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Preface



Valuable real estate. Beach-lover’s paradise. Marine life nursery. Mainland protector. Accumulation of mobile sand. All of these terms accurately describe a barrier island. Barrier islands are those long, narrow strips of land that separate the ocean from the mainland with open water in between.


For real estate investors and developers, the value of barrier islands is in their nearly continuous beaches—or, more precisely, in their appeal to beach-loving vacationers and second-home owners, retirees, and the commercial interests that are associated with those lifestyles. The beaches of many barrier islands are vital nesting habitat for sea turtles and home to ghost crabs, sand hoppers, and other creatures, while the landward sides, often covered by wetlands, serve as nursery grounds for many species of shellfish and finfish as well as rookeries for shorebirds.


Coastal areas are always subject to the actions of wind and water, and when those forces are driven by storms, the consequences can be catastrophic. While barrier islands cannot completely protect the mainland from the devastation of hurricanes and the like, they can help temper the effects by absorbing some of the storm energy and dissipating the force of wind and water. Reduced to the most basic terms, barrier islands are the product of the movement and accumulation of sand by ocean waves and tides, which means they are constantly changing, separating, combining, and even disappearing over time, sometimes slowly over centuries and decades, and sometimes in only days.


Barrier islands and barrier spits are present all over the globe, from the Equator north to the Arctic and south to the Antarctic, accounting for some 15% of Earth’s coastline. In the United States, they are present to some extent on the Pacific coast, while nearly the entire lengths of the Atlantic and Gulf of Mexico coasts are lined by barrier islands. The side of the Florida peninsula that borders the Gulf of Mexico is considered to have the most diverse and interesting barrier island system in the system in the world, and that is the primary topic of this book.


What follows will be of interest to anyone who lives on or near or visits a barrier island, as well as anyone who is interested in barrier islands in general and those along Florida’s Gulf coast in particular. The book consolidates information about what scientists understand about the processes that create and affect barrier islands as well as the various types of barriers and their characteristics. For the layperson, concepts and terminology that appear in italics are explained and defined in the comprehensive glossary at the back of the book.





Florida Gulf Pennisula Barrier Inlet System
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This segmented map shows the barrier island system along Florida's Gulf coast that is the subject of this book. The Anclote Keys, top left, are the northernmost islands in the system, and Kice Island, bottom right, is the southernmost. Broken lines show county boundaries.





Chapter 1



Introduction to Barrier Islands


For the purposes of this book, the topic of barriers includes not only true islands—i.e., those that are not connected to any land mass—but also barrier spits, which are connected to the coast at one end. These two types of barriers are the same in all other ways; they contain the same specific environments.


Barrier islands are most extensive in tectonically stable regions. These include trailing edge coasts—coastlines of land masses that are moving away from an oceanic ridge, such as the eastern side of North and South America; and mediterraneans—marine basins that are smaller than an ocean, such as the Gulf of Mexico and the Mediterranean Sea.


Before considering the specific barrier complex of the Gulf coast of Florida, it is appropriate to discuss the origin of barrier islands and their morphodynamics. This will be followed by the general causes and effects that operate in these complex systems.


Origin of Barrier Islands


There is still some disagreement among experts about how barrier islands form and whether they form in multiple ways. It was not until the middle of the nineteenth century that a serious theory was formulated for their origin. It was presented in 1842 by Elie de Beaumont, a Frenchman. He postulated that barrier islands were formed by the emergence of sand accumulations parallel to the shore, the result of upward shoaling caused by wave action. Later, in 1885, Grove Karl Gilbert, studying Lake Bonneville in Utah while working for the U.S. Geological Survey, theorized that barriers were formed by longshore transport of sand. The third idea was from William D. McGee in 1890, who cited the drowning of beach ridges as the source of the barriers. These three concepts were championed by various researchers until late in the twentieth century. Some even chose to support more than one theory.


The upward-shoaling idea of de Beaumont was not well received because most people viewed waves as being destructive rather than constructive. The idea of longshore transport to develop barrier spits was considered reasonable for the formation of that type of barrier but not for barrier islands. Several workers in the 1960s championed the idea of drowning beach ridges to be a reasonable concept. In actual fact, there are problems with that concept because it requires sea level to change very rapidly while also keeping the beach ridge intact.


One of the primary axioms in geology is the concept of uniformitarianism, which, simply stated, is “the present is the key to the past.” If we study barrier islands on the coast over a period of time, we should be able to observe the formation of one or more of these barriers and from those observations we can determine what caused them to form. As it turns out, the author was one of the first people to do this and it was done on the Florida Gulf barrier island complex that is the subject of this book.


Another possible explanation of the origin of the barriers that we see on the coast today is that they formed on the continental shelf and migrated landward to their present position. The barriers still had to have formed by one of the methods described above. There are linear sand bodies offshore on the continental shelf that probably were barriers. Rapid rise in sea level would have “drowned” them and left them behind. Destruction of barriers is more likely than migration based on evidence from existing barriers.
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Figure 1.1


Recent aerial photograph of North Bunces Key (Shell Key)


The barrier island that we can use to demonstrate this concept is now known as Shell Key (formerly called North Bunces Key), located in Pinellas County, Florida, just north of the entrance to Tampa Bay (figure 1.1). This sand body first became supratidal (remaining above water at high tide) in 1962. The continuing development of the island has been recorded to the present time. The origin is a matter of abundant sediment and continued low wave height that permits the concentration of sand. Similar development of barrier islands has taken place elsewhere in the world in the twentieth century and is continuing to the present. There is no documented example of a barrier island forming through the drowning of a beach ridge, contradicting McGee’s theory. More than one barrier island has developed on the Florida Gulf peninsula from upward shoaling, in keeping with de Beaumont’s theory. The keys to barrier island formation are small waves and abundant sediment plus a place for the sediment to accumulate.



Barrier Island Types



The various nearshore processes coupled with the available sand combine to produce a wide range of shapes and sizes of barrier islands along Florida’s Gulf coast. The tidal range of this barrier coast is less than one meter at spring tide, while the tidal range on the non-barrier tide-dominated coast to the north and south is greater. Barrier islands are limited to what are called wave-dominated or mixed-energy coasts. Barriers require significant wave influence to form. This produces shore-parallel sediment accumulations, whereas tide-dominated coasts display tidal creeks that have shore-normal orientations (figure 1.2). Significant changes can take place even though the waves and tidal range are both small. The important condition is the energy relationship between waves and tides. This is explained below.


The type of barrier island that evolves from the original sand shoals is not important for determining how the barriers will react to sea-level rise. It is only somewhat important for human development. The mixed-energy barriers are better for development activities than wave-dominated barriers simply because they present more surface area. As experience has shown, all types of barrier islands have been completely developed with all types of structures and all locations along them.
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Figure 1.2


Oblique infrared photo of the tide-dominated marsh coast in the Big Bend, north of the barrier island system
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Figure 1.3


Diagram showing the refraction of waves as they approach the shoreline. This generates currents called longshore currents that move parallel to the beach.


Wave-Dominated Barrier Islands


These are long and narrow islands where the combination of waves and longshore currents accumulate sediment to produce a supratidal sand accumulation. When the waves approach the shoreline of this sand accumulation in shallow water at an angle, a longshore current is produced (figure 1.3). This causes sand to move along the shoreline and extend the island. Most commonly this extension is in a dominant direction for a given island, but there are some islands where this takes place in both directions. On the Gulf coast of Florida this happens on Anclote Key (figure 1.4), Three-Rooker Bar, and Sand Key, examples of barrier islands that include a wide range in lengths.
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Figure 1.4


Oblique aerial photo of Anclote Key, an example of a wave-dominated barrier island and the northernmost barrier on this coast
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Figure 1.5


Aerial photo showing the widespread mangrove community on the landward side of Lover’s Key
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Figure 1.6


Photo of Three-Rooker Bar just south of Anclote Key showing washover fans that extend into the backbarrier bay


Wave-dominated barrier islands on Florida’s Gulf coast tend to be narrow, with wetlands on the landward or backbarrier side (figure 1.5). These wetlands are comprised of mangrove mangals and salt marshes. Because this coast has a limited sediment supply offshore, the islands tend to be low in elevation with only small sand dunes, if any at all. As a result the islands are washed over during even modest tropical storms. Washover processes transport considerable sediment to form what are called washover fans (figure 1.6).
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Figure 1.7


Willy’s Cut on Caladesi Island, a) as viewed from the air, and b) across the channel cut by the storm surge associated with Hurricane Elena in 1984


The narrow and low island is quite vulnerable to breaching by waves and currents during storm surge conditions. These breaches produce channels that will transport tides (figure 1.7). Under circumstances of a large tidal prism these channels can become permanent tidal inlets, which is how Hurricane Pass and Johns Pass were formed. Most of the time the tidal prism is too small to maintain the channel and longshore transport of sediment causes them to close.


Mixed-Energy Barrier Islands


All barrier islands are initially wave-dominated. It takes time and abundant sediment to eventually develop a mixed-energy barrier. As the name implies, this type of barrier island requires a combination of wave energy and tidal flux to form. These islands are quite common along Florida’s Gulf coast. The reason is that some of the bays and estuaries landward of the barriers have a large area. This produces a large tidal prism even though the tidal range is quite low. The volume of water in the tidal prism is calculated by the area of the bay served multiplied by the tidal range. On this coast that volume ranges over four orders of magnitude (figure 1.8). Regardless of the size of the tidal prism, the time available for the tide to pass through an inlet is dictated by the tidal cycle, which on this coast is semi-diurnal for most of the lunar cycle. That means the entire tidal prism must enter and leave through the inlet twice each lunar day. If the prism volume is large, it must move fast through a wide and deep inlet, and if the prism volume is small, it will be slow and move through a narrow and shallow inlet. The speed of the tidal current controls the volume and rate of sediment movement and how the current interacts with longshore currents.
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Figure 1.8


Plot showing the tidal prism of inlets along the Gulf Coast of the Florida peninsula


Tidal inlets can have large amounts of sediment associated with them on both the bay side and the Gulf side. The sediment on the open water Gulf side is called the ebb shoal (delta) and on the land side it is the flood shoal (delta) (figure 1.9). It can be large or small, with the influence of the tidal flux being the controlling factor along with sediment availability. It is typical that large tidal prisms cause development of large ebb shoals and that these shoals are commonly subtidal but some are intertidal (figure 1.10). These sediment accumulations are modified by incoming waves to develop swash bars of sand that are moved on to the island by wave-generated currents. The waves bend around the bars causing the sand to become trapped at this end of the island. They merge with the beach and cause the island to prograde or increase in width.
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Figure 1.9


Diagram showing sediment bodies associated with a tidal inlet


These swash bars of sand and their landward movement to the beach actually are capturing sediment that would otherwise be transported down the barrier to distribute the sand relatively evenly. In this manner they cause the downdrift end of the barrier to become sediment starved and the updrift end to prograde, forming what we call a drumstick barrier island (figure 1.11).
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Figure 1.10


Photo of Dunedin Pass in 1979 showing an ebb shoal with both subtidal and supratidal sediment bodies
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Figure 1.11


Diagram developed by M. O. Hayes showing how a drumstick barrier island is formed


The resulting mixed-energy barrier is common along this coast but not along other parts of the Gulf of Mexico coast. They are also common on the coast of the Carolinas and Georgia southward to the northernmost part of the east coast of Florida. The narrow end of a mixed-energy barrier is commonly washed over (figure 1.12) in a similar fashion to that of the wave-dominated barriers. The wide end of this type of barrier tends to have multiple beach-dune ridges as a result of the abundant accumulation of sediment (figure 1.13).


Age of Florida Peninsular Gulf Barriers


In order to understand the age of the barriers under discussion, it is important to understand how sea level has been behaving during the past several thousand years. The melting of glaciers across the globe began about 18,000 years ago, producing a rapid rise in sea level. The ocean was about 350 feet below its present level when the glaciers were at their maximum. Sea level rose about a centimeter (2.54 cm = I inch) per year for several thousand years. This rate of change was so fast that barrier islands could not develop. About 7,000 years ago the rate of sea-level rise slowed dramatically, and the first barrier islands began to form in the Gulf of Mexico on the Texas coast. There were no barriers yet on the Florida coast.
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Figure 1.12


Washover fans on the narrow end of Caladesi Island: a) an old and vegetated washover fan on the left, and b) a small, young sand fan at the arrow
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Figure 1.13


Multiple beach-dune ridges on Little Gasparilla Island


Sea level reached almost its present position about 3,000 years ago, according to considerable research around the coasts of the United States. It was at this time that the first of the Florida Gulf coast barriers began to develop. The wide drumstick barriers such as Siesta Key date back to this time. The age of the barrier islands has been determined by radiometric carbon-14 dating of shell material and peat deposits in the oldest backbarrier sediments that are present on the islands. This process uses a radioactive isotope of carbon, 14C, which can be used to date things as old as 30,000 years. This isotope is present in the shells and shell debris in the beach-dune ridges and in peat formed from mangrove and salt marsh accumulations, making this process easy. Specialty laboratories do this type of analysis routinely.
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