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ABSTRACT 
 

The geology of Indian River Lagoon region controls the hydrology of central Flor-
ida’s eastern coast.  Seismic and water-well records indicate that a fault or displacement 
due to collapse bisects the region.  Well samples east of the displacement had chloride con-
centrations between 1,400 to 2,900 ppm and wells to the west of the displacement had chlo-
ride concentrations of <700 ppm. This chloride gradient suggests that displacement faults 
or fractures are a pathway for upward migration of saline water from the Lower Floridan to 
the Upper Floridan aquifer may impact aquifer water quality.  

Indian River Lagoon strata are identified by lithologic changes among (1) undiffer-
entiated sands and clay of the overburden surficial units, (2) clays, sands, and carbonates 
within the Hawthorn Group, and (3) carbonates of the Ocala Limestone.  The depths to the 
Hawthorn Group and Ocala Limestone using gamma logs versus seismic profiles are in 
good agreement.  The Hawthorn Group stratigraphy indicates deposition into a basin cre-
ated by subsidence, and/or faulting.  There are smaller subsidence and solution/collapse 
features found within the Hawthorn Group and Ocala Limestone.  Of primary importance 
are major collapse and/or fault displacement features identified in the Ocala Limestone that 
are associated with an area of elevated chloride concentrations.  The potential pathways for 
high chloride water to migrate along the fault(s) to the Upper Floridan aquifer could affect 
water quality of the primary drinking supply for this region.  

 

INTRODUCTION 
Indian River Lagoon (IRL) waterway extends approximately 250 km along the east 

central coast of Florida and consists of three interconnected lagoonal basins: Mosquito, Ba-
nana River, and Indian River lagoons.  The study area for this report is ~15 km in the mid-
dle section of IRL from Vero Beach, Florida northward (Fig. 1).  Hydrogeology along the 
northeastern coast of Florida can be broadly divided into two aquifer systems – Surficial 
and Floridan (Fig. 2).  Figure 3 shows a stratigraphic column as described by Scott [1988].  
Sand, silt and clays of the Intermediate-confining unit, which constitutes most of the Haw-
thorn Group (HG), separates these two aquifer systems (Fig.2).  The Surficial aquifer sys-
tem consists of Miocene to Holocene interbedded sand, shell, silt, clay, and dolomitic lime-
stone strata (Fig. 2), and is mostly unconfined and highly heterogeneous.  The Floridan aq-



 2 

uifer system can be subdivided into two aquifers (Upper and Lower Floridan), separated by 
less permeable semi-confining units. The Upper Floridan corresponds to the Ocala Lime-
stone (OL) and in some parts, the Avon Park Formation (Fig. 2).  The OL is characterized 
by high permeability that can be enhanced along fractures and solution-enlarged conduits.  

In IRL the upward migration of deeper, more saline ground water from the Lower 
Floridan aquifer to the fresher ground water of the Upper Floridan aquifer may impact the 
water quality [Schiner and others, 1988].  Upper Floridan fresh water has elevated chloride 
concentrations in wells east of a reported fault within the IRL [Bermes, 1958; Schiner and 
others, 1988].  In previous studies the nature and extent of the fault was not well defined.  
High-resolution seismic tools were utilized to identify the fault and characterize geologic 
structure and stratigraphy underneath IRL (Fig.1). 

 

METHODS 
Single-channel seismic profiles were acquired using the Triton-Elics Delph2* High-

Resolution Seismic System (HRSS).  Navigation data was collected using a PLGR (Rock-
well*) GPS with Fugawi* mapping software.  The acoustic source was a Huntec Model 
4425* Seismic Source.  Power settings ranged from 60 to 265 joules depending upon 
lithologic conditions [Kindinger and others, 1994, 2000].  An Innovative Transducers Inc.* 
ST-5 multi-element hydrophone was used to detect the return acoustical pulse. 

The Triton-Elics Delph2* system measures and displays two-way travel time 
(TWTT) of the acoustical pulse in milliseconds (ms).  Amplitude and velocity of the signal 
are affected by variations in lithology of the underlying strata.  Laterally consistent ampli-
tude changes (lithologic contacts) are displayed as continuous horizons on the seismic pro-
files.  Depth to horizon is determined from the TWTT, adjusted to the subsurface velocity 
of the signal.  Suggested compressional velocities for HG sediments for the Florida Plat-
form range from 1,500 to 1,800 meters per second (m/s) [Tihansky, pers. comm.; Sacks and 
other, 1991].  Refraction studies conducted in areas within Alachua County Florida 
[Weiner, 1982] yield velocities of 1,707 to 4,939 m/s for the HG sediments.  Weiner [1982] 
reported lower velocities for the sand and clay sediments and higher velocities for the car-
bonate sediments.  Gamma logs of water wells located on the IRL barrier islands (Fig. 2) 
were used to ground truth the seismic data.  To correlate horizons from gamma logs to 
seismic profiles, best-fit-curve plots were used to determine local velocities (Fig. 4).  The 
best-fit curve (blue) or the best-fit curve with zero origin (red) can be used to determine 
sound velocity for a given depth (Fig. 4).  The average calculated velocity for 100 to 200 m 
depth was 1,955 m/s. Using this velocity, contour structure maps were constructed for hori-
zons interpreted from seismic profiles (Fig. 5, 6, 7, 8).  The digitized surfaces were gridded 
using CPS3* contouring software. 

* The contents of this report do not necessarily reflect the views and policies of the 
U.S. Department of the Interior nor does the mention of trade names or commercial prod-
ucts constitute their endorsement by the United States Government. 
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Figure 1. Location of study area including seismic survey, well logs, locations of Figures 9, 

10, 11, 12, and the subsurface fault identified by Bermes [1958] and Schiner and others 
[1988]. 
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Figure 2. Cross section of natural gamma logs from the study area (see inset map) relative 
to the stratigraphic column.  Line colors correspond to line colors on seismic profile. 
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Figure 3. Generalized stratigraphic column for the Indian River Lagoon region. 

 

RESULTS AND DISCUSSION  
Approximately 82 km of seismic profiles were collected from the central IRL re-

gion and adjacent offshore areas (Fig. 1) in an attempt to identify and characterize the fault 
postulated by Bermes [1958] and Schiner and others [1988].  Bermes' [1958] identification 
of the fault was based on well logs, while Schiner and others [1988] included water quality 
parameters to delineate the fault zone.  The fault was reported to strike parallel with the la-
goon in a NNW direction and turns NE towards the Atlantic Ocean (Fig. 1).  Water sam-
ples taken from Upper Floridan aquifer wells located east of the fault had chloride concen-
trations between 1,400 to 2,900 parts-per-million (ppm).  Upper Floridan aquifer wells that 
were sampled to the north and west of the fault had chloride concentrations of < 700 ppm.  
This chloride gradient suggests that the fault may provide a pathway for upward migration 
of saline water.  Location of the fault, as suggested by well logs [Bermes, 1958], indicates a 
-60 to -90 m offset of the top of the OL.  The HG thickens from ~73 m north of the pro-
posed fault to ~153 m in the south.  A cross section of gamma logs (Fig. 4) shows the dra-
matic change in elevation of the top of the OL and the relatively constant elevation of the 
top of the HG.  In seismic profiles horizons of acoustic impedance are generally related to 
lithologic change between clays and carbonates.  HG sediments are highly variable, layered 
sediments that range from poorly indurated sands and shells to clays, and well indurated-
carbonates [Scott, 1988].  The top of the OL is an irregular horizon identified as a karst sur- 
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Figure 4. Plot of depth-to-horizon in milliseconds on seismic profiles, versus depth-to-peak 
in meters on gamma logs.  The resulting equations from the best-fit curve (blue) or the 
best-fit curve with zero origin (red) can be used to determine sound velocity for a given 

depth.  Averaged calculated velocity for 100 to 200 m depths are 1,955 m/s. 

 
face.  The limestone has few bedding planes that have sufficient velocity contrasts or thick-
ness to produce coherent reflections, thus few internal reflections are identified.  

Examination of gamma logs indicates a major lithologic change from sediment with  
a high percentage of clay to carbonates (Fig. 2, orange line), that is interpreted to be near 
the top of the OL.  In the seismic profiles, a series of strong reflections are laterally con-
tinuous at approximately 100-120 ms (Fig. 9, 10, 11). Plotting the depths to the OL (orange 
horizon) from the gamma logs versus TWTT on the seismic data throughout the study area 
yields a calculated best-fit curve with an average velocity of 1,955 m/s for the HG sedi-
ments.  Peaks in the gamma logs were interpreted to be just above the top of the OL.  
Though the orange reflection cannot be positively identified as the top of the OL, it is suffi-
ciently close and can be used to identify morphological and/or structural trends.  In some 
areas a horizon was identified that may correlate with the Avon Park formation, as inter-
preted from the gamma logs.  This horizon is represented by the blue horizon on the pro-
files.  The blue horizon can be seen in the northern section of the profiled area but is not 
recorded where it dips steeply to the south and east (Fig.  8, 9, 10, 11, 12).  Above the or-
ange horizon another reflection can be traced throughout the study area (light red line).  
This horizon is laterally continuous and dips gently to the south and east (Fig. 6).  The ho-
rizon can be correlated with the gamma logs to represent a laterally continuous unit within 
the HG.  The shallowest reflection (dark red) traced throughout the study area represents a 
surface that truncates deeper, low-angle bedding (Fig. 11).  This stratigraphic and seismic 
character is indicative of a flooding surface.  An average acoustic velocity of 1,955 m/s  
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places the reflection at approximately 120-m depth adjacent to wells IR00498, IR00699, 
and IR00024.  This reflection correlates very well with the interpretations of the gamma 
logs (Fig. 2), that indicate the top of the HG at that depth. 

The schematic cross-section A-A' (Fig. 13) and corresponding seismic profiles of 
Figures 9 and 10 show how the HG sediments thicken dramatically from the north-
northwest to the south-southeast.  The thickening of the units below the light-red horizon 
suggests deposition into a basin developed by subsidence or faulting during deposition 
(Fig. 14). Figure 14 shows a proposed conceptual model to demonstrate the generalized 
relation between faulting (Fig. 14 A), deposition, local and regional dissolution, and subsi-
dence (Fig. 14 B). Subsequent sea-level rise levels surface features.  Fluid from the lower 
aquifer migrates along the fault zone and invades the upper aquifer (Fig. 14 C).  There are  
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smaller subsidence and solution/collapse features found beneath the red horizon throughout 
the study area (Fig. 10, 11, 12).  The deeper area of the thickened sequence is too large to 
simply be subsidence into a single collapse sinkhole.  This trend is of a large enough mag-
nitude to affect water quality, such as identified by Schiner and others [1988]. 

 

SUMMARY 
Subsurface geology and hydrologic characterization are critical to understanding 

migration of fluids throughout Indian River Lagoon aquifer systems.  High-resolution sin-
gle-channel seismic profiles and water-well gamma-log data were use to map the structure 
and stratigraphy of the Indian River Lagoon study area.  General trends identified from the  
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Figure 9. Seismic profile with drawn interpretations, see Figure 1 for location.  Intracoastal 
Waterway (I.C.W.). The uppermost ‘brown’ horizon is the lagoon floor.  The intermediate 

horizons are reflections within the Hawthorn Group and Ocala limestone, respectively.   

 

 
 

Figure 10. Seismic profile with drawn interpretations, see Figure 1 for location.  The up-
permost ‘brown’ horizon is the lagoon floor.  The intermediate horizons are reflections 

within the Hawthorn Group and Ocala limestone, respectively.   
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Figure 11. Seismic line with drawn interpretations, see Figure 1 for location. The upper-
most ‘brown’ horizon is the lagoon floor.  The intermediate horizons are reflections within 
the Hawthorn Group and Ocala limestone, respectively.  Depths are meters below sea level. 

 

seismic data correlate well with the gamma logs.  Correlating measured depths on the 
gamma logs with depth-to-horizon on the seismic profiles indicate an average sound veloc-
ity of 1,955 m/s through the Hawthorn Group.  This calculation is within the range of ve-
locities suggested from other studies of the Miocene sediments in Florida. 

Analyses of seismic data and gamma logs from wells indicate that the HG dips to 
the southeast in response to subsidence or dissolution in the underlying carbonate rock.  
Fluid migration, rock movement, and dissolution along a deeper fault zone are possible  

 

 
 

Figure 12.  Seismic profile with drawn interpretations, see Figure 1 for location. The up-
permost ‘brown’ horizon is the lagoon floor.  The intermediate horizons are reflections 

within the Hawthorn Group and Ocala limestone, respectively.  Depths are meters below 
sea level. 
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Figure 13.  Schematic structural cross section.  See Figures 5 to 8 for location.  Depths are 
below sea level. 

 

mechanisms forming the subsidence.  Bermes [1958] and Schiner and others [1988] used 
well logs and water quality data to infer the presence of a fault system within the area.  
Displacement of the fault system would predate the Miocene, because there is no evidence 
of major faulting within the Hawthorn Group.  Other features identified in the seismic pro-
files include three collapse sinkholes within the HG sediments.  Two of these sinkholes are 
located to the north under the Intracoastal Waterway (Fig. 11).  The other sinkhole is lo-
cated about 1.5 km offshore east of the city of Vero Beach (Fig. 12). 

CONCLUSIONS: 

• Displacement faults or fractures provide pathways for fluid migration. 

• Chloride concentrations increase west of displacements and result from upward 
migration of saline ground water. 

• Elevated chloride levels could effect the water quality of the Upper Floridan aq-
uifer system. 
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Figure 14.  Proposed conceptual model showing generalized relation between potential 
faulting (A), and deposition, local/regional solution and subsidence (B).  Subsequent sea-
level rise levels off basin features and fluid from the Lower Floridan aquifer (Ocala Lime-

stone) migrates along the fault zone and invades the Upper Floridan aquifer (Hawthorn 
Group) (C). 
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