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Abstract of Thesis Presented to the Graduate School 
of the University of Florida in Partial Fulfillment of the 

Requirements for the Degree of Master of Science 

EVENT BED PRESERVATION POTENTIAL IN A ST. VINCENT ISLAND SALT MARSH 
IN FLORIDA 

By 

Lisa Marie Erickson Mertz 

May 2007 

Chair:  John M. Jaeger 
Major Department:  Geological Sciences 

Tropical cyclones affect the Gulf of Mexico coastline annually; however, the historical 

record of these events is limited to about 400 years.  To establish the occurrence frequency and 

the importance of cyclones in creating strata, this record needs to be validated and lengthened by 

examining coastal sediments for the preservation potential of storm bedding.  St. Vincent Island 

National Wildlife Refuge is located in Apalachicola Bay, FL, and provides a research area with 

minimal human impact and frequent occurrence of tropical cyclone landfalls, making it ideal to 

study the natural processes controlling event bed preservation.  Cores were collected in a salt 

marsh to establish preservation potential of storm bedding.  The preservation potential of a storm 

event in coastal sediments is related to three factors: biologic mixing depth and intensity, storm 

layer thickness, and sediment accumulation rate in the coastal environment. 

Storm deposition can be detected by changes in bulk density, magnetic susceptibility, or 

lithology.  Radioisotopes were used to quantify the following processes: mixing depth and 

intensity by 234Th and 7Be; accumulation rates by 210Pb and 137Cs.  Mixed depths are ≤3 cm in 

coastal marshes and sedimentation rates are <5 mm y-1.  Comparison of transit time of a storm 

layer through the surface mixed layer to the dissipation time of the bed through mixing reveals 

that beds >3 cm thick are likely preserved.  The most important control on preservation appears 
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to be the initial thickness of the storm bed, which is expected to be highly variable for each storm 

and is controlled by the antecedent topography of the beach/dune system, where the presence of 

topographic lows (“blow-outs”) allows for more overwash and thicker beds.  
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CHAPTER 1 
INTRODUCTION 

In 2002 the United States Census Bureau reported that the population of Florida was just 

under 16 million and had grown 24% since 1990, making it the fastest growing state in the US.  

By the year 2030, the population is expected to be about 26 million.  Most of the population 

growth is expected to be in the larger cities located along the coasts (e.g., Tampa/ St. Petersburg, 

Miami, Jacksonville).  As a peninsular state, separating the Atlantic Ocean and Gulf of Mexico, 

Florida has 2,170 kilometers of coastline which is annually subjected to tropical cyclones and 

storms.  Along this coastline are the structures (buildings and homes) creating the cities where 

the majority of Florida’s population resides.  Insurance companies base hurricane insurance rates 

on the frequency of landfalls within the region the insured structure is located.  The historical 

record of tropical cyclones affecting the Florida Gulf of Mexico coastline is limited to human 

accounts (about 400 years).  It has been proposed that this record may be extended backward by 

identifying and analyzing event-bedding in coastal sediments (Donnelly et al., 2001; Lui & 

Fearn, 1993, 2000, & 2002), which in turn may facilitate the ability to make future predictions 

about tropical storm and cyclone activity.      

Tropical cyclones and tropical storms release a great deal of energy along coastlines 

damaging buildings and property, but also resuspending and reworking sediments that may be 

redeposited anywhere water or wind may carry them.  For example, Figure 1-1 shows the effects 

of Hurricane Isabel (2003) along the North Carolina coastline; the storm wind, waves, and tides 

dramatically altered the coastline, moving buildings, trees, and sediment. 

Coastal sedimentary environments such as this act as long-term recorders of environmental 

conditions (Boggs, 2001), so event bedding, such as hurricane deposits, have the potential to be 

preserved within coastal sedimentary records. However, the preservation potential of any 
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depositional event is environmentally dependent, varying according to bioturbation intensity, 

depth of sediment mixing (biological and physical), burial rate, and original event bed thickness 

(Wheatcroft and Drake, 2003; Bentley and Shermet, 2003). 

Preservation potential of any event bed is a function of how rapidly subsequent 

sedimentation buries it through the potentially rapid-mixed surface layer (Fig. 1-2).  This mixing 

acts to degrade the “intensity” of the event signal (Wheatcroft, 1990). Consequently, the most 

important variables of preservation potential to measure would include the following: 1) 

sediment burial rate, 2) mixing layer thickness, 3) bioturbation intensity, and 4) original event 

layer thickness. In order to better resolve the most important characteristics that favor storm bed 

preservation,  it is possible to establish a set of criteria favoring preservation based on 

paleocyclone studies (e.g., Davis et al., 1989; Donnelly et al., 2001; Liu and Fearn, 2000) that 

have been performed on a number of different coastal depositional environments (e.g., subtidal, 

intertidal, and supratidal).  An ideal environmental setting would fit the following criteria: 1) 

high sedimentation rates that quickly bury event beds and prevent sediment mixing; 2) regular 

cyclone activity resulting in likely production of event bedding; and 3) unaffected by frequent 

tidal and sea level fluctuations that may erode/mix event beds after deposition (Wheatcroft and 

Drake, 2003).  Although, Wheatcroft and Drake (2003) studied event bedding on a continental 

shelf, the basic concept of their study and its criteria should be applicable to any coastal 

environment.  

Salt marshes along the northern Gulf of Mexico meet two of these criteria: regular tropical 

cyclone activity (Fig. 1-3 A) and negligible effects of tidal and sea level changes (barrier island 

salt marshes remain at sea level if supplied with sediment).  Also, the marsh vegetation traps 

sediment within the root masses and stalks aiding in the deposition of an event-bed within the 
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salt marsh. Salt marshes typically are composed of organic-rich sandy muds (Allen, 2000).  

Therefore, the deposition of non-local sediment resuspended during storm events may be 

detected by changes in bulk density, magnetic susceptibility, or lithology (e.g., Donnelly et al., 

2001).  

The preservation potential of event beds in salt marshes has not been determined or 

quantified, either in the Gulf of Mexico or elsewhere. This study is an evaluation of storm-bed 

preservation potential in a salt marsh located on St. Vincent Island, Florida (Fig. 1-3 B).  This 

project was designed to test the hypothesis that intense biological mixing in salt marshes (Frey & 

Bassan, 1985) may make detection of storm deposits the sedimentary record nearly impossible; 

unless the deposited layer is thicker than the depth of mixing.  To test this hypothesis, several 

cores were collected in a salt marsh fronted by a low berm next to a small beach (Fig. 1-3 B) and 

analyzed for lithology, bulk density, magnetic susceptibility, organic content, and grain size and 

any abrupt changes within to determine possible preservation potential.  Numerical modeling of 

the specific event-beds (Bentley & Sheremet, 2003) was used to examine what conditions are 

required for preservation of these beds. 
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Figure 1-1.  Effects of Hurricane Isabel (2003), Hatters Village, North Carolina.  Aerial 

photographs taken in 1998 and just after the landfall of Hurricane Isabel in 2003. 
Images courtesy of National Oceanographic and Atmospheric Association and the 
National Geodetic Survey. 
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Figure 1-2.  Preservation Potential of an Event Bed.  This is dependent upon dissipation time 

(TD) of the event bed and the surface mixed layer (SML) transit time.  TD is a 
function of the event layer thickness (Ls) and mixing intensity and biodiffusion (Db). 
TT is a function of the event layer thickness (Ls), the depth of mixing (Lb) and the 
sediment accumulation rate (ω).  So, if TD=10 and TT=1 then TD>TT, event bedding 
is dissipated and not preserved (top); if TD=1 and TT=100 then TD<<TT, 
preservation is possible (bottom).  Adapted from Wheatcroft, 1990. 
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Figure1-3.  Hurricane Landfalls and St. Vincent Island.  A) Hurricane landfalls along the coast of 

Florida from 1885-1984.  In the panhandle region of Florida, 56% of landfalls have 
occurred in the Apalachicola Bay area.  B) Digital orthophoto quarter quad of St. 
Vincent Island.  Location of the depositional environment (salt marsh) chosen for 
study.  Inset is a blow-up of Marsh B showing core collection location. 

A 
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CHAPTER 2 
BACKGROUND 

Salt Marshes 

Salt marshes are an upper intertidal to supratidal muddy environment typical of temperate 

latitudes that host a range of halophilic plant and biological communities (Frey and Bassan, 

1978; Woodroffe, 2002).  Gulf Coast and southeastern U.S. marshes typically consist of 

topographically lower regions adjoining tidal creeks.  The dominant vegetation consists of the 

cordgrasses Spartina alterniflora and Spartina cynosuroides that generate thick, dense root 

masses (Edwards and Frey, 1977).  The topographically elevated high marsh consists of salt 

tolerant plants along with Spartina spp. 

Gulf Coast marsh sedimentary facies include the following scenarios: root mats, organic 

oozes grading into clays; vegetation mats, coarse to medium organic fibers, dark or silty clays; or 

vegetation mats, and firm clays (Edwards and Frey, 1977; Frey and Bassan, 1985). The typical 

grain size for the lower salt marsh is in the silt range (4-63 μm) and sediments usually have high 

organic content, whereas the high marsh tends to be sandier.  Spartina decomposes slowly, 

leaving thick mats of organic matter that can bind sediment and limit resuspension (Frey & 

Basan, 1978).  Peat layers are also common within salt marshes, depending on the decomposition 

rate of the vegetation.  Combined sea-level rise and autocompaction of marsh sediments are 

generally balanced, maintaining marsh elevations (Allen, 2000). 

Mixing of southeastern U.S. marsh sediment by plant roots and macroinvertebrate faunas 

often completely destroys any evidence of primary depositional fabric (Edwards and Frey, 1977).  

Bioturbation causes mixing that penetrates down 10 to 100 cm in the sediment (Koretsky et al., 

2002).  Also, "biologic ingestion, digestion, and egestion" may cause changes in grain-size and 
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chemical composition in the sediments, which may degrade or alter any depositional bedding 

(Koretsky et al., 2002).  

Conseptual Model 

Wheatcroft’s (1990) conceptual model of event-bed preservation was adapted for this 

study (Fig. 1-2).  This model basically states that a portion of an event bed will be preserved if 1) 

the event-bed is thicker than the depth of mixing or 2) the sedimentary burial rate is fast enough 

to bury the event bed before it can be mixed beyond recognition of analytical techniques.  

Dissipation time (TD) is the time it takes for an event bed to be dissipated or destroyed by 

bioturbation. According to Wheatcroft and Drake (2003), the destruction and dissipation of 

sedimentary fabric occurs at a faster rate than the destruction and dissipation of sedimentary 

textures and physical properties. The surface mixed layer (SML) is the thickness from the 

sediment surface to the greatest depth of rapid biologic mixing.  Transit time (TT) is the amount 

of time an event bed spends within the surface mixed layer.  TD is a direct function of the mixing 

intensity as represented by a biodiffusion coefficient (Db).  An increase in mixing intensity (Db) 

leads to a faster dissipation time, TD.  The SML transit time TT is a direct function of the event 

layer thickness (Ls), depth of mixing (Lb), and sedimentation/burial rate (ω).  If the dissipation 

time is shorter than SML transit time, the event bed is destroyed and not recorded in the 

sedimentary record (Fig. 1-2).  However, if SML transit time is much less than the dissipation 

time, a portion of the original event bed will be buried and preserved within the sedimentary 

record.  For example, if it takes 5 years to dissipate the bed, it would be preserved if the transit 

time was only 1 year, but completely destroyed if it took 10 years to transit the SML.  

Numerical Model 

The Bentley Bioturbation Model (Bentley & Sheremet, 2003) was used to quantitatively 

examine event beds for this study.  It assumes that depositional fabric is irreversibly transformed 
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into bioturbated fabric leaving behind some preserved depositional fabric (q).  The model uses 

Eq. 2-1 and 2-2 (Bentley & Sheremet, 2003).  The equation used is determined by the depth in 

sedimentation over time compaired to the depth of mixing (see Eq. 2-1 and 2-2).   

q = exp[ (-αo/β) * ( (exp(-βz)-1) / ωo+Ω) ]  ;if z(Δt) ≥ Lb (Equation 2-1) 
q = exp[ (-αo/β) * [ ( exp(-βz) - exp(-βzΔt ) ) / ωo ] + [ (exp(-βzΔt)-1) / ( ωo+Ω) ] ]; 
if z(Δt) < Lb (Equation 2-2) 
where q is the preservation quotient (%), αo is the sediment surface bioturbation rate 
(biodiffusion coefficient) (cm2 yr-1), β is the constant controlling the exponential 
attenuation of αo with depth in the sediment, ωo is sediment accumulation rate prior to the 
event (cm yr-1), ω is the sediment accumulation rate following the event (cm yr-1), Ω is the 
rate of supplemental instantaneous sedimentation due to event bed deposition (cm yr-1), z 
is depth in the sediment (cm), Δt is the change in time (yr) through each run of the model, 
and Lb is the depth of biological mixing (cm) 
 
Beta is determined empirically by Eq. 2-3 (Bentley & Sheremet, 2003).  The initial value 

for αz is assumed to be 0.001* αo (i.e., 0.1%) as the biological mixing rate at Lb is much, much 

less than at the surface where mixing is rapid (Boudreau, 1986). Chemical and physical 

variability within the sediment (lateral and temporal), erosion, and consolidation are not 

accounted for in this model.  Following every model run, the output is q, the percent preserved, 

with dz, the depth. 

αz=αo exp(-βz) (Equation 2-3) 
where αz is very close to zero at the depth Lb and is forced to zero for all depths greater 
than Lb 

Study Area 

St. Vincent Island 

St. Vincent Island is an uninhabited 50 km2 barrier island along the northwestern Florida 

panhandle (Fig. 1-3 B).  In 1968 the U.S. Fish and Wildlife Service (FWS) purchased St. Vincent 

Island from the Loomis estate in accordance with the Migratory Bird Conservation Act, creating 

the St. Vincent National Wildlife Refuge (SVNWR) (SVNWR Narrative Report, 1868; SVNWR 

Management Review, 2000).  Prior to this sale, the island was owned privately by four other 

families or companies.  For the most part it was treated as a wildlife sanctuary and was managed 
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in that manner.  The most significant human impact occurred from logging in 1940-1945 and 

1960-1965 when nearly 128.7 km of gravel roads were built (Fig. 1-3 B), creating “breaks 

among the natural communities and disrupted the natural hydrology of the island” (SVNWR 

Narrative Report 1968; SVNWR Management Review 2000).  However, near the marsh study 

area, roads were not constructed and human interference and influence has been minimal, 

making this portion of St. Vincent Island an ideal location for this study.   

It is a triangular shaped island 14.5 kilometers long and 6.4 kilometers wide.  Elevation 

ranges from 0.9 to 3.5 meters above mean sea level.  There were 11 km2 of estuarine marsh in 

2001 (SVNWR Narrative Report, 2001).  The main salt marsh, Mallard Slough, is located in the 

northeast area of the island near the study area.  Water flows east to southeast through the Big 

Bayou into Mallard Slough.  Vegetation of the marsh consists of Distichlis spicata, Spartina 

bakeri, and Juncus spp.  Throughout the Holocene, sediment has been supplied to the island 

mainly from the Apalachicola River and consists largely of quartz sand (Campbell, 1986).  Some 

sediment is supplied by the longshore current which travels east to west in this portion of the 

Gulf of Mexico.  Tidal data for the island proper are unavailable.  In nearby Apalachicola, FL, 

however, mean tidal range is 0.34 meters with a diurnal range of 0.51 m; maximum water level is 

3.53 m above the mean high; and the minimum water level is -0.52 m below the mean low 

[NOAA Center for Operational Oceanographic Products and Services (CO-OP) station # 

8728690 (29O43.6'N, 84O58.9'W)].  

Tropical Cyclones and Storms Affecting the Florida Panhandle 

Hurricanes impact land with wind, waves, rain, and storm surges, which elevate sea levels 

sufficiently to inundate supratidal land.  Florida, being a peninsula, is impacted by hurricanes 

from both the Atlantic and Gulf of Mexico.  The written historical record of tropical cyclones 

and tropical storms is limited to about 400 years and for the Apalachicola Bay area this record 
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extends only to the 1800s.  Apalachicola Bay has had a significant number of recorded hurricane 

landfalls (Fig. 1-3 A); 56% of the hurricanes that hit the Florida panhandle from 1885 to 1984 

occurred in the Apalachicola Bay Area (Davis et al., 1989).  As an area that was and continues to 

be somewhat sparsely populated, some storm details (precipitation, wind speeds, barometric 

pressure, etc.) are not known, especially concerning storms that occurred before the 1950s.  For 

this study, only the hurricanes (major and minor) that were likely to have a direct impact on St. 

Vincent Island were researched extensively and described in detail below. 

Major hurricanes 

In 1886 (June), Apalachicola-Tallahassee (unnamed) was classified as extreme 

(classification prior to 1970: mean wind speed of 220 km hr-1) initially.  With the Saffir/Simpson 

Scale, however, it would be a major (category three or higher) hurricane.  Little information is 

known about this event except for its flooding high tides (Williams & Duedall, 2002). 

In 1975 (September), Eloise (Category 3) made landfall just west of Panama City Florida. 

Tides in Panama City were measured 3.7 - 4.9 meters above average.  Winds were sustained at 

200 km hr-1 with 250 km hr-1 gusts; about 38.1 cm of rain fell at Eglin Air Force Base.  Winds 

and tides caused the most damage along the coast (Williams & Duedall, 2002).  Eloise is ranked 

22nd on the Costliest U.S. Hurricanes and 44th on the Most Intense Hurricanes in the United 

States.  Both lists are from 1900-2000 (NOAA, 2003). 

In 1985 (August – September), Hurricane Elena (Category 3) approached the west coast of 

Florida from Venice to Pensacola.  Although never making landfall in Florida the waves and 

storm surge (2.1 - 2.7 meters) caused major evacuations (one million people) of coastal areas 

(Williams & Duedall, 2002).  In Apalachicola 28.7 cm of rain fell and tides were 1.4 - 2.8 m 

above MHHW and the pressure was 998 millibars.  Winds in Carrabelle were measured at 201.2 

km hr-1 as the eyewall passed 16.1 to 22.5 km south of the island traveling west (SVNWR 
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Narrative Report, 1985). Elena is ranked 14th on the Costliest U.S. Hurricanes and 56th on the 

Most Intense Hurricanes in the United States. Both lists are from 1900-2000 (NOAA, 2003).     

In 1995 (Late September to Early October), Hurricane Opal (Category 5 in Gulf of 

Mexico; Category 3 at landfall) made landfall between Destin and Panama City Florida with 200 

km hr-1 winds and gusts of 230 km hr-1.  The storm surge was 4.6 meters and affected the coast 

from Alabama to Cedar Key, Florida (Williams & Duedall, 2002).  

Minor hurricanes 

In 1972 (June), Agnes’s landfall was near Apalachicola and Port St. Joe, Florida.  This 

Category One hurricane had peak winds of 140 km hr-1, a maximum surge of 2.1 m, and a 

reported 32.3 cm of rainfall.  At Apalachicola there was 8.6 cm of rainfall, a 2.0 meter storm 

surge, 90 km hr-1 winds, and 987 millibars of pressure. This large storm was 1609 km in 

diameter (1852 km circulation envelope) (Williams & Duedall, 2002; Simpson & Herbert, 1973). 

In 1985 (November 21), Hurricane Kate (Category 2) made landfall near Port St. Joe, was 

not as destructive as Elena, and damage was attributed mostly to the winds and storm surge 

(maximum at 12.9 meters) (Williams & Duedall, 2002).  The maximum water level ever 

measured in Apalachicola occurred on November 21, 1985 (NOAA, 2003).  There was a storm 

surge of about 2 meters (Keen & Stone, 2000).  Locals claim that during the storm the western 

half of St. Vincent Island was completely submerged.  This would qualify as sheet overwash 

large enough to carry sand into the backbarrier marshes of the island (e.g., Donnelly et al., 2001).  

According to the SVNWR 1985 Narrative Report, Kate’s eyewall moved across the island’s long 

axis at about 4:45 pm and brought with it a 2.4 - 3.1 meter surge. 

In 1995 (June 5), Allison (Category 1 in Gulf of Mexico; Weak Category 1 to strong 

tropical storm at landfall), the earliest storm ever to hit Florida, made landfall just east of St. 

George Island.  Apalachicola experienced the most damage with extreme tides, 12.7 cm of rain, 
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and maximum winds of 120 km hr-1.  Sustained winds at St. George Island were 100 km hr-1; 

Apalachicola reported 60 km hr-1 winds with 70 km hr-1 gusts.  The storm surge in Franklin 

County was 1.2-1.8 meters (Pasch, 1996).  (July – August) Category 1 Erin entered the Gulf of 

Mexico by crossing the Florida Peninsula then traveled west roughly parallel to the Panhandle 

coastline before making her second landfall in Pensacola (Williams & Duedall, 2002).  Erin is 

number 18 on the Costliest U.S. Hurricanes 1900-2000 list (NOAA, 2003).  Apalachicola had 

gusts of 90 km hr-1 while St. George Island reported gusts of 118.5 km hr-1 (Rappaport, 1995). 
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CHAPTER 3 
METHODS 

Sample Collection 

Two sites were chosen for this study: Marsh A and Marsh B (Fig. 1-3 B).  Marsh A is 

located on a small spit in the northwestern entrance of Big Bayou (Fig. 1-3 B).  This site was 

chosen based on the ability for storm surges to completely inundate the spit with water from 

either side, either Big Bayou or St. Vincent Sound.  It also represents a more protected marsh 

environment with smaller fetches on each side of the marsh. Marsh B is located along the 

southwestern beach of the Island.  This site was chosen to replicate to coastal conditions of 

Donnelly and other’s research in hurricane storm deposition New England salt marshes (2001).  

It also represents a more exposed marsh environment with the larger Apalachicola Bay fetch; 

also West Pass is near-by creating a connection with the Gulf of Mexico.   

Four long cores (~ 1 m) were collected from Marsh A in two two-core shore-normal 

transects.  Core one of each transect was in the sub-tidal region of the marsh and core two in the 

supra-tidal region of the marsh (about 5 meters apart).  Two short cores were also collected.  

Short cores were about 10 centimeters (cm) long and collected near core two of transect two.  In 

Marsh B four two-core shore-normal transects were collected.  Transects were started 20 meters 

(m) from high tide (determined by wrack line) and the second core was taken 30 m from high 

tide.  Again, two short cores were collected near core two (C2) of transect two (T2) (Fig. 1-3 B).   

Long cores were collected using a modified piston corer and tripod.  The coring device 

consists of a four-foot long, 7.5 cm ID aluminum barrel with a sharpened stainless steal cutting 

head and an aluminum driving head with handles.  The core barrel has a 7.5 cm OD CAB liner.  

The CAB liner was gently pulled out of the barrel and capped resulting in an undisturbed core.  

Each short core was collected by pushing a 45 cm piece of CAB into the ground and digging it 
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out.  Core collection took two days (a day at each site).  After initial measurements of short-lived 

radioisotopes 234Th and 7Be of a short core from each site, it was decided that the Marsh A cores 

would not be examined further.  The cores from Marsh A did not contain any excess 

radioisotopic activity (234Th, 7Be, 210Pb, 137Cs), most likely because of the very high sand 

content.  Consequently, chronologies could not be established for Marsh A cores.  

Core Logging 

The long cores all underwent non-destructive analysis on the Geotek multi-sensor core 

logger (MSCL) to determine bulk density and magnetic susceptibility.  Prior to running cores, a 

calibration standard was created and measured to determine the calibration constants needed to 

process data collected by the MSCL.   

The core logger measures bulk density by gamma attenuation at a rate of 0.5 cm every 10 

seconds.  The MSCL uses to Eq. 3-1 to determine bulk density by gamma attenuation; gamma 

attenuation is measured by the number of gamma photons that pass through the width of the core 

at each sampling point and the count time in that sampling interval. 

ρ = 1 / μd*ln(I0/I) (Equation 3-1) 
where ρ = sediment bulk density, μ = the Compton attenuation coefficient, d = the 
sediment thickness, I0 = the gamma source intensity, and I = the measured intensity 
through the sample 
 
Gamma bulk density was corrected for compaction in cores T2C1 and T3C2.  This was 

done by taking the measured density and subtracting out a model fit to the data.  The model was 

an exponential decay with Eq. 3-2. 

y = yo + A * ( 1- exp-bx) (Equation 3-2) 
where yo, A, and b were changed to fit the measured data and x was the depth 
 
Magnetic susceptibility was determined by a loop created field and how the field is 

affected by the core for 10 s per one-half cm; the data were integrated over 10 cm of core length.   

Magnetic Susceptibility was measured by the Bartington MS2 meter; sample time was measured 
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in hertz (HZ) where 1 s = 1 Hz and 10 s = 0.1 Hz.  Magnetic susceptibility was processed and 

corrected for both mass and volume.   

Volume specific magnetic susceptibility (K) is dimensionless and was calculated by the 

MSCL software using Eq. 3-3, where Kuncorrected is the raw data collected by the MSCL and 

Krelative  is determined by Eq. 3-4, which is a correction factor for the loop size.  Because the 

MSCL collects data in cgs units Eq. 3-5 is used to convert to SI units. 

K = Kuncorrected / Krelative (Equation 3-3) 

Krelative = 4.8566(d/D1)2 - 3.0163(d/D1) - 0.6448 (Equation 3-4) 
where d = core diameter and D1 = loop diameter 

K (SI units) = 4π*10-6K (cgs units) (Equation 3-5) 

Mass specific magnetic susceptibility was calculated using Eq. 3-6.  Equation 3-7 was used 

to convert from cgs to SI units. 

 K/ρ (Equation 3-6) =א
where, א= mass specific magnetic susceptibility, K = magnetic susceptibility corrected for 
loop size, and ρ = sediment density (kg m-3) 
 
4π*10-3 = (SI units) א א   (cgs units) (Equation 3-7) 

Lithology 

Cores were split lengthwise into one-third and two-third thick lengths.  The thinner or one-

third thick lengths were all run through the MSCL for digital imaging and then x-rayed for the 

detection of sedimentary structures and for bulk density.  Images from the MSCL were processed 

to determine the red, green, and blue absorption and respective ratios to aid in the determination 

of lithologic changes.   

The images and digitally scanned x-rays were spliced together in Adobe Photoshop 

creating a continuous image of each core; making it easier to understand the lithology and 

observe other visual patterns and sedimentary structures within the cores, as well as the amount 
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of bioturbation and the general sedimentology of each core (Figs. 3-1 A and B).  Down-core 

pixel intensity (300 dpi) for select core x-radiographs was determined along a center transect of 

the core.  The data were then smoothed by a 35 point running mean or 40 point running mean 

averaging the data over fractions of a centimeter for cores T3C2 and T2C1, respectively.  

Smear slides were created at the various color changes within core T3C2 to examine the 

composition and look for diatoms to determine if the marsh has been fresh or salt water 

dominated, or had experienced a salinity change, and/or if it was ever an environment other than 

marsh.  Diatoms were identified by Dr. Paul Ciesilski at the University of Florida. 

Gamma Spectroscopy 

The two short cores collected at each marsh were sub-sampled on the day of their 

collection into one centimeter (cm) intervals.  Upon return to the lab these intervals were oven 

dried and powdered for gamma spectroscopy, to measure short-lived isotopes Thorium-234 

(234Th) (half life = 22.3 days) and Berylium-7 (7Be) (half life = 53 days) as a method of 

determining mixing rates or mixing coefficients and the sedimentation/accumulation rates of 

each marsh.   

Cores T2C1 (transect 2, core 1; proximal) and T3C2 (transect 3. core 2; distal) were 

chosen for higher resolution because they appeared, from digital imaging, x-radiography and 

measurements of 210Pb, 137Cs, and 226Ra, to have the least amount of disturbance from 

bioturbation.  Samples were collected at 2-cm intervals, homogenized, freeze dried, powdered, 

and packed for gamma spectroscopy.  Once these initial samples were counted it was decided 

that additional samples from the high resolution cores (T2C1 and T3C2) would be beneficial for 

better solving chronologies.  Additional samples were prepared and counted.  The counting 

efficiency of the germanium detector used for this study was established using NIST-calibrated 

sediment standards.  Precision of the apparatus was not determined because there was not 
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enough sample mass to run samples in triplicate or duplicate; also due to time constraints the 

time was not taken to run samples multiple times. 

The constant initial concentration (CIC) model (Benninger et al., 1979) was used to 

establish chronologies for each core using the excess 210Pb data and with some assumptions 

about the sedimentation rates core chronologies were determined.  The constant rate of supply 

(CRS) model (Appleby & Oldfield, 1992) was attempted for chronology; however, this model 

did not perform well because of the variable activity due to grain size effects.  Peak activity 

(1963) and first-appearance (early 1950s) of 137Cs were used as a check for, and to back up the 

210Pb data from the CIC model.  All radioisotope data were plotted against cumulative mass 

rather than depth to remove the effect of autocompaction, which is common to salt marsh 

sediments. 

One gram was removed from each of the samples used for the radiometric analysis for loss 

on ignition (LOI) to determine the organic matter concentration.  LOI was completed by heating 

each sample to 550OC for approximately 4 hours and reweighing the sample to determine mass 

changes.  The remainder of each sample used for radioisotopic analyses was weighed, wet sieved 

(to separate the sand (>63μ) from the silt and clay (<63μ)), and dried to determine percent mass 

of each grain-size.  Both these analyses were completed to determine whether organic content 

and grain size are related, or if one is more prevalent and which should be used to normalize 

radioisotope data. 

Grain Size 

Long cores (thick half) T2C1 and T3C2 were sub-sectioned at one centimeter intervals.  

These cores were chosen because of the high resolution radioisotope work, which was done due 

to the low degree of visual bioturbation.  After homogenizing the sub-samples, approximately 10 

g of each sample was treated with 5 ml of 30% molar hydrogen peroxide to oxidize/digest the 
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organic matter.  Samples were then wet sieved with deionized water at 1mm to remove any large 

pieces of organic matter; organic matter was discarded and any sand that remained in the 1 mm 

sieve was oven dried and stored.  The remaining sample was wet sieved with deionized water at 

63μ to separate sand, silt, and clay.  The silt and clay fraction was allowed to settle out, then 

transferred to whirl-pak plastic bags and put into cold room storage for possible further analysis.  

The sand fraction was treated again with 5 ml of 30% hydrogen peroxide to remove any 

remaining organics; some intervals needed to be treated twice to complete organic removal.  

Once all organic material was removed the sand was oven dried.  Sand samples were then run on 

a settling column to determine sorting, mean grain-size, and modal grain-size (Boggs, 2001).  

Many sand samples were inadequate in mass to be run on the settling column. 

Event Determination 

Events were identified by comparing grain-size, gamma bulk density, and x-ray pixel 

intensity data.  Distinct peaks in all three variables for T2C1 and T3C2 were the criterion for 

identifying to be event beds.  The events were then given a preservation quotient which was 

determined from the x-radiographs and based on the amount of apparent mixing (Fig 3-1 A and 

B).  This quotient was a percent range (0-20, 20-40, 40-60, 60-80, and 80-100) where 100% has 

experienced no mixing and 0% is completely mixed (Bromley, 1996).  This was done for the 

three event beds that could be found in both high resolution cores. These three events were then 

modeled using the Bentley Bioturbation Model. 

Modeling 

Conceptual modeling compiled the results of gamma-ray attenuation bulk density, grain 

size analysis, and x-radiography pixel intensity to fulfill all necessary variables except 

dissipation time.     
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Numerical Modeling was done using the Bentley Bioturbation Model (see Models chapter) 

in MatLab Student 6.5 Version 13.  Model variables and parameters (biodiffusion coefficient, 

mixing depth, and sedimentation rate) were collected and determined from radioisotope and x-

radiograph data from cores T2C1 and T3C2. Original event bed thickness was the only unknown 

variable. Each event bed was modeled separately rather than modeling a whole core at once.  

Simulations were repeated changing only the event bed thickness, time of event, and duration of 

simulation until the model output patterned the preservation quotient of each event. 
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Figure 3-1.  Lithology of Cores.  A) Digital imagery and x-radiography, for visual examination, 

of salt marsh proximal to the beach, collected 20 meters from high tide (determined 
from wrack line) The sediments are comprised of organic-rich sandy muds.  

A 
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Figure 3-1.  Continued B) Core Lithology Digital imagery and x-radiography, for visual 

examination, of salt marsh distal to the beach were collected 30 meters form high tide 
(determined from wrack line).  The sediments are comprised of organic-rich sandy 
muds. 

B 
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CHAPTER 4 
RESULTS 

Lithology 

Marsh B strata that are closest to the beach (Fig. 3-1 A) are best represented by a core 

collected along Transect Two (core T2C1).  Two distinct lithofacies are observed in this core.  

There is a sharp contact at about 36 cm depth representing the division of the two units, Unit A 

and Unit B.   

Unit A (0 – 36 cm) is a mottled tan – grey/green sandy mud and contains two beds.  The 

top bed of the unit is two-cm-thick, organic-dominated with abundant woody plant material.  

From 2 to 7 cm is a bed of sand with a diffuse bottom boundary that is greener in color.  The 

interval between 12 and 20 cm contains abundant roots.  The top 20 cm appear to show a higher 

degree of bioturbation containing many burrows, while 20 – 36 cm contains only two large 

burrows. 

The second lithofacies, Unit B (36 – 78.5 cm), is a sandy mud.  The bed from 36 – 50 cm 

is mottled brown and very dark grey with plant roots and small burrows.  From 50 to 78.5 cm the 

bed is a dark grey grading into a light to very light grey.  The unit is faintly to well laminated; 

most contacts between beds and laminations are sharp. 

In the other three beach-proximal cores (T1C1, T3C1, T4C1), similar lithological units are 

observed, although the thickness of each varies between cores. In Core T1C1, Unit A has a sharp 

contact at about 15 cm depth.  The top 15 cm contains abundant woody plant material and 

burrows.  The contact between Unit A and Unit B is at approximately 27 cm.  The top of Unit B 

contains less bioturbation than in T2C1.   



 

34 

In Core T3C1, the contact between Unit A and Unit B occurs at about 37 cm; however, it 

is not as sharp a contact as observed in T2C1.  At 23 cm depth (Unit A) the amount of apparent 

bioturbation and plant material decreases significantly. 

Core T4C1 is vastly different from the other cores proximal to the beach.  This core does 

not appear to have Unit A or Unit B.  A sandy shell hash constitutes the upper 16 cm of the core 

where grey-brown muddy sand begins to mix with the shell hash.  The amount of sandy shell 

hash decreases with depth to about 40 cm where the grey-brown muddy sand begins to dominate 

the remainder of the core.   

Marsh strata that are farthest from the beach (Fig. 3-1 B) are best represented by a core 

collected along Transect Three (core T3C2), which has three observable lithofacies; Unit A, Unit 

B, and Unit C.  The contact between the two upper units is sharp at ~ 36cm depth.  Unit A (0 – 

36 cm) is a muddy sand with visible burrows from 0 – 20 cm.  The top six centimeters are 

mottled dark grey green and contain more organic material including roots and woody plant 

fragments. The interval from 6 – 22 cm is mottled greenish-tan to brown; 22 – 36 cm is a mottled 

greenish-grey.  There is a sandier bed with a sharp bottom contact and a diffused top contact at 

approximately 26 cm depth. The interval from 30 – 32 cm is a muddier bed with diffuse 

boundaries and more brown coloring. 

The second lithofacies, Unit B (36 - ~87 cm), is a gradational black to dark grey to light 

grey.  There are fairly well-preserved, faintly to well laminated sand beds, and some are very 

pronounced.  Burrows are preserved in sandy mud from 36 – 42 cm, while fine plant material 

(roots?) are found throughout the unit.  At 42 cm is a fairly sharp contact that marks a change to 

muddy sand.  At 58 cm there is a bed consisting of a series of whitish sandy lenses and pods.  

Below a diffuse contact at about 69 cm, the texture returns to sandy mud.   
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The third lithofacies, Unit C (87 - ~90 cm), is a brown to very dark brown mottled muddy 

sand with plant material. There is no apparent bedding.    

In the other three beach-distal cores (T1C2, T2C2, T4C2), similar lithological units are 

observed, although again the thickness of each varies between cores. In T1C2, the contact 

between Unit A and Unit B is much more diffuse than in T3C2 and is determined to be at 

approximately 35 cm based on the x-radiograph.  There is abundant woody plant material to 15 

cm depth, which is also the depth where biogenic traces decrease dramatically.  A whitish sandy 

lenticular bed in Unit B is at ~ 51 cm.  Unit C starts at approximately 80 cm and as in T3C2 it 

continues to the bottom of the core. 

In core T2C2, the Unit A/Unit B contact is at about 35 cm, but is not sharp.  There is a 

large burrow feature from the top of the core to 43 cm.  Smaller burrows predominantly occur to 

a depth of 19 cm.  Woody plant material appears to disappear around 15 cm while finer plant 

material (roots ?) continues to about 22 cm.  The whitish sand bed of Unit B is around 50 cm but 

does not have the textural contrast seen in other cores.  Unit C begins at about 80 cm and has a 

much more varied lithology than the other distal cores.     

The contact between Unit A and Unit B in core T4C2 has been slightly mixed, but can be 

seen between 40 and 45 cm.  Plant material is observed throughout Unit A but the woodier 

material is found only to a depth of about 30 cm.  Evidence of bioturbation is apparent through 

the entirety of Unit A but dramatically decreases at about 30 cm.  The white lenticular bed of 

Unit B occurs between 53 and 62 cm.  Unit C can barely be seen in the bottom centimeter of the 

core 

Grain Size Analysis 

Given the large similarities in lithology among cores, detailed textural analyses were only 

performed on the two main cores from the proximal/distal transects (T2C1 and T3C2).  The mass 
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percent sand ranges between 0 and about 51 %, indicating that the marsh strata are silt and clay 

dominated (i.e., sandy mud) (Fig. 4-1).  As percent organic matter increases percent sand 

decreases (Fig. 4-2).  

Because depositional features, such as bedding, seen in the x-radiographs indicate transport 

and deposition, the textural characteristics of the sand fraction can provide information on the 

mode and strength of transport (i.e., wind, overwash) and possibly the source (i.e., beach, 

terrestrial sand ridges).  However, due to amount (> 1 gram) of sand needed to for textural 

analysis sections of the cores were not analyzed (Fig. 4-3).  The median, mean, and modal size of 

the sand-fraction only range from 1.5 to 2.5 phi (fine to medium sand).  Sorting ranges between 

0.5 and 1.0 phi, averaging 0.75 (moderately to moderately well sorted).  Skewness ranges from -

0.01 to about 0.5 phi with an average of 0.25 and 0.4 phi for T2C1 and T3C2 respectively.  The 

data are finely (positively) skewed (Fig. 4-3 A).  Textural analysis has no significance difference 

between each interval (Fig. 4-3 B). 

Gamma Bulk Density 

Gamma-ray attenuation (GRA) bulk density showed an increase down core in all cores.  

There appears to be no significant difference between the two sets of data (90O rotation of core) 

collected for each core (Fig. 4-4).  The GRA density range is from 0.8 (indicating partial 

dewatering of the core) to 1.8 g cm-3.  The variation with depth appears to track lithology and 

bedding, so to better isolate this variation, the effect of auto compaction was removed by fitting 

an exponential model to the GRA density data.  Subtracting the difference between the model 

and the data resulted in the density residuals (Fig. 4-5). 

Magnetic Susceptibility 

The range of magnetic susceptibility is 0.0 – 36 *10 SI units; most data are between 0.0 

and 5.0 *10 SI units.  As with density, there is no significant difference between the two sets of 
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data (90O rotation) collected for each core. There also appears to be a correlation of the peaks 

between the cores.  However, there is not a strong correlation between the peaks and bedding 

observed in the x-radiographs.  As collected by the Geotek MSCL, magnetic susceptibility 

values are smoothed over about a 5 to 8 cm window making it a much lower resolution proxy 

than bulk density, core imagery, and x-radiography.  Consequently, it was not used for more 

detailed modeling of bed preservation. 

X-radiograph Pixel Intensity 

X-radiograph positive images reflect variations in sediment density at sub-mm resolution, 

making them ideal for examining subtle variations in texture.  Due to this high resolution, the 

resultant digitized pixel intensity data were extremely variable and difficult to interpret.  So, the 

down-core pixel intensity data were smoothed using a running mean.  A 40 and 35 pixel running 

mean (~2mm @ 300 dpi resolution) was used for T2C1 and T3C2 respectively.  Relatively low 

pixel intensities represent increases in sand (i.e., sand beds) (Fig. 4-6).  The notable low 

intensities range in thickness from a fraction of a centimeter to up to 5 cm.  Down-core, the low 

intensities appear to merge together creating thicker noisier sections of sand increases (Fig. 4-6). 

Chronology 

Lead-210 

Because sediment texture can play a controlling role on particle-reactive radioisotope 

activities, the activity data are plotted as both dpm (disintegrations per minute) per gram total 

sediment (Fig. 4-7 A) and per gram mud mass (Fig. 4-7 B) only.  When corrected for mud 

content, there is a large difference between the corrected and uncorrected activity for T2C1, yet 

little difference between the mud corrected and uncorrected data for T3C2.  The data used for 

chronological measurements were the mud-corrected activities. Because the 226Ra data used to 

calculate supported 210Pb activity were highly variable, it was assumed that the total 210Pb 
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activity at the bottom of the cores represented the average 226Ra supported 210Pb activity.  These 

activity data subtracted from the total 210Pb data to determine the amount of unsupported, or 

excess, 210Pb. 

The first appearance of excess activity is at about 35 and 37 g cm-2 cumulative mass 

(approximately 23 and 27cm depth) in T2C1 and T3C2 respectively (Fig. 4-7 B).  Because 

excess 210Pb activity represents 4-5 half-lives of accumulation (~100-110 years), the resulting 

mean sedimentation rate based on this first appearance is around 0.2 cm yr-1.  Using this 

sedimentation rate the surface mixed layer is determined to be no thicker than 10 cm depth, as 

this is the apparent depth of mixing in the 210Pb data (Fig.4-7 B).  With depth, activity of 210Pb 

appears to be increasing until about 10 cm when activity begins to decrease for the remainder of 

the core. It is possible however, the depth of mixing be much shallower than the 10 cm depth 

deduced by the higher 210Pb activity.  If the surface mixed layer is shallower than 10 cm there is 

either a change in the 210Pb source or a sedimentation rate change resulting in a misleading 

mixing depth profile. 

Cesium-137 

As in the case of 210Pb activities, 137Cs activities are susceptible to a grain size influence, 

and were also corrected to reflect the mass of mud only.  Yet, correcting for mud does not 

significantly affect the data (Fig. 4-8).  Because mud-corrected activity data were used for 210Pb, 

they were also used for 137Cs.  First appearance of 137Cs occurs at 25 in core T3C2 and at 35 g 

cm-2 depth in core T2C1.  There also is a 137Cs peak at 17 in core T3C2 and at 35 g cm-2 in core 

T2C1.  137Cs was introduced into the atmosphere in the mid 1950s and was released in the largest 

quantities in the early-mid 1960s. The depth of the first appearance and peak 137Cs activity was 

divided by the years elapsed between these dates and core collection (48 and 38 years 

respectively) to determine the 137Cs-based sedimentation rate for the marsh. That sedimentation 
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rate is about 0.5 cm yr-1 for the beach-proximal core and ~0.2-0.3 cm yr-1 for the beach-distal 

core.  The potential downward transport (diffusion or advection) of cesium was not accounted 

for in these calculations and could be substantial given the coarseness and higher potential 

permeability of these cores.  Downward transport would lead to higher calculated sedimentation 

rates, which may explain the discrepancy between sediment accumulation rates based on the two 

radioisotopes. 

 
 
Figure 4-1. Percent Sand of Cores T2C1 and T3C2. As a textural analyses on cores T2C1 and 

T3C2; mass percent sand with depth in core as determined by wet sieving. Events I, 
II, and III visual preserved thicknesses are shaded in blue. These are the same event 
beds modeled using the Bentley Bioturbation Model. 
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Figure 4-2. Percent Sand and Percent Organic Matter for Cores T2C1 and T3C2. A lithological 

examination of salt marsh cores using percent sand and percent organic matter. Loss 
on ignition (LOI) was used to determine the percent organic matter while wet sieving 
was used to determine percent sand. Data were collected from sediments used in 
gamma spectroscopy as they were already prepared for LOI. 
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Figure 4-3. Textural Analysis of Cores T2C1 and T3C2. A) Each data point is representative of 

the sand at that particular depth interval; statistics with depth in core. Statistics were 
determined from data collected using a settling column. 

A
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Figure 4-3.  Continued. B) Incremental percent of grain size (Phi) for each depth interval 

containing enough mass sand to analyze using a settling column (top). Cumulative 
percent of grain size (Phi) for each depth interval containing enough mass sand to 
analyze using a settling column (bottom). Data in red represents depth intervals that 
may be event beds; blue represents sand from Unit A; green represents sand from 
Unit B. 

B
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Figure 4-4.  Gamma Bulk Density of Cores. Lithological examination of salt marsh cores using 

gamma bulk density; data are from use of the GeoTek Multi-Sensor Core Logger. A) 
The cores proximal to the beach, collected 20 meters from high tide (determined from 
wrack line). The sediments are comprised of organic-rich sandy muds. 

A
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Figure 4-4.  Continued. B) The cores distal to the beach, collected 30 meters from high tide 

(determined from wrack line). The sediments are comprised of organic-rich sandy 
muds. 

B
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Figure 4-5. Residual Bulk Density of cores T2C1 and T3C2. A lithological examination of salt 

marsh cores using residuals of gamma bulk density; gamma bulk density data is from 
use of the GeoTek Multi-Sensor Core Logger. Auto compaction was removed by 
fitting an exponential model to the density data and removing the difference between 
the two. This resulted in the density residuals used to better isolate variations. 
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Figure 4-6. Pixel Intensity of Cores T2C1 and T3C2. A lithological examination of salt marsh 

cores using pixel intensity of x-radiographs. Decreases in intensity represent increases 
in sand attributed to sand beds and possibly event beds. Smoothing data, using a 
running mean, averaged the data over fractions of centimeters. 
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Figure 4-7.  Total Activity of Lead-210 and Total Activity of Lead -210 Corrected for Grain 

Size. A) Data were determined by gamma spectroscopy. Particle-reactive 
radioisotopes, such as lead-210, adhere more readily to silts and clays than larger 
grain sizes. By correcting for this a more accurate activity is determined. Activity 
data are plotted against cumulative mass to correct for auto compaction. 

A
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Figure 4-7.  Continued. B) Data were determined by gamma spectroscopy and corrected for 

grain-size. Excess activity was determined by subtracting the average total activity 
below the assumed first appearance. First appearance is assumed to be ~1900 AD. 
Activity data are plotted against cumulative mass to correct for auto compaction. 

B
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Figure 4-8. Total Corrected Activity of Cesium-137 and Cesium-137 Activity Corrected for 

Grain Size. Data were determined by gamma spectroscopy. The mean detection limit 
of the germanium crystal used in gamma spectroscopy is about 0.1 – 0.2 dpm g-1. 
Activity data are plotted against cumulative mass to correct for auto compaction. 
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CHAPTER 5 
DISCUSSION 

Lithology and Evidence of Storm Bedding 

X-radiographs and visual observations of the cores indicate that they are moderately 

bioturbated.  The catchment basin for the marsh was not large enough to collect measurable 

amounts of excess 234Th (derived from seawater) or 7Be (derived from atmospheric fallout) to 

determine biological mixing rates from these short-lived radioisotopes. Mixing is attributed 

mainly to microfauna and roots.  Had there been a significant amount of macrofaunal mixing 

(i.e., fiddler crabs), the core logging likely would have shown differences between the 90O 

rotations of the cores.  Because the data remained the same within error for the two orientations, 

I assume that there is no significant macrofaunal burrows or cavities within the cores.  In 

addition, x-radiography did not expose any larger cavities. 

The 0.2 -0.5 cm y-1 burial rates determined by 210Pb and 137Cs appear to be roughly equal 

to the rate at which accommodation space is created by the rise in relative sea level for this area 

of the Gulf of Mexico, which is about 0.3 cm y-1 (Thieler and Hammar-Klose, 1999).  Most salt 

marshes accumulate sediment at a rate equal to the relative rate of sea-level rise (Allen, 2000). 

The lithofacies of the cores are typical of salt marshes from the southeastern U.S., having 

less organic matter and more detrital sediment than what is seen in colder climates (Frey and 

Bassan, 1985).  The overall decreasing trend of organic matter up core may be due to the 

increase of erosion and encroachment of the beach on the south side of the marsh.  The higher 

organic content in T3C2 may be a direct result of its distance from the beach.  In essence, the 

organic input into all the cores may be the same but the cores proximal to the beach have more 

clastic input diluting the organic matter.  
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Differences in sand content between beach-proximal and beach-distal cores can also be 

attributed their locations with respect to the beach (Fig. 1-2), which is assumed to be the 

dominant source of clastic sediment. There is abundant vegetation separating the marsh from the 

tidal creeks to the west, so the mechanism to best explain the relatively high mean mass percent 

sand (~30%) throughout the marsh (located <5 m from south shore) is either aeolian or 

overwash.  Due to the apparent lack of a continuous input of sand into Marsh B overwash is the 

more likely mechanism.  However, during a storm, increased wind speeds could deposit an event 

bed with aeolian mechanism.  Overwash is a more likely process controlling sand deposition at 

these coring sites, given that there is no evidence of bedload sand transport in x-radiographs 

(e.g., sharp erosional contacts, cross-lamination, graded bedding).  Initial event bed thickness is a 

function of the volume of sediment available for transport, shoreline vegetation, dune 

morphology, distance from the shore, and storm surge.   

Statistically (cumulative and incremental percent, mean, mode, sorting), the source of sand 

is the same throughout both cores (Fig. 4-3).  The mean and modal sizes of the sand fraction are 

the same as the mean and modal grain size of the south beach (Hart, 2003).  The shell hash at the 

top of T4C1, however, may be an overwash fan from a storm that occurred after 1954 as 

indicated by 137Cs activity found beneath the shell hash.  The lack of vegetation on top of this 

shell hash suggests a more recent event such as the 1985 Hurricane Kate whose eyewall passed 

directly over the island, 1995 category five Hurricane Opal, or 1998 Hurricane Earl with the 2.5 

meter storm surge. 

Based on diatoms identified in the smear slides (P. Ciesielski, personal communication), it 

was determined that this marsh was once freshwater dominant (Unit B) and became saltwater 

dominant (Unit A). It is possible that at one time this was a coastal pond location that has in 
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filled; depending on island and coastal morphology.  The overall down-core increase in sand 

starting at 44 cm depth (Fig. 4-1) may be due to the marsh being freshwater dominant.  At the 

transition between Units A and B found in all cores, 35 to 40 cm depth, it is possible that a storm 

event between 116 and 88 years ago (between 1886 and 1915) caused a change in 

geomorphology allowing daily tidal inundations to extend inland as they do today. Six separate 

storms occurred in this time frame but the 1886 was the only major hurricane. 

 The storms discussed in the Study Area section of Chapter 2 provided the initial 

chronology for possible event bedding.  Using the determined sedimentation rate and storm 

history approximate Events were determined within the cores.  These Events were confirmed by 

comparing and correlating the three main proxies (percent sand, gamma bulk density residuals, 

and pixel intensity) as shown by Figure 5-1.  It is possible that the correlating peaks of these 

proxies are event beds or temporary changes in sedimentation.  However, it is less likely these 

peaks represent sedimentation changes due to the short duration of deposition, lack of sharp 

contacts, and lack of significant change in aerial photographs.  It is more difficult to find and 

correlate peaks in the distal cores and the correlated peaks in the proximal cores are shallower 

than those in the distal cores. 

Modeling Preservation Potential of Storm Beds 

In order for an event layer to be preserved, transit time of the storm layer through the 

surface mixed layer must be faster than the dissipation time due to mixing.  From Eq. 2-1, the 

transit time can be calculated for the marsh study areas given estimates of the mixed depth (Lb), 

storm bed thickness (Ls), and burial rates (i.e., sedimentation rate) (Fig. 1-3).  For this study, the 

thickness of the surface mixed layer was calculated to be approximately 3.0 cm based on 210Pb 

profiles and x-radiographs, as shorter-lived tracers (e.g., 234Th) were not effective.  If surface 

sediments have been rapidly mixed, the 210Pb profile may have a near-surface interval of 
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constant activity that corresponds in x-radiographs with abundant biogenic traces (Figs. 3-1, 3-2, 

4-4, and 4-7 B) (Benninger et al., 1979).  For the marshes, Ls was estimated to be 3-50 cm 

matched to depths of known hurricanes (Event I - 1974/1985; Event II - 1886; Event III - pre-

historic) established partially with 210Pb/137Cs geochronology.  The complicating fact is that the 

thickness of a storm layer would need to be measured directly following a hurricane for an 

accurate estimate of Ls, as what is measured in the cores is the minimum preserved bedding 

thickness as some unknown quantity at the top of the bed has been mixed (Fig. 3-1, 3-2, 4-4, and 

4-7 B). 

Using the above data and a sedimentation rate of ~0.2-0.5 cm yields a transit time of 0-30 

years (Lb > ~1 cm) for the salt marshes.  The fast transit time suggests that an event layer should 

be preserved, but does not account for dissipation of the event layer due to physical and biologic 

mixing.  Since time series cores are not available for this study, the dissipation time for the cores 

can be estimated based on probable biodiffusion coefficients (Db) can be calculated from (a) 

210Pb activity data (Aller et al., 1980) or (b) data from previous studies.  Maximum mixing 

coefficients are ~2 cm2 y-1 from the 210Pb activity data from these marsh cores, but these rates 

would represent much slower mixing averaged over several decades (Nittrouer et al., 1984).  For 

salt marshes, short-lived tracers ideally suited for calculating Db (Aller et al., 1980) were not 

detected in this study, but x-radiography reveals substantial mixing and burrowing.  Thus Db is 

assumed to be ~ 10 cm2 y-1 based on estimates from other salt marshes (Boudreau, 1994).  

Wheatcroft and Drake (2003) report Db values ranging from 10 to 100 cm2 y-1 for continental 

margin sediments where sediments are more biologically active and correspond to dissipation 

times of 3-5 years.  Thus, it is estimated that the dissipation time for coastal marshes is ~5 years.  

Given transit times of 0-10 years and a SML of 10 cm for this salt marsh, it is clear that very 
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large (> 5cm thick) beds will be preserved, but that beds ≤ 1 cm thick will be mixed and not 

preserved. 

Original event bed thickness was then estimated by numerically modeling the event-beds 

found using the Bentley Bioturbation Model (BBM).  Estimation of original event bed thickness 

was used to validate the conceptual model.  This same numerical model was used to quantify 

preservation potential of the salt marsh sediments (Fig. 5-2).  Although created to model event 

beds created on continental shelves the BBM was accurately and successfully used in this salt 

marsh as I was able to reproduce the event beds found in the Marsh B cores. 

The values for parameters in the BBM were established using the results form 210Pb/137Cs 

chronology, x-radiographs, core logging, and estimated from literature when necessary.  The 

BBM parameters used for this specific salt marsh, and all events modeled, were defined as in 

Table 5-1. 

Table 5-1. Constant BBM parameters determined by cores collected in Marsh B on St. Vincent 
Island, Fl. 

BBM Constant Parameter Value 
ωo and ω (mm2 y-1) 
(sedimentation rate prior to and after event, respectively) 0.025 

Lb (cm) 
(depth of mixing or surface mixed layer thickness) 

3 

αo (cm2 yr-1) 
(biodiffusion coefficient) 

6.733 

β 
(controlling constant of αo) 

2.3026 

Ω (cm yr-1) 
(supplemental rate of accumulation) 

0 

 
The value for ω was also used for ωo because it was assumed the sedimentation rate did not 

change prior to or following each event.  Zero was used for the supplemental rate of 

accumulation (Ω) to portray an instantaneous deposition as would be expected with an event bed 
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due to a tropical cyclone.  The parameters that varied from event to event were defined as in 

Table 5-2. 

Table 5-2. Variable by event BBM parameters determined by cores collected in Marsh B on St. 
Vincent Island, Fl. 

BBM 
Variable 
Parameter 

Δt (years) 
(length of time 
model is run) 

t (year) 
(time event occurs) 

Ls (cm) 
(event bed original 

thickness) 

T2C1    
Event I 14.17 10 4.5 
Event II 4.17 2.75 2.25 
Event III 12.5 2.08 6.5 
T3C2    
Event I 0.417 0.25 2 
Event II 8.33 4.17 2.25 
Event III 
 

16.67 2.5 
10.417 

2 
1.5 

 
The values in Table 5-2 were determined by trial and error.  The model was run multiple 

times until the output (depth of sedimentation and percent of event preserved) best fit the 

preservation as determined from the x-radiographs (Fig. 5-2).  The amount of time, Δt, used for a 

particular run of the model was actually input as months because that is the unit of each time-

step.  The year or time-step the event is deposited in is represented by t and is also entered into 

the model as a month.  The initial thickness of each event was thicker in the proximal core 

compared to the thickness in the distal core.  This was expected as an overwash fan thins with its 

extent.  However, Event II modeling resulted in the same original thickness in both cores T2C1 

and T3C2.  This may be attributed to the difference in the number of time-steps used for each or 

that in actuality they do not represent the same event.  Event III in core T3C2 wound up being 

two separate events that appear to be one when looking at the proxy data (Fig. 5-2 B).   

Modeling these events produced results that are at odds with the theory of event 

preservation in that there are event beds preserved which originated with thicknesses less than 

the depth of mixing.  According to the theory, these events should not be recognizable within the 
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sedimentary record.  One explanation for this discrepancy is that as a coastal environment the 

salt marsh is very dynamic and the assumed steady state parameter values used are inaccurate for 

the entirety of the marsh and even each core.  It also may be attributed to the lack of macrofaunal 

mixing. 

 
 
Figure 5-1.  Physical Properties of Cores T2C1 and T3C2. Lithological examination of salt 

marsh cores using textural analysis (percent sand), residuals of gamma bulk density, 
and pixel intensity of x-radiographs. These are the three main proxies used to identify 
event beds. Event beds I, II, and III (used in Bentley Bioturbation Model) are shaded 
in blue. A) The cores proximal to the beach, collected 20 meters from high tide 
(determined from wrack line). The sediments are comprised of organic-rich sandy 
muds. 

A
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Figure 5-1.  Continued.  B) The cores distal to the beach, collected 30 meters from high tide 

(determined from wrack line). The sediments are comprised of organic-rich sandy 
muds. 

B
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Figure 5-2. Modeling Results for Cores T2C1 and T3C2. A) Results from the BBM for Events I, 

II, and III in the proximal core T2C1. The cores proximal to the beach, collected 20 
meters from high tide (determined from wrack line). Plots represent the minimum and 
maximum preservation from the x-radiographs with the results of the BBM for each 
given event.  

A
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Figure 5-2.  Continued. B) Results from the BBM for Events I, II, and III in the distal core T3C2. 

The cores distal to the beach, collected 30 meters from high tide (determined from 
wrack line). Plots represent the minimum and maximum preservation determined 
from the x-radiographs with the result from the BBM for each event.  

 

B
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CHAPTER 6 
CONCLUSIONS 

The depositional environments on St. Vincent Island offer an advantageous environment 

for studying the preservation of storm deposits in the coastal stratigraphic record due to the 

frequent occurrence of large storms, relatively low mixing rates (i.e., long dissipation times) and 

fast sedimentation rates (a few mm y-1).  Event beds are likely to be preserved within the salt 

marsh sedimentary record.  This study found evidence of event bed preservation within the salt 

marsh investigated.  They are not however, represented solely by a change in grain size, but 

rather by other changes within the sediments as well (i.e., lithologic changes).   

The ultimate control on or primary function of preservation potential is the initial or 

original thickness of the event layer and the bioturbation factors present.  Event beds are more 

likely to be found proximal to the beach and less likely to be found with increasing distance.  

Initial or original event bed thickness is dependant on costal morphology and vegetation. 

This study also indicates pixel intensity (i.e., x-radiography) to be an extremely useful 

proxy of preservation; perhaps the ideal proxy for this type of research.  It is extremely high 

resolution with minimal destruction to the cores.  It also offers the capability of locating very 

fine beds / laminations within the stratigraphic record.   

The Bentley Bioturbation Model can be applied to coastal marshes.  The Bentley 

Bioturbation Model, which was developed for continental shelf environments, is applicable 

within coastal marsh environments.  It successfully reproduced the chosen event beds found 

within T2C1 and T3C2.  However, it should be used with caution as the dynamics of coastal 

environments may create inaccurate results for this steady state model.  It should be tested in 

other sedimentary environments, especially in the coastal realm. 
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