x10%) (x10") (gem'ka’) {gcm’ka’) (q) Opai% (s) U, (ppm)  {u) LR-04 5O (%)
0 2232527 0 6 10 %0 0 6o 1 000008 0.000 0.030 0 3502 16

I % I
8 f' ‘_.% é
§ _ | | -
alf
g 5
o 3
270
2 . .
& 78 &
: 1 gﬁ-ifgf
& _! -I""_:b- 3
® o5  3s51287% 140 70 20 40 01234 00 25 00 042 2000 16 0 8-360 -400-440
{b) SR (d} MAR (f) Silt (%)  (h) Sorting (j) "Be.. () CaCO, % (n) TOC %(p) C/N  (r) Opal ,, (tyBa, (u)EDC
(cmka') lgcmika’) (X 10") {gem'ka') (X109 5D (%)

2% 8 LCA7Al A #2413 Be w9194 AR 7|eF ZEA L] vl 4]

@ Interglacials after 250 ka (MIS 7,5 and 3)
lce-sheet distal depositional LS
Ba wpe environment
. E.!E » '"?e B'E |u%e "Be

" r ¥

550-250 ka
lce-sheet partial advance/
Relatively warm condition &
‘ge "Be uge "Be'Be e Be
. (o s ¥ * -

=™
.

Primary
productivity

Depth (om)

@ 781-550 ka —
Ice-sheet proximal depositional =
. BOViroNment 24
"Ba Be o - ﬂ =
. | .e Be Za
- ~ E :
SSa
E=w
=
a =3
=Y
=
=
=
=3
= a9 9 MS, 2% TOC ®siel w4
{llilf Cross lamination —— Parallel lamination H 3} o E Be 59¢4 vx Hsl
X Fault (mm) @ —"Be/'Be reaction rim o} A}
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Earlwinis s Mid-MIS & ; MiS 4-2 Mis 3
lowering rapid collapes lawering lowaring

(B) MIS & (~140 ka, ~630 m) tMIS B

G J i
400 400 previous studies
B 300 300
B | 97.0 ~90.8 ka
5 200 200 35.1 ~ 30.7 ka
g . 17.9~ 146 ka
2 100 B L i e L 9~Tdka 42
w =1 10?94 —-T:;:a 1
5 Gondwana s s TS o Jangbogo Hills 4-sawalf]
0 1 2 3 4 0 1 2 3 4
Distance along profile (km)
g% 10 AERste] ARE dad WeA g 2y <l 7Nkt =24y FART FHda

in-situ ’Be =4 4 Az
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71=9] A Wk 2yl A= MIS 5 $9H97.0 - 90.8 ka, 320 - 150 masDell ai&s}=
T =F Ao A9 vgo® MIS 6 A17]19] Wal A7 MIS 4 Al712Y v FA9E 7}
_]

fe oo

HH7) =% Oﬂfﬂ(apparent exposure age)oﬂ T2 & gh] wTol, ® 0} —r”ﬂ Hslof o

S Aol Al ATAols @Azl AN B ATAE JuRtA Sug MS 3
A171(49.8 - 35.3 ka, 87 - 78 masl)°ll #Fste @& wF Adl A5E F7HEoZA, vpAd o
7 Aurel A2 Wak T 2a A ol A4 Aeta A4 S BAg 5 Uik

AT~ A3t AT Al47] Stel] AA A Wste] FAVE AEHA o el o] HE
sl Y. 53] MIS 4 A7lele =44 wpA12 Hd Wsh7](Local Last Glacial
Maximum, LLGM, 150 - 90 masl)el sidsl= Hln3 5743 W37t A3 0 o] MIS 3
7 MIS 2& AAH W3t ??S\JP A& o7 o] MIS 29 A=x]54 U}le Hd Wstr]
(LGM, 78 -41 masl) Al7]el= @418 gkolxl Wt FA17F YERRt) o= 7]&e] AAHo] &
wpA ) W7 o e 7§ R gk Wet T A S8 SdRekAIRt g o= <
3l Wal FAZE GAEANY = A H= s AaE, vpA e 7] st A W ste]

A

As Aurdom gasths AR d8e et

s

—mr

O volrt A Wate] AsL 75 s 27, AE Wil 5 dubdow Wl A% Wals
Aufshs 25 Huds W deEA B GAAYI wEE B of= ek M)
A4 7% adutke gt S 2L A Aela dAHoA FFH o] F .l o
oo = 24N AR, 53] MIS 5 24HI7.0 - 90.8 ka) ¥k MIS 3 A171(498
-3563 ka)ol #EE = w4 Wt s} T A D Al 712e] 3] et
ARE A} dhinj o], 7] iske} ks = el vheS HolEuh

olelgt Al7IEL A Wat Qe jAF W E shte] o FF 41711236 -90.7 ka
51 50.0 - 35.1 ka)¢t & A8k, Wt sojol A SatA) o] dA3] SRk Al7]eke i Et
(2" 11). o= Wat- 33t Foatgo] dAz AEde 7HedS o sy dn =3 o
et SR ofyel WakshabAle FE, mecle] 74 B 5 AP ALILH A GA
olF g AHE AATH. & A A= 71F, A, A 22 ATHYD A 29l 9o,
st Sgah 22 A A-AA A 29le] YT ﬁLE Astell o dFE ME F UES A=
sk Tad AR E, &5 We Ws} oS mdo) kst ov] gl V] ARE 281 A9
o}
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(A) 1 % &8 4 MIS 5 6

£ Apparent exposure O GWH
goo J| O Simple exposure @ JBG

i
a

Elevation (masl)

B
s

Ry

Age (ka)
(C) Last Interglacial Peried
ML Melbourne 3
97.0~90.8 ka voloSiGieid Ri0-aE" :fa e
Jangbogo Hils 123.6-90.7 49.8~28.5 ka y
mﬂm' i : .
ks glacial lowering Goprymha. ik MIS 3

pRarock glacial lowering

Y 1118 dsksh el weske AW Wl S wsk /% 349 W Aut ue
S A7) AR 9 &) AZIsh WS AR vhebee,
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