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CHAPTER I – INTRODUCTION 

1.1 Introduction 

Holocene sea-level rise has been extensively studied and has led to the shoreline 

configuration observed today (Bruun, 1962; Schwartz, 1965; Leatherman et al., 2000; 

Morton et al., 2004; Zhang et al., 2004; Anderson and Rodriguez, 2008). Accelerated sea-

level rise over the last few decades has been the primary contributing factor to 

contemporary shoreline erosion and retreat. Eroding coastal shorelines include those of 

barrier islands, mainland beaches, marshland, and margins of deltas, bays, lagoons, and 

estuaries. This study focuses on nearshore clastic sedimentology of Bon Secour Bay, 

Alabama and Perdido Bay, Florida, where there are two actively eroding microtidal 

estuaries situated on the northern coast of the Gulf of Mexico (GOM) (Figure 1.1). 

Coastlines along the northern GOM are of low topographic relief and experience diurnal 

microtidal (< 2 m) regimes. Because of these characteristics, northern GOM shorelines 

are particularly vulnerable to erosion from global sea-level rise and storm events. 

Measurements for linear rates of relative sea-level rise (RSLR) assessed from the 

Permanent Service for Mean Sea Level (PSMSL) tide gauges at locations along the 

northern GOM vary from 2.0 mm yr-1 to greater than 9.5 mm yr-1 (Kolker et al., 2011). 

As observed from historical aerial imagery, there has been an estimated average shoreline 

retreat rate of 0.30 –  0.67 m yr-1 at Bon Secour Bay (1992 – 2018) and 0.55 m yr-1 at 

Perdido Bay (1994 – 2018). Previous investigations using remote sensing and satellite 

imagery of coastal Alabama quantified shoreline erosion rates ranging from 0 – 1.52 m 

yr-1 along much of the eastern shore of Mobile Bay, including Bon Secour Bay (Hardin et 

al., 1976). With evidence for erosion and land loss provided by previous workers and 
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historical imagery, the research conducted for this study characterizes nearshore 

sedimentary cores to serve as a potential geologic indicator to assess estuarine shoreline 

erosion.
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Figure 1.1 A). Inset map of northern Gulf of Mexico study area. B) Regional map of study area. C). Bon Secour Bay study 

area inset map with sample locations plotted. D). Perdido Bay study area inset map with sample locations plotted. (Map 

originally rendered by Dr. Frank Heitmuller in ArcPro GIS software in February 2020). 

A 

B 
C D 
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1.2 Research Questions 

Historical imagery available for recent decades shows evidence of erosion and 

land loss along the clastic shorelines of Bon Secour Bay, Alabama and Perdido Bay, 

Florida. Because of low-relief topography, microtidal regimes, and often saturated 

shorelines resulting from high precipitation rates, estuaries of the northern Gulf Coastal 

Plain are especially vulnerable to damaging effects caused by storms and rising global 

sea level. Traditional transgressive estuarine sedimentary models include facies with 

input exclusively from marine and fluvial sources (Dalrymple et al., 1992). A more recent 

facies model for transgressive wave-dominated coasts includes deposition of tidal mud 

flats, channels, and sandy beaches of estuarine margins (Boyd, 2010). The sandy beach 

margin of the estuary and its erosion is the environmental focus for this study. Questions 

addressed by this research include: 

(1) Are sediments eroded from the shoreline re-distributed in recognizable 

depositional patterns in submerged nearshore settings? 

(2) What is the sedimentological variability of nearshore deposits in the vicinity 

of eroding estuarine shorelines? Does variability of these nearshore deposits 

correspond with sedimentary characteristics of the shoreline zone or further 

offshore? 

(3) Is ground saturation particularly effective at eroding estuarine shorelines and 

re-distributing sediment? 

The primary objective of this study is to determine if there is an identifiable 

sedimentary profile for actively eroding microtidal estuarine shorelines along the 

transgressing Gulf Coastal Plain. Secondary objectives will (1) analyze sedimentological 
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variability of eroding clastic microtidal estuarine shorelines between two different 

estuarine basins; (2) identify how responsive shallow groundwater levels are to rainfall 

events along low-relief, microtidal estuarine shorelines; (3) determine if water table 

levels contribute to shoreline instability; and (4) determine if short-term (monthly) 

shoreline erosion measurements are reflective of long-term (decadal) erosion rates. 

1.3 Hypothesis 

Given the evidence for shoreline erosion and transgression observed from 

historical imagery and literature of the northern Gulf Coast, I believe a coarsening 

upward sequence will be present over finer grain sediment in the nearshore cores of the 

estuarine margin. Furthermore, the source of the coarse overlying sediment will be from 

the proximal eroding shoreline, as supported by sedimentological analysis. Because 

erosion is presumed to be occurring as a result of transgression, there is a possibility of 

active formation of an erosional unconformity known as a ravinement surface (Boyd, 

2010; Bache et al., 2014). Identifying a definitive ravinement surface in this study is 

likely not possible because the surface in question is still actively eroding and not well 

preserved. 

Longitudinal variation of sediment as compared between Bon Secour Bay and 

Perdido Bay will likely show similar abundance of sand and mud. However, because of 

differences in watershed lithology (and associated mineralogy), the Bon Secour Bay 

sediment cores should have a greater heavy mineral content than Perdido Bay sediment 

cores (Northwest Florida Water Management District, 2017). Also expected is higher 

organic matter content in Bon Secour Bay cores because of the proximity to fluvial 

influence and the associated greater nutrient inputs from larger rivers compared to 
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Perdido Bay sediment (Hummell and Parker, 1995). Oyster farming in Bon Secour Bay 

and vicinity could result in greater carbonate content in those sediments than in Perdido 

Bay sediments. 

Highly permeable sandy shorelines and regular saturation from rainfall events 

should promote rapid responses in shallow groundwater levels at both locations (Tolhurst 

et al., 2006). Sandy shoreline sediment combined with a rapid rise in the water table from 

rainfall could exacerbate coastal erosion, especially during a meteorological event when 

wind, waves, and storm surge have increased influence.  

 Short-term erosion rates could be highly variable from month to month. Seasonal 

effects need to be taken into consideration, as well as natural shoreline replenishment. In 

estuarine settings, natural shoreline replenishment is not nearly as significant a 

geomorphologic factor as it is in open-marine settings (Van Rijn and Barr, 1990). Short-

term erosion measurements can be indicative of a general trend; however, the quantitative 

values of monthly measurements might be “noisy” when compared to a decadal trend. 

Results from this research, if reasonable and applicable, could be used to propose 

re-analysis of coastal depositional environments in the geologic record. Specifically, 

consideration could be made for the existence of a transgressive estuarine facies without 

evidence of a ravinement surface. 

1.4 Thesis Scope 

 The scope of this thesis includes interpretations based on sediment cores, 

sediment samples, and groundwater samples collected in the field; piezometer, 

groundwater-level sensor, and erosion pin installations in the field; laboratory analyses of 

sedimentological parameters and water quality; ancillary data analysis; and statistical 
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analyses of sedimentological data. Field data collection trips occurred between May 2018 

and November 2019; laboratory analyses occurred between July and September 2019; 

and ancillary and statistical analyses occurred between October 2019 and February 2020.
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CHAPTER II – LITERATURE REVIEW 

2.1 Geologic Setting 

Bon Secour Bay, Alabama and Perdido Bay, Florida are situated within the 

northeastern portion of the Gulf Coastal Plain physiographic province (DuBar, 1991). In 

the United Sates, the Gulf Coastal Plain extends 2,350 km from the Mexico border to the 

southern end of Florida. Discussed hereinafter are the geologic units pertinent to the 

study and does not include units further upstream where influence is marginal for the 

study locations. Figure 2.1 is a stratigraphic column of outcropping units on the Gulf 

Coastal Plain in the study area. The Pliocene-Pleistocene Citronelle Formation commonly 

occurs along ridges or flat upland areas of southern Mobile and Baldwin Counties, 

Alabama and is spatially variable in lithology (Matson, 1916). The Citronelle is less than 

a meter to 60 m thick with unconformable contacts, and typically consists of orange-red, 

weathered, unconsolidated to poorly consolidated silty-sandy to gravelly-sandy fluvial 

upland deposits with few paralic or marine fossils (Matson, 1916; Isphording and Lamb, 

1971, Hummell, 1996). The Citronelle contains chert and quartz pebbles and lenticular 

beds of red, purple, yellow, and gray clays that are typically mottled (Raymond et al., 

1988). South of the Citronelle along the coastline are the Pleistocene-age Prairie and 

Gulfport Formations. The pre-Holocene deposits range from less than one meter to 46 m 

thick and directly underlie an unconformable boundary identified by seismic and 

vibracores from Mobile Bay. The Pleistocene age formations are alluvial, coastal, and 

terrace deposits characterized by stiff, oxidized clay-rich sediment that is yellowish 

orange, brown, gray, and greenish gray in color, or semi- to unconsolidated sands, muddy 

sands, and gravelly sands that are yellowish brown, olive gray, greenish gray, and brown 
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in color (Marsh, 1966; Hummell, 1996). The Prairie Formation consists of fine to coarse 

sand and silty sand with occasional gravel and lignite. The Gulfport Formation is a thin 

belt along the outermost seaward margin and is comprised of poorly to moderately sorted 

shoreface sands (Otvos, 1991). Pleistocene sediment in the northeastern region of the 

Gulf Coastal Plain is generally less than 30 m thick and grades seaward at 0.2 to 3.0 

m/km. The aquifer and groundwater supply of southern Baldwin County, Alabama 

consist of geologic units from Citronelle Formation and Holocene alluvial, low terrace, 

and coastal deposits (Chandler, et al., 1985). 

Perdido Bay is in Escambia County, Florida, and occurs in the narrow 10–12-

mile-wide Coastal Lowlands topographic region of the Gulf Coastal Plain. Escambia 

County subsurface geology is like that of coastal Alabama as previously discussed (Work 

et al., 1991). Marine terraces of Pleistocene age are a distinctive feature of the Escambia 

County coastal plain. Terrace remnants are preserved as upland plateaus, low coastal 

plains, flat-topped hills, and benches.
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Figure 2.1 Stratigraphic column of Alabama-Florida Gulf Coastal Plain. 

During the Late Pleistocene Wisconsinan glacial maximum, around 18 ka, relative 

sea level was approximately 120 m lower than present day (Morton et al., 2004). Low sea 

level and relatively high stream discharge rates allowed for incision of river valleys along 

the Gulf Coastal Plain, extending out to the present-day continental shelf (DuBar, 1991; 

Hollis et al., 2019). Subsequent glacial melting resulted in inundation and partial 

sediment-fill of the incised river valleys, forming bays and bayhead deltas. Rising sea 

levels from melting glaciers reached their current position approximately 4 ka, leading to 

the creation of coastal features including Bon Secour Bay and Perdido Bay (Milliken et 

al., 2008). The most recent Holocene highstand resulted in approximately 3 m of sea 

level rise in the ancestral Mobile River valley complex, about 6,000 to 7,000 years before 

present to the current time (Isphording and Flowers, 1990; Hummell, 1996). Previous 

work has constrained the antecedent topography and depositional history of Mobile Bay 

using vibracores, rotary drill cores, and seismic data (Rodriguez et al., 2008). Seismic 
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reflectors from a cross-section of Mobile Bay show an unconformity at varying depths 

between approximately 6 and 18 m below sea level. A sharp contact is seen in cores that 

sample the unconformity that consists of clay, peat, and rip-up clasts overlying an 

oxidized clay layer, characterizing it as an erosional unconformity. This erosional 

unconformity delineates the Pleistocene-Holocene boundary in Mobile Bay. 

Tectonic activity along the outer region of the northeastern Gulf Coastal Plain, 

including Bon Secour Bay and Perdido Bay, has been relatively stable during the 

Quaternary. Evidence for minor tectonic activity includes surficial expressions of sub-

surface growth faulting, Pleistocene outcrop faulting and fracturing, and Holocene shore-

parallel shallow fracture systems (Ewing, 1991). 

2.2 Depositional History 

The Gulf Coastal Plain is primarily comprised of siliciclastic sediment ranging in 

size from clay to sand (McBride and Byrnes, 1995). Unconsolidated and eroded sediment 

from the Pliocene-Pleistocene aged Citronelle Formation supplies a considerable amount 

of the surficial sediment transported downstream to coastal Alabama and western Florida 

from upland areas of the lower Gulf Coastal Plain. 

The Mobile-Tensaw bayhead delta system provides fluvial input to the Mobile 

Bay estuary complex. The watershed for this delta system is more than 110,000 km2 

including parts of Alabama, Mississippi, Georgia, and Tennessee; and discharges into 

Mobile Bay through various distributaries at an average rate of over 1,750 m3/sec 

(Isphording and Flowers, 1990; Hummell and Parker, 1995; Rodriguez et al., 2008). 

Major rivers contributing discharge and sediment in the watershed include the 

Tombigbee, Alabama, Black Warrior, Tallapoosa, and Coosa (the latter three are 
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tributaries of the first two). Included in the watershed drainage is sediment originating 

from the southeastern Piedmont Province, the southern Appalachian Mountains of the 

Ridge and Valley and Blue Ridge Provinces, the Cumberland Plateau, and sediment from 

within the Gulf Coastal Plain Province. The Fish and Magnolia Rivers are local minor 

contributing watershed streams that discharge directly to Bon Secour Bay. Reworked 

siliciclastic sediment from the Gulf Coastal Plain contributes to most of the sediment 

volume for the entirety of Mobile Bay. 

The Perdido River and Bay watershed supplies fluvial inputs to Perdido Bay. 

Covering 3,238 km2 in parts of Alabama and Florida, the Perdido River and Bay 

watershed is much smaller than the Mobile-Tensaw watershed. The Perdido River is the 

primary contributing stream in the watershed, discharging at an average rate of 22 m3/sec 

into Perdido Bay (Northwest Florida Water Management District, 2017). The Perdido 

River has several tributary streams including the Styx River, Blackwater Creek, Boggy 

Creek, and Brushy Creek, among others. Elevenmile Creek and Bayou Marcus are other 

contributing streams discharging directly to Perdido Bay, but with much lower volumes 

than the Perdido River. Sediment deposited into Perdido Bay from lithologic formations 

within the Perdido River and Bay watershed are nearly pure quartz sand with minor 

heavy mineral sand (Northwest Florida Water Management District, 2017). 

2.3 Climate 

The Gulf Coastal Plain experiences a warm, humid, and subtropical climate with 

strong meteorological influence from the Gulf of Mexico. The northern Gulf Coast 

receives a higher amount of precipitation than most other locations in the United States 

(NOAA, 2019). Bon Secour Bay and Perdido Bay occur within the isopleth contour of 
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Figure 5.19 Laboratory analysis results for borehole sediment samples of PB-PZ-02-1. 

Note: Borehole depth = 149 cm. aSome 50th percentiles are +/- 0.5% due to calculation adjustments after correcting for sieved portion > 1mm. bSorting is calculated from Trask (1930). 

cValues are *10-6. 
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Figure 5.20 Groundwater levels (A) and temperature (B) at PB-PZ-02-1, November 2018 

– October 2019. 
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Table 5.2  

Laboratory results for BSB bottom sediment samples. 

Sample 
Water 

depth (m) 
Dx 50 (mm) Sorting OM % CaCO3 % MS 

1 0.52 0.060 (slt) 2.1 10.6 3.0 0.077 

2 0.94 0.224 (f) 1.3 0.9 0.2 0.001 

3 1.39 0.253 (m) 1.3 0.8 0.2 -0.002 

4 2.57 0.171 (f) 1.8 4.1 1.8 0.036 

5 1.82 0.253 (m) 2.2 2.7 0.7 0.012 

6 1.27 0.260 (m) 1.3 0.7 0.2 0.004 

7 0.93 0.257 (m) 1.3 0.8 0.3 0.006 

8 0.76 0.259 (m) 1.3 1.1 0.2 0.005 

9 0.70 0.335 (m) 1.3 0.7 0.2 -0.003 

10 0.91 0.228 (f) 1.4 1.2 0.2 -0.002 

11 1.29 0.342 (m) 1.3 1.1 0.0 0.002 

12 1.60 0.286 (m) 1.3 1.0 0.3 0.006 

13 2.46 0.045 (slt) 2.3 10.1 4.2 0.077 

14 1.81 0.183 (f) 1.9 3.3 1.1 0.027 

15 1.10 0.243 (f) 1.4 1.3 0.2 0.001 

16 0.86 0.305 (m) 1.4 0.7 0.5 -0.001 

 

Note: slt = silt; vf = very fine sand; f = fine sand; m = medium sand; c = coarse sand. MS is *10-6. 

5.1.4.2 Perdido Bay bottom sediment 

Table 5.3 provides laboratory results for Perdido Bay bottom sediment samples. 

Dx (50) particle size for samples in this area are fine to medium sand with very fine sand 

in the deepest part of the area. Sample 14 is the finest particle size sample and is located 

beyond the nearshore to central basin transition. Sample 14 also has the highest OM 

content with 10.2% and highest CaCO3 content at 2.9%. Sample 1 is coarse sand that is 

located near the southern point of the Tarkiln peninsula. The proximity to the higher 

energy environment of a point or spit is likely the reason for the coarse particle size. 
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Sorting is well to normal for all sample locations. Magnetic susceptibility is weakly 

negative (diamagnetic) to weakly positive (paramagnetic) for all samples. MS values are 

generally larger when evaluating bottom sediment samples at no depth increment versus 

samples at 5-cm depth increments with the nearshore cores. This is true for both Bon 

Secour Bay and Perdido Bay samples.  

Table 5.3  

Laboratory results for PB bottom sediment samples. 

Sample 
Water 

depth (m) 
Dx 50 (mm) Sorting OM % CaCO3 % MS 

1 2.04 0.740 (c) 1.3 0.8 0.2 -0.003 

2 1.28 0.241 (f) 1.4 0.6 0.1 -0.004 

3 0.92 0.269 (m) 1.6 0.6 0.0 0.005 

4 0.70 0.323 (m) 1.3 0.5 0.0 -0.003 

5 1.22 0.323 (m) 1.3 0.5 0.0 -0.001 

6 1.98 0.293 (m) 2.1 0.7 0.0 -0.013 

7 2.20 0.242 (f) 1.4 0.8 0.2 -0.011 

8 1.28 0.274 (m) 1.3 0.6 0.2 -0.019 

9 0.73 0.261 (m) 1.3 0.7 0.0 -0.007 

10 0.70 0.307 (m) 1.6 0.5 0.2 0.006 

11 1.68 0.314 (m) 2.0 0.7 0.0 -0.001 

12 2.35 0.234 (f) 1.6 1.0 0.2 -0.008 

13 3.17 0.085 (vf) 2.3 8.7 2.8 -0.033 

14 3.22 0.091 (vf) 2.1 10.2 2.9 0.028 

 

Note: slt = silt; vf = very fine sand; f = fine sand; m = medium sand; c = coarse sand. MS is *10-6. 

5.1.5 Erosion pins 

Figure 5.21 displays the field measurements of erosion pin exposure at Bon 

Secour Bay. The purpose of erosion pins was to measure short-term (less than two years) 

erosion at the shoreline. Erosion pins were installed at the BSB site only. The pins were 

installed on May 2018 and measured at each field visit, for a total of four measurements. 
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Erosion pins 1 and 2 are at the first BSB site, and pins 3 and 4 are at the second BSB site. 

Measurements of all four pins show periods of erosion and deposition at each installation. 

From May 2018 to November 2018 erosion pin 1 recorded 3 cm of erosion. When 

visiting the site in November 2019 the erosion pin could not be located and is assumed to 

have washed away. Erosion pin 1 was located next to a channel cut from storm drainage 

after installation (See Figure 5.22). Erosion pin 2 recorded minimal changes with an 

overall 2 cm of deposition from May 2018 to November 2019. Erosion pin 3 recorded the 

most erosion (other than pin 1) with a net value of 14.5 cm from May 2018 to November 

2019. Erosion pin 4 recorded slight overall deposition of 1 cm during the monitored time 

frame. 

 

Figure 5.21 Erosion pin exposure measurements.  

Note: Erosion pin 1 located at BSB berm. Erosion pin 2 located at BSB shoreline. Erosion pin 3 located near BSB piezometer 2 (east). 

Erosion pin 4 located near BSB piezometer 2 (west). 
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Figure 5.22 A) Erosion pin 1 in May 2018. B) Erosion pin 1 (circled in red) in November 

2018. 
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5.2 Statistical Results 

The purpose of statistical analyses was to test for similarities or differences of 

sedimentary variables between the five nearshore cores and amongst samples within 

individual cores. Data used in statistical testing are the results from laboratory analysis. 

Nine variables are used including the various particle-size percentiles Dx (10), Dx (16), 

Dx (25), Dx (50), Dx (75), Dx (84), Dx (90); OM %; and CaCO3 %. Magnetic 

susceptibility is excluded because the laboratory results are for composites of 5-cm 

increments and would thus skew the statistical test results. First, inter-core discriminant 

analysis was done using IBM SPSS 26 statistics software. Discriminant analysis is used 

to determine the probability of group membership based on the mean values of predictor 

variables. In other words, which cores, if any, are similar and to what degree based on the 

tested sedimentary variables.  

For discriminant analysis, it is best to have at least five times as many 

observations as predictor variables. This is possible for the nearshore cores (414 total 

observations), however there are too few bottom sediment samples and piezometer 

borehole sediment samples (30 and 33 observations, respectively) for adequate 

discriminant analysis. An attempt at discriminant analysis was done with the 63 bottom 

sediment and borehole sediment observations, however the results were not conclusive or 

sensibly comparable to results for the nearshore cores. Because of this, statistical and 

laboratory results of the nearshore sediment cores will be compared with only laboratory 

results of bottom sediment samples and borehole sediment samples to infer if correlations 

exist. Several output options are available for selection in SPSS; for this analysis, those 

included are group statistics, eigenvalues, predicted group results, function structure 
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matrix, and function centroid plots. After completion of discriminant analysis, several t-

tests were used to identify significance between two cores using the means of their shared 

variables.  

5.2.1 Inter-core discriminant analysis 

The null hypothesis states that if there is no significance, p values will be less than 

0.05 meaning there is less than 5% probability that a relationship exists between specific 

variables from different groups (cores). To test this hypothesis, discriminant analysis was 

done to determine if there is a relationship between predictor variables and, thus, reveal 

similarities and differences between nearshore sediment cores. An overview of group 

statistics for each core is presented in Table 5.4. 

Table 5.4 Group statistics for sediment cores. 

Core Mean Std. Deviation N 

1 Dx (10)avg 204 135 78 

Dx (16)avg 246 141 78 

Dx (25)avg 298 152 78 

Dx (50)avg 443 189 78 

Dx (75)avg 687 283 78 

Dx (84)avg 833 355 78 

Dx (90)avg 975 425 78 

OM LOI % by weight (g) 0.9 1.2 78 

CaCO3 LOI % by weight (g) 0.3 0.7 78 

2 Dx (10)avg 111 80 87 

Dx (16)avg 150 83 87 

Dx (25)avg 193 86 87 

Dx (50)avg 307 113 87 

Dx (75)avg 537 294 87 

Dx (84)avg 665 378 87 

Dx (90)avg 810 488 87 

OM LOI % by weight (g) 0.8 0.2 87 

CaCO3 LOI % by weight (g) 0.2 0.1 87 

3 Dx (10)avg 47 39 76 
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Dx (16)avg 70 54 76 

Dx (25)avg 100 67 76 

Dx (50)avg 192 97 76 

Dx (75)avg 343 197 76 

Dx (84)avg 464 299 76 

Dx (90)avg 581 398 76 

OM LOI % by weight (g) 1.3 .5 76 

CaCO3 LOI % by weight (g) 0.3 0.2 76 

4 Dx (10)avg 161 45 95 

Dx (16)avg 188 43 95 

Dx (25)avg 223 51 95 

Dx (50)avg 324 94 95 

Dx (75)avg 560 323 95 

Dx (84)avg 733 418 95 

Dx (90)avg 883 503 95 

OM LOI % by weight (g) 0.4 0.2 95 

CaCO3 LOI % by weight (g) 0.1 0.2 95 

5 Dx (10)avg 163 45 78 

Dx (16)avg 190 44 78 

Dx (25)avg 223 45 78 

Dx (50)avg 310 57 78 

Dx (75)avg 463 168 78 

Dx (84)avg 576 251 78 

Dx (90)avg 690 331 78 

OM LOI % by weight (g) 0.5 0.2 78 

CaCO3 LOI % by weight (g) 0.3 0.3 78 

Total Dx (10)avg 138 93 414 

Dx (16)avg 170 98 414 

Dx (25)avg 208 107 414 

Dx (50)avg 316 140 414 

Dx (75)avg 521 285 414 

Dx (84)avg 659 369 414 

Dx (90)avg 793 457 414 

OM LOI % by weight (g) 0.8 0.6 414 

CaCO3 LOI % by weight (g) 0.2 0.4 414 
 

Note: Core 1 is BSB-C-01-1; Core 2 is BSB-C-01-2; Core 3 is BSB-C-01-3; Core 4 is PB-C-02-1; Core 5 is PB-C-02-2. Particle size 

percentile values are in microns. N = number of observations. 
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5.2.1.2 Classification results 

The classification results generated by SPSS are displayed in Table 5.5. Testing 

reveals 56.3% of original group cases were correctly classified, or stated differently, that 

56.3% of the time the correct core was predicted as itself at each observation iteration 

throughout the core. Line one can be read as Core 1 (BSB-C-01-1) being correctly 

predicted as Core 1 thirty-six times, however at nine of the core’s observations it was 

incorrectly classified as Core 2, ten times as Core 3 , twenty-one times as Core 4, and two 

times as Core 5 (n= 78). This is also expressed as a percentage with Core 1 correctly 

being predicted as Core 1 for 46.2% of its observations. Core 4 (PB-C-02-1) had the 

highest rate of correct classification at 74.7%. Core 5 (PB-C-02-2) had the lowest rate of 

correct classification at 39.7%. This information reveals that the cores are not completely 

unique and differentiable given their sedimentary variables at each 1-cm increment. This 

is anticipated because of the test’s assumption for homogeneity of each core using the 

mean of the predictor variables. The correctly classified percentages among Cores 1, 2, 

and 3 from Bon Secour Bay indicate stronger correlation with one another than to Cores 

4 and 5 from Perdido Bay. Similarly, correlation is evident between PB Cores 4 and 5 

and they can be differentiated from the BSB cores. The lowest percent between two cores 

is 0% for Cores 5 and 1, indicating the cores are dissimilar and not likely to be identified 

as the other given their characteristics. The standard for what is considered a “good” or 

acceptable classification percentage relies upon the interpreter. The result of 56.3% 

overall correct classification among all cores in this study implies core to core similarity 

which is understandable being that the cores are from the same depositional environment 
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and the statistical tests assess the cores as five bulks and does not discern the cores by 

depth increments where significant differences may be more apparent. 

Table 5.5 Classification results for nearshore cores. 

Predicted Group Membership 

 Core 
1 2 3 4 5 

Total 

Count 1 36 9 10 21 2 78 

2 13 44 15 7 8 87 

3 1 18 51 3 3 76 

4 3 5 0 71 16 95 

5 0 12 2 33 31 78 

% 1 46.2 11.5 12.8 26.9 2.6 100.0 

2 14.9 50.6 17.2 8.0 9.2 100.0 

3 1.3 23.7 67.1 3.9 3.9 100.0 

4 3.2 5.3 0 74.7 16.8 100.0 

5 0 15.4 2.6 42.3 39.7 100.0 
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5.2.1.3 Eigenvalues 

 Eigenvalues and canonical functions are used to determine where the results for 

discriminant analysis are weighted. The larger the eigenvalue, the more variance the 

function explains in the outcome. A function was formulated based on the best predictors 

for a certain outcome. Referring to the eigenvalues in Table 5.6, Functions 1 and 2 carry 

most of the weight relative to Functions 3 and 4. This is also true with the percent of 

variance for Functions 1 and 2, which together comprise 87.3% of the percent variance. 

Functions 1 and 2 consist of variable predictors reported in the structure matrix in Table 

5.7.  

Table 5.6 Eigenvalues for nearshore cores. 

Eigenvalues 

Function Eigenvalue 

% of 

Variance 

Cumulative 

% 

Canonical 

Correlation 

1 .664 55.8 55.8 .632 

2 .375 31.5 87.3 .522 

3 .107 8.9 96.3 .310 

4 .044 3.7 100.0 .206 
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5.2.1.4 Function structure matrix 

Predictors in each function are considered by absolute size of correlation within 

the function. As displayed in the structure matrix in Table 5.7, the best predictors in 

Function 1 are Dx (10), Dx (16), Dx (25), OM %, and Dx (50) in that order. The best 

predictors in Function 2 are Dx (50), Dx (25), and Dx (16) in that order. If a predictor 

variable has a coefficient less than .500, it is not considered as a best predictor for the 

function. The number of functions is determined by the number of outcomes, less one. 

There are five outcomes possible because the significance of five cores is tested, so there 

are four functions. Function coefficients are comparable to coefficients used in a linear 

regression analysis.  

Table 5.7 Structure matrix for functions. 

Predictor 
Function 

1 2 3 4 

Dx (10)avg -.758* .443 .377 -.087 

Dx (16)avg -.742* .556 .247 -.092 

Dx (25)avg -.713* .646 .182 -.018 

OM LOI % by weight (g) .600* .272 .277 .313 

Dx (50)avg -.578 .745* .106 .245 

Dx (84)avg -.309 .333 -.141 .648* 

Dx (90)avg -.266 .281 -.172 .624* 

Dx (75)avg -.353 .453 -.169 .532* 

CaCO3 LOI % by weight (g) .208 .183 .286 -.528* 

 

Note: Variables ordered by absolute size of correlation within function. * = Largest absolute correlation between each variable and 

any discriminant function. 
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Figure 5.23 is a plot of Functions 1 and 2 for all five cores. Core 1 has the uppermost 

centroid on the plot. Clockwise from the Core 1 centroid is Core 2, Core 3, and 

overlapping Cores 4 and 5. All centroids are in relatively close proximity to each other 

with little spread within the plot. Based on this plot, the centroid overlap of Cores 4 and 5 

indicates they are the most similar compared to other cores. This is as also supported by 

the classification results of predicted group members in Table 5.5. Cores 1 and 3 are 

arguably the most different because of the distance between their centroids along both 

Function 1 and Function 2. Along Function 1, Cores 3 and 4 are the most different, and 

along Function 2, Cores 1 and 4 are the most different. Core 1 has the largest spread 

compared the other four cores, indicating the largest variance within its group. 

 
 

Figure 5.23 Discriminant function plot of nearshore sediment cores. 
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5.2.2 Inter-core t-tests 

T-tests were used to further explain the discriminant function results. Independent 

sample t-tests discern differences between two groups (cores). As previously revealed, 

Cores 4 and 5 are statistically similar, and a t-test with the predictors from Core 4 and 

Core 5 indicates how (i.e., sedimentary variables) they are similar. T-test results for Cores 

4 and 5 are reported in Table 5.12. The significance value from Levene’s Test for 

Equality of Variances was used to test the null hypothesis and determine if group 

variances are equal. If Levene’s test is less than 0.05, then the null hypothesis is rejected 

and equal variances are not assumed. A t-test significance value is then selected when 

assumed equal variance has been determined. If equal variance is assumed for a predictor 

variable, then the top value of 2-tailed significance is used. If equal variance is not 

assumed, then the bottom value is used. Between Cores 4 and 5, the differences are in the 

coarser fraction particle percentiles and CaCO3 content. Table 5.9 reports the t-test results 

for Cores 1 and 4. These two cores are significantly different for all predictor variables, 

except Dx (84) and Dx (90) where results of the t-test fail to reject the null hypothesis. 

Table 5.8 reports t-test results for Cores 1 and 3. CaCO3 content is the only predictor 

variable where results of the test fail to reject the null hypothesis. All other predictor 

variables are not statistically similar. This is supported in the function plot in Figure 5.22 

where the cores’ function centroids are farthest apart. Table 5.10 reports t-test results for 

Cores 2 and 4. These cores have significance values below 0.05 for Dx (10), Dx (16), Dx 

(25), OM content, and CaCO3 content, therefore, there is no statistical similarity in those 

predictor variables and the null hypothesis is rejected. Table 5.11 reports t-test results for 
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Cores 3 and 5. These two cores are statistically different for every predictor variable 

except Dx (90) and calcium carbonate.   
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Table 5.8 Independent sample t-tests for Cores 1 and 3. 

  Levene's Test 

for Equality of 

Variances 

t-test for Equality of 

Means   

  Sig. t Sig. (2-tailed) 

Dx (10)avg 
Equal variances assumed 

0 
9.777 0 

 
Equal variances not assumed 

 
9.886 0 

Dx (16)avg 
Equal variances assumed 

0 
10.163 0 

 
Equal variances not assumed 

 
10.262 0 

Dx (25)avg 
Equal variances assumed 

0.001 
10.381 0 

 
Equal variances not assumed 

 
10.473 0 

Dx (50)avg 
Equal variances assumed 

0.001 
10.349 0 

 
Equal variances not assumed 

 
10.428 0 

Dx (75)avg 
Equal variances assumed 

0 
8.75 0 

 
Equal variances not assumed 

 
8.789 0 

Dx (84)avg 
Equal variances assumed 

0.031 
6.956 0 

 
Equal variances not assumed 

 
6.971 0 

Dx (90)avg 
Equal variances assumed 

0.315 
5.925 0 

 
Equal variances not assumed 

 
5.93 0 

OM LOI % by 

weight (g) 

Equal variances assumed 

0 

-2.84 0.005 

 
Equal variances not assumed 

 
-2.866 0.005 

CaCO3 LOI % by 

weight (g) 

Equal variances assumed 

0 

-0.573 0.567 

 
Equal variances not assumed 

 
-0.58 0.563 
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Table 5.9 Independent sample t-tests for Cores 1 and 4. 

  Levene's Test 

for Equality of 

Variances 

t-test for Equality of 

Means   

  Sig. t Sig. (2-tailed) 

Dx (10)avg Equal variances assumed 
0 

2.89 0.004 

 Equal variances not assumed 
 

2.67 0.009 

Dx (16)avg Equal variances assumed 
0 

3.791 0 

 Equal variances not assumed 
 

3.493 0.001 

Dx (25)avg Equal variances assumed 
0 

4.502 0 

 Equal variances not assumed 
 

4.158 0 

Dx (50)avg Equal variances assumed 
0 

5.38 0 

 Equal variances not assumed 
 

5.069 0 

Dx (75)avg Equal variances assumed 
0.878 

2.73 0.007 

 Equal variances not assumed 
 

2.767 0.006 

Dx (84)avg Equal variances assumed 
0.609 

1.672 0.096 

 Equal variances not assumed 
 

1.699 0.091 

Dx (90)avg Equal variances assumed 
0.481 

1.283 0.201 

 Equal variances not assumed 
 

1.304 0.194 

OM LOI % by 

weight (g) 

Equal variances assumed 

0 

3.546 0.001 

 Equal variances not assumed 
 

3.224 0.002 

CaCO3 LOI % by 

weight (g) 

Equal variances assumed 

0 

2.769 0.006 

 Equal variances not assumed 
 

2.559 0.012 
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Table 5.10 Independent sample t-test for Cores 2 and 4. 

  Levene's Test 

for Equality of 

Variances 

t-test for Equality of 

Means   

  Sig. t Sig. (2-tailed) 

Dx (10)avg 
Equal variances assumed 

0 
-5.22 0 

 
Equal variances not assumed 

 
-5.104 0 

Dx (16)avg 
Equal variances assumed 

0 
-3.827 0 

 
Equal variances not assumed 

 
-3.731 0 

Dx (25)avg 
Equal variances assumed 

0 
-2.867 0.005 

 
Equal variances not assumed 

 
-2.806 0.006 

Dx (50)avg 
Equal variances assumed 

0.017 
-1.112 0.267 

 
Equal variances not assumed 

 
-1.103 0.271 

Dx (75)avg 
Equal variances assumed 

0.887 
-0.497 0.62 

 
Equal variances not assumed 

 
-0.499 0.618 

Dx (84)avg 
Equal variances assumed 

0.692 
-1.143 0.254 

 
Equal variances not assumed 

 
-1.148 0.252 

Dx (90)avg 
Equal variances assumed 

0.634 
-0.985 0.326 

 
Equal variances not assumed 

 
-0.987 0.325 

OM LOI % by 

weight (g) 

Equal variances assumed 

0.202 

14.448 0 

 
Equal variances not assumed 

 
14.393 0 

CaCO3 LOI % by 

weight (g) 

Equal variances assumed 

0.713 

5.157 0 

 
Equal variances not assumed 

 
5.273 0 
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Table 5.11 Independent sample t-test for Cores 3 and 5. 

  Levene's Test 

for Equality of 

Variances 

t-test for Equality of 

Means   

  Sig. t Sig. (2-tailed) 

Dx (10)avg Equal variances assumed 
0.048 

-16.617 0 

 Equal variances not assumed 
 

-16.783 0 

Dx (16)avg Equal variances assumed 
0.099 

-14.859 0 

 Equal variances not assumed 
 

-14.741 0 

Dx (25)avg Equal variances assumed 
0 

-13.167 0 

 Equal variances not assumed 
 

-12.945 0 

Dx (50)avg Equal variances assumed 
0 

-9.247 0 

 Equal variances not assumed 
 

-9.032 0 

Dx (75)avg Equal variances assumed 
0.137 

-3.96 0 

 Equal variances not assumed 
 

-3.924 0 

Dx (84)avg Equal variances assumed 
0.073 

-2.342 0.02 

 Equal variances not assumed 
 

-2.32 0.022 

Dx (90)avg Equal variances assumed 
0.054 

-1.64 0.103 

 Equal variances not assumed 
 

-1.623 0.107 

OM LOI % by 

weight (g) 

Equal variances assumed 

0 

13.576 0 

 Equal variances not assumed 
 

13.081 0 

CaCO3 LOI % by 

weight (g) 

Equal variances assumed 

0 

1.727 0.086 

 Equal variances not assumed 
 

1.738 0.085 
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Table 5.12 Independent sample t-tests for Cores 4 and 5. 

  Levene's Test 

for Equality of 

Variances 

t-test for Equality of 

Means   

  Sig. t Sig. (2-tailed) 

Dx (10)avg Equal variances assumed 
0.697 

0.057 0.955 

 Equal variances not assumed 
 

0.057 0.955 

Dx (16)avg Equal variances assumed 
0.775 

0.015 0.988 

 Equal variances not assumed 
 

0.015 0.988 

Dx (25)avg Equal variances assumed 
0.852 

0.367 0.714 

 Equal variances not assumed 
 

0.368 0.713 

Dx (50)avg Equal variances assumed 
0.051 

1.423 0.157 

 Equal variances not assumed 
 

1.463 0.146 

Dx (75)avg Equal variances assumed 
0 

2.653 0.009 

 Equal variances not assumed 
 

2.751 0.007 

Dx (84)avg Equal variances assumed 
0 

3.214 0.002 

 Equal variances not assumed 
 

3.312 0.001 

Dx (90)avg Equal variances assumed 
0.001 

3.243 0.001 

 Equal variances not assumed 
 

3.326 0.001 

OM LOI % by 

weight (g) 

Equal variances assumed 

0.045 

-1.974 0.05 

 Equal variances not assumed 
 

-1.957 0.052 

CaCO3 LOI % by 

weight (g) 

Equal variances assumed 

0 

-4.369 0 

 Equal variances not assumed 
 

-4.241 0 
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CHAPTER VI – DISCUSSION 

6.1 Transgressive estuarine nearshore sedimentary profile 

The primary objective of this study is to determine if there is an identifiable 

clastic sedimentary profile for actively eroding microtidal estuarine shorelines along the 

transgressing Gulf Coastal Plain. To answer this question, nearshore sediment layers 

from cores are compared to onshore borehole sediment samples to test one hypothesis of 

the study that postulates the source of nearshore sediment is from the adjacent eroding 

shoreline sand. Additionally, sediment from subaqueous bottom samples are analyzed 

with nearshore sediment layers from cores to develop other possible correlations.  

6.1.1 Bon Secour Bay sediment sample correlations 

Statistically, Dx (50) particle size and OM content are two predictor variables that 

control the discriminant analysis functions presented in Section 5.2. The Dx (50) curve 

for BSB-C-01-1 in Figure 5.4 exhibits a semi-homogenous particle size throughout the 

core, ranging from medium to coarse sand with infrequent occasions of very fine and 

very coarse sand. BSB-C-01-1 contains less than 2% organic matter on average. Onshore 

borehole samples from BSB-PZ-01-1, which is the nearest to the BSB-C-01-1 core 

location, are coarse sand for the top 52 cm and contain less than 2% organic matter on 

average. Based on these two parameters (Dx (50) and OM content), it is hypothesized 

that proximal shoreline sediment is being eroded at this location and deposited into the 

nearshore zone.  

Nearshore sediment core BSB-C-01-2 is in deeper water further offshore from 

BSB-C-01-1. The Dx (50) particle size for the more distal core is finer compared to BSB-

C-01-1 and the sandy top portion of BSB-PZ-01-1. This is to be expected as the second 
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core location is closer to the muddy central basin than the first. Organic content for BSB-

C-01-2 is around 1% on average. Examining bottom sediment samples, Sample #16 is at 

a water depth of 0.86 m and is closest to BSB-C-01-2. Sample #16 has a medium sand 

Dx (50) and organic content of 0.7%, which is a closer sedimentological match to the 

entire core of BSB-C-01-2 than BSB-PZ-01-1 sediment is to the core. BSB-C-01-2 

sediment is nevertheless comparable to the onshore borehole sediments, and the fining is 

attributed to transport from a high energy coastline to a lower energy basin environment.  

Core BSB-C-01-3 (Fig. 5.5) and onshore borehole BSB-PZ-01-2 (Fig. 5.11) are 

closely positioned. When comparing their Dx (50), the onshore sediments are coarser 

than core sediments. BSB-C-01-3 Dx (50) is mostly fine sand throughout, whereas the 

borehole sediment is medium to coarse until a depth of around 80 cm. OM is 

approximately 1.5% on average for BSB-C-01-3 and 1% for BSB-PZ-01-2 until the sharp 

sand-OM contact at 82 cm. As with the previous cores, sediment fining is expected along 

the higher-to lower-energy gradient. However, a direct correlation between onshore 

borehole sediment to core sediment at this location is not well supported by the data. The 

closest sedimentological match for BSB-C-01-3 would be bottom Sample #2 from a 

water depth of 0.94 m that has a fine sand Dx (50) and OM content of 0.9%. Similar 

particle-size characteristics are shared with bottom samples collected further from shore 

(i.e. #4 and #13), but OM content is greater in these deeper samples. The borehole 

located in the forested swamp area, BSB-PZ-01-3, is not considered as a possible direct 

sediment source and is therefore not included here. 
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6.1.2 Perdido Bay sediment sample correlations 

Statistical tests reveal that the Perdido Bay nearshore sediment cores (Cores 4 and 

5) are the most similar of all five cores. One onshore borehole at Perdido Bay is used 

with Perdido Bay bottom sediment samples to compare Dx (50) and OM results with PB-

C-02-1 and PB-C-02-2. PB-C-02-1 is dominantly medium sand throughout with sporadic 

increments of fine and coarse sand. PB-C-02-2 is also dominantly medium sand 

throughout with few very fine sand layers. Both cores have less than 1% OM on average. 

The Dx (50) for onshore borehole PB-PZ-02-1 is comprised of medium to coarse sand 

with some very fine sand around 50 cm depth. Organic content in PB-PZ-02-1 is less than 

1% in the top 30 cm followed by a spike to 18.1% at 47 cm, and then returns to below 5% 

for the remaining depth of the borehole. Between the cores and the onshore borehole, the 

Dx (50) particle size indicates that onshore sand is likely the source of nearshore sand in 

the cores. This is further supported because the first 30 cm lacks any appreciable amounts 

of organic matter, and therefore not sourced from the deeper estuary basin. Bottom 

sediment samples in PB are similarly fine to medium, well to normally sorted sand with 

few very fine and coarse occurrences as seen nearshore core sediment. Save for the 

deepest bottom samples collected at the basin shelf margin, OM and calcium carbonate 

content in bottom samples is at or below 1%, which is similar to the abundance found in 

nearshore core sediment. 

6.2 Down-core trends 

When analyzing for down-core trends, BSB-C-01-1 and BSB-C-01-3 show 

sedimentological evidence of a possible ravinement surface toward the bottom of each 

core. These two cores are both approximately 60 m offshore in less than one meter of 
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water. As previously stated, there was difficulty in physically maneuvering the coring 

device through the sediment, so encountering a surface that is characteristically coarse-

grained and contains hard organic matter hash would explain the relatively shallow 

depths for each core (78 and 76 cm, respectively). The presence of medium to coarse 

sand, shell and wood fragments, and coal-peat like matter (especially abundant in BSB-

C-01-3) at the base of these two cores suggests a once high-energy subaerial environment 

that has been buried during a transgressive cycle.  

BSB-C-01-2 exhibits coarsening with depth (or fining upwards) and a decrease in 

sorting quality in the last ~15 cm which could possibly be indicative of a facies change 

from higher energy to lower energy, however the core lacks organic and shell matter in 

the bottom portion that was present in the previous two cores. This does not preclude the 

existence of a ravinement surface in BSB-C-01-2, but it is not as strongly supported as 

the other BSB cores. 

PB-C-02-1 core changes very little sedimentologically with depth. This was the 

deepest core, and perhaps the lack of coarse particles and accessories in the core made the 

high recovery amount possible. 

 PB-C-02-2 is well sorted with a Dx (50) that stays between fine to medium size 

sand throughout the depth of the core and has an occurrence of shell and wood material at 

the base of the core around 75 cm. The lack of coarse particles at the bottom of the core 

with the presence of the organic material does not strongly represent or suggest a facies 

change, but does not eliminate the possibility. The same is true for the absence of a trend 

towards finer grain or any other trend change with depth for the sedimentological 

parameters analyzed. 
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6.3 Sedimentological variability of eroding microtidal estuarine shorelines 

Sedimentological variability of nearshore sediment cores from Bon Secour Bay 

and Perdido Bay could indicate the influence of basin size (i.e., fetch) and fluvial inputs. 

However, after statistical analysis, the strongest longitudinal variation occurs within cores 

from the same estuary (Figure 5.23), not between estuaries as predicted. In Bon Secour 

Bay, cores BSB-C-01-1 and BSB-C-01-3 share no significant similarities, except CaCO3 

content which is not a strong predictor variable as defined by canonical functions (Table 

5.7). Both cores are located equidistant from the shoreline and are 1.2 km apart. BSB-C-

01-1 is coarser by one degree of magnitude and contains 0.5% less OM than BSB-C-01-

3. Nearshore sediment reworking and mixing from storm events could be a possible 

explanation for the variation. Also, the cores are only local samples of a larger body, and 

they are not complete representations of the sedimentology along the dynamic shoreline.  

There is less extreme, but nevertheless significant variation between the Perdido 

Bay and Bon Secour Bay cores as two separate groups. According to the functions plot in 

Figure 5.23, sedimentological variation of PB cores and BSB cores is strongest with 

predictor variables Dx (10), Dx (16), Dx (25), Dx (50), and OM %. Bon Secour Bay 

cores are overall coarser and contain slightly more organic matter content than the PB 

cores. The greater estuarine size and therefore more energetic conditions can be the 

reason for coarser-grained particles in BSB cores. The increased organic matter content 

could be attributed to the larger fluvial input to the Mobile Bay estuary. Cores from BSB 

have layers of silt and Dx (50) for PB cores does not go below very fine sand, which does 

not support the earlier stated hypothesis that expects a similar sand to mud abundance 

between the cores. Again, the reason for this could be the greater amount of fluvial 
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influence to Mobile Bay transporting more silt than the streams contributing to Perdido 

Bay. The sandier beach environment of Perdido Bay produces coarser core sediment due 

to the regional geology lacking fine-grained strata as compared to Bon Secour Bay. 

6.4 Hydrologic response and erosional contribution of shallow groundwater tables  

Piezometer sensors that monitored shallow groundwater table fluctuation indicate 

that levels respond readily to precipitation events. Daily average plots display rapid 

increases in groundwater levels followed by a less rapid recession. In context with the 

sandy shoreline environments, erosion has occurred at BSB-PZ-1-1 (Figure 5.22). Figure 

5.22 A and B were at the same location six months apart. During a precipitation event, 

enough rainfall had infiltrated and caused a rapid water table rise, followed by a slow 

recession even though bank sediments are highly permeable. The drainage channel 

incision likely formed around the same time of this precipitation event. The proximity of 

sea level inhibits percolation, therefore a likely reason for the slow recession of 

groundwater. This supports the hypothesis that coastal erosion is exacerbated when 

groundwater tables rise in a sandy environment. The slope of a bank influences its 

tendency to erode. The shoreline at Perdido Bay is a slightly lower slope than Bon Secour 

Bay and has not experienced the same erosion with fluctuating groundwater tables. Also, 

groundwater response at PB spans a smaller range in level compared to BSB which could 

also be a reason for the slower erosion rates observed at Perdido Bay.   

6.5 Shoreline erosion rate 

Short-term (~1 year) erosion rates along Bon Secour Bay are highly variable 

based on erosion pin measurements (Figure 5.21). All four pins experienced episodes of 

erosion and deposition. Observations from May 2018 to November 2019 indicate net 


