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INTRODUCTION
Marc V. Hurst, P.G. and Andrew Lawn, M.S., P.G.
Independent Geological Services, Inc. and HSW Engineering, Inc.

Florida is internationally famous for its white sand beaches. Unfortunately, very few of the state's
sand deposits are suitable for commercial applications. They are generally too well sorted and too
fine grained. Our state is equally famous for its phenomenal rate of development. In the last century
Florida's resident population has exploded by a factor of 25, to more than 18 million. In addition,
more than 80 million persons visit Florida every year. The vast infrastructure requirements for
accommodations for our visitors and residents has fueled a lively aggregate industry. After all,
buildings, roads, and bridges are just cleverly-shaped piles of aggregate, held together by minimal
proportions of cement and steel. When a new building rises from the ground, an excavation must
be made somewhere else to supply the raw materials.
“The Ridge” area that we will visit on this field trip was virtually uninhabited until the mid-1800's.
The first land surveys were made as railroads were built and the regions forest resources were
exploited, primarily for naval stores. Railroads made the region more readily accessible. Extensive
citrus and cattle industries developed. By the early 1900's a tourist industry had begun to develop.
The early hotels and resorts that were built along the path of the South Florida Railroad through
Davenport, Haines City, and Lake Wales were precursors of the region's modern tourist industry.
Small sand mines had begun to operate in the area by the 1940's. However, large-scale sand mining
did not begin until the early 1960's, when Interstate-4 was built. The demand for large volumes of
high quality sand for construction of concrete pavement kick-started large-scale sand production
in the region. The completed highway was the basis of a new transportation and development
corridor that brought a sustained demand for high quality sand products. New markets for sand
were opened when construction of Walt Disney World, and related projects, began in the late
1960's. Suddenly, a region that had been almost vacant, except for orange groves and cattle
ranches, became a very desirable place to visit, or to inhabit. The rate of tourist and residential
development in Central Florida exploded.
Large-scale residential development in the field trip area did not begin until the early 1990's. Since
then, the once-rural Ridge Area's population has mushroomed. And so has the sand industry.
Deposits of suitably pure silica sand, with a variety of grain sizes, including the coarse size
fractions that are so rare in most of the state, are found almost exclusively along a relatively narrow
North-South oriented zone that follows the center of the Florida Peninsula. The trend consists of a
series of linear ridges, composed of relatively-ancient coastal marine sediments. They are not
drastically different from the tourist-coveted beaches of of the current coast line, except that they
have been uplifted to elevations almost of 300 feet above sea level and subjected to intense
subaerial weathering.
The sand found in the Central Florida Sand Mining District had a long and complicated history.
Interestingly, like our tourist visitors, the sand is not native to Florida. It traveled here from the
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distant metamorphic terrains of neighboring states.
The high quality of the sand is owed at least partially to its long journey south into Florida. Along
the way it was subjected to a degree of physical and chemical attrition that designers of modern
beneficiation plants can only dream of. As the sands were transported to Central Florida, numerous
cycles of reworking in the marine environment classified and concentrated the sand grains. Only
the physically strongest grains survived.
Subaerial weathering further purified the sand deposits after they were deposited. Many of the
chemical impurities of the marine environment that are undesirable for commercial sand
applications, including carbonates, alkalis, and organic constituents, are more soluble than quartz.
Over a period of time, they were leached away. Only the most chemically-stable grains survived.
The resulting deposits are chemical residuums, composed almost exclusively of silica.
A variety of methods have been used to mine sand in Central Florida. Schematic cross sections of
four methods are shown in Figure 1. In the simplest case, shown in Figure 1A, mining is restricted
to depths shallower than the water table. In some of the highest ridge areas, where water tables are
very deep, there is no need to handle water; percolation rates of the sand deposits typically exceed
rates of rainfall.
Most Central Florida sand mines are relatively deep. Thicknesses of typical deposits range from
50 to 70 feet. And most of the area's sand mines are located in areas where water tables are
relatively shallow. Dewatering, illustrated schematically in Figure 1B, is required to mine at depths
below the water table with conventional wheel, or track, mounted equipment. The deposits
generally are characterized by very large hydraulic conductivities. At greater mining depths, rates
of seepage into pits may be so large that complete dewatering, shown in Figure 1B, is not practical.
Dredging is a more useful method for mining most of Central Florida's sand deposits. Before
environmental regulations were applied to sand mines, dredge mines like the one shown in Figure
1C were common. Mine and process water was used once, and simply discarded. At the time, the
mining areas were very remote; and there were few neighbors to complain about releases of turbid
water. The primitive dredges in use at the time were limited to relatively shallow mining depths.
So dredge pumps served two purposes, mining and dewatering. Pit water levels were drawn down
as low as possible, to maximize mining depths. Relatively little clear water was available in the
mine pits to use for sand processing. Many mines required large production wells, called “make
up” wells, to supply additional clear water, from deeper aquifers, for sand processing.

2

Southeastern Geological Society Guidebook No. 70, February 25, 2017

A variety of environmental liabilities can result from use of mining methods that depend upon
dewatering, like those illustrated in Figures 1B and 1C. Removal of water from the mine pits draws
down adjacent water table elevations, which may adversely affect nearby environmental features,
like wetlands. Disposal of the water that is withdrawn from the mine pits can be problematic.
Suspended solids are detrimental to the biota of natural surface water systems; so the water must
be treated before disposal. And hydraulic aspects of disposal must be handled carefully, to prevent
unwanted flooding. Drawdown in confined aquifers, resulting from withdrawal of make-up water
from deep wells, may affect water supplies over great distances.
In Florida, water and environmental regulations are strictly enforced. Virtually all of the
environmental liabilities discussed in the paragraph above can be easily avoided by recycling mine
and process water. Modern dredges are designed for suction from much greater depths; so there is
no need to maintain low pit water levels. Figure 1D shows how process water can be recycled in a
closed-loop, to virtually eliminate water table drawdown. By treating and reusing process water
there is no need for off-site discharges, and no need to withdraw make-up water from deep aquifers.
Closed-loop hydraulic dredging is the most commonly used method of mining sand in Central
Florida. In a typical operation, raw sand is mined hydraulically and transported, in slurry form, to
plants where additional water, withdrawn from the mine, is used to wash and size the products.
Finished sand products are stacked to dry by gravity drainage. Wastewater, fine-grained tailings
materials, and drainage from the stockpiles are returned to mined-out parts of pits for disposal.
Recirculation of process water is an industry standard in Central Florida's sand mining industry.
Although it may appear to laymen that large volumes of water are used for sand mining and
processing, it is more accurate to state that sand mines recycle water at large rates. Very little water
is lost from modern closed-loop dredge mines. Interestingly, the largest losses of water are not at
all related to pumping. They result from evaporation. The hot Florida sun that tourists crave when
they visit our beaches, causes water to evaporate from open water bodies, including sand mine
lakes, at rates that exceed rainfall.
On this field trip we will visit dry mines, like the illustration in Figure 1A, and closed-loop dredge
mines, shown schematically in Figure 1D. The other mining methods are not currently used by
Central Florida's sand mining industry. A few years ago, SEGS hosted a sand mine field trip (see
guidebook #50) where we visited:
1) the Jahna Haines City Mine, a typical closed-loop dredge mine. Wink Winkler and Kirk Davis
described mining methods and shallow stratigraphy of the facility and lead a tour of the v-box
processing plant. We examined a reclaimed pit slope, where interesting sedimentary structures and
in-situ fulgurites were collected;
2) C.C. Calhoun's Pit #1, a relatively deep dry excavation where no dewatering is required. Thick
exposures of Plio-Pleistocene sediments were visible. Kendall Fountain gave an overview of the
depositional and facies characteristics of the Cypresshead Formation. Marc Hurst presented an
interpretation of jointing in Northern Polk County and Pete Adams presented the hypothesis of
karst-driven isostatic crustal uplift and the origin of Florida's marine terraces, leading to a
discussion of Florida landscape evolution;
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3) the Vulcan Sandland Mine, a closed-loop dredging operation that was currently under
reclamation, as its production winded down. C.T. Williams gave a brief history of operations at the
facility, an overview of traditional pit reclamation techniques, and a discussion of some more
innovative plans; and
4) C.C. Calhoun's Pit #7, a facility that is permitted for mining, and also as a land filling operation.
Marc Hurst gave a brief presentation on land filling as a reclamation alternative for dry
excavations.
As we visit the area, imagine the primal pine forests and cypress swamps that attracted the naval
stores and timber industries. They were cleared out a century ago. Most of the railroad tracks that
were used to transport them away are gone, too.
Note the citrus groves, that replaced the forests. They are remnants of an agricultural industry that
covered virtually all of the Ridge until its eclipse in recent years, due to frost events, global changes
in the citrus industry, introduction of plant diseases, and the increasing value of property for
residential development. According to citrus experts, the remaining groves along the Ridge are
notable for producing some of the world's best tasting juice, which commonly is blended with
products from other regions to improve their flavors.
Also note the many new housing developments. They are a small sampling of the multitudes of
similar developments, covering a range including most of peninsular Florida, that were built with
raw materials from the high-grade silica sand deposits found along the Ridge.
In the beginning, the Central Florida Sand Mining District was relatively remote from the
development areas where its sand products were marketed. However, during the last couple of
decades, the expanding market areas have grown closer and closer to the sources of raw materials.
Now, development is overtaking the Ridge. It is ironic that residential construction has begun to
encroach upon the region's sand reserves, and to threaten the viability of the mines that supply the
raw materials for development.
On this SEGS trip, we hope to collect some fulgurites, which are irregular, glassy, often tubular or
rod-like structure of fused sand that was melted by a lightning strike (the melting point of Si02 is
2,950°F). Based on the intensity of the lightning strike and the nature of the subsurface materials,
fulgurites can be quite long. In 1997, University of Florida engineering researchers excavated a
17-foot long fulgurite at Camp Blanding, Florida. Recent reclamation grading along the east mine
boundary has exposed a significant layer of fulgurites extending from the land surface to depths
of about 25 feet. Fulgurites at the sand pits that we are visiting are typically 0.25 to 1 inch in
diameter and are typically found in broken sections 1 to 6 inches in length. At least three types of
fulgurites have been identified at the mine; soda straw, collapsed, and heavy melt. We hope
attendees enjoy a day on the Lake Wales Ridge and wish all good luck on this fulgurite hunting
adventure.
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Matthew A. Pasek1 & Marc Hurst2

received: 28 April 2016
accepted: 04 July 2016
Published: 28 July 2016

When lightning strikes soil, it may generate a cylindrical tube of glass known as a fulgurite. The
morphology of a fulgurite is ultimately a consequence of the energy of the lightning strike that formed
it, and hence fulgurites may be useful in elucidating the energy distribution frequency of cloud-toground lightning. Fulgurites from sand mines in Polk County, Florida, USA were collected and analyzed
to determine morphologic properties. Here we show that the energy per unit length of lightning
strikes within quartz sand has a geometric mean of ~1.0 MJ/m, and that the distribution is lognormal
with respect to energy per length and frequency. Energy per length is determined from fulgurites as
a function of diameter, and frequency is determined both by cumulative number and by cumulative
length. This distribution parallels those determined for a number of lightning parameters measured
in actual atmospheric discharge events, such as charge transferred, voltage, and action integral.
This methodology suggests a potential useful pathway for elucidating lightning energy and damage
potential of strikes.
Cloud-to-ground lightning is a high-energy phenomenon that transfers electric charge, either positive or negative, between the atmosphere and the surface. Voltages associated with lightning strikes may exceed 108 V, and
the total energy of a strike may reach 109J, heating the air to temperatures exceeding 30,000 K1. This phenomenon
is associated with several detrimental effects including human fatalities, forest fires, and property damage, and
a few positive effects such as natural nitrogen fixation2 and production of reduced oxidation state phosphorus
compounds that may improve the solubility of phosphorus in soil3.
When cloud-to-ground lightning strikes an appropriate target material such as sand, soil, rock, or clay, the
current flows through the target, heating the material to temperatures that exceed its vaporization point, followed
by rapid cooling that results in quenching to form a hollow cylinder of glass known as a fulgurite (Fig. 1). The
morphology of fulgurites is strongly dependent on material composition4–6, and for natural fulgurites, the thickness of the glass is inversely related to fraction of material composed of SiO2. Lightning is a ubiquitous phenomenon on Earth, with a global flash rate of about 45 times per second7, a majority (75–90%) of which occur over
continental landmass8. About a quarter of these strikes occur from a cloud to the ground9, and hence the number
of potential fulgurite-forming events is significant, with up to 10 fulgurites formed globally per second. This estimate depends on the efficiency of fulgurite formation by lightning, which is highest when striking barren sand,
soil, or rock10. Lightning striking forested areas may not necessarily form a fulgurite, though fulgurites are known
to form when lightning strikes trees11. Fulgurites have also been known to form associated with human-made
objects such as steel pylons, where the metallic structure may actually induce lightning to travel along its length12.
Fulgurites that are formed in a homogenous target may preserve the probability distribution of a key lightning
parameter—the energy of a strike—in their morphology. To this end, we determined the relationship between
numerical frequency and energy of cloud-to-ground lightning strikes by studying a set of 266 fulgurites from
two quartz sand mines in Polk County, Florida, USA (Fig. 2). We then compared these results to predicted distributions calculated using simulated energy and length parameters, coupled to a simple fracture model. Our
motivating hypothesis within this work is that fulgurites might also follow a lognormal distribution with respect
to energy, as many other lightning parameters follow lognormal distributions.

Results

The fulgurites were arranged according to decreasing diameter. Each fulgurite was given a number corresponding
to the number of fulgurites equal to or larger than its diameter. Correspondingly, the frequency distribution of the
fulgurites may be calculated by ordering the fulgurites in terms of energy per length (MJ/m) and then from 1) the
1
School of Geoscience, NES 204, University of South Florida, 4202 E Fowler Ave Tampa FL 33620, USA. 2Independent
Geological Services, Inc. 4432 Burlington Drive, Winter Haven, FL 33880, USA. Correspondence and requests for
materials should be addressed to M.A.P. (email: mpasek@usf.edu)
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Figure 1. (A) Exemplary fulgurites collected from the field area. Surficial differences likely result from different
initial physical conditions (e.g., percent water in sand). Color differences are apparently due difference between
the thicknesses of the glass wall, which are 1.1 ±  0.1, 0.9 ± 0.3, and 1.6 ± 0.3 mm from top to bottom (taken from
10 measurements, with 1 standard deviation given as the error). (B) Fulgurite found in situ. Diameter is about
1.2 cm.

length of each fragment with cumulative length becoming the dependent variable, or 2) by using total number as
the dependent variable. Alternatively, the distribution of total energy (MJ/m × length) to total number can also
be used to provide a distribution. These frequency diagrams are given as Fig. 3. All three methods generate linear
relationships between the log of energy (MJ/m or total MJ) vs. frequency (number of occurrences, or cumulative
length).
We also prepared simulations of fulgurite distributions that might arise from specific energy distributions. We
find that lognormal distributions of energy per length with a normal distribution or constant length of each fulgurite are most consistent with the natural fulgurite distributions (see supporting information). These simulations
help to provide some confidence in the approaches taken below.
Three approaches (energy per meter vs. cumulative length, energy per meter vs. cumulative number, total
energy vs. cumulative number) were chosen to allow for multiple approaches to the estimating lightning energy
distributions. Cumulative length is used as it allows for a direct comparison to frequency of events for a fractured
material in which all parts may not be recovered. There is little change in fulgurite diameter across the length
of a fulgurite1, even if the fulgurite has a total length greater than one meter. Hence, two fragments of the same
fulgurite should have the same diameter. To this end, comparing energy to cumulative length helps eliminate the
possibility of double-counting two fragments of a single strike. For comparison, the longest documented fulgurite
yet discovered has a length of 5 meters1, and hence this single individual is about a third of the total length of all
of the fulgurites recovered in the present study. The median length of the fulgurites from these sand mines in the
present collection is about 5 cm, with no significant variations in diameter across these lengths. As a result, the
systematic collection of fulgurites might yield distributions where length is proportional to the abundance of each
fulgurite of a specific width.
Alternatively, if we treat each fulgurite as a separate event, then there exists the possibility that a single event
may be counted multiple times if the fulgurite fragmented before collection. However, if multiple events have
the same energy, then counting by numerical frequency considers this multiplicity. Regardless, both approaches
give very similar slopes between log E (MJ/m) and frequency/cumulative length (Table 1), and the median (50%)
energy associated with fulgurite formation in both cases is about 1.4 MJ/m, and the standard deviation is ×/÷  3.
The total energy recorded within the fulgurite tube can also be approximated by multiplying the energy per
unit length by the length of a given fulgurite. Such a calculation assumes that breakage of the glass was minimal
since formation. This scenario is presented for the sake of completeness, but given the fragile nature of fulgurites,
is likely inaccurate. However, since most of the fulgurite fragments have similar lengths, the energy distribution is
also lognormal, like the energy per unit length distributions. The regression line fit to the lognormal total energy
Scientific Reports | 6:30586 | DOI: 10.1038/srep30586
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Figure 2. Polk County, Florida, USA digital elevation map showing sample localities for fulgurites. This
map was prepared with QGIS software (QGIS Development team, 2016, http://osgeo.org). Base map was
modified from USGS National Elevation Dataset 1/3 arc-second, (www.nationalmap.gov). County boundaries
were modified from the Florida Geographic Data Library (www.fgdl.org) after the United State Census Bureau,
1999, Florida County Boundaries – Statewide (www.census.gov). City information was modified from the
Florida Geographic Data Library (www.fgdl.org) after the National Atlas of the United States, 2004, Cities and
Towns of Florida (www.nationalatlas.gov).
vs. frequency distribution is the strongest of these calculations (R2 = 0.9852), though the slope differs from the
prior two approaches.
Comparison between the fulgurite distributions and between the simulations (SI) suggests that, as long as
the fulgurite fragments are collected without bias, and as long as the fulgurites have experienced roughly the
same fracturing history, then the fulgurite distributions are most consistent with being lognormal with respect to
energy per length. Consequently, the resulting distribution of total energy should also be lognormal even when
fractured, as is borne out by the above data.
The density of a subset of the fulgurites subset is found to be 1.8 ± 0.1 g/cm3 (1σ). The density of the accompanying sand is 1.7 g/cm3, and of the individual quartz grains that make up the sand 2.6 g/cm3.

Discussion

The relationship between the energy E per unit length of a given lightning strike and frequency of that given
strike having energy E or more follows a lognormal distribution. Many lightning parameters follow a log-normal
distribution with respect to the frequency of that parameter occurring, including flash duration, voltage, charge
transferred, stroke interval, current duration and action integral13–15. The slopes of the log E (MJ/m) plots vs.
frequency or cumulative length (normalized to probability 1) are both close to −0.6. Intriguingly, the slope of
frequency vs. charge or impulse peak current measured by Pichler et al.14 also bear slopes of −0.6, nearly identical
to these fulgurite morphology slopes14.
For a poorly conductive target material that does not vary significantly in composition in aerial extent, the
electric field must exceed the breakdown field strength of the material to propagate a spark. For sand, this strength
is less than 8 MV/m, the breakdown strength of quartz. Air has a lower breakdown strength (~1 MV/m at 1 sea
level)16, hence the breakdown strength of sand should be less than quartz alone. Thus the energy per unit length
deposited by lightning into the sand should be a function of the number of electrons that propagate through the
sand as the insulating capability of the sand fails, in addition to the amount of thermal energy transferred by the
column of heated plasma adjacent to the fulgurite. The amount of charge transferred by lightning is known to
follow a lognormal distribution function14, and hence the energy deposited by lightning might be expected to
follow the same. The lognormal nature of charge transferred may hence be the source of lognormal distribution
of fulgurite energy per unit length, though other parameters may also play a role.

Scientific Reports | 6:30586 | DOI: 10.1038/srep30586
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Figure 3. Lognormal frequency distributions. (A) Distribution of energy per length (MJ/m) vs. number.
Each fulgurite, is assigned a number corresponding to the number of fulgurites equal to or larger than it with
respect to energy per unit length. These numbers are then divided by the total number of fulgurites collected
(266). (B) Distribution of energy per length (MJ/m) vs. cumulative length. As above, each fulgurite is arranged
in descending energy per unit length. The energy is then graphed against the cumulative length of each fulgurite
bearing that energy or more. This length is then divided by the total length (14.659 m). (C) Distribution of total
energy (MJ) vs. number. The total energy is obtained by multiplying the energy per unit length determined from
the diameter of the fulgurite by its length. Fulgurites are then arranged in order of decreasing total energy, and
each fulgurite is given a number based on the number of fulgurites equal to or greater than the calculated total
energy. These numbers are then divided by 266, the total number of fulgurites collected.

Accuracy of “fossilization” of energy per unit length in fulgurites. The density of the fulgurites
appears to have not changed substantially from the quartz sand during heating. This implies that there was little
movement of the molten silica during the lightning strike. If the column of heated air had pushed the molten glass
radially outward by the expansion of gas, the glass would have increased in density to arrive at a value closer to the
density of silica glass (~2.6 g/cm3) as air was displaced from pore spaces. Instead, the similarity in density between
sand and glass suggests the glass is as porous as the sand. The increase of about 0.1 g/cm3 may be attributed to the
presence of unmelted grains of quartz captured on the exterior of the fulgurite. These grains, when frozen onto
the surface of the fulgurite, will increase the density of the fulgurite, especially if the size of the sand grains is
not significantly smaller than the size of the fulgurite wall. Given the sand grains range from 0.1 to 0.5 mm, and
Scientific Reports | 6:30586 | DOI: 10.1038/srep30586
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Value at 50%

Log E (MJ/m)

f
(total =  1)

−0.5877

0.5211

0.9496

1.3 MJ/m

Log E (MJ/m)

length
(1466 cm =  1)

−0.6174

0.5731

0.9438

1.6 MJ/m

−0.4986 −0.1435 0.9852

0.051 MJ

Log E (MJ)

f
(total =  1)

Table 1. Linear regression line slope and y-intercept for lightning energy frequencies.
the fulgurite glass walls are commonly about 1 mm thick, the embedding of quartz grains alone would give an
increase in density from sand. Thus, we conclude that the fulgurites capture the original energy of the lightning
without significant modification or post-lightning fluid movement.

Distribution residuals. We postulate that the energy vs. frequency reported in Fig. 3 may record up to four
separate phenomena. The data residuals with respect to the calculated regression line demonstrate three points
where discontinuities occur (Fig. 4). These deviations occur for all three lognormal plots. One of these occurs
at the high-energy regime (6 MJ/m and larger, or 0.2 MJ total energy). This group constitutes about 3–4% of all
fulgurites, and we speculate that this discontinuity occurs when the lightning that forms the fulgurites becomes
positive. Positive lightning strikes have a higher mean energy than negative lightning strikes, and are known to
comprise about 4% of all strikes annually17,18. The lower energy per unit length (<6 MJ/m) likely represents fulgurites formed by negative lightning strikes, by far the most common type of cloud-to-ground lightning event.
The discontinuity in frequency that occurs from 1 to 6 MJ/m (0.08 to 0.2 MJ) may hence be due to a mixing of two
different lightning types with differing distributions in lognormal space: a high energy variety that is tapering off
as the energy decreases, and a low energy variety that becomes more important at lower energies. Alternatively,
these deviations are also demonstrated in the fulgurite distribution simulations, and result from the stronger
nature of thicker fulgurite fragments. If bigger fulgurites don’t fragment as easily as smaller fulgurites, then these
changes to slope are expected. From 1 MJ/m to below 0.3 MJ/m (or 0.005 to 0.08 MJ total energy), the residuals are
roughly constant, implying a match to the calculated regression slope in lognormal space. Finally, below 0.3 MJ/m
(0.005 MJ total energy) are the lowest energy fulgurites. These probably deviate from the trend as fulgurites that
are very thin are also more fragile, are smaller, and are more difficult to recover, hence the accurate collection of
fulgurites within this size range is difficult. Proof of any of these points would require characterization of specific
lightning strikes followed by observation of the morphology of fulgurites formed.
Energy dissipated to form fulgurites.

The average energy required to form these fulgurites in quartz
sand is about 1.4 MJ/m, with a standard deviation of ×/ ÷ 3. In contrast, the energy per unit length of lightning
traveling through air is between 103 and 104 J/m19. If the total energies along these lengths are considered, a 5 km
lightning strike through air dissipates about 5 MJ, and a corresponding 10 cm fulgurite dissipates only about
0.1 MJ. The energy estimates20 of Maggio et al. also suggest lightning strike energies of 108–109 J, implying 1% or
less of the energy of lightning is captured in fulgurite formation. However, within the ground material in which a
fulgurite forms, the energy per unit length is much higher than the energy per unit length in the atmosphere by
about a factor of 100–1000. This is likely a result of the higher density of the target material (1700 kg/m3) compared to the atmosphere (~1 kg/m3), which also vary by a factor of 1000. Thus the energy dissipation by lightning
is a function of the density of the material through which it travels.

Conclusions

We have reported here the first attempt to determine the lightning energy distribution from fulgurites, and one of
the first datasets of cloud-to-ground lightning energy delivery measured as a function of damage to the solid earth
surface. The frequency distribution of the energy required to form a fulgurite follows a lognormal relationship,
consistent with many lightning phenomena. Lognormal relationships are a natural consequence of the multiplication of normal probabilistic distributions and imply the energy transferred to the ground, like other lightning
phenomena, is skewed towards high energy events with higher frequency than a typical normal distribution.
The current work presents a new approach to determining lightning parameters. Measurements of these lightning parameters are typically done either by analyzing lightning initiated by launching rockets21 or by analysis
of strikes to towers and tall buildings22. These methods have provided most of the parameters of lightning as it
relates to these discharges striking a conductive target. The work here provides a means of directly determining
energy as a lightning parameter in cloud-to-ground strikes on an insulating material (fine quartz sand). With an
average energy of 1.4 MJ/m in conductive materials, and a peak of >20 MJ/m, this data may be of use in anticipating lightning damage from cloud-to-ground strikes. If fulgurites occurring in other materials, such as clays or
rock, could be investigated in a fashion similar to the present study, better resolution on the energy of lightning
may be possible as clay and rock fulgurites are usually better at preserving the thermal effects resulting from
lightning6.

Methods
Locality.

Fulgurites from two sand mines, Pit #1 and Pit #4 operated by C. C. Calhoun, Inc., in central peninsular Polk County, Florida (USA) were chosen for this analysis (Fig. 2). These mines are located along, and near,
the crest of the Lake Wales Ridge, in Polk County, Florida. Up to 20 meters of siliciclastic sediments, mapped by
Campbell as the Cypresshead Formation23–25, are exposed in the pits. These sands consist of at least 98% SiO2 with
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Figure 4. The calculated residual for each data point (distance between the calculation regression line and the
actual data point with respect to y-axis) for (A) log E (MJ/m) vs frequency, (B) log E (MJ/m) vs cumulative
length, and (C) log E (MJ) vs frequency.

the remainder clay and oxide minerals, and have similar grain size distributions. Materials from the Cypresshead
Formation were transported from Georgia into Florida by longshore currents26 and deposited in the Late Pliocene
to Early Pleistocene27. Depositional environments have been interpreted as nearshore marine to brackish26,28,29.
Fulgurites found at these mines, and others in the region are most abundant in clean, white,
fine-to-medium-grained quartz sand (~30–35% porosity). We suspect the white sand unit to be aeolian
(wind-deposited) in origin: at Pit #1 the unit consists of a single set of large-scale, high-angle, cross-beds measuring about 10 meters thick. The unit is somewhat thinner (about 7 m) at Pit #4; and bedding is massive, exhibiting
little sedimentary depositional features. These characteristics suggest that sand was deposited as a dune and has
been above sea level for a long time. A total of 266 fulgurites were collected from these mines, for a cumulative
length of over 14 meters (Fig. 1). Note that fulgurites with incomplete cylinders are not considered in this study, as
it is difficult to estimate the diameter and correct length of broken fulgurites. No branching fulgurites—fulgurites
with bifurcations—were collected amongst these fulgurites; fulgurites forming in sand usually are unbranched6.
Fulgurites, when found in situ, were oriented vertically, and had no indication of radial outward development.
Every fulgurite we observed within the field area (~0.02 km2) was collected, and the internal void diameters
(measured four times, twice at the top of each fulgurite and again at the bottom) and total fulgurite lengths
were measured and recorded in centimeters. Since complete fulgurites are difficult to collect as these objects are
prone to fracturing, for most of these fulgurites we do not have the full length. Additionally, the sand mines are
Scientific Reports | 6:30586 | DOI: 10.1038/srep30586
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still actively producing sand as a construction material hence heavy equipment crushes and distributes fulgurite
fragments across the surface of the mine.
The process of mining inhibits the collection of complete fulgurites as the glasses are frequently cleaved during
excavation. Fulgurites that are excavated during mining are separated from the sand and usually end up in waste
spoil piles; fulgurites from these locations were not collected. The remainder of the fulgurites exposed to the surface erode out, frequently fracturing and becoming further distributed to the surface. Although it would be ideal
to collect and excavate all of the complete fulgurites within a sand mine, this is not feasible financially. However,
mining typically cuts through sand in ~1 m high layers (the height of the excavator). To this end, fulgurites that
are cleaved and erode out represent a cross-section of the lightning that has struck over about a 1 m region in
height within these dunes as the mining proceeds through the sand.

Sand and Fulgurite Composition. The sand mines here are characterized by being composed of almost
exclusively quartz sand, and similar mines in the region are over 99.2% SiO230. Quartz is the only mineral
identified in X-ray diffractograms of powdered samples of the sand, and Raman analysis of the sand also only
shows quartz (see SI). Raman data from a subset of five of these fulgurites only detected SiO2 phases, principally
quartz and lechatelierite glass (SI)4. Additionally, a single ICP-MS analysis of a fulgurite had ~99% SiO2 (SI).
Consequently, the calculations done here assume the mineralogy of the sand consists exclusively of quartz.
These findings are consistent with prior work done on sand fulgurites. The fulgurites found here would be
considered to be type I fulgurites according to the scheme of Pasek et al. (2012)6. Other studies of type I fulgurites
have shown that these objects are typically composed of >98% SiO26,31,32.
Calculations. The energy required to vaporize quartz as SiO2 from room temperature is calculated using HSC
Chemistry, a thermodynamic equilibrium modeling code that has been previously used to determine the Solar
system chemistry of sulfur33, the composition of Europa’s subsurface ocean34, and fulgurite formation processes6.
This model determines the energy at one bar of pressure required to promote the reactions:
2SiO2 → 2SiO (g) + O2 (g)
SiO2 → SiO2 (g)

where the vaporization of SiO2 is accompanied by the decomposition of this material to SiO2, SiO and O2 gases.
The code determined the vaporization of SiO2 approximately 0.94 MJ per mole (~15.7 MJ/kg,). Correspondingly,
the relationship between fulgurite internal diameter and energy per unit length (E) required to vaporize the material to make a fulgurite is equal to:
E=

ρ Sπ × ∆H vapd 2
4MW

= 2. 0

MJ
× d2
m × cm2

(1)

where ρS is the density of sand (here at ~1.65 g/cm ), ΔHvap is the energy required to vaporize SiO2 from room
temperature (the above 0.94 MJ/mole), MW is the molecular weight of SiO2 (60.08 g/mole), and d is the internal
diameter of the fulgurite in centimeters. We do not consider further energy transfer in the formation of the glass
wall (e.g., the melting of the sand to form the fulgurite, and heating of adjacent sand) that may store up to 20%
of the energy of a lightning strike, and the heating and ionization of the gas column within the fulgurite is not
considered. These data cannot be readily determined from the fulgurites collected. These energy estimates are
necessarily minima, and the actual energy transfer may be more than 25% of our calculated values.
We also omit the enthalpy of vaporization of water from these calculations (40 kJ/mol). This omission is based
on two factors: 1) given that the geologic setting of these sand dunes is consistent with being above sea level since
their deposition35, it is reasonable to assume that the conducting subsurface aquifer is suitably distant from the
surface of the sand dunes such that the fulgurites occurring within the sand were not saturated with water. Water
saturation requires about 2.5 cm of rainfall to saturate 5 cm of sand, and 5 cm being the median fulgurite fragment
length found here. While a rainfall of 2.5 cm in a single storm event is not uncommon in Florida, most lightning
precedes the heaviest rainfall36. 2) The sand has a porosity that allows about one mole of water per mole of sand,
and the exclusion of 40 kJ/mol (vs. 940 kJ/mol) from these calculations should not introduce significant error
(about 0.02 log units in MJ/m). However, the surfaces of individual fulgurites range from smooth to wrinkled to
covered in fractal-like branching patterns (Fig. 1). These differences are likely attributable to differences in the
physical conditions at the time of formation, including water content. Additionally, differences in fulgurite glass
thickness may be partially attributed to sand water content, as wetter sand should transfer heat more readily than
dry sand. Thus, thicker-walled fulgurites may be more common in wet sand.
In addition to measuring the shape of fulgurite cylinders, we also determined the density of a subset (n =  12)
of the glasses in fulgurites using Archimedes’ displacement of water technique to determine volume. The fulgurites chosen were completely open tubes, so that a measurement of the density of the glass could be performed
without also measuring gas that might have been pinched in by the collapse of the tube. The density of the accompanying sand was also measured by both a mass per unit volume technique, and by the Archimedes displacement
principle. The latter was used specifically to estimate the bulk density of the quartz grains.
3

Model Distributions. Since we do not presume to have the complete length of most of the fulgurites within
our collection as nearly all were discovered exposed on the sand surface, we performed a set of calculations to
determine how the measured collection compares to a simulated distribution.
Scientific Reports | 6:30586 | DOI: 10.1038/srep30586
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We modeled the distribution of fulgurite fragments as a function of energy per meter vs. cumulative length
and vs. cumulative number, and total energy vs. cumulative number to determine the resulting distributions
(see SI). These models tested six scenarios: energy per length distributions that were normal or lognormal, and
length distributions that were constant across all energy per length distributions (in other words, one meter fulgurites were formed at the lowest energy per unit length and at the highest energy), or length distributions that
were normal or lognormal. Each fulgurite was assigned a specific energy, and a specific length.
To these distributions we applied a “fracture event” that broke each simulated fulgurite into smaller, equal
parts. This fracture event assumed the following: since the weakest point of a fulgurite will be at the midpoint
of its length, each fulgurite was assumed to fracture in half, and the fragments may then fracture subsequently
in half. A fulgurite will fracture as many times as possible until it reaches a specific length, which we establish
empirically (SI). The diameter of the fulgurites is weakly correlated with length (R = 0.38), which establishes the
maximum length allowed in the simulation. Thicker fulgurites should be expected to be somewhat stronger, and
hence produce longer lengths. From these fragments and energy per unit length distributions, we compare our
simulated distributions with those from the actual suite of fulgurites.
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DEPOSITIONAL AND FACIES CHARACTERISTICS OF THE CYPRESSHEAD
FORMATION IN NORTH-CENTRAL FLORIDA
Kendall B. Fountain
Senior Manager – Mineral Resources
Plum Creek Timber Company, Athens, GA 30606
Introduction
The name Cypresshead Formation was first used by Huddlestun (1988) to describe “a
prominently thin- to thick-bedded and massive, planar- to cross-bedded, variably burrowed and
bioturbated, fine-grained to pebbly, coarse-grained sand formation in the terrace region of eastern
Georgia”. Subsequently, the name was extended into Florida by Scott (1988) to encompass
sediments in peninsular Florida previously assigned to the Citronelle Formation of Matson
(1916). As defined by Huddlestun (1988) and Scott (1988), the Cypresshead Formation is
composed entirely of siliciclastics; predominately quartz and clay minerals, with quartz and/or
quartzite pebbles locally abundant (Pirkle et al., 1970). The formation has been variously
described as Miocene to Pleistocene in age (Puri and Vernon, 1964; Scott, 1988), and originating
either through fluvial-deltaic processes (Bishop, 1956; Pirkle, 1960; Pirkle et al., 1964; Klein et
al., 1964; Peacock, 1983; Cunningham et al., 2003) or via longshore current transport and
deposition in a nearshore, marine to brackish environment (Bell, 1924; Martens, 1928; Alt, 1974;
Winker and Howard, 1977; Peck et al., 1979; Kane, 1984; Huddlestun, 1988; Scott, 1988). The
latter of these issues, focusing on the depositional characteristics of the unit, is the focus of this
paper. Figure 1 illustrates the localities evaluated in this study.
Sedimentary Structures
A variety of environment and process sensitive sedimentary structures are associated with
Cypresshead Formation sediments. Included among these are various types of stratification and
bedforms, discontinuity surfaces and trace fossils.
Stratification and Bedforms
Several forms of stratification indicative of depositional environment are well preserved in
Cypresshead sediments. The first of these, cross-stratification, has been described by Kane
(1984), and consists of three principle types; tabular, trough and hummocky. Tabular crossstratification is small to large in scale, ranging from 5 cm to 3 m in bed thickness, with foreset
dips generally in the 20-25° range (Figure 2A and B). Cross-strata are generally symmetrical,
with angular to tangential lower bounding surface contacts consistent with formation by the
migration of straight-crested sand waves and dunes (megaripples). The smaller of these features
(5-60 cm) are concentrated near the top of the sections where they are present, but may occur
sporadically near the base as well. Larger features (0.5-3 m) have been noted in north-central
Florida at the Grandin and Goldhead Mines, and are consistent with the migration of dune or
megaripple bedforms associated with nearshore bars (Figure 2B).
Trough cross-stratification is small to medium in scale, ranging from 5 cm to 60 cm in bed
thickness, with foreset dips in the same range as seen with tabular cross-strata (Figure 2A).
Cross- strata are lenticular and asymmetrical, and exhibit tangential contacts with erosional
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Figure 1. Distribution of the Cypresshead Formation in Florida and southeastern Georgia
(modified after Huddlestun, 1988; Scott et al., 2001).
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Figure 2. Example sedimentary structures from exposures of the Cypresshead Formation in
north-central Florida and southeastern Georgia. A) Tabular and trough cross-bedding exposed at
the Grandin Mine, illustrating scour and fill and horizontal bedding surfaces (arrows) along with
escape structures (circles), B) Large-scale tabular cross-bedding associated with the migration of
dune or megaripple bedforms, containing 0.5-1 m long Ophiomorpha spp. burrows (arrows)
inclined in response to current activity (Grandin Mine), C) Hummocky cross-stratification from
basal exposures at the Grandin Mine, D) Large-scale infilling of a nearshore channel (Grandin
Mine), E) Clay lense nondepositional discontinuity (arrow) from Linden Bluff near the Altamaha
River in southeastern Georgia (offset due to slumping along exposure face), F) Clay bed
nondepositional discontinuity (bracket) from the Cypresshead Formation type locality near
Jesup, Georgia.
17

Southeastern Geological Society Guidebook No. 70

lower bounding surfaces consistent with formation by the migration of undulatory and lunate
sand waves. Graded bedding within individual bed sets is common. As was noted for tabular
cross-strata, these features are concentrated near the top of most sections, with a less common
and more sporadic distribution with increased depth. Scour and fill structures are commonly
associated with this type of cross-stratification, suggesting significant flow velocities. Largescale scoured surfaces with up to 15 m in vertical relief, likely representative of nearshore
current or tidal channels, are also evident in limited Cypresshead exposures in north-central
Florida (Figure 2D).
Hummocky cross-stratification, unnoticed by Kane (1984), has been observed in the basal fine
sands exposed at the Grandin Mine. These cross-strata are medium in scale, ranging from 0.3 m
to 1 m in bed thickness, with foreset dips and truncation angles < 15° (Figure 2C). As was noted
for trough cross-stratification, cross-strata form tangential contacts along erosional lower
bounding surfaces. Diagnostic traits which differentiate these beds from other forms of crossstratification are the antiformal hummocks and synformal swales which are defined by randomly
oriented, even lamination (Dott and Bourgeois, 1982). Hummocky cross-stratification is most
commonly associated with redeposition of fine sand below normal fair-weather wave base by
large waves.
A second form of stratification noted in Cypresshead sediments is horizontal, and sometimes
massive, bedding. Where noted, horizontal bedding is more concentrated at the base of
exposures, and appears to be consistent with deposition under low flow velocity conditions
insufficient to develop ripple or larger bedforms. Graded bedding within horizontally bedded
strata is also common. Massively bedded Cypresshead strata appear to result from the destruction
of original sedimentary fabric through bioturbation, or in some cases, weathering. These beds
tend to be concentrated near the top of exposures where weathering is strongest, or in association
with other bioturbated beds which have retained evidence of original stratification.
Discontinuity Surfaces
Two types of stratigraphic discontinuities are recognized in Cypresshead siliciclastics;
nondepositional and erosional. The first of these, nondepositional discontinuities, mark abrupt
decreases in sediment accumulation rates and are commonly associated with increased
concentrations of burrowing activity or the deposition of discrete clay lenses or beds (Figure 2E
and F). Erosional discontinuities are more common in Cypresshead sediments, and mark an
abrupt increase in sediment accumulation, grain-size (e.g. graded bedding) and corresponding
erosive scouring, either by currents or waves. These features are particularly pronounced at the
base of medium to large-scale planar cross-stratification associated with dune (or megaripple)
bedforms (Figure 2B).
Trace fossils
Kane (1984) summarized the occurrence of Ophiomorpha spp. trace fossils, bivalve molds and
fecal pellets as the sum fossil assemblage associated with the Cypresshead Formation. However,
a more careful evaluation of exposures in Florida indicate a slightly more diverse assemblage
than previously described. Ophiomorpha spp. burrows, normally consistent with Ophiomorpha
nodosa, are the most common trace fossil in Florida, and are typically 3-4 cm in diameter and
can exceed 1 m in length (Figures 2B and 3). Specimens retain a characteristic knobby exterior
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and may exhibit minimal branching oriented at an oblique angle to bedding. In most instances,
Ophiomorpha spp. burrows are vertically oriented and non-branching although occasionally
burrows may be inclined in response to strong current conditions during coeval deposition and
burrowing activity. Burrows stand out in relief, consisting of clay cemented sands more resistant
than the surrounding sediments. Where sediment clay contents are low, escape structures are
common. Burrows are normally sand filled with rare instances of kaolinite replaced fecal
remains preserved in the base. Along the modern Florida and Georgia coastlines, Callianassa
major (ghost shrimp) burrows are considered to be a modern analog, and are accepted as
shoreline indicators. Although they primarily occur in the sandy, open marine littoral to shallow
neritic environment, they have been reported on protected beaches, sandy tidal flats, and shoals
(Frey, 1970), tidal deltas (Warme, 1971), and offshore bars (Weimer and Hoyt, 1964).
Thallasinoides spp. burrows observed in north-central Florida basal Cypresshead sediments are
often similar in size and appearance to Ophiomorpha spp. burrows, but occur in units consisting
of fine sand with greater clay contents, have greater developed horizontal branching, and lack a
knobby exterior (Figure 3C). Differences in structure likely reflect differences in the substrate in
which the burrow was constructed. Thallasinoides spp. burrows commonly exhibit secondary
boring of shaft walls and backfilled burrow interiors, producing a trace which is similar in
appearance to traces observed in the Grandin Mine and assigned to Skolithos spp. Skolithos spp.
traces are commonly associated with both Ophiomorpha spp. and Thallasinoides spp. burrows,
and have been described by Chamberlain (1978) as any simple, even width vertical tube varying
in diameter from 2mm to 10 mm, with walls which are usually smooth, but may be segmented or
striated. In the study area, these tubes range in diameter from 2mm to 5 mm and possess burrow
walls formed from agglutinated sand grains. Polychaete (annelid) worms are likely responsible
for these structures, and are indicative of a marginal marine facies (Seilacher, 1967). Along the
Georgia Sea Isles coast, analogous tubes associated with the polychaete species Onuphis
microcephala often occur in association with Callianassa major burrows (Curran, 1985).
Environmentally, Skolithos spp. traces appear consistent with burrowing activity during periods
of quiescent to highly reduced sedimentation. Additionally, the low biodiversity exhibited by this
trace fossil assemblage is consistent with a high stress environment associated with episodic high
sedimentation rates dictated by fluctuating, but often high, current flow velocities.
The last fossils of note which have been described in detail by Kane (1984) are clay (kaolin)
molds of marine bivalves similar in morphology to the modern surf clam Mercenaria spp. and
the razor clam Ensis spp. Readily visible in horizontal exposures at the north-central Florida
Paran Church site adjacent to the Grandin Mine, these molds represent disarticulated valves
which appear to have been transported by current and/or tidal activity from a proximal estuarine
source (Figure 3D). Preservation is poor, with stratigraphic positioning of the fossils in basal
Cypresshead sediments potentially favored by the relatively high clay content of the fine sands.
Facies Architecture
Pirkle (1960), Kane (1984) and Huddlestun (1988) have made past attempts at describing the
lithofacies which compose the Cypresshead Formation in north-central Florida and Georgia
based primarily on field observations. In this paper, information from field observations were
combined with a detailed evaluation of the sedimentary framework of the unit to arrive at the
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Figure 3. Examples of trace fossil and bivalve mold occurrences. A) Densely bioturbated sample
interval from the Grandin Mine, B) Close-up of interval illustrated in (A) showing the
morphology of Ophiomorpha spp. (left arrow) and Skolithos spp. (right arrow) traces, C)
Thallasinoides spp. burrows from the Paran Church site exhibiting secondary burrowing of shaft
walls and burrow interiors, D) Fossil bivalve molds from the Paran Church locality.

facies outlined in Table 1. The distribution of stratigraphic discontinuities was then used to
define facies boundaries and corresponding facies architecture for north-central Florida as shown
in Figure 4.
In north-central Florida, a total of five facies were identified based on sedimentological factors
which define a single coarsening-upward cycle consistent with the progradational siliciclastic
deposition of a shoreface-shelf parasequence. Included with these facies is the Nashua Formation
of Huddlestun (1988), which has been previously defined by both Huddlestun (1988) and Scott
(1992) as an offshore facies of the Cypresshead Formation in both north-central Florida and
southeastern Georgia. For the purpose of this study, the Nashua is assigned to the offshore inner
shelf (OSI) facies and defines the basal facies unit of the Cypresshead Formation for both northcentral Florida and southeastern Georgia.
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Table 1. Facies summary of the Cypresshead Formation in north-central peninsular Florida and southeastern Georgia.

*Corresponds to the Nashua Formation of Huddlestun (1988) and Scott (1992), which is considered a facies of the Cypresshead Formation for this study.
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Figure 4. Correlation of Cypresshead Formation facies in north-central Florida based on sections
evaluated at the Grandin (FRG-1 and FRG-2) and Goldhead (FRL-1) Mines.
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Continuing upsequence, the second facies identified in north-central Florida is an offshore
transition (OST) facies for which only a small section may be exposed at the base of the Grandin
Mine (Figure 4). Based on sedimentological factors such as total clay and mica content, apparent
horizontal to massive bedding characteristics, and a downdip position of the EPK Mine’s
kaolinitic sand orebody relative to the Grandin Mine, a transitional offshore environment is
likely. General characteristics of the OST facies include quartz sand in the medium to fine mean
grain-size range, with a minor coarse sand component and up to 20% or more clay (< 2 µm)
content. In north-central Florida, the clay content of this facies occurs primarily as a binding
matrix. Additionally, as much as 10% of the sand fraction may consist of feldspar and/or mica,
with both phases concentrated in the medium and fine sand fraction.
The third facies, identified as a distal lower shoreface (dLSF) facies, is characterized by mediumto fine-grained quartz sands which commonly exhibit hummocky cross-stratification, and are
interbedded with graded and trough cross-bedded storm-derived coarse sands with minor gravel
(Figures 4 and 5A). Bioturbation associated with this facies is sparse, and is dominated by
Thalassinoides spp. and Skolithos spp. traces. Clay content of the dLSF facies can be as much as
10% or more in the medium to fine sand component where it occurs as a binding matrix.
Additionally, minor mica and/or feldspar are common, and may represent up to 5% or more of
the sand fraction, the mica content being primarily a function of hydrodynamic sorting while the
feldspar content is most likely related to preservation relative to weathering. Lastly, grain-size
distributions for this facies are mainly unimodal, consistent with deposition below normal wave
base (Balsillie, 1995).
The proximal lower shoreface (pLSF) facies is well developed in north-central Florida mine
exposures due in no small part to the relative concentration of coarse sands associated with largeto medium-scale tabular cross-stratification in this environment (Figures 4 and 5B). This facies is
characterized by an increase in quartz sand grain-size (medium to coarse) with commonly
associated gravel, a reduction in the overall clay content except for the occurrence of discrete
clay lenses and stringers, and the extensive development of cross-stratification. The base of the
facies is defined by an erosional disconformity which indicates a significant increase in scouring
and sediment transport velocity. During periods of reduced current flow, clay stringers and lenses
could have developed in response to quiescent conditions, with reactivation of current activity
corresponding to the incorporation of clay rip-up clasts in overlying sediments. Based on the
bimodal character of grain-size distributions for the pLSF facies, energies associated with current
sorting and transport were mixed with wave, and possibly tidal, influences. Additionally, the top
of this facies commonly exhibits dense bioturbation associated with Ophiomorpha spp. and
Skolithos spp. traces (Figure 5A), marking a non-depositional discontinuity between the pLSF
facies and the overlying facies.
The last facies, the upper shoreface (USF) facies, is characterized by medium to coarse quartz
sands with minor gravel, which exhibit well developed small- to medium-scale tabular and
trough cross-stratification consistent with a southerly directed wave and current flow orientation
(Figure 5A). Many coarse beds exhibit graded bedding, and bioturbation varies from dense to
sparse, dominated by Ophiomorpha spp., Skolithos spp. and undifferentiated traces. Additionally,
sands are generally slightly clayey, except near the top of exposures where illuviation has
resulted in the post-depositional concentration of clays.
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Figure 5. Examples of Cypresshead Formation facies. A) Exposure (~ 2 m) in the Grandin Sand
Mine illustrating the vertical juxtaposition of dLSF, pLSF and USF facies (large-scale tabular
cross-stratification is not developed in this section), B) FRL-1 exposure (~ 13 m) exhibiting well
developed tabular cross-stratification associated with the pLSF facies, C) Upper portion of the B1 exposure (~ 2.5 m) illustrating the OST facies, D) J-1 exposure (~ 5.5 m) illustrating an
example of the dLSF and pLSF facies, with the J-1-4 clay bed (arrow) indicated for reference.
Cypresshead Formation Depositional Model
Based on the collective sedimentological characteristics outlined for the Cypresshead Formation
in north-central Florida, the unit was deposited in a wave-dominated nearshore marine setting as
a shoreface-shelf parasequence, with deposition taking place in response to relative sea-level fall,
resulting in a single coarsening-upward cycle of siliciclastics. Internally within the unit, this
model for deposition is expressed by the presence of clinoform surfaces that dip gently at 2-3° to
the east in northern-central Florida. The most likely nearshore marine environment for
Cypresshead deposition appears consistent with a strand plain setting, lacking well-developed
lagoons or marshes.
In north-central Florida, the Cypresshead Formation thins toward the west onto the flanks of the
Ocala Platform where it is absent (Scott, 1988). Thus, the Ocala Platform acts as a depositional
basin divide between the Cypresshead Formation to the east and the time equivalent
Miccosuckee and Citronelle Formations to the west. Deposition of the Cypresshead would have
commenced during a sea-level highstand, with the westernmost, updip extent of the unit in close
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proximity to the present location of Trail Ridge. Subsequent deposition in north-central Florida
would have been dictated by regressing sea-level, sediment supply, current positioning, and
available accommodation. In north-central Florida, the latter of these would have been related to
antecedent topography developed on top of Hawthorn Group (Coosawhatchee Formation)
sediments. Dictating available accommodation for Cypresshead siliciclastics, this surface is
known to have been scoured by pre-Cypresshead erosion and submarine current activity
(Cunningham et al., 2003), creating irregularities which would have acted as preferred nearshore
conduits for siliciclastic transportation by longshore current and storm activity, or topographic
lows for the preferential deposition of hydrodynamically sorted fines (e.g. clays and mica).
As indicated by the well developed cross-stratification and overall grain-size of Cypresshead
siliciclastics, strong longshore current activity, significantly greater than seen along the modern
Florida and southeastern Georgia coasts, is proposed as a major factor in the coast parallel
transportation of these sediments. Evidence for similar processes extending down the Florida
peninsula are noted from an outcrop described by Johnson (1989) from Lady Lake pit in Lake
County, Florida, which contains two cross-bedded, coarse-grained sand beds (Beds 3 and 4), four
and three feet thick, which appear to be similar to the dune (or megaripple) bedforms described
in this paper. In fact, estimates by Kane (1984) for current velocities based on the maximum
grain-sizes and sedimentary structures noted in Cypresshead sediments indicate values of 40–
70+ cm/sec, which are consistent with strong longshore current activity capable of transporting
even the largest fraction (i.e., discoid quartzite pebbles) noted for the Cypresshead. As indicated
by Dobkins and Folk (1970), the development of a discoid pebble shape, as seen in Cypresshead
sediments, is consistent with a high wave-energy shoreface environment. Under such conditions,
the discoid (oblate) shape can be generated through abrasion as pebbles slide back and forth over
sand or smaller pebbles in the surf zone. Although Pirkle et al. (1964) and others have argued
against using the shape of quartzite pebbles solely as an indicator of depositional environment,
noting that some component of shape is likely influenced by the inherited textural and structural
characteristics, the proposed current velocities of Kane (1984) help to explain their occurrence in
Cypresshead sediments.
Based on facies characteristics discussed in this study (e.g., dLSF gravels and hummocky crossstratification), storm-induced sedimentation appears to have played a significant role in
deposition of Cypresshead sediments as well. Hummocky cross-stratification in the lower portion
of the Grandin Mine exposures supports this view for significant levels of storm activity, as it
occurs in repetitive successions separated by horizontally bedded clayey fine sands. The
hummocky beds themselves are relatively devoid of burrows, with evidence of sparse
Thalassinoides spp. burrows limited to the interbedded horizontal clayey fine sands. This appears
consistent with multiple storm-generated depositional events being separated by periods of
quiescent deposition during which burrowing would have been favored.
In further support of a high-stress depositional environment for the Cypresshead Formation is the
low diversity macrobenthic infaunal trace fossil assemblage outlined in this paper. Characteristic
of shallow-water facies with relatively coarse substrates, this assemblage possesses relatively
low diversity in comparison to the modern shelf off south-central Texas (Hill, 1985), but is
similar to that described by Kussel and Jones (1986) for the late Pleistocene to Holocene Satilla
Formation deposited seaward of the Cypresshead in southeastern Georgia and northernmost
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Florida. Although Ophiomorpha spp. and Skolithos spp. traces are dense within select beds
correlated to nondepositional discontinuities, the overall density of traces appears to decrease
significantly with increased water depth. This is inconsistent with the opinion of Howard and
Reineck (1972) that under ideal conditions bioturbation should increase with increasing water
depth, due to fewer bottom disturbances such as storms. Possible causes for this trend might
include deeper water wave base impacts of storms or nutrient conditions unsuitable for
supporting a more dense and/or diverse assemblage.
The reader is referred to Fountain (2009) for a more detailed review of the Cypresshead
Formation in both north-central Florida and southeastern Georgia, including information
pertaining to the regional correlation, depositional timing, mineralogy, and provenance of the
unit.
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AN INTERPRETATION OF NEAR SURFACE JOINTING
NORTHERN POLK COUNTY, FLORIDA
Marc V. Hurst, P.G
Independent Geological Services, Inc.
Joints and small-displacement normal faults are commonly found in exposures of PlioPleistocene sediments at sand mines and borrow pits in Northern Polk County, Florida. They are
preserved in materials of the Cypresshead Formation and some reworked Cypresshead materials
(mapped by Campbell, 1992), that were sufficiently indurated during their geologic history to be
subject to brittle deformation. Although the formation of karst and paleokarst in Northern Polk
County has resulted vertical displacements large enough to account for the observed brittle
features, the relatively wide geographic distribution and relatively consistent orientations of the
features suggest the presence of a relatively singular regional structural fabric. That fabric is
characterized by extension to the northwest and southeast along an axis with an orientation of
about North 60° East.
Figure 1 shows the locations of outcrop in Northern Polk County where measurements of brittle
structural features have been made. The observed features consist of nearly vertical sets of
extension joints. In some cases where displacement of bedding and/or joints is apparent, the
features are more appropriately referred to as small-scale, high-angle, normal faults. In some
places the joints occur as open fractures. More typically the joint openings are filled by silt and
clay-sized particles.
Figures 2 and 3 are photos of prominent joint sets in an exposure of well-indurated clayey sand
located on Deen Still Road. Note the odd structures apparent in Figure 3. Their significance is
not clear.
Figures 4 and 5 are photos of joint sets and small-scale faults at Pit-17. Note how differential
erosion of outcrop faces accentuates the joints, which are filled by materials that are more finegrained than the rock that they cross-cut. Field observations, that are not apparent in the photos,
indicate that at least some of the joints are cross-cut by burrows of presumed marine origin.
Apparently the sediments at the site were deposited, subjected to subaerial weathering, which
produced induration sufficient to make the sediments subject to brittle deformation, and then
transgressed again subjecting the area to submarine burrowing.
Figure 6 is a photo of very-closely-spaced joints at Pit-7, that appear almost to constitute a
foliation. Figure 7 is a closer view of the same outcrop in which bedding planes are more
apparent. Figure 8 is a detail, from the same outcrop, of a fulgurite that appears to cross-cut the
fabric. Figure 9 and 10 are photos of an en-echelon set of high-angle normal faults at Pit-7, with
displacements ranging from about 1 to 3 feet. Note that the faults cross-cut a prominent subaerial
weathering horizon. Another prominent weathering horizon, located about 30 feet higher in the
section, appears to have been formed after faulting, by a shallower water table.
The observed brittle deformation could occur as some areas are warped by greater rates of uplift
(or subsidence) than adjacent areas. Tectonic uplift of the coastal plain of Georgia and Florida
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was recognized by workers including Hoyt (1969) and Winkler and Howard (1977). Workers
including Opdyke et al. (1984) recognized isostatic rebound as a mechanism for uplift. Great
masses of carbonate rock are unloaded from the Florida Platform by chemical dissolution as
karst landscapes develop. Buoyant forces cause the crust to rise until a new equilibrium is
reached between weight and buoyance. Rates of dissolution are greater in some areas (and times)
than others. Accordingly, rates of uplift are not constant. Adams et al. (2010) recently modeled
the evolution of landscapes due to interactions of karst formation, uplift, and other factors.
Stresses in the outermost layers of a concentrically warped (folded) sequence of rocks are
tensional; the rocks are stretched, as illustrated schematically by Layer A in Figure 11. Tension is
relieved by extensional features, like joints and normal faults, that accommodate the addition of
volume as voids form when the rock layers are pulled apart. Strike orientations of individual
joints, or faults, are notoriously random. However, sets of many features that are related to the
same stress are likely to form along preferred orientations.
A total 51 measurements of joint and fault attitudes, from 6 mines, were analyzed statistically.
Figure 11 is a contour of 4 percent area of poles of the attitude measurements plotted on a
Lambert Net. The well-defined clusters of data points suggest 3 consistent regional joint
orientations that are common to all of the sites where measurements were made. Orientations of
the 3 joint sets are superimposed upon the contoured pole data in Figure 12.
The field measurements of joint and small-displacement faults found in the Plio-Pleistocene
deposits of Northern Polk County are consistent with a singular regional structural fabric that is
characterized by extension to the northwest and southeast along an axis with an orientation of
about North 60° East.
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Figure 1. Outcrop Locations

Figure 2. Joints in Outcrop on Deen Still Road (Facing North)
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Figure 3. Joints and Odd Structures in Outcrop on Deen Still Road (Looking Down)

Figure 4. Joints at Pit-17 (Facing Northwest)
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Figure 5. Joints and Normal Faults at Pit-17 (Facing Northeast)

Figure 6. Closely-Spaced Joints (Foliation?) at Pit-7 (Facing North)
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Figure 7. Closer View of Bedding and Joints at Pit-7 (Facing North)

Figure 8. Fulgurite Cross-Cutting Joints at Pit-7 (Facing North)
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Figure 9. A Series of En-Echelon, High-Angle, Normal Faults at Pit-7

Figure 10. Closer View of En-Echelon, High-Angle, Normal Faults at Pit-7
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Figure 11. Block Diagram of a Concentrically folded sequence of rocks

Figure 12. Preferred Orientations of Joints and Faults in Northern Polk County
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A PLAUSIBLE EXPLANATION FOR RAISED COASTAL RIDGES AND TERRACES
ALONG THE AXIS OF PENINSULAR FLORIDA
Peter N. Adams, Ph.D.
Assistant Professor of Geological Sciences
University of Florida, Gainesville, FL 32611
Introduction
Evidence from topographic surveys, paleontological analyses of drill cores, and sea level history
has presented a conundrum vexing geologists in Florida for the better part of the last century.
Stated simply: why do young, marine ridges and terraces of north-central Florida occupy such
high elevations? In this field guide contribution, the topographic and fossil data of the terraces
are presented along with the recent sea level history to set up the geologic problem. Then, a
hypothesis is presented to resolve the seemingly conflicting evidence. Lastly, the hypothesis is
tested for plausibility with a simple numerical model.
Topographic Evidence
The conspicuous ridges and terraces that trend shore-parallel
from South Carolina through peninsular Florida have
inspired numerous studies (Figure 1). Early 20th century
geologists called on Pleistocene Atlantic transgressions to
explain these features. Cooke (1936; 1943) and Parker and
Cooke (1944) correlated the ridges and terraces across
multiple states on the basis of correspondence of elevations.
Winker and Howard (1977) attempted to correlate these relict
shorelines along the southeastern Atlantic coastal plain
independent of the assumption of “absolute tectonic stability”
since
the Pleistocene.
Based
on
qualitative
geomorphological characteristics, they identified three
shorelines as the Chatham Sequence (~5-15 m amsl), the
Effingham Sequence (~20-40 m amsl), and the Trail Ridge
Sequence (~35-100 m amsl) and speculated that these shore
parallel surfaces had been “tectonically warped”. However,
no evidence for true tectonic activity exists for the region
during the time since these features might have been
constructed. The first piece in the landscape evolution puzzle
of north Florida is the topographic evidence; Trail Ridge
occupies an elevation of approximately 70 meters above sea
level in western Clay County, FL.
Figure 1. Hillshaded view of digital
elevation model showing ridges and
terraces of the Florida peninsula.

Paleontological and Mineralogical Evidence

Further evidence is contained in the sedimentary deposits of the Florida portion of the Trail
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occupied by Trail Ridge today (~35-100 m amsl). The frequency distribution of sea level
occupation levels, shown in the lower panel of Figure 2, reveals that sea level has only been
above modern elevation for a brief fraction of the total time since the Pliocene. After
considering the topographic evidence, sedimentary evidence, and sea level history, the
conundrum can be clearly stated: How can a Pleistocene depositional feature of nearshore
marine origin exist at some 70 meters elevation in a tectonically quiescent setting, when the
Pleistocene sea level record shows no evidence of such a highstand?
Hypothesis: Karst-Driven Isostasy
An answer to this riddle was proposed by Neil Opdyke and his colleagues at the University of
Florida in the early 1980’s (Opdyke et al., 1984). Several studies have been conducted to
examine spring water carbonate chemistry in Florida (e.g. Willett, 2005). After inspecting
dissolved carbonate chemistry concentrations of natural spring waters, the researchers
hypothesized that voidspace creation through karstification of the Florida carbonate platform,
might provide sufficient crustal mass loss to drive isostatic rebound. This uplift mechanism
could account for the modern elevation of the raised Pleistocene ridges much in the same way
that unloading of continental
ice sheets has driven uplift in
northern North America and
Scandinavia.
The main
difference in the Florida
platform case, however, is that
mass loss is conducted by the
growth of subsurface void Figure 4. Schematic diagram of mechanism of karst-driven isostasy
space within the uppermost (from Adams et al., 2010).
crust.
Model Testing of Hypothesis
Opdyke et al. (1984) conducted an example calculation to show that the elevation of Trail Ridge
roughly corresponds to the expected elevation if isostatic rebound was the responsible uplift
mechanism, given the current rates of dissolution. This verification was conducted more
formally by Adams et al. (2010) through a numerical model that combines an assumed paleoprecipitation history, a linear karstification function, and sea level oscillation-driven platform
exposure to calculate a history of isostatic uplift since the early Pleistocene. Figure 4 shows the
schematic representation of the hypothesis being tested with the numerical model. Output from
the model includes highstand position (elevation) markers in the landscape that are initially
emplaced at the elevation occupied by each highstand, and subsequently raised according to
isostatic uplift history. Any highstand marker that is transgressed is numerically erased from the
geomorphic record – a concept referred to (in glacial moraine geomorphology) as “obliterative
overlap”. The end result of a model simulation is a series of highstand markers with ages and
elevations that have an opportunity for preservation, given the combined effects of uplift and sea
level histories. Figure 5 shows the results of a numerical simulation overlain on a series of crossplatform (west to east) topographic profiles of the north central Florida region. Details of the
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numerical simulations are discussed in Adams et al. (2010). The net result is that plausible ages
corresponding to the, Trail Ridge, Effingham, and Chatham sequences, respectively, are 1.44 Ma,
408 ka, and 120 ka.

Figure 5. Results of numerical simulation for karst-driven uplift and ridge/terrace preservation in northcentral Florida (from Adams et al., 2010).
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Compendium of Some Recent SEGS Field Trips
Hello friends, colleagues, and members that I have yet to meet. Thank you for the privilege of
serving you as SEGS Treasurer and the opportunity to share our passion for earth sciences with
communities of the southeastern United States. 2016 was a banner year for SEGS, with three
excellent field trips to:
•

Everglades National Park, Florida, February 13, 2016;

•

Central Florida Phosphate District: The Mosaic Company - South Pasture
Mine, Bowling Green, Florida, July 30, 2016;

•

Compass Minerals’ Cote Blanche Salt Mine, Louisiana, October 13, 2016;

•

Cemex’s Center Hill, Florida rock quarry, December 3, 2016;
… and development of our first Student Grant Award Program!

We hope that grant opportunities will encourage more students to become active members; note
that all grant applicants who meet simple criteria will be given up to two years free membership.
Know that we are an entirely volunteer organization. The SEGS Executive Committee and other
greatly-appreciated members contribute much to our mission and emphasis on field trips, with
tasks such as nurturing relationships for private property, e.g. mine access, establishing
protocols, distributing info through our website, preparing notices, planning field trip logistics,
food, security, safety, and producing guidebooks - our legacy; check out the 69 SEGS
publications listed on our website from the last 73 years of our Society's existence.
As we continue to grow, we’ll have more need for member interaction on our committees. We
encourage all to participate noting that it’s a great way to meet folks with similar interests,
develop your technical skills, build your resumes, and have fun. Feel free to contact any of the
SEGS Executive Committee members to get involved; our emails are posted under our photos on
the website.
Following are summaries and photos from some memorable trips we made in the past few years,
as provided by trip organizers. See SEGS.org for a more complete list and additional photos.
Feel free to inquire about revisiting locations that you missed, or suggest new destinations.
Thank you, and remember, in the words of H.H. Read, 1904, “The best geologist is he who has
seen the most rocks.”
See you in the field!
Your SEGS Treasurer,
Andrew M. Lawn, M.S., P.G.
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Cemex Center Hill Mine, December 3, 2016

On Friday, December 2, 2016, SEGS hosted a dinner meeting at a Center Hill, Florida restaurant
that included a presentation regarding Cemex’s limestone aggregate mining and cement
production operations. SEGS Officers present also held a 2016 year-end business meeting. On
Saturday, we visited the mine located about 45 miles west of Orlando, along with members of
the Tampa Bay Fossil Club. We enjoyed meeting and interacting with these folks, and express
our gratitude to Cemex staff who accommodated all of us, including use of their PPE (gloves
were required in addition to the usual hardened-toe boots, hard hat and safety glasses). We
viewed maps of the mine and learned of Cemex’s water management operations, then canvassed
accessible areas to hunt fossils. We collected Eocene Ocala Limestone marine fossils including
mollusks, echinoids, crabs and large foraminifera. Some marine vertebrates (dugong) and
terrestrial vertebrates associated with infilled karst features that the dragline mining process
exposes were also found, along with interesting and colorful chert precipitates.

Cote Blanche Island, Salt Dome Mine, October 14, 2016

On Friday, October 13, 2016, SEGS hosted a trip to the Compass Minerals’ Cote Blanche salt
mine located on the Louisiana coast south of Lafayette and Baton Rouge to examine the geology
and observe mining operations in a salt dome. Cote Blanche is one of five forested “islands” that
rise 75 to171 ft above the surrounding marsh and sugar cane fields of coastal Louisiana. They are
arranged on a NW/SE trend and all are surface expressions of salt diapirism.

43

SEGS members met at R&M’s Boiling Point Cajun restaurant on Thursday evening to socialize,
eat fresh Cajun seafood, participate in a business meeting, and hear a presentation by Mr.
Michael Nixon – mine engineer for Compass Minerals. Mr. Nixon gave an overview of the
Compass Minerals company, salt diapirism and the formation of the Cote Blanche salt deposit,
the history of salt mining in coastal Louisiana, and mining methods used at the Cote Blanche
mine. Compass Minerals has plans for 50 to 100 years of mining operations; they have 20,000
vertical feet of salt reserves.
The Saturday trip started with a safety briefing and outfitting everyone with safety gear. The
mine was inactive due to planned maintenance activities. We all descended in a cylindrical
elevator to the 1500 ft level where we loaded into 5-person utility vehicles to tour the mine. We
observed the surprisingly homogeneous salt deposits, zones of dark banding – stratigraphic salt
layers containing 2-4% anhydrite, clay and other impurities, that have been tilted to near-vertical
orientation and folded as the plastic salt mass flowed during diapiric intrusion. We also observed
a large “sandstone” silty red sand body that was either deposited with the salt or incorporated
into the salt during diapirism.
Compass Minerals staff showed us how the salt is excavated, transported in the mine, processed,
and moved to the surface; and how the mine is maintained. We were amazed at the size of the
equipment that was used to mine and transport the salt in the mine. All material in the mine is
lowered with a 16 ft diameter elevator. Equipment is disassembled and, if necessary, cut into
pieces before being lowered into the mine, to be reassembled. The factor limiting the size of the
equipment used in the mine is the tires because they can’t be disassembled or cut apart. At the
end of service life, equipment is retired in the mine and not brought back to the surface.
After we completed our tour of the mine and collected samples of salt and “sandstone” we
returned to the surface for a BBQ lunch and discussion. After departing the Cote Blanche mine,
several of us visited nearby Avery Island, site of the world famous Tabasco Pepper Sauce
operation.
We are grateful to Dr. Jon Bryan of NW Florida State College for having arranged this
extraordinary field trip and for compiling an outstanding guidebook, and to Compass Minerals
for making the mine and their staff available to SEGS.

Everglades National Park, February 12 through 14, 2016
On February 12, 2016, we gathered in the Everglades and Islamorada, Florida, for a meeting and
trip to Everglades National Park (ENP) to examine the Geology of the Everglades, Keys, and
South Florida. We met at the Longhorn Steakhouse in Miami. Dr. Harold R. Wanless, Ph.D gave
a presentation titled The Geologic Evolution of the Everglades from Beginning to End, the Last
5,000 Years and the Next 100. The Saturday field trip, led by Dr. Tom Scott and Dr. Sam
Upchurch, was very well attended with approximately 40 participants. An additional trip on
Sunday visited the Windley Key Fossil Reef Geological State Park.
On Saturday morning, we all met at the Visitor’s Center and had some time to browse the
exhibits. We then loaded up in vehicles and entered the park to begin our field trip which focused
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on the unique geological setting in south Florida that led to the development of one of the largest
wetlands in the United States. The first stop was the Pine Rockland region in the northern portion
of ENP, where we discussed the development of the Atlantic Coastal Ridge, the Miami
Limestone and the micro-karst that has developed since the deposition of the Miami Limestone
approximately 125,000 years ago. The slightly higher elevation on the ridge created the
foundation for the unique ecosystem that comprises the Pine Rocklands. We then headed south
into the heart of ENP, reviewing the origin of Rock Reef Pass and other linear, slightly elevated
features that occur in the Everglades. We stopped at Pa-Hay-Okee to observe and explore a
hardwood hammock and look at the modern deposition of peat that is occurring in the sawgrass
wetlands that surround the hardwood hammocks and discussed the development of the tree
islands and their geologic origin.
Other stops included Paurotis Pond where modern freshwater marl (consisting of low-Mg
calcite) is accumulating, West Lake where we saw a modern mangrove forest, and FlamingoFlorida Bay where we observed a coastal storm levee consisting of marine mud and discussed
the modern carbonate environments. Lots of wildlife was also observed including many types of
birds, tree snails, alligators, turtles, and fish. We all enjoyed a “build your own sandwich” lunch
out in the park.
On Sunday morning, a guided hike/tour was held at Windley Key Geological State Park. Starting
in the early 1900’s, this quarry was active into the 1960s and today stands as a preserved
geological treasure. The clean cuts of the quarry machinery revealed the preserved fossilized
specimens of a variety of ancient coral animals. The limestone cuts also reveal the thin layer of
soil that supports the abundant variety of botanical life that thrives in the subtropical
environment of the Florida Keys. Formed of Key Largo limestone (fossilized coral), this land
was sold to the Florida East Coast Railroad and was used to help build Henry Flagler’s Overseas
Railroad in the early 1900s. After the railroad was built, the quarry was used until the 1960s to
produce exquisite pieces of decorative stone called Keystone. We walked within the eight foothigh quarry walls to see cross sections of the ancient coral reef formed nearly 125,000 years ago
and learned about the quarry and its operation—an important part of Florida’s 20th century
history.

Coastal Plain Unconformity, November 6, 2015
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On November 6th and 7th, 2015, we gathered in Columbus, Georgia, for a meeting and field trip
to view the Coastal Plain Unconformity (Fall Line) in southwestern Georgia and southeastern
Alabama. The field trip, led by Dr. Clint Barineau, Associate Professor of Geology, Department
of Earth and Space Sciences at Columbus State University, was very well attended with
approximately 40 participants. We met Friday evening at the “11th and Bay Southern Table”
restaurant. Dr. Clint Barineau provided an overview into what to expect during the field trip.
Harley Means also received the SEGS fulgurite award for serving as SEGS Treasurer for many
years.
On Saturday morning, we met at the Columbus State University parking lot and headed out in
vans. We travelled through parts of southwestern Georgia and southeastern Alabama to examine
the coastal plain unconformity, separating the GA-AL Piedmont terranes from Coastal Plain
strata that is exposed in the Columbus region and separates Precambrian to Paleozoic rocks of
the Uchee belt, Pine Mountain belt, Dadeville Complex, and Opelika Complex in the Piedmont
from Late Cretaceous rocks of the Tuscaloosa Group/Formation at the northern extent of the
Gulf-Atlantic Coastal Plain. Some of the highlights included: paleochannels, Phenix City Gneiss,
Columbus Urban Whitewater Course, Mesozoic Diabase Dike, Hollis Quartzite, Camp Hill
Granite, and the Wetumpka Impact Crater as it was getting dark. We all enjoyed lunch at
Dowdell’s Knob in FDR State Park.

Honeymoon Island Field Trip, June 13, 2015
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We met for dinner Friday June 12, 2015, where Dr. Jennifer Coor (Engineering, Hydrology and
Geology Program, Division of Water Resources Management, FDEP) and Candace Beauvais
(FDEP) introduced us to the ROSSI coastal management model for identifying offshore sand
sources that may be compatible with beaches and re-nourishment projects. Dr. Mark Horwitz
(University of South Florida – USF) presented information on historical and modern morphodynamics of the area. It was interesting to see examples of stable, vs. eroding, vs.pro-grading
shorelines.
On Saturday we examinee beach erosion processes and efforts by the State of Florida to remedy
a segment of critically eroded beach on the southern Gulf shoreline at Honeymoon Island State
Park. Honeymoon Island suffers from an unnatural shoreline orientation and a deep offshore
area, both of which created by a developer who dredged the area in the 1960s. The dredging
operation objective was gathering fill to widen the island into the Gulf of Mexico. The operation
produced a shoreline out of equilibrium with waves and currents, and a steep bathymetric profile,
both of which lead to expedited erosion.
During the trip we observed results of the altered shoreline orientation and nearshore bathymetry.
Mr. Brett Moore (Hermiston & Moore Engineers) discussed results of earlier phases of remedial
action, recent construction of several low-profile T-groins, and preparation for additional
remedial activities (pumping of sand onto the beach).
Dr. Roger Portell (University of Florida) discussed invertebrate fossils preserved in carbonates
dredged and deposited onto the beach during the 1960s. Dr. Sam Upchurch (USF) discussed
mineralogy of carbonates excavated offshore and deposited on the beach, and the existence of
flint and chert that were mined by Native Americans as much as 12,000 years ago. Dr. Upchurch
explained that flint usually appears black, and chert is more commonly grey or brown, and flint
is actually more clear than chert (both SiO2), in thin-section. This phenomenon is due to a more
complex molecular structure of flint than chert, which scatters light more, causing flint to appear
denser and darker. Dr. Upchurch went on to explain that artifacts made of flint vs. chert can help
age the artifact creators. The dark flint is deeper, thus farther out in the Gulf; therefore, Native
Americans settled for lower quality material (chert, then agatized coral [which currently
outcrops], as sea level rose over the past several thousand years of glacial melting.
The SEGS would like to extend our gratitude to our speakers and field trip leaders mentioned
above and would also like to give a big thank you to Peter Krulder who is the park manager for
Honeymoon Island State Park. He waived the entrance fee for SEGS members and escorted the
group during our visit to the park. Florida’s state parks are some of the few places left where
unspoiled remnants of Florida’s unique environments remain. Restoring the beaches along this
barrier island will benefit both the local economy and the ecology of the area.

Jeckyl Island, Georgia, April 10, 2015
On April 10th through 12th, 2015, we gathered in Folkston and Jekyll Island, Georgia, for a
meeting and field trip to Southern Ionics heavy mineral sand mining operation. An additional trip
on Sunday focused on paleo and modern day coastal depositional environments. The Saturday
field trip, led by Jim Renner, the Manager of Environmental Stewardship at Southern Ionics, was
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very well attended with approximately 60 participants. It was a joint field trip between the SEGS
and the American Institute of Professional Geologists-Florida Association of Professional
Geologists (AIPG-FAPG).
For our Friday evening meeting, we met at the Villas By The Sea conference room on Jekyll
Island, where most of the field trip participants were also staying. Jim Renner of Southern Ionics
gave a presentation on mine safety and other visitor requirements. He also provided an insight
into what to expect during the field trip. Phil Leary, AIPG-FAPG’s legislative lobbyist, provided
a brief overview of the state legislative process and discussed how legislative involvement helps
protect the scope of practice for geologists. Two technical presentations were also given. Fred
Pirkle, Ph.D. P.G., gave a presentation entitled “Heavy Mineral Exploration Models Based on
Fluvial, Deltaic, and Coastal Marine Sedimentation.” This presentation summarized the
exploration and evaluation of heavy mineral deposits. Norm Stouffer, a mining engineer,
presented on heavy mineral sand process engineering. John Herbert also received the SEGS
fulgurite award for serving as SEGS president, 2013-2014.
On Saturday morning, we met at the Villas by the Sea parking lot and headed to the Folkston,
GA area. We met at the mine office and Jim presented an overview of what to expect for the day.
The following elements were observed at the mine site: active mine pit, ore stockpile and
screening, the wet mill (which provided a beautiful bird’s eye view of the entire area),
reclamation areas, hydrologic monitoring network, and sensitive resources such as wetlands and
gopher tortoise habitat. We all enjoyed a Subway boxed lunch back at the mine office.
On Saturday evening, Anne Murray and Helen Hickman of the AIPG-FAPG hosted a cocktail
hour on one of the Jekyll Island beach pavilions. Representatives from AIPG-FAPG and SEGS
presented information on the current news and goals of these organizations. These included Dr.
Foster Sawyer, AIPG National President, who joined us from Rapid City where he is a professor
at the South Dakota School of Mines; Anne Murray, AIPG-FAPG president; and Greg Mudd,
SEGS president.
On Sunday morning, a guided hike was held to observe active coastal processes, sensitive
environments, Quaternary stratigraphy, salt marshes, tidal creeks, marine transgression
sequences, and heavy mineral deposition/concentration at Jekyll Island Beaches. We hiked along
the north end of the island known as Driftwood or Boneyard Beach at low tide to see fully
exposed marshes and sediment. Oren Reedy, P.G., a wetland soil scientist with local knowledge
lead the hike.
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Alapaha River/Cody Scarp, North Florida, November 7, 2014

Many of our growing membership took advantage of this record-attendance SEGS field trip to
see and learn about fantastic examples of karst geology in north Florida. Sixty seven SEGS
members and guests, including eighteen students from USF, NWFSC and UF gathered for this
technical-info heavy event at the Alapaha River/Cody Scarp Area, where we obtained permitted
access onto two private properties as well as gated State and Suwannee River Water Management
District lands. We gathered for Friday dinner in the Lodge at the Spirit of the Suwannee Music
Park and Campground for several technical presentations with details included in Guidebook #63
compiled by Andy Lawn, with excerpts from his Master’s thesis regarding the Alapaha River,
and contributions from Sam Upchurch, Rick Copeland and Clint Kromhout. We had the great
fortune of all three authors of ROADSIDE GEOLOGY OF FLORIDA present for a book signing
– Jon Bryan, Tom Scott and Guy (Harley) Means. Saturday trip stops included: 1) Law Sink, a
very large ponor/sink that’s hidden behind dense overgrowth and great live oaks where we
observed water falling into the 80 ft deep sink. Ron Ceryak and Rick Copeland talked about the
surficial-aquifer spring waterfalls and exposed Hawthorn Group siliclastics and St Marks
formation limestone, 2) Jennings Bluff Cemetery and River Vista where Tom Scott and Ron
Ceryak talked about the history of Hamilton County and the first residents, 3) Alapaha River and
4) – Dead River Ponor/Sink where Tom Scott, Sam Upchurch and Andy Lawn talked about
hydrogeology of the region, 5) Alapaha River Rise Confluence with the Suwannee where Harley
Means and Dave DeWitt talked about human history in the area with Mike Knapp citing facts
about early Indian populations and names that current residents adopted for towns and features in
the area, and 6) Holton Creek where Wink Winkler, Dave DeWitt and Andy Lawn talked about
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the regional karst features and Florida’s old-growth cypress. After a full day of fun and education
we returned to the Music Park for another buffet dinner with entertainment by Irish Band
Kanapaha, then Sunday morning did a 3-hour canoe/kayak trip down the Suwannee River.

Cumberland Island, Georgia, September 26, 2014

On September 26, 2014, SEGS held the Cumberland Island dinner meeting at the Riverview
Hotel located in quaint and historic downtown St. Marys GA. Field trip leaders for SEGS were
Clint Noble and Fred Pirkle, with technical assistance and guidebook information provided by
Fredrick Rich, Ph.D of Georgia Southern University and Gale Bishop, Ph.D Emeritus of Georgia
Southern University and Director of the schools Natural History Museum. Following the
business meeting, a technical presentation was given via powerpoint in the hotel’s restaurant
while attendees dined. Gnarled Live Oaks in a Cumberland Island Maritime Forest. The Friday
evening presentation was given jointly by Dr. Rich and Dr. Bishop. It focused on the
geomorphology of the Georgia Barrier Islands, with specific attention given to St. Catherines
Island and it’s contrast/resemblance to Cumberland Island with regard to its development from
the early Pleistocene through the Holocene. A great discussion ensued regarding various aspects
of the geology of Cumberland Island, sea-level fluctuations and their impacts on both
Cumberland Island and the St. Mary’s River (some of the bluffs along the river), and the
transport and accumulation of sediment along this portion of the Atlantic coast. Field trip
participants march across dune field, from the maritime forest that it is overtaking, toward the
sediment source.
On Saturday, we visited the island. Dr. Rich discussed the back dune ridge complex at the
Dungeness Dune Crossing located on the southern end of Cumberland Island. It is a remarkable
geomorphic feature where a landward advancing dune has buried a former maritime forest
adjacent to a salt marsh. We walked along the dune and observed the tops of partially-exposed
fossil trees which have been dated at 270 years. According to Dr. Rich much change has
occurred in the landscape of Cumberland Island in a very short geologic timeframe. Editor poses
with the crowns of partially-exposed, 270-year-old, live oak fossils, in a particularly bad place to
build condominiums. Dr. Bishop, an expert in sea turtles, discussed how he has mapped paleoshorelines using fossilized sea turtle nests. Dr. Rich revealing the sex life of horseshoe crabs. Dr.
Rich discussed the remarkable nature of horseshoe crabs, prevalent on Cumberland Island. Their
blood is prized for its ability to identify bacteria contamination on surgical equipment,
intravenous drugs and vaccines.
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Santa Fe River, Florida, June 28, 2014

On June 28, 2014, SEGS hosted a field trip to the Santa Fe River in north-central Florida. The
Santa Fe River is fed by numerous springs, including Ginnie Springs and Poe Springs, and is a
major tributary of the Suwannee River. The river dissects an area that has been extensively
karstified, and spans part of a transition zone between confined and unconfined regions of the
Floridan aquifer system. The river originates in Northern and Central Highlands of the eastern
part of the basin where the Floridan aquifer system is confined and overlain by clay and
limestone sediments of the Hawthorn Group that create an intermediate aquifer system and upper
confining unit, and variably thick sands that create a discontinuous surficial aquifer system.
From there, it flows onto the Gulf Coastal Lowlands where the Floridan aquifer system is
unconfined and either exposed at the land surface or overlain only by variably thick sands.
The trip was led by Peter Butt, part owner of Karst Environmental Services, Inc., and was
attended by 23 SEGS members and their guests. A dinner meeting was held at the Conestoga
Restaurant in Alachua, Florida on the evening before the trip. Pete showed us pictures and maps
of the areas we would visit tomorrow. We also saw the aftermath of his alligator encounter! On
Saturday morning, canoes and kayaks took us along the stretch of river located between
Highways 27 and 47 near High Springs, Florida. We visited Labatt’s Blue Spring, Fenceline
Spring, Poe Springs, and Watermelon Springs. We moved onto Lilly Springs, where we met and
chatted with the local personality and springs caretaker Naked Ed (yes, he lives up to his name!).
After leaving Naked Ed, we encountered Rum Island and Blue Springs Group. We took a break
at the Blue Springs Park and cooled off in the spring water. Downstream from there we observed
Devils Eye/Ear Group, July Spring, and Ginnie Springs, where we stopped for lunch provided by
the Ginnie Springs park café. After lunch, we headed further downstream to Siphon Creek Cave
System, Big Awesome Suck, Little Awesome Suck, Camp Spring, Tract One Siphon, and
Myrtle’s Crack. Some were brave enough to test out the “cracks” by cooling off in their depths.
The canoes and kayaks were taken out at Santa Fe River County Park and everyone caught the
tle back to the rental location.
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Crystal River, Florida Limestone Mines, March 8, 2014

On March 7th and 8th, 2014 we gathered in Crystal River, Florida, for a meeting and field trip to
three locations of Crystal River Quarries. This field trip, led by Tom Scott, was very well
attended with 60 participants. The Red Level Mine, Maylen Pits, and Lecanto Quarry are active
facilities that mine the Eocene-aged Avon Park Limestone and the Ocala Limestone.
For our Friday evening meeting, we met at the Boat House Restaurant. David Tegeder and
Steven Noll, professor in the History Department at the University of Florida, and one of the coauthors of the book entitled “Ditch of Dreams: The Cross Florida Barge Canal and the Struggle
for Florida’s Future” gave the Friday evening presentation. The Barge Canal was just up the road
from our meeting and field trip locations. As we learned in the presentation, the Barge Canal
project was rejected by the Army Corps of Engineers as “not worthy,” but the project received
continued support from Florida legislators. Federal funding was eventually allocated and work
began in the 1930s, but the canal quickly became a controversial project. Thanks to the
unprecedented success of environmental citizen activists, construction was halted in 1971,
though it took another twenty years for the project to be cancelled. Though the land intended for
the canal was deeded to the state and converted into the Cross Florida Greenway, certain aspects
of the dispute–including the fate of Rodman Reservoir–have yet to be resolved. Their book was
available for purchase, but can also be purchased on Amazon and appears to be a very interesting
read!
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On Saturday morning, we met at the Holiday Inn Express parking lot and headed to Stop #1, the
Lecanto Quarry, where we were lucky to find some amazing calcite. Crystals from here are
displayed in museums worldwide. Some serious rock banging ensued and most went home with
a prize. Stop #2 was the Maylen Pits where some very cool limestone pinnacles were observed.
Here we enjoyed a Subway boxed lunch while sitting on limestone (where else would a geologist
want to sit for lunch?). Finally, stop #3 was to the Red Level Mine. Some well-preserved fossils
were uncovered and we got to see a dragline up close.

Ochlocknee and Little River Mines Field Trip, February 15, 2013

We held our 2013 Annual Meeting on February 15 in Thomasville, Georgia and a field trip to the
Ochlocknee and Little River mines in the Palygorskite district of north Florida-south Georgia the
following day. At the meeting Mr. Alex Grover, who was coincidentally in the area prospecting
for Palygorskite on a nearby property, gave a talk entitled “Palywhat??” That presentation
oriented us for Saturday’s excursion. While on outcrop we heard some spirited debate regarding
the depositional environment and genesis of the unique clay deposits. Opinions regarding genesis
of the clay deposits fell into two camps: 1) volcanic ash deposits and 2) a hypersaline restricted
marine environment that went critical with respect to these clay minerals. We also discussed the
Miccosukee Formation deposits that were beautifully exposed over the palygorskite and
observed channel cut-and-fill structures, cross bedding and thin laminations reflecting the
depositional environment.
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Graves Mountain Field Trip, October 20, 2012

Our 2012 Graves Mountain Field Trip was based in Thomson, GA. Graves Mountain is a quartzkyanite monadnock that contains a variety of oxide and phosphate trace mineralization. Rutile,
limonite, lazulite, kyanite, and quartz specimens are prized by collectors. The deposit was first
mined by the famous Tiffany jewelers, who recovered large rutile crystals that they used to make
costume jewelry. More recently, and more extensively, it was mined for kyanite (a refractory
material) and byproduct pyrite, a source of sulfur. Student attendance was outstanding, including
large student groups from Northwest Florida State College and the University of Georgia. Cool
temperatures, fall foliage, metamorphic rocks, and world-class mineral collecting were well
received.
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Central Florida Phosphate District Field Trip, August 10, 2012

SEGS and FAPG-AIPG met in Lakeland, Florida. Jon Courtney led a field trip to Mosaic’s
South Fort Meade Mine, where we examined the extraordinarily phosphate-rich sediments of the
Bone Valley Member of the Peace River Formation. A wide variety of marine and terrestrial,
vertebrate and invertebrate, fossils were collected; and we took a ride on one of the large
draglines. Phosphate mine tours are always popular. The event was overbooked; but thanks to
some last-minute cancellations we managed to comply with the 40 person limit, without turning
anyone away. It’s nice when things work out.

SMR Aggregates Field Trip, May 18, 2012
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SEGS gathered in Sarasota, Florida, for a meeting and field trip to SMR Aggregates where the
shell beds of the Plio-Pleistocene Tamiami Formation are mined, including the paleontologically
famous Pinecrest Beds. According to field trip leader Roger Portell, the pits “contain some of the
most species rich and densely packed fossil horizons known in the world. The Pinecrest Beds
alone may contain over 1,000 species of shelled marine mollusks.” A variety of vertebrate fossils
were found, too, including whale vertebra, horse bones, and shark teeth.

Florida Caverns Field Trip, February 25th and 26th, 2012

The SEGS 2012 Annual Meeting and Field Trip was held in Marianna, Florida, where we visited
Florida Caverns State Park. Almost 40 people, including 7 past presidents, gathered at the dinner
meeting to hear Darrel Tremaine’s presentation on cave microclimates and variations in
dripwater and speleothem chemistry. Dave DeWitt and Andy Lawn were presented with the
“Fulgurite Award” for “leadership with the energy and focus of lightning.” After dinner we
returned to the Florida Caverns State Park for an underground flashlight tour. The next day we
visited the Florida Hi Cal Pit to see the Eocene/Oligocene boundary and the Bumpnose Member
of the Ocala Limestone.

Providence Canyon in west-central Georgia, February, 2011

This field trip, led by Carl Froede, was a day-tour of “Georgia’s Little Grand Canyon” in and
around Providence Canyon State Park where Late Cretaceous to Eocene strata are exposed as a
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result of massive gully erosion (as deep as 150 feet) caused by poor farming practices during the
early nineteenth century. Regional tectonism, sea level changes, paleocontinental shelf facies
shifts, groundwater ferricretes, and surface stream runoff were discussed at various outcrops
during the trip. An abundance of colorful geology and flora was observed in and around the
canyons, making this a memorable trip!

Alum Bluff in the Florida Panhandle, Fall 2010

The Alum Bluff field trip on the Apalachicola River was held on Nov. 20, 2010 in the Florida
panhandle. Many thanks to all who attended, and especially to Harley Means of the Florida
Geological Survey for organizing the trip, and to the FGS for facilitating transport to this unique
exposure of Tertiary deposits containing copious fossil material. Additional thanks are in order
for both Roger Portell, Director of Invertebrate Paleontology at the Florida Museum of Natural
History (and the new SEGS VP), and to former Assistant State Geologist Tom Scott, for sharing
their immense geological knowledge during the trip. Camping at Torreya State Park was
awesome, and added to the adventure and enjoyment of spending time in north Florida in the fall.
We are sure to return to this area for future SEGS field trips!
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Central Florida’s Sand Mining District field trip, October 16, 2010

The SEGS and the FAPG-AIPG/Florida Section co-hosted a USF Geology student field trip, led
by Marc Hurst, to the Lake Wales Ridge Central Florida Sand Mining District on October
16, 2010. The SEGS and FAPG-AIPG offered this field trip primarily for USF Geology students
to learn about the sand mining operations on the Lake Wales Ridge in central Florida. We had 35
USF students and faculty attend along with about 15 others from the SEGS, including the trip
leaders and representatives of the mining companies. This trip will probably be offered again to
other student groups from the other fine geology departments at our state’s universities.
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FIELD TRIP LOG
Central Florida's Sand Mining District
Southeastern Geological Society Guidebook No. 70
February 25, 2017

We’ll meet on Saturday, February 25 at 8:30 AM, at the entrance of
C.C. Calhoun, Inc.'s Pit No. 1, located at 1280 OLD SCENIC
HWY, LAKE WALES, FL 33853.
Directions according to Mapquest: Beginning at the intersection of
Interstate 4 and US-27, Exit 55 toward Haines City:
•
•
•

go south on US-27 about 23 miles
turn Left onto Mountain Lake cutoff Road; go 0.7 miles
the road becomes Old Scenic Highway, go about a mile;
site is on left.

After an hour or two, we'll move to Pit No. 4, located at 1250
DETOUR ROAD, HAINES CITY, FL 33844, where we will
continue collecting until lunch. After lunch we will hold a short
business meeting.
Directions from Pit No. 1:
•
•
•
•
•

go north on Old Scenic Highway about 1 mile
turn right onto N Scenic Hwy/US-27 Alt N/FL-17 about 8
miles
turn right onto Center St/US27 Alt N/FL 17 for 3.8 miles
turn right onto Bannon Island Rd; go 0.8 miles
trurn right onto Bannon Loop Rd; go 0.24 miles
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Stop 2
Pit #4

Stop 1
Pit #1
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Stop 2
Pit #4

Stop 1
Pit #1
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