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ABSTRACT

The objective of this investigation was the interpretation of the late Quaternary history of the

northwest Florida margin and the development of a conceptual model for understanding the late

Quaternary evolution of the regional coast and margin. The study area extends from the coastal

Alabama-Florida border eastward to the mouth of the Ochlockonee River. Sea-level history,

paleogeographic and coastal evolution data, paleoclimate data, granulometric data, beach

profiles, sedimentary transport process data, historic charts and maps, subsurface seismic data,

and granulometric data were the primary inputs to the model. Three sites were chosen for further

investigation, including seismic data and vibracore acquisition. Nine vibracores were collected.

Forty-eight sediment samples from the nine vibracores and analyzed for granulometry. The

environments of deposition were interpreted for each site (and vibracore location), based upon

the sedimentary structures found in the vibracores and the suite grain size statistics. Grain-size

analyses indicate that the samples are of riverine origin, and that the source is likely to the east,

probably the Apalachicola River. This supports the idea that the Apalachicola River is the major

source of clastic sediment throughout the Quaternary in this region. Using interactive GIS, the

new and existing data were utilized in the development of a conceptual model incorporating shelf

paleogeography and locations of potential shelf sand bodies. Potential shelf borrow areas were

identified based upon their bathymetric expression and/or prediction of paleoshoreline locations

based upon sea-level history. As a result of the application of the conceptual model to the

northwest Florida shelf, thirteen potential offshore sand features were identified. The

characteristics of each sand feature were examined, including granulometry, color, water depth,

thickness, areal extent, and total sand volume. The model was developed to facilitate the

identification and characterization of shelf sedimentary deposits using the above tools. Many

such deposits may be utilized in the future as sources for beach renourishment projects. Users of

this model should be able to predict where shelf sand bodies may be located, and should be better

able to determine where to focus geophysical and sedimentological field sampling. With the
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understanding of the buried paleogeography of the shelf and its expression in bathymetry, the

conceptual model can aid in interpreting paleogeographic history within an area of interest. Such

information can be valuable as a supplement to the sea-level history for the area. Using all of

these elements -- a reliable conceptual model, a solid understanding of the paleogeography and

sedimentary processes of the area, and a comprehensive GIS database -- researchers will be able

to identify and characterize offshore sediment bodies for more intensive study, both for geologic

investigations and for coastal renourishment projects.



1

CHAPTER 1

INTRODUCTION

Statement of Problem

The objective of this investigation is the interpretation of the late Quaternary history of the

northwest Florida margin and the development of a conceptual model for understanding the late

Quaternary evolution of the regional coast and margin. The study area extends from the coastal

Alabama-Florida border eastward to the mouth of the Ochlockonee River (Fig 1.1). Sea-level

history, paleogeographic and coastal evolution data, paleoclimate data, granulometric data, beach

profiles, sedimentary transport process data, historic charts and maps, subsurface seismic data,

and granulometric data were the primary inputs to the model. The model was developed to

facilitate the identification and characterization of shelf sedimentary deposits, many of which

may be utilized in the future as sources for beach renourishment projects. Users of this model

should be able to predict where shelf sand bodies may be located, and should be better able to

determine where to focus geophysical and sedimentological field sampling. With the

understanding of the buried paleogeography of the shelf and its expression in bathymetry, the

conceptual model can help to interpret paleogeographic history within an area of interest. Armed

with such knowledge, a researcher can begin to reconstruct a sea-level history for the area.

This project was funded by URS Corporation, Inc. (URS) under contract with the Florida

Department of Environmental Protection Bureau of Beaches and Coastal Systems (BBCS). The

author was involved in every stage of the project except where noted in the discussion.
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Figure 1.1: Study area in Northwest Florida (includes critical erosion areas in red, from

Clark, 2002.) Figure created using online GIS website (URS, http://ross.urs-tally.com).

Geologic Background

Evolution of the Florida Panhandle Coast

There have been a number of published studies of the evolution of the northeastern Gulf of

Mexico, including the northwest Florida panhandle coast. The late Quaternary geologic history,

however, is relatively unexplored, especially for the region between Mobile Bay, Alabama and

the Apalachicola River in Florida (Fig. 1.1) (McBride, 1997).

The eastern portion of the study area of this project includes the Apalachicola River, Delta, and

Bay, all parts of Florida’s longest river system, with a watershed encompassing much of Georgia
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and Alabama (Fig 1.2). The evolution and migration of the Apalachicola River system

throughout the Quaternary has not been extensively investigated. Even less information exists

for the regions of northwestern Florida, which lie between the Apalachicola Delta and Mobile

Bay, Alabama. The paleogeographic evolution of the panhandle is tied closely to changes in sea

level (Donoghue, 1993). Relict shoreline deposits of previous sea-level high- and lowstands can

be seen onshore and in both the nearshore and offshore portions of the coast (Fig 1.3).

The Apalachicola River has been the major contributor of clastic sediment to the panhandle coast

throughout the late Quaternary (Donoghue, 1993). It also was the driving force for the creation

of the relict features associated with Quaternary paleoshorelines through the progradation and

migration of the Apalachicola Delta and Bay in the northeastern portion of the Florida panhandle

(Schnable, 1966) (Fig 1.2). The majority of the discussion of this topic will concern the

Apalachicola River system, which includes the watersheds of the Flint, Chattahochee, and

Apalachicola Rivers. The western portion of the panhandle is influenced by smaller river

systems, which include (from west to east) the Perdido Bay System, the Pensacola Bay - Santa

Rosa Island System, and the East Choctawhatchee Bay System (Fig. 1.4) (Locker and Doyle,

1992). The Perdido Bay System includes the Perdido and Escambia Rivers (shown in Fig. 1.1).

The Pensacola Bay - Santa Rosa Island System is related to the paleo-Escambia-Yellow River or

the paleo-Choctawhatchee River system. It is likely, however, that the Santa Rosa Island System

and the East Choctawhatchee System were originally parts of one larger fluvial system (Locker

and Doyle, 1992). The East Choctawhatchee Bay System includes the Choctawhatchee River

(Fig 1.4).

Sedimentary Processes

The Panhandle coast of northwest Florida is a moderate- to low-energy coast (Tanner, 1961;

Schnable, 1966; Donoghue and Tanner, 1992). According to Tanner (1961), the energy levels

along the shoreline are lowest in the east and increase westward across the panhandle. The

northeastern Gulf of Mexico is characterized by microtidal conditions with an average tidal

range of 0.4 m (McBride et al., 1999). Mean inner-shelf current direction is westward, which is

consistent with wind-driven flow (Dinnel, 1988). The panhandle coast is dominated by one large
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Figure 1.2: Apalachicola River watershed, including the Flint and Chattahootchee Rivers,

Northwest Florida Water Management District:

http://www.state.fl.us/nwfwmd/rmd/swim/apachicola.htm.
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Figure 1.3: Paleogeographic features of the northwest Florida coast and margin, including
paleoshoreline deposits. (URS, http://ross.urs-tally.com)

Figure 1.4: Eastern portion of Florida Panhandle showing trackline coverage of high-

resolution single-channel seismic data (solid lines) and surface grab sample coverage (dots).

Trackline spacing is 3.2 km (2 miles). The thick solid lines refer to cross-sections not used

in this discussion. Figure from Locker and Doyle, 1992.
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river, the Apalachicola River (see Chapter 4). Due to the relatively low amount of sediment

being discharged from the Apalachicola River, the panhandle coast of northwest Florida is

presently considered sediment-starved. According to Donoghue and Tanner (1992), this coast

has been tectonically stable for the long-term, has a generally concave-seaward coastline, a wide,

low-gradient shelf (~0.3 m/km), and has an absence of long fetch for wave development. Due to

its physical characteristics, the northeastern Gulf of Mexico and the Panhandle region affords

virtually undisturbed examples of the major sedimentary subenvironments present in the area,

including fluvial deltaic, coastal, inner shelf, and fluvio-karst environments.

Hypotheses

This project was developed in order to test several hypotheses regarding the evolution of the

northwest Florida coast and shelf, and of low-energy, passive margin shelves in general:

1. A conceptual model can provide an effective tool in understanding the geologic evolution

of low-energy shelf regions.

a. A conceptual model can be effectively used to characterize and identify sand

sources using data from sea level, granulometry, geologic structure, coastal

evolution, paleogeography, and sedimentary processes.

b. The paleogeography and evolution of the northwest Florida coast can be used as

tools for predicting and locating the position of sand bodies on the shelf.

2. There is a single definable late Quaternary sea-level history for the Northeastern Gulf of

Mexico.

a. Existing sea-level data sets may be compiled to reveal the sea-level history of the

NE Gulf of Mexico
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b. Florida sea-level history is unique in comparison with that of the western Gulf of

Mexico and may be an accurate reflection of global sea-level history for the late

Quaternary.

c. There is a single late Quaternary sea-level history, which can be applied to the

entire northeast Gulf coast.

3. An understanding of the sedimentary processes on a passive margin is essential for

interpreting the evolution of the coast.

a. The principal sedimentary processes acting on the northwest Florida coast and

nearshore region are readily identifiable.

b. There is a principal sedimentary transport process that can be identified for the

purpose of locating sand sources in northwest Florida.

c. There is one identifiable and quantifiable sedimentary parameter that can be a

unique indicator for the identification of sand sources for beach renourishment

use.

4. A comprehensive GIS can be developed into a powerful tool for the identification and

characterization of shelf sediment deposits.

a. A comprehensive GIS can be used to identify and characterize shelf deposits.

b. There is a hierarchy of information that needs to be included in a GIS for

identifying shelf sand sources.

5. The dominant sedimentologic agent acting on the northeastern Gulf of Mexico margin is

fluvial processes.

6. Paleofluvial and paleoshoreline features will be concentrated in areas where the paleo-

rivers were larger and/or more numerous, and where the shelf slope is steeper.

Methodology

The methods that have been employed in this project are of several types, depending upon the

type of data to be collected and analyzed. Both original and existing data were collected and
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incorporated into a comprehensive database. The author was involved in the process every step

of the way through work alone or with the group of investigators for this project, except where

noted in the discussion. A literature search was completed to collect historical, seismic and

sediment data. New data collection, in the form of seismic, vibracore, and sediment sampling,

was completed and compiled with the existing data into a database, as will be described below.

Collection and Compilation of Existing Data

To initiate this project, a comprehensive literature search was carried out to compile all of the

existing data on the northwest Florida coast, including, but not limited to: its paleo-shorelines,

paleogeography, geologic evolution, sedimentology, sediment transport processes,

renourishment history, and sea-level history. Data collected from the various studies of the

northwest Florida coast include: subsurface seismic data, geoarchaeological data, borehole data,

core sample data, and grab sample data. Sediment-related data sets include radiocarbon ages,

oxygen isotope data, and palynologic analyses. Bibliographic references were compiled into an

annotated bibliography, which has been periodically updated as new data have become available.

Development of a Database

All of the information utilized in this project has been incorporated into a web-based GIS,

employing an ORACLE database, ArcIMS (Arc Interactive Map Server), and ArcView. This

GIS allows the user to overlay layers of information one at a time for the purpose of identifying

trends in the large data set. This tool can then be coupled with ArcIMS to create working

interactive maps of various features, depending on the user’s needs. The ability to overlay the

data allows the researcher to identify any patterns in the locations of sand bodies and other

subsurface features, and the relationships among the various types of information (Donoghue et

al., 2003; Koch et al., 2001; Niedoroda et al., 2002). Being able to overlay pieces of information

also aids in the understanding of the regional paleogeography and the geologic evolution of the

coast. The conceptual model has been developed using the GIS tools. The information used as

input in this model is described below.
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Identification of Major Sedimentary Processes

Identification of the major sedimentary transport processes acting on the northwest Florida coast

allows for better understanding of the sedimentary features seen on the inner and mid-shelf.

Understanding the processes by which sediments have been transported to the shelf allows for a

better understanding of the evolution of a coast and margin. Comparison of the panhandle coast

of Florida to other coastal regions exhibiting similar sedimentary transport processes additionally

enhances the understanding of the evolution of the panhandle coast and its features.

Paleogeographic Data Collection

Understanding the evolution of the northwest Florida coast aids in the identification of offshore

sand bodies, some of which may eventually serve as borrow areas for beach renourishment

projects. Knowledge of the location and relationships among relict beaches, shoals, beach

ridges, and dune fields allows research to be focused in certain areas rather than searching

randomly across the shelf for sand sources. A large body of information concerning the

paleogeography and evolution of the northwest Florida coast was assembled in the initial

literature search by the author. Subsurface seismic data constituted most of the published

information. Additional shallow seismic data and core samples were collected as part of this

investigation and used to identify additional paleogeographic features.

Compilation of Sea-Level History

In order to understand the paleogeography and evolution of the NW Florida coastal region, sea-

level history must be carefully considered (Koch et al., 2001). All known data that apply to

Florida sea level have been compiled in a database for this project. The data set comprises

mainly radiocarbon data. As much information about the data as possible is included in the

database, including the location of samples, the type of material dated, the dating method, the

reported ages, the means of calibration (if any), or the quality of the data. Some data were

discarded based on their location, the type of sample dated, and lack of background information.

The combined data set has been plotted to reveal the detailed sea-level history of this region of

the Gulf of Mexico. When possible, data are compiled from original data tables rather than
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being interpreted from published sea-level curves. This investigation also included an

examination of the background of the data to determine whether they are applicable to the

Panhandle coast. Paleoshoreline indicators that have been identified in the literature are included

in the database in order to better constrain the sea-level history. Paleoshoreline features offer a

range of depth to help define the sea-level history. The main goal of the sea-level study is to

compile and reinterpret sea-level data. This allows for the construction of a sea-level curve

better fit to the northeastern Gulf of Mexico than the published curves for the northwestern and

central Gulf currently in use.

Sediment Samples

Most of the data for the sediment sample database were found during the literature search. The

database currently holds information on over 3,700 sediment samples in the Florida panhandle

coast. The existing data consisted primarily of offshore samples, and included data on both grab

and core samples. The data were compiled and incorporated into several layers of the GIS (Fig

1.5). Additional new samples were collected or obtained for this investigation, primarily to fill

gaps in the regional data coverage. These additional samples were analyzed for grain size, and

the information examined to obtain additional data points for inclusion in the database. A full

discussion and interpretation of the sediment data is presented in Chapter 4.

Subsurface Seismic Data

Subsurface seismic data were compiled from various sources in order to identify buried paleo-

features, discussed below. In the field portion of this project, seismic data were collected to fill

in gaps in the pre-existing data coverage. The majority of the seismic data used in this project

was obtained from FSU Coastal Geology Laboratory data sets and similar sets from Dr. S.

Locker, Department of Marine Science, University of South Florida. The seismic data were

incorporated into the GIS database (Figure 1.5). Some of the seismic data from FSU were

compiled and analyzed by Chen (1999) to identify sand thicknesses across the eastern panhandle

region, along with major near-surface paleofeatures, including channels, shoals, and karst

topography.
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(A)

(B)

Figure 1.5: Sediment (grab and vibracore) samples and seismic trackline data for the

western (A) and eastern (B) portions of the northwest Florida coast. Figure created using

online GIS website (URS, http://ross.urs-tally.com).
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Original Data Collection

This investigation included field and laboratory investigations in order to ground-truth the

conceptual model and fill gaps in the existing data for the Florida panhandle coast. Once

existing data had been compiled and data gaps were identified, additional seismic data,

vibracores, and grab samples (beach and nearshore) were collected. The seismic data were then

analyzed in the laboratory to identify buried paleofeatures, possible sand sources, and the

characteristics of both. Granulometric analyses were then carried out on the

vibracore and grab samples by both the author and SEA, Inc., in order to provide data useful for

sediment transport and environmental interpretation. These data are discussed in detail in

Chapter 5.

Offshore Seismic Profiling and Vibracore Collection. The field component of this project

also included the acquisition of seismic data within the data gaps and where more information

was needed in order to better identify paleofeatures. The field work (seismic profiling and

vibracore collections) was conducted by URS under contract of BBCS. The author was involved

in the planning for the field work and all work done after the collection, including laboratory

work and interpretation of data. While the seismic data were being collected, sites were

identified for vibracoring. The seismic data was interpreted by the group, but the vibracores

were split, logged, and sampled by the author and Lyle Hatchett (URS) at URS facilites. The

grain size analyses were completed by SEA, Inc. The raw data were then entered, worked into

the appropriate plots and statistics, and interpreted by the author. Seismic interpretation allows

for better understanding of the paleogeography and the geometry of offshore sand bodies. The

vibracore information also helped to further identify paleofeatures and shelf deposits, as well as

to add to the growing database of sediment samples.

Onshore Sediment Sampling. In addition to the offshore work, sediment samples were

collected along the northwest Florida beaches (Fig 1.6). Only in rare cases were there existing

beach sample data to include in this project. The few stretches of beach that had been sampled

typically included one sample in the nearshore or one sample on the berm, which were then used

as representative of the sedimentology of the complete beach. Beach sediment sample locations
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were chosen from the data gap areas and were based on the location of the Florida Department of

Environmental Protection Critical Erosion areas (Clark, 2002), previously identified borrow

areas, and areas that have not previously been renourished. The sites were chosen by the group

and the data collected on multiple trips by Lyle Hatchett (URS), Kenji Butler (FSU) and the

author. Fifteen sample transects (at seven locations) were taken along three stretches of the

coast. The seven locations are shown in Figure 1.6. Each site was represented by four transects

for a total of twelve transects, with the remaining three determined once the area had been

observed and determined to need an additional sample transect. Typical transects included six

samples, one each at the dune foot, berm top, berm foot, swash zone, first trough, and first bar

crest. A 60-gram sample was taken at each site. Each stretch was located using a hand-held GPS

unit. These samples are discussed in later chapters.

Figure 1.6: Location of native beach sample transects (green dots) collected for this project
(URS, http://ross.urs-tally.com). The blue lines are non-critical erosion areas and the red

lines are critical erosion areas as designated by Clark (2002).
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Laboratory Analyses

Once the fieldwork was concluded, laboratory work was carried out, in which the sediment

samples were sieved using standard methods, including a Ro-Tap mechanical sieve shaker, and

analyzed for sediment grain size. The sieving was carried out by both the author at the FSU

Coastal Laboratory and SEA, Inc., on quarter-phi intervals. The details of the process used for

analyses is included in Chapter 5. The information was then entered by the author into a

customized granulometry program (GRANPLOT) which was developed and published as part of

this project (Balsillie et al., 2002). The result was determinations of mean and median grain size,

sorting, and other statistical measures, plus plots of frequency diagrams and cumulative curves.

These new data were then input into the GIS database. Interactive GIS work then incorporated

the new and existing data in the development of a conceptual model of the shelf paleogeography

and locations of potential shelf sand bodies.

Goals of This Investigation

The primary goal of this work was an improved understanding of the evolutionary history of the

northwest Florida coast, including a detailed interpretation of the late Quaternary sea-level

history (Chapter 2) and its effect on Quaternary paleogeography (Chapter 3). The resulting

conceptual model (Chapter 6) was developed with the goal of enhancing the understanding of the

evolution of the coast and to serve as a tool for identifying and characterizing shelf sand

deposits. While the general pattern of late Quaternary sea-level change is understood on a global

scale, a much-improved understanding of the detailed regional sea-level history of northwest

Florida and the northeastern Gulf of Mexico was the desired outcome of this research (Chapter

2). Some of the pitfalls associated with sea-level dating have also become better understood,

allowing future researchers to better appreciate the potential errors associated with such data.

Using the conceptual model and an enhanced understanding of the Quaternary evolution of the

coast, sedimentary processes acting on this coast can be more readily identified and quantified

(Chapters 4, 5, 6, and 7). It can also be more readily determined whether the processes acting
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today are similar to those that shaped the coastline during the Quaternary. This leads to a better

understanding of the sedimentary processes that created the paleofeatures we see on the shelf

today. All of the information resulting from this project has been incorporated into the GIS

database in order to better understand the evolution of the coast, to better interpret the

paleogeographic features, and to aid in the identification and characterization of shelf sand

bodies (Chapter 7).
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CHAPTER 2

SEA-LEVEL HISTORY OF THE NORTHEASTERN GULF OF MEXICO

Introduction

Sea-level fluctuations in the Gulf of Mexico are the result of a number of global (eustatic) and

local factors, including regional tectonics, isostacy due to sediment, water and ice loading, and

glacial growth and melting. Global sea level has been generally rising throughout the Holocene,

an event termed the Holocene Marine Transgression. The northern Gulf of Mexico area has not

been tectonically active during the Holocene. Therefore, the effects of continued glacial melting

have been the predominant influences on sea level. Sedimento-isostasy is locally important in

the Gulf of Mexico, as the lower reaches of major river valleys are incised during a regression

and then infilled with sediment during a transgression. Delta-building also adds to the

sedimento-isostasy of local areas. Change in local accommodation space (or changes in water

depth in which sedimentation occurs) is one result of changes in tectonics, subsidence, sediment

loading, and riverine processes that occur throughout the study area. Because the global

influences on sea level are an addition to the local influences in the Gulf of Mexico, especially

the northeastern Gulf of Mexico, it became evident through this investigation that a regional sea-

level curve needed to be created.

In order to create a sea-level curve, dates must be obtained for samples that have an identifiable

depth range and environment within the coastal system. Radiocarbon, luminescence dating, and

uranium/thorium dating are the principal methods for dating sea-level samples. In the Gulf of

Mexico, samples that can be dated include peat, mollusks, wood, and archaeological material.

The most common sources of data are estuarine species, such as oysters (most often Crassostrea
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virginica) and clams, typically Rangia cuneata. The CaCO3 of the shells of these organisms can

be dated using radiocarbon methods to obtain a date for the formation of the shell (actually the

time when the organism died). These data, along with the knowledge of the water depths in

which these organisms live, allow the creation of sea-level curves. Wood and other

archaeological evidence can also be dated with radiocarbon to obtain the same sort of

information. Some assumptions must be made in the lab. Errors in this method can be

minimized, but always present potential pitfalls. These potential error sources will be discussed

later in the chapter.

Sea level is a major driving force in coastal evolution. Relative sea level has both a local and

global component. These factors will be discussed in more detail below. When relative sea level

rises, sufficient sediment supply must be present in order to maintain a coastline by filling the

newly created accommodation space. If the sediment supply reaching the coast is sufficient, the

coastal sediment facies will often translate landward with the rising sea level. In some cases,

high sediment supply will allow for maintenance or in-place progradation of new coastal

sediment facies when sea level is rising. For this to happen, the rate of sediment supply to the

area must be able to counteract the rate of sea-level rise. If the sediment supply is insufficient to

fill the newly created accommodation space or sea-level rise is rapid, the coastal sediment facies

may simply roll over on themselves and migrate landward. This often occurs in situations where

barrier islands are allowed to roll over landward by reworking themselves landward. If the

sediment supply is not sufficient and the rate of sea-level rise is more than the coast can keep up

with, a coastal feature may simply be drowned in place and essentially preserved, creating a

paleoshoreline feature. Paleoshorelines will be discussed later in this chapter.

Often, as seen around the Gulf of Mexico, subsidence and fluid withdrawal by human activities

play a large part in local (relative) sea level. Such is the case in parts of coastal Texas and

Louisiana (Van Heerden and Roberts, 1980; Penland et al., 1988). In the panhandle region of

Florida, fluid withdrawal is not an issue, but subsidence may occur for other reasons. This takes

place mainly in areas near deltas, such as the Apalachicola and Mississippi River systems.

Subsidence alone can create a rising local relative sea level. Couple this with rising global sea
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level and the relative rise is often enough to cause rapid coastal retreat or overstepping of coastal

lithosomes, leaving paleo-shoreline deposits on the inner shelf.

The shelf gradient can also influence the effects of sea level, by allowing differing retreat rates

for different shelf gradients. On a low-gradient shelf, such as the shelf off the panhandle of

Florida, a rise in sea level has a greater effect than on a high-gradient shelf. In other words, a

one meter rise in sea level on a low-gradient coast (e.g., 1:1000) may cause the shoreline to

retreat 1 kilometer from the coast, whereas on a high-gradient coast (e.g., 1:100) the same

amount of sea level change may cause the shoreline to retreat only one hundred meters landward.

This means that in areas such as the Florida panhandle, with its low coastal gradients, a small

rise in sea level can cause the drowning of large areas of the coastal plain.

Factors Controlling Sea-level Fluctuations

The major controls on sea level can be split into long-term and short-term factors. Eustatic

changes are those that affect global sea-level. Isostacy refers to those changes in the lithosphere

due to various factors, discussed below, that lead to changes in local seal level. The long-term

factors include juvenile water, tectono-eustasy, and sedimento-eustasy. Juvenile water is a very

small factor, involving the production of water by volcanic outgassing. It affects global water

volume. Volcanic outgassing is no longer a major source of oceanic water. Juvenile water is,

therefore, not an important factor in sea-level change. Tectono-eustasy is a major factor in long-

term global sea-level change. This factor is controlled primarily by the change in size and shape

of mid-ocean ridges, which is caused by changing spreading rates. Tectono-eustasy is one of the

two most important factors of sea-level change, along with glacio-eustasy. Sedimento-eustasy is

controlled by the sediment infilling of ocean basins. This affects the volume of the basin and,

therefore, causes a rise or fall in sea level. Its effect is relatively small.

The moderate to short-term factors controlling sea level include glacio-eustasy, thermal effects,

glacio-isostasy, hydro-isostasy, and sedimento-isostasy (Pirazzoli, 1991). Glacio-eustasy is the

second of the two most important factors controlling sea-level changes. Glacio-eustasy is the

advance and retreat of glaciers. This directly affects global water volume. Thermal effects refer
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to the heating and expansion of surface ocean water, which also affects global water volume.

Thermal effects are of moderate magnitude compared to the large magnitude affects of tectono-

and glacio-eustasy. Thermal effects are considered to be the cause of approximately 60% of the

sea-level rise due to the greenhouse effect (IPCC, 2001). Glacio-, hydro-, and sedimento-

isostasy refer to the local variations in sea level due to regional downwarping/upwarping

resulting from glacial, water, and/or sediment loading/unloading of the shelf. These factors

affect the basin volume and can be a large factor, but only locally.

Development of Sea-Level Curves

Sea-level curves are presentations of data collected for a specific purpose: to show details of the

history of rise and/or fall of sea level in a given region. Researchers collect samples, mainly

offshore, which will yield a date. The sample must contain carbon in some form in order to be

dated by radiocarbon methods. Various other methods are also used, including uranium/thorium

dating. These two methods are the most commonly used for Quaternary dating. Most of the

radiocarbon dates available in the literature are from shell samples. That shell is presumed to

have been found in place, or in its living environment. Errors introduced from reworking and

transportation are difficult to identify. Estuarine species, such as oysters, mainly Crassostrea

virginica, and other mollusks, such as Rangia cuneata, are the chief source of datable material

(Schroeder et al., 1995), especially in the northeast Gulf of Mexico. A wide range of other

mollusks living in the coastal system with identified depth ranges are potentially useful for this

purpose. The key is that the sample has a known depth range and is found growing in place.

Once a researcher has dated samples, a curve can be generated. There are a countless number of

global and local curves that have been created (Curray, 1960; Bloom, 1971; Frazier, 1974;

Holmes and Trickey, 1974; Fairbanks, 1989; Pirazzoli, 1991; Bard et al., 1996; Chappell et al.,

1996; Siddall et al., 2003; Balsillie and Donoghue, 2004). Some of the curves applicable to the

Gulf of Mexico, and specifically the northeast Gulf of Mexico, will be discussed below.

The total error in a radiometric date arises from several different sources. There is an error

introduced by the depth range at which a particular organism lives. Organisms in estuarine

environments, for example, may have a depth range of more than 5 m, although the range is
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substantially less in the Gulf of Mexico estuaries. Organisms such as coral and oysters tend to

live on reefs that can grow only within about 5 m of the water surface. Errors may also be

introduced when sampling. A sample may or may not have been reworked, and therefore the

researcher must be especially careful in choosing samples. Analytical errors within the dating

method can also be large. Analytical errors of hundreds of years are not uncommon. When

using older sea-level data, the user must try to determine how the author created the curve.

Curves were in some cases hand-drawn (e.g., Newman et al., 1987) and are therefore already

interpreted by someone, introducing errors in interpretation. According to Newman et al. (1987),

the researcher often has a preconceived notion as to what the curve should look like and what it

should show. This then introduces additional error as the researcher drawing the curve tries to

force it to fit his hypothesis. Anyone looking at a sea-level curve must also try to identify why

and where the samples used were chosen. It is also necessary to keep in mind that a “global”

curve should not be applied indiscriminately to a local area; most local sea-level curves should

not be applied globally or even to another adjacent region. Figure 2.1 from Newman et al.

(1987) exemplifies the wide range of relative sea level data.

Error may also be introduced when the local effects are not completely and accurately identified.

Variations due to subsidence and fluid withdrawal in an area, such as portions of the Louisiana

and Texas Gulf Coasts, can be hard to quantify. Extracting the local variations in relative sea

level from tide gage data is not a small undertaking. In an area with a large amount of

sedimentation, local sea level must be considered carefully. Downwarping from sediment

loading, such as delta building, must be identified and quantified as closely as possible in order

to separate the local isostatic and global eustatic effects. Local tectonics and glaciation in an

area can greatly affect the shape of a sea-level curve. The periglacial bulge is an example of a

local concern that can greatly affect the drawing and interpretation of local sea level. As glaciers

advance, the land surface underneath the glacier is depressed due to isostatic adjustment within

the mantle and lithosphere. Peripheral to the glacier, the land surface is raised (periglacial bulge)

due to lithospheric flexure. The location of the bulge changes as the glacier advances and

retreats (Douglas and Peltier, 2002). This can cause local sea level to fall or rise, depending on

its position relative to the periglacial bulge.
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Figure 2.1: Demonstration of the wide range of late Quaternary sea-level data (Newman et

al., 1987). The large amount of variation is accounted for by the wide geographic

distribution of the data, as well as the variation resulting from dating various materials

(such as peat, muds, carbonates of different forms, and wood).

Previous Sea-Level Studies for the Gulf of Mexico

There are a large number of sea-level curves that have been created for global use. The problem

with the global curves is that they do not necessarily apply to a given local area. Global curves

are not often used in application concerning the Gulf of Mexico because some regions of the

Gulf experience a large amount of subsidence, delta-building and destruction, and fluid

withdrawal through oil and gas activity. All of these factors can cause differences between

global sea level changes and local relative sea level changes. Shepard (1960) pointed out the
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differences in sea level among samples of the same age from various stable coasts around the

world.

Even within the Gulf of Mexico, sea-level curves cannot be used for the entire length of the

coast. One main reason is the Mississippi River and its large number of paleo-deltas. Each time

the Mississippi River changes course, a new delta is built and the old one erodes and subsides.

This sequence, accompanied by fluid withdrawal, causes sea level to rise quickly in one area of

Louisiana, for example, while relative sea level appears to fall, or remain constant, in other areas.

Thus, data from Louisiana and the areas influenced by the ever-changing Mississippi River

cannot be directly compared to other areas of the Gulf Coast. This presents a problem for the

Gulf Coast of Florida. The Louisiana and Texas coasts and shelves have been intensively

studied for the purpose of oil and gas exploration. Florida, however, has not been very well

investigated. Florida should be more stable (or less affected) by the deltaic variability seen in

Louisiana and Texas, and does not see the changes due to fluid withdrawal.

Paleoshorelines and delta/barrier island retreat paths (Schnable and Goodell, 1968) can be

observed offshore of the present Apalachicola River as examples of the changing Apalachicola

River (Fig 2.2). The remaining Gulf Coast of northwest Florida is mainly barrier beach, with

some estuaries, inlets, and coastal marsh. These beaches are greatly influenced by sea level. The

loss of beaches and the need to nourish them is one of the principal reasons for various studies

underway offshore in northwest Florida, including this one. Previous studies are being reviewed

for granulometry, geometry of sand bodies, and ages of deposition. The dates are the principal

focus for sea-level studies. All available dates have been sorted during this investigation for

relevance in order to create a new sea-level curve, for the northwest coast of Florida. The

remaining portion of this section presents a number of sea-level curves accepted globally and

locally for the northwest coast of Florida. Their relevance to the northwest Florida coast is

discussed.

The earliest relevant curve is that of Curray (1960), which was based upon samples from the

Texas and Louisiana shelf. This curve applies particularly well to the Texas and west Louisiana
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Figure 2.2: Map of the surface geology of the western panhandle of Florida, showing some

of the major geomorphologic features (Schnable, 1966).

coasts. Curray (1960) chose this area of the Gulf because it is assumed to be tectonically stable

(Curray, 1960; Shepard, 1960). Curray (1960) chose to obtain radiocarbon dates on the shells of

organisms that lived near the shoreline because they give approximations of the time when sea

level stood at that level during the transgression. Curray (1960) chose not to include dates from

east of longitude 93 because of the subsidence associated with the Mississippi River. He also

rejected samples for various reasons, including possible reworking, misidentifications, and

changing knowledge of depth ranges. Curray admitted that a sea-level curve could not be drawn

from these few dates alone due to the uncertainties in age and depth range, and chose to use other

forms of data to aid in the drawing of the curve.

Shepard (1960) developed a sea-level curve showing the radiocarbon ages and depths of samples

from tectonically stable coasts, namely the northwest Gulf of Mexico, and how they differ from

region to region. His curve shows that even on tectonically stable coasts, there is some
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difference in the rate of rise of sea level. Not all of these coasts experienced sea level only below

present during the Holocene. Shepard (1960) noted that this may be due to the lack of reporting

of errors on this curve and that some of these coasts may actually be not completely stable

tectonically.

Frazier (1974) produced a sea-level curve for the northwestern portion of the Gulf of Mexico,

namely the Texas and Louisiana coast. Figure 2.3 shows his curve, constructed from

radiocarbon dates from peat, mollusks, and pelecypods. One aspect of this curve that causes it to

stand out from the others is the appearance of five stillstands during the Holocene: 48 fathoms

(87.7 m) at 18.5 to 15.5 ka BP, 29 fathoms (53 m) at 13.5 to 12 ka BP, 23 fathoms (42.1 m)

Figure 2.3: Gulf of Mexico sea-level curve for the last 40,000 years (Frazier, 1974). Note

that the pre-20 ka highstands in the Frazier (1974) curve are based on sparse data, and are

not supported by other sea-level histories.
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at 11 to 10.5 ka BP, 9 fathoms (16.5 m) at 10 to 7.5 ka BP, and 2.7 fathoms (4.9 m) at 2-4 ka BP.

Frazier (1974) states that these stillstands are evidence that the surface sands he studied on the

continental shelf are relict shoreline deposits that formed during times of temporary stillstands.

Note that the pre-20 ka highstands in the Frazier (1974) curve are based on sparse data, and are

not supported by more recent sea-level histories. More recent global sea-level studies for this

period (e.g., Bintanja et al., 2005) indicate that sea level rose globally during the period of

approximately 60 –30 kyr BP, the approximate period of oxygen isotope stage 3, but were still

far below present levels.

Frazier’s (1974) sea-level curve applies roughly to Florida, as paleoshorelines can be observed

on the Florida shelf (McBride et al., 1999) at or near the depths Frazier identified on the Texas

shelf. McBride et al. (1999) hypothesized that the northeastern Gulf of Mexico has evolved

through a seven-stage shelf evolution model, which includes two still-stands at roughly -31 m

and –6 m. Curray (1960) identifies a stillstand on the Texas shelf at 65.5 m. Parker and Curray

(1956) identified stillstands from zones of coral development on the Texas shelf at 16.5 m, 58.5

m, and 87.8 m. These match three of the five Frazier (1974) stillstands mentioned earlier.

Ballard and Uchupi (1970) identified 5 stillstands in the northeastern Gulf of Mexico using

bathymetric features they determined to be paleoshorelines. Two of these five, 20 m and 60 m,

compare to stillstands identified by Frazier (1974). A 60 m stillstand was also reported by Gould

and Stewart (1956) using oolitic and algal sands, and by Ludwig and Walton (1957) using reef

growth. Fluctuating sea levels, above and below present, are suggested in the Gulf of Mexico,

based on evidence from various northern Gulf of Mexico sites (Morton et al., 2000; Blum et al.,

2002; Balsillie and Donoghue, 2004; Stapor and Stone, 2004). Schnable and Goodell (1968) and

Morton et al. (2000) both indicate a sea level low from approximately 5,000 to 4,500 absolute

years BP. Balsillie and Donoghue (2004) offer more discussion on these high-stands in the

northern Gulf of Mexico.

The depths and dates of identified stillstands can be correlated with paleoclimate data. These

deglacial events affecting the Gulf of Mexico have been dated by various means. The range of

reported radiocarbon ages for the periods is noted in Table 2.1. Using global sea-level data,
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these ages can be assigned an approximate depth below current mean sea level. This is also

included in Table 2.1.

Table 2.1: Deglacial Phases and their depths

(Donoghue, unpublished report)

Deglacial Phase (~C-14 age)

Depths

(m)
1

Depth Ranges

16

Preboreal (9ka - 10 ka) 47 36-58

Younger Dryas (10-11 ka) 35 30-40

Allerod (11- 11.8 ka) 71.5 68-75

Older Dryas (11.8 -12 ka) 82 75-89

Bolling (12 - 13 ka) 95.5 89-102

1
Fairbanks (1989)

Fairbanks (1989) gives a mean depth for the Preboreal of 47 m, the Allerod of 71.5 m, Older

Dryas of 82 m, and the Bolling of 95.5 m. The data used by Fairbanks (1989) are obtained from

corals in Barbados.

In a study near the present study area, Holmes and Trickey (1974) found some validation of the

Fairbridge (1960) sea-level history, using data from shell middens in Mobile Bay, Alabama (Fig.

2.4). The middens were created by local hunter-gatherers who occupied the banks of Mobile

Bay. According to Holmes and Trickey (1974), site-occupancy correlates well to times when the

mean sea level was low enough to permit year-round occupation without the threat of floods. A

given population is inferred to have used the resources available in the area to live. In this case,

these people ate mollusks from the nearshore and lagoonal areas and discarded the shells in

middens. The shells taken from these middens can be radiocarbon dated, giving the time of

occupation and, therefore, the ages of the coastal feature in question. This type of agreement

between sources allows for the establishment of a sea-level curve for a given area.
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Figure 2.4: Fairbridge (1960) curve for Late Holocene sea-level oscillations compared with
shell midden dates for Bryants Landing, Alabama (Holmes and Trickey, 1974).

Late Wisconsinan to Holocene Sea-Level History

At approximately 17,000 yr BP, sea level stood about 130m below present during the time of

maximum sea-level lowering associated with the late Wisconsinan glacial age ( Frazier, 1974;

Dillon and Oldale, 1978; Donoghue, 1993). At that time, more than half of the northeastern Gulf

of Mexico shelf would have been subaerially exposed. The marine, fluvial, and deltaic deposits

associated with the previous high- and still-stands would have been dissected. As seen in many

of the deeper seismic profiles below the modern shelf, this dissection in some areas led to

erosion down to the uppermost carbonate sequences of late Miocene age (Donoghue, 1993).

From 16,500 to 13,000 yr BP, the Wisconsinan glaciers began to retreat and sea level began to

rise. Oxygen isotope data indicate pluvial conditions in the Gulf of Mexico, which led to fluvial

discharge many times the present rate. The paleo-Apalachicola river’s discharge is estimated to

have been twice as high as at that of the present Apalachicola River (Donoghue, 1993). Large
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buried paleo-channels dating from that time are often seen in the seismic records. From 13,000

to 7,500 yr BP, sea level continued to rise. The rise was not steady but episodic. The still-stands

associated with this rise allowed for the progradation of deltas onto the inner and mid-shelf, as

seen in the seismic records. From 7,500 to 3,000 yr BP, sea-level rose without still-stands

(Donoghue, 1993). In the seismic records, a relatively thin (<5m) marine sequence can be seen

above the early Holocene deltaic deposits.

The Holocene sea-level history of the northeastern Gulf of Mexico is still not very well known.

Numerous studies (Curray, 1960; Frazier, 1974; Nelson and Bray, 1970; Rehkemper, 1969) have

been carried out on sea-level history throughout the Gulf of Mexico, but there is not good

agreement among the curves for the panhandle coast. Frazier’s (1974) curve is the most

accepted and used for the northern Gulf. This was summarized by Donoghue and White (1995).

Penland et al. (1990) also suggested that sea-level rise throughout the Quaternary has been

episodic for the northern Gulf of Mexico. Anderson and Thomas (1991) state that surges of

glacial melting can result in periods of more rapid rise. They also site seismic and core evidence

within the Gulf basin and from the Texas shelf, including flooding surfaces in valley-fill

sequences. Fairbanks (1989) based his work in Barbados and reported two possible meltwater

events, resulting in periods of rapid rise. This is discussed below. The relatively low resolution

of the sea-level curves for the Gulf of Mexico makes it difficult to create detailed histories of sea

level changes in specific areas during the Holocene, illustrating the need for a short-term sea-

level curve for the area.

Geoarchaeological Evidence for Sea-Level Change

In the Apalachicola River region, archaeological evidence allows for improved correlation across

this specific area and improves understanding of the various sea-level curves. As an example,

there is evidence during the late Holocene of two distinct human occupations separated by a

period of inundation on St. Vincent Island (Fig 2.2) (Braley, 1982; Donoghue and White, 1995).

The first occupation occurred 1,300 yr BP, based upon ceramics and a single shell date. The

second occupation occurred after 1,000 yr BP. The inundation records a high-stand with
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deposits composed of lagoonal muds. Two separate occupations are also seen in the Mobile Bay

Region, South Florida, and South Carolina (Donoghue and White, 1995). According to

Donoghue and White (1995), there is no evidence of occupation in the Apalachicola delta region

prior to Early Archaic (~7,000 yr BP). The maximum ages of sites become younger seaward and

also follow in the southeastern direction of delta progradation during the latter half of the

Holocene. This age progression also holds on the barrier islands in this area, with the oldest

occupations being found on the oldest parts of the island chain, meaning the northernmost beach

ridges of St. Vincent Island. Artifacts from the Paleoindian period (as old as 12,000 yr BP) have

been found in abundance west of the modern river in the Chipola River valley. This finding is

consistent with the eastward migration of the river and delta during the early to mid-Holocene

(Donoghue and White, 1995).

The geoarchaeology of the Mobile Bay region of Alabama was also studied by Holmes and

Trickey (1974). By systematically excavating and radiocarbon dating shell middens and artifacts

from Indian sites, they concluded that these Indian sites were periodically overwhelmed by a rise

in sea level and then reoccupied during lower sea level. The middens in the Mobile Bay region

are dated at 4100, 3090, 2040, and 1080 B.P. (Holmes and Trickey, 1974). These dates match

well with the dates of middens from the Apalachicola region mentioned above, and support the

idea of sea level rising and falling a number of times in the last 6000 years.

Sea-level-related coastal features associated with coastal karst have been found in the

Apalachicola region. The area of interest in this study is subject to karst processes today.

Drowned coastal sinkholes on the continental shelf are an indicator for low stands of sea level.

They sometimes are isolated, but are often found in linear clusters, in the form of discontinuous

river segments. These discontinuous river segments have been identified across the inner and

mid-shelf in the Apalachee Bay area (Faught and Donoghue, 1997). Faught and Donoghue

(1997) state that their study of the offshore portions of this region was prompted by the presence

of karst topography offshore and the fact that onshore Paleoindian and Early Archaic

archaeological materials are often found in and near karst features. They then began a series of

data-gathering expeditions, including coupling bathymetric data with subbottom profiler data.

This revealed a series of paleo-drainage systems and a clearer picture of the paleotopography.
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Using this information, Faught and Donoghue (1997) confirmed their hypothesis that

geoarchaeological sites can be found offshore near paleo-karst features, further supporting the

idea that occupation sites are dependent on the position of the shoreline and, therefore, on sea

level. Dating of sites that are presently offshore furthers knowledge of sea-level change since the

first occupations in the area, or at least since the Early Archaic (~7000 yr BP).

Late Quaternary Paleoshorelines

Paleoshorelines are topographic or bathymetric features that indicate the presence of a shoreline

left behind by a previous sea level. A shoreline is the “line” where the land and sea meet,

whether it is a beach or coastal marsh or delta or any other possible coastal feature left by rising

or falling sea level. Paleoshorelines can be located above present day sea-level, but in this study,

paleoshorelines below present day are of primary interest. The location of a paleoshoreline is

most often identified using bathymetry. A linear feature that occurs along a wide portion of the

shelf that remains at a constant bathymetric depth is often the first indication of a possible paleo-

shoreline. In the Gulf of Mexico, a number of these features have been identified and correlated

with sea-level stillstands, including those previously discussed in this chapter. Obtaining a date

from in-situ material on these features can further the knowledge of sea-level change throughout

the basin in question, and possibly globally. As mentioned in regard to the previous shorelines,

it is understood that these paleoshorelines can occur within a range of depths. For example, a

paleoshoreline feature found at a depth of 16.5 m on the Texas/Louisiana shelf by Frazier (1974)

has been dated and corresponds with the paleoshoreline reported by Ballard and Uchupi (1970)

at a depth of 20 m in the northeastern Gulf of Mexico. The difference in depth is controlled by

local factors affecting sea level, including subsidence and fluid withdrawal.

Paleoshorelines have been identified at approximately 60 m and 80 m depths near the

Apalachicola River (Jordan, 1951). The Florida Middle Ground is a relict reef tract located

between 40 and 50 m depth off the Apalachicola River (Faught and Donoghue, 1997; Jordan,

1952). The Florida Middle Ground may correspond to a paleoshoreline identified by Ballard and

Uchupi (1970). Fitting with the definition of a shoreline, the Florida Middle Ground reef is
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postulated to be the former location of a late Quaternary paleodelta of the Apalachicola River

(Donoghue, 1993). Reef tracts have also been identified 60 to 100 m depth extending from

Mississippi, Alabama, and well into Florida (Gardner et al., 2003; Gardner et al., 2002a, b;

Ludwig and Walton, 1957)

Paleoclimate

The Paleoclimate history of the Gulf of Mexico can be determined from a number of sources,

including benthic foraminifera and pollen analyses. Benthic foraminifera found in the Gulf of

Mexico, and globally, yield an oxygen-isotope record, which can be used to determine

paleoclimate, and indirectly sea-level change.

Marine Isotopic Records

The volume of ice in the continental icecaps and its changes over time can be determined using

oxygen isotope ratios as an indicator (Urey, 1947). Emiliani (1955) followed up that research by

identifying the 18O value of a sediment sample and using this to imply temperature. 18O

values are found by taking the
18

O/
16

O ratio and comparing it to a standard (Emiliani, 1955).

When the climate cools, glaciers expand, and oxygen fractionation increases. This means that

the ocean waters become relatively enriched in 18O (Kennett, 1982). As the climate then warms

and enters an interglacial, the
16

O returns to the system and the
18

O becomes less enriched in the

ocean waters. This record is preserved in benthic and planktonic foraminfera. A decrease in

18
O values (or a more negative number) is interpreted as a warmer climate and a rise in mean

sea level (MSL) (Kennett, 1982). Kennett (1982) defines 18O as the deviation in parts per

thousand of the isotopic ratio of the oxygen in the sample from that of an arbitrary standard,

which is often PDB (Pee Dee belemnite) standard. Due to basin size and restricted interaction

with an ocean, certain basins, such as the Red Sea, are very sensitive to sea-level changes

(Siddall et al., 2003), and can potentially reveal a detailed record of glacial ice volume.

The Mississippi River is the only river entering the Gulf of Mexico that has reflected the glacial

activity of the Laurentide ice sheet in North America. The record of pulses of glacial meltwater
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can be observed in the Gulf of Mexico in the form of marine isotope records from sediment cores

offshore from the Mississippi River (Emiliani et al., 1975; Emiliani et al., 1978; Kennett and

Shackleton, 1975). This meltwater event was centered at approximately 11.6 ka BP. A core was

taken from the northwestern slope of De Soto Canyon in 1569 m of water and oxygen isotopic

analysis was performed on foraminifera shells incorporated in the sediments (Emiliani et al.,

1978). This site was chosen because it was across the canyon from and slightly deeper than a

core previously taken in the area. Emiliani et al. (1978) reported that the
18

O/
16

O ratio decreased

from about 0‰ at 18 ka BP to –3.5‰ at a radiocarbon age of 11.8 ka . It rose to –1.2‰ at a

radiocarbon age of 10 ka, and then decreased to –1.98‰ at an age of 5 ka at the top of the core

(Emiliani et al., 1978). The peak height above the secular trend is about –2.4‰ (Emiliani et al.,

1975; Emiliani et al., 1978; Kennett and Shackleton, 1975), which is uniform throughout the

Gulf of Mexico.

Although the core samples noted above contain useful paleoclimate information, there is a

chance of bioturbation in the De Soto Canyon. In order to possibly eliminate the effects of

bioturbation, it is useful to examine paleoclimate history using sediments from an area of the

Gulf of Mexico absent of biological activity. Such an environment can be found in the anoxic

Orca Basin, found south of the central coast of Louisiana. In the Orca Basin, laminated, organic

rich, unbioturbated sediments have been deposited. After reviewing the marine isotopic record

from this basin, Leventer et al. (1982) reported finding isotopic evidence for two Mississippi

River meltwater pulses, as opposed to one meltwater pulse found in the previously mentioned

studies (Emiliani et al., 1975; Emiliani et al., 1978; Kennett and Shackleton, 1975) (Fig 2.5).

The explanation for finding two pulses is the undisturbed record unique to the Orca Basin.

Leventer et al. (1982) report a glacial maximum from 17.75 to 16.5 kyBP. The initial meltwater

pulse, which is actually composed of two shorter pulses, began 16.5 kyBP and ended 14.9 kyBP.

The second meltwater pulse lasted from 14.9 to 11.6 kyBP and is composed of six shorter pulses.

The timing of the climate changes reported by Leventer et al. (1982) correlates well with the

meltwater pulse reported by Emiliani et al. (1978) and Kennett and Shackleton (1975) (Fig 2.5).

The marine isotopic record discussed above is not unique to the Gulf of Mexico. Evidence for

The first meltwater pulse has been observed in corals on Barbados, New Guinea, and Tahiti
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(Bard et al., 1996; Chappell et al., 1996; Fairbanks, 1989). Bard et al. (1996) named this

meltwater pulse MWP-1A (Fig 2.6). The second pulse was also observed in the corals

mentioned above, and has been named MWP-1B by Bard et al. (1996). MWP-1A is postulated

to have interrupted the global oceanic thermohaline circulation, possibly enough to disrupt the

ongoing global warming occurring at the time, starting the Younger Dryas period (Fairbanks,

1989). The Younger Dryas is characterized as a return to semi-glacial condition in the northern

hemisphere, possibly globally, and occurred between 11 and 12.5 kyBP (Weaver et al., 2003).

Following the Younger Dryas, global temperature increased, as recorded in coral and marine

isotopic records (Fairbanks, 1989; Siddall et al., 2003). The end of the Younger Dryas may have

been triggered by MWP-1B (Weaver et al., 2003).

Figure 2.5: 18O records from the northern Gulf of Mexico. The stippled area in each
record indicates glacial meltwater pulses from the Laurentide ice sheet (Leventer et al.,

1982).
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Figure 2.6: Sea-level history reconstructed from cores from Barbados (squares), Tahiti

(triangles), and New Guinea (circles). Arrows indicate median ages of meltwater pulses
MWP-1A and MWP-1B (Bard et al., 1996).

Pollen Records

Pollen records from lake cores have been established from around the Gulf of Mexico region.

One example is a core from Lake Tulane in southern-central Florida, which records 50,000 years

of climate changes. Episodes of abundant Pinus populations (seen as pine pollen in the core),

compared to Quercus (oak), indicate a wetter climate and seem to be correlated to meltwater

pulses previously mentioned (Grimm et al., 1993). The peaks of Pinus dominance seem to

correlate to also with the North Atlantic Heinrich events (Grimm et al., 1993). These Heinrich

events are seen in cores from the North Atlantic as sediments rich in ice-rafted lithic fragments

and poor in foraminifera (Andrews and Tedesco, 1992; Heinrich, 1988). These Heinrich layers

develop as a result of massive periodic iceberg flows from the eastern margin of the Laurentide

ice sheet. Within the errors reported, the Pinus events match Heinrich events H1 to H5 (Grimm
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et al., 1993). If the Heinrich events in the North Atlantic and the Pinus events in Florida are

linked, their records may signify hemispheric cooling. This cooling may have caused the

Laurentide ice sheet to advance and altered the water balance in favor of Pinus (Grimm et al.,

1993). Grimm et al. (1993) go on to state that Heinrich events H1 and H2 and the corresponding

Pinus events correspond very well with the two late Wisconsinan glacial maxima. This same

pattern is repeated in cores from Sheelar Lake in north-central Florida (Watts and Stuvier, 1980)

and Lake Annie in south-central Florida (Watts, 1975).

Gulf of Mexico Sea-Level History Database

While the literature search for this project was being completed, it became necessary to create a

database to house all of the information found on sea level. Sea-level data were first sorted for

geographical significance. Because the Gulf of Mexico is a restricted basin, data from outside

the Gulf were excluded, with one exception. The data set, based on coral samples from

Barbados by Fairbanks (1989), has been well accepted as a global “eustatic” sea-level record. In

addition to the Barbados data set, data sets were examined from the Gulf coasts of Mexico,

Texas, Louisiana, Mississippi, Alabama, and Florida. Once the data sets were chosen

geographically, the data sets were sorted by material dated and the validity thereof. Some

material dated had large errors associated with them and were avoided. The types of material

that were selected for were peat, in-situ wood, and shell material. It must be understood that

each species of shelled organism has an associated depth range, as does coral. The errors are

kept in mind when compiling a database such as this. Published results of research often do not

include errors based on material type and therefore none were recorded in the database. If they

were provided in the original manuscript, they were recorded as is in the database. The material

used for dating can be a source of error. A researcher may incorrectly associate a piece of

material with an environment or depth range, interpret the results incorrectly, or misidentify a

species. Samples can also be contaminated in the field.

The same type of error considerations need to be made for the laboratory ages reported in the

database. When possible, the type of age dating is recorded, namely C-14, luminescence, or
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U/Th. Most of the database consists of radiocarbon dates. Radiocarbon dating contains various

sources of potential error. Radiocarbon dates are given in years before present, with present

being 1950 A.D., along with an associated plus-and-minus error. In some data sets, the error is

not reported, and therefore introduces unknown error into, for example, sea-level curves created

from this data set. A known source of error in radiocarbon dates is the half-life of 14C. By

convention, the
14

C half-life used in age determination is 5,568 years, which is actually in error

by three percent and should be 5,730 years (Polach and Stipp, 1976). Yet another error with

radiocarbon dates is the fact that the ages do not represent true calendar years. For this to be

true, atmospheric concentrations of
14

C must be constant over time, which they are not (Polach

and Stipp, 1976).
14

C is produced from the collision of a
14

N and a high energy neutron in the

upper atmosphere. The availability of the high energy neutrons is a function of cosmic rays

which very with solar intensity and the Earth’s magnetosphere. This leads to variations (a

secular variation) in the rate of production of
14

C in the atmosphere. Man has also introduced

changes in 14C concentration in the atmosphere by fossil fuel burning and testing of atom bombs

(Suess, 1986). Radiocarbon dates can be calibrated based on samples of known age, such as tree

rings and lake varves. Using this information, radiocarbon ages can be converted using a

calibration scheme and reported as a calibrated age (cal yr BP). A researcher must also take care

to determine whether or not a radiocarbon age has been reported in radiocarbon years or calendar

years. Interpretation of environments of deposition associated with the sample, interpretation of

results, and the human error associated with field and laboratory work also introduces error to

radiocarbon data (Polach and Stipp, 1976). Because of the various types of radiocarbon ages, the

database for this project included entries for radiocarbon and calibrated radiocarbon ages and the

errors associated with each. The radiocarbon ages for this project were calibrated using CALIB

4.4 program (Stuvier and Kra, 1986). The CALIB 4.4 incorporates dendochronologically dated

wood samples and was developed by the Quaternary Isotope Laboratory at the University of

Washington (Stuvier and Kra, 1986).

When examining a date and a water depth for a given sea-level indicator, one must take into

consideration the associated depth ranges for the living organism. Corals such as Acropora

palmatta typically live within the top 5 m of the water column. Mollusks, on the other hand, can

be found in a much wider range of depths depending on the species. Wood samples are typically
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found at or above sea level. One must take care to determine whether a sample is wood or root,

and if possible, what type of root. Roots may be found below sea level, especially if they are

associated with plants growing in wet environments, such as tidal flats, lagoons, marshes, and

swamps. Knowing the species of plant or animal dated is a useful piece of information to have

in any data set, but often this information is left out of reported data (Balsillie and Donoghue,

2004).

Researchers must also consider the possibility that the feature they are dating has been reworked.

If this has occurred, the material dated may yield an age much older than the age of the feature.

In order to attempt to determine this possibility, one could utilize seismic surveys and coring to

determine if the area has been reworked. Knowing that an area has been subjected to numerous

rises and falls of sea level, being exposed and drowned/buried a number of times, a researcher

must be wary of the date obtained and the errors associated with it.

A sea-level curve has been constructed from the best available data for the Gulf of Mexico

(Balsillie and Donoghue, 2004) (Fig 2.7). This curve shows the data sets from the Gulf of

Mexico in comparison with a “eustatic” curve (Siddall et al., 2003) from the Red Sea

superimposed in order to compare the Gulf and global sea-level curves. Balsillie and Donoghue

(2004) state that the global curve of Siddall et al. (2003) and the sea-level curve they created are

sufficiently similar. While there are differences between the Gulf of Mexico curve and the

global curve, the differences are small enough that the Gulf of Mexico data can be said to

represent global sea-level history (Balsillie and Donoghue, 2004). Using this new sea-level

curve, researchers can look at depths associated with various high- and stillstands of sea level for

possible shelf sediment bodies.
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Figure 2.7: Final combined sea-level curves for the Gulf of Mexico compared to the Siddall

et al (2003) eustatic sea-level curve (Balsillie and Donoghue, 2004).
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CHAPTER 3

PALEOGEOGRAPHY OF THE NORTHWEST FLORIDA SHELF

Introduction

There have been a few previous studies of the evolution of the northeastern portion of the Gulf of

Mexico, including the panhandle of northwest Florida (Fig 3.1). The late Quaternary geology,

however, has been only sparsely investigated, especially for the region between Mobile Bay,

Alabama and the Apalachicola River in Florida. This is particularly true when compared with

the northwestern and north-central regions of the Gulf of Mexico. The purpose of this

component of the project was to compile and synthesize the relevant paleogeographic data for

the west Florida panhandle (referred to hereafter as the panhandle). The focal area of study was

the Apalachicola River, Delta, and Bay, and their evolution and migration throughout the

Quaternary. Relatively little geologic information exists for the coastal and offshore region of

northwestern Florida lying between the Apalachicola Delta region and Mobile Bay, Alabama.

The paleogeographic evolution of the panhandle is tied closely to sea-level change. Relict

shorelines of previous sea-level high-, low- and still-stands can be observed onshore and in both

the nearshore and offshore portions of the coast and shelf.

The Apalachicola River is the major contributor of clastic sediment to the panhandle coast

(Donoghue, 1993) and the northeastern Gulf of Mexico (Donoghue, 1992a). Beginning in the

Late Paleogene, the Paleo-Apalachicola River system became the major factor in constructing,
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reworking, and reorganizing the geological environments of the northeastern Gulf of Mexico

(Donoghue, 1993; Chen, 1999) after the sedimentary influence of the Mississippi River began to

diminish (Bouma et al., 1978; Perlmutter, 1985; Chen, 1999). The modern Apalachicola River

coastal deposits had their origin between 3500 and 6500 years B.P. (Stapor, 1973; Donoghue,

1992a).

Figure 3.1: Regional setting of study area, showing major geologic features (Locker and

Doyle, 1992).

The Apalachicola River drainage basin covers an area approximately 60,000 km
2

square miles

(McKeown et al., 2004) (Fig 3.2). This area includes the southern Appalachians, a portion of the

Piedmont, and the Gulf Coastal Plain (Schnable and Goodell, 1968). The drainage basin sits

within two geologic provinces, the Piedmont Plateau and the Gulf Coastal Plain (McKeown et

al., 2004). Within the lower reaches of the drainage basin, the outcropping geologic formations
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are primarily Oligocene and Miocene clays, sands, marls, and limestones (Schmidt, 1984;

McKeown et al., 2004). Near the coast, these formations are covered by coastal deposits of

Pleistocene to Recent age. Schmidt (1984) detailed the paleogeographic, structural, and

stratigraphic history of the Apalachicola Embayment. This is discussed further in Chapter 4.

The Apalachicola River is the largest river in Florida and fourth largest entering the Gulf of

Mexico, based on water discharge (Donoghue, 1993). It has also been the driving force in the

creation of relict Quaternary shoreline features through the progradation and migration of the

Apalachicola Delta and Bay in the northeasternmost portion of the Florida panhandle. During the

Wisconsinan, the Apalachicola River extended further south onto the shelf than it presently does

due to the lower sea level of the Wisconsinan. During that time of lowered sea level, fluvial

channels were cut into the shelf. As sea level rose, the channels were flooded and then filled

with sediment being deposited seaward of the river mouth. The Wisconsinan paleochannels and

karst topography in the study area are the most important morphological features of the

Quaternary subaerial erosion surfaces (Chen, 1999). The majority of the discussion in this

section concerns the Apalachicola River System. The western portion of the panhandle is

controlled by smaller river-estuary systems, including (from west to east) the Perdido Bay

system, the Santa Rosa Island system, and the East Choctawhatchee Bay system (Locker and

Doyle, 1992).

Standard methods were employed by investigators in previous projects examining the recent

geologic history and sedimentation in the study area. Typically, seismic data were collected to

yield information concerning the identification of certain depositional horizons and the relative

depth and thickness of relict depositional features on the shelf. Grab samples, cores, well logs

and boreholes were used by various authors to locate, identify, and date features of interest

presently onshore and in the nearshore. In some cases, samples underwent textural analysis to

aid in identifying the paleoenvironments of deposition. Dating methods included, but were not

restricted to, radiocarbon, 210Pb, palynology, seismic interpretation, and sequence stratigraphy.
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Florida Panhandle Regions West of the Apalachicola River Mouth

The area west of the Apalachicola River system has been studied far less than the region nearby

the modern river mouth and delta. Using 3200 trackline km of high-resolution data, Locker and

Doyle (1992) described the paleogeography of the area of the panhandle west of the

Apalachicola (Fig 3.3). They found that the near-surface sediments of the inner and mid-shelf

region comprised three Plio-Pleistocene fluvial-deltaic complexes. These features were

identified in the seismic records as fluvial channels and prograding oblique clinoforms. The

paleochannels reflect either the extension of river systems during sea-level lowering or

distributary channels within a prograding delta lobe.

Based on the distribution of the buried paleo-channels and paleo-deltaic lobes, four paleo-fluvial

systems were defined by Locker and Doyle (1992). The system associated with the Apalachicola

River is discussed later in the chapter. The westernmost system is the Perdido Bay system (Fig.

3.3). These channels are located seaward of Perdido and Pensacola Bays. They represent

extensions of the Perdido and Escambia River systems (Locker and Doyle, 1992). The Santa

Rosa Island System exists seaward of the eastern end of Santa Rosa Island and near the present

inlet to Choctawhatchee Bay (Fig 3.3) (Locker and Doyle, 1992). The identity of the paleo-river

is not well defined. Locker and Doyle (1992) state that this system could represent either the

paleo-Escambia-Yellow River system or the paleo-Choctawhatchee river system. According to

Locker and Doyle (1992), this system could be grouped with the next system to the east, the East

Choctawhatchee Bay System, into one large fluvial system of the paleo-Choctawhatchee River.

The third system identified is the East Choctawhatchee Bay System. This system consists of

large channels and delta lobes that developed to the west of St. Andrew Bay (Fig. 3.3) and

seaward of the eastern end of the present Choctawhatchee Bay (Fig 3.3). Two separate paleo-

deltaic lobes can be identified (Locker and Doyle, 1992).
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Figure 3.2: Apalachicola River watershed, including the Flint and Chattahootchee Rivers

(Northwest Florida Water Management District:

http://www.state.fl.us/nwfwmd/rmd/swim/apachicola.htm)
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The Apalachicola River System

The Apalachicola River System is the largest and most widely studied river system of the Florida

panhandle coast. By far, the majority of the published paleogeographic information on the

panhandle concerns the evolution and migration of the Apalachicola River, Delta, Bay or paleo-

barriers related to the system. Locker and Doyle (1992) consider the Apalachicola River System

the best developed complex of delta lobes and channel systems found within the Apalachicola

Embayment. At least three Plio-Pleistocene lobes of different time-stratigraphic levels were

identified in the Apalachicola River region by Locker and Doyle (1992).

Figure 3.3: Map of western Florida panhandle shelf, showing trackline coverage of high-

resolution single-channel seismic data (solid lines) and surface grab sample coverage (dots).

Trackline spacing is 3.2 km (2 miles). The thick solid lines refer to cross-sections not used
in this discussion (Locker and Doyle, 1992).

Throughout the Holocene, the Apalachicola River and Delta have migrated eastward and

southward (Donoghue and White, 1995). This migration has been punctuated by retreats in
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response to periods of rapid sea-level rise. This occurs possibly after still-stands or brief periods

of slow sea-level rise. During the earliest portion of the Holocene, the Apalachicola River mouth

lay much further south than its present position (Donoghue and White, 1995). At that time, sea

level stood 20 meters below present (Frazier, 1974). As sea level began to rise, the river mouth

retreated up-valley. This is observed in seismic records as large filled paleochannels beneath

western Apalachicola Bay, the modern estuary, and Little St. George Island. According to

Donoghue and White (1995), Lake Wimico and the Jackson River were once parts of the early

Holocene Apalachicola River (Fig 3.4). Jackson River has geometry similar to the present

Apalachicola River, but has negligible discharge (Donoghue, 1993). The Cape St. George Shoal

region (Figs. 3.4, 3.5) is a probable site of an early paleo-delta (Donoghue, 1993).

The paleo-Apalachicola may have reached as far south as the Florida Middle Ground (Fig 3.4), a

large mid-shelf reef (Donoghue, 1993). The larger paleochannels on the inner shelf (identified

by seismic profiling) are similar in geometry and orientation to the paleochannels present in the

Florida Middle Ground (Donoghue, 1993). The Florida Middle Ground is also the same

approximate size as the present Apalachicola Delta. The present-day Florida Middle Ground

reef may have developed on a pre-existing sand shoal, possibly representing a paleo-delta. A

still-stand at –53 m is indicated by Frazier’s (1974) sea-level curve at 15,000-12,000 yr BP,

followed by a period of rapid sea-level rise. It is, therefore, possible that the Florida Middle

Ground, which is located at approximately that depth, may have been a paleo-Apalachicola Delta

that was overstepped and isolated by rapid sea-level rise at about that time (Donoghue, 1993).

The rapid postglacial sea-level rise until 6,000-7,000 yr BP (see Chapter 2) caused the

Apalachicola shoreline to retreat north of Lake Wimico (Donoghue and White, 1995) (Fig 3.5).

There is evidence that Lake Wimico was estuarine at some time. Oyster beds have been reported

beneath the lake floor, which is presently fresh water (Schnable, 1966). Archaeological evidence

also supports this theory. The Depot Creek midden site, on the south shore of Lake Wimico,

contains artifacts as old as Late Archaic, revealing that the lake has been fresh/brackish since no

later than 3,000 yr BP. The present lakeshore may have been formed before 4,000 yr BP, based

on the possible Early Archaic habitation on the north shore of the lake (White, 1994).
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Figure 3.4: Regional map of the Apalachicola area, northwest Florida (Donoghue, 1993).
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Figure 3.5: Regional map showing the location of Lake Wimico and Jackson River, as

described in text (Donoghue and White, 1995).

During the mid-Holocene, the paleo-Apalachicola River migrated to the east of Lake Wimico

and Jackson River (Donoghue and White, 1995) (Fig 3.5). Schnable (1966) mapped an

abandoned delta 20 km northwest of the city of Apalachicola, FL (Fig 3.6), which was

interpreted as a mid-Holocene river-mouth deposit. According to archaeological data, the area

south and east of Schnable’s (1966) delta was an open embayment (Donoghue and White, 1995).

This area was not habitable until at least the late Archaic (approximately 4,000 yr BP).

The Apalachicola River began constructing its present delta approximately 6,000 yr BP. The

average linear progradation rate of the distributaries of the modern Apalachicola Delta is 2.2

m/yr (Bedosky, 1987). Extrapolating that rate linearly back into time, the entire modern delta

could have formed in 6,000 yr. Looking at the pollen record for the Southeast, there was little

vegetation change in the Gulf Coastal Plain during the Holocene (Delcourt and Delcourt, 1981).
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The northwest Florida pollen history reveals that the past 7,000 yr BP have been relatively wet

and unchanging, whereas the earliest Holocene was relatively dry (Watts et al., 1992).

Figure 3.6: Map of the surface geology of the Apalachicola River watershed and

surrounding region of Florida (Schnable, 1966).

Quaternary Terraces and Paleoshorelines

There are a series of elevated paleoshoreline deposits in the Apalachicola drainage basin,

standing at elevations from +80 m to +1.5 m, dating from the Late Tertiary to the late Holocene

(Fig 3.6) (Donoghue, 1992a). The nearshore also contains a few locations where mid- to late-

Holocene low-stand deposits are preserved in water depths between –2 m and –12 m (Tanner and

Bates, 1965). As described above, there is evidence in inner shelf seismic records of fluvial,

deltaic and marine sequences, representing Quaternary transgressions and regressions. In
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addition, the oldest and highest paleoshorelines in the Apalachicola region are apparent barrier-

and-lagoon sets at approximately +80 m, +50 m, and +35m (Tanner, 1966a). Each of the three

shorelines is present both east and west of the present Apalachicola River valley (Donoghue,

1992a). Each paleoshoreline is oriented approximately east-west, and is roughly 20 km in

length. Tanner (1985) dated the paleoshorelines based on elevation and sea-level history, due to

the lack of reliable dates. The oldest terrace at +80 m was estimated by Tanner (1985) to be

Miocene. The next oldest terrace at +50 m was inferred by him to be early Pliocene. All three

terraces are pre-Quaternary, according to Donoghue and Tanner (1992), which agrees with the

eustatic record obtained from sequence stratigraphy.

According to Brenneman and Tanner (1958), possible Pleistocene shorelines are found at +9 m

and +6 m, lying in the Apalachicola drainage basin south of the three terraces mentioned above

(Fig 3.7). They are long, narrow convex-seaward sand bodies located about 20 km northeast of

the front of the modern Apalachicola Delta (Brenneman and Tanner, 1958). The two

paleoshorelines were said to represent immature barriers islands, based on textural analysis

(Tanner, 1966b). The paleoshorelines are thought to be mid-Pleistocene or older (Donoghue,

1992b). Other paleoshorelines of possible mid-Holocene age are found at +10 m and +1.5 m.

Possible mid-Holocene low-stands have additionally been identified as wave-cut scarps at –2 m

approximately 2 km seaward of the present shoreline (Donoghue, 1992b). Bathymetric surveys

in the Apalachicola region (Donoghue, 1992b) also suggest possible shorelines at –7 m, –10 m,

and possibly –12 m.

St. Vincent Island (Fig. 3.6) comprises more than 100 beach ridges in an extensive beach ridge

plain. The oldest ridges are as much as 3,000 to 3,500 years old (Donoghue, 1992b). This

beach-ridge sequence provides a sea-level history, with rises and falls of 1 to 2 m, for the last

3,000 years (Tanner et al., 1989). There is archeological evidence from numerous sites on the

island that records multiple rises and falls of sea level over the past few thousand years ( Stapor,

1975; Braley, 1982).



50

Figure 3.7: Pre-Pleistocene and Pleistocene shorelines of the Apalachicola River coastal

region. Oultines of outcrop areas of Pliocene and older terrace sequences shown at +80m

(A), +50 m (B), +35 m (C, from Tanner, 1966a) and the +9 and +6 m terraces (D)

(Donoghue and Tanner, 1992).

Effect of Karst Processes on Regional Geomorphology

Northwest Florida resides on the western margin of the Floridan carbonate platform, which has

been relatively stable since the mid-Mesozoic (Miller, 1986; Ewing, 1991; Chen, 1999). During

the Paleogene, the depocenter of the Florida carbonate platform migrated eastward (Ewing,

1991) resulting in a thick carbonate deposit in the shallow epicontinental sea. The Apalachicola

Embayment (Fig 3.1) went through a series of depositional episodes related to the evolution of

the carbonate platform (Schmidt, 1984; Chen, 1999). During the Neogene, siliciclastic
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sediments began to fill and close the Suwanee Straits (Fig 3.1)due to renewed uplift of the

Appalachian mountain belt (Ewing, 1991). This created an analog of the present Florida Straits.

Siliciclastic sediments then began to spill southward into what is now the Florida Peninsula

(Schmidt, 1984; Chen, 1999). In the present day, the Apalachicola Embayment (Fig. 3.1) is a

subsurface structural feature only, having filled with clastic sediments.

Progressive subsurface dissolution of the carbonate sediments resulted in the onset of regional

karstification (Scott, 1992). The major karst region in the study area created by this process is

the Woodville Karst Plain, which covers the eastern portion of the panhandle region of Florida,

both onshore and on the inner shelf. Local dissolution processes may add to regional land-

surface warping due to isostacy. Estimates of the rate of warping vary widely. Opdyke et al.

(1984) calculated an isostatic uplift rate of 1m per 38,000 years, or 2.6 cm per 1000 years due to

dissolution of carbonate beneath the karstic region of the Florida platform. Karst development in

this region began during the late Miocene and fluctuated throughout the Pleistocene as glaciation

began and intensified (Chen, 1999; Opdyke et al., 1984). An intensive phase of karstification of

the Woodville Karst Plain, along with its offshore component, began approximately 9.0-8.5

kyBP (Chen, 1999). The offshore karst is apparent in the near-surface seismic records from the

current inner shelf.

Karst processes exert a strong influence over the Florida platform’s hydrology and geology both

onshore and offshore (Chen, 1999). Chen (1999), therefore, assumed that the inner continental

shelf, the drowned lower portions of the coastal plain, has been heavily influenced by karst

processes during the Quaternary. Dissolution and karstification have been major players in

altering the 350,000 km2 flooded, flat Florida carbonate platform (Hine et al., 1988), re-shaping

the antecedent topography, and controlling the distribution of sedimentation along the

northeastern coast of the Gulf of Mexico (Chen, 1999). Chen (1999) hypothesized that during

the initial stage, the fluvial systems and groundwater transport systems of northwest Florida were

developed along the structurally-controlled zones of preferred dissolution, which tend to form

topographic lows. These topographic lows then become the sites of future fluvial systems to

transport and remove sediments. This type of phenomenon has been cited in the development of

the Paleo-Aucilla River (Faught, 1996; Faught and Donoghue, 1997; Chen, 1999). The rapid
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development of the karstification in this region has etched the upper contact of the near-surface

St. Marks Limestone into high relief and has controlled the architectural framework of the

subsequent topography and geomorphology in the northeastern Gulf of Mexico coast and shelf

(Chen, 1999).

Conclusion

The panhandle coast comprises two principal geomorphic regions. The first is the portion west

of the Apalachicola River System, consisting of the Perdido Bay System, Santa Rosa Island

System, and the East Choctawhatchee Bay System. Each of these three subsystems incorporates

fluvial and deltaic deposits representing the seaward portions of paleo-river systems. The second

principal region is the Apalachicola River System. This system has migrated generally eastward

and southward throughout its geologic history, partially in response to sea-level change. Details

on its migration and evolution have been obtained from seismic, archaeological, and stratigraphic

evidence. Paleoshorelines and terraces – both on shore and offshore - also can be employed to

track the paleogeography of the Apalachicola River System. Our knowledge of the

paleogeography and evolution of the Northwest Florida Panhandle coast and margin is not

complete. Further research is necessary in order to fully understand the geologic evolution of

this complex region of the northern Gulf of Mexico.
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CHAPTER 4

APALACHICOLA RIVER

Introduction

The geology of the Florida Panhandle coastal region of the northeastern Gulf of Mexico has been

dominated by the Apalachicola River throughout the Neogene and Quaternary (Donoghue,

1992). The river has dominated regional sedimentology and has directly affected the

geomorphological development of the coastal region surrounding it. The Apalachicola coast

and delta is a classic example of a cuspate foreland and delta. The system has two main

prominences, Cape San Blas and Cape St. George, each having shoal areas extending a great

distance seaward (Fig 4.1). The modern delta is a bayhead delta (Schnable and Goodell, 1968).

St.Vincent, St. George, and Dog islands are barrier islands that serve to separate Apalachicola

Bay, and the Apalachicola River system, from the Gulf of Mexico (Fig 4.2). There are two

major spits in the region, St Joseph Spit to the west and Alligator Peninsula to the east. Beach

and dune ridges are prominent features on the barrier islands, spits, and the mainland (Schnable

and Goodell, 1968).

The continental margin in the Apalachicola region includes a wide shelf, low gradient, low-to-

moderate wave energy, preserving climate, and a low incidence of major storms (Chen, 1999;

Donoghue, 1992; Schmidt, 1984; Scott, 1992). In its last, meandering 110 km, the Apalachicola

River’s average gradient is 1:6300 (Simons et al., 1985). This coast has been tectonically stable
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Figure 4.1: Hillshade bathymetric map of the coastal region near the Apalachicola River

mouth, NW Florida. See Fig 3.2 for regional location. Ovals delineate the Cape San Blas

(red oval) and Cape St George (blue oval) shoals. Figure created using online ROSS GIS
website, http://ross.urs-tally.com.

since the late Mesozoic (Schmidt, 1984; Scott, 1992). The tectonically stable coast has long

been protected by the wide, shallow embayment from extensive sediment reworking. In some

places, the width of the current shelf exceeds 200 km. The shelf gradient ranges from 1.3 m/km

on the inner shelf to 3.5 m/km on the outer shelf (McKeown et al., 2004). The mean annual

wave height ranges from 10 to 25 cm (Tanner, 1960). The average tidal range is 0.6 m

(Schnable and Goodell, 1968). Because of the uniquely quiet passive margin environment,

deposits that record late Quaternary eustatic cycles have been better preserved than on more

dynamic margins.

http://ross.urs-tally.com/
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Figure 4.2: Map of the surface geology of the Apalachicola River region, Florida

(Schnable, 1966).

Figure 4.3: Location of the Apalachicola Embayment (Locker and Doyle, 1992).
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Geologic Background

The regional Miocene paleogeography was controlled by the paleo-Apalachicola River delta

(Riggs, 1980), which was located near the westernmost Florida-Georgia border and was

gradually prograding southward into the Apalachicola Embayment (Fig 4.3). The Apalachicola

Embayment is today only a subsurface structural feature with no bathymetric expression, as a

result of late Tertiary and Quaternary infilling. The modern Apalachicola Delta continues this

southward progradation, with virtually its entire one-million-ton annual suspended sediment load

being deposited in Apalachicola Bay, behind the encircling barrier islands (Donoghue, 1992).

This process if graphically demonstrated in Fig 4.4, a satellite image of the Apalachicola River

mouth region, showing the major sediment bodies in the system, and the river’s suspended load

being dispersed in Apalachicola Bay. Therefore, Apalachicola Bay is currently filling quite

rapidly, with a negligible amount of sediment reaching the Gulf of Mexico (Bedosky, 1987;

Donoghue, 1988; Kofoed and Gorsline, 1963). This pattern of sediment starvation of the inner

shelf is apparent in the long-term erosion of the modern barriers (Donoghue et al., 1990).

Drainage Basin and Discharge

The Apalachicola River drainage basin covers an area approximately 60,000 km
2

square miles

(McKeown et al., 2004). The drainage basin geology is divided into two provinces, the

Piedmont Plateau and the Gulf Coastal Plain (McKeown et al., 2004). The Apalachicola River

system includes the Chattahoochee and Flint Rivers. The system has a watershed area of 34,000

km
2

in Georgia, 8100 km
2

in Alabama, and 8600 km
2

in Florida (Donoghue, 1993). Within the

lower reaches of the drainage basin, the outcropping geologic formations are primarily

Oligocene and Miocene-age clays, sands, marls, and limestones (McKeown et al., 2004). Near

the coast, these formations are covered by coastal deposits of late Quaternary age.

The mean discharge of the Apalachicola River at its mouth is 660 m3/s (Raney et al., 1985). The

long-term average discharge (56 years) measured at the gauging station 110 km upstream from

the mouth, where the river enters Florida, is 639 m3/s (Meadows et al., 1984). The United States
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Figure 4.4. Satellite image of the Apalachicola River mouth region, NW Florida, showing
the major sediment bodies in the system, and the river’s suspended load being dispersed in

Apalachicola Bay. The image covers approximately the same area as seen in Fig. 4.2.

[NASA photo]

Geological Survey (USGS) reports mean discharge for Sumatra, FL, just upstream from the

mouth, as 558 m
3
/s (USGS, 2004).

Paleodischarge vs Modern Discharge

The modern Apalachicola River system has a smaller discharge than its late Quaternary

equivalent. Donoghue (1993) estimated the average paleo-discharge of the Apalachicola River

to be 13,900 m
3
/s. This is taken as a bankfull measurement because of the method used to
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calculate discharge. Using the wetted perimeter and cross-sectional area of the paleochannels

identified in subsurface seismic data, the Manning Equation was used to calculate discharge.

Donoghue (1993) reported the gradient of paleo-Apalachicola as 1:3430, compared to the earlier

reported modern gradient of 1:6300 (Simons et al., 1985). The roughness coefficient was

assumed to be the same as the present. In order to compare bankfull situations, the maximum

discharge in the last 56 years of 8292 m
3
/s was used (Donoghue, 1993). The paleo-discharge

calculated by Donoghue (1993) is 67.6% greater than the maximum discharge measured on the

river.

The paleochannel system recognized by Donoghue (1993) has been roughly dated as16,500-

13,000 years B.P. The onset of pluvial conditions in the Gulf of Mexico occurred about 16,500

years B.P., reaching a maximum at 13,000 years B.P. This date is based on oxygen isotope data

from planktonic foraminifera in the Orca Basin of the northern Gulf of Mexico (Leventer et al.,

1982). The water discharge of the paleo-Mississippi River at that time was approximately 6

times higher than at present (Emiliani et al., 1978). The paleo-Apalachicola River at the time

would have likely had a greater sediment load and higher discharge than at present due to the

pluvial conditions. The higher sediment discharge would have very likely resulted in rapid

aggradation of the lower portions of the alluvial valley. At that time, the lower alluvial valley

was located on the present-day inner and middle-shelf area. Fluvial sediment would therefore

have been delivered to the present-day inner and middle shelf and deposited as shoreline or

nearshore deposits. Once sea level rose, these deposits would have been reworked and/or

overstepped and preserved as the paleoshoreline deposits we see today on the modern shelf floor

of the mid- and inner shelf.

Paleochannels and Delta Migration of the Apalachicola River System

The Apalachicola River has long been recognized as having migrated throughout the Quaternary.

The modern Apalachicola River continues to build its delta as it migrates southward. Its incised

lower valley is filled with Recent fluvial-deltaic sediments (Schnable, 1966). The upper half of

the floodplain of the Apalachicola River is covered with ~15 m of late Quaternary fluvial

sediments (Vernon, 1942). Vernon (1942) suggested that the lower river had migrated eastward
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over its floodplain in Recent time, leaving an abandoned channel in the western portion of the

floodplain now occupied by the Chipola River (Fig 4.5). Consistent with the eastern migration,

the Chipola River has been identified as the largest tributary of the Apalachicola River (White

and Trauner, 1987). Schnable (1966) identified a late Pleistocene paleo-delta in the modern

floodplain ~20 km northeast of the modern delta front (Fig 4.2). Donoghue and White (1995)

have stated that this delta is more likely an early Holocene delta.

Figure 4.5: Regional map of the Apalachicola area, northwest Florida (Donoghue, 1993).

The ancestral Apalachicola Delta has experienced avulsion and abandonment, as evidenced by

numerous progradational centers (McKeown et al., 2004). Donoghue (1993) interpreted Cape St.

George Shoal as a late Wisconsinan or early Holocene Apalachicola delta. This hypothesis is

consistent with the idea that the shoal became the source of sediment, mainly sand, for the
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barriers near the Apalachicola River System throughout their history, which dates to mid-

Holocene time. Donoghue and White (1995) state that the inception of the barrier island rim

occurred at 3000-4000 yr BP. This is also the time when circulation in the Apalachicola estuary

became more confined, based on faunal remains (Donoghue and White, 1995). A concentration

of paleo-fluvial channels has been identified in the near-subsurface west of the modern

Apalachicola River and delta through the use of seismic data (Donoghue, 1993). This major

paleochannel system runs northwest to southeast in the subsurface west of the city of

Apalachicola, Florida, and east of Cape St. George (Fig 4.6). Donoghue (1993) noted that the

paleo-Apalachicola differed from the modern river channel in that the paleo-Apalachicola was

characterized by incised, erosional channels and lay within a relatively narrow floodplain (Fig

4.6), whereas the modern lower Apalachicola is a relatively flat-bedded, depositional,

meandering stream within a wide floodplain.

The eastward migration of the Apalachicola delta about 6-7000 yr BP can be supported by

subsurface seismic data. Seismic records were collected from Apalachicola Bay and the inner

shelf adjacent to the barrier islands. High-resolution seismic surveys were completed within the

area shown in Figure 4.6.

As observed in the subsurface seismic records, the bases of the larger paleochannels lie at a mean

depth of ~16-18 m below modern sea level (Donoghue and White, 1995). This depth is

approximately the position on the Balsillie and Donoghue (2004) sea-level curve corresponding

to when sea level began a rapid rise about 7600 – 7000 yr BP (Fig 4.7). These channels follow a

trend that passes through the Jackson River and Lake Wimico (Fig 4.6). The Jackson River is

likely a relict channel. Its cross-section is roughly equal to that of the modern Apalachicola

River, but Jackson River is underfit for its valley, carrying only minimal freshwater flow

(Donoghue, 1993). One possible interpretation is that Lake Jackson and Lake Wimico were part

of a sharp eastward bend in the main channel of the Apalachicola when the lower portion of the

river was located more westward in the floodplain than today. If the sharp bend in the

Apalachicola River near Wewahitchka, Florida (Fig 4.5), occurred recently, Lake Wimico would

have been isolated and the Jackson River channel would not have been able to completely infill.



61

Figure 4.6: Apalachicola River coastal region, showing Apalachicola Bay and inner shelf.

Bars superimposed on seismic tracklines represent paleochannels. Dashed lines indicate

trend of paleo-Apalachicola River valley (Donoghue, 1993).

Jackson River, in fact, has not significantly infilled, does have cross-sectional characteristics of a

major tributary, with width and depth similar to those of the Apalachicola River, and its

discharge is insignificant compared to that of the Apalachicola (Donoghue, 1993). A

paleodrainage path through Jackson River and Lake Wimico would have had the river flowing

into the western half of the modern Apalachicola Bay. This path aligns with the large

paleochannels seen in Apalachicola Bay and the inner shelf (Donoghue, 1993). The

development of this drainage pattern in the late-Wisconsinan and early Holocene would have

allowed the river to flow without interruption onto the inner shelf because the barrier system in

the area had not yet formed. The presence of freshwater shells and fish skeletons in a prehistoric

Indian shell mound at Depot Creek near the southern shore of Lake Wimico also supplies

evidence for a fluvial origin (White, 1992). It has been speculated (Tanner, 1966) that Lake
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Wimico was once part of a larger Apalachicola estuary before the western portion was isolated

by seaward growth of the delta. Although this hypothesis is viable, the critical data are sparse.

Donoghue (1993) states that a deltaic, open estuarine environment seems more likely for the

early Holocene Lake Wimico, when it was part of the main Apalachicola river system.

The Florida Middle Ground (see Fig. 4.5) lies in the mid-shelf region of the NE Gulf of Mexico

margin, 170 km southeast of the modern Apalachicola River mouth. It is composed of two

north-south trending, linear shoals, in water depths of 40-50 m. Many origins have been

postulated for these shoals, including an old river delta with passes (Jordan, 1952) and features

of fluvial origin formed during pauses in sea-level rise during the late Wisconsinan (Ballard and

Uchupi, 1970). Frazier’s (1974) sea-level curve indicates a still-stand at –53 m from 15,000-

12,000 yr BP, followed by a rapid rise. The same still-stand can be observed in the more recent

Gulf of Mexico sea-level curve in Fig. 4.7, although the timing is later, approximately 10,000 –

9,000 yr BP. Donoghue (1993) suggested a deltaic origin for the Florida Middle Ground. The

area of the Middle Ground is ~140 km2, nearly the same as the modern Apalachicola Delta. The

slope of the modern Apalachicola Delta front is less than 1 (Donoghue, 1993). Shelf-edge

deltas can have slopes up to 8 (Berryhill et al., 1987). If the Middle Ground does in fact have a

deltaic origin, the exaggerated present slope and relief of the Middle Ground might be a result of

the present colonization by reef-building corals (Donoghue, 1993). Therefore, during the period

10,000 – 9,000 yrBP, the Florida Middle Ground may have been a paleo-Apalachicola delta,

which was overstepped and isolated by rapid sea-level rise (Donoghue, 1993). The upper portion

of the Apalachicola River has also been migrating eastward during the Late Tertiary and

Quaternary (Donoghue, 1993). The upper Apalachicola River and its tributary the Flint River

(Fig. 4.5) have been described as subsequent streams developed at the base of a northwest-facing

Miocene scarp (Moore, 1955). Both the Flint and Apalachicola Rivers have built terraces on

their western sides but not their eastern sides, suggesting a lateral shift (migration) to the

southeast (Donoghue, 1993).
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Modern Apalachicola Delta and Associated Barrier Islands

The modern Apalachicola delta began to form about 6000 years ago, based on archeologic and

geomorphologic evidence (Donoghue and White, 1995; Donoghue, 1993). Measured rates of

linear progradation for the seven principal distributaries of the modern Apalachicola Delta

average 2.2m/yr (Bedosky, 1987; Donoghue and Bedosky, 1985). Using this rate, the

progradation of the modern delta would have been initiated at the head of the modern delta

approximately 6000 years ago (Donoghue, 1993).

During the early Holocene, the Apalachicola River mouth lay significantly further south of its

present location (McKeown et al., 2004). As sea level rose, the river mouth retreated and the

valley was infilled. The river’s path during the early Holocene can be seen as the large

paleochannels observed in the subsurface seismic records beneath western Apalachicola Bay,

Little St George Island, and the inner continental shelf. The modern-day Jackson River and Lake

Wimico were at that time part of the lower reaches of the Apalachicola River. Possible early

Holocene deltas can be seen in the subsurface seismic records of the modern inner shelf

(Donoghue and White, 1995). The region of Cape St. George Shoal was most likely an early

Holocene delta, based on seismic evidence (Donoghue, 1993). The rapid early Holocene sea-

level rise caused the shoreline to retreat north of Lake Wimico. During the mid-Holocene, the

paleo-Apalachicola River migrated east of the Jackson River-Lake Wimico area. Approximately

6,000 years ago, the Apalachicola River began developing its present delta (Donoghue and

White, 1995).

The barrier islands that form the rim of Apalachicola Bay, St. Vincent Island, St. George Island,

and Dog Island (Fig 4.2), began to form between 3000 and 4000 yr BP (Stapor, 1973; Stapor,

1975). After the islands were in place, the newly-formed estuary began to infill with fluvial

sediments from the paleo-Apalachicola. At the time, the paleochannel lay just west of the

modern river channel (Donoghue, 1993). Modern estuarine sedimentation rates have been

determined for East Bay near this paleochannel. Using
210

Pb geochronology, an average

estuarine sedimentation rate of 8 mm/yr was estimated for the past century (Bedosky, 1987;

Donoghue, 1988). If this rate were held constant, the full thickness of estuarine fill in
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Apalachicola Bay, 16 m above the floor of the paleochannel, could accumulate in ~2000 years

(Donoghue, 1993).

While the northwest Florida coast is sediment-starved and the Apalachicola River is dammed,

there is still enough of a source of sediment for the barriers islands not to be in an impoverished

situation. Sediment is still available in the larger shoals (Fig 4.1) in the area to feed the barrier

island system. Most of the river’s modern sediment load, especially the sand fraction, has been

sequestered in the modern delta, which the river began building about 6000 years ago (Donoghue

and White, 1995).



66

CHAPTER 5

CORE AND SUBSURFACE SEISMIC DATA AND INTERPRETATION

Introduction

The seismic and core data for this project were collected as part of a URS Corporation project for

the Florida Department of Environmental Protection, in which the author was a participant.

Three west Florida shelf areas were surveyed, offshore Pensacola, Destin, and Panama City (Fig

5.1). The survey area offshore Pensacola, Florida, referred to as Santa Rosa (Figure 5.2),

consists of 10 trackline miles (16.1 km) of seismic data and 3 vibracore locations (cores SR-1,

SR-2, and SR-3). The survey area offshore Destin, Florida, located near East Pass (Figure 5.3),

consists of 15 trackline miles (24.1 km) of seismic data and 3 vibracore locations (cores EP-1,

EP-2, and EP-3). The survey area offshore Panama City, Florida (Figure 5.4), consists of 28

trackline miles (45.1 km) of seismic data and 3 vibracore locations (cores PC1, PC2, and PC3).

These three sites were chosen based on features identified on the hillshade images created from

the bathymetry of the area. The hillshade is the gray background seen in Fig 5.1 through 5.4.

These features were seen as potential sand sources, being broad, relatively flat surfaces that

could be features created by an earlier still or high-stand of sea level.

The seismic and core acquisition was completed by Alpine Ocean Seismic Survey, Inc., on the

vessel Atlantic Twin. The Atlantic Twin was outfitted with a Geo-Acoustics GeoPulse 3.5 KHz
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Figure 5.1: Location of target areas (colored squares) for seismic and vibracore studies.

Figure created using online ROSS GIS website, http://ross.urs-tally.com.

Subbottom Profiler system, Innerspace 448 Digital Single Beam Echo Sounder, EPC model 1086

Recorder, TSS 320B Heave Compensator for the subottom data, and an Alpine Geophysical

Model 271 pneumatic vibracore. Positioning was based on a Trimble NT300D DGPS system

with Coast Guard-generated corrections. The transducer was mounted over the side of the

vessel. The seismic data were printed on the ship and recorded. The data were later converted to

TIFF files by Alpine. The cores were taken after seismic acquisition was completed and located

on the seismic lines to allow for better correlation and interpretation of the seismic images. The

cores were taken to URS Corporation and described, cut, photographed, and sampled by the

author and Lyle Hatchett, geologist, URS Corporation. The seismic interpretation was

completed by the author, Dr. Joseph Donoghue, FSU, Lyle Hatchett, and Alan Niedoroda, URS

Corporation.

Santa Rosa

Location

(Fig 5.2)

East Pass

Location

(Fig 5.3)

Panama City

Location

(Fig 5.4)
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Figure 5.2: Location of seismic lines (orange line) and cores (red dots) for Pensacola,
Florida, sampling location off Santa Rosa Island. Bathymetry is shown in blue (20 foot

contour interval). Figure created using online ROSS GIS website, http://ross.urs-tally.com.
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Figure 5.3: Location of seismic lines (orange line) and cores (red dots) for Destin, Florida

sampling location, at East Pass. Bathymetry is shown in blue (20 foot contour interval).
Figure created using online ROSS GIS website, http://ross.urs-tally.com/.
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Figure 5.4: Location of seismic lines (orange line) and cores (red dots) for Panama City,

Florida, sampling location. Bathymetry is shown in blue (20 ft contour interval). Figure
created using online ROSS GIS website, http://ross.urs-tally.com/.

Seismic Interpretation

The sub-bottom seismic profiles were annotated in order to aid interpretation (see Appendix A).

For each core (see discussion in this chapter and the core logs in Appendix B), a portion of the

seismic line around the core was chosen to show the feature on which the core is located and/or

allow for the identification of subsurface features around the core. Some of the cores are located

on the end of a line and are therefore located on the end of the image rather than the center of the
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image. The raw and annotated lines are presented in Appendix A. The raw seismic lines are

designated as Appendix A.1a, etc., and the annotated lines are designated as Figure A.1b, etc.

Each seismic line is annotated in the same way. The yellow lines in the “b” figures represent

the core location and length. The base of any Holocene features found in the image is annotated

in red. The purple line highlights the top of the Mid-Wisconsinan deposits and a Maximum

Flooding Surface (MFS). The MFS is inferred to be a flooding surface separating the

Pleistocene deposits below, which are generally older than 37 ka, from the early Holocene

deposits above. The ages of the deposits above and below the MFS are supported by the

radiocarbon dates from three samples obtained as part of this project and by the sea-level history

of the area, which is discussed in Chapter 2. This flooding surface in some cases is found

directly above the Mio-Pliocene Intracoastal Formation (annotated in green) due to a lack of, or

very thin, Mid-Wisconsinan and other late Pleistocene-age deposits. The top of the Intracoastal

Formation is annotated in green and this unit is Mio-Pliocene in age. These older deposits were

recovered locally in the cores, but are most commonly identified only on the seismic lines as the

deepest reflector. Due to the characteristics of the instrumentation used to collect the seismic

data, the top of the basal limestone (Intracoastal Formation) is the deepest reflector because the

outgoing signal was not strong enough to penetrate limestone and return to the surface. If

present, the seafloor (bottom) multiple (an echo of the seafloor reflector) is annotated in blue.

The seafloor multiple is an artifact and does not represent an actual surface. The depths reported

in this section are in meters below the seafloor, based on an acoustic velocity of 1500 m/s.

Core Location SR-1

Core SR-1 (map location shown in Fig. 5.2; trackline location shown in Appendix A, Fig.

A.1a,b) is the most landward core on top of a large shoal feature identified using bathymetric

data (broad, flat area seen on Fig. 5.2). This site is interpreted using the vibracore and seismic

data as a drowned barrier complex with its associated lagoonal and deltaic deposits. There are

no Holocene features identified seismically at this site. The MFS is present at ~4.1 m sub-

bottom, based on the seismic data, but is not readily apparent in the core. The lack of

identifiable features in the core may be due to the lack of discoloration in the sediments. The

Intracoastal Formation was identified at 6.0 m sub-bottom and was not penetrated by the core.
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Core Location SR-2

Core SR-2 (map location shown in Fig. 5.2; trackline location shown in Appendix A, Fig.

A.2a,b) is the most seaward core on the top of the large shoal feature. The paleoenvironment of

this site is interpreted as deltaic based upon the core and seismic data. The Holocene features

seen in this seismic profile are likely delta front deposits (with seaward-dipping reflectors). The

near-horizontal Holocene reflectors landward (northwest) of the seaward-dipping reflectors

represent the shoreline from which the delta built out. The Holocene reflectors identified near

the seafloor are likely the deposits created when the barrier rolled over the delta as it moved

landward before it was drowned. The MFS is identified at 4.9 m sub-bottom. The Intracoastal

Formation cannot confidently be identified on the seismic record and is not found in the core.

Core Location SR-3

Core SR-3 (map location shown in Fig. 5.2; trackline location shown in Appendix A, Fig.

A.3a,b) is located seaward of the feature identified by bathymetry. There are no Holocene

features identified at this site. The MFS is identified at ~2.69 m sub-bottom. The seaward-

dipping reflectors truncated by the MFS may represent a delta, which built out in the area

~38,000 years ago, based on carbon dating. This core contains a radiocarbon date at 3.72 m sub-

bottom, which is near the base of the seaward-dipping reflectors. This suggests that delta-

building occurred in the area at the time the sample was deposited. The conventional

radiocarbon age of the sample is 38,370 +/- 760 BP (see Table 4.4 below). The deltaic

interpretation of this portion of the core is supported in the seismic data (mentioned above), the

textural data, and the core description (discussed later in this chapter). The Intracoastal

Formation was not found in the core and is identified in the seismic data at ~7.3 m sub-bottom.

The depth to the Intracoastal Formation in the area would allow for the accommodation space for

delta-building. The top of the Intracoastal Formation is not observed, possibly due to erosion at

the top of the formation during delta-building, or as a result of loading on the karstic limestone.
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Core Location EP-1

Core EP-1 (map location shown in Fig. 5.3; trackline location shown in Appendix A, Fig. A.4a,

b) is located landward of an apparent drowned barrier island complex (linear, flat bathymetric

feature seen in Fig. 5.3). No Holocene features were identified in the seismic record. The

maximum flooding surface (MFS) is identified on the seismic profile, but this reflector is

obscured in the immediate vicinity of the core. It is present at ~2.8 m sub-bottom. The

Intracoastal Formation is imaged at ~3.5 m sub-bottom. The core appears to penetrate a channel

that is more likely fluvial than karstic, based on the shape on the seismic reflection and the

deposits seen in the core, or more accurately, the lack of karstic (limestone) deposits.

Pleistocene deposits in this area are thin due to the seaward migration of the barrier and its

eventual drowning, or erosion associated with the MFS.

Core Location EP-2

Core EP-2 (location shown in Fig. 5.3; trackline location shown in Appendix A, Fig.A.5a, b) is

located near the top of the drowned paleo-barrier feature. No Holocene features were identified

on the seismic record. The MFS is imaged at ~4.2 m sub-bottom and is identified at the top of a

strong set of reflectors. The Intracoastal Formation was not found within the core, but is located

in the seismic data at ~7.8 m sub-bottom. A bottom multiple is seen at the bottom of this seismic

image. All of the reflectors above the MFS are roughly parallel to the seafloor, suggesting low-

energy deposits. The core description reveals a lagoonal environment of silty sands overlain by

barrier/beach sands supporting the idea of the East Pass site being a drowned barrier complex.

Core Location EP-3

Core EP-3 (location shown in Fig. 5.3; trackline location shown in Appendix A, Fig.A.6a, b) is

located on the seaward side of the drowned paleo-barrier feature. Upon examination of the

seismic profile, the feature appears to have an undulating surface. There are two factors that may

explain the undulation. First, there is a turn in the trackline at the edge of the feature, with the

track moving just off the feature and then back on. Second, the bathymetric expression of the

feature reveals that there is an offset in the feature at approximately the location where the core
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and the seismic data were taken. There is a Holocene feature identified on the seismic record

and in this core at ~1.3 m. In the core, this appears to be in a sandy unit that can be interpreted

as beach or nearshore deposition, which supports the drowned barrier interpretation of the East

Pass site. The Intracoastal Formation is imaged on the seismic line at ~7.8m sub-bottom, but is

not seen in the core.

Core Location PC-1

Core PC-1 (location shown in Fig. 5.4; trackline location shown in Appendix A, Fig.A.7a, b) is

located on the northeastern edge of the bathymetric feature interpreted by the author as a possible

retreat path of an estuary and/or an ebb-tidal delta. Holocene features (reflectors) are identified

on the seismic record around the core and possibly represent deltaic deposits or clay-rich layers,

providing a reflector in the fine sand sediments seen in the top of the core. The MFS is imaged

at ~4.2 m sub-bottom and represents an apparent hiatus in deposition between the Mid-

Wisconsinan and 8-9 ka. At 4.66 m sub-bottom, a sample was radiocarbon-dated as 37470 +/-

1060 yr BP (see Table 4.4 below). Although no sample was dated above the MFS, the age of the

deposits above is inferred to be 8-9 ka or younger because this area was not an estuarine

environment before that time, based on the sea-level history of this region. For more information

on the sea-level history during this time, refer to Chapter 2. The Intracoastal Formation is not

seen in the core, but is identified on the seismic line at 8.6 m sub-bottom. A seafloor multiple is

also present on this line.

Core Location PC-2

Core PC-2 (location shown in Fig. 5.4; trackline location shown in Appendix A, Fig.A.8a, b) is

located roughly in the center of the bathymetric expression of the retreat path of the ebb-tidal

delta described above. There were no Holocene features identified in the core or on the seismic

record. The MFS was interpreted at ~3.9 m sub-bottom and likely represents a hiatus in the area

as noted above in Core PC-1. The Intracoastal Formation was identified at ~8.9 m sub-bottom in

the seismic but is not penetrated by the core. A seafloor multiple is also present on this line.
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Core Location PC-3

Core PC-3 (location shown in Fig. 5.4; trackline location shown in Appendix A, Fig.A.7a, b) is

located on the southwestern edge of the bathymetric expression of the retreat path of the ebb-

tidal delta described above. The MFS was identified at ~4.2 m sub-bottom and likely represents

a depositional hiatus. The Intracoastal Formation was identified at ~5.2 m sub-bottom in the

seismic and is seen in the core. The difference in depth to the Intracoastal Formation may be

explained by the karstic alteration of the top of this formation. A seafloor multiple is present on

this line.

Core Descriptions

The complete core descriptions are included in Appendix B. The cores were collected as part of

a larger study sponsored by the Florida Department of Environmental Protection (FDEP). Once

the cores were recovered, they were cut into 5-foot (1.52 meter) sections, capped, and labeled on

the boat. Once back at the URS warehouse in Tallahassee, FL, the core sections were split and

photographed. Once the cores were photographed, they were logged by Mr. Lyle Hatchett (URS

Corp.) and the author. The descriptions of grain size on the core logs are observational. The

cores were then sampled for quantitative grain size analysis via sieving. The results of the sieve

analysis are discussed later in this chapter and are presented in Appendix C. The core logs were

put into digital form using gINT software that has been adopted by FDEP. Because the State of

Florida does not use the metric system for core descriptions, depths in the core logs are reported

in feet.

Interpretation of Environments of Deposition

After reviewing the core descriptions, granulometric data, and seismic records (discussed

elsewhere in this chapter), interpretations were developed for the environments of deposition of

cores EP-1 to EP-3, PC-1 to PC-3, and SR-1 to SR-3.
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Granulometric Data

There were 48 samples sent for textural analysis to Scientific Environmental Applications, Inc.,

using a quarter-phi sieve interval. No samples were analyzed for texture for Core PC-2 because

the entire core is too fine-grained. The weight of the sediment retained on each sieve was then

entered into GRANPLOT. GRANPLOT is a two-dimensional plotting tool, which was created

and published as part of this project (Balsillie et al., 2002). GRANPLOT analyzes sediment

textural data using an EXCEL worksheet, and carries out standard statistical analyses. The

GRANPLOT program includes a complete granulometric analysis, the data listing, moment

measure calculations, and frequency and cumulative arithmetic probability paper (APP) plots.

Each sample generates a data information sheet with a histogram of weight in each sieve interval

and a second sheet with cumulative weight percent graph plotted on APP. The full set of project

output from GRANPLOT is included in Appendix C. Using the granulometric data, the means

and standard deviations (sorting values), some interpretation can be made regarding the

environment of deposition of the sediments.

After each sample was analyzed using GRANPLOT, a profile of mean and standard deviation

versus depth was plotted for each core. These are presented in Figures 5.5 to 5.12. The data for

the profiles are tabulated in Tables 5.1 to 5.3. Table 5.4 presents the standard verbal description

of the mean and standard deviation values (from Leeder, 1982). The sediment textural data are

an essential component, along with the core descriptions and the seismic data, in interpreting the

environments of deposition, which are detailed later in this chapter.

The means and standard deviations for sediment samples from Core SR-1 are shown in Figure

5.5. The samples from Core SR-1 are all moderately well sorted. Core SR-2 (Figure 5.6)

alternates from moderately to poorly sorted from the top of the core to –29.05 m. The samples

from -29.38 m to the bottom of the core are moderately sorted, except for the sample at –31.06 m

that is moderately well sorted. Core SR-3 (Fig. 5.7) is moderately sorted except for the sample at

–30.14 m, which is moderately well sorted.
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Figure 5.8 shows the mean and standard deviation for Core EP-1. It can be observed that Core

EP-1 is moderately well sorted, except for the sample at –28.56 m, which is moderately sorted.

Core EP-2 (Figure 5.9) is moderately sorted with the exception of moderately well sorted

samples at –21.09 and –24.75 m. There is a zone that is poorly sorted at –23.59 m. Core EP-3

(Figure 5.10) is moderately sorted to the sample at –27.68 m and is poorly sorted for the

remainder of the core. All descriptive terms for textural data are based on definitions in Leeder

(1992).

Figure 5.11 shows the means and standard deviation profiles for Core PC-1. The core is

moderately sorted down to –17.53 m where it changes to poorly sorted for the remainder of the

core. Core PC-3 (Figure 5.12) is moderately sorted from the top of the core to –27.4 m where it

becomes poorly sorted.
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Figure 5.5: Core SR-1 mean and standard deviation profiles.
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Figure 5.6: Core SR-2 mean and standard deviation profiles.
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Figure 5.7: Core SR-3 mean and standard deviation profiles.
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Figure 5.8: Core EP-1 mean and standard deviation profiles.
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Figure 5.9: Core EP-2 mean and standard deviation profiles.
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Figure 5.10: Core EP-3 mean and standard deviation profiles.
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Figure 5.11: Core PC-1 mean and standard deviation profiles.



81

-29.00

-28.00

-27.00

-26.00

-25.00

-24.00

-23.00

0 0.5 1 1.5 2 2.5 3 3.5

Mean (phi) and Standard Deviation (phi)

D
e
p

th
B

e
lo

w
M

S
L

(m
)

Mean (phi) Std Dev (phi units)

Figure 5.12: Core PC-3 mean and standard deviation profiles.
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Table 5.1: Means and standard deviations

for cores SR-1, SR-2, and SR-3

Core SR-1

Sample # Depth (m, MSL)Mean (phi) Std Dev (phi units)

SR1-R1-1 -20.03 1.5321 0.5708

SR1-R1-2 -20.94 1.4942 0.6024

SR1-R1-3 -22.16 1.6157 0.5319

SR1-R1-4 -23.38 1.6143 0.6617

SR1-R1-5 -24.60 1.4751 0.6263

Core SR-2

Sample # Depth (m, MSL)Mean (phi) Std Dev (phi units)

SR2-R1-1 -26.43 1.7513 0.9423

SR2-R1-2 -27.65 1.3379 1.0154

SR2-R1-3 -28.56 1.0950 0.9383

SR2-R1-4 -29.05 2.8407 1.1800

SR2-R1-6 -29.38 2.7476 0.7146

SR2-R1-8 -30.48 2.5948 0.9091

SR2-R1-9 -31.06 3.2931 0.5186

SR2-R1-10 -31.61 1.7483 0.8936

Core SR-3

Sample # Depth (m, MSL)Mean (phi) Std Dev (phi units)

SR3-R1-1 -28.53 1.5784 0.7073

SR3-R1-2 -29.11 1.5882 0.8675

SR3-R1-3 -30.14 1.8936 0.6396

SR3-R1-4 -30.63 2.1459 0.9675

SR3-R1-9 -33.95 1.4668 0.9495
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Table 5.2: Means and standard deviations

for cores EP-1, EP-2, and EP-3

Core EP-1

Sample # Depth (m, MSL)Mean (phi)Std Dev (phi units)

EP1_R1_1 -23.99 1.7700 0.8892

EP1_R1_2 -24.99 2.2060 0.6295

EP1_R1_4 -28.56 1.7014 0.7864

EP1_R1_5 -29.17 1.4268 0.6747

Core EP-2

Sample # Depth (m, MSL)Mean (phi)Std Dev (phi units)

EP2_R2_1 -20.79 1.4052 0.7545

EP2_R2_2 -21.09 1.5597 0.6900

EP2_R2_3 -21.76 1.6891 0.7566

EP2_R2_4 -22.10 1.6412 0.7148

EP2_R2_5 -22.74 1.5611 0.9328

EP2_R2_6 -23.20 2.4969 0.9775

EP2_R2_7 -23.59 2.7141 1.0980

EP2_R2_8 -24.32 2.7824 0.8142

EP2_R2_9 -24.75 2.9160 0.7049

Core EP-3

Sample # Depth (m, MSL)Mean (phi)Std Dev (phi units)

EP3_R1_1 -25.85 1.6787 0.7887

EP3_R1_2 -26.52 1.7341 0.7789

EP3_R1_3 -27.34 2.0773 0.7069

EP3_R1_4 -27.68 2.3250 0.8461

EP3_R1_6 -29.20 1.7121 1.0459

EP3_R1_7 -30.11 1.5846 1.1376
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Table 5.4: Standard verbal descriptors for mean grain size

and sorting (standard deviation) from Leeder (1982).

Mean Grain Size Range (φ) Wentworth Size Class

-1.0 to 0 very coarse sand

0 to 1.0 coarse sand

1.0 to 2.0 medium sand

2.0 to 3.0 fine sand

3.0 to 4.0 very fine sand

4.0 to 5.0 coarse silt

Sorting (std dev) (φ units) Verbal Description

0 to 0.35 very well sorted

0.35 to 0.50 well sorted

0.50 to 0.71 moderately well sorted

0.71 to 1.00 moderately sorted

1.00 to 2.00 poorly sorted

2.00 to 4.00 very poorly sorted

4.00+ extremely poorly sorted

Table 5.3: Means and standard deviations

for cores PC-1, PC-2, and PC-3

Core PC-1

Sample # Depth (m, MSL)Mean (phi)Std Dev (phi units)

PC1-R1-1 -15.09 2.0938 0.6367

PC1-R1-2 -15.94 1.9386 0.7623

PC1-R1-3 -16.61 2.3140 0.7772

PC1-R1-4 -17.53 1.1965 1.3511

PC1-R1-5 -18.14 2.0358 1.1177

Core PC-2

no data (samples too fine to be dry sieved)

Core PC-3

Sample # Depth (m, MSL)Mean (phi)Std Dev (phi units)

PC3-R1-1 -23.44 1.5528 0.7076

PC3-R1-2 -24.66 2.0133 0.7448

PC3-R1-3 -26.79 2.1960 0.8063

PC3-R1-4 -27.40 1.1965 1.3511

PC3-R1-5 -27.95 1.1315 1.3855

PC3-R1-6 -28.10 1.3471 1.2240
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Using suite statistics, an interpretation of the environment of deposition can be made from the

means and standard deviations of the grain size of the samples from the cores. Figure 5.13 is a

plot of the mean and standard deviations of the all of the samples, along with the suite means for

each site. There is a pattern to the means and standard deviations for the samples. Overall, the

means and standard deviations of the grain size decrease westward, away from the modern

Apalachicola River. Recall that the site locations from east to west are Panama City (PC), East

Pass (EP), and Santa Rosa (SR). This fits with the general sedimentologic rule that sediments

become better sorted and slightly finer the further they are transported from the source, likely the

Apalachicola River mouth.

This same set of suite statistics can be plotted on axes representing sedimentary environments of

deposition (Tanner, 1991) (Fig. 5.14). The figure is based on interpretation of a large amount of

suite statistical data. Inspection of Figure 5.14 indicates that all of the sediment samples from

these cores can be interpreted as having a riverine origin. Going back to the interpretation that

the sediment fines away from its source, the Apalachicola River is again a likely source for all of

the sediment analyzed in this report. The interpretation can be carried further to show that the

majority of the sediment on the shelf off the panhandle coast of Florida may have originated

from the Apalachicola River. This is an independent check of the interpretation from the cores

and seismic data. Additionally, Arthur et al (1986) obtained samples from across the shelf of

northwest Florida and performed granulometric and heavy mineral analyses. They concluded

that the sediments on the inner continental shelf of northwest Florida are mainly fluvial in origin

and that the sediments have been transported on the shelf predominantly by the Apalachicola

River during Pleistocene sea-level low stands.

Once the granulometric data were interpreted, focus moved to the information obtained from the

cores and seismic data. The interpretations of each site were summarized at the beginning of the

chapter, but the discussion that follows is an attempt at reconstruction and interpretation of the

environments of deposition for the three sampling locations in the study area. The environments

of deposition were interpreted by looking at the sedimentary structures in the cores, both

individually and as a group for each site, and the grain size data. Other clues came from the

types of sediment, such as organic material, silty material, sandy material, and presence of shells.
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Additionally, the seismic records at the core locations were interpreted (Appendix A) and

analyzed for information they could lend for the purpose of deciphering the environments of

deposition.
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ENVIRONMENTS OF DEPOSITION -- NW FLORIDA SHELF CORE SAMPLES
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Figure 5.14: Suite means and standard deviations for the 3 core location sites superimposed

on an interpretation of environments of deposition from Tanner (1991).

Pensacola Location (Santa Rosa Island) Cores

As sea level fell or reached a still stand, a delta built out to the approximate location of core SR-2

(Fig 5.2; Table 5.1; core log shown in Appendix B, Table B.2) and a lagoonal/estuarine

environment existed at the location of SR-3 (vibracore log shown in Appendix B.3), becoming

fully lagoonal as a barrier built seaward of SR-3. A radiocarbon date of 38, 370 +/- 760 yr BP

was obtained from a sample in core SR-3 in deltaic deposits. This date is discussed further in a

later section of this chapter. As sea level began to rise, the barrier/beach transgressed over the

area of SR-3 and SR-2, coming to rest near SR-1 (vibracore log shown in Appendix B.1). The

barrier/beach was then overstepped and drowned by the rising sea level.

The core furthest offshore SR-3, (Figure 5.4; Table 5.1; core log shown in Appendix B, Table

B.3) contains a large amount of overwash deposits (layered sands with shell) atop a medium to
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dark gray, fine to medium sand. This sand is most likely lagoonal with overwash landward and a

barrier seaward.

Core SR-2 overall coarsens upward (Fig 5.6; Table 5.1; core log shown in Appendix B, Table

B.2) and is a medium to dark gray, fine to very fine sand. From 3.17 m to the bottom of the core,

the core is layered, becomes increasingly organic, loses all shell content, and contains a few

wood fragments. The top 19.8 cm is mottled and burrowed. Foraminifera and shell fragments

are found in the section from 1.1 to 2.5 m.

Core SR-1 contains only one unit (Figure5.5, Table 5.1, core log shown in Appendix B, Table

B.1). The unit is well-sorted, fine, clean quartz sand. Sand- and shell-fragment-filled burrows

are found throughout.

Destin Location (East Pass) Cores

The series of cores from East Pass, EP-1, EP-2, and EP-3 (Fig 5.3; vibracore logs shown in

Appendix B, Tables B.4, B.5, and B.6, respectively), are interpreted as a drowned shoreline or

barrier complex. This interpretation fits well with the bathymetric contours observed in Fig. 5.3.

As sea level fell or reached a still-stand, a delta built out to the location of Core EP-3. At

location EP-2, a deltaic environment (and possibly associated lagoonal facies) is overlain by a

beach/barrier environment. This could be the result of deltaic erosion as sea level began to rise.

At location EP-1, a back barrier marsh/lagoonal environment existed behind the barrier at EP-2.

This entire area was then apparently overstepped and drowned by rising sea level.

The core furthest offshore, core EP-3 (Figure 5.10; Table 5.2; core log shown in Appendix B,

Table B.6), is interpreted as a delta-building sequence. The base of Core EP-3 is estuarine,

possibly with lagoonal facies, exhibiting burrowed silty sand, shell hash and shell fragments.

Urchin spines and foraminifera are also found in the bottom section of the core. The remainder

of the core (the top 4.5 m) exhibits a delta-building sequence, which coarsens upward (Fig 5.10;

Table 5.2) and has a decreasing shell content upward.
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Core EP-2 (Figure 5.9; Table 5.2; core log shown in Appendix B, Table B.5) is interpreted as a

beach/barrier that built out over a deltaic or lagoonal environment. The core fines downward and

is burrowed throughout. The shell content increases upward and numerous large, complete

shells are found at ~1.5 m down-core. The top of Core EP-2 is a well sorted, medium to coarse

sand, typical of modern beaches in this area of the Panhandle of Florida.

Core EP-1 (Figure 5.8; Table 5.2; core log shown in Appendix B, Table B.4) is interpreted as a

back barrier marsh to lagoonal environment. Black to dark gray organic muds appear at ~3.5 m

and are mottled. A 9.14 cm shell hash is located at 2.8 m and the core begins to fine from this

point down (Fig 5.8; Table 5.2). The top of the core is sandy with a large amount of heavy

minerals and is burrowed, indicating a lagoonal or beach environment. A thin root was found at

3.7 m.

Panama City Location Cores

The series of cores offshore of Panama City (Fig 5.4; core logs shown in Appendix B, Table B.7,

B.8, and B.9, respectively) was taken to confirm the preliminary interpretation of this feature,

identified via high-resolution bathymetry as a possible retreat path of an estuary and/or ebb-tidal

delta. The cores confirm this interpretation. Core PC-3 is based in an estuarine/marine

environment that underwent delta-building. As sea level then began to rise, the delta began to

retreat landward, leaving deltaic deposits behind. Cores PC-1 and PC-2 both reveal a former

deltaic environment that transitioned into lagoonal or nearshore facies before being drowned by

rising sea level.

Core PC-3 (Figure 5.12; Table 5.3; core log shown in Appendix B, Table B.9) is furthest

offshore and is located on the edge of this feature. The environment at the core location changes

from marine or estuarine at the base to delta front at the top of the core. The top portion of this

core may be alternatively interpreted as nearshore facies.

Core PC-2 (core log shown in Appendix B, Table B.8) is located on the west side of the feature.

The core fines upward, contains roots (at 0.98 to 2.13 m), and is predominantly silty sand. The
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environment of deposition at this core location is interpreted as a marshy environment that could

be deltaic, or back barrier marsh.

Core PC-1 (Figure 5.11; Table 5.3; core log shown in Appendix B, Table B.7) is located on the

east side of the feature. It is interpreted as being a lagoonal environment (at the base of the

core), or possibly nearshore, with clay-filled burrows and large complete shells.

Radiocarbon Data

As the 9 cores collected for this project were being subsampled and described, samples that

could be radiocarbon dated were collected. Each of the samples was obtained from the interior

of the core to avoid contamination from the coring process. Samples were double-bagged in

airtight bags, labeled with core and depth, and refrigerated until being sent for analysis. Three

samples were chosen for radiocarbon analysis, one each from cores PC-1, EP-1, and SR-3. As

previously stated in this report, these cores were taken from areas that were targeted for both

coring and seismic tracklines because of their bathymetric expressions as possible paleo-

shorelines. Once the cores were opened, described, and sampled for dating, these three samples

were chosen for radiocarbon analysis because they were interpreted as being from lagoonal or

deltaic deposits that were present coincidentally with the shoreline features seen in the seismic

profiles. It was assumed that depths of formation of these samples would have been at or very

near sea level at that time. The samples were analyzed by Beta Analytical, Inc., in Miami,

Florida. The results are presented in Table 5.5.

The radiocarbon sample from core PC-1 (Fig 5.4), referred to as sample PC1A, was taken at a

core depth of 4.66 m, for a total depth of 19.1 m below present MSL. This sample is composed

of organic sediment interpreted as lagoonal in origin. The organic sediment is medium to dark

gray to black, fine silty sand, and peaty. This section of the core fines downward with silty sand

at the top of the unit (see Appendix B.7). Sample PC1A was dated by radiometric analysis and

yielded a conventional radiocarbon age of 37,470 yr BP +/- 1060 yr BP. Using Bard’s (1998)

conversion method, sample PC1A yields a calibrated calendar age of 47,316 cal yr BP (Table

5.5).



91

Table 5.5: Radiocarbon Data

Sample

Beta
Lab

Number Analysis Material
Depth in
core (m)

Total Depth (m
below MSL)

C13/C12

Ratio
(‰)

Conventional
Radiocarbon
Age (14C yr BP)

Calibrated
Age (cal yr

BP) (Bard,
1998)

PC1A 185691 Standard

Organic

Sediment 4.66 19.1 -17.2 37470 +/- 1060 47316

EP1A 185690 AMS Wood 3.72 27.1 -25.7 >46850 >59413

SR3A 185692 AMS Wood 3.72 32.2 -25.9 38370 +/- 760 48477

The sample from core EP-1 (Fig 5.3), referred to as sample EP1A, was taken at a core depth of

3.72 m, for a total depth of 27.1 m below present MSL. This sample was composed of wood

(root material) and is thought to be deltaic in origin based on the silty, organic sediment

surrounding the root, and on the core stratigraphy. This portion of the core is mottled with dark

organic mud and silty sand. The sand portion contains ~15% shell and a trace of heavy minerals.

The quartz sand is coated with silt. After reviewing the seismic record for this core (see

Appendix A.4a,b), this sample is interpreted to be from the edge of a fluvial channel. Sample

EP1A was dated by AMS analysis and yielded a conventional radiocarbon date of >46,850 y BP

(Table 5.5)., i.e., the sample did not contain dateable radiocarbon and is apparently older than the

limit of AMS radiocarbon analysis.

The sample from core SR-3 (figure 5.2), referred to as SR3A, was taken at a core depth of 3.72

m, for a total depth of 32.2 m below present MSL. This sample was composed of wood (stem or

branch) and is thought to be deltaic in origin. This section of the core (see Appendix B.3)

consists of silty fine sand that has been slightly burrowed. Three larger burrows (3.05-9.14 cm

long) were seen in this ~1.5 m section. Sample SR3A was dated by AMS analysis and yielded a

conventional radiocarbon date of 38,370 +/- 760 yr BP. Using Bard’s (1998) equation, SR3A

yielded a calibrated calendar age of 48,477 cal yr BP (Table 5.5).

Once these dates were obtained, they were compared to eustatic sea-level curves. While these

samples fit nicely with the Shepard (1963) and Curray (1961) curves, these curves are not
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considered accurate beyond ~20 ka. The samples fit well above the eustatic sea-level curves of

Siddall et al. (2003) and Bintanja et al. (2005). This can be explained by interpreting the

environment of deposition as upland during the mid-Wisconsinan, rather than coastal. The core

radiocarbon data, therefore, show that the Pleistocene surface beneath the modern Holocene

sediments on the inner shelf is a relict surface mid-Wisconsinan in age (oxygen isotope stage 3),

and that the Holocene section is relatively thin. At each of the dated core sites the Holocene

sediments are less than 5 meters thick, supporting the idea that this are was sediment starved

during the Holocene. This demonstrates that sand deposits thick enough to serve as targets for

renourishment investigations are relatively rare in this region and need to be searched for

systematically rather than randomly.

Conclusion

For this project nine vibracores were collected at three sites, offshore Santa Rosa, East Pass, and

Panama City, Florida. These nine vibracores were collected along seismic lines previously

collected as part of the project to aid in the identification and characterization of shelf sand

bodies. The nine cores were logged, described, photographed, and sampled. Forth-eight samples

were taken from eight of the vibracores, one core being too silty to become beach nourishment

material. Granulometric data were collected and then plotted in various ways (mean and

standard deviation versus depth in core, mean versus standard deviation for the individual

samples and as a suite for each of the three sites). Comparison of suite means and standard

deviations with the discrimination plot of Tanner (1991) indicates that all samples are of a

riverine origin. These results support the overall trend seen in textural characteristics of the

entire database of samples with mean grain size and sorting values decreasing from east to west.

Examination of the full database supports the interpretation that the Apalachicola River was the

major sediment supplier at the time of deposition of the present-day mid-shelf features.

The environments of deposition were interpreted by looking at the sedimentary structures in the

cores, both individually and as a group for each site, and the grain size data. Other clues came
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from the types of sediment, such as organic material, silty material, sandy material, presence of

shells. Additionally, the seismic records at the core locations were interpreted (Appendix A) and

analyzed for information they could lend to the environments of deposition. The Santa Rosa

location is interpreted as a barrier system forming seaward of a lagoonal environment and then

transgressing as sea-level rose, eventually being overstepped and preserved on the shelf. The

East Pass (Destin) location is interpreted as a drowned shoreline or barrier complex, underlain by

deltaic environment and back barrier march/lagoonal environments. The East Pass (Destin)

locations was apparently overstepped and drowned by rising sea level, just as the Santa Rosa

location was. The series of cores offshore of Panama City was taken to confirm the preliminary

interpretation of this feature, identified via high-resolution bathymetry, as a possible retreat path

of an estuary and/or ebb-tidal delta before the collection of new offshore data. The vibracore,

grain size, and additional seismic data support this interpretation.
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CHAPTER 6

DEVELOPMENT OF MODELS FOR IDENTIFYING OFFSHORE SAND BODIES

BASED ON SEDIMENT AND GEOPHYSICAL DATA AND SEA-LEVEL HISTORY

Introduction

Geologic models are often developed for investigating coastal systems, with the purpose of

identifying offshore sand deposits and other paleo-coastal features. Such models, both

conceptual and numerical, are based on physical data, including geophysical and sedimentologic

data, and sea-level history. In this investigation, a conceptual geologic model, more accurately a

thought process, has been developed as a guide to research into the geologic evolution of a

coastal region, in this case the northeastern Gulf of Mexico coast, and as a tool in characterizing

the location, viability, and extent of offshore sand bodies. This model also allows for the

assessment of offshore sand bodies in comparison to native beach sand. Once the geologic

evolution of a coastal region is better understood and more information can be included in the

model, the finer-scale spatial patterns and trends in sub-bottom, bathymetric, and sediment data

along the coast can be interpreted more reliably. In order to develop a useful conceptual model,

the researcher must have an understanding of the major sedimentary processes at work in the

area, an interpretation of the regional patterns in offshore sediment characteristics, and a

knowledge of the regional sea-level history (Donoghue et al., 2003).
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Database

The database for a coastal model incorporates several types of data. In order to understand the

coastal system involved, a model must take various types of data and a large amount of it into

consideration. The necessary data include sedimentary processes (both local and regional),

sediment budgets, local and regional geology, sea-level history, paleogeography, knowledge of

coastal evolution, shallow seismic data, and offshore and onshore sediment characteristics. The

accumulation of data for such a model can be laborious. The primary source of coastal geologic

information for a given region is published literature. As documented in this project, there are

hundreds of literature sources available for the northwest Florida Panhandle region alone. After

compiling the published literature into a database, one can search for data sets that are not

published, in the form of project reports. Finally, one can also obtain original data, often in the

form of seismic data and sediment sampling, to fill in data gaps.

Before analyzing previous or original data, the data must be stored in a readily accessible

manner. This means that the multitude of data that have been collected and reviewed must be

stored in a database in such a way that the data sets are easily found and retrieved, and readily

comparable. Geologic data are reported in many different formats, which has been found to be

especially true in the present investigation. Lack of generally accepted criteria for reporting

sedimentologic data is a serious problem in coastal and marine geology. This fact and the size of

the data set that has been created in this investigation has led to the creation of a detailed data

management plan using comprehensive data storage (Hatchett et al., 2003). The database was

designed to store all data in its original format and to provide fields where these data are

converted to a common format (Hatchett et al., 2003). Currently the database that this project

has generated includes 3154 total sediment samples (including 1826 samples from cores and

1328 grab samples) and 438 cores (Fig 6.1). The database also includes over 3000 trackline

kilometers of sub-bottom seismic data (Donoghue et al., 2003).

In the database, there are two types of data, spatial and tabular (Hatchett et al., 2003). The

tabular data files are used to store information about sediment properties of various samples.

Because the data must be geographically referenced, spatial data are necessary and are preserved
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Figure 6.1: Northeastern Gulf of Mexico shelf region, showing (A) sand sample locations
and (B) geophysical trackline locations. Figure created using online GIS website (URS,

http://ross.urs-tally.com).

(A)

(B)

http://ross.urs-tally.com/
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in a geographic information system (GIS). The data can then be made accessible by use of the

ESRI software, which includes ArcView and ArcIMS. The user is then enabled to view or query

the information interactively using the Web. The data sets for the present project are online at

the ROSS website: http://ross.urs-tally.com. The data are also available for downloading and

further statistical manipulation. Once the user has produced tables and/or maps of the data, the

information can be printed and the tables downloaded for further use.

Conceptual versus Numerical Modeling

Both conceptual and numerical modeling are useful in applications of offshore sediment

deposits. The differences between the two are primarily in the output. Both types are briefly

described below. Numerical models of coastal processes or morphometry provide insight into

the long-term effects of coastal processes and the effects on coastal morphologic development.

Conceptual models, on the other hand, offer the researcher an idea of where offshore sand bodies

may be found based on the interpretation of the characteristics (input data) of the shelf area. This

allows the researcher to then examine a series of “scenarios” within the coastal system, including

present conditions and paleogeographic and evolutionary history, in order to identify the high-

probability locations of offshore sand bodies. A researcher might locate and characterize

offshore sedimentary features using a conceptual model, but might use a numerical model to

better understand the processes and rates by which the features developed.

Numerical Modeling

Two models used frequently for modeling coastal systems in this type of investigation are the

Coastal Systems Tract model (CST model) and the ASMITA model. The ASMITA model is

included in the CST model (Niedoroda et al., 2003), and is described in detail by Stive et al.

(1998). The ASMITA model was created to describe the morphological interaction between a

tidal lagoon (or basin) and its adjacent coastal environments. The purpose of the ASMITA

model is to allow for the determination of the morphological response of a system to any

physical change within the lagoon or along the coast (Stive et al., 1998). Based on field

information and generic modeling knowledge of tidal basins, lagoons, and wave-dominated

http://ross.urs-tally.com/
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coasts, Stive et al. (1998) developed this modeling approach to determine the potential impact of

increased (or decreased) relative sea-level rise, changes in wave climate, and human-induced

regulation of lagoons and their adjacent coastal areas. In the case of Stive et al. (1998), the

human-induced regulation included sediment starvation due to upstream diversion of water

sources and the artificial creation of deltaic plains. The area of interest in the Stive et al. (1998)

study was the Mediterranean deltaic plains of the Ebro, Po, and Rhone rivers, with additional

testing of the model in the Netherlands Wadden Sea. In the west Florida study area of this

investigation, somewhat similar conditions prevail. For example, the major river in this region,

the Apalachicola, Florida’s largest river, is partially sediment-starved due to long-term damming

of the river for water resources (Donoghue, 1993). Additionally, much of the sediment delivered

to the modern northwest Florida coast is trapped in lagoon and estuarine delta environments.

Lastly, much of the offshore sediment features are paleodeltas and other paleofluvial features of

the many rivers and tidal inlets that enter the sea in this region.

After testing this model in the Wadden Sea, Stive et al. (1998) made three basic observations.

First, if only one element in the system is disturbed, the system reacts most quickly if the

element disturbed is the coast and most slowly if it is the tidal flat. Second, the system reacts

most quickly when two adjacent elements experience opposite disturbances. Third, more than

one time scale can be identified in the response of the system to the disturbance. In other words,

the first reaction of the system, with the smallest time scale, is related to the diffusion of the

disturbance to the elements adjacent to the one first affected. As time goes on, all the

disturbances are resolved on a much larger time scale. According to Stive et al. (1998) it can be

mathematically shown that the number of time scales in the system is equal to or greater than the

number of elements in the system. ASMITA is designed to allow for the determination of the

morphological response of a system to any disturbance, including the impact of relative sea-level

change, change in wave-climate, and human-induced regulation of the basin, inlet, and adjacent

coast. It should allow for this determination with reasonable results even in the case of poor

initial information (Stive et al., 1998).

The CST (Coastal Systems Tract) model, described by Niedoroda et al. (2001), was created to

model the evolution of the shelf surface in response to marine sedimentary processes (Niedoroda
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et al., 1995). According to Niedoroda et al. (1995), the concept for this model rests on the

common observation that, although individual sequences of event-scale coastal processes change

the shore-normal bottom profile, the changes vary about a mean profile shape that is constant

through time. This is called steady-state equilibrium (Chorley et al., 1984). Niedoroda et al.’s

(1995) purpose in creating this behavior-oriented model was to combine the concepts of a coastal

shelf-slope profile in dynamic equilibrium with the sediment supply, hydrodynamic climate, and

sea-level change with a mathematical analysis, in order to provide a diagnostic tool for the study

of large-scale coastal behavior. Niedoroda et al. (1995) stated that they recognized from the

beginning that it is simply not possible to track the full range boundary layer and sediment

dynamics with sufficient accuracy and spatial resolution in a numerical model designed to

exhibit large-scale behavior. The CST model follows the idea that both the longshore and cross-

shelf components of large-scale sediment transport and the resulting development of shelf

sedimentary strata can be represented in the same aggregate-scale system of equations

(Niedoroda et al., 1995). This model presupposes that the shelf surface has a characteristic

configuration, with the profile being a concave-up exponential curve, and with the shoreface

being its steeper inner limb (Niedoroda et al., 1995). In a state of dynamic equilibrium, the

profile translates landward or seaward based on rising or falling sea level. The governing

equations of the CST model include an equation for time-averaged cross-shore sediment flux and

the sediment continuity equation (Niedoroda et al., 1995). A complete explanation of the

governing equations is given by Niedoroda et al. (1995).

According to Niedoroda et al. (1995), the shape of the profile changes with: (1) the rate of sea-

level change; (2) the time-averaged wave and bottom current conditions; (3) the average

allochthonous sediment supply rate; and (4) the sediment grain-size distribution. With sea level

change, greater changes in the profile are associated with greater change rates (rise or fall) of sea

level. Overall, sea level rise flattens the upper shoreface and steepens the inner shelf, while sea

level fall steepens the shoreface and flattens the inner shelf (Niedoroda et al., 1995). Increased

intensity of the time-averaged wave and bottom current conditions facilitates a steeper and

deeper profile (Niedoroda et al., 1995). As the rate of sediment supply decreases and the mean

grain size increases (coarser sediments), the profile becomes steeper and deeper (Niedoroda et
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al., 1995). The observations that resulted from the CST model were taken into consideration in

developing the conceptual model.

Conceptual Modeling

Conceptual models offer the researcher a broader idea of where offshore sand features may be

found by using the geologic characteristics of the coastal area as the input data. The more

information available for input, the more robust the product will be. However, conceptual

models are not intended to output detailed products. Conceptual models are developed as an aid

in investigating a region or type of geologic environment about which little information is known

initially.

With conceptual models, as with any model, the quality of the output depends on the quality of

the input data. In developing a coastal conceptual model for identifying sand bodies, certain

pieces of information are essential. These include an understanding of the major sedimentary

processes at work in the region, an interpretation of the regional patterns in offshore sediment

characteristics, and a knowledge of the regional sea-level history (Donoghue et al., 2003). The

more parameters included in the model within these three topics, the more robust the output can

be.

When creating the conceptual model for this project investigating the west Florida coast and

shelf, four basic assumptions were adopted (Donoghue et al., 2003). First, the shelf sand is

derived from the major alluvial rivers that drain watersheds extending into Georgia and

Alabama. The sand is mainly redistributed by longshore transport in the nearshore with some

slow reworking of sands on the continental shelf. Second, over the past three million years, there

have been several dozen major glacial epochs, during which sea level fell to more than 100 m

below its present level, coupled with a number of lower-amplitude events with associated sea-

level changes of 1 to 10 m. Third, the combination of higher- and lower-amplitude sea-level

fluctuations has produced a number of sea level slowdowns or still-stands. Shoreline features

formed at still stands or during periods of falling sea level may survive later sea-level
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fluctuations and can provide locations that can be reoccupied by coastal processes during the

next rising phase. Finally, most of the offshore sand deposits found today are thought to be

related to paleo-shoreline features because of the marked contrast between the effectiveness of

nearshore processes in transporting sand, compared to the reworking of sand by shelf processes.

Therefore, these offshore deposits often occur at depths where the regional sea level history

indicates sea-level slowdowns or still-stands have focused the higher energy processes of

nearshore environments.

The conceptual model for this investigation was created based upon available sea-level curves

and data, a detailed morphology of the seabed, sub-bottom seismic data, and the regional trends

in sediment types and grain sizes obtained from the extensive database that was compiled

(Donoghue et al., 2003). The products of this conceptual model are discussed in Chapter 7.

Employing a Conceptual Model to Locate Sand Features on the Northeastern Gulf of

Mexico Shelf

After reviewing the information incorporated into the project database and the outcomes and

assumptions of numerical modelling on this type of coast, a conceptual model was developed for

predicting the location of sand features on the northeastern Gulf of Mexico shelf. The database

and conceptual model were developed by the author, Dr. Joseph Donoghue (FSU), Lyle Hatchett

(URS) and Dr. Alan Niedoroda (URS). The conceptual modelling began with the data collection

phase and was revised and improved with the addition of new data sets. One outcome of the

study is a geologic model of the shelf (URS, 2004). This geologic model was created for the

northwest Florida shelf based upon the available data (bathymetry, paleogeography, sea-level

history, vibracores and grab samples, granulometry, radiocarbon dates, and geoarchaeological

data), and is described in URS (2004). During this early phase of the project, the sea-level data

collected for the project database was being incorporated into a composite sea-level curve for the

northeastern Gulf of Mexico (Balsillie and Donoghue, 2004), as discussed in Chapter 2 (see Fig.

2.7). During the process of creating the geologic model, time-slice maps representing sea-level
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history were constructed. An example is shown in Fig. 6.2. The figure shows the location of the

shoreline at a given time, based on the composite sea-level database.

Figure 6.2: Northeastern Gulf of Mexico shelf region, showing sea-level positions on the

northwest Florida shelf, based on the comprehensive sea-level database created in the early
stages of the project. Figure created using online GIS website (URS, http://ross.urs-

tally.com).

Additionally, the offshore seismic and bathymetric database that was compiled for this project

was likewise utilized to develop paleogeographic diagrams of the shelf (Figs. 6.3 and 6.4).

These diagrams map paleo-features identified on the shelf of the northeastern Gulf of Mexico

through review and interpretation of data compiled in the GIS database. Examining the

location of possible shorelines based on the sea-level data, prominent bathymetric expressions

were identified. The location, orientation with respect to the shoreline (both present shoreline

NNN

http://ross.urs-tally.com/
http://ross.urs-tally.com/
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and paleo-shoreline based on sea-level interpretation), and the general shape of the features led

to an interpretation of the feature as a possible paleoshoreline feature. The features were then

characterized Based on the seismic and sedimentologic data, and the environment of deposition

was interpreted where possible. This process continued across the panhandle shelf until all of the

viable bathymetric features were reviewed. Based on the knowledge gained from this exercise,

additional features without a bathymetric expression were identified through interpretation of the

subsurface seismic images and the sedimentologic data (namely the trends in mean grain size and

sorting values). Through this process, thirteen features were identified and characterized (see

Chapter 7).

Figures 6.2 and 6.3, combined with the sea-level history (shown in Fig 6.1), represent models of

shelf evolution. These models allowed one to conceptualize which geologic agents have been

most active in different regions of the northeastern Gulf of Mexico shelf. After these basic tools

were constructed, development of the conceptual model for locating and identifying

paleofeatures and sand sources was then undertaken. A flowchart representing this process can

be found in Figure 6.5. The process of developing a model for predicting the location of

offshore sand features was initiated by identifying the coastal region of interest. For this study,

the target area was the entire northeastern Gulf of Mexico coast. Next, a boundary condition was

imposed. Because the principal practical use for shelf sand bodies is as sources for

renourishment sand, and because the distance from the source limits the economic viability of a

borrow area, a limit of approximately 20 km offshore was imposed. The next step was to narrow

the target area from the entire inner shelf to a number of smaller target areas. This was

accomplished by first looking for bathymetric features near the location of possible past-

shorelines, based on sea-level history. These bathymetric expressions are large features with

some relief relative to the surrounding seafloor that have a shape similar to shoreline features,

such as beaches, barrier islands, shoals, deltas, and inlet retreat paths. Many such features can be

observed in the paleogeographic diagrams (Figs. 6.3 and 6.4). These were located by examining

the shape of the bathymetric contours and/or by reviewing the hillshade (a shaded relief map of

the bathymetric data created in the GIS) for flat or broad areas that stood out from the

bathymetry around them. Those locations were marked as areas of potential interest and set

aside for the next phase in the process. In areas where there were no obvious bathymetric
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Figure 6.3: Northeastern Gulf of Mexico shelf region, showing nearshore features on the
northwest Florida shelf. Interpretations are based primarily on bathymetric and some

shallow seismic data from the comprehensive GIS database created as part of this project.

Figure created using online GIS website (URS, http://ross.urs-tally.com).

http://ross.urs-tally.com/
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Figure 6.4: Northeastern Gulf of Mexico shelf region, showing paleofeatures on the
northwest Florida shelf. Interpretations are based primarily on shallow seismic data from

the comprehensive GIS database created as part of this project. Figure created using

online GIS website (URS, http://ross.urs-tally.com).

http://ross.urs-tally.com/
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Figure 6.5: Flow chart of the conceptual model for locating and characterizing sand
features on the shelf.
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Figure 6.5 (Continued): Flow chart of the conceptual model for locating and characterizing
sand features on the shelf.
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expressions to target, we examined the sea-level history to identify specific depths that might

hold sandy shoreline sediments, based on knowledge of the paleogeography, coastal processes,

and sea-level history of the area. Additionally, some areas were targeted based on subsurface

seismic data alone, without bathymetric evidence of sand bodies. After a set of target areas were

identified, the database was then used to review all available data on the target areas, with the

aim of narrowing down those areas with sediments compatible with sample target beaches, in

terms of sediment grain size, color and carbonate content. Once this process was complete,

thirteen target areas were selected and characterized based on available data. These target areas

are discussed in detail in Chapter 7.

At this point, it became obvious that there were gaps in the data coverage that needed to be filled

in order to better characterize the targets. Some regions within the study area were adequately

covered for a reconnaissance-level investigation, but others were not. Three targets were

identified for more intensive field investigation, as described in Chapter 5. These areas were

selected in part because data gaps existed in those regions, and in part because of their

bathymetric expression and inferred likelihood to contain shelf sand bodies. The results of the

field investigation are described in Chapter 5. Once this process was complete, the expanded

database was then utilized to identify a suite of 13 target areas on the inner and mid-shelf. These

areas were then characterized to the fullest extent possible using all of the information available

in the database. The characterization of the target areas, which represents the practical

application of the model, is discussed in Chapter 7.

Conclusion

Geologic models are often employed for investigating coastal systems, for the purpose of

identifying and characterizing offshore sand deposits and other paleo-coastal features. Such

models, both conceptual and numerical, are based on physical data, including geophysical and

sedimentologic data, and sea-level history. The database for a coastal model incorporates several

types of data. The necessary data include sedimentary processes (both local and regional),

sediment budgets, local and regional geology, sea-level history, paleogeography, knowledge of

coastal evolution, shallow seismic data, and offshore and onshore sediment characteristics. The
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accumulation of data for such a model can be laborious. Currently the database that this project

has generated includes 3154 total sediment samples (including 1826 samples from cores and

1328 grab samples) and 438 cores (Fig 6.1). The database also includes over 3000 trackline

kilometers of sub-bottom seismic data (Donoghue et al., 2003).

Both conceptual and numerical modeling are useful in applications involving offshore sediment

deposits. Numerical models of coastal processes or morphometry provide insight into the long-

term effects of coastal processes and the effects on coastal morphologic development. A

researcher might locate and characterize offshore sedimentary features using a conceptual model,

but might use a numerical model to better understand the processes and rates by which the

features developed. Conceptual models offer the researcher a broader idea of where offshore

sand features may be found by using the geologic characteristics of the coastal area as the input

data. With conceptual models, as with any model, the quality of the output depends on the

quality of the input data. In developing a coastal conceptual model for identifying sand bodies,

certain types of information are essential. The conceptual model for this investigation was

created based upon available sea-level curves and data, a detailed morphology of the seabed,

sub-bottom seismic data, and the regional trends in sediment types and grain sizes obtained from

the extensive database that was compiled (Donoghue et al., 2003). The conceptual modelling

began with the data collection phase and was refined and improved with the addition of new data

sets. One outcome of the study is a geologic model of the shelf (URS, 2004). This geologic

model was created for the northwest Florida shelf based upon the available data (bathymetry,

paleogeography, sea-level history, vibracores and grab samples, granulometry, radiocarbon

dates, geoarchaeological data, and palynologic data), and is described in URS (2004). During

the process of creating the geologic model, time-slice maps representing paleoshoreline history

were constructed (e.g., Fig. 6.1). The locations of possible shoreline features were then

identified based on bathymetric expression, sea-level history, and a combination thereof. Using

the information contained in the database, a conceptual model was created that led to the

identification and characterization of 13 shelf sediment bodies, whose character and possible

origins are fully described in Chapter 7. This same model can be employed both to assess the

paleogeography of a shelf region, and to locate the shelf sand bodies suitable for beach

renourishment. The former goal includes all shelf sand bodies of coastal origin, while the latter
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excludes sand bodies which, for reasons of texture, color, composition, or depth, would be

unsuitable as a source of borrow sand.
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CHAPTER 7

PRACTICAL APPLICATION OF THE MODEL: COASTAL MANAGEMENT

Introduction

In 1986, the Florida Department of Environmental Protection (FDEP) Bureau of Beaches and

Coastal Systems (then Division of Beaches and Shores) took on the responsibility of identifying

those beaches within the state of Florida that are critically eroding and of developing a long-term

management plan for their restoration. FDEP defines critical erosion areas as “a segment of the

shoreline where natural processes or human activity have caused or contributed to erosion and

recession of the beach or dune system to such a degree that upland development, recreational

interests, wildlife habitat, or important cultural resources are threatened or lost” (Clark, 2003,

p.5). Noncritical erosion areas are those eroding shorelines that can be defined as critical (i.e.,

eroding or retreating) but lack the threat to or loss of upland development, recreational interests,

wildlife habitat, or important cultural resources. Not all of the beaches in Florida are considered.

Those beaches included are exposed to the open water of the Gulf of Mexico, Atlantic Ocean, or

Straits of Florida and not sheltered by a coastal barrier or island shoal (Clark, 2003). In 1989,

the first critical erosion report was published. It has been updated frequently, often spurred on

by erosion and recovery from storms and hurricanes. The last update was completed in August

of 2003. The 2003 list includes 322.3 miles of critical beach erosion, 8.8 miles of critical inlet

shoreline erosion, 111.5 miles of noncritical beach erosion, and 3.2 miles of noncritical inlet

shoreline erosion statewide (Clark, 2003). There are 825 miles of shoreline in the entire state of
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Florida, including 221 miles in the panhandle (Clark, 1993). The FDEP defines the panhandle of

Florida as including the following coastal counties: Escambia, Santa Rosa, Okaloosa, Walton,

Bay, Gulf, Franklin, and Wakulla (Fig 7.1). In the Panhandle counties, there are 51.0 miles of

critical beach erosion, 61.7 miles of noncritical beach erosion, 1.0 miles of critical inlet shoreline

erosion, and 0.5 miles of noncritical inlet shoreline erosion (Table 7.1).

In order to create a standard for determining which beaches are identified as critical or

noncritical, a definition was published by the FDEP (Clark, 2003). “Critical erosion area is a

segment of the shoreline where natural processes or human activity have caused or contributed to

erosion and recession of the beach or dune system to such a degree that upland development,

recreational interests, wildlife habitat, or important cultural resources are threatened or lost.

Critical erosion areas may also include peripheral segments or gaps between identified critical

erosion areas which, although they may be stable or slightly erosional now, their inclusion is

necessary for continuity of management of the coastal system or for the design integrity of

adjacent beach management projects.” Areas are identified as noncritical if significant erosion

conditions exist, but public or private interests are not yet threatened (Clark, 2003). These

noncritical areas are closely watched in case the erosion becomes critical.

Coastal modeling can provide a better and more quantitative understanding of why coastal areas

erode and whether they will continue to erode. By better understanding the processes and how

they interact, coastal researchers and managers can focus their efforts in areas that will continue

have erosion problems. Through coastal modeling and an understanding of coastal processes,

coastal managers can better direct their efforts while searching for shelf sediment bodies that

could provide compatible sand for coastal restoration and nourishment projects. While pursuing

this project and creating the conceptual model discussed in Chapter 6, a database was created to

manage the enormous amount of data (as described in Chapter 1). This database has been

adopted for use by the Florida Department of Environmental Protection (FDEP). As of April

2006, the Regional Offshore Sand Search (ROSS) database contains a full set of geologic and

geophysical information for the Panhandle and Southwest regions of Florida and is being

currently populated with data from the Atlantic coast. The database can be found at
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Table 7.1: Critical and noncritcal erosion areas by county (Panhandle counties only)
(designated in miles)(designated in miles)

BEACH BEACH INLET INLET

critical noncritical critical noncritical

Escambia County 8.6 11.7 0 0

Santa Rosa County 3.4 0 0 0

Okaloosa County 2.1 1.7 0.8 0

Walton County 6.8 0 0 0

Bay County 20.6 10.1 0.2 0

Gulf County 3.7 13.2 0 0

Franklin County 4.5 24.6 0 0.5

Wakulla County 1.3 0.4 0 0

Total Panhandle Counties 51.0 61.7 1.0 0.5

Total Statewide 322.3 111.5 8.8 3.2
(Clark, 2003)

Figure 7.1: Map of Florida panhandle coast, showing critically and noncritically eroding

beaches (Clark, 2003). Map created using ROSS website (http://www.ross.urs-tally.com).
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http://ross.urs-tally.com. The ROSS database is now a tool that FDEP encourages coastal

engineering firms to use when carrying out research on sand search projects. The ROSS

database allows researchers to find all relevant existing data, both historical and recent, and to

download and map the data. All new data being collected in the State of Florida associated with

beach restoration, nourishment, and renourishments projects is required to be submitted to FDEP

for inclusion in ROSS. The FDEP vision is for ROSS to serve as a long-term database for

coastal data.

Cost and Longevity of Renourishment Projects

Coastal modeling can also be employed before and after renourishment projects as a tool for

estimating the longevity of a renourishment project and to determine which parameters of the

project (such as grain size, sorting, initial profile, volume of borrow sand, wave energy, etc.) are

the best predictors of longevity. Pilkey (1988) stated that when a major long-term renourishment

project is planned, the design should call for initial major nourishment with minor nourishments

at a regular interval. The mean interval for repeating major renourishments in Florida is 9 years

(Pilkey, 1988).

Modelling can also be employed in the planning phase of a (re)nourishment project. Changing

some parameters, such as mean grain size, bathymetry due to excavation of material, and fill

volume, while maintaining others, such as longshore current strength, local sediment budget, and

wave climate, can allow for possible outcomes to be modeled in order to produce the best design

for the project. Modelling can also be used to predict the effect of offshore sand dredging on the

coastal system.

http://ross.urs-tally.com/
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Practical Application: Identifying Potential Offshore Sand Sources through Modeling

The geologic conceptual model for this project was developed in order to create a comprehensive

explanation for the nature and origin of the large-scale offshore sand bodies within the project

area. As stated above, this conceptual model is a combination of the knowledge of the processes

that form the sand deposits, large-scale spatial trends in the sediment data, and the regional sea-

level history. This model provides practical guidance into which areas justify more detailed

surveys in search of sand resources for renourishment within the project area and identifies areas

where sediments that are unsuitable for nourishment may be expected (URS, 2004).

Using the conceptual model and the comprehensive database that were developed for this project

as tools, a wealth of scientifically and practically useful information can be obtained about the

large offshore sand features of the inner and mid-shelf of the Florida panhandle. In the first

large-scale survey that was part of this project, a total of 13 potential offshore sand features were

identified on the inner shelf of the study area. The methodology used to identify and

characterize the sediment features was as follows (Donoghue et al., 2003; URS, 2004).

 Identify potential inner-shelf sediment bodies using the high-resolution bathymetric

database and Hillshade feature available on the ArcIMS interactive mapping system.

 Outline the sediment features and the adjacent seafloor using the ArcIMS Polygon Select

feature of the interactive mapper.

 Highlight all of the sediment sample locations (surface grabs and cores) and subbottom

seismic tracklines on or near the sediment feature (Fig 6.1). Identify all samples and

seismic shotpoints using the Identify tool of the interactive mapper.

 Locate and examine all of the seismic profiles that cross the feature, in order to qualify

and quantify the dimensions (area and thickness) of the sediment body. Annotate the

seismic lines to delineate the sediment feature.

 Using the Query tool of the interactive mapper, obtain all archived sediment data (grain

size, color, etc.) for all of the samples on or near the sediment feature.

 Collate sediment grain size and color data for the sediment feature and compare with

average values for surficial sediments adjacent to the feature.
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 Describe the sediment body in terms of the nature of the sediments (texture, color, and

composition), areal extent, volume of sediment, and thickness of overburden (if any).

The sedimentary characteristics of each of the identified offshore sand bodies in the study area

are described below. The inferred origin of the features and their relation to sea-level and

climate history is also included. In general, as one moves east to west, the mean sorting value of

the sediment within the feature decreases, meaning that the sediment is better sorted as one

moves west away from the Apalachicola River mouth (Fig 4.5). The t-test values, in general,

show that the on-feature sediment (Table 7.2) comes from a different source than the off-feature

sediment. This could be interpreted as different processes creating the features. This leads to the

interpretation that these features are likely shoreline features formed by nearshore processes

unlike the shelf features around them. The basic information for each feature is summarized in

Table 7.2 (URS, 2004) and included below. The descriptions are adapted from URS (2004).

Figure 7.2a-e shows their location superimposed on a hillshade representation of the bathymetry

(more useful at a smaller scale). Figure 7.3 is included as a reference for sea-level history. The

description of each of the features below includes figures depicting the seismic profiles through

the features.

Feature A-1

Feature A-1 appears as a topographic high in the high-resolution bathymetry images (Fig 7.2a,b).

The sediment texture from the sediment database (Table 7.2) indicates that the surface sediments

on the feature are finer than those in the seafloor adjacent to the feature, with a mean of 1.8 phi

(medium sand). A t-test comparison (0.04, Table 7.2) of the mean diameters of samples on the

feature versus those from samples off the feature indicates that the two sets of samples come

from distinctly different sediment populations. From the sediment color database, it can be

observed that sediment samples on this feature exhibit light sediment color value (Munsell Value

>7). Light-colored sediment is characteristic of well-sorted quartz sand. The profiles extracted

from the subsurface seismic database indicate that the feature is associated with a depositional

wedge that may be related to a sea-level stillstand and progradation of beach and shoreline
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TABLE 7.2: Geometry, sediment texture and color data for bathymetric/seismic features, Northwest Florida Shelf

Sedi- Sediment Grain-Size Data from GIS Database
t-

test
1

Feature Approx. Water Feature Dimensions Sed. Sed.

ment Samples ON Sediment Feature Samples OFF Sediment Feature Sediment Mean Depth Width Length Approx. Feature Feature

Feature Color Water Range Area Thick- Volume

No.
Average of mean

grain sizes

Average of
standard

deviations
Average of mean

grain sizes

Average of
standard

deviations Value
2

Depth ness

(phi) Description (phi) Description (phi) Description (phi) Description (m) (m) (m) (m)

(sq.

km) (m)

( x 10
6

m
3
)

A-1 1.8
medium
sand 0.7

mod. well
sorted 1.4

medium
sand 0.7

mod. well
sorted 0.04 light 15.0

12 -
18 11000 11000 121 6.5 786.5

W-1 1.3
medium
sand 0.7

mod. well
sorted 1.4

medium
sand 0.7

mod. well
sorted 0.25 mid-range 28.0

26 -
31 4962 6474 32 8.9 285.3

W-2 1.3

medium

sand 0.7

mod. well

sorted 1.4

medium

sand 0.7

mod. well

sorted 0.28 light 19.0

18.5 -

20 9040 11300 102 7.4 759.3

W-3 1.5
medium
sand 0.6

mod. well
sorted 1.3

medium
sand 0.8

mod. well
sorted 0.34

med. to
light 25.0

24.5 -
27.5 5550 13000 72 6.8 487.0

W-4 1.2
medium
sand 0.8

mod. well
sorted 1.3

medium
sand 0.8

mod. well
sorted 0.60 mid-range 23.0

18.5 -
24.5 5333 7433 40 5.1 202.6

W-5 1.5
medium
sand 0.7

mod. well
sorted 1.2

medium
sand 0.9

mod.
sorted 0.02 light 22.0

21.5 -
24.5 3500 16200 57 4.8 269.3

W-6 1.3
medium
sand 0.8

mod. well
sorted 1.4

medium
sand 0.9

mod.
sorted 0.80 n.d. 28.0

27.5 -
30.5 2739 8217 23 4.2 94.0

W-7 0.7 coarse sand 1.1

mod.

sorted 1.4

medium

sand 0.9

mod.

sorted 0.26 n.d. n.d. n.d. 0 0 0 0.0 0.0

W-8 1.2
medium
sand 0.8

mod. well
sorted 1.5

medium
sand 0.9

mod.
sorted 0.03 light 19.6

18.5 -
24.5 3625 14475 52 9.8 513.9

W-9 2.3 fine sand 1.5
poorly
sorted 2.3 fine sand 1.3

mod.
sorted 0.90 dark 24.0

24 -
25 2008 20000 40 11.5 461.8

E-1 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 7.0 n.d. 2830 2830 8 6.0 48.1
E-2 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 11.8 n.d. 1350 1350 2 4.3 7.8
E-3 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d. 8.8 n.d. 148 30000 4 9.4 41.7

Mean 1.4 0.8 1.5 0.9

NOTES:

n.d. = no data
1. Student's t-test comparison of ON-feature sample means versus OFF-feature sample means (probability that the two sets of samples came
from the same population)
2. Based on Munsell color value rating.
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Figure 7.2a: Location of offshore sand bodies and potential borrow sand sources (outlined

in purple). Features were identified and characterized via modeling, as described in text.
Figure created using ROSS website (http://www.ross.urs-tally.com). The red star locates

Choctawatchee Bay and the blue star locates St. Andrews Bay. Red boxes are insets for

Figures 7.2 b-e (west to east).
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Figure 7.2b: Location of westernmost offshore sand bodies and potential borrow sand

sources (outlined in purple). Features were identified and characterized via modeling, as

described in text. Dashed red lines indicate approximate location of tracklines for seismic

profiles shown below. Location is shown in Fig. 7.2a. Figure created using ROSS website

(http://www.ross.urs-tally.com).
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Figure 7.2c: Location of offshore sand bodies and potential borrow sand sources (outlined

in purple). Features were identified and characterized via modeling, as described in text.
Dashed red lines indicate approximate location of tracklines for seismic profiles shown

below. The red star locates Choctawhatchee Bay. Location is shown in Fig. 7.2a. Figure

created using ROSS website (http://www.ross.urs-tally.com).
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Figure 7.2d: Location of offshore sand bodies and potential borrow sand sources (outlined

in purple). Features were identified and characterized via modeling, as described in text.

Location is shown in Fig. 7.2a. Dashed red lines indicate approximate location of tracklines
for seismic profiles shown below. The blue star locates St. Andrews Bay. Figure created

using ROSS website (http://www.ross.urs-tally.com).
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Figure 7.2e: Location of easternmost offshore sand bodies and potential borrow sand

sources (outlined in purple). Features were identified and characterized via modeling, as
described in text. Dashed red lines indicate approximate location of tracklines for seismic

profiles shown below. Location is shown in Fig. 7.2a. Figure created using ROSS website

(http://www.ross.urs-tally.com).
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sedimentary environments (Fig 7.4). The high-angle sedimentary beds (clinoforms) imaged by

the seismic reflection data suggest that this feature represents prograding beach or shoal deposits.

Based on the seismic profiles, the area of the feature is approximately 120 sq km, and it extends

as close as 3 km to the modern coastline. Sediment thickness in the feature ranges from 4 to 9

meters. Volume of sediment contained in the feature is approximately 786 million cubic meters.

Located in approximately 15 m water depth, the feature is interpreted to be a product of the

period when Holocene sea-level rise was undergoing a still-stand, approximately 8,000 – 7,000

C-14 years ago (see Fig 7.3). Its origin is inferred to be similar to that of Features W-1 and W-2,

which are described below.

Feature W-1

Feature W-1 (Fig. 7.2a,b) is prominently expressed in the high-resolution bathymetry and is

likewise readily apparent in the subsurface seismic record. It appears to be a paleoshoreline

feature (long, linear flat feature) with a NE-SW orientation, as compared to the nearly east-west

orientation of the modern coast. Changes in oceanographic conditions in the northeastern Gulf

have apparently altered the orientation of the shoreline in the Escambia-Santa Rosa County

region. Sediment texture data from the sediment database (Table 7.2) indicate that the surface

sediments on the feature are slightly coarser (mean diameter 1.3 phi, medium sand) than those

from the adjacent seafloor. The sediment color database indicates that surface sediments on the

feature exhibit mid-range color values (Table 7.2). Profiles from the seismic database suggest

that the feature may be a portion of a drowned barrier or other coastal sand body, with seaward-

dipping reflectors on the Gulf side and possible landward-dipping reflectors on the landward

(northern) side (Fig 7.5). Mean present-day depth of the feature is approximately 28 meters

MSL. Based on the sea-level curves for the northern Gulf of Mexico (Fig 7.3), the rising early

Holocene seas would have reached approximately the elevation of Feature W1 by about 10,000

– 9,000 C-14 years ago. At that time the sea level was approaching a near-stillstand in the Gulf,

allowing development of coastal sedimentary features, such as barriers and estuaries. Feature

W-1 may be a product of that event. Its area totals about 32 sq. km. The volume of sediment in

the feature is approximately 285 million cubic meters.
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Figure 7.4: Representative interpreted seismic line crossing Feature A-1. Green dashed line is the lower surface of the sand
feature. The blue lines are seismic reflections. The thickness of the sand feature (in meters) is highlighted in yellow. Location

of the line is indicated in Fig. 7.2b (from URS, 2004).

SE
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Feature W-2

Feature W-2 (Fig. 7.2a, b), like Feature W-1, is easily distinguishable in the high-resolution

bathymetry and equally apparent in the subsurface seismic record (Fig 7.6). The sediment

database indicates that surface sediments on the feature are slightly coarser (mean diameter 1.3.

phi, medium sand) than those on the adjacent seafloor (Table 7.2). The sediment color database

indicates that the surface sediments are light in color, again indicative of quartz sand (Table 7.2).

Seismic profiles from the geophysical database indicate that this sediment feature may be a

paleoshoreline. Its age may be equivalent to that of Feature W-1, due to its similar depth and

NE-SW orientation with respect to the modern coast. Its mean depth, approximately 19 meters, is

similar to that of an early Holocene stillstand suggested in the Frazier (1974) sea-level history,

occurring approximately 9000-8500 years ago, or about 8,000 – 7,000 C-14 years ago, according

to the more recent Gulf of Mexico sea level history (Fig 7.3). Like Feature W-1, this feature

may be a portion of a drowned barrier or other coastal sand body. The feature’s area totals about

102 sq. km. Volume of sediment in the feature is approximately 759 million cubic meters.

Feature W-3

Similar in size and orientation (NE-SW) to Features W-1 and W-2, Feature W-3 (Fig. 7.2a, b) is

likewise readily apparent in the high-resolution bathymetry. The database reveals that sediments

on the feature are finer (mean diameter 1.5 phi, medium sand) than those off the feature (Table

7.2). Color values of surface sediments on the feature are medium to light (Table 7.2).

Examination of the subsurface seismic data corroborates the existence of a large near-surface

sedimentary unit (Fig 7.7). The mean present-day water depth of this feature is approximately

25 meters, making it deeper than Feature W-2. It may represent an earlier Holocene shoreline

deposit, the product of a sea-level stillstand during the period 9,000 – 8,000 C-14 years ago.

Like the other two similar features nearby, this feature may be a portion of a drowned barrier or

other coastal sand body. Its area totals about 72 sq. km. Volume of sediment in the feature is

approximately 487 million cubic meters.



127

Figure 7.5: Representative interpreted seismic line of Feature W-1. Green dashed line is the lower surface of the sand feature.

Location of the line is indicated in Fig. 7.2b (from URS, 2004).
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Figure 7.6: Representative interpreted seismic line of Feature W-2. Green dashed line is the lower surface of the sand feature.

Location of the line is indicated in Fig. 7.2b (from URS, 2004).
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Figure 7.7: Representative interpreted seismic line of Feature W-3. Green dashed line is the lower surface of the sand feature.

The blue lines are seismic reflections. The thickness of the sand feature (in meters) is highlighted in yellow. Location of the

line is indicated in Fig. 7.2b (from URS, 2004).
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Feature W-4

Feature W-4 (Fig. 7.2a, c) was also easily identifiable using the high-resolution bathymetry

database. It is interpreted as a possible inlet retreat path and related to the development of a

coastal embayment, the paleo-Choctawhatchee Bay (Fig. 7.2a), based on its location and shape.

Surface sediments on the feature are slightly coarser (mean diameter 1.2 phi, medium sand) than

those on the adjacent seafloor (Table 7.2). Sediment color values on the feature are in the mid-

range of color values (Table 7.2). Examination of the seismic profiles (Fig 7.8) beneath the

bathymetric feature reveals a relatively thick surficial sediment unit that is apparently related to

the retreat of the inlet or the associated rivers that empty into the modern bay. Like Feature W-8,

it appears to be a retreat path of a river mouth or inlet complex in response to Holocene sea-level

rise. The area of the feature totals about 40 sq. km. Volume of sediment in the feature is

approximately 203 million cubic meters.

Feature W-5

Feature W-5 (Fig. 7.2a, c) is a sediment body that is quite evident in the high-resolution

bathymetric data. It lies on the shelf off Choctawhatchee Bay (bay at Okaloosa/Walton county

line in Fig 7.2a) in water depths of approximately 22 meters. The database reveals that

sediments on the feature are significantly finer-grained (mean diameter 1.5 phi, medium sand)

than those off the feature (Table 7.2). The average standard deviation (a measure of sorting) is

smaller for samples on the feature than for samples off the feature. Sorting increases toward the

offshore side of the feature. A t-test (0.02, Table7.2) comparing mean diameters indicates that

the two sets of samples come from quite different populations. As with Feature A-1, the

sediment color in the database (Table 7.2) is useful in analyzing this feature. The surficial

sediments exhibit a color contrast with the surrounding sediments. The Value (lightness) of the

sediments on the surface of the feature averages greater than 7, a characteristic of quartz sands.

The subsurface seismic data indicate that the feature is a moderately thick sediment body,

averaging about 5 meters thickness (Fig 7.9). It trends NE-SW, at an angle of approximately 40

degrees to the modern coastline. In map view it curves, becoming concave to the modern coast.
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Figure 7.8: Representative interpreted seismic line of Feature W-4. Green dashed line is the lower surface of the sand feature.

The red dashed line is the base of the sand unit. The blue lines are seismic reflections. The thickness of the sand feature (in

meters) is highlighted in yellow. Location of the line is indicated in Fig. 7.2c (from URS, 2004).
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The feature may represent a drowned shoreline complex dating from a stillstand episode in the

Gulf of Mexico during the approximate period 9600-9200 years ago (Fig 7.3). Its area totals

about 57 sq. km. Volume of sediment in the feature is approximately 269 million cubic meters.

The surface sediments in some of the more seaward areas have been reworked into large sand

waves (Fig 7.9).

Feature W-6

Feature W-6 (Fig. 7.2a, c) is a small sediment body that rises several meters above the floor of

the mid-shelf in approximately 28 meters water depth. This depth represents the north Florida

shoreline 10,500-10,000 years ago, during a period of stillstand or slowdown in sea-level rise, as

with most of the features identified in this survey (Fig 7.3). The sediment database indicates that

surface samples on the feature are slightly coarser grained (mean diameter 1.3 phi, medium sand)

than those off the feature (Table 7.2). Profiles from the subsurface seismic database (Fig 7.10)

indicate that the feature is approximately 4 meters thick. It is the smallest of the sediment

features identified, with an area of about 23 sq. km., and a volume of approximately 94 million

cubic meters.

Feature W-7

Feature W-7 (Fig. 7.2a, d) was initially identified on the basis of the high-resolution bathymetric

data. Examination of the database (Table 7.2) indicates that surface sediments on the feature

(0.7 phi, coarse sand) are significantly coarser than those off the feature (1.4 phi, medium sand).

The database additionally reveals a high percentage of carbonate sediments on this feature.

Analysis of the subsurface seismic data (Fig 7.11) beneath the feature indicates that no near-

surface sand bodies are apparent at that site, and that the sediment textural differences are a

result of a concentration of carbonate sediments on the surface of the feature. This sediment

feature served as a check for the conceptual model and the database. This sediment feature was

initially identified as a viable source, but when the tools and data available (conceptual model,

interactive mapper, and sediment and seismic databases) were combined, the feature was found

to not be a subsurface sand body and therefore not a viable source for renourishment. In such a
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Figure 7.9: Representative interpreted seismic line of Feature W-5. Green dashed line is the lower surface of the sand feature.
The red dashed line is the base of the sand unit. The blue lines are seismic reflections. The thickness of the sand feature (in

meters) is highlighted in yellow. Location of the line is indicated in Fig. 7.2c (from URS, 2004).
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Figure 7.10: Representative interpreted seismic line of Feature W-6. Green dashed line is the lower surface of the sand

feature. Location of the line is indicated in Fig. 7.2c (from URS, 2004).
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Figure 7.11: Representative seismic line of Feature W-7. Location of the line is indicated in Fig. 7.2d (from URS, 2004).
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case the model and database would have served to avoid the costs of testing and sampling this

feature as a potential renourishment sand source.

Feature W-8

Feature W-8 (Fig. 7.2a, d; 7.12) was also initially identified using the high-resolution

bathymetry. Its bathymetric signature implies it is related to the evolution of St. Andrew Bay

(Fig 7.2a). The database indicates that surface sediments on the feature are significantly coarser

(mean diameter 1.2 phi, medium sand) and better sorted than those of the adjacent seafloor

(Table 7.2). Again, the t-test comparing the means of the two sets of samples indicates that the

two sets are from quite different populations. The sediment color database shows that the

surface sands on the feature are light in color value, implying quartz sand composition (Table

7.2). Color lightness increases toward the landward side of the feature. Examination of the

seismic profiles reveals that the sediment body is thick. It appears to be a retreat feature, similar

in origin to Feature W-4 above, created as a coastal inlet or river mouth retreated across the inner

shelf in response to Holocene sea-level rise. It lies in water depths of approximately 20 meters.

Sediment thickness in the feature is high, nearly 10 meters. The area of the feature is

approximately 52 sq. km., and its volume is approximately 514 million cubic meters.

Feature W-9

Feature W-9 (Fig 7.2a, d) is interpreted to be a large filled paleofluvial channel system. There is

some surface relief observed in the high-resolution bathymetry, but most of the feature is

observed in the subsurface seismic profile (Fig 7.13). The database indicates that the overburden

is relatively fine-grained (mean diameter 2.3 phi, fine sand), poorly sorted and dark in color

value (Table 7.2). The subsurface seismic database reveals high-angle sediment beds

(clinoforms) in the near-subsurface. These deposits appear to be result of lateral migration of the

channels during the time when they were active. This feature may be a late Pleistocene (or

older) paleochannel system of one or more of the coastal rivers that presently enter St. Andrew

Bay. A less likely, but possible, scenario is that it represents a paleo-distributary system of the

Apalachicola River, during a time when the Apalachicola's course lay further west than the

present-day river. The paleochannel features lie in water depths of approximately 24 meters.
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Figure 7.12: Representative interpreted seismic line of Feature W-8. Green dashed line is the lower surface of the sand

feature. Location of the line is indicated in Fig. 7.2d (from URS, 2004).
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Figure 7.13: Representative interpreted seismic line of Feature W-9. Green dashed line is the lower surface of the sand

feature. Location of the line is indicated in Fig. 7.2d (from URS, 2004).
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Their surface area is can be estimated at approximately 40 sq. km. Their thickness is large,

approximately 11 meters. Approximate sediment volume is 462 million cubic meters. This

channel fill feature is a potential borrow sand source, but the overburden (poor quality sediment)

would need to be removed prior to extracting the sand.

Feature E-1

Feature E-1 (Fig. 7.2a, e) was identified via the high-resolution bathymetric database. It is a

sediment feature that stands out in relief on the eastern flank of the inner portion of Cape St.

George Shoal. The feature lies in water depths averaging 7 meters, approximately 8 km SW of

Sikes Cut, the inlet through St. George Island. Table 7.2 shows that there are no data available in

the database on the sediment grain size and color. In the seismic cross-section (Fig 7.14) its

apparent N-S length is approximately 2800 meters. Its location and structure indicate that it is

likely to be either a portion of a drowned paleo-delta of the Apalachicola River or a sand shoal

created by the retreat of Cape St. George. The feature’s thickness averages 6 meters. Assuming

a width approximately equivalent to its length, the volume of sand contained in the feature is

approximately 48 million cubic meters. It is readily accessible at the surface and close to shore,

making this feature a potential candidate for borrow sand.

Feature E-2

Feature E-2 (Fig. 7.2a, e) is a buried paleodelta lying in the near-surface below the inner shelf in

approximately 12 meters water depth, approximately 14 km southeast of Cape St. George. It is

evident in the high-resolution bathymetric database. Table 7.2 indicates that no grain size or

color data are available for this feature. The length of the feature shown in the seismic cross-

section (Fig 7.15) is approximately 1350 meters. Its mean thickness is 4.3 meters. Assuming a

width similar to its length, the volume of sand contained in the paleo-delta would be

approximately 8 million cubic meters. There is a sediment overburden, which averages

approximately 4 meters thick in the section pictured. Several paleo-deltas of the Apalachicola

River can be identified on seismic data in this region of the shelf, all of which represent the

positions of the active Apalachicola Delta during lower stages of sea level. Given its depth and
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Figure 7.14: Representative interpreted seismic line of Feature E-1. Green dashed line is the lower surface of the sand feature.

Location of the line is indicated in Fig. 7.2e (from URS, 2004).
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Figure 7.15: Representative interpreted seismic line of Feature E-2. Green dashed line is the lower surface of the sand feature.

Location of the line is indicated in Fig. 7.2e (from URS, 2004).
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the history of sea-level change in the northern Gulf of Mexico, Feature E-2 would have been at

or near sea level approximately 8000-7000 years ago (Fig 7.3). The younger examples of

Apalachicola paleo-deltas, located in shallow depths closer to shore, are obvious targets to

explore for potential renourishment sand. All of them are near to the surface of the shelf and

readily identified and quantified using the seismic database.

Feature E-3

Feature E-3 (Fig. 7.2) is large, filled paleofluvial channel system. There is little surface evidence

of its presence. Table 7.2 shows there are no grain size or color data available for this feature in

the database. The feature was detected on the basis of the seismic database (Fig 7.16). It is

similar in origin and shape to Feature W-9, but considerably larger. Given its position on the

inner shelf south of the present day position of the Apalachicola River mouth, it is almost

certainly a paleochannel of the Apalachicola River. The paleochannel feature lies in water

depths of approximately 9 meters. The cross-section of the paleochannel is approximately 150 m

wide. The channel fill is approximately 9.4 meters. The paleochannel system extends over the

full width of the seismic data set on the inner shelf in the Apalachicola region. Its length

therefore is at least 30 km. Based on these approximate dimensions taken from the seismic

database, the amount of channel fill sand in this paleochannel is approximately 42 million cubic

meters. The overburden is approximately 6.9 meters thick, which would have to be removed

before accessing the sand resource. There are places on the shelf where the overburden is

considerably thinner, based on the seismic database.

Summary of Model Results

The identification of the subsurface sedimentary features described above demonstrates the value

of the conceptual model and databases. The full extent of these features, and even the existence

of some of them, was not known prior to the present study. From a scientific standpoint, the

results of this conceptual modeling effort provide some significant paleogeographic information

for the northwest Florida shelf and some useful insights into the evolution of the modern coastal

features. Identification and seismic investigation of the paleoshoreline features provided the
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Figure 7.16: Representative interpreted seismic line of Feature E-3. Green dashed line is the lower surface of the sand feature.

Location of the line is indicated in Fig. 7.2 e (from URS, 2004).
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information to identify inlet retreat paths and features that are likely drowned barrier islands.

Using this information, one can interpret how the orientation of the shoreline changed through

time. Looking at the patterns in the grain size statistics (as described in chapter 5) one can

conclude that the Apalachicola River was the major sediment contributor of sediment throughout

the evolution of this region of the northeastern Gulf of Mexico. Fluvial processes were dominant

in this area over coastal processes, due mostly in part to the Apalachicola River and its migration

through this area over its geologic history.

From a practical standpoint, the identification and quantification of these sand features is

important for the future of coastal management in Florida because it gives researchers a starting

point for their research into a specific potential borrow area. Once the sedimentologic

characteristics of a beach to be nourished have been determined, application of the conceptual

model and the database can identify offshore sand bodies that offer potential borrow sand.

Coastal managers can then narrow the focus of their search and optimize the chances for success

of the renourishment project.

Conclusions

While pursuing this project and creating the conceptual model discussed in Chapter 6, a database

was created to manage the enormous amount of data, as described in Chapter 1. This database

has been adopted for use by the Florida Department of Environmental Protection (FDEP). As of

April 2006, the database, now called the Regional Offshore Sand Search (ROSS) database,

contains a full set of geologic and geophysical information for the Panhandle (first phase) and

Southwest Florida (second phase) regions and is currently being populated with data from the

Atlantic coast. The ROSS database is now a tool that FDEP encourages coastal engineering

firms to use when carrying out research on sand search projects on the Florida coast. The ROSS

database allows researchers to find all relevant existing data, both historical and recent, and to

download, map and analyze the data.
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The geologic conceptual model for this project was developed in order to create a comprehensive

explanation for the nature and origin of the large-scale offshore sand bodies within the project

area on the Florida panhandle coast. As stated above, this conceptual model combines a

knowledge of the processes that form the sand deposits, large-scale spatial trends in the sediment

data, and the regional sea-level history. This model provides practical guidance into which areas

justify more detailed surveys in search of sand resources for renourishment within the project

area and identifies areas where sediments that are unsuitable for nourishment may be expected

(URS, 2004). In the first large-scale survey that was part of this project, a total of 13 potential

offshore sand features were identified on the inner shelf of the study area. The methodology

used to identify and characterize the sediment features (Donoghue et al., 2003; URS, 2004), as

previously discussed, utilized the ArcIMS feature of the ROSS database and interpretation of the

data contained in the database. The features were first identified based on bathymetric

expressions and/or seismic data. The features were then outlined and the seismic and

sedimentologic data were retrieved utilizing the ROSS database and analyzed. The features were

then characterized (Table 7.2), and their sedimentologic origins inferred based on the full set of

data. The results of this conceptual modeling effort provide some significant paleogeographic

information for the northwest Florida shelf and some useful insights into the evolution of the

present-day coastal features. Examining the patterns in the grain size statistics (as described in

chapter 5) one can conclude that the Apalachicola River was the major contributor of sediment

throughout the evolution of this region of the northeastern Gulf of Mexico. Fluvial processes

were dominant over coastal processes in this area, due in large part to the Apalachicola River and

its migrations through this area over its geologic history. Furthermore, the t-test values in Table

7.2 indicate that for the majority of the features, the processes that created them were nearshore

processes, unlike the processes that deposited the sediments on the surrounding shelf.
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CHAPTER 8

CONCLUSIONS

The objective of this investigation was the interpretation of the late Quaternary history of the

northeastern Gulf of Mexico margin and the development of a conceptual model for

understanding the late Quaternary evolution of the regional coast and margin. The study area

extends from the Alabama-Florida border eastward to the Ochlockonee River (Fig 1.1). Sea-

level history, paleogeographic and coastal evolution data, paleoclimate data, granulometric data,

sediment transport process data, historic charts and maps, subsurface seismic data, and

granulometric data were the primary inputs to the conceptual model. The model was developed

to facilitate the identification and characterization of shelf sedimentary deposits, many of which

may be utilized in the future as sources for beach renourishment projects. Users of this model

should be able to predict where shelf sand bodies may be located, and should be better able to

determine where to focus geophysical and sedimentological field sampling. With the enhanced

understanding of the buried paleogeography of the shelf and its expression in bathymetry, the

conceptual model can help to interpret paleogeographic history within an area of interest. Armed

with such knowledge, a researcher can begin to reconstruct a sea-level history for the area.

The methods that have been employed in this project are of several types, depending upon the

type of data to be collected and analyzed. Both original and existing geological and geophysical

data were collected and incorporated into a comprehensive database. A literature search was

completed to collect historical, seismic and sediment data. New data collection, in the form of

seismic, vibracore, and sediment sampling, was carried out, and the new data were compiled
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with the existing data into a comprehensive database. All of the information utilized in this

project was incorporated into a web-based GIS, employing an ORACLE database, ArcIMS (Arc

Interactive Map Server), and ArcView. The conceptual model was developed by employing the

GIS tools.

For this project, nine vibracores were collected at three sites, offshore Santa Rosa, East Pass, and

Panama City, Florida. These nine vibracores were obtained along seismic lines previously

collected as part of the project to aid in the identification and characterization of shelf sand

bodies. The nine cores were logged, described, photographed, and sampled. Forth-eight samples

were taken from eight of the vibracores, one core being too fine grained and therefore discarded.

The granulometric data were then statistically analyzed. Comparison of the core sediment data to

plots of environments of deposition (see Chapter 5) led to the interpretation that overall the

samples are of a riverine origin. These results support the overall trend seen in the textural

characteristics of the entire database of samples in which mean grain size decreases and sorting

improves from east to west. Examination of the full database supports the interpretation that the

Apalachicola River was the major sediment supplier at the time of deposition of the present-day

mid-shelf features.

Geologic models are often employed for investigating coastal systems, for the purpose of

identifying and characterizing offshore sand deposits and other paleo-coastal features. Such

models, both conceptual and numerical, are based on physical data, including geophysical and

sedimentologic data, and sea-level history. The database for a coastal model incorporates several

types of data. The necessary data include sedimentary processes (both local and regional),

sediment budgets, local and regional geology, sea-level history, paleogeography, knowledge of

coastal evolution, shallow seismic data, and offshore and onshore sediment characteristics. The

accumulation of data for such a model can be laborious. This project has generated a database

that includes 3154 total sediment samples (including 1826 samples from cores and 1328 grab

samples) and 438 cores (Fig 6.1). The database also includes over 3000 trackline kilometers of

sub-bottom seismic data (Donoghue et al., 2003).
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Both conceptual and numerical modeling are useful in applications involving offshore sediment

deposits. Numerical models of coastal processes or morphometry provide insight into the long-

term effects of coastal processes and the effects on coastal morphologic development. A

researcher might locate and characterize offshore sedimentary features using a conceptual model,

but might use a numerical model to better understand the processes and rates by which the

features developed. Conceptual models offer the researcher a broader idea of where offshore

sand features may be found by using the geologic characteristics of the coastal area as the input

data. With conceptual models, as with any model, the quality of the output depends on the

quality of the input data. In developing a coastal conceptual model for identifying and

characterizing shelf sand bodies, certain types of information are essential. The conceptual

model for this investigation was created based upon available sea-level curves and data, a

detailed morphology of the seabed, sub-bottom seismic data, and the regional trends in sediment

types and grain sizes obtained from the extensive sediment database that was compiled

(Donoghue et al., 2003). Conceptual modelling began with data collection and was refined and

improved with the addition of new data sets. One outcome of the study is a geologic model of

the shelf (URS, 2004). This geologic model was developed for the northwest Florida shelf based

upon the available data (bathymetry, paleogeography, sea-level history, vibracores and grab

samples, granulometry, radiocarbon dates, geoarchaeological data, and palynologic data), and is

described in URS (2004). During the process of creating the geologic model, time-slice maps

representing paleoshoreline history were constructed (e.g., Fig. 6.2). The locations of possible

shoreline features were then identified based on bathymetric expression, sea-level history, and

other factors. Using the information contained in the database, the conceptual model was

employed to identify and characterize 13 shelf sediment bodies, whose character and possible

origins are fully described in Chapter 7.

While pursuing this project and creating the conceptual model discussed in Chapter 6, a database

was created to manage the enormous amount of data, as described in Chapter 1. This database

has been adopted for use by the Florida Department of Environmental Protection (FDEP). The

database, now called the Regional Offshore Sand Search (ROSS) database, contains a full set of

geologic and geophysical information for the Panhandle (first phase) and Southwest Florida

(second phase) regions and is being currently being populated with data from the Atlantic coast



149

of Florida. The ROSS database is now a tool that FDEP encourages coastal engineering firms to

use when carrying out research on sand search projects on the Florida coast. The ROSS database

allows researchers to identify all relevant existing data, both historical and recent, and to

download, map and analyze the data.

The geologic conceptual model for this project was developed in order to create a comprehensive

explanation for the nature and origin of the large-scale offshore sand bodies within the project

area on the Florida panhandle coast. This model provides practical guidance into which areas

justify more detailed surveys in search of sand resources for renourishment within the project

area and identifies areas where sediments that are unsuitable for nourishment may be expected

(URS, 2004). In the first large-scale survey that was part of this project, a total of 13 potential

offshore sand features were identified on the inner shelf of the study area. The features were

then outlined and the seismic and sedimentologic data were retrieved utilizing the ROSS

database and analyzed. The features were characterized (Table 7.2), and their sedimentologic

origins inferred based on the full set of data. The results of this conceptual modeling effort

provide some significant paleogeographic information for the northwest Florida shelf and some

useful insights into the evolution of the present-day coastal features. Fluvial processes were

dominant over coastal processes in this area, due in large part to the Apalachicola River and its

migrations through this area over its geologic history. Furthermore, the t-test values in Table 7.2

indicate that for the majority of the features, the processes that created them were nearshore

processes, unlike the processes that deposited the sediments on the surrounding shelf.

This project was undertaken in order to test several hypotheses regarding the evolution of the

northwest Florida coast and shelf, and of low-energy, passive margin shelves in general. In order

to do this, six chief hypotheses were tested. These hypotheses and the methods used to test them

were outlined in Chapter 1.

The first hypothesis was that a conceptual model could provide an effective tool in understanding

the geologic evolution of low energy regions. The conceptual model that was developed for this

project and discussed in Chapters 6 and 7 supports this hypothesis. The conceptual model

incorporates sea-level rise and fall and documents the development of major sediment features
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on the shelf as sea level changed. These paleo-features are in many cases seen as bathymetric

expressions today, such as paleoshorelines on the present-day mid-shelf and coastal inlet retreat

paths closer to the modern shoreline. Using the project database of knowledge of sea level

history, granulometry, underlying geologic structure, coastal evolution, paleogeography,

bathymetry, subsurface seismic data and sedimentary processes in the area, several offshore sand

bodies were identified and characterized. The investigation demonstrates that the model could

evaluate these sand bodies for possible use as nourishment sources for the northeastern Gulf

coast. With the enhanced knowledge of paleogeography and evolution of the northwest Florida

coast, such as where sea level stood at a given time and where inlets may have formed and

retreated, predicting and locating the location of sand bodies on the shelf has been made less

difficult. With this knowledge, the conceptual model can be exported and used on coasts in

similar geologic settings.

The second hypothesis was that there is a single definable late Quaternary sea-level history for

the Northeastern Gulf of Mexico. After compiling a sea-level database and gaining a better

understanding of the potential errors associated with sea-level data, the sea-level history of the

northeastern Gulf of Mexico is now better understood. Sea-level histories of the various regions

of the Gulf are not the same in amplitude, but do have similarities in timing. Local factors

controlling sea level must be taken into account. The validity of sea-level data must be assessed

in order to create reliable sea-level histories (see Chapter 2). The database compiled and the

work done by Balsillie and Donoghue (2004) supports the idea that the northeastern Gulf of

Mexico does have a sea-level curve suitable for most regions of the Gulf of Mexico. When

compared to the “eustatic” curve of Siddall et al. (2003), the northeastern Gulf sea-level curve is

sufficiently similar to conclude that the northeastern Gulf sea-level history for the late

Quaternary is a reasonable surrogate for global eustatic history.

The third hypothesis was that an understanding of the sedimentary processes active on a passive

margin is essential in interpreting the evolution of the coast. With an enhanced understanding of

processes, such as wave energy and climate, tidal characteristics, currents, river influence,

tectonics, and shelf gradient (see Chapter 1) of the northeastern Gulf coast, it is possible to better

understand the evolution of this coastal region. In the northeast Gulf, the most important
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sedimentary processes are those associated with the Apalachicola River processes (e.g., delta-

building, transport of sediment to the shelf, incision of channels) and sea-level change on a low-

gradient shelf. The results of this investigation indicate that no single principal sedimentary

transport process can be employed as an indicator for the location and nature of shelf sand

bodies. Typically, several such processes must be studied jointly in investigating an entire

region of the shelf. As an example, in an area such as offshore Cape San Blas in the eastern

portion of the study area (Fig. 4.1), identifying the retreat path of the Apalachicola delta and

identification of fluvial paleochannels may be all that is required to initially locate a shelf sand

body. In the western portion of the study area, identifying inlet retreat paths and examining

sea-level change may be the prime indicator. The same reasoning applies to using sedimentary

parameters as indicators for describing and characterizing shelf sediments. While mean grain

size is the most important factor in choosing sand sources for beach renourishment purposes, it

cannot be used as an exclusive indicator. Other factors, such as sediment color, composition,

compatibility with native sediments, and distance to potential fill areas, must also be considered.

Because no parameter can be used alone, the ability to have multiple parameters available in a

comprehensive database is imperative.

The fourth hypothesis was that a comprehensive GIS could be developed into a powerful tool for

the identification and characterization of shelf sediment deposits. The results of this project

strongly support this hypothesis. As noted above, no single indicator can be used to identify and

characterize shelf sand bodies. A comprehensive GIS in itself is the most important tool for

identifying and characterizing shelf deposits. The ability to overlay paleogeographic maps with

bathymetry, geophysical data, and granulometric data is essential in this task. Being able to

extract higher-order information from the raw data is made possible through the development of

this comprehensive GIS. There are a large number of types of material essential for this

comprehensive GIS, as described in Chapters 1 and 6 (URS, 2004). It must also be understood

that the GIS is only as reliable as the data it contains, so an appreciation for the quality of the

data is essential.

The fifth hypothesis was that fluvial processes have dominated the northwest Florida coast and

margin during the late Quaternary. This hypothesis is supported by the research done in this
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project, mainly in the sediment grain size data presented in Chapter 5. With distance westward

from the Apalachicola River mouth, the sediment mean grain size decreases and the standard

deviations decrease slightly (meaning the material is better sorted) in the three study sites chosen

for detailed sampling. The same trend exists for the 13 features investigated as potential

renourishment borrow areas using the conceptual model.

The sixth, and final, hypothesis was that paleodelta and paleoshoreline features will be

concentrated in areas where the paleo-rivers were larger and/or more numerous, and where the

shelf slope is greater. This hypothesis is supported by the outcomes of this project. The majority

of the paleofeatures identified as potential borrow sources are found west of the modern

Apalachicola River. The area west of the Apalachicola River contains more and larger rivers

both today and in the recent geologic past than does the area east of the river. The slope of the

shelf west of the Apalachicola River is greater (steeper) than the shelf east of the river, partially

due to the presence of the De Soto canyon. This steeper shelf also has created more

accommodation space and the sand features are larger and possess more volume with distance

west. The increase in accommodation space as sea level rose allowed features to be overtopped

rather than reworked as much as have the features on the shelf east of the Apalachicola River. A

more gradual slope on the shelf to the east of the Apalachicola leaves any deposits left behind by

the smaller rivers open to more wave activity due to shallower water depths.

Employing all of these elements -- a reliable conceptual model, a solid understanding of the

paleogeography and sedimentary processes of the area, and a comprehensive GIS database -- a

researcher will be able to identify offshore sediment bodies worthy of further investigation. This

process is now being used throughout the state of Florida as the basis for (re)nourishment

projects. From this initial in-depth research, a researcher can begin to create a detailed field

investigation plan, and ultimately identify the offshore sand source(s) needed to restore and

nourish the beaches of the northeastern Gulf of Mexico.
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APPENDIX A

ANNOTATED SUBSURFACE SEISMIC PROFILES AT VIBRACORE

SAMPLING LOCATIONS

Note: Figures of the location of these cores are included in Chapter5. Please see Figures 5.1-5.4.

Note: The yellow line on the figures is the core location and is scaled to represent the length of
the core.
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NW

NW

Figure A.1a: Raw seismic image at Core SR-1.

Figure A.1b: Annotated seismic image at Core SR-1. NW direction is to the left of the figure.

Vertical scale divisions represent 4 msec of two-way travel time, or approximately 3m of depth.
Yellow line indicates the location and depth of vibracore. See Fig. 5.2 for location of seismic line.
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NW

NW

Figure A.2a: Raw seismic image at Core SR-2.

Figure A.2b: Annotated seismic image at Core SR-2. NW direction is to the left of the figure.

Vertical scale divisions represent 4 msec of two-way travel time, or approximately 3m of depth.
Yellow line indicates the location and depth of vibracore. See Fig. 5.2 for location of seismic line.
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NW

NW

Figure A.3a: Raw seismic image at Core SR-3.

Figure A.3b: Annotated seismic image at Core SR-3. NNW direction is to the left of the figure.

Vertical scale divisions represent 4 msec of two-way travel time, or approximately 3m of depth.
Yellow line indicates the location and depth of vibracore. See Fig. 5.2 for location of seismic line.
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NNW

NNW

Figure A.4a: Raw seismic image at Core EP-1.

Figure A.4b: Annotated seismic image at Core EP-1. NNW direction is to the left of the figure.

Vertical scale divisions represent 4 msec of two-way travel time, or approximately 3m of depth.
Yellow line indicates the location and depth of vibracore. See Fig. 5.3 for location of seismic line.
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NNW

NNW

Figure A.5a: Raw seismic image at Core EP-2.

Figure A.5b: Annotated seismic image at Core EP-2. NNW direction is to the left of the figure.

Vertical scale divisions represent 4 msec of two-way travel time, or approximately 3m of depth.
Yellow line indicates the location and depth of vibracore. See Fig. 5.3 for location of seismic line.
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Figure A.6a: Raw seismic image at Core EP-3.

Figure A.6b: Annotated seismic image at Core EP-3. W direction is to the left of the figure.

Vertical scale divisions represent 4 msec of two-way travel time, or approximately 3m of depth.
Yellow line indicates the location and depth of vibracore. See Fig. 5.3 for location of seismic line.
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Figure A.7a: Raw seismic image at Core PC-1.

Figure A.7b: Annotated seismic image at Core PC-1. NE direction is to the right of the figure.

Vertical scale divisions represent 4 msec of two-way travel time, or approximately 3m of depth.
Yellow line indicates the location and depth of vibracore. See Fig. 5.4 for location of seismic line.
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Figure A.8a: Raw seismic image at Core PC-2.

Figure A.8b: Annotated seismic image at Core PC-2. SE direction is to the right of the figure.

Vertical scale divisions represent 4 msec of two-way travel time, or approximately 3m of depth.
Yellow line indicates the location and depth of vibracore. See Fig. 5.4 for location of seismic line.
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Figure A.9a: Raw seismic image at Core PC-3.

Figure A.9b: Annotated seismic image at Core PC-3. NW direction is to the left of the figure.

Vertical scale divisions represent 4 msec of two-way travel time, or approximately 3m of depth.
Yellow line indicates the location and depth of vibracore. See Fig. 5.4 for location of seismic line.
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APPENDIX B

VIBRACORE LOGS

Note: Elevation on the vibracore logs means depth below mean sea level in feet. Depth

means depth subbottom in feet. These vibracore logs were created in feet due to the

standard in use by the Florida Department of Environmental Protection. The scale bar is

included to convert feet to meters. Each unit of the scale bar represents one meter. The
scale on the extreme right side of the vibracore log is a scale in feet. One foot equals

0.3048 meters.
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Table B.1: Core log description for Core SR-1. Core location is shown in Fig. 5.2.

6 m

4 m

2 m

0 m
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Table B.2: Core log description for Core SR-2. Core location is shown in Fig. 5.2.

3 m

0 m

1 m

2 m
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Table B.2 (continued)

6 m

3 m

4 m

5 m
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Table B.3: Core log description for Core SR-3. Core location is shown in Fig. 5.2.

3 m

0m

1 m

2 m
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Table B.3 (continued)

6 m

5 m

4 m

3 m
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Table B.4: Core log description for Core EP-1. Core location is shown in Fig. 5.3.

3 m

2 m

1 m

0m
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Table B.4 (continued)

3 m

6 m

5 m

4 m
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Table B.5: Core log description for Core EP-2. Core location is shown in Fig. 5.3.

6 m

1 m

5 m

0 m

2 m

3 m

4 m
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Table B.6: Core log description for Core EP-3. Core location is shown in Fig. 5.3.

6 m

1 m

5 m

0 m

2 m

3 m

4 m
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Table B.7: Core log description for Core PC-1. Core location is shown in Fig. 5.4.

3 m

2 m

1 m

0m
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Table B.7 (continued)

6 m

5 m

4 m

3m
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Table B.8: Core log description for Core PC-2. Core location is shown in Fig. 5.4.

6 m

1 m

5 m

0 m

2 m

3 m

4 m
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Table B.9: Core log description for Core PC-3. Core location is shown in Fig.
5.4.

6 m

1 m

5 m

0 m

2 m

3 m

4 m
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Table B.9 (continued)

12 m

7 m

11 m

6 m

8 m

9 m

10m
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APPENDIX C

GRANULOMETRIC DATA

Note: Elevations and Sample Depths are in meters. Elevations represent water depth, in

meters below MSL, corresponding to the depths shown in Figs 5.5 – 5.12, and Tables 5.1

– 5.3. Sample Depths represents depth in core, in meters. Core locations can be found
in Figs 5.1 – 5.4.

Note: The granulometric data are not is west to east order. The first 3 cores to appear are

the East Pass cores (Fig C.1-C.3 and Table C.1-C.3), followed by the Panama City cores

(Fig. C-4-C.5 and Table C.4-C.5) and, lastly, the Santa Rosa cores (Fig. C.6-C.9 and
Table C.6-C.9).
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Table C.1a: Core EP-1 Sample 1
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: Accuracy:

-0.6096 # Splits: 0
58.637 grams

Sieve Sieve Weight Freq Cumulative
Size Midpoint Weight Weight Mean: 1.7700 phi* 0.2932 mm*

(phi) (phi) (grams) % % Standard Deviation: 0.8892 phi-units* 0.5399 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.7693 dimensionless*
-0.25 -0.375 3.25 5.549 5.549 Kurtosis: 3.2789 dimensionless*

0.00 -0.125 0.81 1.376 6.926 Relative Dispersion: 0.5024
0.25 0.125 0.87 1.482 8.408 Median 1.7799 phi 0.2912 mm

0.50 0.375 1.31 2.237 10.645
0.75 0.625 1.25 2.125 12.770

1.00 0.875 2.21 3.771 16.541
1.25 1.125 3.03 5.174 21.715

1.50 1.375 4.66 7.944 29.659
1.75 1.625 7.14 12.183 41.842

2.00 1.875 7.72 13.167 55.010
2.25 2.125 7.47 12.746 67.756

2.50 2.375 7.58 12.927 80.683
2.75 2.625 5.60 9.552 90.235

3.00 2.875 3.69 6.295 96.529
3.25 3.125 1.29 2.203 98.733
3.50 3.375 0.40 0.675 99.408

3.75 3.625 0.21 0.353 99.761
4.00 3.875 0.10 0.167 99.928

5.00 4.5 0.04 0.072 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:

Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP1_R1_1
Jennifer KochAnalyzed by:

Total Mass:

-86.4496

Carbonate Fraction:

30.3135

-23.37816

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C.1a: Upper panel shows frequency distribution and lower panel shows
cumulative weight percent curve for East Pass Core EP-1 Sample 1. Core location

is shown in Fig. 5.3.
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Table C.1b: Core EP-1 Sample 2
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5
Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-1.6154 # Splits: 0

59.811 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 2.2060 phi* 0.2167 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.6295 phi-units* 0.6464 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.7613 dimensionless*
-0.25 -0.375 0.31 0.513 0.513 Kurtosis: 4.6609 dimensionless*
0.00 -0.125 0.16 0.261 0.774 Relative Dispersion: 0.2854

0.25 0.125 0.18 0.304 1.078 Median 2.1518 phi 0.225 mm
0.50 0.375 0.30 0.507 1.585

0.75 0.625 0.38 0.630 2.215
1.00 0.875 0.93 1.553 3.769

1.25 1.125 1.47 2.461 6.230
1.50 1.375 2.91 4.859 11.088

1.75 1.625 5.57 9.319 20.408
2.00 1.875 7.57 12.655 33.062

2.25 2.125 8.93 14.937 48.000
2.50 2.375 11.18 18.687 66.687
2.75 2.625 9.31 15.569 82.256

3.00 2.875 6.77 11.311 93.566
3.25 3.125 2.52 4.218 97.785

3.50 3.375 0.77 1.286 99.070
3.75 3.625 0.37 0.610 99.681

4.00 3.875 0.15 0.256 99.936
5.00 4.5 0.04 0.064 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP1_R1_2
Jennifer KochAnalyzed by:

Total Mass:

-86.4496
Carbonate Fraction:

30.3135

-23.37816

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C.1b: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-1 Sample 2. Core location

is shown in Fig. 5.3.
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Table C.1c: Core EP-1 Sample 4
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5
Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-5.1816 # Splits: 0

53.44 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.7014 phi* 0.3075 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.7864 phi-units* 0.5798 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: 0.3899 dimensionless*
-0.25 -0.375 0.63 1.179 1.179 Kurtosis: 3.4837 dimensionless*
0.00 -0.125 0.25 0.468 1.647 Relative Dispersion: 0.4622

0.25 0.125 0.40 0.749 2.395 Median 1.4867 phi 0.3568 mm
0.50 0.375 1.05 1.965 4.360

0.75 0.625 1.74 3.256 7.616
1.00 0.875 3.90 7.298 14.914

1.25 1.125 5.89 11.022 25.936
1.50 1.375 8.70 16.280 42.216

1.75 1.625 9.31 17.421 59.637
2.00 1.875 6.42 12.013 71.650

2.25 2.125 4.07 7.616 79.266
2.50 2.375 3.06 5.726 84.993
2.75 2.625 2.07 3.874 88.866

3.00 2.875 1.95 3.649 92.515
3.25 3.125 1.65 3.088 95.603

3.50 3.375 1.17 2.189 97.792
3.75 3.625 0.77 1.441 99.233

4.00 3.875 0.33 0.618 99.850
5.00 4.5 0.08 0.150 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP1_R1_4
Jennifer KochAnalyzed by:

Total Mass:

-86.4496
Carbonate Fraction:

30.3135

-23.37816

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)
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Figure C.1c: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-1 Sample 4. Core location

in shown in Fig. 5.3.
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Table C.1d: Core EP-1 Sample 5
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5
Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-5.7912 # Splits: 0

56.51 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.4268 phi* 0.3719 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.6747 phi-units* 0.6264 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: 0.4685 dimensionless*
-0.25 -0.375 0.74 1.310 1.310 Kurtosis: 4.7786 dimensionless*
0.00 -0.125 0.52 0.920 2.230 Relative Dispersion: 0.4729

0.25 0.125 0.83 1.469 3.698 Median 1.2918 phi 0.4084 mm
0.50 0.375 1.93 3.415 7.114

0.75 0.625 2.75 4.866 11.980
1.00 0.875 5.36 9.485 21.465

1.25 1.125 8.31 14.705 36.171
1.50 1.375 11.71 20.722 56.893

1.75 1.625 10.90 19.289 76.181
2.00 1.875 6.20 10.972 87.153

2.25 2.125 2.71 4.796 91.948
2.50 2.375 1.39 2.460 94.408
2.75 2.625 0.67 1.186 95.594

3.00 2.875 0.63 1.115 96.709
3.25 3.125 0.67 1.186 97.894

3.50 3.375 0.59 1.044 98.938
3.75 3.625 0.41 0.726 99.664

4.00 3.875 0.17 0.301 99.965
5.00 4.5 0.02 0.035 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP1_R1_5
Jennifer KochAnalyzed by:

Total Mass:

-86.4496
Carbonate Fraction:

30.3135

-23.37816

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)
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Figure C.1d: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-1 Sample 5. Core location

is shown in Fig.5.3.
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Table C.2a: Core EP-2 Sample 1
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-0.3048 # Splits: 0

74.51 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.4052 phi* 0.3776 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.7545 phi-units* 0.5927 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.6036 dimensionless*

-0.25 -0.375 4.53 6.080 6.080 Kurtosis: 3.2999 dimensionless*
0.00 -0.125 0.81 1.087 7.167 Relative Dispersion: 0.5369

0.25 0.125 1.12 1.503 8.670 Median 1.3944 phi 0.3804 mm
0.50 0.375 2.35 3.154 11.824

0.75 0.625 3.51 4.711 16.535
1.00 0.875 5.90 7.918 24.453

1.25 1.125 7.75 10.401 34.854
1.50 1.375 10.30 13.824 48.678

1.75 1.625 12.71 17.058 65.736
2.00 1.875 11.05 14.830 80.566
2.25 2.125 7.11 9.542 90.109

2.50 2.375 4.29 5.758 95.866
2.75 2.625 1.88 2.523 98.389

3.00 2.875 0.79 1.060 99.450
3.25 3.125 0.24 0.322 99.772

3.50 3.375 0.08 0.107 99.879
3.75 3.625 0.05 0.067 99.946

4.00 3.875 0.02 0.027 99.973
5.00 4.5 0.02 0.027 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP2_R2_1

Jennifer KochAnalyzed by:

Total Mass:

-86.43524

Carbonate Fraction:

30.285705

-20.48256

Tweak ACUMPLOT X-axis
X-axis minimum
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Statistical Results (*moment measures)
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Figure C.2a: Upper panel shows frequency distribution and lower panel shows
cumulative weight percent curve for East Pass Core EP-2 Sample 1. Core location

is shown in Fig.5.3.
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Table C.2b: Core EP-2 Sample 2
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-0.6096 # Splits: 0

73.67 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.5597 phi* 0.3392 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.6900 phi-units* 0.6199 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.6231 dimensionless*

-0.25 -0.375 2.17 2.946 2.946 Kurtosis: 3.7253 dimensionless*
0.00 -0.125 0.61 0.828 3.774 Relative Dispersion: 0.4424

0.25 0.125 0.87 1.181 4.955 Median 1.5069 phi 0.3519 mm
0.50 0.375 1.76 2.389 7.344

0.75 0.625 2.53 3.434 10.778
1.00 0.875 5.03 6.828 17.606

1.25 1.125 7.07 9.597 27.202
1.50 1.375 9.94 13.493 40.695

1.75 1.625 12.99 17.633 58.328
2.00 1.875 12.51 16.981 75.309
2.25 2.125 8.17 11.090 86.399

2.50 2.375 5.72 7.764 94.163
2.75 2.625 2.63 3.570 97.733

3.00 2.875 1.16 1.575 99.308
3.25 3.125 0.34 0.462 99.769

3.50 3.375 0.09 0.122 99.891
3.75 3.625 0.05 0.068 99.959

4.00 3.875 0.02 0.027 99.986
5.00 4.5 0.01 0.014 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*

Jennifer KochAnalyzed by:

Total Mass:

-86.43524

Carbonate Fraction:

30.285705

-20.48256

Sampled by: Jennifer KochSample I.D.: EP2_R2_2

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:
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Figure C.2b: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-2 Sample 2. Core location

is shown in Fig.5.3.
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Table C.2c: Core EP-2 Sample 3
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-1.2802 # Splits: 0

72.31 grams

Sieve Sieve Weight Freq Cumulative
Size Midpoint Weight Weight Mean: 1.6891 phi* 0.3101 mm*

(phi) (phi) (grams) % % Standard Deviation: 0.7566 phi-units* 0.5919 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.3642 dimensionless*

-0.25 -0.375 2.10 2.904 2.904 Kurtosis: 3.7747 dimensionless*
0.00 -0.125 0.40 0.553 3.457 Relative Dispersion: 0.4479

0.25 0.125 0.67 0.927 4.384 Median 1.6094 phi 0.3277 mm
0.50 0.375 1.43 1.978 6.361

0.75 0.625 2.23 3.084 9.445
1.00 0.875 4.35 6.016 15.461
1.25 1.125 5.99 8.284 23.745

1.50 1.375 8.27 11.437 35.182
1.75 1.625 11.43 15.807 50.989

2.00 1.875 11.31 15.641 66.630
2.25 2.125 9.07 12.543 79.173

2.50 2.375 7.02 9.708 88.881
2.75 2.625 3.82 5.283 94.164

3.00 2.875 2.01 2.780 96.944
3.25 3.125 0.93 1.286 98.230

3.50 3.375 0.53 0.733 98.963
3.75 3.625 0.47 0.650 99.613
4.00 3.875 0.23 0.318 99.931

5.00 4.5 0.05 0.069 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP2_R2_3

Jennifer KochAnalyzed by:

Total Mass:

-86.43524

Carbonate Fraction:

30.285705

-20.48256

Tweak ACUMPLOT X-axis
X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C2.c: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-2 Sample 3. Core location

is shown in Fig.5.3.
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Table C.2d: Core EP-2 Sample 4
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-1.6154 # Splits: 0

74.58 grams

Sieve Sieve Weight Freq Cumulative
Size Midpoint Weight Weight Mean: 1.6412 phi* 0.3206 mm*

(phi) (phi) (grams) % % Standard Deviation: 0.7148 phi-units* 0.6093 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.5845 dimensionless*

-0.25 -0.375 2.24 3.003 3.003 Kurtosis: 3.6997 dimensionless*
0.00 -0.125 0.44 0.590 3.593 Relative Dispersion: 0.4355

0.25 0.125 0.59 0.791 4.385 Median 1.5699 phi 0.3368 mm
0.50 0.375 1.44 1.931 6.315

0.75 0.625 2.27 3.044 9.359
1.00 0.875 4.64 6.222 15.581
1.25 1.125 6.87 9.212 24.792

1.50 1.375 9.56 12.818 37.611
1.75 1.625 11.85 15.889 53.500

2.00 1.875 11.55 15.487 68.986
2.25 2.125 9.00 12.068 81.054

2.50 2.375 7.45 9.989 91.043
2.75 2.625 3.89 5.216 96.259

3.00 2.875 1.88 2.521 98.780
3.25 3.125 0.59 0.791 99.571

3.50 3.375 0.17 0.228 99.799
3.75 3.625 0.09 0.121 99.920
4.00 3.875 0.05 0.067 99.987

5.00 4.5 0.01 0.013 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP2_R2_4

Jennifer KochAnalyzed by:

Total Mass:

-86.43524

Carbonate Fraction:

30.285705

-20.48256

Tweak ACUMPLOT X-axis
X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C.2d: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-2 Sample 4. Core location

is shown in Fig.5.3.
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Table C.2e: Core EP-2 Sample 5
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-2.2555 # Splits: 0

71.42 grams

Sieve Sieve Weight Freq Cumulative
Size Midpoint Weight Weight Mean: 1.5611 phi* 0.3389 mm*

(phi) (phi) (grams) % % Standard Deviation: 0.9328 phi-units* 0.5238 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.7097 dimensionless*

-0.25 -0.375 8.35 11.691 11.691 Kurtosis: 3.1149 dimensionless*
0.00 -0.125 0.52 0.728 12.419 Relative Dispersion: 0.5976

0.25 0.125 0.50 0.700 13.120 Median 1.5877 phi 0.3327 mm
0.50 0.375 0.75 1.050 14.170

0.75 0.625 1.13 1.582 15.752
1.00 0.875 2.58 3.612 19.364
1.25 1.125 4.68 6.553 25.917

1.50 1.375 7.95 11.131 37.048
1.75 1.625 10.87 15.220 52.268

2.00 1.875 10.79 15.108 67.376
2.25 2.125 8.21 11.495 78.871

2.50 2.375 6.94 9.717 88.589
2.75 2.625 3.91 5.475 94.063

3.00 2.875 2.33 3.262 97.326
3.25 3.125 0.97 1.358 98.684

3.50 3.375 0.45 0.630 99.314
3.75 3.625 0.30 0.420 99.734
4.00 3.875 0.15 0.210 99.944

5.00 4.5 0.04 0.056 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP2_R2_5

Jennifer KochAnalyzed by:

Total Mass:

-86.43524

Carbonate Fraction:

30.285705

-20.48256

Tweak ACUMPLOT X-axis
X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C.2e: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-2 Sample 5. Core location

is shown in Fig.5.3.
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Table C.2f: Core EP-2 Sample 6
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-2.7127 # Splits: 0

64.96 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 2.4969 phi* 0.1772 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.9775 phi-units* 0.5079 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -1.4676 dimensionless*

-0.25 -0.375 3.15 4.849 4.849 Kurtosis: 4.9426 dimensionless*
0.00 -0.125 0.41 0.631 5.480 Relative Dispersion: 0.3915

0.25 0.125 0.34 0.523 6.004 Median 2.6434 phi 0.1601 mm
0.50 0.375 0.45 0.693 6.696

0.75 0.625 0.41 0.631 7.328
1.00 0.875 0.72 1.108 8.436

1.25 1.125 0.95 1.462 9.898
1.50 1.375 1.51 2.325 12.223

1.75 1.625 2.61 4.018 16.241
2.00 1.875 3.16 4.865 21.105
2.25 2.125 3.73 5.742 26.847

2.50 2.375 5.54 8.528 35.376
2.75 2.625 8.55 13.162 48.538

3.00 2.875 12.91 19.874 68.411
3.25 3.125 9.79 15.071 83.482

3.50 3.375 6.01 9.252 92.734
3.75 3.625 3.53 5.434 98.168

4.00 3.875 1.04 1.601 99.769
5.00 4.5 0.15 0.231 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP2_R2_6

Jennifer KochAnalyzed by:

Total Mass:

-86.43524

Carbonate Fraction:

30.285705

-20.48256

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C2.f: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-2 Sample 6. Core location

is shown in Fig.5.3.
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Table C.2g: Core EP-2 Sample 7
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-3.109 # Splits: 0

58.24 grams

Sieve Sieve Weight Freq Cumulative
Size Midpoint Weight Weight Mean: 2.7141 phi* 0.1524 mm*

(phi) (phi) (grams) % % Standard Deviation: 1.0980 phi-units* 0.4672 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -1.4685 dimensionless*

-0.25 -0.375 2.72 4.670 4.670 Kurtosis: 4.6022 dimensionless*
0.00 -0.125 1.19 2.043 6.714 Relative Dispersion: 0.4046

0.25 0.125 0.19 0.326 7.040 Median 2.9286 phi 0.1313 mm
0.50 0.375 0.20 0.343 7.383

0.75 0.625 0.27 0.464 7.847
1.00 0.875 0.52 0.893 8.740
1.25 1.125 0.82 1.408 10.148

1.50 1.375 1.16 1.992 12.139
1.75 1.625 1.84 3.159 15.299

2.00 1.875 2.16 3.709 19.008
2.25 2.125 2.43 4.172 23.180

2.50 2.375 2.95 5.065 28.245
2.75 2.625 3.81 6.542 34.787

3.00 2.875 6.83 11.727 46.514
3.25 3.125 9.47 16.260 62.775

3.50 3.375 9.55 16.398 79.172
3.75 3.625 7.97 13.685 92.857
4.00 3.875 3.66 6.284 99.141

5.00 4.5 0.50 0.859 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP2_R2_7

Jennifer KochAnalyzed by:

Total Mass:

-86.43524

Carbonate Fraction:

30.285705

-20.48256

Tweak ACUMPLOT X-axis
X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C.2g: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-2 Sample 7. Core location

is shown in Fig.5.3.
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Table C.2h: Core EP-2 Sample 8

Start Sieve Size (phi): -0.5

4/2/04 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25
Datum: MSL Accuracy:

-3.8405 # Splits: 0

55.38 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 2.7824 phi* 0.1453 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.8142 phi-units* 0.5687 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -1.1313 dimensionless*

-0.25 -0.375 0.53 0.957 0.957 Kurtosis: 4.6560 dimensionless*

0.00 -0.125 0.07 0.126 1.083 Relative Dispersion: 0.2926
0.25 0.125 0.08 0.144 1.228 Median 2.8395 phi 0.1397 mm

0.50 0.375 0.17 0.307 1.535
0.75 0.625 0.26 0.469 2.004
1.00 0.875 0.58 1.047 3.052

1.25 1.125 0.97 1.752 4.803

1.50 1.375 1.42 2.564 7.367
1.75 1.625 2.31 4.171 11.538

2.00 1.875 2.73 4.930 16.468
2.25 2.125 3.10 5.598 22.066
2.50 2.375 3.81 6.880 28.945

2.75 2.625 4.71 8.505 37.450

3.00 2.875 8.10 14.626 52.077
3.25 3.125 9.57 17.281 69.357

3.50 3.375 8.23 14.861 84.218
3.75 3.625 5.72 10.329 94.547
4.00 3.875 2.65 4.785 99.332

5.00 4.5 0.37 0.668 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP2_R2_8

Jennifer KochAnalyzed by:

Total Mass:

-86.43524

Carbonate Fraction:

30.285705
-20.48256

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C2.h: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-2 Sample 8. Core location

is shown in Fig.5.3.
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sample mean and standard deviation.



203

Table C.2i: Core EP-2 Sample 9
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:

-4.2672 # Splits: 0
58.76 grams

Sieve Sieve Weight Freq Cumulative
Size Midpoint Weight Weight Mean: 2.9160 phi* 0.1325 mm*

(phi) (phi) (grams) % % Standard Deviation: 0.7049 phi-units* 0.6135 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.9398 dimensionless*
-0.25 -0.375 0.08 0.136 0.136 Kurtosis: 4.2755 dimensionless*

0.00 -0.125 0.03 0.051 0.187 Relative Dispersion: 0.2417
0.25 0.125 0.04 0.068 0.255 Median 2.9174 phi 0.1324 mm

0.50 0.375 0.11 0.187 0.442
0.75 0.625 0.17 0.289 0.732

1.00 0.875 0.39 0.664 1.396
1.25 1.125 0.66 1.123 2.519

1.50 1.375 1.01 1.719 4.238
1.75 1.625 1.77 3.012 7.250

2.00 1.875 2.35 3.999 11.249
2.25 2.125 2.94 5.003 16.253
2.50 2.375 3.96 6.739 22.992

2.75 2.625 5.05 8.594 31.586
3.00 2.875 8.99 15.300 46.886

3.25 3.125 10.80 18.380 65.265
3.50 3.375 9.61 16.355 81.620

3.75 3.625 6.79 11.555 93.176
4.00 3.875 3.40 5.786 98.962

5.00 4.5 0.61 1.038 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:

Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP2_R2_9
Jennifer KochAnalyzed by:

Total Mass:

-86.43524

Carbonate Fraction:

30.285705

-20.48256

Tweak ACUMPLOT X-axis

X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C2.i: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-2 Sample 9. Core location

is shown in Fig.5.3.
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Sample I.D.: EP2_R2_9

Dashed straight line is the precise Gaussian fit based on the
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Table C.3a: Core EP-3 Sample 1
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-0.6096 # Splits: 0

75.39 grams

Sieve Sieve Weight Freq Cumulative
Size Midpoint Weight Weight Mean: 1.6787 phi* 0.3124 mm*

(phi) (phi) (grams) % % Standard Deviation: 0.7887 phi-units* 0.5788 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.3160 dimensionless*

-0.25 -0.375 1.77 2.348 2.348 Kurtosis: 3.1580 dimensionless*
0.00 -0.125 0.64 0.849 3.197 Relative Dispersion: 0.4698

0.25 0.125 1.10 1.459 4.656 Median 1.5925 phi 0.3316 mm
0.50 0.375 2.19 2.905 7.561

0.75 0.625 3.03 4.019 11.580
1.00 0.875 5.07 6.725 18.305
1.25 1.125 6.39 8.476 26.781

1.50 1.375 8.16 10.824 37.604
1.75 1.625 10.74 14.246 51.850

2.00 1.875 9.93 13.172 65.022
2.25 2.125 8.20 10.877 75.899

2.50 2.375 7.40 9.816 85.714
2.75 2.625 5.36 7.110 92.824

3.00 2.875 3.42 4.536 97.360
3.25 3.125 1.19 1.578 98.939

3.50 3.375 0.39 0.517 99.456
3.75 3.625 0.22 0.292 99.748
4.00 3.875 0.09 0.119 99.867

5.00 4.5 0.10 0.133 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP3_R1_1

Jennifer KochAnalyzed by:

Total Mass:

-86.412615

Carbonate Fraction:

30.27153833

-25.23744

Tweak ACUMPLOT X-axis
X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C3.a: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-3 Sample 1. Core location

is shown in Fig.5.3.
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Table C.3b: Core EP-3 Sample 2
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-1.2802 # Splits: 0

66.37 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.7341 phi* 0.3006 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.7789 phi-units* 0.5828 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.4596 dimensionless*

-0.25 -0.375 1.67 2.516 2.516 Kurtosis: 3.4817 dimensionless*
0.00 -0.125 0.55 0.829 3.345 Relative Dispersion: 0.4491

0.25 0.125 0.86 1.296 4.641 Median 1.6692 phi 0.3144 mm
0.50 0.375 1.57 2.366 7.006

0.75 0.625 2.12 3.194 10.200
1.00 0.875 3.67 5.530 15.730

1.25 1.125 4.85 7.308 23.038
1.50 1.375 6.68 10.065 33.102

1.75 1.625 9.53 14.359 47.461
2.00 1.875 9.52 14.344 61.805
2.25 2.125 8.16 12.295 74.100

2.50 2.375 7.48 11.270 85.370
2.75 2.625 5.04 7.594 92.964

3.00 2.875 2.97 4.475 97.439
3.25 3.125 1.03 1.552 98.991

3.50 3.375 0.30 0.452 99.443
3.75 3.625 0.16 0.241 99.684

4.00 3.875 0.08 0.121 99.804
5.00 4.5 0.13 0.196 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP3_R1_2

Jennifer KochAnalyzed by:

Total Mass:

-86.412615

Carbonate Fraction:

30.27153833

-25.23744

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C3.b: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-3 Sample 2. Core location

is shown in Fig.5.3.
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Table C.3c: Core EP-3 Sample 3
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-2.1031 # Splits: 0

69.2 grams

Sieve Sieve Weight Freq Cumulative
Size Midpoint Weight Weight Mean: 2.0773 phi* 0.237 mm*

(phi) (phi) (grams) % % Standard Deviation: 0.7069 phi-units* 0.6126 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.9076 dimensionless*

-0.25 -0.375 1.03 1.488 1.488 Kurtosis: 4.5840 dimensionless*
0.00 -0.125 0.33 0.477 1.965 Relative Dispersion: 0.3403

0.25 0.125 0.38 0.549 2.514 Median 2.0242 phi 0.2458 mm
0.50 0.375 0.64 0.925 3.439

0.75 0.625 0.77 1.113 4.552
1.00 0.875 1.57 2.269 6.821
1.25 1.125 2.12 3.064 9.884

1.50 1.375 3.79 5.477 15.361
1.75 1.625 8.10 11.705 27.066

2.00 1.875 9.39 13.569 40.636
2.25 2.125 10.86 15.694 56.329

2.50 2.375 11.14 16.098 72.428
2.75 2.625 8.74 12.630 85.058

3.00 2.875 6.43 9.292 94.350
3.25 3.125 2.61 3.772 98.121

3.50 3.375 0.80 1.156 99.277
3.75 3.625 0.36 0.520 99.798
4.00 3.875 0.14 0.202 100.000

5.00 4.5 0.00 0.000 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP3_R1_3

Jennifer KochAnalyzed by:

Total Mass:

-86.412615

Carbonate Fraction:

30.27153833

-25.23744

Tweak ACUMPLOT X-axis
X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C3.c: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-3 Sample 3. Core location

is shown in Fig.5.3.
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Sample I.D.: EP3_R1_3

Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.3d: Core EP-3 Sample 4
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5
Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-2.4384 # Splits: 0

60.11 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 2.3250 phi* 0.1996 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.8461 phi-units* 0.5563 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.6358 dimensionless*
-0.25 -0.375 0.72 1.198 1.198 Kurtosis: 4.1217 dimensionless*
0.00 -0.125 0.30 0.499 1.697 Relative Dispersion: 0.3639

0.25 0.125 0.39 0.649 2.346 Median 2.3438 phi 0.197 mm
0.50 0.375 0.70 1.165 3.510

0.75 0.625 0.87 1.447 4.958
1.00 0.875 1.66 2.762 7.719

1.25 1.125 1.89 3.144 10.863
1.50 1.375 2.47 4.109 14.973

1.75 1.625 3.45 5.739 20.712
2.00 1.875 4.60 7.653 28.365

2.25 2.125 5.54 9.216 37.581
2.50 2.375 8.53 14.191 51.772
2.75 2.625 9.81 16.320 68.092

3.00 2.875 9.89 16.453 84.545
3.25 3.125 5.02 8.351 92.896

3.50 3.375 1.83 3.044 95.941
3.75 3.625 0.86 1.431 97.371

4.00 3.875 0.49 0.815 98.187
5.00 4.5 1.09 1.813 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP3_R1_4
Jennifer KochAnalyzed by:

Total Mass:

-86.412615
Carbonate Fraction:

30.27153833

-25.23744

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C3.d: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-3 Sample 4. Core location

is shown in Fig.5.3.
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Sample I.D.: EP3_R1_4

Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.3e: Core EP-3 Sample 6
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-3.9624 # Splits: 0

54.56 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.7121 phi* 0.3052 mm*
(phi) (phi) (grams) % % Standard Deviation: 1.0459 phi-units* 0.4844 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.3313 dimensionless*

-0.25 -0.375 4.05 7.423 7.423 Kurtosis: 2.6270 dimensionless*
0.00 -0.125 1.10 2.016 9.439 Relative Dispersion: 0.6109

0.25 0.125 1.18 2.163 11.602 Median 1.7127 phi 0.3051 mm
0.50 0.375 1.73 3.171 14.773

0.75 0.625 1.70 3.116 17.889
1.00 0.875 2.74 5.022 22.911

1.25 1.125 3.25 5.957 28.867
1.50 1.375 4.05 7.423 36.290

1.75 1.625 5.47 10.026 46.316
2.00 1.875 5.73 10.502 56.818
2.25 2.125 5.94 10.887 67.705

2.50 2.375 5.74 10.521 78.226
2.75 2.625 4.27 7.826 86.052

3.00 2.875 3.01 5.517 91.569
3.25 3.125 1.77 3.244 94.813

3.50 3.375 1.03 1.888 96.701
3.75 3.625 0.95 1.741 98.442

4.00 3.875 0.70 1.283 99.725
5.00 4.5 0.15 0.275 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP3_R1_6

Jennifer KochAnalyzed by:

Total Mass:

-86.412615

Carbonate Fraction:

30.27153833

-25.23744

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C3.e: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-3 Sample 6. Core location

is shown in Fig.5.3.
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Sample I.D.: EP3_R1_6

Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.3f: Core EP-3 Sample 7
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-4.8768 # Splits: 0

74.19 grams

Sieve Sieve Weight Freq Cumulative
Size Midpoint Weight Weight Mean: 1.5846 phi* 0.3334 mm*

(phi) (phi) (grams) % % Standard Deviation: 1.1376 phi-units* 0.4545 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: 0.0618 dimensionless*

-0.25 -0.375 7.91 10.662 10.662 Kurtosis: 2.8507 dimensionless*
0.00 -0.125 1.59 2.143 12.805 Relative Dispersion: 0.7179

0.25 0.125 1.78 2.399 15.204 Median 1.5468 phi 0.3423 mm
0.50 0.375 2.55 3.437 18.641

0.75 0.625 2.62 3.531 22.173
1.00 0.875 4.08 5.499 27.672
1.25 1.125 4.99 6.726 34.398

1.50 1.375 6.29 8.478 42.876
1.75 1.625 7.69 10.365 53.242

2.00 1.875 7.89 10.635 63.877
2.25 2.125 6.77 9.125 73.002

2.50 2.375 6.57 8.856 81.857
2.75 2.625 4.33 5.836 87.694

3.00 2.875 3.08 4.152 91.845
3.25 3.125 1.74 2.345 94.191

3.50 3.375 1.06 1.429 95.619
3.75 3.625 0.74 0.997 96.617
4.00 3.875 0.66 0.890 97.506

5.00 4.5 1.85 2.494 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: EP3_R1_7

Jennifer KochAnalyzed by:

Total Mass:

-86.412615

Carbonate Fraction:

30.27153833

-25.23744

Tweak ACUMPLOT X-axis
X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C3.f: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for East Pass Core EP-3 Sample 7. Core location

is shown in Fig.5.3.
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Sample I.D.: EP3_R1_7

Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.4a: Core PC-1 Sample 1
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-0.6096 # Splits: 0

64.9 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 2.0938 phi* 0.2343 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.6367 phi-units* 0.6432 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.9757 dimensionless*

-0.25 -0.375 0.54 0.832 0.832 Kurtosis: 5.0023 dimensionless*
0.00 -0.125 0.18 0.277 1.109 Relative Dispersion: 0.3041

0.25 0.125 0.27 0.416 1.525 Median 2.0984 phi 0.2335 mm
0.50 0.375 0.56 0.863 2.388

0.75 0.625 0.70 1.079 3.467
1.00 0.875 1.49 2.296 5.763

1.25 1.125 2.24 3.451 9.214
1.50 1.375 3.92 6.040 15.254

1.75 1.625 6.13 9.445 24.700
2.00 1.875 7.00 10.786 35.485
2.25 2.125 10.54 16.240 51.726

2.50 2.375 15.14 23.328 75.054
2.75 2.625 10.10 15.562 90.616

3.00 2.875 4.39 6.764 97.381
3.25 3.125 1.09 1.680 99.060

3.50 3.375 0.32 0.493 99.553
3.75 3.625 0.13 0.200 99.753

4.00 3.875 0.06 0.092 99.846
5.00 4.5 0.10 0.154 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: PC1_R1_1

Jennifer KochAnalyzed by:

Total Mass:

-85.7031

Carbonate Fraction:

30.0738

-14.478

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C4.a: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Panama City Core PC-1 Sample 1. Core

location is shown in Fig. 5.4.
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Table C.4b: Core PC-1 Sample 2
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-1.463 # Splits: 0

67.49 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.9386 phi* 0.2609 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.7623 phi-units* 0.5896 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.4739 dimensionless*

-0.25 -0.375 1.09 1.615 1.615 Kurtosis: 3.4028 dimensionless*
0.00 -0.125 0.22 0.326 1.941 Relative Dispersion: 0.3932

0.25 0.125 0.38 0.563 2.504 Median 1.8851 phi 0.2707 mm
0.50 0.375 0.77 1.141 3.645

0.75 0.625 1.23 1.822 5.467
1.00 0.875 3.13 4.638 10.105

1.25 1.125 4.92 7.290 17.395
1.50 1.375 6.76 10.016 27.411

1.75 1.625 7.99 11.839 39.250
2.00 1.875 6.94 10.283 49.533
2.25 2.125 7.76 11.498 61.031

2.50 2.375 9.97 14.773 75.804
2.75 2.625 7.60 11.261 87.065

3.00 2.875 5.26 7.794 94.858
3.25 3.125 2.31 3.423 98.281

3.50 3.375 0.73 1.082 99.363
3.75 3.625 0.24 0.356 99.718

4.00 3.875 0.07 0.104 99.822
5.00 4.5 0.12 0.178 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: PC1_R1_2

Jennifer KochAnalyzed by:

Total Mass:

-85.7031

Carbonate Fraction:

30.0738

-14.478

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C4.b: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Panama City Core PC-1 Sample 2. Core

location is shown in Fig. 5.4.
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Table C.4c: Core PC-1 Sample 3
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-2.1336 # Splits: 0

63.9 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 2.3140 phi* 0.2011 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.7772 phi-units* 0.5835 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.8155 dimensionless*

-0.25 -0.375 0.60 0.939 0.939 Kurtosis: 4.1025 dimensionless*
0.00 -0.125 0.26 0.407 1.346 Relative Dispersion: 0.3359

0.25 0.125 0.37 0.579 1.925 Median 2.3020 phi 0.2028 mm
0.50 0.375 0.61 0.955 2.879

0.75 0.625 0.68 1.064 3.944
1.00 0.875 1.35 2.113 6.056

1.25 1.125 1.82 2.848 8.905
1.50 1.375 3.02 4.726 13.631

1.75 1.625 4.59 7.183 20.814
2.00 1.875 5.10 7.981 28.795
2.25 2.125 6.79 10.626 39.421

2.50 2.375 9.55 14.945 54.366
2.75 2.625 8.93 13.975 68.341

3.00 2.875 9.65 15.102 83.443
3.25 3.125 6.57 10.282 93.725

3.50 3.375 2.63 4.116 97.840
3.75 3.625 0.86 1.346 99.186

4.00 3.875 0.22 0.344 99.531
5.00 4.5 0.30 0.469 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: PC1_R1_3

Jennifer KochAnalyzed by:

Total Mass:

-85.7031

Carbonate Fraction:

30.0738

-14.478

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C4.c: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Panama City Core PC-1 Sample 3. Core

location is shown in Fig. 5.4.
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Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.4d: Core PC-1 Sample 4
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5
Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-3.048 # Splits: 0

64.98 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 2.2192 phi* 0.2148 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.9814 phi-units* 0.5065 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.8315 dimensionless*
-0.25 -0.375 2.10 3.232 3.232 Kurtosis: 3.2740 dimensionless*
0.00 -0.125 0.58 0.893 4.124 Relative Dispersion: 0.4422

0.25 0.125 0.74 1.139 5.263 Median 2.2904 phi 0.2044 mm
0.50 0.375 1.29 1.985 7.248

0.75 0.625 1.35 2.078 9.326
1.00 0.875 1.99 3.062 12.388

1.25 1.125 2.15 3.309 15.697
1.50 1.375 3.10 4.771 20.468

1.75 1.625 4.51 6.941 27.408
2.00 1.875 4.17 6.417 33.826

2.25 2.125 5.47 8.418 42.244
2.50 2.375 7.62 11.727 53.970
2.75 2.625 6.42 9.880 63.850

3.00 2.875 9.31 14.327 78.178
3.25 3.125 8.12 12.496 90.674

3.50 3.375 4.02 6.187 96.861
3.75 3.625 1.35 2.078 98.938

4.00 3.875 0.33 0.508 99.446
5.00 4.5 0.36 0.554 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: PC1_R1_4
Jennifer KochAnalyzed by:

Total Mass:

-85.7031
Carbonate Fraction:

30.0738

-14.478

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C4.d: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Panama City Core PC-1 Sample 4. Core

location is shown in Fig. 5.4.
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Sample I.D.: PC1_R1_4

Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.4e: Core PC-1 Sample 5
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5
Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-3.6576 # Splits: 0

56.98 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 2.0358 phi* 0.2439 mm*
(phi) (phi) (grams) % % Standard Deviation: 1.1177 phi-units* 0.4608 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.6469 dimensionless*
-0.25 -0.375 3.77 6.616 6.616 Kurtosis: 2.6595 dimensionless*
0.00 -0.125 0.80 1.404 8.020 Relative Dispersion: 0.5490

0.25 0.125 1.08 1.895 9.916 Median 2.1388 phi 0.2271 mm
0.50 0.375 1.45 2.545 12.461

0.75 0.625 1.58 2.773 15.233
1.00 0.875 2.04 3.580 18.814

1.25 1.125 2.09 3.668 22.482
1.50 1.375 2.33 4.089 26.571

1.75 1.625 3.23 5.669 32.239
2.00 1.875 4.26 7.476 39.716

2.25 2.125 5.48 9.617 49.333
2.50 2.375 6.90 12.110 61.443
2.75 2.625 5.30 9.302 70.744

3.00 2.875 5.70 10.004 80.748
3.25 3.125 4.86 8.529 89.277

3.50 3.375 3.19 5.598 94.875
3.75 3.625 1.87 3.282 98.157

4.00 3.875 0.83 1.457 99.614
5.00 4.5 0.22 0.386 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: PC1_R1_5
Jennifer KochAnalyzed by:

Total Mass:

-85.7031
Carbonate Fraction:

30.0738

-14.478

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C4.e: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Panama City Core PC-1 Sample 5. Core

location is shown in Fig. 5.4.
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Sample I.D.: PC1_R1_5

Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.5: There is no sample data for Core PC-2 because the material was not a

suitable sand source (see Appendix A, Fig. A.8 for the core log).

Figure C5: There are no samples (and no figures) for Core PC-2 because the

material was not a suitable sand source (see Appendix A, Fig. A.8 for the core log).

Core location is shown in Fig. 5.4.
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Table C.6a: Core PC-3 Sample 1
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:

-0.9144 # Splits: 0
69.18 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.5528 phi* 0.3409 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.7076 phi-units* 0.6123 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.4389 dimensionless*
-0.25 -0.375 1.43 2.067 2.067 Kurtosis: 3.5099 dimensionless*

0.00 -0.125 0.90 1.301 3.368 Relative Dispersion: 0.4557
0.25 0.125 1.19 1.720 5.088 Median 1.4962 phi 0.3545 mm

0.50 0.375 2.30 3.325 8.413
0.75 0.625 2.78 4.019 12.431

1.00 0.875 4.65 6.722 19.153
1.25 1.125 6.44 9.309 28.462
1.50 1.375 9.04 13.067 41.529

1.75 1.625 12.09 17.476 59.005
2.00 1.875 10.65 15.395 74.400

2.25 2.125 7.90 11.419 85.820
2.50 2.375 5.41 7.820 93.640

2.75 2.625 2.58 3.729 97.369
3.00 2.875 1.20 1.735 99.104

3.25 3.125 0.35 0.506 99.610
3.50 3.375 0.12 0.173 99.783

3.75 3.625 0.06 0.087 99.870
4.00 3.875 0.03 0.043 99.913
5.00 4.5 0.06 0.087 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Tweak ACUMPLOT X-axis

X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*

Jennifer KochAnalyzed by:

Total Mass:

-85.82735

Carbonate Fraction:

30.067205

-22.52472

Sampled by: Jennifer KochSample I.D.: PC3_R1_1
Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:

Sample Depth in Core: Core Corrected for Compaction:
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Figure C.6a: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent for Panama City Core PC-3 Sample 1. Core location is

shown in Fig. 5.4.
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Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.6b: Core PC-3 Sample 2
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-2.1336 # Splits: 0

64.12 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 2.0133 phi* 0.2477 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.7448 phi-units* 0.5967 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.8950 dimensionless*

-0.25 -0.375 1.55 2.417 2.417 Kurtosis: 4.8474 dimensionless*
0.00 -0.125 0.34 0.530 2.948 Relative Dispersion: 0.3700

0.25 0.125 0.36 0.561 3.509 Median 1.9843 phi 0.2527 mm
0.50 0.375 0.66 1.029 4.538

0.75 0.625 0.75 1.170 5.708
1.00 0.875 1.73 2.698 8.406

1.25 1.125 2.23 3.478 11.884
1.50 1.375 4.01 6.254 18.138

1.75 1.625 6.51 10.153 28.291
2.00 1.875 9.56 14.910 43.200
2.25 2.125 9.97 15.549 58.749

2.50 2.375 11.63 18.138 76.887
2.75 2.625 7.44 11.603 88.490

3.00 2.875 4.63 7.221 95.711
3.25 3.125 1.53 2.386 98.097

3.50 3.375 0.59 0.920 99.017
3.75 3.625 0.30 0.468 99.485

4.00 3.875 0.13 0.203 99.688
5.00 4.5 0.20 0.312 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: PC3_R1_2

Jennifer KochAnalyzed by:

Total Mass:

-85.82735

Carbonate Fraction:

30.067205

-22.52472

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C6.b: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Panama City Core PC-3 Sample 2. Core

location is shown in Fig. 5.4.
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Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.6c: Core PC-3 Sample 3
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-4.2672 # Splits: 0

62.49 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 2.1960 phi* 0.2182 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.8063 phi-units* 0.5718 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.8748 dimensionless*

-0.25 -0.375 1.23 1.968 1.968 Kurtosis: 4.5602 dimensionless*
0.00 -0.125 0.35 0.560 2.528 Relative Dispersion: 0.3672

0.25 0.125 0.41 0.656 3.185 Median 2.2193 phi 0.2148 mm
0.50 0.375 0.70 1.120 4.305

0.75 0.625 0.77 1.232 5.537
1.00 0.875 1.67 2.672 8.209

1.25 1.125 1.94 3.104 11.314
1.50 1.375 2.97 4.753 16.067

1.75 1.625 4.33 6.929 22.996
2.00 1.875 5.20 8.321 31.317
2.25 2.125 7.46 11.938 43.255

2.50 2.375 11.18 17.891 61.146
2.75 2.625 10.29 16.467 77.612

3.00 2.875 8.57 13.714 91.327
3.25 3.125 3.04 4.865 96.191

3.50 3.375 1.07 1.712 97.904
3.75 3.625 0.54 0.864 98.768

4.00 3.875 0.26 0.416 99.184
5.00 4.5 0.51 0.816 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: PC3_R1_3

Jennifer KochAnalyzed by:

Total Mass:

-85.82735

Carbonate Fraction:

30.067205

-22.52472

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*

0

2

4

6

8

10

12

14

16

18

20

-1 0 1 2 3 4 5

Grain Size (Phi)

F
re

q
u
e

n
c
y

P
e

rc
e
n

t



233

Figure C6.c: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Panama City Core PC-3 Sample 3. Core

location is shown in Fig. 5.4.
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Table C.6d: Core PC-3 Sample 4
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-4.8768 # Splits: 0

63.48 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.1965 phi* 0.4363 mm*
(phi) (phi) (grams) % % Standard Deviation: 1.3511 phi-units* 0.392 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: 0.0816 dimensionless*

-0.25 -0.375 18.02 28.387 28.387 Kurtosis: 1.4103 dimensionless*
0.00 -0.125 3.22 5.072 33.459 Relative Dispersion: 1.1292

0.25 0.125 2.71 4.269 37.728 Median 1.1382 phi 0.4543 mm
0.50 0.375 2.77 4.364 42.092

0.75 0.625 2.00 3.151 45.243
1.00 0.875 1.19 1.875 47.117

1.25 1.125 1.73 2.725 49.842
1.50 1.375 1.90 2.993 52.836

1.75 1.625 2.12 3.340 56.175
2.00 1.875 3.08 4.852 61.027
2.25 2.125 3.58 5.640 66.667

2.50 2.375 6.17 9.720 76.386
2.75 2.625 5.68 8.948 85.334

3.00 2.875 5.33 8.396 93.730
3.25 3.125 2.26 3.560 97.290

3.50 3.375 0.90 1.418 98.708
3.75 3.625 0.53 0.835 99.543

4.00 3.875 0.25 0.394 99.937
5.00 4.5 0.04 0.063 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: PC3_R1_4

Jennifer KochAnalyzed by:

Total Mass:

-85.82735

Carbonate Fraction:

30.067205

-22.52472

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C6.d: Upper panel shows frequency distribution and lower panel shows
cumulative weight percent curve for Panama City Core PC-3 Sample 4. Core

location is shown in Fig. 5.4.
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Table C.6e: Core PC-3 Sample 5
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5
Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-5.4254 # Splits: 0

62.2 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.1315 phi* 0.4565 mm*
(phi) (phi) (grams) % % Standard Deviation: 1.3855 phi-units* 0.3827 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: 0.1174 dimensionless*
-0.25 -0.375 23.06 37.074 37.074 Kurtosis: 1.3844 dimensionless*
0.00 -0.125 1.34 2.154 39.228 Relative Dispersion: 1.2245

0.25 0.125 1.23 1.977 41.206 Median 1.1032 phi 0.4655 mm
0.50 0.375 1.43 2.299 43.505

0.75 0.625 1.14 1.833 45.338
1.00 0.875 1.54 2.476 47.814

1.25 1.125 1.49 2.395 50.209
1.50 1.375 1.92 3.087 53.296

1.75 1.625 2.48 3.987 57.283
2.00 1.875 3.31 5.322 62.605

2.25 2.125 3.61 5.804 68.408
2.50 2.375 5.28 8.489 76.897
2.75 2.625 5.31 8.537 85.434

3.00 2.875 5.15 8.280 93.714
3.25 3.125 2.31 3.714 97.428

3.50 3.375 0.79 1.270 98.698
3.75 3.625 0.46 0.740 99.437

4.00 3.875 0.31 0.498 99.936
5.00 4.5 0.04 0.064 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*

Jennifer KochAnalyzed by:

Total Mass:

-85.82735
Carbonate Fraction:

30.067205

-22.52472

Sampled by: Jennifer KochSample I.D.: PC3_R1_5
Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:
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Figure C6.e: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Panama City Core PC-3 Sample 5. Core

location is shown in Fig. 5.4.
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Table C.6f: Core PC-3 Sample 6
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-5.5778 # Splits: 0

56.16 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.3471 phi* 0.3931 mm*
(phi) (phi) (grams) % % Standard Deviation: 1.2240 phi-units* 0.4281 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.2326 dimensionless*

-0.25 -0.375 12.97 23.095 23.095 Kurtosis: 1.6763 dimensionless*
0.00 -0.125 1.34 2.386 25.481 Relative Dispersion: 0.9086

0.25 0.125 1.33 2.368 27.849 Median 1.5200 phi 0.3487 mm
0.50 0.375 1.68 2.991 30.840

0.75 0.625 1.38 2.457 33.298
1.00 0.875 1.82 3.241 36.538

1.25 1.125 2.28 4.060 40.598
1.50 1.375 3.03 5.395 45.994

1.75 1.625 3.88 6.909 52.902
2.00 1.875 4.27 7.603 60.506
2.25 2.125 5.91 10.524 71.029

2.50 2.375 5.68 10.114 81.143
2.75 2.625 5.20 9.259 90.402

3.00 2.875 2.40 4.274 94.676
3.25 3.125 1.90 3.383 98.059

3.50 3.375 0.67 1.193 99.252
3.75 3.625 0.24 0.427 99.679

4.00 3.875 0.14 0.249 99.929
5.00 4.5 0.04 0.071 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*

Jennifer KochAnalyzed by:

Total Mass:

-85.82735

Carbonate Fraction:

30.067205

-22.52472

Sampled by: Jennifer KochSample I.D.: PC3_R1_6

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:
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Figure C6.f: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Panama City Core PC-3 Sample 6. Core

location is shown in Fig. 5.4.
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Table C.7a: Core SR-1 Sample 1
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:

-0.3048 # Splits: 0

64.61 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.5321 phi* 0.3458 mm*

(phi) (phi) (grams) % % Standard Deviation: 0.5708 phi-units* 0.6732 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.5012 dimensionless*

-0.25 -0.375 0.75 1.161 1.161 Kurtosis: 4.1899 dimensionless*
0.00 -0.125 0.36 0.557 1.718 Relative Dispersion: 0.3726

0.25 0.125 0.56 0.867 2.585 Median 1.4493 phi 0.3662 mm

0.50 0.375 1.23 1.904 4.488

0.75 0.625 1.91 2.956 7.445

1.00 0.875 5.02 7.770 15.214

1.25 1.125 7.55 11.685 26.900

1.50 1.375 11.00 17.025 43.925

1.75 1.625 13.20 20.430 64.355

2.00 1.875 11.09 17.165 81.520

2.25 2.125 6.69 10.354 91.874

2.50 2.375 3.58 5.541 97.415
2.75 2.625 1.12 1.733 99.149

3.00 2.875 0.37 0.573 99.721

3.25 3.125 0.10 0.155 99.876

3.50 3.375 0.03 0.046 99.923

3.75 3.625 0.02 0.031 99.954

4.00 3.875 0.01 0.015 99.969

5.00 4.5 0.02 0.031 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:

Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR1_R1_1
Jennifer KochAnalyzed by:

Total Mass:

-87.1092

Carbonate Fraction:

30.2581

-19.72056

Tweak ACUMPLOT X-axis

X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C7.a: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Santa Rosa Core SR-1 Sample 1. Core location

is shown in Fig. 5.2.
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Table C.7b: Core SR-1 Sample 2
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-1.2192 # Splits: 0

64.66 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.4942 phi* 0.355 mm*

(phi) (phi) (grams) % % Standard Deviation: 0.6024 phi-units* 0.6586 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.5525 dimensionless*

-0.25 -0.375 1.06 1.639 1.639 Kurtosis: 3.9279 dimensionless*

0.00 -0.125 0.50 0.773 2.413 Relative Dispersion: 0.4032

0.25 0.125 0.69 1.067 3.480 Median 1.4224 phi 0.3731 mm

0.50 0.375 1.63 2.521 6.001

0.75 0.625 2.25 3.480 9.480

1.00 0.875 5.31 8.212 17.693

1.25 1.125 7.63 11.800 29.493

1.50 1.375 10.88 16.826 46.319

1.75 1.625 12.56 19.425 65.744

2.00 1.875 10.55 16.316 82.060

2.25 2.125 6.44 9.960 92.020
2.50 2.375 3.48 5.382 97.402

2.75 2.625 1.11 1.717 99.118

3.00 2.875 0.38 0.588 99.706

3.25 3.125 0.11 0.170 99.876

3.50 3.375 0.04 0.062 99.938

3.75 3.625 0.02 0.031 99.969

4.00 3.875 0.01 0.015 99.985

5.00 4.5 0.01 0.015 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR1_R1_2

Jennifer KochAnalyzed by:

Total Mass:

-87.1092

Carbonate Fraction:

30.2581

-19.72056

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C7.b: Upper panel shows frequency distribution and lower panel shows
cumulative weight percent curve for Santa Rosa Core SR-1 Sample 2. Core location

is shown in Fig. 5.2.
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Table C.7c: Core SR-1 Sample 3
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:

-2.4384 # Splits: 0
60.23 grams

Sieve Sieve Weight Freq Cumulative
Size Midpoint Weight Weight Mean: 1.6157 phi* 0.3263 mm*

(phi) (phi) (grams) % % Standard Deviation: 0.5319 phi-units* 0.6917 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.4334 dimensionless*
-0.25 -0.375 0.40 0.664 0.664 Kurtosis: 4.3924 dimensionless*

0.00 -0.125 0.22 0.365 1.029 Relative Dispersion: 0.3292
0.25 0.125 0.32 0.531 1.561 Median 1.5135 phi 0.3503 mm

0.50 0.375 0.70 1.162 2.723
0.75 0.625 1.08 1.793 4.516

1.00 0.875 3.67 6.093 10.609
1.25 1.125 6.29 10.443 21.053

1.50 1.375 10.39 17.251 38.303
1.75 1.625 12.72 21.119 59.422

2.00 1.875 11.41 18.944 78.366
2.25 2.125 7.24 12.021 90.387
2.50 2.375 3.92 6.508 96.895

2.75 2.625 1.21 2.009 98.904
3.00 2.875 0.42 0.697 99.602

3.25 3.125 0.14 0.232 99.834
3.50 3.375 0.06 0.100 99.934

3.75 3.625 0.02 0.033 99.967
4.00 3.875 0.01 0.017 99.983

5.00 4.5 0.01 0.017 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:

Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR1_R1_3
Jennifer KochAnalyzed by:

Total Mass:

-87.1092

Carbonate Fraction:

30.2581

-19.72056

Tweak ACUMPLOT X-axis

X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C7.c: Upper panel shows frequency distribution and lower panel shows
cumulative weight percent curve for Santa Rosa Core SR-1 Sample 3. Core location

is shown in Fig. 5.2.
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Dashed straight line is the precise Gaussian fit based on the
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Table C.7d: Core SR-1 Sample 4
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5
Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-3.6576 # Splits: 0

65.12 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.6143 phi* 0.3266 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.6617 phi-units* 0.6321 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.5415 dimensionless*
-0.25 -0.375 1.42 2.181 2.181 Kurtosis: 4.1032 dimensionless*
0.00 -0.125 0.44 0.676 2.856 Relative Dispersion: 0.4099

0.25 0.125 0.59 0.906 3.762 Median 1.5365 phi 0.3447 mm
0.50 0.375 1.20 1.843 5.605

0.75 0.625 1.78 2.733 8.338
1.00 0.875 4.10 6.296 14.635

1.25 1.125 6.14 9.429 24.063
1.50 1.375 9.34 14.343 38.406

1.75 1.625 11.69 17.951 56.357
2.00 1.875 10.89 16.723 73.080

2.25 2.125 7.96 12.224 85.304
2.50 2.375 5.69 8.738 94.042
2.75 2.625 2.25 3.455 97.497

3.00 2.875 0.98 1.505 99.002
3.25 3.125 0.39 0.599 99.601

3.50 3.375 0.13 0.200 99.800
3.75 3.625 0.06 0.092 99.893

4.00 3.875 0.03 0.046 99.939
5.00 4.5 0.04 0.061 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR1_R1_4
Jennifer KochAnalyzed by:

Total Mass:

-87.1092
Carbonate Fraction:

30.2581

-19.72056

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis
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Figure C7.d: Upper panel shows frequency distribution and lower panel shows
cumulative weight percent curve for Santa Rosa Core SR-1 Sample 4. Core location

is shown in Fig. 5.2.
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Table C.7e: Core SR-1 Sample 5
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5
Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-4.8768 # Splits: 0

65.43 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.4751 phi* 0.3597 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.6263 phi-units* 0.6479 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.2197 dimensionless*
-0.25 -0.375 0.94 1.437 1.437 Kurtosis: 4.0839 dimensionless*
0.00 -0.125 0.49 0.749 2.186 Relative Dispersion: 0.4246

0.25 0.125 0.83 1.269 3.454 Median 1.3913 phi 0.3812 mm
0.50 0.375 1.90 2.904 6.358

0.75 0.625 2.87 4.386 10.744
1.00 0.875 6.08 9.292 20.037

1.25 1.125 7.83 11.967 32.004
1.50 1.375 10.98 16.781 48.785

1.75 1.625 12.21 18.661 67.446
2.00 1.875 9.83 15.024 82.470

2.25 2.125 6.00 9.170 91.640
2.50 2.375 3.34 5.105 96.745
2.75 2.625 1.14 1.742 98.487

3.00 2.875 0.49 0.749 99.236
3.25 3.125 0.22 0.336 99.572

3.50 3.375 0.11 0.168 99.740
3.75 3.625 0.07 0.107 99.847

4.00 3.875 0.04 0.061 99.908
5.00 4.5 0.06 0.092 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR1_R1_5
Jennifer KochAnalyzed by:

Total Mass:

-87.1092
Carbonate Fraction:

30.2581

-19.72056

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C7.e: Upper panel shows frequency distribution and lower panel shows
cumulative weight percent curve for Santa Rosa Core SR-1 Sample 5. Core location

is shown in Fig. 5.2.
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Table C.8a: Core SR-2 Sample 1
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-0.6096 # Splits: 0

52.19 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.7513 phi* 0.297 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.9423 phi-units* 0.5204 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.4875 dimensionless*

-0.25 -0.375 3.07 5.882 5.882 Kurtosis: 2.9389 dimensionless*
0.00 -0.125 0.53 1.016 6.898 Relative Dispersion: 0.5381

0.25 0.125 0.65 1.245 8.143 Median 1.7339 phi 0.3006 mm
0.50 0.375 1.21 2.318 10.462

0.75 0.625 1.58 3.027 13.489
1.00 0.875 3.25 6.227 19.716

1.25 1.125 3.58 6.860 26.576
1.50 1.375 4.25 8.143 34.719

1.75 1.625 5.48 10.500 45.219
2.00 1.875 5.73 10.979 56.199
2.25 2.125 5.54 10.615 66.814

2.50 2.375 5.77 11.056 77.869
2.75 2.625 4.94 9.465 87.335

3.00 2.875 4.09 7.837 95.171
3.25 3.125 1.33 2.548 97.720

3.50 3.375 0.48 0.920 98.640
3.75 3.625 0.34 0.651 99.291

4.00 3.875 0.23 0.441 99.732
5.00 4.5 0.14 0.268 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR2_R1_1

Jennifer KochAnalyzed by:

Total Mass:

-87.0826

Carbonate Fraction:

30.2341

-25.81656

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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FigureC8.a: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Santa Rosa Core SR-2 Sample 1. Core location

is shown in Fig. 5.2.
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Table C.8b: Core SR-2 Sample 2
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:

-1.8288 # Splits: 0
58.85 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.3379 phi* 0.3956 mm*
(phi) (phi) (grams) % % Standard Deviation: 1.0154 phi-units* 0.4947 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: 0.1768 dimensionless*
-0.25 -0.375 6.35 10.790 10.790 Kurtosis: 2.9713 dimensionless*

0.00 -0.125 1.16 1.971 12.761 Relative Dispersion: 0.7589
0.25 0.125 1.69 2.872 15.633 Median 1.2258 phi 0.4276 mm

0.50 0.375 2.62 4.452 20.085
0.75 0.625 3.16 5.370 25.455

1.00 0.875 5.87 9.975 35.429
1.25 1.125 6.10 10.365 45.794
1.50 1.375 6.14 10.433 56.228

1.75 1.625 6.33 10.756 66.984
2.00 1.875 4.69 7.969 74.953

2.25 2.125 4.07 6.916 81.869
2.50 2.375 3.61 6.134 88.003

2.75 2.625 2.83 4.809 92.812
3.00 2.875 2.01 3.415 96.228

3.25 3.125 0.81 1.376 97.604
3.50 3.375 0.35 0.595 98.199

3.75 3.625 0.24 0.408 98.607
4.00 3.875 0.21 0.357 98.963
5.00 4.5 0.61 1.037 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:

Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR2_R1_2
Jennifer KochAnalyzed by:

Total Mass:

-87.0826

Carbonate Fraction:

30.2341

-25.81656

Tweak ACUMPLOT X-axis

X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C8.b: Upper panel shows frequency distribution and lower panel shows
cumulative weight percent curve for Santa Rosa Core SR-2 Sample 2. Core location

is shown in Fig. 5.2.
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Sample I.D.: SR2_R1_2

Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.8c: Core SR-2 Sample 3
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5
Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-2.7432 # Splits: 0

58.7 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.0950 phi* 0.4681 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.9383 phi-units* 0.5218 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: 0.3172 dimensionless*
-0.25 -0.375 6.29 10.716 10.716 Kurtosis: 2.6260 dimensionless*
0.00 -0.125 1.98 3.373 14.089 Relative Dispersion: 0.8569

0.25 0.125 2.51 4.276 18.365 Median 0.8688 phi 0.5476 mm
0.50 0.375 4.69 7.990 26.354

0.75 0.625 6.03 10.273 36.627
1.00 0.875 8.05 13.714 50.341

1.25 1.125 5.72 9.744 60.085
1.50 1.375 4.39 7.479 67.564

1.75 1.625 4.37 7.445 75.009
2.00 1.875 4.00 6.814 81.823

2.25 2.125 3.36 5.724 87.547
2.50 2.375 2.87 4.889 92.436
2.75 2.625 1.90 3.237 95.673

3.00 2.875 1.32 2.249 97.922
3.25 3.125 0.54 0.920 98.842

3.50 3.375 0.25 0.426 99.267
3.75 3.625 0.21 0.358 99.625

4.00 3.875 0.15 0.256 99.881
5.00 4.5 0.07 0.119 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR2_R1_3
Jennifer KochAnalyzed by:

Total Mass:

-87.0826
Carbonate Fraction:

30.2341

-25.81656

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*

0

2

4

6

8

10

12

14

16

-1 0 1 2 3 4 5

Grain Size (Phi)

F
re

q
u

e
n
c

y
P

e
rc

e
n

t



255

Figure C8.c: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Santa Rosa Core SR-2 Sample 3. Core location

is shown in Fig. 5.2.
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Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.8d: Core SR-2 Sample 4
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5
Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-3.2309 # Splits: 0

46.89 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 2.8407 phi* 0.1396 mm*
(phi) (phi) (grams) % % Standard Deviation: 1.1800 phi-units* 0.4413 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: -1.6747 dimensionless*
-0.25 -0.375 3.02 6.441 6.441 Kurtosis: 4.8772 dimensionless*
0.00 -0.125 0.44 0.938 7.379 Relative Dispersion: 0.4154

0.25 0.125 0.39 0.832 8.211 Median 3.1004 phi 0.1166 mm
0.50 0.375 0.47 1.002 9.213

0.75 0.625 0.38 0.810 10.023
1.00 0.875 0.46 0.981 11.004

1.25 1.125 0.45 0.960 11.964
1.50 1.375 0.46 0.981 12.945

1.75 1.625 0.53 1.130 14.075
2.00 1.875 0.55 1.173 15.248

2.25 2.125 0.75 1.599 16.848
2.50 2.375 1.58 3.370 20.218
2.75 2.625 2.44 5.204 25.421

3.00 2.875 4.96 10.578 35.999
3.25 3.125 7.28 15.526 51.525

3.50 3.375 9.68 20.644 72.169
3.75 3.625 7.89 16.827 88.996

4.00 3.875 4.42 9.426 98.422
5.00 4.5 0.74 1.578 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR2_R1_4
Jennifer KochAnalyzed by:

Total Mass:

-87.0826
Carbonate Fraction:

30.2341

-25.81656

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*

0

5

10

15

20

25

-1 0 1 2 3 4 5

Grain Size (Phi)

F
re

q
u

e
n
c

y
P

e
rc

e
n

t



257

Figure C8.d: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Santa Rosa Core SR-2 Sample 4. Core location

is shown in Fig. 5.2.
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Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.8e: Core SR-2 Sample 6
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-3.5662 # Splits: 0

58.49 grams

Sieve Sieve Weight Freq Cumulative
Size Midpoint Weight Weight Mean: 2.7476 phi* 0.1489 mm*

(phi) (phi) (grams) % % Standard Deviation: 0.7146 phi-units* 0.6094 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.9778 dimensionless*

-0.25 -0.375 0.36 0.615 0.615 Kurtosis: 5.5612 dimensionless*
0.00 -0.125 0.04 0.068 0.684 Relative Dispersion: 0.2601

0.25 0.125 0.05 0.085 0.769 Median 2.7125 phi 0.1526 mm
0.50 0.375 0.11 0.188 0.957

0.75 0.625 0.22 0.376 1.334
1.00 0.875 0.62 1.060 2.394
1.25 1.125 0.84 1.436 3.830

1.50 1.375 1.21 2.069 5.898
1.75 1.625 1.63 2.787 8.685

2.00 1.875 1.82 3.112 11.797
2.25 2.125 3.30 5.642 17.439

2.50 2.375 6.31 10.788 28.227
2.75 2.625 8.31 14.208 42.435

3.00 2.875 12.65 21.628 64.062
3.25 3.125 9.00 15.387 79.449

3.50 3.375 6.35 10.857 90.306
3.75 3.625 3.33 5.693 95.999
4.00 3.875 1.42 2.428 98.427

5.00 4.5 0.92 1.573 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR2_R1_6

Jennifer KochAnalyzed by:

Total Mass:

-87.0826

Carbonate Fraction:

30.2341

-25.81656

Tweak ACUMPLOT X-axis
X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C8.e: Upper panel shows frequency distribution and lower panel shows
cumulative weight percent curve for Santa Rosa Core SR-2 Sample 6. Core location

is shown in Fig. 5.2.
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Sample I.D.: SR2_R1_6

Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.8f: Core SR-2 Sample 8
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:

-4.6634 # Splits: 0
61.91 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 2.5948 phi* 0.1655 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.9091 phi-units* 0.5325 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.9551 dimensionless*
-0.25 -0.375 1.03 1.664 1.664 Kurtosis: 4.2693 dimensionless*

0.00 -0.125 0.11 0.178 1.841 Relative Dispersion: 0.3504
0.25 0.125 0.18 0.291 2.132 Median 2.6653 phi 0.1576 mm

0.50 0.375 0.45 0.727 2.859
0.75 0.625 0.76 1.228 4.087

1.00 0.875 1.89 3.053 7.139
1.25 1.125 1.86 3.004 10.144
1.50 1.375 2.10 3.392 13.536

1.75 1.625 2.01 3.247 16.782
2.00 1.875 1.74 2.811 19.593

2.25 2.125 2.43 3.925 23.518
2.50 2.375 5.88 9.498 33.016

2.75 2.625 8.20 13.245 46.261
3.00 2.875 14.36 23.195 69.456

3.25 3.125 6.98 11.274 80.730
3.50 3.375 5.94 9.595 90.325

3.75 3.625 2.95 4.765 95.090
4.00 3.875 1.53 2.471 97.561
5.00 4.5 1.51 2.439 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:

Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR2_R1_8
Jennifer KochAnalyzed by:

Total Mass:

-87.0826

Carbonate Fraction:

30.2341

-25.81656

Tweak ACUMPLOT X-axis

X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis
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Figure C8.f: Upper panel shows frequency distribution and lower panel shows
cumulative weight percent curve for Santa Rosa Core SR-2 Sample 8. Core location

is shown in Fig. 5.2.
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Table C.8g: Core SR-2 Sample 9
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-5.2426 # Splits: 0

45.78 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 3.2931 phi* 0.102 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.5186 phi-units* 0.698 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -1.4801 dimensionless*

-0.25 -0.375 0.05 0.109 0.109 Kurtosis: 10.8362 dimensionless*
0.00 -0.125 0.02 0.044 0.153 Relative Dispersion: 0.1575

0.25 0.125 0.03 0.066 0.218 Median 3.1919 phi 0.1094 mm
0.50 0.375 0.06 0.131 0.349

0.75 0.625 0.05 0.109 0.459
1.00 0.875 0.10 0.218 0.677

1.25 1.125 0.09 0.197 0.874
1.50 1.375 0.13 0.284 1.158

1.75 1.625 0.13 0.284 1.442
2.00 1.875 0.14 0.306 1.747
2.25 2.125 0.18 0.393 2.141

2.50 2.375 0.56 1.223 3.364
2.75 2.625 2.01 4.391 7.754

3.00 2.875 7.26 15.858 23.613
3.25 3.125 9.30 20.315 43.927

3.50 3.375 10.39 22.696 66.623
3.75 3.625 8.28 18.087 84.709

4.00 3.875 5.80 12.669 97.379
5.00 4.5 1.20 2.621 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR2_R1_9

Jennifer KochAnalyzed by:

Total Mass:

-87.0826

Carbonate Fraction:

30.2341

-25.81656

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C8.g: Upper panel shows frequency distribution and lower panel shows
cumulative weight percent curve for Santa Rosa Core SR-2 Sample 9. Core location

is shown in Fig. 5.2.
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Table C.8h: Core SR-2 Sample 10
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-5.7912 # Splits: 0

52.37 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.7483 phi* 0.2977 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.8936 phi-units* 0.5383 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.2457 dimensionless*

-0.25 -0.375 1.58 3.017 3.017 Kurtosis: 3.1654 dimensionless*
0.00 -0.125 0.86 1.642 4.659 Relative Dispersion: 0.5111

0.25 0.125 1.02 1.948 6.607 Median 1.7005 phi 0.3077 mm
0.50 0.375 1.47 2.807 9.414

0.75 0.625 1.63 3.112 12.526
1.00 0.875 3.13 5.977 18.503

1.25 1.125 4.06 7.753 26.255
1.50 1.375 4.98 9.509 35.765

1.75 1.625 5.71 10.903 46.668
2.00 1.875 5.78 11.037 57.705
2.25 2.125 6.15 11.743 69.448

2.50 2.375 6.92 13.214 82.662
2.75 2.625 4.32 8.249 90.911

3.00 2.875 2.22 4.239 95.150
3.25 3.125 0.70 1.337 96.487

3.50 3.375 0.44 0.840 97.327
3.75 3.625 0.58 1.108 98.434

4.00 3.875 0.64 1.222 99.656
5.00 4.5 0.18 0.344 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR2_R1_10

Jennifer KochAnalyzed by:

Total Mass:

-87.0826

Carbonate Fraction:

30.2341

-25.81656

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C8.h: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Santa Rosa Core SR-2 Sample 10. Core

location is shown in Fig. 5.2.
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Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.



266

Table C.9a: Core SR-3 Sample 1
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5
Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-0.061 # Splits: 0

59.52 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.5784 phi* 0.3348 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.7073 phi-units* 0.6124 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.3393 dimensionless*
-0.25 -0.375 1.76 2.957 2.957 Kurtosis: 4.2546 dimensionless*
0.00 -0.125 0.35 0.588 3.545 Relative Dispersion: 0.4481

0.25 0.125 0.58 0.974 4.519 Median 1.5070 phi 0.3518 mm
0.50 0.375 1.29 2.167 6.687

0.75 0.625 1.92 3.226 9.913
1.00 0.875 4.32 7.258 17.171

1.25 1.125 5.96 10.013 27.184
1.50 1.375 8.19 13.760 40.944

1.75 1.625 10.21 17.154 58.098
2.00 1.875 9.93 16.683 74.782

2.25 2.125 6.73 11.307 86.089
2.50 2.375 4.45 7.476 93.565
2.75 2.625 1.98 3.327 96.892

3.00 2.875 1.01 1.697 98.589
3.25 3.125 0.35 0.588 99.177

3.50 3.375 0.17 0.286 99.462
3.75 3.625 0.11 0.185 99.647

4.00 3.875 0.07 0.118 99.765
5.00 4.5 0.14 0.235 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR3_R1_1
Jennifer KochAnalyzed by:

Total Mass:

-87.0644
Carbonate Fraction:

30.2175

-28.46832

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C9.a: Upper panel shows frequency distribution and lower panel shows
cumulative weight percent curve for Santa Rosa Core SR-3 Sample 1. Core location

is shown in Fig. 5.2.
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Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.9b: Core SR-3 Sample 2
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:

-0.6401 # Splits: 0
57.72 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.5882 phi* 0.3326 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.8675 phi-units* 0.5481 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: 0.1015 dimensionless*
-0.25 -0.375 2.12 3.673 3.673 Kurtosis: 3.7332 dimensionless*

0.00 -0.125 0.74 1.282 4.955 Relative Dispersion: 0.5462
0.25 0.125 1.06 1.836 6.791 Median 1.4816 phi 0.3581 mm

0.50 0.375 1.79 3.101 9.893
0.75 0.625 2.38 4.123 14.016

1.00 0.875 4.58 7.935 21.951
1.25 1.125 5.55 9.615 31.566
1.50 1.375 7.19 12.457 44.023

1.75 1.625 8.09 14.016 58.039
2.00 1.875 7.57 13.115 71.154

2.25 2.125 5.23 9.061 80.215
2.50 2.375 4.59 7.952 88.167

2.75 2.625 2.71 4.695 92.862
3.00 2.875 1.74 3.015 95.877

3.25 3.125 0.71 1.230 97.107
3.50 3.375 0.52 0.901 98.008

3.75 3.625 0.37 0.641 98.649
4.00 3.875 0.27 0.468 99.116
5.00 4.5 0.51 0.884 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:

Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR3_R1_2
Jennifer KochAnalyzed by:

Total Mass:

-87.0644

Carbonate Fraction:

30.2175

-28.46832

Tweak ACUMPLOT X-axis

X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C9.b: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Santa Rosa Core SR-3 Sample 2. Core location

is shown in Fig. 5.2.
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Sample I.D.: SR3_R1_2

Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.9c: Core SR-3 Sample 3
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-1.6764 # Splits: 0

58.02 grams

Sieve Sieve Weight Freq Cumulative
Size Midpoint Weight Weight Mean: 1.8936 phi* 0.2691 mm*

(phi) (phi) (grams) % % Standard Deviation: 0.6396 phi-units* 0.6419 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.7239 dimensionless*

-0.25 -0.375 0.53 0.913 0.913 Kurtosis: 4.2571 dimensionless*
0.00 -0.125 0.21 0.362 1.275 Relative Dispersion: 0.3378

0.25 0.125 0.36 0.620 1.896 Median 1.8313 phi 0.281 mm
0.50 0.375 0.89 1.534 3.430

0.75 0.625 0.90 1.551 4.981
1.00 0.875 1.59 2.740 7.721
1.25 1.125 3.54 6.101 13.823

1.50 1.375 5.11 8.807 22.630
1.75 1.625 7.38 12.720 35.350

2.00 1.875 10.30 17.752 53.102
2.25 2.125 10.41 17.942 71.044

2.50 2.375 7.71 13.289 84.333
2.75 2.625 5.47 9.428 93.761

3.00 2.875 3.12 5.377 99.138
3.25 3.125 0.32 0.552 99.690

3.50 3.375 0.08 0.138 99.828
3.75 3.625 0.04 0.069 99.897
4.00 3.875 0.00 0.000 99.897

5.00 4.5 0.06 0.103 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR3_R1_3

Jennifer KochAnalyzed by:

Total Mass:

-87.0644

Carbonate Fraction:

30.2175

-28.46832

Tweak ACUMPLOT X-axis
X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C9.c: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Santa Rosa Core SR-3 Sample 3. Core location

is shown in Fig. 5.2.
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Dashed straight line is the precise Gaussian fit based on the
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Table C.9d: Core SR-3 Sample 4
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4
Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:
-2.1641 # Splits: 0

53.64 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 2.1459 phi* 0.2259 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.9675 phi-units* 0.5114 mm*
-0.50 -0.625 0.00 0.000 0.000 Skewness: -0.2034 dimensionless*

-0.25 -0.375 1.07 1.995 1.995 Kurtosis: 3.6461 dimensionless*
0.00 -0.125 0.53 0.988 2.983 Relative Dispersion: 0.4508

0.25 0.125 0.72 1.342 4.325 Median 2.1322 phi 0.2281 mm
0.50 0.375 1.02 1.902 6.227

0.75 0.625 1.16 2.163 8.389
1.00 0.875 1.77 3.300 11.689

1.25 1.125 2.15 4.008 15.697
1.50 1.375 2.85 5.313 21.010

1.75 1.625 4.33 8.072 29.083
2.00 1.875 5.26 9.806 38.889
2.25 2.125 5.75 10.720 49.609

2.50 2.375 7.32 13.647 63.255
2.75 2.625 7.24 13.497 76.752

3.00 2.875 6.31 11.764 88.516
3.25 3.125 2.20 4.101 92.617

3.50 3.375 0.94 1.752 94.370
3.75 3.625 0.63 1.174 95.544

4.00 3.875 0.39 0.727 96.271
5.00 4.5 2.00 3.729 100.000

-1

5 <0.5 Excellent homogeneity (e.g., beaches)
0.5 to 0.95 Good homogeneity

0.95 to1.35 Fair homogeneity
>1.35 Poor homogeneity (e.g., glacial)

Sample Date:
Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:
Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR3_R1_4

Jennifer KochAnalyzed by:

Total Mass:

-87.0644

Carbonate Fraction:

30.2175

-28.46832

Tweak ACUMPLOT X-axis
X-axis minimum

X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis

dimensionless*
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Figure C9.d: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Santa Rosa Core SR-3 Sample 4. Core location
is shown in Fig. 5.2.

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Grain Size (Phi)

C
u

m
u

la
ti

v
e

P
e

rc
e

n
t

50

40

16

30

20

10

5

0.01

0.1

1

2.5

0.3

0.03

60

70

80
84

90

95

97.5

99

99.99

99.97

99.9

99.7

Arithmetic Probability Paper

Sample I.D.: SR3_R1_4

Dashed straight line is the precise Gaussian fit based on the

sample mean and standard deviation.
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Table C.9e: Core SR-3 Sample 9
Start Sieve Size (phi): -0.5

4/2/2004 End Sieve Size (phi): 4

Pan Sieve Size (phi): 5

Longitude: Latitude: Datum: NAD 83 Sieve Interval (phi): 0.25

Datum: MSL Accuracy:

-5.4864 # Splits: 0
59.75 grams

Sieve Sieve Weight Freq Cumulative

Size Midpoint Weight Weight Mean: 1.4668 phi* 0.3618 mm*
(phi) (phi) (grams) % % Standard Deviation: 0.9495 phi-units* 0.5178 mm*

-0.50 -0.625 0.00 0.000 0.000 Skewness: 0.0410 dimensionless*
-0.25 -0.375 3.17 5.305 5.305 Kurtosis: 2.7755 dimensionless*

0.00 -0.125 1.36 2.276 7.582 Relative Dispersion: 0.6473
0.25 0.125 2.00 3.347 10.929 Median 1.3536 phi 0.3913 mm

0.50 0.375 3.26 5.456 16.385
0.75 0.625 3.30 5.523 21.908

1.00 0.875 5.32 8.904 30.812
1.25 1.125 5.75 9.623 40.435
1.50 1.375 6.25 10.460 50.895

1.75 1.625 6.36 10.644 61.540
2.00 1.875 5.29 8.854 70.393

2.25 2.125 4.56 7.632 78.025
2.50 2.375 4.72 7.900 85.925

2.75 2.625 3.68 6.159 92.084
3.00 2.875 2.63 4.402 96.485

3.25 3.125 1.00 1.674 98.159
3.50 3.375 0.37 0.619 98.778

3.75 3.625 0.23 0.385 99.163
4.00 3.875 0.14 0.234 99.397
5.00 4.5 0.36 0.603 100.000

-1
5 <0.5 Excellent homogeneity (e.g., beaches)

0.5 to 0.95 Good homogeneity
0.95 to1.35 Fair homogeneity

>1.35 Poor homogeneity (e.g., glacial)

Sample Date:

Total Sample: Siliclastic Fraction:

Comments:

Surface Elev:

Sample Depth in Core: Core Corrected for Compaction:

Sampled by: Jennifer KochSample I.D.: SR3_R1_9
Jennifer KochAnalyzed by:

Total Mass:

-87.0644

Carbonate Fraction:

30.2175

-28.46832

Tweak ACUMPLOT X-axis

X-axis minimum
X-axis maximum

Statistical Results (*moment measures)

Relative Dispersion Analysis
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Figure C9.e: Upper panel shows frequency distribution and lower panel shows

cumulative weight percent curve for Santa Rosa Core SR-3 Sample 9. Core location

is shown in Fig. 5.2.
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