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Changing histories of glaciomarine deposition and water masses in the subarctic Okhotsk Sea of Late Quaternary
YE Shengbin, WANG Rujian, XIAO Wenshen, SUN Yechen, WU Li
State Key Laboratory of Marine Geology, Tongji University, Shanghai 200092, China

Abstract: The subarctic Okhotsk Sea is one of the most important carbon sinks in the world and the main source areas of North Pacific
Intermediate Water (NPIW). The study of Late Quaternary paleoenvironmental changes of the Okhotsk Sea and their effect factors are of great
significance for understanding the responses of subpolar oceans to global climate change. Coarse fraction, drop stone, foraminiferal abundance,
CaCOj content, benthic foraminifera Uvigerina spp. oxygen and carbon isotopes in the core ARC2-T00 collected from the Academy of Sciences
on Rise of Southern Okhotsk Sea are tested, counted or analyzed by the authors and then the stratigraphic chronology of the core is established
based on the comparison of the benthic foraminifera Uvigerina spp.-5'°0, the global deep-sea oxygen isotope stacks LR04-5"°0 and the adjacent
site OS03-1 Uvigerina spp.-3'*0. The results indicate that, in the most intervals of MIS 6—2, the sedimentary dynamic mechanisms in the
Southern Okhotsk Sea are dominated by westerlies, ocean currents and sea ice. Changes in the accumulation rate of eolian dust indicate that the
westerlies strengthened and weakened during the glacials and the interglacials, respectively. The variation in the accumulation rate of sea ice
sediments illustrates that during the glacials, sea ice deposition was severely influenced by the location of the seasonal sea ice depositional
center at that time. Meanwhile, as indicated by proxies of sea ice and water masses, the southern Okhotsk Sea was covered by seasonal sea ice
and the upper Okhotsk Sea Intermediate Water (uOSIW) production was strengthened. Salinity variation in lower Okhotsk Sea Intermediate
Water (I10SIW) may be related to inflow of the Forerunner of Soya Warm Current Water (FSCW), brine rejection due to sea ice formation and
intrusion of the Pacific Deep Water (PDW).
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Hor, HS09, HS13 g KR AR, HAR UL Y B G IURE ;s B S B 1 A O vk 2k, BB 2 AR 3 F 00 Dkl KO 5 0 1B 1) S 2k
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OSIW: SRR ST 27K, OG: BPAE R LA T . A—A’: 150°E WiTfi; B—B: 49.5°N WiTfi . 4< 515k ] Ocean Data View 5.3.0 JRAS £ i),
Fig.1 Location of Core ARC2-T00", 0S03-17%, LV28-41-4, LV28-42-4 & 1L.V28-44-31" HS09 & HS13"), MD01-2 414”9, ocean
currents!'”, sea ice coverage!”in Okhotsk Sea(a) and annual average temperature®”, salinity®land dissolved oxygen®”of sea water of section
150°E and section 49.5°N of Okhotsk Sea(b)

HS09, HS13 are hydrocast stations, others are sediment cores. Black line shows modern sea ice boundary in January. Black dotted line shows modern sea ice
boundary maximum in March. Light blue lines are fresh water input from Amur River. Red and blue lines represent surface currents. Red lines are warm
currents, while blue lines are cold currents. Grey lines are intermediate currents. ESC: East Sakhalin Current, NOC: North Okhotsk Current, WKC: West

Kamchatka Current, CKC: Compensation Kamchatka Current, SC: Soya Current, FSCW: the Forerunner of Soya Warm Current Water, OC: Oyashio Current,
DSW: Dense shelf Water, WSAW: Western Subarctic Water, OSIW: Okhotsk Sea Intermediate Water, OG: Okhotsk Gyre. A-A'": section 150°E, B-B'": section
49.5°N drawn with Ocean Data View 5.3.0°%
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Table 1 Information about ARC2-T00 and other mentioned cores
in Okhotsk Sea

LA Jegh RE KiRm  ZFEICER
ARC2-T00 49°29.85" 150°00.60" 975 [2]s A
0S03-1 49°29.85" 150°00.60" 975 [24]
HS13 49°59.40 149°06.60" 1100 [25]
HS09 48°00.00" 150°42.00" 3370 [25]
LV28-41-4 51°40.51" 149°04.08" 1082 [19]
LV28-42-4 51°42.89' 150°59.13" 1041 [19]
LV28-44-3 52°02.51" 153°05.95" 684 [19]

ODP 882 50°21.8" 167°36.0 3244 [44]
MDO01-2414 53°11.77 149°34.80" 1123 [26]
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Fig.2 Stratigraphic assignments of core ARC2-T00 in Okhotsk Sea, correlated with global benthic LR04-3"°0 stacks®“and core OS03-1

80 records®(a), the depth-age model of ARC2-T00, based on 11 age control-points by correlation, and the sedimentation rate(b)

Sedimentation rates are represented by the shaded area. Dash black line extrapolated with the last two age control-points.

£ 2 SEXRTIERIH ARC2-TO0 & T F R H =
Table 2 Age control points of core ARC2-T00 in southern Okhotsk Sea

PRI /em 7 41 151 171 195 207 229 287 309 373 421
MIS PERIN) 2/3 3/4 4/5 5a/5b 5b/5¢ 5¢/5d 5d/5e 5/6 6b/6¢ 6e T E
R ka 18 29 57 71 85 93 105 116 130 156 185

32 KRHAFLREKEGEREUEE

% 4 0 W Uvigerina spp.- 80 B9 72 4L 75 il 4
3.27%0 ~4.79 %0, V- ¥I{E N 4.08 %0, fix T {H 1 A
MIS 4 f#) 61.5 ka, f 5% {H Hi BLLE MIS Se 1) 123.4 ka.
MIS 6, Uvigerina spp.- 8"0 & #i A2 F , MIS 6 AR —
MIS 5e PR A8 4% 2 Fe 2 (. MIS 5e—MIS 4 il
Uvigerina spp.- "0 I 2/ LR B M HEE, MIS 4 KIY—
MIS 3 53, Uvigerina spp.- 5'°0 FA5 4% 4%, MIS 3
W75 E, MIS 3 A M—MIS 2 (% 5 E W (& 3) .

Uvigerina spp.- 8"C 1 2% 1k 35 [l iy —1.40 %o ~
—0.39%o0, FHIE K 0.76%0, i AL H PLTE MIS 4 1
61.5 ka, fi 5% {8 1 L 7E MIS 5a ¥ 84.0 ka, [& MIS 3
s 15 MIS 5d 4b, AR LS Uvigerina spp.-
3"0 AHIAI (& 3) o

3.3 AREASTHIEE
T U SO WA LR AR D (8] 3) o Hirr,

TR LT B R MIS 6 3913 B 4%, 78 30 K/g
LR, 7€ MIS Se ik 2] fie KAH 3789 /g, MIS 4 7K 1
HTMIS 2 A B 38, 76 Kt B35 h F el LT
g %5 il 1 X MIS Se. MIS 4 A RE 5 48 T WLEE &
W, A LR E 2 A LI R BEAE MIS 6
WA 3 A1 0 a4, RO B B A 70 Mg,
HITE 35 Mu/g LU, BIBTE 40 #u/g 2245 78 MIS 5/6
W F L A E, 78 MIS Se 1% #8805 s 20 ; 78
MIS 5d/5e i /> &% J5, MIS 5d #) 2 2 ; 7 MIS Sc
BN, 2 MIS 5b/5c ik 19 #/g; MIS 5b % i 1§,
B, MIS 5a—MIS 4 K156 38 i J5 32 ¥ s /b, MIS 4
W S 3E ; MIS 3 JL-T- 2, MIS 2 W SRS A 34 .

CaCO; 7 1 ZAF fb V5 [l 4 0~ 22.6%, V¥ {H N
0.65%( 151 3) o MIS 6 &b FHAKKF-, CaCO; 7 1
16 2.5% L F 3 MIS 5e, CaCO; & ik 3| 5% 5 8
22.6%; 5 T MIS 4/3, CaCO; W& 381 2= 2.1%, HoAth i
(8] Bt CaCO; I NE

H 14 (Opal) & it A2 65 Bl R 1.6%~5.1%, F
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Fig.3 Benthic foraminifera Uvigerina spp.- 8"*0 & - 8"*C curves and variations of biogenic fraction contents of
Core ARC2-T00 in southern Okhotsk Sea

Opal content, carbonate( CaCO3) content, total organic carbon( TOC) content, C/N, content of Cycladophora davisiana, the cold water radiolarian data from

ref.”; C/N values between 8 and 12 considered as mix-derived®™; For ensuring base numbers of logarithm function are not 0, pelagic and benthic foraminifera

abundance +1; oblique dashed lines represent mid-late MIS 3 and MIS 5d, when the abundances of planktonic and benthic foraminifera were 0 or nearly 0.

YA 2.5% P(E 3) . MIS 6, Opal & & 75 2.0% /&
F Bl MIS Se 1A 31 5% = 18 5.1%, ZJ5 Opal & &
B F [ & MIS 5¢; MIS 5¢—MIS 5a, Opal & & 1F
2.1% bRl MIS 4—MIS 3 1 Opal & & 2
BRI, 78 3% LA [, MIS 3 I 3 & 5 i T B
MIS 2, Opal & 75 2.3% - Fiksh.

TOC & & Z2ZfL Y5 N 0.3%~ 0.9%, “F 4 {5 N
0.5% @, fi = {8 BLAE MIS 5d R 41 (8 3) . MIS 6
HA, TOC & i Gl [ F+J5 2 87 T B, MIS 6 i 1]
1E 04% b Fiksh; MIS Se B &, 25 R #E T
R, MIS 5d - HA TR | T+ 28 i @ 0.9%; MIS Sc—
MIS 4, TOC & & 7E 0.5% I F 3 3h; MIS 3 F 11,
TOC & il b T, MIS 3 B 4]—MIS 2, TOC & &
ST N N e A

C/N 225 B Ky 7.3~12.9, F- M N 8.5P, fi%
e {E S BAE MIS 5d U (81 3) . MIS 6 -1 C/N fH
BN, M TE 8 1T Uk sl MIS 6/5 H B
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C/N{EZ i Tt

i . C.davisiana 7= FE 25 A0 B A 0~22.4%,

SEI{E A 8.0% (& 3) . MIS 6 F— il % Fh =F
S B LT, MIS 6 MU % MIS Se i%F
FREE R T, 7E MIS Sd ik B m R T %=
MIS 5b, A MIS 5a—MIS 4, iZFh £ 5 2 i,
MIS 3 L 313% Fp 3= B #5241, MIS 3 H i —MIS 2, H
FREEGHE TS BT N

3.4 PRIRASTUHEE

340 A E AR EALAFAE

A R B 3 RS [R) R 1 Uk, 2
(0~4 um) . P (4~63 um) A X AH(>63 pm) & 548
FEIE R 23 5 M 4.5%~34.5%, 43.2%~73.8%. 6.7%~
39.2%, -S4 43 51K 24.2%. 60.7%. 15.1%, HLFH
Y ELERE B AR 4) . MIS 6 B4, i
AR 15.0% R 3 s, MIS 6 B & A 2 A4
AT, MIS Se—MIS 3 FIARM &8 7E 12.5% |
Tkl MIS 3 H AR B a8 21 e s E 39.1%, MIS 3
JE—MIS 2 #b & 5B 8 T Fe. MIS 6—MIS 5b/c
b ) 4 & w0 sh 1 = 73.8%, MIS Sb/c—
MIS 5a ¥y b & 5t B W T B, MIS 4—MIS 2 #y b &
HTE 61.8% I Fiksh, MIS 6—MIS 5d/e &5+ 09
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Fig.4 Coarse fraction contents, drop stone counts and grain size variations of Core ARC2-T00 in southern Okhotsk Sea

Mean grain size, clay(0~4 pm) content, silt(4~63 pm) content, sand( > 63 pm) content, according to grain size analysis from reference [2].

Jin, MIS 5S¢ & 4= & & Z W7 T B, MIS 5b 6 + & %
WA i, MIS Sa Bk 4 & 7F 28.7% L F I oh; MIS 4
it &R BEE 16.0% J5 2 W 1 fin, MIS 3/4 35 %
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MIS 2 i B & e e TR i LR AR
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MIS 6 I35 H 35 = f 78.6 um., HR4E Folk 11 Ward®
XFUCF ) 4 35 B B 9 5 23 bR 1, ARC2-TO00 #5585 Ut
) 531k R AL o) B AN 1.4~2.6, KEZEZ L
) R B> 2, Jr AR 22, HAE MIS 6/5. MIS 5d.
MIS S5¢—MIS 5b., MIS 3 | MIS 3/2 i <2,
sri2E (Bl 4) .
3.42 AL Falh B 6 TALAFAE
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AU DT R s B B R AR 43 A 1] Sa B
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£k EAHE 14.3 pm A7 7E 1A S e/ IME 7 A
M2k b, 15.7~27.4 pm R8s i IX ]

Sk B OB AR JEE (1 5 g PR 2R, R AT 6B 4
P AT 7w T AT . 8] 5b R T ST Bl
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XFF A 1~5 AN o0 U YRLE FEAS (1 7 e s
ZH . Y TTRCR R NI, AR 1 e R
B (Fl 5c) . B IERE R 2=0.77, g/, H
BN TR RN AT B SR R YK S I B A 0V TR A, R
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Fig.5 End member modeling analysis results of the grain size distribution from Core ARC2-T00 in southern Okhotsk Sea

a. Total grain size frequencies, b. Determination coefficients of grain size fractions of different end member numbers, c. Average of determination coefficients,

d. Frequencies of three end-members.

B E S 9k 4. 14 A1 53 um, EM1 R %6+ — 408
b, EM2 g 4 # ib—rh 43 b, EM3 s M 8, &
BB b —0 (18] 5d., £ 3) .
#=3 BEXRTEEEER ARC2-TO00 2t K i 7T 57 Hr B
FIRTEEH R
Table 3 Key statistics of the grain-size distributions of EMMA-
derived end-members of ARC2-T00 in southern Okhotsk Sea

A WIG1EML  WOG2EM2 T3 EM3
53 AT VG /um 0.6~19 3.6~51 15~300
WA T E/um 4 14 53
PR RRE 4 L% 46.8 32,6 20.6

EMI1 % &} 0~ 81.5%, V- ¥ {H b 46.8%, EM2
TN 0~81.1%, “F-¥{EH N 32.6%, EM3 & it 0~
95.4%, “F-HMA K 20.6%. X 3 M umocsr il 3 M
[F) 6 2% A UKL, 286 £ (0~4 pm) . B3RP (4~ 63 pm) LA
Kb (> 63 pm) Bk iEH#H— (& 6) .

4 g

4.1 # B iR TT 53 A 45 R B9 HRIE WL 0 F Bl
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45°N LAFS . 165°E LAVG i3, i T A7 78 KA 1
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Fig.6 Relative abundances of three end-members and grain size composition of Core ARC2-T00 in southern Okhotsk Sea

Dash lines in each figure show the average values.
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Fig.7 Comparison of ARpy; of ARC2-T00, AR, of ODP8821*1& global benthic LR04-6"°0 stacks®*(a), Comparison of ARgp of
ARC2-T00, LV28-41-4, LV28-42-4 & LV28-44-31"")(b) , shift of seasonal sea ice deposition belt(c. d)
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