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Cut-off meanders, backwater ponds, and blocked valley coves are all common features along the tidal reaches
of lowland rivers. While significant progress has been made to understand sediment dynamics in similar
off-river environments above the head of tides, less is known about the processes driving transport and sed-
imentation within these systems when tidally influenced. To provide insight we combine sedimentological
observations with flux analyses for a series of tidal off-river waterbodies along the Lower Connecticut
River spanning the river's entire 100 km tidal reach. Sedimentation rates exhibit a clear seaward increase
with growing tidal influence, and are an order of magnitude higher than accumulation rates obtained previ-
ously from neighboring marsh and subtidal environments. A simplified mass balance can relate time-series
measurements of water level and suspended sediment concentration to observed trends in sedimentation,
and support flood-dominated asymmetry in tidal sediment flux (i.e. tidal pumping) as the primary mecha-
nism for enhanced trapping. Relatively steady rates of deposition are observed in off-river waterbodies
over the last century, with little evidence of deposition dominated by extreme events. Suspended sediment
concentrations rise significantly in the main tidal river with increasing river discharge, while tidal range is
damped with rising freshwater flow. The net result is an optimal freshwater discharge for maximizing the
tidal pumping of sediment from the main river into tidal off-river waterbodies, with more routine discharge
events largely responsible for driving long-term trends in deposition. A sudden shift in lithology towards
more inorganic, fluvial derived sediment is commonly observed towards the end of the 19th century, along
with over an order of magnitude increase in the rate of deposition. The timing of the onset of rapid infilling
occurs contemporaneous with the documented creation and/or deepening of tidal tie-channels, followed
shortly after by a rapid rise in heavy metal concentrations related to industrial activity along the river. Results
point to the creation and routine maintenance of tidal inlets increasing the connectivity of off-river
waterbodies to the main tidal river in recent centuries, and enhanced sediment trapping along the floodplain
at the most favorable time for capturing legacy contaminants introduced during the industrial era.

© 2012 Elsevier B.V. All rights reserved.
1. Introduction

Understanding how sediment is transported, trapped, and remo-
bilized in low-lying rivers and their respective estuaries is of broad
geomorphic significance, fundamental to quantifying river inputs to
the ocean, constraining internal inventories, and predicting the evo-
lution of low gradient landscapes (e.g. Meade, 1982). A great deal of
research describes the transport and trapping of sediment along
low-lying rivers at locations above the tidal reach (e.g. Allison et al.,
1998; Aalto et al., 2008; Day et al., 2008; Swanson et al., 2008), and
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further downstream within the brackish waters of an estuary (e.g.
Geyer et al., 2001; Woodruff et al., 2001; Klingbeil and Sommerfield,
2005; Galler and Allison, 2008; Ralston and Geyer, 2009). By compar-
ison, less is known about the mechanisms for transport and storage
between these two environments within the freshwater tidal river,
or the perimarine zone (e.g. Hageman, 1969; Plater and Kirby,
2006). This freshwater tidal reach can constitute a significant portion
of a low-gradient river's overall extent, particularly for low-
lying rivers along the eastern seaboard of North America, where
tides frequently extend upriver from the mouth on the order of
100-to-200 km (Fig. 1).

The predominant location for long-term (decadal-to-centennial),
fine-grained storage in a river above the head of tides (tidal limit)
is often considered to be the floodplain, (e.g. Trimble, 1983; Allison
et al., 1998; Goodbred and Kuehl, 1998; Walling et al., 1998, 1999),
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Fig. 1. (A) North American map showing the distribution of tidal rivers with known off-river waterbodies. Portions of rivers underlined in (A) are enlarged in (B), (C), (D), and Fig. 2.
Off-river waterbodies in B–D are identified with triangles. A number of the most prominent off-river waterbodies along the James River (shown in B) are man-made, due to
navigation cut-offs beginning in the mid-1860s.
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where sediment is transported and trapped primarily during seasonal
high river discharge events (e.g. Wolman and Miller, 1960; Mertes,
1994; Walling et al., 2003). In contrast, provided that an estuary has
sufficient accommodation space, significant amounts of fine-grain
sediment can also be trapped and stored within the estuarine channel
itself, both seasonally (e.g. Woodruff et al., 2001; Traykovski et al.,
2004; Galler and Allison, 2008) and on decadal and centennial time
scales (e.g. Klingbeil and Sommerfield, 2005). Similar to locations
above the influence of tides, non-ephemeral depocenters of fine-
grained sediment within the fresh water tidal reach are generally lo-
cated along the floodplain rather than the channel itself (e.g. Patton
and Horne, 1992; Varekamp et al., 2003), in part because the main
channel often lacks the accommodation space required for significant
amounts of long-term, fine-grained sediment storage.

Off-river waterbodies, such as cut-off meanders, backwater lakes,
and drowned valley coves serve as prominent depocenters for the fo-
cused sedimentation of fine-grained sediment along the floodplain,
primarily because these systems present significantly more vertical
accommodation space than neighboring subaerial wetland environ-
ments. These floodplain waterbodies function as unique and essential
habitats for flora and fauna (e.g. Simpson et al., 1983), provide shel-
tered harbors and recreational areas (e.g. Maloney et al., 2001;
Jacobs and O'Donnell, 2003), serve as an important sink for nutrients,
organic carbon and associated contaminants (e.g. Bubb et al., 1991,
1993; Loomis and Craft, 2010), and are a key ecohydrological compo-
nent of the perimarine floodplain (e.g. Plater and Kirby, 2006). Critical
to managing all of these important functions is an understanding of
the mechanisms by which off-river waterbodies infill.

A number of recent papers have provided valuable insight into
the processes governing the transport and trapping of material in
floodplain waterbodies when located in a strictly fluvial environment
(Rowland et al., 2005; Day et al., 2008; Constantine et al., 2010).
These works highlight the importance of seasonal discharge events
to the infilling of these environments. They also emphasize the signif-
icance of tie-channels that connect off-river waterbodies to the main
river, and the important role these tie-channels play in diverting sed-
iment loads from the main river to the floodplain.

Off-river waterbodies are also prevalent along the tidal reach of
many of low-lying rivers throughout the world, and are particularly
prominent along the western Atlantic Slope (e.g. Fig. 1). Here we
provide a new empirical data set for understanding how these tidal
off-river waterbodies infill. More specifically the study is focused on
assessing: i) the relationship between tidal magnitude and rates of
infilling, and ii) how human alterations to tidal off-river waterbodies
have affected sediment trapping in recent centuries.

2. The Connecticut River

Examples of notable North American rivers that contain promi-
nent tidal off-river waterbodies are presented in Fig. 1 and include
(with the length of their approximate tidal reaches in brackets): the
Saint John River in New Brunswick, Canada [140 km], the Connecticut
River [100 km], the Hudson River [250 km], the Delaware River
[200 km], the Potomac River, [164 km], the James River [160 km],
the Santee River [60 km], the St. John River in Florida [180 km], the
San Jacinto River [260 km], and the Columbia River [220 km]. In par-
ticular, the lower reach of the Connecticut River exemplifies a system
with prominent tidal off-river waterbodies (Fig. 2). The river has long
been recognized for its extended tidal environment, dating back to its
early documented history when Native Americans originally referred
to the Connecticut as “Quinnetukut,” meaning long tidal river (Horne
and Patton, 1989). Tides begin at the mouth of the river at Long Island
Sound with a semi-diurnal range of 1.1 m, and propagate upstream
roughly 100 km to just below Thompsonville, CT (Fig. 2A). A majority
of the tidal river is fresh, with the salinity intrusion typically extending
up the estuary 5 to 15 km during periods of high and low river dis-
charge, respectively (Garvine, 1975; Howard-Strobel et al., 1996).

Estimates of total fine grain sediment load for the river range
from 250,000 tonnes/yr (Milliman and Farnsworth, 2011) to
760,000 tonnes/yr (Patton and Horne, 1992), of which a sizable
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Fig. 2. (A) The Lower Connecticut River and Estuary with location of Hamburg Cove (B), Chapman Pond (C), Pecausett Pond (D) and Oxbow Lake (E). Black circles in A identify
United States Geological Survey gauging stations referenced in text. White circle in B–E identify core locations. Contour shading of bathymetry is the same in B through E. The
location of the original core collected by Varekamp et al. (2003) is labeled CMP1 in C, with CMP2-4 collected in this study.
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fraction (~20%) is trapped and stored within the tidal reach (Patton
and Horne, 1992). Relatively minor changes have been observed in
the bathymetry of this tidal reach over the last century (Horne and
Patton, 1989), indicating that a majority of fines are potentially
trapped within adjacent tidal floodplain settings rather than the
main channel itself. More recent studies measure roughly 30 cm of
deposition since the onset of industrialization within floodplain wet-
lands on Great Island Marsh (Varekamp et al., 2003, 2005, See Fig. 2
for location), and support the tidal floodplain as a primary location
of fine-grained sediment storage.

3. Study sites and history of man-made modifications

The study centers on a 160 km transect composed of four off-river
waterbodies along the banks of the Connecticut River, beginning
above the tidal reach of the river and continuing down to the mouth
of the estuary. Starting near the river mouth where tides are greatest
and progressing upriver these sites include Hamburg Cove, Chapman
Pond, Pecausett Pond, and Oxbow Lake (Fig. 2).

3.1. Hamburg Cove and channel dredging

Hamburg Cove is situated along the east side of the Connecticut
River approximately 13 km from the mouth, and is the most seaward
site analyzed in the study (Fig. 2B). The landward limit of salt water is
typically located just below the cove, except during periods of low
river discharge when the salinity intrusion extends slightly upriver
(Horne and Patton, 1989). Tides are the dominant driver of flow
in the cove, with mean and spring ranges of approximately 1.1 m
and 0.9 m, respectively (NOAA, 2012). A small, dammed tributary
(Eightmile River) also feeds into the cove from the east with an aver-
age annual discharge of 2.4 m3/s, and peak annual flows typically
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below 60 m3/s (mean and peak estimates based on combined statis-
tics for north and east branches of the Eight Mile tributary from
#01194000 and #01194500 USGS gauging stations).

Hamburg Cove is housed within a narrow, drowned glacial valley
with a steep rocky shoreline. The sheltered off-river setting of the
cove made it an attractive harbor to early settlers of the region; how-
ever, natural sedimentation from the Connecticut River results in a
shallow submerged levee at the mouth roughly 0.5 m or less in
depth (Fig. 2B). Early records indicate that a navigation channel was
either created or deepened in 1909 CE to improve access to the
cove (Schuler, 1993). This deeper, 30 m-wide, 3 m-deep tidal channel
now cuts through the shallow shoal at the mouth of Hamburg Cove,
and currently serves as its primary connection to the Connecticut
River. With the exception of this navigation channel, the deeper
inner cove appears to have remained relatively untouched prior to
sampling, with average depths in the pond's interior ranging from 4
to 5 m.

3.2. Chapman Pond, mercury contamination, and the Great Ditch

Chapman Pond is a 0.24-km2 freshwater tidal pond located ap-
proximately 10 km upstream of Hamburg Cove along the eastern
floodplain of the Connecticut River (Fig. 2C). At this location salt is
completely absent from the river under all conditions, and the mean
and spring tidal range diminish to 0.8 m and 1.0 m, respectively
(NOAA, 2012). The elongated pond runs parallel to the river
suggesting that it likely occupies a braid cut-off carved previously
when the river tracked to the east of its current location. The pond
is absent of any major tributaries other than three small streams
with a cumulative watershed of less than 2 km2.

The banks of Chapman Pond are fringedwith a vegetated shoal that
shallows to a larger tidal freshwatermarsh. A network of cores collect-
ed previously by Varekamp et al. (2003) for the entire Connecticut
River/Long Island Sound region includes a core collected towards the
north bank of Chapman Pond along this subtidal shoal (core CMP1,
Fig. 2C). Temporal trends in heavy metal deposition in core CMP1
are consistent with trends observed from the larger network of sites
obtained by Varekamp et al. (2003). More specifically a rapid rise in
mercury (Hg) deposition above background levels dates to sometime
at the turn of the 19th century andmarks the onset of industrial activ-
ity along the river.

Chapman Pond is separated from the Connecticut River by a
~150 m wide, naturally formed channel levee. This forested barrier
is intersected by a primary tidal tie-channel feeding into the central
west side of the pond, and a longer meandering tidal creek connecting
to the pond's southern end (Fig. 2C). The primary, western inlet is
a man-made canal called ‘The Great Ditch’, created and/or deepened
by commercial fisherman sometime between the 1850s and 1890s fol-
lowing the blockage of the smaller southern creek by a local land
owner to prevent fisherman access to the pond (Maloney et al.,
2001). This Great Ditch has been maintained ever since, with the re-
mains of cut tree trunks and limbs along the banks providing evidence
for the routine removal of tree jams in order to ensure continued
access to the pond.

3.3. Pecausett Pond, drainage ditches and inlet maintenance

Pecausett Pond (also called Wright Pond) is located 43 km from
the mouth of the Connecticut River and 20 km upstream from Chap-
man Pond (Fig. 2D), with mean and spring tidal ranges of 0.7 m and
0.8 m, respectively (NOAA, 2012). The pond is situated along a stretch
of the Connecticut River that tracks sharply to the east through the
eastern border fault of the Hartford Basin (Horne and Patton, 1989).
Bordering Pecausett Pond to the north is a small bedrock valley, po-
tentially carved when the Connecticut River passed to the east of its
current path during pre-glacial times (Bissell, 1925). The elongated,
3–4 m deep pond follows this northeast–southwest oriented paleo-
river valley, potentially indicating that it is in part a modern expres-
sion of this pre-glacial geometry. Alternatively, it is also possible that
the pond is a prehistoric cut-off formed when the river meandered
into this valley and was pinned against a series of bedrock hills to the
north.

Direct freshwater runoff into Pecausett Pond is minimal, with no
major streams or tributaries. Similar to Chapman Pond, the deeper in-
terior of Pecausett Pond is bordered by a fringing sub-tidal shoal
followed landward by a larger intertidal marsh. An expansive net-
work of drainage ditches have been cut through Pecausett marsh, a
common practice for lowering water-tables and draining marsh sur-
faces for hay farming and later insect control (Bourn and Cottam,
1950; Redfield, 1972; Rozsa, 1995). Historical maps from the region
indicate that these ditches were dug sometime between 1859 CE
and 1895 CE (Walling, 1859; Duffield, 1895).

A single ~30 m wide, ~1 m deep tidal tie-channel serves as the
sole connection between Pecausett Pond and the main Connecticut
River (Fig. 2D). This channel has remained roughly in the same loca-
tion at least as far back as 1859 CE (Walling, 1859), but with older
maps insufficient in resolution to assess the prior state of the inlet.
Similar to Chapman Pond, evidence of cut limbs and tree stumps
along the banks of the inlet to Pecausett Pond at the time of sampling
indicate the routine removal of clogging debris for improved access to
the pond.

3.4. Oxbow Lake and human modifications

Oxbow Lake is the most upriver site in the study (located approx-
imately 160 km north of the mouth), and the only site that is not
influenced by tides (Fig. 2E). The lake was formed in 1840 CE when a
wide western meander from the main stem of the river was cut-off
during a spring flood (Holland and Burk, 1982). A few years after its
creation the northern end of the Oxbow was blocked (Walling,
1856), leaving a 35 m wide channel on the southern end of the lake
that remains the sole connection between it and the main river.
Manahan River, a small 17.5 km-long tributary, enters Oxbow Lake
on the southern end. Since 1940 CE theMill River, with a mean annual
discharge of 2.8 m3/s and average peak discharges of 71 m3/s (USGS
gauging station #01171500), has also been redirected into the lake,
entering along its northwest bank. Since its diversion, Mill River has
entered Oxbow Lake by way of Hulbert Pond, an older relic cut-off
meander located just to the northeast, with Hulbert Pond continuing
to serve as the initial catchment for Mill River sediment prior to enter-
ing Oxbow Lake (Holland and Burk, 1982). A marina exists along the
north side of Oxbow Lake with the lake's southern outlet maintained
in order to ensure navigational access from the lake to the main river
(Fig. 2E).

4. Methods

4.1. Field program

Field work for the study consisted of an initial subbottom survey
of each of the four off-river waterbodies followed by a coring program
guided by these preliminary geophysical profiles. A Mala Ground
Penetrating Radar (GPR) operating at 50 to 250 MHz was used to col-
lect bathymetry and preliminary subbottom stratigraphy for Oxbow
Lake, Pecausett Pond and Chapman Pond, with seismic surveys for
the seasonally brackish Hamburg Cove site obtained using an acoustic
profiler operating at 10 KHz.

Once targeted with subbottom surveys and derived bathymetry,
sediment cores were collected at the deepest location within each
waterbody. In addition to these primary core sites, a transect of addi-
tional coreswas also obtained fromChapman Pond andOxbow Lake in
order to assess spatial variability in deposition within these individual
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waterbodies (Fig. 2B–E). Long cores were obtained using a combi-
nation of piston-push coring (e.g. Donnelly and Woodruff, 2007;
Woodruff et al., 2008, 2009) and vibra-coring (Boldt et al., 2010)
techniques.

4.2. Lab methods

Gravimetric porosity and loss-on-ignition measurements follow
methods described by Dean (1974). Sub-sampled sediments were
weighed and dried overnight at 105 °C. Dried samples were reweighed
and combusted at 550 °C for 2 hrs to determine the organic mass lost.
Grain-sizes were measured on surface sediments using a Coulter LS
200 laser particle size analyzer, with organics removed using 6% H2O2

at ~60 °C prior to analysis. Statistical data was computed using the
Fraunhofer optical model with the median grain size (i.e. D50 by vol-
ume) provided to characterize surficial sediment size.

Hg measurements were obtained with a Teledyne Leeman Labs
Hydra-C mercury analyzer at Amherst College. The Hydra-C is a direct
combustion Hg analyzer with cold vapor atomic absorption configu-
ration (CVAAS). Dried and weighed samples were combusted and
mercury collected onto a gold amalgamation trap before being re-
leased into the CVAAS. National Institute of Standards and Technology
(NIST) sediment standard 2702 (inorganics in marine sediment) was
used for calibration and to determine precision and accuracy, where
precision was within 2% and accuracy was +/−8%.

4.3. Chronostratigraphic techniques

Age models for selected cores were obtained using a combination
of dating techniques including gamma spectroscopy, Hg stratigraphy,
and radiocarbon dating. For radioisotope analysis powdered sediment
were counted on a Canberra GL2020R Low Energy Germanium Detec-
tor for 24–48 h. The initial rise and subsequent peak in 137Cs activities
are well proven age markers for the 1954 CE onset and 1963 CE peak
in atmospheric nuclear testing, respectively (Pennington et al., 1973),
with measurements of unsupported 210Pb activities (t1/2=22.3 yrs)
providing further age constraints. Activities for 137Cs and 210Pb were
computed spectroscopically from the 661.66 keV and the 46.54 keV
photopeaks, respectively.

Excess or unsupported 210Pb activities (210Pbex) were obtained
using the difference between total 210Pb activity and the in situ
226Ra supported 210Pb activity as measured by 214Pb (e.g. Chen et
al., 2004). Average rates of sedimentation based on 210Pbex were esti-
mated using the best-fit linear regression for the logarithm of 210Pbex
versus depth (Koide et al., 1973; Robbins and Edgington, 1975; Faure,
1986), with the slope of this best-fit line equivalent to –λ/r, where r is
the sedimentation rate and λ is the radioactive decay constant of
210Pb (0.03114 yr−1). Discrete ages for individual 210Pbex measure-
ments were obtained with the age-to-activity relationship described
by Appleby and Oldfield (1978) when assuming a constant initial
concentration (CIC) of 210Pbex:

t ¼ 1
λ
ln

Co

Cx
: ð1Þ

Here Co is the activity of 210Pbex at time to, and t is the age relative
to to for sediment that has decayed to an activity of Cx.

To extend dating beyond 137Cs and 210Pbex chronologies, acceler-
ated mass spectrometry 14C analyses were also conducted on organic
samples at the National Ocean Science Accelerator Mass Spectrometry
Facility at Woods Hole Oceanographic Institution. Resulting radiocar-
bon ages were calibrated to calendar years with associated analytical
error using the IntCal09 (Reimer et al., 2009) calibration data set.

In addition to the deeper cores obtained to derive longer-term
deposition rates, a series of short gravity cores were also collected
in the late-spring of 2011 to assess rates of deposition during a series
of fairly routine high-river discharge events associated with the year's
seasonal spring meltwater event (i.e. spring freshet). All sediments
obtained via gravity core were sub-sampled in the field at 0.5–
1.0 cm depth intervals to avoid disruption. The depth of detectable
7Be activity in these sediments was then employed as a marker of
seasonal deposition, with 7Be activities determined by gamma spec-
troscopy of the 477.6 keV photopeak following previously reported
methods (Larsen and Cutshall, 1981).

7Be is a short-lived cosmogenically derived radio-isotope (t1/2=
53 days) that is delivered to the surface of the Earth primarily by
precipitation (Feng et al., 1999; Olsen et al., 1986). Suspended fine-
grained sediments readily scavenge 7Be from the water column of
rivers that contains fresh rainwater (e.g. Olsen et al., 1986). Following
deposition 7Be activities within these previously suspended sediments
rapidly decay below the limits of detection, with the depth of measur-
able 7Be activity often used as an effective marker for sediments depos-
ited within roughly three half-lives or approximately the last 6 months
(Walling, 2003). To assess overall infilling rates of waterbodies results
are presented as the thickness of detectible Be7 (i.e. cm or cm3/cm2)
rather than the mass accumulation rate (i.e. g/cm2/yr).
5. Results

5.1. Deposition rates over the last century

Sedimentological results from Hamburg Cove are based on HMB1, a
550 cm core collected from the deepest region of the cove's central in-
terior (water depths of roughly 4 to 5 m), and at a horizontal distance
of roughly 360 m to the east of the navigation channel that connects
the cove to themain river (Fig. 2B). The 1954 CE 137Cs onset is observed
between a sediment depth of 200 and 240 cm in the HMB1 core
followed by a clear 1963 CE peak in 137Cs activity at 181 cm (Fig. 3A).
An average sedimentation rate of between 3.6 and 4.3 cm/yr is obtained
for HMB1 based on the depth of these two separate chronological
controls. Independent age constraints derived from 210Pbex activities
are consistent with this 137Cs chronology, with the best-fit 210Pbex
decay curve indicating a relatively steady deposition rate of 4.2 cm/yr
since the late 1930s (Fig. 3E, I).

Similar to HMB1, CMP2 was obtained from the deepest section of
Chapman Pond in water depths of 4 to 5 m, but at a somewhat closer
distance of ~160 m from the pond's main inlet. The 1954 CE onset for
137Cs activity in CMP2 occurs between 166 cm and 180 cm, with a
1963 CE 137Cs peak at 151 cm (Fig. 3B). A sedimentation rate of
roughly 3.0–3.2 cm/yr is obtained with these 137Cs ages, and similar
to the rate of 3.1 cm/yr obtained using the best-fit decay curve for
210Pbex activities (Fig. 3F, J).

Sediment analyses from the most landward tidal pond in the study
(Pecausett Pond) are focused on PCT1, a core collected from the
pond's deepest point in 3 to 4 m of water and approximately 350 m
away from the tidal inlet (Fig. 2D). A well-defined 1963 CE peak in
137Cs activity is presented in PCT1 at a sediment depth of between
80 and 82 cm, followed below by the 1954 CE onset of 137Cs activity
between 108 and 115 cm (Fig. 3C). Sedimentation rates based on
this 137Cs chronology are between 1.7 and 2.1 cm/yr, with the best-fit
decay curve for 210Pbex also reveals a similar rate of 2.1 cm/yr over
the last half century (Fig. 3G, K).

Above the head of tides at Oxbow Lake, short-lived radioisotopic
activities were measured in core OX2, located approximately 2000 m
from the main inlet and in a water depth of approximately 4 to 5 m
(Fig. 2E). 137Cs age constraints are at the shallowest sediment depths
of all the four core sites, with the 1963 CE peak at 55 cm and the 1954
CE onset of 137Cs activity at a depth of ~84 cm (Fig. 3D). Sedimenta-
tion rates at OX2 based on these age constraints are between 1.2 and
1.5 cm/yr, with the best-fit 210Pbex curve also supporting a similar
sedimentation rate of 1.5 cm/yr over the last century (Fig. 3H, L).
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Fig. 3. Sediment depth profiles of 137Cs activity (A–D) and 210Pbex activity (E–H) along with derived depth-to-age models (I–L). Columns from left to right are for cores HMB1,
CMP2, PCT1 and OX2, respectively. Hg concentration for cores are shown in bottom panels (M–Q), with previous data from Great Island Marsh at lower right (from Varekamp
et al., 2003). Vertical black dashed lines in Hg profiles identifies upper bound for Hg concentrations that occur naturally in regional sediments (Varekamp et al., 2003). Years
presented in M–P are based on the depth-to-age models derived in I–L, with ages in Q from age model by Varekamp et al. (2003).
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5.2. Hg chronologies

Industrial waste is an unwanted legacy of centuries of develop-
ment along the banks of urbanized river systems. Among the most
toxic of these contaminants is mercury (a known neurotoxin to
humans and wildlife) whose concentrations readily mark industriali-
zation of the Connecticut River watershed (e.g. Varekamp et al.,
2003). Regional surveys of floodplain wetlands show natural levels
of Hg ranging between 23 and 103 ppb for sediments deposited
prior to industrialization (Varekamp et al., 2003), a finding consistent
with previous baseline concentrations in sediments (Reimers and
Krenkel, 1974). A rapid rise in Hg is observed at all four core sites
above these background levels (Fig. 3M–P). This initial rise in Hg con-
sistently dates to sometime between 1900 CE and 1930 CE when
more recent 137Cs- and 210Pbex-derived rates of deposition are as-
sumed constant down to this heavy metal horizon. Chronologies de-
veloped previously by Varekamp et al. (2003) from a marsh nearby
to Hamburg Cove (i.e. Great Island Marsh, see Fig. 2A for location),
date this onset of industrial-related Hg to a slightly older age of
1880 CE (Fig. 3Q). An age of between 1900 CE and 1930 CE is still
generally consistent with these previous results given dating uncer-
tainties (e.g. 210Pbex levels primarily used for dating this Hg horizon
begin to approach the detection limit in material deposited
towards the turn of the 19th century). Later, and better temporally
constrained patterns in Hg deposition are more consistent between
floodplain waterbodies and past marsh reconstructions. For example,
HMB1, CMP2, PCT1 and OX2 all contain a prominent peak in Hg con-
centration that dates to between 1950 CE and 1970 CE (Fig. 3M–P),
which is temporally consistent with the timing of a similar Hg peak
observed previously at Great Island Marsh (Fig. 3Q).

Although the timing is similar, the magnitude of the more recent
1950–1970 CE Hg peak is significantly greater in the floodplain
waterbodies than in nearby marsh environments. For example, Hg
concentrations exceed 3600 ppb at Hamburg Cove, compared to a
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maximum Hg concentration of just 409 ppb at Great Island Marsh
(Fig. 3M, Q). The onset of industrial-related Hg contamination also
extends down to significantly greater depth within floodplain
waterbodies when compared to neighboring marshes, with the Hg
pollution marker found at a depth of 443 cm at Hamburg Cove, com-
pared to a depth of just 30 cm at Great Island Marsh.

5.3. Spatial trends in Hg deposition at Chapman Pond

Beginning at the core site closest to the main tidal inlet and
progressing north, the along-axis transect of cores collected from
the deepest section of Chapman Pond include CMP2, CMP3, and
CMP4, with respective distances of 160 m, 280 m and 400 m away
from the main tidal inlet. The onset of industrial-related Hg contam-
ination in Chapman Pond extends down to similar depths of 276 cm
at CMP2 (Fig. 4D) and 294 cm at CMP3 (Fig. 4C), followed by a slight
shallowing of this heavymetal horizon to a sediment depth of 247 cm
at CMP4 (Fig. 4B). The depth of this heavy metal horizon then de-
creases significantly when progressing onto the shallower, vegetated
shoal to just 43 cm at core CMP1 (Fig. 4A). Hg results from Chapman
Pond therefore support roughly the same rates of deposition for the
deeper central region of the pond over the last century at CMP2 and
CMP3, with a slight decline in sedimentation at the more distal
CMP4 core site, followed by a much more rapid decrease in sedimen-
tation over the shallower subtidal banks of the pond.

5.4. Spatial trends in Hg deposition at Oxbow Lake

Above the head of tides at Oxbow Lake, age constraints from core
OX2 are at the shallowest sediment depths of all the four study sites
(Fig. 3). However, OX2 is located roughly 2000 m away from where
the Connecticut River inlet enters Oxbow Lake, and at a significantly
greater distance to the main river when compared to core sites from
Pecausett Pond, Chapman Pond and Hamburg Cove (e.g. Fig. 2B–E).
Core OX4 is located roughly 330 m from where the lake's maintained
E F
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Fig. 4. Hg depth profiles for the transect of cores from Chapman Pond (A–D) and Oxbow Lak
Hg rises above natural levels (black vertical line) as defined by Varekamp et al. (2003).
tie-channel enters into its deeper interior. HMB1 and PCT1 are located
at a similar distance from their respective inlets. A spacing of 330 m
also reflects a distance that is roughly in between cores CMP3 and
CMP4 at Chapman Pond, with Hg profiles from CMP3 and CMP4 indi-
cating similar rates of deposition (Fig. 4C, D).

The industrial Hg horizon is observed to deepen somewhat to a
sediment depth of 163 cm at OX4 and 180 cm at OX3, compared to
130 cm at OX2 (Fig. 4E–G). Rates of sedimentation are therefore
observed to increase towards the Oxbow Lake inlet. However, this in-
crease is rather gradual and indicates sedimentation rates of between
1.2 cm/yr and 2.0 cm/yr within the lake's deeper interior (assuming
the onset of Hg contamination occurred sometime in the early
1900s).

5.5. Seasonal rates of deposition

Detectible 7Be activities increased at HMB1 from a depth of be-
tween 0.5 cm and 1.0 cm at the beginning of the 2011 freshet to a
depth of between 3.0 cm and 3.5 cm following the freshet (Fig. 5A).
This observed increase in depth of measurable 7Be activity at HMB1
when progressing through the spring freshet indicates net accumula-
tion during the event, and supports the use of 7Be in constraining sea-
sonal deposition at the three additional sites. Continuing upriver, 7Be
activities extend down to a depth of between 2.5 and 3.0 cm in sedi-
ments collected from Chapman Pond at the end of the 2011 spring
freshet (Fig. 5B). The depth of detectible 7Be then decreases to depths
of between 1.0 and 1.5 cm in freshet sediments collected both from
Pecausett Pond (Fig. 5C) and Oxbow Lake (Fig. 5D).

Themagnitude of recent deposition during the 2011 spring freshet
based on 7Be activities (on the order of a few cm) is roughly consistent
with annual rates of deposition obtained with 137Cs and 210Pbex chro-
nologies (e.g. Fig. 3I–L). Results therefore support seasonal processes
driving longer-term rates of sedimentation. Further, 7Be profiles ex-
hibit similar spatial trends, with an increase in rates of deposition to-
wards the mouth of the river.
G

D

e (E–G). See Fig. 2C and E for core locations. Gray horizontal line notes the depth when
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Fig. 5. Depth profiles of 7Be activity. Columns from left to right are from core sites HMB1, CMP2, PCT1 and OX2, with the date of sediment collection noted directly below each
profile. Dotted horizontal lines indicate depth-range of detectible 7Be following the 2011 spring freshet.
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5.6. Changes in lithology

Loss on ignition (LOI) profiles of organic content from the deepest
sediments collected from Chapman Pond at CMP3 reveals relatively
high organic content ranging between 20 and 40% (Fig. 6A). Organic
content then drops rapidly above a sediment depth of roughly
350 cm (6±1% LOI [1σ]). A comparison of Hg profiles from CMP2
(where 137Cs and 210Pbex were obtained) and the deeper CMP3 core
indicate similar sedimentation rates of 3.0–3.2 cm/yr (Fig. 4C, D).
Extrapolating this sedimentation rate back places the sharp 350 cm
transition in organic content in CMP3 to sometime in the late 1800s,
a date roughly concurrent to the initial opening of ‘the Great Ditch’
(Maloney et al., 2001).

Trends similar to those in Chapman Pond are also present up-
stream within a down-core profile of organics from PCT1 at Pecausett
Pond (Fig. 6B). A rapid decrease in percent organics is observed above
a depth of ~230 cm in PCT1, follow just above by the industrial-rise in
Hg at 163 cm (Fig. 6B). A radiocarbon sample obtained below the
A B

Fig. 6. Depth profiles of organic content (black) based on percent loss on ignition (LOI),
and Hg (light gray), for core CMP3 (A) and PCT1 (B). Triangle in B identifies radiocar-
bon age obtained from PCT1.
organic transition in PCT1 at a depth of 240 cm dates to between
1216 CE and 1280 CE (Fig. 6B), and may indicate deposition rates as
low as 1 mm/yr for organic sediments deposited prior to the industri-
al era. It should be noted, however, that radiocarbon ages obtained on
organics from the river have the potential to be anomalously old (e.g.
Groner et al., 2004), since plant debris can often contain recycled or-
ganics that when dated present an older age than the actual time of
deposition (the same is potentially true for 210Pb; however, the rela-
tive comparison to surficial 210Pb activities in Eq. (1) serves to partly
factor out these biases for the shorter-lived radioisotope). The organic
matter dated at PCT1 would have to be anomalously old by ~600 yrs
to account for discrepancies in rates of deposition above and below
the organic transition, which seems unlikely for the fragile leaf matter
used for dating. Even when potential 14C reservoir effects are
accounted for (e.g. Buck and Millard, 2004), results therefore still
point to a dramatic increase in rates of deposition within the last
~100 years at PCT1.
6. Discussion

6.1. Tidal pumping

Similarities between the amount of deposition during the 2011
spring freshet obtained using short-lived 7Be, and the magnitude
of average annual sedimentation based on longer-lived 137Cs and
210Pbex activities (both on the order of a few cm/yr), indicate that
processes governing the deposition of sediment during the spring
freshet of 2011 probably also drive annual-to-decadal deposition
rates. An assessment of trapping mechanisms occurring during the
2011 spring freshet therefore provides insight into longer-term trends
in accumulation. The depth of detectable 7Be activity is often used as a
marker for sediments deposited within roughly three half-lives or ap-
proximately the last 6 months (Walling, 2003). Based on this assump-
tion we present cumulative mass flux calculations for the predicted
magnitude of deposition at our four study sites between January and
July of 2011, using observations of water elevation and suspended
sediment concentration obtained along the Connecticut River during
this period.

Porosity and grain size characteristics for surficial sediments col-
lected following the 2011 spring freshet are presented in Table 1. Me-
dian surficial grain sizes range between 14 and 15 μm, corresponding
to a settling velocity of ~0.2 mm/s (Ferguson and Church, 2004).
Based on this settling rate, the time scale for settling within a 3–4 m
deep pond is ~4–6 h. Grain size analyses therefore suggest that the
sediments accumulating within the study's tidal off-river waterbodies
are capable of being trapped on the tidal time scale.



Table 1
Sedimentary characteristics for surface sediments collected following the 2011 spring
freshet.

Core Site Porosity Median grain size (μm) Organic fraction (%LOI)

OX2 95% 14 15
PCT1 91% 15 12
CMP2 94% 15 9
HMB1 93% 14 15

Fig. 7. Log-log plot of USGSmean daily river discharge and sediment load data collected
at Thompsonville, CT (See Fig. 1A for location). Dashed line represents the best-fit
power-law regressions for low and high discharges following methods described in
Woodruff (1999). The increase in slope for the power-law regression at 500 m3/s is
common for rivers in the Eastern United States, and is potentially due to the exposure
of more easily erodible material by the removal of bed armoring and the destruction of
bank stabilizing vegetation during high flows (Nash, 1994). Suspended sediment con-
centrations during the three days of peak flow during flooding by Hurricane Irene in
2011 are notes.

Fig. 8. Time-series of daily averaged suspended sediment concentrations collected near
the mouth of the Connecticut River near Essex, CT (solid line) compared to concentra-
tions predicted above the head of tides at Thompsonville, CT (dashed line). Essex data
collected by Lemieux (1983). Thompsonville results derived from USGS discharge data
in combination with the rating curve shown in Fig. 7.
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A rough approximation for the total change in bed elevation dur-
ing a flooding event (either during a flooding tide or a high river dis-
charge event), can be estimated with the following mass balance:

Δηflood ¼ ΔhfloodCssc

ρsed 1−nð Þ : ð2Þ

The above is a modification of the Exner equation of sediment con-
tinuity (Paola, 2005), where Δηflood is the change in bed elevation in
response to a rise in water level of Δhflood, and Cssc is the suspended
sediment concentration observed in the main river, with ρsed
representing sediment density and n the porosity at the bed. The
equation assumes that all suspended sediments transported from
the river to an off-river waterbody via tie-channels are trapped and
evenly distributed along the bed and that sediment concentrations
do not vary over the interval of Δhflood. This is probably an over-
simplification of bed accumulation in many cases given observed
heterogeneities in trapping related to both water depth, tie-channel
geometry, proximity to the main inlet, and time-varying changes in
Cssc (e.g. Citterio and Piègay, 2009). However, core sites where rates
of deposition are assessed are either at roughly the equivalent dis-
tances to the site's respective main inlet (i.e. HMB1 and PCT1), or at
a location where core transects indicate similar rates of deposition to
sites where derived age chronologies are obtained (i.e. CMP2 and OX2,
Fig. 4). Thus Eq. (2) seems reasonable in providing a general prediction
for relative patterns in deposition between off-river waterbodies based
on standard time-series measurements of water level and suspended
sediment concentrations collected from the main river.

Water level observations of Δhflood on an interval of every
5–15 min are available from a series of United States Geological Sur-
vey (USGS) gauging stations along the lower Connecticut River during
the 2011 spring freshet (see Fig. 2A for locations). Above the head of
tides at Oxbow Lake Δhflood is approximated using measurements
from a gauge nearby at Holyoke, MA. For Pecausett Pond we use stag-
ing date collected at a USGS gauging station located directly across the
river at Middletown, CT. An additional gaging station located 2 km
downstream of Hamburg Cove at Essex, CT provides measurements
of Δhflood at this most seaward site. Chapman Pond is situated roughly
half way between gauging stations at Middle Haddam, MA and Essex,
CT (Fig. 2A), with estimates for Δhflood at this location based on the
average water elevation from the two time-series following the appli-
cation of a 1.9 hour offset that accounts for the average signal lag be-
tween the two stations (NOAA, 2012).

Previous water column measurements collected along the Con-
necticut River just above the head of tides at Thompsonville, CT yield
a reasonable power-law relationship between freshwater discharge
and Cssc (Fig. 7). Inconsistenciesmay exist for this types of rating curves
(e.g. Nash, 1994; Milliman and Farnsworth, 2011), particularly for ex-
treme precipitation in the uplands of the Connecticut River watershed
(Kratz et al., 2012). However, the standard power-law fit between
freshwater discharge and suspended sediment concentration has been
found effective for discharge events spanning typical seasonal variabili-
ty, and in predicting spring freshet sediment loads for the neighboring
Hudson River (e.g. Woodruff, 1999; Woodruff et al., 2001). Previous
suspended sediment concentrations measured towards the mouth of
the river near Hamburg Cove are also similar to those predicted above
the head of tides at Thompsonville (e.g. Fig. 8), suggesting that the
non-tidal rating curve presented in Fig. 7 provides a broad approxima-
tion for daily average suspended sediment concentrations (i.e. Cssc)
throughout the tidal river. Finally, a siliciclastic sediment density of
2650 kg/m3 is assumed in Eq. (2) given the relatively low fraction of
organics observed in freshet sediments (≤15%, Table 1), as well as a
representative porosity of 93% (Table 1).

Fig. 9 provides the predicted cumulative time-series of total bed
aggradation between January and July of 2011 at each of the four
study sites based on the methods described above. The analysis pre-
dicts slightly greater than 1 cm of total sedimentation at Oxbow
Lake and Pecausett Pond, followed by roughly 2.5 cm in Chapman
Pond, and just below 4 cm in Hamburg Cove. These predicted rates
of accumulation at each of the four off-river waterbodies are notably
similar to measured accumulation during the 2011 spring freshet
base on 7Be activities (Fig. 9B), both pointing to a general increase
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Fig. 9. (A) Water elevations estimated for off-river waterbodies through the 2011 spring freshet. For clarity the mean water level of each time-series has been offset by a constant
value. (B) Calculated time-series of bed elevation for respective off-river waterbodies (see text for methods in obtaining results in A and B). Circles identify the timing and depth of
detectably 7Be in surface samples collected towards the end of the spring freshet (Fig. 5).
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in the trapping of sediment in off-river waterbodies with growing
tidal influence (e.g. Figs. 3, 5, and 9B).

The relative importance of tidal processes in introducing fine-
grained suspended material into backwater environments from
tie-channels can be appreciated when comparing diurnal oscillations
in water level within the tidal reach of the Connecticut River to the
elevated water levels observed during high river discharge events in
upstream segments of the river above the influence of tides (e.g.
Fig. 9A). During the 2011 spring freshet the highest relative rise in
water level recorded on the Connecticut River above the tidal reach
near Oxbow Lake at Holyoke, MA was a little over 4 m. This rise in
water is only 4 times the tidal range typically experienced diurnally
at the mouth of the estuary at Essex, CT near Hamburg Cove. Periods
of elevated discharge extend for a number of days during the 2011
spring freshet. During this flood period the influx of suspended sedi-
ment to non-tidal ponds occurs only once during the brief rising
stage of the river, with an increase in elevation of just a few meters.
In comparison, tidal ponds and coves toward the mouth of the river
during the same flood experience oscillations in water height on the
order of a meter twice daily, allowing these tidal systems to continual-
ly pump suspended sediments from the main river into off-channel
waterbodies during each flood tide throughout the entire freshwater
discharge event. A similar process of tidal pumping (i.e. the asymme-
try in tidal sediment flux) has been recognized as an important driver
of transport within the main channel of estuarine systems (e.g. Geyer
et al., 2001). The results presented here also highlight tidal pumping
as an important driver of transport and trapping to off-channel
waterbodies in freshwater tidal rivers.

6.2. Optimal conditions for trapping

The importance of tidal pumping within the Connecticut River indi-
cates that periods of extreme discharge may not provide the ideal con-
ditions for trapping within off-river waterbodies. This interpretation is
supported by rates of deposition at study sites remaining relatively
steady over the last century (Fig. 3), with little evidence for thick
sedimentary units of similar age that would point to sedimentation
driven episodically by extreme events. Eq. (2) demonstrates that the
product of suspended sediment concentration and tidal range should
serve as a proxy for tidal sediment influx to a floodplain waterbody.
The product of the lower Connecticut River's suspended sediment rat-
ing curve and the best-fit curve relating freshwater discharge to tidal
range at the Middletown, CT gauge (nearest to Pecausett Pond) there-
fore provides an estimate of trapping conditions at Pecausett Pond
with respect to freshwater discharge (Fig. 10).

As freshwater flow increases in the river, the tidal reach shortens
and is pushed closer to the mouth. Therefore, unlike the positive rela-
tionship between suspended sediment concentration and river dis-
charge (e.g. Fig. 10A), the tidal range in the lower river is damped
significantly with increased freshwater flow (Fig. 10B). During peak
freshwater discharge, although suspended sediment concentrations
in the main river are high, tides are small, limiting the magnitude of
the term on the right hand side of (2), and indicating a reduced flux
of sediment to off-river waterbodies via tidal pumping. This tidal
damping effect is particularly prominent at points towards the head
of tides (e.g. Pecausett Pond). For example, optimal tidal trapping con-
ditions at Pecausett Pond occur at a discharge of roughly 1000 m3/s
(Fig. 10), well below the average annual peak discharge for the river
(2900 m3/s).

Tides closer to the mouth of the river at Chapman Pond and
Hamburg Cove remained relatively unaffected during the 2011 spring
freshet (Fig. 9A), indicating that trapping due to tidal pumping con-
tinued at these more seaward sites throughout the moderate spring
discharge event. However, during periods of extreme discharge tidal
effects also diminish significantly at points closer to the mouth,
damping sedimentation at these further seaward sites. Instrumental
measurements of river stage in the lower tidal river during periods
of extreme discharge are limited; however, first-hand accounts pro-
vide support for significant tidal damping during periods of abnormal-
ly high freshwater flow. For instance, extreme flooding associated
with the passage of Hurricanes Connie and Diane in 1955 CE left a
watermark approximately 4 m above sea-level 8 km upstream from
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Fig. 10. (A) Suspended sediment rating curve at Thompsonville, CT (same as in Fig. 7
but now plotted linearly). (B) Tidal range at Middletown, CT as a function of freshwater
discharge at Thompsonville. (C) Calculated tidal sediment influx into a tidal floodplain
water body adjacent to the Middletown gauge (i.e. Pecausett Pond, Fig. 1D) based on
the product of the two fitted curves shown in A and B, and normalized to maximum
tidal influx.
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Hamburg Cove at the Hadlyme Ferry terminal (see Fig. 2A for loca-
tion). This rise in water would probably have resulted in significant
dampening of tides at Hamburg Cove during the event. Similar rates
in deposition based on both the 1954 CE onset and the subsequent
1963 CE peak in 137Cs activities at Hamburg Cove support this inter-
pretation of diminished trapping efficiency during the 1955 CE flood,
with little evidence for a substantially thicker deposit associated
with the 1955 CE flood when compared to resultant deposition from
more moderate floods like the 2011 spring freshet (e.g. Figs. 3 and 5).

It is worth noting that although the magnitude of deposition in
off-river waterbodies during extreme flooding is likely no greater
than more routine seasonal discharge events, the characteristics of
this sedimentation by high-magnitude events can be compositionally
distinct. For instance, record-breaking discharges in upland tributaries
to the Connecticut River during Hurricane Irene in 2011 were suffi-
cient to exceed the threshold for mobilizing fine-grained sediments
within glaciolacustrine and lower till deposits, greatly enhancing the
supply of glacial fines from these upland landscapes to the main
river. When compared to sedimentation from the preceding 2011
spring freshet, resultant deposition from Hurricane Irene was not sig-
nificantly greater in magnitude, yet found to be anomalously low in
organics, finer grained, and exhibiting higher K/Zr ratios, with this
unique sedimentary imprint consistent with the enhanced fluvial sup-
ply of glacial fines from upland tributaries during extreme precipita-
tion by the Irene event (Kratz et al., 2012).
6.3. Human-induced infilling

Typical depths within tidal off-river waterbodies in this study
range from 3 to 5 m. The observed rates of deposition of 2–4 cm/yr
therefore cannot be sustained very long without infilling of the entire
waterbody. Many of the off-river waterbodies in tidal rivers are formed
through the cut-off of old river meanders (i.e., oxbow systems) provid-
ing a mechanism for the cyclic creation of these off-river environments.
Tie-channels may also open and close due to natural processes even
before an individual pond might become maximally infilled. It seems
fortuitous, however, that all of the active tidal backwater environments
considered in this study should exist at roughly the same stage of
infilling.

The observed shift to more clastic, fluvial derived sedimentation in
Chapman Pond following the late 1800s is concurrent with the open-
ing of the main inlet to the pond (i.e. the Great Ditch), and provides
strong evidence for a connection. Further, the radiocarbon date
obtained below a similar sudden shift to lower organics at Pecausett
Pond supports an order-of-magnitude increase in the rate of deposi-
tion at this ~1900 CE transition. It is possible that the sudden change
in age above and below this organic transition may indicate an ero-
sional hiatus, which could potentially explain age discrepancies for
the Hg onset between the floodplain waterbodies and past results
by Varekamp et al. (2003). However, floodplain waterbodies in the
study are extremely sheltered, limiting the mechanisms capable of
substantial erosion, other than by way of a redirection of the main
river. Pecausett Pond is identified in maps dating as far back as the
late 1700 s (Blodget, 1792), with no documentation for the main
river meandering into the pond since detailed records began during
colonial times. Historical accounts, however, do indicate efforts to im-
prove the tidal flushing capacity of the pond with drainage ditches in
the marsh and probably also the clearing of the main inlet around the
time period of the organic transition in PCT1. The timing of the clear-
ing of the main inlet to Chapman Pond (and likely Pecausett Pond as
well), is also cotemporaneous with the dredging of the main naviga-
tion channel at Hamburg Cove. Major man-made alterations therefore
occurred at each of the three tidal floodplain waterbodies around the
turn of the 19th century, with rapid rates of infilling probably induced
by these modifications.

Without the routine removal of tree jams to allow access to off-river
harbors and popular fishing holes; tie-channels become obstructed,
preventing the introduction of riverwater to these backwater locations.
However, prior to colonization clogging debris was rarely cleared, and
secondary man-made channels did not exist. Thus, human impacts
have likely resulted in a vast array of active tidal off-river waterbodies,
with significantly enhanced accommodation space in the tidal river
for sediment storage, as compared to the purely natural state, where
only a few tidal off-river waterbodies would be active at any given
time. However, the lifespan of these valued tidal backwater environ-
ments is likely limited, as the unhindered deposition of sediment will
eventually fill these ponds to their maximal capacity over the next cen-
tury. The rapid rates of infilling of these waterbodies is therefore likely
unusual for a “natural” system, yet potentially common for many tidal
rivers on the Atlantic East Coast due to the anthropogenic creation
and maintenance of tidal tie-channels over the last few centuries.

6.4. Enhanced trapping of pollutants

Results presented in Fig. 3 indicate that floodplain waterbodies
along the Connecticut River contain some of the highest concentra-
tions of heavy metal contamination within the entire Connecticut
River/Long Island Sound system. Concentrations exceed 3600 ppb at
Hamburg Cove, nearly an order of magnitude greater than the peak
concentrations of 409 ppb in neighboring Great Island Marsh. For
perspective, Hg levels in HMB1 are over three times typical peak con-
centrations observed in San Francisco Bay (790 ppb, Conaway et al.,
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2008), which is often highlighted prominently as a top case of legacy
Hg contamination in the United States. By comparison, off-river
waterbodies such as Chapman Pond appear relatively pristine (dis-
tinctions of note for the Connecticut River include it being one of
only 26 U.S. wetlands recognized for international significance by
the United Nations Ramsar Convention, and among 40 of the ‘Last
Great Places’ in the Western Hemisphere as designated by the Nature
Conservancy).

It is possible that the initial rapid rise in Hg observed at Chapman
Pond and Pecausett Pond is due to observed changes in sediment
lithology (e.g. Fig. 6). However, Hg preferentially associates with or-
ganics rather than clastic material (e.g. Huang et al., 1996). The initial
rise in Hg just above the observed sudden drop in organics is there-
fore inconsistent with this mechanism. Chapman Pond and Pecausett
Pond are both located well above the salinity reach, thus the rapid
rise in Hg is not caused by the enhancement of heavy metals on sed-
iments by the mixing of fresh and seawater. The onset of Hg contam-
ination in PCT1 also occurs ~30–70 cm above the shift to less organic
sediments (Fig. 6B), with Hg concentrations remaining relatively low
through this organic transition. Significant variability in Hg is also ob-
served above the industrial onset for Hg PCT1 and CMP3, including
the 1950–1970 CE peak in Hg, which occurs at depths where organic
content remains relatively constant down-core (Fig. 6). Variability in
Hg therefore appears to be linked lesswith changes in sediment lithol-
ogy, and more consistent with a reflection of time-varying changes in
Hg introduction to the environment due to industrial related activities
along the main river (Varekamp et al., 2003, 2005). Man-made alter-
ations to tie-channels at the turn of the last century therefore appear
to have enhanced sediment trapping in tidal floodplain waterbodies
at the opportune time to capture industrial contaminants as they
began entering the environment at unprecedented levels.

7. Conclusions

The tidal reach of many lowland river systems often extends upriver
100 km or more. Cut-off meanders, backwater ponds, and blocked val-
ley coves are all prominent features along this tidal reach. Results from
this study provide new information for how sediment is distributed
within these floodplain systems:

1. Floodplain lakes and coves on the Connecticut River exhibit ex-
tremely high deposition rates when compared to neighboring
floodplain environments. These slack-water environments also ex-
hibit a clear seaward increase in deposition towards the mouth of
the tidal river. Suspended sediments from the main river are
transported into tidal off-river waterbodies via tie-channels during
each flood tide, with a majority of this sediment settling out before
it can be exported by ebbing flows. Increases in sediment accumu-
lation with growing tidal influence indicate that this process of
tidal pumping plays a key role in the trapping of sediment within
backwater sites on the floodplain of tidal rivers.

2. Rates of deposition within tidal off-river waterbodies appear to
have remained relatively steady over the last century, with little
evidence for thick sedimentary units of similar age that would
point towards sedimentation driven episodically by extreme
events. Tides diminish significantly along most of the river during
periods of abnormally high river discharge, with most material
bypassing backwater sites during these extreme events. As a result,
trapping in tidal off-river waterbodies occurs predominantly dur-
ing more moderate flooding conditions.

3. Once a tidal tie-channel is established (either naturally or by
human intervention), the associated floodplain pond or cove quick-
ly infills with sediment. The creation and routine maintenance of
inlets connecting off-river waterbodies to the main channel have
likely increased both the distribution and connectivity of these sys-
tems to the tidal river in recent centuries. Thus, the relative role of
tidal off-river waterbodies in storing floodplain sediments has in-
creased substantially in managed tidal river systems like the
Connecticut.

4. In the case of the Connecticut River, the human maintenance of
inlets begins at the onset of industrialization — at a time when
contaminants were being introduced to the river at unprecedented
levels. As a consequence, a network of tidal off-river waterbodies
was initiated at the most favorable time for the trapping and stor-
age of legacy contaminants.
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