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ABSTRACT 

Many unknowns still exist regarding the developmental histories and sediment 

characteristics of Hudson Marshes. In addition, steep bedrock valley walls along the 

Hudson limit locations for tidal marsh development. In order to best direct tidal wetland 

creation and restoration work, it is instructive to understand how existing tidal wetlands 

have formed and developed along the Hudson. Vanderburgh Cove in Rhinebeck, NY, is 

an ideal study site as it contains a rapidly expanding tidal marsh. Vanderburgh Cove has 

about 40,000 m2 of emergent marsh, mostly developed at the mouths of two tributaries 

that enter the cove, Landsman Kill and Fallsburgh Creek. This study used historical aerial 

images, sediment core analysis from x-ray fluoresce data, Loss of Ignition (LOI), 

grainsize, and 137Cs age constraints in order to understand the differences in the marsh at 

the mouth of Landsman Kill and the mudflat areas of the cove and how the marsh 

developed. Aerial photos show rapid marsh expansion between 1978 and 1995. The 

sediment cores and sediment traps indicate high accretion rates in the cove and suggest 

that there is ample sediment to support future marsh expansion. From this research study, 

it is hypothesized that emergent marsh likely establishes when substrate accretes to an 

elevation of between -0.05 to 0.10 m above sea level (mASL). 

 

 

 

 

 

 



III-3 
 

TABLE OF CONTENTS 
 

Abstract ................................................................................................................ III-2 

Table of Contents ................................................................................................. III-3 

List of Figures and Tables.................................................................................... III-4 

Introduction .......................................................................................................... III-5 

Past Work ................................................................................................. III-6 

Site Description ........................................................................................ III-7 

Methods................................................................................................................ III-10 

Field Sampling Methods .......................................................................... III-10 

Sediment and Sediment Core Analysis .................................................... III-12 

Historical Aerial Imagery and Topographic Analysis ............................. III-15  

Results .................................................................................................................. III-15 

Aerial Imagery ......................................................................................... III-15 

Marsh Cores ............................................................................................. III-17 

Sediment Traps ........................................................................................ III-18 

Mudflat Cores .......................................................................................... III-19 

Discussion ............................................................................................................ III-21 

Aerial Imagery ......................................................................................... III-21 

Marsh and Mudflat ................................................................................... III-22 

Conclusion ........................................................................................................... III-24 

Acknowledgements .............................................................................................. III-25 

References ............................................................................................................ III-26 

 



III-4 
 

LIST OF FIGURES AND TABLES 

Figure 1 – Vanderburgh Cove watershed map showing study site location in  

                  Hudson River with New York State reference map modified from  

                  Hudson River National Estuarine Research Reserve. ........................ III-8 

Figure 2 – Vegetation map of Vanderburgh Cove showing present major  

                  vegetation. .......................................................................................... III-9 

Figure 3 – Vanderburgh Cove site map ............................................................... III-11 

Figure 4 – Historical aerial images of marsh area of Vanderburgh Cove at delta  

                  of Landsman Kill in years 1960, 1978, 1995, and 2016 .................... III-16 

Figure 5 – Historical image: marsh comparison 1978 to 2016 ............................ III-17 

Figure 6 – Marsh core data for VBM1, VBM2, and VBM3................................ III-18  

Figure 7 – Mudflat core data for VBC4, VBC5, and VBC6................................ III-20 

Figure 8 – Vanderburgh Cove elevation analysis ................................................ III-23 

 

Table 1 – Compiled core data for elevation analysis ........................................... III-21 

 

 

 

 

 

 

 

 



III-5 
 

INTRODUCTION 

Tidal wetlands offer ecosystem services and products which are benefits for the 

environment (Zedler and Kercher 2005; Schuerch et al. 2018). These ecosystems are 

beneficial resources to people and as well as to other organisms, providing habitat for 

various species. Tidal wetlands, such as marshes, can also provide protection along the 

coastline from natural hazards and are often natural solutions for coastal protection plans 

(Shepard et al. 2011); however, rapid sea level rise from anthropogenic climate change 

threatens tidal marsh sustainability. Many marshes are threatened by limited sediment 

supply and therefore may not aggrade rapidly enough to keep pace with sea level rise 

(Schuerch et al. 2018). In addition, many marshes have been eliminated due to land 

reclamation, a process by which shallow marine areas are diked and filled with sediment 

to create land for development (Squires 1992). With tidal wetlands disappearing, it is 

vital that restoration efforts are made to bring back these ecosystems.  

There are currently plans in place to restore or create 3,700 acres of tidal marsh in the 

Hudson River Estuary (HRECRP 2016; Partners Restoring the Hudson 2018), with 700 

acres planned for the tidal Hudson River above Manhattan. Many unknowns still exist 

regarding the developmental histories and sediment characteristics of Hudson River 

marshes. In addition, steep bedrock valley walls along the Hudson limit locations for tidal 

marsh development. Many of the tidal marshes along the Hudson are behind railroad 

trestles or dredged material islands. Recent research has shown that many of the marshes 

within these artificially sheltered settings developed in response to the human 

modification of these shorelines (Yellen et al. 2020; Yellen et al. 2018); however, some 

coves have not developed fully into tidal marshes, such as Vanderburgh Cove and Tivoli 
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South Bay, while others have developed into tidal marshes, such as Tivoli North Bay. It 

is important to understand the differences between sites where marshes have formed and 

those where marsh has not formed. Understanding this difference would better inform 

restoration plans and efforts. 

Vanderburgh Cove has about 40,000 m2 of emergent marsh, mostly developed at the 

mouths of two tributaries that enter the cove, Landsman Kill and Fallsburgh Creek. Most 

of the cove remains a shallow intertidal mudflat. Thus, Vanderburg Cove shares some 

characteristics with Tivoli North Bay, a marsh, as well as Tivoli South Bay, which is 

predominantly tidal mudflat. It is hypothesized that the emergent marsh at Vanderburgh 

Cove formed due to sheltered cove created by the railroad berm. This study investigates 

this site and its deposition rates through time to determine if the construction of the 

railroad and initial depths or elevation relative to sea level play a role in marsh 

development. In addition, this study examines age of the current marsh in the cove, how 

the tributaries and the construction of the railroad trestle have affected deposition rates, 

and how that relates to its current state as a mudflat.  

 

Past Work 

Research conducted by Dr. Brian Yellen and Dr. Jon Woodruff as part of a NOAA-

funded project, Dams and Sediment in the Hudson (DaSH), examined the effects of dam 

removal and sediment release on tidal wetland sustainability in the Hudson River Estuary 

(HRNERR 2017). More specifically, the research focused on whether the removal of 

dams on tributaries to the Hudson could provide needed sediment to marshes. In Tivoli 

North Bay, sediment cores were collected and analyzed to understand sediment 
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accumulation rates and when the marsh in Tivoli North Bay formed. The preliminary 

results of the project were that there were rapid sediment accumulation rates and the 

marsh in Tivoli North formed within the last 100-150 years, likely as result of railroad 

construction. Tivoli South Bay, dominated by mudflat rather than emergent marsh, has 

slower accumulation rates than Tivoli North, but is still accumulating sediment quickly 

(Yellen et al. 2020). 

These human-made coves present a unique opportunity to study factors that allow for 

the creation of emergent tidal marshes. This study on Vanderburgh Cove will also act as 

an additional study site for the DaSH project and test current hypotheses about Hudson 

River marsh formation caused by human infrastructure at a location that shares attributes 

in common with both of the Tivoli Bays.  

 

Site Description 

Vanderburgh Cove is a tidal freshwater area of approximately 0.4 km2. It is located 

on the east side of the Hudson River at river kilometer 140, (N41.878, W73.928) (Figure 

1). This cove was cut off from the main channel of the Hudson River in 1851 when the 

New York Central Railroad was completed (Benoit et al. 1999; Stevens 1926), with two 

culverts maintaining tidal connection to the river. The tidal range in this area of the 

Hudson River is approximately 1.1m (Ralston and Geyer 2017). There is an emergent 

marsh that comprises about 14% of Vanderburgh Cove, in which the predominant 

vegetation is Typha angustifolia (narrow-leaf cattail). The remaining area contains 28% 

lower intertidal vegetation, which is dominated by Nuphar advena (spatterdock), and the 

rest of the cove consisting of Trapa natans (water chestnut) (Figure 2).  
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Figure 1: Vanderburgh Cove watershed map showing study site location in 
Hudson River with New York State reference map modified from 
Hudson River National Estuarine Research Reserve. Pink star is 
Vanderburgh cove. Highlighted in colors from red to blue (Blue 
represents average elevations at 0 mASL, green is 50 mASL, yellow is 
100 mASL, orange is 150 mASL, and red is 200 mASL) and outlined 
in black is the watershed area with elevations (meters above sea level). 

 
Two tributaries drain directly into Vanderburgh Cove, Landsman Kill and Fallsburgh 

Creek. The drainage area of Landsman Kill is 60.8 km2, and the drainage area of 

Fallsburg Creek is 10.3 km2, all in an area of moderate to steep slopes (USGS 2016a; 

NYSDOS 2012) (Figure 1). Northern hardwood forest covers 71% of the watershed, with 

the remainder consisting of agriculture and low-density residential land uses (USGS 

2016a). More than 60% of the watersheds for Fallsburg Creek and Landsman Kill has 

well or excessively well drained soil; however, the lower portions of the watersheds reach 

into glacial lacustrine deposits, which may supply fine-grained material to the marsh 

(Soil Survey Staff 2019). Both tributaries have impoundments, which may trap sediment 

Legend 
      Study site 
---- Railroad 
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and prevent delivery to the cove. This impact is likely small as regional studies have 

shown that most dams do not trap appreciable amounts of sediment (Ralston et al. 2020). 

 

 

Figure 2:  Vegetation map of Vanderburgh Cove showing present major 
vegetation. The lower intertidal zone consists mostly of spatterdock 
(Nuphar advena). Land cover data from Cornell Institute for Resource 
Information Sciences (IRIS) (2011). 

 
 

Vanderburgh Cove is an ideal site to evaluate the mechanisms and rates of tidal marsh 

formation because it combines aspects of the well-studied Tivoli North Bay emergent 

marsh and Tivoli South Bay mudflat (Benoit et al. 1999; Yellen et al. 2020; Sritrairat et 

al. 2012). Namely, its combination of tidal flat and emergent marsh makes it a useful case 

study in how tidal marsh establishes and expands into shallow areas. 
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METHODS 

3.1 Field Sampling Methods 

 To understand Vanderburgh Cove and its potential for marsh formation, sediment 

cores were collected from the existing marsh area and from the open water/mudflat area 

of the cove during May and June of 2019 (Figure 3). In total, six sediment cores were 

collected, with three in the emergent marsh at the mouth of Landsman Kill and three from 

the tidal mudflat. Two successive 1 m drives were collected with a 1 m long, 6.3 cm 

diameter gouge corer at each site, unless refusal was encountered. Thus, collected cores 

range from 1.6 m to 2 m in length. Gouge cores provide an uncompacted sample whose 

length scale can easily be converted to true depths, without the need to correct for 

compaction during coring. This makes it ideal for evaluating tidal depositional 

environments that are sensitive to sea level changes and was adequate for the marsh and 

subaqueous mudflat environment in this area.  
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Figure 3: Vanderburgh Cove site map. (a)Map of all coring sites: red dots show 
locations of cores in the mudflat (subaqueous), yellow dots show 
locations of cores in the marsh, and yellow triangle shows where 
sediment traps were placed as well as a core location. (b) Zoomed in 
view of the marsh site with same symbology. 

 
 A slide hammer was used at VBC6 core site to drive the gouge corer until refusal. 

Some overlap in depth was taken for some core sites (VBM2, VBC6), while in cores such 

as VBC5 there is a 10 cm gap due to poor recovery. Gouge cores were transferred onto 1 

m long, halved PVC pipes.  

In addition to sediment cores, three sediment traps were put in place at the edge of 

the emergent marsh near VBM1 core site (Figure 3). These sediment traps were placed in 

late May and the sediment that was trapped inside was collected in late June. The trap 

consisted of a halved 21 L bucket so that the walls of the bucket were approximately 20 
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cm in height and 27 cm in diameter. The three traps were placed nearly flush with the 

marsh surface with 1-2 cm of bucket wall extending above the marsh surface, but at 

slightly different elevations as the marsh surface varies. The sediment was collected by 

siphoning out the clear water on top and pouring the sediment-water mixture into 1 L 

sample bottles. During this time, a bulk density sample of 13.5 cm by 13.5 cm by 10 cm 

was also measured. This was done via a surface box core in which a three-sided metal 

box was inserted 20 cm into the marsh. The box was dug out of the marsh then carefully 

trimmed with a knife to create a rectangular prism of 13.5 cm width and length, and 10 

cm height, representing the sediment at depth of 10 to 20 cm below grade. This was 

designed to be able to obtain a fixed volume of sediment including the vegetation and 

other organic material and to avoid compaction.  

 

3.2 Sediment and Sediment Core Analysis 

 Once cores were collected, they were brought back to the University of 

Massachusetts, Amherst within the same day. All cores were stored in a 4°C refrigerated 

storeroom. Gouge cores were split lengthwise with a hack saw blade, and stored in air-

tight conditions at 4°C. One half of each of the cores was preserved as an archive, while 

the other half was analyzed. Once cores were split and opened, they were then visually 

described to note obvious grain size variation, organic content, and color. This served as 

initial qualitative analysis for later referral.  

 All cores were then scanned using an ITRAX x-ray fluorescence (XRF) core 

scanner to obtain geochemical data in relation to depths. This used a molybdenum tube 

and was set to run at 30kV and 55 mA with a 10-second exposure and 0.3 mm sample 
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resolution (Croudace et al. 2006). The ITRAX scanner images the core, produces x-

radiographs, and measures relative abundances of a suite of elements. Heavy metals such 

as lead (Pb) and zinc (Zn) were of particular interest for this study as the onset for these 

pollutants can constrain sediment age (Benoit et al. 1999).  

 Following non-invasive core scanning, 1 cm thickness subsamples were taken 

from cores every 10 cm, according to true depths, starting 5 cm from the top, and above 

and below visible lithologic transitions. These subsamples were weighed immediately 

after sampling and after drying in a 100°C drying oven overnight in previously weighed 

crucibles to provide an estimate of sediment porosity, assuming the initial saturation of 

sediment pore spaces. Subsamples were burned in a 550°C muffle furnace for four hours 

and weighed afterwards to calculate loss on ignition, a proxy for percent organics (Dean 

1974; Heiri et al. 2001).  

 Burned samples were gently disaggregated with a mortar and pestle and 

subsampled to be examined through a Beckman Coulter LS I3 320 laser diffraction 

particle size analyzer with a range of 0.4 µm to 2000 µm. Samples were sonicated for 15 

seconds and had a run time of 60 seconds. Grain size distributions are summarized with 

the median or d50 grain size, which represents the particle diameter that 50% of the 

sample by mass is smaller than. 

 Down-core profiles of radionuclides and heavy metals can be used to place age 

constraints on sediment cores. The onset of heavy metals such as lead and zinc can 

indicate ages at the beginning of industrial activity, which in this area would have been 

railroad construction in 1851 (e.g. Benoit et al. 1999; Kemp et al. 2017). Core VBM1 

was sampled for gamma spectroscopy to measure the depth profiles of radionuclides 
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137Cs and 210Pb. 137Cs can help determine the ages of modern sediment as the onset of 

137Cs correlates to 1954, the year in which atmospheric nuclear testing began, and the 

peak of 137Cs correlates to 1963, just prior to the Nuclear Test Ban Treaty (Pennington et 

al. 1973; Florea et al. 2011; Brandon et al. 2014). 210Pb accumulates in sediments at a 

constant rate and thus can be used to understand deposition rates (Crozaz et al. 1964; 

Florea et al. 2011). The subsamples of VBM1 were dried in a 100°C drying oven 

overnight and later ground with a mortar and pestle. This resulting powder was weighed 

and analyzed with a Canberra GL2020R low-energy germanium detector for 137Cs and 

210Pb. 

The dry bulk density sample collected with the box core was processed using 

methods similar to those used for LOI samples. The whole sample was split into two 

metal trays, weighed to obtain wet mass, and then dried at 100°C to obtain dry mass. 

Large vegetative matter was removed and weighed separately, and the remaining 

sediment was homogenized. A subsample of this remaining mixture was weighed in a 

crucible. This was later placed in a muffle furnace at 550°C to burn off organics. After 

four hours in the muffle furnace, the sample was weighed again, with the remaining 

clastic content used to calculate percent clastics in the modern marsh material at 

Vanderburgh Cove. 

Sediment trap samples were each poured into metal tins and some water and a 

spatula was used to rinse out remaining sediment in the bottles. These were then dried at 

100°Cfor 48 hours. Once all the water was removed from the samples, they were weighed 

and placed into a muffle furnace at 550°C muffle for four hours to remove organics. The 
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samples were weighed again in order to obtain mass of clastics delivered to a unit area of 

marsh during May-June. 

 

3.3 Historical Aerial Imagery and Topographic analysis 

 Historical aerial images were obtained from the U.S. Geological Survey Earth 

Explorer (USGS 2019). Images from April 2001, March 1995, 1978, May 1960, and 

1956 were collected and analyzed. All photos were georeferenced to current day satellite 

imagery using QGIS’s georeferencer and Google’s publicly available satellite base map. 

Marsh boundary lines were traced and superimposed onto one another to evaluate 

changes in the marsh over time. In addition to aerial images, high resolution LiDAR 

topographic data from 2013 was evaluated, which has a horizontal resolution of 1 m, and 

a vertical accuracy of 6.5 cm (OCM Partners 2020). These were used in conjunction with 

the marsh cores to further investigate the depositional environment of the past and 

elevation thresholds for marsh development.  

 

RESULTS 

4.1 Aerial Imagery  

 Aerial images of the marsh area at the delta of Landsman Kill were taken from 

various years and compared to one another to understand the progression of the marsh. In 

1960, there was no evidence of marsh (Figure 4). In 1978, there was a land mass forming 

at the mouth of the Landsman Kill with an area of approximately 7,500 m2 (Figure 4). In 

1995, there was a larger area of land (approximately 30,000 m2) and in 2016 the edges of 
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this land mass may have shifted north a few meters but otherwise remained relatively 

unchanged (Figure 4).   

 

 

Figure 4: Historical aerial images of marsh area of Vanderburgh Cove at delta 
of Landsman Kill in years 1960, 1978, 1995, and 2016. SEE 
LOCATION IN FIG 3B, INSET BOX. Image Source: Black and 
white photos (USGS), GoogleEarth (NASA and USGS). 

 

1960 

100m 

1978 

100m 

1995 

100m 

2016 

100m 
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  In Figure 5a, the present-day marsh perimeter is outlined and displayed on the 

aerial photo from 1978. It is apparent that a large amount of land had accreted in those 38 

years. The marsh land at the mouth of Landsman Kill had grown roughly three and a half 

times in area since 1978. 

 

Figure 5:  Historical image: marsh comparison 1978 to 2016. Aerial images of 
marsh area in (a) 1978 and (b) 2016; the red border represents the 
marsh perimeter in 2016. Image Source: Black and white photo 
(USGS), GoogleEarth (NASA and USGS). 

 
4.2 Marsh Cores 

 The depths of sediment cores taken varies at each site corresponding to the refusal 

depth marking the bottom of the marsh sedimentary unit. VBM1 went to 185 cm in 

depth, VBM2 to 130 cm, and VBM3 to 150 cm. The marsh cores did not have clear 

onsets of heavy metals according to the XRF data of Pb, Zn, and K (Figure 6). The onset 

of 137Cs in VBM1 was at 95 cm and the peak was at 90 cm (Table 1). Considering that 

the onset of 137Cs corresponds to the year 1954, and the peak to 1963, the deposition rate 

of the marsh since 1963 was calculated to be approximately 1.6 cm/year. Immediately 

above the refusal depths for each core, LOI data show low background levels of organics 

(a)  1978 

 

(b)  2016 
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of approximately 6%.  In VBM1, LOI began to rise upwards in the core at 75 cm, with 

the highest level in the growing marsh unit within 10 cm of the land surface. VBM2 and 

VBM3 show generally higher organic content, with both cores also beginning to increase 

in LOI at 75 cm, with anomalous peaks at 45 cm in VBM2 and 25 cm in VBM3 (Figure 

6).  These anomalously high data points correspond to large fragments of vegetation in 

the cores.   

 
Figure 6: Marsh core data for VBM1, VBM2, and VBM3. For each core, data 

for Zinc (representing heavy metal pollution), LOI (representing 
percent organics), and median grainsize are depicted. Depth scales 
vary for each core.  

 
 
4.3 Sediment Trap 

 The three sediment traps provide a snapshot of modern-day deposition rates and 

clastic sediment delivery. The total clastic mass deposited in the 572.5 cm2 sediment 

traps averaged 97.3 g (SD =1.15g). This clastic mass was converted to sediment depth 

using a dry bulk density of 0.714 g/cm3, which corresponded to the observed bulk density 

from the box core sample. Using this calculation, the rate of sediment delivery at the edge 
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of the marsh and to the vicinity of VBM1 was calculated to be about 0.24 cm/mo, or 2.9 

cm/yr, or 1.8 times faster than the deposition rate inferred from the 137Cs peak.  

 

4.4 Mudflat Cores 

 The sediment cores taken from shallow intertidal mudflat sites were 200 cm at 

VBC4 and VBC5. At VBC6, cores were taken until refusal, which was encountered at 

164 cm below the substrate due to cohesive clay deposits. At VBC5, probing revealed a 

transition to angular sand and gravel at 270 cm depth, grading to sand at 305 cm depth 

and refusal at 340 cm in dense, light grey cohesive clay.  The onset of heavy metals was 

approximately 120 cm in VBC4, 115 cm in VBC5, and 106 cm in VBC6 (Table 2). 

Above the metals onset in each core, grain size decreased from sandy silt to silty clay. 

Below the metals onset, grain size in each core graded downward from sandy silt to clay 

at the base, consistent with field observations of cohesive clay at refusal depth for cores 

VBC 4-6. (Table 2). This transition around 110 cm was less clear in LOI data in VBC4, 

with an initial drop in organic percentage at that depth and then a gradual rise in organics 

towards the surface (Figure 7). From 110 to 175 cm, there was a sandy silt, below which 

grey clay was found, which was interpreted as basal material. In VBC5, a similar 

decrease in grainsize can be seen at 110 cm (Figure 7). At VBC6, a clear signal of 

increasing zinc was observed at 80 cm. Similar to the other mudflat cores, this increase in 

heavy metals was accompanied by a decrease in grain size (Figure 7).  
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Figure 7: Mudflat core data for VBC4, VBC5, and VBC6. For each core, data 

for Zinc (representing heavy metal pollution), LOI (representing 
percent organics), and median grainsize. Depth scales vary for each 
core. 

 
 

In trying to understand the conditions of marsh formation, elevation was looked at 

as a factor for development. Table 1 shows current elevations and depth markers of the 

core sites along with some age constraints to understand the timeline of Vanderburgh 

Cove. These data were compiled to gain insight on past elevations of the marsh and 

mudflat before the marsh developed. The lower intertidal mudflat within Vanderburgh 

Cove ranges in elevation -0.2 to 0.1 mASL. 
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Table 1: Compiled core data for elevation analysis. Depths of elevation, time 
constraints, and marsh origin for each core. Marsh bottom was 
analyzed through LOI data and core photos, the bottom being where 
larger/visible organics started. The Land elevation is from 2013 
LiDAR data (USGS LiDAR). The elevation threshold is the calculated 
elevation at which the marsh began to form. 

 

 

DISCUSSION 

5.1 Aerial Imagery  

 The historical aerial photos showed a rapid marsh expansion from 1978 to 1995, a 

17-year period (Figure 5). From 1995 to today, a 21-year period, the marsh had remained 

relatively the same, showing the marsh has stabilized at its current size (Figure 4). 

Further research is needed to confirm the growth and equilibrium of the marsh, as it is 

difficult to accurately determine the state of the marsh, especially in a historical context. 

While the historical images were acquired with dates and years, time stamps and tides 

levels were unknown. Thus, some images may have been at low tide or at high tide which 

could reveal more areas around the marsh or conceal inundated areas of marsh. 

 

 

  DEPTH BELOW SUBSTRATE 

 Year VBM1 VBM2 VBM3 VBC4 VBC5 VBC6 

Cs-137 peak 1963 90 - - - - - 

Cs-137 onset 1954 95 - - - - - 

Heavy metal onset 1850 - - - 120 115 80 

Depth to refusal - 166 130 - - 340 164 

Marsh bottom - -0.63 -0.48 -0.63 - - - 

Land Elevation (mASL) - 0.65 0.55 0.65 0.05 -0.1 -0.13 

Elev. error (m) - 0.2 0.2 0.2 0.065 0.065 0.065 

Elev. threshold - 0.02 0.07 0.02 - - - 
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5.2 Marsh and Mudflat 

The marsh portion of Vanderburgh Cove is rapidly accreting; however, the 

calculated sediment deposition rates must be verified through age constraints of other 

cores and more in-depth analysis of VBM1. Through gamma spectroscopy, data of Pb-

210 and Pb-214 for VBM1 was collected and analyzed. This analysis did not show 

verifiably coherent trends and thus was not included in the age-constraint analysis. 

Additionally, the sediment traps should be kept at the site for longer periods of times and 

analyzed further as a one-month time period is not representative of yearly deposition 

rates, especially when considering seasonality. The accuracy of this sediment trapping 

method needs to be examined further as it is a relatively new method.  The discrepancy 

between core-derived sediment accumulation rates and the sediment trap results may be 

due to preferentially trapping sediment by grain size in the buckets, or due to seasonal 

differences in sediment delivery to the marsh; however, the order of magnitude 

agreement between the sediment trap-derived and sediment core 137Cs-derived deposition 

rates suggests that this marsh continues to trap clastic sediment at rapid rates. 

 According to the results found in these cores and LiDAR elevation data, the 

extant marsh developed when sediment accreted to elevations of approximately -0.05m to 

+0.1 mASL (Figure 8). This inference is based on the elevation of the current marsh, and 

the depth of visible marsh rootlets in cores, noted as the elevation threshold (Table 1). It 

is suspected that at these elevations, marsh development begins and thus mudflat areas at 

this elevation will likely become a marsh in the near future. This area of elevation range -

0.05 m and +0.1 mASL also contains a dominant type of vegetation, Nuphar advena or 

spatterdock (Figure 2). A long-term study could be done to further verify this and the 
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relationship of the vegetation, as well as more in-depth analysis of the sediment cores and 

sediment record of Vanderburgh Cove.  

 

 

 
Figure 8a,b,c:  Vanderburgh Cove elevation analysis (USGS 2016b). (a) Light 

green highlighted areas are of elevation of -0.05m to +0.1m. (b) 
Current elevations with color gradient scale from blue to red 
for elevations -0.1m to +0.8m respectively. The transect for 
figure 8c is highlighted in a dashed-red line. (c) Elevation 
profile in red along a transect of all marsh and mudflat cores. 
Core sites are labeled, and purple rectangles represent cores 
collected and depict depths collected. Green boxes represent 
depths in cores at which marsh begins, noted in Table 1 as 
marsh bottom. Dashed red line represents the hypothesized 
elevation for marsh onset of 0.1 mASL.  
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CONCLUSION 

Vanderburgh Cove offers unique insight into marsh development as a tidal 

freshwater marsh and mudflat. Aerial photos show rapid marsh development after 1978 

but the marsh appears to have stabilized since 1995. Sediment cores and sediment traps 

indicate high accretion rates in the cove, largely through the accumulation of clastic 

sediments. From this research study, it is hypothesized that initial elevations play a role in 

determining which areas become a marsh and which do not. Vegetation is also a factor, 

but further in-depth analysis is needed to understand this relationship. More age 

constraints on sediment cores would be beneficial in understanding past elevations and a 

long-term study would be beneficial in understanding the continued growth of this marsh. 

It is still unclear why the marsh stopped horizontal growth after 1995. Further research is 

needed to verify and expand these findings. 
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