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Abstract 

Sea level is rising at a rate of 2 to 4 millimeters a year in the Chesapeake Bay region, 
causing concern for the survival of tidal wetlands.  The tidal marshes must adapt to the rising sea 
level in order to continue performing their key role in our ecosystem.  The tidal channels will 
have to maintain a net accretion of sediment, either organic or mineral, in order to remain in 
equilibrium with the sea level.  This study focuses on a freshwater tidal marsh channel network 
off of the Patuxent River near Upper Marlboro, Maryland (38⁰48’05” N and 76⁰42’20” W).  
Through the measurement of channel cross sections and calculations of flow velocity, estimates 
were made for the transport, deposition, and erosion of sediments in this channel.  Fifty 
centimeter deep cores were retrieved from various locations along the channel and analyzed to 
determine their sedimentary and geochemical characteristics.  Clear spatial trends include a 
decrease in bulk density and an increase in organic matter with increased distance from the 
channel inlet.  The cores are also analyzed for 15N, 13C, and 34S abundances revealing significant 
down core trends believed to be the result of environmental changes related to land use of the 
drainage basin and the construction of a dam upstream in the Patuxent River.  The coupled 
stratigraphic geochemical shifts were used as time constraints in order to approximate relative 
depositional rates in the tidal marsh channel.  It appears as though the marsh is keeping pace with 
sea level rise with an estimated accumulation rate of 2.7 millimeters a year.  It is however 
evident that different sediment types behave differently within the channel, with observations of 
seasonal organic matter erosion.   
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Statement of the problem 

Freshwater tidal marshes are an important part of coastal ecosystems.  They act as buffers 
for storm surges, habitats for aquatic life, and have ample economic value.  (Mitsch & Gosselink, 
2000)   They are vital to the state of water chemistry as they are centers of sediment retention 
and denitrification (Seldomridge & Prestegaard, 2014).  Marshes ability to store nutrients 
becomes ever more vital to the health of an estuary with an increase of urban and agricultural 
land use within the basin. It is of great concern as to whether tidal marshes will be able to adapt 
to the changing environment.  Sea level has been consistently rising at the present rate of ~3 
mm/yr for more than 350 years. (Kearney & Stevenson, 1991)   In order for marshes to adapt, net 
sediment accumulation should be equal to the local apparent rise in sea level.  Many factors 
affect the accumulation of sediment within a tidal channel network, such as sediment 
concentrations within the estuary, channel form, water velocities, and the presence of vegetation 
within the channel. To maintain equilibrium, net accumulation has to occur in the channel as 
well as on marsh surfaces.  Channel environments, however, are considerably more erosive than 
marsh platforms.  In particular, organic sediment may be seasonally exposed to erosion during 
the cold season when die-back of aquatic vegetation exposes surfaces to erosive forces.  In order 
to have a net gain in sediment accumulation and thus marsh elevation, the net gain will have to 
exceed the sum of the net loss and sea level rise.  Net gain includes the deposition of mineral 
sediment, and the accumulation of biomass and organic sediment.  Net loss includes compaction, 
decomposition of organic materials, and erosion.  Sediment loads in the estuary will have to be 
sufficient to maintain elevation, and with increased sea level rise rates it is necessary to have an 
increase in sediment concentration. (Tambroni & Seminara, 2012)   The climate is also of great 
influence on marsh elevation because of the immense effect vegetation has of flow resistance and 
sediment trapping.  In freshwater tidal marshes each plant species has a specific depth range of 
habitat and stem density, creating spatial variation in sediment trapping during the growing 
season.  (Statkiewicz, 2014)  Vegetation can also concentrate the flow to lesser vegetated areas 
increasing the relief of channel of the form by increasing erosion on non-vegetated areas and 
accumulating sediment in vegetated areas. (Temmerman, Bouma, Koppel, Wal, Vries, & 
J.Herman, 2007) 
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Previous Work 

Initial sediment accumulation depends on sediment availability and flow velocity of 
water in tidal channels.  Incoming sediment supply, and channel hydraulics (flow velocity and 
shear velocity) will determine the range of sediment types and sizes that can be transported, 
deposited, and entrained under various conditions in tidal channels.  For example, mineral 
sediment cannot be transported to upstream reaches of a channel if flow is insufficient to carry 
the particles in suspension or if the transport velocity is unable to carry particles any significant 
distance during a tidal cycle. Mineral sediment deposition rates are significantly higher along 
levees and other locations where sand and other large particle sizes can be transported and 
deposited, therefore, the maximum size of sediment that can be transported within a channel is 
an important factor in both deposition and erosion processes. 

The maximum suspended particle size and its vertical distribution within the water 
column can be predicted based on channel morphology, and tidal hydrodynamics.  Rouse (1937) 
developed a theory for the vertical distribution of sediment, which is based on the vertical 
velocity profile in a channel cross section and the fall velocity of the sediment.  Suspension 
occurs when upwards turbulence (the vertical component of velocity) is greater than the fall 
velocity of the particle, Ws.  Particles with high fall velocities will tend to be transported near the 
bed.  Previous studies have indicated that the turbulent intensity is proportional to the shear 
velocity, u*, which can be calculated as:  

𝑢𝑢∗ = �𝑔𝑔𝑔𝑔𝑔𝑔                                                               (1) 

Where g is gravitational acceleration, d is flow depth, and S is gradient. 

The fall velocity can be calculated as: 

𝑊𝑊𝑠𝑠 = 𝑅𝑅𝑅𝑅𝐷𝐷2

𝐶𝐶1𝑣𝑣+(0.75𝐶𝐶2𝑅𝑅𝑅𝑅𝐷𝐷3)(0.5)                                                  (2) 

 

Where Rg is the particle Reynolds number, D is the grain diameter, v is the kinematic viscosity 
of the matrix which is in this case is water, and C1 and C2 are coefficients that depend upon grain 
size and shape.  (Ferguson and Church, 2006).   

The vertical distribution of sediment in the water column is calculated using the Rouse equation, 
where the vertical distribution of sediment of each grain size is governed by the exponent, P: 

𝑃𝑃 = 𝑊𝑊𝑠𝑠
𝛽𝛽𝛽𝛽𝑢𝑢∗

                                                       (3) 
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Where β is assumed to be 1.0, and k is Von Karman’s constant (0.4). 

Rouse’s equation to determine the sediment concentration relative to the sediment concentration 
near the bed, C/Ca, for any given depth can be calculated: 

𝐶𝐶
𝐶𝐶𝑎𝑎

= ( 𝑑𝑑−𝑦𝑦
𝑦𝑦
∗ 𝑎𝑎
𝑑𝑑−𝑎𝑎

 )𝑍𝑍                                                     (4) 

Where C is concentration, d is total depth, y is the distance above the bed, and a is an arbitrary 
distance above the bed used as a reference level (usually taken to be 0.05 of the depth above the 
bed).   

The Rouse equation can be used to evaluate the distance above the bed that sediment can be 
transported in suspension and thus whether sand or silt sized sediment can be transported out of 
the main channel and onto marsh platforms at various elevations.   

The distance that particles can be carried in suspension into tidal channels is dependent upon the 
velocity (velocity=distance*time). Velocity in tidal channels can be spatially and temporally 
variable because it depends on the depth and morphology of the channel as well as the presence 
or absence of vegetation growing within the channel.  Submerged vegetation can interact with 
water flow in various ways.  Flow through and around flexible canopies can create progressive 
waves along the canopy surface called monami.  This interaction creates an upper layer of 
turbulence and higher velocities, and a lower layer of slow velocities within the vegetation. 
(Neph & Ghisalberti, 2008).  This variation in velocities was also observed by Leonard and 
Luther (1995) in a salt water marsh in Florida (Fig. 1).   

 

 

 

 

 

       

 

 

 
Figure 1: Velocity measurements in a saltwater tidal marsh by Leonard and Luther show a 
significant decrease in flow velocity in the vegetated area of the channel. (Leonard & Luther, 
1995) 
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Freshwater tidal marshes tend to support a 
wider range of emergent and submerged plant species 
than salt marshes, and the emergent plant species tend 
to grow in a specific range of water depths within the 
channel creating distinct vegetative zones. 
(Statkiewicz, 2014).  There are various species on the 
marsh platform, but species that grow within the 
channel are those that will effect channel sediment 
accumulation by attenuating flow rates. The 
predominant emergent species that grows in the Patuxent tidal channel chosen for this study is 
Nuphar (Fig. 2), which grows in a specific range of water depth between high and low tide water 
levels, and rarely grows at any depth greater than one meter below the marsh platform 
(Statkiewicz, 2014) 

The ability of water, sediment, and nutrients to flow into the tidal marsh channel will 
determine the sediment accumulation and denitrification capacity of a marsh.  Variations in the 
hydrodynamics of a tidal system can produce an uneven distribution of new water introduced to 
various parts of the channel.  Water drains from the tidal inlets on the outgoing tide and is 
replaced by new water with the next incoming tide.  In the further reaches of the channel 
network, water draining out with an outgoing tide may be forced back into the channel by the 
next incoming tide.  This is due to insufficient time between tides to entirely drain the upper 
reaches of the channel.  This effect is increased during summer months when vegetative flow 
resistance is at a maximum, which decreases the flow velocity along with the transport of 
sediment and nutrients.  This was observed in a previous study on a Patuxent fresh water tidal 
marsh (Fig. 3) by Jenner (2011).   

 
Figure 3: Distance of incoming water parcels at high tide during maximum (light blue) and minimum (red) 
vegetative seasons. Data suggest that new water is primarily distributed in the lower portion of the marsh system. 
(Jenner, 2011) 

Figure 2: Nuphar growing in the marsh 
of study; picture is taken during low 
tide 
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This study focuses on one fresh water tidal channel network on the upper Patuxent River 
Estuary, east of Upper Marlboro. The center of the marsh is about 38⁰48’05”N and 76⁰42’20”W 
(Fig. 4).   Previous work has been done on this marsh and similar marshes by Maryland students 
Statkiewicz, (2014) and Fowler (2014).  Their research focused on the relationship between 
vegetation type and channel morphology at different tidal inlets, including the marsh that I am 
examining for this study. Statkiewicz (2014) found that sediment accumulates and erodes over an 
annual cycle, although there is net accumulation of sediment that is keeping pace with sea level 
rise. Similar to this study, Fowler (2014) collected sediment cores focusing on multiple channel 
inlets, including the Nuphar-dominated channel network investigated here. The sediment core 
samples were analyzed for percent bulk organic matter, as well as carbon and nitrogen 
abundance and isotope compositions.  At the inlet to the tidal marsh Fowler (2014) discovered a 
shift towards greater 15N abundances in the core samples at a depth of about 30 cm.  

 

 

                                                                                 The increase in 15N observed through the 
upper portion of the core was interpreted to be 
the result of denitrification in the Patuxent River 
watershed after the 1950’s when nitrogen 
fertilizers became broadly accessible.   This 
timing corresponds with overall elevated nitrogen 
levels observed in the Patuxent River (Boynton, 
et al., 2008).  Fowler (2014) and Statkiewicz 
(2014) both analyzed sediment from the inlets to 
the channels.  Due to the inlet’s proximity to the 
Patuxent River, nitrogen isotope compositions 
measured at these locations are likely 
representative of nitrogen levels in the Patuxent 
River.  Figure 4:  Plot of 15N abundances found in the 

sediment cores taken from the Nuphar-
dominated marsh inlet as a function of core 
depth by Fowler (2014).  
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The Patuxent River basin is the largest wholly contained in the state of Maryland 
spanning a drainage area of 2401 km2.  Within the past 50-100 years the Patuxent has become 
eutrophic (rich in nitrates, phosphates, and organic nutrients) largely due to the 2-5 fold increases 
in nitrogen availability since 1970. (Fisher, HagyIII, Boynton, & Williams, 2006)  The Patuxent 
watershed has gone from being primarily forested to become >15% urban and >20% agricultural.  
Agricultural runoff rich in fertilizer as well as urban sewage have significantly increased nutrient 
loads to the Patuxent.  The Patuxent watershed has a high land to water ratio as compared to 
other Chesapeake Bay tributaries, so nutrient loads are more concentrated within the waterway.  
(Fisher et. al., 2006)  

Nitrogen rich fertilizers, if formed by the industrial Haber process, have an isotopic 
composition equal to atmospheric nitrogen composition. Since the implementation of improved 
agricultural practices, residual nitrate that is not used by crops infiltrates into the soils and 
groundwater, eventually contributing to the streamflow in major tributaries to the Chesapeake 
bay.  These longer and potentially anoxic groundwater flow paths allow for enhanced bacterial 
denitrification that would enrich the base flow in the heavier 15N isotope by releasing 14N to the 
atmosphere as N2O or N2:   𝐻𝐻2 +  𝑁𝑁𝑁𝑁3−  →  𝐻𝐻2𝑂𝑂 + 𝑁𝑁2.      

In this study, I examine the spatial distributions of sediment type (organic versus 
mineral), and temporal events that are recorded in sediment cores.  I am interested in whether the 

Figure 5:  Map of the Patuxent River basin.  Images modified from Maryland DNR 
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sediment cores retrieved in portions of the tidal channel upstream of the inlet record the same 
stratigraphic distributions of nitrogen isotopic composition observed in the inlet cores by 
previous workers.   

 

Hypotheses 

1. The proportion of mineral sediment to organic sediment will decrease with distance 
upstream into the tidal channel network. 
 
a. Core samples taken near the channel inlet will have the highest mineral sediment 

content and the highest bulk density. 
b. Core samples at upstream locations will have the highest organic sediment 

content and the lowest bulk density. 
 

2. Although sediment type (organic or mineral) will vary spatially, the rate of 
accumulation is determined by accommodation space rather than sediment 
availability, and therefore will be similar throughout the tidal channel network. 
Consequently, the shift in 15N composition observed in Fowler’s (2014) cores, will 
occur at similar depths in cores taken from all locations. 

 
Null Hypotheses  

There will be no observed spatial variation in sediment composition throughout the 
channel network. 

A shift in 15N composition will be found at varying depths within the cores or not at all.  
 

Study Site and Methods 

Initial reconnaissance was done to locate a 
tidal marsh and refine the scope of the study.  The 
study marsh was selected because: a) it is one of 
three large marshes in the upper Patuxent estuary 
that is accessible by kayak from the Route 4 boat 
landing; b) No major marsh tributaries are 
obstructed or altered.  c) the tidal channels are 
partially covered by submerged aquatic plant 
Nuphar (Statkiewicz, 2014).  The tidal channel 
network is located at approximately 38⁰48’05”N 
and 76⁰42’20”W, branching off of the east bank of Figure 6: Marsh on which this study is focused. Upper 

Marlboro, Maryland. 38⁰48’05”N and 76⁰42’20”W 
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the Patuxent River.  The east border of the marsh is constrained by a forested area.  Across the 
Patuxent to the west and on the east of the forested area are agricultural lands.  There are small 
urban centers in the surrounding area.  

 

Channel morphology measurements 

Channel morphology measurements were made from both air photos and from field 
measurements.  Air photo imagery is available from USGS for multiple years through Google 
Earth. This platform was used to view the tidal channel network as a whole.   Measurements 
were made of total channel width, water width, and vegetated width at 20 m intervals along the 
channels.  Measurements for summer conditions were performed on air photos from 8/28/2010.  
These data are plotted as a function of distance upstream.   

Sites for field cross section measurements were selected to provide data for intervals 
along the main channels and at sites near distributary junctions.  Each cross section site was 
marked in the field with two polyvinylchloride (pvc) pipes.  Each pipe is anchored deep into the 
marsh and a reference level, including its elevation relative to the marsh platform, is marked on 
the pipe.  Six cross sections were measured at permanently anchored sites during high tide.  I 
also acquired data from a cross section near the inlet of the channel that was previously measured 
by Statkiewicz (2014).  Sites were anchored by 0.5 in diameter pvc pipes 5 feet in length pushed 
4 feet into the channel platform on direct opposite sides of the channel to be measured. A tape 
measure was attached to both poles, and depth was measured with a USGS style wading rod at 
0.3 or 1.0 m intervals depending on the width of the channel.  Corrections were made for any rise 
or fall in tide during the time we were measuring any one cross section. If a cross section was 
measured at a time other than high tide, the water level was used as a reference level and 
measurements were adjusted to the reference level marked on the pvc pipe anchor.  
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Hydrodynamic measurements at cross section locations were obtained from Statkiewicz 
(2014) and Prestegaard and Statkiewicz (unpublished data).   Measurements of velocity, tidal 
stage, water surface gradient, and shear velocity were used in the Rouse equation to evaluate the 
vertical distribution of sediment of various grain sizes that could be carried in the channel.   

 

Vertical distributions of suspended sediment by grain size 
  

 Sediment suspension occurs when the vertical turbulence, which is related to the shear 
velocity, is greater than the particle’s fall velocity.  Using a water surface gradient measurement 
collected by Statkiewicz 2014 and cross sectional depths measured in the field I calculated the 
shear velocity using equation (1).  For any given cross section this was completed for both the 
maximum channel depth measured and for an average depth of the Nuphar bench.  The Nuphar 
bench is the part of the cross section that is fairly flat for some distance due to the growth of 
Nuphar which likely prevents erosion, traps mineral sediment and contributes to the production 
of organic sediment.   The fall velocity for any given grain size is then calculated using equation 
(2).   With values obtained from equations (1) and (2) were used with equation (3) to determine 
the sediment concentration for various grain sizes at various depths using equation (4).   Results 
of concentration from equation (4) were plotted against relative depth in the water column.  

Figure 7:  Map showing cross sectional locations used for potential sediment transport calculations 

12 
 



These vertical distributions of suspended sediment were calculated for the three main cross 
sections I measured this year and one cross section near the inlet measured by Statkiewicz in 
2014.   

 
 
Sediment sampling 

Sediment core samples were collected in the Nuphar zone of the channel at sites adjacent 
to but not in the line of the cross sections.  Sediment cores were retrieved by using a peat core 
sampler 50 cm in length and 5 cm in diameter.  All sediment cores were retrieved from the 
Nuphar zone during low tide.  Sampling locations were chosen at regular distances into the 
channel, into each main branch of the channel, and were constrained by accessibility.   The core 
sampler was inserted until level with the surface of the sediment so that precisely the top 50 
centimeters of sediment were retrieved.  Cores were moved from the core sampler to 
polyvinylchloride pipe sleeves.  These were made by sawing a 5 cm diameter pipe into 50 cm 
sections and then in half along their length.  Once the cores were in the sleeves, they were 
wrapped in plastic wrap and then sealed in a plastic bag so that the form would be preserved.  All 
the cores were kept in the freezer until they were to be analyzed so that no further decomposition 
occured after sampling.  

 

 

 

 

 

Figure 8: Locations at which analyzed sediment cores were retrieved within the marsh of study 
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Physical and Chemical Analyses of Sediment Cores 

    Core preparation and bulk density determination 

The cores were removed from the freezer unwrapped and moved from the sleeve onto a 
sheet of plastic.  The core was cut into 2.5 cm intervals using a thin blade, placed into ceramic 
dishes, and weighed on a mass balance.  The samples were left on a table in the lab to air dry for 
48 hours, and then placed in an oven set to 60⁰C for 22 hours.  This process removed all water 
from the sediment, and samples were weighed again.  These dry weights were what were used to 
calculate bulk density:  

𝜌𝜌 =
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

 �
𝑔𝑔
𝑐𝑐𝑐𝑐3�  

Once dry, the samples were picked to remove large woody tissues then homogenized 
using a mortar and pestle.  Between each sample the mortar and pestle were cleaned by grinding 
with baked sand, and then rinsed with ethanol, and dried with a heat gun.  Homogenized samples 
were stored in labelled glass vials.  

    Combustion of organic matter 

To calculate the proportion organic matter in the sample cores, the sediment is 
combusted. The homogenized sediment samples are weighed into 1g aliquots and placed in a 
kiln heated to 450ºC for 10 hours. This will cause all the organic matter to ignite and combust, 
creating carbon dioxide.  After combustion the samples are weighed again to determine the mass 
lost to organic matter. 

    Carbon and nitrogen elemental and isotopic analyses 

In order to perform nitrogen and carbon analyses on the core each sample had to be 
separated into two aliquots.  A sample of mass 100 μg was necessary for the carbon analysis, and 
one of mass 2000 μg for the nitrogen analysis. This was done on a micro balance in a controlled 
environment as to ensure accuracy and precision, and aliquots were placed into tin capsules. 100 
μg standards of urea, a material of known elemental composition, were also weighed and placed 
in line with the samples.  These are to be used as a reference composition during analysis and as 
a determinant of the magnitude of error which is calculated as the standard deviation of the 
standards.  A 10% precision range was necessary when weighing the samples; so, sample 
weights for urea were 100±10 μg, weights for carbon analysis were 100±10 μg, and weights for 
nitrogen analysis were 2000±200 μg.  

 The isotope analysis was performed in a stable isotopes laboratory using a Euro EA 
Elemental Analyzer and an Isoprime isotope ratio mass spectrometer with the guidance of lab 
manager Rebecca E. Plummer. Each sample, contained in its tin capsule, is loaded into the Euro 
EA Elemental Analyzer for the peripheral portion of the analysis.  A tin capsule and its contents 
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are dropped into a combustion/ oxidation column heated to 1040ºC.  This column contains 
chromium oxide (CrO or Cr2O3) and silvered cobaltous/-ic oxide (Co3O4/ Ag), which serves to 
facilitate combustion and to consume impurities and halogens.  Combustion of the sample 
produces carbon dioxide (CO2), sulfate (SO4), nitrogen in the form of nitrogen gas (N2), nitrogen 
oxide (NO), or nitrogen dioxide (NO2), and water vapor (H2O).  These gasses are then siphoned 
through a reduction column which contains reduced copper.  This process removes any excess 
oxygen to form copper oxide; converting any nitrogen oxide (NO) or nitrogen dioxide (NO2) to 
nitrogen gas (N2).  All gasses then travel through a column containing magnesium perchlorate 
(Mg(ClO₄)₂) which is a drying agent that removes all water vapor (H2O).  A gas 
chromatograph then separates the nitrogen gas (N2) or the carbon dioxide (CO2) from the 
remaining gasses based on their variant travel times through the equipment.  Each gas is 
then transported to the Isoprime isotope ratio mass spectrometer.   Here an ion source 
introduces electrons to the gas molecules giving them a charge.  The molecules are then 
passed by an electromagnet.  The isotopes of different masses are affected differently by 
the magnetic field, and the isotopes are separated.  Each isotope is steered toward a 
separate collector containing a Faraday cup, which catches the charged particles in a 
vacuum where currents can be measured, indicating the amount of any isotope present in 
the sample.  All samples were measured against lab standard tanks of CO2 and N2; nitrogen 
was standardized according to VPDB, and carbon was standardized according to V-air.  

 

 

 

Results 

Geomorphic Measurements  

Channel width measurements determined from air photos are plotted in figure 6.  This 
diagram indicates systematic variations in total channel width and open water width, the 
difference between the two is vegetated width.  The channel width decreases systematically with 
distance upstream into the marsh. The portion of the channel covered with aquatic vegetation is 
at a maximum between the inlet and 300 meters upstream.  Nuphar, the dominant aquatic plant 
in the channel, dies back in late fall.  
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Figure 9: Total channel width and non-vegetated channel width as a function of the distance upstream (main 
channel and right branch channel). 

Cross Sections 

Cross sections were measured to determine the distribution of depths within the channel 
at locations near the acquired cores.  The channel depths and previously obtained hydrodynamic 
data (Statkiewicz, 2014) were used in calculations of suspended sediment transport at various 
cross sections.  While measuring the cross sections, the location of vegetation within the cross 
section was noted, so that the flow resistance from Nuphar can be taken into consideration for 
calculations. Four cross sections were used for sediment transport modeling. (Fig. 7)  

 

Vertical distribution of suspended sediment and upstream travel distances 
 
 The calculations of the vertical distribution of suspended sediment made using the Rouse 
equation indicate that sand-sized sediment is only transported near the bed and thus is not 
transported onto the Nuphar platform.  The Rouse calculations do not show substantial variation 
in sediment transport potential in various parts of the tidal channel.  The main constraint on 
sediment type deposition will be the availability of that sediment to various elevations within the 
channel or marsh.  For sediment to be deposited on the Nuphar bench that grain size will need to 
be able to be lifted high enough in the water column to reach the bench height. The Rouse 
calculations show that the fine sand sized particles are unlikely to be lifted high enough above 
the bed in the water column to be transported to heights above or equal to the Nuphar bench 
height and thus would not likely be transported on to the bench.  The silt sized particles however 
can be transported onto the bench and will most likely be trapped by the vegetation.  The two 
finest grain sizes appear to move as wash load and will likely be transported to all parts of the 
marsh.  Any grain sizes larger than 420 microns are unlikely to be transported at all in this 
channel.   The Nuphar depth calculations do not take into consideration flow resistance by 
vegetation and therefore are more representative of potential transport during the winter season 
of vegetation die back.  
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Figure 10:  Vertical distributions of suspended sediment concentration by grain size.  Vertical relative 
concentrations were calculated with the Rouse equation for the cross section locations shown in figure 7.    
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The Rouse calculations of the verticial distribution of sediment of various grains sizes 
were combined with vertical distribution of velocity measurements recorded during a Spring 
(high) tide during vegetated conditions by Statkiewicz (2014).  For each depth the sediment flux 
was calculated as the product of concentration and velocity (Figure 11).  The depth at which the 
maximum flux was achieved for each grain size was used to identify the depth and thus flow 
velocity to use for transport distance calculations. Using  these velocities, the maximum potential 
distance traveled during a tidal cycle was calculated (average distances could be significantly 
shorter).   The calculations of transport distances show that the larger grain sizes are not able to 
travel as far as the smaller grain sizes (Figure 12), this is reflected in the sediment type found in 
the core samples.   

 

 

Figure 11: Peak flux calculations for sand and silt-sized particles.   

Figure 12: map of maximum potential transport distances during a Spring (high) tidal cycle for 
the indicated grain sizes.  Grain size maximum distances: 250 & 180 microns = 202 meters; 125 
microns= 680 meters; 63 microns= 800 meters.   18 

 



 

Longitudinal Distribution of Sediment Bulk Density and Organic Carbon 

Bulk density was calculated for four of the cores collected and percent organic matter 
was calculated for three of the cores collected.  Data from the previous study by Fowler 2014 
were included as well.  The cores were chosen for their spatial relations within the channel 
network.  The cores are spaced roughly consistently and span a significant portion of the main 
channel through the marsh.   The core sediment becomes much more organic rich with increased 
distance from the inlet. This is consistent with the hypothesis that the upper reaches of the marsh 
channel network (greater distances from the inlet) will be composed of greater proportion 
organic matter, while closer to the inlet from the Patuxent sediment will be more mineral rich.    
This is also consistent with the predicted sediment transport potential in different parts of the 
marsh which show that even at the greatest possible flows only silt and clay sized sediment can 
be transported to the upper reaches of the marsh.   

 The bulk density has an inverse relationship to the percent organic matter which is to an 
extent to be expected because organic matter is less dense and more porous than lithic material.  
There is a clear trend of decreasing bulk density of the sediment with increased distance from the 
inlet.  The surface bulk density could provide insight to how much organic material as opposed 
to lithic material has been deposited recently, presumably under the conditions currently 
observed at that location in the channel.  The surface bulk densities roughly follow a similar 
trend to the average bulk density but there is some more variation.  This is likely indicative of the 
channel form in relation to the sampling site.  For example if the sample is taken on the outside 
of a bend where velocities would be slightly higher than the inside of a bend, there would be a 
slightly higher bulk density.  
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Figure 13:  average percent organic matter by mass and average bulk density as a function of distance each 
core was retrieved from the inlet to the tidal channel network.    
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Temporal Variations in Sedimentation from Core Data 

    Inlet Core (Fowler, 2014)  

The sediment core retrieved 50 meters from the tidal channel inlet, and analyzed by 
Fowler (2014) shows some interesting trends.  The core has a bulk density between ~1.0 and 
~1.5 g/cm3 from a depth of 50cm to 20cm.  From a depth of 15cm to the surface, the bulk density 
gradually decreases to a minimum surface bulk density of 0.28 g/cm3.  The total organic carbon 
gradually increases from a depth of 40cm to the surface ranging from 4.3 wt% to 22.8 wt%.  The 
total nitrogen from a depth of 40cm to 20cm ranges around 0.3-0.6 wt%, but from a depth of 10 
cm to the surface increases from ~1-1.4 wt%.  The δ13C values, from a depth of 40cm to 20cm, 
averages -27.65‰ then from a depth of 10cm to the surface decreases from -28.22‰ to -
29.84‰.  The d15N values from a depth of 35cm to 20 cm linger between 4.2-4.5‰, then there 
is a significant increase from 15cm depth at 6.12‰ to the surface at 7.78‰.  (Fig. 14) 

 

 

Figure 14: Core closest to the inlet, isotope analysis from (Fowler, 2014).  A: core sediment bulk density 
(g/cc).  B: Total organic carbon (weight %).  C: Total nitrogen (weight %).  D: Carbon to nitrogen ratio 
(C/N).  E: 13C elemental composition (ppm, VPDB).  F: 15N elemental composition (ppm, V-air).   
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    Core retrieved 352 meters from the inlet 

This core, retrieved 352 meters from the tidal inlet, has greatest bulk density between 40 
and 15 cm depth.  From 10 cm to the surface the bulk density gradually decreases.  The total 
organic carbon ranges between 3.5 and 5.5 wt % for a majority of the core but increases to a 
maximum at the surface of 7.5 wt%.  The total nitrogen ranges between 0.45 and 0.28 wt% until 
the top 5 cm of the core which averages 0.64 wt%.  The δ13C values vary quite sporadically but 
could be interpreted as gradually decreasing to the surface; values range between -27.3‰ and -
28.8‰.  The δ15N values from a depth of 50cm to 10cm range between 3.3‰ and 5.6‰ and in 
the top 15cm of the core is slightly greater increasing to the maximum of 5.9‰.  (Fig. 15) 

 

 

Figure 15:  Intermediate distance from the inlet retrieved 352 meters from the inlet.  Error: N=±0.13ppm, 
C=±0.06ppm.  A: core sediment bulk density (g/cc).  B: Total organic carbon (weight %).  C: Total nitrogen 
(weight %).  D: Carbon to nitrogen ratio (C/N).  E: 13C elemental composition (ppm, VPDB).  F: 15N 
elemental composition (ppm, V-air).   
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    Core retrieved 800 m from the inlet 

This core, retrieved furthest from the tidal channel inlet at a distance of 800 meters, 
shows some interesting values when compared with the inlet.  Bulk density in this core is 
greatest at the greatest depths, from 40cm depth and greater.  Above 40cm depth the bulk density 
is relatively consistent averaging 0.42 g/cm3.  The total organic carbon is also relatively 
homogenous from a depth of 32.5cm to the surface averaging 15 wt%, but from a depth of 40cm 
and down gradually decreases with a minimum of 6.5 wt%.  the total nitrogen is consistent from 
a depth of 35cm to the surface averaging 1.26 wt%, then gradually decreases from a depth of 35 
cm with 1.35 wt% downward to a minimum at 47.5cm depth of 0.53 wt%.   δ13C values are on 
average -28‰ from a depth of 50cm to a depth of 35 cm, and on average -29‰, from above 
35cm depth to the surface.  The δ15N values average 3.7‰ between depths of 50-45cm, then 
gradually increase from 3‰ at 42.5cm depth to 7.3‰ at 27.5cm depth, then from 25cm depth to 
the surface average 5.58‰.  The δ34C values seem to generally increase with depth.  (Fig. 16) 

  

 

Figure16:  Core furthest from the inlet.  Error N= ±0.13 ppm, C= ±0.04ppm. A: core sediment bulk density 
(g/cc).  B: Total organic carbon (weight %).  C: Total nitrogen (weight %).  D: Carbon to nitrogen ratio 
(C/N).  E: 13C elemental composition (ppm, VPDB).  F: 15N elemental composition (ppm, V-air).  G: 34S 
analyses performed by Dr. Alan Jay Kaufman. 
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Discussion and Implications 

  As can be seen based on the calculation of average bulk density and average percent 
organic matter, some clear trends have emerged that support my initial hypothesis on spatial 
variation of sediment type within the marsh (hypothesis 1).  With increased distance into the 
marsh we observe a significant decrease in bulk density along with a significant increase in 
percent organic matter.  This is likely a result of the phenomena modeled by the transport 
calculations which indicate a very limited potential transport distance for mineral sediment.  The 
cores also show a decrease in bulk density and increase in organic sediment near the surface.  
This could be a reflection of an increase in vegetation within the marsh which would increase 
organic matter production and decrease the ability to transport mineral sediment out of the 
channel onto the Nuphar bench, or it could be a seasonally eroded organic layer.   

The cores retrieved 50 and 352 meters from the inlet have significantly higher bulk 
density than the core retrieved 800 meters from the inlet.   All cores display a decrease in bulk 
density and increase in organic carbon near the surface but these shifts occur at very different 
depths.  The top 25 cm of the upper marsh core appears relatively homogeneous.  This could be 
due to the low bulk density and high organic matter content of the upper portion of this core.  
The light organic matter behaves differently than lithic matter as described by Larsen et al; 
“Highly organic floc is more mobile than less organic floc, which has implications for ecosystem 
metabolism, materials cycling, and even landscape evolution.”  (Larsen, Harvey, & Crimaldi, 
2009)  The transport of light organic material was actively observed during time spent in the 
marsh collecting samples.   

Increases in bulk density and decreases in organic carbon with depth in each core could 
indicate a significant shift from mineral sediment accumulation to organic sediment 
accumulation.  Within the last 50-100 years there has been a large increase in agricultural and 
urban land use within the basin.  With increased urbanization, infiltration rates are lower so there 
is greater runoff during storm events and more sediment carried to the waterways.  Due to higher 
velocities and increased opacity of the water (large sediment loads and epiphyton shading), there 
was a great decrease in the amount of submerged vegetation because these conditions were not 
conducive to their growth.  This time would be reflected in the section of the cores where 
mineral sediment is high and organic matter is low.   Over time agricultural practices were 
improved to reduce overland sediment washing with runoff and the Brighton Damn of the 
Patuxent River, built in 1943, has also decreased sediment fluxes into the water system.  There is 
a significant decrease in mineral sediment beginning at about 20 cm depth in both the inlet and 
the intermediate core.  If this is assumed to be 1943, the average accumulation rate would be 2.7 
mm a year, which would parallel the average sea level rise rate.    

Nitrogen rich fertilizers which have an isotopic composition equal to atmospheric 
nitrogen composition can runoff of farm lands directly to the waterways or can infiltrate and 
travel as through flow or with the water table until it contributes to the base flow of the 
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waterway.  This longer path, which would be more likely since improved farming practices, 
allows for denitrification by vegetation and bacteria.  This would enrich the base flow in heavier 
isotopes of nitrogen as is reflected in the apparent increase of heavy nitrogen isotopes over time.  
This increase in δ15N is apparent in all the cores analyzed.  If the δ15N levels were reflecting 
decomposition of organic matter over time we should see the opposite trend where with 
increased depth δ15N levels also increase.  This is strong evidence of environmental changes 
within the system throughout the past. 

Results from analysis of the core retrieved furthest from the inlet shows a decrease in 
δ15N at a greater depth than observed by Fowler (2014).  This core is also much higher in organic 
sediment. The δ15N composition in the upper portion of the core is however lower than the δ15N 
composition of the core analyzed by Fowler (2014).  This could result from differences in initial 
δ15N composition that could reflect transport of water, sediment, and nutrients into the marsh as 
suggested by Jenner (2010).  This might suggest that less new nitrogen rich water reaches this 
greater distance into the channel.   
Another possible cause for these 
shifts would be the type of 
sediment present.  Mineral 
sediment, more prevalent in this 
core, would not be as easily 
transported.  The upper marsh core 
that shows consistent isotopic 
composition for a majority of the 
upper part of the core could be only 
a seasonal deposition.  The organic 
matter at the top of the core may be 
eroded away and re-deposited each 
year, and the net annual 
accumulation could in fact be 
consistent with the inlet 
measurements and sea level rise 
(Figure 17). 

This data has provided a 
platform for understanding the 
behavior of this freshwater tidal 
marsh but poses some interesting questions. I would suggest further investigation into the 
temporal relationships of geochemical observations observed within sediment cores taken from 
this marsh.  However, based on these observations and the observations of others it would appear 
as though this tidal marsh channel is adequately adapting to the current sea level rise rate.       

Figure 17:  temporal comparison of shifts in d15N from the different 
sampling sites suggests a possible seasonally eroded layer.   
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Appendix 

Cross Sections:                                                                                                                            
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Morphology and Hydrodynamic Data from Statkiewicz (2014): 
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Rouse calculations not included in main text: 
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Core Data: 
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