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ABSTRACT

Simple direct current, electrical resistivity surveys have emerged as an important procedure in 

reconnaissance investigations of shallow subsurface karstic cavities. Linear, Wenner-array configurations of 

four electrodes or pole-pole variations are traditionally employed, but space availabilities, particularly in 

developed areas, often preclude maximum depth capabilities. This research, conducted in north-central 

Florida, demonstrates that certain non-linear patterns of current and potential electrodes yield results consistent 

with those from Wenner arrays, but can be deployed to accommodate potentially impeding structures. Field 

tests demonstrate that a sounding pattern of current electrodes with sequentially increasing spacing along a line 

of interest and similarly-spaced potential electrodes oriented parallel to the line, but offset by a spacing unit, 

can duplicate results from more traditional electrode patterns. Interpretations of the data permit identification 

of distinct sand, clay, and limestone lithologies within the upper approximately 100 feet. This new "box 

pattern" offers an opportunity to conduct surveys in limited-access areas and provides the option of 

"directional" results to more specifically locate the source of anomalies. The "variable-box pattern," which is similar 

to the box pattern, expedites data collection. In this method, the current electrodes are kept at a constant 

distance for a particular line of interest and only the potential electrodes are sequentially increased. The results 

from the box pattern and the variable-box pattern were found to be consistent from field tests.

INTRODUCTION

Electrical resistivity is a fundamental property of rocks and is closely associated with their lithology. The 

direct current method is commonly used for determining the resistivities of the subsurface rocks by passing a 

known current through the ground and measuring the strength of the current flow at the surface. These 

resistivities are then used to predict the lithology of the rocks in the subsurface and delineate the subsurface 

rock layers and any inconsistencies associated with them (Dobrin and Savit, 1988).

Applications of this method exist in groundwater, mining, and engineering fields. In Florida, this method is 

especially useful in determining the presence and nature of near surface (0-50 feet) karstic cavities. A thick 

sequence of carbonate rocks belonging to the Ocala Limestone of Eocene age and covered by clastic materials of 

the Hawthorne Group of Miocene Age influence the topography of north-central Florida. This region is replete 

with karst features such as solution cavities and sinkholes (Smith and Randazzo, 1975). The limestone can 

be considered electrically isotropic. Therefore, air-filled or water-filled cavities can be detected by anomalously 

high or low resistivities respectively (Bates, 1973). Where the groundwater table is relatively shallow, water-

filled cavities are most likely to be encountered. Fountain and others (1975) demonstrate that the dissolution 

cavities in Florida can be detected by interpretating anomalously low electrical resistivity values.

In most traditional methods, four electrodes are employed for data collection. Two of the electrodes are used to 

pass a known current through the ground, and the other two electrodes are used to measure the potential 

drop associated with that current. Several standard electrode configurations exist, and their applicability is 

contingent on the geometry and area of the site under investigation. The data collected in the field require 

some mathematical analysis before they can be used for most purposes. Van Nostrand and Cook (1966) present 

a rigorous mathematical treatment of interpretation of resistivity data for the various electrode arrays used in 

the field procedure.

The traditional electrode array configurations involve a linear arrangement of the four electrodes. Both sounding 

and profiling measurements are made using linear configurations. During depth sounding measurements, 

the electrode array is kept centered over a single field station while the distance between the electrodes 

is sequentially increased to achieve greater depth penetration. In the Wenner array, all the electrodes are 

kept mutually equidistant (fig.1). Smith and Randazzo (1975) demonstrate that for Wenner arrays, a one-to-

one association between electrode spacing and effective depth of current penetration can be assumed in 

shallow, saturated, Florida limestones. For instance, to achieve current penetration of 100 ft, the spacing 

between each electrode should be 100 ft. Thus, for Wenner array, the total distance from the first to the 

fourth electrode would be 300 ft. In developed areas, man-made structures can limit space availability. In 

such situations, desired depth penetration cannot be achieved using linear arrays.

Figure 1. Schematic Representation of Werner Array

This paper discusses two non-linear electrode configurations, the "box pattern" and "variable-box pattern", 

which require only one third the linear space needed by Wenner array while allowing the same 

resistivity interpretation as the Wenner array. Field investigations were conducted at two locations in Alachua 

County, Florida: Newnans Lake and Dunn-Cobblefield Retention Pond site (fig. 2).
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Figure 2. Location of Investigation Site

METHODS

The method of investigation in this study is predominantly field based. Bison 2350 and L and R Instruments 

MiniRes resistivity meters were used for collecting the resistivity data. Four metal rods with wire spools act as 

the current and potential electrodes depending on how they are connected to the resistivity meter.

In box pattern, the electrodes are positioned in such a way that they form a square, and each electrode occupies 

a corner of the square (fig. 3). The two current electrodes are positioned along the side of the square that is 

along the line of interest. The two potential electrodes occupy the side, which is parallel to the side containing 

the current electrodes. The two current electrodes are always placed in adjacent corners of the square. The 

distance between the current electrodes and the potential electrodes is identical.

Figure 3. Schematic Representation Box Pattern

In variable-box pattern, the two current electrodes remain parallel to the potential electrodes (fig. 4). However, 

the distance between the current electrodes is always greater than or equal to the distance between the 

potential electrodes. Hence, the resulting geometric form is a trapezoid. Moreover, the distance between the 

current electrodes is kept constant during the entire data collection process for a given line of interest, while 

the distance between the potential electrodes is sequentially increased.

 
Figure 4. Variable-Box Pattern

Once the box array or the variable-box array configuration is occupied, the four electrodes are connected to 

the resistivity meter, and a known electric current is passed between the current electrodes. The resistivity 

meter measures the potential drop between the potential electrodes associated with the current that was passed 

and displays the ratio of potential drop and current (ΔV⁄I). This ratio and the spacing between potential 

electrodes are recorded. For variable-box pattern, the distance between current electrodes is also noted. These 

steps complete data collection for one position. Similarly, sounding data are collected for several positions 

by increasing electrode spacing in increments of five feet according to the guidelines provided for the 

respective arrays. Field procedure is concluded when sufficient data are collected for a particular site.

The (ΔV⁄I) ratio and the electrode distances are used to calculate a quantity called apparent resistivity (ρα). 

Apparent resistivity is a function of the region in which the measurements are made and the geometry of 

the electrode configuration (equation 1), (Van Nostrand and Cook 1966, p. 37).

F(R's) is a simple function of inter-electrode distances 

The inter-electrode distance can be calculated by using equation 2 (Dobrin and Savit 1988, p. 759):

By substituting equation 2 in equation 1, the following equation 3 is obtained:



The apparent resistivity equation for Wenner array is as follows:

For the box pattern, the inter-electrode distances are as follows (fig. 2):

 

 

Substituting equation 5 and 6 in equation 3 and simplifying the expression, the equation of apparent resistivity 

for box pattern is obtained.

Equation 8 is the apparent resistivity equation for Box pattern.

For the variable-box pattern the inter-electrode distances are as follows (fig. 4):

Equation 9 and 10 are substituted in equation 3 to obtain equation 11.

Equation 11 is then simplified as follows:

The denominator is then rationalized as follows:

Equation 12 and 13 are the apparent resistivity equations for variable-box pattern.

RESULTS

Several resistivity data sets were collected at the two field sites. Various combinations of Wenner array, box 

pattern and variable-box pattern were tested and data were analyzed graphically. The log-log plots of 

apparent resistivity against depth of penetration of two data sets are shown in figures 5 and 6. The 

apparent resistivities are calculated for each array using the appropriate resistivity equation. The depth of 

penetration is assumed to be proportional to the distance between the potential electrodes. Tables 1, and 2 

depict the data obtained from sounding measurements made using Wenner array, box pattern and variable-

box pattern at the two test sites.

Table 1 
Electrical resistivity sounding data for box pattern and variable-box pattern at Dunn-Cobblefield Retention Pond site (site 
2). Electrode spacing is measured in feet, and the electrical sensitivities are in ohms-feet

Electrode Spacing (a)

Box Pattern Variable-Box Pattern

Δ ΦαV/I Δ ΦαV/I

10 1.047 111.82 0.799 114.79

15 0.471 75.45 0.559 82.91

20 0.296 63.23 0.379 68.36

25 0.243 64.88 0.292 67.34

30 0.263 84.27 0.287 84.95

94.56



35 0.252 94.20 0.252

 

Figure 5. Log-Log Plot of Box Pattern and Variable-Box Pattern 

Table 2 
Electrical resistivity sounding data for Werner array, box pattern and variable-box pattern at Newnan's Lake (site 1). 
Electrode spacing is measured in feet, and the electrical sensitivities are in ohms-feet

Electrode Spacing (a)

Werner Array Box Pattern Variable-Box Pattern

Δ ΦαV/I Δ ΦαV/I Δ ΦαV/I

5 561.4 176.28 311.8 16644 9.9 2689.5

10 137.8 8654 72.8 7772 13.0 2226.8

15 34.3 3231 20.7 3315 10.1 1644.0

20 11.9 1495 7.9 1687 6.2 1146.1

25
5.367

843 3,824 1021 3.9 879.4

30 2.960 558 1.589 509 1.8 322.8

35 1.904 418 0.898 336 0.515 179.6

40 1.293 325 0.450 192 0.450

193.0

Figure 6. Log-Log Plot of Werner Array, Box Pattern, and Variable-Box Pattern

DISCUSSION

At the Dunn-Cobblefield Retention Pond site, box pattern and variable-box pattern show similar resistivity 

trends. There is a gradual decrease in the resistivity values with increasing depth, but the resistivity increases after 

a depth of 25 ft. This increase in the resistivity value indicates that the limestone begins at 25 ft at this site.

At Newnans Lake, the Wenner array and box pattern show similar resistivity trends. However, the variable-

box pattern data is up to six times lower in magnitude than the box pattern and Wenner array for the upper 20 

feet. With subsequently increased penetration, the resistivity value of variable-box pattern approaches that of 

box pattern and Wenner array. After the 20 feet depth, all three arrays show a similar downward trend. The 

overall trend is decrease in resistivity with increasing depth, which is expected. At Newnans Lake, the 

limestone begins at approximately 100 feet, and the upper 100 feet are filled with clay and sand layers. 

The inconsistency associated with the variable-box pattern data in the upper 20 feet can be attributed to the 

poorly consolidated, surficial clay and sand layers occupying that depth. These layers become 

increasingly consolidated with increasing depth, and thereby yielding more consistent resistivity values. 

Moreover, the magnitude of the resistivity is also affected by the water content of the subsurface layers. Higher 

water content yields higher resistivity values, but the overall resistivity trend remains unchanged.

CONCLUSION

Repeated experiments have proved that in the direct current method, the non-linear box pattern of electrodes 

allows the same resistivity interpretation as the traditional, linear Wenner array. Thus, the box array can serve as 

a valuable tool in reconnaissance electrical resistivity surveys in developed areas as it can be deployed 

to accommodate potentially impeding structures. The variable-box pattern can also be used in such areas; 

however, it should be supplemented with box pattern data in regions with poorly consolidated sediments. 

The principal advantage of the variable-box pattern over the box pattern is that it expedites data collection 

because, during sounding resistivity measurements the current electrodes are kept at a constant distance for a 

given line of interest.
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