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BACKGROUND 

 

Ardaman & Associates, Inc. (Ardaman) is conducting a geotechnical investigation of two 

sites at Innovation Park in Tallahassee, Florida.    The sites include an approximate 8-

acre area south of Levy Avenue and an approximate 10-acre area east of Paul Dirac 

Drive (Figure 1).  This report addresses the site south of Levy Avenue. 

 

The stratigraphy at the site consists of post Hawthorn undifferentiated sediments 

overlying the Torreya Formation of the Hawthorn Group and the limestone of the St. 

Marks Formation (Scott, 1988).  The depth to the top-of-rock (St. Marks Formation) is 

expected to be highly variable and be 50 to 100 feet below grade at the site (Hendry 

and Sproul, 1966). The limestone is regionally known to contain karst features such as 

cavities and conduits that can be the origin points for soil raveling, surface subsidence, 

and sinkholes.   

 

Ardaman retained Spotlight Geophysical Services (SGS) to carry out a non-invasive 

geophysical survey of the site to screen for karst features.  Electrical resistivity imaging 

(ERI), microgravity, and ground penetrating radar (GPR) data were acquired along 

transects within the site to provide a reconnaissance level of coverage.  Fieldwork was 

completed between June 24th and 29th, 2014.  
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 TECHNICAL APPROACH 

 

SURVEY LINES 

Geophysical data were acquired along six survey lines (Labeled Lines 1 to 6) that are 

positioned within the site to provide a reconnaissance level of coverage (Figure 2).  The 

survey lines are oriented west-to-east in open, grass-covered areas.  A dry retention 

pond is located in the northeastern portion of the survey area, and power lines are 

present along the eastern and southern boundaries of the site.  GPR and microgravity 

data were acquired along each of the survey lines and ERI data were acquired along 

Lines 2, 3, 4, and 5.   

 

Stations along the survey lines are referenced to distance in feet from the west end of 

each line (Figure 2).  A Trimble ProXT differential GPS was used to provide the 

geographic locations of the survey lines in Florida State Plane (north) coordinates 

(NAD-83). 

 

ELECTRICAL RESISTIVITY IMAGING (ERI) 

Electrical resistivity measurements are made by placing electrodes in contact with the 

soil.  A DC electrical current is injected between one pair of electrodes while the 

voltages across other pairs of electrodes are measured.  The resistivity measurement 

represents the apparent resistivity averaged over a volume of the earth determined by 

the resistivity of the subsurface materials, along with the electrode geometry and 

spacing (ASTM, 2005a).  

 

Multiple resistivity measurements made by different combinations of electrode spacings 

provide a dense dataset from which a 2D resistivity model can be developed.  The 

resistivity model is a function of soil and rock type, porosity, its permeability as well as 

the composition of fluids that fill the pore spaces.  If a sufficient resistivity contrast 

exists, the model can be used to identify stratigraphic layers, variations in clay and 

moisture content, and anomalous zones such as karst features. 
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Data Acquisition 

ERI data were acquired along Lines 2, 3, 4,  and 5 for a total of 2,100 linear-feet.  The 

data were acquired with an AGI Supersting R8 system using up to 56 electrodes spaced 

10 feet apart (Figure 3).  The electrodes were attached to stainless steel stakes that 

were driven approximately 4 inches into the soil.  Saltwater was used to improve the 

electrical coupling between the stakes and soil.  The contact resistance between the 

stakes and soil was checked prior to the measurements to ensure good electrical 

coupling.   A Wenner-Schlumberger array geometry was used to obtain over 450 

voltage measurements per 550 feet of survey line.   

 

Data Processing 

The resistivity data were processed with EarthImager software by AGI.  An iterative 

inversion modeling scheme was used to calculate 2D models of subsurface resistivity to 

a maximum depth of approximately 100 feet.  The data were corrected for surface 

elevation using the USGS National Elevation Dataset (1/3 arc-second resolution).  The 

resulting models were contoured and presented as 2D resistivity cross-sections in 

SURFER v.12 software (Golden Software).   

 

Quality Control 

The ERI system was operated according to the manufacturer’s instructions, ASTM 

Standards (ASTM, 2005a), and SGS standard operating procedures.  The quality of the 

resistivity data is excellent, with a high signal-to-noise ratio.  Model RMS errors range 

between 3.1% and 5.4% along Lines 2, 3, and 4, indicating a very low level of noise and 

an excellent model fit to the observed data.  The model RMS error along Line 5 is 27%, 

indicating a higher level of noise along this line due to interference from grounded metal 

objects and the adjacent power lines. 
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Limitations 

The detection of subsurface features with surface geophysical methods is dependent 

upon their size, composition, and depth of burial.  Additional features may be present 

within the survey area that have not been identified in the data.  Borings or excavations 

are necessary to verify the interpretations made from ERI data. 

 

MICROGRAVITY SURVEY 

A microgravity survey measures variations in the Earth's gravitational field caused by 

changes in subsurface density.  A microgravity survey consists of making sensitive 

gravity measurements at discrete points along a profile line or within a grid (ASTM, 

2005b).  Microgravity data can be used to map karst-related features, variations in 

depth to bedrock, faults, voids, soft zones, and man-made features such as mines and 

tunnels.  Note: In this report the terms “Microgravity” and “Gravity” are synonymous. 

 

Data Acquisition 

A total of 65 microgravity stations were positioned along each of the survey lines at a 

nominal spacing of 50 feet.  The microgravity stations were marked with a 60d nail and 

stake chaser (Figure 3). Precise relative elevations of the microgravity stations were 

obtained with a Topcon DL-102 digital level.  The elevations are tied to the USGS 

National Elevation Dataset datum at the location of the base station (Base0).  The 

elevations were measured with an estimated loop closure precision within 0.01 feet per 

linear-mile, which is within the necessary precision for the microgravity data processing.   

 

Microgravity data were obtained with a Scintrex CG-5 gravimeter (S/N 40800077), using 

a 30-second averaging window and automatic corrections for tides and meter leveling 

(Figure 3).  The data were recorded to a field notebook and digitally to the gravimeter 

memory.  The data were downloaded to a computer after each day of data acquisition.   
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Data Processing 

The gravity data were reduced to Bouguer values using standard reduction formulas in 

Microsoft EXCEL (Long and Kaufmann, 2013).  Note that since this is a local 

microgravity survey, the data were not tied to an absolute gravity datum.  The Bouguer 

values were calculated with the corrections applied as shown in Equation 1. 

 

Eqn. (1)  ݃஻௢௨௚ ൌ 	݃௢ 	െ ݃ௗ െ	݃௧ െ			݃௟ 	൅ 	݃௙௔ 	െ	݃௦௟௔௕ ൅	݃௧௖												 

Where: ݃௢= observed gravity values; 

݃ௗ = instrument drift; 

݃௧ = tide correction; 

݃௟ = latitude correction; 

݃௙௔ = free air correction; 

݃௦௟௔௕ = Bouguer slab correction; and 

݃௧௖		= terrain correction. 

 

INSTRUMENT DRIFT  

All relative gravity meters have an inherent drift that must be corrected for by repeated 

occupations at base stations during the survey.  A base station (Base0) was established 

on the sidewalk at 2026015.9E, 517487.5N (Figures 2 and 3).  Data were acquired at 

the base station at the start and end of each day of data acquisition and at 

approximately 2-hour intervals during data acquisition.  At least three consistent 

measurements with a standard deviation within ±5 µGals were acquired at each base 

station occupation.  The drift during a full day of surveying ranged between 0 and 20 

µGals.  The drift was removed from the raw data by assuming a linear drift between 

base station occupations. 

 

TIDAL CORRECTION 

The gravitational effects of the sun and moon can be as much as 300 µGals over the 

course of a day (Long and Kaufmann, 2013).  The Scintrex CG-5 automatically removes 
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the tidal effects using the Longman formula (Seigel, 1995; Longman, 1959).  Any 

residual tidal effects (< 10 µGals) due to tidal loading and earth deformation are 

removed during the drift correction. 

 
LATITUDE CORRECTION 

There is an increase in gravity with increasing latitude.  Standard equations for the 

latitude correction are presented in Long and Kaufmann (2013) and Telford et al. 

(1990).  The calculation of the gravitational gradient due to latitude is shown in  

Equation 2. 

    Eqn. (2): ݃௟ ൌ
∆௚

∆௦
ൌ 	0.811 sin  ݉݇/݈ܽܩ݉	2߮

Where: 
∆௚

∆௦
 is the gravity change (mGal) in the north-south 

distance (km) and ߮ is the latitude in degrees. 

 

At this site (Latitude 30.43° N), the gravitational gradient due to latitude is approximately 

0.216 µGals/foot in the north direction.   

 

FREE AIR CORRECTION  

Since gravity varies inversely with the square of the distance, it is necessary to apply a 

free air correction that accounts for changes in gravity due to elevation (Long and 

Kaufmann, 2013; Telford et al., 1990).  The free air correction is 94.06 µGals/foot of 

elevation.   Precise elevations were measured with a Topcon DL-102 digital level as 

described above and used to calculate the free air correction.  In order to account for 

variations in the gravity meter height above the ground surface, a free air correction 

(94.06 µGals/foot) for the gravity meter height was also applied to the data.  The meter 

height was measured at each station using a standard tape measure with a precision of 

0.01 feet. 
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BOUGUER SLAB CORRECTION 

The Bouguer Slab Correction accounts for the attraction of the material between the 

measurement station and a constant datum (Long and Kaufmann, 2013; Telford et al., 

1990).   The calculation of the Bouguer slab correction is shown in Equation 3.  

 

Eqn. (3): ݃௦௟௔௕ ൌ
∆௚

∆௥
ൌ   ݐ݂/݈ܽܩ݉	ߩ	0.01278

Where: 
∆௚

∆௥
 is the gravity change (mGals) per foot of elevation 

change and ߩ is the density in g/cc. 

 

In this survey, a Bouguer slab density of 1.9 g/cc was used to approximate the density 

of near-surface topographic features, which consist mainly of sandy overburden.  Using 

this density, the Bouguer Slab correction is 24.28 µGals/foot of elevation. 

 

NEAR-FIELD TERRAIN CORRECTION 

Terrain corrections account for the gravitational effects of topography near the 

measurement station.  The terrain correction was applied using the USGS NED and 

processed with LASERTC software (Cogbill, 1990).  At this site, the terrain corrections 

are minimal; ranging between 0 and 5 µGals. 

 

PLANAR TREND 

A planar trend was calculated from the Bouguer data (Equation 4).  This regional trend 

was subtracted from the Bouguer values and the resulting values are defined as the 

residual gravity, which are directly related to subsurface density variations.   

 

Eqn. (4): ܴ݈݁݃݅ܽ݊݋	ሺ݉ݏ݈ܽܩሻ ൌ ܣ െ ሺ0.000052304 ∗ ሻܧ െ ሺ0.00016688 ∗ ܰሻ	

Where: A=851.348 (a constant based on the Bouguer values), E=Easting 

(State Plane feet), and N=Northing (State Plane feet) 
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Interpretation 

The microgravity data were assessed for low-gravity zones that may be due to 

subsurface mass deficits such as karst-related features.  Low-gravity zones were 

assessed with the ERI data define anomalous areas. 

 

Quality Control 

The gravimeter was set-up and operated in accordance with the manufacturer’s 

instructions and ASTM standards (ASTM, 2005b).  The data quality was monitored by 

re-acquiring data at stations throughout the survey and checking the repeatability of the 

measurements.  Data were re-acquired at a total of 12 stations (18% of total) at different 

times throughout the survey.  The average deviation of repeated measurements is ±3 

μGals, which indicates a low level of ambient noise for the site.   

 

Limitations 

Microgravity data will respond to variations in subsurface density and can be used to 

map the lateral locations of anomalous areas.  However, microgravity data alone cannot 

determine the vertical distribution of the anomalous zones or the absolute depth to 

stratigraphic layers.  Borings must be used to positively identify the causes of the 

microgravity variations and the depth of the anomalous features. 

 

DETECTABILITY AND RESOLUTION 

The detectability of subsurface features with microgravity is dependent on their density 

contrast, depth, size, and geometry.  Shallow targets produce a short wavelength 

(narrow) response.  Deeper targets produce a longer wavelength (wide) response.  In 

order to be detected, a subsurface feature must be large enough and shallow enough to 

produce a response above the noise threshold with a wavelength that can be defined by 

the survey station layout.   
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Lateral resolution is limited by the spacing between measurements and by the geometry 

of subsurface targets.  The lateral resolution of a discrete subsurface feature is 

approximately 20% of its depth (i.e. a target at a depth of 50 feet can be defined with a 

lateral resolution of approximately ±10 feet).   

 

 

GROUND PENETRATING RADAR 

Ground penetrating radar (GPR) uses high frequency electromagnetic energy to acquire 

subsurface information.  Energy is radiated downward into the ground from a transmitter 

and is reflected back to a receiving antenna.  Reflections of the radar wave occur where 

there is a change in the dielectric constant between two materials. The reflected signals 

are recorded and produce a continuous cross-sectional image of shallow subsurface 

conditions.  Applications include mapping shallow stratigraphy, identifying near surface 

anomalies such as soil raveling and voids, and locating man-made structures such as 

utilities and underground storage tanks. 

 

GPR provides high-resolution images of the shallow subsurface, typically within the 

upper 20 feet (much deeper depths can be obtained under ideal conditions).  Generally, 

radar penetration is better in coarser, sandy conditions or massive rock; poorer results 

are obtained in fine-grained, clayey, and electrically conductive soils.   

 

Instrumentation and Field Procedures for GPR Measurements  

GPR data were acquired along the six survey lines for a total of 2,900 linear-feet.  A 

Sensors and Software Noggin Plus radar system with a 250 MHz antenna was used for 

this work (Figure 3).   The depth range was set to a maximum depth of 12 feet based on 

a radar velocity of 0.225 ft/ns measured at the site.   
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Data Processing and Interpretation 

The GPR data were processed with EKKO_Project2 software (Sensors and Software).  

The data were assessed for large hyperbolas, dipping reflectors, discontinuous 

reflectors and ringing reflectors that are generally described as anomalies.   

 

Quality Control 

The GPR was calibrated and operated according to the manufacturer’s instructions, 

ASTM Standards (ASTM, 2005c), and SGS standard operating procedures. 

 

Limitations 

The detection of subsurface features with GPR (naturally occurring or man-made) is 

dependent on the size, depth, and dielectric properties of the feature.  It is possible that 

anomalous features will not be detected if they are beyond the depth range of the GPR, 

are too small to generate a significant response, or do not have a sufficient dielectric 

contrast with the surrounding material.  This survey was not designed to map utilities.    
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RESULTS 

 

The results of each geophysical method are described below.  Anomalies due to 

possible karst features are discussed and annotated on the figures. 

 

“Geophysical anomaly” is defined as a deviation from uniformity in 

physical properties (Sheriff, 2002).  It is a term often used in geophysics to 

denote an area that is different than surrounding materials.  Anomalies 

identified in this report are not confirmed as karst features until they are 

drilled and verified. 

 

ERI 

The ERI cross-sections along Lines 2, 3, 4, and 5 are shown in Figures 4 to 7, 

respectively.  The resistivity values have a range of 10 to over 2,000 ohm-meters.  In 

general, high resistivity values (>100 ohm-meters) are evident from the surface to an 

elevation of approximately +20 feet (thickness of 40 to 50 feet).  This high resistivity 

layer likely corresponds with unsaturated and partially saturated sandy overburden.  

Below an elevation of +20 feet, there is a trend towards lower resistivity values that 

likely corresponds with the saturated limestone and possibly greater clay content in the 

overburden above the limestone.   

 

The ERI cross-sections were assessed for lateral changes in resistivity that may be 

related to karst features.  In particular, zones of high-resistivity that extend deeper than 

the surrounding areas may indicate zones of soil with less clay content (greater sand 

content) that are filling localized lows in the limestone.  Table 1 summarizes five 

anomalous zones identified in the ERI cross-sections. The anomalous zones are 40 to 

130 feet wide.  The anomalous zones along Lines 2 and 5 correlate with microgravity 

lows (discussed later).  Note that the ERI data along Line 5 is noisy due to surface 

metal debris and power lines, and the resulting model may contain artifacts from this 

noise.  
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Table 1. ERI Anomalies 

Line Station Easting Northing Comments 
2 285 2026327.4 517555.7 40 ft wide 

Correlates with gravity low 
3 300 2026301.3 517435.8 80 ft wide 
4 255 2026229.1 517337.2 50 ft wide 
4 315 2026289.0 517337.1 50 ft wide 
5 100 2026019.3 517140.9 130 ft wide 

Correlates with gravity low. 
Noisy data due to surface 

metal debris and power lines. 
 
 

Microgravity 

The microgravity data are shown on a plan-view contour map in Figure 8 and in profile 

with the ERI cross-sections in Figures 4 to 7.  The residual gravity values range 

between -30 to +23 µGals with a median value of 0 µGals.  Zones of low gravity are 

evident in the northern portion of the site and in the southwestern corner of the site, 

both of which appear to extend beyond the boundaries of the survey.   

 

The -30-µGal low gravity zone in the northern portion of the site trends south and 

correlates with a deeper zone of high-resistivity along Line 2 (Figure 4).  The half-width 

of the anomaly is approximately 100 feet, which indicates that the source of the 

anomaly is within the upper 100 feet and likely correlates with the anomalous zone 

identified in the ERI cross-section.   

 

The -30-µGal low gravity zone in the southwestern corner of the site correlates with a 

deeper zone of high-resistivity along Line 5 (Figure 7).  The anomaly has a similar half-

width as the northern anomaly, which indicates that the source of the anomaly is within 

the upper 100 feet.   

 

These anomalous zones may be related to deeper limestone, lower density overburden, 

or a combination of both of these factors.  Borings are necessary to confirm the causes 

of the anomalies. 
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GPR 

The GPR data were limited in penetration to maximum depths of approximately 5 feet 

due to the clay content of the soil.  In the upper 5 feet, the GPR data contain numerous 

diffractions that are likely due to tree roots and rocks.  Only two anomalies appear to be 

due to more significant disturbed soil conditions.  These anomalies include a ringy zone 

of reflections and diffractions at Station 255 along Line 2 and a bright reflector and 

diffractions at Station 55 along Line 4 (Figure 9).  The anomalous zone along Line 2 

correlates with the locations of the microgravity and ERI anomalies.  Both of these 

anomalies are characteristic of disturbed soil conditions such as soil raveling.   
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CONCLUSIONS 

 

Electrical resistivity imaging (ERI), microgravity, and ground penetrating radar (GPR) 

data were acquired within the Levy Avenue site to provide a reconnaissance level 

sampling of possible karst conditions.  The data indicate the following anomalous 

conditions, which are summarized in Figure 10: 

 Trends of high-resistivity that extend deeper than the surrounding areas may 

indicate zones of soil with less clay content (greater sand content) that are filling 

localized lows in the limestone.  The five identified anomalous zones are 40 to 

130 feet wide and are evident along each of the ERI survey lines (Lines 2, 3, 4, 

and 5).  Two of the anomalous zones correlate with areas of low gravity. 

 Two areas of low gravity are evident within the site with a magnitude of -30 

µGals.  The gravity lows are centered in the northern and southwestern portions 

of the site and appear to extend beyond the boundaries of the survey.  The half-

width of the anomalies are approximately 100 feet, which indicates that the 

sources of the anomalies are within the upper 100 feet and likely correlate with 

the anomalous zones identified in the ERI cross-sections.  The gravity anomalies 

may be related to deeper limestone, lower density overburden, or a combination 

of both of these factors. 

 Two GPR anomalies were identified that are consistent with disturbed soil 

conditions such as soil raveling.  One of these GPR anomalies is coincident with 

the gravity low and ERI anomalous zone in the northern portion of the site. 

 

Approximately 35% of the survey lines contain some type of geophysical anomaly that 

may be karst related.  The interpretations derived from the geophysical data are based 

on these non-invasive measurements alone.  Borings are necessary to confirm these 

interpretations and characterize the causes of the anomalies.  Note that additional 

anomalous areas may be present in areas that were not sampled by the geophysical 

survey.  Additional geophysical characterization and borings are recommended in areas 

where multiple geophysical methods show coincident anomalies.  
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Figure 3. Data acquisition photos
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Figure 4. Line 2 ERI cross-section and microgravity profile
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Figure 5. Line 3 ERI cross-section and microgravity profile
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Figure 6. Line 4 ERI cross-section and microgravity profile
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Figure 7. Line 5 ERI cross-section and microgravity profile



SPOTLIGHT
GEOPHYSICAL SERVICES

0 50 100 150 200 250 300 350 400 450

0 50 100 150 200 250 300 350 400 450

0 50 100 150 200 250 300 350 400 450 500

0 50 100 150 200 250 300 350 400 450 500

0 50 100 150 200 250 300 350 400 450 500 550

0 50 100 150 200 250 300 350 400 450

Base0

2025800 2025900 2026000 2026100 2026200 2026300 2026400 2026500 2026600
State Plane Easting (feet)

517000

517100

517200

517300

517400

517500

517600

517700

517800

S
ta

te
 P

la
ne

 N
or

th
in

g 
(fe

et
)

0 100 200
Scale (feet)

Geophysical Survey Line

500 Station Number
(Distance in Feet)

-30

-25

-20

-15

-10

-5

0

5

10

15

20

25

30

Residual Gravity
(uGals)

Figure 8. Microgravity contour map
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Figure 9. Examples of GPR data showing anomalous conditions
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Figure 10. Summary of geophysical anomalies
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