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Application of cosmogenic nuclides dating to the
glacial and paleoclimatological study
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SUMMARY

I. Project Title

Applications of CRN (Cosmogenic Radioactive Nuclides) beryllium-10 for

glacial-marine sediment study

II. Objective and Importance of the Project

Our study area, Antarctica, have responded sensitively to rapid climate changes
during the post-LGM (Last Glacial Maximum) and their thickness and extents have
been decreased. Recent Global Warming 1is being accelerated by increasing
anthropogenic affection, and it is also accelerating the decrement of volume of ice on
the earth. Since the Antarctica has the most abundant of ice than any other places,
the need for monitoring of ice shelf reponses and predicting of future collapse of ice
shelf comes up. We first studied on the Ross Sea/Ross Ice Shelf, which has the most
abundant of ice on the earth. Other areas on the Bellingshausen Sea, and L:arsen Sea
also have abundant of ice on the Antarctic Peninsula.

Two types of CRN “Be (meteoric “Be, in situ “Be) are very useful for tracking
climate changes. First, meteoric '“Be is produced by reaction between nitrogen and
oxygen atoms in atmosphere and then, removed in atmosphere by adsorbing onto
particles in atmosphere or dissolving in rainfall, and consequently deposited in surface.
With the behavior of meteoric ’Be, it is possible to reconstruct ice shelf history and
paleo—climate, so meteoric '’Be analysis in glacio-marine sediments can be effective.

Unlike meteoric “Be, in situ “Be is produced within mineral lattices of rocks
from reacting between cosmic rays and nitrogen or oxygen, which is used for
exposure age dating. Exposure dating method using in situ "Be has been widely used
for glacier landform. The method is very useful because inference of past-glacier
movement would be possible from the results of exposure dating. Moreover, with in
situ C, age obtaining from data is not apparent exposure ages but real ages.

Therefore, the purpose of this study is reconstructing ice shelf history and

paleo—climate from amphibian cosmogenic data of meteoric ’Be and in situ ""Be/?°Al.



[lI. Scope and Contents of the Project

This report includes the following research topics.

- Perform experiment for extracting meteoric ’Be from marine sediment.

- Perform experiment for extracting in situ ’Be from erratics.

- Perform experiment for extracting in situ ®Al from erratics..

- Perform experiment for extracting in situ “C from erratics.

- Analyze '“Be, Al, and YC concentration through AMS (Accelerator mass
spectrometry) measurement.

- Reconstruct Larsen C ice shelf history and paleo-climate based on meteoric ’Be
concentration change with depth and exposure age dating result using in situ
"Be, ®Al, and in situ "C

- Submit the result to the journal
IV. Results of research and development

This report includes the following researches and developments.

1) We used the developed hybrid method for extracting meteoric ’Be with several

study areas on the Antarctic marine.

2) We gathered erratic and bedrock samples at several benches on study areas for

exposure age datings on Terra Nova Bay, Ross Sea.

3) We gathered buried beach pebbles and age dated with OSL method to reveal
isostatic rebound (in discussion).
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discard

_ %matant
0.5-1 g soil.

i i Ppt Be(OH)2
Spike with .
~250 g 9Be with NHsOH J
%\ redissolve - 0.1 M HClz:
Csopn;l:ti;\?(ai}t::: Dry to expel Ignite to
1 part NapSO4 B, fluoride BeO for AMS

% %ma&ant
Fuse Ppt KCIO4

3 - 5 minutes with HCIO4
& SGpernatant KCIO4

resid

Digest cake: i

Hot Ho0O
~ 3 hours

fluoride Be eXt raCtion

residue

discard by KHF2 fusion

@ Detrital °Be
@ Authigenic *Be
@ Authigenic 1°Be
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1.1 s A2 A2

aHgae] YA E  authigenic “Be F& W4 Bourles et al. (1989)2]
leaching {3} Stone (1998) fusion WHS 7|wto g zhzho] Wy
HAgtstol g vk vk (29 4). 4= HY detrital o] &35 7] 98] A5 A
ZFst7] A >200 pme]  detrital 7] Qolgta AAAE FHS ¢
authigenic WHS Abol leahching Al A 44 3k th.

1 g A&ES AFsta dAGE Aste] &dFry =7y &30 %, 100 T &
of tF F<F AxAZIH o] %, f71E2] AAE 8] 500 Te] A7) &F=o g 4
b ol AgE AFstAZ o) 50 ml Corning tubedl &7th A E v AlgE
dH FES A A ICP-MS(Inductively Coupled Plasma-Mass Spectrometer)$t AMS
7o 77t dute PR RbEtH(E 5).

Al 21+ authigenic "Bes oW 7] 98] Corning tubeol] E013+E A
ZS5 HEE VAR &7]13 0.04 Mo fikslo] =& 2ol (NHOH « HCD 3} 25 % oM E
AHHOAC)2] 89S 20 ml ¥olsFuh 95TC2 SGEgolER 6AI7Hse 71E &t

H o 1
leachingS Al #A53. 50 ml Cornging tube® THA] 27 2500 rpme 2 5%-7F A48 =
ANAFT AdE AEES A FTdS A3 dEF A &7 Fol 260 T ol

o Al ks AXAAFT
AMZol ZEZAF)Z EelF7] Y&l 14Ne] AAHHNO3) 4 mlst 12 N HEF=2
(HCIOy) 2 mlE 2o 240 T2l st=golEo A 7[Est. Axd 542 14 N9
Amlet ON9] AAF 2 ml9t 4o FolFH §dE 2 ml olert 2 wi7bA] 7t siEh
NS 7Zj%3$ 50 ml Cornign tubed] &AT § SHITE 2o o83 HAE Hol BF
TRz AMSE 2347 “Be/Bed] M &R vo7] wite] ICP-MSE &3 M=
‘Beol 4& FAHsFolof “Beol 4& +& 4 vk AES ICP-MSE A7 $ls)
AEE dFol R Z=FFE 20 mZbA 4o FAAIZIY dRE 15 ml Corming tube

o &7 7|2} LATY (KBSI - Korea Basic Science Institute)oll /] =74 gk},
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1g soil

N/

B, F fuming
8M HNO, 1 ml
(270 °C, dry down)
Be

Leaching
(0.04 M NH,OH-HCI
+ 25 % HOAC) 20 ml

(95 °C, 6 hr)

ﬁ s

v s.n.

K removal
HClo,
Precipitated KCIO,
BeF,

F fuming
14N HNO; 4 ml
+ 12N HCIO, 2 ml
(240 °C, dry down)

ﬁ 5.

N/

Be extraction
Hot DI water
(170 °C, 3 hr)

(240 °C, ~30 ml)

N

Dissolving
14N HNO; 4 ml
+ 9N HCl 2 ml
(240 °C, ~2 ml)

Fusion
Propane gas torch
(400~1000°C, 5 min)
K,BeF,

N/

N

ICP sub-sampling
DI water ~20 ml
Sub sampling (0.5 g)

Flux
Pt crucible
(Sample + Na,SO,
25g + KHF, 0.5 g)

M residuaé[‘]

N

ICP MS

9Be concentration

Spike
9Be carrier
~038g

28 4 ol AT a3t Hybrid method for extracting meteoric '’Be (Jeong et al,

2018).

Redissolve
1 % HNO; 25 ml
(170 °C, 15 min)

N

Precipitation
Ci5H1sN30; (pink)
NH,OH (yellow)
Be(OH),

N~

Dry down

Qz crucible
(80 °C, dry down)

7

Oxidation
Furnace
(800 °C, 10 min)
(BeO)

RJ

Targetting
Niobium (Nb)
(1 part)

W

AMS
10Be/%Be ratio
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Abell ol ol A AlEol= Bedl Aui# <l Fo] wjg A7] wiie] “Bee] 719
g3 “Beo] il £ ‘Be Mol & AolFolof AMSE 4T 5 vk oF 0.38
Aol Wiw =rhdel &7 stEd ol EddA A AdxA AT Axd

Al AEo] NaSOs9 KHF, §4& 747# 05 g, 25 g4 "oz ¥, E&2H =
sto] HHo] HzHe] defegd AES FAIL FASt Aol & olwx
ojg3 MES Hol=d ZEAM(CHy) 7h= EAE o]g8m oF 40071000 °Cell 4]
fusion 21 AlFETh A WEo] HowA YBedt ‘Beol HaF AolA HH o
"Be/'Bee] Hl&o] AsAA @rh skl Bud wAe] Alejart wigEriye] nit
G4 KoBeFso di= Ao dA €t

ofs

<

ERRS S
£ & A op K

=

100 ml &2 B7lel Ww =7ty s 93 SRR S22 =S A F 54
S Y 2-3 Al A= JFEEieth o] A2 KoBeFy P HI Q] Beo]l =AE =o & =
P e X]UJ, Fe, Al, ¥ Ti 52 & 34 g=ths A4S o] &3t Be% F%3hH, Fe,

I, & Ti 52 ofF w&nt A Ak Mg =7t E Aol ZetaE wgE o] &35
LH%%—% HEEHARZ 2% &3 F &9 30 ml 4% P UHWW tgetth, &S
50 ml Corning FXEel &1 § YAl 7)o 2500 rpm &2 57 LA Al7]aL 4
sH= 74X 50 ml Corning 7ol webuin, AFds webdl Fro| HIF2is
wo] KCIO/F AAEHES strh, FHE oA 4l#g7]el 2500 rpm o2 583+ A&
g AlA K& AANTIL BeF,o FElZ @2 45AS 100 ml HEE v[A upehdt

SMe] A1 mlE ¥ sEEolE
Aol A A7|7F A=, o] A7|E Fote] EFHUR} BHEMB)O] AA"Y. 53 HE
& "Bert FF Aoz o] AN AU AAE slFojor Aol uwEl sh&E =
AMS 7ol golsdtt vAH 1% ZAiF 256 mlE ¥ &, SZdolEe &7 1687
7bd3teh. 84S Zf4Ek 50 ml Cornigng tubeo] &7 3, wlE# =8N (CisH;5N;00) <
2 e "dojrmdr, Wy =g A HstE o F e wEA Y AE &
Aol HolFH F2Ao] yepdth R Uol(NHL,OH)E 3 Wa4 "ol i ArE
wSH T FAol YERT] A Ak oFd 7]/ 9 "LWW}X] 7HH ik sk E & (Be(OH),)
7F AAEA Hw AR 7)o 2500 rpm o2 5E7F AR Al AFH vigo] e
A gH e Be(OH), =S €5 & AUtk A %EHJ ANEE MY =7 &4 &2
T AT EHolEd ol AEHelE &Y dHdUxE
800 Te] A7) &d=Zo A 10&7F AstA A Akst ol E 5 (BeO)S] 3 H

HFHoxw AMS=E FA38t7] 918 A& Alw(Cs) o/ Y
ol o ® W vetol a7 wjitel] HAE
oh Sk 1500 T2 o] 1ol A (ioniser) ol A

BN
>
=
|2}
3
s
=1
=
@
2
5
©
=2
R

# olewel 2 o3 e

AZo] JA IAE £ J=H LR Folof st} AR BeO= old EAXo] L3
7] W&o Yol HNb) &% /IS 111 ¥ of Eplo g wtEojof AlFo] dH:
oF A7) AEEE sdozA bAAR] W HAF(beam current)E A= = At
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Ay SA4A R in-situ Be/Al % %212 Kohl and Nishiizumi (1992)2] =t
ZHE BdE WS 2835t A thH(Rhee et al, 2019, 1% 6). 94 # 7]Hkek I}
A NEE LF FAHB0H00 pm)e] 272 B4m el

A S5 ARESEloF s17] W&ol HF9F HNOsol Ase EdES e 25
A H 7 s’ ZHel 2ol A o9 HA, $RE & o gl Ak whE
T BAGoA A S ol &Sl AFFEE A AN T
T A9 oF 50ge AFEEA 1, A1Z el “Beol $17]1 Wi
A %2 "Be carrier® WolFo] 'Be/Bed] H&S AT F = FEH=E 0
oh TA19) A9 AAFR 5 A ol oln] oJ=AE EdtE o] gl7] wi
A R YolF:A fot PAVSAl Bl S 2ZHE 26A19 %S AXEY] gl E AR
AIS) & HER Aok 3k A gE w9 fNY] &) aFEe HFS HNO; &%
ol Az 7hdafert o] & JdFE "ol B % Be Z¥ol| weh Al

r <|
o
10 o
o

Z2AE NZTE5S MdEste] Frtd oz AHyelet) o A 1% HE7F &-55 0]
Qerz s Ax F, A¥ke] HNOsE o838 F58t ICP-AESE F4sErh
+=35 Be/AlY £ 9A 1% E HFE AASNT7] 98 HCIOE o &3 FS &

51, o]Z %3 Beol BeF @82 AAF =2 WA BeCl o2 3530} g g
4918 anion/cation exchange column< AXH theksl w2 HCIS o] &3] thE

2, wolS HUg AASIE AFES Bel® §]‘Fﬁ‘jr Al 9A] cation exchange
columnol Al 3]FAlel Bes 33 o] A ow sk HClE °l&3] Als 3]+
stk 3 ® Be/Al2 NHLOHE o] §38 BeOH/AIOHZ HAAIAETH o % 77}
800/900C e Al 15%7F calcination A7 BeO/Al0 HEJZ wEo]F1 AEAS dAA7)
71 918 EFAl A ZHAJ o] Nb/AgE 41014 whEt)

2
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19 6 Korea University Geochronology Lab.2] in-situ Be/Al

[ ¥ 1
150~200g Cation column BeOH AIOH
medium sand (HCI) precipitation precipitation
(250~500 ym) i (BeCl, + NH,OH) (AICl, + NH,OH)
v Anion column v )
Leaching (HCl) Gel cleaning Gel cleaning
(HCI +H,05,) 7 1 1
v F fuming Gel drying down Gel drying down
Leaching (HNO; + HCIO,) Be(OH)., NH,CI Al(OH)s, NH,CI
(HF + HNO;) 1. 1 I
J e o
Calcination Calcination
Magnetic mineral 5 ICP AES_ BeO Al,O,
; Al concentration i
separation 1 1
v ] i Targeting Targeting
20~50 g SiO, ICP sub-sampling Al target, Nb powder, Cu target, Ag powder,
7 ~8 ml Cu pin Cu pin
Carrier spike l L ‘l‘
(°Be abundant HNO,, || Dissolution AMS AMS
1000 ppm, =0.38) U HiINGs) 19Be/*Be ratio BAITA| ratio

a9 7 SAEAE/7 E 25 E ] in-situ Be/Al & A4
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=240 32| ed Y KIST)SY 6MV Tandetron AMS(Z1¥ 6)E o] 835}
o] 7} AZW Be/fBed] H| &S F3tgth BAT FYS 98] 07TKNSTDE Eiti= A
Z T 571, 52 535 A&sdem zZhzhe] AAdH HlE&S 2709E-11, 8558E-12,

HEE FE444 BeO9 |2 Ao AE Al AMSE AZE Ao =9
7+ F 2"t s= AMZS ol f35to] Beo W AR, “Be¢] ROI (Region of Interest),
Be/'Be Hl& %<& 7|22 H4YS AXA HAuh AMSS A& SNICS(Source of

Negative Ions by Cesium Sputtering)= Cs BR#AE 70 T ooz 7tdste] 549
Cs& FUAAZT F¥e] 8 49 Cs 9AE K 75 oA HEd AuAs
1500 C& 7t49® o] 21}o] 19} SEo dHAE WESHAL Cs+7F HWA] parabolic$
OTO‘/P 1AM FA tew of2ie] Huh FAol | &2 do] Cs'9] o]2Rl=
TAA Cs =AM 48 F 7—1‘01 s1o] 7] wtel o]
iﬁ}ﬂﬂ 2 Cs 717F 25 T4 ot Cs'ol&Ho] B
= UHE% BeO7} LPO % 1 =m Be O°] JEj2 4

T gHoE AdojE JrEUEH ¢

ﬂg oX % U[o
_O|L

_EL
o

2 Low Energy Magnetoll <] Magnetic

Mass Seperatlong AXA A} o] Ea Aol 25¢ ‘BeO A2+ 26¢1 “BeO, 13
V=,

al %%94*01 B0 #at+= S o2} S48 HA T g2 AHS Ad Fx 43
= do) BYsy oUAE Adx ME FHZo) o] we yrhA ®rk T o] Magnetic

Mass Seperation®] 4] Bouncing Pulse Injection Magnets ©]-&3}o] & kol we} £33
o2 FAE& FEH ol B3 ‘Be2 do] By wWiEel FulHom FE Aot A
o] 2591 YA EA(BeO)7F Avtd 4= = A doFv Bes #A s el ol
# (faraday cup)S dol#=th “Bed o] #7| o
2691 Akt ®2(BeO, BO7F AvE F olE AgE AolFH “Bed #AEHE GIC
(Gas Ionization Chamber)® 7}Al €t} dFo] we} th& AIZIRFEA S o]

of o] &4 FY AXFS Fo BA o] Hr}

Low Energy Magnets &343 24 A5 7HE5715 S3HskA ==
Tandeton 7F£7]+= 2¥ 7HES dlevs ouE ztal Aok 7FE57]9 v g9 1
ghezolH F4el 45 MVE 401%7%1 e} %D&oﬂ*ﬂ TY7A, 004 45 MVE 7h&

= Stripping Ar gas®} =31

7b "tk 7hETle) e sy
ol g ¥ oo 7kl "o
7} E o] U2 Y52 High Energy Magnet?] A4 Ao 93] A=z =4
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Ztwe7d 24 "ok “Beol A9 AMSY Zwkel GIC7HA 7HA & ‘Bedl A ZHo)

o] Alsh7] wjio] 1 gwre] sfejuo] How FAEsto] wroliEth Low Energy Magnet

o] =217 Fo] 98] ‘Beol EolL A o i ] Hol g YFE = S0t C’Be
5

olee sl o] FRs ] FAs} Hw owe] AFE ol &ate] Besl A MG

YBe& ‘Bed} FHEo] 2t GICHAY ARE % wit 7te $F U4 "BE
S Ak "B Be SAFALLE AAA B F 199%4 EAstER Fu e &
b FYHAA “Be =AHolA wrz=A] A AFolof Ft} “Bext B&  Electrostatic
deflector (ESA)°l 91+ Energy Absorbing Foil (SisNy)& £338l1 Be? oA Be' =, B2+
oA BYZ 247t AAE 2 9A "W H2rt gastsd ol FAAY sy o
& BYE ddidoem gdawrgo] Wol Be'ol Hlsdl £x7F o Ao ESAQ Ho] R
98l Ay HER wy UrbA "ok olgA 59 "Bed HFTAHOZ GIC Eo17t
O] AFEHCHyp) 7F2=ok whgstw AAE WEAl He=ul SisNg foiloll Al A AHA &
B} Beo] 9l At wjdo] tr27] wlito] GICY 4709 #A7|E B3 55925
FZtHom ey = F 9

GICHl Al A ZE¥ “Bed 7H T WAFE Atste] A2 "Beo] /49t 7 “Be/'Be
o vl&= ZA¥gko] v %E‘r. A9 SisNy foilS AXM "Beeo] zZtmEAale] AA
ESA WolM e &4o] B7] el 23= U Hl&2 HAE H4&5s 5485t vos
HAX | wpe} BASFA ot

ol
il l‘

O}

1
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a9 8 KIST9
6 MV
Tandetron
AMS. '"Be/'Be
= w9l
3 45 MV7HA]
7H4ske] Be' &
wobd & 917
ool SisNy &
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1.4 Authigenic *Bes =%} authigenic °Be/*Be H] & A4t

Aol AdAAE AH AMSOIA WEFS S48 Hed 54 23 “Be/Be vl
2 Yehdt A A58 %] Fusion WH = 28] authigenic Ad#5HS leaching st
o] fusionA]7]%= hybrid WAoz HWEHES FEI7] uol oA AFe; Fo
authigenic A #¢] “Bewrs F3817] $814] authigenic &3} detrital A Eo] =% X3+
Ho] 9lE total "Bedl H%EE ICP-AES (Inductively Coupled Plasma-Atomic Emission

Spectrometer) 2 3] 4T Bart gA v wEkd AMS 232 U2 “Be/fBe H]
&3 ICP-MS Z3 % U2 authigenic ‘Be?] %<& o] &3lo] authigenic “Beo] %7tA =

e e ¢ Al AT
S FE A=l WL &
53 HA29 AuFA ArolA

o
authigenic “Be/*Be H| &S 43t o] ot
d "Be &9€4 Fatoms/g)the AT A HAE ke A7
of gk W-so] yehd £ A7) wiFol] HmA AZtel] wet AT FS 7HA

authigenic ’Be/*Be H]| &< F& A83t}. A authigenic "Be/’Be H| &S #45}7)
 AMS =4S FH|Foln ICP-MSZ =4 % authigenic Be 2= o] authigenic
"Be/Be Hl &S AArE 4= A

T3 =7 v 523 A Jo A9 meteoric 'Bed] WAELS A9 HAlstr]
Fol e YE7F B o2 A A oA FE3I meteoric Be X9 2 H A
2 e F At FFAF FHUEHE oo el meteoric 'Be & T E3AS
ZAFEE 71E ATFE A meteoric 'Be %9 HAFX7F ¢ 10° atoms/goln, 4@ &l
% #AolM 2 meteoric "Be Xl Hu4A7F oF 108-107 atoms/g®E #EHAT
(Scherer et al., 1998, Sjunneskog et al., 2007; Arnold, 1956; Goel et al., 1957; Merrill
et al., 1960).

o
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%7]¢] HF

=

=

27A19] &%=

o] o
T -

stAl ICP$ AMS<]

S

Al ¥t} Be9

I3

1 ppm ©¢ =

5

=

o

=

=

[e)
Ry

o) A5E T

ICP-AES

o

o
1ol

O

sk Ale] 4

In-situ Al9] 79 authigenic Be®] AAFT} A

}od of

1.5 In-situ °Be, 7Al%¥ =%} in-situ °Be/°Be, 2A1/27Al H] & A
(e}

Q.

[€)

%ﬂwﬁr%% T R
. 0
SREisvE _The
1Zr m,i.AL : 1__/1L
OL\_IV.VI 0);021_, ‘U'HT]WE
T LT A E N
BT g
U I I
oy o e T PN gy W

= T ok o = o) 1k
= b o) N
o WOk 2o N L
»E T4 THFRE
e T I
x = xo 8 o 3K B
AR LT R o
= KRR 5w B
do I op 4 F B AT L
%%&omm%_ﬂuwwufrﬂ
T T e P FT
A A
ZRCHRPNIE I -3
Mimﬂwg_,i%w_/#i
< g W ﬂmogyﬁi_g
ﬂr]ﬂwﬂodﬂ EEJIO]
%%Wﬂﬂ%ﬂ@@%
oo @ T o] T
o TE g e X
ol b oo o= T
ol omﬂmnuﬂro»n_m_wfﬂw
T g ok T WA w
T P T P
R I T
MW MMﬁﬂnmﬂﬁTﬂ.lM
# 7 B = gy 2
T+ E LTS E T
EoﬂuC6LAAEo1~_/IMDQ|
v O X E KTy oo
M%Mﬂ&,mﬂmoi,owu
N _SwEeau®s _
NDOol W Lrloo
ok 3w Mo o T
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A2 A dFAFE SH AN £

2.1 LA = X2

7+. EAP13-GC14A

i)

o]F AT g2 C WE AT HAE GCI69 Zo] ¥ Be ¥% 24 A
W5 0] 8§38 diamicton EH#Fo] YEhGE Fo) FHaRolA T10° atoms/g B EE UER
i diamicton®l Al sandy gravelly mud® E Z4o] vl# = AAAHAN = 107 atoms/g
oz Be 2wyl F2an A2 2 4 9ok ad 9). o]#st HAA e Wal= WA
obefell U™ FANA Wt FEHRE Hap W& otdjdd A& fFd Pl A
S 9ugtta g tH(Domack et al, 1999; Evans et al., 2005, Jeong et al., 2019).
33cm oAl A 3 6x107 atoms/g®E 'Be % Z717F @Aglon, mo] HAR
M= 10° atoms/g o= F7FeFA T

olgA s|YmAAEHE zold we} “Be HE7F WEElE ol f WEol FH
WA S FE A E FYEHE meteoric 'Be®] ol Wstslr] witolth, W] BAle] WA
v 5o o8 "old ddd 22 7] FolA FAH H A3 meteoric Beol WA
2 5o 7t2uE ol YAE s AA mgdEA] EaA 5B YBe F=7F #4
stAl A yepdn 7157 Wisekel el FHeky] Al #tstd dld AR AH dd
3l % (open marine) 370l =35 3 meteoric “Beo] WEolgtE FofEo wpautx] kil
AFEA dez HAste] AR BAE £ gl7] wiEe] WEe] By ¥ "Be vE&
v A STkt
ol gt AT A= F o ol EAsk= GC14A9}94 Hu s Fof & o S8 ¥
sto} 374 Wsl Ve AHE & Jdui(ad 9, % 2). Bk 9o Jd¥ GCl4A+= £

Zole] Fo]Ado|x B ¢F 40 cm ZolRT} AR EZAHEo= authigenic “Be?)
%27 10° atoms/gE T =4 e AL B S Qdduh £ 40cmi T st F
A3 st WMEE T=5 59 Wl T2 AdAQ syor A Ay or FoE

rl
é
.l_4

9] GC16°] Rt} =& Al7]d H &Y
o]

= =
2l A ¥o] =4 authigenic “Be?] %7} Zolx &S & 4 ¢l
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“Be cone, fatoms/g)
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LRe/*Re

QLE+08  {0E+08 Z0E+08  3.0E+(G8 G 0E+(8 30E-00 B88EHC QGE-00
{} | ’. | i 8 | ‘ | |
5 L 5 ¢
L L 2
10 10
L L 2
15 ‘ i5 ‘_
z ¢ 20 ¢
L
£ 25 L 25 2
=8
2 \ 4 4
3¢ 30
¢ ¢
35 * 35 &
40 ¢ 40 ¢
L 2 &
45 45
GC14A GC14A
5 58
“Be conc. {atoms/g] BBe conc. {atomsig)
GoE+08  {0E+08 Z20E+0B  3.0E+08 GoE+08 1 0E+(08 20B+(8 30E+08
0 i - 0 ' -
® ¢ *
5 5 s
¢
1C g
&
15 ‘ i5 ’
L
- 2 & 20 &
5
£ 25 ¢ s | %
3 L 2 L 2
= 34 38
¢ "’
35 ‘ 35
40 ¢ 40
* GCl4A @ GC16
45 45
L 2
5 58
19 9 EAP13 #9]¢] authigenic "Be 4] 23} v u



3% 1 EAP13-GC14A°l A €] authigenic ""Be %4 27}

EAP13-

GC14A|  Sample AMS measured Sample

Depth | Mass (g) | 10Be/9Be 10Be/9Be 9Be conc. 10Be conc.

(cm) ratio error ratio error (atoms error (atoms/qg) error
0 0.9421| 4.095.E-12 6.916.E-14 5061.E-09 9.961.E-11 2.505.E+16| 4.931.E+14 1.268.E+08 2.496.E+06
4 0.9685 4.508.E-12 5.066.E-14 4.074.E-09 6.146.E-11] 3.450.E+16 5.204.E+14 1.405.E+08 2.120.E+06
8 1.0175 5.527.E-12| 5483.E-14 4.584E-09 6.470.E-11| 3.410E+16 4.813.E+14 1.563.E+08 2.206.E+06
12 1.0303 6.676.E-12| 6.815.E-14 5.335E-09 7.632.E-11| 3.478E+16 4.976.E+14 1.856.E+08 2.655.E+06§
16| 0.9897] 7.491.E-12 7.021.E-14 6.578.E-09 9.023.E-11| 3.403.E+16 4.668.E+14 2.238.E+08 3.070.E+06
20 1.0099 6.228E-12] 1.088.E-13 5.835.E-09 1.175.E-10 3.098.E+16 6.241.E+14 1.808.E+08 3.641.E+06§
24 0.9752| 6.345.E-12 7.216.E-14 6.638.E-09 1.007.E-10 2.983.E+16| 4.524.E+14 1.980.E+08 3.003.E+06
28 1.0509 6.014.E-12] 7.152.E-14 5.101.E-09 7.937.E-11 3.443.E+16| 5357.E+14 1.756.E+08 2.732.E+06
32 1.0121 7.316.E-12] 6.482.E-14 6.953.E-09 9.300.E-11| 3.119.E+16 4.172.E+14 2.169.E+08 2.901.E+06§
36 1.0447 7.480.E-12] 6.973.E-14 6.110.E-09 8361.E-11| 3.451E+16 4.723.E+14 2.109.E+08 2.886.E+06
40 1.0138 2.872.E-12] 3.491.E-14 3.079.E-09 4.880.E-11| 2.746.E+16| 4.352.E+14 8.454.E+07| 1.340.E+06¢
42 13318 2.199.E-12| 3.779.E-14 9.442.E-10 1.892.E-11| 5.147.E+16 1.032.E+15 4.860.E+07| 9.739.E+05
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L. BS17-GC18

e ~3t-A efe GCI8 Fojx: WATY HAES BEAsE dA4s off ye 7t

= wl [e}
Ao 2 67] A HANATE EA o] Xaro] FIFAQ FAo] HQstH A =7t 4]
<l Aot} AR 230 cm o] A AAAE 4x10° atoms/goll SutelE v g o =
% 9] authigenic Beo] F&Hom Zol7} ZojdF2 Hxxgow dopxtirt of 722

A A A EE 8x10° atoms/g ~ 1x10” atoms/g BE ] "¢~ o}zl authigenic “Be?)

7} e THE 3, 18 10). E3 WA TYdE B3 Gy koA A FH 3 AL
o]9] 3ol LC42¢] PSS Ao E AgHdor =2 %ol guthigenic 'Beo] U}
vk EH &I A7) wE BAo] Hadt A ™ 23 F71H9 AZYS F

3 =oE stz gt

o)
3

oo off
i
S
o
frt
s
(o]
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Ee cong, fatoms/g) hefHe
OOE+D0 208+08 4 0E+08 {.0E+00 20E08 4.0E-08
Q ' 1 | 1 G I |
160 060
200 Y 200 ry
200 300G
.—E f A
£ 40 & 400 &
5500 500
il |
5040 ¢ G0 r
0 rS FOG Py
800 P a0
500 SO0
2% 10 BS17-GC18 3°1¢] authigenic "Be ¥4 A3} vw
E 2 BS17-GC1891 41 9] authigenic “Be 4] 43}
BS17-
AMS measured Sample
GC18 Sample Mass
Depth (9) 10Be/9Be 10Be/9Be 9Be conc. 10Be conc.
. error ) error error error
(cm) ratio ratio (atoms (atoms/qg)
230 1.0347 1457.E-11 1.008.E-13 3.164.E-08 3.850.E-10 1.342.E+16 1.633.E+14| 4.247.E+08 5.167.E+06
410 1.0203 1.130.E-11 8.427.E-14 2.489.E-08 3.108.E-10 1.285.E+16 1.604.E+14 3.199.E+08 3.993.E+06
620 1.0147 6.375.E-12 8.014.E-14 9.736.E-09 1.567.E-10 1.884.E+16 3.032.E+14 1.835.E+08 2.952.E+06
722 13167 1.164.E-12 2.245E-14 1.695.E-09 3.767.E-11 1.590.E+16 3.534.E+14| 2.695.E+07 5.990.E+05
792 1.0828 3.160.E-13 1.410.E-14 1.102.E-09 5.423.E-11] 7.533.E+15 3.707.E+14| 8.300.E+06 4.085.E+05
800 1.019 3480.E-13 1455E-14 1.749.E-09 8.048.E-11 5911.E+15 2.720.E+14 1.034.E+07 4.757.E+05
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Ct. RS15-LC42

2239 F3o] LC4A2+ A 169 AEF g5 % 2016\ H AHFHo= A7 2
P FolZ 12 moll FHrste Zlol2 AA7A FEEE o] 4o & §)
hH(2® 11). 53] oldd 201614 53 A& vtgo= dA Zxdet FrHYde 4
A7 H= EA A Az U5 A3 2 FEo| ot AFPAQ At FFS A
RS A7 FAFHL Jduf. AubE oz 1x10° atoms/g ol AFEEE FAsL Qo
. 2x10° atoms/gS W AE 200 cm, 810 cm, 1100 cm A A Ewto] =4 ey E A
o2 FAHIAT ol AFE T FUHH R FAT FEd WY gA g 2 Wst

| 71¢] 71Zbe = o] A9

E Holx ¥+ HYHE HolH olE T Ar|zte HW7|/AH
5ol kol A9 Aes & F AW(E 3, 4, 5).

AA A7 A A oF 826 cm Al Aol A A #7] o] yE= B-M boundary
(0.78 Ma)7} 2AE At s, authigenic Be?] H% 9] ¢F 827cm A A AT =2 &

A% g5e WY 12). ol :AAY] GAel et A7) go] eFa|An $FAe
Fel Fosta oo mek SFARE BeUke ATl Fheks] WEYS FAG
S otk ErE TAAY] A7 AAZ LeA2l A wAEA ghol Wk 27}e A
A% Ak 17-9) LCASA A F 430cm 20194 B-M boundary7} vhebidel el s

1 tﬂﬁ}OH MUOHJ- =78t
o & 4x10% atoms/g ©]4
Colo Ao AS HAE AR
A A ¢l authgemc 10Bes =9 S7F &2 1§%9 authigenic 10Be? &% #F4
A o] 7hsstth. EF3lE EHZRE Y detrital ‘Be?l F¢o] Told AL Beg]
2 = Jehd 7tsAE 9o} authigenic "Be¢] ICP-AES =4 Az
Z Aoz HolA ¢ho} detrital ‘Be? ol AT HI|o= oy At A
A HuE g8t IRDFo] YEuH fJ=rF & SdE59 H &0 EolA=
2% authigenic "Be®] s=7F ¥/ YEhts ddoe] HAHAL ol & 3
Al 22 afel Y BAFEY AAAGL drd HARY 22 2

ek o] HAUY S vAl= AVlEe] EAEteE Aew

riu
g
o
f
o,
N
§2
rlr
po)
o
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LC 42
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3 4 RS15-LC42¢] 2019 +41 A3}

Sample AMS Authigenic
10Be 9Be
?Cenp:t)h Eg?ss 10Be/9Be | 1o error (at%?;'gjg_ 1o error (atc;’)%?g-'g- 1o error 10/9Be 10 error
1 1
RS15-LC42 (2019 SR)
161 1.0870 | 2.72.E-12 | 3.53.E-14 | 7.64.E+07 | 1.26.E+06 | 1.76.E+16 | 2.90.E+14 | 4.35.E-09 | 7.19.E-11
171 1.1694 | 3.93.E-12 | 4.40.E-14 | 9.92.E+07 | 1.50.E+06 | 2.62.E+16 | 3.95.E+14 | 3.79.E-09 | 5.72.E-11
321 1.1343 | 1.29.E-12 | 2.57.E-14 | 3.30.E+07 | 7.50.E+05 | 2.69.E+16 | 6.12.E+14 | 1.23.E-09 | 2.79.E-11
341 1.0574 | 4.20.E-12 | 6.36.E-14 | 1.18.E+08 | 2.16.E+06 | 2.29.E+16 | 4.17.E+14 | 5.18.E-09 | 9.43.E-11
381 1.0658 | 8.41.E-13 | 2.26.E-14 | 2.38.E+07 | 7.02.E+05 | 1.00.E+16 | 2.95.E+14 | 2.38.E-09 | 7.02.E-11
401 1.0287 | 3.27.E-12 | 3.63.E-14 | 9.63.E+07 | 1.45.E+06 | 1.97.E+16 | 2.97.E+14 | 4.88.E-09 | 7.33.E-11
471 0.9899 | 1.91.E-12 | 3.42.E-14 | 5.78.E+07 | 1.20.E+06 | 2.17.E+16 | 4.49.E+14 | 2.67.E-09 | 5.54.E-11
491 1.0398 | 2.38.E-12 | 3.99.E-14 | 6.67.E+07 | 1.31.E+06 | 2.22.E+16 | 4.36.E+14 | 3.01.E-09 | 5.93.E-11
531 1.0003 | 2.41.E-12 | 3.81.E-14 | 7.25.E+07 | 1.37.E+06 | 2.10.E+16 | 3.96.E+14 | 3.46.E-09 | 6.53.E-11
551 1.0217 | 1.88.E-12 | 3.36.E-14 | 5.60.E+07 | 1.16.E+06 | 2.04.E+16 | 4.22.E+14 | 2.75.E-09 | 5.69.E-11
591 1.0905 | 1.37.E-12 | 2.87.E-14 | 3.63.E+07 | 8.57.E+05 | 1.42.E+16 | 3.35.E+14 | 2.56.E-09 | 6.03.E-11
611 1.0228 | 2.26.E-12 | 3.24.E-14 | 7.08.E+07 | 1.25.E+06 | 1.40.E+16 | 2.47.E+14 | 5.07.E-09 | 8.94.E-11
706 1.1148 | 2.35.E-12 | 3.28.E-14 | 6.27.E+07 | 1.09.E+06 | 1.92.E+16 | 3.33.E+14 | 3.26.E-09 | 5.65.E-11
821 1.2858 | 6.46.E-12 | 5.81.E-14 | 1.46.E+08 | 1.96.E+06 | 4.97.E+16 | 6.69.E+14 | 2.93.E-09 | 3.95.E-11
861 1.1546 | 1.13.E-12 | 2.99.E-14 | 3.00.E+07 | 8.60.E+05 | 1.36.E+16 | 3.90.E+14 | 2.20.E-09 | 6.32.E-11
881 1.0626 | 1.93.E-12 | 3.46.E-14 | 5.32.E+07 | 1.11.E+06 | 2.51.E+16 | 5.22.E+14 | 2.12.E-09 | 4.41.E-11
921 1.0165 | 2.51.E-12 | 8.72.E-14 | 7.45.E+07 | 2.70.E+06 | 2.51.E+16 | 9.10.E+14 | 2.97.E-09 | 1.08.E-10
RS15-LC42 (2019 GMR)
822 1.0544 | 4.20.E-12 | 441.E-14 | 1.16.E+08 | 1.69.E+06 | 1.09.E+16 | 1.59.E+14 | 1.06.E-08 | 1.55.E-10
823 1.2547 | 3.84.E-12 | 4.06.E-14 | 9.38.E+07 | 1.37.E+06 | 1.68.E+16 | 2.45.E+14 | 5.60.E-09 | 8.19.E-11
824 1.0443 | 3.20.E-12 | 3.84.E-14 | 9.26.E+07 | 1.46.E+06 | 1.47.E+16 | 2.31.E+14 | 6.31.E-09 | 9.92.E-11
825 1.0109 | 5.17.E-12 | 5.01.E-14 | 1.48.E+08 | 2.07.E+06 | 1.90.E+16 | 2.65.E+14 | 7.80.E-09 | 1.09.E-10
826 1.1831 | 5.32.E-12 | 7.69.E-14 | 1.33.E+08 | 2.34.E+06 | 2.99.E+16 | 5.26.E+14 | 4.45.E-09 | 7.83.E-11
827 1.0691 | 6.08.E-12 | 6.03.E-14 | 1.72.E+08 | 2.43.E+06 | 3.43.E+16 | 4.84.E+14 | 5.03.E-09 | 7.10.E-11
828 1.0445 | 5.49.E-12 | 5.03.E-14 | 1.59.E+08 | 2.17.E+06 | 3.13.E+16 | 4.25.E+14 | 5.09.E-09 | 6.93.E-11
829 1.0294 | 4.51.E-12 | 4.56.E-14 | 1.33.E+08 | 1.90.E+06 | 1.73.E+16 | 2.47.E+14 | 7.71.E-09 | 1.10.E-10
830 0.7057 | 3.36.E-12 | 4.08.E-14 | 1.38.E+08 | 2.18.E+06 | 1.15.E+16 | 1.82.E+14 | 1.19.E-08 | 1.89.E-10
831 1.1140 | 4.40.E-12 | 6.13.E-14 | 1.24.E+08 | 2.13.E+06 | 2.48.E+16 | 4.27.E+14 | 4.99.E-09 | 8.58.E-11
832 1.1473 | 5.19.E-12 | 5.06.E-14 | 1.33.E+08 | 1.86.E+06 | 2.52.E+16 | 3.53.E+14 | 5.28.E-09 | 7.40.E-11
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T 5 2AA7] A= F83F Beo EiHA

Sample Decay-corrected
?(?rgt)h mass (g) Age (years) 10 error 10Be 10 error 10/9Be 10 error
RS15-LC42 (2019
SR)
161 1.0870 1.52.E+05 2.51.E+03 8.25.E+07 1.36.E+06 4.69.E-09 7.75.E-11
171 1.1694 1.61.E+05 2.43.E+03 1.08.E+08 1.62.E+06 4.11.E-09 6.20.E-11
321 1.1343 3.03.E+05 6.89.E+03 3.84.E+07 8.73.E+05 1.43.E-09 3.24.E-11
341 1.0574 3.22.E+05 5.87.E+03 1.39.E+08 2.53.E+06 6.08.E-09 1.11.E-10
381 1.0658 3.60.E+05 1.06.E+04 2.85.E+07 8.41.E+05 2.85.E-09 8.41.E-11
401 1.0287 3.79.E+05 5.69.E+03 1.16.E+08 1.75.E+06 5.89.E-09 8.86.E-11
471 0.9899 4.45.E+05 9.23.E+03 7.22.E+07 1.50.E+06 3.33.E-09 6.92.E-11
491 1.0398 4.64.E+05 9.13.E+03 8.41.E+07 1.66.E+06 3.80.E-09 7.47 E-11
531 1.0003 5.01.E+05 9.47 .E+03 9.32.E+07 1.76.E+06 4.45.E-09 8.39.E-11
551 1.0217 5.20.E+05 1.08.E+04 7.26.E+07 1.50.E+06 3.57.E-09 7.39.E-11
591 1.0905 5.58.E+05 1.32.E+04 4.80.E+07 1.13.E+06 3.38.E-09 7.98.E-11
611 1.0228 5.77.E+05 1.02.E+04 9.45.E+07 1.67.E+06 6.76.E-09 1.19.E-10
706 1.1148 6.67.E+05 1.15.E+04 8.75.E+07 1.52.E+06 4.55.E-09 7.89.E-11
821 1.2858 7.75.E+05 1.04.E+04 2.15.E+08 2.89.E+06 4.32.E-09 5.82.E-11
861 1.1546 8.13.E+05 2.33.E+04 4.50.E+07 1.29.E+06 3.31.E-09 9.49.E-11
881 1.0626 8.32.E+05 1.73.E+04 8.06.E+07 1.68.E+06 3.21.E-09 6.68.E-11
921 1.0165 8.70.E+05 3.15.E+04 1.15.E+08 4.17.E+06 4.58.E-09 1.66.E-10
RS15-LC42 (2019
GMR)
822 1.0544 7.76.E+05 1.13.E+04 1.71.E+08 2.49.E+06 1.56.E-08 2.28.E-10
823 1.2547 7.77.E+05 1.14.E+04 1.38.E+08 2.02.E+06 8.25.E-09 1.21.E-10
824 1.0443 7.78.E+05 1.22.E+04 1.37.E+08 2.15.E+06 9.31.E-09 1.46.E-10
825 1.0109 7.79.E+05 1.09.E+04 2.18.E+08 3.05.E+06 1.15.E-08 1.61.E-10
826 1.1831 7.80.E+05 1.37.E+04 1.96.E+08 3.45.E+06 6.56.E-09 1.16.E-10
827 1.0691 7.81.E+05 1.10.E+04 2.55.E+08 3.59.E+06 7.43.E-09 1.05.E-10
828 1.0445 7.82.E+05 1.06.E+04 2.35.E+08 3.20.E+06 7.53.E-09 1.02.E-10
829 1.0294 7.83.E+05 1.12.E+04 1.97.E+08 2.81.E+06 1.14.E-08 1.63.E-10
830 0.7057 7.84.E+05 1.24.E+04 2.04.E+08 3.22.E+06 1.77.E-08 2.80.E-10
831 1.1140 7.85.E+05 1.35.E+04 1.83.E+08 3.15.E+06 7.39.E-09 1.27.E-10
832 1.1473 7.86.E+05 1.10.E+04 1.97.E+08 2.76.E+06 7.82.E-09 1.10.E-10
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