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Changes of the upper water column at the 45°N North Atlantic since marine isotope stage 3

YE Xiaoxian, Harunur Rashid
College of Marine Sciences, Shanghai Ocean University, Shanghai, CHINA 201306

Abstract: The 45°N of North Atlantic is located at the central zone of the ice-rafted detritus (IRD) belt of the North Atlantic, where the marine
sediments contain rich environmental and climatic information of high-resolution. The sedimentary records there are used for reconstruction of
the pale-oceanic environment since the last glacial in this study. IRD contents, planktonic foraminiferal assemblages and their oxygen and
carbon isotopes (8"0 and 8"C) from the core Hu71-377, are used as major tools. Combined with AMS"C dating and oxygen isotope
stratigraphy, five Heinrich layers are identified in the MIS3 and MIS2, in which the Heinrich layer 1, 2 and 4 have obvious IRD peaks, high
relative abundance of Neogloboquadrina pachyderma and light §"*O values, but no obvious light §"*0 are observed in the Heinrich layer 3 and 5.
The difference in 50 between the Heinrich layers 3 and 5 and the Heinrich layers 1, 2 and 4 may suggest the impacts of melt water on the
upper water column. Further, the offsets between 8"Cyjucompra a0 8"Cy pacyderma May also reflect the changes in the mixed layer and
thermocline during the Heinrich events. The 3" °C offsets were close to zero during Heinrich 1 and Heinrich 2, attributing to the vertical mixing
of seawater driven by strong winds. And the §"C offsets became larger during Heinrich 4 and Heinrich 5, indicating that the seasonal
thermocline became shallower, which supports the inference of the penetration of the North Atlantic Current. What’s more, the planktonic
foraminiferal assemblages may reflect the properties of the water masses in the upper water column, especially the relative abundance of M.
pachyderma and Neogloboquadrina incompta may indicate the sea surface temperature (SST) changes during MIS3.

Key words: Heinrich events; planktonic foraminifera assemblages; carbon and oxygen isotopes; upper water masses variations; North Atlantic
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T BRI WA L U 2 A L A B AR E
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Rashid Fll Boyle® #ff 3¢ IRD 5 g 2% 4 32 A [R) 4 8 I
JE 1Y 3 A7 Ui A FL R 810, E Al T Heinrich 57 4 1]
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Z AN OG FR 3Z b 27K AR Ak 14 5 i A J3E o),

AHIE 5T LA Hu71022 fif A8 6 KPS 3 A 45°N
DCRAR Y A0 Hu71-377 AWFFEN 4, B el IRD,

VR AL AL G 80 Ml 8UC R TR A K 3 ]
(marineisotope stage, MIS3) LAk b K PG 45°N X (1)
LR CIRIE AL . AW RE S A KRR
DSDP609™ 3 {37 ( Deep Sea Drilling Project) FI#% B >4
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1.1 ##

AR 5T RE K @ Hu71022 fiig I 35 BURY 5 0
Hu71-377( 45318 I°N, 27.2561°W, K 11.5 m, /K I&
2631 m). iZAONET IRD #H7 P (& 1) P, {4758 1
HARFELEDTRR AT . Scott 2527 %6 %12 4 0 HE 4T 1]
B 10 cm HURE (4 4> B R B9, 2R 117 RS . TG
K, XAETUAS TR BE ] B #b >R 1 30 AN A il LR
rEERR T 147 RS . WFIE R EERTEA L 0 ~
650 cm IR X [8], A fdi 1] 83 A S AT 73 A

60° 50° 40° 30° 20° 10W

K1 A RTE S Hu71-377 545G A 0022 [ A B DL
PEVA SST 43 A1
NAC—IL R PGB, LC—HhiAi i ZHE 0, EGC—R A& B 22 ¥,
WGC—PURs Bz 22, @RI RN IRD # . B R T World
Ocean Atlas 18, H1 Ocean Data View 22 .
Fig.1 Location map for Core Hu71-377 and related cores®®**
*land the distribution of currents and
SST in the North Atlantic
NAC—North Atlantic Current, LC—Labrador Current, EGC—East
Greenland Current, WGC—West Greenland Current, white shade
indicates the IRD belt. Data were download from World Ocean

Atlas 18 and plotted by Ocean Data View.
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J8 IR, 4 T DK Rl A R OREL R S SR i R i B R UK
I W KR UL 27 IS 5 TRD 75 m R 4 3 vk
Bow A, KR MADK IR SF S . A5 IRD
Y5 R FH B B LN e L4 A 5 s X6F > 150 pm AHL A
J8 Uk (R B /) AT T,

TR FLHR S SR BESE T 0 > 150 pm
RARFE S, TEAE A Db 465y . 7 ~ 8 IR 4%
Jo B i B ST AE 9%9 A% I SRR FE £ |, Tl
H WU T ST ge it s B 7 BE (A LR S ;& £
i A AL B T 300 H/NTF 600 AN, AT IR
A AL MGt A L HUEEOR &2 300 /l\ﬁﬁ
i 600 A, WIS 1 R4 53 o MR B i
TEDURR A R T 1 2 F 90 2 — Bl 7 22,
A ST PRI L B2 E 2% Tolderlund Fil Bé M
PA & Schiebel 11 Hemleben ' {8 5 5 .

80, 8"C MK M SR BT t: A 150 ~ 250 pm #
a4 Pk 20 N SR JC AR BT N. pachyderma
FUN. incompta 5¢ 454 . FH Metler Toledo (it K-F
FRIBGX 20 /> 58 M S0 BT 3, 35 J 11530 10 B A 52 A4 T
o 30 M 81C I A S [ g Bk 2 B 3K K i TR
SCEG AT, A FH A& Kiel Tk 2 £5 7 A #2E & 1
Finnigan-MAT 252 [f] fi 2 57 3% Ak I & . 6'°0 #0I
8"°C MR A4 s T A 22 73 591 92 0.07 %0 11 0.04%017)

AMSYC I 4E: #EAT AMS™C I A9 £ FL SR A0 45
N. pachyderma. Globigerina bulloides( G. bulloides)
Globorotalia inflata(G. inflata) . 53 31EAL 0 ~ 2 cm,
68.5~69.5cm, 115~ 116cm, 256 ~ 257 cm £ 389 ~
390 cm (AE i Bk L SR RLAS D 150 ~ 250 pm
SERA L TER . BAFER T 400 ~ 500 A L
FeRHEAT AMS C MI4E, T 6 ~ 8 mg, AMS™C ilJix
1 5% [ I A e JE R~ BRSC 0 AL B W M Keck AMS
S = 5 N

2 %

2.1 FipERE

Br32 1 5 NC BdE7E MATLAB H1i2 47 Unda-

tablel®™, Jf: 3% F Marine20 £ 1F [ 28 B4, 74T i A 7l 7
HI7E 1.3 % 40.9 ka, RIZ50> 0 % 390 cm. Undatable H?
AT “ 100000 f5 L, 14 3] (Y 4F % T8 B2 OC R LA N
Kl 2a TR, BOF B TR DO R (] 2b) o DR
HRAE 28.9 ~ 40.9 ka f55 (13.2 emv/ka) , Fifi J5 72 ¥
REARITAE 1.3 ~ 12.9 ka [ EHAR(5.9 cnvka) (] 2b) .

T 3 SR BE 22 Kb NGRIP 4EfCAHEZR 09 Fndb ok
PO DUR Y Heinrich 2P 3% L, #8545 40 ka
DL EAYAE IS HLAS IE Hu71-377 32 50 ka DL A AE 545
YB39 - g2 IRD. N. pachyderma 3 JE Fll 80 {H iR
A Hu71-377 F2) Heinrich JZ(5% 2, K 3), Heinrich J2

#*1 HL HuT1-377 “C F# R B R FE#
Table I "C Age and Calendar Age of the core Hu71-377

B /em SEEID  MCHEEYA WRAMEL AR ka
0~2  UCI-212015 1930+15 G. inflata 1.333
68.5~69.5 UCI-214037 11545425  G. inflata 12.860

115~ 116 UCI-23843  15840+60 N. pachyderma 18.174

256 ~ 257 UCI-212021 25610+80 G. inflata 28.887

389 ~ 390 UCI-214039 371204230  G. bulloides 40.920

-50

0 5 710 157207257730 35 40
tFiitka
B2 50 Hu7l-377 RE-F A () MPTRLE R (b)
Fig.2 The depth-age model(a)and sedimentation rates of

core Hu71-377(b)
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# 2 NGRIP ik, DSDP609 & 1> F1 Hu71-377 &> BY Heinrich 448 % 5% =
Table 2 Heinrich events in the ice core NGRIP, core DSDP609 and core Hu71-377

NGRIPE® DSDP609E! Hu71-37757
il
HE# /ka 5'%0/%o R /em 3'%0/%o TR /em 8'%0/%o
Heinrich 1 15.58 —44.56 88 4.25 110.5 4.30
Heinrich 2 23.72 —45.29 120 3.89 178 4.14
Heinrich 3 29.70 —46.45 158 3.93 273.5 3.54
Heinrich 4 38.72 —44.41 248 3.88 405.5 3.34
Heinrich 5 48.16 —45.08 305 3.67 562.5 3.46

LU RHIE: (DA F 5 1 IEE kR £k (IRD & &4
5); (2)N. pachyderma F-FEXEHNA 630 AR Paitk
bR HEAE, %50 Hu71-377 Fil DSDP609 F Heinrich 1,
2 M4 VLA )Z B M RLAY IRD. N. pachyderma - J&
1 80 AR fLHFAE .

25 b, Hu71-377 W 4RI A AL AN 5] 4 B 7, I ]
JPHI KB M: 0~90 cm iy MIS1(14.3 ka IR, £
F& 4B 10 ka 2410 XF R 0 ~ 50 em) ; 91 A< SCEF
o v 1, DX b T JRiCK ) A Y RN Ak B) A, DAV 9 AR
WORBEFE X, 8 KA 2, R R B 75k, XTRFSE X
) HL R KA T R B T A A M AR TR, B
— 5 W B S SO A o AR IR BTE Z R Y
PR A R AT B R, SCE R B AR, 1T
T . 256 ey MIS2, XF 1 B[] /751 14.3 ~ 28.9 ka
(LGM K4 7E 19 ~ 26.5 ka*!, X} 126 ~ 219 cm) ;
MIS3 ] (28.9 ~ 51.3 ka) fii T4 0> 257 ~ 650 cm,
%% Griem %55 MIS3 1 89 %) 43, A #F 58 v MIS3
RT3 3 R e (A E 58 b 2 40 ~ 51.3 ka) Ve 1)
(28.9 ~ 40ka) .

2.2 IRD MiEHEFHR

CER

Hu71-377 # IRD & f 22 L AR K, Y Fl ol 128~
43552 A (1] 4a) . MIS3 3] IRD 3% g i fiK, IRD WA
(>10000 # ) 1 BL#E Heinrich 5. Heinrich 4. 37.6 ka.
35.9 ka 1 Heinrich 3. MIS2 i IRD % & f&, IRD #x
K AE i1 B AE Heinrich 2, 14.8 ka IRD I {H X} )i
Heinrich 1, MISI DLE IRD & 98 /0, JCW] 04

FEA LR FEH N pachyderma. N. incompta.
G. bulloides. G. inflata, Turborotalita quinqueloba( T.
quinqueloba) 1 i, oA N. pachyderma =& (18] 4b,
4d-g) . B A 5k 6 F {5 Globigerinoides
ruber(G. ruber) . MIS3 ¥} N. incompta. G. bulloides Fll
G. inflata F-JE 55, 15 31~35 ka H IR K AH 35.84%.

18.24% 1 27.53%; 1M N. pachyderma F X} 3 & 51K,
{1E Heinrich 4 B KAE . N. pachyderma 1£ MIS2
PHZ TGN, M N. incompta. G. bulloides F1 G. inflata
AEXT WAL MIS1 LK N. pachyderma 1 T. quin-
queloba I /v, N. incompta. G. bulloides 1 G. inflata
AE X = B

2.3 N. pachyderma FA N. incompta ] "0 F0 8"C

Hu71-377 # N. pachyderma 1] 8'°0 K 2.67%0 ~
4.30%0, V-7 3.39%0 (&l 4h) . MIS3 H#} 5"0 fw %%, 1F
Heinrich 4 B i 78 %% (2.80%0 ) » Heinrich 4 J5 §'°0 &
75 7, 2 Heinrich 1 B 8"°0 ik 2 % KAE (4.30%0),
11 1] Heinrich 2 45 % /M (3.41%o0) . Heinrich 1 3 [A]
80 I FH AL, 7E MIST ] 80 fm 4%, F-14 3.23%0
N. pachyderma Fl N. incompta /) 8"C( 43 5| H
613CN.pachyderma Al 513CNincompta RR) o HIAE-1.76 ~
0.27%0 F1-0.89 ~ 0.57%0 & 1k (& 4i. 4j) . MIS3 1}
8" Chincompra Ho 8Chvpachyderma B » ¥ 1 4 0.18 %o Fll
—0.32%0. B 17 ka H5 24> 8"Cyincompra 57 1 MRAH S,
MIS2 Hl MIS1 ] 8°Cy incompra 5 8" C pachyderma TH I o
74 Heinrich 2} 57, Heinrich 4 #1 5 #] 8] i 7s 30 K
) 8C 22 {H, A 0.65 %o Al 0.80 %o, ifii Heinrich 1 Fll
2 WifH] 81C ZE{E IR E

2.4 N. pachyderma #1 N. incompta Sk R £

Hu71-377 " N. pachyderma Fl N. incompta 5¢ 1&
Ay 5 R 5.47 ~ 12.70 pg/ >l 5.06 ~ 10.65 pg/
A, A R 8.89 g/ Al 7.65 pg/A (& 4k, 41) o
35 ~ 51.3 ka Fl Heinrich 13 [8] N. incompta 5 N.
pachyderma 51K 5 & MR, Hi N. pachyderma J5i it
1 Heinrich 1 3] [A] 54 1 34.6%. LGM F1 4 i N.
incompta TR RS, N. pachyderma 1 N. incompta
] %) o 220 3 pg/ A (R 4k, 41)
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B3 bRV Hu71-377 %50 IRD  N. pachyderma #1354
FEFI 80 #4555 DSDP609 7 021 A1 NGRIP VKGR0 1 2 27
%t EE BL B SU9008 25 40 51 A 5 4 i
Fig.3 IRD, relative abundance of N. pachyderma and 8O in core
Hu71-377 and their correlation with core DSDP609E¢,
ice core NGRIPP* and core SU9008™"!
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3.1 Heinrich E4

55 4k K P4 ¥ A 0 DSDP609 1 SU9008 %5 41 *if
[, Hu71-377 H IRD 43 A5 5 2 5 A6 K 94 ¥ h 4 i
(40°~55°N) 05 e SEARAT (8 3) o A0 Hu71-
377 R BT 5 AN T MIS3 &= MIS2 ] # Heinrich

8"3C/%0

.

» © B
T

8"30/%o0
SO82_5-2—»<«——DSDP 609 —»

g
e
©
&N
3 w Y
\5127 % A
s f 3
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< 8 g
2
S :
2 o
S 8
S, 04r S
s OF 5
s 04 g
2 08F =
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© 2
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N.pachydermd

3"*0

Hu71-377

G.bulloides/%

N.incompta/%

N.pachydermal%

0 5 10 15 20 25 30 35 40 45 50
iEi/ka
K4 JERVGH: Hu71-377 %50 IRD. A FL AR 2 )52
30 Ml §BC. Fo M i T AR AR 5 A 0 SO82_5-21 Al
DSDP609:" 1] 80 1 5C 48 bz
“97 R SO82_5-2 H Heinrich 2 AT I 165 TR 77 £ A Bl A 1,
4 van Kreveld % £ %} Heinrich 2 A 40 5%E X, 31 H-5HAh
Heinrich 24 [{, Heinrich 2 Ht 550 1 5°C FHAEA I &,

Fig.4 IRD, relative abundance of foraminifera, 50 and §"°C, and
weights of foraminifera in core Hu71-377 and their correlation
with 8'*0 and 8"C from core SO82_5-2" and core DSDP609""!
“9” represents an uncertain age model of Heinrich 2 in core SO82_5-2,
since van Kreveld et al.(2000) * did not provide detailed definition for
Heinrich 2 and the §'*0 and §"C in Heinrich 2 in SO82_5-2 are not well

correlated with other Heinrich layers
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2, H:wF Heinrich 1, 2 F1 4 J2 48 B A 5 IRD 4 N
Heinrich JZ A1 — (49 % IRD & & . ¥ N. pachyderma
F= BE M 2 80 FEAE . A A&, Hu71-377
Heinrich 4 #[8] 80 38/ T 1.0%0, 56K PUF: 43°~
50°N A0 1 80 WD 0.5%0 ~ 1.7 %o A 451, {H J2&
Hu71-377 H Heinrich 4 2% A 5 H A A O —FEH B
SEHE Y IRD A, 1A T A BRI

W5 R W, b K P ¥ 75 &8 45 /0> Heinrich 3 )2
B /b o i B R £ 1T s (IRD 75 5 41% ) 99, i e At
Heinrich 2 W &RA M i ) IRD WE(E4RE, X5 Hudson
Strait B LAY VK 1L A7 S, H I, #F Hu71-377 Fil
DSDP609 f#J IRD it 5% H' Heinrich 3 J2# A — NP2
BY IRD (5 W&, )2 Bt T Heinrich 3 3 [8] 85 5% X & A= 5
I B vk s ik . A, 5O SU9008P I 5k A
B, %A 0> Hu71-377 H Heinrich 3 2 5% A 8 E B N,
pachyderma = & F¢1E, W] & )2 W T Heinrich 3 # [1]
e bl A A S oF ] N i % 3 45°N

Heinrich S BI[RIRIK B 75 810 A8, {H
Hu71-377 5 Heinrich 3 1 5 2 K W23 5 Heinrich 1.
2 4 ZE—HERY 8'°0 SRR, — 5 TH AT RS2 AR50 B
RRFEFTECRIBE 5 ~ 10 cm); %5 —J7 1, 5 DSDP609
AH L, A7 T IRD 4 74 B 7 & /9 Hu71-377 & %2 3] 1
AT BRG] R0 A b B 30 BB A9 S8 B R PR SA UK
30130 BT BRI P IV AR b 3RS 37 P A R % DA R AR K
KL Al AE R P R AR B 1Y, B ATTHE Heinrich A (B A7
[ 5E {7 BBV, #F Heinrich 1, 2 1 4 /8], Hu71-377 3k
7 32 VK LI il 7K 79 5% i 5858 20, T7 Heinrich 3 A1 S 1
i) T RE A o 22 B BB K A, AT US55 1 K Ll K )
2N, X & 8'%0 fE Heinrich 3 #11 5 # [8] 55 Heinrich 1.
2H 4B AR R Z — o FEB A O
SU9008 H % B T AHLL Y 80 22 53, Missiaen 251 Jf]
7 A LI A A T 3T 45 ka Lok SU9008 3 i
[ SST 254k, % Bi Heinrich 2 1 4 JFEAH SST N,
Bl )5 SST 2 Wi 7t i, 22 WL K VUV W2 7K 7E Heinrich 2
Fl 4 J5 % A SU9008 3 {37 . 1fii Heinrich 3 1 ] 3% A7
W 5 i SST 224k, iX PR & Heinrich 3 1 /] It K 74
TEREKI%AT . R, SU9008 ¥l {v Heinrich 3. 5 1 [i]
A6 F Heinrich 2., 4 3] (8] SST A9 A8 4k v A H K F
Heinrich 3, 5 A [8] It V4 76 8% i 4 A, T 3% $him 1
I,z IS AT Re R A & AR FE Hu71-377 s . L4,
i3 H A 0 CH69-K09 I CHNS2-20 H 3 F 77 Ui
A fLH G. bulloides(0 ~ 30 m) . N. incompta( 30 ~
100 m) A1 N. pachyderma( 100 ~ 250 m) it §"0 {H,
Rashid il Boyle TA &y Heinrich = 4] [a] |- J2 /K /&R
AT, 52 80 i 28 b A 6] 22, A #f

g8 HAE 5% T IR ERJZ M B 89 N. pachyderma( 100 ~
250 m) 7£ Heinrich 3 F1 5 A [1] JC B g 50 42 1H.,
WA REHERR MK IR & 520 T B b2 /KR (IRERJZ D
)BT REE

32 BIHAGREGNEFEFEEX

TEM b 2 WA X, N. pachyderma F W F IR
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