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This study is based on the premise that water quality parameters in an estuary are linked
indirectly or directly to the decomposition of organic matter. To understand the fate of
organic matter in the Peconics, one must understand the distribution of carbon in the
sediment. Organic matter in estuarine sediments is added or produced at the sediment-
water interface and may be distributed to depth by animals that live in the sediment,
burial, or sediment accumulation.

This study used radionuclide tracers of different half-lives (Thorium-234, 24 days;
Beryllium-7, 53 days; Lead-210, 22 years; Carbon-14, 5568 years) to determine the rate
of mixing and sediment accumulation in the Peconics. Many of these radionuclides
associate strongly with particles, and their property of radicactivity makes them useful
chronometers for estuarine sediment dynamics. Sediment cores were collected three
times at each of ten stations in the Peconic Estuary System (see Figure 1 and Table 1 of
the report).

Particle Mixing Rates
The range of particle mixing rates found in the Peconic Estuary was similar to Long

Island Sound. Benthic organisms were found to mix the upper few centimeters of
sediment on time scales of weeks to months. In five of the seven stations where mixing
rates in the fall and spring were compared, the fall rates were greater, again similar to the
Long Island Sound. The fall cores reflect the mixing processes during the summer, while
the spring cores represent winter conditions. The activity of the animals that live in the
sediment decreases as the temperature drops in the winter, hence mixing is reduced.
Station 1 (Meetinghouse Creek) and Station 8 (Noyack Bay) had the greatest mixing,.
The x-radiographs are described in detail in shown in Appendix I of the report.

Sources of Carbon to the Sediments

Isotopes are fractionated during a variety of processes, including photosynthetic
pathways. Photosynthesis not only fractionates the stable carbon isotopes carbon-12 and
carbon-13, but the type of carbon metabolism in the plant determines the magnitude of
the fractionation. There are at least four sources of organic carbon to the Peconic Estuary
sediments: terrestrial plants (employs the C3 method of photosynthesis), terresttial marsh
grasses (employs the C4 method of photosynthesis), phytoplankton (marine C3 plants)
and submerged aquatic vegetation (marine C4 plants). The stable carbon isotope
signatures from the sediment samples taken in Reeves Bay, Little Peconic Bay, Noyack
Bay, and West Neck Bay are shown in Table 6a of the report. The signatures for the
organic sources to the Peconic Estuary are also shown. Thus, based on carbon-12 and
carbon-13 (non-radioactive carbon), this study finds that the carbon in the cores primarily
originated from terrestrial plants and terrestrial marsh grasses rather than from marine
grasses or plankton. Low in situ production or rapid turnover of marine carbon could
account for the sedimentary carbon being dominated by terrestrial organic carbon.




Sediment Core Profiles

While many estuaries show distinct gradients in total organic carbon as a function of
depth in the sediments, the Peconic samples generally show little systematic change of
carbon levels with depth that cannot be accounted for by changes in sediment grain size
(shown in Figure 3 of the report). Site-to-site organic carbon variation most likely results
from local sources of particulate organic carbon inputs.

Based on radiocarbon analysis, sediment core profiles indicate that the sedimentary
organic carbon reservoir is old (approximately 1550 years before present), even in the
upper three centimeters. An old age for the organic matter near the core top suggests that
little marine carbon is present in the sediments or that any marine particulate organic
carbon is rapidly taken up and is not accumulated in Peconic sediments. Thus, although
the sediments serve as a repository for refractory organic carbon from terrestrial plants,
they do not serve a similar role for marine plants. The latter possibility implies that
sediments in certain portions of the Estuary have the capability to respond quickly to
changes in estuarine productivity caused by nutrient loadings. In cases where increases
in nutrient loadings cause increases in estuarine production, the resultant remineralization
of organic matter in the surface sediments could have rapid effects on water column
parameters like dissolved oxygen. In contrast, in cases where management decisions lead
to a decrease in nutrient loadings, the positive effects on water quality should be rapid.

Sediment Accumulation Rates

Sediment accumulation rates were found to be between 0.03 to 0.11 cm/year, using
radiocarbon (carbon-14) determinations. Using the radiocarbon rates as the best
approximation (and assuming that these rates are unaffected by mixing), carbon burial

rates were estimated at 0.3 to 1.8 mg C/cm*/year.

The information from this report will be useful in refining the sedimentary sub-model in
the Three-Dimensional Hydrodynamic and Water Quality Model of the Peconic Estuary
by Tetra-Tech, Inc.
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Summary

Naturally occurring radionuclides provide important information on
the dynamic processes, including mixing by burrowing organisms, sediment
accretion and carbon storage, that.characterize the sediments of the Peconic
Estuary. Our sampling of ten stations in the estuary shows that thé highest
concentrations of particle-reactive radionuclides are associated with the fine-
grained sediments. This is partly caused by the high surface area to volume
ratio of such sediments and their consequent enhanced ability to adsorb
radionuclides (as well as other particle-reactive chemical species). For
example, sediments sampled in Flanders Bay and gortions of Great Peconic
Bay are coarse grained and show low activities of pb (half-life =22 y), a
natural radionuclide supplied from the atmosphere. Because the Peconic
estuary is a relatively shallow system, some sites such as Meetinghouse
Creek and East Creek show physical disturbances related to either the
influence of currents, storms or human activities. Other sites (e. g. portions
of Great Peconic Bay) show evidence of stable communities of benthic
organisms that mix the upper few centimeters of the sediment on time scales
of weeks to months, as indicated by distributions of 'Be, a short-lived (half-
life = 53 d) radionuclide supplied to the estuary from the atmosphere.
Inventories of these two radionuclides in Peconic sediments approach values
expected from direct atmospheric supply, indicating that the estuary is
efficient in retaining chemical species that associate with and are deposited
in the sediments.
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On the longer term, distributions of 210py, and radiocarbon (“*C; half-
life = 5730 y) in Peconic sediments show that they are accreting slowly, at
rates of 0.03 - 0.1 cm per year. Measurements of radiocarbon and stable B¢
in particulate organic carbon of the sediments sampled provides important
clues to the sources and storage of carbon in Peconic sediments. Although
organic carbon varies from site to site in the sediments of the estuary, there
is relatively little variation with depth in the sediment column that can be
interpreted as due to remineralization of POC within the sediments. Rather
the site-to-site variation, as well as the depth variation in a core, is controlled
by grain size changes in the sediments and proximity to local sources of
POC input. Radiocarbon ages at depth in four cores analyzed for this
radionuclide are old (~2000 years), although there is sufficient precision on
the ages (+ ~50 years) to estimate sediment accumulation rates from the
depth gradients. :

- The stable isotopic (3"°C) composition, together with the radiocarbon
data, of the organic matter suggests that it is composed of the remains of
terrestrial plants (including marsh grasses) that do not decompose readily
once they become buried in the sediments. In one core from Little Peconic
Bay, radiocarbon was analyzed in greater detail. An old age for the organic
matter near the core top suggests either that little marine carbon is(present or
any marine POC is decomposed quickly and efficiently in surface sediments .
and is not available for burial. Thus, although the sediments serve as a
repository for refractory terrestrial organic carbon, they do not serve a

“similar role for in situ production. The latter possibility implies that the
-sediments in certain portions of the estuary have the capability to respond
quickly to changes in estuarine productivity caused by changes in nutrient
loadings. In cases in which increases in nutrient loadings cause increases in
estuarine production, the resultant remineralization of organic matter in the
surface sediments could have rapid effects on water column parameters such
as dissolved oxygen or organic nutrients. In contrast, in cases in which
management decisions lead to a decrease in nutrient loadings and
concomitant decreases in estuarine production, the positive effects on water
quality should be rapid as well. A complete characterization of Peconic
sediments using the carbon isotopes was beyond the scope of this study, but
because of the great potential of these tracers, we recommend that the PEP
consider supplemental funding to permit these analyses on archived samples.
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Executive Summary

-~

| This report presents the application of natural radionuclides to determine sédiment
mixing énd accumulation patterns in the Peconic Estuary. Cores were collected at ten
stations throughout the estuary. Box cores were collected by diver during fall, 1997 and
spring, 1998 for characterization of particle mixing processes near the sediment-water
interf‘a‘ce. Gravity cores were collectedronce for determination of sediment accumulation
rates using longer lived radionuclides. The short-lived radionuclides 23"‘:Th and "Be .were
used to determine particle mixing rates. Activities of excess 24Th were low because the
shallow water depths in the estuary resulted in low production of this radion‘uclide from
238{_)_ in the overlying water column. 'Be was present at all stations, although its activity
was reduced at stations characterized by coarse-grained sediment, "Be was distfibuteci to
~3-5 cm By particle mixihg and mixing rates calculated from the 7Be data ranged from
0.1 to 247 cm®/y, comparable to other estuarine environments. [

Excess 2!°Pb was present in the upper 15 to 20 cm of all stations except those with

coarse-grained sediment. Sediment accumulation rates calculated from the depth
gradients of excesé 219pp range from 0.09 to 0.20 cm/y. Four gravity cores were chosen
for radiocarbon determination. The sediment accumulation rates calculated from these
stations range from 0.03 to 0.11 cm/y. These are consistently less than, but within a
factor of three of, the 210p rates at the same stations. Using the 'C rates as the best
approximation to the true long-term accumulation rate in the estuary, we estimate carbon
burial rates of 0.3 to 1.8 mg C/em?/y.

The radiocarbon ages at depth in the sediments are older than expected from

sediment accumulation and decay of material with zero age deposited at the sediment-



water mterface This suggests that the sedlmentary organic carbon reservoir at depth in
“the sedlments is dommated by old terrestrlal carbon. The §°C of the organic carbon
suggests that it is a mixture of terrestrial grasses and other vegetation. The radlc;;:—arbon
age profile in a core from Little Peconic Bay (station 7) indicates that the age of the
sedimentary organic carbon reservoir is old (~1550 years BP) even in the upper 3 cm,
suggesting that labile marine carbon is low in Spncentration or is rapidly decomposed and
is not accumulated in Peconic sediments. This result is consistent.with depth profiles of

organic carbon content in Peconic sediments, which show little systematic change of

~carbon with depth'that cannot be accounted for by changes in sediment grain size.

L Introduction

Many of the biogeochemical reactions that affect water quality in an estuary
are directly or indirec;tly linked tb the decomposition of organic matter. Such [
decomposition can take place in the estuarine water column or in bottom sediments, and
‘:Nhen the estuary is.shallow, as in the Peconics_, the coupling of these two zones is
intense. A complete understanding of the fate of organic matter in the Peconic Estﬁary
thus Vrequires knowledge of the distributions of carbon in the sedimentary reservoir.
Organic matter in estuarine sediments is added or producéd at the sediment-water
interface and can be distributed to depth by the particle mixing by benthic fauna and by
burial, or sediment accumulation. Profiles of organic carbon distributions in estuarine
sediments, coupled with information on the dynamics of particle transport processes
(mixing by infauna and accumulation), can be used to infer turnover times of the

sedimentary organic carbon reservoir,
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This study was undertaken with Peconic Estuary Program funding to provide this
infofmation. One of the most widely used 5pproaches for determining particle mixir'ag
and se-diment accumulation rates of estuarine sediments is with natural radionucf;fies.

"~ Many of these radionuclides associate strongly with particles, and their property of
radioactivity makes them useful cﬁronometers for estuarine sediment dynamics. A
critical element of this application is the use of multiple tracers of diﬁ'e_rent half-life so
that the processes of particle mixing and sediment accumulation can be resolved.
Accordingly, we chose to determine distributions of the following radionuclides in
Peconic sedirher_lts-:. _
N . 234”l‘"hr(half-life =24.1 days): ***This produced from decay

~of dissolved mU in the water column and is rapidly scavenged to sediments. O-ur work
on B4Th in the Venice Lagoon shows that it is scavenged on time scales of hours from
this shallow water énvironment (Cochran et al. 1994). B4Th scavenged from thc.j
overlying water column to the bottom sediments is referred to as “excess” 2>*Th to
differentiate it from 23‘fTh that is supported by 2**U contained in the constituent minerals
of the sediments. In practice excess 2*This calculated by subtracting the 238VU activity
from the meaéured 234Th activity. The short half-life of 2*Th makes it suitable for
determining partiéle mixing rates in estuarine sediments and it is typically confined to the
upper few centimeters of the sediment column.

. "Be (half—life = 53 days): 'Be is produced naturally in the atmosphere

from nuclear reactions of cosmic rays with atmospheric gases. It is added to the estuary

by precipitation (wet and dry) and, like 24TH, is rapidly scavenged onto particles. Its



distribution in the sediments is similar to that of 234Th and it also a useful tracer of |
parti-cle_mixing rate. 7 ‘
o %P} (half-life = 22.3 years): '°Pb is also produced in the at:r;_c;éphere
but from decay of the 2°Rn gas that has emanated from rocks and soils. 219pyp, is often
| used to determine accumulation rates of estuarine sediments. This application is
complricated by the fact that excess activity of this radionuclide (relative to its
grandparent °Ra) is often confined to the upper 15-20 em, a zone in wﬁich particle
mixing by organisms is likely td be important.
o UC (half-life = 5568 years): Radiocarbon is added to the estuary by
gas éxchange of CO; as well as in gséociation with terrestrial organic matter. It is
) brdduced naturally in the atmosphere,l but has also been produced in association with
atmospheric testing of atomic weapons.- If particle mixing is confined to the upper 10-20,
accumulation rates can be determined from the distribution of radiocarbon ages at depth
in the sediments. |

This report presents data on the sediment distributions of the above radionuclides,

plus information on C and N in Peconic Estuary sediments.

Il. - Sampling sites, bulk sediment properties and X-radiography of cores
Sediment cores were collected three times at each of ten stations in the Peconic
estuary system (Fig. 1, Table 1). The stations are among those characterized previously
for toxic contaminants and were chosen in consultation with program management
;ﬁersonn_el. We initially attempted to reoccupy the sampling locations given in the Toxics

bl 1Y

Report. However the locations listed in the “seconds” column (of “degrees”-“minutes”-
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“seconds™) were clearly not seconds because they exceeded 60” in several instances:_ We
thus- chose the closest approximation to the Eites assuming that “seconds” corresponded to
decimall minutes. Small Plexiglas box cores (~250 cnll2 surface area) for radioc}:émical
analyses were pollected by diver in September, 1997 and April, 1998. Logistical support
(vessel and divers) provided by the Cornell Cooperative Extension marine program in
Riverhead was critical to the success of the sampling. Where possible, smaller box cores
were taken to examine sediment structures by X-radiography.

The box cores were emplaced in the sediment by divers and excavated in situ until
~ bottom plates could be attached to retain the core. Céres were transported to the Marine
S?;iegces Research Ce.nter for further pro-cessin'g. The radiochemical cores were extﬁnded
' and.s:ectioned into sampling intervals of one to .three centimeters. Samples wer; -weighed
wet, dried at 80°C and weighed again to determine water content. Cores for X-
radiogréphy were not sampled but were X-rayed intact using a vetén'nary X-ra¥ unit.

One set of gravity cores (10-cm diameter) was collected in November, 1997, The
Suffolk County DHS vessel was used in the sampling, and the cores recovered were
 typically 50 cm long. Despite repeated attempts, it proved not possible to collect gravity
cores at three sandy stations (3, 4 and 5). The sandy sediment at thesé stations prevented |
the cores from sealing and the sediment invariably-washed out of the core tube during
recovery The successful cores were returned to MSRC, SUNY-Stony Brook and

extruded in intervals of three to five centimeters. Water contents were determined as for

the box cores.
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Bulk sediment properties determined include % water (as g H,0 per g wet

sediment x 100) and dry bulk density (pary, as g dry sediment per cm® wet sediment). The

latter was calculated as:

/4
Pr.o -
pdry=p.snd(1*—1y_£—oi_jijd) (1)
+
) Puo  Psa

where p,,,is the sediment grain density (assumed to be 2.65 g sed/cm’ sediment), p 1,0

is the density of water (takenas 1.02 g H,O/cm’® water) and W is the % H,0 (g H:0/g
wet sediment).’ .--.

= Values of % i‘IzO and bulk density are given in Tables 2 and 3. Water content in
 the 0-1 cm interval of the box cores ranges from 20.1 to 86.5% in fall, 1997 and 19.4 to
82.3% in spring, 1998. Three of the stations (3, 4 and 5) have water contents typical of
c_:oarsé-grained sands (~20%). Water contents are generally similar at both occupations of
the same station, given the possibility of seagona] differences in mixing by the benthic
fauna. One exception to this pattern is seen at station 4, which has greater water content
in the,uppe_r 3cmin tﬁe core taken in Septembér, 1997. Indeed, the water depth_ at this
station is signiﬁcantly greater in tﬁe fall than in the spring sampling. This likely reflects
small-scale spatial variation in water depth and in sediment properties at this site. The
other stations have similar water depths (allowing for variations in tide at time of
sampling) and similar sediment properties.

Bulk densities calculated from the water content data range from 0.15 to 1.6

g/cm’ in the fall and from 0.2to0 1.8 g/em’ in the spring (Table 2). Lower values are

indicative of high water content, fine-grained sediment, as typified by station 13 (East
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Creek). Higher values correspond to coarse-grained, low water content sediment as at
station 4 (Great Peconic Bay west). Sediment property data for the gravity cores arc;
giveniir-: Tab.le 3. The X-radiographs of the X-ray cores taken with the box coreé are
shown in Fig. 2.

Sedimentary organic carbon and nitrogen were determined on the box core and
gravity core samples using a Cirlo Erba CHNS Analyzer, Calcium carbonate was
removed from the samples by acid fuming prior to combustion td eliminate C from CO;.
Carbon and nitrogen data are given in Tables 2 and 3. Several patterns are evident in
these data. High C and N concentrations are associated with fine-grained sediment.
Stations 2 and 13 typify this trend with surficial water contents as great as 82%, C 5-6%
and N 0.4 — 0.6%. The opposite extreme is seen at stations 3, 4 and 5, where the
sediments are coarse grained and have ~0.1% C and 0.01% N. The rémaining stations
are intermediate, with C 1-3% and N 0.2 — 0.4%. The average values of C and N in the
upper few centimeters as sampled with the box cores are‘strikingly similar in t]ie fall angi
spring cores and the values agree well with those rheasured in the 0-3 cm interval of the
gtavity cores taken at the same stations. Indeed there is no clear sense from these data
that the sedimentary organic C or N profiles vary significantly over time as might be
expected if there had been input of organic matter from a plankton bloom during the time
covered by our sampling.

Many estuaries show distinct gradients in organic carbon as a function of depth in
the sediments. Such gradients often show up near the interface as freshly deposited

organic carbon is mixed and decomposed and over deeper depths as more refractory

organic matter breaks down. These patterns are generally not observed in Peconic
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estuary sediments (Fig. 3). In general gradients are weak near the sediment water
interface (based on the box core data, Table 2) and where present (for example the spring
box c_ofe from station 13), may reverse at depth (gravity core from station 13, Fi; 3).
Large scale gradients as seen in the gravity cores often reflect the effects of mixing or
grain size changes. Station 1, for example shows sedimentary organic carbon content of
1.5 - 2.5% in the upper 10 cm, with values progressively increasing to ~6% below 20 cm.
This pattern is reflected in the water content which increases over the same interval and
likely reflects downcore decreases in grain size. dther similar variation of organic
carbon with gr_ain size is gvident in (.:ores from stations 8 and 13. These profiles
er_n;_)_l_la_size_that core sedimentology exefcises a fundamental contrdl on barbqn bontent in

* these cores. Such a control is likely possible because much of the organic carbon is “old”

and likely refractory in Peconic sediments (see below).

IIl.  Dynamics near- the sediment-\fater interface: particle mixing rates ('
Estuarine Sédimeﬁts deposited below an oxic water column are commonly
mixed by the benthic fauna. In estuaries such as Long Island Sound, particle mixing can
extend to a depth of éné meter or more in the sediment column (Benninger et al. 1979)
and complicatés interpretations of lproﬁles of long-lived radionuclides used to determine
sediment accumulation rates. Particle mixing can be evaluated using a variety of
radionuclides with different half-lives. The distributions of short-lived radionuclides
such as 2**Th and "Be are dominated by mixing and are thus effective tracers for
quantifying this process. |
Activities of 2%Th, "Be and ?'°Pb were determined on the box core samples by

nondestructive gamma spectrometry using an intrinsic germanium gamma detector.
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Gamma emissions at 46 kev (*'°Pb), 63 keV (®**Th) and 477 keV ("Be) were used to
calculate activities. The detector was standardized using standards of known activitj;rr
(princip.ally NIST River Sediment). Self-absorpﬁon of 21°Pb and ***Th gammas I;S/ the
sample was corrected using standards containing *'°Pb and 234Th that were made up to
simulate the range of densities observed in the samples. Supported levels of 2**Th were
determined using the average 234{h activity below the surficial samples. Errors
associated with the activities are one sigma, calculated from countmg uncertainties.

Table 4 gives radiochemical data from the box cores. Several features are evident
in the data. The first is that there is very little evidence of excess 23_4Th in the sediment.
This is iargely due to the shallow depth of water in the Peconic Bay system. The mean
- water depth of the sites sampléd is 3.7 m. The production of #4Th is controllédmby the
238(] in the overlying water, and for a water column of 3.7 m, the expected inventory of
234Th in bottom sediments is just 0.5 dpm cm?. If this 2*Th is distributed over the top 3
cm, the expected mean activity of excess ***Th in the sediments (assuming a dr; bulk
- density of 0.5 g sedi'mer.lt/cm3 wet sediment) is just 0.3 dpm g”. Typical 28 activities in
fine-grained sedimen‘té are ~2 dpm g1 imp]ying that the excess 2**Th is ~10% of the
total. This value is barely detectable within the uncertainties of the measurements.
Given these uncertainties, we have not calculated particle mixing rates from the excess
P4Th data.

Beryllium-7 is not subject to the same constraints as 24Th. "Be is added to
estuaries dominantly from the atmospﬁere and, due to its short half-life, there is no

“background” activity of this radionuclide in estuarine sediments. The mean flux of "Be

to the east coast of the USA is 0.041 + 0.009 dpm cm™ d, equivalent to an inventory of



3.1£0.7 dpm cm>. The rapid removal of "Be from estuarine waters ensures that the

invéntory of this radionuclide in sedimentsis that supported by the atmospheric input.
Significant activities of "Be are observed at all stations except those characterized by
coarse-grained sediment (3, 4 and 5).

Inventories of 'Be aré calculated from the data as:
I, =3 plyr' 4, @

* where Ig. is the "Be inventory (dpm/cm?), pay is the dry bufk density (g sed/cm® wet
sediment), Ax is the sampling interval (cm) and Agp. is the "Be activity (dpm/g) of the ith
deptﬁ interval. Tlgé inventories vary from stati__on to station, with low valugs observed at
" the stations where the sediment is sandy (3 and 5) aﬁd at station 13. The latter is fine-
grained, but the "Be inventories are low both in the fall and spring at this site. _' The mean
values of the in_ventory, 2.0 and 2.5 dpm/em? in fall, 1997 and spring 1998 respectively
~are comparable to the atmospheric flux. A slightly greater mean inventory in tilje spring,
as well as greater spec;iﬁc activities at some of the stations, could be due to seasonal
variations in "Be input. Grea;cer "Be fluxes to the earth’s sﬁrface in the spring are
| commonly attributed to _enhénced deposition of 'Be produced in the stratosphere relative
to other times of the year (Canuel et al. 1990).

The determination of short-term (seasonal time scale) particle mixing rates in
estuariné sediments is relatively straightforward using short-lived natural radionuclides
such as "Be. Determination of longer term accumulation rates is more problematic,
however because the estu.arine sediment record can be perturbed to significant depths by
particle mixing. These mixing events, when integrated over the half-lives of longer lived
radionuclides such as 2'°Pb or C, can alter the radionuclide depth gradients and produce
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apparent accumulation rates that are too high. The general diagenetic equation applied to

radionuclides incorporates terms for both mixing and accumulation:

~2
A _p OA_g0A_ .4 ()

where Dgis the particle mixing coefficient, S is the sediment accumulation rate, A is the

radioactive decay constant, A is the radionuclide activity and x is depth in the sediment

* column.

At steady —-state, A/Ot = 0 and the solution for eqn 3 for the conditions A = Ap at x = 0,

A-—0asx —> o0is:

S—S* +44D -
A(z) = A, expl Z-x]

2D, )
The relative importance of the parameters Dp and S in governing the radionuclide
profiles depends on the magnitudes of the terms .containingrthem_ and that of A in eqn 4.
Because the density of faunal abundance decreases with increasing depth in the ;ediment
,.co]umn, the terrﬁs containing S and A become progressively more important in
controlling the gradien;cs of longer-lived rédiop_uc]ides. By using tracers of progressively
increasing half-life and thus deeper penetration in the sediment column, it is possi.ble to
resolve Dg and S. In particular, S is often unimportant compared with Dg in transporting
short-lived radionuclides in the upper few centimeters of the sediment column, and the
gradients of these tracers can be used to estimate Dp. Successful evaluation of S thus
requires a multiple tracer approach.

Particle mixing rates have been calculated from the "Be profiles using the

diagenetic equation applied to short-lived radionuclides (eqn 3). If sediment
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accumulation is sufficiently slow relative to particle mixing, it can be neglected, and eqn

4 siinp]iﬁes to:

A(x) = A,[exp-x Dis] (5)

Where A(x) is the "Be activity at depth x (cm), Ay is the activity at the sediment-water
interface, A is the decay constant (y') and Dy is the particle mixing coefficient (em? yN).
rParticle mixing rates calculated from the 'Be profiles are given in Table 5. Rates
are not calculated if the "Be activities are very low (<0.3 dpm/g) throughout the core or if
the only signiﬁéam.‘ activity is .in the 0-1 cm depth interval. The valugs range from 0.1 to
.247 cni’/y in the fall and 0.2 to 30 cm?fy in the spring. The fange of rateé (equivalent to
+.003 x 10 to 7.8 x 10 cm®/sec) is similar to that observed in Long Island Sour;cll (Aller
etal. ‘1980). The stations with the greatest mixing are Station 1 (Meetinghouse Creek)
and station 8 (Noyack Bay). In five out of the seven stations at wlﬁch we can c(qmp’are
- 4_mixihg in the fall and Vspring, the fall rates are greater. This is similar to the pattern in
‘near-interface particle mixing observed in Long Island Sound (Aller and Cochran, 1976).
The 53-da§ haif-life of 7B.e ensures that the fall cdres reflect mixing processes over the
summer, while the spring cores reflect winter conditions. The activity of the benthic
fauna decreases as the water temperature drops in the wiﬁter, hence the mixing is
reduced. |
Although particle mixing by the benthic fauna plays an important role in
controlling depth gradients in 'Be, in shallow waters otﬁer factors can be important. The
water depths at some of the stations (1, 2, 4 and 13) are less than 2 m, and in such

shallow waters, storms and even boating activities can disrupt the bottom, causing
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physical mixing of the sediment. The depth of "Be penetration into the sediment column
is not notably deeper at these stations than at others, however.

IV.  Souces of organic carbon to Peconic Estuary sedimenfs

Carbon isotopes are useful tracers for the source(s) of carbon in estuarine
sediments. Natural carbon comprises three isotdpes: 12¢ 13¢C and 'C. The proportions of
B¢ tb 12C vary in organic matter due to fractionétion relative to the CO, reservoir used
(atmospheric CO; for terrestrial plénts vs. dissolved inorganic carbon for estuarine plants)
and the metabolic pathway for organic matter synthesis (C3 vs. C4 p_lants). The ratio of
BCto m_C is expréssed as ihe per fn_il difference in the measured ratio relative to a |
‘ stand.ar.d (wﬁtten as 8'°C). Carbon-14 is affected by both the ﬁ'actionafion i)roc;ess "
described above as well as radioactive decay. Its values are normalized to a reference |
51°C ;ralu'e and resultant A'C values are converted into radiocarbon ages. /"

Samples for radiocarbon analysis were submitted to the National Ocean Sciences
Accel_eratdr Mass Sf)eqtrometry Facility at the Wdods Hole Oceanographic Inst_ituﬁon.
Although .the analyses are expensive, the technique requires only milligram quantities of
carbon and typicaily has a precision of ~3% on sample ages of ~2000 y BP. The
radiocarbon data are given in Table 6, together with measurements of the organic carbon
concentrations and isotopic composition (8"°C) of the sediments. Although the carbon
isotopic data for this study are limited, they provide ins.ights into carbon sources and
cycling in the estuary.

As summarized in Table 6a, the values of 8°C range from —17 to —20.4 %o0.

Radiocarbon ages of the sedimentary organic matter range from 1340 to 2140 years BP.

o



There are at least four sources of organic carbon to Peconic estuary sediments: terrestrial
C3 plants, terrestrial marsh grasses (C4), phytoplankton (marine C3 plants) and |
submerged aquatic vegetation (marine C4 plants). Each source will have a diffé}ent
isotopic signature, as indicated in Table 6b. . The radiocarbon ages at depth in the four
gravity cores analyzed are typically greater than would be predicted if organic matter
with radiocarbon age = 0 were buried and the radiocarbon decayed with time. In core 7, it
is possible to follow the increase in radiocarbon age with depth in the sediments. Using
the samples below 29 cm to define the trend and extrapolating to the sediment-water
intert‘ace yields an age of 1720 years BP for the initial age of the carbon buried at depth
(Frg 5) A similar pattern was observed in the sediments of Long Island Sound (Benoit
et al 1979) and was interpreted to represent old, refractory terrestnal material that was
transported into the estuary, deposited and buried by sediment accumulation. The 8'°C of
this material is isotopically heavier than terrestrial C3 plants (most land plants, ~ -26 %o).
~ Such an isotopic composition could be produced by a mixture of terrestrial C3 material
with terrestrial marsh grasses (C4 plants, ~ -17%o). The 8'*C values of the setiimentary
organic carbon also could be produced by a mixture of phytoplankton (marine C3 plants,
~ -20%o0) and sea gresses (marine C4 plants, -]4%0). The initial radiocarbon age of such
material should be zero age, or even “future” age given the contamination of the
contemporary .COZ reservoirs by bomb radiocerbon. However, the surficial sample from
core 7 yields a radiocarbon age of 1550 years BP, close to the extrapolated value of 1720
years BP and significantly different from that expected from the marine carbon reservoir.

The slightly younger age relative to the extrapolated value may arise from a small

fraction of marine carbon present in this sample. Interestingly the presence of a small

{»? <



amount of sewage—denved carbon would produce a similar effect. Such material would
have a terrestrial C3 8'°C signature and low radiocarbon age. The similar pattern of |
radioc;afbon age with depth in a Long Island Sound sediment core was interpreté'c.ifby
Benoit et al (1979) to result from rapid decomposition of marine C in the upper
centimeters of the sediment column such that only the refractory C remained to be buried.
Turekian et a"l\ (1980) estimated a residence time of plankton-derived carbon of 2.2 years
in the upper 5 cm of Long Island Sound sedimeﬁts. In the case of the Peconic eétuary,
low in situ production or rapid turnover of marine éarbon could account for the
sedimc_antary carbon reservoir beingrdomin'ated by terrestrial organic material. A precisel
evaluation of the sources and turnover rate of marine carbon requires an estimate of
- annual production in the system and additionai details oﬁ the carbon .isotopic coﬁapbsition
.of orgaﬁic matter in both box and gravity cores.
. {

_V. Sediment accumulation rates and organic carbon burial in the Peconic

Estuary

The longer term storage of particulate organic carbon in_Peconic Estuary
sediments can be determined from knowledge of the rate.of sediment accumulation and
orgaﬁic carbon content of the sediments. As pointed out earlier in this report, particle
mixing in estuarine sediments makes it difficult to extract rates of sediment accumulation
from radionuclide profiles. In order to do so, we use longer lived radionuclides that are
present to greater depths in the sediment column and whose distributions are less

dominated by mixing than are those of the short-lived radionuclides such as "Be. Both

219pp (half-life = 22.3 y), a natural radionuclide in the 2*U decay series, and '*C (half-life



= 5568 y) can be used to determine accumulation chronologies of estuarine sediments. In

-

the bresent study we have analyzed the gra\:rity cores for 21°Pb and have analyzed selected
sampiés for radiocarbon.

Lead-210 in gravity core sediments was measured by gamma spectrometry in a
fashion analogous to that described in Section I for the box cores. Radium-226, the
grandparent of 2'°Pb, was measured simultaneously through the gamma emission of *'“Bi.
The 2'°Pb data are given in Table 7 and are plotted in Fig 6. Inventories of excess *'°Pb
in the sediments range from 12.2 to 36.9 dpm/cm®. The mean, 21.5+7.9 dpm/cm?
compares with a values of 22 — 38 d;.)m/cm2 in marsh an_d_ soil deposits from the
norg'lzcastem ﬁS (Graustein and Turekian 19865. Thus the d.ofﬁinant sc;urce of pp to
" the Peconic system appears to be direct atmospheric deposition.

The depth distribution of excess 1%ph (i. €. that unsupported by 226Ra) may be

~ used to determine sediment accumulation rates, providing mixing is low. In th?'cores

‘analyzed, excess 219} is confined to the upper 10 to 15 cm of the sediment column. We

 have shown that the upper few (0-5) cm of the sedirments are mixed on time scales of

montﬁs, as seen m the "Be profiles. If we apply the "Be mixing rates to the upper 10-15
c¢m of the sediment column, we can use eqgn 4 to detéﬁnine values of S, the sediment
accumulation rate. Another approach that sets upper limits on the rate of accumulation is

to assume that mixing is unimportant below the upper few cm and calculate sédiment

accumulation rates from:
Ax
A(x) = A, exp[- ?] (6)

where A(x) and Ay are activities of excess 21ph at depth x and depth O, respectively, A is

* the decay constant and s is the sediment accumulation rate. The excess 219ph profiles in

o



the Peconic cores show regular decreases in activity, and upper limits on $ may be

calculated from plots of In A vs x. (Fig. 6). Values of S determined from these plots are

-

given m Taple 7 and range from 0.09 to 0.20 cmJy.

The reliability of these rates can be determined by comparison to rates calculated
with a longer lived radionuclide such as '*C. AS noted above, radiocarbon has multiple
sources to e\stuaries, including input from atmospheric testing of atomic weapons
(pn'rﬁarily in the 1950’s and early 1960°s) and natural production from the interaction of .
cosmic rays with atmospheric gases. Qur strategy for radiocarbon analyses has been to
test a few Qf the cores by analyzing samples from deeper depths (>~30 cm) in the cores
that are 'likely to be less affected by particle mi_xing. Comparison _of tfié calculated
accumulation rates can be used to e.valuate the importance of mixing in aﬁectiné Vthe
1% profiles. Sediment accumulation rates determined from the age differences in each
core are given in Table 8. One éore (core 7) was selected for more detailed radiqcarbon
analysis. A linear relationship in radiocarbon age vs. depth holds for thé three samples at
depth in this c;)re and intersects the sediment water interface at ~1700 years. As noted
_earliér in this report, this age correspoﬁds to that of the refractory, terj'estrial organic
carbon that is input to the sy.stem and is ultimately buried.

Burial rates of particulate organic carbon in Peéonic sedimgnts can be calculated
from the radiocarbon accurhulation rates, assuming that these rates are reiativgly
unaffected by mixing:

Jturiat = Coo Py (7)
where Jourial 18 the burial rate of organic carbon (g Clem?/y), C is the organic carbon

content at depth (gC/g dry sed), pay is the dry bulk density (g sed/cm’ wet sed) and S is



the sediment accumulation rate derived from '*C (cm/y). Rates of organic carbon burial
calculated from the radiocarbon data range from 0.34 to 1.8 mg C/cm*/y. However, we

emphasize that this material appears to be primarily terrestrial rather athan marine

particulate organic carbon.
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Table 2: Physical/chemical properties of Peconic Estuary box cores

| Station. Depth Water Dry bulk : Sedimentary Sedimentary
- (em) content density OrganicC  Organic N

(%) (gdrylem’wet) . (%) (%)
Fall; 1897 )

Station 1 0-1 62.6 0.485 2680 0.285
1-2 59.7 0.547 3.02 0.282

2.3 58.4 0.570 292 0.305

3-4 - 571 0.594_ \ 2.72 0.235

4-5 49.3 0.751 1.74 0.127

5.7 428 0.898 1.85 0.161

7-10.5 303 0.988 na na
Station 2 0-1 84,2 0.468 507 0.485
' 1-2 50.4 . 0.552 4.44 0.304
23 ~-58.8. 0.600 3.72 - 0.277
34 58.2 0.612 . 8.80 0.603
4.5 503 0.554 524 0.457
- 57 72.0 0.345 8.69 0.807

710 700 0.375 na . na.
Station 3 0-1 202 1.589 0.13 0.002
1-2 19,2 1.638 0.10 0.005
2-3 18.7 1.659 0.01 -0.004
3.4 19.2 1.638 =0.01 -0.008
4.5 19.8 1.810 -0.01 -0.006

56 19.9 1.610 ' na na
Station 4 0-1 41.7 0.786 0.43 0.025
1-2 41.0 " D945 1.65 0.129
2-3 349 1.107 - 072 0.048
34 228 1.499 0.78 0.048
45 258 1.392 0.58 0.028
57 248 1.427 0.47 0.028

7-8 23.1 1.488 na na

Station 5 0-1 20.1 1.803 0.07 - 0.001
' 1-2 19.2 1.638 0.08 0.001
2-3 184 1.630 0.08 - 0.008
34 18.7 1.618 0.05 0.005
4-5 205 1.587 0.05 0.008

5-8.9 24.1 - 1.452 na na



Table 2: Physical/chemical properties of Peconic Estuary box cores-

Station  Depth Water Dry bulk : = Sedimentary Sedimentary
- {cm) content density OrganicC  Organic N

(%) (gdrylem®wet) (%) (%)
- Station 6 0-1 61.2 . 0.520 1.80 0.184
1-2 57.8 0.581 1.96 0.159
2-3 57.2 0.593 1.82 0.181
3-4 56.4 0.608 2.01 0.18¢
4-3\ 552 0.631 2.13 0.200
L 554 0.627 ) na na
7-9 54.0 0.654 na na
9-11 52.4 0.8687 na na
Station 7 0-1 61.7 0.511 1.81 0.147
1-2 55.6 0.623 na na
2-3 . 52.9 0.676 144 0.128
34 516 0.705 1.48 0.1583
4-5 50.2 - 0.732 : 1.45 - 0.152
- 57 49.6 0.745 " na na
7-10 46.0 0.825 na na
Station & 01 616 0.513 2.08 0.240
1-2 60.3 0.538 217 0.236
2-3 59.1 0.557 1.82 0.160
3.4 58.3 0.572 1.85 0.223
4-5 57.8 0.581 ) 1.66 0.155
5-7 58.7 0.565 1.88 0.210
7-10 57.2 0.593 na na
Station9 - 01 68.4 0.400 3.07 0.312
1-2 645 - 0.483 299 0.249
23 63.3 0.483 2.84 0.285
34 82.5 0.487 2.74 0.221
4-5 81.6 0.513 2954 0.201
57 61.5 0.515 na na
7-10 60.4 0.534 na na
Station 13 0-1 B86.5 0.150 3.83 0.297
1-2 85.4 0.184 3.01 0.228
2-3 82.3 0.203 5.02 0.461
34 75.3 0.207 4.56 0.421
4.5 70.3 0.371 4.12 0.386
5-7 71.9 0.347 2.44 0.267

7-9 71.7 0.349 na na

.ﬁg’-a‘



T_'able 2: Physical/chemical properties of Peconic Estuary box cores

Station

- (cm)

Spring, 1998
Station 1

Station 2

Station 3 -'-_'

- Station 4

Station 5

Station 6

Depth  Water

0-1
1-2
2-3
3.4
4-5
5.7

0-1
1-2
2-3

4.5
5.7

0-1
1-2
2-3
3-4

0-1.

1-2
-2:3
3-4
4.5
5.7

01
1-2
2-3
3-4
4-5

57

0-1
1-2
2-3
3-4

45

- &7

content
(%)

61.8
68.7
814
57.2
55.3
57.2

79.4
76.3
76.6
76.5
-. 731
73.8

22,0
19.1
18.9
18.6
19.0

16.4
18.8
18.5
17.8 -
17.5
17.3

24.1
224
21.2
19.5
14,5
214

87.8
63.2
59.9
58.7
57.7
56.3

Dry bulk
density
(g dry/em® wet)

0.509
0.395
0.516
0.593
0.629
0.593

0.241
0.283
0.279
0.280
0.328
0.317

1.528
1.643
1.651
1.663
1.647

1.830
1.855
1.667
1.696
1.708
1.717

1.452
1.514
1.560
1.826
1.840
1.552

0.410
0.485
0.543
0.565
0.583
0.610

Sedimentary Sedimentary
OrganicC  Organic N

(%)

1.82
2.52
2.04
2.80
na
na

6.30
5.72
5.78

5.80

na
na

0.10
0.10
0.69
0.06
na

0.21
0.12
0.11
0.13
na
na

0.08

0.08

0.05
na
na
na

1.62
1.70

1.71 -

1.72
na
na

(%)

0.200
0.230
0.220

0.270

na
na

0.540
0.510
0.520

0.560

na
na

0.010
0.008
0.010

0.004

na

0.020
0.010
0.010
0.010
na
na

0.006

0.006

0.004
na
na
na.

0.180
0.190
0.180
0.200
na
na

-



Table 2: Physical/chemical properties of Peconic Estuary box cores

Staton Depth Water Dry bulk Sedimentary Sedimentary

-+ {em) content density OrganicC  Organic N
L (%) (gdrylem®wet) (%) (%)
Station 7 0-1 46.3 - 0.818 1.53 0.200
1-2 85.4 0.164 1.50 0.180
2-3 71.3 0.355 ' 1.38 0.160
Station 8 0-1 \ 74.6 0.307 2.04 0.250
©1-2 66.5 0.430 -1.93 0.250
2-3 61.5 0.515 212 0.250
34 60.4 0.534 - na na
4-5 na na na - na
5-7 59.0 0.559 na na
Station 9 01 <. 746 0.307 3.00 0.350
' ' 1-2 67.1 0429 - 273 0.310
2-3 83.1 0.487 ' 264 0.280
< 34 63.0° 0.489 ‘na na
4-5 64.0 0.472 na na.
5.7 63.7 0.477 " na na
Station 13 0-1 82.3 0.203 528 : 0.620
- 1-2 75.1 0.300 4.58 0.530
2-3 742 0.313 3.70 0.420
34 72.8 0.333 na na
4-5 71.4 "~ 0.354 na na

57 69.3 0.386 na na
na= not analyzed - :



Table 3: Physical/chemical properties of Peconic Estuary gravity cores

‘Station Depth Water Dry bulk -;Sedimentary Sedimentary

{cm) content ©=  density OrganicC  Organic N

(%) (gdrylom’wet) (%) (%)

1 0-3 55.1 0.842 243 0.371
. 38 40.6 0.804 1.68 0.140
8-9 42.1 0.768 1.60 0.121

9-14 46.8 0.721 1.81 0.119

14-19 54.2 0.613 321 0.171

18-24 62.3 0.443 6.22 0.419

24-29 60.4 0.409 5.59 0.391

29-34 §7.2 0.522 5.92 0.328

34-36 63.2 0.454 na na

2 0-3 716 0.274 6.74 0.459

3-6 79.8 0.208 6.80 0.618

., 88 75.0 0.265 6.37 0.396

S 814 . 742 0.278 . 5.59 0.292
14419 719 0.312 510 0.501

-~ 19-24 69.3 0.329 5.09 0.450

24-29 68.7 0.358 514 0.546

29-34 68.1 0.414 530 0.521

34-39 66.0 ~0.388 5.88 0.380

- 39-44 66.3 0.375 6.32 0.425
44-49 69.1 0.318 nd nd

6 0-3 59.8 . 0.426 1.84 0.303

- 3-6 56.4 0.549 - 1.85 0.279

8-9 53.5 10.624 1.77 0.308

8-14 51.0- 0.681 1.47 0.226

14-19 519 - 0.647 1.57 0.234

19-24 50.4 0.681 1.56 0.342

24-29 50.4 0.704 1.51 0.252

29-32 36.8 1.362 - 1.83 0.389

7 0-3 54.6 0.853 1.12 0.276

3-8 49.7 - 0.700 1.55 0.309

6-9 49.4 0.785 2.81 0.532

9-14 47.4 0.800 157 0.600

14-19 46.8 - 0.749 1.98 0.477

19-24 44.6 0.812 1.34 0.447

24-29 447 0.835 3.68 0.830

29-34 48.4 0.755 - 1.37 0.363

34-39 47.2 0.761. 1.21 0.247

39-44 48.4 0.795 217 0.556

44-49 458 0.808 1.89 0.241

49-52.5 44.3 0.51¢9 3.21 0.672



Table 3: Physical/chemical properties of Peconic Estuary gravity cores

Station Depth Water Drybulk  Sedimentary Sedimentary

- ‘(em) content density Organic C~  Organic N

8 0-3 629 - 0.482 1.7 0.167
36 61.4 0.511 na na

8-9 56.6 0.653 1.61 0.182

- 8-14 54.7 0.596 1.67 0.181

14-19 52.2 0.727 1.45 0.154

19-24 47.7 0.659 1.11 0.004

2429 440 0.880 1.18 0.006

20-34 496 0.727 0.97 0.083

34-39 52.7 0.841 1.47 0.159

3944 - 508 0.698 1.48 0.162

44-49 50.8 0.681 135 0.120

9 0-3 64.3 0.577 2.60 0.275
38 604 0.577 2.42 10,253

6-9 56,2 0.808 . 229 0.235
814 570 0579 227 1 0.234
14-18 54.1 - 0630 1.62 . 0,167

19-24 . 528 0.630 1.89 0.180

24-29 53.1 0.647 1.99 0.197

28-34 53.8 0613 2.07 0.205
34-39 - 617 0.853 1982 0.188

39-44 504 0.715 - 1.08 0.190

44-49 50.5 0.662 _ 212 0.201

13 03 774 0.285 3.85 0.398
' 3-6 73.7 0.341 na na
6-9 69.1 0.407 4.47 0.338

9-14 68.5 0.414 5.39 0.378

14-19 653 0.431 513, 0.368

19-24 38,6 - 0985 1.18 0.063

24-29 . 239 1.192 0.52 0.020

. ﬁf«f



Table 4: Radiochemical data for Peconic Estuary box cores

Station Depth  Dry bulkdensity =*Th
{em) (g dryfom’ wet) (dpm/g)

Fall, 1997
Station 1

Station 2

Station 3

0-1
1-2
2-3
34
45
Inventory

o1
1-2
23
34
4-5
Inventory

0-1
12
2.3
34
45

Station 4

StaﬁonS

Station 6

e

Inventory
0-1
1-2
23
34
4-5
&7

inventory

01
1-2
23

34
4-5
tnvertory

01
1-2
2-3
34
4.5

Inventery

0.495
0.547
0.570
0.584
0.751

e

1.69
228

1.73°

nm
1.38

1.07
1.58
nm
252
1.88

0.41
0.32

0.34
0.34

1.54
1.2
1.12
1.08

0.60

0.85

0.38
0.30
0.52

0.48
243
224
200

278

effor

.30
0.34
029

0.21

0.40
0.45

0.43
0.36

0.12
0.12
0.1
0.13
0.12

0.22
0.21
0.19
0.12

0.18-

0.15

0.13
0.12

0.14
0.12

0.24
0.20
0.25

025

e
(dpm/p)

1.16
0.09
078
0.60
0.30
1.68

264
0.62
0.64
0.68
0.68
273

0.29
0.25
0.13
0.33
0.18
1.84

0.97
0.89

030

025
0.24
0.38
378

009
0.01
0.10
0.27
0.00
0.74

0.55
0.06
-0.01
0.28
0.57
0.85

032
0.43
0.38

0.24
0.16

0.48

. 052

0.77
0.41
0.41

0.12
0.15

016

0.13
0.13
0.13

0.23

0.17
0.35

0.24
0.39

0.33
0.15

210p,
(dpmig)

8.87
7.M
821
nm
578

8.00
10.64

1212
155

0.70
0.35
0.37
0.60

577
6.32
870
583

0.37
0.36

.27

0.56
0.58

0.58
0.45

0.13
0.14
0.13
0.15
0.13

0.26
0.24
024
0.15
0.1
0.17

0.4

0.13
0.1
0.15
0.13

0.20
0.32
0.3

0.31

2Ra

{dpm/g)

1.01
1.26
0.63
nm
097

1.21
1.28
nm
1.21
1.09

0.18
0.27

025
0.28

- 030

efTor

0.07
0.08
0.06

0.05

0.16
0.10

0.10
0.08

003
0.03
0.03

0.02

0.03
0.02
0.02 -
0.03
0.03

0.05
0.06
0.06

0.06



Table 4: Radiochemical data for Peconic Estuary box cores

Station

Station 7

Station 8

Station 9

Depth Drybulk density  2“Th
(9 dryfom® wet)  (dpm/g)

{cm)

01
12
23
34
45

Inventory

01

1-2

-23

34

- 45

5.7
lnvantory

01
1-2
2-3
34
4-5

Tnventory

Station 13

lnwnbry

~ Spririg, 1298
Station1

Station 2

0-1
12
23
34
45

G1
1-2
23

4-5
Inventory

01
1-2
23
34.
45

" Inventory

34

0.511
0,623
0.878
0.705
0.732

0.513
"0.536
0.557
0.572
0.581
0.565

- 0.400
0.483

0.483.

0.497

.0.513 -

273
1.93
2,09

188

239

3.10
212
172
237
2.06
179

2.80

255

278

252"

252

1.9

211
281 .

385

&ror

0.26
0.27
0.28
0.25
0.30

0.27
0.28
0.26
0.27
0.25
0.30

0.30
033
.27
0.33
0.31

0.20
0.30

BEAL

0.21

0.18

0.22

Be
(dpm/g)

1.25
0.
0.82
-0.51
~0.16
1.64

2.41
1.18
1.66
0.69
0.29

053
0.48
0.22
0.37
0.51
111

nm

0.50

0.14
nm.
nm

orror

0.27

0.41
0.44
0.38
0.3

0.31

0.25

0.18

210Pb
{dpm/g)

8.23
817

572
6.31

7.25
8.60
8.73
B.13
7.35
7.70

7.98
6.23

740 . .

6.16
6.68

4.37
710
813

678

8.51
5.78
5.88

4.54
‘nm

08.32
583

0.3
0.32
0.34

03
0.37

0.33
0.38
0.33
0.34

0.3z

0.37

0.4
0.4
0.34
0.41
0.35

0.18
0.24
0.19

0.18

0.19
0.17

1.61

1.38
1.50
1.47

126

1.49

error

0.06
0.07
0.06
0.08
0.07

0.07
0.07
0.08
0.07
0.07 .

0.09
0.11
0.08

0 o7



Table 4: Radiochemical data for Peconic Estuary box cores

Station -

Station 3

Station 4

Station 5

Station 6

~ Staton7
Staﬁ_onB
Station 9 .

' Station 13

Depth Dry bulk density  2*Th
(g dryfem’ wet)  (dpm/g)

(cm)

01
i-2
23
34
4.5

Inventory

01
1-2
2-3
34
4-5
inventory

0-1
1-2
23

- Inventory

. o1

B E

23
34
4-5

Irventory
01
1.2
2.3

Inventory

01

1-2

23
Inventory

-1
1-2
. 23
Inventory

o1

1-2

23
Inventory

1.529
1.643
1.651
1.663
1.647

1.630

-1.855

1.667
1.698
1.708

1.452
1.514
1.560

0.410
0.485
0.543
0.585
0.583

0.51
0.62
0.68

0.307 . .

0.430

0.515°

Q.307
0.421
0.487

0.203
0.300
0313

0.61
073
0.42
nm
0.45

0.79
0.73

119

nm
0.87

0.36
0.23
042

6.30
1.96
2.74
nm
2.66

287
210
2.34

358 -

285
222

2.5t
287
312

0.56
228
248

Numbers In italics are interpolated or estimated

1

0.09
0.08
0.08

0.1

0.06

0.05 \

0.06
0.07
0.06

0.07
0.03

03N
0.16
o.1¢9

0.16

0.17
0.08

0.15

0.25
0.47
0.16

015

0.16
0.18

0.13
0.18
0.15

"Be
{dpm/g)

-0.27
0.13
0.06
0.00
0.00
0.73

0.27
015

018

0.10
0.0p
147

0.44
0.33
.20
1.45

5.80
1.41
0.05
0.10
0.15
323

-8.04
1.48
.14
5.1

10.47
6.47
2.04
7.05

597

167
0.04
256
074

0.00
0.23

sfror

0.08
0.06

0.00
0.02

0.05
0.06

0.00
0.02

0.09
0.08

0.04

0.29
0.14
0.23

0.
0.05

0.24
0.12
018
0.04

0.42
026
0.20
0.04

0.24
0.22

0.03

0.07
0.20
0.00
0.00

210p},
(dpmip)

0.82
-0.85

1.35

138
1.18
1.78
nm

1.22

0.40
0.38
0.44

11.03
5.98
6.26

nm

7.3%

7.5
7.04

644

872
8.40
876

5.88
493

7.51
8.34

erTor
0.05
0.04

0.07

0.04

0.04-

0.04

0.03
0.02
0.0

0.3
0.14
0.18

0.18

0.14
o.07
0.13

0.24
0.18
0.17

0.14
0.15
0.16

0.19
0.15

Ra

. (dpmv/g)

- eTor
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Table 6a: Radiocarbon analyses of Peconic estuary sediments

Station : Depth  Organic carbon - 5'°C  Radiocarbon age
(cm) % {g C/g sed) %o (vearsBP) .  emor -

2 29-34 510 -17.14 1340 . 50
44-_49 5;18 -1 7.00 1510 55

7 -3 1.18 -20.42 - 1550 55
29-34 1.18 - -19.56 - 1880 55

30-44 1.46 -19.38 2090 55

- 49-52 1.48 -19.35 2140 \ 55

8 29-34 1.51 -18.80 1780 55
44-49 1.65 -18.82 : 1960 55

9 29-34 2.167 -18.64 1410 55

44-48.5 2.35 -18.12 1830 70

Tdbl_e 6b: C_a_rboh isotopic composition of carbon sources in Peconic Estuary

" Source 5*C (o/o0)
Terrestrial plants (C3) -26
Terrestrial marsh grasses (C4) -17

“Plankton- ' o -20
~ Marine grasses (C4) -14



_ TABLE 7: PECONIC ESTUARY GRAVITY CORES: *'°Pb DATA

‘Staton  Depth -~ Density 20pp : R Excess 2'°Pb
{cm) (g dryfem® wet) (dpmig) (dpm/g) (dpmig)
1 0-3 0.842 484 £ 0.47 131 & 0.05 353 & 0:18
3-8 0.804 236 + 0.05 1.03 % 0.02 133  0.05
6-9 - 0.766 1.44  0.08 078 + 0.04 . 0.67 % 0.09
9--14 0.721 0.94  0.06 097 % 0.03 004 & 0.06
14--19 0.613 139 + 008 - 090 # 0.03 0.49 + 0.08
19-24 0,443 0.89 + 0.03 0.86 % 0.02 0.03 + 0.03
" Inventory (dpm/cm?) : \ _ 152 '
2 0--3 0.274 8.98 + 0.42 137 + 0.09 761 t 043
3--6 0.208 ND ND 475
6-9 0.265 338 + 0.18 149 : 0.09 189 020
9-14 0.278 235 1 0.10 1.43 £ 0.05 092 & 0.12
. 14-19 0.312 171 + 0.06 " 145 3003 026 : 0.06
1924 0.329 163 + 0.09 158 + 0.06 0.05 + 0.11
24--29 0.358 141 £ 008 146 + 0.05 005 %010
Inventory (dpm/em?) 12.2
6 0-3 0.426 653 + 0.15 174 + 0.04 4.80 ?Ione
3-8 0.549 5.80 £ 0.16 202  0.06 378 % 0.17
6-9 0.624 3.11 £ 0.06° 192 & 0.03 119 £ 0.07
914" 0.681 217 % 0.09 163 + 0.04 054 + 0.10
14-19 0.647 248 + 0.07 154 003 093 & 0.07
19-24  0.681 1.76  0.05 159 % 0.02 017  0.05
24-29  0.704 179 + 0.09 156 + 0.04 0.23 £ 0.10
2932 1.362 1.39 : 0.08 1.05 & 0.04 0.33 + 0.00
Inventory (dpmicm?) 20.8
7 0-3 0,653 495 & 047 143 + 0.05 352 017
3-6 0.700 425 + 0.08 147 1 0.03 279  0.09
6-9 0.785 328 + 0.12 152 & 0.05 176 + 013
914 0.800 242 + 0.06 166 + 0.03 076 & 0.07
14-19 - 0748 1.73 + 0.07 149 + 0.04 024 % 0.08
1924 0.812 1.51 & 0.08 146 t 0.04 0.05 % 0.09
24-29 0.835 1.77 + 0.06 152 % 0.03 026 + 0.07

inventory (dpmlcmz) 215

e 1]

b



TABLE 7: PECONIC ESTUARY GRAVITY CORES: 210 DATA

Station  Depth  Density 10p}, : 2%Ra Excess 2°Pb
(cm) (g dryfem® wet) (dpmig) {dpm/g) (dpm/g)
B 0-3 0.492 8.88 + 0.26 178 & 0.06 70 & 0.26
' 36 0511 - 770 + 0.24 1.83 + 0.06 5687 025
6-9 0.653 539  0.16 1.89 % 0.06 350 + 0.17
9-14 0.596 3.59 t 0.07 165 + 0.03 1.05 007
14-19 0.727 292 3 010 180 + 0.05 113 % 0.11
19-24 0.659 1.98 + 0.09 167 & 005 030 % 0.10
2429 0.880 151 £ 0.07 145 £ 0.04 0.05  0.08
29-34 0.727 1.84 + 0.08 189 & 0.05 0.16 % 0.10 .
Inventory (dpm/cm?) 36.9
o  0-3 0.577 890 £ 011 162 # 0.03 528 + 0.11
a8 0577 438 + 0.08 - 179 003 259 + 0.00
~6-9 0.606 310 £ 011 179 -+ 0.05 131 0412
9-14 10,579 214 £ 009 160 + 0.04 054 % 0.10
14-19 0.630 2.01 + 0.09 1.70 _+ 0.04 031 : 0.10
19-24 0.630 200 + 0.08 179 + 0.04 021 & 0.10
24--29 0.647 202 + 0.08 165 + 005 - 037 % 0.10
20--34 0.613 063 + 003 163 & 0.02 -1.00 £'0.04
Inventory (dpm/cm?) : 204
13 0-3 0.265 - 1174 £ 0.41 157 + 0.08 1017 £ 042
3-6 0.341 968 = 0.33 153 007 815 + 0.34
6-9 0.407 407 % 0.08 206 + 004 201 & 0.08
9-14 0414 211 = 0.09 178 + 0.05 0.33 & 0.10
14-19 0431 280 £ 0.11 166 + 0.05 084 %012
19-24 0965 147 £007 079 %003 038 & 0.07
24--29 1.182 089 £ 003 057 %001 013 % 0.03
Inventory {dpm/cm?) 24.0

ND = not determined; values in italics are interpolated

[
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List of Figures
Figure 1:

Fi gu}e' 2a,b,c,d;

Figure 3:

Figure 4:

Figure 5:

Figure 6:

Map of the Peconic Estuary showing coring locations.

X-radiographs of box cores. The images are digitally enhanced
prints of the original negatives at the various stations in fall, 1997
and spring, 1998.

Profiles of organic carbon in Peconic gravity cores. Also plotted
are equivalent concentrations obtained from box cores coliected in
fall, 1997 (open squares) and spring, 1998 (open diamonds).

Depth profiles of Be in Peconic box cores collected in fall 1997
(filled circles) and spring 1998 (open circles).

Radiocarbon age vs. depth in a gravity core from station 7. Note
that the trend in radiocarbon age obtained from the samples at
depths >29 cm intercepts the interface at 1721 years. The
measured radiocarbon age of organic carbon in the 0-3 cm interval
is 1550 £ 55 years BP.

Distributions of total >’°Pb in gravity and box cores. The near-
constant value at depth in the gravity cores is the ?*Ra-supported
activity. Box core data are from fall 1997 (open squares) and

‘spring 1998 (open diamonds). Data from types of coref generally

agree, given spatial variation and the possibility of loss of a few
centimeters of surficial sediment from the gravity cores.
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Stn 3 FALL

ot

&

Stn 3 SPRING

Fignure “a.



Stn 6 FALL  Stn 6 SPRING

e

Figure 2b.



Stn 13 FALL " Stn 13 SPRING

Figure 2c¢.



Stn 9 FALL | Stn 2 SPRING

Figure 2d.
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Appendix I: Interpretation of X-radiographs

Stn 1 FALL

Sediments at this site consist of a poorly sorted shell hash consisting of intact and

disarticulated bivalve shells. There are small vertical burrows present to the ﬂght side

and intact (living) Nassaﬁed"'ﬁhells at the surface. The transverse dark area near the

- middle of the film may have resulfed during the corihg process, from dragging a shell to

depth. The sediments at this site are dominantly disturbed by physical processes.

Stn 1 SPRING -

| This is 'a'poorly sorted shell hash with an isolated burrow structure near the upper

~ center. The dark area near the middlerﬁeld is possibly part of a larger biogenic strcture

although it may also be anthropogenic in origin (anchor mark etc.).

Stn 3 FALL
[

This is a bioturbated fine sand as evidenced by its homogeneity and the presence

of _bifurcafed unlined burrows, possibly 'Capite-lla or Nareids. There is little grain size

v.ariatipn except for some largé. sand graihls.,'.randomly distributed.
Stn 3 SPRING

| This ié a sﬁ_ndy shell hash deposited under strong current conditioﬁs. The shells
are lineated and stacked near the surface, underlain by shell rich clasts. The lineation and

stacking of the shells indicates strong current flow.
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Stn 4 FALL

" This is a medium to coarse sand, ﬁighly bioturbated as indicated by the dense
network of burrows near the surface. Near the bottom there is evidence of a possibly
biogenic lag deposit of poorly sorted shell material and possibly aggregated shells. The

near surface burrow structures are not currently active and may be relict.

Stn 5 FALL
This is a moderately bioturbated fine sand as evidenced by the presence of burrow

structures near the surface, possibly made by Spionid worms. The dark spots in the

central le_ﬁ .ﬁeld are i)robably coring artifacts.
Stn 6 FALL |

This is a highly stable muddy bottom as evidenced by the presence of intact
agglutinated tube structures formed by Moldanid worms pass!ing through the sediment
water interface.. Dark areas near.the upper center field are feeding voids, an?}there are

horizontal burrows. The small surface layer is probably caused by sediment resuspension

" during coring.

Stn 6 _SPRING

Similar to tﬁe fall conditions at this statién th¢ presence of agglutinated worm
tubes is indicative of a stable bottom with a well developed benthic community.
Stn 7 iTALL

This is a shell deposit formed under high energy conditions as evidenced by the
presence of large. numbers of disarticulated bivalve shells, some of which, especially in
the upper left are stacked in both directions indicating strong currents from at least two

directions (tidal flow). Nepthys and Moldanid tubes are present near the surface.

-



Stn 8 FALL

This is a moderately bioturbated fine grained sediment that has been subject to
intermittent physical disturbance. Beneath the upper third of the field is a-shell lag
deposit with truncated burrows indicating past erosion. There is some shell armoring
near the surface. The separation near the bottom is probably a coring artifact.
Stn 9 FALL

~This is a dominantly muddy deposit that shows évidence of washin of coarse

grained materials. There is extensive cross cut biotﬁrbation with articulated (living?)
bi_vaiyes and a well developed spectrum of infaunal sizes, indicating a well established
be_nthic community. The agglutinated tube structures on the left field are formed by
g Mé}:ianid WOrms.
Stn 13 FALL

Thlis muddy sedirnent shows evidence of physical depositional control due to the
presence of multiple laminations.  Near the base there is evidence of methane (g'as bubbles
~ -and terrestnal plant debris. The unmterrupted ]ammatlons indicate that bioturbation has
not recently been effectlve below 4 cm. at this site. Abundant Nassareid shells.
Stn 13 SPRlNG

This is a dominantly fine grained deposit showing evidence of periodic washins of
E éoarsef rﬁaterial. There are abupdant Nassareid shelis and altematiﬁg fine and coarse
grained layers. Relict infaunal feeding tubes are truncated in the vertical (center field),

indicating some erosional processes, then repopulated by infauna.



