949 % ol R B2 Earth Science Vol.49 No.9
2024 F9A http://www.earth-science.net Sept. 2024

https://doi.org/10.3799/dqkx.2023.105

EHEIRERT TR LDET IR E R IER

KOERVHREHPT,THRRL,ZARL,KAR L, EHL, ZFAC,
MW, AEMR, KKK, B’
1. AFRFRELEEFHAFFR, ERSELTFAHFTRELEZRET T dw 210023
2ARTRIMERMAZEEEHE, ARTRIE ZEFEHLP, Hixim 310012
S ARTRIAEFEBSRAADNFZELAETRT, ART RIS ZFEH A, MM 310012

T AT HUBR R PO b K R R T R DAY S DN 2 (0 A A e R R L A R R AE R IR A AR AR KA S e Ll
Ik BT A T A I 40 3 Gk MOA LR 3 322 DUBUY vh R BB RS Bk TR 82 22 RZE W bR 0 W S R B L 3E — 2B T B R
HE T A Il 28 10 G AT BILAR 1) A R R TR S T A6 R HL 5 T vk 35 1 P D A g R SR B Rl A LA R A v AT Rl AR il 2 A AL
e 3L 10 2 4, L AE DACJBT—TR] A BT ] rb e AL T W 3 Y 22 P RD UK B (MIIS T R0 MIS3) 31 3 R AIK , Pk 0 (MIS4 Fil MIS2)
TR A R 2 R TE = L 255 A v AT B AR 0 % 0 SR R A RN AR AR BT AR S B R 2 K 55 (ESIS) M9 sk Ak R HEK R G i 4 iz v]
fB 2 Bl 424 LA R s I 7 i 2R 30 2R i o SR 1Y T2 g o B R MLO4 AL I T AR S A i 3 AL UK AT B A 17 3R R AF 42
BET R R A — 2R R T TR XA B 2R R A 3K B HIL L A B & 0L A b KR R R X 4 R Bl B A 1 4 Bh
YER AR 20T 2 R 52 ok B A6 A & SR — M0 1% B0CHE A7 Be A A 20 A v B R S S R 2 AR S O R

B 3P () SE R Ny GTE Sk SEER IR SN S UMY S P & RN R

mESES: P5Y XEHS: 1000—2383(2024)09— 3387 —12 Y75 B #:2023—03—02

Differential Burial of Particulate Organic Carbon at the Chukchi
Continental Margin, Arctic Ocean since Late-Pleistocene

Song Sai'?, Ye Liming”, Yu Xiaoguo®, Wu Ziyin®, Zhang Yongzhan', Zhang Weiyan®, Li Zhongqiao®,
Ji Zhongqiang®, Jin Haiyan®’, Zhang Yongcong®, Yang Ying’

1. Key Laboratory of Coast and Island Development of Ministry of Education, School of Geography and Ocean Science,
Nanjing University, Nanjing 210023, China

2. Key Laboratory of Submarine Geosciences & Second Institute of Oceanography, Ministry of Natural Resources,
Hangzhou 310012, China

3. Key Laboratory of Marine Ecosystem Dynamics & Second Institute of Oceanography , Ministry of Natural
Resources, Hangzhou 310012, China

HEEWHE . HEESUR 5 H(Nos. 2022YFC2806600, 2019YFE0120900); FI 4K % U5 3 45 — ¥ VE UF 58 91 v e 900\ 2 M FHBIF I J9T 26 A R
Ak %5 3£ 35 (No. JG1512).

TEE BN RFE(1996— ), Lo Wi W58 4, AR HBLZ Ll . ORCID :0009-0007-7090-1444. E-mail : 3247504896@qq. com

* BWAEE 1B, ORCID:0000-0002-2786-8550. E-mail: Imye@sio. org. cn

SIS RTE, MR, TR, 5% A, sk A, BB, A b e, O, v, SR UK IR A i, 2024 15 SR (H AL A RS B AT RE A 3 4 PLER
4 2 S LG 3 BR B2, 49(9) : 3387 — 3398,

Citation: Song Sai, Ye Liming, Yu Xiaoguo, Wu Ziyin, Zhang Yongzhan, Zhang Weiyan, Li Zhongqiao, Ji Zhonggiang, Jin Haiyan, Zhang Yong-
cong, Yang Ying, 2024 .Differential Burial of Particulate Organic Carbon at the Chukchi Continental Margin, Arctic Ocean since Late-Pleistocene.
Earth Science ,49(9) : 3387—3398.



3388 HIERRL2E  http://www.earth-science.net 49 &

Abstract: The burial of particulate organic carbon is a critical factor in assessing the Arctic Ocean's carbon sequestration capacity,
but its burial characteristics on orbital timescales remain highly debated. This study further explores the composition, source, and
burial rate of organic matter in the Late Pleistocene and its co-evolution with the surrounding ice sheet by analyzing indicators such
as total organic carbon, stable isotopes, and biomarkers in Core M04 at the Chukchi continental margin and the surrounding
surface sediments. Results show that terrestrial organic carbon is the primary component of organic carbon burial at the Chukchi
continental margin, with significant differences observed over glacial-interglacial cycles, with a low burial rate during the
interglacial periods (MIS1 and MIS3) and a sharp increase in burial rate during the glacial periods (MIS4 and MIS2). Combined
with the geomorphic features and depositional environment, the expansion of the East Siberian ice sheet (ESIS) and the transport
of subglacial drainage systems may be the main controlling factors for the secondary transport of shelf organic carbon and its rapid
burial at the continental margin. M04’ s records provide a new perspective to unravel the characteristics of organic carbon burial,
further revealing the mechanisms in the high-sedimentation-rate area of the Arctic Ocean, and help to objectively evaluate the role
of Arctic Ocean carbon burial in promoting global carbon sequestration. However, further research, especially records from
Arctic Canada, is needed to fully describe the coupling relationship between Arctic Ocean carbon burial and climate transition.
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Fig.2 Sedimentary stratigraphy and organic carbon burial characters in Core M04
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Table 1 Proxies of molecular combination of biomarkers

JEL Sn-Alk ST/

AR ‘ BIT OEP  CPI
(cm)  (pg/(em*~ka)) XM

5 6.71 2.19 0.69 3.05 2.51

MIS1 11 7.69 2.68 0.74  2.89 2.27

27 6.95 272  0.93  3.39 2.52

66 15.83 1.83 0.62 3.67 2.86

MIS2 106 14.68 2.06 0.73 3.83 2.93

146 11.86 2.21 0.74 2.84 2.39

Bl & B b Sn-Alk 29 50 % A RE S B4 B v Wk B
1E G ot 4 4V AE oo, BN AR RE Bl TR IE M Bt de
B Co s SR IEM R HHYC, L Z Y T/SM
I T 1.83~2.68; i L 548 B CPI ¥ /N T 354 Pl
W OEP A F 2.84~3.83, Wi & 7E 2 10 em ¥
BRI, MIS2 B 30 A MIS T 430 B0 v 1 5 =2
B H I be i H I U kS (brGDGT) 5 7 iy 1 B
(Crenarchaeol) # L4l BIT 47 T 0.62~0.93, 3 ¥ {8
Hh0.74,4E MIST R H B T e, H 5 8"C 2z
6] 77 AE 55 55 A e Pk (R*=0.414) (52 1 A 3).

4 g

4.1 okHEI-EkEIRE B R B HIER A = RIBR

M 565 DU 20 b vk 2 v B S 38 D0 B R AL
0.2~0.7 cm/ka, MIS2 I ) T B S 5L B 4208 &
DAL It b Pk DA A o 4 R R T i R B B A 1Y
vk AE % /N (Polyak et al., 2009; Cartapanis ez al.,
2016). SR, A 5 47 il 42 30 & 09 0 3R AL vk v
O ED e — AR, et T 30 em/ka, Tii
LUK — ] A Tl b =, oK A ) U B 3 R 2
i (&l 25 Polyak ez al., 2009; Schreck er al., 2018).
FE MO4 AL, KA AT R &, LA b B
BB [R5 00 o v kO A IR Sy R ki U e
V14 i A T A0 5 e, 8 B e 8L 5 190 A WLl 5 i R 1 T
EAT M K8 (- 25 Ye ez al., 2020). J5 & 155
T 45 B A SR I — I, VKO R Y A LB
AR U5 4 A 3 5 T ELZE W AR R W AR bR BIT i =+
0.37, H5 3 "C Z M ARSI EAMEXRR WA R T
AR VK Il AL B R B A B S (L 2 Rk
Sparkes et al., 2015). & 41 J& , MIS1 4] BIT
ST/ M 1 3 {8 46 v T MIS2 1, B 7 1) oK 3
B SR TE MO4 AL 35 R U5 A ALBR 1SR T
VKIS 550 (3R 15 B 45, 2018) . A AL 341 i 7

R AL A R R T A Bk AR IR 1Y 5L UK 55 T Ak
Xof il Y 0 I i A2 1) S ) . A2 DA BRCHRE Y B AR L R AR
76 MIST B I B A R e SO0 AR H AR 0 4 i
Py IR A AR T 030 A 235 SRR AR — B, B98O i s
BT Bl A Y 08 (181 2 TR 1), Stein e al
(2001) Wy Bt o2 22 B] , B I 2 ) e {1 B0 6 P {7 1) T
(4 PG ¥ i 2R 300 S, WA SRy SR g T TR | T R
T Rl B 45 3 MIS 1 30 1 1 043 4 A Bz, ¥ ST T
b T B — R W S U R R S R, TE TR B A
BELEY T i 5T MLl 1 4 i A\ DR T 235 b, 4 o At il 22
1% Ko MOA FL ili 5 A AIL sk 110 391 58 T8 24 340 AT T
T AF A BB 1 S S R 3 B o W G A 7 ) R AT
WEWIN (K 2; Martens ez al., 2019). 8k, 25 LL Y
AT A BLAE 55— A~ T oK (MIS3) 9 3T
T rp U I SF- T AR A6 R R A 7 D O OR 2 5
A LRk 22 S JHE A 4 I 2. 3 A AT e Y A
J& MIS4 [i] MIS3 i 2o Y By B 15 1 1 3 e e 22 1
/N T MIS2 [ MIST (9 3k 8 By B (B 4) |, 8Ufs &
PO O R A QT A T N
FEFE v Ay i 28 8 3 R JZ VTR R R IR A
LB 10 25 18] 4347 22 5 85 8 (Schwab ez al., 2021). &
SR I V5 RV AT WL e # 4 K t  A TR T L (FLBE o
it BB 3 0, A v Ay il 2R 300 2 il R A L Bk TE B 3
B LN R o S o < s | 7 % S E R 2 Sy v
T8 A B e Bl B i CTRT 1) B 8 o 9k 20> g A6 =
(Sparkes et al., 2015) . PR U 435 1 Bifi Y5 A7 WL A 75+
14 725 Ak B4R T HL, U of RE R AT B T bR n = R B
U5 A BL K 1 3 BE B8 i as | O F A T Ay B 2R D 4
(Schwab et al., 2021). BI{# qn it , 78 MO4 £L B 78 [X.
B 2R Z DR b U AR A BL A A SR T 4TS SR i
TR VR A LR, HUR 2 Rl XL RO R AE T
10 em LA DTER Y T (L 2)  an i 3 s, DLW i A7
HLBR 75 2 10 A8 1k R 5 87°C 2 VI A 56 . (i T HLIK B
G e e A s b AR b p R A AR T P, TR
Py e B A BB 2 e AR b I 6T L Y 81 C (R $ R
B J2 A7 HLBR () B f# A B (Aller ez al., 2008; Pirtle-
Levy et al., 2009). ¥ i 75 # 3 2 DU b | e 7]
LB LY N —21.4%, , 1 MO4 FL ) T Hh v bk 7] 457 R 24
Sk —25.9%0. % &R 5 IX B U5 R AH A HLAR 45 A
{14 35 T 20 B (43 591 — 26.6%0 F1— 17.5%0 ) LA K i AH
A P LU Bl U5 A HL B T S R4 fidk 1) AR Bk (] 6 3R
1A AL R W AR A HLER B U Rk R 2 e &
B K AL 7E 10 em LR TCEL ) DR R A 4 i
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Fig.4 Differential burial of organic carbon in the Arctic Ocean during the Late Pleistocene
AR PG AF A 0K 35 B9 P Ik IR BT Ye er al. (2022) 596/12-1PC FLA LI B 51 A Lowemark ez al.(2014) ; PS2741 LA HLERELHE 51 A Stein
et al.(2001) 5 4 ER K124 45 WL 38 B K 51 [ Cartapanis ez al.(2016) 5 ¥ 1 28 {445 51 [ Spratt and Lisiecki(2016)

0 1Y A BBk 32 2ok B Rl R (Bl 2; Martens et al.,
2019). A, BRSEAT LG ok BA B s 00 9 A= 7= ), 2k
IR i 5, MIIS3 391 9 T BRI i v O o i B i A
A BB 0 S (R . 2 T RE IR LB, © & 7E
R AR B R R R T B B Bk (AR IR 2R
23 ka) , /b H ok [ AR A B B 7 O B R A L AR
LN TR S SV RS N TR S S IR N
93 58 AN Ty B il 1 K 4% g 42 ( Broder ez al., 2018).
4.2 k3T HE YRR IR 1E R

MO4 LA B A 1 =7 3 3 g 32 22 % A AR vk, HL
DAk VR A BILB Sk = Bl i) A A AR T AR i R X —
PG A B ET B0 T I I i D KR DR K
P - SRR A AR e s 55 Y R v, TR
J AR i AN K RT RE K e 2 34 5 i A AL B AJE AL
W 8 1 18 7 iz (Hill ez al., 20075 Vonk et al.,
20105 Olefeldt ez al., 2016). Bk T 1] 3 A1 5 47 12
Tl VA K 2 5 W i VR AT AL A5k 1) R TR i A 1 4K
(R P N N LS S | R i = A Ry
5.74% (Nirnberg et al., 1994; Polyak et al., 2009).
VG AF ST — 0 119 340 2 0 Bl N Sk S b UK R UK Y 32

B IX g R A AR 22 B T R O R B 4R Y T
JK IR A AE AR TR AY I K DL JRE UK S 32 (Stein and
Macdonald, 2004 ; Darby ez al., 2009). % 2 LY
Hh i U5 BILRR 1) 25 (8] 20 A DL e MO4 FL Hh K B 1 TS
(IRD)FI CaJC & & ¥R W A2 [ vk A 50
= AU A 22 55 T R I B R Bl 4R S A K S Bl TR
A WL A ([ 25 Schwab et al., 2021). 8k , 76 vK
1 K Bl BR O S 43 H BR U DAY HT 4R R, MO4 AL
MIS2 Fl MIS4 LAY Hh JL-F- A & vk AEHE IS L 6 R
Pl Ca oo &k ] 7 AR AR, X HEBR 1A% 407 J7 1]
T VK B K L A Bk R A HILRR 9 R RE M (& 25 Ye er
al., 2020) . {H A% B A S , VK1 A AT HL A 19 22 i
PR R T — R T L i H MIS2 3 CPT
I OEP 48 b5 ¥ 2R 5 F MIS1 5, 2 B vk 309 2 i iy
i VAT ML AA LA AR ) B B B 4 o AR TR A A
T epofg pK 8 A 3 T (87C) $2 8 1.5%0 , LA R T %
W1 7= F1 4L o AR A 5 R (R 3% 22 |, VKW 1 AR BLBK
L R S (E AT SR AR AE AR UK AR B B
TR R AR AR 7 g 3 A 0 Bl SR A UK R B
3 BRI T, HRE A A6 UK VE R AT RE S 1 ok 2R BT



w509 1 R BEAE W Tt AU AR AL A Bl 2R A L 14 22 S T 3395

7 % (Jakobsson ez al., 2016). B fdi A vk [a] i)
(Polynya) [ ££ 75 , 1 AH ¥ 2% £ 7 J1 15 & 19 4 Bl
fise 1 7 1 R A AN AT fg 2 (8] 9K # (Stein ez al.
2017) AR g 7 A G R L TR 4T kR
A LR 0 A BE B, B S AT DR 5 RE e A Bl 42
3 % it D5 A HIL Bk 1 S S A, 4 2R B[] I 4 o
T AH A BIL Ak Y HE R R AN A5 N B R e A il
0 b A 70 %0 1 I A AT AL B Y IR AR
iz ( Martens et al., 2019 ; Schwab ez al., 2021).

TE AL VR vt T8) R 2 KO0 S 55 1 19 MIS6
Wb & AT R AT AL AR ) R o B R T HL MIS6
55 MIS5 9 2Z 18] 47 B G 119 B 2 3 b 7 A 51 L Bl
N5 B vk 55 (EALS) (4= AR AT 6, B E & %
DR RE BT Bk Y 3K 2 AR MIS6 w4 il gk S
MIS5 #1 AU 9 A HL AR BT Ak R 2 o £ b i &
% & (Yamamoto ez al., 2008) . [f] B¢ i T b vk
H 9 96/12-1PC L g 5% 2 B, A sty = 3 1 A Bl
e S JE A, 113 IR AE MIIS4 9, 17 HL ik £ Bl o5 K = 8 A
MR P vk 55 B9 UK 22 W 8 (B 45 Lowemark et al.,
2014) . SR, B0 &E T RO 7K 5 1 PS2741 L b &)
A BB S Y R AR SR A PIL AR B A
A HEN 3% — R AR LT A A 4 BROR T A L ik 38 G
B BIR 25 (45 Stein ez al., 2001) . 3K gh 2 812
Tl FH B UK 35 B DA R A s B A T AT R AR T A R
S — 0, BP 4 VE 17 A1)V 9K 35 (Niessen ez al., 2013;
Jakobsson et al., 2016) .MIS4 ], 4 78 1A F) W vK 35
N FLP™ Jre UK 48 1 B 55 31 1 42 30 W O DAk 1Y B
KAE , MO4 AL T 7 19 2 5 a7 Bl 4230 % w114 91 R
TEH R o A v AT g B 34 B AR E Y vk 48
5, BH P T At v DX I K R Ll B LS A
LIk (Ye et al., 2020). K & Kl 95 A AL &% Fi /> 5
A A BB 1) F5e Kk R FT RE S AR V8 A1 R A AE e A
Bili 28 X b — A~ ] vk 301 69 0, O B iz O X
WA T AR (IRD) (9 K 580 2, i 2 BE vk
T HEAK $E A 0 28R FR ) — R AT AL, X — AN
CE TR R S DR AN R B2 JIURIAR RN
L K Bt 8 U0 BV (8 56 3F (Hill ez al., 2007 ; Kim et
al., 2021) . ZE V1A F) . MIS2 39 09 15 30w A A [
ARVEAFFI S K 5 K HLp™ R vk 48 i 3 4 /N A 6 T
B 43 A v AT Bl SR 0 G RS T THE B R, UK R 1 (R
TR R A BT U855, A P A Y 3 S R R L IR T
MIS4 # (&l 4; Ye et al., 2022) . H& M HEM , 25 75 11
FIIE oK 55 09 9 7K A UK R HEK 3R G 09 i is 1R AT R g2

5 7 20 W AT ML M B R B R
5 ke

W BB 1 A A B 4 10 2k MO4 LA BIL Rk 19
G R AE A 50 1 b vk e At v XA T RBLE
S, AE UK - 1A vk 01 5E [l e e B TR 2 3 Y
22 S vk U G AT DL BR S8R B R nT DL 3k F) (A vk 3
(9 10 A% 22 A7 . BRIV [ B 2 7 VK 3, MIS4 3 19 7 AL
e ML G 3 R 24 S MIS2 1 /9 3 4%, 28 T iz it
VKT AE 42 BR K TR MUK G P A R IR L BR T b
10 em , 7E UK 81 18] Kk 91 e [l v A5 0L e 24 1
(A 18 2 AN 5 W i (1) Bl W AT AL, U AR ML B 32 B
T 00 G A 7= R0 A A A L U st AR N

S O % e AT Bl 4R 0 kG M SRR AE R DT B3R
B, R PEAA R vk 55 B B 5k R UK R HE K &R S8
12 R T] BB A T AT Bl AR T G B R A ALK =
o A e o S T S N B}
Uit e S 7 T TR SR R L TR MIS4A T, R
VAR F 0 oK 35 e Ho b e vk 2R 3 25 7 M4 £L T 78 1)
20 A B AR T % R 1T HE B R TR R K 4
A1 B, 7E B P At g XA BILAR S A 0 [ B 5
f 42 Ik A 3R 3 T ik AR U0 I R i O A
ki 48 311 % 5 R RC  MIIS2 3, 2R VU A A 0K 36 K
HoP vk 28 5 3 4/, vk 36 AR ik FE T A BT s 5
A AL Bt HH g R B 2 AR . SR B, M4 LR DT AR
TSR R L B AL UK AT B A 1 S R R A A T BT Y
WA HE— 2248 7R T TR XA ML A 2 1Y B
ShHLH, A BT 5 0 E A AU UK A f S X 4 K sk
FE 0 HE S A LB H RS s = d6 B & R — il K
B 18] 3 41 08 UL AR E 5%, B B BB A AN R DL 4 T
20 1m0 b UK PR Rl SR R S R B 2 R R A e R

Bt RO RMTES S 6/ T kRS
Z(CHINARE) & & A ALA B 2 4 50 R 4R it A2 42 4
B8 B, BB RGHB & WA E RAT R )
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