Records of past climate obtained from study of glacial ice cores and other sources
of proxy data indicate that global temperature and accompanying climate patterns have
varied naturally over the past 10,000 years (Albritton et al. 2001; Denton and Karlen,
1973; Porter and Denton, 1967). However, the rate of global temperature change is
predicted to accelerate over the next century in response to a continued rise in
atmospheric greenhouse gas concentrations, resulting in an amplification of climate
change that exceeds the natural pattern of variability (Albritton et al. 2001; Oldfield,
2004). Observation of the paleorecord has revealed that increased global temperature is
followed by periods of increased frequency and magnitude of storms in many parts of the
world (Bates et al. 2008). The resulting impact on river basins has been observed in
sedimentological evidence of increased frequency and magnitude of flood events. A
history of past flooding in a river basin based on analysis of overbank flood deposits can
aid in the prediction of future hydrologic response of river basins to climate change
resulting from global temperature increase. Three sediment cores obtained from overbank
flood deposits preserved within the Utica Marsh in central New York were dated and
analyzed for changes in bulk density, magnetic susceptibility, percent organic matter,
percent carbonate and percent grain size to ascertain if they are indicative of flood events
on the adjacent Mohawk River. Grain-size analysis revealed increases in sand-sized
percentages indicative of high energy conditions occurring near in time to dated flood
events. However, not all flood events are represented by a peak in sand. Thus these
results suggest that floodplain deposits preserved in the Utica Marsh can be used to
reasonably reconstruct a history of flooding on the Mohawk River pre-dating

anthropogenic influence in the study area, but must be interpreted with caution.
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Introduction

Paleoenvironmental research is the study of past environments by means of data
obtained from proxies, natural materials that preserve measurable evidence of previous
environmental conditions. The analysis of proxy data archived in tree rings, plant and
animal macrofossils, glacial ice cores and sediment profiles has revealed the nature of
processes that shaped past environments (Albritton et al. 2001; Petit et al. 1999).
Application of these methods has also increased our understanding of factors contributing
to present-day environmental problems as well as their future implications (Brenner et al.
2001; Oldfield, 2004).

Of particular concern are the dramatic increase in concentration of atmospheric
carbon dioxide and other greenhouse gases over the past 150 years and the accompanying
rise in global temperature. Global temperature increase is predicted to impact other
aspects of future climate, particularly the frequency and intensity of storms and resulting
flood events (Albritton et al. 2001; Bates et al. 2008). Because such a large percentage of
the world’s population lives in close proximity to river basins, floods have the potential
to seriously impact human welfare (Albritton et al. 2001). Consequently, the prediction
of future hydrologic response of river basins to increased frequency and intensity of
storminess associated with global temperature increase has become a serious focus of
paleoenvironmental research (Knox, 2000; Bates et al. 2008).

The character of river and floodplain sediments reflects the nature and intensity
of the processes by which they were deposited (Knox, 2000). Because the hydrologic
processes of stream flow and sediment transport are influenced by environmental factors

such as climate, observable sediment features can be proxies of past climate and other



environmental conditions (Wolfe et al. 2006; Sant et al. 2004, Knox, 2000). In this way,
specific changes in characteristics such as grain size, magnetic properties, organic content
and other parameters within dated sediment layers can be identified and correlated with
specific past events such as floods (Huang et al. 2007). If sediment layers remain
undisturbed by tectonic forces and human activity, an extensive stratigraphic record of
past climatic conditions and related river basin response can be preserved in river basin
sediments (Sant et al. 2004). Sediment records long enough to pre-date human settlement
of a region can also be used as a baseline and means to determine the extent to which a
river basin has been affected in the past by agriculture, industrial development, flood
control practices and other human activities, as well as the synergy of anthropogenic
activities with environmental factors such as global warming (Wolfe et al. 2005).
Sediment cores, then, can be used to ascertain if and how the frequency and magnitude of
flooding has increased over the time span of anthropogenic global warming.

The principle objective of this study is to ascertain if it is possible to extract
evidence of past flood events from overbank floodplain sediments deposited by the
Mohawk River in the Utica area of central New York (Figure 1). As a floodplain, the
sediments of the Utica Marsh should preserve evidence of past flood events on the
Mohawk River and man-made barge canal (Sant et al. 2004, Knox, 2000). Chronological
dating of sediments recovered by coring will enable the comparison of specific sediment
characteristics with known flood events that impacted this area over the past 100-150
years. If flood events can be identified with confidence from the sediment features, this
study will lay the foundation for the reconstruction of a much longer record predating the

existence of instrumental records. Such a record could be used as a baseline with which



to compare more recent trends and will help address the question of whether or not the
frequency and magnitude of Mohawk River flood events have changed and whether this

change was in response to global warming.

Figure 1: Map of New York State showing the approximate location of Oneida
County, within which the Utica Marsh is located (Wikipedia, 2009).

Previous Studies

A recent trend toward an increase in recurrence frequency and magnitude of
floods since the 1950s in many regions of the United States has been attributed to
changes in land use (Knox, 2000; Schneider et al. 2007; Van Huissteden and Kasse,
2001). However, many studies have also shown a correlation between modern large-
scale flood events and their resulting sediment signatures with instrumentally-measured
atmospheric conditions in existence at the time of the event’s occurrence (Hassan, 1981;
Ely et al.1993). Paleoflood evidence, including radiocarbon-dated debris and alluvium in
paleochannels and recent instrumental climate records, provided evidence for the

proposed linkage between global warming and increased frequency of large overbank



floods. Results of Knox (2000) showed a correlation between increases in flooding
recurrence and changes in major atmospheric circulation patterns. These changes
affected storm track trajectories, as well as the location and moisture content of air
masses, resulting in rapid temperature changes and increased rainfall. Paleoflood
evidence suggests that such climate-driven changes in flood frequency were often
synchronous across large areas of the country. Although the Knox (2000) study was
focused on river basins in the midwestern and southwestern regions of the country, it
nonetheless supported the possible impact of global temperature increase on climate
changes resulting in increased magnitude and frequency of large floods. It also illustrated
the use of alluvial sediment features in flood history reconstruction.

An extensive record (580 cm) of unstratified floodplain sediments in tropical
India dating between 30ka and 10ka was analyzed by Sant and others (2004) for evidence
of shifts in major monsoonal events. Shifts in mean grain size and variability (standard
deviation) of both the fine sand (>149 um) and silt faction (<25 um) as well as magnetic,
mineral, calcite and carbonate properties within the sediment layers served as proxies for
aeolian and fluvial depositional processes. Chronology of the sediment layers was
established by correlation with luminescence dated records obtained from another
location within the basin as well as Chinese loess plateau records and 8'*O records from
the Guliya ice core located on the Tibetan Plateau in China. Sediment signals indicative
of transitions from aeolian to flooding events (dry to wet periods), including the Last
Glacial Period-Holocene transition and several oscillations between strong and weak
monsoon periods, were represented within the floodplain record by shifts in the

percentages of fine sand (>149 pum) and silt factions (<25 pum). These results suggest that



floodplains in regions of low tectonic activity are capable of preserving proxy evidence
of changes in continental processes signaling major climate events such as monsoonal
rainfall and major droughts.

Sedimentary records of paleofloods are often incomplete due to erosion by
subsequent flood events and human activities such as agriculture (Benito, 2003). Yet,
based on an investigation of an alluvial plain along the middle reaches of the Yellow
River in northern China, Huang and others (2007) provided evidence that flood deposits
interspersed between loess and soil sequences were preserved from erosion and archived
a complete record of large-scale floods extending well into the Holocene period.
Sedimentary profiles exposed along gully banks, road beds and in archeological trenches
were analyzed for variations in grain size, magnetic susceptibility and geochemical
composition. Results revealed thin alluvial deposits interspersed between loess and
paleosol layers. Stratigraphic evidence of six extreme episodes of overbank flooding
were dated by means of '*C or archeological evidence (ie. pottery shards) found within
the layers and correlated with flood events documented in historical records and literary
accounts of that region. Further comparison of proxy climate records and recent
meteorological data suggest that the six Holocene flood events resulted from an
anomalous large-scale circulation change that produced a shift between the southeastern
and northwestern monsoon systems. The resulting atmospheric circulation pattern was
likely similar to that which produced a series of unusually heavy rainstorms and overbank
floods during the summer of 1958 in the same region. The results of this study support
the hypothesis that extreme floods are produced by unique large-scale atmospheric

circulation patterns and their effect on storm tracks and air masses (Knox, 2000).



White and Rodbell (2000) obtained a 1000-year long flooding record of the
Mohawk River from the basin sediments of Collins Lake, an oxbow lake located within
the river floodplain 78 miles east of Utica. An oxbow lake is the remainder of a meander
left behind when a river changes course to cut a straighter channel. If the main source of
sediment for an oxbow lake is the river from which it was formed, evidence of river flood
events large enough to reach the lake should be preserved within its sediments (Winter et
al. 2001). Characterization of the sediment layers within two radiocarbon dated cores
revealed laminae consisting of alternating pink and brown silt layers. Physical and
geochemical analyses identified three types of sediment differing in grain size and
organic content. It was determined that covariation of distinct brown and pink silt layers
(the fine-grained pink layers likely being formed from suspended river sediment and the
coarser-grained brown layers primarily from river bedload) represented large-scale flood
events that occurred during a time of increased storminess corresponding to the Little Ice
Age (1180-1600). A sharp decrease in total carbon and increase in organic carbon
observed in one core may be indicative of one of the last high magnitude (6m) floods on
the Mohawk River in 1996. Similar decreases in carbon observed in the second core, as
well as a spike in sand-sized grains at the top of the sequence, correlate with records of a
wet period in the Northeast from 1840 to 1915 (White and Rodbell, 2000).

Flood history reconstruction is often used in the assessment of the impact of land
use changes and watershed disturbances as well as climate influence on a river basin. For
example, White and Rodbell (2000) inferred that an undifferentiated highly organic
brown layer near the top of the core obtained from an oxbow lake indicated a period of

increased eutrophication from 1840 to 1915 that likely followed the introduction of an



invasive plant species and the construction of man-made dikes. Influence of human
activities such as deforestation, dike-building, and eutrophication were also indicated by
changes in organic content and sedimentation rates.

When employed in conjunction with other climate proxy data, flood history
reconstruction can enable the determination the extent of combined effects of both
climate and human activity on a river basin. Concerns regarding increased dry conditions
in the Peace-Athabasca Delta (PAD) in northern British Columbia prompted a study of
past flooding prior to the construction of a hydroelectric dam on the Peace River in 1968
(Wolfe et al. 2006). Existing instrumental records of river discharge covering only 9
years were insufficient to answer the question of whether periods of low flooding
frequency were part of a natural cycle of variation for that region. Physical and
geochemical analyses of laminated sediment records obtained from two oxbow lakes
located in the PAD were used to reconstruct ice-jam flooding histories for the Peace
River over the past 300 years. These results exhibited close agreement with historical
records of past ice-jam floods, and confirmed that flooding frequency in the Peace River
basin had varied considerably prior to 1968, indicating several 20 + year intervals of no
major flooding before construction of the dam.

The relative roles of climate and river regulation in hydrological variability in the
PAD were the subject of further investigation by Wolfe and others (2005). This study
compared multi-proxy data (lake water isotope composition, organic carbon and nitrogen
content, shifts in plant macrofossil and diatom assemblages) obtained by analysis of
sediment cores from a lake near the Peace River with results of the previous ice-jam

flood history reconstruction for that area and independent climate records (Wolfe et al.



2005). These results further substantiate the influence of climate in the long history of
hydrological variability for the PAD; however, distinguishing between climatic and
anthropogenic river regulation changes in hydroecology for the Peace River basin will
require further investigation (Wolfe et al. 2005).

The objective of the study presented here is to identify signatures of Mohawk
River flood events preserved within sediment of the Utica Marsh in central New York.
Due to its location within the floodplain adjacent to the Mohawk River and Barge Canal
and the fact that it has no other major inflow (Page, 1980) most sediment deposition in
the Marsh results from overbank floods and wetland productivity (White and Rodbell,
2000). Low organic content (White and Rodbell, 2008) increases in magnetic
susceptibility (Wolfe et al. 2006), decreased percentage of carbonate (Sant et al. 2004)
and increased percentages of silt to sand-size grains (Sant et al. 2004; White and Rodbell,
2000) have been shown in studies of other locations to be indicative of hydrologic
changes associated with overbank flooding (Walling et al. 1998). Dated
sedimentological evidence of inferred flooding of the Mohawk River over the past 150-
200 years was identified and compared with historical records of known flooding in the
vicinity of the Utica Marsh to test the feasibility of reconstructing a sedimentological

record of flooding history at this site.

Study Area
The Utica Marsh is a wetland area situated within the flood plain of the Mohawk
River in Oneida County in central New York State (43° 6" N, 75° 14"W). The bedrock of

the area is comprised of granite, limestone, sandstone and shale overlain by glacial till



left by the retreat of the Laurentide ice sheet over 10,000 years ago. These gravel deposits
are covered by layers of silt and clay brought into the Utica Marsh by annual flooding of
the Mohawk River (Williams, 1990). Mean temperatures for the area range between 11-
21°F in winter 60-80°F during the summer. The area receives an average of 50 inches of
rainfall and 70 inches of snowfall per year (Page, 1980).

Located north of the city of Utica, the Marsh area has been subjected to over 150
years of disturbance due to industrial and recreational activities. The area was mined for
brick-making clay from the early 1900s through the 1940s, leaving pits which filled with
water as the Marsh developed (Page, 1980). Slurry dredged from the nearby canal and
Harbor was dumped in the area northwest of the Marsh between the Canal and the
Mohawk River (Page, 1980). The construction of the Barge Canal in 1910, the Thruway
in 1953 and the Horatio Arterial (Rt.12) in 1957 resulted in hydrologic changes which
altered floodplain drainage patterns and caused the expansion of the Marsh from a narrow
strip of land along the Mohawk River to its present 213 acres (Figure 2) (Page, 1980;
Williams, 1990). The Marsh was bisected in 1835 by construction of an embankment for
the present St. Lawrence Division CONRAIL train track which runs diagonally through
the area from southeast to northwest, forming the North and South pools (Page, 1980).
Increased wet conditions in the North Pool, possibly the result of poor drainage and
percolation from the nearby Barge Canal, were evidenced by a change from wet meadow
to emergent wetland vegetation since the construction of the Horatio Arterial in 1957
(Page, 1980). The South Pool retains water due to its deeper pools and obstruction to

drainage caused by the Harry Roberts roadbed.



Figure 2: Aerial photo of the Utica Marsh and its location relative to the
Horatio Arterial (A), Barge Canal (B) and Conrail track (C) (Hamilton
College, 2009).

The Mohawk River is the largest tributary of the Hudson River, draining a total of
542 square miles (drainage basin size of 3456 sq mi) (Figure 3). From its origin in Lewis
County the Mohawk River flows south to Rome, New York and southeast to Cohoes
where it enters the Hudson River. Near Utica the Mohawk River receives discharge from
two tributaries flowing from the south: Sauquoit Creek joins the river at Whitesboro and
Oriskany Creek enters at Oriskany, New York.

Because of its location within the Mohawk River floodplain, the Utica Marsh is

inundated yearly by floods resulting from snowmelt and rainfall in the late winter and
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Figure 3: Map showing the location of Utica within the Mohawk River Basin in
Central New York (Nystrom, 2008).

early spring, and thunderstorms and tropical storms in the summer and fall. The most
significant cause of flooding on the Mohawk River is heavy winter or spring

rain combined with snowmelt and ice jams. Eighty percent of high flow events (50,000
cfs or higher) occur between late winter and early spring (Gara and Garver, 2000). In

severe floods, water from the Mohawk River has been observed to flow across the marsh
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and overtop the 10 ft canal banks, overflowing into the Canal. Although the river retreats
rapidly following inundation, drainage of the Marsh area can take weeks (Page, 1980).

Flooding of the Mohawk River has impacted the surrounding area economically
in a number of ways, particularly in structural and property damage, an increased the
need for highway maintenance due to damage to roadbeds, and decreased land values
caused by erosion of topsoil and sedimentation ( Sauquoit Creek BWM, 1996). Tropical
Storm Agnes brought 3.35 in of rainfall to the Utica area in 1972, triggering one of the
area’s largest floods. The flood caused an estimated $375,000 in damage, most of which
was done to roads, sewers and catch basins (“Estimated Flood”, 1972). An updated report
to the Oneida County Board of Legislators suggests that the final cost was
‘underestimated, with damages of a half-million dollars reported in the City of Rome
alone (McCarthy, 1972).

Heavy rain throughout the summer of 2006, particularly in the month of June,
resulted in over $20 million in damage to the Barge Canal system. Boating traffic through
the state’s four canals fell about 21% during the summer of 2006, and more than 80% of
the canal system was closed during the month of July. In addition to loss of canal fees,
economic impact was exacerbated by the loss of revenue to nearby restaurants and gas
stations (Coin, 2006). The extent of damage to a region due to future flood events is a
factor of the depth, velocity, rate of rise and duration of flood waters as well as the
development of the floodplain and topography of the surrounding area (United States

Army Corps of Engineers [USACE], 1974).
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Methods
Core Collection and Preparation

Three sediment cores were collected along a 50 m transect located in an area
of the Marsh north of the Conrail track, with BCA1 obtained from the most landward
site, DOC from the middlemost site, and BCAS from a site closest to the edge of the
North Pool and nearest to the Mohawk River (Figure 4). The area was covered with
shallow water varying in depth from a few centimeters at the landward site to over 0.5 m
at the poolward site. Two of the cores (BCA1; BCAS; each 50 cm in length) were
collected using a Russian peat borer (5.0 cm in internal diameter) (Jowsey, 1966). In
each case surface vegetation and peat were moved aside in an effort to collect the
samples at soil level. A third core (DOC), 36 cm in length, was collected using a
polycarbonate mud-water interface corer (6.8 cm in internal diameter) in order to obtain a
greater volume of recovered sediment, with the additional sediment being reserved for
analysis in a separate study. The BCA1 and BCAS cores were extruded in the field, sub-
sampled at 1 cm increments and stored in individual plastic bags; the DOC core was
extruded and sub-sampled in the lab and stored at 3°C prior to laboratory analyses. The
bottom 5 cm of DOC was accidentally lost during sub-sampling. Percent dry weight was
calculated by weighing the wet samples, drying them at 60°C, and re-weighing. The dried
samples were ground and split; 1-1.5 g subsamples were removed at every other
centimeter and reserved for radiometric dating analysis. The remaining sediment for
each interval was analyzed for changes in bulk density, organic content, magnetic

susceptibility and grain size.
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Figure 4: Map of the Utica Marsh showing approximate coring locations
(BCA1 was obtained closest to the canal, DOC from the middlemost site and
BCAS from the site closest to the pool) (Hamilton College, 2009).

Chronology of Cores

Age-model determination of cores obtained from the Utica Marsh was carried
out via analysis of *’Cs and *'°Pb in 1-2 g samples of dried sediment sub-sampled from
1 ¢m intervals. The combined use of '*’Cs and ?'°Pb is common, and concurrence
between these two methods can yield accurate results in determining core chronology
(Appleby, 2000; Craft and Casey, 2000). Both elements have a relatively quick rate of
decay (half-life 7= 30.2 yr for *’Cs and 7= 22.3 yr for *'° Pb) making them suitable for
dating layers deposited within the last 100 years (Ritchie and McHenry, 1990; Collins et

al., 2001).
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Cesium-137 is an artificial radionuclide that first appeared in the environment in
the late 1950s as fallout produced during atmospheric thermonuclear bomb testing. The
analysis of °’Cs should reveal a distinct peak in concentration which can be ascribed to
1963, the year of maximum atmospheric bomb testing (Ritchie and McHenry, 1990).
The use of this peak as a time marker provides a means of estimating sedimentation rates
over the past 30-35 years (Walling and He, 1998; Owens et al. 1999, Craft and Casey,
2000). A second smaller peak coincides with 1954, the year of initial fallout of '*’Cs;
however, this peak is often diminished as a result of bioturbation and sediment
mobilization and is rarely used in wetland studies (Craft and Casey, 2000). Additional
137Cs fallout was also produced during the Chernobyl disaster in 1986, sometimes
showing up as a small peak in sediments obtained from the Northern Hemisphere (Lima
et al. 2005; Appleby, 2000).

210
f

There are two natural sources o Pb in the environment: supported 219 pp forms

as a result of radioactive decay within the sediments and is assumed to be in equilibrium

226 210

with its parent nuclide “°Ra, while excess or unsupported “""Pb is produced by

- 222 - 226 210
atmospheric decay of “““Rn, the gaseous daughter nuclide of “"Ra. Unsupported “~ "Pb
binds to fine aerosol particles and settles to the ground as dry fallout or precipitation
where it later washes into lakes and rivers and incorporated into the sediment record.
Activity of ?'°Pb unsupp Within a sediment profile is determined by subtracting the activity

210 - L 226 210 L

of “"Pb 4pp (assumed to be equivalent to activity of ““Ra) from total = "Pb activity.

1 21°Pb activity, as well as activity of '*’Cs, can be measured directly by

Tota
means of a technique called gamma ray spectroscopy. Unstable nuclei produced by the

radioactive decay of *’Cs and *'°Pb produce gamma ray energy in the form of photons.
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This energy is captured by a sodium iodide (Nal) detector, converted into an electronic
signal, and used to generate a gamma ray spectrum (a display of gamma intensity versus
energy). Two dated historic events, nuclear bomb tests in 1963 and the Chernobyl
disaster in 1986, typically provide distinct peaks in a gamma ray spectrum produced by
s activity (Collins et al., 2001). These markers together with sedimentation rates

219pt can be used to date the

determined by regression from activity of unsupported
sediment layers (Appleby and Oldfield, 1978).
Gamma ray spectroscopy was carried out on the sediment samples using a 3-inch
Nal well detector (St. Gobain) with a tube-base digital multichannel amplifier (Ortech
DigiBase). Activity of *’Cs and *'°Pb was determined via their gamma emissions at 661
keV and 49 keV respectively. A blank sample was analyzed for 24 hours followed by a
known weight of sample for 24 - 48 hours. The number of counts per second particular to

each blank and sample was calculated, after which values for blanks were subtracted

from values for the subsequently measured sample.

Dry Bulk Density Determination;
Each core was sectioned into 1 cm increments and dried at 60°C. The dry weight
was used to determine the bulk density as follows:
Bulk Density = dry weight of sample / h (7 1%)
Bulk density is a measure of the weight per unit volume of a sediment sample.
The volume of the sample is calculated as the volume of a cylinder with a height of lin
(length of the increment) and a radius equal to that of the particular corer used to collect

the sample (3.4 cm for the polycarbonate mud water interface corer used to collect DOC
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and 2.5 cm for the Russian peat borer used to collect BCA1 and BCAS). Since only half
of the sample was weighed for this analysis, the resulting volume (36.30 cm’ for DOC;
19.27 cm’® for BCA1 and BCAS5) was divided by 2 to give the final volume of each
sample (18.14 cm’ for DOC and 9.81 c¢m’ for BCA1 and BCA5).

Factors such as mineral composition, percent organic content, and grain size
affect bulk density of a sediment sample by increasing or decreasing its porosity or space
between particles. Bulk density increases with depth within a sediment sample due to
compaction and dewatering and loss of organic matter over time. However, changes in
bulk density superimposed on the long compaction trend can be interpreted as changes in
the depositional environment (White and Rodbell, 2000). Increases in bulk density
within a sediment record obtained from a floodplain could be interpreted as periods of
drying due to drought or anthropogenic activities such as dredging or drawdown of water
levels. Decreases in bulk density could represent episodes of inundation and saturation

during a flood event (Allguire and Cahill, 2001).

Loss-on-Ignition Analysis (LOI)

The determination of the weight percent of organic carbon and inorganic carbon
in the form of carbonate in sediment layers can be used to measure past productivity in
the marsh, as well as provide information on processes that influence the cycling of
carbon and other nutrients within a watershed (Wolfe et al. 2006). The organic carbon
and inorganic carbonate content of the samples was estimated by loss on ignition analysis
(LOI), a qualitative method based on differential thermal analysis (Dean, 1974;

Santisteban et al. 2004). The index of the organic content of each core sub-sample was
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determined by the percent of weight lost after the sample had been dried at 60° C for 24
hours and ashed in a muffle furnace at 550 ° C for four hours (to convert organic matter
to CO,). The sample was then ashed at 950 ° C for two hours to drive off CO, and
quantify the amount of carbonate (inorganic carbon) present in the sample (Dean, 1974).
Organic matter and total carbonate content were expressed as percent of the dry sediment
weight.

Determination of carbon content by means of loss-on-ignition analysis is used in
reconstruction of flood history and other paleoclimatic studies. However, comparison
with geochemical and multi-proxy evidence is necessary in order to distinguish between
organic material produced by autochthonous processes within a floodplain and
allochthonous organic material supplied by periodic floods (Wolfe et al. 2005).
Decreases in carbon content accompanied by increases in magnetic susceptibility within
dark-colored laminae of an oxbow lake were interpreted as of past flood events. High
energy conditions associated with flood activity can result in dilution of organic matter
with inorganic (fluvial) sediment, as well as decreased productivity due to increased
turbidity (Wolfe et al. 2006; Thom et al, 2001). However, low organic content in
sediments of a perched basin lake can also interpreted as resulting from low preservation

of organic matter during dry periods (Wolfe et al. 2005).

Magnetic Susceptibility
Magnetic susceptibility measures the ability of a material to be magnetized and is
related to changes in composition, concentration and particle size of ferrimagnetic

minerals (ie. magnetite) in a sediment sample (del Soccorro and Ortega-Guerrero, 1998).
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Magnetic measurements have been used in the study of lake sediments since 1975
(Thompson, 1975). Since specific minerals exhibit particular magnetic behaviors,
magnetic measurements can provide evidence relating to the source of sediments, such as
detrital versus autogenic (Walling et al. 1979) as well as the nature of depositional
processes (Wolfe et al.2006). Variation in magnetic measurements can reflect changes in
conditions in past depositional environments. In this way, magnetic susceptibility
changes are proxies of past environmental conditions (Geiss, 1999). Peaks in magnetic
susceptibility measurements have also been used to correlate chronology of sediment
cores in reconstruction studies (Appleby et al. 1985, Ruggiero et al. 2000).

Magnetic susceptibility was measured on dried samples of Utica Marsh sediment
at each 1 cm interval for all three Utica Marsh cores using a Bartington MS?2 single
sample dual frequency sensor. The average magnetic susceptibility value for each sample
was divided by the sample dry weight to obtain the mass specific magnetic susceptibility
(y) and expressed as 10 °cm®/g units. Similarly, the average magnetic susceptibility value
for each sample was divided by the sample volume to obtain the volume specific
magnetic susceptibility (k) and expressed in x107 SI (standard international) units

(Dearing, 1999).

Grain Size Analysis

Grain size analysis of Utica Marsh sediment was determined by means of a laser
diffraction particle size analyzer (Model: Malvern Mastersizer 2000). Subsamples were
analyzed at 1 cm intervals following removal of organic matter by hydrogen peroxide

treatment, addition of sodium hexametaphosphate (NaPOs)s as a dispersing agent, and

19



sonication. Laser diffraction operates on the principle that the angle at which a particle
diffracts light increases as particle size decreases. The resulting particle size spectra are
used to calculate percentages of clay, silt, sand, median grain size and population
standard deviation (sorting) of grain sizes within a sediment sample.

Grain size characteristics within a floodplain profile can vary in response to
factors affecting sediment transport and depositional processes. Sediment source
composition, flood magnitude and flow velocity, particle aggregation, channel
configuration and floodplain topography can influence grain size composition of
overbank floodplain deposits (Lecce and Pavlowsky, 2004). Irregularities in floodplain
topography create spatial and temporal variations in water depth, flow velocities, and
inundation times (Lecce and Pavlowsky; Walling and He, 1998), all of which can affect
particle-size distribution and sedimentation rates over a floodplain. Thus, grain size
analysis is important in the study of floodplain development and morphology (Walling
and He, 1998). Because a floodplain forms primarily as a result of fine-grained
suspended sediment transported and deposited during overbank flood events, it becomes
a sink for nutrients and pollutants which have a tendency to adhere to fine-grained
particles (Walling et al. 1998; Walling and He, 1998). Understanding grain size
distribution within floodplain sediments is thus also important in the study of factors
affecting the storage and re-mobilization of contaminants within the floodplain (Winter et
al, 2001; Walling and He, 1998; Lecce and Pavlowsky, 2004).

Changes in grain size relative to background within a sediment profile can be
indicative of high energy fluvial processes associated with floods. Stratigraphic increases

in grain size accompanied by increased quartz and feldspar content and higher magnetic
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susceptibility values within sediments obtained from an oxbow lake were interpreted by
Wolfe and others (2006), as evidence of high energy depositional environments
associated with flood events. Huang and others (2007) interpreted peaks in percentages
of sand-sized grain fractions within loess-soil sequences as overbank flood deposits. Sant
and others (2004) interpreted increases in percentages of >149 um particle size fractions
within unstratified floodplain sediments along the Mahi River as flood deposits
associated with strong monsoon events. Because of their correlation with oscillations
between weak and strong monsoon periods, these particle size variations are proxies of
climate change during the period extending from 30 ka to the onset of the Holocene.
Stratigraphic changes in grain size within oxbow lake sediments are also indicative of
sediment provenance, enabling White and Rodbell (2000) to differentiate between detrital
sediments deposited during erosional events and suspended sediment deposited during
overbank floods throughout the development of the lake. Thus, grain size analysis of
overbank floodplain sediments can yield evidence useful in the reconstruction of flooding

history for a river basin.

Results

Subsamples from each of the three cores were obtained for bulk density, magnetic
susceptibility, organic carbon and carbonate content, and grain size. The results of these
analyses versus bottom depth for each core are shown in Figures 5-7 and core-to-core

comparisons are shown in Figures 8-14 below.
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Core Characteristics
BCAS

BCAS, 50 cm in length, is the core obtained from the site closest to the pool and
the Mohawk River. The results of the analyses carried out on BCAS are presented in
Figure 5. Bulk density (a) ranges from a minimum of 0.03 + 0.3 g/cm’ at | cm to a
maximum of 1.02 +£0.3 g/cm3 at 31 cm, showing an increasing trend with core depth.
Mean bulk density for BCA5 is 0.6 g/cm’. Values for percent carbonate and percent
organics for the first 5 cm of the core were not determined due to loss of sub-samples
during laboratory processing. Percent organic matter (c) ranges from a minimum of
2.0 % + 0.4 at 30 cm to a maximum of 3.8% + 0.4 at 7 cm, showing little variation and no
significant trend between 12 and 44 cm. Mean percent organic matter for BCAS is 2.6%.
Percent carbonate (d) varies throughout the length of the core, but generally increases
with depth to a maximum of 2.1% =+ 0.3 at 28 cm, after which it displays a decreasing
trend reaching a minimum of 0.8% =+ 0.3 at the core bottom (44 cm). The mean value for
percent carbonate in BCAS is 1.4%. Percent clay (e) ranges between a minimum of
25.5% £ 2.6 at 4 cm to a maximum of 40.9% =+ 2.6 at 44 cm, increasing sharply to a peak
from 6 to 9 cm followed by a sharp decrease at 11 cm, after which percent clay values
ranges between 35.0 and 40.0% with a mean value at 38.0%. Percent silt (f) displays
higher values with a similar peak at 6 cm, followed by a sharp decrease to a minimum of
53.6% + 1.3 at 11 cm, after which it shows only a slight overall increase with depth from
12 to 44 cm. However, percent silt exhibits numerous peaks from 15 cm to the bottom of
the core, with particularly strong peaks at 22 and 27 cm, increasing to a maximum of

59.2% + 1.3 at 38 cm. Most values for percent silt fall between 55.0 and 60.0%, with the
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mean value at 57.3%. The highest values for percent sand occur within the upper 10 cm
of the core, ranging from a maximum of 20.9% + 3.5 at 11 cm to a minimum of 0.7% +
3.5 at 6 cm. Most values for percent sand (g) are less than 5.0% for the rest of the core,
while the mean value is 4.74%. Insufficient sample size prevented grain size analysis of
the first 4 cm of BCAS. Magnetic susceptibility (b) decreases from a maximum of 85.1 +
11.5 x10°cm?/g at 1 cm to a minimum of 16.8 £ 11.5 x10°cm’/g at 4 cm, after which it
shows little variation and only a slight decreasing trend to the bottom of the core. The

mean value for magnetic susceptibility in BCAS is 25.6 x10 cm’/g.
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DOC

The DOC: 50 cm core was obtained from a location midway between the shore
and the North Pool. The results of the analyses carried out on DOC are presented in
Figure 6. Bulk density (a) exhibits an overall increasing trend with depth, ranging from a
minimum of 0.1 + 0.3 g/cm’ to a maximum of 1.1 + 0.3 g/cm” at a depth of 14 cm. Most
bulk density values are less than 1.0 g/cm’; mean bulk density for DOC is 0.6 g/cm’.
Magnetic susceptibility (b) shows little variation with increasing depth, exhibiting a
weakly-increasing tend to a maximum of 17.3 + 3.3 x10°cm’/g at 22 cm, followed by a
weakly-decreasing trend to a minimum of 6.6 £ 3.3 x10°m’/g at 42 cm. The mean
value for magnetic susceptibility is 12.4 x10°cm’/g for DOC. Percent organic matter (c)
decreases from a maximum of 8.8% + 2.0 at 1 cm to a minimum of 2.3% + 2.0 at 23 cm,
after which it increases with depth for the remainder of the core.

The mean value for percent organic matter for DOC is 4.0%. Percent carbonate
(d) follows an overall weakly decreasing trend from a maximum of 2.7% + 0.4 at 9 cm to
minimum of 1.1% =+ 0.4 at 39 cm, with peaks at 17, 23, 27 and 32 cm. Mean percent
carbonate is 1.9% for DOC. Percent clay (e) ranges from a minimum of 22.0% + 6.5 at 3
cm to a maximum of 45.1% + 6.5 at 36 cm, exhibiting an overall increasing trend with
increasing core depth. The mean value for percent clay is 36.5% for DOC. Percent silt
(f) also increases for the first 14 cm of the core, after which it follows a weakly
decreasing trend, ranging from a minimum of 43.7% + 3.9 at 3 cm to a maximum of
59.6% + 3.9 at 14 cm. Except for a trough between 3 and 7 cm, percent (g) sand
decreases overall from a maximum of 34.3% + 9.7 at 3 cm to a minimum of 0.3% + 9.7

at 33 cm. The mean value for percent sand is 9.12% for DOC.
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DOC: All Data vs Depth
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BCA1

BCAL, 50 cm in length, is the core obtained closest to the shore and farthest from
the Mohawk River. The results of the analyses carried out on BCA1 are presented in
Figure 7. Bulk density (a) in BCA1 increases from a minimum of 0.1 + 0.1 g/cm’ at 2
cm to a maximum of 0.6 £+ 0.1 g/cm3 at 27 cm. It exhibits a weakly-decreasing tend to 43
cm, after which it increases for the remainder of the core. Mean bulk density for BCA1
is 0.3 g/em’. Magnetic susceptibility (b) varies considerably in the upper 10 cm of the
core, increasing from a minimum of 13.1 £ 13.6 x10cm?/g at 2 cm to maximum of 84.4
+13.6 x10°cm’/g at 6 cm. Following a sharp decrease between 6 and 7 cm, magnetic
susceptibility (b) exhibits a decreasing trend with most values falling between 10.0 and
20.0 x10°cm’/g. The mean value for magnetic susceptibility for BCA1 is 24.9 x10°
Scm’/g. Percent organic matter (c) increases to a maximum of 7.4% + 1.4 at 5 cm and
decreases to a minimum of 2.3% + 1.4 at 22 cm. Values for percent organic matter
remain at less than 25.0% until 30 cm, than increases overall for the remainder of the
core. The mean value for percent organic matter is 3.9% for BCA1. Percent carbonate
(d) shows considerable variation over a weakly decreasing trend with depth, ranging from
a minimum of 1.8% at 33 cm to maximum of 4.2% at 39 cm. Percent clay (e) ranges
from a minimum of 21.5% + 0.4 at 2 cm to a maximum of 51.9% + 0.4 at 41cm, showing
a general increase with depth with some minor peaks. The mean value for percent clay is
40.5% for BCA1. Following a trough between 1 and 6 cm, percent silt (f) exhibits a
weakly decreasing trend from 7 to 30 cm, where it decreases from a maximum of 59.1%
+ 4.5 to minimum of 41.7% + 4.5 at 42 cm then increases over the last 8 cm of the core.

The mean value for percent silt is 52.9% for BCA1. Percent sand (g) ranges from a
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maximum of 27.2% + 6.3 at 4 cm to a minimum of 0.5% =+ 6.3 at 20 cm, displaying a
weakly decreasing tend with considerable variation for the length of the core. The mean

value for percent sand is 6.7% for BCAL.
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BCA1: All Data v. Depth
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Figure 7: BCA1 core data plotted versus depth.



Core-to-Core Comparisons

Values for bulk density are lowest near the sediment surface and increase with
depth in all three cores (Figure 8). Low values for bulk density in the upper level (0- 15
cm) coincide with increased percentages of organic matter within the same depth interval
for all 3 cores. Values for percent organic matter are lowest in BCAS5 (maximum of 3.8 +
0.4% at 6 cm) (Figure 9). The highest values for magnetic susceptibility were observed
in BCA1 and BCAS5, with most values falling between 18.0 x 10 cm®/g and 90.0 x 10
cm’/g in the upper 10 cm (Figure 10). Although values for magnetic susceptibility are
lower overall (< 18.0 x10°cm’/g) for DOC, it exhibited highest amount of variability in
magnetic susceptibility below 14 cm. Both BCA1 and DOC exhibit peaks in magnetic
susceptibility at both 7-9 and 12-15 cm. Relatively little variation in magnetic
susceptibility is noted in BCAS below 5 cm. Bulk density values increase with depth
overall below 10 cm for all three cores, while values for magnetic susceptibility tend to
decrease with depth. Percent carbonate shows considerable variation in all three cores
(Figure 11).

Grain size analysis revealed a trend of increased percentages of clay-sized
particles with increasing depth except for a decrease near the sediment surface, with the
sharpest decrease noted in BCA1 at 0-5 cm (Figure 12). A similar trend is noted for
percentages of silt-sized particles in all cores, with a decrease noted in the upper 0-5 cm
(Figure 13). Decreases in percentages of clay-sized particles tend to be accompanied by
increases overall in both silt and sand percentages. Clear peaks in percentages of clay-
sized particles correspond to decreases in silt-sized percentages within the 0-20 cm

interval in all three cores. However, all three cores (most notably BCA1 and DOC)
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exhibit several clear peaks in sand-sized percentages which coincide with sharp decreases

in silt-sized percentages within the same interval (Figure 14).
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Figure 8: Bulk density versus depth (all cores).
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Radiogenic Isotopes

Laboratory analyses carried out on the three sediment cores (BCAS5; DOC; and
BCAL1) obtained from the Utica marsh included the use of radioactive isotopes *'° Pb and
1¥7Cs to establish core chronologies and determine average sedimentation rates. Results
of *!'” Pb data did not show an exponential decay with depth in any of the three cores
(Figure 15). Peaks in cesium-137 are apparent at 14 cm depth in BCA1 and 7 cm depth in
DOC. Two peaks (both ~ 0.009 cts/g/s) can be identified in BCAS at 4 cm and 11 cm

(Figure 16).
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Figure 15: Activity of *'°Pb versus depth (all cores). Lead-210 values did not show

the expected exponential increase with depth, possibly due to post-depositional
mixing of sediment by either bioturbation or physical processes.
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Figure 16: Activity of cesium-137 versus depth (all cores). Peaks at 14 cm depth
in BCAI, 11 cm in BCAS and 7 cm depth in DOC can be interpreted as resulting
from thermonuclear bomb testing in 1964. A second peak at 4 cm depth in
BCAS may represent the Chernobyl nuclear disaster in 1986.
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Discussion

210pp, values

The establishment of an age model was complicated by the fact that
did not show the expected exponential decrease with increasing depth (Figure 15). Three
reasons could account for this: 1) Increased rates of sediment accretion over the last
century due to increased land use may have diluted the input of atmospherically derived
219pp. 2) The excavation of clay that occurred within the Marsh during the early 1900s
through the 1940s may have caused an influx of sediment into the study area, disturbing
the pre-existing sediment sequence and resulting in the type of dilution effect described
above (Page, 1980; Williams, 1990). 3) Post-depositional mixing of sediment layers may
have occurred as a result of either bioturbation or physical processes (Brenner et al.
2001). Because of its location within the floodplain, Utica Marsh sediment would be
subject to re-mobilization and mixing during Mohawk River flood events (Walling and
He, 1998).

Activity of cesium-137 also showed little variation with depth, resulting in only a
slight peak that could correspond to periods of maximum fallout in 1963 (Figure 16).
Because of its strong tendency to bind to clay-sized particles, cesium-137 is also subject
to post-depositional mobility and mixing by flood waters (Craft and Casey, 2000).
Bioturbation and uptake by plants can also cause redistribution of cesium-137 in marsh
sediments (Brenner et al, 2001).

Dating of the cores and determination of average sedimentation rates was based

on linear interpolation between the cesium-137 peak and an assumed core top age of

zero, with extrapolation of the same sedimentation rate to the core base (Figure 17).
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Average linear sedimentation rates were estimated at 0.186 cm/yr for BCAS, 0.141 cm/yr

for DOC and 0.079 cm/yr for BCA1. These sedimentation rates were applied to the full
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Figure 17: The calculated age for each core is plotted versus depth to represent
sedimentation rates for each core. Due to problems with radiometric dating resulting
from post-depositional mixing of the sediment, sedimentation rates are estimated based
on linear interpolation between the cesium-137 peak and an assumed core top

age of zero, then linear extrapolation of the sedimentation rate to the core base.
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length of the stratigraphic records to establish core chronologies. On this basis, BCAS
spans approximately 180 yrs BP to 1828 AD and BCAS spans approximately 150 yrs to
1851 AD.

The DOC core was collected by means of a poly-carbonate mud-water interface
(vertical push) corer which resulted in compaction of the sediment and a raw compacted
depth of 36 cm. Therefore, determination of sedimentation rates and resulting core
chronology for the DOC record were based on a decompacted depth of 50 cm, the total
depth of core barrel penetration, yielding an average sedimentation rate of 0.141 cm/yr.
Based on application of this sedimentation rate, the DOC core spans approximately 220
yrs to 1785 AD. The age in years of all three cores extends from a core top age of 2005,
the year of core collection (Figure 17).

A peak in magnetic susceptibility values observed within the upper section (0-10
cm) of each core (Figure 10) could be indicative of a recent flood event. Wolfe and
others (2006) interpreted increases in magnetic susceptibility accompanied by decreases
in carbon content within dark-colored laminae of an oxbow lake as flood events. Peaks in
magnetic susceptibility within the sediment layers coincided with historic records of high
water events (Wolfe et al 2006). However, magnetic susceptibility values show little
variation below 10 cm for BCA1 and BCAS, possibly due to remixing and dilution of the
magnetic mineral input during earlier overbank flood events. Huang and others (2007)
attributed higher magnetic susceptibility values in the soil layers to pedogenic (soil
building) processes; however, decreased magnetic susceptibility measurements observed
within the soil layers were attributed to the addition of alluvial sediment during overbank

flood events.
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The peak in magnetic susceptibility observed in the top layer of each core could
also be attributed to increased inputs of magnetic minerals resulting from land use and
erosion. Influxes of magnetic-rich minerals from the surrounding drainage basin produce
high magnetic susceptibility values which are interpreted as floods, erosion, or increased
precipitation from which can be inferred changes in climate and human activity (Kirby et
al. 2004;Wolfe et al 2006). It could also be indicative of an influx of heavy metals in
recent years due to pollution and automobile emissions, as the sediment interval
corresponds to the time period following the construction of the Horatio Arterial (Rt. 12)
in 1957 (Figures 18-20) (Ramessur and Ramjeawon, 2002; Whiteley and Murray, 2005).

The lowest bulk density values are observed within the upper 20 cm of each core
and are accompanied by an increase in grain size (Figures 5-7). Lower values for bulk
density are also accompanied by higher values in organic matter in the upper 10 cm of
each core (Figures 5-7). An increase in percent organic matter causes a reduction in the
bulk density of sediment by increasing the tendency of sediment particles to aggregate,
resulting in increased porosity. A higher percentage of organic matter could be the result
of increasing plant biomass and corresponding increase in primary productivity over the
last 50 years resulting from the development of wetland conditions in the floodplain (ie.
the development of the Utica Marsh) and resulting expanse of emergent vegetation (Page,
1980). Herrick and Wolfe (2005) determined that artificially diked wetlands exhibit
significantly higher levels of organic matter than undiked wetlands. The construction of
the Canal and Arterial may have had the effect of diking the Marsh, increasing its ability
to act as a sink for nutrients such as organic carbon. The time period represented by the

upper 10 cm of the 3 cores also corresponds to the years following invasion of the area by
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All Data vs Calendar Year
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Figure 18: All BCAS data plotted versus calendar year (numbers indicate peaks coinciding with dated flood events.
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Lythrum salicaria in the early 1970s (Figures 18-20). Lythrum salicaria grows in large
persistent monospecific stands and like many invasive plant species favors the nutrient
rich aquatic conditions found in a diked wetland (Herrick and Wolfe, 2005; Thom et al.
2001). Trends in organic matter seem unrelated to changes in other parameters related to
flooding and may be more strongly influenced by site effects such as the growth and
decay of emergent plant species such as L. salicaria as well as spatial variability typical
of marsh environments (Alvarez-Cobelas et al. 2007). A possible explanation for the
lower percent organic values near the surface of BCA1 could be a decrease in water
levels (Figure 20) due to drought or periodic drawdowns, resulting in reduced
preservation of organic matter (Wolfe et al. 2005).

Percent carbonate exhibits a weakly-increasing trend between 10 and 30 cm in
both BCA1 and BCAS. A similar but slighter increase in percent carbonate is noted in
DOC but values decrease sharply below 25 cm. The increased trend in percent carbonate
seems unrelated to historically documented flood events but is similar to that observed
for bulk density, particularly in BCAS and BCA1. Peaks in percent carbonate at 28 cm
coincide with peaks in bulk density at the same interval in both BCA1 and BCAS, as well
at 18 cm in all three cores. Similarities between percent carbonate and bulk density may
be related to fluctuations in water levels in the Marsh due to climate fluctuations or
human activity. Drying of sediment leads to increased bulk density; decreased water
levels can also result in precipitation of Ca and thus higher percent carbonate levels in
sediment. Higher Ca content coinciding with increased bulk density values reported by
Liu and others (2007) was related to lower water levels. The peaks in percent carbonate

near the surface in DOC and BCA1 could also be the result of a drawdown conducted in
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2008 as part of marsh management (S. Heerkens, personal communication, April 20,
2009).

Increases in mean grain size are observed as peaks in the sand-sized particle
fraction in each core, providing the strongest stratigraphic evidence of past flood events
for this study (Figures 18- 21). Increases in mean grain size accompanied by decreases in
the percentage of silt and sand-sized particle fractions are indicative of higher energy
environments typical of flood events (Wolfe et al. 2006). Huang and others (2007)
interpreted peaks in percentages of sand-sized grain fractions within loess-soil sequences
as overbank flood deposits. Sant and others (2004) interpreted increases in percentages
of >149 um particle size fractions within unstratified floodplain sediments along the
Mahi River as flood deposits associated with strong monsoon events. Peaks in percent
sand-sized particles identified within the Marsh cores were compared with dated flood
events recorded in historical records and technical reports (Table 1).

Numerous peaks in percent sand-sized particles identified in each of the three
cores coincide closely with at least one dated flood event (Table 1). Peaks possibly
representing more than one event are designated with an asterisk. BCA1 appears to
contain grain-size evidence of at least 9 events (Figure 20), although two of these peaks
have yet to be correlated with a documented flood event. Core BCAS5 contains evidence
of at least eight events but the grain-size record is incomplete due to lack of sufficient
sample in the upper 5 cm of the core for the analysis (Figure 18). The compaction of the
DOC core during its collection may have reduced the number of discernable peaks in that

record (Figure 19).
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At least two major flood events are potentially missing from the record
constructed in this study. The flood caused by 8 in of rain brought by Tropical Storm
Agnes in 1972 might be represented by a significant peak in percent sand in DOC at 6 cm
(1968) but such a conclusion is uncertain (Figure 19). During the month of October in
1945 intense rainfall fell at the rate of 4.2 inches in a 24 hr period, producing the most
severe flood of record at that time for the Utica area (USACE, 1974; National Oceanic
and Atmospheric Administration [NOAA], 2009). This rain event also caused record
flows on both the nearby East and West Canada Creeks, nearly destroying the Daniel
Greene factory in Dolgeville, New York (NOAA, 2009). Though peaks in bulk density
and percent sand appear at this time in DOC (Figure 19), there is no discernible peak in
percent sand coinciding with this flood in any of the three cores. Numerous more recent
floods occurred during the years 2000-2007 but are unfortunately outside the scope of
this study due to loss of the core top during the coring process or due to intentional in-lab
combination of the upper few centimeters of the cores necessary to facilitate analysis of

the multiple parameters of this study.
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Figure 21: Percent sand plotted versus calendar year (all cores).
Numbers indicate peaks coinciding near in time with dated flood
events.
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Flood Event Cause | Source | BCA1l DOC BCA5S
Sept, 1999 TS NO 1
Jan, 1996 BR NO,SB 2

2,1993 HP NO, SB 1
Apr, 1987 ? NO 1
Mar, 1980 HP NO 3*
Feb, 1981 ] NO 3*
Apr-May, 1983 HP NO 3*
June, 1972 TS NO, AC 2%

2,1970 TS AC 2%

?, 1964 1J NO, AC 2
Aug, 1955 HU NO, AC 3
Mar, 1936 HP, SP NO, AC 3 4
Nov, 1927 HU NO, 4
Mar, 1914 J NO, AC 5%
Mar, 1913 BR,HP | NO,AC 5% 5*
Feb 27-Mar 1,1910 BR? AC,GG 6* 5%
Oct, 1903 TD GG 6* 4%
Mar, 1893 BR GG 6* 4%
Feb, 1891 HP,1J,BR GG 6
Feb, 1886 BR GG 7

2, 1876 8
Apr, 1870 BR, HP GG,SC 9* 5
Oct, 1869 TD, HP GG, SC o
Mar, 1865 BR, HP SC 10 7
Sept, 1853 TD SC 11 8
Nov, 1821 HP JG 6*
Mar 3, 1818 HP JG 6*
Summer, 1817 HP JG 6*

Table 1: Peaks in percent sand (represented by numbers) are correlated with dated
events obtained from historical, scientific and technical sources. Peaks possibly
representing more than one event are designated by an asterisk. The most extensive
record of flood evidence is contained in BCA1. (The sediment record for BCAS is
incomnlete due to lack of samnle.)

Flood Cause: Sources:
NO (NOAA)
gg -_ ieea};}rlelzf;;pltanon AC (Army Corps of Engineers)
1J- Ice Jam GG (Gara and Garver, 2000)
HU - Hurricane SC  (Scheller et al. 2001)
TS - Tropical Storm
TD - Tropical Depression JG  (Johnston and Garver. 2000)
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Conclusion

Due to its location within the floodplain of the Mohawk River in central New
York, sedimentological evidence of inferred flood events is preserved within the Utica
Marsh. Grain-size analysis of overbank floodplain sediment records obtained from the
three cores reveal shifts in grain-size parameters, particularly increases in sand-sized
percentages, indicative of high energy conditions associated with flooding. When
compared with historically documented dated flood events, this data suggests floodplain
deposits can be used to reasonably reconstruct a history of flooding on the Mohawk River
in the Utica area covering the past 185 years. These results further support that such
deposits can be used in the reconstruction of a longer record of Mohawk River flooding
pre-dating human land use disturbance and anthropogenic climate change in the study
area.

The flood reconstructions from the three cores do not match entirely, however,
and some of the events are not present in all cores. The selection of another study site
within the floodplain less disturbed by human activity would likely provide a more
complete sediment record. The use of a larger number of cores would also minimize site
effects due to spatial variability of sedimentation and erosion typical of floodplain
environments (Walling and He, 1998). It might also overcome problems with
radiometric dating due to post-depositional mixing of sediment (Owens et al. 1999).
Also, broadening the multi-proxy approach to include tree ring analysis would be more
effective in differentiating between changes in the sediment record induced by climate
effects such as precipitation variability and those resulting from human influences such as

land use (Touchan et al. 2008; Schneider et al. 2007; Van Huissteden and Kasse, 2001).

52



A longer flooding history is critical to understanding the relative impacts of land use
changes (such as agriculture and urbanization) and climate effects on flooding frequency
on the Mohawk River. This study suggests that the Utica Marsh data may provide a

means to generate such a history, but it also suggests it must be interpreted with caution.
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