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Arbuckle-Simpson aquifer in southern Oklahoma, USA, is a major source of water for industrial and municipal use. It is also
a major source for spring-fed streams in the area. As part of an ongoing study to map and characterize the Arbuckle-Simpson
aquifer, an electrical resistivity tomography (ERT) study and electrical resistivity sounding studies were conducted in Johnston
County, Oklahoma, USA, to map the subsurface of a small area of the carbonate aquifer. The main aim of the study was to
obtain constraints on the location of near surface faults and fractures and how they control groundwater flow in the study area.
The interpreted resistivity section along an N-S profile indicates that the water table in the region is deepening to the south and
probably bounded in the north by a south dipping fault. Inverse modeling of 2D electrical resistivity tomography (ERT) data
acquired at two adjacent locations within the study area indicate shallow, fractured Arbuckle group rocks saturated with water
adjacent to dry rocks. From electrical resistivity mapping results, it is inferred that the Mill Creek block in the Arbuckle-Simpson
aquifer is an isolated system, interacting with the northern segment of a silicate-based aquifer through dissolution faults and
fractures.

1. Introduction

The Arbuckle-Simpson aquifer located near Pilot Springs
and the town of Mill Creek, Johnston County, Oklahoma,
USA (Figure 1), is a highly fractured carbonate aquifer. This
aquifer serves as a primary water source for around 39,000
residents of the surrounding areas.

Conservation of the Arbuckle-Simpson aquifer in south-
central Oklahoma has been a recent concern. Citizens for the
Protection of the Arbuckle-Simpson Aquifer (CPASA) have
made efforts to protect against the depletion of the aquifer
and its natural springs and waterways as well as protection
against pollution and waste. CPASA has concerns about a
quarry north of Mill Creek and its impacts to the aquifer
as well as Pennington Creek and Mill Creek. The mine
will quarry limestone and other materials and will cross a

tributary of Mill Creek and Pennington Creek. The mine has
already penetrated the water table at 15 to 44 feet beneath the
surface and the mining company has proposed to produce
1.5 million gallons of water a day for mining use.

The Cambro-Ordovician units that comprise the aquifer
are exposed in 500 square miles of outcrop area that serves
as the recharge for the aquifer. This study is focused on
the Mill Creek Block of Johnston County, Oklahoma, USA
(Figure 1(a)). Two major faults (F1 and F2 in Figure 1(b))
bound the northern and southern boundaries of the Mill
Creek block of the Arbuckle-Simpson aquifer.

Electrical techniques have been extensively used for
mapping groundwater due to the correlation that generally
exists between electrical properties of subsurface rocks and
their fluid content [1–5]. Application of electrical techniques
for siting wells and boreholes in crystalline basement aquifers
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Figure 1: (a) Geographic location of the study area in Oklahoma. (b) Fault structure map of the Mill Creek block, Arbuckle-Simpson aquifer
(From [13]). Line A-B represents the N-S sounding profile. CD and EF represent the electrical resistivity tomography profile locations.
Red dots indicate the locations where electrical resistivity sounding data were collected. Faults F1 and F2 are imaged in the subsurface
using electrical resistivity method to understand how they control ground water flow in the region. Well locations from which depth to
groundwater level were obtained are shown by blue dots along with well numbers. Blue square indicates the location of Pilot Springs.

throughout sub-Saharan Africa has been discussed by Beeson
and Jones [6], Olayinka and Barker [7], Hazell et al. [8, 9],
Barker [10], and Carruthers and Smith [11]. Advances have
led to developments in electrical techniques that have opened
up the possibility of conducting true 2D and 3D geoelectric
surveys [12].

2. Hydrogeology of the Study Area

The stratigraphy of the aquifer-bearing rocks that outcrop
in the Arbuckle Mountains (after [14]) is given in Figure 2.
The Arbuckle-Simpson aquifer occurs within three major
rock units of Upper Cambrian to Middle Ordovician age: the
Simpson, Arbuckle, and Timbered Hills Groups (Figure 3).
Data from wells located in the area indicate that the aquifer
contains two hydrostratigraphic units: (a) the carbonates
of the Arbuckle Group and (b) sandstones of the Simpson
Group. The term Arbuckle aquifer is applied to any pre-
Simpson sources of water hosted in limestone or dolomitic
limestone. As a result, the aquifer spans strata of the Arbuckle
and Timbered Hills Groups in Cool Creek and McKenzie Hill
Formations (Ocm) and West Spring Creek and Kindblade
Formations (Owk and Ow). The Arbuckle Group, which
comprises the major portion of the aquifer, consist of a thick
sequence of carbonate rocks (limestone and dolomite) with
minor layers of sandstone and shale. The Arbuckle Group
ranges in thickness from 6,700 feet in the western portion
of the aquifer to less than 4,000 feet in the eastern portion.
Water is obtained from cavities, solution channels, fractures,
and intercrystalline porosity present in the limestone and
dolomite rocks. The Timbered Hills Group crops out in
small areas within the study area and consists of up to 700

feet of limestone, dolomite, and sandstone. The Timbered
Hills is believed to be in hydrologic connection with the
Arbuckle Group and is considered part of the Arbuckle-
Simpson aquifer.

The Simpson Group is the youngest, uppermost geologic
unit of the aquifer and is comprised of layers of sandstone,
limestone and dolomite, and some shale. Water in the
Simpson Group is obtained primarily from pore spaces
between the sand grains in the sandstones. The Simpson
aquifer coincides with the lithostratigraphic Simpson Group
and includes all water-bearing strata within it. Water-bearing
sandstones of the Simpson Group occur in the Bromide,
Tulip Creek, McLish (Obm), and Oil Creek formations
(Ooj). About two-thirds of the Arbuckle-Simpson aquifer
consists of carbonate rocks (limestones and dolomites),
which are soluble. Infiltrating water slowly dissolves the rock,
leading to the formation of solution channels and cavities
along bedding planes, fractures, and faults. Karst (solution)
features, such as sinkholes and caverns, have developed in
some areas of the aquifer. The Arbuckle-Simpson aquifer is
charged primarily by infiltration of water from precipitation
on the outcrop area. Most of the water discharges naturally to
streams, rivers, and springs. Presently, only a small portion
discharges artificially through pumping and flowing wells.
In this region, groundwater flows from topographically high
areas to low areas, where it discharges to springs and streams.

Fairchild et al. [15] describe the Arbuckle Group specif-
ically as having zero or only little intergranular porosity;
porosity and permeability in these formations are instead
due to fractures, joints, and solution features. Scheirer and
Alegra [16] analyzed outcrop samples in the laboratory
yielding porosity values of 5% for the Simpson Group,
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Figure 2: Stratigraphic nomenclature for the pre-Sylvan Ordovician and Cambrian rocks that outcrop in the Arbuckle Mountains. Positions
of the Arbuckle and Simpson aquifers are shown on the stratigraphic column (after [14]).

based on the average porosity of six samples, and 4%
for the Arbuckle Group, based on the average porosity of
ten samples. Oil Creek and McLish sandstones are widely
distributed in the area and represent the Simpson aquifer
properties. Porosity of Oil Creek sandstone and McLish
sandstone measured from well logs average about 20% [17].

3. Electrical Resistivity Surveys

To investigate the fault structure and fractures present in
the Mill Creek block and to evaluate the controls exerted
by them on local ground water hydrology, electrical resis-
tivity soundings were conducted along an NS profile. The
interpretation of this data has resulted in a geological cross-
section for the Mill Creek block of the Arbuckle-Simpson
aquifer. Electrical resistivity tomography (ERT) studies were
conducted at two locations (Figure 1) near Pilot Springs in
the Mill Creek block. Wenner and dipole-dipole ERT data
were collected at both the locations.

3.1. Resistivity Sounding: 1D. Electrical resistivity sounding
was performed and five sets of measurements (Figure 1(b))
were collected along a North-South profile to identify the
presence of faults and depths to the groundwater table.
The ground measurements were separated by approximately
2 km.

Soundings P1S1 and P1S2 were performed using a
Wenner array configuration, while soundings P1S3, P1S4,
and P1S5, used a Schlumberger array configuration. Data
were analyzed by curve matching techniques [18] and inverse
modeling using IPI2win public domain software, created
and published by Moscow State University. Inversion models
and modeled layer resistivities and thicknesses are given in
Figure 4.

3.2. Electrical Resistivity Tomography Studies. Electrical resis-
tivity tomography (ERT) studies were conducted at two
locations (Figure 1) in the Mill Creek block close to Pilot
Springs (Figure 5). Water emerging from Pilot Springs flows
into Pennington Creek. The purpose of electrical resistivity
imaging at this location was to identify the water source
for Pilot Springs [19]. Water from Pilot Springs flows into
Pennington Creek (Figure 5). Wenner and dipole-dipole
ERT data were collected at this location and at another
location south of Pilot Springs (Figure 1(b)). The data
was collected using twenty-eight electrodes with five-meter
electrode spacing for a total profile length of 135 m. The
electrode spacing for the various survey configurations were
designed prior to the survey and the data were collected
using automatic switching circuitry instrument/electrode
system. The dipole-dipole ERT survey resulted in 235
data points and Wenner ERT survey resulted in 135 data
points.



4 International Journal of Geophysics

Figure 3: Hydrogeology map near Mill Creek Block of Arbuckle-Simpson aquifer.

4. Data Interpretation

4.1. 1D Resistivity Sounding Results. A comparison of the
models for Soundings P1S2 and P1S4 are of particular
interest in this study. These soundings are separated by the
northern bounding fault F1 of the Mill Creek block, defining
the boundary between the Oil Creek and Joins Formation
(Simpson Group) to the north and the Cool Creek and
McKenzie Hill Formation (Arbuckle Group) to the south
(Figure 4). The relationship between the resistivity properties
and depths at these two soundings aid us in understanding
how this fault probably controls the aquifer in this area.
The drop in resistivity between the second and third layers
in both soundings is interpreted as the interface between
the dry overburden rocks and the underlying aquifer. The
relative position of this interface between these soundings
is significant in determining how groundwater flow may be
affected by the presence of the northern fault F1 between

them. For these two soundings, the depth of the inferred
water-saturated layer increases toward the south, and this
pattern holds true for Sounding P1S3 as well. This is
significant, because it allows for an interpretation in which
the northern-bounding fault itself, passing between these
two soundings, is the cause of this deepening of the water-
saturated layer, and may define the interface between the
high-resistivity second layer and the low-resistivity third
layer (Figure 6). Such an interpretation is consistent with a
southward-dipping thrust model for the northern fault.

Sounding P1S5, like Sounding P1S4, is best fit to a four-
layer subsurface model. The resistivity layers follow the same
general pattern as those observed in the three soundings to
the north; the second layer is characterized by a relatively
high resistivity of 1000–1200Ω-m, likely dry rock, overlying
a low-resistivity second layer of 40–55Ω-m, interpreted as
the top of the aquifer. However, below this low-resistivity
zone at a depth of at least 20 m, a fourth layer of exceptionally
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Figure 4: Inversion models for soundings 1 to 5 are shown in (a) to (e). (a) Sounding P1S1, (b) Sounding P1S2, (c) Sounding P1S3, (d)
Sounding P1S4, and (e) Sounding P1S5. X-axis represents distance in meters and Y-axis represents resistivity in Ohm-m. In the graphs, the
black line represents the observed data, blue line represents the inverse model, and the red line represents the calculated response from the
inverse model. (f) Interpreted resistivities and layer thicknesses for the five electrical soundings.

high resistivity (as high as 105 Ω-m) occurs. Such a high-
resistivity layer below a low-resistivity layer is also observed
at Sounding P1S4; however, there it occurs at a much
greater depth. The relative shallowness of this dry fourth
layer at Sounding P1S5 is especially noteworthy juxtaposed
with Sounding P1S3, which represents the deepest water-
saturated layer of all five soundings. Even the shallowest
depth estimate for this layer in Sounding P1S3 is considerably

deeper than the high-resistivity layer in Sounding P1S5. An
interpretation for this difference in models is interpreted to
be the presence of a possible fault between Soundings P1S3
and P1S5 that may account for the relative displacement of
rocks with varying properties (Figure 6). If such a fault acted
as a barrier to groundwater flow, this interpretation could
also offer an explanation for a high water level inferred in
Sounding P1S5 relative to that at Sounding P1S3. A fault
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at this location is not indicated on the geologic map, but
the resistivity data in this study raises the possibility that
one may be present. Alternatively, this model difference may
represent the presence of another type of discontinuity, such
as a lithostratigraphic facies change.

Examining Soundings P1S5 and P1S1 to the south, data
limitations prevent making a conclusive assessment of the
interaction of groundwater with the southern bounding
fault lying between them. While the penetration depth for
Sounding P1S5 is estimated to be at least 46 m, for Sounding
P1S1 it is only 22 m. In Sounding P1S5, the top of the low-
resistivity layer interpreted as the saturation zone occurs at
a depth of 11-12 m below the surface; a resistivity layer of
240–270Ω-m is observed in Sounding P1S1, which likely
represents water saturated layer. However, whether this layer
can be correlated with the low resistivity layer of Sounding
P1S5 as the top of the aquifer would require further data at
this sounding point.

Analysis of the 1D sounding data resulted in a pre-
liminary model of the subsurface fault geometry in depth
as indicated in Figure 6. The northern-bounding fault (F1

in Figures 1(b) and 7) in this region is hypothesized to
be a southward-dipping thrust fault; this northern fault
and the fault north of that appear to define the boundary
between the high-resistivity second layer and the water-
saturated rocks below it. In this model, the northern faults
in the study area are interpreted as south-dipping thrust
faults. This interpretation has significant implications for
the groundwater hydrology in this area. The south-dipping
thrust fault may serve to isolate the deeper Simpson Group
aquifer from the overlying Mill Creek block of the Arbuckle
group, acting to confine this part of the aquifer.

4.2. Comparison of Sounding Results with Data from Ground-
water Wells. To independently confirm this interpretation
of groundwater level based on resistivity, water levels from
monitored groundwater wells in the study area were exam-
ined; data for these wells were obtained from the Oklahoma
Water Resources Board. Figure 1(b) displays the locations of
groundwater wells.

The two northernmost wells, No. 94677 and No. 29279,
are located in the Ooj Formation (Simpson Group). Recent
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Figure 7: Interpreted fault geometry and subsurface geology along profile A-B relative to resistivity soundings.

water level information for well No. 29279 is not available,
but the depth at which the driller first encountered water in
the year 1991 was approximately 9.1 m. Water depth at well
No. 94677 was measured at 7.5 m in June 2005 and 8.7 m
in June 2006. Although farther north than Sounding P1S2,
these wells show a relatively shallow groundwater table in this
area, consistent with the depth (7–14 m) to the low-resistivity
layer at this sounding.

To the south, Sounding P1S4 is located close to well
No. 92340. The water level information available for this
well is from February 2005; no water was encountered at a
depth of approximately 13.1 m. This is consistent with the
low-resistivity layer of Sounding 4 occurring deeper than
12 m. Well No. 92339 is located between Soundings P1S4
and P1S3 approximately a mile to the east. Here, water
depth was measured at 25.8 m in June 2005 and 24.9 m in
June 2006. Water depth at this well is shallower than the
low-resistivity layer range offered for Sounding 3 (35–55 m),
but it lies within the range of that of Sounding P1S4 (12–
34 m). Data from these two wells is thus consistent with the
resistivity interpretations and confirms the trend found in
the resistivity soundings of increasing aquifer depth toward
the south.

Finally, the southernmost three wells lie in the Ooj
Formation, west of Sounding P1S1. No recent water level
data could be found for these wells; however, the water table
measured at these wells in the 1970s was between 3 and 6 m.
Although this data is relatively old and must be used with
caution, it is consistent with the interpretation at Sounding
P1S1 of a very shallow low-resistivity layer.

Overall, the water table depths available from well data in
the study area consistent with resistivity data [20]; this inde-
pendent corroboration allows considerable confidence to be
placed in the resistivity groundwater table interpretation.

4.3. ERT Data Analysis. In general, data collected using
Wenner array provides resistivity control to intermediate
depth range, has an intermediate resolution, and shows
moderate sensitivity to near-surface lateral effects; dipole-
dipole array has the smallest depth of investigation range,
highest resolution, and greatest sensitivity to near-surface
lateral effects [21]. In addition, inverse modeling of ERT

data from different electrode configurations leads to models
that are dissimilar to some extent owing to the resolution,
geometry, and noise tolerance characteristics of the elec-
trode arrays. To see the difference in the final resistivity
sections obtained from inversion of Wenner array, dipole-
dipole array and combined Wenner and dipole-dipole array
data are shown along with sensitivity sections in Figure 8.
The sensitivity values provides a measure of the amount
of information offered by the resistivities of the model
blocks [22]. Higher sensitivity values indicate reliable model
resistivity. In general, the cells near the surface usually have
higher sensitivity values because the sensitivity function
has very large values near the electrodes. Also, inversion
results of Wenner and dipole-dipole data results in dissimilar
resistivity cross-sections due to their differing subsurface
imaging capabilities [23]. Inversion of combined datasets of
Wenner and dipole-dipole yield a more robust solution to
subsurface resistivity distribution (Figure 8).

To address some of the issues mentioned above, data
from both electrode arrays were inverted jointly to provide a
smooth model. The resulting ERT images provide significant
information about lateral resistivity variability close to
Pilot Springs and Pennington Creek. ERT image of the
northern profile located close to Pilot Springs (Profile C-
D) (Figure 9(a)) shows low-resistivity Arbuckle group rocks
below Pilot springs. The low resistivity is inferred to be
water-saturated rocks. ERT image acquired along a southern
profile (Profile E-F) (Figure 9(b)) also indicates the presence
of a fault contact and fluid filled fractures, similar to
the resistivity cross-section obtained at Pilot Springs. It is
inferred from the above ERT images that faults and fractures
in the Arbuckle group rocks provide conduits for ground
water to rise up from below.

In the area around Pilot Springs (Figure 5), Pennington
Creek is observed with gas bubbles ascending to the surface
in many places along the stream’s course. Analysis of water
samples taken at Pilot Springs and Pennington Creek in this
area reveals a relatively low pH, indicating that the water
emanating from them is not in equilibrium with the greater
carbonate reservoir, and instead implies a silicate source for
this water. A possible hypothesis is that the source of this
water is the silicate aquifer system to the north. Groundwater
from this northern aquifer may flow south, encounter a fault
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that acts as a baffle and redirects water upward, and emerge
at the surface to create Pilot Springs and feed Pennington
Creek.

5. Conclusions

Electrical resistivity surveys were carried out in the Arbuckle-
Simpson aquifer in Mill Creek Block to (1) understand
how faults and fractures control groundwater flow in this
area, and (2) delineate the geometry of the northern fault
bounding the Mill Creek block. Five electrical resistivity
soundings were carried out in the study area to achieve
these goals. The resistivity data provides insight into both
the hydrogeologic and the structural environment present
in the study area of the aquifer. The trend of a deepening
low-resistivity third layer from Sounding P1S2 in the north
to Sounding P1S3 farther south likely reflects a deepening
groundwater table, which is consistent with a south-dipping
northern fault delineating the overlying Arbuckle Group
formations from an underlying confined Simpson Group
aquifer. Within this interpretation, the Mill Creek block
is likely an isolated system, interacting with the northern
silicate-based aquifer only through dissolution faults and
fractures. Such features might allow water to ascend directly
from the underlying aquifer to the surface, which could
account for the presence of Pilot Springs and Pennington
Creek and the properties of the water emanating from them,
which imply a silicate rather than a carbonate source.

It is inferred from ERT image obtained at Pilot Springs
(Figure 9(a)) that water saturated rock section lies in the
shallow subsurface indicating a fractured rock strata through
which deeper water is ascending and feeding Pilot Springs,
which in turn flows into Pennington Creek. About half a
kilometer south of Pilot Springs, the southern ERT profile

(Figure 9(b)) shows a low resistivity section that signifies
fractured and water-filled rock section that is juxtaposed to
a dry rock section. This section of low resistivities seems to
correlate spatially with the low resistivity section observed at
Pilot Springs to the north. If this interpretation is accepted,
then this trend indicates a fracture system in extending
the near surface from the northern profile to the southern
profile.

From the analysis of 1D sounding data and 2D ERT data,
we interpret the Mill Creek block of the Arbuckle-Simpson
aquifer as an isolated system, interacting with the northern
silicate-based aquifer only through dissolution faults and
fractures. Such features might allow water to ascend directly
from the underlying aquifer to the surface, which could
account for the presence of Pilot Springs. Hence, if large
amounts of water were to be pumped out of this aquifer
block, it might lead to drying up of the streams in the area.
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