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Executive Summary 

 
 
This investigation, conducted by the Florida Geological Survey’s (FGS) Coastal Research Program, 
involved mapping seabed features on state submerged lands in a selected portion of Apalachee Bay 
using a Marine Sonic Sea Scan System operating at 600 (kilohertz) kHz, a Garman 168 Global 
Positioning and Bathymetric System operating at 50 kHz and an ORE GeoPulse seismic profiler 
operating at 4.5 kHz.  This study examines, via the use of side scan sonar mosaics, an 
approximately 25 square-mile (64 square-kilometers) area of seabed at a frequency of 600 kHz, 
at resolutions not normally attempted for such size areas due to the large volume of data such 
studies require.  Over 500 miles (804.8 kilometers) of side scan sonar and approximately 15 
miles (24.1 kilometers) of seismic profiler data were collected offshore of Wakulla County, 
Florida.  These data were subsequently processed, and interpreted.   A total of 36 seabed 
sampling locations were visited and 34 grab samples collected and described.   Of those 
locations, 10 were also observed with an underwater camera and characterized. 
 
All of the above referenced data are accessible within this report.  The side scan sonar and seismic 
data are provided as processed images.  The side scan data are also displayed as mosaics at 
various resolutions.  The various resolutions selected are those found useful in investigating features 
that are best expressed at differing scales.  Descriptions of the grab samples are also included. 
 
Bottom characteristics of the study area showed little evidence of features elevated significantly above 
the sea floor.  Visual features seen on the side scan sonar mosaics are primarily attributed to 
differences in bottom sediment reflectance.   A number of narrow, relatively linear features lying at 
more or less right angles to the coast were noted.   These features are interpreted to be the surface 
expression of drowned channels and estuarine complexes associated with the antecedents of the St. 
Marks/Wakulla and other rivers which currently drain into Apalachee Bay.  In the eastern portions of 
the survey area are regions of reflectance which indicate a more uneven, rough, rugose seabed 
suggestive of outcropping of consolidated, more resistant strata.   
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Introduction 

The survey area, Figure 1, is located in the northeastern Gulf of Mexico due south of the mouth of 
the St. Marks River in Apalachee Bay. It extends offshore of Wakulla County, Florida, in an area 
approximately 2 to 7 miles (3.2 to 11.3 kilometers) seaward of the coast.  Water depths in the 
survey area range from approximately 15 feet (4.6 meters) to 25 feet (7.6 meters) below mean 
sea level(MSL).  A number of man-made features are known or suspected to be present in the 
survey area, including a feature labeled as a “fish haven” in the northeastern portion of the survey 
area. 

This study examines, via the use of side scan sonar mosaics, a seabed area of approximately 25 
square-miles, (64 square-kilometers) at a frequency of 600 kHz, and at resolutions not usually 
attempted for such large size areas. Higher resolutions require higher frequencies which in turn 
mandate a denser track line grid resulting in the need to schedule more ship time.  Such studies 
produce higher data volumes which require computer hardware and software capable of 
manipulating such data volumes.  Commercially available computer programs capable of 
processing such data volumes are still in development and have only recently become available. 
Examinations of such large areas are typically accomplished at lower frequencies (for example 
100 kHz, and at associated lower resolutions) and in deeper waters than those of this study area.  
Twitchell et al.(2000), Donahue et al. (2000) and Harrison et al. (2000) produced lower resolution 
side scan sonar mosaics of comparable size, or even larger, areas offshore of Sarasota, Tampa 
Bay, and Indian Rocks Beach, Florida, respectively.  As such, this study breaks new ground in 
the examination, at 600 kHz, of areally extensive shallow water seabeds offshore of the coast of 
Florida. 

The primary goal of this study is the mapping of offshore seabed features on state submerged lands 
off Florida’s Gulf Coast in support of an interdisciplinary Coastal Aquatic Managed Areas (CAMA) 
project with funding provided by the Oceans Initiative Act.  A secondary goal is to demonstrate the 
capabilities of the geophysical instruments available so that studies in subsequent years can be 
structured to maximize their capabilities for the purposes of information support of ecosystems 
management efforts. 

Tasks included: 
 

• Side scan sonar data acquisition  
 
• Seismic profiling data acquisition  
 
• Bathymetric data acquisition 
 
• Bottom sediment grab sampling  

 
 
Work summary: 
 

• Approximately 500 miles (804.8 kilometers) of side scan sonar data and 15 miles (24.1 
kilometers) of seismic profile data were collected and interpreted.  

 
•  A total of 36 sampling sites were visited and 34 offshore seabed grab samples were collected and 

described. 
 

•  A total of 10 sites were observed with an underwater camera and the seabed 
characterized. 
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• A preliminary seismic stratigraphic analysis of the seismic profiler data collected was 
completed. 

 
• The computer processing of all side scan sonar and seismic profiler data collected. 

 
• Side scan sonar mosaics at various resolutions were created.  
 

The sediment samples collected were brought to the FGS laboratory for sample description.   Appendix 
A provides seabed grab sample descriptions and seabed characterizations.   
 
 

Previous Work in the Study Area 
 
Although the geology of Florida’s Big Bend coast has received relatively little attention, Moe 
(1963) in an offshore fishing reef study for Florida (Figure 2), documented bottom conditions 
useful for subaqueous geological evidential purposes (Table 1).  Tanner and Bates (1965) 
discussed submerged beaches of the Big Bend, corresponding to lower sea-levels.  Rupert and 
Spencer (1988) discussed the geology of Wakulla County.  Faught and Donoghue (1997) 
reported on archaeological investigations of submerged sites to the south of the study area and 
identified some subsurface river channel drainage features from seismic evidence.   Chen (1999) 
studied in considerable detail an area which included the study area.  The survey area is located in 
Chen’s geomorphologic division III and possibly peripheral to division IV.  Respectively, these are 
described as an “eastern karst region” which lies in the northwestern portion of this study area and an 
“outcrop region” which lies proximal to the south eastern portions of the survey area.  Chen (1999) 
locate two channels which appear to cross the survey area in a northeast to southwest direction and 
describe this study area as being part of the seaward extension of the Woodville Karst Plain.   
 
The formerly exposed shelf in this region of the northwest coast of Florida has been submerged for 
more than 5,000 years (Rupert and Spencer, 1988; Faught and Donoghue, 1997).  Recent work 
(Balsillie and Donoghue, 2004; Balsillie et al., in press) has identified sea-level rise since the last 
glacial maximum and certain relatively minor variations in the past 6,500 years that have been 
instrumental in defining physiography of the region.  The last sea-level transgression may have 
erosionally truncated the existing soil horizon and previously deposited Recent sediments leaving a 
mantle of exposed carbonate sands typically labeled “shell hash” under lain by limestone.  This mantle 
is interspaced with sea grass beds and rocky outcrops.  The “shell hash” mantle is composed of 
fragmentary shell, medium to fine quartz sand and finer grained sediments.  The sea grass grows in 
fine-grained organic-rich sediments.  Within the study area Faught (2004) reports rocky outcrops 
varying from 0.07 ft to 2.62 ft (0.02 to 0.8 m) in relief within the study area.   
 
The west Florida shelf is presently mostly sand starved, and the modern seafloor is essentially an 
extensive condensed geologic section.  Even during periods of long sea-level highstands, it is 
difficult to imagine that surfaces could be extensively buried by seaward prograding sediment 
downlap, given the low topographic slopes involved.  Instead, exposed limestone is experiencing 
bioerosion.  During Quaternary sea-level fluctuations, lowstand or stillstand sea-level indicators 
such as reefs and cemented strandlines could be formed and preserved.  Highstand indicators 
can be found as elevated quartz sand terraces and hills or bluffs (e.g., Tanner, 1998).  In between 
high- and lowstand points exist complex mosaics of thin patches and lenses of discontinuous 
sediment occasionally characterized by paleofluvial infill.  Spring discharge sites also occur 
across the shelf as the result of mixing-zone dissolution.  (Hine and Doyle, 1991).   
 
 

Field and Laboratory Procedures: an Overview 
 
Field data collection took place aboard the Florida Geological Survey’s 40-foot research 
vessel, R/V GeoSearch, during 22 cruise days between March 16, 2005 and June 8, 2005.  
The 25 square-mile (64 square-kilometers) area selected for exploration required some pre-
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planning.  The selected final plan resulted in a grid of 100 east-west track lines five miles in 
length with a north-south spacing of 300 ft (91.4 m) to facilitate the creation of a side scan 
sonar mosaic.  Three additional east-west lines at a wider grid spacing were run to collect 
seismic profiler data.   Several days were required to collect ground-truth information in the 
form of surface bed samples.  They were collected using a clam-shell type sampler from the 
FGS’ 24-foot Carolina Skiff.   Observations of the seabed using an underwater camcorder 
were made as well.  
 
 
Geophysical Instrumentation  
 
Three electronic types of instrumentation were utilized in the study:  1) sonar images of the bed 
surface were taken using a Marine Sonic Sea Scan System operating at 600 kHz, 2) sub-bottom 
geologic stratigraphic relationships were assessed using an ORE Geopulse seismic profiler unit 
operating at 4.5 kHz, and 3) horizontal positioning control and water depth (i.e., bathymetry) was 
determined using a Garman 168 GPS and sonar depth sounder unit operating at 50 kHz which 
was tied into other data collections systems.  
 
Side scan sonar  
 
Side scan sonar surveying is a technique used to delineate and map seabed features.  Side 
scan sonar records are produced by generating repetitive pulses of high frequency sound 
underwater and recording the pulses returned as reflections from the seabed.  This is 
accomplished by towing a geophysical instrument, commonly know as a “tow fish” (Figure 3) 
which combines both a signal source and hydrophone receiver, at a constant speed, and 
distance behind a survey vessel, a constant depth below the sea surface.  The pulses 
generated by the “tow fish” propagate laterally to the left and right of the “tow fish”, strike the 
seabed at an oblique angle, and are then reflected back to the “tow fish”.   The result is a 
continuous record of the reflectance characteristics of the seabed lateral to the survey 
vessel’s tract.  Survey grids are laid out such that these records overlap and a “mosaic” of 
the seabed can be created.  Optimum swath widths and thus the center to center separation 
distance between tract lines is determined both by the “tow fish’s” operating frequency and 
the depth of the waters in the survey area.  The ability of such instruments to resolve 
increasingly finer details is in part a function of frequency in that the higher the frequency used, 
the greater the resolution.  The conundrum is that signal attenuation, and thus an instrument’s 
effective side looking range, is essentially inversely related to resolution.  This can be attributed to 
the physical characteristics of the medium, in this case the sea water, through which the signal is 
transmitted, attenuating the signal through reflection, scattering and absorption.  All other things 
being equal, the higher the frequency the more the signal is attenuated.  As a result, resolution is 
traded for range in determining which frequency to utilize in any survey.  This problem is further 
compounded in shallow water in that the optimal height a “tow fish” should be towed above the 
seabed is, as a rule of thumb, 10% of the side looking range.  Due to the water depths found in 
the survey area and equipment constraints, this requires that the “tow fish” be towed close to both 
the sea surface and the vessel.  The effect of this is that: 
 

•  in certain sea conditions objectionable reflections from the sea/air interface are 
manifested in these data,  

 
•  propeller-induced cavitation effects occasionally degrades these data in the near field, 

and;  
 

•  increasingly unfavorable sea conditions impact on the moment to moment attitude of the 
“tow fish” relative to the seabed producing increasingly pronounced negative effects on 
data quality.   

 
As noted above, the quality of these data obtained as it relates to reflections from the seabed, was 
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also occasionally, in relatively localized areas, adversely affected by the presence of sea life in the 
water column (Appendix B). 
 
The above conditions not withstanding, the quality of the side scan sonar data is, on the average, 
remarkably good.  This was ensured by the fact that when data quality on an extensive line segment 
was deemed marginal, these data were reacquired, as time allowed, on a subsequent day. 
 
Seismic Profiler 
 
Seismic profiling is a technique used to delineate and define sub-bottom structures and bedding 
surfaces in sediments underlying the seabed. Continuous reflections are produced by generating 
repetitive pulses of high energy sound underwater and recording the pulses returned as reflections 
from the seabed and sub seabed sedimentary and structural features. Seismic profiling surveys, such 
as the ones accomplished in this project are made by towing a sound pulse generating and receiving 
instrument (Figure 4 and Figure 5) behind a survey vessel traversing predetermined survey track lines 
at a set vessel speed. The sound pulse generator is initiated at a fixed rapid rate and the returning signals 
are then received. The reflections are recorded digitally using Chesapeake Technology Inc.’s (CTI) 
SonarWiz.sbp software. Assuming a constant speed for sound in both water and the shallow shelf 
sediments penetrated, a vertical depth scale for the analog record can be created when the data are 
processed in the office using SonarWeb Pro software also from CTI. However as sound travels faster  
in sediments than in sea water such vertical depth scales are, of course, approximations.  Horizontal 
control is achieved by the use of frequent navigational fixes.  
 
Echosounder 
 
Echosounder data were collected through the use of a Garmin 168 bathymetric/global positioning 
system.  Figure 6 displays a bathymetric interpolation chart of these data. 
 
Geophysical Data Collection  
 
The geophysical data recorded for this survey were collected aboard the FGS’s 40 foot research 
vessel the R/V GeoSearch. The realities of the limitations placed by equipment, safety, and personnel 
availability constrained the time window for geophysical data acquisition.  Data could generally be 
acquired only during day light hours and over a four month period in a time of the year not particularly 
notable for good sea conditions in the study area. The time required for both mobilizing and 
demobilizing the equipment at the beginning and the end of each of the survey cruises and the daily 
time required for transit to and from the shooting area, coupled with fog and highly changeable and 
unfavorable sea conditions during the period, further constrained the time available for data 
acquisition.   Due to interference between the seismic profiler sound source and the side scan sonar 
receiver, it was not possible to collect both of these geophysical data sets simultaneously.   A 
separate cruise for seismic profiler data collection was conducted. 
 
The quality of these data obtained during the marine geophysical survey was impacted by 
occasionally marginal or adverse sea conditions and, for the side scan sonar system, the 
presence of sea life in the water column.   When geophysical data quality, on extensive line 
segments, was deemed marginal, such data were reacquired on subsequent days.  This resulted 
in substantially improved data quality. 
 
Side Scan Sonar  
 
Over 500 miles (804.8 kilometers) of side scan sonar survey data were collected during this 
investigation.  The data collection program consisted of 100 east-west lines averaging five miles (8.1 
kilometers) long (approximately 575 miles, 925.5 kilometers, total).   Each individual east-west line 
took approximately one hour of ship time to acquire.  The instrument utilized to collect side scan 
sonar data (Figure 3) was towed at approximately 5 knots or less and operated at 600 kHz at a 
side look range of 164 feet (50 meters) thus imaging a swath 328 feet (100 meters) wide.  The 
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instrument’s effective resolution is a function of both the “tow fish’s” range and axial resolution.   
According to the instrument manufacturer (Marine Sonics Inc.) the 600 kHz “tow fish”, when set at 
a 164 feet (50 meter) side looking range, achieves resolutions of 3.8 inches (9.7 centimeters) 
lateral (range) and 12 inches (30.5 centimeters) parallel (axial) to the “tow fish’s” axis of travel.  
  
For optimal data collection, the “tow fish” (Figure 3) needs to be towed 16 feet (5 meters) above 
the seabed.  Because the water depths available ranged from less than 15 feet (4.6 meters) in 
the north to 25 feet (7.6 meters) in the south, the “tow fish” was occasionally towed at an 
elevation above the seabed that was less than optimal.  Additionally the “tow fish”, in order to 
achieve the required height above the seabed, was, by physical necessity, towed quite close to 
both the survey vessel and sea surface.  Its proximity to the vessel resulted in some degradation 
of the center portion of individual records due to the effects of prop-induced cavitation.  As the 
planned distance between track lines for the side scan sonar survey was 300 feet (91.4 meters), 
an overlap of 28 feet (8.6 meters) with adjacent swaths was conducted.  Normally this produced 
sufficient overlap for the purposes of building a side scan sonar mosaic, however, due to the 
necessity of steering around sometimes abundant buoyed crab traps and the effects of currents 
and wind, some minor gaps between adjacent lines were occasionally experienced.  In addition to 
imaging the seabed, the side scan sonar system also occasionally imaged sea life in the water 
column above the sea floor.  Infrequently the relative density and widespread distribution of sea 
life in the water column was sufficient to substantially degrade the instrument’s ability to locally 
image the sea floor.  Crossing another vessel’s wake also degraded the instrument’s ability to 
image the sea floor in the immediate vicinity of that vessel’s path.   Representative examples of 
these features are shown in Appendix B.  These concerns not withstanding, the quality of the side 
scan sonar data on the whole is quite good.  All field records were digitally recorded, and retained 
for long term storage.  They are available for general distribution. 
 
Seismic Profiler 
 
Approximately 15 miles (24.1 kilometers) of subsurface acoustic profile data were acquired during this 
study. The seismic program consisted of three track lines run in a predominately east-west direction.  
Figures 7, 8 and 9 displays the locations of these track lines.  Signal energy for the survey was 
provided by a four transducer “tow fish” (Figure 4) towed approximately 3 feet (1 meter) behind 
the survey vessel at a depth of approximately 5 feet (1.5 meters) below the sea surface, (Figure 
5).  The “tow fish” mounted “pinger” signal source was towed at an approximate speed over the 
seabed of 4 to 5 knots and fired at a shooting interval of 100 milliseconds with a record length of 
100 milliseconds.  For this survey, the “pinger” was configured so that the peak of the source 
energy imparted had a dominant frequency of 4.5 kHz.  Field data were sampled and converted 
to a digital format.  All field records were digitally recorded, and retained for long term storage.  
They are available for general distribution. 
 
Echosounder 
 
Bathymetric data were collected during the side scan sonar data collection phase of the project.  Data 
collection was initiated at the beginning of each day of side scan sonar data collection and the 
instrument was allowed to run continuously throughout that day’s cruise.  The data stream was fed to 
a laptop computer and saved as a text file.   The depth sounder transducer utilized in conjunction 
with it and the side-scan sonar and seismic sensors, was mounted below the dive platform of the 
research vessel GeoSearch.  Its depth below working water level was determined under still 
water conditions (i.e., no wave activity) and was found to be -0.417 feet (12.7 centimeters). 
 
 
Data Reduction and Computer Processing of Geophysical Data 
 
Processing of these side scan sonar data collected was accomplished using the SonarWeb 
Pro/SonarWiz.MAP software package developed by Chesapeake Technologies Inc.  Due to the large 
data mass involved (the sidescan sonar data files alone ran approximately 8.2 gigabytes) 
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consideration was paid to the volume limitations of the medium upon which the report was to be 
recorded.  CD disks have a practical limitation of approximately 700 megabytes.  Additionally the 
programs utilized to create and manipulate side scan sonar mosaics also have limitations as to 
the data volume they can accommodate.  To accommodate these restrictions mosaics at three, 
less than full, resolutions were initially generated encompassing the entire survey area.  These 
resolutions are: 
 

•  Low resolution, Figure 7, at 45.72 feet (12 meter) resolution, 
 
•  Medium resolution, Figure 8, at 22.86 feet (6 meter) resolution, and;     

 
•  High resolution, Figure 9, at 11.43 feet (3 meter) resolution. 

 
These resolutions were selected because the multiple features typically present in such survey areas 
best reveal themselves at different resolutions.  The quandary in investigating large scale features is 
that, at higher resolutions larger features tend to be lost in the mass of finer detail (i.e. one does not 
see the forest for all the trees).  It was thus found appropriate to create mosaics at various resolutions 
to see what could be seen at best advantage in each case.  For example the lowest resolution 
facilitated the analysis of the overall trend of linear features interpreted to be the remains of channels 
and estuaries associated with regional river drainage at lower sea-level stands.  The medium and high 
resolution mosaics permit a more detailed examination of these and other features.  
 
Processing of these seismic data was accomplished using the SonarWeb Pro software package 
developed by Chesapeake Technologies Inc.  Individual seismic lines were processed to produce 
images with west to the left on all east/west trending lines.  This facilitates ease of comparison of 
individual lines and is in keeping with standard practices and conventions generally used in seismic 
data processing.   The sonic velocity utilized in data processing was 1500 meters per second (m/s) or 
4921.2 feet per second (ft/sec), i.e. the average velocity of sound in sea water.   While this is in 
keeping with standard practice in the interpretation of seismic profiler records, the actual sonic velocity 
in the near seafloor sediments, due to their higher density relative to sea water, probably averages 
near or below 1800 meters per second (m/s) or 5905.4 feet per second (ft/sec). 
 
Determination of bathymetry requires not only water depth determinations, but horizontal 
positioning control.  Vertical accuracy is not known, but for this study is minimal compared to 
correction requirements of the data.   
 
There remain today published mapping products, such as older U. S. Geological Survey 
(U.S.G.S.) quad sheets, wherein elevation contours are referenced to mean sea level (MSL).  
The use of MSL in this context, however, was in error and in 1973 the confusion over the use of 
“Sea Level Datum” or “Mean Sea Level” as it popularly came to be known was resolved by 
assigning the more appropriate name of NGVD29 or National Geodetic Vertical Datum of 1929 
(Balsillie et al., 1998; Balsillie, 1999). 
 
Astronomical tide data constitute the basic information from which vertical datums are determined 
for surveying purposes, such as those specifically used for quantifying marine bathymetric 
surveys.  When conducting nearshore bathymetric work, it is standard operating procedure to 
measure in real-time the actual tide elevation referenced to a standard vertical datum in the 
immediate vicinity of marine investigation.  Which datum is used depends on the type of study of 
which two are here described:   
 

•  If results are to be used for dated geological purposes, then the correct vertical 
datum to be used is NGVD29.  This is so because by convention year zero in the 
geological context is 1950 A. D., which lies within the National Tidal Datum 
Epoch to which NGVD29 is assigned. 
 



 

 7   

•  If geologically dated results are not the goal, them some other vertical datum as 
NAVD88 is applicable. 

 
If marine bathymetric work is conducted offshore, the usefulness of real-time nearshore tidal 
height data depends on whether proper stilling-well measures have been employed to mitigate 
the effects of wave activity.  Other influencing factors can occur such as storm/hurricane effects 
(during which research is not expected to be conducted, even if peripheral to such events), or to 
excessively high atmospheric pressure episodes.   
 
In the absence of real-time measurement of the rise and fall of the tide, one can employ predicted 
tide hydrographic data.  Originally published by the National Oceanic and Atmospheric 
Administration (NOAA), also now published by other concerns, these are the predicted tide tables 
of which we are all aware.  These predicted data are based upon standard conditions, since there 
are numerous local effects that cannot be anticipated.  Important local influences can occur due 
to steric effects, wave height effects, atmospheric pressure, wind setup, and wave setup.  Depth 
sounder vertical distance below water level also requires assessment.  Each of these requires 
attention.  First, however, essential bench mark surveying information must be identified for a 
predicted tidal datum station.  St. Marks Lighthouse NOAA station no 8728130 was selected for 
this study.  Tidal datum and datum plane for the station are listed in Table 2.  These constitute the 
basic data for correction of depth data recorded from the research vessel GeoSearch. 
  
The depth sounder transducer utilized in conjunction with side-scan sonar and seismic sensors, 
was mounted below the dive platform of the research vessel GeoSearch.  Its depth below working 
water level was determined under still water conditions (i.e., no wave activity) and was found to 
be -0.417 feet (12.7 centimeters).  This was taken into account. 
 
Pitch and roll motion of the R/V GeoQuest affects depths recorded by the depth sounder.  
Analytical treatment removed spurious outliers.  However, an uncertainty or error remains which 
has been determined to be given by εcpr = ±0.5 feet (15.2 centimeters). 
 
Fluid mass density and, therefore, water level can be affected by water temperature and salinity.  
Temperature effects in the open ocean are more important than salinity.  For instance, Atlantic 
waters off of northeast Florida are one foot lower in winter months than during the summer.  The 
effect is more important for deep than shallow water depths, because of solar heating effects in 
shallow water.  Hence, for the study area of this work, steric effects are assumed be minimal and, 
therefore, negligible. 
 
Research vessel - wave characteristics can affect final elevation outcomes.  Principally, this 
occurs depending on the relationship between vessel water level surface area, mass, and length 
and wave characteristics such as wave height (H), wave length (L), wave steepness (H/g T2, 
where T is the wave period), and relative water depth (d/H, where d is the water depth).  Where 
waves become steeper (i.e., H/g T2 decreases in value) or the relative water depth d/H 
decreases, more of the wave lies above the still water level (SWL) in a process known as wave 
peaking.  In deeper water, as much as 77% of the wave can lie above the SWL; at shore-
breaking 84% of the wave lies above the SWL.  For purposes of this work, it can be stated: 
 

                      
 
 
 
in which H’ is the amount of the water height lying above the SWL.  Unfortunately, it is not 
possible to determine the value of the SWL from data for H’/H, since this would require 
knowledge of the exact elevation of the top of the wave crest, that is not possible in vessel work.   
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However, where the value of H’/H remains small (i.e., H’/H < 0.55), the wave steepness effects 
can be neglected, while excessive values of H’/H can be used to assess a relative error to be 
assigned to the final water level determination.  Values of H’/H can be determined by: 

                                       
in deep water, or by: 

                                         
in shallower water depths (transitional and shallow water depths).  The reader is referred to the 
work of Balsillie (in preparation) for details concerning application of equations (2) and (3). 
 
Of the remaining meteorological factors, perhaps atmospheric pressure has a most significant 
potentially influencing effect on the water level.  The change in water level height, ∆h in meters, 
due to atmospheric pressure differences is given by: 
 

  
where P is the pressure at the site in hPa, and 1013.25 hPa is the standard pressure for which  
predicted tides are calculated.  Since, most notably, pressure drops are associated with storms, 
hurricanes, etc, where the difference between peripheral and central pressures produces 
accompanying winds, one can assess the magnitude of the effect of atmospheric pressure by 
inspecting the low-pressure side of natural phenomena.  The high-pressure side leading to stable 
weather conditions also needs attention.  Assuming symmetrical similitude a domain including 
high-pressure with Beaufort Scale storm pressures at the low-pressure side of the spectrum, a 
quantitative S.I. unit equation can be posited for practicable application as: 
 

 
 

where ∆hpres is the water level setup or setdown (depending on its numerical sign) due to the 
atmospheric pressure; for details regarding this application see Balsillie (in preparation). 
 
Water level superelevation due to wind setup can be approximated using a methodology 
developed by Balsillie (in prep.) according to: 
 

 
 

evaluated in S.I. units where U is the wind speed in m/s, and SWind is in m.   
 
Wave setup occurs principally due to shore-breaking wave activity at the coast proper where the 
shoreline constitutes a confining boundary condition.  The study area of this work, however, lies 
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offshore and effects of wave setup may be considered to be negligible and can be dismissed as 
an influencing factor on water level. 
 
Results reported herein required 22 days of cruise time from March 16, 2005 through June 8, 
2005.  In general, wave heights were less than two feet in height, with wave periods less than five 
seconds.  Because of its configuration, the side scan sonar tow fish can become unstable in wave 
heights exceeding two feet, particularly where the direction of approach of waves is at an angle to 
the direction of vessel travel.  These generally observed wave conditions have been assessed 
using equations (2) and (3).  A range of test wave data and resulting H’/H values are listed in 
Table 3.  Where H’/H values exceed about 0.6, wave peaking of waves can begin to affect water 
level corrections.  However, calculated values of H’/H are sufficiently small to indicate negligible 
influence due to wave peaking.     
 
In addition to the above generalized assessment, one can inspect wave and meteorological data 
from NOAA’s wave buoy 42036, and meteorological data from Alligator Point.  The National 
Oceanic and Atmospheric Administration (NOAA) wave buoy lies 103.7 miles (166.9 kilometers) 
south-southeast of the centroid of the study area.  While a considerable distance from the study 
area, in the absence of any other measured data, we are obligated to consider them.  Daily mean 
values of hourly wave and meteorological data are listed in Table 4 (hourly data are listed in 
Appendix C).    As with observed general wave conditions, H’/H from measured wave data from 
the NOAA wave buoy are sufficiently small to have negligible influence on wave peaking and, 
therefore, on sea-level assessments.   
 
Atmospheric pressure and wave setup effects on the water level are investigated here using both 

hourly data Appendix C) and daily means (Table 4) from NOAA buoy 42036 and for the Alligator 
Pt. weather station (Table 5) for daily means.  Data from these sources are plotted in Figure 10 
for mean daily results and Figure 11 for hourly results of setup and setdown effects of wind and 
atmospheric pressure. 
 
Mean daily wind setup data for NOAA offshore station 42036 for the period of the study ranged 
from 0.02 to 0.138 ft, (.6 to 4.2 centimeters) and for Alligator Point weather station from 0.004 to 
0.025 ft (1.2 to 7.6 millimeters)(Figure 10, top panel).  Mean daily astronomical setup/setdown 
data ranged from -0.312 to +0.121 ft (-9.5 to +3.6 centimeters) for the NOAA offshore station, 
from -0.248 to +0.094 ft (-7.56 to +2.86 centimeters) for the Alligator Point weather station.   
Perhaps, however, the best way to approach the effects of wind and pressure setup/setdown, is 
to combine them.  The result is illustrated in bottom panel of Figure 10, where the combined 
effect ranged from close to -0.25  to +0.25 ft (-7.6 to +7.6 centimeters).  Mean daily data, 
however, minimize the actual possible range of variability or error associated with a water level.  
This is illustrated in Figure 11 using hourly data for the NOAA offshore station.  Now, the 
combined effect of wind and pressure setup/setdown ranges from -0.28 to +0.63 ft (-8.5 to 19.2 
centimeters).  A simple average yields an error or uncertainty value of ±0.45 ft (13.7 centimeters), 
although to be conservative a value of ±0.5 ft (15.2 centimeters) is recommended.  Unless, an 
hourly source of wind and atmospheric pressure data can be found and applied to the data of this 
study, it is recommended that the above plus-and-minus error be applied in this work. 
 
Final correction of water depth data in this study was accomplished using predicted astronomical 
tidal hydrographic data obtained from the NOAA/NOS/CO-OPS web site (http://co-
ops.nos.noaa.gov/tide_pred.html).  These data have been corrected by referencing them to 
NAVD88 (Appendix C).  Corrected water depth, dcorr, was then determined according to: 
 

   
           

http://co-ops.nos.noaa.gov/tide_pred.html
http://co-ops.nos.noaa.gov/tide_pred.html


 

 10   

 
where ds is the water depth recorded by the sonar depth sounder, Ept is the elevation of the tide 
referenced to NAVD88, d’s is the depth of the sonar transducer below the water surface level and 
is -0.417 ft (12.7 centimeters), εWind/Pres is the error term for the combined effect of wind and 
atmospheric pressure setup/setdown which is ±0.5 ft (15.2 centimeters), and εcpr is the error term 
associated with measured water depth due to craft pitch and roll assessed as ±0.5 ft (15.2 
centimeters).   Hence, the final equation of bathymetry correction is given by: 
 
                

 
 
Final processing of these bathymetric data was accomplished using the ArcMap 8.3 software 
package.  These data were contoured at 1 foot contour interval (Figure 6). 
 
 
Seabed Sample Collection and Direct Imaging Methodologies 
 
Loose bottom sediment grab samples were collected in the survey area and described for this 
report.  Each sampling site was chosen to ground truth the sediment/feature type related to the 
seabed reflectance characteristics observed on the side scan sonar data.  At 10 locations the 
seabed was viewed with an underwater camera and the bottom characterized.  
 
 
Seabed Grab Sample Collection and Description 
 
Ground truth sampling was conducted during the month of June, 2005. On three separate field 
days a clam shell dredge sampler was used for seabed grab sample retrieval. Samples were 
recovered using the FGS’s 24 foot Carolina Skiff (Figure 12) and the smaller of the two “clam shell” 
dredge samplers illustrated in Figure 13.  A total of 34 grab samples were obtained.  Water 
depths at these sampling locations were determined with an onboard echosounder.   GPS 
coordinates were used and sample accuracy was within 25 feet (7.62 meters) of the location.  
The “Mighty Grab” clam shell sampler was dropped to the bottom and several samples were 
taken for each site.  Samples were numbered and bagged for analysis in the laboratory.  Two 
sites with anticipated hard ground failed to retrieve any type of sediment.  This was the 
anticipated response from hard ground areas which were expected to contain minimum loose 
sediment.   
 
Direct Imaging of the Seabed 
 
On the third field day of sampling, in addition to grab sampling, an underwater camera was utilized to 
characterize the bottom at 10 locations.   The seabed was characterized from the observations made. 
 
 

Offshore Seabed Grab Sample Description  
 
Seabed grab samples selected for sampling were chosen based on the analysis of side scan 
sonar data. Subsequent to their collection, samples were transported to and described at the Florida 
Geological Survey’s sediment laboratory in Tallahassee.  The results of these efforts can be viewed in 
Appendix A. 
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Geophysical Interpretation 

 
Side Scan Sonar Data Interpretation  
 
On the macro scale, over most of the survey area, there is little evidence of features elevated 
substantially above the relatively flat sea floor.   Numerous features spread across the survey area 
related to differences in sediment reflectance can be seen on the mosaics; the implications of which 
are not always immediately apparent on individual lines.  A number of relatively narrow linear features, 
exhibiting lower reflectance, with a northeast to southwest orientation were noted.  This trend in 
orientation is shown to its best advantage in the lowest resolution mosaic (Figure 7).  Increasingly finer 
detail of these features can be seen in the subsequent mosaics (Figure 8) and finally (Figure 9).   At 
higher resolutions the trend of these features tends to become lost in the increased detail.  As these 
features are in agreement with the channels noted in Chen (1999), as lying in or within the immediate 
vicinity of the study area they are tentatively interpreted to be the surface expression of drowned 
channels and estuarine complexes associated with the antecedents of the St. Marks and other rivers 
which currently drain into Apalachee Bay (Fernald and Purdum, 1998).   Contrast and brightness on 
Figure 14 have been enhanced by 22% and 10% respectively to accentuate variations in reflectivity. 
Examples of both high and low reflectance seabeds at high resolution can be found in Appendix B as 
items 7, 21, 22, 23, 27, 28 and 31.  The transition from high to low reflectance can be seen in item 39 
of Appendix B.  On the eastern and northeastern margin of the survey area is a region of reflectance 
which suggests a more rugose seabed which strongly correlates to an area of historically mapped 
discontinuous sea grass beds. The term “rugose seabed” in this instance is defined as an uneven, 
rough, and, in places coarsely ribbed, seabed. This feature is less apparent on lower resolution 
mosiacs and is thus best seen at higher resolutions. These rugose features generally showed little or 
no relief above the seafloor.  Examples can found in Appendix B as illustrated in items 24, 25, 26, and 
32.   All of these features, along with the historical limits of sea grass vegetation, are delineated on 
Figure 14.    
 
At the near full resolution provided in Appendix D, and best seen at the scale of individual side scan 
sonar records, occasional objects or “targets” were observed which had sufficient size to cast 
shadows on the seabed.   When observed in the water column these “targets” were interpreted to be 
sea life.  Examples of various types of fish schools can be seen in Appendix B items 3, 8, 9, 15, 28, 34 
and 40.  Dolphin, observed first visually and then on side scan sonar records, in particular tended to 
cast distinctive shadows well separated from their direct return images.  Examples of various 
responses to dolphin can be seen in Appendix B items 41, 42, 43, and 44.  When objects were seen 
on the seabed their identification became more problematic.  Objects exhibiting both regular form and 
relief above the seabed were assumed to be man made.   An example of these can be seen in 
Appendix B item 1.  Objects observed in the vicinity of the “fish haven” located in the northeastern 
portion of the survey area were assumed to be man made as well.   Examples of these can be seen in 
Appendix B items 2, 4, and 6.  In certain localized areas features were observed on the seabed that, 
as they were irregular in form, strong in reflectance and persistent, were interpreted to be individual 
outcrops of the underlying strata.   Examples of these can be seen in Appendix B items 19 and 20.  In 
other localized areas softer reflectance seabed returns were observed that, lacking diver 
reconnaissance, are provisionally interpreted to be discrete patches of sea grass.  Examples of these 
can be seen in Appendix B items 29, 30, 37, 38, and 40.  Reference was made to Fish and Carr 
(2001) to confirm, where possible, the interpretations of features seen on individual side scan sonar 
records. 
 
Seismic Stratigraphic Analysis 
 
A seismic stratigraphic analysis was made of the near seabed features noted in the seismic reflection 
profiles. Post-processed presentations of the seismic reflection profiles acquired are provided.  The 
seismic profiler data was found to be of very limited use due to problems with the instrumentation and the limited 
ship time available to address these issues.  It is included here for completeness of data presentation.  The 
individual seismic profiler lines are provided in Appendix E. 



 

 12   

 
Bathymetric Analysis 
 
Review of the bathymetric data as shown on Figure 6 reveals a number of interesting 
features.  The low reflectance features seen and mapped in Figure 14 strongly correspond 
to bathymetric low trends and the high reflectance features to bathymetric high trends.  The 
region of rugose seadbed reflectance corresponds to a bathymetric high trend as well.  A 
number of small enclosed bathymetric lows were noted suggestive of buried karstic 
features in the subsurface. 
 
  

Summary, Conclusions, and Recommendations 
 
 
Summary of Work 
 
The following is a summary of work accomplished: 
 

• Over 500 miles (804.8 kilometers) of side scan sonar data were collected. 
 
• Over 15 miles (24.1 kilometers) of seismic data were collected. 
 
• All seismic data collected have been computer processed. 

 
• A total of 36 offshore seabed sample sites were visited and 34 grab samples collected.  

 
• At 10 locations an underwater camera was used to view and characterize the bottom. 

 
• Descriptions were made for all offshore seabed grab samples collected.  

 
Conclusions 
 
The results of this study indicate that the side scan sonar system utilized will adequately image bottom 
features at relatively high resolutions.  The data volumes of mosaics for any given area viewed at 
progressively higher and higher resolutions markedly increase.   The volume of the folder for a mosaic 
of the study area at 1.6 feet (0.5 meter) resolution, which approaches full resolution for the 600 kHz 
side scan sonar system used in this study, is 407.2 megabytes spread over 99 geotiff files.  The 
individual geotiff files can be accessed with a number of surveying and imaging software packages.  
This folder can be opened as Appendix D.  The seabed in the study area, while relatively gentle in 
gradient, exhibits a number of features, via changes in reflectance characteristics, that are believed to 
be related to past sea level low stands.  These features, some of which are interpreted to be indicative 
of paleo-drainage, are inferred to be intimately related to the underlying stratigraphy.  The area of 
reflectance in the northeastern margin of the study area, suggestive of a rugose seabed, significantly 
corresponds to an area previously mapped as containing discontinuous sea grass beds.  It is 
concluded that some, if not all, of the reflectance related features noted in the study area may be 
indicative of present and potential preferred substrates for specific biological communities.  
 
Portions of this report will be published in Florida Geological Survey, Report of Investigations No. 
105.  
 
 
Recommendations for Work to be Accomplished in Future Studies 
 
Interpretations made through the use of remote sensing tools should be verified through extensive 
ground truthing and, in future studies, the geophysical survey component should be verified using 
diver reconnaissance.  It is thus recommended that a dive component be part of future studies.   
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The use of swath bathymetry has the potential to combine the best elements of detailed bathymetric 
charting and side scan sonar coverage, with state of the art computer analysis, characterization and 
mapping keyed on signature variations in reflectancy.   It is recommended that investigations be made 
to determine if the use of such a system in place of the sidescan sonar and bathymetric systems 
would be an appropriate and cost effective alternative.   
 
It is recommended that if the side scan sonar system, as configured for this study, is used in further 
studies that individual track lines be gridded with a maximum of 275 feet (83.82 meters) separation.  
This will allow for 53.1 feet (16.18 meters) of overlap for the purposes of the creation of side scan 
sonar mosaics.   This amount of overlap will substantially eliminate gaps between individual track lines 
and thus “holidays” on the resultant mosaics.   
 
If the classification of objects observed on the seabed is desired, it is recommended that a 
magnetometer be deployed in future surveys to facilitate discrimination between natural and man 
made objects.   While it is true that not all man made objects seen on the seabed are ferrous, 
experience suggests that most larger ones tend to be.  Use of this tool would help identify possible 
outcrops for diver reconnaissance and thus make more efficient use of dive time. 
 
Future calibration and technical modifications of the seismic profiler system will allow mapping of depth to 
bedrock and features interpreted, based on the side scan sonar and bathymetry, to comprise the 
remains of channels and estuarine complexes associated with the antecedents of the St. Marks and 
other rivers currently discharging into Apalachee Bay.  It will also address features in the survey area 
that were interpreted from the side scan sonar data to be possible outcrops of the St. Marks 
Formation or the Suwannee Limestone.   
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