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At two locations in southern Lake Huron (U.S.A.), twelve 35.5-cm diameter cores of fine-grained sediments were
taken for comparison of the vertical distributions of 219Pb and falllout 137Cs with the distributions of benthic
macroinvertebrates, mainly oligochaete worms (Tubificidae) and the amphipod, Pontoporeia affinis. Locations
were selected on the basis of 219Pb distributions measured a year earlier which indicated contrasting depths of
mixing of surface sediments. At one location the activity of 2!19Pb is uniform down to about 6 cm and 95% of total
invertebrates occur within this zone; at the other location the zone of constant activity is only 3 cm deep but 90%
of the invertebrates occur within it. Comparison of published tubificid defecation rates with sediment accumulation
rates based on 210Pb shows that oligochaetes alone can account for mixing in one case while the effects of
amphipods may be required in the case of shallower mixing. If mixing is represented as a diffusional process, eddy
diffusion coefficients are at least 5.8 and 3.3 cm? yr—! at respective locations. In comparison with bioturbation,
molecular diffusion is of minor importance in the post-depositional mobility of 137Cs, The necessity for intro-
ducing a diffusion coefficient varying continuously with depth is indicated by characteristics of the distribution of
137¢s. Biological reworking of near-surface sediments is an important process affecting radioactivity and chemical

profiles in profundal deposits of this and probably other Great Lakes.

1. Introduction

Recent studies of lead [1] as well as natural and
fallout radioactivity (**°Pb, *3"Cs and 23°Pu [2-6])
in sediments from several of the North American
Great Lakes have shown that concentration and
decay-corrected activity profiles most often do not
accurately reflect the known history of inputs to these
lakes. As the residence times of such elements in
freshwater are known to be very short, the lack of
correspondence between inputs and sedimentary
records is probably due to post-depositional pro-
cesses rather than to integrative effects in the water
column. An accurate reconstruction of the radioac-
tivity as well as chemical history of the Great Lakes
will therefore depend on a proper understanding of
post-depositional processes affecting recent sedimen-
tary records.

Indirect evidence for biological mixing of near-

surface sediments has been obtained from profiles

of the uranium-series nuclides, particularly 2!°Pb
(212 = 22.26 years). There is growing interest in the
use of this radionuclide to date coastal marine and
lacustrine sediments deposited during the past
century or so [1-3,5-9]. 21%Pb, which originates
from decay of atmospheric radon, is delivered
primarily in rain to surface waters and is rapidly
transferred to underlying deposits [10,11]. When the
flux of 21%Pp to sediments and the sedimentation rate
are constant the vertical distribution of unsupported
210py should decrease exponentially with depth as a
result of radioactive decay during burial. Actual dis-
tributions of unsupported 2!°Pb in sediments from
Lakes Superior [6], Michigan [3], and Huron [5]
often exhibit reduced or constant activity within a
zone of varying depth at the sediment-water inter-
face. Because distributions with such features are
characteristically found in deposits known or believed
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to support populations of mobile benthic organisms,
constant near-surface activity has been ascribed to
biological mixing [1-9]. Evidence for the influence
of benthic organisms on radioactivity profiles has
remained largely circumstantial although two recent
studies of uranium-series nuclides in estuarine sedi-
ment of Long Island Sound have more directly
established the role of benthic fauna. Thomson et al.
[12] found an altered distribution of 2!°Pb within
the upper several centimeters of a sediment core
where X-radiographs revealed uniform stratigraphy,
in comparison with laminated deeper sediments.
They attributed loss of structure in near-surface sedi-
ments to biological reworking. Subsequently Aller
and Cochran [13] related the distribution of 23*Th
(212 = 24 days) in near-surface sediments from the
Sound to the activities of deposit-feeding bivalves
and other zoobenthos.

In the Great Lakes large populations of oligo-
chaete worms and the amphipod, Pontoporeia affinis
occur widely in profundal sediments [14]. The bur-
rowing and feeding activities of natural mixed popula-
tions of tubificid oligochaetes are known to loosen
and mix sediments to depths on the order of ten cen-
timeters with resultant blurring of the stratigraphic
record and induction of chemical changes near the
sediment-water interface [15,16]. Therefore it is
expected that such infaunal organisms would widely
influence radioactivity profiles in sediments of the
Great Lakes. To assess their role we have directly
compared the vertical distribution of the major
mobile species with the distributions of 2!°Pb and
137Cs in a series of cores from two locations in south-
ern Lake Huron where previous 21°Pb data indicated
strongly contrasting depths of mixing [5].

2. Methods

Sediment samples were obtained with a gravity
corer (Benthos, Inc.) having a butyrate-plastic liner
(35.5 cm?). In order to preserve the integrity of
unconsolidated surface sediments the core liners were
not equipped with the core cutter assembly or sedi-
ment retainer but operated in an open-tube mode,
approaching the sediment surface at less than free-
fall velocity. This procedure is among the most effec-
tive known for sampling soft-bottom benthic com-

munities [17,18]. The retrieval of undisturbed sedi-
ments is of critical importance for this study. In cores
collected elsewhere in Lake Huron from similar fine-
grained, fluid sediments which support chironomid
larval populations, we observed intact burrow tubes
projecting several millimeters above the sediment-
water interface. Evidently our coring method
preserves the integrity of these delicate structures.
However the effect of the coring event on the vertical
distribution of the benthic organisms is uncertain and
little can be done to prevent the possible movement
of organisms in response to the shock of corer entry
into the sediments [18].

All cores, maintained in a vertical position, were
extruded hydraulically and sectioned in centimeter
intervals aboard ship within thirty minutes of collec-
tion. At station 14, centered in the northern area of
the Goderich depositional basin [19], the sediments
consist of a brown (oxidized) fluid (85-95%
porosity) silt in the upper 4 cm overlying uniform
firmer, gray, slightly sandy silt. At station 18, which
is located toward the shoreward margin of the same
depositional basin, the brown silty material occurred
only in the upper centimeter of sediment with under-
lying sediment being a uniform firmer, dark gray,
slightly sandy silt. Centimeter-thick sections of each
of twelve cores collected at each location for benthos
analysis plus sections of additional cores for radio-
activity analysis were preserved respectively with for-
malin and by freezing for later processing in the
laboratory. Details of methods for analysis of benthic
organisms are reported elsewhere [20]. The activity
of 21%Pb was determined by alpha proportional
counting of the 21%y, daughter self-plated on to silver
disks from acid extracts of freeze-dried sediments
[3]. The '37Cs activity of whole dried sediment was
measured by conventional gamma counting using a
Nal scintillation detector/multichannel analyzer sys-
tem.

3. Theoretical considerations
3.1. Distribution of *1°Pb in undisturbed sediments.
When the sedimentation rate w (cm yr~!) and

activity of unsupported 2!°Pb added to the sediment
surface, A (dpm g~!), are constant in time, the dis-



tribution of unsupported 2!°Pb is given by:
A=Ae M )

where A = 0.693/22.26 (yr~!) and z (cm) is the depth
below the sediment-water interface [7—9]. In sedi-
ments where compaction is significant, the above
equation is applicable provided z and w are expressed
in units of gcm™2 and g cm ™2 yr™!, respectively. As
we have noted the activity of 1°Pb is often constant
over depths from 2 to 8 cm in sediments of the Great
Lakes [3,5,6], thus equation 1 does not usually pro-
vide a satisfactory representation of measured 2!°Pb
profiles.

3.2. Rapid steady-state mixing

Robbins and Edgington [3] showed that rapid
steady-state mixing of sediments within a well-
defined zone at the sediment-water interface can
account for measured distributions of 21%Pb in sedi-
ments from Lake Michigan. Subsequently they found
that stable lead profiles could also be quantitatively
described by application of the same theoretical
model [1]. Their model, similar to that developed by
Berger and Heath [21], requires that material added
to the sediment surface be instantly distributed uni-
formly throughout a zone of fixed thickness, s (cm),
at the sediment-water interface. As this mixed zone
moves upward at the sedimentation rate w, material
is transferred to underlying deposits (historical sedi-
ments) where no further redistribution (mixing)
occurs. The quantitative effect of this mixing process
on the distribution of 21°Pb can be determined sim-
ply from considerations of mass balance. The flux
of 21%Pp (or 137Cs) into the mixed zone is pg(1—
$)A o (dpm cm~2 yr~1) where p; is the density of
sediment solids (g cm~3) and ¢ is the porosity. The
decay in the mixed layer is pJ(1 — $)4 s where 4,
is the activity in the mixed zone (dpm g~!) and the
flux through the bottom is p(1 — ¢)A4 ,w. Thus the
change in total activity in the mixed zone is:

dA

g =Pl = 9w — p(l - Pn(s +w) ()
where the total activity in the mixed layer is:
Ar=psl — )Ams 3)

Thus eliminating At from equation 2 using equation
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3 and dividing through by pg(1 — ¢)s gives:

dAy,
G- Aswls) = A + ws) C))

for 219y, A, is constant and dA,/dz = 0 so that:
Am = A/(1 + Asfw) )
Thus the distribution of unsupported !°Pb is:
A=Ay z<s

A =Ame—>\(z—s)/w z>% (6)

where the exponential term in the second part of
equation 6 represents radioactive decay following
incorporation of 2!°Pb into historical layers. The
effect of steady-state, rapid mixing of surface sedi-
metns is to reduce the activity of 21%Pb from its value
at the surface of unmixed sediments by the factor

(1 +sAw)

3.3. Solution for a time-dependent flux

For }37Cs the added activity, A, is time-depen-
dent. The solution to equation 4 for the activity
within the mixed zone is then:

t
Ap(@)=ye N2 f et O 4 (7) dr @)
0

where v = s/w and ¢ = 0 corresponds to a sufficiently
deep sediment layer. The distribution is then:

A=Am(T) Z2Ks

®)
A=Ag[T - (z - s)w] e 2N 2>

where ¢ = T corresponds to the sediment-water inter-
face. See Edgington and Robbins [1] for additional
details.

3.4. Mixing as a diffusional process

In the above model, the nature of the mixing pro-
cess is left completely unspecified. It is required only
that particles within the mixed zone redistribute
rapidly in comparison with the rate of addition of
new material so that the net effect is one of com-
plete homogenization. When mixing is incomplete,
in the above sense, the distribution of activity
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becomes sensitive to details of how particles are
redistributed within the mixed zone. Although the
process of mixing is known to be particle-selective
[15] and to involve enhanced transfer between cer-
tain layers, as in the case of “conveyor belt” species
[24], representation of mixing as a process akin to
diffusion has met with some success [8,9,2,28]. In
terms of the eddy diffusion of sediment solids, and
unsupported 2°Pb (or 37Cs), the distribution of
activity is given as a solution to the diffusion equa-
tion:

d a4 a4 04

a—z( b‘a?)—wa_z—Ws? ®
where K, is the eddy diffusion of mixing coefficient
(cm2 yr~ 1) characteristic of the mixing process and
is depth-dependent in principle. Existing diffusion
models [8,9,28,29] have retained the concept of a
well-defined zone of mixing within which Ky, is con-
stant (i.e. Ky, = O for z >5). Under these conditions
the above time-dependent equation simplifies to:

2
Kk, XA w4 =0 z<s

0z 0z (10)
—wgé—)\A=0 z>s

0z

Solutions to this set of equations for 84/9¢ # 0
with boundary conditions appropriate for studying
the effect of mixing on the time evolution of a profile
resulting from a time-dependent input to surface sedi-
ments are developed by Guinasso and Schink {29].
For 21°Pb where 3A4/3¢ = 0 the solution to equation
10 is identical to that of equation 6 as Ky, = = [9].
Similarly for a time-dependent input the solution to
equation 10 must reduce to equation 8 as K, > o, In
the present study the utility of introducing the diffu-
sion representation is twofold: (1) a lower limit for the
value of Ky, may be obtained from 2'°Pb distributions
where complete homogenization of surface sediments
is evident, and (2) equation provides a basis for
theoretical treatment of distributions sensitive to a
continuously variable depth dependence of the
mixing coefficient. According to Guinasso and Schink
[29], homogenization of sediments within the mixed
zone will occur if:

Kp2 10w s (11)

4. Results and discussion

The vertical distributions of unsupported 21°Pb
shown in Fig. 1 exhibit a constant activity within the
upper 6 cm at station 14 and 3 ¢m at station 18 fol-
lowed in each case by an exponential decrease in
activity below these respective depths. The activity
of 137Cs is also constant over a corresponding but
somewhat smaller depth interval. The vertical
distributions of each radionuclide are a persistent
feature at each coring location being very repro-
ducible from one year to the next (open circles, 1974
data; solid circles, 1975 data). The reproducibility of
the distributions argues against the possibility of ran-
dom eore disturbances during sampling. However,
our sampling procedure could conceivably result in
systematic and reproducible homogenization of sur-
face sediments, but consider the distributions at
station 14. On successive years we observe constant
activity down to 6 cm. This zone is apparently well-
defined (0.5 cm) and there is no gross discontinuity
in activity at this depth. Suppose that prior to the
coring event the distribution was in fact exponential
as given by equation 1. Then the unsupported activity
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Fig. 1. The vertical distribution of unsupported 21°Pb (log
scale) and fallout 137Cs at two locations in southern Lake
Huron. (0 = 1974 data; e= 1975 data). The solid line repre-
sents the distribution of 210Pb expected if rapid steady-state
mixing (equation 6) occurs at the sediment-water interface
(least squares fit). The dashed lines represent the expected
distribution of !37Cs with various assumed depths of mixing
(equation 8; arbitrary normalization). The gradual fall-off
in 137¢s activity may reflect the decrease in the time-inte-
grated distribution of benthic macroinvertebrates near the
mixed-zone boundary.



just below the mixed zone would be:
A" =AM (12)

After coring, the activity within the mixed zone
would be the average:

1 f _
A+=As-;fe Azfe gz (13)
0

Thus under such conditions the ratio of activity in
the mixed zone to that directly below is markedly
discontinuous. Evaluating the integral in equation 2
gives:

At/AT =f{(e”"" -1) (14)

which equals 2.5 for the distributions at station 14.
We do not see such a discontinuity in the data. In
order to produce a 21%Pb profile on coring with con-
stant activity above 6 cm and with an exponential
form immediately below 6 cm it would be necessary
to start with a profile in undisturbed sediments
significantly different from that given by equation 1.
To us a simpler explanation is more attractive.

TABLE 1

Sedimentation and mixing parameters for Lake Huron cores
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The distributions of unsupported 2!°Pb have a
form consistent with the process of rapid steady-state
mixing. The theoretical distribution shown in Fig. 1
is the result of a least squares fit using equation 6 and
the 1975 2!%Pb data. Values of A, w and s obtained
from the least squares analysis are given in Table 1.
Note that the model predicts a large difference
between the activity of unsupported 21°Pb, 4, in
material just prior to its incorporation into sediments
and the observed activity, 4, at the sediment-water
interface. The values of the ratio 45/4,, = (1 + As/w)
(equation 5) are 2.6 and 1.6 at stations 14 and 18,
respectively. The ages associated with the base of
the mixed zone, #* = s/w (see Guinasso and Schink
[29]), are 52 and 20 years at stations 14 and 18,
respectively. The time ¢* is the residence time of a
particle within the mixed zone and represents a
lower limit to the resolution with which the history
of time-dependent fluxes to the sediments can be
reconstructed from these cores. Note that while we
have chosen to refer to the region of approximately
constant 219Pb activity as the “mixed zone”, without
additional information we cannot rule out the possi-
bility that mixing occurs below this zone although it

Station
14 18
Latitude 43°55'N 44°00'N
Longitude 82°07'W 81°59'W
Water depth (m) 91 65
Supported 210py activity (dpm g 1) 1.6 0.2 1.2 +0.2
Unsupported 210Pb activity
initially deposited, 4¢ (dpm g~1) 65.5 2 305 =1
Sedimentation rate *, w (cm yr—1) 0.097 + 0.01 0.11 £0.01
Sedimentation rate, ' (gcm~2 yr—1) 0.021 + 0.003 0.051 + 0.005
Mixed depth, s (cm) 60 0.5 3.0 +£0.5
Mixed depth, s’ (g cm™2) 1.1 1.0
Age at mixed layer boundary, ¢ * (yr) 52 20
Mixing coefficient, Ky, (cm? yr—1) >5.8 >3.3
Vertically integrated organism density (number m=?):
Pontoporeia affinis 2900 2700
Tubificids 5700 630
Sediment accumulation rate
(ml individual 1 yr—1) 0.13 0.45

* Average over the upper 10 cm (i.e. w = 10/At; At = cumulative g em~2 2t 10 cm/w’)
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would have to be to a considerably smaller extent.
For finite values of K3, the solution of equation 10
yields a theoretical distribution of 2'°Pb which
decreases exponentially within the mixed zone
[8.9,28]. Provided the mixing process has an eddy
diffusive character it is impossible to distinguish
between sedimentation and mixing effects on the
basis of 2!%Pb profiles alone [9]. Hence the exponen-
tial decrease in unsupported 2!°Pb activity below the
mixed zone could partly or wholly arise from eddy
diffusional mixing as well. However, two sources of
information indicate little mixing below the zone of
constant 2'%Pb activity. First, we have observed thin
(submillimeter) black banding of sediments just
below but not in the mixed zone in cores from each
location. Second, deposit-feeding organisms do not
occur in significant numbers below the mixed zone as
defined by radioactivity profiles.

The distributions of Pontoporeia affinis and tubi-
ficid oligochaetes at stations 14 and 18 are shown in
Fig. 2 in terms of numbers per core per centimeter
interval. It can be seen that significant animal den-
sities occur only within the zone of constant 2!°Pb
activity. At station 14 oligochaete worms and
amphipods account for 94% of all macrobenthos
found, while at station 18 that group accounts for
82% of the total. At this latter site the mollusc,
Pelecypoda (Pisidium), occurs in significant numbers
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Fig. 2, The mean number of Pontoporeia affinis and tubificid
oligochaetes per core per cm interval in August 1975. These
deposit-feeding animals occur at depths comparable to radio-
activity mixing depths. The distribution of percent solids
(solid curve) rises abruptly below the mixed zone where com-
paction is not impeded by organism activity.

accounting for an additional 17% of the total faunal
inventory. An analysis of zoobenthos abundance and
composition is reported elsewhere [20]. At station
14, 95% of the organisms occur above the 6 cm depth
defined by 219Pb while at station 18, 90% occur
above 3 cm. This is evidence that the predominant
mobile infaunal macroinvertebrates homogenize sedi-
ment solids and strongly associated or adsorbed
210pp [9,11] and *37Cs [22,23]. The vertical dis-
tributions of the proportion of solids (Fig. 2) provide
additional evidence of the dominance of biological
mixing processes. An abrupt increase in percent solids
occurs just below the mixed zone where compaction
is not impeded by organism activity [20,25].

While we cannot rule out the possibiltiy that
mixing is produced in part by bottom currents (resus-
pension) or by the formation of bubbles, the densities
of the larger zoobenthos (Table 1) are probably suf-
ficient to homogenize sediments within the mixed
zone even without the assistance of such nonbiologi-
cal mixing processes. In the case of the worms
(mainly Tubificidae) subsurface feeding and surface
defecation result in transport of sediment from within
the mixed zone to the sediment-water interface
[15,26]. Complete homogenization will occur if the
sediment displacement (feeding-defecation) rate is
comparable to or exceeds the sediment accumulation
rate per deposit-feeding individual. At the prevailing
in-situ temperature of profundal sediments (4—6°C)
the displacement rate is probably at least 3 ml bulk
sediment worm™! yr~! or 0.14 g dry sediment
worm ™! [20,26]. This displacement rate, estimated
from published data compiled by Davis [15], is prob-
ably conservative. His own measurements indicate a
rate for tubificids 2—3 times higher than our adopted
value. This rate greatly exceeds the bulk sediment
accumulation rate of 0.2 ml yr~! worm™! or 0.036 g
dry sediment worm™! yr~! at station 14. Although
worms are less numerous and the sediment accumula-
tion rate per worm consequently higher at station
18 (2.4 ml worm™! yr~1), this rate is still comparable
to our conservative estimate of the displacement rate.
(We estimated bulk sediment accumulation rates for
comparison with published reworking rates in the fol-
lowing way. The volume of bulk sediment within the
mixed zone is AV =5 - A where A is the cross-sec-
tional area of the core, 35.5 cmZ The age correspond-
ing to the base of the mixed zone is then Az ="/’



where s’ and w' are values of s and w in g cm ~2 and

gcm -2 yr~ !, respectively. The bulk sediment accu-
mulation rate per individual is then taken as AV/(VA?)
where N is the number of individuals within the mixed
zone. This method of calculation corrects for the effects
of compaction within the mixed zone.) The contribu-
tion to sediment mixing by Pontoporeia affinis,
which has similar population densities at the two
sites, is not known. However, this amphipod is gen-
erally much larger than tubificids and burrows and
feeds actively below the sediment surface [27].
Therefore, we may conservatively assume that they
have displacement rates comparable to those of
worms, although the way in which they mix sedi-
ments probably differs from that of the worms. The
total displacement rate then greatly exceeds the pro-
jected accumulation rate per deposit-feeding indi-
vidual of 0.13 (station 14) and 0.45 (station 18) ml
individual ~! yr~!. Thus oligochaetes alone can
account for mixing at station 14 while the effects of
amphipods (and possibly Pisidium) may have to be
included at station 18. In terms of eddy diffusional
mixing we estimate that values of K, must be greater
than or approximately equal to 5.8 and 3.3 cm? yr~!
at stations 14 and 18, respectively (see equation 11).
These values are within the range of values derived
by Guinasso and Schink of 1—-10 cm? yr~? for
mixing of estuarine sediments by Yoldia limatula
[30] and in the vicinity of the value of 1.4 cm?
yr~! for mixing of lake sediments by tubificids [15].
Additional insight into the process of mixing can
be gained from analysis of the distributions of *37Cs.
As the residence time of this fallout radionuclide
(212 = 30 years) in the lakes is very short, about one
year in Lake Huron [31], its concentration in the
water closely parallels the history of atmospheric
inputs [32]. Thus in undisturbed sediments this
historical record should also be apparent. Such a
hypothetical distribution in undisturbed sediments
(s =0, Fig. 1) approximates a tracer pulse located at
a sediment depth determined on the basis of the
210pp sedimentation rate. The actual 137Cs distribu-
tion is not well-described by introducing variable
amounts of mixing (e.g. s = 3 or 6 cm, station 14,
Fig. 1) using the steady-state mixing model (equa-
tions 7, 8) with time-dependent !37Cs inputs. The cal-
culated '37Cs distribution decreases too sharply at
the mixed zone boundary. Application of the eddy
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diffusion model (equation 10) with sufficiently small
values of K, would allow the activity near the
boundary to be reproduced but would produce
incomplete homogenization within the mixed zone
contrary to our measured distributions. Lerman and
Lietzke [33] have suggested that molecular diffusion
is an important factor in the post-depositional mobil-
ity of 137Cs in sediments of the Great Lakes. This
process could result in broadening the distribution of
the 137Cs activity at the mixed zone boundary. The
effective molecular diffusion coefficient of non-
absorbing ions in sediment is approximated as

Dpm = Doa/? [34] where the factor /82 is close to
unity in these sediments and Dy is the diffusion coef-
ficient in free solution (~5 X 107% cm® sec ™1 = 160
cm? yr~ ). If ions adsorb and desorb reversibly on
sediment solids according to the Freundlich adsorp-
tion isotherm (with n = 1, see Lerman and Lietzke
[33]), then the effective molecular diffusion coeffi-
cient is D, = D, /(1 + K) where K is the dimension-
less ratio of activity on solids and in solution at equi-
librium. For surface sediments at station 14 we have
measured a value of K = 4000 for 137Cs which gives:

! = _q_._l__'\' 2 -1
Dy =Dy 2 T+K 0.04 cm* yr (15)

Thus within the mixed zone and throughout most of
the transition region (where !37Cs activity decreases
rapidly) the values of Ky, are at least two orders of
magnitude higher than the effective molecular diffu-
sion coefficient. Thus it would seem more likely

that the gradual decrease in activity near the mixed-
zone boundary reflects the decrease in the probabil-
ity of the occurrence of a mixing event with increas-
ing depth. The necessity for introducing a eddy diffu-
sion coefficient varying continuously with depth has
been noted by Guinasso and Schink [29]. Also Pen-
nington et al. [35] considered that the indefinite
“tails’ on the distributions of 137Cs in sediment cores
from Blelham Tarn result from faunal mixing. OQur
results suggest that for profundal sediments of the
Great Lakes, the vertical dependence of K}, may be
approximated as the time-integrated density distribu-
tion of the two predominant macrofaunal species
which can mix near-surface sediments. That is:

T
K@~ [ (KipaG, 0 +Kapae, D] dr (16
0
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where p; and p, are the densities of oligochaetes and
Pontoporeia affinis (number ml_l), respectively at
depth z and time ¢. The averaging interval, T, is suf-
ficiently long C>1 year) to include variations in sea-
sonal abundance. This representation would seem

to be most appropriate where instantaneous rework-
ing is localized within a sediment thickness which is
small compared to the extent of the mixed zone. By
comparing the vertical distribution of *3’Cs with the
vertical distributions of deposit-feeding animals in a
series of cores from significantly differing locations,
the relative contributions of various species to eddy
diffusional mixing could be separated provided the
above formalism (equation 16) which explicitly
assumes non-interacting populations is correct. The
depth dependence of K}, implied by the 137Cs
distributions is not inconsistent with the 2!°Pb data.
The distribution of 2!%Pb is much less sensitive than
that of 137Cs to incomplete homogenization near the
mixed-zone boundary. This depth-dependent form of
Ky, will generate a theoretical 2!°Pb distribution with
rounded rather than sharp corners. Such a distribu-
tion is no less consistent with the observed distribu-
tions of 21°Pb,

We find that the constant activity of 2!°Pb and
137Cs just below the sediment-water interface is
correlated with the vertical distribution of mobile
macroinvertebrates in selected cores from Lake
Huron. As constant near-surface activities of these
radionuclides occur widely in profundal fine-grained
sediments of Lakes Michigan, Huron and Superior
and zoobenthic densities and composition are similar
in each lake, although somewhat lower in Lake
Superior [36], we conclude that the effect of mobile
macroinvertebrates on the physical and chemical
properties of near-surface sediments must be con-
sidered in studies of sediment geochemistry, inter-
face transport processes, and in the use of recent sedi-
mentary records to reconstruct the history of time-
dependent deposition processes in the Great Lakes.
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