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INTRODUCTION

The submarine spring near Crescent Beach, St. Johns
County, is approximately 4 km (2.5 mi) offshore in 18 m
(59 ft) of water in the Atlantic Ocean. The spring is a
major discharge point for water from the Floridan aquifer
and is evident on seismic profiles to be a spring vent rather
than a collapse-type sinkhole. The profiles show a vent area
of approximately 90 to 150 m (300-500 ft) in diameter
(example profiles A-A’ and B-B’) and a depth of over 35
m (115 ft) below sea level. NOAA/NOS navigation chart
number 11486 lists a water depth of 43 m (140 ft) at the
base of the vent. Brooks (1961), conducted a detailed
survey of the “sink” using SCUBA, with a maximum
recorded depth by diving of 40 m (132 ft). Brooks
described the base of the sink to be comprised of secondary
craters up to 4 m (12 ft) across. He noted that spring
water discharge is from the bottom of these secondary
craters. The spring water rises to the sea surface as density
driven boils, at the surface these boils can be seen for
some distance from the spring. In the seismic profiles, the
velocity contrast between the fresher water discharging into
the seawater produces reflectors that can be used to define
the discharge plume.

In 1923, the U.S. Coast and Geodetic Survey obtained
water samples from three areas in the spring that indicate
the source water has a chloride content between 7090 mg/1
and 7680 mg/l. These values are similar to those of the
Floridan aquifer obtained from a well about six kilometers
onshore to the west (Brooks, 1981). In 1995 water samples
were collected from the spring by USGS staff to determine
chlorides and age of the water using isotopes. The Chloride
value from samples that isolated the discharge from the
seawater was 3630 mg/I and the age based on Carbon-14
techniques was 10500 years (Toth, 1999).

SUBSURFACE CHARACTERIZATION

Numerous transects across Crescent Beach spring
were conducted in 1994 to acquire HRSP of the subsurface.
Two examples of the profiles are shown as A-A’ and B-B’.
Unfortunately the navigational fixes attached to the digital
seismic data have been lost, so horizontal scale of the
profiles and their geographic location cannot be determined
at this time. Another survey of the sink using Side-Scan

level
0 -=sealeve

Sonar, HRSP and a fathometer were done in 1998.

The seismic profiles (A-A’ and B-B’) show numerous
strong, parallel reflectors from about 30 m (98 ft) to 60
m (197 ft) below sea level. Gamma log profiles (Index
Map Section H, page 42), interpreted from Gamma counts
acquired from inland wells drilled within eight kilometers
of the spring show numerous peaks in gamma counts at the
base of the Hawthorn Group. These peaks are at similar
depths to the strong reflectors in the seismic profiles.
The package of reflectors highlighted by an orange
background (A-A’ and B-B’) exhibits a slightly more
“noisy” characteristic than adjoining reflectors and may
represent different lithologic or stratigraphic parameters.
The series may correlate with the higher frequency Gamma
count peaks seen in Gamma log profiles SJ0798 and SJ0171
between -21 m (-70 ft) and -30 m (-100 ft). Below 60 m
(197 ft) the strong reflectors diminish in the seismic profile
(not shown). This change in acoustic return may represent
the top of the Ocala Limestone. In the gamma profiles
this surface is indicated by a blue line and ranges from an
elevation of -53 m NGVD (71 ms or -170 ft) at SJO151 to
-69 m NGVD (92 ms or -220 ft) at SJO162. Though there is
insufficient data to confirm the identity
of one reflecting horizon as the top of the Ocala Limestone,
it is most likely around 70 ms (53 m, 174 ft) on the
seismic data.

What is readily apparent in the HRSP examples
is the very large (~1 km) subsidence feature evidenced
by the downwarped reflectors within the Hawthorn Group.
Discontinuities in the horizontal reflectors (yellow vertical
lines) may represent stress fracturing associated with the
downwarping. Meisburger and Field (1976) identify this
large subsidence feature as a pronounced fold. Popenoe
and others (1984) identified the top of the Eocene on
the downward flexure of the fold to be between -47 m
(-150 ft) in the undisturbed section to about -75 m (-240
ft) msl at the deepest part. Karst-related dissolution at
depth and subsequent near-surface subsidence might be
another explanation, rather than a structural fold. The area
highlighted by a green background (A-A’ and B-B’) appears
to contain offlap and cross-bedded reflectors that may

———
[ 5 spring vent
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represent fill when the depression was exposed.

The downwarped reflectors of the Hawthorn Group
are truncated at about 22 m depth, shown by the blue
dashed line in the example profiles. This surface, and a
second one near surface (red dashed line), may represent
erosional surfaces related to sea level low stands. The
area highlighted by a red background shows a second
depression with offlap- and cross-bedded fill. This feature
may represent an area of resumed subsidence following the
first sea level cycle. It may also be an incised fluvial channel
with fill occupying the topographic low created by the
original subsidence event. These sequences of truncation
surfaces and fill may be remnants of the last two sea level
cycles, the parallel reflectors overlying these sequences
being the most recent marine deposition.

At the sea floor the spring vent appears to be
independent of the large subsurface subsidence feature.
Although their relationship at depth is not resolvable
from the seismic profiles, their formation is probably a
manifestation of major dissolution (mega-void) within the
underlying limestone. The vent incises the most recent
marine sequence, which suggests that the vent is recent.
The north (left) flank of the sink is higher in elevation
than the south flank (profile B-B’). Sediment removal from
the vent may be accumulating on the prevailing down-
current side of the vent. Another possibility is that the vent
may occupy a fault line, with the southern flank being a
down dropped block. Popenoe and others (1984) mapped
numerous downward flexures and fractures traces along
the northeast coast of Florida. The reflections within the
Hawthorn Group show some minor displacement. There is
some definite discontinuity in the reflectors below the sink
(profile B-B’) which could represent the breach within the
Hawthorn and the migration pathway for the freshwater
discharge. At depth in the seismic profiles the signal does
appear to be slightly more chaotic than the neighboring
acoustic return (outlined with yellow dashed line). This
effect could be from noise in the signal caused by the sink
itself, or it could be a zone of recrystallization or more
advanced karst development within the Ocala Limestone.
Removal of limestone by dissolution may have created
a cavity and caused subsequent roof collapse and fill of
the void. Increased dissolution within the Ocala Limestone
would be the cause and effect of the fluid-migration
pathway related to the spring vent and freshwater discharge
at the sea floor.
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SUMMARY

This atlas is the product of an investigation of lakes
and rivers in north central Florida, a cooperative effort by
the St. Johns River Water Management District and the
U.S. Geological Survey. The objectives of the study were
to: 1.) identify evidence of breaches or discontinuities
of the confining units between surficial water bodies and
the Floridan aquifer, and; 2.) identify diagnostic features,
structure and geomorphology of the lakes and rivers within
the region.

The shallow subsurface of north central Florida
is characterized as a mature karst (limestone) overlain
by an overburden of clays, silts and sands that act as
an impermeable layer between surficial waters and the
Floridan aquifer. Breaches through this layer allow recharge
or discharge of waters to or from the Floridan aquifer.
The development of breaches are influenced by various
physical parameters, including the thickness and lithologic
composition of the overburden, the maturity of karst
development and depth to the potentiometric surface of
the aquifer. Knowledge of these parameters and identifying
the location and magnitude of the breaches is important in
understanding the interaction between the surface waters
and the aquifer.
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The nature of the breaches within the overburden
and dissolution in the underlying limestone take on
various dimensions. Subsidence of the overburden due
to dissolution at depth forms sinkholes that create large
discontinuities within the impermeable layer. Smaller
discontinuities include faulting and fracturing within the
overburden that provide conduits for water movement,
which over time develop solution pipes. With continued
water movement and karst development these features
reach stages of maturity that may include infilling and/or
reactivation. Buried subsidence and dissolution features
may not have a surface expression since recent fluvial
deposition post-dates subsidence activity. However, the
subsurface features may still provide conduits for water
movement to and from the aquifer and reactivation
is a possibility.
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Subsurface geologic characterization beneath the lakes
and rivers was determined by High Resolution Seismic
Profiling (HRSP). The acoustic profiles provide images of
karst features such as subsidence and collapse structures
and related fracturing, faulting and dissolution pipes. These
features may produce breaches within the confining layer
or define subsurface discontinuities that provide a pathway
for communication between surface waters and the aquifer.
The physical parameters that produce these features, such
as thickness of overburden, can also be inferred from
HRSP with support from interpretations of gamma-log
profiles obtained from water wells in the vicinity. Previous
knowledge of geomorphology and regional geology
further supports the HRSP and gamma-log interpretations.
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