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The radionuclide 2'°Pb shows significant geographic variations in the extent of its removal from the open ocean
water column. This “ texture of scavenging” is defined by mapping: (1) the integrated deficiency of 210pp in the water
column, relative to its supply from the atmosphere and from in situ decay of dissolved 226Ra, and (2) inventories of
excess -19Pb in deep-sea sediments. The ratio of 219py, deficiency to its supply, termed the scavenging effectiveness, is
~20% in the North Equatorial Pacific and ~ 50% in the North Atlantic. This variation is related to the combined
effects of uptake of 21°Pb onto sinking particles and lateral transport of 219Ph to areas of more intense removal.
Sediment inventories of excess 2!°Pb, normalized to the 21°Pb deficiency in the overlying water column, permit
evaluation of the relative importance of these effects. In the North Equatorial Pacific virtually all of the 210pp removed
from the water column is present in the underlying sediments but in the mid-latitude North Atlantic, the sediments
comprise only about 50% of the >!Pb removed. The deficiencies of 210Ph in the mid-latitude North Atlantic sediments
south of 50°N are qualitatively offset by surpluses in high-latitude sediments north of 50°N. Higher primary
productivity and new production in the surface waters of the high-latitude North Atlantic and North Equatorial
Pacific, relative to the oligotrophic central North Atlantic, may account for the greater fluxes of 219pph to bottom

sediments in those areas.

1. Introduction

Oceanic mass balances for chemical species are
commonly constructed by comparing inputs via
the atmosphere, rivers or hydrothermal sources
with outputs such as incorporation in sediments.
Such a procedure is often constrained by inherent
uncertainties in the magnitudes of sources or sinks
and seldom permits assessment of regional varia-
tions in supply or removal. The naturally occur-
ring **U, 25U and **Th decay series contain
several tracers which are produced in the oceans
from decay of parent nuclides dissolved in sea
water. These tracers are well suited for the con-
struction of mass balances because distributions
of their radioactive parents are rather well known,
permitting the regional variations in supply of the
daughters to be mapped. 2'°Pb (half-life = 22.3 yr)
is one such radionuclide, produced principally
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from decay of its grandparent **°Ra, but also
added to the surface ocean from the atmosphere.

The residence time of *'°Pb with respect to
scavenging is short in the surface ocean, of the
order of 1 year, while in the deep ocean the value
is 30—-100 years [1,2]. This relatively long residence
time in the deep ocean permits *'°Pb to be trans-
ported from areas of low scavenging intensity to
areas of more rapid removal. This pattern has
been recognized through water column distribu-
tions [3-5] and through the identification of areas
such as the west coast of the U.S.A. with greater-
than-expected inventories of excess *'°Pb in bot-
tom sediments [6,7]. Scavenging and transport in
both the vertical and lateral sense affect the distri-
bution of ?"Pb in the open ocean. The former
includes uptake of '®Pb onto suspended particles
which can be aggregated as fecal pellets or marine
snow and sink through the water column. The
latter includes isopycnal transport of *'°Pb to
areas of strong removal.

The vertical component of *'°Pb scavenging
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can be measured directly in the open ocean through
measurements of 2'°Pb in sediment trap material
or inventories of excess 2'’Pb in deep-sea sedi-
ments. Indeed, *'°Pb is commonly distributed
through the upper 10 cm of deep-sea sediments by
particle mixing by organisms and is a useful tracer
to determine the rate of such mixing [8-15]. Un-
der steady-state conditions, the inventory of ex-
cess Z°Pb (?'°Pb,,), or the integrated activity of
210pb unsupported by *?Ra, in a deep-sea sedi-
ment core represents the flux of *'°Pb to the sea
floor averaged over about 4-5 half-lives or 100
years. The flux required to support the inventory
is obtained by multiplying by the decay constant
for 2'°Pb and represents the mean flux of *'°Pb to
the seafloor. We note that the ?'°Pb flux measured
in near bottom sediment traps may not equal that
derived from excess 2'°Pb inventories in bottom
sediments if scavenging of *'°Pb at the sediment—
water interface is occurring [3,4,16]. However,
Nozaki [16] has shown that scavenging at the
seafloor is slow compared to mixing of water and
that near-bottom *!°Pb profiles from the Pacific
can be explained without enhanced scavenging at
the sediment-water interface.

Removal of ?'°Pb from the water column at
any given site thus represents the combined effects
of the vertical (diapycnal) and lateral (isopycnal)
processes of scavenging and transport, and varia-
tion of the strengths of these processes from place
to place defines the “texture” of °Pb scavenging
in the open ocean. It is the goal of this paper to
provide insight into the texture of *'°Pb scaveng-
ing by comparing the observed *'°Pb removal
from the water column with fluxes measured in
near-bottom sediment traps or calculated from
sediment core data. If the ?'°Pb flux measured in
near-bottom sediment traps or calculated from
excess 2'°Pb inventories in underlying sediments
equals the removal from the overlying water col-
umn, diapycnal processes must dominate the re-
moval. If, on the other hand, ?'°Pb removal from
the water column is unequal to the flux to the
underlying sediments, there must be import or
export of 2!°Pb from the area by lateral processes.

The data for comparison of water column re-
moval and sediment inventories of ?°Pb are most
complete for the North Atlantic and North Pacific
Oceans and we focus our discussion on these
areas.

2. Analytical methods

Some of the water column and sediment mea-
surements of 2!°Pb used here have been previously
published, and analytical procedures are discussed
in the primary references. We also present new
water column data from the Northwest Atlantic
Ocean (Table 3) and sediment data from the North
Atlantic and North Pacific (Table 2, Appendix).
Water samples were collected with 30 1 Niskin
bottles, often paired 10 m apart to provide suffi-
cient sample for analysis of transuranic ra-
dionuclides [17]. The samples were promptly
transferred to 60 1 Delex containers, acidified to
pH of 1-2 with HNO; and transported to the
laboratory. Aliquots of 4 1 were withdrawn from
the 60 1 samples for 2'°Pb analysis. **Po or **Po
yield tracers and 100 mg of Fe were added and
NH,OH was used to precipitate Fe(OH); which
carried the Po. The precipitate was dissolved in
1.5N HCI, ascorbic acid was added and Po was
auto-plated onto silver disks. All samples were
analyzed after at least one year of storage, and
29Po and *°Pb are presumed to be in equi-
librium.

Sediment samples were collected using large
area (generally 2500 cm?) box cores from which
subcores were taken. Sediment from the subcores
was dried at 70°C for 24 h and ground to a
powder. Samples of up to 1 g were totally dis-
solved in a mixture of HCl, HNO; and HF in the
presence of 2%Po or ?°Po yield tracers. Following
evaporation and dissolution in HCI, Po was plated
in the same manner as the water samples. All
samples were processed long enough after collec-
tion so that ?'°Po and *'°Pb were in equilibrium.
Following plating of Po, ?°Ra was determined on
the sample solutions using the ?Rn emanation
method [35].

Some sediment samples also were analyzed by
non-destructive gamma spectrometry using the
46.5 keV *'°Pb peak and the 352 keV ?*Pb peak
for #Ra [18]. All sediment ?'°Pb,, data have been
corrected to the time of collection of the core [10].

Sediment trap samples were collected at 1464
and 4832 m in the Nares Abyssal Plain. The 5-cup
Oregon State University design was used, with
sodium azide as a preservative [19]. Dried samples
were analyzed for *'°Pb by the same procedure
used for sediment samples.
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3. Results and discussion

3.1. Water column and sediment *'°Pb data

Several sets of data are necessary to calculate
the removal of 2!°Pb from a given water column:
(a) the dissolved **Ra profile; (b) the 210Pp pro-
file; and (¢) the atmospheric flux of *'°Pb. The
220Ra profile defines the in situ production of
210pp which, added to the atmospheric supply of
210py, we refer to as the rtotal supply of *'°Pb to a
given water column. The integrated activity of
219ph present in the water column is subtracted
from the total supply to get the water column
210py, deficiency or activity of ?'°Pb removed from
the water column.

The largest data set for both water column
226Ra and 2'Pb is the GEOSEcs data from the
Atlantic, Pacific and Indian Oceans (summarized
in [20]). The extent of data coverage for *'°Pb
increased from the Atlantic to Pacific to Indian
Ocean during the course of the GEOSECS program,
while ?°Ra analyses were performed to about the
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same extent in the three oceans. For purposes of
comparison with sediment *'’Pb data, this pattern
is an unfortunate one in that the greatest sediment
coverage is in the North Atlantic and North Equa-
torial Pacific.

An additional complication is that the water
column ?'Pb data are not without analytical
problems. In the Atlantic and Pacific, many of the
210Pb analyses were made from samples collected
with Gerard barrels. Bacon et al. [3] have shown
that dissolved and particulate '°Pb analyses made
on Gerard samples taken in the Pacific often gave
inconsistent results, with the particulate ?'’Pb ac-
tivity dominating the total activity in some cases.
They ascribed this to the presence of quantities of
rust which came from tools inadvertently dropped
into the barrels. Under such circumstances, it is
difficult to be confident of the measured *'°Pb
values.

Additional measurements of *'°Pb in Pacific
GEOSECs samples show similar problems. *'°Pb
analyses were made on samples collected from
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Fig. 1. North Atlantic water column stations and sediment core locations for which 21°Pb data are available. Letters and numbers
refer to station code in Tables 1 and 2. Solid circles = sediment cores, open diamonds = water column stations.
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Gerard barrels and also on library samples drawn
from Niskin bottles. Comparison of the analyses
of Gerard samples at Scripps Institution of Oce-
anography [21] with the filtered library samples
from the same profile analyzed at Yale [22] shows
that the former are commonly about 30% less than
the latter [23]. Such a pattern could be produced
by the same artifacts which affected the Atlantic
samples as well as by uptake of *’*Pb on the walls
of the Gerard barrels themselves. In general, we
have used *'°Pb analyses of water collected in
Niskin bottles to calculate *'°Pb removal from the
water column [22-26,48, this study]. The only
exception is the use of four stations taken by
Bacon et al. [3] in the North Atlantic. The sample
coverage is limited in this region, and the 210p,
results from these samples are consistent with our
new results for the Nares and Hatteras Abyssal
Plains. For all the profiles, *26Ra and *'°Pb inven-
tories in units of dpm/cm’ are calculated by inter-
polating the activities between the depths analyzed,
multiplying by the depth interval and summing
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the results. The locations of all the water column
stations used in the calculations are shown in Figs.
1 and 2.

The final component of the calculation of >'°Pb
removal from the water column is the atmospheric
flux. Turekian et al. [27] modeled this flux on the
basis of estimated radon emanation rates from the
continents, atmospheric circulation rates and
aerosol mean residence times. Because of the pre-
vailing west—east air circulation in the mid-lati-
tudes, their model predicted that the atmospheric
flux of *'°Pb to the ocean surface should decrease
from west to east across the Pacific and Atlantic
Oceans. Turekian et al. [27] also predicted that the
“19Pb fluxes would be lower in the southern hemi-
sphere (15°-55°S) than in the northern hemi-
sphere (15°-55°N) because of the greater
integrated land area in the latter. However, mea-
surements by Turekian et al. [28] show that the
flux of *'°Pb in Bermuda (0.69 dpm/cm?/yr) is
comparable to that on the west coast of Great
Britain (0.5 dpm/cm?/yr, cited in [27]). In the
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Fig. 2. North Pacific water column stations and sediment core locations for which 2'Pb data are available. Letters and numbers refer
to station code in Tables 1 and 2. Solid circles = sediment cores, open diamonds = water column stations.
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Fig. 3. Scavenging effectiveness for 2’°Pb in: (a) the North Atlantic, and (b) the North Pacific Ocean. Maps are based on water
column stations from Figs. 1 and 2. Scavenging effectiveness (calculated as %) is the water column 2'°Pb deficiency normalized to the
supply from the atmosphere and in situ decay of dissolved 226Ra. See text for discussion.
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Pacific, 2'°Pb fluxes measured as part of the SEAREX
program show a constant and relatively low value
of 0.2-0.3 dpm/cm?/yr throughout much of the
North Pacific [29]. These patterns differ from the
predictions of the Turekian et al. [27] model be-
cause continent-derived aerosols are scavenged
from the boundary layer relatively close to the
continental margin, and atmospheric deposition of
210Pp in the open ocean is governed by supply of
aerosols from the mid—upper troposhere to the
marine boundary layer and from there, to the sea
surface [29].

In the present study we use atmospheric fluxes
measured in Bermuda (0.69 dpm/cm?/yr; [28])
and Great Britain (0.5 dpm/cm’/yr) for stations
in the western and eastern North Atlantic respec-
tively. The average value from the SEAREX dust
network (0.25 dpm/cm’/yr; [29]) is used for the
North Equatorial Pacific. An intermediate value
of 0.3 dpm/cm? /yr calculated by Bacon et al. [24]
is taken for the high-latitude North Atlantic.

Having assembled the relevant information, we
calculate the total supply of *'°Pb to a given water
column as the sum of the **Ra inventory and the
standing crop of *'°Pb supported by the atmo-
spheric flux. This sum represents the total *'°Pb
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available for scavenging, and values range from 27
to 186 dpm/cm’® (Table 1). Subtracting the mea-
sured 2'°Pb inventory in the water column from
the total supply gives the water column *°Pb
deficiency. This value represents the activity of
210pp scavenged from the water column and ranges
from 16 to 66 dpm/cm” (Table 1). Table 1 gives
additional information on the stations and calcu-
lations.

Comparison of the water column *'°Pb de-
ficiency at different sites requires normalizing the
deficiency to the total >'°Pb supplied to the water
column at that site. We term this ratio the
“scavenging effectiveness” in that it describes how
effectively 2"Pb is removed from the water col-
umn. Percentage values of scavenging effective-
ness range from 11 to 68% (Fig. 3, Table 1). The
concept of scavenging effectiveness (SE) is di-
rectly related to the residence time of *'°Pb with
respect to scavenging, by equation (1):

1 1
Tscav = (ﬁ: _1)m (1)
Values for 7, range from 15 to 260 yr (Table 1).

Inventories of excess 2'°Pb in deep-sea sedi-
ments are calculated from measurements of 2'°Pb

Activity(dpm/100kq)
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Fig. 4. Depth profiles of total 210ph (particulate and dissolved) (dpm,/100 kg) at stations in the Nares and Hatteras Abyssal Plains of

the Northwest Atlantic Ocean.



21%pp SCAVENGING IN THE NORTH ATLANTIC AND NORTH PACIFIC OCEANS 339

TABLE 2
210
Water Pbys Dry Sediment )
depth 1nvent05y bulk degsity Sediment accumulation rate Sediment_inventory
Code Core Location (m) (dpm/cm”) (gdry/cm wet) type (cm/ky) Core type Water column deficiency Reference
4
PACTFIC OCEAN (A-N)~
1 ERDC-928X 02°13.5’S,156°59.9'E 1598 11 0.60 carbonate 1.0-2.3 Box Core .33 [9]
2 A7-16 09°02'N, 151°11'W 5050 35 0.25 siliceous 0.15 Box Core 1.06 [36]
3 58BX 00°N, 140°W - 20 0.21-0.64 .- 0.2 Box Core .61 [59]
4 658X 07°N, 140°W -- 11 0.08-0.21 -- 0.2 Box Core .33 X
§ MANOP Site € OI°N, 139°M 4450 26:5“(n-5) 0.38-0.68 carbonate -- Box Core, Lander .19 [10],This Stud;
6 B52-39 11°15'N, 139704’ 4830 40 0.28 siliceous 0.3 Box Core 1.21 (36}
7 53BX 01°N, 125°W - 31 0.05-0.29 -- -- Box Core .94 [50)
8 (57-58 15°20'N, 125*54'W 4640 38 0.4 siliceous 0.14 Box Core 1.15 {36)
9 52BX O1°N, 118°W -- 38 0.03-0.45 -- -- Box Core 1.15 {50]
10 MANOP Site M 09°N, 104°W 3100 ZdtQaSH 3) 0.16-0.30 metalliferous -- Box Core, Lander 73 [19]
11 MANOP Site H 06° 30 N,92°50'W 3570 22t15 (n-4) 0.10-0.26 hemipelagic --  Box, Alvin, Lander Core .67 [10],This Stud
12 MANOP Site S 11°N, 140 W 4900 23128% {n=3) 0.24-0.38 siliceous .- Box Core, Lander .10 "
13 PB81-2 05° 20 7'N,81°56.2'W 3990 136 0.18-0.40 hemipelagic 2.3-3.8 Alvin Push Core 4.1 [51]
14 KH-80-2-5 40°00.2°N,150°00.0'E 5509 7 0.30 -- 0.5 Tripod Core .21 [55]
15 KH-80-2-6 39°02.5N,166°00.3°E 5654 18 0.36 -- 0.9 Tripod Core .55 .
16 KH-80-2-8 38°03.3’N,179°45.7'W 5548 3 0.35 -- 0.9 Tripod Core .09 .
17 KH-80-2-9 38°0G.0’N,170°00.8'W 5381 21 0.35 -- 0.4 Tripod Core .64
ATLANTIC OCEAN
Northwest Atlantic (W of 40°W, S of 50°N; AA-0DY)
18 7766-2 26°N, 73°W 5197 12a 0.58-0b74 -- 0.5-2.0 Box Core .32 [11]
19 Hatteras 33°N,70°W 5300 2016°(n=7) 0.60 1ithogenous Box Core .53 [44]
Abyssal Plain
20 77G6-4 32°N, 71°W 5200 13 0.66-0.85 -- 0.5-2.0 Box Core .37 _[11]
21 Nares Abyssal P1a1n 23°N,64°W 5750 914%(n=8) 0.78 -- Box Core .24 This Study
39 HEBBLE Site
{Composite 40°26.5'N,62°20.5'W 4820 67 .50-1.0 terrigenous clay - Box Core 1.8 [38]
of 20 cores)
Northeast Atlantic (E of 40°W, S of 50°N; FF,GG,HH, VV } b .
25 KNS1 Core 11 45°14.0'N,36°04.0'W 4189 0.60 -- -- Gravity Core 1.0 This Study
28 76G4-11 21N, 27°W 5032 12 0.80-0.93 -- 0.5-2.0 Box Core .41 [l‘ll]
29 76G4-10 20‘N. 25°W 4660 12 0.82-0@5 -- 0.5-2.0 Box Core .41
30 CIR9/81 161 35°N, 20°30'W 5161 25 0‘60b -- 1.8 Box Core .86 [15]
31 CIRS/81 174 39°N, 17°W 5448 2 0'60!) -- 0.8 Box Core .07 "
32 Eastern North Atlantic [ 46°N, 17°W 4760 10t1(n=2) 0.60b -- 2 Box Core .34 [15]
33 Eastern North Atlantic II 46°N,16°W 4400 9+2(n=8) 0.60, calcareous 2© Box Core .31 [14])
34 KNS4 Core 15 45°36.5°N,12°34.3'W 4900 15 0.60 -- .- Gravity Core .52 This Study
42 Great Meteor East 31°N, 25°W 5400 1745(n=5) 0.5 terrigenous/carbonate 0.5-1 Box Core .59 [54]
Mid-ocean Ridge (Flank and crest, vicinity of 35°N; FF,GG,HH, VV ) b
22 INMD 50 32°N, 3500 5 .6 calcareous 1.0 Box Core 17 [53]
24 FAMOUS 527-3 36° 45 5 N 33°15.3'W 2600 76 0.72-0.75 -- 2.9 Alvin Push Core 2.6 [8]
North Atlantic (N of 50°N; SS.TT,UU,Wd) b
23 1 Core 3 52°10.3'N,42°07.8'W 4169 13 0.60b -- -- Gravity Core .65 This Study
26 KNS1 Core 7 52°39.5'N,35°31.6'W 3710 43 0.60b -- -- Gravity Core 2.2 "
27 KNS1 Core 20 52°22.8' N,SZ 17.2'W 2575 27 0.60b - -- Gravity Core 1.4 b
35 KN51 Core 13 S6°16.2°N,24°24.1'W 3200 12 0.60 -- -- Gravity Core .60 "
36 KN54 BC52 61°55.7'N,17°13.2’'W 2195 46 0.55—0b71 -- -- Box Core 2.30 "
37 KN54 BCS0 60°07.9'N,16°05.0°'W 1885 19 0.62 -- -- Box Core .95 "
38 KN54 BC40 63°50.0'N,00"54.0'E 2197 30 0.49-0.67 -- -- Box Core 1.5 "
40 Newfoundland ~50*N,47°W 1500-3200 1146(n=3) 7 terrigenous clay 9 Box Core .58 [47}
slope/rise (>2000m)
Venezuela Basin (EEd)
41 Venezuela Basin ~14°N,-66°W 3500-5050 45+21(n=4) - terrigenous/carbonate -- Box Core 1.0 [46]
40+18(n=10) -89

a

® Estimated core bulk density.
© Average sedimentation rate stated in reference.

Value given is mean + one standard deviation.

Mean water column 2'°Pb deficiency from indicated stations (Table 1) used to normalize sediment 2!°Pb inventories.

and **Ra activities (dpm/g), using equation (2): thickness of ith depth interval (cm). It is often the
_ 210 226

I= Z(Pi A AX, ) ) case that “°Pb and‘ Ra are no.t measu_red on

- every sample and interpolation is required to

where: I = inventory of excess '°Pb (dpm/cm?);

=dry bulk density (g dry sediment/cm’® wet
sedlment) of the ith depth interval; A’ = excess
210Pb activity (dpm/g) of the ith depth interval,
calculated as total #210p, —*226,; and AX, =

calculate inventories. Dry bulk densities, when not
measured or reported, have been estimated from
regional values obtained from nearby sites or from
sediment composition parameters such as the per-
centage of calcium carbonate [30].

One constraint in applying eq. (2) is whether
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210Pb measurements are made deep enough in a
core so that equilibrium is reached with **Ra. In
general, we have considered this condition satis-
fied if excess *'°Pb decreases to 10% of its interfa-
cial value. In other cases, an inventory can still be
calculated by fitting an exponential through the
data and integrating. The sites for which sediment
210ph inventories have been calculated are shown
in Figs. 1 and 2 and the data are summarized in
Table 2.

3.2. 21%Pb scavenging in the North Atlantic

The Nares and Hatteras Abyssal Plains in the
Northwest Atlantic Ocean provide a useful exam-
ple of the approaches outlined above for determin-
ing the extent of ?"°Pb removal from the water
column because water column profiles of 2'°Pb
and ***Ra, fluxes of ’°Pb in sediment traps and
inventories in bottom sediments have all been
measured at these sites.

Water column profiles of !°Pb and ***Ra show
210Pp excesses in surface waters (Fig. 4, Table 3).
This pattern is due to the atmospheric supply of
210ph to the surface ocean, yet calculation of the
inventory of “excess” 2!Pb relative to **Ra in the
upper 1000 m produces values considerably less
than expected from the atmospheric ’°Pb flux at
these sites. This indicates that most (~ 80%) of the
atmospherically-derived *'°Pb has been removed
by scavenging. Below about 1000 m, 2'°Pb activi-
ties are deficient relative to **Ra and this pattern
persists to the sea floor. The 2'°Pb profiles at the
two sites are quite similar to each other and to
previous measurements in the area by Boyle et al.
[31]. This indicates relatively little lateral variabil-
ity in this region of the open Northwest Atlantic.

Integrating the water column *?°Ra activity
gives 68 dpm/cm? at Nares and 58 dpm/cm’ at
Hatteras (Table 1). The difference is due to the
greater water depth at Nares. The atmospheric
flux at both sites is taken to be the Bermuda
value, 0.69 dpm/cm®/yr [28], which produces a
210pp standing crop of 22 dpm/cm?, and the total
supply of 21°Pb to the water column is 90 dpm/cm?
at Nares and 80 dpm/cm? at Hatteras. The *'°Pb
present in the water column, obtained by integrat-
ing the 1°Pb profiles (Fig. 4), is 51 dpm/cm’ at
Nares and 43 dpm/cm® at Hatteras. Thus 39 and
37 dpm *°Pb/cm?® or about 45% of the total
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TABLE 3

219ph in water samples from the Nares and Hatteras Abyssal
Plains, Northwest Atlantic

Depth (m) 210pp (dpm /100 kg)
Nares Abyssal Plain (23°12.0'N, 63°58.9'W, 5840 m)
3 19.0+1.0
834 122+4+1.0
1060 79+1.0
1442 71+0.7
2550 9.2+22
3331 75+0.7
4124 6.410.6
4994 6.1+0.6
5681 7.6+0.6
5788 6.8+0.5
Hatteras Abyssal Plain (32°48.6’N, 70°44.6' W, 5400 m)
3 14.7+1.7
158 123+1.6
208 11.7+14
857 8.8+0.9
978 7.240.7
1592 9.5+0.8
2945 8.7+0.8
3384 72407
3978 3.5+0.6
4584 5.840.6
5300 6.14+0.7

supply of *!°Pb has been scavenged at Nares and
Hatteras, respectively.

These values can be compared with measure-
ments of the vertical flux of >'°Pb at the Nares
site. Sediment trap samples were collected over
successive intervals of 78 days for a one year
period (1983-1984) at two depths, 1464 and 4832
m. Samples taken at both depths show good corre-
lation between both mass flux and organic carbon
flux and *'°Pb flux (Fig. S). A similar observation
has been made by Moore and Dymond [33] for
sediment trap samples collected in the Pacific.
These correlations can be explained in the context
of the scavenging model for reactive nuclides pro-
posed by Bacon and Anderson [34]. In this model,
radionuclides such as ?°Pb are adsorbed onto
small suspended particles which sink only very
slowly. The small particles and associated radio-
nuclides can be packaged into larger, rapidly sink-
ing particles such as fecal pellets which are
removed from the water column. The latter con-
stitute most of the mass flux recorded in sediment
traps. Thus an increase in bulk flux or flux of
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Fig. 5. 21°Pb flux (dpm/cm?/yr) vs a) mass flux (mg/cm?/yr)
and b) organic carbon flux (pg/cm?/yr) for sediment traps
deployed at 1464 and 4832 in the Nares Abyssal Plain. The
samples at each depth were collected sequentially by means of
a rotating cup. Each point corresponds to ~ 78 days of sample
collection. Points marked with question marks denote the final
cup which was open at retrieval and may have lost material.
These values were not used in computing mean fluxes at each
depth, denoted by the crosses. Lines through the data are
linear least square fits.

large particles results in an increased flux of
packaged small particles and associated *'°Pb (Fig.
5).

The second observation we make regarding the
sediment trap data is that the mean flux of !°Pb
increases from 0.22 to 0.51 dpm/cm?/yr between
the 1464 and 4832 m traps (Fig. 5). This is a result
of continued uptake of *'°Pb on small particles as
they are transferred through the water column by
packaging into large particles and the disintegra-

tion of the large particles back into small particles.
Because production of 2°Pb from 2**Ra decay
occurs throughout the water column, additional
scavenging can take place as the particles sink.
The mean flux of ?°Pb recorded in the 4832 m
trap supports a steady-state removal of 16 dpm
219Pb /cm? from the water column and should be
comparable to the inventory recorded in sedi-
ments at the site. We note that the flux of 2'°Pb
measured in the sediment trap accounts for less
than half of the *!°Pb removal from the water
column (39 dpm/cm?).

Sediment profiles of !°Pb from cores taken at
Nares show excess 2'°Pb present to depths of 3-8
cm (Appendix), and inventories calculated from
these profiles vary from 3.6 to 14.0 dpm/cm’.
This variation occurs not only on the scale of
sampling at the Nares Abyssal Plain (10-50 km
between stations), but also on the scale of a single
box core. For example, Smith et al. [14] measured
excess 21°Pb on subcores of box cores taken in the
northeast Atlantic and showed that inventories
varied by as much as a factor of 6 for two sub-
cores taken within ~ 25 cm of one another. This
pattern is probably due to patchiness in the den-
sity and activity of the benthic fauna, which serves
to distribute ?'°Pb throughout the upper decimeter
of deep-sea sediments. It is likely that integrating
over a larger area of the sea floor when taking
samples for inventories of 21°Pb or other short-
lived radionuclides will reduce the variability in
the measured inventories. Indeed, Cochran and
Krishnaswami [36] sampled the entire area of these
2500 cm?® box cores taken in the North Equatorial
Pacific and found relatively little variation in
219pp__ inventory (35-40 dpm/cm?). However, in
areas where the bottom is disturbed physically on
a frequent basis, such as the HEBBLE site in the
Northwest Atlantic [37], inventories of 2'°Pb, . may
be quite variable even when large areas of the sea
floor are sampled [38]. In general most of the data
summarized in Table 2 are based on small area
subcores of box cores, and mean values of ?'°Pb,,
inventory for a given area have large standard
deviations.

At Hatteras and Nares, mean sediment ?’Pb,
inventories are 20 + 6 and 9 + 4 dpm/cm? (Table
2). These values bracket the inventory expected
from the 2!°Pb flux in the deep sediment trap at
Nares (16 dpm/cm?), but both sediment trap and
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bottom sediments record lower fluxes than those
required to support the *'°Pb deficiency in the
overlying water column (~ 38 dpm/cm’). The
similarity in sediment trap and bottom sediment
210ph, fluxes suggests that scavenging of *'°Pb at
the sediment—water interface is not large at these
sites. Indeed, Spencer et al. [4] calculated it to be
< 4% of the total removal of ?'°Pb for the North
Atlantic as a whole. Thus about 50% of the *'°Pb
scavenged from the water column at the Nares
and Hatteras Abyssal Plains is not carried to the
bottom locally but is transported out of the area
to sinks elsewhere.

In order to compare sediment inventories in
different parts of the Atlantic, we normalize them
to the deficiency of *!°Pb in the overlying water
column (Fig. 6a). Low values (< 100%) of the
normalized inventory, as observed at Nares or
Hatteras, indicate that the sink for most of the
scavenged 21°Pb is not local. Values close to 100%
indicate that all of the ?'Pb removed from the
water column is present in the sediments below,
and values greater than 100% imply import of
210ph to the area. Although there is considerable
scatter due to the small scale spatial variability of
210pp, distributions in the sediments, the pattern of
normalized sediment 2'°Pb inventories in the
North Atlantic is one of generally low values
(frequently < 50%) south of about 45° N and high
values north of 50° N (> 50%). Exceptions to the
pattern south of 45°N include a core taken in a
sediment pond on the Mid-Atlantic Ridge and
cores taken at the HEBBLE site [38].

Several factors might cause the trend toward
greater normalized sediment *'Pb inventories in
the high latitudes. The normalized sediment inven-
tories must in part reflect the vertical flux of
particles at these open ocean sites, and an im-
portant component of the particulate flux is the
flux of biogenic particles. This flux is linked to the
primary production of an area and especially to
the new production [39-42]. Indeed, Fisher et al.
[32] have shown that it is possible to accurately
estimate the flux of particle reactive radionuclides
at open ocean sites from knowledge of dissolved
radionuclide concentrations, concentration factors
on biogenic particles and new production. A cor-
relation between organic carbon flux and ?'°Pb
flux has been demonstrated by Moore and Dy-
mond [33] for sediment trap samples from the
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Pacific and for our North Atlantic samples (Fig.
5b), and Moore and Dymond [33] suggested that a
similar relationship might be expected between the
biogenic flux and sediment inventories of excess
210pp. Estimates of new production in oligotrophic
central gyre areas (e.g. mid-latitude northwest
Atlantic) are lower by a factor of two compared to
the transitional waters between subtropical and
subpolar zones (e.g. high-latitude North Atlantic)
[40]. Satellite photographs also show that the
equatorial Pacific and high-latitude North Atlantic
have higher productivities than central gyre areas
such as the central northwest or northeast Atlantic
[43]. Thus the data suggest that the greater the
flux of biogenic particles in an area, the greater
the supply of ?'°Pb to the bottom and the higher
the normalized sediment *'°Pb inventories.

In order to construct a proper *'°Pb balance for
the North Atlantic, sample coverage for sediment
and water column data must be sufficient to per-
mit calculation of weighted areal averages. At
present the data are insufficient to make such
calculations, but the high-latitude North Atlantic
does appear to represent a large enough region to
balance the 2'°Pb-deficient sediments of the central
gyre. Transport of *'°Pb from areas of weak re-
moval to strong sinks has been documented, par-
ticularly in the case of ocean margins where up-
welling is occurring [6]. Indeed, Bacon et al. [3]
and Cochran et al. [5] have calculated that trans-
port of ?'°Pb by eddy diffusion from the open
ocean to strong sinks was effective for distances of
about 2000 km.

Oceanic margins can serve as strong sinks for
reactive radionuclides, but the western margin of
the North Atlantic, represented by the continental
shelf and coastal areas off the northeastern USA,
does not represent an important sink for *'°Pb
imported from elsewhere [44,45]. Instead *'°Pb in
sediments of this area appears to be in balance
with local supply. The eastern margin of the North
Atlantic may represent an important sink for ?’°Pb
as does the analogous area of the eastern Pacific
off California and the Washington sheif [6,7], but
at present data are lacking to assess the impor-
tance of this area.

Several other areas have surplus inventories of
210ph_ in their sediments (Fig. 6a). For example,
sediments of the HEBBLE site have been shown to
have consistently high, though variable, invento-
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ries of excess *°Pb [13,38]. This area is char-

acterized by frequent and intense benthic “storms”™

which produce very high concentrations of sus-
pended sediment. High 2!°Pb inventories also are
present in sediments of the Venezuela Basin [46],
although the highest inventories in this area may
be due to turbidity flows rather than enhanced in
situ scavenging of “'°Pb. Continental slope sedi-
ments off Newfoundland also are characterized by
high ?'°Pb inventories [47]. Deeper sites on the
slope and rise have lower inventories of ?'°Pb,
possibly due to the presence of the Western
Boundary Undercurrent. Although these areas off-
set the 'Pb-deficient sediments of the central
gyre, they do not seem extensive enough to bal-
ance the deficit, especially in comparison with the
high-latitude sediments.

3.3. ?°Pb scavenging in the North Pacific

The North Pacific shows several interesting dif-
ferences in 2'°Pb scavenging relative to the North
Atlantic. In general, ?'°Pb is scavenged less effec-
tively in the North Pacific. Only about 20% of the
210pp available for scavenging is removed from the
water column and, as a consequence, the residence
time of #'°Pb with respect to scavenging is longer
in the Pacific than the Atlantic (on average 140 +
60 yr in the Pacific vs. 35 4+ 15 yr in the Atlantic;
Table 1, Fig. 3).

In part, this difference is created by considering
the ocean as a single box in which scavenging of
210Pp from the surface and deep ocean are consid-
ered together. Scavenging in the surface ocean is
more rapid than in the deep ocean, and the intro-
duction of ?’°Pb into the surface ocean is princip-
ally by the atmospheric flux. Thus a water column
in which the atmospheric flux is a larger fraction
of the total 2'°Pb supply (from the atmosphere
and from in situ *°Ra decay) will have a shorter
scavenging residence time for !°Pb in a single box
model, if all other factors are comparable. Indeed,
the atmospheric flux of *°Pb is larger in the
North Atlantic than North Pacific [27,29]. How-
ever, if we assume that essentially all of the atmo-
spheric *1°Pb flux is scavenged (see section 3.2),
we can correct the observed *'°Pb deficiency in
the water column to obtain that due to scavenging
of 2'°Pb produced in situ by **Ra. Production of
210pp from 2°Ra is dominated by **Ra decay in
the deep ocean and thus the corrected '°Pb de-
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ficiency represents scavenging from the deep oce-
an. When this correction is made, the difference in
scavenging residence time in the two oceans re-
mains but is less pronounced (200 + 100 yr for the
Pacific vs. 80 4 30 yr for the Atlantic).

Other possibilities which explain the difference
in scavenging effectiveness include differences in
particle fluxes and proximity to strong sinks. Al-
though the primary productivity and new produc-
tion of the equatorial Pacific are relatively high,
the deeper, more acidic water column is less
favorable for the preservation of sinking calcium
carbonate tests. Dissolution of sinking tests and
release of associated radionuclides could lower the
scavenging effectiveness of the Pacific.

The high inventories of excess '°Pb in eastern
Pacific margin sediments [6], including those of
the Panama Basin [51, Table 2], indicate that such
areas are important sinks for reactive radio-
nuclides. The effect of such sinks on 2'°Pb re-
moval from the water column at an open ocean
site depends on the rate of transport of '°Pb to
the sink and the half-life of ?'°Pb [3,5]. If the
transport of ?’°Pb to margin sinks is comparable
in the Atlantic and Pacific, the considerably larger
size of the Pacific suggests that more of this ocean
is relatively unaffected by distant sinks. This hy-
pothesis predicts that scavenging of ?'°Pb from
open Pacific sites such as those of the equatorial
region should be dominated by vertical transport
and that sediment inventories of 21°Pb . at these
sites should equal the *'°Pb scavenged from the
overlying water column. Indeed, Fig. 6b shows
this to be the case. The mean ?'’Pb, inventory in
cores from the open North Equatorial Pacific is
26 + 13 dpm/cm? (mean + 1o of all cores, Table
2) and this compares favorably with the mean
water column *'°Pb deficiency of 33 + 11 dpm/
cm’. Thus it appears that the sediments of the
North Equatorial Pacific are in balance with *!°Pb
scavenged from the overlying water column, and
that scavenging of '°Pb in this area is dominated
by processes operating in a vertical sense. The
North Atlantic, by contrast, shows strong iso-
pycnal transport of ’°Pb out of the oligotrophic,
mid-latitudes to stronger sinks in the high lati-
tudes or possibly the eastern margin.

Elsewhere in the Pacific, lateral transport to
sinks may be important. It is interesting to note
that the four mid-latitude Pacific cores for which
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210pY inventories are available (Fig. 2, [52]) show
lower normalized inventories, on the average, than
do the equatorial cores. A gradient in productivity
also exists in the North Pacific, with relatively
high values in the equatorial and high latitudes. It
is possible that a pattern of normalized sediment
inventories similar to the North Atlantic exists in
the North Pacific, with low values in the mid-lati-
tudes and high values in the high latitudes (and
equatorial region). Additional sediment data from
the high latitude Pacific will enable this hypothesis
to be tested.

5. Conclusions

A 2°Pb balance for the open ocean can be
constructed by comparing the deficiency of '°Pb
in a given water column (relative to its supply
from the atmosphere and in situ decay of **Ra)
with inventories of excess *'°Pb in underlying
sediments. The “scavenging effectiveness” of 2'°Pb
from the entire water column, defined as the ratio
of °Pb water column deficiency to total supply,
is about 20% in the North Equatorial Pacific and
about 50% in the North Atlantic. These values
reflect both removal of °Pb onto sinking par-
ticles and lateral transport of *'°Pb to strong
sinks, and the differences remain even when cor-
rections are made for difference in scavenging rate
and #'°Pb supply in the surface relative to the
deep ocean.

A measure of the relative importance of vertical
and lateral processes in ?'°Pb scavenging is de-
rived from the ratio of excess *'°Pb inventories in
deep-sea sediments to the deficiency of *'°Pb in
the overlying water column. In the North Equa-
torial Pacific, virtually all (> 80%) of the ?'°Pb
scavenged from the water column is present in the
underlying sediments. This suggests that *'°Pb
supplied locally to the surface waters and pro-
duced from decay of *Ra in the overlying water
column is scavenged onto sinking particles and
transported to the bottom.
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In contrast, sediments of the mid-latitude North
Atlantic account for only ~40% of the *'°Pb
scavenged from the overlying water column, and
the remainder apparently is transported to sinks
outside the area. The data coverage is insufficient
to permit a quantitative mass balance to be con-
structed, but cores taken in areas of frequent
bottom disturbances, such as the HEBBLE site, and
underlying the relatively high-productivity waters
of the high latitudes have surpluses of excess
210Pb. The latter may be of sufficient areal extent
to balance the deficits observed in sediments of
the oligotrophic central North Atlantic.
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APPENDIX

20pp and 22°Ra measurements for deep-sea sediment cores from the Atlantic and Pacific Oceans

Depth Bulk density 20pp 2 226Ra ? 210pp b 226Rac 210pp, @
(cm) (Bary /CMer) (dpm/g)

Nares Abyssal Plain
BC 02(22°42.7'N, 64°20.2'W, 5775 m)

0-1 0.78°¢ 13.8+08 - 134407  27x01 10.9+0.7
1-2 39+07 - 44403 31201 11404
2-3 39407 - 32402 31401 0.5+05
4-5 47404 - 49403  33+01 15403
6-7 43407 - 32402  3.6+01 024038
10-12 52404 - 45402  44+01 0.5+05
18-20 46+05 - 42403  49+01 —0.4+03
3219pb,. (dpm/cm?) 12
BC 08(23°32.8'N, 64°30.2'W, 5775 m)
0-1 0.78 162+08 - 158407 29401 129407
1-2 55406 - 54402  33+01 21+0.2
2-3 43406 - 39403  3.3+0.1 0.6+03¢8
4-5 51+£0.7 - - - 0.0+048
8 60+08 - - - 09+1.48
14-16 52405 - - - 0.1+14%
3219pp, . (dpm/cm?) 12
BC 09 (23°12.0'N, 64°45.4'W, 5775 m)
0-1 0.78 77+07 - 75403  39+01 3.6+0.3
1-2 54407 - 50402 35401 15402
2-3 47+08 - 55403  34+0.1 21403
6-7 39405 - - - -12+13¢8
10-12 45+05 - - - -06+13¢8
18-20 53404 - - - 02+138
=219pp, . (dpm/cm?) 8
BC 15(23°16.7'N, 63°53.6'W, 5779 m)
0-1 0.78 56+15 - 61402 32401 29402
1-2 44407 - 44+0.1 3.9+01 0.5+0.1
2-3 56+08 - 43403  35%0.1 0.8+0.3
4-5 40+£07 - - - —11+148
8-9 71+08 - - - 20+14¢8
14-16 53405 - - - 02+13¢8
5219pp, . (dpm/cm?) 4
BC 18(22°41.5’'N, 63°27.3' W, 5768 m)
0-1 0.78 53+07 - 50402 37401 1.34+02
1-2 56+07 - 50401 40401 1.0+0.1
2-3 57408 - 46103  4.0+01 0.6+03
6-7 56+07 - - - 05+1.4¢8
10-12 52407 - - - 01+14%
18-20 30107 - ~ - -21+148
20-24 20407 - - - —31+148
3210pb,, (dpm/cm?) 4
BC 23 (23°01.4’N, 64°13.6'W, 5777 m)
0-1 0.78 126+09 - 11.5+04 27401 8.8+0.4
1-2 46+06 - 49403  3.1+01 1.8+0.3
2-3 37407 - 38403  33+01 05+03¢8
4-5 57+07 - - - 06+1.4¢8
8-9 51405 - - - 00+1.3¢8
14-16 53405 - -~ - 02+138

3219pp  (dpm/cm?) 10
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APPENDIX (continued)

Depth Bulk density 210pp 2 226Ra ® 210pp b 226Rac Hopp, d
(cm) (Bary /CMyer) (dpm/g)
BC 25(22°57.7'N, 64°10.5'W, 5775 m)
0-1 0.78 81+0.5 - 8.5+04 3.040.1 55404
1-2 52403 - 47402 3.0+01 1.74£0.2
2-3 5.0+0.5 - 46+0.3 3.5+0.1 1.1+03%
67 5.4+0.7 - - - 03+14¢2
10-12 6.4+0.5 - - - 134138
18-20 54405 - - - 03+138
3210pp, (dpm/cm?) 8
BC 32(22°13.9'N, 63°15.5'W, 5719 m)
0-1 0.78 129+0.7 - 114408 32403 9.0+1.1
1-2 7.6+0.8 - 6.6+0.7 3.7+04 344038
2-3 73407 - 73+0.7 44404 294038
4-5 5.7+0.6 - 56408 49405 0.8+0.9
6-7 56108 - 59409 58406 00+1.1
10-12 6.9+0.8 - - 6.6+0.7 03+11
18-20 71408 - - 6.6+0.7 05+1.1
28-32 69+0.8 - - 5.6+0.6 1.3+1.0
=2'%pb,, (dpm/cm?) 14
North Atlantic
KN54 BC52 (61°55.7'N, 17°13.2' W, 2195 m)
0-1 0.6 20.5+0.8 21402 - - 261415
1-2 0.6 10.6+0.6 1.940.2 - - 124412
2-3 0.7 9.7+0.6 22402 - - 106+1.2
3-4 0.6 65405 1.740.2 - - 6.8+1.0
4-6 0.6 55406 24402 - - 44412
6-8 0.6 5.0+0.7 2.6+02 - - 34+13
8-10 0.6 32405 27402 - - 0.7+1.0
10-12 0.6 32406 29402 - - 04+12
3210pp_, (dpm/cm?) 46
KN54 BC50 (60°07.9'N, 16°05.0’ W, 1885 m)
0-1 06f 10.7+0.9 44403 - - 102+1.8
1-2 71407 45+0.2 - - 41415
2-3 7.0+1.1 47404 - - 3.8423
3-4 6.5+0.8 40+0.3 - - 40+138
4-6 6.6+0.8 43403 - - 3.7+1.8
6-8 47+0.7 32402 - - 24+16
8-10 3.940.7 31402 - - 12+1.6
10-12 3.440.7 31402 - - 05+15
3210pp,, (dpm/cm?) 23
KN54 BC40 (63°50.0’N, 00°54.0'W, 2197 m)
0-1 0.5 - - - - -
1-2 0.5 13.3+0.7 20402 - - 16.0+1.3
2-3 0.5 - - - - -
3-4 0.5 73+0.8 2.7+0.3 - - 6.6+1.6
4-5 0.6 - - - - -
5-6 0.7 41409 3.7+04 - - 0.6+1.8
320pb, (dpm/cm?) 31
KN54 Core 15 (45°36.5'N, 12°34.3' W, 4900 m)
0-1 06° 5.740.9 1.8+0.3 - - 52415
1-2 52409 21+0.3 - - 40415
2-3 53409 40404 - - 1.7+18
3-4 33409 20402 - - 1.7+15
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APPENDIX (continued)

Depth Bulk density 20pp a 226Ra @ 210pp, b 226Ra ® 20pp, d

(cm) (8ary/CMyer) (dpm/g)

KN54 Core 15 (45°36.5'N, 12°34.3' W, 4900 m)
4-5 6.5+0.9 32403 - -~ 45+15
5-6 3.740.7 23+02 - - 1.8+1.1
6-7 42408 28402 - - 1.9+1.3
7-8 40+0.8 28102 - - 1.5+1.3
8-9 3.8+08 32402 - - 09+1.3
9-10 3.8+0.6 2.8+02 - - 1.3+1.1

10-12 29406 28402 - - 0.0+1.1

2210Pb,(s (dpm/cmz) 15

KNS51 Core 11 (45°14.0°'N, 36°04.0'W, 4189 m)
0-1 06 ° 93+1.1 24403 - - 102420
1-2 77411 23403 - - 8.0+2.0
2-3 3.9+0.8 1.940.2 - - 3.0+1.4
3-4 4.4+0.6 20402 - - 3.5+ 1.4
4-6 55406 24402 - - 46+1.1
6-8 54406 25402 - - 43412
8-10 3.8+0.6 26+0.2 - - 1.8+1.1

10-12 3.440.7 32402 - - 03413

12-14 33406 23402 - - 1.5+1.1

=219pp, . (dpm/cm?) 30

KN51 Core 7(52°39.5'N, 35°31.6'W, 3710 m)
0-1 06° 16.5+0.9 1.8+03 - - 21.6+18
1-2 11.1+16 33405 - - 114431
2-3 6.0+1.1 30404 - - 44423
3-4 5140.5 3.040.2 - - 32411
4-6 6.4+0.5 24402 - - 58+1.0
6-8 6.7+0.8 31403 - - 54+15
8-10 48+0.6 21402 - - 40+1.2

10-12 46+0.8 21402 - - 37414

=20pb _ (dpm/cm?) 47

KNS51 Core 20(52°22.8'N, 32°17.2'W, 2575 m)
0-1 0.6° 17.0+1.9 27405 - - 211436
1-3 71+1.0 3.0+0.3 - - 61+1.8
3-4 80+1.2 3.7+04 - - 6.4+2.3
4-5 44408 3.0+0.3 - - 20+1.6
5-6 44409 31404 - - 1.9+19
6-7 50407 3.6+0.3 - - 21+14
7-8 34+08 23403 - - 17415
8-9 2.74£0.8 2.6+0.3 - - 0.0+1.5
9-10 3.0+0.8 26402 - - 05415

10-11 26408 26402 - - 0.0+1.4

$219pp, . (dpm/cm?) 29

KN51 Core 13 (56°16.2'N, 24°24.1'W, 3200 m)
0-1 0.6° 43+0.5 1.0+0.2 - - 47+1.0
1-2 47+1.2 20+04 - - 40+23
2-3 41409 1.1+0.2 - - 44+16
3-4 28405 0.9+02 - - 2.6+09
4-5 23405 1.6+02 - - 1.0+1.0
5-6 22405 15402 - - 1.0+1.0
6-7 24406 15402 - - 14+11
7-8 1.8+0.7 12402 - - 09+1.3
8-9 1.74£0.6 17402 - - 03+1.1
9-10 23405 23402 - - 0.0+1.0

10-12 1.440.6 13402 - - 02412

5219pp, . (dpm/cm?) 12
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APPENDIX (continued)

Depth Bulk density 10pp = 226Ra ® Mppb 226Ra c 210pp, @

(cm) (Bary /0,0 (dpm/g)

KN5I Core 3 (52°10.3'N, 42°07.8'W, 4169 m)
0-1 06° 6.2+0.8 1.740.2 - - 67415
1-2 3.9+0.8 1.6+0.2 - - 35+14
2-3 31409 24404 - - 0.6+2.0
3-4 3.5+0.7 1.6+0.2 - - 28+14
4-6 34406 1.8+0.2 - - 23411
6-8 33+06 2.0+02 - - 20412
8-10 25406 21402 - - 06+12

10-12 1.8406 1.7+02 - - 0.1+1.1

Z210pb,, (dpm/cm?) 14

North Equatorial Pacific
SBC-11 (MANOP Site C: 1°4.6'N, 138°56.1'W, 4470 m)

Subcore A
0.0-0.5 0.41 - - 41.7+1.6 14.2 278421

- 373112 12.1 255+1.7
0.5-1.0 0.41 - - 212+1.0 13.6 78+1.8
1.0-1.5 0.41 - - 19.7+0.9 13.6 6.1+1.7
1.5-2.0 0.46 - - 17.4+0.6 134 41+1.5
2.0-3.0 0.46 - - 21.7+0.9 149 6.9+1.8
3.0-4.0 0.48 - - 18.9+0.8 14.2 47+1.6
4.0-5.0 0.51 - - 17.2+09 14.8 25+18
5.0-6.0 0.51 - - 136409 - -

- 154412 13.2 25+18
6.0-7.0 0.54 - - 15.0+1.1 13.8 14+21
7.0-8.0 0.54 - - 19.24+0.7 12.1 73114
8.0-9.0 0.57 - - 17.4+0.6 12.9 47+1.5
9.0-10.0 0.57 - - 15.24+0.6 12.5 28+15
10.0-11.0 0.60 - - 151+1.0 11.7 39+1.8
11.0-12.0 0.60 - - 13.3+0.8 - -
12.0-13.0 0.63 - - 143+1.2 14.1 02421
13.0-14.0 0.63 - - 132408 10.4 32415
18.0-20.0 0.68 - - 17.3+14 18.4 —-114+26
>40pp, (dpm/cm?) 30

Subcore B
0.0-0.5 0.41 - - 40.1+2.6 131 27.6+3.0
0.5-1.0 0.41 - - 252409 13.5 11.9+1.7
1.0-1.5 0.41 - - 21.5+1.0 142 7.3+1.8
1.5-2.0 0.46 - - 20.94+0.9 134 77116
3.0-4.0 0.48 - - 223420 14.2 81+25
4.0-5.0 0.51 - - 173407 - 35+168
5.0-6.0 0.51 - - 17.3+1.2 14.8 26120
7.0-8.0 0.54 - - 271+14 - 13.6+2.08
221%pp  (dpm/cm?) 26
Lander Deployment 1 —~Chamber 3 (L1-3)
L1-3(MANOP Site C: 1°3.3'N, 138°56.5'W, 4450 m)
0.0-0.5 0.41 - - 374408 135 24.7+1.7
0.5-1.0 0.41 - - 27.3+0.6 12.9 149+1.5
1.0-1.5 0.41 - — 271105 144 13.1+1.5
1.5-2.0 0.46 - - 28.61+0.6 14.9 141+1.7
2.0-3.0 0.46 - - 22.6+0.7 15.0 7.8+1.7
3.0-4.0 0.48 - - 20.7+0.9 15.0 59+18
4.0-5.0 0.51 - - 18.0+0.8 - 36+1.8°
5.0-6.0 0.51 - - 17.6+04 13.6 41+15
7.0-8.0 0.57 - - 11.6+0.6 16.7 -51£19

3219pp, . (dpm/cm?) 26.6
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APPENDIX (continued)

Depth Bulk density 210pp 26Ra ® 20pp ® 26Ra © 20pp, d
(cm) (Bary /CM\er) (dpm/g)
L2-3 (MANOP Site C: 1°3.3'N, 138°56.5'W, 4451 m)
0.0-0.5 0.41 - - 417+ 16 14.2 278+ 21
0.0-0.5 0.41 - - 359+ 0.8 123 243+ 15
0.5-1.0 0.41 - - 287+ 0.6 133 159+ 1.5
1.0-15 0.41 - - 263+ 0.9 12.1 146+ 1.5
1.5-2.0 0.46 - - 247+ 09 14.4 106+ 1.7
2.0-3.0 0.46 - - 240+ 1.1 12.1 123+ 27
3.0-4.0 0.46 - - 21.8+ 0.9 14.5 75+ 1.8
4.0-5.0 0.51 - - 164+ 0.7 14.6 19+ 1.7
5.0-6.0 0.51 - - 18.0+ 04 13.6 45+ 1.5
8.0-9.5 0.57 - - 149+ 0.7 1355 14+ 16
321Pb, (dpm/cm’) 30
Core SBC-6 (MANOP Site H: 6°35.0'N, 92°52.8'W)
0.0-0.5 0.19 - - 110 +11 39.0 7514124
0.5-1.0 0.19 - - 116 +10 37.8 82.7+11.3
1.0-15 0.19 - - 684+ 62 36.5 337+ 7.6
1.5-2.0 0.19 - - 86.9+10.8 38.7 51.0+12.1
2.0-2.5 0.20 - - 629+ 458 43.6 205+ 6.9
2.5-3.0 0.20 - - 526+ 2.0 35.8 179+ 44
3.0-3.5 0.20 - - 521+ 2.8 34.7 185+ 4.8
3.5-4.0 0.20 - - 57.5+ 4.8 375 211+ 6.5
5.0-6.0 0.21 - - 492+ 34 418 7.8+ 5.7
7.0-8.0 0.25 - - 337+ 29 36.3 —26+ 49
319Pb,, (dpm/cm?) 44
SBC-35 (MANOP Site S: 10°57.4'N, 140°5.2'W, 4938 m)
0.0-1.0 0.28 - - 575+ 1.7 - -1274 728
1.0-2.0 0.28 - - 62.3+ 2.0 - -79+ 73%
2.0-3.0 0.29 - - 746+ 2.1 - 44+ 738
3.0-4.0 0.30 - - 723+ 22 - 21+ 738
4.0-5.0 0.30 - - 963+ 6.5 70.5 2674+ 96
50-6.0 0.36 - - 81.9+ 3.9 n7 105+ 8.3
6.0-7.0 0.36 - - 660+ 2.3 - —42+ 85¢8
7.0-8.0 0.38 - - 701+ 4.9 - ~01+ 85°
8.0-9.0 0.38 - - 725+ 338 68.4 24+ 82
3210ph  (dpm/cm?) <15
L3-3(MANOP Site S: 11°0.7'N, 140°5.7' W, 4904 m)
0.0-0.5 0.28 - - 135 + 5 45.9 914+ 7.0
0.5-1.0 028 - - 162 + 7 446 120 + 9
1.0-15 0.28 -~ - 119 + 4 532 675+ 68
1.5-20 0.28 - - 112 + 5 56.6 572+ 7.8
2.0-3.0 0.28 -~ - 628+ 2.9 462 170+ 5.6
3.0-4.0 0.29 - - 550+ 2.7 - 58+ 588
~ - 51.0+ 29 - 20+ 588
4.0-5.0 0.30 -~ - 472+ 1.7 - -21+ 608
5.0-6.0 0.36 - - 430+ 20 - ~634 558
- - 420+ 20 - -68+ 51¢
6.0-7.0 0.36 - - 373+ 14 - -
7.0-8.0 0.38 - - 372+ 1.5 - -
8.0-9.0 0.38 - - 304+ 1.1 - -
9.0-10.0 0.38 - - 255+ 09 - -
$210pp,, (dpm/cm?) 54

2 Determined using gamma spectrometry. ® Determined using radiochemical separation and alpha counting of *'°Po. ¢ Determined
using 22 Rn emanation. Uncertainty is 10% if not given. ¢ Excess *'°Pb at core collection. Average of gamma and radiochemical
measurements used for Nares cores. ¢ Regional average used for core. { Average bulk density of KN54 BC52 used. ¢ Average 22°Ra
used to calculate excess 21°Pb. For Nares Abyssal Plain, average Ra for all samples >3 cm (5.141.2 dpm/g) used. For North
Equatorial Pacific averages for respective cores are used.
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