PERCOLATION INTO DRAGON’S TOOTH CAVE, FLORIDA, USA
Karina Khazmutdinova, Doron Nof
Florida State University, Geophisical Fluid Dynamics Institute, 018 Keen Building, Tallahassee, FL 32306 USA,
kk11m@my.fsu.edu
Investigations of epikarst hydrological characteristics are important for understanding the complex relationships
between cave calcite chemistry and changes in net rainfall, cave drip rates, and fluctuations in cave dripwater. We
instrumented Dragon’s Tooth Cave (Marianna, Florida, USA) with an array of instruments to characterize individual
rainfall events above the cave and measure hourly in situ drip rates at selected stalactites within the cave. Drip rates at
most of the instrumented stalactites increased in response to heavy summer-season precipitation. A sharp increase in
drip rates was also observed after several fall/winter months of low to negative net rainfall (i.e., when evaporation >
precipitation). This phenomenon may indicate that the stalactites are being fed by a series of connecting reservoirs
feeding cracks of various geometries and flow rates. Geological surveys, tracer experiments, and additional time-series
data collection will be conducted to further investigate reservoir existence and behaviour. The findings have important
implications for the interpretation of speleothem paleoclimate records in terms of both geochemistry and seasonal
growth rates.

1. Introduction
Accurate interpretation of karst-cave paleoclimate records
requires an understanding of water transport, flow routes,
and water residence times in the limestone above the cave.
Even within a single cave room, the properties of
individual drips are unique, dependent on complex flow
routes. Flow rate usually varies with seasonal changes in
barometric pressure and water percolation into the aquifer
(Genty and Deflandre, 1998).
Travel paths of water flowing from the ground surface to
speleothems have been studied at caves in Europe and
Australia (Tooth and Fairchild 2003; Fairchild et al. 2006;
Baker and Bradley 2010). With a few exceptions (e.g.,
Wong et al. 2011; Tremaine et al. 2011; Tremaine and
Froelich 2013), caves in the United States remain poorly
studied.
The relationship between above-ground precipitation and
cave drip-rate intensity reflects the water balance that
results from atmospheric and cave processes. One
objective of this study was to continuously measure
rainfall and hydrological parameters at Dragon’s Tooth
Cave, a poorly characterized limestone cave with a
relatively thin (3.5 m) epikarst. A second objective is to
develop a “reservoirs-cracks” water-flow model that can
be tested using the time-series field data. Understanding
drip-rate behavior will allow us to isolate particular

reservoirs, thus setting the stage for detailed threedimensional geological surveys and quantitative field tests
of water flow.

2. Study Site
Dragon’s Tooth Cave (DTC; Fig. 1) is located in Florida
Caverns State Park in Marianna, Florida, approximately
100 km northwest of Tallahassee. One of the state’s most
unusual parks Florida Caverns contains more than 30
named caves (Ludlow 1997). Most have been mapped by
caving groups. Caverns in the park vary in condition.
Some are severely damaged, while others remain pristine
(Ludlow 1997). Several caves, including DTC, have been
gated to protect their geological formations and rare cave
biota.
Dragon’s Tooth is one of the park’s largest and most
predominant vadose cave passages. Dragon’s Belly, one
of the largest dry cave rooms in Florida, is approximately
41 m long, 17 m wide, and 6 m high. The latest map of
DTC with the “Dragon's Belly” extension (Fig. 1) was
created in 1986.
Most of large caves are developed in the upper Bumpnose
member of the Crystal River formation. The Dragon’s
Tooth ceiling consists of two limestone layers: Marianna
Limestone, a resistant, hard-to-soft, white-to-cream

Figure 1. Left: Three-dimensional illustration of Dragon’s Tooth Cave Right: Plan view of Dragon’s Tooth Cave with instrument
locations, calcite farms, and dripwater collection sites.

Figure 2. Geologic map of the Dragon’s Tooth Cave area. Modified from Green et al. 2003.

marine limestone and the Bumpnose, a soft, white
fossiliferous limestone. The DTC roof is approximately
3.5 m thick. (Fig. 2)
Cave development in the park is promoted along three
planes: two vertical joint directions plus a horizontal
direction parallel to bedding (Boyer, 1975). DTC displays
preferential development along a vertical controlling joint
at approximately N 30° W, parallel to the orientation of
the nearby Chipola River (Boyer 1975).
Cave hydrology is controlled by both precipitation and
evaporation. Precipitation is important because it serves as
a source of dripwater. Mean annual precipitation in
Quincy, Florida (35 km east of Marianna) is
approximately 1377 mm yr-1 (Fig. 3). Evapotranspiration
is important because it removes water from the soil, thus

Figure 3. Left: Annual rainfall in Quincy, Florida, 19842010 (www.ncdc.noaa.gov). Right: Monthly rainfall
averages and 1-sigma ranges from the same data set.

concentrating ions in soil water by up to a factor of ten. In
northwest-central Florida, approximately 80% (±7%) of
the rainfall is evaporated (Bidlake et al. 1996), even in
summer when precipitation rates are high (Tremaine and
Froelich 2013). This evaporation rate is typical for
subtropical pine flatwood ecosystems (Bidlake et al.
1996). In fall and winter, temperatures are lower and
plants take up water less readily. Evapotranspiration is
thereby diminished, and positive net rainfall (i.e.,
precipitation > evapotranspiration) is more likely.

3. Methods
3.1. Field Measurements
To understand cave hydrologic responses to precipitation,
continuous records are required for rainfall amounts, drip
rates, and the meteorological parameters that determine
evapotranspiration rates. A meteorological station was
therefore installed above Dragon’s Tooth Cave in May
2012 to continuously measure rainfall, barometric
pressure, relative humidity, air temperature, wind speed
and direction, and solar irradiance at 15-minute intervals.
An automatic precipitation sampler (MDN 00-125-4) was
installed in June 2012. This collector captures samples
from individual rainfall events, thus allowing direct
correlation of isotopic and trace element compositions in
rainwaters and the resulting dripwaters. Such correlations
allow for estimates of water residence times and
preferential penetration routes through the epikarst.

Figure 4. Left: Dripwater logger (white box) mounted atop a tripod. Right: Southern section of the “Dragon’s Belly”.

To measure DTC drip rates, acoustic drip counters
mounted on tripods were deployed under eight stalactites
(Fig. 4). These stalagmate acoustic drip counters work as a
microphone, recording the number of drops falling on a
box top over a user-defined time interval (Collister and
Mattey 2008). Drip rates have been continuously recorded
at seven stalactites at 1-hour intervals from May 2012 to
present.
3.2. Two-Dimensional Dripping Model
Precipitation that is not intercepted by evapotranspiration
percolates through unsaturated porous geologic media by
following the fastest paths – i.e., fractures (Pendexter
1996). The karst above Dragon’s Tooth Cave is
heterogeneous and highly fractured, with many voids and
pockets.
Several models have been recently constructed to
determine hydrological variations in caves (Tooth and
Fairchild 2003; Fairchild et al. 2006; Baker and Bradley
2010). These models describe flow within a system of
connected reservoirs that feed stalactites, with an

emphasis on reservoir storage capacities and water
discharge.
In this study we considered that pockets in the karst are
connected through a complex system of cracks. Water
movement in cracks of different sizes and orientations can
be examined (Fig. 5).
Here we outline the primary set of equations used to
model flow through the roof of Dragon’s Tooth Cave. We
assume that the flow is laminar with a fluid velocity U
flowing in the x direction, varying only in y. The dominant
force balance in the x direction is between viscous forces
and gravitation:

U = [U ( y ), 0, 0]
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where U is fluid velocity, P is pressure, g is gravitational
acceliration, and α is angle between crack and horizontal
axis. Fluid characteristics are given by ρ (density) and ν
(viscosity).
Discharge per unit width, q, is derived from equations
(1) – (3):
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3ν

(4)

where h is half the distance between the crack walls
(Fig. 5).

Figure 5. Flow through a model crack. Crack width is 2h.
The parameter a represents the size of the crack.

In the future, the water-transport model will be further
developed by the addition of reservoirs. Modeled
discharge rates will be compared to rates measured in situ.

4. Results and Discussion
Measured monthly rainfall above Dragon’s Tooth Cave
(May 2012 – February 2013) averaged 109 mm, ranging
from a low of 13 mm (January 2013) to a high of 304 mm
(August 2012). Heavy rainfall events occurred from June
through September. Throughout our study, regional
evapotranspiration rates were approximately 100 mm
month-1. Net rainfall amounts were near zero at the
beginning of the study (May), positive during the summer
rainy season (June–August), near zero during the
transition month of September, and negative in the winter
months of October–January (Fig. 6).
Temporal dripwater patterns at the instrumented stalactite
sites within Dragon’s Tooth Cave were generally similar.
Most sites exhibited drip rates that varied seasonally. Site
DT #2 was an exception, with a nearly constant rate of
130–170 drips/hour (Fig. 7). Most sites also exhibited
seasonal variation in lag period (i.e., time between a
rainfall event and a subsequently increased drip rate),
ranging from 14 to 45 days. Drip rates were spatially
variable, with stalactites less than a half a meter apart
exhibiting different drip-rate ranges and lag times (e.g.,
DT #4 and DT #7; Fig. 8). Maximum drip rates varied
from 120 to 850 drips/hour.
Most monitored stalactite sites were responsive to
precipitation. In August 2012, several rain events
occurred, producing a monthly rainfall total of 300 mm
(Fig. 6). Significantly higher drip rates were observed
within the cave in September (Fig. 8). At sites 1, 3, 5, 6,
and 7, drip rates increased from 0 to up to 550 drips/hour.
Drip rates at several locations (Fig. 8 A-D) increased even
more during the time of negative net rainfall than
immediately after the high-precipitation summer period.
The phenomenon of negative net rainfall and high drip
rates could be explained by a system of interconnected
reservoirs that feed cracks of various sizes, locations, and
flow velocities. If cracks within a particular reservoir
occur on the walls but not the floor, the reservoir will leak
only after the water level reaches a certain height. To
determine whether our rain-event sensor might have
malfunctioned and missed some post-September rainfall,
we cross-checked our measured precipitation rates against

Figure 6. Monthly precipitation (white bars) and
evapotranspiration (gray bars). The difference – net monthly
rainfall – is shown in black.

data collected at the Florida Caverns ranger station and at
the Marianna Airport (5 km distant).
The velocity of water travel between a reservoir and its
destination stalactites will further depend on the
characteristics of the fractures themselves. The
supposition of reservoir existence and delayed water
delivery at Dragon’s Tooth Cave will be further explored
using ground-penetrating radar surveys and natural-tracer
(SF6) pulse-chase experiments.

5. Summary and Conclusion
This paper describes nine months of preliminary timeseries data (net rainfall and stalactite drip rates) indicative
of percolation processes at Dragon’s Tooth Cave in
Florida. This cave is overlain by a shallow soil cover and
a 3.5 m unsaturated zone in karstified, fractured limestone.
At most of the instrumented stalactites, drip rates
increased in response to heavy summer-season
precipitation. A sharp increase in drip rates was also
observed after several fall/winter months of low to
negative net rainfall. This phenomenon may indicate that
the stalactites are being fed by a series of connecting
reservoirs that feed cracks of various geometries and flow
rates. Geological (ground-pentrating radar) surveys will be
conducted to determine the existence of such reservoirs.
Pulse–chase tracer experiments will also be conducted to
estimate residence times. Additional time-series data will
be collected for detailed statistical analyses and numerical
modeling studies.

Figure 7. Daily rainfall totals (black descending bars) and DT #2 hourly stalactite drip rates.

Figure 8. (A-D) Daily rainfall totals (black descending bars) and hourly drip rate, at six stalactite sites. (E)DT #6 and DT #7
hourly stalactite drip rates from September 10th to October 12th. Note the different vertical scales.
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