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Fig. 1 Study location and schematic of modern surface circulation in the Bering Sea
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The solid colored line indicates the surface circulation of the Bering Sea; the black dashed line indicates the Bering Sea coastline during the Last Glacial Max-

imum, when the Bering Shelf was exposest]; the blue dashed line indicates the potential path of the river during low sea level in the Bering Sea
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Fig. 2 Lithology correlation between cores LV63-19-3 and SO202-18-6*! (a), and comparison of Ca/Ti ratios based
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The black line is the original data and the red line is the 10-point moving average. The light green band represents the comparison of age control points between

Core LV63-19-3 and Core SO202-18-6
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Fig.4 Linear correlation (a), angle of end members (b), and frequency distributions of sediment grain size endmember (c)
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Table 2 Characteristics of the grain size of modeled

end member of Core LV63-19-3
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Fig. 5 Time series of major and minor element contents (a) and the ratio of the major and minor elements to Al (b)
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Table 3 Correlation analysis for elements and mean particle size in Core LV63-19-3
Al Fe Ca K Ti Mg Rb Sc Co Th \% Li Nb Cr Ta Sr Zr

Al 1.00

Fe 0.91 1.00

Ca 0.01  0.03 1.00

K 1.00 088 0.03 1.00

Ti 1.00 078 0.01 0.87 1.00

Mg 1.00 1.00  0.12 0.77  0.64 1.00

Rb 076 080 0.10 085 0.75 079 1.00

Sc 0.77 083 007 080 073 078 087 1.00

Co 078 086 0.10 080 0.68 091 090 084 1.00

Th 0.61 0.64  0.08 0.72  0.69 0.63 0.87 072 0.78 1.00

\% 075 079 016 078 060 089 088 078 091 073 1.00

Li 0.58 061 009 070 072 059 087 071 075 087 069 1.00

Nb 0.61 066 0.17 065 058 079 084 066 086 079 088 076 1.00
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(Ga/Yb)yasc and (La/Yb)yasc are normalized for North American shale
[41

composite ]; 0Ce and JEu are normalized for North American shale
Ce,
composite: 6Ce = |
V(Layasc) - (Pryasc)
Euyasc

0Bu = ———————
V(Smyusc) - (Gdyasc)

Yo ZARDURZTE n B2 5 A
5.1.2 VIR AL

P14 Ve 114 Y IV 1T AR 2 ok U5 ol D R i 0
AR T LR JE A AR TR BT, FRATIAT LV63-
19-3 O TR AL 2 T & MR 7 i s R 4
Vg A 7] B 3 0 FR W Ak 2 R AE R A 3 AR AR (B 7).
LV63-19-3 2 0 UL B W) 7 BE 4 11.7~ 10.7 ka B B
F1 715320 5w, 2R A TORR A o Bl U565 Jig 4 Joit 40 43
DU K o Keigwin 5509 45 H L 487 i 114 165 1 B T3
1% )8 ) I A YG I, I FLAE (14 FURE R A1 1 1Y) 2 0

TE: MR AR 5 R 7 AR C BT

10 57 B e OB A e S HIR AT S5 IR — 8, BB
4> 11~10.7 kaltf Bt F2 A 745 43w, TR b A i
MM sTER K . B4 10.7~9 ka B} B F1 K 71553
B, F2 P45 3 B, 300 ) Il 5 0% )18 00 3 24 5 2 ik
B B4 9ka LISK FIAIF2 1540 BB AR, 2
IS SRR ) g i A S A R AR IR b . R T
WF 54t 12 T i Il 5 s i A R e T R
8 S PR, T SOOI AR A A i 2 1 DA 15 R A% L ) 3
TR
52 MREEEESHERREYIR

T VE DT AR b 04 T 20 53 55 U5 DM B UTAH G .
Roser Fll Korscht # & LA 1 3 5 5T 2K 21 70 A1 X AR
b, $& T U IR XA B R A, Hoh, DFL AR B
PR BT A 4y, HAE R AR R DTk R 225 DF2 R
R A PR EE B o), HAE O SR ST %



LT PRERMESE: L2 & U b A Rl S ORR BRI P i A2 Ak 53
1o a ‘e Srapp | b
@ 10.7~9kaBP | ’
. 31 @11~10.7ka BP]
: @11.7~11 kaBP|
0.5 Ta, L?l:\fc() ——————————— ! o,
MRy 2r o f
}:RI;E fe gjt’ . .
& 0 = E 1t ' T
& o
0 .
—0.5 . .:"‘: :" . . .
o Zr -1t L &
Ca ‘, N
o J
-1.0 . . -2 . . . :
-1.0 —0.5 0 0.5 1.0 —4 -3 -2 -1 0 1 2
F1 F1HF154
K7 T Fl5F2 88’
Fig. 7  Scatter plot between F1 and F2
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Fig. 9 North American shale composite (NASC) normalized rare earth elements patterns
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The data for Yukon River Estuary sediments were cited from reference [33], sediments from the northern slope of the Bering Sea were cited from reference

[50], and Aleutian Island Arc igneous rock were cited from reference [51]
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The data for Yukon River Estuary sediments were cited from reference [33], Aleutian Island Arc igneous rock were cited from reference [51]
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Fig. 11 Time series of sedimentary dynamics on the north slope of the Bering Sea during the early Holocene
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a. Solar insolation in summer at 65°N %I; b. Bering Sea sea surface temperature based on cores SO202-18-6 and SO201-2-77KL".; ¢. average particle size in
Core LV63-19-3; d. Zr/Sc ratios in Core LV63-19-3; e. contents of EM3 in Core LV63-19-3; f. Core BRO7 PgIP,5 and PpIP,s indicesm]; g. contents of EM1 in

Core LV63-19-3; orange vertical bar indicates the HTM (11-9 ka BP) periodm]; dark vertical bar indicates Meltwater Pulse (MWP)-1B event (11.4-11.1 ka

BP) "), light vertical bar indicates laminated sediments
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a. Solar insolation in summer at 65°N % b. greenland NGRIP ice core 8o record[(’o]; c. global sea level and rate of sea level change[m; d. Bering Sea sea sur-
face temperature based on cores SO202-18-6 and SO201—2—77KL[24]; e. REEyags in Core LV63-19-3; f. F1 factor score in Core LV63-19-3; g. contents of EM1
in Core LV63-19-3; h. F2 factor score in Core LV63-19-3; i. contents of Dinosterol (ug/g TOC) in Core SO202-18-6 ; j. contents of EM3 in Core LV63-19-3; k.
Zr/Sc ratios in Core LV63-19-3; orange vertical bar indicates the HTM (11-9 ka BP) period[m]; dark vertical bar indicates Meltwater Pulse (MWP)-1B events

(11.4-11.1 ka BP) [57]; light vertical bar indicates laminated sediments
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Rapid changes in sedimentary environment on the northern slope of the

Bering Sea during the early Holocene

Lin Jinhui', Zou Jianjun"?, Shi Xuefa"?, Zhu Aimei', Dou Ruxi', Dong Zhi',
Feng Xuguang', Liu Yanguang"?, Gorbarenko Sergey’

(1. Key Laboratory of Marine Geology and Metallogenesis, First Institute of Oceanography, Ministry of Natural Resources, Qingdao

266061, China; 2. Functional Laboratory of Marine Geological Processes and Environment, Laoshan Laboratory, Qingdao 266237, China,
3. V.I II’ichev Pacific Oceanological Institute, Far Eastern Branch of Russian Academy of Sciences, Viadivostok 690041, Russia)

Abstract: It has been an important research topic in oceanography and climatology to understand the evolution of

marine environment in the context of anathroprogenic warming. In the geological past, the Earth has experienced

several warming periods (including the early Holocene), which provide natural analogs for future climate. The glob-

al climate experienced rapid warming during the early Holocene, accompanied by ice sheet melting and rapid sea

level rise, which have significantly impacted sedimentary processes and marine environment in high-latitude mar-

ginal seas, including the Bering Sea. The Bering Sea consists of a broad continental shelf, adjacent to the North
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American continent, and receives material supplies from the Yukon River, Anadyr River and Kuskokwim River.
There are still significant gaps in our understanding of how the Bering Sea responds to the early Holocene climate.
In this study, high-resolution analysis of major and minor elements in bulk sediments of Core LV63-19-3 retrieved
from the northern slope of the Bering Sea, in combination with a well-constrained sedimentary age model to invest-
igate the sedimentary environment changes on the northern Bering Sea slope during the early to middle Holocene
(11.7-5.5 ka BP). The results show that the sedimentation rate on the northern continental slope of Bering Sea was
as high as 392.9 cm/ka during 11.5-11 ka BP, and decreased rapidly to 17.2 cm/ka after 9.7 ka BP. At 11-10.7 ka
BP, a dark laminated sediment layer about of 40 cm thick was found. In the period of high sedimentation rate, the
average grain size of sediments was finer, and increased gradually after 9 kaBP. Both major and minor element con-
centrations indicate that the lithological properties of terrigenous clastic sediments were mainly felsic sediments
with a small amount of pyroclastic contributions. The high sediment rate corresponds to the Meltwater Pulse-1B
event (11.4-11.1 ka BP) and resulted in a blooming of siliceous productivity on the Bering Sea continental slope. In
the study area from 11 ka BP to 10.7 ka BP, the increase in seasonal sea ice coverage inhibited the oxygen supply
from the atmosphere to surface water and subsequent transport to the bottom water, while the glacial meltwater and
the persistent high productivity in summer and autumn further exacerbated the surface water stratification and
ocean interior oxygen consumption on the continental slope of the Bering Sea, both of which together triggered the
formation of laminated sediment. After 9 ka BP, the seasonal sea ice activity in the Bering Sea increased gradually,
but the mass accumulation rate of terrigenous detrital materials decreased, indicateing a decrease in the supply of
terrigenous materials to the study area along with sea level rise. We suggest that the rapid shift in early Holocene
sedimentary environment on the northern Bering Sea continental slope is the result of a combination of sea level,
Meltwater Pulse 1B event and seasonal sea ice activity, which is actually controlled by high-latitude solar insola-

tion, North American ice sheet melting, and global climate.

Key words: sediment grain size; elemental geochemistry; sedimentary environment change; early Holocene; Bering Sea
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