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Regional settings of the Japan Sea and its surrounding area and the locations of partial sediment cores
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a. Distribution of ocean currents in Japan Sea and its surrounding area, blue arrows show cold currents, while red arrows show warm currents; b, c. the location

and surrounding geographical environment of LV87-2-3 core researched in this paper, b is a plan view, while ¢ is a 3D view

I R W AOK MR U0, g e B K, A,
EASM 5 e i F2 3 /K, AR T H A 12K K
BIERE, i 23 TE i TWC iz AR 30 A 300 30 3 ) Jo
Frth 2 H A, B0 SO R A R B A i

3 b S

3.1 WR#HE

A SCHF5E B R LV87-2-3 FLA R BT B 45 0,
Kl L b FH AR AR (46°8.4'N, 140°44.4°E), i T H A #F b
S 23 A Vi Uk LA VG Ko I 5 R 2 S T [ i X3,
KR 740 m(E 1) % AL R ARG IRABEE — 5T
JIT 5 R BRE A7 Bt AR 43 e AT T AT 5T AR 2019
A S it b — 3 AR T I B R A AT OB ], R <Rk 4
NHE R B 15 Bk 2 25 B i >R 1T i BORE O Al B
B AL RO BE R 650 em, 3145 0 S K IR H 650 em,
ISR B3R 100%, SR i 24 0 JIE 8 24 em 52 J) 1
SZMR P3N B W, AN ECR A M R T SRR A, AR SC

X b 626 cm HEATFE 5L R R BEGY, B S SCH Y
LV87-2-3 FLIAR 45 # 0> LB 0~626 cm J2 1 . #f7
O UE TR R I, R HEAT AR ORI A DR
P B A6 — R 2 €60 56 = JOORS B 4 K, A LA D 5 8
JZ, WK & Bt B R AR B4 550 60 cm LA
JE A 5 B S BRASOR LA A A R 2 0 i vk )2, i
60 cm LLTRJZ A I LAAS 2 TR HLJZ 1k 43 W 14 JEE DK 2% 1]
M 58 B 47 2 B RRAE (18] 2a); HS, 43500 X 5
LA (XRF) A4 60 (@ X248 55 0 647
DIV SRk R e 3l = I | D =5 % = P UR i E TN
13 AFE i SR R AT T 4°C TRt
32 SmAE

L 4 em g ] 5 2 06 B 156 A2 07 B9 RE i 2R 17k
BEAY BT, T, BUS DU A B 04, InA 20 mL
15% [ RUE KR 12 h )5, FE 80°C K 4h, HE I+
2 AR W BDA PLB IR LB ZJE A S mL
10% (AR ER MR # 12 h Fo 5> KRBk Eh, P 28+



4 ARPORAR: AR R 3 P Lk T4F RO AU S TE H AR HEIE BT ARG 210 = 109

HOWA i FELH 43 1% SEHPRIAR/D AMS “C4E#4/(cal a BP) VORI 2/ (cm-ka™)
0. 0 204060 801008 7.5 7 0 1000020000300004000050000 5 10 15 20 25
. . T ; . . - . .
100 H 1100
200 H 1200
= =
S 8
#2300 300 £
400 | 1400
500 H 1500
b 1
\\ 1
600 | \ X 1600
y 1

B2 HAHRILTER LV87-2-3 fL A O Y SE A PLAR “2 A Rl AF e HE 2

Fig.2 Basic sedimentological characteristics and age model of the studied sediment Core LV87-2-3 from the northern Japan Sea
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a. Photograph of the core; b. the variations of the relative content of the three components of the sediment along with depth of the core; c. main grain-size; d. the

AMS *C age of the core solid squarey, varies with depth (the dashed lines in the figure are linear extrapolations from the bottom two dating points); e. main

sedimentation rate in different periods of the sediment core based on AMS"C age, along with depth of the core
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Table 1 The results of AMS'C dating from the sediment Core LV87-2-3

H Ji4F#%/(cal a BP)
Feadi's W /em DNAER A} L MA{E/aBP  §°C/% BG4/ (a BP)

BEXE/c A
672259 7~13 A ILE  Pachyderma; Bulloides 470 £ 30 -0.3 870 + 30 334~475 405
610375 201~202  TRWEASLEY Pachyderma; Bulloides 9760 + 30 -0.5 10 160 + 30 11119~11271 11203
610376 261~262  IFIFAFLE Pachyderma 15510 £ 50 -0.3 15910 £ 50 18 342~18 608 18 472
610377 301~302  IFEIFA LR Pachyderma 17 230 £ 60 +0.1 17 640 £ 60 20357~20 624 20 494
610378 351~352  IRIFA LR Pachyderma 20 490 + 70 +0.1 20900 £ 70 24 043~24 366 24209
610379 461~462  TRIEA LI Pachyderma 27 580 + 120 +0.0 27990 + 120 31 117~31 400 31272
664989 541~542 IR LR Pachyderma 34990 + 310 -0.4 35370+ 310 39316~39 896 39 624
664990 621~622  IRIFATLER Pachyderma -0.7 > 43 500
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Fig. 3 The variations of rock magnetic parameters and the contents of redox sensitive element Mnalong with depth of the Core LV87-2-3

from the northern Japan Sea.
a. JRURERE AL () b. ARBEH TG (ARMD; c. 1 1 55 5 8 % (SIRMD; d. #35 B5 J1 7 4 & it (UL HIRM 38R 5 2R R AR S m 32 0.3 T
0.1 TORF Fhse 20 X I3 98 )5 e ARRIG7 103 4 ARG 2 ek (L S LA s BEAR AR A AR B 1 2 0.3 T 0.1 T X B2 AL ); £ 5 it )
(B, W28 FRIREHT 1 (B, 52K ); g 5 0> XRF 13 3] 10 £ M08 JFUUR T 2 Mn 7 Chy R BRORLEE A J0 28 5 AR B A9 5209, LU Mo/Ti R
Z)o a—c. Wi LN EELR 435 DAy S o D00 55 AR 7 94 X 0T (e 0 OB v 2 b B SIR A 2 (02 R JR 7R ) PR i T 0 8 2 A £ A v
TR T 20 53 e AR B AL, BRIV SO BT B RBE R R o T L AL = A AR R TR B — 2D A A W AT Y 3 AR B o
a. Mass-specific magnetic susceptibility (y); b. anhysteretic remanent magnetization (ARM); c. saturation isothermal remanent magnetization (SIRM); d. the
content of hard/high-coercivity minenal (represented by HIRM; the blue and purple lines represent values corresponding to reverse fields of 0.3T and 0.1T (log-
arithmic mode), respectively); e. the relative content of low-coercivity minenal (represented by S-ratio; the blue line and purple lines represent values corres-
ponding to the reverse fields of 0.3T and 0.1T, respectively); f. coercivity (B, blue line) and remanent coercivity (B,,, purple line); g. the contents of redox sens-
itive element Mn derived from XRF measurement (indicated as Mn/Ti ratio to eliminate the effect of grain-size on element enrichmentas far as possible). The
blue and purple lines in a—c are the actual measured values and their corresponding pairs, respectively. The light blue vertical bands in the figure indicate the
layers with relatively high content of high coercivity components, i.e., the layers referred to later as “hard magnetic anomalies™ layers. The red inverted tri-

angles at the top of the figure indicate the layers of the representative 3 samples used for further rock-magnetic analyses
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Fig. 4 Rock magnetic properties of representative samples for the sediment Core LV87-2-3 from the Japan Sea
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a—c. Isothermal remanent magnetization IRM acquisition curves; d—f. decomposition of coercivity IRM acquisition curves;
g—i. first-order Reversal Curve (FORC) diagrams; j—1. low-temperature magnetic curves (the left vertical coordinate
indicates the variation of IRM with temperature acquired by applying a 2.5 T field at 20 K, while the right vertical

coordinate is the first-order derivative of IRM with respect to temperature)
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Fig. 5 The variations of rock magnetic and grain-size parameters along with depth for sediment Core LV87-2-3 (below 200 cm) from the
Japan Sea compared with global sea level and reported climate curves in other regions
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[70] [41]

ively, for sediment Core LV87-2-3 (below 200 cm); e—h are global sea level change' ™, mean grain-size of loess in China"" ' indicating the intensity of EAWM,

oxygen isotope curves from stalagmite records in China®” indicating the intensity of EASM, and GISP2 §'%0 stack!®” indicating stadial-interstadial fluctu-
ations of the D-O cycle. The light blue vertical bands in the figure indicate the layers with relatively high content of high coercivity components named “hard

magnetic anomalies” layers; while the deep blue vertical bands in the figure correspond the Younger Dryas event and first four Heinrich Events
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Fig. 6 A schematic illustration for the changes of magnetic mineral in different sedimentary environment, which compares interstadials in

D-O cycle (a) with stages of the Heinrich Events (b) since the last glacial in the Japan Sea.
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Magnetic recordings of millennium-scale climate events in the northern

Japan Sea since the early MIS 3

Zou Qingchao', Shi Xuefa®?, Ge Shulan“?, Wu Yonghua"?, Zou Jianjun"?, He Xiangfeng®,
Sergey A. Gorbarenko®, Liu Jianxing"?

(1. Key Laboratory of Marine Geology and Metallogeny, First Institute of Oceanography, Ministry of Natural Resources, Qingdao 266061,
China; 2. Laboratory of Marine Geology, Qingdao Marine Science and Technology Center, Qingdao 266237, China; 3. School of Geo-
graphy and Marine Science, Nanjing University, Nanjing 210023, China; 4. Institute of Pacific Ocean Research, Far Eastern Branch of Rus-
sian Academy of Sciences, Viadivostok 690041, Russia)

Abstract: The Japan Sea is the largest marginal sea in the northwestern Pacific Ocean. For a long time, it has been

widely believed that the sediments are deposited in strongly reducing environment, which results in extremely weak

magnetic signals and then restricts the application of frequently-used magnetic method in this region. To investig-

ate deeply the availability of magnetic indicators in paleoenvironmental and paleoceanographic studiesin the Japan

Sea, we conducted systematic rock magnetic analyses, high-resolution accelerator mass spectrometer (AMS) "C
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dating, and grain-size analysis on a 626-cm-long sediment core (LV87-2-3, water depth 740 m) recovered from the
northern Japan Sea that has been studied in relatively low level. The results indicate that the studied core corres-
ponds to a sedimentary record since approximately 48.3 ka BP. The majority of primary ferrimagnetic minerals,
mainly magnetite, in the sediments below 55 c¢m, had been reduced into pyrite, which caused weakly magnetic in-
tensity. This is associated closely with the intensified stratification of water body and the increase in surface pro-
ductivity during interstadials in the Dansgaard-Oeschger (D-O) cycles. Nevertheless, there are still four strong mag-
neticlayers characterized by elevated percentages of high-coercivity minerals (i.e., hematite and goethite), which
are termed as ‘hard-magnetic abnormal’ layers and correspond well with the Heinrich Events. This indicatesrelat-
ively weak reducing conditions that were resulted from the enhanced East Asian Winter Monsoon (EAWM) and in-
jection of high salinity Tsushima Warm Current (TWC). These changes, however, are not reflected by the grain-size
of sediment. Our study therefore not only indicates that the role of magnetic parameters in the paleoenvironmental
and palaeoceanographic reconstructions of the Japan Sea during the last glacial, but also provides new perspectives

and ideasfor relevant investigations in the future.

Key words: sediments of the Japan Sea; magnetic minerals; rock magnetism; paleoenvironment; the Heinrich Events
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