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About the Keys
Processes I

The interaction of numerous and diverse geologic processes over time has sculpted 
the asymmetric geomorphologies, limestones, and sedimentary environments of the 
modern Florida Keys. The primary controls on reef distribution and all developmen-
tal phases and features of those depositional carbonates were antecedent topography 
and a fluctuating sea level. Though our focus is on the relatively thin topmost strata 
(layers) and the most recent part of geologic history—the last 125,000 years, which 
include the later part of the Pleistocene and the Holocene epochs (table i.2)—depo-
sition in much earlier geologic times resulted in thicker underpinnings. The entire 
Pleistocene limestone buildup over a 2.6-million-year period is little more than 200 
feet (61 meters) thick; the buildup is thickest under the lower Keys and about half as 
thick under the upper Keys. Below Pleistocene accumulations lies a much thicker 
Tertiary sequence (table i.2), which in turn rests on thick Cretaceous limestone, de-
posited during the time of the dinosaurs and accretion of the organic materials that 
produced the oil-bearing formation at Sunniland. These older rock units deep below 
Florida and the Keys are also beyond the scope of this book. Again see Hine (2013) 
for details about these rocks. The younger Pleistocene and Holocene coral reefs, lime 
sands, and smelly muds of the Florida Keys serve as a natural environmental (bio-
logical and geological) laboratory and attract the attention of biologists, geologists, 
and their students from around the world.
 Following discussions of the various Holocene sedimentary processes, spiced with 
anecdotal stories, facts, and references to previous research, we provide comprehen-
sive maps of the area. The maps are the fruits of extensive research conducted by early 
workers and most recently by the U.S. Geological Survey (USGS) and others. Over 
the years, starting in the 1950s, geologists began their pilgrimages to the Keys, often 
as part of organized water-based field trips. Those classic field trips involved slither-
ing and slogging through smelly mud, slapping mosquitoes, and finally swimming 
and snorkeling over incredibly beautiful coral reefs. Because of our long history as 12
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trip leaders, we provide details and tips on where to go and what to see, in essence 
a “virtual field trip.” We concentrate mainly on “processes” to help put the resultant 
geology in better context. This virtual trip, based on many years of such field excur-
sions, incorporates contrasting sedimentary processes and environments over a typi-
cal 3- to 5-day period. Our virtual trip is suitable for students and professionals, as 
well as for interested laypeople and naturalists. The reader may then decide to take an 
actual field trip based on what is presented here. Toward the end of the book, we out-
line a typical 3-day field trip for those who want the hands-on experience. Be advised, 
however, that this field of scientific knowledge is itself an ongoing evolving process. 
Many interpretations of sedimentary processes presented here may be revised by the 
results of future research. Before we begin, let’s start with some basic information 
about the limestone that forms the Florida Keys and underlies the offshore sediments 
and reefs.

Corals, Sand Bars, Limestone, and an Impatient Sea

The middle and upper Keys as viewed on maps, satellite images, or from an automo-
bile negotiating traffic on Highway US 1 have a distinctive slightly arcuate northeast-
to-southwest profile. These Keys were a living and growing coral reef eventually en-
tombed in reef sand when sea level was 20+ feet (6+ meters) above present (fig. 1.1). 
Orientation of the lower Keys, however, is clearly different (see figs. i.1, i.6). Begin-
ning at Big Pine Key and extending on to Key West, the highway curves ever more 
westward, terminating in Key West. Unlike the more linear Keys to the north, the 
lower Keys were not coral reefs. They were sandbars sculpted by north-south–trend-
ing currents and composed of spherical sand grains called ooids. 

Ooids and Oolite

Like small pearls, ooids are pinhead-size concretions of precipitated aragonite, the 
mineral form of calcium carbonate (generally called limestone) that forms mainly in 
seawater. The majority of limestone on Earth, however, is composed of calcite. Given 
geologic time, aragonite converts to calcite, especially when exposed to freshwater. 
Ooids (fig. 1.2) form around a nucleus grain rolling and tumbling in clear current-
swept waters supersaturated with calcium ions (Ca+2) and carbonate ions (Co3

–2). 
When combined, these ions form calcium carbonate (CaCO3). The currents that 
shaped these sandbars were also responsible for creation of the ooids of which the 
bars are composed. As with most warm tropical seas, supersaturation and agitation 
induce calcium carbonate to precipitate. Rolling while precipitating on a nucleus ac-
counts for the spherical egg-shape form—hence the name “ooid.” Ooids were once 
thought to be fossilized fish eggs, which they closely resemble. We are in fact dealing 



Figure 1.1. Normalized and smoothed marine δ18O record for the past 150,000 years from 
Imbrie et al. (1984) with select data from south Florida added. The record reflects changes 
in sea level in response to waxing and waning of continental ice sheets during glacial/inter-
glacial cycles. Closely spaced tick marks at bottom represent 1,000-year (1-ka) increments. 
Approximate durations of substages within Stage 5 are, in thousands of years: 5e (127–116 ka), 
5d (116–108 ka), 5c (108–96 ka), 5b (96–86 ka), and 5a (86–75 ka). Bold horizontal line represents 
present depth (131 feet, ~40 meters) of upper-slope terrace as based on actual depths (69 and 
102 feet, 21 and 31 meters) of corals flanking a large gap in the depositional record. Those cor-
als have thousand-year radiometric ages of 77.8 ka (Multer et al., 2002) and 9.6 ka (Mallinson 
et al., 2003) and bracket a period of prolonged exposure. All data, including coral and calcrete 
ages, point to subaerial exposure of the outer Florida shelf (for 68,000 years, ~68 ka) and the 
Florida Keys and mainland (for ~115,000 years, ~115 ka) between isotope Substage 5a and the 
Holocene.
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with what can be called a chicken-or-egg situation. The creation of tidal bars in-
creases current velocity around them, which favors formation of ooids that in turn 
build the bars, thus further increasing tidal velocity—and so on. Ooid grains may 
range in size from 125 micrometers (μm) in diameter (smaller than a pinhead) up 
to 1 millimeter (mm) or more (the diameter of pencil lead). Size is controlled both 
by water chemistry and agitation. Thus, the grains stop rolling and tumbling with 
increasing size or are put out of circulation when buried under newly formed ooids. 
 Water currents tend to sort the grains into uniform sizes and to form distinct 
layers. The layer sets are composed of alternating accumulations of uniformly sized 
grains sandwiched between layers with different-size grains. Such layers are seldom 
horizontal but are inclined at angles determined by current direction. The layers form 
on the face of ripples and sand waves as the sand bodies migrate across the bottom. 
While some layer sets may tilt one way, adjacent layers may angle in the opposite 
direction (fig. 1.3A-D). These distinctly dipping strata are called cross beds, and their 
presence is a sure sign of reversing tidal currents. Cross-bedded oolitic limestone can 
be observed in ditches and artificial canals on most of the lower Keys. Cross bedding 
has been forming somewhere on Earth for many millions (and billions) of years. The 
next question is, how do these egg-shaped grains become rock? 

Figure 1.2. 
Photomicro-
graph (plain 
light) shows 
modern ooids 
from the 
Bahamas. The 
Bahamas and 
Caicos are the 
only places in 
the Atlantic 
where ooids 
are forming 
today.


