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ABSTRACT 
 
A submerged cultural resources survey of Offshore Borrow Area N-3, located in St. Johns 
County, was contracted to Taylor Engineering, Inc. of Jacksonville, Florida.  In compliance with 
their responsibilities towards cultural resources, Sonographics, Inc. was then subcontracted to 
conduct a comprehensive remote sensing survey of the Project N-3 Area.  Sonographics, Inc. 
completed the survey 10 August 2019 under Bureau of Ocean Energy Management G, G Permit 
No. E18-004, and Florida 1A-32 Permit No. 1920.006.  Panamerican Consultants, Inc. then 
analyzed the data from Sonographics, Inc. for the presence of cultural resources.  Comprised of a 
magnetometer, sidescan sonar, and a subbottom profiler survey, the survey located four magnetic 
anomalies, two sidescan sonar contacts, and no subbottom acoustic contact nor subbottom 
impedance contrast feature.  After extensive review and analysis of the data, the Magnetic 
Anomalies M001, M002, M003, and M004, and Sidescan Sonar Contacts C01 and C02, were 
determined not to meet the National Register of Historic Places criteria of potentially significant 
submerged cultural resources. 
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I.  INTRODUCTION 
 
In July and August of 2019, Sonographics, Inc. (Sonographics) of Ft. Lauderdale, Florida 
conducted an intensive remote sensing survey of proposed offshore Borrow Area N-3 in St. 
Johns County, Florida (Figures 1-01 and 1-02).  Borrow Area N-3 straddled two Bureau of 
Ocean Energy Management (BOEM) Lease Blocks, 7067 to the north and 7117 to the south.  
Borrow Area N-3 is situated approximately 6 miles northwest of St Augustine, Florida.  The 
survey was implemented to locate, record, establish vertical and horizontal site boundaries as 
appropriate, and evaluate the potential significance and eligibility for listing in the National 
Register of Historic Places (NRHP) of cultural resources (archaeological sites and other types of 
historic resources) that may be within the survey area.  Work completed for these cultural 
resources investigations was conducted in compliance with the National Historic Preservation 
Act of 1966, as amended (PL 89-665), the Archeological and Historic Preservation Act, as 
amended (PL 93-291), the Abandoned Shipwreck Act of 1987, and the Advisory Council on 
Historic Preservation revised 36 CFR Part 800 Regulations.  This was also conducted in 
compliance with Chapter 267, Florida Statues of the Florida Administrative Code. 
 
Sonographics was contracted to conduct a detail-level remote sensing survey of Borrow Area 
N-3.  The project consisted of magnetometer, sidescan sonar, and subbottom profiler survey.  
Sonographics conducted the survey in July and August 2019, under BOEM G, G Permit No. 
E18-004, and Florida 1A-32 Permit No. 1920.006 (Appendix A: Florida 1A-32 Archaeological 
Research Permit and Appendix D: Bureau of Ocean Energy Management Permit). 
 
Panamerican Consultants, Inc. (Panamerican) of Memphis, Tennessee was then subcontracted by 
Taylor Engineering, Inc. (Taylor) to conduct a comprehensive cultural resources analysis of the 
remote sensing survey data, in order to locate any targets that have the potential to represent 
significant cultural resources, and produce a report of findings.  Panamerican completed the data 
analysis in September 2019. 
 
Results of the remote sensing survey identified four magnetic anomalies, two sidescan sonar 
targets, and no subbottom impedance contrast feature within proposed offshore Borrow Area 
N-3.  Magnetic Anomalies M01, M02, M03, and M04 are single-point source (SPS), and M04 
is associated with Sonar Contact C01.  Based on imagery from the sidescan sonar, Sonar 
Contacts C01 and C02 appear to be marine debris.  Comprehensive analysis of the data 
revealed no potentially significant cultural resources within the Project Area.  Therefore, it is 
the opinion of the Principal Investigator that no further archaeological work is recommended. 
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Figure 1-01.  Overview of the Project Area. 
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Figure 1-02.  Planned lines in the Project Area. 
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II.  HISTORICAL BACKGROUND 

ENVIRONMENTAL SETTING 
This section on historical context provides information about the local geology and evolution of the 
environment, prehistoric cultural history relevant to modeling for submerged prehistoric sites, and 
historic narratives to predict the range of historic resources potential for the Project Area. 
 
The potential for prehistoric sites is based on the local geologic setting and the abundance of 
evidence for prehistoric presence at times when the Project Area would have been exposed 
landscape, based on models of local, apparent sea level history.  The Project Area is located  
8 miles offshore and north of Vilano Beach in the Atlantic Ocean. 

GEOLOGY AND PALEOENVIRONMENT 
The Florida Atlantic coast is a complex set of sediment ridges that overlie karstified limestone 
bedrock.  The sediment ridges were formed from multiple sea level oscillations over the last 
2,000,000 years of the Pleistocene epoch.  The cyclical nature of low stands of sea level occurred 
as the result of glacial accretion, and high stands of sea level occurred as the result of those glaciers 
melting.  These cycles occur roughly every 100,000–125,000 years because of orbital parameters. 
 
The most prominent of these ridges is the Atlantic Coastal Ridge, which was formed with sea 
levels 30 feet higher than today’s, probably during the last high stand of sea level, called the 
“Sangamon” (White 1970:86).  The most well-known and last sea level high stand deposit of the 
Florida Atlantic coast is the Pleistocene-aged Anastasia Formation (Burdett et al. 2009), a 
cemented, shelly, beach sedimentary rock often used for construction in historic times.  Locally, 
the Anastasia Formation outcrops along and near shore and it forms the core of the Atlantic 
Coastal Ridge.  At the beach, and immediately offshore, the shoreface and beach sands are 
active, recent deposits. 
 
Extremely relevant to the Borrow Area N-3, Meisburger and Field (1975) studied for the 
USACE a large area of the Atlantic continental shelf with seismic remote sensing and 
vibracoring from Cape Canaveral to Georgia in a search for sand of beach quality to mine for 
replenishment of east coast beaches.  They note the paucity of studies before theirs, which allows 
for a base for the geology of the offshore area.  Remnants of an earlier barrier island complex are 
preserved locally (intermittently) offshore of central and northern St. Johns County and confirm 
that there were past configurations of coastline with lowered sea level, but they are altered by the 
dynamic character of the Atlantic shelf. 
 
Sand resources on the inner continental shelf are arranged in oblique sets of linear sand waves 
that are massive enough to represent areas of significant relief referred to as “shoals.”  Genesis of 
the shoals (massive sand waves) in the near-shore and littoral environs is a combination of tidal 
inlet migration and sea level rise during the Holocene transgression. 
 
Phelps et al. (2003, 2004, 2005, 2006) was also conducting a study in search of sand resources 
for beach replenishment in an area that has relevance to the current Project Area.  This valuable 
four-year study is available from the Florida Geologic Survey in the form of Digital Versatile 
Disc/Geographic Information System (DVD/GIS) products.  Phelps et al.’s (2003, 2004, 2005, 
2006) products include a bibliography of previous studies, seismic data gathering, beach samples 
of native sand, seabed grab sampling, and vibracoring collected from offshore of Nassau and 
Duval counties.  The channels remotely sensed and mapped near the Project Area were not in the 
same configuration as Phelps et al. 2006, which is illustrated in Figure 2-01. 
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One radiocarbon age gathered by Phelps et al. (2006) that may be useful is 14,140 ±60 (Beta-
188958).  It is from “organic material of a woody nature” at 16.8 feet in the core (VDU-01-
16.8RC) at a water depth of 45 feet, isobaths considered submerged at 8,000 years before present 
(YBP; 9,000 cal. YBP). 
 

 
Figure 2-01.  Information layers from Phelps et al. (2006) showing the northeastern Florida coastline, 

drainage systems, inferred paleochannels, and core locations north of the Project Area. 
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SINKHOLES OFFSHORE 
Because people are drawn to reliable potable water sources, sinkholes are prime locales for 
archaeological sites, and they would be of interest if new sinks are discovered.  There are two 
known sinkholes offshore: Red Snapper Sink located 28 miles offshore of St. Augustine; and 
Crescent Beach Spring some 2.5 miles offshore Crescent Beach in 60 feet of water (Popenoe et 
al. 1984).  These are considered as potential attractions, or resource foci, for people when the 
shelf was exposed.  The Red Snapper Sink sinkhole is a collapsed doline or cenote.  The 
Crescent Beach Spring sinkhole is actually a freshwater spring vent connected to the Floridan 
Aquifer 59–115 feet deep (Kindinger et al. 2000).  The flow can be seen on the surface of the 
ocean, and it can be seen from a distance. Note that in 1995, water samples were collected from 
the spring by the U.S. Geological Survey (USGS) and an age date of 10,500 YBP was obtained 
based on Carbon-14 techniques (Toth 1999). 

CONSIDERATIONS OF SEA LEVEL FLUCTUATION 
As described, Florida’s eastern coastline has seen repetitive regressing and transgressing seas 
over several glacial cycles, but it is only the last transgressive sequence that is of concern for 
submerged prehistoric cultural resources.  This transgression occurred over late Pleistocene and 
Holocene time.  In general, the magnitude of melting included rapid glacial melting (sea level 
rise) in two major pulses, then slowing down after 7,000 YBP (7,800 cal. YBP). 
 
In order to reconstruct past landscape configurations, it is important to know the chronology and 
rates of sea level rise from latest Pleistocene through Holocene time.  Use of the Gulf of Mexico 
sea level data, such as Balsillie and Donoghue (2004), is not necessarily appropriate.  Although 
theirs is in agreement that 20-meter depths were submerged between 8,000 and 7,000 YBP.  
Siddall et al.’s (2003) global eustatic model is much more appropriate to refer to, as the eastern 
Florida continental shelf should be stable.  Figure 2-02 shows the portions of the curve where the 
offshore portion of the Project Area would have been exposed.  Data by Toscano and McIntyre 
(2003) are in agreement mostly because both are using Barbados data from the Caribbean.  
Colquhoun et al.’s (1995) data show fluctuations later in time that are pertinent when the 
conditions are shallower. 
 

 
Figure 2-02.  Reproduction of the Siddall et al. (2003) global eustatic sea level curve.  Showing areas in 

grey/lilac that would indicate exposure of the Project Area for human occupation and the zone at 20 
meters, the depth of the Project Area’s deeper central portion. 
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On average, eustatic sea levels—those sea levels related to glacial melting—globally were about 
20 meters below the present sea level around 8,000 YBP, which was during a third pulse of 
glacial melting and ensuing sea level rise that slowed between 6,000 and 7,000 YBP, resulting in 
sea levels somewhat lower than today (DePratter and Howard 1981; Faught and Donoghue 1997; 
Hoyt et al. 1990; Siddall et al. 2003).  It is assumed that the base level of rivers and springs will 
be lower with lower sea levels, including out on the shelf; however, the specifics of affects on 
the base levels in the offshore portion of the Project Area of the lower sea levels, where bedrock 
or sediment beds restricted incision, are not known.  The rate of transgressing seas slowed 
around and after 7,000 YBP (7,800 cal. YBP), triggering the formation of most North American 
barrier islands (Parkinson and White 1994:408), and sea levels reached their present base 
between 3,000 and 4,000 YBP; therefore, the Project Area was available for Paleoindian through 
Early Archaic times (12,000–9,000 YBP [14,000–10,200 cal. YBP]), and it was submerged around 
or just after the time of the Windover Site (BR246), and it was unavailable for most Middle 
Archaic and later inhabitants.  Located south of the Project Area, near the eastern coast in 
Brevard County, the Windover Site, which dates to 8,000 YBP (9,000 cal. YBP), is a shallow 
water peat burial site, a custom that is a hallmark of the Middle Archaic in Florida. 

PREHISTORIC CONTEXT 
The following outlines a brief prehistory of the Project Area relevant to the presence and 
potential for human occupation sites offshore. 

PALEOINDIAN AND EARLY ARCHAIC (12,000– 9000 YBP) 
A discussion of nearby Clovis-related Paleoindian and Early Archaic settlement patterns to 
identify the locations of areas potential for site discovery are not much use here, because no site 
and few isolated points indicating the presence of these Late Pleistocene/Early Holocene people 
have been found in northeastern Florida.  From a wider perspective, Paleoindian and Early 
Archaic sites and isolated finds (i.e., fluted and unfluted lanceolates, notched Bolen points, and 
familiar plethora of formal uniface tools) occur to the north in Georgia and South Carolina, and 
to the west in a crescentic pattern apparently focused on the Gulf of Mexico side of the peninsula 
(Miller 1992:102).  As illustrated in Figure 2-03, the majority of Paleoindian and Early Archaic 
sites occur easterly, where the water table is nearer the surface (Thulman 2008). 
 

 
Figure 2-03.  Series of GIS-based maps of sites in the Florida Master Site File that show distribution for 

Paleoindian to Late Archaic sites. 
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Dunbar reports one fluted point found in Jacksonville Beach in the 1950s (James Dunbar, 
personal communication, 2009).  One conclusion from this lack of data is that Paleoindian and 
Early Archaic people were not utilizing the area in numbers sufficient for archaeological 
visibility.  That chipped-stone resources, seemingly important to these early people, are also not 
known as being present in this region (Austin and Eastabrook 2000; Endonino 2007) and that 
freshwater resources may not have been as abundant are factors that are consistent with a lack of 
early archaeological sites (Miller 1998; Thulman 2008). 
 
Elsewhere in the state, Paleoindian and Early Archaic sites are found around groundwater 
connected by freshwater sources in exposed or shallow buried karst, especially where chipping 
stone resources were available (Dunbar 1991).  The geomorphology of the Project Area is not 
conducive to that pattern.  Sand covers most of the area of concern to this project.  Chert quarries 
have not been identified anywhere near the Project Area, but the possibility remains that quarries 
are present, but covered by rising sea levels or shifting sediments, especially since hard limestone 
rock is known to have been impacted by dredging operations in the St. Johns River to the west 
(Buker 1980).  Four of the subbottom targets investigated by Faught and James (2011) were 
bedrock exposures.  Nevertheless, the potential for encountering Paleoindian and Early Archaic 
site remains low for the Project Area.  This is in contrast to the likelihood of Middle Archaic site 
remains, which is higher.  With that said, the presence of Red Snapper Sink southeast of  
St. Augustine Inlet and Crescent Beach Spring just to the northeast of the Inlet suggests the 
potential for submerged Paleoindian and Early Archaic site types within the Project Area. 

MIDDLE ARCHAIC (8,000–5,000 YBP) 
The Atlantic coastal lagoons in the St. Johns River valley became more significantly populated 
during the Middle Archaic, perhaps as a result of increased utilization of river and forest 
resources or possibly from a migration of peoples from other places (Milanich 1994).  The 
Middle Archaic as used here considers the time from 7,500–5000 YBP.  The Windover Site 
shows that people were nearby by 8,000 YBP (9,000 cal. YBP). 
 
Both freshwater and saltwater shell middens are common site types for Middle and Late Archaic 
and for the later, ceramic-producing cultures and they could be analogs for site characteristics 
offshore (Milanich 1994).  In terms of cultural materials, the Middle Archaic is distinguished by 
the occurrence of a variety of artifacts, including well developed bone- and shell-tool industries, 
mostly expedient chipped-stone tools, and the production of bifacially flaked projectile points; 
grooved ground stone axes, stone pendants, and bannerstones are known but not as frequent.  
Middle Archaic projectile point types include stemmed broad-bladed points, of which two types 
occur most frequently in the area, Newnan and Marion (Bullen 1975). 
 
The custom of shallow water burial in peat is a hallmark of the Middle Archaic in Florida with 
sites, such as Windover, Bay West, and Little Salt Spring, etc. (Beriault et al. 1981; Clausen et 
al. 1979; Doran 2002).  This appears to be an earlier burial method, with burials in terrestrial 
middens occurring at later sites, such as Tick Island and Gauthier (Milanich 1994).  These kinds 
of sites could be present in the Project Area.  Presented below, one inset terrace-like feature 
remotely sensed on the offshore that may be an analog for these features is recommended for 
avoidance, or to be investigated more. 
 
There is no need to review additional archaeological understanding of the culture history of the 
local area because the Project Area was submerged and not available for occupation after  
7,000 YBP (7,800 cal. YBP). 
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HISTORIC PERIOD 

FIRST SPANISH PERIOD (1513–1763) 
The first European known to visit and explore Florida was Ponce de Leon.  With permission 
from King Ferdinand to find new lands, de Leon left Puerto Rico in 1513 to search for wealth 
and “The Fountain of Youth.”  After traveling through the Bahamas, he landed just above the 
midpoint of the eastern coast of Florida in early April.  Turning south, de Leon coasted along the 
Atlantic shore of Florida, through the Keys and approximately one-third of the way up the Gulf 
Coast.  After being savagely attacked by the local inhabitants, who had no knowledge of The 
Fountain of Youth, he left Florida in mid-June after a month and a half of exploration (Morison 
1974a:507-511).  Later, in 1521, de Leon attempted to settle a colony in Florida, believed to be 
on Sanibel Island, but died after receiving a fatal wound from the natives (Morison 1974a:515); 
thus, began the Spanish and other European settlement of the North American mainland. 
 
After the de Leon expedition, several attempts were made by Europeans to capture the natives 
along the eastern coast of Florida for use as slaves (Hall 2001:7) and to colonize.  In 1520, 
Francisco Gordillo explored the coast of the Carolinas.  Another Spanish exploratory expedition 
visited the area in 1525.  A year later Lucas Vazquez de Ayllon coasted up the Carolinas with 
approximately 500 colonists.  Shipwrecks and disease took their toll on the colony, and in 1527, 
the survivors numbering less than 200, departed (Coker 1987:2); however, by 1530 the existence 
of Florida and the lower eastern coast of North America were well known to the world.  The 
1516 Martin Waldseemuller map shows the outline of Florida off Cuba.  Thirteen years later a 
more accurate map of Florida was produced by Diego Ribero (Whitfield 1996:28-31).  The 
information for these maps and charts was gleaned from various exploratory expeditions along 
the Florida coast. 
 
The Spanish set up several small-scale settlements around Florida to either minister to the natives 
or to aid shipwrecked mariners.  Most of these settlements did not survive long, due either to 
native resistance or simple abandonment.  Later, a concentrated effort to place missions among 
the natives by the Franciscans was attempted.  Approximately 80 sites were set up over the years 
of Spanish domination of the area, but most were failures.  European disease, foreign interlopers, 
and native resistance were generally the cause for the decline of Spanish power (Hall 2001:8). 
 
St. Augustine was founded in 1565 by Pedro Menendez de Aviles as a base of operations against 
the French at Fort Caroline to the north.  The Spanish, in an attempt to maintain sovereignty over 
the region, settled at Port Royal in 1566.  When Francis Drake captured and burned St. 
Augustine in 1586 (Figure 2-04), this post was abandoned; however, the raids of other European 
powers and brigands were only irritants, as Spanish power put a temporary halt to other 
European nations encroaching down the eastern coast. 
 
In the initial 100 years after the founding of St. Augustine, the settlement was defended by nine 
successive wooden forts.  Following the 1668 attack by English pirate Robert Searle, 
construction began on a masonry star fort (Figure 2-05).  Coquina, quarried on Anastasia Island, 
was used in the construction, which lasted 23 years.  The fort was modified and expanded 
various times under the various jurisdictions.  In 1738, after the fort passed its first test in 1702, 
during the siege of St. Augustine by the British, the Spanish reconstructed and expanded the fort, 
adding more guns and increasing the height of the walls.  Shortly after, the British declared war 
on Spain (The War of Jenkins’ Ear).  The British captured several forts in Spanish Florida, but 
again failed to take St. Augustine.  The British would take possession of the fort, along with the 
rest of Florida in 1763, at the end of the French and Indian War. 
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Figure 2-04.  Map depicting Sir Francis Drake’s attack on St. Augustine on 28 and 29 May 1589.  This map is 

the oldest item in the Florida State Archives and it was drawn by Italian cartographer, Baptista 
Boazio in 1589 (courtesy of the State Library and Archives of Florida). 

 
Figure 2-05.  Immediately southwest of the inshore Project Area lays the Castillo de San Marcos National 

Monument (courtesy of the State Library and Archives of Florida). 
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FRENCH PERIOD (1524–1586) 
In 1524, the French, emboldened by Verrazano’s voyage along the eastern coast of the New 
World, took action to claim some of this terra nova for themselves.  During 1562, the French sent 
two vessels to explore along the present Carolinas coast.  Jean Ribault took possession of the 
area in the name of the King of France, Charles IX.  His original settlement of Santa Elena (Port 
Royal, South Carolina) did not survive long, as there was internal dissention, and the post was 
abandoned.  The French were not to be discouraged, and two years later a second attempt, under 
Rene de Laudonnière, established a settlement at Fort Caroline, on the St. Johns River in Florida 
(Coker 1987:3), close to present-day Jacksonville. 
 
The French settlement in Florida was a danger to the homeward fleets carrying New World 
wealth to Spain.  King Philip II of Spain dispatched Menendez de Aviles to eradicate the 
problem in 1565.  At the same time King Charles sent Jean Ribault with a powerful seven-vessel 
fleet (although the number of ships is in dispute) along with 1,000 colonists and troops to re-
supply Fort Caroline.  Meeting at the mouth of the St. Johns River, Ribault immediately sailed 
southward to attack St. Augustine, but his fleet was destroyed by a hurricane sinking his ships 
from Cape Canaveral to Mantanzas Inlet (Meide et al. 2014), the inlet being just south of the 
current survey areas.  Subsequently, Fort Caroline was taken by a land assault and the defenders 
were all put to death.  The French avenged this treachery three years later when the fort was 
retaken and all Spanish prisoners were murdered (Morison 1974b:470). 

BRITISH PERIOD (1763–1783) 
With the ceding of Florida to the British in 1763 as part of the Treaty of Paris, ending the French 
and Indian War, more settlement and economic activities are recorded in the area (Johnson 
2002:35).  The British split Florida into eastern and western territories, with St. Augustine 
designated as the capital of “East Florida.”  The name of the fort, Castillo de San Marcos (see 
Figure 2-05), was changed to Fort St. Mark. 
 
St. Augustine and the territory of East Florida were of secondary importance among Britain’s 
North American holdings until 1775, when unrest in the British colonies of North America 
resulted in the Declaration of Independence.  East Florida, a colony loyal to King George III, 
came to be of strategic importance to Britain.  Fort St. Marks became the regimental 
headquarters and served as a prison for captured American soldiers.  In 1779, Spain entered the 
conflict against Britain, hoping to regain its former lands, and distracted the British at  
St. Augustine enough that they were not able to mobilize efficiently against the rebellion to the 
north.  Fighting east from Louisiana, Spanish forces took Mobile and Pensacola.  Lands from 
there and to the east were ceded back to Spain as part of the Treaty of Paris in 1783. 

SECOND SPANISH PERIOD (1783–1821) 
Although Spain regained control of Florida after the Revolution, they soon faced increasing 
pressure on the border with the new Republic.  Florida became a destination for runaway slaves, 
destitute Native Americans, and criminals from north of the border.  In spite of this, Spain 
maintained a military presence in the area, upgrading and improving the defenses at St. Augustine 
and the fort, which was once again named Castillo de San Marco.  On 20 July 1821, after heavy 
pressure from the U.S. government, applied in part because of the increasing use of Florida as a 
base for pirates, Spain ceded Florida to the U.S. with the signing of the Adams-Onis Treaty. 

TERRITORIAL PERIOD (1821–1844) 
The American Territorial period began with the arrival of Andrew Jackson, who established the 
first territorial government.  In 1821, Florida was a sparsely inhabited wilderness, with a 
scattering of Spaniards, Native Americans, and freed slaves.  With the American takeover, 
Florida was opened up to settlement and scores of people from the older southern plantation 
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regions on the Carolinas, Georgia, and Virginia began to immigrate.  By 1824, East and West 
Florida were merged into “Florida Territory,” with the new capital city located in Tallahassee, 
chosen because of its location between the two previous administrative centers of Pensacola and 
St. Augustine. 
 
As the population of the new territory increased, so did the frequency of conflicts between the 
newcomers and the native Creek and Miccosukee.  Settlers increased pressure on the Federal 
government to remove the native people, both because they occupied land the settlers wanted, 
and because native communities provided sanctuary for runaway slaves.  Under the Treaty of 
Moultrie Creek, the Seminoles agreed to give up all claims to land in Florida in exchange for a 
4,000,000-acre reservation in the center of the territory.  Under the terms of the treaty, the 
Federal government was obligated to protect the Seminoles as long as they remained peaceful 
and law-abiding; however, problems and delays in implementing the terms of the treaty led to 
impatience and unrest among the Seminoles, resulting in scattered violence between the 
Seminoles and the settlers.  By 1830, public pressure to remove the Native Americans entirely 
from Florida resulted in the Indian Removal Act, which required all Native Americans in Florida 
Territory to move west of the Mississippi.  The Treaty of Paine’s Landing, ratified in 1834, 
formalized this with the Seminoles.  While some went quietly, other resisted, leading to the 
Second Seminole War (1835 to 1842).  As a result, the few remaining Seminoles were allowed to 
stay on an informal reservation in southwestern Florida. 
 
Economic development of the territory continued in rapid pace, with the population reaching 
54,000 by 1840.  In the mid-1840s, Florida Territory applied for entry into the U.S. as the twenty-
seventh state.  Castillo de San Marcos was changed to “Fort Marion,” and was used as part of the 
American Coastal Defense System as well as a prison during the Second Seminole War. 

STATEHOOD PERIOD 
Florida became a state on 3 March 1845, with William Moseley elected governor.  By 1855, the 
uneasy peace between settlers and Native Americans again broke down, and the resulting call for 
Native Americans removal led to the Third Seminole War (1855 to 1858).  By the end of the 
war, only scattered Seminole families remained in the state. 

CIVIL WAR PERIOD 
Florida, joining other southern states, succeeded from the Union on 10 January 1861.  After 
existing as an independent republic for a month, Florida became a founding member of the 
Confederate States of America (CSA).  Although not in the midst of the major land war, Florida 
was an important supply route for CSA forces.  Union forces blockaded the Florida coast and 
occupied key ports such as Pensacola, Jacksonville, and Key West. 
 
St. Augustine was relatively quiet during the war.  In the days before succession, Florida state 
forces took the fort from the small Union garrison.  Four days later, Federal troops with the USS 
Wabash recaptured the fort after the CSA forces abandoned it, and maintained control 
throughout the war.  Florida was readmitted to the Union on 25 July 1868. 

POST-CIVIL WAR PERIOD 
The golden age of St. Augustine began in 1883, when Henry M. Flagler arrived.  A wealthy oil 
tycoon from New York, Flagler vacationed in St. Augustine and came to see the area as 
America’s answer to the French Riviera.  Within five years, in 1888, he had built and opened the 
Ponce de Leon Hotel.  It was soon joined by the Cordova, a competing hotel he purchased and 
then rebuilt, and the Alzacar, a smaller hotel designed for the less affluent traveler.  The grand 
Ponce de Leon would cost $2,500,000 and employ 1,200 skilled workers from all over the world 
(Figure 2-06).  Along with the hotels, Flagler also contributed to improvements in the city 
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infrastructure, including sanitation, street paving, and building hospitals and churches.  He also 
constructed and improved the Florida East Coast (FEC) Railway system down the eastern 
seaboard of Florida. 

TWENTIETH CENTURY 
St. Augustine experienced a “decade of progress,” fueled at first by tourist traffic from Europe, 
which would normally be taken by European resorts, closed due to the First World War (WWI).  
Upgrades to roads, fire protection, electricity, and telephone service attracted automobile 
travelers for long summer vacations at St. Augustine’s beaches. 
 
In 1925, Tampa developer D.P. Davis began to develop Anastasia Island.  Although the “Davis 
Shores” development failed initially, it did result in the building of the Bridge of Lions and set 
the tone for future development of the area.  Tourism slowed considerably during the 1930s, and 
the area fell back on fishing and Flagler’s FEC Railway for employment.  Various Works 
Progress Administration (WPA) projects, including the Government House and the main Visitor 
Center, helped sustain the population until better economic times came. 
 
Tourism effectively ended for St. Augustine, at least temporarily, as St. Augustine adopted 
wartime rationing.  The loss of nearly 80 percent of the city’s income was offset somewhat by the 
arrival of troops, quartered in the Ponce de Leon and other local hotels, for basic training.  Almost 
immediately after the war ended, St. Augustine experienced another tourism boom.  In addition to 
the renovation of older structures, several new museums, including the Lightner (in the Alzacar 
Hotel building) and a “Ripley’s Believe it or Not” museum in the Warden Castle, opened. 
 

 
Figure 2-06.  Ponce de Leon Hotel, now part of Flagler College (courtesy of the State Library and Archives of 

Florida). 
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PREVIOUS SUBMERGED CULTURAL RESOURCES INVESTIGATIONS 
One of the best tools for accurately assessing the potential for unknown submerged cultural 
resources is to compare the Project Area with findings and results of previous investigations, 
including both remote sensing and cultural resources surveys that have been completed in or near 
the Project Area.  Varying in degree of applicability to the current research, these studies allow 
for the identification of potentially significant resources, and the studies aid in the recognition of 
specific problems or aspects inherent in the assessment of the survey data and in the 
identification of potential resources. 
 
In order to ascertain the presence of submerged archaeological sites and investigations in or 
adjacent to the Project Area, the Florida Master Site File (FMSF) was reviewed.  The review 
indicates that no submerged cultural resources investigations have been conducted within or near 
the Borrow Area N-3.  The closest investigations have taken place to the south at St. Augustine 
Inlet. 

SHIPWRECKS, AUTOMATED WRECK AND OBSTRUCTION INFORMATION SYSTEM, AND 
HISTORIC SITES INVENTORY 
Both the FMSF and the current online edition of the National Oceanic and Atmospheric 
Administration’s (NOAA’s) Automated Wreck and Obstruction Information System (AWOIS) 
were queried for historic shipwreck sites in or adjacent to the Project Area.  In addition, the FMSF 
was queried for historic sites in St. Johns County within the immediate Project Area.  However, 
according to the FMSF, no nearby archaeological sites or submerged cultural resources have 
been identified in the Borrow Area N-3. 

AUTOMATED WRECK AND OBSTRUCTION INFORMATION SYSTEM  
The most comprehensive and up to date list of shipwrecks for the U.S. is NOAA’s AWOIS and 
Electronic Navigation Chart (ENC).  These databases were consulted relative to known wreck 
sites or obstructions within or near the current survey corridor.  The AWOIS database contains 
information on over 10,000 wreck sites and obstructions/hangs in the coastal waters of the 
United States. Information within the database includes a latitude and longitude of each feature 
along with any known historic and/or descriptive details.  The AWOIS website, which may be 
accessed at http://historicals.ncd.noaa.gov/awois/awoisdbsearch.asp, allows researchers to search 
for wrecks based on Latitude/Longitude coordinates for a given area.  An Access Database file, it 
has been projected here into Google Earth to allow the researcher to view what wrecks or 
obstructions are within a given area. 
 
An examination of survey area via AWOIS and ENC databases did not identify any wrecks or 
obstructions within 8 miles of the Project Area.  All wrecks and obstructions are found south at 
St. Augustine Inlet.  It must be stated that position accuracy of AWOIS/ENC wrecks and/or 
obstructions is highly variable and usually poor.  It also appears the AWOIS program routinely 
includes wrecks, obstruction, and unknowns located outside the prescribed coordinates or chart. 

OTHER SHIPWRECK SOURCES 
An early and comprehensive collection of shipwreck information was compiled by Robert Marx 
(1971).  Entitled Shipwrecks in the Americas, the book is divided into two basic parts.  The first 
concerns the general history and development of shipping with an emphasis on being able to 
identify shipwreck sites.  The second part of the book focuses on specific shipwrecks and their 
locations.  A section in this part is devoted to Florida, as the author states, “more work has been 
done on shipwrecks in Florida Waters than throughout the rest of the Western Hemisphere” 
(Marx 1971:191).  The reasons are many, but generally come down to history (Spanish treasure) 
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and geography.  Hundreds of wrecks are listed and most are noted as being strewn across the 
Atlantic Coast or the Keys with none listed in the Project Area. 
 
A more scholarly publication, Ships and Shipwrecks of the Americas, edited by Bass (1988) is a 
survey of numerous shipwrecks that can enlighten us through archaeological study of our past 
cultural traditions.  Vessels from both North and South America are included.  Much more 
selective than the previously noted volume, inclusion in this tome is limited to vessels of historic 
importance that have offered up information of the past through archaeological investigation.  No 
maritime loss is listed in Bass’s work pertaining to the Project Area. 
 
Another collection of shipwreck site locations is presented in Shipwrecks of Florida (Singer 
1992).  Over 2,100 vessels are listed as being lost off the Florida coast.  Only one vessel is listed 
off Vilano Beach, Dixie Crystal.  The vessel, an oil-fired engine and screw propulsion, is 
believed to be located inside Matanzas Bay (Hall 2000). 

CARTOGRAPHIC REVIEW 
Another excellent tool for identifying shipwrecks within or adjacent to the Project Area is a 
review of historic navigation maps and charts for the area.  Often noting shipwrecks, 
obstructions, and other various hazards for the mariner, many of these maps can be accessed 
from NOAA’s Office of Coast Survey’s Historical Map and Chart Collection (www.historical 
charts.noaa.gov/historicals/search), while others are found in various repositories, publications, 
or websites.  The NOAA website allows the researcher to specify the area or region of interest 
and then review all available maps for that area.  Another valuable utility provided by this site is 
the virtual magnification feature, which allows the researcher to zoom in and out of specific 
areas.  Multiple nautical charts were examined regarding the different survey areas and the charts 
which best represented the areas or contain valuable information are presented below. 
 
The earliest navigation chart available relative to the Project Area dates to 1882 (Figure 2-07).  
No cultural feature (i.e., shipwreck or obstruction) is represented at or near the Project Area on 
the map.  The next available map from NOAA dates to 1908 (Figure 2-08).  The chart closely 
resembles the previous map with its hydrographical data for offshore area.  No cultural feature 
(i.e., shipwreck or obstruction) is represented at or near the Project Area on the map. 
 
The next navigation chart from the NOAA website dates to 1933 (Figure 2-09). Again, this chart 
does not show cultural resources near Borrow Area N-3. This same can be said for the following 
charts: 1966, 1992, and the most recent 2017 (respectively shown in Figures 2-10, 2-11, and 2-12). 
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Figure 2-07.  1882 chart excerpt showing the area north of St. Augustine containing the Project Area (Chart 

No. LC00013 from NOAA’s Office of Coast Survey’s Historical Map and Chart Collection). 

 
Figure 2-08.  1908 chart excerpt showing the area north of St. Augustine containing the Project Area (Chart 

No. LC00013 from NOAA’s Office of Coast Survey’s Historical Map and Chart Collection).   
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Figure 2-09.  1933 chart excerpt showing the area north of St. Augustine containing the Project Area (Chart 

No. 1243 from NOAA’s Office of Coast Survey’s Historical Map and Chart Collection).   

 
Figure 2-10.  1966 chart excerpt showing the area north of St. Augustine with no shipwreck nearby the 

Project Area (Chart No. 1243 from NOAA’s Office of Coast Survey’s Historical Map and Chart 
Collection). 
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Figure 2-11.  1992 chart excerpt showing the area north of St. Augustine with no shipwreck (Chart No. 11488 

from NOAA’s Office of Coast Survey’s Historical Map and Chart Collection). 

 
Figure 2-12.  2017 chart excerpt showing the area north of St. Augustine with no shipwreck (Chart No. 11488 

from NOAA’s Office of Coast Survey’s Historical Map and Chart Collection).  
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III.  METHODS 

PROJECT AREA ENVIRONMENT 
A Submerged Cultural Resources Survey for the Offshore Borrow Area N-3, St. Johns County 
comprised approximately 1,280 acres in St. Johns County. The Project Area was located eight 
miles northwest of St. Augustine, Florida. The project area lies within the Northern (or Upper-
Peninsular) Zone of the Atlantic Seaboard physiographic province. This area extends along the 
Northern Coast of Florida from Daytona to Jacksonville. The survey was conducted on July 30-
31, August 1 and 10, 2019; weather conditions during the survey were typical for Florida during 
the summer, with temperatures in 90s, little to no wind, and calm seas.  

PERSONNEL 
The personnel involved with this investigation had the requisite experience to effectively and 
safely complete the project as proposed. Rick Horgan of Sonographics, Inc. directed the field 
survey, and Andrew M. Derlikowski and William J. Wilson completed the data analysis and 
recommendations. Ms. Erica K. Gifford authored Chapter II: Cultural Setting. 

REMOTE SENSING SURVEY EQUIPMENT 
The remote sensing tools chosen for this investigation were the magnetometer (to detect ferrous 
materials), sidescan sonar (to create images of the bottom), and the subbottom profiler (to 
reconstruct the structure of the underlying sediment beds).  Locational control was established 
utilizing Differential Global Positioning System (DGPS) technology.  Analyses of these data 
were conducted using HYPACK 2019 and SonarWiz 7. 

DIFFERENTIAL GLOBAL POSITIONING SYSTEM 
The primary consideration in the search for any submerged item is positioning.  Accurate 
positioning is essential during the running of survey tracklines, and it is essential in returning to 
recorded locations for remote sensing refinement or diver investigations.  Positioning was 
accomplished on this project using a Trimble Navigation® DSM12/212 Global Positioning 
Systems (GPS) and antennae, with National Marine Electronics Association (NMEA) data 
streams supplied to the navigation, sidescan, and subbottom computers (Figure 3-01). 
 
The DSM12/212 GPS attains sub-meter precision with a dual-channel Minimum-Shift Keying 
(MSK) differential beacon receiver.  This electronic device combines data from satellites and 
shore-based differential beacon stations, increasing the precision of the satellite data alone.  
DGPS positions were updated at 1-second intervals, the same rate as the magnetic data were 
recorded (Trimble Navigation Limited 1998:1-2). 
 
The project was planned in the Florida State Plane East, survey feet, NAD83, using the 2011 
adjustment, and all sidescan, subbottom, and magnetometer target data were converted to this 
Florida East grid.  The DGPS data streams are in geographic format, NAD83 (i.e., latitude, 
longitude).  The raw data from the sidescan and subbottom devices are archived in this format, 
and the magnetic data are in the state plane.  Navigation was conducted with a Lenovo Thinkpad 
E520, using HYPACK Max 2019 for navigation.  HYPACK, a Xylem company, was written 
specifically for marine survey applications.  The magnetometer data were acquired with this 
program as well.  All positioning coordinates are based on the position of the DGPS antennae 
relative to the sensor location. The DGPS antenna was located amidships and 10 feet forward 
from the transom of the vessel. Offsets from the antenna to tow point locations, in conjunction 
with cable out, are input into Hypack’s towed systems driver to determine layback on the fly 
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(Figure 3-02).  This layback information is critical for accurate positioning of targets in the data 
analysis phase and to relocate any targets for additional investigations. 
 

 
Figure 3-01.  Trimble Navigation DSM 12/212 Global Positioning System used during the investigation. 

 
Figure 3-02.  Equipment schematic illustrating layback (courtesy of Coastal Oceanographics, Inc.). 
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MAGNETOMETER 
Magnetometers measure the intensity of magnetic forces with a sensor that measures and records 
the ambient (background) magnetic strength and if present, deviations from the ambient 
background (anomalies) caused by magnetic fields of ferrous objects and other sources such as 
high voltage cables (Breiner 1973). These measurements are recorded in nanoteslas, the standard 
unit of magnetic intensity. 
 
The success of the magnetometer to detect anomalies in local magnetic fields has resulted in the 
instrument being a principal remote sensing tool of maritime archaeologists because anomalies 
can represent components of shipwrecks and other historic debris or objects hazardous to 
dredging or navigation.  While it is not possible to identify specific ferrous objects from the 
magnetic field contours, it is occasionally possible to approximate shape, mass, and alignment 
characteristics of wrecks or other structures based on complex magnetic field patterns. In 
addition, other data (historic accounts, use patterns of the area, diver inspection), which overlap 
data from other remote sensing technologies, such as the sidescan sonar and prior knowledge of 
similar targets, can lead to an accurate identification of potential targets. 
 
There are three types of commercially available marine magnetometers: proton precession, 
cesium vapor, and Overhauser. Over the course of the project Sonographics employed a 
Geometrics 882 cesium vapor magnetometer (Figure 3-03). The G-882 tow-fish was towed from 
the starboard side of the transom and 52 meters aft. Data were stored in the navigation computer 
and archived. The Geometrics 882 is capable of sub-second recordation for precise location 
control, and data were collected at 10 hertz, providing a record of both the ambient field as well 
as the character and amplitude of the anomalies encountered. A 110-volt gasoline powered 
generator powered all survey devices. 
 

 
Figure 3-03.  Survey instruments employed during the investigation included (clockwise from top left) the 

magnetometer, the subbottom profiler, and sidescan sonar.   
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SIDESCAN SONAR 
The remote sensing instrument used to search for physical features on or above the ocean floor 
was an Edgetech 4200 sidescan sonar system (Figure 3-03). The sidescan sonar is an instrument 
that, through the transmission of dual fan-shaped pulses of sound and reception of reflected 
sound pulses, produces an acoustic image of the bottom.  Under ideal circumstances, the 
sidescan sonar is capable of providing a near-photographic representation of the bottom on either 
side of the trackline of a survey vessel. 
 
This sidescan sonar was utilized with the navigation system to provide manual positioning of fix 
or target points on the digital printout.  Sidescan sonar data are useful in searching for the 
physical features indicative of submerged cultural resources. Specifically, the record is examined 
for features showing characteristics such as height above bottom, linearity, and structural form.  
Additionally, potential acoustic targets are checked for any locational match with the data 
derived from the magnetometer and the subbottom profiler. 
 
The Edgetech 4200 sidescan sonar was linked to a towfish that employed both 300 and 600 
kilohertz frequency settings and a variable side range of 50 meters-per-channel (164 feet) on 
each of the survey lines. The 50-meters-per-channel setting was chosen to provide detail and 
over 100% overlapping coverage with the 50-foot line spacing to insure full coverage of the 
survey area. The 4200 tow-fish was towed from the port side and 13 meters aft of the transom. 
The sonar frequency was selected in order to provide maximum possible detail on the record 
generated; 600 kilohertz was the preferred frequency. 

SUBBOTTOM PROFILER 
Employed to determine the character of near-surface geologic features over the survey area, 
subbottom profilers generate low frequency (0.5 to 30 kilohertz) sound pulses capable of 
penetrating the seabed and reflecting off sediment boundaries or larger objects below the surface.  
The data are then processed and reproduced as cross sections based on two-way travel time (the 
time taken for the pulse to travel from the source to the reflector and back to the receiver).  This 
travel time is then interpolated to depth in the sediment column by calculating at 1,500 meters-
per-second (the average speed of sound in water). 
 
Subbottom profilers have different ranges of sound wave frequency (sparkers, boomers, pingers, 
and chirp systems). Sparkers and boomers operate at low frequency (0.005 to 2 kilohertz) and 
afford deep geologic penetration and low resolution, useful for deep geologic time.  Pingers  
(3.5 and 7 kilohertz) are more useful to penetrate late Pleistocene and Holocene aged deposits or 
paleolandscape features of interest to prehistoric archaeologists.  CHIRP systems sweep multiple 
frequency ranges and are the most precise and accurate of the subbottom profiler systems, and 
they operate at ranges of 3–40 kilohertz.  The resolution can be on the order of 10 centimeters  
(6 inches) depending sediment type and the quality of the acoustic return.   
 
The X-Star Full Spectrum Sonar is a versatile wide-band FM sub-bottom profiler that generates 
cross sectional images of the seabed and collects digital normal incidence reflection data over 
many frequency ranges. X-Star transmits an FM pulse that is linearly swept over a full spectrum 
frequency range (also called a ‘chirp pulse’). The tapered wave form spectrum results in images 
that have virtually constant resolution with depth. Another X-Star advantage is the reduction of 
side lobes in the effective transducer aperture. The tow-fish utilized in the survey was the Edge 
Tech model SB 424. (Figure 3-03).  The device was operated at a setting of 4 to 24 kilohertz for 
maximum penetration. 
 
Seismic cross sections reconstruct the shapes and extents of reflectors such as facies in channel 
sediments, rock/sediment interfaces, marine sand bed cover, and so forth.  In addition to 
subbottom profiling, and depending on the density of data points, the first bottom return data can 
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be used for high-resolution bathymetry. Shipwrecks can be studied with subbottom profilers 
once their location is known. Finding shipwrecks with subbottom profiler survey is less useful. 
 
High and low amplitude reflectors (light and dark returns) distinguish differences of sediment 
characteristics such as particle size and consolidation (Stevenson et al. 2002).  Facies contacts 
can be identified by discontinuities in the extent, slope angle, or shape of the reflector returns.  
This latter fact is important when identifying the sinusoidal shapes of drowned channel systems 
and other relict and buried fluvial system features (e.g., estuarine, tidal, lowland, upland areas 
around drainage features).  Parabolic-shaped reflectors indicate individual objects of sufficient 
size and consolidation.  The parabolic shape is the result of sound propagating outwardly from 
the item.  There are also five types of signals that may cause misinterpretation in the two 
dimensional records: direct arrivals from the sound source; water surface reflection; side echoes; 
reflection multiples; and point source reflections.  Judicious analysis is required to identify them. 
 
Peats tend to reflect strongly, as do other fine grain or muddy sediments.  Sand and shell deposits 
like those around and in the Project Area are less reflective, and difficult to penetrate without 
lower seismic frequencies such as employed by the profiler system employed here. 

SURVEY VESSEL 
The 25-foot survey vessel Bar Check was employed for the survey. The vessel met all U.S. Coast 
Guard requirements in terms of safety equipment and seaworthiness. 

SURVEY PROCEDURES 
Survey lines were spaced at 100-foot intervals, survey lines were programmed into the 
navigation computer (Figure 3-04).  The magnetometer and DGPS were mobilized, tested, found 
operational, and the trackline running began.  The helmsman viewed a video monitor, linked to 
the DGPS and navigational computer, to aid in directing the course of the vessel down the survey 
tracklines.  The monitor displayed the pre-plotted trackline, the real time position of the survey 
vessel, and the path of the survey vessel.  The speed of the survey vessel was maintained at 
approximately 3 to 4 knots for the uniform acquisition of data.  As the survey vessel maneuvered 
down each trackline, the navigation system monitored the position of the survey vessel relative 
to the tracklines every second, each of which was recorded by the computer.  Event marks 
delineated the start and end of each trackline.  The positioning points along the traveled line were 
recorded on the computer hard drive and the magnetic data were also stored digitally. 

DATA ANALYSIS 

DATA PROCESSING 
Once collected, survey data are processed and analyzed using an array of software packages 
designed to display, edit, manipulate, map, and compare proximities of raster, vector, and tabular 
data.  These packages include SonarWiz 7 for mosaicing sidescan sonar and subbottom profiler 
data, mapping target extents and generating target reports, figure details, and GIS layers; 
HYPACK Magnetometer Editor, Surfer 9, and HYPACK Export for tabulating anomaly 
characteristics and contouring magnetic data, and generating Geographic Information System 
(GIS) data layers.  ESRI ArcMap is used to display the data on background charts, to conduct a 
“proximity analysis” for each of the three types of targets (e.g., see which magnetometer, 
sidescan, and subbottom profiler anomalies are near each other and may explain each other) and 
to create maps and figures for this report. 
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Figure 3-04.  Planned lines generated for the Project Area.  
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MAGNETIC DATA COLLECTION AND PROCESSING 
Data from the magnetometer are collected using HYPACK Max.  The data are stored as *.RAW 
files by line, time, and day.  *.RAW data files are opened and layback parameters are set.  
Contour maps are produced of the magnetic data with Surfer 9 using a Minimum Curvature 
gridding algorithm.  The *.DXF file is saved and exported into the combined GIS database.  The 
contour maps allow a graphic illustration of anomaly locations, spatial extent, and association 
with other anomalies.  Magnetic data are reviewed by HYPACK Magnetometer Editor (Figure 3-
05), and the location, strength, duration, and type of anomaly are transcribed to a spreadsheet 
along with comments. 

SIDESCAN SONAR DATA COLLECTION AND PROCESSING 
Post-processing of sidescan sonar is accomplished using HYPACK’s Targeting and Mosaicking 
software, a product that enables the user to view the sidescan data in digitizer waterfall format, 
pick targets, and enter target parameters including length, width, height, material, and other 
characterizations into a database of contacts.  In addition, HYPACK’s Targeting and Mosaicking 
software “mosaics” the sidescan data by associating each pixel (equivalent to about 10 
centimeters) of the sidescan image with its geographic location determined from the real-time 
Hypack corrected position. SonarWiz 7 was used to generate the final mosaic found in Chapter 
Four.  SonarWiz 7 is the industry standard for mosaicking capability, the results are exported as 
geo-referenced *.TIFFs for importing to the GIS database of the project (Figures 3-06 and 3-07).  
SonarWiz 7 can generate target reports in *.PDF, Word, or Excel format.  Panamerican utilizes 
the Word format for reports. 
 

 
Figure 3-05.  HYPACK Magnetometer Editor magnetic data display of a survey line.  Using these windows 

one can analyze anomaly position, strength, duration, and type.  Target locations are selected based 
on their type (e.g. monopoles are selected at peak amplitude deviation), and their width is the 
duration. Example, Line 0037 of Borrow Area N-3. 
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Figure 3-06.  SonarWiz 7 software with mosaic example in the background, and a target selection zoom image 

to the left. Magnetic contours, anomaly locations, and annotations are overlaid. 

 

 

C0019 
● Sonar Time at Target: 10/6/2017 4:06:39 PM 
● Click Position 
    28.1561024730 -82.7643968570 (WGS84) 
    28.1558113939 -82.7645730139 (NAD27LL) 
    28.1561024730 -82.7643968570 (LocalLL) 
    (X) 409855.80 (Y) 1390232.39 (Projected 
Coordinates) 
● Map Projection: FL83-WF 
● Acoustic Source File: 
C:\Users\Tardis\Desktop\Anclote River 2017\Raw 
Data\SS\2017OCT06_0003.sds 
● Ping Number: 17167 
● Range to target: 58.37 US ft 
● Fish Height: 8.90 US ft 
● Heading: 0.000 Degrees 

Dimensions and attributes 
● Target Width: 34.92 US ft 
● Target Height: 0.48 US ft 
● Target Length: 102.11 US ft 
● Target Shadow: 3.34 US ft 
● Classification1: marine rail 
● Description:  
MARINE RAILWAY 

Figure 3-07.  SonarWiz 7 sonar contact tabular format, automatically generated.   

SUBBOTTOM PROFILER DATA PROCESSING AND ANALYSIS 
Post-processing of subbottom profiler data, like the sidescan data, is done with SonarWiz 7, 
which in this case enables the user to view the subbottom data in a planar, trackline format.  The 
user may view the data in a digitizer window as a waterfall format, allowing the digitizing of 
subbottom features of interest, linear extent, depth, and type (Figure 3-08).  SonarWiz 7 batch 
processes waterfall images to *.JPG formats in order to generate figures (Figure 3-09).  Digitized 
reflectors and the contact databases are exported to the GIS database as *.SHP files.  SonarWiz 7 
also allows the user to calculate the amount of sonar coverage and illuminate gaps to ensure full 
coverage of the Project Area. 
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Figure 3-08.  Trackline configuration and various “reflector” features digitized.  This image is from a past 

survey conducted in Tampa Bay (see Faught and James 2009). 

 
Figure 3-09.  SonarWiz subbottom waterfall image showing the seismic profile-digitizing window.  The blue 

cross hairs in the background chart show the location of the cursor, which at the time of the image 
was directly over the peak of the positive relief feature shown.  This image is from a past survey 
conducted in Tampa Bay (see Faught and James 2009). 
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GEOGRAPHIC INFORMATION SYSTEMS ANALYSIS 
A project GIS database is constructed using geo-referenced images and layers generated during 
the magnetometer, sidescan, and subbottom data analyses.  Other layers can be added, such as 
orthographic aerial imagery or navigation charts (Figure 3-10). Several important things are 
accomplished by GIS compilation.  First, the collected data are compared to one another and 
evaluated for accuracy and consistency of the positioning information.  Second, magnetic, 
sidescan, and other remote sensing targets are compared for relationship (proximity analysis). 
 

 
Figure 3-10.  Geographic Information System database example showing magnetic anomalies, sidescan sonar 

contact locations, magnetic contour map, and raster chart data showing environmental context. 

DATA ANALYSIS CRITERIA, THEORY, AND COMMENTARY 
The remote sensing survey of the Project Area intended to locate and identify the presence or 
absence of potentially significant submerged cultural resources that if present might be adversely 
affected by proposed navigation improvement activities.  However, the interpretation of remote 
sensing data obtained from both the magnetometer and sidescan sonar, as stated by Pearson et al. 
(1991) “relies on a combination of sound scientific knowledge and practical experience.”  The 
evaluation of remote sensing anomalies, with regard to a determination that the anomaly does or 
does not represent shipwreck remains, depends on a variety of factors.  These include the 
detected characteristics of the individual anomalies (e.g., magnetic anomaly strength and 
duration, sidescan image configuration) associated with other sidescan or magnetic targets on the 
same or adjacent lines and relationships to observable target sources, such as channel buoys or 
pipeline crossings, etc. 

MAGNETOMETER 
Interpretation of data collected by the magnetometer, the tool of choice by the underwater 
archaeologist for locating shipwrecks, is perhaps the most problematic.  Magnetic anomalies are 
evaluated and prioritized based on magnetic amplitude or deflection of nanotesla intensity from 
the ambient background in concert with duration or spatial extent (distance in feet along a 
trackline of an anomaly influences the ambient background); they are also correlated with 
sidescan targets.  Because the sonar record gives a visible indication of the target, identification 
or evaluation of potential significance is based on visible target shape, size, and presence of 
structure, as well as association with magnetic anomalies.  Targets, such as isolated sections of 
pipe, can normally be immediately discarded as non-significant, while large areas of above-
sediment wreckage are generally easy to identify. 
 
The problems of differentiating between modern debris and shipwrecks, based on remote sensing 
data, have been discussed by several authors.  This difficulty is particularly true in the case of 
magnetic data; therefore, it has received the most attention in the current body of literature 
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dealing with the subject.  Pearson and Saltus (1990:32) state “even though a considerable body 
of magnetic signature data for shipwrecks is now available, it is impossible to positively 
associate any specific signature with a shipwreck or any other feature.”  There is no doubt that 
the only positive way to verify a magnetic source object is through physical examination.  With 
that said, however, the size and complexity of a magnetic signature does provide a usable key for 
distinguishing between modern debris and shipwreck remains (see also Garrison et al. 1989; 
Irion and Bond 1984; Pearson et al. 1993).  Specifically, the magnetic signatures of most 
shipwrecks tend to be large in area and tend to display multiple magnetic peaks of differing 
amplitude. 
 
In a study conducted for BOEM for magnetic anomalies in the northern Gulf of Mexico, 
Garrison et al. (1989) indicate that a shipwreck signature will cover an area between 10,000 and 
50,000 square meters.  Using the Garrison et al. (1989) study, as well as years of “practical 
experience,” in an effort to assess potential significance of remote sensing targets, the Pearson et 
al. (1991) study developed general characteristics of magnetometer signatures most likely to 
represent shipwrecks.  The report states that “the amplitude of magnetic anomalies associated 
with shipwrecks varies considerably, but, in general, the signature of large watercraft or portions 
of watercraft, range from moderate to high intensity (> 50 nanoteslas) when the sensor is at 
distances of 20 feet or so” (Pearson et al. 1991:70).  Employing a table of magnetic data from 
various sources as baseline data, the report goes on to state that “data suggests that at a distance 
of 20 feet or less, watercraft of moderate size are likely to produce a magnetic anomaly (this 
would be a complex signature [i.e., a cluster of dipoles and/or monopoles]) greater than 80 or  
90 feet across the smallest dimension...” (Pearson et al. 1991:70).  
 
While establishing baseline amounts of amplitude and duration reflective of the magnetic 
characteristics for a shipwreck site, the report “recognizes that a considerable amount of 
variability does occur” (Pearson et al. 1991:70).  Generated in an effort to test the 50-nanotesla/ 
80-foot criteria and to determine the amount of variability, Table 3-01 lists numerous shipwrecks 
as well as single and multiple-source objects located by magnetic survey and verified by divers.  
All shipwrecks met and surpassed the 50-nanotesla/80-foot criteria, with one exception.  
Emanuel Point II’s magnetic deviation falls below the cut off, although duration is above.  
Subsequent archaeological examinations have determined that Emanuel Point II contains very 
little iron (Greg Cook personal communication, 2011).  The majority of single-object readings 
fell below the criteria (with the exception of the pipeline, the two sections of pipe, and one of the 
seven rocket motors).  However, the signature of the pipeline should appear as a linear feature on 
a magnetic contour map and should not be confused with a single source object.  The strengths of 
the two sections of pipe represent refinement readings that sought to produce the highest reading 
possible and should perhaps be discounted from the sample.  Further, because of their association 
with the space program, rocket motors, which are single source objects, must be considered 
potentially significant.  While the shipwrecks and most single source objects adhere to the  
50-nanotesla/80-foot criteria, the multiple-source objects do not.  If all targets listed on the table 
required prioritization of potential significance based on the 50-nanotesla/80-foot criteria, the 
two multiple-source object targets would be classified as potentially significant. 
 

Table 3-01.  Compilation of Magnetic Data from Various Sources. 
Vessel  

(Object) Type and Size Magnetic 
Deviation 

Duration 
(ft.) Reference 

Shipwrecks 
J.D. Hinde 129-ft. wooden sternwheeler 573 110 Gearhart and Hoyt 1990 

Mary 234-ft. iron-hulled sidewheeler 1180 200 Hoyt 1990 



Borrow Area N-3 

 32 

Vessel  
(Object) Type and Size Magnetic 

Deviation 
Duration 

(ft.) Reference 

Confederate 
Obstructions 

numerous vessels with machinery 
removed and filled with 
construction rubble 

110 long 
duration Irion and Bond 1984 

Utina 267-ft. wooden freighter 690 150 James and Pearson 1991; 
Pearson and Simmons 1995 

Gen C.B. Comstock 177-ft. wooden hopper dredge 200 200 James et al. 1991 

Egmont Shoal wreck 19th century Wooden-hulled copper 
clad sailing vessel 67 160 Krivor 2005 

USS Narcissus Civil War wooden tug 582 176 Krivor 2005 
El Nuevo Constante 126-ft. wooden collier 65 250 Pearson et al. 1991 

James Stockton 55-ft. wooden schooner 80 130 Pearson et al. 1991 
modern shrimp boat segment 27-x-5 ft. 350 90 Pearson et al. 1991 

Mary Somers iron-hulled sidewheeler 5000 400 Pearson et al. 1993 
Homer 148-ft. wooden side-wheeler 810 200 Pearson and Saltus 1990 

Shrimp Boat modern 162 110 Watts 2000 
Pappy’s Lane 

Shipwreck 
165-ft. steel-hulled World War II 
landing craft 685 350 James et al. 2016 

Single Objects 
pipeline 18-in. diameter  1570 200 Duff 1996 

Pipe 3 in. by 10 ft. 55 352 Krivor 2005 
Pipe/mast/davit 18 in. by 26 ft. 475 104 Lydecker 2007 

anchor 6-ft. shaft 30 270 Pearson et al. 1991 
iron anvil 150 lbs. 598 26 Pearson et al. 1991 

engine block modern gasoline 357 60 Rogers et al. 1990 
steel drum 55 gallon 191 35 Rogers et al. 1990 

pipe 8-ft. long by 3 in. diameter 121 40 Rogers et al. 1990 
railroad rail segment 4-ft. section 216 40 Rogers et al. 1990 

7 Rocket Motors 8 ft. to 34 ft. in length  61 to 422 75 to 180 Watts 2000 
Multiple Objects 

cable and chain 5 ft. 30 50 Pearson et al. 1991 
scattered ferrous metal 14-x-3 ft. 100 110 Pearson et al. 1991 

anchor/wire rope 8-ft. modern stockless/large coil 910 140 Rogers et al. 1990 
 
 
While the 50-nanotesla/80-foot criteria is a good general guide for most conditions, several 
recent studies have suggested that a 50-nanotesla/80-foot duration applied to remote sensing data 
as a baseline for all wreck sites is much too low.  Allowing for a larger and more focused 
database on which to assess signature characteristics of specific vessel classes, the findings from 
these investigations argue for higher nanotesla and duration criteria for specific types of sites.  
Table 3-02 indicates the sizable magnetic deviation and duration of previously recorded and 
located steamboat wreck sites.  However, there is one exception, each of the known steamboat 
wrecks investigated has a magnetic deviation of at least 500 nanoteslas and a duration of no 
fewer than 110 feet, usually in the 200-plus feet range.  As opposed to single objects, steamboat 
wrecks documented during previous investigations are generally much larger in magnetic 
strength (although not always), tend to have a longer duration, and typically have multi-
component signatures.  It should be noted, however, that each steamboat wreck signature differs 
markedly due to environmental conditions, amount of hull/machinery remaining, and the depth 
of water/overburden over the wreck site. 
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Furthermore, it should be inferred that one of the biggest influences on a wreck site’s magnetic 
signature is directly related to the distance from the magnetometer sensor to the wreck site.  As 
stated in Pearson and Birchett: 
 
“For a typical iron object, the intensity of its magnetic signature [i.e., anomaly] is inversely 
proportional to the cube of the distance.  One pound of iron, for example, would produce an 
anomaly of 100 nanoteslas at a distance of 2 feet.  At a distance of 10 feet the same pound of iron 
would produce an anomaly of only 1 nanotesla.  A 1,000-ton ship could produce a 700-nanotesla 
anomaly at 100 feet and a barely discernible 0.7-nanotesla anomaly at 1,000 feet” [Pearson and 
Birchett 1999:4-13]. 
 
An example of a steamboat wreck that produces a magnetic signature of less than 500 nanoteslas 
involves the purported Undine site investigated by Panamerican in 1999 and 2000.  During 1999, 
remote sensing operations located a magnetic anomaly with a magnetic deflection of  
193 nanoteslas with a duration of 300 feet.  During the 2000 field investigations, the anomaly 
was identified as the remnant of a charred steamboat ≈ 38–40 feet below the river’s surface, and 
buried 8 feet below riverbed sediments.  Historic records indicate the Undine was extensively 
salvaged after the scuttling incident whereupon everything of value including all iron plating, 
machinery, and cannon were removed from the wreck, but the hull remained in place (James and 
Krivor 2000:16-17).  While only a small portion of the wreck site was uncovered (due to the 
extensive amount of overburden) it was evident that little of the hull is extant, only just to the 
turn of the bilge. 
 
It should also be stated that two of the wreck sites with either small areas of deviation or low 
nanotesla deflections, the J.D. Hinde and the purported Undine, represent either partial hull 
remains (J.D. Hinde) or were heavily burned and salvaged (Undine).  Historic records indicate 
the J.D. Hinde was also salvaged after the wrecking process.  Retaining none of her steam 
machinery or wheels, half of the vessel was no longer present, most likely as a result of 
dredging; both salvage and dredging the obvious reason for its small magnetic duration (James 
and Pearson 1993:22).  Salvage efforts often sought to remove any cargo as well as any 
machinery, cannon, anchors, or other goods of value.  During the Civil War, the salvage of iron 
for reuse was often paramount.  As stated by John B. Jones on 11 August 1863, “the iron was 
wanted more than anything else but men” (Black 1958:200).  Therefore, it may be speculated 
that any wreck site that (1) has been salvaged in the past; (2) has been exposed to excessive 
environmental processes (i.e., current); or (3) has been impacted by channelization efforts  
(i.e., dredging) will produce a lower nanotesla deflection (due to less ferrous metal on site) than a 
wreck not exposed to similar processes. 
 

Table 3-02.  Magnetic Data from Steamboat Wreck Sites. 
Vessel 

(object) Type & Size Magnetic 
Deviation 

Duration 
(feet) Reference 

Shipwrecks 
3MO69 (unidentified) wooden sidewheeler 2,961 299 Buchner and Krivor 2001 
New Mattie 130-ft. wooden sternwheeler 1,491 200 Buchner and Krivor 2001 
J.D. Hinde 129-ft. wooden sternwheeler 573 110 Gearhart and Hoyt 1990 
Caney Creek Wreck sidewheeler 2,790 unknown Hedrick 1998 
Undine sternwheeler 200 300 James and Krivor 2000 
John Walsh 275-ft. sidewheeler 1,602 280 James et al. 2002 
Scotland sidewheeler 1,322 200 Kane et al. 1998 
Hartford City 150-ton sidewheeler 856 400 Krivor et al. 2002 
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Vessel 
(object) Type & Size Magnetic 

Deviation 
Duration 

(feet) Reference 

Choctaw 223-ton sternwheel towboat 797 250 Krivor et al. 2002 
Star of the West 172-ton ocean-going sidewheel 8,300 400 Krivor et al. 2002 
E.F. Dix/Eastport sidewheeler/ironclad 800 360 Pearson and Birchett 1995 
Mary Somers iron-hulled sidewheeler 5000 325 Pearson et al. 1993 
Homer 148-ft. wooden sidewheeler 810 200 Pearson and Saltus 1993 
Mary E. Keene 236-ft. sidewheeler 1,700 220 Robinson 1998 
35th Parallel sidewheeler 1,414 320 Saltus 1993 
“Boiler” wreck  
(unidentified steamboat) sidewheeler/sternwheeler (?) 1,164 500 Saltus 1993 

Oklahoma Wreck sidewheeler 497 300 M.C. Krivor, personal 
communication, 2005 

 
 
If the signatures of the entire steamboat wrecks listed in Table 3-02 are averaged, an average 
magnetic deviation of 1,576 nanoteslas with an average duration of 234 feet is obtained.  While 
the sensor distance, environmental factors, and the amount of ferrous metal remaining on any 
given steamboat site must be taken into account, previously identified wreck sites have tended to 
produce sizable +200-nanotesla magnetic deviations with a minimum duration of 110 feet.  
While the 110-foot duration represents the lowest duration of any of the known steamboat wreck 
sites, it must be stated that in such cases a portion of the wreck is no longer extant due to 
previous salvage and dredging/channelization efforts.  However, until further surveys show that 
this short duration is an “anomaly” so to speak, it must be employed as the baseline duration.  
Similarly, with the exception of the Undine site, which as stated previously was heavily 
salvaged, all other surveyed steamboats have nanotesla deviations approaching 500 nanoteslas or 
above, but its 200-nanotesla reading must be employed as the baseline amplitude. 
 
While the data indicates the validity of employing specific nanotesla strength and duration 
criteria when assessing magnetic anomalies, other factors must be taken into account.  Pearson 
and Hudson (1990) have argued that the past and recent use of a water body must be an 
important consideration in the interpretation of remote sensing data; in many cases, this should 
supposedly be the most important criterion.  Unless the remote sensing data, the historical 
record, or the specific environment (i.e., harbor entrance channel) provides compelling and 
overriding evidence, it is otherwise believed that the history of use should be a primary 
consideration in the interpretation.  The constitution of “compelling evidence” is, to some extent, 
left to the discretion of the researcher; however, in settings where modern commercial traffic and 
historic use have been intensive, such as the current Project Area, the presence of a large quantity 
of modern debris must be anticipated.  In harbor, bay, or riverine situations where traffic is 
heavy, this debris will be scattered along the channel right-of-way, although it may be 
concentrated in areas where traffic would slow or halt, and it will appear on remote sensing 
survey records as discrete, small objects.  This is in fact the case for many of the anomalies 
recorded during the current investigation. 
 
In addition to anomaly strength and duration considerations, all anomalies were assessed for type 
(monopole [negative or positive influence], dipole [negative and positive influence], or complex) 
and association with other magnetic anomalies (i.e., clustering) and sidescan sonar targets.  With 
regard to analysis of these anomalies, relative to potential significance, many will be found to 
represent a small, single source object (a localized deviation), and are generally identified and 
labeled as non-significant, especially in an area of high use (however, this is not generally the 
case with the current environment).  As seen on contour maps, the contour lines for this type of 
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anomaly can be seen to approach, or go to but not beyond, the adjacent survey trackline on 
which it is located.  This visual interpretation is corroborated during the analysis of the electronic 
magnetometer strip-chart data of each survey trackline.  An examination of the strip-chart will 
show that the target was recorded only on a single transect, and that it was not recorded (i.e., did 
not influence the ambient magnetic background) on adjacent lines.  This is especially true when 
an anomaly’s readings are large deviations but are recorded on only one line.  This indicates the 
source for this target must be a small, discrete object, and the magnetometer sensor must have 
passed closely by or directly over the object in order to generate the large readings on this survey 
line, yet not be recorded or have had an influence on adjacent lines.  Because these anomalies 
represent single source objects, they are not considered representative of a potentially significant 
submerged cultural resource and are not recommended for avoidance. 
 
It cannot be understated that the majority of anomalies recorded during any survey are generated 
by debris and not shipwrecks.  As stated by Gearhart (2011:91-92), “archaeologists have 
repeatedly struggled to characterize reliable differences between magnetic signatures of 
shipwrecks and debris,” employing amplitude, duration (i.e., spatial extent), and complexity of 
the signature as vague defining criteria, along with judgmental experience, and further states that 
“present methods for marine magnetic data interpretation are uncertain at best and scientifically 
unfounded at worst.”  However, and as will be discussed, the employment of induced magnetism 
identified over twenty years ago as a potential defining characteristic of an anomaly, can 
eliminate many anomalies from consideration as shipwrecks. 
 
In Garrison et al.’s (1989) study to establish an interpretive framework that would help identify 
the nature of magnetic anomalies, it was predicted correctly that anomalies caused by debris 
might be differentiated from shipwreck anomalies based on the contrast between permanent and 
induced magnetism.  The study states: 
 
“While it may not be analytically possible to contrast iron and steel by remnant magnetization 
one may be able to characterize anomalies as to their inductive magnetization…The argument 
here would rely on the structural complexity of a shipwreck having a large or detectable 
inductive magnetization. Anomalies without this component could be classified as exclusively 
ferromagnetic features and by local extension debris” [Garrison et al. 1989:2:224]. 
 
In his article entitled Archaeological Interpretation of Marine Magnetic Data, Gearhart (2011) 
expands on Garrison et al.’s 1998 premise and convincingly shows that while “one cannot 
distinguish between the anomaly produced by a shipwreck and one produced by a similarly 
complex concentration of magnetic debris…shipwreck anomalies can be characterized by their 
induced magnetic fields and are distinguishable from a significant proportion of simple-source 
anomalies.”  He goes on to state, “the most important parameter to consider when interpreting 
anomalies based on magnetic induction is the direction of magnetic moment” (Gearhart 
2011:106) and “deviation from the northerly magnetic moment direction, common to all induced 
anomalies, has proven to be the single most powerful discriminator between simple-source 
anomalies and complex-source anomalies, including shipwrecks” (Gearhart 2011:102). 
 
In simplistic terms, the contour map of the magnetic moment of an induced anomaly will have its 
negative value to the north and its positive value to the south.  Gearhart presents contours of 
numerous known wreck and debris anomalies and illustrates that magnetic moments of 
shipwrecks (in the earth’s northern hemisphere) are oriented to the north (no more than a  
26-degree deviation), as are those of complex debris sites (i.e., large areas of wire rope), while 
those of simple-source debris anomalies are not.  He concludes by suggesting +20 degrees from 
magnetic north as an orientation that will allow the successful differentiation of simple-source 
debris anomalies from most complex-source anomalies and virtually all shipwrecks (Gearhart 
2011).  In testing this predicted characteristic, we reviewed data from several past surveys and 
anomaly and wreck investigations (Krivor 2005; Lydecker 2007, James et al. 2002).  While not 
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an exhaustive review, we found these same principles apply with no deviation from Gearhart’s 
findings and leads us to also conclude that identifying and categorizing the magnetic moment of 
an induced anomaly does allow the researcher the ability to differentiate a large percentage of 
debris source anomalies from potentially significant resources during analysis.  A case in point is 
the recent diver investigation of 13 magnetic anomalies in the Skyway Gulf Intracoastal 
Waterway (James et al. 2011).  Employing the above criteria of inclination of magnetic moment, 
of the 13 magnetic anomalies investigated, seven anomalies had magnetic moments that did not 
meet the characteristics of complex-source anomalies including shipwrecks, but rather had 
signatures representative of simple-source debris.  Subsequent diver investigation clearly showed 
that these anomalies did indeed represent debris and were not significant.  Representing over half 
the total number of anomalies, if this inclination of magnetic moment method had been 
employed they would not have been recommended for avoidance or subsequent investigation.  
The remaining six anomalies that had magnetic moment characteristics indicative of shipwrecks 
or complex debris sites were also found to represent debris (James et al. 2011).  This, however, is 
not unexpected given that this method does not rule out complex source debris anomalies or all 
simple-source debris anomalies, just a much larger percentage than would have been ruled out if 
the method had not been employed. While there may be hesitation to adopt the inclination of 
magnetic moment characteristic, it is recommended that it at least be applied to any interpretive 
analysis and assessed overtime as to its veracity.  It will, we believe, be proven and accepted.  
The end result could well be the reduction of a significant number of anomalies currently 
recommended for avoidance or subsequent investigation. 

SIDESCAN SONAR 
In contrast to magnetic data, sidescan interpretation is less problematic, as objects are 
reconstructed as they look to the eye.  Targets, such as isolated sections of pipe, can normally be 
immediately discarded as non-significant, while large areas of above-sediment wreckage as well 
as some exposed potential paleofeatures (i.e., rock outcrops) are generally apparent.  The chief 
factors considered in analyzing sidescan data, with regard to wreckage, include: linearity, height 
off bottom, size, associated magnetics, and environmental context.  Since historic resources in 
the form of shipwrecks usually contain large amounts of ferrous compounds, complex sidescan 
targets with complex magnetic anomalies are of the greatest importance.  The usual outcome of 
targets with no associated magnetics are items, such as rocks, trees, and other non-historic debris 
of limited interest to the archaeologist.   

CLUSTERING 
Since an archaeological remote sensing survey involves the collection of several different types 
of data, each of which has the potential to locate significant cultural resources, attention must be 
given to groups of targets.  These groups, referred to as clusters, occur when a target exists that 
produces both a sidescan sonar return and a magnetic signature.  Also, a magnetic source that 
extends across several survey lines will produce an anomaly on each line, and since these 
anomalies are related, they will form a cluster.  Previously discovered archaeological sites will 
also be considered as part of a cluster.  Although criteria used to determine a cluster is somewhat 
subjective, anomalies, sidescan targets, and previously identified archaeological sites will 
generally be included in a cluster if they lie within 65 feet of one another. 

SUBBOTTOM PROFILER ANALYSIS 
Subbottom profilers generate low-frequency acoustic waves that penetrate the seabed and reflect 
off boundaries or objects located in the subsurface.  The data are then processed and reproduced 
as a cross section using two-way travel time to determine depth (the time taken for the pulse to 
travel from the source to the reflector and back to the receiver by a constant).  The shapes and 
extent of reflectors are used to identify bottom and subbottom profile characteristics. 
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In general, high and low amplitude linear reflectors (light and dark lines) distinguish between 
sediment beds; parabolic reflectors indicate point-source objects with sound propagating out 
from them; and erosional or non-depositional contacts can be identified by discontinuities in 
extent, slope angle, and the shape of the reflector morphology.  This latter fact is important when 
identifying drowned channel systems, other relicts, and buried fluvial system features  
(e.g., estuarine, tidal, lowland, and upland areas around drainage features). 
 
As a cautionary tale, there are five types of spurious signals that may cause confusion in the two-
dimensional records that specialists recognize: direct arrival from the sound source; reflection 
multiples; water surface reflection; side echoes; and point-source reflections.  Judicious analysis 
is required to identify these acoustic imagery phenomena.  In all cases, precise inference of a 
sediment bed or other anomaly from the subbottom profiler data would necessitate coring. 
 
In analysis, seismic impedance contrast returns indicating positive relief features such as possible 
mounds and negative relief features as a probable paleochannel or other fluvial feature with 
margins and sediment beds indicate high potential for prehistoric remains.  Other features of 
interest are buried surface continuations. 
 
Positive relief features on subbottom records are predictable phenomena, given that piles of 
erosion resistant material of differential character than the surrounding sediments should be 
perceivable with sound underwater imagery (e.g., subbottom profiler), and therefore, they have 
long drawn submerged prehistoric archaeologists as potentially identifiable features to find in 
places that have otherwise impossibly similar images to search (Stright 1990). 
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IV. INVESTIGATIVE FINDINGS 
 
As illustrated in Figures 4-01 to 4-07, along with Tables 4-01 to 4-04, four magnetic anomalies, 
two sidescan sonar contacts, and no subbottom impedance contrast feature were identified.  Data 
examples for each system are presented in Figures 4-05, 4-06, and 4-07.  With respect to the 
subbottom profiler results, the Project Area revealed a bottom composed solely of 
unconsolidated marine sediments to the depth of the instrument capability, which was typically 
between 3 and 5 meters.  The surface facies was dominated by coarse sediment (sand).  No 
paleofeature, including relict channel, positive relief feature, buried surface, or other feature, was 
located in the data.  No further work regarding potential submerged prehistoric archaeological 
sites is recommended. 
 
Analysis of the magnetic data indicated four magnetic anomalies: M01, M02, M03, and M04 are 
classified as SPS.  A 5-nanotesla contour map was generated to illustrate anomalous changes in 
the magnetic field (see Figures 4-01 and 4-02).  With regard to analysis of these anomalies, 
relative to potential significance, SPS anomalies (localized deviations) are generally associated 
with debris, and are labeled as nonsignificant.  A geomagnetic forecast (Kp Index) from NOAA 
was also referenced during analysis, and no Kp value higher than 3 was present during data 
collection, indicating minimal geomagnetic interference affected the data quality or results (see 
Chapter III).  In conclusion, none of the four magnetic anomalies are considered potentially 
significant for the NRHP. 
 
Two sidescan contacts, C01 and C02, were identified as marine debris during analysis (see 
Tables 4-03 and 4-04).  Sidescan Contact C01 is associated with Magnetic Anomaly M04.  
Neither contact is considered potentially significant; therefore, no avoidance is necessary. 
 
 



Borrow Area N-3 Remote Sensing Survey 

 40 

 
Figure 4-01.  Magnetic Contour Map 1 of the Project area.  Note that due to the small extents of the 

anomalies, they are virtually invisible in plan view. 
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Figure 4-02.  Magnetic Contour Map 2 of the Project area.  Note that due to the small extents of the 

anomalies, they are virtually invisible in plan view. 
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Table 4-01.  Magnetic Anomaly Data for the Project Area.  
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M01 7067 2 5.82 14 D 30.0353138 N -081.1734240W 17.4 n/a  SPS 
M02 7117 7 14.08 15 D 30.0192365N -081.1730168W 13.5 n/a  SPS 
M03 7117 33 5.41 9 M 30.0154946N -081.1808305W 20 n/a  SPS 
M04 7117 37 13.12 11 D 30.0144371N -081.1819661W 18.9 n/a C01 SPS 

Key: nTs=nanoteslas; M= Monopole; D= Dipole; SPS= Single-Point Source; Coordinates provided in NAD 1983. 
 
 

Table 4-02.  NOAA Geomagnetic forecast Kp index values during survey. 

Time 30-July 31-July 1-August 10-August 

00-03UT 1 2 3 1 
03-06UT 1 2 3 1 
06-09UT 2 1 3 1 
09-12UT 2 1 3 1 
12-15UT 1 2 3 1 
15-18UT 1 2 3 2 
18-21UT 2 2 2 3 
21-00UT 1 3 3 3 

 
 

Table 4-03.  Sonar Contact Data. 
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C01 7117 36S.001 1.6 1.13 0.0 N/A Debris M04 30.014404 -81.181944 N-3_01 N/A 
C02 7117 41N .82 .98 0.0 N/A Debris N/A 30.015454 -81.183043 N-3_02 N/A 

Coordinates provided in NAD 1983. 
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Table 4-04.  Sonar Contact Images. 

Name  Latitude  30.014404 N 

C01  Longitude  -81.181944 W 

Survey File  Lease Block 7117 

36S.001  Height Above Bottom (m) 0.0 

Capture File  Length (m) 1.6 

N-3_01.JPG  Width (m) 1.13  

 

Shadow (m) 0.0 

Notes 
Length: 5.2 Width: 3.7 ID: Debris near 
M04 (13.12 nT). 
 

Associations M04 

Name  Latitude  30.015454 N 

C02  Longitude  -81.183043 W 

Survey File  Lease Block 7117 

41N  Height Above Bottom (m) 0.0  

Capture File  Length (m) .82  

N-3_02.JPG  Width (m) .98  

 

Shadow (m) 0.0 

Notes Height: 0.0 Length: 2.7 Width: 3.2 ID: 
Debris.   

Associations None 
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Figure 4-03.  Sidescan Sonar Mosaic Map 1 for Project Area. 
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Figure 4-04.  Sidescan Sonar Mosaic Map 2 for the Project Area. 
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Figure 4-05.  Magnetometer data example showing the ambient field and Magnetic Anomaly M04 (Line 37). 

 
Figure 4-06.  Example sidescan sonar waterfall exhibiting typical data found in the Project Area (Line 31). 
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SUBBOTTOM PROFILER RESULTS 
With respect to the subbottom profiler record, analysis indicated the Project Area consists solely 
of unconsolidated marine sediments (coarse sand) to the depth of the instrument capability—
typically between 3 and 5 meters.  The shallow seismic records were dominated by a surface 
facies composed of coarse sands and occasional sand waves, an example of which is presented in 
Figure 4-07.  No buried surface, paleochannel, positive relief feature, or other buried 
geomorphological feature is present in the data.  No further work regarding potential submerged 
prehistoric archaeological sites is recommended. 
 

 

 
Figure 4-07.  Example subbottom profiler record.  This profile is from Line 37N, running from north (left) to 

south (right).  Note the lack of subsurface features and the homogenous surface facies composed of 
transgressive marine sand.  This profile is provided in both unannotated (above) and annotated 
(below). 
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V.  CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 
In compliance with their responsibilities towards cultural resources, Taylor contracted 
Sonographics to conduct a comprehensive remote sensing survey of the proposed offshore 
Borrow Area N-3.  Subsequently, Panamerican provided data analysis of the survey and this 
cultural resources report of findings.  Sonographics completed the survey 10 August 2019 under 
Florida 1A-32 Permit No. 1920.006 and BOEM G and G Permit No. E18-004.  Results of the 
remote sensing survey identified four magnetic anomalies (M01, M02, M03, and M04), two 
sidescan sonar contacts (C01 and C02), and no subbottom impedance contrast feature within the 
Project Area.  Sidescan Sonar Contact C01 is associated with Magnetic Anomaly M04.  Based 
on imagery from the sidescan sonar, this target appears to be marine debris.  All magnetic 
anomalies represent SPS objects of modern origin, none is considered potentially significant for 
the purposes of this investigation, and there are no further recommendations for investigation. 

PROCEDURES TO DEAL WITH UNEXPECTED DISCOVERIES 
As indicated by the methodology and results described in the preceding chapters, every 
reasonable effort was made during this investigation to identify and evaluate possible locations 
of historic archaeological sites and potential prehistoric site locations; however, the possibility 
exists that evidence of Prehistoric and Historic resources may yet be encountered within the 
project limits not previously identified. Should any evidence of historic resources be discovered 
during project activities, all work should stop. Evidence of historic resources includes aboriginal 
pottery, prehistoric stone tools, bone or shell tools, as well as historic shipwreck remains. Should 
questionable materials be uncovered during project activities, procedures contained in the 
Advisory Council on Historic Preservation Procedures for the Protection of Historic and Cultural 
Properties (36 CFR Part 800B) will take effect. 
 
In the unlikely event that human remains are encountered within the Project Area during 
proposed project activities, procedures to deal with the unanticipated discovery must adhere to 
Chapter 872.07 of the Florida Statutes (Offenses Concerning Dead Bodies and Graves).  As 
stipulated, work shall cease at the location of remains and the County Medical Examiner 
immediately notified, a qualified archaeologist retained to investigate the remains, and proper 
agency personnel notified (i.e., State Historic Preservation Office, State Archaeologist) to 
determine and implement correct procedural treatment of the remains. 
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