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profiling at different spacings (on 2
profiles) gave (pseudo) depth -
profiles of the specific electrical
resistivity characterizing the water-
table as well as certain high-
resistivity regions up to a depth of ca.
6m. These anomalies correlate well
with the anomalous structures in the
radargrams and might be interpreted
as air-filled cavities. A maximum of
information concerning the depth and
lateral position of anomalies was
provided by the GPR. Based on those
results a map of highly karstified
zones of the test-area was drown.

Some problems encountered with the
interpretation of the measured data
will also be mentioned. They include
the inherent ambiguity of the nature
of the anomalies, strong external
influences (e.g. vegetation, topo-
graphy) and the corresponding lack
of quantitative parameter
determination. Concerning the mise-
a-la-masse measurements a prospect
on a corresponding research project
aiming at the quantification of mise-
a-la-masse results for
hydrogeological and environmental
topics will also be given.

Groundwater - surface water
exchange in the unconfined
karstified Floridan aquifer, a view
from inside the aquifer with
implications for groundwater
protection
T. R. Kincaid

Department of Geology and Geophysics,
University of Wyoming, P.O.Box 3086,
Laramie, Wyoming 82071, USA

Surface water that has intruded into
the unconfined parts of the Floridan

aquifer represents a significant
component of the groundwater which
discharges from the many springs in
region where the aquifer is dissected
by surface streams. A three year
investigation of the Devil's Ear Cave
System, an extensive saturated cave
system in the Floridan aquifer which
underlies a 1.5-km reach of the Santa
Fe River in north-central Florida,
revealed that there is an appreciable
and rapid exchange of water between
the river and the underlying aquifer.
Natural tracers Radon-222 (222Rn)
and 8'8O were used to quantify these
exchanges. Cave diving was
employed to collect water samples
which were analyzed for tracer
content and to observe water clarity
and groundwater velocities within the
saturated karst conduits as far as 1.2-
km upstream of Devil's Ear spring.

The Santa Fe River drains the
Northern Highlands province of
north-central Florida where the
Floridan aquifer is confined by the
25-m thick Hawthorne Formation,
the presence of which precludes
hydraulic connection between the
river and the aquifer. However,
downstream in the lowland
provinces, the Hawthorne confining
layer is eroded so that the Ocala
Limestone is exposed at the surface.
Here the Floridan aquifer is
unconfined leaving the river and the
aquifer in excellent hydraulic
connection.

The direction of flow between the
river and the aquifer is dependent
primarily on where rainfall enters the
total system. If precipitation is
concentrated in the uplands, the
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water accumulates in the Santa Fe
River as overland flow and the flood
pulse moves down the river onto the
unconfined part of the aquifer.
Consequently, even a small increase
in river stage, as little as 1 m,
produces a downward hydraulic
gradient causing large amounts of
river water to infiltrate into the
underlying karst. This tannin stained
surface water quickly enters caves
developed under and parallel to the
river resulting in dramatic water
clarity reductions in the caves, a
serious problem confronting cave
divers. Under these conditions, as
much as 50% of the 8 m3/s discharge
from the Devil's Ear system can
consist of surface water lost from the
Santa Fe River.

Conversely, when precipitation is
concentrated on the lowland regions
where the Floridan aquifer is
unconfined, the hydraulic head in the
aquifer increases above that of the
river resulting in upward flow from
the aquifer to the river. The water in
the cave clears as the tannin surface
water from the Santa Fe River is
flushed upward and out of the
aquifer.

A 30-m thick section of saturated,
karstified Ocala Limestone serves as
the permeable layer separating the
Santa Fe River and the huge
conduits, up to 10-m in diameter, that
comprise the Devil's Ear Cave
System. Interconnected cavities
within this lay^r contain water in
storage that is displaced when either
a downward or upward gradient
develops in response to the different
types of recharge pulses. The rate at

which water moves through this layer
is dependent on the magnitude and
duration of the hydraulic head
difference that develops between the
river and the aquifer. Large floods
originating in the highlands of the
upper Santa Fe River are responsible
for observed surface water intrusion
into the aquifer in periods of as little
as one day, based on water clarity
reductions in the cave.

The findings of this - study
demonstrate the vulnerability of the
unconfined sections of the Floridan
aquifer to contamination from
surface streams. During and after
flood events, wholesale
contamination of the major karstic
conduits underlying the Santa Fe
River can occur in as little as one
day. Given this sensitive, it is clear
that there is virtually no distinction
between groundwater and surface
water in this hydrologic system. This
conclusion, however, is contrary to
the current state regulations which
segregate groundwater and surface
water with regard to permissible
levels of contaminants. State
regulations allow higher levels of
certain contaminants such as nitrates
to be discharged to a river or stream
than would be permissible in the
Floridan aquifer. Based on the
current distinction between ground
and surface waters, state regulatory
agencies permit the growing dairy
and chicken farming industries to
discharge large quantities of nitrate,
ammonia, and soluble organic
nitrogen species to surface streams.
Because the hydrologic connection
between the river and the aquifer has
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not been acknowledged, the
regulations permitting these
discharges will directly contribute to
legally unacceptable groundwater
contamination of the Floridan
aquifer. And in this light, similar
problems will plaque similar
hydrologic environments elsewhere
in the state.

Heat as a natural tracer:
Characterization of a conduit
network in a karst aquifer using
temperature measurements of the
spring water
M. Sauter and S. Rentier
Applied Geology, Geological Institute,
Sigwarstr. 10, 72076 Tubingen, Germany

Temperature variations in spring
water have been recorded over more
than six years with a resolution of
0.01 °C in the Gallusquelle karst
spring (deep karst, Swabian Alb, SW.
Germany). The temperature of the
spring water is highly controlled by
recharge events i.e., their intensities
and magnitudes. Even during summer
events, the recorded variations
display only negative deviations,
which are caused by the arrival of
recharge water at the water table,
cooler than the groundwater itself.
The heat exchange with the rock in
the karstified unsaturated zone,
which is cooler than the phreatic
zone because of the upward directed
geothermal gradient, is responsible
for the temperature difference
between groundwater and recharge
water. In order to have any
significant deviation between the
temperature of recharge water and
groundwater, recharge water has to

flow rapid enough in order to avoid
temperature equilibration with the
surrounding rock. Analyzing the
spring water temperature time series
for the controlling processes and the
comparison with analytical models
allows the distinction between the
influence of the epikarst and the
unsaturated zone (cooling of the
recharge water) and the phreatic zone
(heat convection and heat
conduction). Effective parameters
and geometries could be estimated
for the solution channels of the karst
unsaturated and saturated zone. The
results were comparable with values,
obtained from other measurement
methods.

The principles of search of karst,
fracture and fracture-vein waters
of the mountain folding zones
F. S. Aliev, I. I. Tagiev, and Y. D.
Zamanov
The State Committee on Geology, Behram
Agayev, 100/A, Baku, The Azerbaijan
Republic

In arid zones, there is critical demand
in fresh, low mineralized (1-3 g/1),
but also in mineral and a thermal
waters. In mountain folding zones are
concentrated karst, fracture and
fracture vein waters with great
exploitational reserves. As compared
with submontane plains hydrogeo-
logical conditions of mountain
folding zones are poorly studied,
where conditions of underground
waters (UW) accumulation are
different. By search and prospecti in
of UW of the mountain folding zones
traditional methods have not been
used. For revealing water locations in
karst, fractures, and vein of original
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