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Abstract

Sm-Nd studies were carried out on Last Glacialldalbcene sediments from the Labrador Sea. Thrdée-gize
fractions were analyzed for each sediment: the-sizg fraction (<2 pm), the fine cohesive siltsl@ym) and
the coarse silts (10-63 um). In most cases, Smiblbtires are different from one grain-size to hentin
addition, different Sm-Nd signatures are deriveairfrthe clay-size fractions compared to the cohesilte
fraction, indicating that the cohesive fractiorhiterogeneous and that distinct origins in termsoofrce-areas
are implied. Silt fractions record the influencesapplies from the North American Precambrian Shiehereas
clay-size fractions (<2 um) are more sensitive ddirmentary input from the Eastern Basins, in retfativith
deep currents. Coupling Sm-Nd studies on silt dag ftactions may be a powerful tool to unravel gwelution
of deep circulations versus detrital supplies.
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1. Introduction

Since the early work of Goldstein and O'Nions (198 isotopes have been extensively used as aah&tacer

of the sources of deep-sea sediments. Severakestidive been done on surface sediments from thcPac
(Jones et al., 1994), Indian (Dia et al., 1992;dfreet al., 1995) and Atlantic (White et al., 1988hite and
Dupré, 1986; Grousset et al., 1988; Innocent etl897) oceans. In addition, during the last decpdst deep-
sea sediments have been increasingly investigateddier to reconstruct the evolution of sedimentagplies
through time, in connection with deep current ahichate changes (Grousset et al., 1993; Fagel £t1884,
1997a; Revel et al., 1996a; Innocent et al., 199inter et al., 1997; Fagel et al., 1999).

Nd isotopes probably constitute the best long-geniadiogenic isotopic system to identify the sesrof deep-
sea sediments. Sr isotopic signatures may be dicaitatbiased due to the presence of seawater shiitieg

from the long residence time of this element innsetar (Fagel et al., 1997a). Pb isotopes are giyearféected

(at least in the case of surface sediments) bytige input of anthropogenic industrial lead. Relgethnocent
et al. (1997) and Fagel et al. (1999) attemptedviercome this lack of isotopic tracers by couplthg Nd

isotopic ratios and the Sm/Nd ratios in order &mérthe different sediment sources in an oceanvelneee more
than two end-members are involved. This naturatuires that Sm and Nd do not fractionate signifigeafter

deposition.

The information provided by deep-sea sedimentsangplementary to metalliferrous materials, suctredvin
nodules. While nodules are considered to "freelze'plast seawater Nd isotopic composition (as thegigitate
from seawater), sediments constitute a tracer dinmntary inputs through time, in relation with tbeep
currents. However, the choice of size parameteasnmtter of debate. Revel et al. (1996b) choseor on the
10-63 um fraction, since coarser, >63 um fractiares unlikely to be transported by deep currentd, farer
particles (<10um) behave cohesively in the seavatdrcannot be winnowed by deep currents after sigpo
(e.g. Mc Cave et al., 1995). In contrast, Fagell.e{1994) have worked on the clay-size (<2 pmjtiom. Clay-
size particles may also be transported by deepioig;rthen deposited when the current strengtredses, but
they are not further winnowed due to their cohesigbavior. Subsequent papers (Revel et al., 1986acent
et al., 1997) have demonstrated that both appreaateeadequate to trace the deep circulationsowiolg the
paper of Mc Lennan et al. (1989), attempts haven beade to check whether the same isotopic signasure
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provided from one fraction to another. Revel ef{(#296b) have demonstrated on a Sr-Nd data setdifnents
from the Gardar Drift (Northeastern North Atlan@zean) that different size fractions do providdedént Sr-
Nd isotopic compositions, reflecting the relatimput of the materials derived from the two possigsdiment
sources (Iceland volcanism and European continentat).

In this paper, the Sm-Nd isotopic signatures ast finvestigated in different granulometric fractsoof deep-sea
sediments: the clay-size fraction, the cohesiudrsittion and the non-cohesive silt fraction. Thiarthe light of
the information derived from each granulometricfien, a standard technique for deep-sea sedinaeratlysis
is proposed.

2. Analytical techniques
2.1. Sampling and choice of the size parameters

The Last Glacial and Holocene sediments were sahfpden a piston core (90-013-013, further referasdPC
13 in the text) collected in the Labrador Sea dutlire CSSHudsoncruise 1990. PC 13 was taken from the SW
Greenland Rise at the inlet of the Western Boundllgercurrent (WBUC) gyre (Fig. 1), and the seditaere
presently bathed by the cold Denmark Strait Overfiwater (Hillaire-Marcel et al., 1994). This corashbeen
extensively studied (sedimentology, ANME dating, oxygen isotope stratigraphy, fauna éma fassemblages,
mineralogy, magnetic parametefSTh excess, etc.) and is subsequently particulaely kmown.

A high-resolution Sm-Nd study on the clay-size fiat of sediments from PC 13, ranging in age fro ®
26.1 kyr, has been achieved (Fagel et al.,, 1998).08 these sediments were chosen for the grai@-siz
investigations: the clay-size, <2 pum fraction, &wd coarser (2-10 and 10-63 pum) fractions wereyeeal for
Sm-Nd. Both the clay-size and the fine silt (2-1@)pfractions behave cohesively in the seawater ésithe
fine, <10 pm fraction includes both fine silt arldyesize fractions, there is no reason for the sdeefraction to
be a priori homogeneous. Moreover, it should balted that the clay-size fraction may be indepetigileand
precisely characterized by its mineralogy, and waiable information on the origin of deep-seairsedts are
subsequently derived from clay mineralogy (e.g.cBy®, 1965; Grousset and Chesselet, 1986; Fagall, et
1997b), which is not the case for silt fractions.

2.2. Decalcification treatment

Most of the Nd studies of deep-sea sediments iechudlecalcification treatment in order to remowegbhic
carbonates. Some recent studies involve a 1 N I#&Zitrhent (Revel et al., 1996a), although it hasnbee
demonstrated that 1 N HCI leaching of clay fracsi@amduces an important removal of REE (e.g. Clateal.,
1993). Other decarbonation procedures are cargedising more dilute hydrochloric acid in orderateoid the
alteration of clay minerals: 0.2 N (Fagel et a@94), or even 0.05 N in a continental environm@mulkeridis

et al., 1994). Leaching experiments on surfacensexlis of the northern North Atlantic Ocean (Inndcemal.,
1999) have demonstrated that decalcification uSiigN HCI did not result in any clear shift in ethSm/Nd
and Nd isotopic ratios. In contrast, 1 N HCI leachdrastically affects the Sm-Nd signature. Onedtto half of
both REE may be removed, producing Sm/Nd and Nwso ratios that are clearly lower in the residues

Samples were thus decalcified in 0.1 N HCI anddkeess acid removed by repeated washings in deidniz
water and centrifugation. The clay-size fractiors\gaparated after settling according to Stake'{Fagel et al.,
1997b).

2.3. I sotope geochemistry

The analytical techniques are identical to thosénabcent et al. (1997). Briefly, samples were sdikvith a
mixed Sm-Nd spike. After acid dissolution, and ciehseparation, Sm and Nd were run on a Sectan&gs
spectrometer. Repeated analyses of La Jolla Ndiatdrgave an average value of 0.511849 + k2s{@ndard
deviation on 21 analyses). Sm-Nd data, includirgdbpth of each sediment with corresponding AfSand
calibrated ages, are reported in Table 1.
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Fig. 1. Geographic map of the northern North Atlantic, shmthe PC 13 coring site, major surface and deep
current trajectories modified from Mc Cartney (1993chmitz and Mc Cartney (1993), Dickson and Brown
(1994), Lucotte and Hillaire-Marcel (1994), andsttural terranes outcropping in the nearby contitseeSO:
Davis Strait Overflow, DSOW: Denmark Strait OverfloVater, GC: Greenland Current, LC: Labrador
Current, NADW: North Atlantic Deep Water, NAMOC:ritovest Atlantic Mid-Ocean Channel, NEADW: North

East Atlantic Deep Water,

Undercurrent.
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Table 1. Sm-Nd data on carbonate-free <2, 2-10, and 10-63npaterial from PC 13. Parameters for depleted
mantle model ages and eNd calculations can be fonrdnocent et al. (1997). The accuracy of the Ngin/
ratios is better than 2%. In spite of its huge utaiety due to analytical problems, the Nd isotopiata of
sample 529-530 (10-63 um) has been reported, addtésotopic ratio remains "reasonable” consideritig
whole data set. However, this isotopic ratio shduédonly considered as a "reference value". Agpsnted for
each sample depth were all estimated by directalirieterpolation of available AM$'C ages, assuming a
constant sedimentation rate. These ages have hether calibrated using the curve of Stoner et(4P98).
AMS C ages of this core are normalized to PDB aodected by -400 years for reservoir effect. They a

available in Hillaire-Marcel et al. (1994)

Sample Age Age Sm  Nd ¥sm/MNd - *Nd/***Nd (26) eNd  Model age

(interval depthin cm) (yearsBP) (calibrated) (ppm) (ppm) (million years)
309-310 8523 9324

<2 um 6.56 34.19 0.1167 0.511867 (07) -15.0 1795

2-10 um 6.75 34.43 0.1193 0.511537 (10) -21.5 2324

10-63 um 5.28 27.44 0.1171 0.511567 (11) -20.9 2233
325-326 8689 9549

<2 um 6.15 32.25 0.1160 0.511822 (06) -15.9 1847

2-10 pm 6.05 30.41 0.1210 0.511842 (10) -15.5 1908

10-63 pm 5.10 25.35 0.1224 0.511767 (11) -17.2 2066
356-357 9200 10 151

<2 pum 7.48 40.70 0.1118 0.511872 (26) -15.2 1708

2-10 pm 5.31 26.38 0.1225 0.511851 (11) -15.4 1923

10-63 pm 475 23.75 0.1217 0.511684 (11) -18.6 2159
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360-361 9390 10 343
<2 pum 5.72 29.02 0.1199  0.512024 (05) -12.0 1618
2-10 um 5.15 25.08 0.1249  0.512015 (10) -12.2 1748
10-63 pm 452 2151 0.1261  0.511963 (10) -13.2 1818
497-498 19498 22395
<2 pum 6.45 35.89 0.1094  0.511640 (05) -19.5 1982
2-10 um 6.00 32.78 0.1114  0.511702 (05) -18.3 1934
10-63 pm 5.45 29.11 0.1139  0.511647 (05) -19.3 2050
529-530 22190 26 064
<2 pum 6.60 36.36 0.1104  0.511626 (05) -19.7 2021
2-10 um 6.03 31.85 0.1151  0.511701 (05) -18.3 2002
10-63 pm 511 26.93 0.1155  0.511659 (253 -19.1 2069

3. Results and discussion
3.1. Evidence of Sm-Nd fractionation from one grain-size to another

There is a clear variation of Sm and Nd concemmatiaccording to grain-size (Table 1). In all boné sample
(356-357 for which the clay fraction displays thghest Sm and Nd contents), the coarse silt fraddcslightly
depleted in both REE compared to the two finertfoms. In addition, a slight but significant shift**’Sm/*Nd
ratios is exhibited in four samples (it is muchsletear in the 497-498 and 309-310 samples), the fchction
having the lowest*’SmA*Nd ratios. However, these variations do not seemoiwelate directly with REE
contents.

The Nd isotopic signatures are also clearly difierbfom one grain-size to another (Table 1). Thestmo
significant shifts occur in the three shallowestis®nts (younger than 10.3 kyr), where the finesttfons (<2
um) display systematically more radiogenic Nd matioan the coarsest fractions (10-63 um) (FigTBg fine
silt fractions (2-10 um) have isotopic ratios clégeither the corresponding finest or coarsestifsas, at least
for the four youngest samples (Table 1). In comtrsimilar Nd isotopic signatures between coarkie and clay
fractions are recorded in the two oldest, Last falasamples. In both cases, cohesive silts seebetmore
radiogenic (Table 1), but it should be noticed ttinet variations are very slight. Such results arfficsent to
state that the different grain-size fractions rdodifferent sedimentary processes, as previousiyothstrated by
Mc Lennan et al. (1989), and Revel et al. (1996k)ther sites.

Fig. 2. Nd isotopic compositions versus calibrated agedHfe PC 13 samples. Nd isotopic compositions @f th
Last Glacial sediments (older than 20 kyr) clusieound 0.5116-0.5117, whatever the grain size.dnti@st,
clay-size fractions of post-glacial sediments pdevihigher Nd isotopic compositions compared to the
corresponding coarser fractions. Error bars are migger than the symbols (except for sample 529-56Qum

to 63 um).
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3.2. The different sedimentary sources

In the three oldest sediments, Nd isotopic commostof each grain size follow a similar trend eblition

through time (Figs. 2 and 3). The highest Nd iswtogatios, together with the youngest model agesnagasured
in sample 360-361 (10.3 kyr). Then, coarse siltd atays are influenced by clearly distinct sediraepnt
supplies: non-cohesive silts undergo a enhanced' "sédimentary input, as indicated by lower Nd opit

ratios and older Nd model ages. This old sedimeatce is not evidenced in the clay-size fractidaswhich

Nd isotopic signatures are very similar in the ¢hsamples (Figs. 2 and 3), the cohesive silt fvadtisplaying
once again "intermediate" characteristics.

Fig. 3. Nd model ages versus calibrated ages for the PGah3ples. The legends are as in Fig. 2. In thigcas
the clay-size fractions of postglacial sedimentsvfite the youngest model ages.
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Three main source-areas are considered to be EWdly account for the Sm-Nd signature of the desgp-s
sediments of the northern North Atlantic Ocean @et al., 1996a,b; Innocent et al., 1997; Fagell.et1999).
These are: the Phanerozoic crust of western Eurtime;mantle-derived Mid-Atlantic volcanism; and the
Precambrian North American Shield. Fig. 4 suggtstthe 18 samples of this data set might be nedda$ a
three end-member mixing between these three setismnces. The fact that the cohesive silt fractdn

sample 309-310 plots slightly off the mixing tridagnay be attributed to the uncertainty on the att@ristics
of each end-member (Fig. 4).

The Late Glacial samples (26.1 and 22.4 kyr) shaoly slight variations between the silt fractionglahe clay-
size fraction. This indicates that these sedimeniginate from the same sources, with comparaldpaetive
contributions whatever the grain size fraction.tRermore, Sm-Nd signatures of 26.1 and 22.4 kymsesnare
very similar. This suggests that sedimentary irag remained very stable during the last glaciatiorat least
during its final stage (Last Glacial Maximum). Catesing that Sm-Nd signatures are similar in thiéedént
size fractions, it would be tempting to concludattthey originate from the same area. In this ctie,would
involve a dominant, non-sorting agent transporte high amount of coarse (>125 um) material in these
glacial sediments (Hillaire-Marcel et al., 1994yesp with this hypothesis. Supplies from the Ndktherican
Shield are dominant, although the two finest fiawdi have slightly younger Nd model ages (TabledLFg. 3).
This agrees with mineralogical (Fagel et al., 199ihd geochemical (Innocent et al., 1997; Fagel.etl999)
evidences that the WBUC outflow (Fig. 1) was prégen strongly reduced during the Last Glacial Maxim.
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Fig. 4. Sm-Nd mixing diagram for the PC 13 samples. Asign Z black symbols correspond to clay-size (<2
um) fractions, gray symbols to 2-10 um fractionsl apen symbols to 10-63 um fractions. Ellipses: 13
samples, triangles: 9.6 kyr samples, circles: 1kyR samples, diamonds: 10.3 kyr samples, squar2gt Ryr
samples, pentagons: 26.1 kyr samples (see zoomadiaglownwards). Error bars are not bigger than the
symbols in the zoom diagram (downwards), excepsdorple 529-530, 10-63 um. The end-members defined
Fagel et al. (1999) have been reported in the diagr They are derived from a review, then a statibti
treatment of the available Sm-Nd data on rock samghales and greywackes) from surrounding oufingp
structural terranes, except the North American Bhigvhich has been deduced from both surface sed#me
(Innocent et al., 1997) and previously publishethd&evel et al., 1996a and references therein)it Agludes

a large variety of structural terranes, it shouldtrbe considered as an invariable point. Also, wlager than
the symbols, the uncertainties have been reportedttfe two other end-members. The general diagram
(upwards) shows clearly that the clay-size fracsighlack symbols) are shifted towards the Phanecoaust
end-member compared to coarser fractions. The zd@agram (downwards) emphasizes, in addition, the
evolution of the Sm-Nd signatures through time,eddmg on the mantle sedimentary input from the-Mid
Atlantic Ridge (one should keep in mind that ascbidcentrations are lower in such types of mates@hpared

to typical crustal rocks, the contribution of vofita material tends to be underestimated in thigchan).
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The analyzed post-glacial samples range from 10383 kyr, i.e. after the Younger Dryas cooling mvéll the
samples are shifted towards the Mid-Atlantic Volsam end-member, whatever the grain-size, indicating
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enhanced sedimentary input from the eastern Icetard Irminger Basins after the Younger Dryas. The
influence of Mid-Atlantic Volcanism is best marked 10.3 kyr, in agreement with the changes in WBUC
strength (Fagel et al., 1997b). In all samples, dlag-size fractions are strongly shifted towarlle tyoung
crust" end-member (Fig. 4), whereas non-cohesikefractions are influenced by "old" supplies ongting
from the North American Shield. As coarser fractiatp not have apparently the same origin, one roagider
that a sorting transport agent is involved. Thepsast explanation would call for a transport bytbot waters
from the Greenland Sea to the Labrador Sea thrthegDenmark Strait (Innocent et al., 1997). Morepitds
striking that no further influence of "old" Nd che evidenced in the clay-size fraction of sampl@-300 (9.3
kyr), compared to other post-glacial sediments.ifi@uthis period, a massive discharge event, prgbasiulting
from the collapse of the Hudson Bay ice dome (k#laMarcel et al., 1994; Andrews et al., 1995), yided
massive sediment supplies from the North Americhiel8, as it is recorded in both silt fractionstiter
cohesive or not) of sample 309-310 (Figs. 2-4).

4. Concluding remarks

In the light of this study, it appears that Sm-Ngd#es on clay-size and silts fractions are completery. The
cohesive fraction of deep-sea sediments is clésigrogeneous, and their respective origin mayoleptetely
different. If the Sm-Nd signatures are differentnfr one grain-size to another, distinct informatioay be
derived. Clay-size fractions appear to constitine best tracer of sedimentary supplies transpdriedeep
currents. The coupled analysis of different sizetions may also help to draw preliminary conclosion the
transport agent. This may allow to trace simultarsgoboth the evolution of deep circulation patsethrough
time and of detrital supplies deriving from neadutcropping terranes.
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