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TERMINOLOGY 
 
The following terms are used in this report to describe karst conditions. 

 
Anomaly: In geophysical investigations, anomaly is the term used to describe 

a change in the condition of soil or rock (from “background” 
conditions) based upon a deviation in data values observed in a 
given geophysical measurement (e.g. gravity anomaly). 

 
Cutter: A dissolution trench in weathered limestone formed along a vertical 

fracture.  Typically forms an irregular cutter-pinnacle profile of the 
top of bedrock.  Often filled by residual soils with no surface 
expression. 

 
Karst: A landscape and its subsurface characterized by a variable suite of 

surface landforms and subsurface features, not all of which may be 
present or obvious.  These include sinkholes, springs, caves, 
sinking streams, dissolution-enlarged joints and/or bedding planes, 
and other dissolution features.  Most karst develop in limestone 
and/or dolomite, but they may also develop in gypsum, salt, or 
carbonate-cemented sandstones.  

 
Lineament: A linear topographic feature of “regional extent” that is related to 

subsurface soil or rock conditions.  Lineaments are seen on aerial 
photographs as alignments of structure, joints, sinkholes, sinkhole 
lakes, stream beds, vegetation, and other surface features thought 
to be controlled by subsurface soil or rock conditions.  Karst 
features such as sinkholes often appear as lineaments.  On the 
ground they are related to zones of closely spaced joints.  They are 
often the result of dissolution of the rock along these joints, with 
major karst depressions centered where two sets of joints intersect. 

 
Paleokarst: Ancient karst features (e.g., sinkholes); may be commonly buried 

by younger sediments.  Paleokarst sinkhole lakes are abundant 
throughout Florida. 

 
Sinkhole: A topographic depression formed as a result of karst-related 

processes such as dissolution of bedrock, collapse of a cave roof, 
or flushing and/or collapse of soil and other sediment into a void 
within the bedrock. 

 
Soil Piping: Soil Piping or Soil Raveling refer to unconsolidated materials 

moving downward into voids in deeper unconsolidated material or 
rock.  Soil piping features (voids) commonly migrate to the surface 
where they may become the initial stage of a large sinkhole. 
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BACKGROUND 
 

The Florida Department of Environmental Protection (FDEP) and the Florida Geological 

Survey (FGS) are investigating the springs and conduits (cave systems) associated with 

the Woodville Karst Plain (WKP) in Wakulla and Leon Counties, Florida.  The 

characterization of these karst features is a necessary step toward the development of 

models capable of quantifying and predicting the impact of natural and anthropogenic 

events on the health and integrity of the Wakulla Springs system. These studies have 

included instrumentation of Wakulla Spring to monitor water quality impacts, dye tracing 

studies to delineate ground water interaction with the surface water, and statistical 

analysis of long-term and short-term monitoring data for the same purpose. 

 

In 2005, Technos, Inc. (Technos) demonstrated that geophysical methods offer a non-

invasive and efficient means to map the locations of large conduits within the WKP 

(Technos, 2005).  Specifically, microgravity data can be used to identify large karst 

conduits and weathered zones that may contain fractures and smaller conduits, which 

affect groundwater flow.  The results of a microgravity survey compliment dye tracing 

studies to improve the overall hydrogeologic model of the karst basin. 
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WOODVILLE KARST PLAIN 
 

The Woodville Karst Plain (WKP) is a major geomorphic subdivision of the Gulf Coastal 

Lowlands (Lane, 2001).  The karst plain is characterized by major recharge areas, large 

conduits, and numerous springs.  Wakulla Springs is a large first magnitude spring 

within the WKP with an average flow of 390 ft³/s (Scott, et. al., 2004).   

 

The stratigraphy consists of thin (0 to 20 feet) of predominantly quartz sand overlying 

highly karstified limestone of the St. Marks and Suwanee formations.  The Miocene-age 

St. Marks Formation consists of calcarenitic marine limestone, generally lying within 20 

feet of the surface and approximately 100 feet thick (Rupert and Spencer, 1988).  Many 

of the springs and sinks in Wakulla County are developed within the St. Marks 

Formation.  The Oligocene-age Suwanee Limestone underlies the St. Marks Formation, 

with the top at an elevation of 125 to 150 feet below sea level (Rupert and Spencer, 

1988).  The main conduits of the Wakulla Springs karst system lie within the Suwanee 

Limestone.   

 

Groundwater flow in the Woodville Karst Plain is controlled by fractures and conduits in 

the limestone.  A regional northwest-to-southeast trend of conduits has been mapped 

by cave divers (Lane, 2001).  This trend follows the slope of the potentiometric surface, 

which indicates groundwater flow to the southeast.   
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PURPOSE AND SCOPE 
 

As a result of the successful demonstration of the microgravity survey within the WKP 

(Technos, 2005) and upon recommendations by the team of experts working with the 

FGS, a plan for a regional microgravity survey was developed.  The objective of the 

microgravity survey is to identify the locations of large conduits or high-transmissivity 

zones that provide pathways for contaminant migration from sources in Leon and 

Wakulla counties to the spring system. 

 

The FDEP retained Technos to carry out a regional microgravity survey that consists of 

approximately 12 line-miles of data along survey lines positioned between a waste 

disposal spray field in Leon County and Wakulla Springs (Figure 1).  The survey lines 

are oriented generally west-to-east to cross perpendicularly to the expected strike of the 

karst conduits.  Technos completed the survey between April 24th and May 18th. 2006.   
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TECHNICAL APPROACH 
 

SURVEY LINES 
A total of 63,600 feet (12.05 miles) of survey lines were established within the WKP 

(Figure 2).  The survey lines include: 

• Line 1  - 21,000 feet (3.98 miles) along the south shoulder of Natural Bridge Road 

• Line 2 – 7,100 feet (1.34 miles) along the north shoulder of Summerwind Circle N. 

• Line 2A – 9,500 feet (1.80 miles) along the north shoulder of Commerce Blvd. 

• Line 3 – 26,000 feet (4.92 miles) along the north shoulder of Bloxham Cutoff Rd. 

 

Stations are referenced to distance in feet from the western end of each survey line and 

are annotated at the survey line endpoints shown in Figure 2.  The geographic positions 

of the stations were determined with a Trimble Ag-132 differential GPS system.  The 

geographic positions are listed in Appendix B in the Florida (north) State Plane 

coordinate system.   

 

MICROGRAVITY MEASUREMENTS 
A microgravity survey provides a measure of lateral changes in subsurface density such 

as variations in depth to bedrock, fractured zones, and voids.  If subsurface conditions 

are laterally uniform, there will be no change in the gravity profile.  Microgravity is the 

only surface geophysical method that can indicate the presence of a mass deficit (low 

density) within the subsurface.  A more complete discussion of the microgravity method 

is provided in Appendix B.  Note: In this report the terms “Microgravity” and “Gravity” are 

synonymous. 

 

A Scintrex CG-5 gravimeter was used to acquire microgravity data at a total of 644 

stations, spaced at 100-foot intervals, along each of the survey lines. Repeated 

measurements were made at a total of 78 stations (12%) at different times during the 

survey.  The average deviation of these repeated measurements is ±4 µGals, indicating 

a relatively low level of noise, which is essential for this application of the microgravity 
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method.  The station elevations were surveyed with a Topcon DL-102 digital level with a 

precision of 0.01 feet and a loop closure error within 0.1 feet per linear mile.   

 

Data Processing and Presentation 
The data were processed using standard gravity reduction formulas in an EXCEL 

spreadsheet.  The processed data are presented as profile lines that show both site-

wide trends and a filtered component to show localized anomalies.  Appendix B 

contains more details of the data processing and data quality. 
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RESULTS 
 

MICROGRAVITY MODELS 
In order to assess the expected magnitude and width of anomalies in the WKP, forward 

models were compared with measured gravity over the diver-mapped “A” and “K” 

tunnels near Wakulla Spring (Technos, 2005).  Based on measurements within the 

conduits, the “A” tunnel is over 100 feet wide, approximately 40 feet thick, with the 

ceiling at a depth of 257 feet (based on information from Woodville Karst Plain Project 

divers).  The “K” tunnel is over 50 feet wide, approximately 58 feet thick, with the ceiling 

at a depth of 210 feet (based on information from Woodville Karst Plain Project divers). 

 

Figure 3 shows the theoretical and measured gravity response over these conduits at 

the same lateral scale used in this report.  A density difference of 1.4 g/cc was assumed 

between the limestone and water-filled conduit, based on average values of weathered 

limestone (Telford, et. al., 1976).   The anomaly due to a combination of both conduits 

has a width of approximately 1,500 feet.  The width of a single conduit at these depths 

would be approximately 1,000 feet.  The magnitude of the measured anomaly is over 

100 µGals, which is slightly larger than the theoretical response. 

 

Gravity models are inherently non-unique, meaning that different models (or geologic 

conditions) can produce the same gravitational response.  Variations in depth to rock, 

weathered zones within the limestone, and additional conduits are all possible geologic 

conditions that could be contributing to the measured anomalies.  However, the results 

of the forward modeling and the measured values over the known conduits provide an 

indication of the expected magnitude and width of significant anomalies in the WKP.  

 

INTERPRETATION CRITERIA 
The microgravity profiles are directly related to subsurface density variations.  

Therefore, low density zones such as conduits produce low gravity anomalies.  The 

magnitude and width of the gravity anomalies are related to the size and depth of the 
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subsurface feature.  In general, wider anomalies are due to deep or broad features, 

while narrower anomalies are due to shallow features.   

 

In this investigation, we are primarily interested in anomalies due to conduits of the size 

and depth representative of the WKP.  In order to visualize these anomalies from the 

relatively wide range of measured gravity values, the data were filtered with a high-pass 

filter (see Appendix B).  The gravity profiles (Figures 4 to 7) show both the filtered (blue 

line) and unfiltered (black line) data.  The unfiltered data are presented as an indication 

of regional trends, but were not used in the interpretation of karst features.   

 

Low-gravity anomalies have values below the median filtered value and are shaded red 

in the gravity profiles (Figures 4 to 7).  The spatial locations of low-gravity anomalies 

with magnitudes greater than 20 µGals are shown in yellow on the site map (Figure 8).  

These gravity anomalies occur with an average spatial periodicity of approximately 

2,000 feet.  This periodicity is an indication of the spatial distribution of preferential 

weathering and karst formation within the limestone.  The anomalies may also be 

partially due to variations in top-of-rock and paleosinkholes. 

 

Large gravity anomalies with magnitudes greater than 60 µGals are shown in red on the 

site map (Figure 8).  These large gravity anomalies are similar in size and width to those 

measured over the known conduits. A total of seven large gravity anomalies (> 60 

µGals) are present within the survey lines. 
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LINE 1 
The largest microgravity anomaly along Line 1 (red zones in Figure 4) is centered at 

Station 13,900 with a magnitude of 80 µGals and a width of approximately 1,200 feet.  

This anomaly size and width are comparable to those observed over known large 

conduits within the WKP (Figure 3).  A water-filled sinkhole was also observed south of 

the road at this location.  Smaller anomalies are present along the survey line, including 

a nearly 60-µGal anomaly centered at Station 10,700.   

 

LINE 2 
Two large (80 and 65-µGal) anomalies are centered at Stations 1,500 and 4,200 along 

Line 2 (Figure 5).  The anomaly at Station 1,500 has a width of approximately 900 feet, 

indicating a shallower source than the conduits near Wakulla Spring (Figure 3).  

However, the anomaly is wide enough and large enough to be due to a significant 

feature within the limestone.  The anomaly centered at Station 4,200 has a width of 

approximately 1,400 feet, and is comparable with the anomaly measured over the 

conduits near Wakulla Spring (Figure 3).   

 

LINE 2A 
No large anomalies (>60-µGals) were measured along Line 2A (Figure 6).  However, 

smaller anomalies are noted in the data with a spatial periodicity consistent with the 

other survey lines. 

 

LINE 3 
Four large anomalies (> 60-µGals) were measured along Line 3 (Figure 7).  The largest 

of these anomalies is a 90-µGal anomaly centered at Station 600 with a width of 

approximately 500 feet.  This anomaly is due to a significant karst feature within the 

limestone, but at a depth shallower than the conduits near Wakulla Spring (Figure 3).  

Two 60-µGal anomalies centered at Stations 7,900 and 9,000 may be due to the same 

feature in this general vicinity.  An 80-µGal anomaly, centered at Station 22,400, has a 
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width of approximately 1,400 feet, consistent with the anomaly measured near Wakulla 

Spring (Figure 3).   

 

Note that a mapped cave is located just east of the bridge and centered at 

approximately at Station 14,200 along Line 3 (Figure 8).  A small (30-µGal) and narrow 

anomaly is located at the mapped cave, indicating that it is much smaller and shallower 

than the main conduits.   
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CONCLUSIONS AND RECOMMENDATIONS 
 

The microgravity survey along approximately 12-line miles in Leon and Wakulla 

Counties identified low-gravity anomalies consistent with those measured over known 

conduits near Wakulla Spring.  The spatial periodicity of the anomalies is approximately 

2,000 feet, which is likely related to the spatial distribution of preferential weathering and 

karst features within the limestone.  Large anomalies were identified along three of the 

four survey lines with a size and width similar to that measured over known conduits 

leading to Wakulla Spring.  Numerous smaller anomalies are also present that are 

related to smaller conduits, zones of weathering within the limestone, and variations in 

the top of rock elevation.   

 

In order to better define the cause of the anomalies, we recommend installing borings at 

three anomalous locations identified in Table 1.  The borings should extend to a depth 

of 300 feet or until a large conduit is encountered.  If conduits are encountered at these 

anomalous locations, they may be used to better refine the locations of contaminant 

pathways through dye tracing.   

 

Table 1. Recommended Boring Locations 
Line Station S.P. Easting S.P. Northing 

1 13,900 2060814.4 472511.0 

2 1,500 2045935.3 461416.9 

3 22,400 2049642.2 449280.4 

 

Additional microgravity data would help to establish links between the identified large 

gravity anomalies.  Specifically, we recommend acquiring additional microgravity data 

along small roads and trails between Lines 2 and 3 to determine if the large gravity 

anomalies form a consistent trend from southwest to northeast.   
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APPENDIX A 
SURVEY STATION LOCATIONS 

 
A total of 63,600 feet (12.05 miles) of survey lines were established within the Woodville 
Karst Plain.  Survey lines were installed along road shoulders using a survey distance 
wheel and marking paint.  The survey lines include: 

• Line 1  - 21,000 feet (3.98 miles) along the south shoulder of Natural Bridge 
Road 

• Line 2 – 7,100 feet (1.34 miles) along the north shoulder of Summerwind Circle 
N. 

• Line 2A – 9,500 feet (1.80 miles) along the north shoulder of Commerce Blvd. 
• Line 3 – 26,000 feet (4.92 miles) along the north shoulder of Bloxham Cutoff Rd. 

 
The microgravity stations were marked at 100-foot intervals using a 60-penny nail and 
stake chaser.  A Trimble Ag-132 differential global positioning system (DGPS) was used 
to obtain the geographic coordinates of the survey line ends and turning points with an 
accuracy within ±3 feet.  Geographic coordinates of stations between these control 
points were determined by linear interpolation.  The geographic coordinates of all the 
microgravity stations are listed with the microgravity data in Appendix C.  The 
coordinates are listed in Florida (North) State Plane (feet).   
 
Relative elevations were obtained at each microgravity station using a Topcon DL-102 
digital level.  The elevations were recorded with a reading precision of 0.001 feet and a 
loop closure error within 0.1 feet per linear mile.  The elevations are referenced to the 
NAVD-88 datum by referencing each line to National Geodetic Survey benchmarks.  
Table 1 lists the benchmarks used for each survey line and Appendix C lists the 
elevations for each microgravity station. 
 

Table A-1. Elevation Benchmarks 
Benchmark Survey 

Line(s) 
S.P. Easting 

(ft) 
S.P. 

Northing (ft) 
Elevation (ft) Comments 

N-47* 1 2047533.0 477575.3 38.10 Original benchmark 
not found.  Elevation 

estimated on old 
railroad grade. 

P-283 2/2A 2050627.9 461470.6 26.55 NGS Benchmark 
R-47 3 2053052.0 448477.0 15.50 Original benchmark 

not found.  Elevation 
estimated on old 

railroad grade 
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APPENDIX B 
DESCRIPTION OF MICROGRAVITY METHOD 

 
 
Introduction 
A microgravity survey provides a measure of change in subsurface density. A 
microgravity survey consists of making sensitive gravity measurements at discrete 
points along a profile line or within a grid.  After corrections for various factors are 
applied, the resulting values are known as the Bouguer gravity.  Spatial changes in the 
Bouguer gravity data are referred to as gravity anomalies and are directly related to 
subsurface density changes (Telford, et al., 1976, Seigel, 1995).  In this report, the 
terms gravity and microgravity are synonymous. 
 
Gravity measurements respond to changes in the Earth's gravitational field caused by 
changes in the density of the subsurface geology and/or man-made structures.  Gravity 
data can be obtained over very large areas to produce regional gravity maps, or over 
small areas to identify localized gravity anomalies.  Gravity measurements are 
commonly made on land but can also be made at sea, from aircraft and from within 
boreholes. 
 
Applications 
Gravity data obtained over very large areas are used to produce regional gravity maps 
to assess geologic structure, and to provide data for oil exploration, gas, minerals, and 
ground water resources. 
 
Microgravity measurements over localized areas are used to determine geologic 
structure (e.g. identify and characterize large fracture zones, faults, cavities, and buried 
channels).  The gravity method is particularly useful in locating and mapping steeply 
dipping formations and lateral changes in rock units.  Microgravity measurements have 
also been applied to a wide range of problems including: assessment of landfill 
thickness, location of abandoned mines, location of larger buried tanks, and 
archeological investigations. 
 
Detection and delineation of subsurface cavities is one of the most common 
applications of the microgravity method (Butler, 1984).  Cavities may be solution cavities 
in limestones, dolomites, and evaporites; or man-made, such as tunnels or mines.  They 
may be air-filled, water-filled, or filled in with some secondary geologic material.  
Microgravity comes closest of all the geophysical methods to allowing a positive 
statement regarding the presence or absence of subsurface cavities at a site (Butler, 
1980). 
 
Figure B-1 shows gravity data along a survey line over a known karst conduit.  The 
gravity anomaly is the result of a water-filled conduit surrounded by limestone at a depth 
of approximately 50 feet.   
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Figure B-1. Microgravity data over known karst conduit 

 
Principles 
Density (ρ ) is the property measured by microgravity measurements.  Density is a 
function of the type and distribution of minerals that make up the rock and of the type 
and amount of fluids found within the pore space.   
 
Gravity anomalies occur where there is sufficient density contrast in materials and only 
as a result of horizontal variations in density.  Vertical changes in density in horizontally 
layered materials will have no gravity anomaly associated with them.  Gravity anomalies 
are proportional to the density contrast between different materials.  
 
Gravity measurements are based upon Newton’s Law of gravitation: 

F G
M M

rg =
1 2

2  

where Fg is the force of gravity 
G is the gravitational constant 
M1 and M2 are the two masses involved and 
r is the distance the two masses are separated. 
 
From this, the acceleration of gravity g is: 

g G
M
r

= 2  

 
The unit of gravitational acceleration is the Gal after Galileo (1 gal = 10-2 m/s2).  The 
Earth's average gravity is approximately 980 Gals.  The unit commonly used in regional 
gravity surveys is the milliGal (1/1000 Gals).  Since the targets of interest for 
engineering or environmental surveys typically produce anomalies much smaller than 
one milliGal, gravity surveys for environmental and engineering applications require 
measurements with a resolution of a microGal (0.001 milliGals or one part per billion of 
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the Earth’s gravity).  Since measurements are made at the microGal level, the term 
“microgravity survey” is used to differentiate it from regional gravity surveys. 
 
Microgravity measurements are normally made relative to a local reference station, and 
there is usually no attempt to tie the values to an absolute gravity station (Butler, 1980). 
 
Shallow geologic structures will give rise to short wavelength (high spatial frequencies) 
anomalies.  In contrast, the regional field will vary slowly in space (long wavelength) and 
can be approximated by a low order polynomial surface.   
 
Depth 
A gravity anomaly with a small lateral extent is inherently due to a shallow cause; 
however, an anomaly with a large lateral extent may be due to a local cause at great 
depth or a large lateral cause at shallow depth.  
 
Maximum Depth of a Feature 
For any well defined gravity anomaly, it is always possible to estimate the maximum 
depth of the feature producing the anomaly.  An estimate for the maximum anomaly 
depth can be made by measuring the width of the anomaly at its inflection points (or half 
of its maximum height), dividing by 2 to get the half width and then multiplying by 1.3 
(Butler, 1980).  This maximum depth estimation assumes that the gravity anomaly is 
caused by a single isolated target.  However, the same gravity response can be due to 
the combined effects of a variety of smaller causes at various depths (both shallower 
and deeper). 
 
The maximum depth rules are based upon an assumption that the anomaly is caused 
by a simple single source (i.e. a spherical simple cavity or a horizontal tunnel).  In 
practice, such sources are rare.  However, these rules of thumb allow a maximum depth 
boundary to be calculated. 
 
Maximum Depth of Detection 
Gravity measurements are a measure of the vertical component of the Earth’s 
gravitational acceleration.  The gravitational acceleration is due to the mass of the entire 
Earth.  In microgravity surveys, it is the lateral change in shallow, subsurface density 
that is of interest.  These features are detected as localized anomalies within the 
background gravity values of the Earth. 
 
As a rule of thumb, compact structures that can be approximated as spherical in shape, 
can be detected at a depth to center of about two times the effective diameter at the 10 
microGal threshold level (Butler, 1980).  In the real world, if the sphere (cavity) 
developed due to dissolution of rock it must have at least one input and one output 
tunnel.  In addition, it is often associated with highly weathered fracture zones and 
bedding planes.  Therefore, a low-density feature with a large lateral extent can be 
detected to depths of 5 to 10 times its thickness. 
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Detectability Threshold  
The magnitude of a gravity anomaly is dependent on the depth, size and density 
contrast of a subsurface feature.  In order to be detected in the gravity survey, a 
subsurface feature must be large enough or shallow enough to produce an anomaly 
above the noise threshold.  Under normal field conditions, anomalies ≥10 microGals 
should be routinely detectable (Butler, 1984). 
 
Equipment 
Portable gravimeters measure relative differences in gravity from station to station.  
These gravimeters measure changes in gravity by balancing gravitational forces with a 
spring and mass system.  A change in gravitational force results in a change of the 
length of the spring.  The position of the mass is sensed and the amount of external 
force required to bring it back to a standard position is a measure of the gravity value.  
 
Gravimeters used in regional geologic exploration have a sensitivity of 0.01 milliGals.  A 
microgravimeter has a sensitivity of about 0.001 milliGals (Kaufmann and Doll, 1998).  A 
modern gravimeter (Figure B-2) provides digital signal enhancement to increase the 
signal-to-noise ratio and allow much greater data acquisition rates than older meters. 
 
All field gravimeters are subject to offsets (tares) due to shock and drift due to thermal 
effects.  Therefore, great care must be taken in the transporting and the use of 
gravimeters.   
 

 
Figure B-2. Scintrex CG-5 gravimeter 

 
 
 
Quality Control 
The gravimeter will be set-up and operated in accordance with the manufacturer’s 
instructions and the Technos, Inc. SOP for Microgravity.  Quality control procedures will 
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be followed to obtain a level of repeatability for the data and to ensure that the meter is 
operating correctly throughout the survey. 
 
Gravimeter readings will drift with time due to mechanical and temperature changes 
within the instrument.  To compensate for thermal changes, the instruments are 
temperature controlled.  Bumping or jarring the instrument can cause a significant 
change (offset) in readings (referred to as a tare).  This must be accounted for by repeat 
measurements during a gravity survey and incorporated into the data reduction process.   
 
Resolution 
Lateral resolution is limited by the spacing between measurements and by the geometry 
of subsurface targets.  As the spacing between two targets becomes smaller, the ability 
to resolve the two targets diminishes since their anomalies merge into one.  Very 
shallow targets produce short wavelength (narrow) anomalies.  Deeper targets produce 
longer wavelength (wide) anomalies. 
 
Accuracy and Precision 
Under optimum conditions with simple targets (e.g. a buried channel with a large density 
contrast), depth estimates made by a skilled interpreter should be within 10 to 20 
percent of the actual depths. 
 
Instrument drift, instrument type and measurement skill of the operator are the major 
factors affecting precision.  If a gravity measurement is repeated under identical, 
stationary conditions, the measurements should be consistent and have an average 
deviation of less than ±0.005 milliGals.  The average deviation of measurements 
acquired at stations at different times should be less than ±0.010 milliGals under normal 
field conditions (Butler, 1984; Kaufmann and Doll, 1998).  Site specific vibrations (e.g. 
vehicles, construction equipment, wind, or distant earthquakes) may produce average 
deviations above this level.  
 
Calibration 
Calibration may be done by placing the gravimeter on a tilt table and measuring the 
change in gravity, as the table is tilted out of the horizontal by known angular amounts.  
More accurate calibration is achieved by the use of a calibration range, usually 
consisting of five or more stations, fairly evenly spaced, over a gravity range of at least 
100 mGals.  Seigel (1995) provides a discussion of the calibration procedures. 
 
Ease of Use 
Typically, only one person is needed to make gravity measurements.  A second crew (of 
two) can install the gravity stations ahead of the operator and obtain the elevations. 
 
While gravity measurements are, in principle, relatively easy to make, the gravimeter is 
a very delicate instrument.  Considerable care must be taken in shipment and general 
field use to avoid shock to the instrument.  In addition, proper field procedures must be 
rigorously followed to produce high sensitivity data with minimum noise.   
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Data 
Gravity data are typically presented as profile lines or contour maps.  Prior to presenting 
the data, however, a number of necessary corrections are needed to reduce the data to 
Bouguer values.  Reduction of gravity data consists of correcting the field 
measurements for all known effects.  These corrections include: 
• Instrument drift – Temporal changes in the meter readings are corrected by the 

reoccupations of base stations. 
• Station latitude - at a latitude of 45 degrees, the gravity values will change at about 

0.248 microGals per foot north and south of the station. 
• Free air elevation correction - an increase of 1 foot in elevation results in a decrease 

of 94.06 microGals.  This correction factor is added to the data.   
• Bouguer Slab Correction – In order to account for mass differences below stations at 

different elevations, a Bouguer slab correction is applied.  A factor of 12.77(ρ) 
microGals per foot of elevation is subtracted from the data (ρ is the mean density of 
near-surface rocks in g/cc). 

• Tidal effects - the gravitational attraction of the Sun and the Moon will cause 
significant changes in the measured gravity values of as much as 300 microGals.   

• Topography - terrain corrections compensate for variations in the terrain (hills and 
valleys) surrounding the point of measurement.  Terrain corrections are negligible in 
flat terrain, and can become more than 1000 microGals in mountainous areas. Local 
microgravity surveys can be affected by smaller terrain effects, such as rolling hills, 
ditches, ravines, rivers, and large cultural features. 

 
These corrections are applied to the data using standard formulas (Seigel, 1995, Telford 
et al., 1976) for calculating the Bouguer gravity.  After these corrections are applied to 
the gravity data the result is known as the Bouguer gravity data.  The Bouguer data 
consist of the regional Bouguer Anomaly, which is made up of deep-seated effects, and 
the local Bouguer Anomaly, which is made up of the shallow effects.  It is possible, in 
principle, to "subtract out" the contribution of the whole earth (the regional field) leaving 
just the field due to the local conditions (the residual or anomaly field).   
 
The local Bouguer Anomaly data are interpreted by creating geologically consistent 
density models that match observed field data, or by correlating the microgravity data 
with information from borings and complimentary geophysical measurements.  While 
the gravity technique measures or reflects the changes in density in earth materials, it is 
the interpreter who, based on knowledge of the local conditions or other data, must 
interpret the data.  Interpretation can simply be the location of a gravity anomaly or can 
require extensive modeling to support interpretation and calculations of mass deficit. 
 
Two properties of an anomalous structure can be readily deduced: the location of the 
structure in plan view, and an estimate of the mass excess or deficiency.  Both of these 
properties are of considerable importance in geotechnical and environmental 
applications of microgravity.  Frequently, the location of an anomaly in plan view is all 
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that is really required, since drilling will usually be performed to verify an anomalous 
subsurface condition or structure.   
 
Advantages 
A major benefit of gravity measurements is that they can be made in culturally 
developed areas, where many geophysical methods would be limited or could not be 
used at all.  For example, gravity measurements are not limited by geologic conditions 
(unlike radar in clay soils); or by electromagnetic measurements, which are affected by 
the presence of nearby metallic structures (e.g. utilities, fences, buildings and vehicles).  
Microgravity can be acquired over almost all land surfaces including paved and 
unpaved portions of an area.  
 
The microgravity method comes closest of available geophysical methods for allowing a 
positive statement to be made regarding the presence or absence of subsurface 
cavities at a site (Butler, 1984).  Gravity measurements do not have fixed depth of 
measurement. 
 
Limitations  
Density Contrast 
Gravity measurements do not respond to features without significant change in density 
or smaller features, such as utilities.   
 
Depth of Measurements 
Although the depth of measurement for gravity is unlimited, longer survey lines are 
needed to identify deep features.   
 
Vibration 
Vibration is the major limitation in making gravity measurements.  There will always be 
some level of noise (i.e. ground motion) at each gravity station caused by a combination 
of natural and man-made sources. 
 
Ambient Sources of Noise 
Local, small earthquakes seldom are a problem during gravity observations.  They 
occur and are gone before they are of any inconvenience.  Large, distant earthquakes 
can delay observations for several hours. 
 
When long-period ocean waves strike the coast and reflect seaward, the resulting 
standing waves can initiate seismic waves in the earth’s crust.  Rayleigh waves 
generated from ocean waves can travel halfway across a continent. 
 
Wind gusts can be particularly troublesome by tipping the meter out of plumb, and 
rocking the meter back and forth.  A moderate to heavy rainfall may impact gravity 
measurements as large rain drops hit the gravity meter or very nearby. 
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Since gravimeters are extremely temperature sensitive, abrupt and wide swings in 
temperature can affect readings.  Even though the instrument is temperature stabilized, 
it should be further protected from extreme changes in temperature that may be caused 
by sun light. 
 
Changes in atmospheric pressure result in changes in the density of the air column 
above the gravity station.  When a major pressure front (e.g. a thunderstorm) moves 
rapidly through the survey area, pressure changes may result (Seigel, 1995).  An 
increase in atmospheric pressure will cause a decrease in the observed gravity and 
vice-versa.  
 
Geologic Sources of Noise 
Geologic sources of noise include unsuspected spatial variations in soil and rock 
densities (usually associated with variations in depth to rock).  Nearby hills, mountains, 
and valleys will impact gravity measurements.  These changes in topography out of the 
survey area often need to be accommodated for by terrain corrections.  On-site 
changes in topography (such as creeks or ditches) near the gravity station, can also 
impact gravity readings. 
 
Cultural Sources of Noise 
Cultural sources of noise include temporal vibrations and the impact of unknown spatial 
variations of buried structures.  Vibration of the ground can be caused by nearby 
vehicles, heavy equipment, trains, aircraft, and even personnel walking near the gravity 
meter.  While blasting in quarries and construction sites will affect gravity 
measurements, the effects die away quickly and measurements can resume. 
 
Cultural factors such as unknown buried structures (large concrete foundations, and 
culverts) under or near the survey line may also cause spatially variable noise leading to 
unsuspected variations in density.   
 
Many of these sources of vibration noise can be dealt with by averaging measurements 
or minimizing the noise by making measurements in off hours when traffic and other 
noises are minimal.  The authors have made gravity measurements at the edge of 
major highways within a few feet from vehicle traffic by working evenings, making 
measurements when vehicles were not immediately adjacent to the gravimeter, making 
many repeat measurements, and using extreme patience and care in making the 
measurements. 
 
Personnel 
The success of any microgravity survey is dependent upon many factors.  One of the 
most important is the competency of the person(s) responsible for planning, carrying out 
the survey and interpreting the data.  An understanding of the theory, field procedures 
and methods for interpretation of data along with an understanding of the site geology is 
necessary to successfully complete a microgravity survey.  Personnel not having 
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specialized training and/or experience should be cautious about using the microgravity 
method and solicit assistance from qualified practitioners. 
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SUMMARY OF MICROGRAVITY DATA 
 
Microgravity data were acquired at a total of 644 stations, spaced at 100-foot intervals.  
A high-precision Scintrex CG-5 gravimeter, owned by Technos, Inc., was used to make 
the measurements.   
 
Station Coordinates 
The station coordinates are referenced to distance in feet along each survey line.  The 
geographic locations of these stations were used in the data processing and are listed 
in Table B-2.  The geographic coordinates are in Florida (north) State Plane (feet).      
 
Elevations 
Relative elevations were obtained at each gravity station using a Topcon DL-102 digital 
level.  The elevations were recorded with a reading precision of 0.001 feet and a loop 
closure error within 0.1 feet per linear mile. The elevations of the stations are listed in 
Table B-2.  
 
Base Stations 
Three gravity base stations were used throughout the survey (Table B-1). Data were 
acquired at a base station at the start of each survey day, at the end of each survey 
day, and at least one time in the middle of each survey day.  At least two consistent 
measurements were acquired at each base station occupation for quality control.   
 

Table B-1. Gravity Base Stations 
Base 

Station 
Gravity 
(mGals) 

Easting  
(feet) 

Northing 
(feet) 

Elevation 
(feet) 

Bouguer 
Gravity 
(mGals) 

Comments 

1 979337.840 2047533.0 477575.3 38.100 

2.673 

On old RR base 
perpendicular to 

Natural Bridge Rd.
2 979335.300 2050627.9 461470.6 26.550 

2.806 
At Benchmark P-

283 
3 979332.059 2041283.6 450765.1 15.642 

1.120 
On NE corner of 

bridge 
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Quality Control 
Repeated measurements were made at a total of 78 stations (12%) at different times 
during the survey.  The average deviation of these repeated measurements is ±4 µGals, 
indicating a relatively low level of noise, which is essential for this application of the 
microgravity method.  After each day of data acquisition, the data were downloaded and 
backed up, and a preliminary review of the data was performed.   
 
Data Reduction 
Table B-2 contains a complete listing of the gravity data.  The gravity data were reduced 
to simple Bouguer values along each profile line using standard reduction procedures.  
The following corrections were applied: 
• Instrument drift (from base station occupations) 
• Tidal correction 
• Latitude correction 
• Free Air correction (elevations measured with a reading precision of 0.001 feet and a 

loop closure accuracy within 0.1 feet per linear mile) 
• Bouguer Slab correction (slab density =2.0 g/cc) 
• Regional removal (linear for each study area) 
 
A Bouguer slab density of 2.0 g/cc was used to approximate the density of near surface 
material.  A linear trend was removed from the data and the resulting values are defined 
as the residual gravity.  The residual gravity calculation is shown below (where X and Y 
are the station coordinates in S.P. Easting and Northing).  The residual gravity values 
have a median value of 0 µGals and range between -509 µGals and 674 µGals.   
 
 [Residual Gravity] = [Bouguer Gravity] + [277.617] + [0.0001294099*X] + [.0000327218*Y] 
 
In order to identify localized anomalies within the relatively broad range of residual 
gravity values, a high-pass spatial filter was applied to each survey line independently.  
The high-pass filter removed trends in the residual gravity data with spatial wavelengths 
longer than 5,000 feet.  The filtered data are presented with a zero-mean value for each 
survey line. 
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Table B-2. Microgravity Data 
 

Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

1 Base1 2047532.96 477575.30 38.10 2.673 -309 - 
2 Base2 2050627.89 461470.58 26.55 2.806 -48 - 
3 Base3 2041283.62 450765.12 15.642 1.120 -175 - 
1 0 2048314.93 477550.70 38.194 2.781 -301 -16 
1 100 2048415.40 477549.94 37.261 2.799 -296 -3 
1 200 2048515.87 477549.18 36.620 2.828 -280 8 
1 300 2048616.34 477548.42 35.519 2.828 -292 -9 
1 400 2048716.81 477547.66 34.510 2.815 -318 -23 
1 500 2048817.28 477546.91 33.949 2.856 -291 -10 
1 600 2048917.74 477546.15 33.607 2.876 -284 7 
1 700 2049018.21 477545.39 33.489 2.901 -271 13 
1 800 2049118.68 477544.63 33.504 2.913 -272 15 
1 900 2049219.15 477543.88 33.525 2.933 -265 18 
1 1000 2049319.62 477543.12 33.287 2.942 -270 19 
1 1100 2049420.09 477542.36 33.323 2.952 -273 12 
1 1200 2049520.56 477541.60 33.270 2.961 -276 4 
1 1300 2049621.03 477540.84 32.868 2.966 -284 6 
1 1400 2049721.49 477540.09 32.503 2.992 -272 5 
1 1500 2049821.96 477539.33 32.293 2.993 -283 0 
1 1600 2049922.43 477538.57 32.276 3.002 -287 -2 
1 1700 2050022.90 477537.81 32.701 3.025 -277 -4 
1 1800 2050123.37 477537.06 32.719 3.028 -287 -4 
1 1900 2050223.84 477536.30 33.025 3.056 -272 6 
1 2000 2050324.31 477535.54 33.407 3.070 -271 -1 
1 2100 2050424.78 477534.78 34.263 3.052 -302 -21 
1 2200 2050525.24 477534.03 34.946 3.085 -283 -15 
1 2300 2050625.71 477533.27 36.147 3.121 -259 10 
1 2400 2050726.18 477532.51 36.762 3.143 -250 22 
1 2500 2050826.65 477531.75 37.863 3.175 -231 26 
1 2600 2050927.12 477530.99 38.596 3.172 -247 20 
1 2700 2051027.59 477530.24 39.174 3.177 -255 -2 
1 2800 2051128.06 477529.48 40.035 3.180 -265 -9 
1 2900 2051228.53 477528.72 40.729 3.209 -249 1 
1 3000 2051329.00 477527.96 41.105 3.220 -251 -9 
1 3100 2051429.46 477527.21 41.385 3.213 -271 -26 
1 3200 2051529.93 477526.45 41.863 3.241 -256 -25 
1 3300 2051630.40 477525.69 42.372 3.256 -254 -19 
1 3400 2051719.75 477489.31 43.283 3.282 -238 -16 
1 3500 2051809.10 477452.93 43.384 3.298 -232 -13 
1 3600 2051898.46 477416.55 44.348 3.310 -231 -18 
1 3700 2051987.81 477380.17 45.141 3.326 -225 -20 
1 3800 2052070.36 477323.19 45.586 3.361 -199 -1 
1 3900 2052152.91 477266.22 45.319 3.395 -174 20 
1 4000 2052235.45 477209.24 45.096 3.423 -154 26 
1 4100 2052318.00 477152.26 44.758 3.420 -166 14 
1 4200 2052400.55 477095.29 44.413 3.426 -169 -3 
1 4300 2052483.10 477038.31 44.111 3.442 -162 -1 
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Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

1 4400 2052565.65 476981.33 44.087 3.479 -134 19 
1 4500 2052648.20 476924.36 44.329 3.497 -125 18 
1 4600 2052730.75 476867.38 44.560 3.497 -133 1 
1 4700 2052813.30 476810.41 45.145 3.507 -133 -4 
1 4800 2052895.84 476753.43 45.437 3.530 -118 -2 
1 4900 2052978.39 476696.45 45.294 3.546 -111 -1 
1 5000 2053060.94 476639.48 45.297 3.568 -98 4 
1 5100 2053143.49 476582.50 45.869 3.596 -79 12 
1 5200 2053226.04 476525.52 46.357 3.617 -67 17 
1 5300 2053308.59 476468.55 46.914 3.635 -57 19 
1 5400 2053391.14 476411.57 47.623 3.656 -45 18 
1 5500 2053473.69 476354.60 48.469 3.662 -48 14 
1 5600 2053556.23 476297.62 49.142 3.681 -38 9 
1 5700 2053638.78 476240.64 49.198 3.687 -40 2 
1 5800 2053721.33 476183.67 48.961 3.709 -28 7 
1 5900 2053803.88 476126.69 47.980 3.739 -6 19 
1 6000 2053886.43 476069.71 47.132 3.749 -5 14 
1 6100 2053968.98 476012.74 46.065 3.746 -17 -8 
1 6200 2054051.53 475955.76 45.589 3.737 -34 -30 
1 6300 2054134.08 475898.79 45.367 3.747 -34 -38 
1 6400 2054216.62 475841.81 45.815 3.780 -10 -23 
1 6500 2054299.17 475784.83 46.736 3.810 12 0 
1 6600 2054381.72 475727.86 47.140 3.838 31 -4 
1 6700 2054464.27 475670.88 46.893 3.815 -1 -23 
1 6800 2054546.82 475613.90 47.001 3.848 23 -22 
1 6900 2054629.37 475556.93 46.889 3.863 30 -13 
1 7000 2054711.92 475499.95 47.399 3.871 29 -20 
1 7100 2054794.47 475442.98 47.188 3.889 38 -25 
1 7200 2054877.01 475386.00 47.042 3.902 42 -18 
1 7300 2054959.56 475329.02 46.932 3.926 57 -18 
1 7400 2055042.11 475272.05 46.362 3.927 50 -26 
1 7500 2055124.66 475215.07 45.889 3.945 58 -30 
1 7600 2055207.21 475158.09 45.766 3.961 66 -23 
1 7700 2055289.76 475101.12 45.413 3.998 93 -9 
1 7800 2055372.31 475044.14 44.882 4.031 118 11 
1 7900 2055454.86 474987.17 44.221 4.063 142 27 
1 8000 2055537.40 474930.19 43.727 4.077 146 22 
1 8100 2055619.95 474873.21 43.364 4.078 139 9 
1 8200 2055702.50 474816.24 42.735 4.114 166 24 
1 8300 2055785.05 474759.26 42.064 4.153 196 51 
1 8400 2055867.60 474702.28 41.537 4.181 216 52 
1 8500 2055950.15 474645.31 41.080 4.170 195 33 
1 8600 2056032.70 474588.33 41.008 4.181 198 18 
1 8700 2056115.25 474531.35 41.306 4.199 206 16 
1 8800 2056197.79 474474.38 41.543 4.217 216 25 
1 8900 2056280.34 474417.40 41.400 4.260 250 32 
1 9000 2056362.89 474360.43 41.338 4.260 241 28 
1 9100 2056445.44 474303.45 41.265 4.285 257 24 
1 9200 2056527.99 474246.47 40.848 4.310 273 27 
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Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

1 9300 2056610.54 474189.50 40.532 4.314 269 19 
1 9400 2056693.09 474132.52 40.178 4.329 275 3 
1 9500 2056775.64 474075.54 40.011 4.333 270 -9 
1 9600 2056858.18 474018.57 40.062 4.344 272 -18 
1 9700 2056940.73 473961.59 39.731 4.368 287 -22 
1 9800 2057023.28 473904.62 39.634 4.390 301 -14 
1 9900 2057105.83 473847.64 39.275 4.420 322 -11 
1 10000 2057188.38 473790.66 38.906 4.434 328 -17 
1 10100 2057270.93 473733.69 38.020 4.458 343 -13 
1 10200 2057353.48 473676.71 37.441 4.490 365 -4 
1 10300 2057436.02 473619.73 37.194 4.503 370 -13 
1 10400 2057523.52 473572.73 36.459 4.494 350 -41 
1 10500 2057611.01 473525.73 35.579 4.502 349 -59 
1 10600 2057698.51 473478.72 35.091 4.526 363 -57 
1 10700 2057786.00 473431.72 34.757 4.542 370 -54 
1 10800 2057873.50 473384.71 34.902 4.578 396 -55 
1 10900 2057960.99 473337.71 35.221 4.594 402 -37 
1 11000 2058048.49 473290.71 36.260 4.660 458 -14 
1 11100 2058135.98 473243.70 36.145 4.662 451 -13 
1 11200 2058223.48 473196.70 35.748 4.691 469 -15 
1 11300 2058310.97 473149.69 35.662 4.719 488 0 
1 11400 2058406.44 473122.17 35.445 4.751 508 12 
1 11500 2058501.91 473094.64 35.056 4.773 519 15 
1 11600 2058597.38 473067.12 34.955 4.795 530 18 
1 11700 2058692.85 473039.59 34.959 4.810 533 19 
1 11800 2058788.32 473012.07 35.061 4.836 548 21 
1 11900 2058883.79 472984.54 34.844 4.842 542 22 
1 12000 2058979.26 472957.02 34.788 4.865 554 17 
1 12100 2059074.73 472929.49 34.421 4.874 551 22 
1 12200 2059170.21 472901.97 34.470 4.917 583 43 
1 12300 2059265.68 472874.44 34.380 4.929 583 46 
1 12400 2059361.15 472846.92 34.385 4.930 573 31 
1 12500 2059456.62 472819.39 34.493 4.936 567 28 
1 12600 2059552.09 472791.87 34.450 4.960 580 35 
1 12700 2059647.56 472764.34 34.382 4.968 577 35 
1 12800 2059743.03 472736.82 33.031 4.977 574 35 
1 12900 2059838.50 472709.29 31.198 5.000 586 40 
1 13000 2059933.97 472681.77 29.561 5.011 585 52 
1 13100 2060029.44 472654.24 28.170 5.032 594 55 
1 13200 2060127.56 472636.34 27.030 5.010 561 23 
1 13300 2060225.67 472618.43 26.043 4.975 514 -13 
1 13400 2060323.79 472600.52 25.302 4.992 518 -18 
1 13500 2060421.91 472582.61 24.724 4.992 506 -18 
1 13600 2060520.02 472564.70 24.453 4.985 487 -37 
1 13700 2060618.14 472546.79 25.037 4.980 470 -51 
1 13800 2060716.26 472528.89 26.133 4.976 454 -64 
1 13900 2060814.37 472510.98 26.534 4.961 427 -82 
1 14000 2060912.49 472493.07 27.051 4.992 446 -70 
1 14100 2061010.61 472475.16 27.107 5.028 470 -31 
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Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

1 14200 2061108.72 472457.25 26.996 5.060 490 -15 
1 14300 2061206.84 472439.34 26.685 5.068 485 -13 
1 14400 2061304.96 472421.43 26.200 5.095 500 5 
1 14500 2061403.07 472403.53 26.192 5.112 505 16 
1 14600 2061501.19 472385.62 26.142 5.105 486 -2 
1 14700 2061599.31 472367.71 26.238 5.087 456 -23 
1 14800 2061697.42 472349.80 26.226 5.098 455 -26 
1 14900 2061795.54 472331.89 26.052 5.098 443 -27 
1 15000 2061893.66 472313.98 26.127 5.110 442 -30 
1 15100 2061991.77 472296.08 26.138 5.122 442 -19 
1 15200 2062089.89 472278.17 26.448 5.160 469 8 
1 15300 2062188.01 472260.26 27.253 5.183 479 25 
1 15400 2062286.13 472242.35 27.952 5.182 466 17 
1 15500 2062384.24 472224.44 28.009 5.177 449 8 
1 15600 2062482.36 472206.53 27.482 5.201 461 20 
1 15700 2062580.48 472188.62 27.330 5.206 454 30 
1 15800 2062678.59 472170.72 27.315 5.209 445 17 
1 15900 2062776.71 472152.81 27.522 5.203 426 10 
1 16000 2062874.83 472134.90 27.228 5.210 422 21 
1 16100 2062972.94 472116.99 26.640 5.226 425 14 
1 16200 2063071.06 472099.08 26.043 5.189 376 -2 
1 16300 2063169.18 472081.17 25.573 5.233 408 17 
1 16400 2063267.29 472063.27 25.020 5.244 407 44 
1 16500 2063365.41 472045.36 24.770 5.249 400 36 
1 16600 2063463.53 472027.45 24.826 5.229 368 23 
1 16700 2063561.64 472009.54 24.484 5.237 364 27 
1 16800 2063659.76 471991.63 24.672 5.231 346 25 
1 16900 2063757.88 471973.72 24.362 5.223 326 19 
1 17000 2063855.99 471955.81 24.450 5.220 310 16 
1 17100 2063954.11 471937.91 24.437 5.198 277 1 
1 17200 2064052.23 471920.00 24.618 5.184 250 -11 
1 17300 2064150.34 471902.09 24.567 5.180 234 -10 
1 17400 2064248.46 471884.18 24.800 5.164 206 -17 
1 17500 2064346.58 471866.27 24.948 5.153 182 -26 
1 17600 2064444.69 471848.36 25.320 5.143 161 -24 
1 17700 2064542.81 471830.46 25.668 5.130 136 -32 
1 17800 2064640.93 471812.55 25.972 5.112 106 -39 
1 17900 2064739.04 471794.64 25.621 5.114 95 -30 
1 18000 2064837.16 471776.73 25.537 5.097 67 -34 
1 18100 2064935.28 471758.82 25.059 5.090 47 -38 
1 18200 2065033.39 471740.91 24.902 5.094 39 -11 
1 18300 2065131.51 471723.01 25.176 5.101 34 -8 
1 18400 2065229.63 471705.10 25.174 5.044 -35 -43 
1 18500 2065327.74 471687.19 25.512 5.045 -47 -31 
1 18600 2065425.86 471669.28 25.833 5.101 -3 24 
1 18700 2065523.98 471651.37 26.267 5.082 -34 36 
1 18800 2065622.09 471633.46 26.219 5.078 -50 25 
1 18900 2065720.21 471615.55 25.992 5.071 -69 38 
1 19000 2065818.33 471597.65 25.570 5.067 -85 45 
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Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

1 19100 2065913.87 471571.94 25.221 5.039 -125 26 
1 19200 2066009.41 471546.23 24.787 5.014 -161 9 
1 19300 2066104.96 471520.52 24.764 4.988 -198 5 
1 19400 2066200.50 471494.81 24.722 4.997 -201 11 
1 19500 2066296.04 471469.11 24.486 4.988 -222 18 
1 19600 2066391.58 471443.40 23.863 4.969 -252 9 
1 19700 2066487.12 471417.69 23.874 4.953 -280 -5 
1 19800 2066582.18 471384.77 23.750 4.945 -299 -2 
1 19900 2066677.24 471351.85 23.408 4.935 -320 -2 
1 20000 2066772.29 471318.93 22.996 4.919 -347 -19 
1 20100 2066867.35 471286.01 22.224 4.904 -374 -26 
1 20200 2066962.41 471253.09 21.277 4.899 -390 -20 
1 20300 2067057.46 471220.18 20.622 4.916 -384 -16 
1 20400 2067152.52 471187.26 20.585 4.910 -401 -2 
1 20500 2067247.58 471154.34 21.107 4.940 -383 20 
1 20600 2067342.63 471121.42 21.639 4.933 -400 12 
1 20700 2067437.69 471088.50 21.712 4.898 -447 -17 
1 20800 2067532.75 471055.58 22.045 4.897 -459 -22 
1 20900 2067627.80 471022.66 22.603 4.921 -446 -8 
1 21000 2067722.86 470989.74 22.986 4.908 -471 -10 
2 0 2044433.36 461371.59 27.506 1.633 -417 3 
2 100 2044533.49 461374.61 29.749 1.671 -392 8 
2 200 2044633.62 461377.63 29.051 1.682 -394 5 
2 300 2044733.75 461380.65 28.391 1.703 -386 11 
2 400 2044833.88 461383.67 25.937 1.743 -359 11 
2 500 2044934.01 461386.69 23.883 1.718 -398 -11 
2 600 2045034.14 461389.71 22.444 1.756 -372 -16 
2 700 2045134.26 461392.73 24.436 1.793 -349 7 
2 800 2045234.39 461395.75 27.975 1.810 -344 7 
2 900 2045334.52 461398.77 29.887 1.814 -353 -25 
2 1000 2045434.65 461401.79 30.534 1.807 -374 -42 
2 1100 2045534.78 461404.81 32.164 1.840 -353 -37 
2 1200 2045634.91 461407.83 34.734 1.873 -333 -32 
2 1300 2045735.04 461410.85 35.101 1.871 -348 -44 
2 1400 2045835.17 461413.87 34.385 1.881 -351 -74 
2 1500 2045935.29 461416.89 34.410 1.881 -365 -85 
2 1600 2046035.42 461419.91 34.074 1.947 -312 -50 
2 1700 2046135.55 461422.93 31.501 2.009 -263 -8 
2 1800 2046235.68 461425.95 30.913 2.059 -226 15 
2 1900 2046335.81 461428.97 29.953 2.098 -199 38 
2 2000 2046433.16 461400.70 28.790 2.151 -158 57 
2 2100 2046530.52 461372.44 29.168 2.162 -159 61 
2 2200 2046602.13 461302.44 29.318 2.201 -127 69 
2 2300 2046673.73 461232.45 29.696 2.208 -128 67 
2 2400 2046745.34 461162.45 31.671 2.191 -151 33 
2 2500 2046816.94 461092.46 31.984 2.195 -154 13 
2 2600 2046888.55 461022.47 31.883 2.209 -147 24 
2 2700 2046960.15 460952.47 32.903 2.232 -131 15 
2 2800 2047031.76 460882.48 33.528 2.215 -156 -3 
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Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

2 2900 2047115.50 460830.03 32.605 2.262 -117 13 
2 3000 2047199.24 460777.59 32.428 2.287 -102 32 
2 3100 2047307.15 460778.03 33.925 2.305 -97 22 
2 3200 2047415.05 460778.46 34.252 2.324 -92 21 
2 3300 2047522.96 460778.90 32.637 2.357 -74 37 
2 3400 2047630.87 460779.34 32.907 2.384 -60 36 
2 3500 2047738.77 460779.77 34.269 2.375 -84 15 
2 3700 2047954.59 460780.64 32.792 2.395 -91 -6 
2 3800 2048062.49 460781.08 32.727 2.396 -104 -17 
2 3900 2048170.40 460781.51 33.565 2.420 -94 -19 
2 4000 2048278.31 460781.95 33.215 2.411 -117 -37 
2 4100 2048386.21 460782.38 33.210 2.410 -132 -67 
2 4200 2048494.12 460782.82 33.861 2.414 -142 -69 
2 4300 2048602.03 460783.26 31.635 2.465 -105 -46 
2 4400 2048709.93 460783.69 29.739 2.477 -107 -40 
2 4500 2048785.66 460824.62 28.826 2.503 -92 -41 
2 4600 2048861.39 460865.56 28.800 2.510 -96 -29 
2 4700 2048937.12 460906.49 28.677 2.545 -73 -27 
2 4800 2049012.84 460947.42 29.126 2.534 -94 -34 
2 4900 2049088.57 460988.36 29.485 2.564 -76 -24 
2 5000 2049164.30 461029.29 29.084 2.592 -59 -10 
2 5100 2049240.03 461070.22 28.205 2.597 -65 -8 
2 5200 2049340.09 461071.20 27.508 2.625 -50 -3 
2 5300 2049440.15 461072.18 27.322 2.648 -40 13 
2 5400 2049540.21 461073.15 27.300 2.683 -18 33 
2 5500 2049640.27 461074.13 26.982 2.711 -3 49 
2 5600 2049740.33 461075.11 27.122 2.727 0 48 
2 5700 2049840.40 461076.08 26.699 2.716 -24 34 
2 5800 2049940.46 461077.06 26.604 2.738 -15 31 
2 5900 2050040.52 461078.04 27.174 2.743 -23 34 
2 6000 2050140.58 461079.01 26.900 2.752 -27 23 
2 6100 2050240.64 461079.99 27.163 2.743 -49 8 
2 6200 2050340.70 461080.97 27.497 2.763 -42 7 
2 6300 2050440.76 461081.94 27.519 2.768 -50 9 
2 6400 2050540.83 461082.92 26.895 2.790 -41 7 
2 6500 2050640.89 461083.89 27.604 2.799 -44 12 
2 6600 2050740.95 461084.87 28.137 2.827 -29 21 
2 6700 2050841.01 461085.85 28.000 2.832 -37 18 
2 6800 2050941.07 461086.82 28.404 2.840 -42 4 
2 6900 2051041.13 461087.80 28.372 2.831 -65 -7 
2 7000 2051141.19 461088.78 28.199 2.853 -56 -13 
2 7100 2051241.25 461089.75 28.086 2.846 -75 -21 
2A 0 2051280.95 461728.99 28.139 2.806 -142 -2 
2A 100 2051380.78 461727.26 27.535 2.843 -117 17 
2A 200 2051480.61 461725.54 27.553 2.858 -116 20 
2A 300 2051580.44 461723.82 26.996 2.868 -119 5 
2A 400 2051680.28 461722.09 26.880 2.867 -132 -2 
2A 500 2051780.11 461720.37 26.382 2.880 -132 -10 
2A 600 2051879.94 461718.65 26.113 2.883 -142 -26 
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Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

2A 700 2051979.77 461716.93 25.761 2.883 -155 -36 
2A 800 2052077.00 461690.00 25.479 2.892 -157 -45 
2A 900 2052174.23 461663.07 25.740 2.907 -154 -50 
2A 1000 2052271.46 461636.14 26.274 2.929 -144 -33 
2A 1100 2052337.28 461560.68 26.525 2.973 -106 -8 
2A 1200 2052403.11 461485.22 26.016 3.002 -83 14 
2A 1300 2052468.93 461409.77 25.832 3.024 -67 34 
2A 1400 2052534.75 461334.31 25.325 3.043 -54 34 
2A 1500 2052554.65 461236.14 24.521 3.030 -66 23 
2A 1600 2052574.55 461137.96 23.329 3.031 -65 25 
2A 1700 2052594.46 461039.79 22.157 3.036 -59 19 
2A 1800 2052614.36 460941.62 21.657 3.007 -87 -7 
2A 1900 2052634.26 460843.45 21.126 2.995 -99 -18 
2A 2000 2052654.16 460745.27 20.678 3.015 -78 -12 
2A 2100 2052674.07 460647.10 20.629 3.023 -70 3 
2A 2200 2052693.97 460548.93 20.991 3.048 -44 26 
2A 2300 2052713.87 460450.75 21.254 3.062 -29 25 
2A 2400 2052733.77 460352.58 21.641 3.014 -76 -5 
2A 2500 2052753.68 460254.41 21.433 3.030 -60 -13 
2A 2600 2052773.58 460156.24 21.679 3.027 -62 -4 
2A 2700 2052807.23 460065.27 21.958 3.033 -58 -12 
2A 2800 2052840.89 459974.31 22.070 3.030 -62 -16 
2A 2900 2052874.55 459883.34 22.114 3.037 -57 -15 
2A 3000 2052941.26 459814.00 22.465 3.044 -56 -22 
2A 3100 2053007.97 459744.66 22.842 3.057 -49 -11 
2A 3200 2053074.68 459675.31 23.201 3.104 -8 15 
2A 3300 2053141.40 459605.97 23.505 3.113 -6 26 
2A 3400 2053235.06 459575.19 23.289 3.146 16 32 
2A 3500 2053328.72 459544.40 23.586 3.161 20 38 
2A 3600 2053422.38 459513.62 23.530 3.185 33 44 
2A 3700 2053516.04 459482.83 23.176 3.221 58 65 
2A 3800 2053615.94 459482.60 23.032 3.233 57 60 
2A 3900 2053715.85 459482.37 22.914 3.195 5 2 
2A 4000 2053815.75 459482.14 22.388 3.190 -12 -20 
2A 4100 2053915.65 459481.91 22.204 3.231 16 7 
2A 4200 2054015.55 459481.68 22.064 3.242 14 -11 
2A 4300 2054115.45 459481.45 22.050 3.200 -41 -55 
2A 4400 2054215.35 459481.22 22.279 3.241 -13 -49 
2A 4500 2054315.25 459480.98 22.390 3.267 0 -31 
2A 4600 2054415.15 459480.75 22.849 3.285 6 -34 
2A 4700 2054515.05 459480.52 23.248 3.307 14 -32 
2A 4800 2054614.95 459480.29 23.310 3.329 23 -30 
2A 4900 2054714.85 459480.06 23.473 3.340 22 -28 
2A 5000 2054814.75 459479.83 23.444 3.385 54 -16 
2A 5100 2054914.65 459479.60 22.890 3.388 44 -19 
2A 5200 2055014.55 459479.37 22.260 3.397 39 -33 
2A 5300 2055114.45 459479.13 21.663 3.436 66 -17 
2A 5400 2055214.36 459478.90 20.784 3.468 85 9 
2A 5500 2055314.26 459478.67 19.519 3.508 112 18 
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Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

2A 5600 2055414.16 459478.44 19.651 3.522 113 23 
2A 5700 2055514.06 459478.21 19.434 3.541 119 21 
2A 5800 2055613.96 459477.98 19.562 3.545 110 6 
2A 5900 2055713.86 459477.75 19.967 3.550 102 -1 
2A 6000 2055813.76 459477.51 20.695 3.578 117 1 
2A 6100 2055913.66 459477.28 21.036 3.586 112 4 
2A 6200 2056013.56 459477.05 21.759 3.623 136 12 
2A 6300 2056113.46 459476.82 21.754 3.634 134 14 
2A 6400 2056213.36 459476.59 21.618 3.655 143 19 
2A 6500 2056313.26 459476.36 21.588 3.689 164 32 
2A 6600 2056413.16 459476.13 21.676 3.692 154 27 
2A 6700 2056513.06 459475.90 21.899 3.702 151 15 
2A 6800 2056612.96 459475.66 21.929 3.726 162 28 
2A 6900 2056712.87 459475.43 21.747 3.752 175 35 
2A 7000 2056812.77 459475.20 21.949 3.731 141 9 
2A 7100 2056912.67 459474.97 21.981 3.742 139 -8 
2A 7200 2057012.57 459474.74 21.573 3.746 130 -7 
2A 7300 2057112.47 459474.51 21.596 3.750 121 -18 
2A 7400 2057212.37 459474.28 20.963 3.762 120 -29 
2A 7500 2057312.27 459474.05 20.849 3.766 111 -22 
2A 7600 2057412.17 459473.81 21.700 3.800 132 -15 
2A 7700 2057512.07 459473.58 22.632 3.812 132 -9 
2A 7800 2057611.97 459473.35 25.105 3.842 149 10 
2A 7900 2057711.87 459473.12 27.342 3.876 170 27 
2A 8000 2057811.77 459472.89 28.765 3.882 163 24 
2A 8100 2057911.67 459472.66 28.909 3.876 144 5 
2A 8200 2058011.57 459472.43 29.095 3.874 130 -8 
2A 8300 2058111.47 459472.19 29.201 3.888 131 -8 
2A 8400 2058211.37 459471.96 29.604 3.898 127 -6 
2A 8500 2058311.28 459471.73 29.821 3.907 123 -13 
2A 8600 2058411.18 459471.50 29.796 3.911 114 -19 
2A 8700 2058511.08 459471.27 29.348 3.919 110 -22 
2A 8800 2058610.98 459471.04 28.558 3.934 111 -19 
2A 8900 2058710.88 459470.81 27.513 3.963 127 -4 
2A 9000 2058810.78 459470.58 26.799 3.985 137 11 
2A 9100 2058910.68 459470.34 25.549 4.003 142 13 
2A 9200 2059010.58 459470.11 24.949 4.010 136 7 
2A 9300 2059110.48 459469.88 23.910 4.008 121 -2 
2A 9400 2059210.38 459469.65 22.781 4.018 118 -11 
2A 9500 2059310.28 459469.42 21.822 4.024 111 -13 
3 0 2027689.07 452346.01 13.463 0.016 428 8 
3 100 2027788.85 452343.28 13.426 0.021 421 13 
3 200 2027888.62 452340.54 14.108 0.056 442 22 
3 300 2027988.39 452337.80 14.332 0.062 436 13 
3 400 2028088.16 452335.06 15.137 0.038 399 -15 
3 500 2028187.93 452332.32 15.534 0.021 369 -63 
3 600 2028287.71 452329.58 16.413 -0.002 333 -96 
3 700 2028387.48 452326.84 16.471 0.037 359 -69 
3 800 2028487.25 452324.11 16.409 0.116 426 -21 
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Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

3 900 2028587.02 452321.37 16.723 0.133 430 -10 
3 1000 2028686.79 452318.63 16.802 0.155 439 -10 
3 1100 2028786.57 452315.89 16.95 0.186 457 -4 
3 1200 2028886.34 452313.15 17.025 0.188 447 -12 
3 1300 2028986.11 452310.41 17.148 0.212 458 -13 
3 1400 2029085.88 452307.67 17.301 0.256 488 11 
3 1500 2029185.66 452304.93 17.494 0.290 510 24 
3 1600 2029285.43 452302.20 17.539 0.297 505 16 
3 1700 2029385.20 452299.46 17.637 0.315 509 3 
3 1800 2029484.97 452296.72 17.725 0.306 487 -19 
3 1900 2029584.74 452293.98 17.854 0.310 479 -36 
3 2000 2029684.52 452291.24 18.085 0.342 498 -33 
3 2100 2029784.29 452288.50 18.152 0.365 508 -20 
3 2200 2029884.06 452285.76 18.611 0.414 544 2 
3 2300 2029983.83 452283.03 18.649 0.459 577 23 
3 2400 2030083.61 452280.29 19.031 0.470 575 24 
3 2500 2030183.38 452277.55 19.353 0.494 586 21 
3 2600 2030283.15 452274.81 19.815 0.530 609 32 
3 2700 2030382.92 452272.07 19.901 0.533 599 34 
3 2800 2030482.69 452269.33 20.048 0.570 623 28 
3 2900 2030582.47 452266.59 20.108 0.577 617 38 
3 3000 2030682.24 452263.85 20.156 0.611 639 44 
3 3100 2030782.01 452261.12 19.805 0.622 637 38 
3 3200 2030881.78 452258.38 19.262 0.643 645 51 
3 3300 2030981.56 452255.64 18.757 0.685 674 67 
3 3400 2031081.33 452252.90 18.451 0.679 655 56 
3 3500 2031181.10 452250.16 18.14 0.675 639 33 
3 3600 2031280.87 452247.42 17.969 0.664 615 12 
3 3700 2031380.64 452244.68 17.475 0.652 590 -14 
3 3800 2031480.42 452241.95 17.713 0.643 568 -31 
3 3900 2031580.19 452239.21 17.864 0.648 560 -39 
3 4000 2031679.96 452236.47 17.978 0.647 546 -48 
3 4100 2031779.73 452233.73 17.673 0.649 536 -49 
3 4200 2031879.51 452230.99 17.749 0.675 549 -39 
3 4300 2031979.28 452228.25 17.624 0.666 527 -44 
3 4400 2032079.05 452225.51 17.713 0.663 511 -57 
3 4500 2032178.82 452222.77 17.741 0.676 511 -53 
3 4600 2032278.59 452220.04 17.629 0.679 501 -38 
3 4700 2032378.37 452217.30 17.698 0.716 526 -23 
3 4800 2032478.14 452214.56 17.754 0.711 508 -13 
3 4900 2032577.91 452211.82 17.673 0.716 500 -17 
3 5000 2032677.68 452209.08 17.761 0.712 483 -19 
3 5100 2032777.46 452206.34 17.827 0.723 482 -6 
3 5200 2032877.23 452203.60 17.978 0.725 470 0 
3 5300 2032977.00 452200.86 18.122 0.721 454 -9 
3 5400 2033076.77 452198.13 18.351 0.706 426 -10 
3 5500 2033176.54 452195.39 18.462 0.717 424 -4 
3 5600 2033276.32 452192.65 18.234 0.707 401 -6 
3 5700 2033376.09 452189.91 18.423 0.709 390 0 
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Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

3 5800 2033475.86 452187.17 18.325 0.710 379 8 
3 5900 2033575.63 452184.43 18.088 0.703 358 2 
3 6000 2033675.41 452181.69 18.293 0.688 331 -1 
3 6100 2033775.18 452178.96 18.267 0.693 323 7 
3 6200 2033874.95 452176.22 18.312 0.687 304 8 
3 6300 2033974.72 452173.48 18.39 0.680 285 11 
3 6400 2034074.49 452170.74 18.601 0.691 283 25 
3 6500 2034174.27 452168.00 18.665 0.679 258 26 
3 6600 2034274.04 452165.26 19.119 0.677 243 24 
3 6700 2034373.81 452162.52 19.325 0.677 231 41 
3 6800 2034473.58 452159.78 19.705 0.693 234 54 
3 6900 2034573.36 452157.05 19.922 0.678 206 57 
3 7000 2034673.13 452154.31 20.447 0.694 209 73 
3 7100 2034772.90 452151.57 20.455 0.687 189 78 
3 7200 2034872.67 452148.83 20.647 0.657 146 54 
3 7300 2034972.44 452146.09 20.609 0.628 105 36 
3 7400 2035072.22 452143.35 20.562 0.621 85 29 
3 7500 2035171.99 452140.61 20.652 0.581 32 9 
3 7600 2035271.76 452137.88 20.76 0.580 18 -1 
3 7700 2035371.53 452135.14 20.739 0.555 -20 -4 
3 7800 2035471.31 452132.40 20.793 0.525 -63 -36 
3 7900 2035571.08 452129.66 20.864 0.490 -111 -65 
3 8000 2035670.85 452126.92 20.638 0.496 -117 -47 
3 8100 2035770.62 452124.18 20.705 0.519 -107 -23 
3 8200 2035870.39 452121.44 20.759 0.515 -124 -22 
3 8300 2035970.17 452118.70 20.764 0.505 -146 -18 
3 8400 2036069.94 452115.97 20.853 0.516 -148 -15 
3 8500 2036169.71 452113.23 20.911 0.491 -187 -30 
3 8600 2036269.48 452110.49 20.678 0.470 -220 -42 
3 8700 2036369.26 452107.75 20.605 0.486 -217 -40 
3 8800 2036469.03 452105.01 20.608 0.457 -259 -44 
3 8900 2036568.80 452102.27 20.647 0.458 -271 -59 
3 9000 2036668.57 452099.53 20.707 0.441 -300 -69 
3 9100 2036768.34 452096.79 20.624 0.445 -309 -59 
3 9200 2036868.12 452094.06 20.515 0.473 -294 -42 
3 9300 2036967.89 452091.32 20.58 0.475 -306 -36 
3 9400 2037067.66 452088.58 20.33 0.483 -310 -31 
3 9500 2037167.43 452085.84 20.285 0.511 -295 -7 
3 9600 2037267.21 452083.10 20.454 0.541 -277 16 
3 9700 2037366.98 452080.36 20.453 0.531 -300 9 
3 9800 2037466.75 452077.62 20.304 0.529 -315 -9 
3 9900 2037566.52 452074.89 20.717 0.534 -323 -5 
3 10000 2037666.29 452072.15 21.147 0.568 -301 18 
3 10100 2037766.07 452069.41 21.168 0.589 -293 34 
3 10200 2037863.34 452045.16 21.189 0.615 -279 41 
3 10300 2037960.62 452020.91 21.224 0.624 -282 52 
3 10400 2038057.89 451996.65 21.305 0.660 -258 68 
3 10500 2038155.17 451972.40 21.276 0.689 -241 76 
3 10600 2038252.44 451948.15 21.441 0.674 -268 74 
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Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

3 10700 2038349.72 451923.90 21.484 0.721 -232 72 
3 10800 2038446.99 451899.65 21.233 0.707 -258 65 
3 10900 2038544.27 451875.40 21.025 0.704 -273 44 
3 11000 2038641.54 451851.15 20.749 0.716 -272 17 
3 11100 2038734.09 451814.13 20.262 0.695 -305 8 
3 11200 2038826.65 451777.12 19.924 0.742 -269 13 
3 11300 2038919.20 451740.11 19.81 0.748 -273 6 
3 11400 2039011.75 451703.10 19.842 0.750 -282 -6 
3 11500 2039104.30 451666.09 19.657 0.790 -253 5 
3 11600 2039196.85 451629.07 19.752 0.819 -234 16 
3 11700 2039289.41 451592.06 19.69 0.819 -245 -3 
3 11800 2039381.96 451555.05 19.46 0.822 -253 -27 
3 11900 2039474.51 451518.04 19.123 0.836 -249 -30 
3 12000 2039567.06 451481.03 19.237 0.863 -233 -32 
3 12100 2039659.61 451444.01 18.77 0.868 -239 -39 
3 12200 2039752.16 451407.00 18.797 0.901 -217 -40 
3 12300 2039844.72 451369.99 18.439 0.912 -217 -43 
3 12400 2039937.27 451332.98 18.348 0.934 -205 -40 
3 12500 2040029.82 451295.96 18.13 0.986 -164 -21 
3 12600 2040122.37 451258.95 17.664 0.996 -165 -15 
3 12700 2040214.92 451221.94 17.723 1.016 -156 -25 
3 12800 2040307.48 451184.93 17.564 1.036 -146 -23 
3 12900 2040400.03 451147.92 16.96 1.060 -134 -13 
3 13000 2040492.58 451110.90 16.335 1.081 -123 -7 
3 13100 2040585.13 451073.89 16.298 1.111 -104 -3 
3 13200 2040677.68 451036.88 15.775 1.099 -126 -13 
3 13300 2040770.23 450999.87 15.432 1.114 -123 -23 
3 13400 2040862.79 450962.85 15.233 1.163 -84 16 
3 13500 2040955.34 450925.84 15.368 1.211 -47 62 
3 13600 2041047.89 450888.83 15.446 1.195 -74 29 
3 13700 2041140.44 450851.82 15.312 1.133 -146 -41 
3 13900 2041325.54 450777.79 13.915 1.134 -167 -47 
3 14000 2041418.10 450740.78 12.887 1.182 -130 -12 
3 14100 2041510.65 450703.77 13.666 1.186 -136 -13 
3 14200 2041603.20 450666.76 16.177 1.156 -177 -31 
3 14300 2041695.75 450629.74 17.644 1.180 -164 -23 
3 14400 2041788.30 450592.73 19.166 1.189 -165 -5 
3 14500 2041880.86 450555.72 20.586 1.185 -181 -3 
3 14600 2041973.41 450518.71 21.373 1.198 -179 1 
3 14700 2042071.87 450501.80 22.047 1.191 -197 7 
3 14800 2042170.33 450484.89 22.326 1.184 -217 3 
3 14900 2042268.80 450467.98 22.07 1.189 -224 7 
3 15000 2042367.26 450451.07 21.788 1.203 -222 29 
3 15100 2042466.55 450443.97 21.56 1.206 -231 42 
3 15200 2042565.84 450436.86 21.648 1.211 -239 40 
3 15300 2042665.13 450429.76 21.406 1.199 -264 46 
3 15400 2042764.42 450422.65 21.245 1.206 -269 52 
3 15500 2042863.71 450415.55 21.055 1.197 -292 47 
3 15600 2042963.00 450408.45 21.092 1.185 -315 42 
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Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

3 15700 2043062.29 450401.34 21.035 1.168 -345 34 
3 15800 2043161.58 450394.24 21.113 1.156 -370 13 
3 15900 2043260.87 450387.14 21.397 1.119 -420 -5 
3 16000 2043360.16 450380.03 21.601 1.124 -427 -13 
3 16100 2043459.45 450372.93 21.485 1.106 -457 -21 
3 16200 2043558.74 450365.83 21.724 1.107 -469 -22 
3 16300 2043658.03 450358.72 21.81 1.130 -459 -5 
3 16400 2043757.32 450351.62 21.823 1.143 -458 10 
3 16500 2043856.61 450344.51 21.605 1.163 -452 20 
3 16600 2043955.90 450337.41 21.32 1.174 -453 26 
3 16700 2044055.19 450330.31 20.882 1.178 -462 23 
3 16800 2044154.48 450323.20 20.696 1.184 -468 14 
3 16900 2044253.77 450316.10 20.551 1.187 -478 8 
3 17000 2044353.06 450309.00 20.637 1.188 -489 -5 
3 17100 2044451.76 450293.46 20.217 1.191 -499 -23 
3 17200 2044550.46 450277.92 20.082 1.193 -509 -32 
3 17300 2044649.15 450262.38 20.033 1.210 -504 -38 
3 17400 2044747.85 450246.84 19.952 1.225 -502 -49 
3 17500 2044846.55 450231.29 20.252 1.244 -495 -44 
3 17600 2044945.24 450215.75 20.272 1.299 -452 -25 
3 17700 2045043.94 450200.21 20.092 1.328 -435 -20 
3 17800 2045142.64 450184.67 20.18 1.339 -437 -30 
3 17900 2045241.33 450169.13 20.07 1.385 -403 -30 
3 18000 2045340.03 450153.59 19.89 1.413 -387 -19 
3 18100 2045438.73 450138.05 20.286 1.467 -346 -5 
3 18200 2045537.43 450122.51 19.933 1.514 -310 4 
3 18300 2045636.12 450106.97 19.693 1.535 -302 -1 
3 18400 2045734.82 450091.43 19.722 1.562 -287 -17 
3 18500 2045833.52 450075.89 19.843 1.589 -273 -27 
3 18600 2045932.21 450060.35 20.243 1.613 -260 -32 
3 18700 2046030.91 450044.81 19.912 1.660 -225 -35 
3 18800 2046129.61 450029.27 19.891 1.700 -199 -21 
3 18900 2046228.30 450013.73 19.609 1.775 -136 7 
3 19000 2046327.00 449998.19 19.728 1.820 -102 20 
3 19100 2046425.70 449982.65 19.622 1.856 -79 15 
3 19200 2046524.40 449967.11 19.642 1.887 -60 11 
3 19300 2046623.09 449951.57 19.969 1.923 -37 9 
3 19400 2046721.79 449936.03 20.162 1.961 -11 12 
3 19500 2046820.49 449920.49 20.058 2.014 30 31 
3 19600 2046919.18 449904.95 20.264 2.073 76 51 
3 19700 2047017.88 449889.41 20.409 2.095 87 48 
3 19800 2047116.58 449873.87 20.349 2.120 99 32 
3 19900 2047215.27 449858.33 20.35 2.133 100 22 
3 20000 2047313.97 449842.79 20.137 2.158 113 13 
3 20100 2047410.98 449819.35 19.908 2.169 112 -1 
3 20200 2047507.99 449795.92 19.536 2.196 127 -2 
3 20300 2047605.00 449772.49 19.174 2.242 162 21 
3 20400 2047702.01 449749.06 18.586 2.292 199 42 
3 20500 2047799.02 449725.62 17.937 2.301 197 37 
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Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

3 20600 2047896.03 449702.19 17.548 2.319 203 24 
3 20700 2047993.04 449678.76 17.088 2.331 203 26 
3 20800 2048090.05 449655.32 16.756 2.354 215 23 
3 20900 2048187.06 449631.89 16.39 2.351 200 8 
3 21000 2048284.07 449608.46 16.357 2.369 206 7 
3 21100 2048381.08 449585.03 16.7 2.394 219 18 
3 21200 2048478.09 449561.59 17.108 2.407 220 17 
3 21300 2048575.10 449538.16 17.437 2.416 218 12 
3 21400 2048672.11 449514.73 17.906 2.429 218 11 
3 21500 2048769.12 449491.30 18.475 2.425 203 0 
3 21600 2048866.13 449467.86 18.927 2.424 190 -19 
3 21700 2048963.14 449444.43 19.561 2.419 174 -29 
3 21800 2049060.15 449421.00 19.925 2.426 169 -36 
3 21900 2049157.16 449397.57 20.229 2.426 156 -45 
3 22000 2049254.17 449374.13 20.477 2.443 162 -42 
3 22100 2049351.18 449350.70 20.615 2.447 154 -40 
3 22200 2049448.19 449327.27 20.519 2.448 143 -60 
3 22300 2049545.20 449303.84 20.543 2.429 112 -82 
3 22400 2049642.21 449280.40 20.605 2.442 114 -79 
3 22500 2049739.22 449256.97 20.532 2.478 138 -66 
3 22600 2049836.23 449233.54 20.499 2.477 125 -59 
3 22700 2049933.24 449210.11 20.82 2.520 157 -46 
3 22800 2050030.25 449186.67 20.639 2.553 177 -19 
3 22900 2050127.26 449163.24 20.739 2.577 190 -3 
3 23000 2050224.27 449139.81 20.607 2.609 210 3 
3 23100 2050321.28 449116.38 20.457 2.631 220 19 
3 23200 2050418.29 449092.94 20.755 2.663 240 35 
3 23300 2050515.30 449069.51 20.595 2.683 249 34 
3 23400 2050612.31 449046.08 20.808 2.693 247 32 
3 23500 2050709.32 449022.64 20.553 2.724 266 46 
3 23600 2050806.33 448999.21 20.597 2.760 290 57 
3 23700 2050903.34 448975.78 20.591 2.770 288 58 
3 23800 2051000.35 448952.35 20.538 2.792 298 53 
3 23900 2051097.36 448928.91 20.418 2.797 292 42 
3 24000 2051194.37 448905.48 20.314 2.809 292 33 
3 24100 2051291.38 448882.05 20.098 2.824 295 27 
3 24200 2051388.39 448858.62 20.041 2.831 291 12 
3 24300 2051485.40 448835.18 19.852 2.841 289 0 
3 24400 2051582.41 448811.75 19.484 2.863 299 5 
3 24500 2051679.42 448788.32 19.486 2.896 320 5 
3 24600 2051776.43 448764.89 19.482 2.892 305 -5 
3 24700 2051873.44 448741.45 19.203 2.935 336 2 
3 24800 2051970.45 448718.02 18.959 2.967 355 20 
3 24900 2052067.45 448694.59 18.81 2.987 364 19 
3 25000 2052164.46 448671.16 18.768 3.000 366 4 
3 25100 2052261.47 448647.72 18.515 2.994 347 -12 
3 25200 2052358.48 448624.29 18.257 3.016 358 -25 
3 25300 2052455.49 448600.86 18.278 3.027 357 -19 
3 25400 2052552.50 448577.43 18.053 3.077 395 -3 
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Line Station S.P. Easting 
(ft) 

S.P. Northing 
(ft) 

Elevation 
(ft) 

Bouguer 
Gravity 
(mGals) 

Residual 
Gravity 
(µGals) 

Filtered 
Gravity 
(µGals) 

3 25500 2052649.51 448553.99 17.567 3.082 389 -8 
3 25600 2052746.52 448530.56 16.674 3.094 389 -17 
3 25700 2052843.53 448507.13 15.615 3.128 411 -5 
3 25800 2052940.54 448483.70 15.213 3.151 422 6 
3 25900 2053037.55 448460.26 15.535 3.168 427 2 
3 26000 2053134.56 448436.83 15.306 3.182 429 -1 
 


