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Abstract: [1] Nd and Pb isotopes were measured on the faetibn of one sediment core drilled off southern
Greenland. This work aims to reconstruct the evmhubf deep circulation patterns in the North Atlarduring
the Holocene on the basis of sediment supply vanat For the last 12 kyr, three sources have imuigd to the
sediment mixture: the North American Shield, the-{drican and Variscan crusts, and the Mid-AtlarRicige.
Clay isotope signatures indicate two mixtures afipent sources. The first mixture (12.2-6.5 kagasnposed
of material derived from the North American shialid from a "young" crustal source. From 6.5 ka onvthe
mixture is characterized by a young crustal compbaad by a volcanic component characteristic efid-
Atlantic Ridge. Since the significant decrease imxpnal deglacial supplies, the evolution of thdatiee
contributions of the sediment sources suggests rudganges in the relative contributions of the deeer
masses carried by the Western Boundary Undercuonetthe past 8.4 kyr. The progressive intendificaof
the Western Boundary Undercurrent was initiallyoaggted mainly with the transport of the Northe&gantic
Deep Water mass until 6.5 ka and with the Denmar&itSOverflow Water thereafter. The establishmefithe
modern circulation at 3 ka suggests a reducedeanfla of the Denmark Strait Overflow Water, syncbren
with the full appearance of the Labrador Seawat@sanOur isotopic data set emphasizes several ehamghe
relative contribution of the two major componentfNorth Atlantic Deep Water throughout the Holocene

Index Terms. 4267 Oceanography: General: Paleoceanography; @xsanography: Physical: Sediment
transport; 1040 Geochemistry: Isotopic composithamistry; 9325 Information Related to GeographegiBn:
Atlantic Ocean; 9604 Information Related to Geatogime: Cenozoic;

Keywords. clay-size fraction, sedimentary mixings, deep datan, Nd and Pb isotopes, North Atlantic,
Labrador Sea

1. Introduction

[2] The Labrador Sea is a key site for understagdie formation of the North Atlantic Deep WatRADW)
that is largely responsible for controlling theeiritemispheric heat exchange by ventilation of tbedis ocean
[Broecker and Dentonl989]. At present, the Western Boundary Undercar(@¢BUC) is the main driving
force of deep circulation in the Labrador Sea [évizCartney,1992]. This contour-following current drives the
components of the North Atlantic Deep Water massesnly the Northeast Atlantic Deep Water (NEADWe
Denmark Strait Overflow Water (DSOW) and the DaSisait Overflow (DSO) in a counter-clockwise gyre
from the southern tip of Greenland to the outlettaf Labrabor Sea (Figure 1). Quaternary changeteap
oceanic circulation in the North Atlantic have bekea subject of many studies [e.Bgyle,1995;Ledbetter and
Balsam, 1985; McCartney, 1992; Hillaire-Marcel et al., 1994; McCave et al.,1995]. Sedimentological,
paleontological, and/or isotopic proxies have bemsed to detect the presence or absence of the given
components of NADW or to follow their relative prodion through time (Figure 2). Apart from
micropaleontological assemblages, the grain sizeraimeralogical and isotopic composition of sediteegre
only indirect tracers of the water masses becdusg dre sensitive to the particles carried by taéewmasses.
According to grain-size data, the WBUC has beepraigtent feature of the North American Continehtaker
Rise during the last 30 kyt¢dbetter and Balsani,985] and intensified at 15-16 kd§Cave et al. 1995].
Foraminifera assemblages and their stable oxygédncarbon isotope compositions implicate the incaptf
NEADW at 9.5 ka and suggest the presence of théhWest Atlantic Bottom Water (NWABW) (i.e., NWABW
is partly (~50%) composed of DSOW) at 5.7 ka indleep Labrador Sedilodeau et al.,1994]. Similarly, Nd
isotopic signatures of the sediment clay-size foactio not show any contribution of DSOW off Greamd
before 8.5 kaHagel et al.,2002]. The DSOW was thus initiated around 6-8 kix & indicated by Th-excess
data Meiga-Pires and Hillaire-Marcel1998]. On the basis of micropaleonto-logical arabk isotope data,
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Hillaire-Marcel et al. [2001a, 2001b] andSolignac et al.[2004] suggest that the onset of the modern
thermohaline circulation occurred in three stagéh @ switch from the NE to the NW Atlantic routfes deep
and intermediate North Atlantic Water productionuridg the early Holocene, maximum inflow of North
Atlantic Water into the Arctic occurredt[llaire-Marcel et al.,2004;Duplessy et al2001]. It was accompanied
by a maximum production of Norwegian Sea Overflowtéy (NSOW). The middle Holocene was characterized
by maximum production of DSOW, whereas the lateddehe period showed maximum relative production of
intermediate Labrador Seawater (LSW). Thus thegmtedeep and intermediate circulation conditioresrséo
have been set up only some 4 kyr BP ago [seedaldternal et al.2000].

Figure 1. Location of core MD99-2227 in the Labrador Sea,thern North AtlanticThe plain arrows indicate the
pathways of deep or intermediate currents modifiech McCartney [1992], Schmitz and McCartney [1993ickinson and Brown [1994],
Lucotte and Hillaire-Marcel [1994], and Hansen ari@sterhus [2000]. The dashed arrows indicate surfateulation adapted from
Hansen and Osterhus [2000]. The structural terramésthe continental crusts adjacent to the northé&tarth Atlantic (data from
Bridgewater et al. [1991], Kalsbeek et al. [1992]jpd Campbell et al. [1996]) are indicated by diffat gradations of shading (North
American and Greenland Shield, Pan-African, andi&&an crusts) and by dots for mantle-derived matétceland volcanism).
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[3] The aim of this paper is to further demarcéaie tnception of the present-day deep circulatiatiggn, mainly
by documenting changes in the relative productete of its DSOW component. On the basis of Nd and P
isotope signatures of the clay-size fraction fraanecMD99-2227 off south Greenland, we intend tenstruct
the Holocene evolution of sedimentary supplies theoLabrador Sea that accompanied this water mass.

2. Previous|sotopic Studies

[4] Sm-Nd concentrations and Nd and Pb isotopee teen measured in the clay-size fraction of dgdeial
and Holocene deep-sea sediments from Labrador &enpcore PC13 (i.e., HU90-013-013: 58°12.5N,
48°21.6W at 3379 m) raised from the vicinity of edD99-2227. Nd and Pb isotopes in the clay-siaetion
of deep sediments record how the sources of sedsnagra their current carriers have changed [Bia. et al.,
1992; Revell et al.;1996;von Blanckenburg and Nagle2001;Frank, 2002], Nd and Pb isotope compositions
record the signature of the particles supplied &y ¢urrent. They can thus be used as powerful ruiteict
tracers of deep water circulation. In Labrador Sediments, Nd and Pb isotope signatures of latistBdene
sediments have been interpreted to reflect mixtofesvo major sources: (1) the Precambrian shiéltlarth
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America and Greenland and (2) Phanerozoic uppstalrmaterial Fagel et al.2002]. The main contribution to
deglacial sedimentary inputs off Greenland up U8 kyr BP has been attributed to the Pan-Africarst of
northwestern Europe as a result of intensified NEBAProduction. Whereas modern surface sedimenthisf t
basin record major detrital contributions from #en-African crust of northeastern Greenland (dribgrthe
DSOW;Innocent et al[1997] and unpublished Pb data), there has beesotapic indication of any significant
input from this source prior to 8.6 kidgel et al.2002].

Figure 2: Historical background on the occurrence and emphaeet of intermediate and deep currents in the
Labrador Sea inferred from different sedimentargxies, i.e., grain size, clay mineralogy micropaltetogical

assemblages, or radiogenic (Nd, Pb28iTh) isotopes.
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[5] Therefore the questions that remain to be ansd are: When did the Nd and Pb isotope signathifs
toward surface values? How the relative contrimgimf the European and Greenland Pan-African crusts
evolved, relative to each other, through time? &dveunderstanding of the evolution of sedimentsupplies

and of their mixing could help to reconstruct thaamics of the deep currents driving particles ithte deep
Labrador Sea during the Holocene. This, in turny mmelp to better define preglobal warming oscitlag and
lead to a better understanding of the forcing meisimas that drive deep-sea circulation.

3. Material

[6] Holocene sediments were sampled from Labrada &re MD99-2227Tjuron et al.,1999]. This core was
raised from the southwest Greenland Rise (58°12.@8R22.38W) at a water depth of 3460 m, just betoev
high velocity axis of the modern WBUC (Figure 1heTtotal core length is 42.96 m, but this studyuas on
the upper 5 m of the sediment section. This coeersnterval spanning the Holocene and part of #ie |
deglacial period, i.e., from 12.2 to 0.8 kyr BP dglie 3). The chronology was established throughalin
interpolation between AM$'C ages on monospecific samplesNgogloboquadrina pachydern{éeft coiled)
assemblages, converted into calendar years usimg rHdiocarbon calibration program Calib 4.3
(http:// depts.washington.edu/qgil/dloadcalit8fuiver and Reimerl993]) and assuming a standard marine
reservoir correction of -400 years throughout thebl period. All ages reported henceforth are cafédd as
kiloyears BP. The dominant lithologies of the upfem of core MD99-2227 are gray nannofossil and
foraminifer-rich clayey silts, nannofossil and foraifer oozes, and burrowed clays with biogenidcail
skeletons (Figure 3).

[7] The core was subsampled with a 10 cm resolutidrich represents a variable time resolution dueatiable
sedimentation rates: ~150 years for the 250-450ntenval, ~250 years for the 50-250 cm interval08-Jears
between 0 and 50 cm, and up to 380 years for thherbgart of the sequence (from 450 to 550 cm)otéaltof
50 samples was analyzed for bulk sediment andfcdayion mineralogy, for grain-size determinatiqttsrough
laser counting), and for Nd and Pb isotope comjorsitof the clay-size fractiorBfasseur,2002; Humblet,
2002].
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4. Methods
4.1. Mineralogical Analyses

[8] Mineralogical compositions were identified by-rdy diffraction (XRD) using a Bruker D8-Advance
diffractometer with Cul& radiation (ULg, Belgium). For bulk mineralogy, salem powders were obtained by
grinding ~1 g of dried <106 um fraction in a mortand a powder mount was made using the back-sidieath
[Moore and Reynold4,989]. Semiquantitative estimates of mineralog@ahposition (Table 1) were obtained
by applying correction factors to the measurednisity of the reflections.

Figure 3: Core MD99-2227 descriptiora) Simplified lithological column modified from roa et al. [1999]. (b) Age model
based on AMSC dates converted to calibrated ages using CALBpfogram [Stuiver and Reimer, 1993] and assumimgaaine reservoir
correction of -400 years. The reported calibrategpga are the mean values calculated according tartethod of intercepts at the Rvel.
The error bars represent the minimum and maximutibreded age ranges around the mean value, (c) Mggrain-size value of the
carbonate-free <63 um fraction, (d) Evolution okthelative contribution of clay minerals, quarteldspars, and calcite in the bulk
sediment deduced from X-ray diffraction measurementpowder (data from Table 2).
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[9] For clay minerals, oriented aggregates onggdisles Moore and Reynold4,989] were prepared from the
less than 2 um fraction obtained by suspensiornistilldd water of ~5 g of dried <106 um fractionftér wet
sieving, the <63 um fraction was decarbonated INGHC1. Repeated washing and centrifiigation rendove
excess acid. The <2 um was removed after a settlimg estimated on the basis of Stake's law. Treradn
was repeated ~10 times in order to extract enolaghsize sediment for the isotope preparation. fifseuptake
was used for clay mineral analyses. Routine XRy alaalyses include the successive measuremenKatg
pattern in air-dried condition (N), after solvatatiwith ethylene-glycol for 24 hours (EG), and aftteating to
500°C for 4 hours (H). Semiquantitative analysighef main clay species was based on the heighpenfific
reflections corrected by a weight factor (Table 1).

4.2. Grain-Size Analyses

[10] Grain-size data were obtained from the <63 pambonate-free fraction (Table 1). The particleesiz
distribution was determined by using a Malvern Meszer 2000, which measures materials from 0.020@0
um (low angle laser light scattering; ULg, Belgiurithe biogenic carbonate was removed after leacthiag
samples with 0.1N HCI.

Grain-size measurements based on the FraunhofeMantheory were carried out on ~1 g of well-disgest
homogenous sediments in liquid solution.

4.3. Nd Isotope Analyses

[11] Sm-Nd concentrations and Nd isotopic composgiwere analyzed on the carbonate-free clay stidn
(<2 pum). Approximately 25 mg of°sm/>Nd spike were added to 30 mg of clay-size fraciiororder to
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measure Sm and Nd concentrations. We followed tlaégytical procedure outlined in the wook Innocent et al.
[1997]. Sm, Nd concentrations, and isotope comjpositwere measured on a VG Sector 54 mass spet¢&ome
(GEOTOP, Montreal). In the course of this study AMES Nd standard yielded an average value of
13NdANd = 0.512139 + 13 ¢, and the LaJolla Nd standard gave an average wl0.511849 + 12 (n 21)

for the year that included this study. Total blam&aged from 43 to 257 pg for both Nd and Sm andewe
considered negligible in comparison to the quardftiNd (450-960 ng equivalent to 0.005-0.05%) or iGrthe
sample (90-180 ng, i.e., 0.02-0.3%). Four repleatethe full analytical procedure were perform@dldle 2),
and they all fall within uncertainty values.

44. Pb Analyses

[12] For Pb isotopes, ~20 mg of the <2 um fractisere dissolved in a HF-HNOmixture (48 hours),
evaporated to dryness, redissolved in a FHHCI mixture (48 hours), evaporated, redissolvedHinl, again
evaporated, and finally dissolved in 0.8N HBr. Pdswehemically extracted by using AG1-X8 anion caisrn

a HBr environmenfManhés et al.1978]. The Pb isotopes were measured in static meiohg a MC-ICP-MS
Nu plasma instrument (ULB, Belgium) with standanddketing in order to take into account a potential
analytical drift. The standard used was NIST9810(gpb Pb, to which 50 ppb Tl were added in HNOGD5N
environment). A thallium spike was added to all plaws and standards to monitor mass fractionatighife et
al., 2000], assuming that Tl and Pb are characterizesirbjar mass fractionatiorRosman and Taylof,998]:

() CoTm), )

/ In (massZOS Tl/ma55203 Tltrue) ’

where (°TI/?%%T) e = 2.3885;Mass20 | mass203 ) = 1.00986. The mass fractionation corrected isotogtio
was then calculated according to:

(4Pb/>*Pb)  —(*Pb/*pb)

% (massZOSPb/maSSZO4Pb) -

corrected measured

fT1

Because the TI/Pb ratio appears to be criticah&dccuracy of the Pb isotope results, only refoitsamples
with TI/Pb < 0.5 were retained.

[13] Replicates of the entire analytical proced(ire= 5) are reported in Table 2, and all but one (spécae

440-441) fall within error bars. Total blank estiesm ranged from 40 to 200 pg, i.e., entirely nelgleyin

comparison to the quantity of Pb in the sample {200 ng). In the course of the study 400 measuré&snan
NBS981 yielded average values of 36.712 + 0.01d) (@r *°*Pb*Pb, 15.4954 + 0.0041 fo*’PbF*Pb,

16.9389 + 0.0045 fof*Pb/*Pb, 0.92478 + 0.0009 P Pb7°%Pb, and 2.16730 + 0.0032 fG¥FPb7°%Pb and are
within error of the triple spike value&gler, 1999].
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Table 1: Age and Lithological Description of Core MD99-22%Grain Size, Bulk, and Clay Mineraldgy

Interval Age, Error Age Grain-  Sorting Bulk Quartz, Feldspar Calcite, Clay Smectites, C, I-C, K, S/
Depth, ¢ kyr Calibrated. Size Phi Mineralogy % % % Mineralogy |, % % % %
cm BP kyr BP Mean, Clay, % %

pm
0-1 1230 35 0.76 125 146 20 12 7 61 43 25 15 6 10 0.7
10-11 11 12.3 162 28 6 6 59 43 24 16 6 11 1.0
20-21 14 12.0 151 25 9 7 59 47 19 15 8 10 0.7
30-31 17 11.3 164 26 9 6 59 36 36 14 6 8 1.0
40-41 2.0 11.2 164 21 9 7 63 48 21 15 7 9 07
50-51 2625 +35 2.3 11.7 1.62 20 9 8 64 43 26 17 6 9 1.0
60-61 2.6 11.6 166 17 8 15 60 38 31 16 7 7 11
70-71 2.8 10.2 152 20 13 8 60 42 25 17 8 8 09
80-81 3.1 11.8 1.62 22 11 17 50 44 23 14 8 10 04
90-91 3.3 12.6 158 25 10 9 56 41 25 16 7 11 04
100-101 3690 60 3.6 11.7 161 25 10 9 56 47 18 16 8 11 04
110-111 3.8 12.1 156 26 9 11 54 44 23 16 8 10 04
120-121 4.1 12.8 1.63 17 14 14 55 47 22 14 7 10 05
130-131 43 15.1 165 32 8 16 44 43 23 16 8 10 04
140-141 4.6 125 163 31 10 9 50 47 21 16 8 8 07
150-151 4565 #35 4.8 15.0 172 27 10 18 44 48 25 12 5 11 0.3
160-161 5.0 12.3 157 29 11 9 51 40 32 15 5 9 1.0
170-171 53 13.7 171 24 10 15 51 36 35 14 6 9 1.2
180-181 55 125 171 23 10 20 47 42 31 13 6 8 08
190-191 5.8 135 172 24 10 20 46 38 32 16 6 8 15
200-201 5640 +40 6.0 12.0 165 25 12 10 52 36 36 14 5 8 14
210-211 6.3 14.1 169 25 9 19 47 36 36 14 6 8 11
220-221 6.5 15.1 154 25 11 26 38 41 29 15 7 8 1.0
230-231 6.8 12.8 1.66 28 12 20 40 43 26 15 8 8 09
240-241 7.1 14.6 162 21 12 25 42 42 28 14 6 9 1.0
250-251 6335 35 7.4 16.8 170 31 14 11 44 42 30 13 6 9 09
260-261 75 14.8 1.70 32 13 17 39 35 31 17 10 7 1.0
270-271 7.7 14.2 172 26 13 21 40 43 28 14 7 7 1.0
280-281 7.8 10.8 153 30 12 27 31 35 35 14 6 10 11
290-291 8.0 15.8 154 33 16 17 34 36 29 17 10 8 0.8
300-301 8.1 13.0 166 33 15 21 31 35 32 15 9 8 07
310-311 8.2 16.6 166 38 16 25 21 33 33 15 10 10 0.7
320-321 8.4 16.8 184 44 17 30 9 35 28 17 11 10 0.8
330-331 8.5 14.7 1.68 30 16 13 41 43 24 15 9 9 07
340-341 8.7 14.8 166 29 15 17 39 40 21 17 13 9 05
350-351 8300 +35 8.8 13.2 1.74 24 16 31 29 34 30 17 12 8 0.6
360-361 9.0 14.3 156 25 18 33 24 38 24 19 11 9 06
370-371 9.1 16.4 158 24 16 35 25 37 27 18 9 9 12
380-381 9.3 15.3 161 28 19 27 26 35 31 16 10 8 05
390-391 94 16.3 150 26 23 32 19 35 27 16 13 8 04
400-401 9.6 14.9 157 24 18 38 20 42 24 16 11 7 0.6
410-411 9.7 15.4 1.69 13 25 48 14 38 31 15 9 8 06
420-421 9.8 15.7 161 39 24 20 17 40 29 16 9 7 1.0
430-431 10.0 14.9 144 18 29 49 4 37 30 16 10 7 1.0
440-441 10.1 18.8 122 29 28 35 8 37 33 13 8 10 0.7
450-451 9490 +80 10.3 135 167 24 32 29 15 37 33 13 7 10 0.8
460-461 10.7 17.1 154 36 24 32 8 33 32 17 10 8 11
470-471 11.0 15.1 164 31 20 39 10 38 27 17 10 8 1.0
480-481 11.4 17.4 158 31 20 37 12 37 26 1515 6 11
490-491 11.8 16.4 170 29 25 34 12 34 38 13 7 8 08
500-501 12.2 11.3 171 36 22 27 15 37 29 15 9 10 0.9
550-551 12510 90
Mean 14.0 162 27 15 21 37 40 28 15 8 8.70.8
core
value

“Data measurements were performed at a 10 cm samiplierval. For bulk mineralogy, semiquantitativetimation was obtained by
applying correction factors to the measured intgrofithe reflections as follows; 444 x 1 for quartz, dosa X 1.92 for calcite,slisa and b 20a

x 2 for feldspars, and, 4z x 20 for total clay Boski et al.1998]. Semiquantitative estimations (+5-10Btscaye[1965]) of the main clay
species were based on the height of specific teflex, generally measured on EG runs. The intassitiere corrected by a weight factor
and values were added up to total 100%. The relatiensity of the main clay species was calculatabrding toibaee x 1 for illite, (hoan-
lioaee) X 1 for smectites, 1daec X 0.4 for chlorite, and idaec X 0.4 for illite-chlorite mixed layers (10-14c)zads X 0.7 %
[13.572d/ (135786t 13.54566)] (See Fagel et a[2003] for details). For grain-size data, mean aading were calculated accordingRolk and
Ward[1957].
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Table 2: Nd and Pb Isotopic Data From Carbonate-Free ClageSi2 um Material From Piston Core MD99-2227 on @reenland Rise

interval _ Age, Sm, Nd, “SmANd _ “Nd”Nd _ +20c eNd ZPbPPb  +20c DPbPPb  +20 PPbPPb 26 PPHPPb  +20 PbPPb 2
Depth, kyr  ppm  ppm x10° x10* x10* x10* x10* x10*
cm BP
0 0.76 6.0 29 0.12617 0.512159 15 -9.3 18.7234 11 15.6048 9 38.8507 37 0.8334 0.2 2.0749 1.8
18.7225 7 15.6024 6 38.8462 23 0.8334 03 20749 14
10- 11 1.1 5.8 28 0.1245 0.512146 10 -9.6 18.8181 12 15.5910 10 38.9755 43 0.8285 0.2 2.0713 1.3
20-21 1.4 5.9 28 0.1270 0.512160 11 -9.3 18.8486 12 15.5989 11 39.0567 48 0.8276 0.2 2.0722 1.2
18.8563 6 15.6015 39.0694 21 0.8274 01 20719 0.8
30-31 1.7 4.8 24 0.1231 0.512119 10 -10.1 18.8081 13 15.5921 39.0190 30 0.8290 0.2 2.0744 31
40-41 2.0 5.8 29 0.1226 0.512110 25 -10.3 18.7685 12 15.5928 11 38.9468 62 0.8308 0.2 2.0751 1.2
50-51 2.3 5.9 28 0.1263 0.512174 10 -9.1 18.8287 14 15.6026 13 39.0364 39 0.8287 0.2 2.0732 1.1
60-61 2.6 4.7 24 0.1224 0.512133 11 -0.8 18.8196 23 15.5905 21 39.0218 57 0.8284 0.2 2.0734 0.6
70-71 2.8 4.5 22 0.1212 0.512139 12 -9.7 18.8093 16 15.5921 14  38.9695 43 0.8290 0.2 2.0718 1.5
45 22 0.1211 0.512128 8 -10.0
80-81 3.1 2.9 15 0.1145 0.512097 8 -10.5 18.4484 50 15.5139 42 38.6978 11 0.84 0.3 210 0.9
90-91 3.3 3.1 16 0.1161 0.512102 14 -10.5 18.6377 21 15.5502 23 38.8889 67 0.8344 0.3 2.0866 14
18.6324 12 15.5520 10 38.8792 46 0.8346 0.2 2.0865 11
100-101 3.6 3.6 18 0.1170 0.512106 9 -10.4 18.6096 0 15.5194 0 38.7505 0 0.83 0.0 2.08 0.0
110-111 3.8 3.0 16 0.1152 0.512094 10 -10.6 18.4982 24 15.5380 24  38.7276 50 0.8400 0.2 2.0937 2.5
120-121 4.1 3.4 18 0.1165 0.512097 11 -10.6 18.6296 29 15.5423 26  38.8497 71 0.8343 0.2 2.0853 0.9
130-131 4.3 34 0.1166 0.512122 9 -10.1 18.5852 42 15.5360 31 38.8110 82 0.8360 0.2 2.0881 14
34 17 0.1166 0.512115 13 -10.2
140-141 4.6 3.6 18 0.1172 0.512101 19 -10.5 18.6497 29 15.5545 23 38.9021 128 0.8340 0.3 2.0859 2.2
150-151 4.8 34 18 0.1161 0.512104 17 -10.4 18.5846 21 15.5350 17 38.8445 50 0.8359 0.2 2.0900 1.8
160-161 5.0 4.1 21 0.1190 0.512141 7 -9.7 18.7659 16 15.5734 15 39.0189 53 0.8299 0.2 2.0791 1.5
170-171 5.3 18.8596 15 15.5936 14 39.1159 43  0.8268 0.2 2.0740 1.7
18.8648 26 15.5926 18 39.1037 56 0.8266 02 20727 13
180-181 5.5 3.9 20 0.1177 0.512117 9 -10.2 18.6389 26 15.5544 24  38.8692 64  0.8345 0.2 2.0852 0.8
190-191 5.8 4.0 21 0.1185 0.512105 8 -10.4 18.7773 23 15.5715 21 39.0393 66 0.8293 0.2 2.0789 1.1
200-201 6.0 4.3 22 0.1186 0.512099 10 -10.5 18.8372 19 15.5839 16 39.0784 61 0.8273 0.1 2.0744 0.9
210-211 6.3 4.6 23 0.1202 0.512116 7 -10.2 18.8829 20 15.5911 18  39.1501 65 0.8257 0.2 2.0732 1.2
220-221 65 4.1 21 0.1184 0.512078 8 -10.9 18.7234 12 15.5675 10  38.9825 41  0.8314 0.1 2.0818 0.8
230-231 6.8 4.3 22 0.1177 0.512059 9 -11.3 18.7175 9 15.5829 8 38.9609 32 0.8325 0.2 2.0815 1.6
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240-241 71 4.2 22 0.1169 0.512052 9 -11.4 18.7586 18 15.5550 16 39.0781 46  0.8292 0.2 2.0833 0.7
250-251 7.4 4.0 21 0.1155 0.512022 9 -12.0 18.6576 23 15.5472 21 39.0230 56  0.8333 0.4 2.0915 2.8
260-261 7.5 3.9 21 0.1149 0.511997 9 -12.5 18.5477 18 15.5296 16 38.8911 41  0.8373 0.2 2.0967 0.6
270-271 7.7 48 25 0.1170 0.512003 9 -12.4 18.7604 9 15.5669 8 39.1476 28  0.8298 0.1 2.0866 0.9
280-281 7.8 3.9 21 0.1145 0.511963 7 -13.2 18.4751 41 15.5048 36  38.9054 93 0.8392 0.2 2.1059 0.8
290-291 8.0 3.9 20 0.1139 0.511918 9 -14.0 18.3105 32 15.4909 26  38.8242 81  0.8460 0.1 2.1200 11
300-301 8.1 4.0 21 0.1135 0.511875 9 -14.9 18.2851 21 15.4692 19 38.8356 52  0.8460 0.2 2.1239 0.7
310-311 83 35 19 0.1116 0.511799 30 -16.4 17.9759 37 15.4203 38 38.7238 99  0.8577 0.4 2.1541 0.9
35 19 0.1115 0.511813 8 -16.1
320-321 84 36 20 0.1126 0.511845 9 -15.5 18.3064 24 15.4889 20  38.8260 63 0.8461 0.2 2.1207 2.4
330-331 85 44 18 0.511983 9 -12.8
340-341 87 40 21 0.1153 0.512016 5 -12.1 18.6155 24 15.5388 21  38.9108 60 0.8347 0.2 2.0901 0.9
350-351 8.8 5.1 29 0.512028 10 -11.9
360-361 9.0 4.0 21 0.1145 0.511966 15 -13.1 18.6019 21 15.5241 19  38.9266 49  0.8345 0.2 2.0925 13
370-371 9.1 6.5 32 0.512084 10 -10.8
380-381 93 4.1 22 0.1153 0.511979 8 -12.9 18.6321 31 15.5252 23 38.9647 75 0.8333 0.1 2.0910 0.9
400-401 9.6 53 27 0.1178 0.511965 5 -13.1 18.7738 15 15.5393 13 39.1368 34  0.8277 0.2 2.0845 1.8
410-411 9.7 46 24 0.1142 0.511921 9 -14.0
420-421 9.8 55 29 0.1139 0.511844 6 -15.5 18.5743 16 15.4783 13 39.0808 48  0.8333 0.2 21041 11
430-431 100 4.9 27 0.1089 0.511696 9 -18.4
440-441 101 45 24 0.1113 0.511707 5 -18.2 17.7321 31 15.3265 34  38.1493 68  0.8643 02 21514 1.0
4.4 24 0.1111 0511711 10 181 17.8024 11 15.3427 11 38.2405 54  0.8618 0.2 2.1481 24
450-451 103 4.4 24 0.1138 0.511866 16 -15.1 18.5923 23 15.5077 22 38.9033 61 0.8340 0.1 2.0924 1.3
460-461 10.7 3.9 21 0.1144 0.511943 7 -13.6 18.5454 32 15.4958 33 38.8598 84  0.8356 0.2 2.0952 1.8
470-471 110 46 24 0.1154 0.511934 9 -13.7 18.7170 25 15.5183 21  38.9663 57 0.8291 0.2 2.0819 11
480-481 114 4.1 22 0.1135 0.511916 13 -14.1
490-491 118 4.1 23 0.1094 0.511787 9 -16.6 18.3414 23 15.4535 21 38.7978 73 0.8426 0.2 21151 1.2
500-501 12.2 3.6 20 0.1089 0.511771 11 -16.9 17.9772 28 15.3984 32 384772 93  0.8565 0.2 2.1402 11

%Nd is calculated as follows: ffNd/*Ndsampid*Nd/MNdcnur) - 1] x 10, where the Nd isotopic ratio for chondritic undifnciated reservoir (CHUR) is 0.512638dsserburg et al1981]. Boldface represents
replicate analysis values.
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5. Results
5.1. Sediment Characterization
5.1.1. Mineralogy

[14] The relative abundances of clay minerals, tpideldspars, and calcite are reported in Figufda@a from
Table 1). In addition, amphibole (not taken int@@mt in Figure 3) is ubiquitous in the bulk sedfnand
represents ~10% of the total sediment. The catditgéent (mean 37%) increases gradually from 1092 ka

to a present-day value of 60%. A significant deseeia calcite is observed at 8.4 and 10 ka andtedoelanced

by an increase in feldspar content. Quartz andspelds average 15 and 21% of the bulk mineralogy,
respectively. The clay mineral proportion fluctusatround an average value of 27% over the Holodafithin

the carbonate-free fraction the clays significairiyrease through the Holocene (e.g., 70% at 1.1 ka

[15] Within the < 2 pum fraction, the clay mineraisemblage is composed of 40% illite, 28% smeciiss
chlorite, 9% kaolinite, and 8% illite-chlorite. Tlsenectite/ illite ratio (i.e., S/l =}/l 104c6) ranges from 0.35 to
1.5 (mean 0.8) through time (Table 1). It showsars increase at 8.4 ka and culminated ~5.8 kyr agb a
value of 1.5. The ratio then fell quite abruptlyaaninimum value of 0.35 at 4.8 ka and remained @~ until
about 3 ka. The smectite/illite ratio then rosedamdy to reach values that fluctuate within a rasigeilar to that

of the interval prior to the 8.4 ka shift. The lawsart of the section (older than 8.4 kyr) is sgigndepleted in
smectite in comparison with core PC13 (1.5 < S/ln PC13 with a mean of 3.4). This is likely dueadite
specific effect, core MD99-2227 being 80 m deepantPC13 and hence 80 m below the main WBUC
influence.

Figure 4: Nd/A*Nd, *'sSm}*Nd, 2°PbP°Pb, and®***Pb/%*Pb ratios of the clay-size fraction of cores MD99-
2227 (squares) and PC13 (circles; data from Fadedle[2002]) as a function of calibrated agee signature of
surface sediment is also plotted (data from Innbanal. [1997]). Replicates (diamonds) and anaatierrors are reported (i.e. ,+2
standard deviations for Nd and Pb ratios, 2% of theasured value for the Sm/Nd ratios). For Pb matle errors are smaller than symbol
size.
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5.1.2. Grain Size

[16] In the <63 um carbonate-free fraction the ipbatsize distribution is unimodal. The mean graine

(according toFolk and Ward[1957]) ranges between 10.2 (at 2.8 kyr BP) and® 18n (at 10.1 kyr BP). It
fluctuates around a mean value of 14 um but exhiaige variations within short time intervals, @splly near

10.1,8.2-8.4, and 7.4 ka (Figure 3). The mean gs&a usually displays values higher than the ceetion

mean value prior to 6 ka, and lower values sinea thvith a clear decrease between 3.8 and 1.4Heldwest

sorting was recorded at precisely 8.4 ka (Table 2).
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5.2. Nd and Pb I sotopic Signatures of the Clay Fraction

[17] In MD99-2227, Nd isotopic ratios in the claige fraction range from 0.511696 to 0.512174 and
'SmANd ratios from 0.1089 to 0.1270 (Table 2, Figure Bhe overall trends are an increase in both
13NdANd and**’'SmA*Nd ratios over the past 12 kyr. Since 8.2 ka theidétbpic ratios have shifted toward
higher values, reaching up to 0.512116 betweena6a®d the present day. Prior to 8.2 ka the Nd jgoto
compositions display a wide range of variations{N#l). Samples younger than 6 kyr are characteriyaudre
radiogenic and less variable Nd isotopic compasiti¢<1eNd). ‘SmA*/Nd ratios display a somewhat similar
pattern, but the shift toward higher values (from1@5 to 0.1212) occurs during the last 3 kyr only.

[18] For the Pb isotopic system the ratf8%b/*Pb, °Pb/*Pb, and®**Pb/*Pb all display similar downcore
profiles. For instance, the Pb/ Pb ratios fluctuag¢énveen 17.73 and 18.86, with less marked variatio the
younger samples (Table 2 and Figure 4).

[19] Data from core PC13 are shown for comparisith tihose of MD99-2227. There is a good agreement f
the Nd isotopic signatures in both cores. For Rbagreement is not as good, which may reflect tfierent
techniques used (TIMS versus MC-ICP-MS). Our netadae about 10 times more precise. THd/A*Nd,
SmANd, and Pb (with only°’Pb/°°Pb reported on Figure 4) ratios all converge towtaed PC13 surface
isotopic compositionlfinocent et al.1997]. However, thé*’Sm/*/Nd ratios in PC13 are higher than those in
core MD99-2227. The difference usually stands witlmalytical errors, but the trend is nonethelgstesatic.

It is more likely due to the different coring loats of PC 13 and MD99-2227 with respect to thenmvaiocity
axis of the WBUC than to any analytical bias betwé®e two analysis periods. We note too that tlfiereint
isotope signatures of the two cores are carriediffgrent mineralogical assemblages (see sectibip.

[20] Superimposed on the overall trends are shangmm for “*Nd/**/Nd, **’Sm/**Nd ratios, and maxima for
isotopic Pb ratios at 10 and 8.2 ka. The 10 kategehe most pronounced and is also recorded i3PC

6. Discussion
6.1. Sedimentary Provenance Inferred From Nd and Pb Signatures of the Clay-Size Fraction
6.1.1. Identification of the Geographical SouAreas

[21] The interpretation of sedimentary provenaneguires knowledge of the different potential gepbical
source areas. The isotopic data for the clay-sietibn of MD99-2227 are presented ift*aNd/**Nd versus
14SmANd diagram (Figure 5a) and?¥Pb°Pb versu$®®Pb/*Pb diagram (Figure 5b). The data are plotted
with reference to potential end-members (data énvitbrk ofFagel et al.[2002]). The potential regional sources
are represented by their mean and median valugslér to underscore the uncertainty of each endtmenthe
Pb-Pb isotope data of core MD99-2227 are distribaleng a two end-member mixing line. The European-
African crust is identified as one potential endrmber (named here "young crust”) and is charactizelow
2pp%%h and high?®PbfPb ratios. The Scandinavian Sveconorwegian Beltrejected because its
143Nd/M“Nd signature is too low to account for the obserS8entNd data. An additional minor contribution from
the European Variscan crust cannot be discardeddmurtot be distinguished from other young crustichates

on the basis of Sm-Nd signatures alone. The Gredmachean Craton, Nagssugqtogidian Belt, or Labratkin
Province are all good candidates for the HJRb/°Pb and low?*Pb?*Pb ratios end-member (named here
"old craton"). Both Baffin Island and the North Argan Shield are characterized by Sm-Nd signatures
compatible with the old craton end-member. In addito supplies from the young crust and old cra&ranes,

a third mantle-like contribution characterized higth'*’'Sm/**Nd and**Nd/**/Nd ratios must be taken into
account to explain Sm-Nd data. This componenttithated to Mid-Atlantic Ridge (MAR) volcanism.

6.1.2. Evolution of Sedimentary Provenances Tgindhe Holocene

[22] Sm-Nd data in core MD99-2227 illustrate twatdict time-related linear trends (Figure 6a). Tingt one
(from 12.2 to 6.5 ka) may be mainly characterizgdh®e mixing of material derived from the old cnagoand
young crust, plus a minor contribution from MAR wahism material. After 6.5 ka, isotopic signatureguire a
more significant contribution of MAR material inatkof the old craton material; this shift toward MAR end-
member is particularly marked after 3 ka.
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Figure 5: (a) *'Sm#*Nd *"*s“Nd/*Nd diagram. All data from core D99-2227 are plotitiaded squares)
with regard to the surface sediment PC 13 core dartfiled circles) and the potential clay sourc&se regional
sources are represented by their mean and medirevan order to underscore the uncertainty of eaod-member, especially the old
craton (data from Fagel et al. [2002]). (5YPbf°Pb versus®Pbf*Pb diagram for core MD99-2227 (shaded squares) paténtial
regional sources. The linear regression trend fibttee MD99-2227 data is plotted.
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[23] In the Pb-Pb mixing diagram of Figure 6b, sdimples younger than 6.5 ka fall between two Paic#f
crustal end-members. We estimate the relative ibartions of the crustal end-members by projectiatacdnto
the mixing line between the median value for thegatand Pan-African Crust (GPC) and the mean Vialugne
European Pan-African Crust (EPC). Note that a dmution from the Scandinavian Pan-African Crust C3P
cannot be definitely ruled out. Any mixing calcitet between SPC and EPC whatsoever would not chifuege
interpretation in terms of the evolution of the iseehtary sources: It will result in a systematigatigher
relative contribution of the EPC in the mixing estites. The oceanographic implications will be dised in a
later section. For samples younger than 6.5 kyrtB® jnfluence of MAR as a third possible end-membaot
obvious from the Pb-Pb mixing diagram. The low #anty of the Pb isotope system to any increasd/iAR
volcanics simply reflects the low Pb content incaslic-derived material (~500 ppb). The influenceM#R is
especially obvious in a combined Sm-Pb mixing diag(Figure 7).

[24] Finally, four end-members have been retained rixing calculations: (1) the North American Stie
(NAS), (2) the Mid-Atlantic Ridge (MAR) volcanisn{3) the European Pan-African Crust (EPC), and i) t
Greenland Pan-African Crust (GPC). For our caloohest, we first used a standard Sm-Nd mixing betwbeze
end-members, i.e., NAS, MAR, and undifferentiate@.YThe three variables are th&Sm/*Nd ratio, the
143N d/***Nd ratio, and the Nd content of each end-membee: Vitiues are reported in Figure 6a. The Sm content
is calculated from the Nd content and the chentt&im/*“Nd ratio. We calculate a mixing grid on the badis o
different proportions of the three end-members. &ach grid point we calculate the Nd and the Srtops®
signature taking into account the contributionhef three end-members (1, 2, 3) as follows [Eaure,1986]:

IBNd / YN ratiom;y

cu [Nl (N /N + uz[Nd]2(143Nd/l44Nd)2+ o [Nd] (143Nd/144Nd)3
B [Nd],

1478m /" Nd ratiomix = ([Sm|,;, /[Nd],..) x 0.60847
[NdJmix = oy x [Nd];, az x [Nd],, a3 x [Nd],

[Sm|mix = oy x [Sm|;, ap X [Sm],, a3 x [Sm],

o] +on+ o3 = 1.

Second, for the YC, an estimate of the relativetrioution of the European and Greenland Pan-Africarsts is
derived from the Pb isotope system. Note that oiisnation between the two Pan-African componentsrily
possible for samples younger than 6.5 ka, the addemples being too strongly influenced by deglabiAlS
supplies (see Figure 6b).

[25] Plots of the relative contributions of the foend-members (Figure 8) may be subdivided inta toue
periods taking into account the NAS contributioh) from 12.2 to 7.8 ka, (2) 7.7 to 5.8 ka, (3) @3.3 ka, and
(4) 3.1 ka to present.

6.1.2.1. Time Period 12.2 to 7.8 ka

[26] The sedimentary supplies display large varet, highlighted by sharp changes in the Nd andsBiope
signatures (Figure 4) and by fluctuations of theam@rain size of the <63 um fraction (Figure 3).eTh
sedimentary mixtures delivered to the Greenlane Ri® predominantly proximal supplies from the Cigara
and Greenland margins of the Labrador Sea. Inquéati, the peak contributions of the NAS end-mendietO
and 8.2 ka might be explained by pulses in theea¢tof the corresponding ice sheets inlaRdnder, 1989;
Barber et al,1999]: (1) In MD99-2227 the 10 ka peak is matchgalnlecrease of the calcite content within the
sediment and by a sharp increase in the mean gizénup to the maximum core value (Figure 3). InLP@
sharp increase of proximal supplies was also ptésethe Nd isotope signature at 10.1 Kadel et al.,1999]
and can be correlated with mineralogical chan§egél et al.,1997] that have been attributed to a major phase
of ice retreat over continental Greenlarelfider, 1989]. (2) In MD99-2227 the changes in the Nd ahd P
isotopic signatures at 8.2 ka are slightly yourthan the large changes in the grain-size paramefdai®e <63
um fraction observed at 8.2-8.4 ka (i.e., high meatue, lowest sediment sorting; Table 1). Withie t
chronological uncertainties that result from théeipolated ages of the present study, the mostapteb
paleoceanographic event that could explain the rebdechanges is the 8.2 ka major drainage evengnwh
glacial lake Ojibway drained through Hudson Stf&8arber et al.,1999; Clarke et al.,2003]. The grain-size
shift in MD-2227 could possibly mark the catastrigpthrainage event, whereas the shift in Nd andsetopic
compositions record higher proximal NAS-rich suppliWorth mentioning is the fact that X. W Mengakt
(Sm-Nd isotopic changes in sediments from the ugpetinental slope off southeastern Canada, sudxintti
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Marine Geology,2004) observe at this same time interval a largé sh the Nd-isotope composition of
sediments cored off Cabot Strait, i.e., at theetwdf the St. Lawrence meltwater route, that thiybaite to the
rerouting of meltwater of the residual Laurentide Eheet from there to the Hudson Strait areaalsest-Onge
et al.[2003] for the dating of the accompanying sedimgntarouting event).

6.1.2.2. Time Period 7.7 to 5.8 ka

[27] The NAS contribution decreases gradually tavaero during this interval and is counterbalanaednly
by an increase in young crustal material, mosthCE®ithin this time slice the S/I ratio reached riteximum
value of 1.5 at 5.8 ka (Figure 8 and Table 1). Withe clays the increase in smectite abundancedq(36%;
Table 1) probably reflects a larger contributiordadtal supplies. This interval is also characestiby a change
in the ratio between the detrital and biogenictfoas of the sediment. For instance, the contrdyutf biogenic
calcite (within the <106 pum fraction) increasesnir@0 to 40% between 8.4 and 7.7 ka. The sedimentadite
also drops by a factor of 2 within this intervagcdeasing from ~70 cm/kyr before 7.4 ka to 37 cmédier 7.4
ka. These sedimentological changes agree withirthieg of the final melting stage of the Laurentide Sheet,
thus marking the vanishing meltwater supply frone fQuebec-Labrador peninsula into the Labrador Sea
[Licciardi et al.,1999; Jansson2003]. The subsequent increase in biogenic prodtictmarks the Holocene
climate optimum in the sub-Arctic seas [eAndrews et al.2003;Solignac et al.2004]. The period around 6.5
kyr BP is indeed generally described as the peaknwzeriod in the North Atlantic Ocean and Norwegian
Greenland Sea records [e.@Rasmussen et al2002]. For instance, in core DS97-4P from the seash
Greenland margin, the maximum carbonate conterdgdsrded at &'C age of 5.38 kyr (i.e., 6 kyr in calendar
age;Kuijpers et al[2003]).

6.1.2.3. Time Period 5.5 to 3.3 ka

[28] The NAS contribution remains close to 0, wiasrghe GPC contribution increases sharply, up % 80the
end of this interval. There is no related changéh&core mineralogy, nor does the biogenic/détsigaiment
ratio change. Within clays the smectite abundaacesthe S/I ratios decrease to their lowest vadtidise end of
this interval (i.e., 18% and 0.35). The evolutiohtloe S/I ratio illustrates the relative contritmrti of Mid-
Atlantic Ridge volcanism. The isotopic and minegadal changes observed in the clay fraction thusawith a
change in the source of distal supplies, with xipnal NAS contribution being close to 0.

6.1.2.4. Time Period 3.1 ka to Present

[29] The MAR contribution increases significantlgpm 10 to 40%, and the young crust material iSveber
primarily from European Pan-African crust. The gmse in the S/I ratio most probably reflects atiredachange
in the current-driven clay assemblage rather thmaardnanced smectite flux (Figure 8). The overay dupply
remains quite constant, as indicated by the abseihckange in sedimentation rate from the previiug slice
and the lack of change in the biogenic/detritalojatThe observed change in sedimentary mixturealde
associated with a marked decrease in the mean gin This suggests that the hydrodynamic regimedc
have been less active, in agreement with the lateddne decrease reported in the sandy fractisootheast
Greenland margin sedimentsdijpers et al.2003].
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Figure 6: (a) Enlarged plot of the Nd isotopic signaturestod clay-size fraction (squareShe labels indicate the
calibrated age (in kyr BP) of each sample. Thedmeegression trends (dashed lines) are calculdtedwo groups of samples, i.e., older
than 6.5 kyr (open squares) and younger than 6r5(fildfed squares). For the youngest samples, thaded squares characterize the
samples between 6.5 and 3.3 ka, and the black sguhe samples <3.3 kyr. TRESm#*Nd and**Nd/*Nd compositions of NAS are
defined in the work of Innocent et al. [1997]. T®®m-Nd composition of MAR corresponds to a calcdlatedian value from 52 published
data points (see Fagel et al. [1999] for statisfidsinally, for the YC we used the representatigeature of the Variscan crust as defined in
the work of Fagel et al. [1999]. (b) Enlarged plaftthe MD99-2227 Pb-Pb data subdivided into threme groups as for Figure 6a. The
arrow indicates the regression trend defined byghmples older than 6.5 ka. For the samples youtigar 6.5 ka, a calculated mixing line
between the Greenland and European Pan-Africantsrissused. For mixing, we take into account theliamevalue for Greenland Pan-
African Crust (GPC) and the mean value for the paan Pan-African Crust (EPC).
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Figure 7: *'Sm*/Nd e"="s*°Pp%Ph diagram The mixing between the three chosen end-membersERPC, GPC, and MAR)
defines a curved triangle. The grid is calculatet@ding to a 10% increment of the mixture compasitOnly the samples younger than
6.5 ka BP fall within the Sm-Pb mixing triangle cgnthe contribution of NAS must be taken into astdor older samples. Note the
pronounced increase in the MAR contribution in tleeent (i.e., <3.3 kyr BP) samples from core MD222 as well as for the
representative surface value (from core HU90-013)01
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6.2. Paleoceanographic Implications

[30] The clay-size material delivered to the MD92Z site is mainly carried by the WBUC that drites
present DSOW and NEADW into the Labrador Sea (Fidyr Our interpretation of paleoceanographic chang
is based on the following:

[31] 1. There are two main current pathways thatgport sediment particles through the Icelandlemthger
basins toward the Labrador Sea.

[32] 2. The western current pathway can be ideifhy its Pan-African Nd and Pb isotope signattmenfeast
Greenland, carried by the present DSOW water nidss.eastern pathway is characterized by its Paizakfr

Nd and Pb isotope sighature from northwestern Eurapd is carried to the Labrador Sea by the modern
NEADW.

6.2.1. Isotopic Fingerprint of the Particles Drivey DSOW and NEADW

[33] The isotopic fingerprint of the particles dad by the DSOW is characterized by its Pan-Afriddah
signature. Owing to its geographical location, DS@Whe principal water mass capable of supplyiagigles
eroded from the east Greenland margin. This assomjpg in agreement with Sm-Nd isotope signatures o
northeastern North Atlantic surface sediments:firesence of Pan-African Nd has only been reporiesites
bathed by the DSOW in the Irminger Badinrfocent et al.1997].

[34] The Pan-African Nd signature of DSOW is mairdstributed to the Paleozoic sedimentary rocks of
northeastern Greenland (Figure 1), but we canrdetaut some contribution of SPC in the DSOW fingirpfor

two reasons. First, particles from the Scandinawviwmgin could be carried to the Denmark Strait tigio the
Nordic Seas cyclonic gyres (Figure 1). Second, 8B an isotope signature close to that of the GRE, (
Figures 5a and 6b).

The exact origin of DSOW, and in particular its tdyution from Iceland Basin, remains uncleaa¢an and
Jeandel,2004]. Whatever the origin, the DSOW water masssfparts particles having a Pan-African Nd
signature from both the GPC and SPC to the WBUQuidin the same (western) pathway.

[35] Because of the morphology of the eastern Isasine eastern pathway is longer and its Phanearozoi
European-derived isotope signature is diluted bigamic inputs from Iceland and the Reykjanes ridgethe
Iceland Basin the Nd signature of surface sedimeatised by NEADW has been interpreted as a simpiture
between two end-members, i.e., the MAR volcanisih @arcomponent having a Sm-Nd signature of Variscan
crust [nnocent et al.1997].

6.2.2. Evolution of Deep Currents Inferred Fromtégoc Signatures of the Clay Fraction

[36] In core PC13, there is no evidence of DSOWribee until at least 8.6 ka. In view of the geognap
position of the end-members (see Figure 1), theifsignt increase in GPC between 6.5 and 3 ka iroBH2227
could reflect relatively higher supplies from thesOW. RecentlyKuijpers et al.[2003] have observed a
coarsening upward trend within the fine sand foactthat dominates the middle to late Holocene serfa
sediments of core DS97-7P (southeast Greenland @Bavater depth). They attributed this sedimentachg
change to an increase in velocity of the DSOW aurreading to enhanced water mass exchange bettlveen
Greenland Sea and the Irminger Baglinijpers et al[2003] suggested that the maximum DSOW flow intignsi
may have been linked to the shift of the Polar Ftorits present-day position. Within the clay-s&gplies, the
changes in the relative contribution of the two frazoic crusts (i.e., GPC and EPC) through thedlmidnd
late Holocene suggest a change in the main seditreaméport pathways. Within a simple two end-member
sediment mixing model, we therefore interpret thelation of the GPC/EPC ratio by a change in theOW\s
component of the WBUC relative to the NEADW compune

[37] South of 60°S in the east Atlanti8arnthein et al[1994] demonstrated that the Holocene mode of deep
water circulation, monitored by cores in the degthge of the NADW, was fully established by abouit-9.5

C kyr ago (i.e., after 10.5 ka in calendar age)weieer, our Nd and Pb isotope data from the Labr&sax
clay-size fraction suggest that the relative cbntions of the main components of the NADW chandedng

the Holocene. The main oceanographic feature idsepn the DSOW contribution after the mid-Holoedhe.,
between 6.5 and 3 ka) that may be related to tbeption of the DSOW. However, such an assumptitin st
needs to be confirmed by additional isotope studie®ther grain-size fractions. By working on tHayesize
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fraction, we get a biased, or at least only partiedw of the system. The DSOW signal has beenimtgat on

the isotopic signature of the clay-size fractiomcsi 6.5 ka, but this does not necessarily meanB&QW was
absent before 6.5 ka. However, after 3 ka the darton of DSOW decreased, reaching the preseriacr
compositions (young crust composed of 65% GPC &3d BPC) by 2 ka. Another element worthy of mention
here concerns the effects that the inception ofection in the Labrador Sea, with formation of tle&ar 2000 m
deep Labrador Seawater mass overlying NADW, woalkkthad on the emplacement and dynamic propefties o
the WBUC that carried these water masses into #ep d.abrador Sea. On the basis of various arguments
Hillaire-Marcel et al. [2001a, 2001b] andsolignac et al.[2004] conclude that LSW formation has been
enhanced during the late Holocene (with respecalbiptto DSOW). The recent increase in NAS (Figuye 8
could record some greater influence of LSW thalatduive proximal supplies from Labrador Sea masgin

7. Conclusion and Per spectives

[38] The Nd and Pb isotope signatures of the ciag-Baction from core MD99-2227 off south Greemlamere
used to reconstruct sedimentary provenance and@aialation within the Labrador Sea through thdddene.
Before 8.4 ka, current-induced changes in sediroemposition are masked by the signature of largipral
sediment supplies. Major punctuated discharge® a&ntl 8.2 ka could be related to the retreat ofidbesheet
over continental Greenland and the final drainagarge glacial lakes in eastern Canada. Betweérad 6.5
ka, the distal current delivered supplies increaséth the establishment of full deglacial conditioims the
Labrador Sea. The modern deepwater circulationepattvas not yet established. From 6.5 to 3 ka the
appearance of major supplies of material from AeeghPan-African crust is attributed to the stramituence
of the DSOW. The change in sediment provenancegbigtrorresponds to inception of the DSOW, buttfert
isotope investigations on the silt fractions mustdone in order to confirm this hypothesis. Afteka the
modern deep circulation pattern, with enhanceduérfte of LSW formation, was gradually establishied.
contrast to evidence for stable Holocene deepwastilation of the southern Atlantic Ocean, our &l Pb
isotope records implicate significant changes i thlative contribution of the principal presenyrddADW
components.
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