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Executive Summary

This report accompanies the digital geologic map for Everglades National Park in Florida,
which the Geologic Resources Division produced in collaboration with its partners. It
contains information relevant to resource management and scientific research.

The environment of south Florida including the
Everglades is among the most unique on earth. Habitats
at Everglades National Park include open marine areas,
estuaries, mangrove zones, buttonwood ridges, coastal
prairies, freshwater sloughs, freshwater marl prairies,
cypress groves, tree islands, hardwood hammocks, and
pinelands. Geology has a profound influence on these
environments. It affects surface water flow and
contributes to climate, hydrology, and topography in
Florida. Geologic units and structures provide the
foundation for the development of all ecosystems.

With its low-lying topography, south Florida has been
alternately submerged and exposed with variations in sea
level for the past 50,000 years. The Everglades area is one
of the lowest, youngest, and most geologically stable
platforms of North America. This overall stability belies
incredibly dynamic geologic processes at work on the
landscape of south Florida. Beneath the surface at
Everglades National Park, there are thousands of meters
of roughly horizontal geologic units rich in carbonate
minerals. These minerals dissolve in acidic solution.
Rainwater and groundwater rich in decaying organic
materials have dissolved interconnected void networks
in the subsurface of south Florida. This dissolution
ultimately results in a karst landscape characterized by
solution holes, sinkholes, disappearing streams, springs,
and incredible water storage capacity.

The storage capacity of the rocks underlying Everglades
National Park is the reason the unique ecosystems have
flourished there through inhospitable drought seasons,

fire danger, and seasonal hurricanes. Aquifers at various
stratigraphic levels including the Biscayne unconfined
surficial aquifer support the habitats at Everglades. These
vast water resources attracted human populations to the
area as well.

From the late 1800s, human development has steadily
increased in south Florida. Drastic measures were taken
to drain swamps for agriculture and urban development.
Canals, ditches, dams, and levees forever altered the
once steady, slow flow of fresh water from Lake
Okeechobee south to Florida Bay along the “River of
Grass” — the Everglades. An intense, multiagency
cooperative research effort is underway to restore the
Everglades and preserve what remains of the once vast
wetland environment of South Florida. An increased
understanding of geologic resources must play a key role
in these efforts at Everglades National Park.

The following selected geologic issues (listed in detail
with others identified by GRE scoping meeting
participants, plus suggestions for inventory, monitoring,
and research in the Geologic Issues section) have
geological importance and a high level of resource
management significance within the park:

¢ Anthropogenic Impacts,

e Aquifer Characteristics and Groundwater Flow
Dynamics,

¢ Storm-influenced Sediment Transport Dynamics, and

o Near Coastal Response to Sea Level Rise.

EVER Geologic Resource Evaluation Report 1



Introduction

The following section briefly describes the National Park Service Geologic Resource
Evaluation Program and the regional geologic setting of Everglades National Park.

Purpose of the Geologic Resource Evaluation Program
The Geologic Resource Evaluation (GRE) Program is
one of 12 inventories funded under the NPS Natural
Resource Challenge designed to enhance baseline
information available to park managers. The program
carries out the geologic component of the inventory
effort from the development of digital geologic maps to
providing park staff with a geologic report tailored to a
park’s specific geologic resource issues. The Geologic
Resources Division of the Natural Resource Program
Center administers this program. The GRE team relies
heavily on partnerships with the U.S. Geological Survey,
Colorado State University, state surveys, and others in
developing GRE products.

The goal of the GRE Program is to increase
understanding of the geologic processes at work in parks
and provide sound geologic information for use in park
decision making. Sound park stewardship relies on
understanding natural resources and their role in the
ecosystem. Geology is the foundation of park
ecosystems. The compilation and use of natural resource
information by park managers is called for in section 204
of the National Parks Omnibus Management Act of 1998
and in NPS-75, Natural Resources Inventory and
Monitoring Guideline.

To realize this goal, the GRE team is systematically
working towards providing each of the identified 270
natural area parks with a geologic scoping meeting, a
digital geologic map, and a geologic report. These
products support the stewardship of park resources and
are designed for non-geoscientists. During scoping
meetings the GRE team brings together park staff and
geologic experts to review available geologic maps and
discuss specific geologic issues, features, and processes.

The GRE mapping team converts the geologic maps
identified for park use at the scoping meeting into digital
geologic data in accordance with their innovative
Geographic Information Systems (GIS) Data Model.
These digital data sets bring an exciting interactive
dimension to traditional paper maps by providing
geologic data for use in park GIS and facilitating the
incorporation of geologic considerations into a wide
range of resource management applications. The newest
maps come complete with interactive help files. As a
companion to the digital geologic maps, the GRE team
prepares a park-specific geologic report that aids in use
of the maps and provides park managers with an
overview of park geology and geologic resource
management issues.

For additional information regarding the content of this
report and up to date GRE contact information please
refer to the Geologic Resource Evaluation Web site
(http://www.nature.nps.gov/geology/inventory/).
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Geologic Setting

Everglades National Park protects over 1,508,537 acres
(fig. 1). The park contains some of the most pristine and
unique marshland habitat in the continental United
States and is the only subtropical preserve in North
America. Everglades National Park was established
under Harry S. Truman’s administration on December 6,
1947. On October 26, 1976, the park became an
International Biosphere Reserve and it attained
Wilderness Designation on November 10, 1978. The
park was made a world heritage site on October 24, 1979,
and named a Wetland of International Importance on
June 4, 1987.

This vast park spans the southern tip of the Florida
peninsula and most of Florida Bay between the peninsula
and the Florida Keys. The environments at the park vary
from mangrove and cypress swamps, marine and
estuarine environments, pinelands and hardwood
hammocks, to sawgrass prairies and rock ridges. The
area covers a large portion of the Florida Bay, a large
carbonate mud bank.

South Florida lies within the Atlantic Coastal Plain
physiographic province, one of 5 major physiographic
provinces in the eastern United States (fig. 2). In the area
of the Everglades, it is divided into several physiographic
subprovinces — Everglades, Atlantic Coastal Ridge, Big
Cypress Swamp, and Sandy Flatlands. The Everglades
subprovince forms a south dipping, spoon-shaped low-
lying area between the Atlantic Coastal Ridge to the east,
the Big Cypress Swamp to the west, and the Sandy
Flatlands area to the north. The basin has very low relief.
The elevation change is only 3.6—4.3 m (12-14 ft) from
the maximum near Lake Okeechobee to sea level at
Florida Bay. Prior to anthropogenic alteration in the
form of canals, ditches, and dams, this drainage system
flowed slowly and steadily from north to south.

Bounding the Everglades province on the east is the
Atlantic Coastal Ridge subprovince. It is comprised of
Pleistocene marine limestones covered by thin quartz
sand sheets. The marine limestone is composed of tiny
ooids of carbonate that were pushed into a linear ridge
by long shore currents during the Pleistocene Epoch (1.8
Mato 10,000 years ago). The province ranges in
elevation from 1.5-6 m (5-20 ft) in the southernmost
portions. The width of the ridge ranges from 16 km (10
mi) in southern Miami-Dade County and narrows to 58
km (3-5 mi) further north. Periodically breaching the
southern portions of the ridge are sloughs (transverse
marshes) oriented perpendicular to the trend of the
ridge.

The southern reaches of the Everglades and Big Cypress
Swamp subprovinces transition into the Coastal Marshes
and Mangrove Swamp subsection. The subsection covers



an area from the northeastern part of Florida Bay,
around the southern Florida peninsula, and west, into
the Gulf of Mexico up to the Ten Thousand Island
region near Everglades City. Bands of swamps and
brackish marshes sitting just above sea level characterize
this subprovince. Freshwater runoff and tidal fluxes
cause the salinity to change dramatically. This is why the
mangrove, capable of enduring such salinity changes,
thrives in this area.

The Big Cypress Swamp subprovince defines the western
boundary of the Everglades. The rocks underlying this
area are among the oldest in South Florida composed of
silts, sands, and carbonates. This area is slightly higher in
elevation than the Everglades basin because it is
underlain primarily by the coral-rich limestones of the
Pliocene Tamiami Formation (3—4 Ma). This formation is
exposed in large areas of Big Cypress National Preserve
and in the northwest corner of Everglades National Park.
Drainage in the subprovince is primarily to the south and
southwest.

EVER Geologic Resource Evaluation Report 3
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Figure 1: Location and Ecosystem Map for Everglades National Park, Florida.
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Atlantic Ocean

Gulf of
Mexico

36 miles

Figure 2: Map of physiographic subsections in South Florida as defined by Brooks (1981). This map delineates subsections of larger
physiographic subprovinces in South Florida. The Southern Atlantic Coastal Strip roughly corresponds to the Atlantic Coastal Ridge
subprovince in the eastern areas and in southern reaches along with the Ten Thousand Islands area it corresponds to the Coastal
Marshes and Mangroves subprovince described in the text. The Devils Garden and areas north correspond approximately to the Sandy
Flatlands subprovince. Data provided by St. Johns River Water Management District www.sjrwmd.com (accessed February 21, 2006).
Graphic is by Trista L. Thornberry-Ehrlich (Colorado State University). .
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Geologic Issues

A Geologic Resource Evaluation scoping session was held for Everglades National Park
on January 24-25, 2005, to discuss geologic resources, address the status of geologic
mapping, and assess resource management issues and needs. This section synthesizes the
scoping results, in particular those issues that may require attention from resource

managers.

This section discusses the management of natural
resources and lists the most critical topics first. Potential
research projects and other topics of scientific interest
are presented at the end of this section.

Anthropogenic Impacts

Since the late 1800s, humans have been the single most
significant force of landscape change in the Everglades.
Drainage of the vast wetlands was once considered
necessary for safety, commerce, and inhabitation. The
gently flowing water of south Florida was manipulated
into 1,600 km (1,000 mi) of canals and 1,200 km (720 mi)
of levees as part of the Central and South Florida Project
authorized by Congress in 1948 (fig. 3). Overall flow is
now controlled by 16 pump stations and over 200 gates
and other structures. Approximately half of the
Everglades' “River of Grass” has been developed for
agricultural and urban use. Rivers and sloughs, such as,
the Kissimmee River have been destroyed or converted
to canal systems (FDEP 2005).

A comprehensive study of the impacts of water flow
manipulation is beyond the scope of this report;
however, a short summary appears below. For more
information, the Water Resource Division of the
National Park Service has prepared a baseline inventory
of water quality data for Everglades National Park which
is available online (http://nrdata.nps.gov/EVER/nrdata/
water/baseline_wq/docs/EVERWQAA.pdf, Accessed
July 15, 2008). Numerous interagency, cooperative
programs such as the Everglades Program, the
Everglades Construction Project, the Everglades Forever
Act, and CERP are vital to the restoration and ecosystem
health of the Everglades. Everglades National Park needs
to continue to support and engage in efforts that affect
the entire south Florida ecosystem.

The results of anthropogenic water flow manipulation to
the environment are dramatic and not well understood.
The complex ecosystem is now largely engineered and is
no longer buffered by the long-term water storage once
inherent to south Florida. An average of 1.7 billion
gallons of water discharges daily to the ocean and water
flow to the Everglades has declined by approximately
70%. Low freshwater input to Florida Bay is causing
hypersaline conditions, seagrass decline, fish
depopulation, and algal blooms. Low water levels
(drought) cause fire danger whereas flooding threatens
tree island and hardwood hammock ecosystems.
Estimates are that 90-95% of the wading bird population
has been lost and 68 plant and animal species are
threatened or endangered in south Florida (FDEP 2005).

6 NPS Geologic Resources Division

Hydraulic gradients in Florida naturally push water from
north to south causing dissolved toxins to accumulate in
south Florida. Lake Okeechobee is eutrophied meaning
it is so rich in mineral and organic nutrients that a
proliferation of plant life, especially algae is reducing the
overall dissolved oxygen content causing harm to other
organisms. This lack of oxygen combined with increases
in dissolved toxins pose serious threats to the aquatic
ecosystems in the Everglades. In addition, many
thousands of acres of Everglades marsh have been
invaded by cattails and other opportunistic species
(FDEP 2005).

In 2007, Everglades National Park hosted 1,074,764
visitors, placing increasing demands on the limited
resources and fragile ecosystem of the park. Motorized
boat access and fishing are restricted in the wilderness
areas of the park. Concerns range from overuse of
backcountry facilities, waste and pollution, and effects
on the hydrologic system at the park due to visitor use.

Water quality is a constant problem at Everglades
National Park. Problems range from reductions in
dissolved oxygen, pH, alkalinity and salinity changes, to
high levels of pollutants such as nitrate, phosphorous,
bacteria, mercury, and pesticides (SFWMD 2002).
Mercury contamination of the surface water is affecting
fish and bird of prey populations. There is a need to
quantitatively study the interaction between
groundwater flow and the overall fresh water and marine
ecological quality in the Everglades.

Earthen and Failed Dams, Canals, and Sheet Piling

Dams and other earth works in the park pose a serious
threat to the safety of visitors and park resources. During
the 1930’s, a series of canals and levees were constructed
(including East Cape canal, Homestead canal, Slegel’s
ditch, Houseman’s ditch, and Middle Cape canal) to
divert the water away from the “prime” real estate
around Cape Sable. The real estate venture failed and the
land was later included in the Everglades National Park
boundaries. The remediation and management of the
canals and earth works is a park responsibility.

Canals, dams, and ditches throughout south Florida
divert water away from the natural flow between Lake
Okeechobee and the Everglades. Locally, near Cape
Sable and Lake Ingraham, the flow is disrupted and
sediment transport patterns have changed. Fresh water
marshes behind the cape are being salinated due to the
overall lack of fresh water input.



In 2005, as a response to a technical assistance request,
hydrologists and geomorphologists from the Water
Resources Division, Geologic Resources Division, and
Southeast Region of the NPS prepared a report
evaluating the restoration alternatives for the Cape Sable
area canals at Everglades National Park. These canals
have caused visitor safety problems and substantially
affected coastal morphology, sediment transport and
deposition, and fresh-salt water exchange dynamics.
Alternatives ranged from no action to active remediation
such as concrete structures and plugs (Crisfield et al.,
2005). The report, available from the Geologic Resources
Division, includes detailed descriptions of the area, the
history of human modifications there, and remediation
suggestions.

Aquifer Characteristics and Groundwater Flow
Dynamics

The karst aquifer system of south Florida is open to
numerous inputs of water from precipitation, surface
flow, and artificial diversions (canals, ditches, ponds,
etc.). The underlying Miami Limestone and Fort
Thompson Formation form the Biscayne aquifer in the
upper part of the surficial aquifer beneath Everglades
National Park. The Fort Thompson Formation,
underlying the Miami Limestone, is riddled with well-
developed solution cavities and conduit networks
rendering it highly permeable. The Miami Limestone is
less permeable, lacking the same degree of connectivity
between cavities (Bruno et al. 2003).

Understanding the nature of the hydrologic exchange
between surface and ground waters is critical to
understanding the movement of water and dissolved
nutrients, wastes, metals, etc. in the Everglades
ecosystem (Bruno et al. 2003). Knowledge of this
exchange has direct ties to understanding the
hydrogeologic system of the unconfined Biscayne aquifer
beneath the park.

Inventory, Monitoring, and Research Suggestions for Aquifer
Characteristics and Groundwater Flow Dynamics

¢ Determine how many wells are necessary to model the
hydrogeologic system at the park.

e Model the porosity and permeability of the Fort
Thompson Formation.

¢ Continue studies using ground-penetrating radar,
borehole data, and cores for characterization of the
aquifers beneath the park (Cunningham 2004a). These
techniques can also identify karstic characteristics of
the subsurface.

e Examine the salt wedge characteristics versus the
surface water.

¢ Determine if a change in hydraulic head at the
Everglades would create positive or negative impacts
on the overall ecosystem health.

e Identify the extent of near-surface voids at Everglades
National Park.

e Survey and map fine-scale topographic variations at
the park to apply to hydrogeologic models. Use this

information to determine the nature of the divide
between Taylor and Shark River Sloughs.

¢ Continue studies of copepod species composition and
distribution in the subsurface habitats at Everglades to
better understand the exchange between surface and
ground water (Bruno et al. 2003).

Storm-influenced Sediment Transport Dynamics
Because Florida sits as a peninsular boundary between
the Gulf of Mexico and the Atlantic Ocean, it exerts a
significant influence on climate. The peninsula marks the
climatic zone boundary between semi-tropical and
temperate zones. Convective heating around the Florida
peninsula is pronounced during the summer months
causing the development of large cumulonimbus storm
systems and thunderstorms (Holmes and Miller 2004).
Hurricanes are common between the months of May and
October in the Caribbean Sea. These storms and seasonal
hurricanes, influenced by Florida’s geologic setting, send
torrents of rain to south Florida and are a vital
component of the Everglades ecosystem with a
pronounced effect on the landscape. Storm events have
the potential to damage facilities and release toxins
trapped in deep sediments and muds. With high-energy
erosive events followed by flooding, these pollutants may
be redistributed within the ecosystem.

Determining baseline conditions would benefit resource
management in predicting and understanding the
environmental response to storm events. Hurricane
Donna in 1960 evacuated water from Florida Bay by
about 1 m (3 ft), before the water rushed back in to a
depth of 2.1 m (7 ft). This resulted in mud deposition on
the south side of the mud ridges and a high-energy shell
layer deposit on the north side. In 1992, Hurricane
Andrew caused extreme erosion that completely
removed the highland beach area near the Ross River.
Geochemical changes resulting from the influx of storm
water went unmeasured during cleanup and restoration
operations by local agencies. In 2005, many park facilities
were damaged by hurricanes Katrina and Wilma at
Everglades National Park. The Flamingo area suffered
storm surges and flooding. Marinas and other areas were
filled with mud and storm debris. These events also
affected the natural environment at Everglades National
Park.

The very nature of the landscape at the Everglades is one
of relatively rapid change. Shifting muds and sands
continually alter the shape and profile of the shoreline.
Sand and mud erode from one beach and are deposited
elsewhere in the course of a single storm event.
Understanding the sediment transport dynamics at the
park, especially within Florida Bay and the coastal areas
such as Cape Sable, would provide important
information to park resource managers.

Cape Sable is located along the southwestern coast of
Everglades National Park. It contains a variety of features
including Lake Ingraham, Bear Lake, Little Fox, Middle
Fox, and East Fox Lakes, Coot Bay, Mud Bay, and many
wave swept beach areas such as Northwest Cape, Middle
Cape, East Cape, and Clubhouse Beach. It also contains
remnants of manufactured canals, levees, and ditches
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created in an attempt to render the area viable real estate
during the 1930s. Cape Sable is host to numerous rare
species including the Cape Sable seaside sparrow,
diamondback terrapin (Malaclemys terrapin), loggerhead
(Caretta caretta), Indopacific gecko (Hemidactylus
garnotii), and eastern hog nose snake (Heterodon
platyrhinos). Cape Sable is separated from the mainland
by Whitewater Bay. This brackish environment is fed by
the Shark, Broad, and Harney Rivers and is bounded by a
buttonwood embankment growing as a natural berm on
amud storm beach.

The hydrogeologic system in the area around Lake
Ingraham was altered with the construction of canals,
roads, and levees. As a result, sediments scouring
through the canals are being deposited in the lake basin
(6-30 cm/year [2.4-11.8 in/year]). Lake levels are very
low and the lake basin sediments are often exposed at
low tide. The delta emanating from the Middle Cape
Canal is expanding and increasing the sediment influx
for the Florida Bay. Salinity is increasing as 80 high tides
ayear crest the low marl ridges. This erodes the ridges,
transporting their material into the basins behind them.
With local sea level rise, higher salinity waters are
encroaching on the fresh water areas. This leads to a
decline in marsh, mangrove, and prairie areas.

Inventory, Monitoring, and Research Suggestions for Storm-
influenced Sediment Transport Dynamics

¢ Use sediment transport models and vegetation maps in
a GIS to study declines in mangrove, marsh, and
prairie areas. This decline may be related to the canal
system or due to sea level rise around Lake Ingraham,
or both. Sediment transport models may also be useful
in determining if artificial structures should be
destroyed or reestablished based on predicted
ecosystem response.

¢ Identify potential remediation efforts for eroded canal
openings (erosion rate is 0.6-1.2 m/year, [2-4 ft/year]).

¢ Determine the nature of the relationship between the
diversion of water through canals and the buttonwood
ridge distribution.

¢ Develop a response protocol in cooperation with
other local agencies to determine the geochemical
effects of storm surges.

e Perform alocal inventory of selected sites to determine
the recovery rates of mangrove zones and buttonwood
ridges after large storm events.

¢ Establish baselines of topography, mud composition
and distribution, etc. for comparison and prediction of
response to future events.

Near Coastal Response to Sea Level Rise

Sea level rise is affecting all of South Florida. While
slowing the rate of sea level rise is beyond the resources
of the park, monitoring sea level change, evaluating, and
predicting impacts on the park’s landscape and
ecosystem is an important management issue.
Topography is among the controlling factors in
ecosystem development at Everglades National Park.
Topographic variations in part define the extent of
habitats such as marine-estuary, coastal prairie,
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mangrove zones, sloughs, marl prairies, hammocks,
pinelands, and cypress swamps. The scale of inches is
important for the low banks and ridges where the tides
and wind expose the entire western basins.

Because of the low elevation and small topographic
relief, a small change in sea level has the ability to affect
millions of acres of Everglades. Already, saline water is
inundating low-lying areas, especially during storm
events. The fresh water marshes and brackish estuaries
are under constant threat of inundation by the sea. Given
the low relief of the park, continued rise will destroy
much of the marsh landscape protected at the park
including the mangrove zones, mud ridges and other
coastal features, which normally buffer the freshwater
wetlands from marine inundation.

Mangrove zones and buttonwood ridges skirt the
southern Florida coast where oscillating fresh and saline
water conditions dominate. Here red (Rhizophora
mangle), black (Avicennia germinans), and white
mangroves (Laguncularia racemosa) thrive. In a sense,
these zones define the water level and anchor shorelines.
They form a buffering zone between the open waters of
the coast and the freshwater uplands and wetlands. They
also provide a nursery for shrimp and fish, and vital
nutrients as well as shelter and nesting areas for open-
water predators and several species of birds (SFWMD
2002). A baseline needs to be established regarding sea
level rise to determine its effect on the mangrove areas.
Detailed topographic data would help manage this
resource.

In Florida Bay, sea level rise is 23 cm (9 in) in 70 years of
recorded measurements. The Florida Bay is covered by
an extensive system of supra- and subtidal carbonate
mud banks, seagrass beds, coastal marl ridges, coastal
carbonate mud ridges, mangrove peat deposits, and
mollusk deposits. The bay stretches from the southern
coast of Florida to the Florida Keys island reef tract over
an area of 2,850 km? (1,100 mi%) (NOAA 2006). This
environment is incredibly dynamic and unique. The
features in the bay are strongly related to minute changes
in elevation. Environments within the bay can change
within centimeters of topographic relief. Understanding
the movement of water around Florida Bay and what
buttressing effect, if any, the mud and marl ridges have
on water flow patterns is essential for resource
management. Many of the freshwater marshes behind
the ridges are changing to super saline marine lagoons
because of sea level rise.

Given the topographic control on the distribution of the
various environments in Florida Bay and the coverage of
mapping at the park, normal surficial maps are not
sufficient for complex management decisions at the
Everglades. An interdisciplinary approach to mapping is
critical to producing a useful product for resource
management. Anthropogenic, supratidal, intertidal,
subtidal, and coastal features would all be helpful. This
holistic ecosystem approach integrates biological,
physical, cultural, and oceanographic parameters. Lidar
surveys in addition to satellite imagery, multibeam
mapping, bathymetry data, water quality and circulation,



shoreline change data, pre- and post-storm comparisons,
oceanographic data (waves, tides, currents, turbidity,
temperature salinity, sediment transport patterns, coral
larvae and other species distributions), etc. are essential
for resource management at Everglades National Park.

Sea level rise is also causing beach erosion near Cape
Sable and Lake Ingraham. Increases in turbidity and
changing currents with rising seas are causing large
seagrass dieoffs and increased carbonate material
suspension.

Inventory, Monitoring, and Research Suggestions for Near
Coastal Response to Sea Level Rise

¢ Quantitatively correlate the relationship between
coastal marl and carbonate mud ridges and the
buttonwood distribution using new mapping and GIS.

¢ Determine the minimum mapping unit for Florida Bay
relevant to resource management.

¢ Using new topographic mapping and current data,
determine the flow dynamics (especially related to
salinity patterns) in the bay.

e Research potential remediation procedures for the
hypersaline environments in the central portion of
Florida Bay.

e Research potential methods to protect the subaerial
habitat in the coastal areas from rising sea level.

¢ Continue monitoring the local rate of sea level rise.

e Using storm surge data and information, model
buttonwood and mangrove zone response to rising
seas.

e Monitor and measure the relationship between water
level flux and elevations to determine an
exposure/submergence index (i.e. 100% of the time
exposed versus 0% of the time exposed).

¢ Establish the height of buttonwood ridges and
correlate this spatially with their distribution.

e Identify the minimum mapping unit for buttonwood
ridge and mangrove zone topographic mapping.

e Perform fine-scale topographic mapping of the
southern coastal areas to monitor and predict
ecosystem response to fluctuating water levels and
freshwater vs. saline water input.

Atmospheric Deposition of African Dust

Fine dust has been blowing across the Atlantic Ocean
and deposited in south Florida for thousands of years.
The dust is an aggregate of clay and quartz particles
cemented with iron oxides (Holmes and Miller 2004).
This dust is derived from the deserts, dry lake and
streambeds, and plains of Africa. Paleosols and reddish
(oxidized) layers atop the Miami Limestone attest to
these airborne inputs (fig. 4). The process continues
today, but human occupation and modern development
on the African continent has introduced nutrients,
elements, microbes, pesticides, soot, organics, bacteria,
viruses, and other contaminants to the dust.

Microbes and bacteria in the dust could pose biological
threats to plant and animal species, not to mention

humans. The fine dust diminishes air and water visibility.
A peak of dust fall in the 1980s coincided with a sea
urchin disease and other benthic die-offs in south
Florida. Lead, arsenic, phosphate, copper, iron, and
mercury concentrations in the surface sediments in the
middle of Florida Bay are highest in low tidal flux areas.
Toxic concentrations may be liberated to exposure
during high tide, hurricane, and other storm surge
events. Mercury, arsenic and other metals are
significantly higher in samples collected throughout
south Florida than average crustal rocks. African dust
supplies close to 25% of the arsenic deposited in soils in
the southeastern United States (Holmes and Miller
2004). Awareness of this potential issue may help
resource management anticipate environmental response
to the contaminants in airborne dust.

Inventory, Monitoring, and Research Suggestions for
Atmospheric Deposition of African Dust

e Expand and utilize the many 9.1 m (30 ft) monitoring
wells in Florida Bay to identify and measure
contaminant concentrations in dust, monitor rate of
dust deposition, etc. (Gene Shinn, personal
communication 2005).

o Spatially monitor dust levels and study potential
correlations with environmental responses such as
hypersalinity and dieoffs.

Miscellaneous Issues and General Geologic Research
Potential

Major ongoing research and restoration efforts

Everglades National Park has been the site of intense
scientific interest and ecosystem restoration efforts for
decades. Multiple research studies are ongoing. A wealth
of information exists on the ecosystem at the park and a
major multi-agency effort is underway with the goals of
understanding the controls on this ecosystem,
determining the best ways to restore it, and finding ways
for humans to coexist with the natural Everglades.
Agencies such as the National Park Service, the U.S.
Geological Survey, the National Oceanic and
Atmospheric Administration, the U.S. Army Corps of
Engineers, the Florida Geological Survey, and the South
Florida Water Management District among many others
are making strides to accomplish these goals.

Useful resources for up-to-date information on research
and restoration efforts for Everglades National Park
include the South Florida Water Management District’s
Living Everglades website
(http://glades.sfwmd.gov/empact/home/index.shtml),
the website for the Comprehensive Everglades
Restoration Plan (CERP)
(http://fl.water.usgs.gov/CERP/cerp.html), and the U.S.
Geological Survey’s South Florida Information Access
(SOFIA) integrated science website
(http://sofia.usgs.gov/).

Paleoclimates

Cores from Florida and Biscayne Bays, and numerous
sloughs in the park contain peat and pollen which can
serve as representative indicators of past climates.
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Pleistocene and Holocene climatic shifts are relevant to
establish baseline data for future predictions and to
interpret modern patterns. Increasing the spatial density
of cores would improve efforts to determine the
temporal relationships of climate shifts and to make
accurate interpolations between points for recreating
past landscapes.

Bioturbation, agriculture, quarrying, and other ground
disturbances (e.g., railroad infill effects) distort the
subsurface features. More unconsolidated sediment core
studies would increase coverage and understanding of
paleoclimates at the Everglades. Further identification of
pollen species is vital to this goal.

Archaeological Sites

There are several sites, approximately 12,000 years old,
along ancient coastlines and within hardwood
hammocks and tree islands that contain artifacts from
local indigenous populations. Artifacts include pottery
fragments, tools made of material obtained through
trading with northern indigenous groups, and other
implements. Mapping and/or reconstructing these sites

would add to the cultural value of the park. An
interesting interpretive story may describe how people
lived in this wetland environment before roads, trails and
other facilities were in place. These studies may
additionally help reconstruct the location and pattern of
change of the paleoshoreline in the Ten Thousand Lakes,
and Cape Sable areas.

“Lake Belt” Management

The term “Lake Belt” refers to a series of quarries near
the park. These features are intended to supply water to
the park as part of a restoration effort. There is some
concern about how these features are affecting
groundwater movement. Some USGS monitoring wells
are located near levees, but more wells would increase
understanding of the local hydrogeologic system.

Local agriculture introduces sulphates, phosphorus, and
other contaminants into the groundwater near these
lakes that, given the permeable, conduit-rich bedrock,
could easily contaminate the water in the quarries and
affect the ecosystem of the park.

Figure 3: Trench dug through surficial geologic units near Rock Reef Pass at Everglades National Park. Photograph is by Trista L.
Thornberry-Ehrlich (Colorado State University).

10 NPS Geologic Resources Division



Figure 4: Reddish layer of African dust deposition in bedrock at Elliot Key of nearby Biscayne National Park. Photograph by Trista L.
Thornberry-Ehrlich (Colorado State University).
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Geologic Features and Processes

This section describes the most prominent and distinctive geologic features and processes

in Everglades National Park.

Karst Landscape

Karstic landforms are nearly synonymous with south
Florida. Karst is a term that refers to a characteristic
terrain produced by the chemical erosion of limestone or
dolomite (carbonate rocks). Dissolution occurs when
acidic meteoric water and groundwater undersaturated
with respect to calcium carbonate react with carbonate
rock surfaces along cracks and fractures slowly
dissolving the rocks. Most meteoric water is of relatively
low pH in the form of acid rain and becomes more acidic
as it flows through decaying plant debris and soils (FGS
2005). Most of the limestones and dolomites in the
Everglades are inherently porous.

At Everglades National Park, the dominant surficial
geologic units include the Miami Limestone and the
underlying shallow water limestone of the Fort
Thompson Formation. These units comprise the
uppermost 17 m of cored section in the Everglades. The
Miami Limestone is ~125 — 130 thousand years old and
contains two facies, the oolitic facies and the bryozoan
facies, which intermingle in most of the outcrops at
Everglades National Park (Cunningham 2005). These
carbonate units are susceptible to dissolution.

Over hundreds of thousands of years since the last
significant interglacial period led to the flooding of the
Florida platform (approximately 130 thousand years
ago), dissolution has occurred between the intergranular
pores and along fractures altering the rock and creating
larger and larger voids (fig. 5). The system of
underground voids and conduits in south Florida is
extensive. Collapse of overlying rock and soil into a void
produces a solution hole (also referred to as a sinkhole),
which may be connected to an underground conduit (fig.
6). If the solution hole occurs in a streambed, it may
capture the water flow creating a disappearing stream.
When groundwater, under hydraulic pressure,
discharges from an underground drainage system, a
spring is formed (FGS 2005).

Solution holes are an obvious element of the karst
topography at the park. Large solution holes formed in
the Miami Limestone when sea level and the water table
were lower than present levels. As sea level has increased
during the Holocene (a trend that continues in south
Florida), many of the lower elevation solution holes have
filled with organic material and marl. As organic material
continues to decay, lowering the pH of the groundwater
with inputs of carbonic acid, further dissolution of the
near surface limestones continues at Everglades National
Park. Many of the larger solution holes found in the
pinelands are likely due to the collapse of small
subsurface caves (fig. 6) (Cunningham 2005). Open
cavities or threat of future collapse may compromise
visitor safety; however, they are a vital component to the
ecosystem providing essential habitat for fish and other
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wildlife especially during the dry winter months at
Everglades National Park. Solution holes often fill with
peat and other organic material that support larger tree
species. If build up of peat continues, in time, a tree
island or hardwood hammock may develop.

Solution holes (approximately 50) occur throughout the
park (especially in the eastern half) and need to be
systematically located, mapped, and described in terms
of distribution, depth, interconnectedness, and other
characteristics for resource management decision
making. It is unknown how these solution holes impact
the hydrogeologic regime including retention time,
hydraulic head, and water storage. Potential data sources
include aerial photography and field surveys. Continued
research would be necessary to determine the degree of
active dissolution, and the connectivity between
subsurface conduits.

Borrow pits and canals intersect the permeable geologic
units in many locations of the park, affecting local water
flow (fig. 3). A hydrogeologic model detailing how water
flows in the park with respect to karst features and
artificial features such as canals and ditches would be a
valuable resource management tool.

Florida Bay

Simply defined, Florida Bay is a shallow inner-shelf
lagoon located between the mainland and the Florida
Keys island reef tract. It is the southern terminus of the
south Florida watershed. However, Florida Bay is
anything but simple. Freshwater, flowing from the
Everglades, mixes with salt water from the Gulf of
Mexico in this shallow basin forming a vast estuary. The
bay is approximately 2,850 km? (1,100 mi?) of mangrove
islands and peat deposits, interconnected basins, grassy
supra- and subtidal carbonate mud banks, mud-mounds,
coastal marl and carbonate mud ridges, and open shallow
water. The average water depth of the bay is only 1 m (3
ft); thus the features in the bay and the corresponding
ecosystem are strongly related to minute changes in
elevation on the order of centimeters of relief (FLMNH
2006; NOAA 2006)

A bottom type survey of Florida Bay was conducted by
the U.S. Geological Survey in 1996-1997. The bottom
types surveyed did not include mangrove islands. Bottom
types were primarily defined on the basis of seagrass
density and sediment texture as well as overall structure.
Bottom types included bank top suite, open mud,
hardbottom, sparse seagrass cover, intermediate seagrass
cover, dense seagrass cover, mixed bottom suite, and
open sandy areas (fig. 7) (Prager and Halley 1997). Bank
top suite refers to bottom types including mud banks at
depths typically less than 0.6 m (2 ft) dominated by
carbonate mud, sand, and locally, gravel in a series of
linear sedimentary facies (Bosence 1995; Prager and



Halley 1997). Open mud is used to describe areas where
little to no seagrass cover (or other benthic fauna except
algal mats) is present. These may be areas of former
seagrass dieoff (Prager and Halley 1997).

Hardbottom is the term used to describe areas with little
to no benthic fauna cover as in open mud; however,
unconsolidated sediment thickness in hardbottom is 5
cm (2 in) or less. Sparse to dense seagrass cover refers to
areas in which 50 to 100% of the bottom is exposed.
Penincilus, Batophora, and scattered sponges occur in
these areas. Sediments are muddy carbonate sands, sandy
mud, or sand and are often up to 2 m (6 ft) thick. Seagrass
tends to trap sediments in these areas. Mixed bottom
suite as the name suggests, describes highly variable
bottom areas. Variations in sea grass density, open mud
areas, and sediment type are spatially extreme. Open
sandy areas generally occur in the boundary areas
between the Gulf of Mexico and Florida Bay. No
significant life is present in these areas of coarse shelly
carbonate sands (Prager and Halley 1997).

Much study has been devoted to understanding the
origin and anatomy of biodetrital mud-mounds. Early
study suggested these features were biogenic structures
formed by trapping and binding of algal aragonitic mud.
Later research indicated the mud was both calcite and
aragonite derived from the in situ breakdown of shell
material in the bay. Current studies indicate these
mounds initiate as aggradational grass-bed deposits and
packstones, which are overlain with layered mudstones
and erosional (winnowed) surfaces. Wind-driven (storm)
currents flow from the northeast to the southwest
scouring winnowed grainstones and mud-pebble
conglomerates from the mounds to deposit on the
leeward side. Currents from the southeast represent fair-
weather flow. Thus, the morphology and distribution of
the mounds and other depositional features in Florida
Bay are a complex response to storm influenced physical
erosion and redeposition of sediments and fair-weather
biogenic and physical deposition processes (Bosence
1995).

South Florida has predominantly been a site of carbonate
accumulation since the Mesozoic Era. These sediments
are thousands of meters thick. Beneath the Florida Bay
lime muds accumulated and slowly turned to rock
forming Pleistocene-age limestones. Much of this mud is
biogenic and forms slowly. Other deposits within Florida
bay come from the breaking down of shell material and
storm driven deposition (Shinn et al. 1997).

Understanding landscape evolution during late
Holocene sea level rise (a 23 cm [9 in] rise in sea level in
70 years) may prove critical to predicting future response
to sea level changes. Because Florida Bay is such a broad,
shallow basin, even moderate sea level rise is expected to
have significant impacts to the biota and environments
found there. This response is poorly understood and
change is occurring at alarming rates. Many of the
freshwater marshes behind the mud ridges are changing
to super saline marine lagoons as less freshwater (50%
reduction over the past century) infiltrates the bay from
the northern watershed (FLNHM 2006). As sea level

rises, many of the low-lying mangrove forest areas may
be flooded. Florida Bay has experienced seagrass die-
offs, algal blooms, and declining populations in
indigenous sponges, shellfish, and other species
(Brewster-Wingard 2001). How these symptoms relate to
sea level rise and human activities is a significant
question for future research at Everglades National Park.

Tree Islands, Hardwood Hammocks, and Rock Ridges
Tree islands and larger hardwood hammocks are unique
and prevalent features at Everglades National Park. Their
elevated forests dot the sawgrass prairies throughout the
park. Bay heads, precursors to hammocks, are tree
islands dominated by broad-leaved, evergreen and
swamp hardwood species. These areas exist on high peat
benches above the surrounding marsh and often develop
at solution holes or relative depressions in the solid
bedrock. Peat and other organic material accumulate in
the depression and nurture the development of larger
trees and forests. Peat continues to accumulate until a
topographic high is created (fig. 8). If this peat creation
continues without loss to fires, hardwood hammocks
ultimately develop.

Hardwood Hammocks are a climax community of dense
vegetation developed in a long-standing absence of fire.
The presence of deeper water and/or high humidity
dense vegetation shelters the hammocks from fire danger
whereas temperature and salinity changes may limit the
development of hardwood hammocks (McPherson et al.
1976). At Everglades National Park, the hammock areas
contain some of the rarest and most unusual plant and
animal species. Over 100 species of trees and shrubs
occur, ranging from red maple and laurel oak trees in the
lower hammock areas to live oak and cabbage palm in
high parts of the northern hammock areas. To the south,
tropical species such as strangler fig, wild tamarind,
pigeon plumb, gumbo limbo, poisonwood, coco plum,
redbay, and other broad-leaved tropical trees and shrubs
dominate the hammocks (McPherson et al. 1976).

The existence and origin of hammocks is dependent
upon the underlying geology and geologic processes.
Hammock development depends upon having land
slightly higher than that of the surrounding marshes and
prairies. This higher land supported ancient human
occupations as evidenced by pottery fragments, metal
containers, and planted exotic species. In south Florida,
this elevation difference is usually less than a meter.
Hammock development is slow because organic material
must build up over many years to create a topographic
high (McPherson et al. 1976). Bedrock units may provide
a source of phosphorous for the hardwood forests of
hammocks, tree islands, and rock ridges, described
below. Hydrogeochemical studies are necessary to
identify or quantify this relationship.

Spatially, tree islands and hardwood hammocks are
oriented in linear trends. The islands and hammocks may
be located in bedrock highs or lows. Some believe they
develop in peat depressions caused by organic
deposition into solution holes, or perhaps on a laminated
duracrust formed by phosphorus from evaporites pulled
up by the trees in the groundwater.
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Locally referred to as rock reefs, rock ridges, such as that
at Rock Reef Pass, are subtle, enigmatic linear features on
the Everglades landscape. There are approximately 20
rock ridges in south Florida most of which are oriented
perpendicular to the prevailing direction of water flow
(Hickey personal communication 2005). These ridges
trend northwest-southeast and are typically 10-20 km
(6-12 mi) long and usually less than 100 m (330 ft) wide.
The amount of relief associated with these ridges is small,
approximately 0.9-1.5 m (3-5 ft). However, topographic
relief is significant in south Florida on the scale of
centimeters and the vegetation changes across these
ridges and makes them appear more pronounced (fig. 7).
The elevated ridges slow the southward flow of surface
water, ponding water on their northern sides, and are
responsible for significant changes in vegetation on
either side of the ridge axis. These features, eight of
which are named on USGS topographic maps, are
especially evident on aerial photographs of the
Everglades (Hickey 2005).

Many theories abound regarding the existence of these
features. They may be paleoshores, results of Pleistocene
wrench faulting, developed fractures, concentrations of
shells in oolite, paleo mudbanks, or the result of
differential compaction and fracturing. The uniqueness
of these environments makes understanding the origin
and nature of their existence important to resource
management at Everglades National Park. Studies such
as rotary core drilling, well monitoring (for groundwater
geochemistry), and subsurface ground penetrating radar
surveys (to determine subsurface geologic structures)
may shed light on the origin and distribution of these
features as well as provide more information about their
effects on the hydrogeologic system at Everglades
National Park (Hickey 2005).

Hydrogeology

As peat and marl were deposited in a karstic limestone
depression during the past 5,000 years, an extensive
subtropical wetland ecosystem developed into the
current Florida Everglades (Bruno et al. 2003). Until the
late 1800s, interconnected wetlands covered
approximately 8.9 million acres of south Florida. Of this
expanse, over 4 million acres were known as the “River
of Grass”—the Everglades. Perhaps the most critical
feature of this ecosystem was the gently sloping
landscape and its large capacity of long-term water
storage. The water flowed very slowly through the
system, buffering extreme changes caused by droughts
and floods. Understanding this system means
understanding the relationship between geology and
water flow (FDEP 2005).

Hydrogeology refers to the study of groundwater
movement with specific emphasis on its relation to the
surrounding geology, modes of movement, and water
chemistry (FGS 2005). This study is multifaceted and
interdisciplinary combining hydrology, geology,
chemistry, physics, biology, mathematics (modeling), and
engineering to understand the characteristics of
groundwater movement in the complex subsurface.
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Groundwater is the most available source of potable
water in south Florida. Water-bearing rocks at
Everglades National Park include carbonate limestone
and dolostone (a rock rich in dolomite). As described
above in the karst description, these rocks are heavily
dissolved in the subsurface and are highly permeable.
Permeability refers to the degree to which water is able to
flow freely through a rock (FGS 2005).

When groundwater collects in subsurface zones, it is
referred to as an aquifer. A viable aquifer typically yields
water in sufficient quantities to support human activities
such as agriculture and domestic use. Aquifers are
classified as unconfined, semi-confined, or confined
based on the physical parameters by which the water is
contained in the aquifer. Unconfined aquifers are
defined as having the general water table as an upper
boundary. These are open to meteoric water filtering
through the soil and subsurface and are thus susceptible
to pollution from agricultural and domestic use.

A confined aquifer is any water bearing layer that is
sandwiched between two aquitards. An aquitard is a
layer of rock that is so impermeable it cannot transmit
useful amounts of groundwater (IGS 2006). Semi-
confined aquifers share characteristics of confined and
unconfined aquifers that vary spatially.

The Florida aquifer system contains all three types of
aquifers described above. This system underlies all of
Florida and is the main source of water for most human
use (FGS 2005). This system resides at different
stratigraphic levels below the surface. The unconfined
Biscayne aquifer, prominent in the Everglades, is
comprised of karstic Pleistocene platform carbonates of
the Miami Limestone and Fort Thompson Formation
(fig. 9) (Cunningham 2004a; Cunningham 2004b)). The
high porosity and permeability of these units allows
considerable exchange between surface and ground
waters (Bruno et al. 2003). Over portions of south
Florida, a cap rock cover on the porous limestone exerts
control on the surface flow of water and its subsequent
infiltration into the groundwater. Cap rock, bedrock
structures (pinnacles) and dissolution features such as
solution cavities, buried sinkholes, and conduit networks
create significant issues for hydrogeologic modeling at
the Everglades (Kruse et al. 2000).

With the recent funding of the Comprehensive
Everglades Restoration Plan (CERP), innovative and vital
research and studies are underway to understand the
changes in the natural habitats of the Everglades asa
result of human activities. CERP intends to restore
natural patterns of water flow and all data related to the
hydrogeologic system at Everglades National Park is
critical to this goal. This cooperative effort is multi-
agency with involvement from the National Park Service,
National Oceanic and Atmospheric Association, U.S.
Geological Survey, Florida Department of
Environmental Protection, South Florida Water
Management District, U.S. Army Corps of Engineers,
Florida Geologic Survey, South Florida Natural
Resources Center, Florida International University, etc.
(Loftus et al. 2001; SFWMD 2002).



Rainwater and
groundwater percolate
through underground
fissures, dissolving
carbonate minerals and
creating wider cavities
and conduits.

Conduits continue to
widen, creating an
underground network
of cavities.

Rocks above cavities

and voids collapse to form
dissolution holes and
sinkholes. Lakes and
rivers may disappear
underground.

Dissolution holes begin
to accumulate peat and
organic material, which

support cypress
and willow.

Mixed swamp forest

succeeds cypress

and willow, eventually resulting
in more accumlation of peat and
creating a topographic high that
will support the hardwood
hammock climax forest.

Figure 5: Development of a karst landscape from early dissolution of bedrock to the ultimate formation of a hardwood hammock in the
Everglades. Graphic is by Trista L. Thornberry-Ehrlich (Colorado State University).
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Figure 6: Solution holes formed by collapse of uppermost rock layer in Everglades National Park. Photographs by Trista L. Thornberry-
Ehrlich (Colorado State University).
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