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Reconstruction of Holocene ocean circulation
using neodymium isotopes
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I. Title

Reconstruction of Holocene ocean circulation using neodymium isotopes

II. Purpose and Necessity of R&D

O The Chukchi Sea is very sensitive to climate variation due to low

water depth and proximity to the Bering Sea whose salinity is low.

O Reconstructing of the water circulation in the Chukchi Sea is
important to understand global ocean circulation and climate system

O Neodymium isotopes of Fe-Mn oxide extracted from marine

sediments provide insight on past changes in water circulation

III. Contents and Extent of R&D

O Chukchi sediment core ARA02B 01A GC was used.
O Fe-Mn oxide extraction using sequential chemical separation

O Purification of neodymium using column chromatography and
analysis of neodymium isotopes

O Ensuring the authigenic (seawater-derived) signature of neodymium

isotopes using strontium isotope ratios and REE pattern

O Constraining water mass sources such as surface water from N.
Pacific and N. Atlantic and freshwater from N. America, E. Siberia and
W. Siberia



IV. R&D Results

O Average eyq value of authigenic Fe-Mn oxide is 4.8 + 0.9.

O Data shows increasing eyq trend toward present and intermittent eyg
peaks.

O Sr isotope results indicate that eyq peaks are contaminated by labile

volcanic material. These results were discarded.

O Remaining data shows average eyg of -5.0 + 0.9, and REE patterns
represent that they are seawater-derived.

O Generally increasing pattern of eyq results from increase in

radiogenic Pacific inflow associated with sea level rise.

O The increasing enq trend is mostly prominent from early-Holocene
(ca. 8.8 ka BP; -7.23 eng) to mid-Holocene (ca. 6.2 ka BP; -4.78 enq)
and is slightly offset from previous study. It may be interpreted by

uncertainty on age model and proxies used.

V. Application Plans of R&D Results
O Estimating water mass contribution using mass balance calculation.

O Application of Nd isotope proxy on E. Siberia ice sheet.
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-+ Fram Strait®} Canadian Archipelagos A HUlAdoz &8 Eo7tH
(Serreze et al., 2006), A A2 &4 =3hol] #oJ3te] 715 Al =" FeS 7%
tH(Peterson et al., 2002; Shaffer and Bendtsen, 1994; Tarasov and Peltier, 2005).
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HA g =3 Hdels dedE 994 HPNINDE ¥l FEske], AA
&

A F9Ya v(EPC)eF Cd/Ca 183 #'Pa/*Thit & AA|

oYH) FEdFE e sUCHE e AL &3 oyd AHe T,
Charles and Fairbanks (1992) ‘< wkAl9 o} ®W3l7](Last Glacial Maximum)-s
oF #zd FHY ANY FEFF ¥C HaE BUAMY A5 gtz e
v} ¢lt}(Charles and Fairbanks, 1992; Oppo and Fairbanks, 1987). ©]¢} FA}&HA
“Pa/fPTh W= L5Y HWHA Y0067 FEEC0.15)9 3ol s 2ol
Hol=d], o] Pax Thel dAboll digk F2Ee] Abold 7|13tk (Henderson,
2002). 39 A 9do] &gt R ol Ao R & FH4S 7= Th
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WEE FF5Y HEAR HHE U 2F vE& 5 22 oge 2z 2904 9
) 1 grol W3EE7] wjFEoltl(Chase et al, 2002; Keigwin and Boyle, 2008;
Lynch Stieglitz et al., 1995, Mackensen et al., 1993; McCorkle et al., 1995). ®F
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A3 % ATHY 8 g 2 2

Al1AE AFAY

2011 ofel2 &= ®AF b FHA| s A AlFg o (ARA0ZB 01A-GC)7F <A
ol AREHESATHLE 3). AlE ARA02B 01AE HA3| 5%l sdats 4
o] &2 AAoth(eF 11lm). FEHBE IO ZHYH FYHE a7l o s+,

ok sFe T & Jgor RT3
e & :

SN M o= ARAOZB OIA: REHE d77t 74 599 Aoz dqayn, u
HE o] o (BG, Beaufort Gyre)E &3l Holulg]| 7k 719 (o, wjzl=] 7)o
olgt 3ol S Aoz HAT FAM o} & F(ESC, East Siberia Current)®]
FEFE v AR AAN A7 BIHE Aolol] R Wslel FAIH| o}

&l (Bl =] transpolar drift= )] Azl melE o, FAH ol alFE 7]
AAZA A S == th(Darby and Bischof, 2004; Rella et al., 2012). =3 4
A 50mel WE PSS S FHdEe EHES dFe s e w19
Felo] AA WEE AR AT 50m oo R sgwe] sFETH, S
F e Fde AdE Floj, Aoz JEo] THIG EUAY 2557 F
Al a5 FE olFE Aow AAXG. wepA, AR Yedaw 7dA = AR
of met HEE G lF(ena T D), HobHlETHena T -13), FA M o (ena T -6), L
i ERAYG 25T (v T 100 HS T ATHIH 2).
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Chukchi Sea", |

East Siberian Sea

Canada
Basin

— Sep 1979-1983 SMMR Bootstrap 50% ice conc.
— Sep 2002-2006 AMSR-E ASI 50% ice conc.
— 2007-09-17 AMSR-E ASI ice conc.

a7 3. ARA0Z2B 01A AZd A(HF29). Z2 ga4 saxs wydalgs T3 s
SeE Y 14 (Bering Strait Inflow)E, WHFH 3% = 242 HEE #Fo]o] 9} Transpolar

Drifte} 22 &= 259 =33 7He2nh
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£ 1. ARA02B 01A-GC=o] olwjsfjF =izt A x

g0 | 2T ge EF L ogq | L g | W
(mm) (mm) (mm) (mm)
91-92 <1 191-192 26 327-328 <1 467-468 <1
103-104 7 192 30 329-330 <1 468-469 10
107-108 6 192-193 9 331-332 <1 469-470 8
109-110 20 194-195 12 332-333 <1 470-471 <1
116-117 5 199-200 18 347-348 <1 471-472 9
118-119 26 203-204 <1 353-354 <1 472-473 <1
121-122 19 204-205 3 360-361 <1 473-474 <1
122-123 25 205-206 11 392-393 <1 477-478 <1
123-124 5 208-209 12 393-39%4 <1 482-483 9
125-126 7 209-210 19 394-395 <1 483-484 <1
151-152 <1 226-227 <1 403-404 <1 485-4836 5
155-156 13 2277228 29 404-405 <1 488-439 <1
156-157 7 235 10 419-420 <1 490-491 <1
159-160 6 223-224 <1 444-445 <1 491-492 <1
160-161 <1 224-225 <1 445-446 <1 492-493 <1
161-162 <1 232-233 <1 445-446 <1 493-494 <1
169-170 <1 233-234 <1 446-4477 <1 494-495 <1
170 <1 234-235 <1 447-448 <1 497-498 4
170-171 5 235-236 <1 451-452 <1 498-499 <1
173-174 7 237-238 <1 452-453 <1 499-500 4
174-175 27 239-240 <1 456-457 9 501-502 4
178-179 5 241-242 9 456-457 <1 504-505 <1
180-181 7 266 9 458-459 <1 505-506 <1
183-184 14 315-316 13 460-461 <1 506-507 3
190 21 322-323 9 461-462 <1 508-509 8
190-191 25 323-324 <1 465-466 7 509-510 7
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E2 Vet A4 2B 99 ameeady] 49 34

A Ak -3 [mL]
1. 3 ERF 94 £ #

: AG 50W-X8 100-200 mesh (4mL column volume)
Condition 25 M HCI1 8
Load 25 M HCI1 05
Wash 25 M HCI1 05
Wash 25 M HCI 1
Wash 25 M HCI 7
Catch Rb 2.5 M HCI 4
Wash 25 M HCI 6
Catch Sr 25 M HCI1 6
Wash 25 M HCI1 2
Wash 6 M HCIl 3
Catch REE 6 M HCI1 7
Clean 6 M HCIl 8
Clean (6 M HCl/ H,0) x 43] Wk 8/8

2. JeOg Y94 E2 AH : Ln resin (2mL column volume)
Load 0.25 M HCI 0.2
Wash 0.25 M HCI 0.2
Wash 0.25 M HCI 7
Catch Nd 0.25 M HCI 5
Wash 0.25 M HCI 2
Wash 0.5 M HCI1 3
Catch Sm 0.5 M HCI1 4
Clean (6 M HCI / 0.25 M HCD 48 / 48
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@) HEFAL A8 B4 2 2525 YOO F 594 v 24

FAATAY FEAF Zet=vp A4 7] (Inductively Coupled Plasma Mass
Spectrometry, ICP-MS) ELAN 6100 O] &3t s HaES H-4 AkstE
o] IJEF A& Y FAo] o] FoHT. Hek SAATAY Hol3t A7
(Thermal Ionization Mass Spectrometry, TIMS) TRITONS ©]&3] ~EZFI} U
eoE FHdA HE SASAG dedsE F9da AAAA NN =
®Asto] W $¥ 74 (mass fractionation) & BA AL, Sm/*Nd 24& F 3

Sm A EHRE B

A 32 d7E3 U B

() AMS "C 2% 2 Agind

ARA02B 01A-GC oje] ddf male 7719 ojulsF szt Alze] AMS MC
4% EE Yamamoto o] &3] 7] AHHE wf Ao 49 & 3). AMS
UC ddlE U-Th "ol ¢ volH & o &3 BAS %3 calendar ages® W3
Ak EFa9] reservoir age(AR)E— 5001 .2 AAsIA H(Darby et al., 2013).
ARA02B 01A-GColA gH3E & 545 cm Zolel E Foj= oF 931 ka BP9 A
g 71538t jlom, Q”*EL 58cm/kyr ©]t}.

(2) AzvtEagy 4 3¢s HAE

Ay azrtEads) ¥ % =

4 NEE dgoR AY A5e2 HiERGY Add 04 AR 1 gl F&

d AU 2sEe Wor RS 1718 ugdl W, BE ReBRE AR Fo
hyA

015 7 1.8 pgoltet (& 4). &8 HAAAA vedg &4 Ao, FEA

<
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o,
N
X
olr
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y o
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2
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Depth vs. Age

Age (yr)
b =3
M La R i o | [+ ==
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5

ol e AMS YC At 2 ®A ¥ calendar age.

AR =0 AR = 500
Convention Calendar Calendar
Depth al age + age + age +
[cm] [yrs] Lyrs] [yrs BP] [yrs] [yrs BP] [yrs]
1075 3740 30 3709 51 3057 58
159.5 4370 30 4497 54 3842 52
204.5 4860 30 5187 70 4482 50
241.5 5180 30 5544 39 4893 46
347.5 6110 30 6539 51 5991 56
456.5 7690 30 8149 50 7644 36
909.5 8670 30 9350 47 8642 56
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%4 azviEady 23 4o 358

Depth | leachate after AGSOW-8X after Ln | " resin total
AGIOW-8X recovery recovery | recovery

[cm] | Nd [ng]l | Nd [ng] [96] Nd [ng] (%] [%]
21-22 993.8 928.8 93.5 - - -
81-82 1089.4 987.3 90.6 890.8 90.2 81.8
140-141 1021.5 1042.7 102.1 1211.5 116.2 118.6
260-261 1006.8 1101.9 109.4 1834.2 171.0 187.1
320-321 11614 11338 97.6 300.9 26.5 259
441-442 1017.7 885.5 87.0 1574 17.8 155
521-522 18214 1658.6 91.1 1314.6 79.3 72.2
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(3) Nd¥} Sr 914 H

ARA02B 01A-GC Fol9] eng #9 B A= -48 + 09 (n=29, 10)&, 2&54¢
WG Gl A" 3152 eng #E(-5 from Dahlqvist et al., 2007)3} FAFSFCH(ES
¢ % 5). AAACRE A7) FRAAA F7] FERAE DFE exa #ol STtk
e HoleH, ol g Ao wE HHREG s 9 AR M AT
HHARL A FAA BAE = B A e M AES, A ATH W A
el episodicet @ ¢ To= Aol 7esth AR}
A e Adeow HHBEY v 438 A
= 7FH71=Hl, ena ol o5 v 2 A
gol 7hsaith, 24 7|F F< #AFEHAE 2 Abel o] meltwater

=2 9H(Fairbanks, 1989), 3l
FH Aol g FTAE Hieks Aol @ fF oWMEE Ve $AY Ut
A8 radiogenic 3t S SAR FEU, JAEY ey HE VTR HUS
] 71 hA 9] eng #E> - 4o]Aolojof AHo] ThEaith webA, oA AFd FE A
o, HuiA Y HEiE Y s, Lol HotwlElvket sAMElor 7198 Hae Y
AR ol A v A A A Al E]eole] Putorana basalt’l 7hs g FH 7L
Z2A 713 Eoh MAEgotd e TRl " fEF oMES X
(Svendsen et al., 2004). B&o°f, AAulelo} 7] de] HrF H e IA7E & A}
olEd] daly] 9 s, ST w8 Wiyt A uEofof dth= A4 o]

Fsge 9% A

N
o
ol
o
=)
o)

o oft
3
U

.

+ 4
X0
lo
*

A

How galEm, eng 7ol radiogenicdtA X

EHdE0] A A 7 des AL
vl gl th(Blaser et al, 2016; Roberts et al, 2010; Wilson et al., 2012). -3+ Ak

389 o9 oE Asde WA B AT BAE Yo U

IS 2EEH 94 Hlof Has el (s 5). o] HlaExs 44 S4do] Al
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5

5. -zt AbstE 54 A Nd, Sr s9 94 H

Depth Calendar age

[cm] [ka BP], AR=500 ENd "8t/*5r

1-2 0.03 -3.44 = 0.07 0.71060
21-22 0.60 -4.03 = 0.08 -
41-42 1.17 -3.95 + 0.09 0.70966
61-62 1.73 -4.23 = 0.07 0.70965
81-82 2.30 -4.16 = 0.07 -
100-101 2.84 -3.53 = 0.05 0.71004
121-122 3.26 -4.34 + 0.08 0.70990
140-141 3.55 -4.47 + 0.07 -
160-161 3.85 -455 = 0.06 0.70960
181-182 4.15 -4.85 = 0.05 0.70976
200-201 4.42 -3.08 £ 0.12 0.71039
221-222 4.65 -4.73 = 0.08 0.70982
241-242 4.89 -5.25 = 0.05 0.70981
260-261 5.08 -4.84 £ 0.05 -
281-282 5.30 -4.91 = 0.08 0.70985
300-301 5.50 -4.06 = 0.05 0.70963
320-321 5.71 =492 £+ 0.05 -
340-341 5.91 -5.07-+0.08 0.70961
361-362 6.20 -4.78 + 0.05 0.70989
380-381 6.48 -5.29 + 0.10 -
400-401 6.79 -3.96 = 0.08 0.71075
421-422 7.11 -5.72 = 0.08 0.70991
441-442 7.41 -5.67 = 0.07 -
461-462 7.73 -5.79 = 0.08 0.70951
481-482 8.11 -6.20 = 0.07 0.70949
500-501 8.46 -5.14 + 0.08 0.71116
521-522 8.86 =723 £ 0.06 -
541-542 9.23 -6.59 = 0.05 0.70929
545-546 9.31 -5.47 £ 0.06 0.71001
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