
GEOPHYSICAL RESEARCH LETTERS, VOL. !9, NO. 8, PAGES 761-764, APRIL 24, 1992 

METALLIFEROUS SEDIMENTS AND THE SCAVENGING RESIDENCE TIME OF Nd 

NEAR HYDROTHERMAL VENTS 

Alex N. Halliday 1, Jon P. Davidson 2, Peter Holden 2, Robert M. Owen i and Annette M. Olivarez 3 

Abstract:. The isotopic composition of Nd is uniform in 
metalliferous sediments formed at distances varying from 
>1000 km to within 10 km of the East Pacific Rise (EPR) 
palaeoridge. These data indicate that hydrothermal vent 
fluids, despite having concentrations more than 500 times 
greater, have no effect on the Nd isotopic composition of 
seawater. This implicates efficient scavenging of 
hydrothermal Nd by particulates, resulting in extremely short 
residence times (< 1 year) close to the hydrothermal vents. 
Therefore Nd isotopic studies of ancient seawater 
precipitates, particularly metalliferous sediments, cannot be 
used to delimit the magnitude of past hydrothermal 
circulation without independent constraints on local 
scavenging rates (or residence times) relative to those of 
modem oceans. 

Introduction 

Estimates of the magnitude of hydrothermal fluxes in 
ancient oceans have been based in part on the Nd isotopic 
compositions of chemical sediments such as banded iron 
formations [Jacobsen and Pimental-Klose, 1988; Derry and 
Jacobsen, 1988]. It has been observed that the initial end of 
such early metalliferous sediments is relatively high. This 
has lead to the conclusion that Nd derived from oceanic crust 

was more important in the past because of higher 
hydrothermal fluxes. Modem metalliferous sediments are 
Fe-rich pelagic deposits formed by precipitation from 
hydrothermal plumes emanating from vents near ocean 
ridges such as the East Pacific Rise. They form one of the 
largest repositories of REE-rich particulates on the ocean 
floor and are deposited as the hydrothermal plume is wafted 
away from the ridge by ocean currents. In a recent isotopic 
study the variable influence of ocean ridge-derived 
hydrothermal Pb on such metalliferous sediment was 
demons•ated [Barrett etal., 1987]. White etal. [ 1986] also 
showed that there was a MORB-like component of Hf in 
seawater. In contrast, the isotopic composition of Nd in 
seawater has been shown to be regionally variable and to 
reflect the local ctntinental crustal provenanco of the rare 
earth elements (REEs), rather than hydrothermal components 
[Piepgras et al., 1979; Piepgras and Wasserburg, 1980, 1985; 
Goldstein and O'Nions, 1981; Palmer and Elderfield, 1985; 

1Department of Geological Sciences,University of Michigan, 
2Departrnent of Earth & Space Sciences, University of 
California at Los Angeles, 
3Department of Earth Sciences, University of Notre Dame 

Copyright 1992 by the American Geophysical Union. 
Paper number 92GL00393 
0094-8534/92/92GL_00393503.00 

Piepgras and Jacobsen, !988]. This is because particulate 
scavenging [Ruhlin and Owen, 1986; Klinkhammer etal., 
!983; Owen and Olivarez, 1988; Olivarez and Owen, 1989; 
German etal., 1990] results in short residence times 
compared with the mixing times of the ocean. Goldstein and 
Jacobsen [1987] utilized the Nd and Sr isotopic compositions 
of river waters and the oceans to show that the present 
hydrothermal flux of Nd to the oceans must be small (<5%), 
and obtained a residence time for Nd in seawater of 7 I00 

years [Goldstein and Jacobsen, 1988]. Here we show that the 
isotopic composition of Nd in metalliferous sediments from 
near the East Pacific Rise is totally unaffected by 
hydrothermal inputs. This is because of the importance of 
scavenging which prevents hydrothermal Nd from mixing 
with seawater on anything other than a local scale close to 
the vents. As such Nd isotopic compositions cannot be used 
to infer ancient hydrothermal fluxes without independent 
constraints on the extent of scavenging. 

Sampling and analytical approaches 

The metalliferous sediments in DSDP core from Leg 92 
(site 598), located to the west of the East Pacific Rise (19øS) 
represent a complete record of hydrothermal sedimentation at 
the flank of the East Pacific Rise over the last 16 Myrs. They 
are ideal for studying because of the absence of continent- 
derived detritus and lack of organic diagenetic remobilization 
of Fe and Mn [Ruhlin and Owen, 1986]. The lack of 
diagenetic modification is indicated by porewater Mn 
analyses and comparison of downcore Mn/Fe ratios with 
those of modem hydrothermal precipitates that originated 
from EPR vent fluids. Ruhlin and Owen [ 1986] showed that 
the REE concentration and ZREE/Fe ratio at this site 

decrease with increasing depth downcore and therefore 
increasing age of these sediments. This can be related to 
proximity of the ridge; the youngest sediments were formed 
1139 km from the palaeoridge whereas the oldest (deepest) 
sediments were formed only 9 km from the palaeoridge. The 
concentration of REEs in particulates might then be expected 
to increase as a result of scavenging from seawater, in 
proportion to the distance travelled by the hydrothermal 
plume from the ridge [Ruhlin and Owen, 1986]. A plot of 
rare earth element concentrations versus distance from 

pa!aeoridge axis displayed a break of slope at the age at 
which the sediments passed through the palaeolysocline 
suggesting that the concentrations were also affected by post- 
depositional scavenging at the seawater/sediment interface 
[Ruh!in and Owen, 1986]. The variations in REE 
concentration could then also reflect a decrease in burial rate 

with distance from the ridge. 
Six representative samples from DSDP Leg 92, site 598, 

covering the range in ages and palcodistance (9-1085 km) 
were selected for Nd isotopic analysis. Detailed descriptions 
of the samples can be found elsewhere [Ruhlin and Owen, 
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1986]. The sediments are composed almost entirely of 
mixtures of carbonates and metalliferous (hydr)oxides, the 
latter representing the overwhelmingly dominant repository 
of Nd. Attempts were made to isolate these components 
utilizing sequential leaching experiments as derailed in Table 
1. In the first experiment the bulk sediments were analyzed 
with no preparation. In the second experiment the samples 
were leached with hydrochloric acid, and the leachate and 
residue analyzed. The hydrochloric acid leach should 
dissolve carbonates, but is also expected to dissolve a large 
amount of the metalliferous oxides. For the third experiment 
two samples (oldest and youngest) were leached successively 
with water, acetic acid and hydrochloric acid to match the 
preparation used by Barrett et al. [ 1987] for Pb isotopic 
studies of sediments from the same site. The water is 

expected to dissolve only highly soluble phases (such as 
NaCI), whereas most carbonates will be soluble in acetic 
acid. The HC1 acid is expected to dissolve the main 
metalliferous (hydr)oxide phases. The small amount of 
residue in all these experiments (dissolved in hydrofluoric, 
perchloric and nitric acids) is expected to be a mixture of 
minor silicates and organic compounds. 

Nd isotopic compositions of metalliferous sediments 

The Nd isotopic compositions of each of the leachates 
and residues are presented in Table 1. Metalliferous oxide- 
dominated Nd isotopic compositions are to be expected from 
the bulk sediments and all the hydrochloric acid !eachates. 
These leachates have the same, or higher 143Nd/144Nd than 

the bulk sediment (Figure la). Similarly the bulk sediment 
has the same or slightly higher 143Nd/r44Nd than the 
residue. The residues (with relatively unradiogenic Nd) 
could represent a small component of atmospheric 
particulates. However these variations are trivial and the Nd 
isotopic compositions are effectively uniform, with no sign 
of a greater MORB contribution in older samples deposited 
closer to the paleoridge (Figure lb). The Nd isotopic 
compositions are more uniform and lower (eNd = -5.2 to 
-4.4) than the range for Pacific authigenic sediments reported 
by Piepgras et al. [1979] (eNd =-4.4 to -0.2). The higher 
values reported by Piepgras et al. were for metalliferous 
sediments and hydrothermal crusts. Comparable data were 
obtained O'Nions et al. [1978] and Goldstein and O'Nions 
[19811. 

The uniform Nd isotopic compositions cannot reflect late 
alteration of metalliferous oxides in the sediment pile. First, 
there is no evidence of REE enrichment with depth, as might 
be expected if the Nd isotopic compositions were due to late 
adsorption of REEs from downward penetrating fluids. The 
ZREEs decreases dramatically with depth, age and proximity 
to the palcoridge [Ruhlin and Owen, 1986]. Second, the 
Fe/Mn ratios and organic carbon concentrations, which are 
very sensitive to diagenesis, are clearly well preserved 
[Olivarez and Owen, 1989]. Third, the oldest samples have 
the lowest REE concentration and should have suffered the 
most extensive alteration. Yet these have the most 

pronounced positive Eu anomalies relative to seawater 
[HOgdahl et al., 1968] indicating the preservation of a 
significant hydrothermal component [Ruh!in and Owen, 

TABLE 1. 143Nd/144Nd ratios of DSDP sediments from site 598 

Sample number 1 2 3 4 5 6 

DSDP number 1/1-46/48 
Age (Ma) 0.47 
Distance from paleoridge (km) 1085 
Nd ppm 155 
(1) Bulk sediment 0.512373+7 
(2) Hydrochloric acid leach 0.512389+8 
(2) Residue 0.512384+11 
(3) Water leach 0.512377+15 
(3) Acetic acid leach 0.512379_+9 
(3) Hydrochloric acid leach 0.512411+12 
(3) Residue 0.512372.•. 12 

1/3-88/90 2/4-28/30 3/13-!8/20 4/6-19/21 5/6-58/60 
3.89 8.74 12.3 !4.6 15.9 
802 450 227 85 9 
229 95 70 66 54 
0.512380-2_8 0.512426_+9 0.512409+8 0.512418+7 0.5123905-_6 
0.512429+7 -- 0.512451+8 0.512435+7 0.512402•4 
0.512365+13 0.512377+13 -- 0.512421+23 -- 

........ 0.512387-+9 

........ 0.512390•_10 

........ 0.512360•_12 

All data obtained at the Radiogenic Isotope Geochemistry Laboratory at the University of Michigan, using standard ion exchange 
separation techniques and a VG Sector moulticollector mass spectrometer, as described elsewhere (Hal!iday et al., 1989). %e 
average value of I43Nd/144Nd for the La Jolla Nd standard was 0.511855+8 (2c• mean, n=18). Numbers in parentheses denote 
separate experiments (see text). For the detailed leaching experiment (3) on samples ! and 6, the following procedure was 
adopted. The powdered sample was slurried in pure deionized H20 and left for c_. 18 hours, warmed for 1/2 hour and filtered. 
The tiltrate (containing water-soluble components such as salt), was centrifuged and any precipitate which had circumvented the 
filtration process was discarded. It was then evaporated and taken up in ! ml of 2.5N HC1, and analyzed for 143Nd/144N d 
following standard ion exchange separation. The residue was rinsed from the filter paper into a beaker, evaporated to dryness, 
and !0% distilled acetic acid added. This should have resulted in the dissolution of most carbonate. The leachate and residue 
were again separated by filtration and the leachate analyzed. The residue was evaporated to dryness, then leached with 10% 
distilled HC1 for 2 hours. Leachate and residue were separated as before and the HCl-soluble component analyzed. Followi ng 
evaporation, total dissolution of the remaining residue was achieved using HF, HNO 3 and HC10 4. This fraction was t•e• 
analyzed. 
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Fig. 1. Variation in isotopic compositions of metalliferous 
sediments from DSDP Leg 92, Site 598, located to the west 
of the East Pacific Rise (19øS), as a function of age. a) 
143Nd/144Nd of bulk sediments, metalliferous oxide 
leachates, and leachate residues. b) data shown in (a) relative 
to field for East Pacific Rise basalts [White et al., 1987]. c) 
Pb isotopic data of Barrett et al. [ 1987] for metalliferous 
oxide leachates relative to field for East Pacific Rise basalts 

[White et al., 1987]. 

1986], consistent with their original deposition site, closest to 
the palcoridge. Last, major element studies of pore waters 
suggest a minor amount of carbonate dissolution; otherwise 
no significant post-depositional effects. 

The results for Nd contrast with those for Pb [Barrett 
et al, 1987], which show a clear MORB component over all 
Leg 92 sites, which increases with proximity to the 
vents (Figure lc). This is not surprising in view of the fact 
that ocean floor hydrothermal solutions may contain up to 
2,000 ppm Pb [Vidal and Clauer, 1981; Brevart et al., 198 !] 
but less than 0.01 ppm Nd [Hink!ey and Tatsumoto, 1987]. 
Nevertheless, the hydrothermal component should still be 
detectable in the Nd isotopic compositions if they contribute 
as little as 3% of the Nd. The concentrations of Nd in vent 
fluids relative to seawater typically lie in the range 6 - 100 

[Michard et al, 1983; Piepgras and Wasserburg, 1985; 
Michard and A!bar•de, 1986; Hinkley and Tatsumoto, 1987], 
the variability reflecting dilution with seawater, and 
interaction and scavenging en route to the sampling site. 
Given the extremely low concentrations of Nd in seawa'ter 
(<10 -5 ppm) [HOgdahl, 1968], compared with concentrations 
500 times higher in projected endmember EPR vent fluids 
[Hinkley and Tatsumoto, 1987], the ratio of vent fluid to 
seawater needs to be < 0.001, even at a distance as close as 9 
km from the pa!eoridge, unless Nd is being very efficiently 
removed by scavenging close to the vents. 

A rough independent estimate of the amount of vent fluid 
relative to seawater in the vertical section overlying the 
pa!eosediment surface can be obtained from Mn/N:d ratios in 
the sediments. The Mn in the metalliferous sediment is 

derived wholly from the hydrothermal component since the 
Mn enrichment in the plume relative to seawater is 10 6. The 
isotopic data presented here indicate that the Nd is derived 
entirely from seawater. The ratio of Nd in seawater to Mn in 
hydrothermal vent fluids is roughly 7x!0 -5 [German et al., 
1990; Von Damm et al., 1985]. The sediment deposited 9 
km from the ridge has a Mn/Nd ratio of 5400 [Ruhlin and 
Owen, 1986]. ignoring differential scavenging, the product 
of these two figures (0.4) gives an order of magnitude value 
for the hydrothermal fluid/seawater ratio at this distance. 
The average seawater residence time of Nd was determined 
by Goldstein and Jacobsen [Goldstein and Jacobsen, 1988] at 
7100 years. This is considerably in excess of the scavenging 
residence time of Mn in a hydrothermal plume determined by 
Weiss [1977] at 50 years. However the only way for the 
hydrothermal fluid/seawater ratio of < 0.001 calculated using 
the Nd isotopic data to be reconciled with that calculated 
using Mn/Nd ratios is for the scavenging residence time of 
Nd to be less than 50 years. Post~depositional scavenging of 
Nd would not affect this conclusion, and the data implicate 
rapid scavenging near the vents, effectively removing the 
hydrothermal component of Nd such that there is no 
contribution to the metalliferous sediments. Application of 
models quantifying trace element scavenging in ternas of 
residence time relative to dispersal rate in the oceans [Weiss, 
1977; Craig, 1974] indicates that localized residence times 
for hydrothermal Nd from the plume have to be extremely 
short (< 1 year) to achieve even a factor of 2 reduction in 
concentration within !0 kms of the vents. The most likely 
explanation of such rapid scavenging is that Nd is removed 
instantaneously at hydrothermal vents, presumably by 
absorption on the surfaces of the large volumes of dense 
particulates produced in and around the plumes [Olivarez and 
Owen, 1989; German et al., 1990]. 

Hydrothermal Nd is not incorporated to any great extent 
in ocean circulation at the present time, as predicted by 
Piepgras and Wasserburg [! 980] and Goldstein and Jacob,,;en 
[1987]. It is for the same reason that the REE pattern of 
seawater shows only localized minor evidence of enhanced 
Eu relating to the positive Eu anomaly in hydrothermal, •ent 
fluids [Goldstein and Jacobsen, 1988]. Similarly, 
hydrothermal fluxes are better estimated by mass bala]'•cing 
the Sr rather than Nd isotopic compositions of seawater and 
continental runoff [Goldstein and Jacobsen, 1987]. 

Increased hydrothermal ridge fluxes will probabl,y not 
change this scenario since it is the hydrothermal pa•,•dculates 
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themselves that are causing the scavenging [Owen and 
Olivarez, 1988, 1989]. The greater the contribution of 
hy•'othermal particulates the more efficient the scavenging 
and the less hydrothermal Nd enters the oceans. The Nd 
isotopic compositions of metalliferous sediments ancient and 
modem are therefore an ineffective monitor of the intensity 
of ocean floor hydrothermal activity. The extent to which 
the Nd isotopic composition of a metalliferous sediment 
indicates the importance or otherwise of hydrothermal fluxes 
will cleaxly depend on proximity of the plume source, the 
plume velocity and residence times. REE residence times are 
a function of scavenging, which is dependent on ocean 
chemistry. Hence use of Nd isotopic compositions of 
chemical sediments for studying palcogeography of 
continental land masses could yield ambiguous results for the 
Precambrian, since REE residence times may have been 
longer because of greater solubility of Fe in the early oceans. 
It is therefore critical to understand the relative importance of 
scavenging in the geological past, and to document the 
isotopic composition of Nd in the continental sources 
exposed at the time in question, before the Nd isotopic 
compositions of Precambrian banded iron formations in 
particular, can be utilized to indicate the magnitude of 
ancient hydrothermal fluxes [Jacobsen and Pimental-Klose, 
9881. 
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