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Potentiometric Surfaces (2013, 2015), Groundwater Quality 
(2010–15), and Water-Level Changes (2011–13, 2013–15) in 
the Sparta-Memphis Aquifer in Arkansas

By Anna M. Nottmeier, Katherine J. Knierim, and Phillip D. Hays

Abstract
The Sparta-Memphis aquifer, present across much 

of eastern Arkansas, is the second most used groundwa-
ter resource in the State, with the Mississippi River Valley 
alluvial aquifer being the primary groundwater resource. 
The U.S. Geological Survey, in cooperation with Arkansas 
Department of Agriculture-Natural Resources Division, 
Arkansas Geological Survey, Natural Resources Conservation 
Service, Union County Water Conservation Board, and the 
Union County Conservation District, collects groundwater 
data across the Sparta-Memphis aquifer extent in Arkansas. 
This report presents water-level data for measurements 
conducted during two time periods, January–May 2013 and 
January–June 2015, and discusses water-level altitude changes 
for the 2011–13 and 2013–15 periods in the Sparta-Memphis 
aquifer. Accompanying water-level data in this report include 
groundwater-quality data for the period 2010–15 in the Sparta-
Memphis aquifer. Groundwater data can guide ongoing and 
future groundwater-monitoring efforts and inform manage-
ment of the aquifers in Arkansas.

Water levels measured at 306 wells from January to May 
2013 and 273 wells from January to June 2015 are graphi-
cally presented as potentiometric-surface maps. Measurements 
from 2011, 2013, and 2015 were used in the construction of 
2011–13 and 2013–15 water-level change maps. Select long-
term hydrographs are included in the report to illustrate water-
level changes at the local scale.

Water-level data show the influence of climate, pump-
ing, and conservation and management efforts on groundwater 
levels. With respect to climate, the study area experienced 
extreme drought conditions between January 2011 and 
December 2012. The proximate effects of drought—increased 
evapotranspiration, decreased recharge, and increased irriga-
tion needs—resulted in water-level declines that were par-
ticularly notable in the northern and central portions of the 
study area.

Groundwater sampled in 2010–15 from 148 wells 
completed in the Sparta-Memphis aquifer was analyzed for 
specific conductance, pH, chloride (Cl) concentration, and 
bromide (Br) concentration. In 2015, groundwater-quality data 

from 103 wells completed in the Sparta-Memphis aquifer had 
a median specific conductance of 356 microsiemens per cen-
timeter at 25 degrees Celsius and a median Cl concentration 
of 9.5 milligrams per liter (mg/L). The data show two areas of 
higher Cl (greater than 10 mg/L) and higher Br (greater than 
0.5 mg/L) concentrations in Union, Calhoun, and Bradley 
Counties in southern Arkansas and Monroe and Phillips 
Counties in eastern-central Arkansas. A Cl and Br mixing 
model indicates the two regions of wells may have different 
sources of higher salinity. In the greater Union County area, 
water in most wells may be a mixture of recharge or precipita-
tion and higher salinity groundwater from the Nacatoch aqui-
fer. Water in wells in eastern-central Arkansas may be sourced 
from aquifers having a higher Cl concentration (and thus, also 
a higher Cl-to-Br ratio).

Introduction
The Sparta-Memphis aquifer is regionally referred to as 

the “Middle Claiborne aquifer of the Mississippi Embayment 
aquifer system” (Miller, 2000; Renken, 1998) and encom-
passes an area of approximately 20,324 square miles of 
which 38 percent is in Arkansas. The study area, defined as 
the Sparta-Memphis aquifer extent in Arkansas, is approxi-
mately bounded to the west by the “Fall Line,” a transitional 
zone between Paleozoic rocks of the Interior Highlands 
physiographic division and unconsolidated Cenozoic strata of 
the Coastal Plain physiographic province, which the Sparta-
Memphis aquifer is contained in (Fenneman, 1938; Fenneman 
and Johnson, 1946). To the north, east, and south, the study 
area is bounded by the Missouri State line, the Mississippi 
River, and the Louisiana State line, respectively, all of which 
the full extent of the aquifer actually extends beyond (fig. 1).

Arkansas groundwater withdrawal data indicate the 
Sparta-Memphis aquifer is the second most used groundwater 
resource in Arkansas, with the Mississippi River Valley allu-
vial (MRVA) aquifer being the most used aquifer in Arkansas 
(Kresse and others, 2014). The Sparta-Memphis aquifer has 
primarily been used for industry and public water supply, but 
the aquifer increasingly has been used for irrigation (McKee 
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and Hays, 2002). Clark and others (2011) reported an average 
of about 170 million gallons per day (Mgal/d) was pumped 
from the Sparta-Memphis aquifer in 2005. Groundwater with-
drawals from the aquifer in Arkansas have increased while 
water levels have declined, well yields have decreased, and 
water quality has degraded (Kresse and others, 2014). In the 
Grand Prairie critical groundwater area, an area of intensive 
agricultural water use historically met by withdrawals from 
the MRVA aquifer, pumping changes have caused water levels 
in the MRVA aquifer to decline to a degree that has curtailed 
use of groundwater from the aquifer. Moreover, the recent, 
increasing use of the Sparta-Memphis aquifer as an alternate 
agricultural supply is causing greater water-level declines 
in that aquifer as well. In contrast, conservation efforts have 
led to a long-term recovery in groundwater levels in Union 
County located in the South Arkansas critical groundwa-
ter area (fig. 2), where measures implemented in 2001 to 
decrease groundwater withdrawals have resulted in consider-
able water-level increases that have continued, even during 
drought periods. As a result, Federal and State agencies have 
worked to improve groundwater monitoring and groundwater 
policy and management approaches to protect the Sparta-
Memphis aquifer and ensure continued, sustainable use of this 
resource. Continual aquifer assessment, modeling, planning, 
and management efforts are data intensive. To address these 
monitoring needs, the U.S. Geological Survey (USGS), in 
cooperation with Arkansas Department of Agriculture-Natural 
Resources Division (ADA–NRD), Arkansas Geological 
Survey, Natural Resources Conservation Service, Union 
County Water Conservation Board (UCWCB), and Union 
County Conservation District collect data on groundwater 
levels, water quality, and water use as part of ongoing efforts 
that provide data for effective management of groundwater 
resources in Arkansas. These data have driven the designation 
of critical groundwater areas (CGWAs) in accordance with the 
Arkansas Water Plan (Arkansas Department of Agriculture-
Natural Resources Division, 1975; Arkansas Department of 
Agriculture-Natural Resources Division, 1990; Arkansas 
Department of Agriculture-Natural Resources Division, 2014): 
the South Arkansas CGWA for the Sparta-Memphis aquifer in 

1996, the Grand Prairie CGWA for the Sparta-Memphis and 
MRVA aquifers in 1998, the Cache CGWA for the Sparta-
Memphis and MRVA aquifers in 2009, and the Phillips County 
CGWA for the MRVA aquifer in 2015 (fig. 2). CGWAs are 
areas determined by ADA–NRD to have significant groundwa-
ter depletion and (or) water-quality degradation that compels 
the State to direct resources toward supporting improved 
and sustainable management (Arkansas Natural Resources 
Commission, 2015).

Potentiometric-surface maps are one of several tools 
available to groundwater scientists, planners, and managers 
that aid understanding of the character and status of aquifers. 
In particular, these maps provide a graphical presentation of 
water-level data and give an indication of the status of water 
storage in an aquifer, the economic viability of extracting 
water, and when compared with past potentiometric-surface 
maps, information on changes in groundwater storage in 
time and space. Water-level and water-quality data presented 
in this report are a continuation of data presented by Kresse 
and others (2014) and Schrader (2014). Kresse and others 
(2014) evaluated water-level data from 1921 through 2009, 
water-quality data from approximately 1950 through 2010, 
and water-use data from 1965 through 2010. Schrader (2014) 
discussed Sparta-Memphis aquifer groundwater levels and 
water quality and presents a 2007–11 water-level-change map. 
This report presents Sparta-Memphis aquifer potentiometric-
surface maps for 2013 (pl. 1) and 2015 (pl. 2), water-level-
change maps for the 2011–13 period (pl. 3), and the 2013–15 
period (pl. 4), and groundwater-quality data and analysis 
for 2010–15.

This report presents and analyzes potentiometric surfaces 
created from water-level data for measurements conducted 
during two time periods, January–May 2013 and January–
June 2015, and discusses water-level altitude changes for the 
2011–13 and 2013–15 periods in the Sparta-Memphis aquifer. 
Accompanying water-level data presented and analyzed in 
this report include groundwater-quality data for the 2010–15 
period in the Sparta-Memphis aquifer.



4  Potentiometric Surfaces, Groundwater Quality, and Water-Level Changes in the Sparta-Memphis Aquifer

JEFFERSON

WASHINGTON

CRAWFORD

MADISON

FR
A

N
K

LIN

SEBA
STIA

N

SCOTT

LOGAN

YELL

MONTGOMERY
POLK

SEVIER

H
O

W
ARD

PIKE

H
EM

PSTEAD

LITTLE
RIVER

MILLER

LA
FAY

ETTE

COLUMBIA UNION ASHLEY
CHICOT

DREW

BRADLEY

CALHOUN

OUACHITA

NEVADA

CLARK

DALLAS

CLEVELAND

LINCOLN

DESHA

PHILLIPS

ARKANSASGRANT

HOT SPRING

GARLAND

SALINE

PULASKI

LONOKE

PRAIRIE

MONROE

LEE

ST. FRANCIS

CRITTENDEN

CROSS

W
OODRUFF

WHITEFAULK
NER

CONWAY

POPE
JOHNSON

NEWTON SEARCY

VAN BUREN
CLEBURNE

INDEPENDENCE

JACKSON

POINSETT

CRAIGHEAD
MISSISSIPPI

GREENE

CLAY
RANDOLPH

LAWRENCE

SHARP
IZARD

FULTON
BAXTER

MARION

STONE

PERRY

BOONEBENTON
CARROLL

ARKANSASARKANSAS

Base from U.S. Geological Survey digital data, 1:250,000
Albers Equal-Area Conic projection
Standard parallels 29°30' N. and 45°30' N. 
Central meridian 96°00' W. 
North American Datum of 1983 

Critical groundwater areas modified from Arkansas Natural 
Resources Commission, 2015; Kresse and others, 2014

90°91°92°93°94°

36°

35°

34°

33°

EXPLANATION
Crowleys Ridge

Cache, 2009

Arkansas Critical Groundwater Areas

Grand Prairie, 1998

Phillips County, 2015

South Arkansas, 1996

Sparta-Memphis aquifer extent

0 50 MILES25

0 50 KILOMETERS25

Figure 2. Arkansas’ four critical groundwater areas that overlap the study area.



Methods  5

Hydrogeologic Section
The study area is located within the areal extent of the 

Mississippi Embayment aquifer system (fig. 1) and contains 
the Sparta Sand and Memphis Sand of the Claiborne Group 
(fig. 3). Together, these units form the Sparta-Memphis 
aquifer, a term used to describe a sequence of groundwater-
productive (the ability for a formation to store and transmit 
water), hydraulically connected sands that are often separated 
by silts and clays (Kresse and others, 2014; Miller, 2000; Pugh 
and others, 1998; Renken, 1998). Together, the Sparta Sand 
and Memphis Sand range in thickness from 0 to 900 feet (ft) 
and are present in approximately one-third of southeastern 
Arkansas (Pugh and others, 1998). The hydraulic properties of 
the Sparta-Memphis aquifer vary, with the highest transmis-
sivity values exhibited by the thickest sand intervals (Kresse 
and others, 2014; Payne, 1968). Additional information on the 
hydraulic properties of the Sparta-Memphis aquifer have been 
discussed in previous studies (Brahana and Broshears, 1989; 
Hosman and others, 1968; Kresse and others, 2014; Plebuch 
and Hines, 1969; Pugh, 2008).

The Sparta Sand of the Mississippi Embayment aqui-
fer system is overlain by the Cockfield and Cook Mountain 
Formations of the Claiborne Group and underlain by the 
Cane River Formation of the Claiborne Group (fig. 3). These 
formations are mostly fine grained and relatively imperme-
able across most of central and southeastern Arkansas and act 
to confine the Sparta-Memphis aquifer. The Sparta-Memphis 
aquifer is unconfined where the Sparta Sand crops out in 
southern Arkansas (Hosman, 1982; Hosman and others, 1968; 
Petersen and others, 1985) (fig. 4), generally at and just east 
of its western extent along the Fall Line. In outcrop areas, the 
Sparta-Memphis aquifer receives recharge from direct infiltra-
tion and streams (Kresse and others, 2014). East of the outcrop 
area, the Sparta Sand dips generally eastward and transitions 
to a confined aquifer (Kresse and others, 2014; McKee and 
Hays, 2002); the Sparta-Memphis aquifer receives recharge 
where it subcrops in the subsurface by way of leakage from 
adjacent aquifers. In northeastern Arkansas, the Sparta Sand is 
rarely observed in outcrop but subcrops under the Mississippi 
River Valley alluvial aquifer (fig. 4). In this area, the Sparta-
Memphis aquifer and MRVA aquifer are hydraulically con-
nected, making this an important Sparta-Memphis aquifer 
recharge area (Broom and Lyford, 1981; Hosman and others, 
1968; Kresse and others, 2014). In east-central Arkansas at 
an approximate latitude of 35 degrees north, the Cane River 
Formation transitions lithologically from predominantly clay 
to predominantly sand moving south to north. In this area, the 
Cane River Formation, the underlying Carrizo Sand of the 
Claiborne Group, and the overlying Sparta Sand form a single 
sand unit whose components are indistinguishable and referred 
to regionally as the Memphis Sand (Counts, 1957; Hart and 
others, 2008; Hosman and others, 1968; Miller, 2000; Payne, 
1972; Petersen and others, 1985; Renken, 1998).

Methods
The USGS, in cooperation with the ADA–NRD, Arkansas 

Geological Survey, Natural Resources Conservation Service, 
UCWCB, and Union County Conservation District, collect 
water-level and water-quality data for the Sparta-Memphis 
aquifer biennially (during odd years), generally starting in 
January or February. The Union County Conservation District 
measures Sparta-Memphis aquifer groundwater levels on 
behalf of the UCWCB in the south Arkansas counties of 
Bradley, Calhoun, Columbia, Ouachita, and Union on a rotat-
ing quarterly basis for over 100 wells and monthly basis for 
wells equipped with automated data loggers. Groundwater 
levels are collected following USGS groundwater technical 
procedures presented in Cunningham and Schalk (2011) using 
a graduated steel tape or an electric water-level indicator. 
Tapes are calibrated and accurate to within 0.01 ft. Well loca-
tions have previously been verified using a Global Positioning 
System. Groundwater data are uploaded into and are publicly 
available through the USGS National Water Information 
System (U.S. Geological Survey, 2017a). Water-level data 
undergo a rigorous quality-assurance protocol to reduce pos-
sible errors from nonrepresentative water-level measurements 
caused by recent or nearby pumping, data not representative of 
water levels in the aquifer system, and measurement errors.

Water-level measurements in feet below land surface 
were converted to water-level altitude, in feet above the North 
American Vertical Datum of 1988 (NAVD 88), for construc-
tion of potentiometric-surface maps. Well altitudes originally 
reported in reference to the National Geodetic Vertical Datum 
of 1929 were converted to NAVD 88 for consistency using 
data obtained from the National Elevation Dataset (U.S. 
Geological Survey, 2017b).

Potentiometric-Surface Maps

Potentiometric-surface maps are conceptual surfaces 
representing the areal distribution of hydraulic head, which 
is the level to which water would rise in a well completed at 
any given location in a confined aquifer (Fetter, 2001). The 
potentiometric surface of a confined aquifer is analogous to 
the water-table surface in an unconfined aquifer. Water-level 
altitudes derived from a potentiometric map should not be 
used to determine the absolute water-level altitude or depth 
to water at any given location because of variable hydrologic 
properties and water-level change over time. Potentiometric 
surfaces indicate general direction of flow under isotropic con-
ditions, with flow moving perpendicular to the lines of equal 
hydraulic head and in the direction of decreasing hydrologic 
gradient (Fetter, 2001). A potentiometric-surface map pro-
vides approximate water-level altitudes for an area at a given 
time, general direction and gradient of groundwater flow, and 
information on areas of water-level decline—all of which are 
useful information for water-management planners.
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Two potentiometric-surface maps were constructed: a 
2013 Sparta-Memphis aquifer potentiometric-surface map 
(pl. 1) constructed using water-level data collected from 306 
wells measured from January through May 2013 (app. 1) 
(Nottmeier, 2018; U.S. Geological Survey, 2017a) and a 2015 
Sparta-Memphis aquifer potentiometric-surface map (pl. 2) 
constructed using water-level data collected from 275 wells 
measured from January through June 2015 (app. 2) (Nottmeier 
and others, 2023; U.S. Geological Survey, 2017a). A single, 
representative measurement was selected to include in 
potentiometric-map construction for wells for which quar-
terly or monthly data were available. Measurement selection 
was based on the timing of the biennial USGS water-level 
measurement run, which is timed to collect roughly synoptic, 

spring-season measurements and is concluded before water 
users begin to increase groundwater pumping during the drier 
summer period.

Surface-water altitudes in streams were used to provide 
additional data control for the outcrop areas of the Sparta-
Memphis aquifer. Perennial streams represent the intersection 
of the groundwater table with land surface. Stream data were 
obtained from the USGS National Hydrography Dataset (U.S. 
Geological Survey, 2018). The “select by location” tool in 
ArcMap 10.5 (Esri, 2018) was used to determine perennial 
stream reaches that lay within the outcrop areas.

Sparta-Memphis aquifer potentiometric-surfaces were 
then generated from select well and stream locations using 
the interpolation method, topo to raster, in ArcMap 10.5 (Esri, 
2017b). The “topo-to-raster” tool is specifically designed to 
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Figure 3. Correlated Tertiary and Quaternary geologic and hydrogeologic units of the Mississippi Embayment aquifer system and 
Mississippi River Valley alluvial aquifer, Arkansas, modified from Kresse and others (2014).
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help create hydrologically correct digital elevation models 
while imposing constraints to ensure a connected drainage 
structure and correct representation of the resulting surface 
(Esri, 2017b). After the raster surface was generated, 20-ft 
contours were created using the ArcMap 10.5 “spatial analyst 
contour” tool (Esri, 2017a), which is available through the 
ArcGIS 3D Analyst toolbox and creates a line-feature class of 
contours from the raster surface. ArcMap 10.5 topo-to-raster 
and contouring processes are a rapid way to interpolate data, 
but computer programs may neither consider hydrologic con-
nections between groundwater and surface water, nor changes 
in aquifer hydraulic properties. For these reasons, contours 
were adjusted manually as needed to account for distribution 
of water-level controls to represent the potentiometric surface 
more accurately.

Water-Level Change Maps

Water-level change maps for the Sparta-Memphis aquifer 
were constructed to provide point-to-point comparison with 
wells measured in 2011, 2013, and 2015 (pls. 3 and 4). Only 
wells that were measured more than two times and therefore 
had paired measurements (such as 2011–13 or 2013–15) were 
used to construct the water-level change maps. The 2011–13 
water-level change map presents data from 261 wells (pl. 3), 
whereas the 2013–15 water-level change map presents data 
from 241 wells (pl. 4). Water-level differences were calculated 
by subtracting 2011 water-level measurements, in feet below 
land surface, from the 2013 water-level measurements, in feet 
below land surface, and the 2013 water-level measurements, in 
feet below land surface, from 2015 water-level measurements, 
in feet below land surface. The water-level change maps show 
areas of water-level rise or decline across the Sparta-Memphis 
aquifer for the two periods represented.

Long-term hydrographs (minimum 25-year period of 
record) (app. 3) were selected for 22 individual wells to illus-
trate groundwater-level change at the local scale. These hydro-
graphs are designated by letters “A” through “V” in appen-
dix 3 and in the 2013 and 2015 data spreadsheets (apps. 1 
and 2). The associated control points for the hydrographs are 
shown in red on the 2013 and 2015 potentiometric-surface 
maps (pls. 1 and 2). Collection of water-level data over one or 
more decades is required to compile a hydrologic record that 
encompasses the potential range of water-level fluctuations in 
an observation well and to track trends over time (Taylor and 
Alley, 2001). Long-term water-level data aid resource manag-
ers in understanding how groundwater level relates to fluctua-
tions caused by variations in climatic conditions, land-use, or 
water-management practices. The availability of long-term 
water-level records greatly enhances the ability to forecast 
future water levels.

Groundwater Quality Sample Collection and 
Analysis

Groundwater-quality samples were collected from 
148 wells screened in the Sparta-Memphis aquifer from 
2010 to 2015 (fig. 5), generally during the summer and fall 
months. In 2015 (the focus of this report), groundwater-quality 
samples were collected from 103 wells screened in the Sparta-
Memphis aquifer (fig. 5). Samples were analyzed for specific 
conductance, temperature, pH, chloride (Cl), and bromide 
(Br). Bromide analysis was only completed in 2012, 2014, and 
2015. Water-quality data collection followed USGS National 
Field Manual procedures (U.S. Geological Survey, variously 
dated). Wells were purged prior to sampling by removing a 
minimum of three well-casing volumes of water, and field 
parameters (temperature, pH, and specific conductance) were 
monitored until measurements stabilized to ensure a represen-
tative sample was collected from the aquifer. Water-quality 
monitoring equipment was calibrated twice daily. In 2015, 
specific conductance was measured only at the USGS National 
Water Quality Laboratory in Denver, Colorado, for 32 out of 
103 samples. Br and Cl samples were filtered in the field using 
0.45-micrometer filters and analyzed at the National Water 
Quality Laboratory by inductively coupled plasma ion chro-
matography (Fishman and Friedman, 1985). All water-quality 
data presented in this report are accessible through the USGS 
National Water Information System database (U.S. Geological 
Survey, 2017a), which provides access to groundwater, 
surface-water, and water-quality data across the United States.

Quality Control
Quality-control (QC) field samples were collected and 

analyzed during the sampling events to assess the representa-
tiveness of the samples and potential for extraneous interfer-
ence (or bias) in samples from field sample collection proce-
dures. QC field samples included 111 replicates used to assess 
variability in field parameters, Cl and Br, as well as 13 blanks 
to assess potential bias in Cl or Br from extraneous sources. 
QC samples were collected following USGS National Field 
Manual procedures (U.S. Geological Survey, variously dated) 
and analyzed using the same laboratory and methods as the 
environmental samples. No Cl or Br detections were found in 
field blanks; Br blanks (n = 3) were less than the reporting lim-
its of 0.03 and 0.01 milligram per liter (mg/L) and Cl blanks 
(n = 10) were less than the reporting limits of 0.12 (samples 
collected in 2010), 0.06 (samples collected from 2011 to 
2013), and 0.02 mg/L (samples collected from 2014 to 2015). 
Variability in field parameters, Br, and Cl was low, as indi-
cated by summary statistics of the standard deviation of paired 
environmental and field QC replicate samples (table 1). Of 
importance are the replicate samples collected for Br because 
of the generally small amounts of Br detected in groundwater 
samples. In general, variability in Br concentration was on the 
same order of magnitude as the reporting limits (table 1).
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Data Analysis
Water-quality data typically include results that are less 

than a reporting limit (indicated by a less than sign “<” in 
the data tables) and are termed “censored.” For this study, 
only Br included censored data, with two samples having 
concentrations less than the reporting limit of 0.01 mg/L and 
six samples having concentrations less than the reporting 
limit of 0.03 mg/L; there are two reporting limits because of 
changes in analytical procedures at the laboratory. To provide 
summary statistics and complete calculations of Cl to Br mass 
ratios, censored data were imputed using the robust regression 
on order statistics (ROS) method from Helsel (2012), which 
accounts for multiple reporting limits. In brief, in the robust 
ROS method, the probability of exceeding each reporting limit 
is calculated using the proportion of data that are equal to 
or above the reporting limit. Normal scores then are calcu-
lated separately for censored and uncensored data to build a 
regression between uncensored data normal scores and the log 
concentration. Finally, censored data are imputed using the 
regression equation and normal scores and retransformed to 
estimate concentrations for the censored data (Helsel, 2012). 
As cautioned by Helsel (2012, p. 83), “Estimated values pro-
duced for censored observations . . . should not be assigned to 
any individual sample.” Therefore, values imputed using the 
robust ROS method were used for calculations but were not 
reported for individual censored samples.

Conservative species, such as Cl and Br, can be used as 
tracers of the hydrologic cycle and to quantify mixing of water 
sources with different end-member concentrations (Davis and 
others, 1998). In particular, Cl and Cl-to-Br mass ratios have 
been used in groundwater studies to define typical composi-
tions of potable groundwater across the United States (Davis 

and others, 2004) and to identify contamination of freshwater 
resources from anthropogenic sources, such as septic waste or 
oilfield brines, or natural sources such as mineralized ground-
water from other aquifers (Davis and others, 1998; Katz and 
others, 2011). Both Br and Cl data were available for 130 sam-
ples; most samples were collected from different wells, with 
only seven wells that were resampled. All 130 samples were 
used in the mixing-model calculations.

For mixing models involving two conservative species 
(for example, Cl and Br) in two end-member groundwater 
sources, the proportion of one end member (  f  A   ) in mixed 
groundwater (XM) is defined as follows (Eby, 2004):

   X  M    =    X  A    f  A   +    X  B   (1 −    f  A  )   (1)

where
 XA and XB are the concentration of Cl in end 

members A and B.

A second conservative species in mixed groundwater 
(YM) is defined as follows:

   Y  M    =    X  M     
 Y  A   −    Y  B  

 _  X  A   −    X  B    +    
 X  A    Y  B   −    X  B    Y  A  

  ____________  X  A   −    X  B      (2)

where
 YA and YB are the concentration of Br in end 

members A and B.

When end-member concentrations are known and 
substantially different, the proportion of each end member (  f  A    
and   f  B   , or 1 −   f  A   ) can be solved for.

Table 1. Summary statistics for the standard deviation of paired environmental and field quality-control replicate samples.

[mg/L, milligram per liter; µS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; NA, not applicable]

Summary statistic
Chloride 

(mg/L)
Bromide1 

(mg/L)
pH2

Specific conductance3 
(μS/cm at 25 °C)

Laboratory Field

Reporting limit(s) 0.02, 0.06, 0.12 0.01, 0.03 NA 5 NA
Count 34 23 15 24 15
Mean 0.15 0.005 0.02 2.4 1.0
Standard deviation 0.36 0.008 0.04 6.7 1.2
Minimum 0.00 0.001 0.00 0.0 0.0
25th percentile 0.01 0.001 0.00 0.7 0.0
Median (50th percentile) 0.02 0.001 0.00 0.7 0.7
75th percentile 0.07 0.004 0.00 1.4 1.4
Maximum 1.84 0.035 0.14 33.2 3.5

1Bromide concentration reported to hundredths, but summary statistics are shown to thousandths for reference.
2pH reported to tenths, but summary statistics are shown to hundredths for reference.
3Specific conductance reported to tenths, and summary statistics are shown to tenths for reference.
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Water Use

Water-use data for the United States have been reported 
by the USGS every 5 years since 1950 (U.S. Geological 
Survey, 2017a). Groundwater-use data in this report for 
Arkansas are from the USGS 5-year reports for 2010 (Maupin 
and others, 2014) and 2015 (Dieter and others, 2018). Data 
from these reports are compiled from various sources from 
each State and validated. In Arkansas, the ADA–NRD, in 
cooperation with the USGS, conducts an annual inventory 
of reported groundwater withdrawals by county for 10 cat-
egories: public supply, domestic (self-supplied), commercial 
(self-supplied), industrial (self-supplied), mining, livestock, 
aquaculture, irrigation, duck (hunting) clubs, and thermoelec-
tric power generation (Pugh and Holland, 2015). Arkansas 
law requires that any nondomestic user of groundwater that 
has the potential to withdraw 50,000 gallons per day or more 
must report their annual water usage (Arkansas Department 
of Agriculture-Natural Resources Division, 2023). Water-
use information for Arkansas may be found in the following 
reports and database: “Estimated Water Use in Arkansas, 
2010” (Pugh and Holland, 2015), “Aquifers of Arkansas—
Protection, Management, and Hydrologic and Geochemical 
Characteristics of Groundwater Resources in Arkansas” 
(Kresse and others, 2014), and USGS Lower Mississippi Gulf-
Arkansas Water Use database, available at https ://wise.er. 
usgs.gov/ wateruse/ .

Results—Controls on Water 
Levels and the Character of the 
Potentiometric-Surface Maps

Water levels are controlled by aquifer hydraulic charac-
teristics, water input, and water output. The controls that are 
most temporally variable and therefore lie within the realm 
of groundwater management concern are the inputs, which 
are primarily dependent on climate (rainfall, humidity, and 
temperature) and vegetation/land cover, and outputs, which 
from the management perspective are primarily dependent 
on pumping.

Water-level altitudes in 306 wells measured for the 2013 
potentiometric-surface map (pl. 1) ranged from 112 ft below 
to 445 ft above NAVD 88 (app. 1). Water-level altitudes in 
275 wells measured for the 2015 potentiometric-surface map 
(pl. 2) ranged from 108 ft below to 447 ft above NAVD 88 
(app. 2). Isopotential contours, showing a 20-ft water-level 
altitude interval generated from these data for the 2013 (pl. 1) 
and 2015 (pl. 2) potentiometric-surfaces (pl. 2), ranged from 
100 ft below NAVD 88 in the South Arkansas CGWA to 440 ft 
above NAVD 88 in the aquifer outcrop area.

The 2013 and 2015 potentiometric-surface maps (pls. 1 
and 2) show that the direction of groundwater flow gener-
ally is toward the south and southwest in the northern part of 

the Sparta-Memphis aquifer extent in Arkansas, and gener-
ally toward the southeast in the southern part of the study 
area; some minor topographic control on groundwater flow 
is apparent near Crowleys Ridge in the northern half of the 
study area and in the Sparta-Memphis aquifer outcrop area in 
the western part of the study area. Broad regional perturba-
tions in these general patterns are centered on major cones 
of depression caused by groundwater pumping. A compari-
son of the 2013 and 2015 maps with the predevelopment 
potentiometric-surface map prepared by Fitzpatrick and others 
(1990) indicates that the recent potentiometric surface and 
groundwater-flow patterns across most of the Sparta-Memphis 
aquifer extent in Arkansas have been altered considerably 
by pumping.

A confined aquifer yields water to a pumping well by 
a decrease in pressure (equivalent to hydraulic head) in an 
area around the well known as the zone of influence; within 
this zone, hydraulic heads are measurably decreased, with 
the largest decreases observed near the well. This decrease 
in hydraulic heads is manifest as a depression in the poten-
tiometric surface that is often conical in form and is termed a 
“cone of depression.” Greater amounts of water pumped over 
time result in greater drop in hydraulic head and an increasing 
zone of influence. Cones of depression centered on individual 
wells can grow and coalesce over time, resulting in regional 
cones of depression. These cones of depression alter, and even 
reverse, flow directions as compared to original, predevelop-
ment conditions as the hydrologic system adjusts to provide 
water to pumping wells.

Two regional-scale cones of depression are indicated 
on both the 2013 and 2015 potentiometric-surface maps (pls. 
1 and 2). One cone of depression is centered on a heavily 
pumped area in Jefferson County and the other is centered on 
a pumping center in Union County (Joseph, 2000; McKee and 
Hays, 2002). Arkansas has focused conservation and manage-
ment resources on these two areas of regional decline using 
CGWA designations, the 1998 Grand Prairie CGWA, and the 
1996 South Arkansas CGWA. No cone of depression is dis-
cernable at the 20-ft contour interval scale on either the 2013 
or 2015 potentiometric-surface maps for the Cache CGWA 
or the Phillips County CGWA, but considerable water-level 
declines are observed on the 2011–13 water-level change map 
for these areas. Comparison of the 2011–13 and 2013–15 
water-level change maps show the effect of groundwater 
withdrawals and climatic differences between the periods for 
drought, precipitation, and temperature.

The 2011–13 water-level change map (pl. 3) was con-
structed using data from 261 wells (app. 4); 146 of these wells 
exhibit declines ranging from –19.00 to –0.01 ft, and 115 
exhibit rises ranging from 0.07 to 43.50 ft. Well 54 (app. 4) 
had the greatest decline (–19.00 ft) and well 56 (app. 4) had 
the greatest rise (43.50 ft). Both wells are located in Columbia 
County. In the Cache CGWA, 15 of 16 wells show declines, 
ranging from –3.76 to –1.39 ft (pl. 3). In the Phillips CGWA, 
all six wells also show declines, ranging from –17.76 to 
–1.14 ft. In the Grand Prairie CGWA, 52 of the 76 wells show 

https://wise.er.usgs.gov/wateruse/
https://wise.er.usgs.gov/wateruse/
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declines, ranging from –9.35 to –0.07 ft, and 24 wells show 
rises, ranging from 0.21 to 14.47 ft. In the South Arkansas 
CGWA, 19 of the 71 wells show declines, ranging from 
–19.00 to –0.01 ft, and 71 wells show rises, ranging from 0.07 
to 43.50 ft.

The 2013–15 water-level change map (pl. 4) was con-
structed using 241 wells (app. 5); 83 of these wells exhibit 
declines, ranging from –22.96 to –0.01 ft), and 158 wells 
exhibit rises, ranging from 0.04 to 16.89 ft. Well 35 in Bradley 
County had the greatest decline (–22.96 ft, app. 5), and well 
119 in Jefferson County had the greatest rise (16.89 ft, app. 
5). Of the nine wells located in the Cache CGWA, seven 
of the wells show water-level declines, ranging from –7.23 
to –0.15 ft, and two wells show rises, ranging from 0.53 to 
0.74 ft (pl. 4). In the Phillips CGWA, two of the seven wells 
show declines, ranging from –2.24 to –0.52 ft, and five wells 
show rises, ranging from 0.18 to 11.05 ft. In the Grand Prairie 
CGWA, 27 of the 71 wells show declines, ranging from 
–10.08 to –0.01 ft, and 44 wells show rises, ranging from 
0.51 to 16.89 ft. In the South Arkansas CGWA, 30 of 92 wells 
exhibit declines, ranging from –22.96 to –0.01 ft, and 62 wells 
exhibit rises, ranging from 0.24 to 12.49 ft. Changes in 
groundwater level rise or declines can be affected over time by 
groundwater usage and climatic conditions.

The 2010, 5-year water-use report by Pugh and Holland 
(2015) lists groundwater withdrawals of 7,790 Mgal/d in 
Arkansas, with the Sparta-Memphis aquifer supplying 
192 Mgal/d of that total (Kresse and others, 2014). Among the 
counties, groundwater use was greatest in Arkansas County 
(one of six counties located in the Grand Prairie CGWA) in 
2010, with a county total of 540.08 Mgal/d. Of the ground-
water withdrawals in Arkansas County, 56.71 Mgal/d was 
from the Sparta-Memphis aquifer (Pugh and Holland, 2015). 
Groundwater withdrawals from the Sparta-Memphis aquifer 
are also large in Jefferson County, which is also located in 
the Grand Prairie CGWA, with withdrawals of 43.49 Mgal/d 
reported for 2010 (Pugh and Holland, 2015). The primary use 
of groundwater from the Sparta-Memphis aquifer in Jefferson 
County was industrial, with 35.35 Mgal/d withdrawn in 2010 
(Pugh and Holland, 2015). Industrial and public water supply 
have historically been the major Sparta-Memphis aquifer 
groundwater uses in the two regional cone-of-depression areas 
in the Grand Prairie CGWA, but over the years irrigation 
groundwater withdrawals from the Sparta-Memphis aquifer 
have increased because of groundwater declines and decreas-
ing groundwater availability in the MRVA aquifer. This change 
in the source of groundwater for irrigation has occurred in 
other parts of Arkansas where the MRVA aquifer is used and is 
particularly apparent in the Grand Prairie CGWA.

The Grand Prairie CGWA is an area of intensive agri-
cultural water use that historically has been supplied by 
withdrawals from the MRVA aquifer (Hays and Fugitt, 1999; 
Kresse and others, 2004). This aquifer has experienced water-
level declines to a degree that has led to curtailed groundwater 
use from that aquifer; as a result, farmers have turned to the 

Sparta-Memphis aquifer as an alternate supply. Because the 
Sparta-Memphis aquifer is confined across most of Arkansas, 
it has only a fraction of the water storage of the MRVA aquifer. 
For this reason, water managers have expressed great concern 
regarding the sustainability of agricultural withdrawals from 
the Sparta-Memphis aquifer (Hays, 2001; McKee and Hays, 
2002). Kresse and others (2014) reported that more water 
was used from the Sparta-Memphis aquifer for irrigation in 
Arkansas than for any other purpose as of 2010. Moreover, 
Arkansas was reported in 2015 as one of five States in the 
Nation to have 70 percent or more of its total fresh groundwa-
ter withdrawals used for irrigation (Dieter and others, 2018), 
with fresh groundwater defined as having less than 1,000 mg/L 
of dissolved solids. National total irrigation withdrawals were 
similar in 2010 and 2015, but notable changes were observed 
at the State level in Arkansas, Montana, and Wyoming (Dieter 
and others, 2018).

Climate Conditions From 2011 To 2015

Climatic conditions played a role in water-level changes 
between 2011 to 2015. On the 2013–15 water-level change 
map (pl. 4, app. 5), 83 of the total 241 wells in the study area 
show a water-level decline and 158 wells show a rise. In con-
trast, on the 2011–13 water-level change map (pl. 3, app. 4), 
146 of the total 261 wells in the study area show a decline 
and 115 wells show a rise. Many wells showing water-level 
declines on the 2011–13 water-level change map (pl. 3) were 
in the northern and central part of the study area where the 
MRVA and Sparta-Memphis aquifers are hydraulically con-
nected. The southern part of the study area was also experienc-
ing a drought during 2011–13 (pl. 3), but water levels in wells 
located within the Union County cone of depression have 
generally risen since 2004, and intensive conservation efforts 
in the area led by the UCWCB have prevented the cone of 
depression from expanding (Schrader, 2009, 2014; Schrader 
and Jones, 2007).

The Palmer Drought Severity Index (PDSI) for the 
National Climatic Data Center divisions—namely, the 
northeast, central, east central, southeast, south central, and 
southwest, which encompasses the study area—show an aver-
age range as follows: 2011, –0.1 to –3.8; 2012, –1.0 to –3.4; 
2013, –0.4 to 1.2; 2014, 0.2 to 1.7; 2015, 0.0 to 2.7 (table 2, 
fig. 6) (National Centers for Environmental Information, 
2019). During 2011–15 the PDSI would classify this period as 
severe drought to moderate wet (table 3, fig. 6). The PDSI is 
an index formulated by Palmer (1965) that takes into account 
precipitation, potential and actual evapotranspiration, infiltra-
tion of water into a given soil zone, and runoff (American 
Meteorological Society, 2017). The PDSI builds on the work 
of Thornthwaite (1931, 1948) by adding soil depth zones to 
better represent regional change in soil water-holding capacity 
and movement between soil zones (American Meteorological 
Society, 2017; Palmer, 1965).
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Table 2. Summary of Palmer Drought Severity Index values for Arkansas’ National Climatic Data Center (NCDC) climate divisions in Arkansas from January 2011 to 
December 2015.

[Modified from National Centers for Environmental Information (2019). More negative numbers on the Palmer Drought Severity Index indicate drought, more positive numbers indicate wetness. For the Palmer 
Drought Severity Index classification, see table 3; max, maximum; min, minimum]

NCDC climate 
division

Palmer Drought Severity Index

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Max Min Average

2011

Northeast –3.63 0.47 0.38 1.68 3.09 –0.62 –1.26 –1.49 –1.57 –1.63 1.38 2.06 3.09 –3.63 –0.10
Central –3.46 –2.99 –3.3 0.97 1.93 –0.84 –1.84 –1.2 –1.57 –1.69 1.18 1.85 1.93 –3.46 –0.91
East central –3.14 –3.02 –3.13 1.54 2.28 –0.60 –1.46 –0.98 –1.28 –1.28 0.86 1.49 2.28 –3.14 –0.73
Southeast –4.01 –4.12 –4.74 –3.43 –3.51 –3.95 –4.30 –3.90 –3.43 –3.32 –2.90 –1.79 –1.79 –4.74 –3.62
South central –3.98 –4.01 –4.62 –3.10 –2.90 –3.49 –4.04 –3.91 –3.92 –3.94 –3.62 –2.55 –2.55 –4.62 –3.67
Southwest –3.72 –3.62 –4.37 –3.08 –2.39 –3.09 –3.91 –4.50 –4.59 –4.70 –4.11 –3.18 –2.39 –4.7 –3.77

2012

Northeast –0.34 –0.7 –0.97 –1.85 –2.81 –3.34 –4.19 –4.18 –3.29 –2.84 –3.18 –3.19 –0.34 –4.19 –2.57
Central –0.28 –0.47 0.5 –0.74 –1.88 –2.7 –3.58 –2.94 –2.16 –1.99 –2.5 –2.56 0.5 –3.58 –1.78
East central –0.58 –0.82 –1.21 –2.02 –2.66 –3.07 –3.82 0.11 0.65 0.87 0.23 0.04 0.87 –3.82 –1.02
Southeast –2.27 –2.52 –2.64 –2.83 –3.53 –3.54 –3.69 0.89 1.25 1.48 0.67 0.59 1.48 –3.69 –1.35
South central –2.81 –2.91 –2.24 –2.31 –3.23 –3.80 –3.85 0.50 0.99 0.93 –0.76 –0.87 0.99 –3.85 –1.70
Southwest –3.01 –2.97 –2.48 –2.58 –3.32 –3.70 –3.83 –3.69 –3.38 –3.39 –3.94 –4.08 –2.48 –3.94 –3.36

2013

Northeast 0.59 0.69 0.09 0.47 1.32 1.22 1.41 2.08 1.48 1.6 1.14 1.76 2.08 0.09 1.15
Central 0.39 0.4 –0.25 –0.23 –0.03 –0.28 –0.17 –0.03 –0.38 –0.24 –0.4 –0.08 0.4 –0.4 –0.11
East central 0.70 0.68 0.34 0.72 1.44 –0.18 –0.19 –0.23 0.15 0.27 0.08 0.52 1.44 –0.23 0.36
Southeast 1.44 1.21 0.82 1.19 1.19 –0.13 –0.62 –1.00 0.35 0.91 0.98 1.06 1.44 –1.00 0.62
South central –0.64 –0.77 –1.10 –0.91 –0.87 –0.73 –0.49 –0.85 0.26 0.82 0.81 1.11 1.11 –1.10 –0.28
Southwest –3.93 –3.69 –3.82 –3.53 0.15 0.28 1.00 0.75 1.35 1.98 2.15 2.19 2.19 –3.93 –0.43

2014

Northeast 1.20 0.74 0.65 1.33 1.38 2.62 2.53 –0.18 –0.62 –0.29 –0.76 –1.19 2.62 –0.76 0.62
Central –0.43 –0.65 0.11 0.14 0.41 1.13 1.90 1.94 –0.33 0.38 –0.34 –0.61 1.94 –0.65 0.30
East central –0.47 –0.44 0.10 0.33 0.62 2.17 2.52 2.43 –0.50 –0.08 –0.39 –0.90 2.52 –0.50 0.45
Southeast –0.64 –0.64 0.06 0.48 0.82 1.20 1.45 2.04 1.35 1.99 1.49 0.91 2.04 –0.64 0.88
South central –0.63 –0.77 –0.74 0.25 0.50 0.51 0.80 1.32 0.74 1.23 –0.11 –0.56 1.32 –0.77 0.21
Southwest 1.56 1.12 0.95 0.85 1.17 1.18 2.04 2.47 2.31 2.38 2.08 1.70 2.47 0.85 1.65
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Table 2. Summary of Palmer Drought Severity Index values for Arkansas’ National Climatic Data Center (NCDC) climate divisions in Arkansas from January 2011 to 
December 2015.—Continued

[Modified from National Centers for Environmental Information (2019). More negative numbers on the Palmer Drought Severity Index indicate drought, more positive numbers indicate wetness. For the Palmer 
Drought Severity Index classification, see table 3; max, maximum; min, minimum]

NCDC climate 
division

Palmer Drought Severity Index

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Max Min Average

2015

Northeast –1.33 –1.32 0.73 0.95 1.85 1.48 1.92 2.32 1.68 1.41 2.86 3.40 3.40 –1.33 1.33
Central –0.64 –0.78 1.06 1.23 2.58 2.20 2.11 1.71 0.77 0.72 2.13 2.78 2.78 –0.78 1.32
East central –1.26 –1.32 0.74 0.93 1.42 –0.28 –0.49 –0.45 –1.25 –0.05 1.27 1.28 1.42 –1.32 0.05
Southeast 0.70 0.66 1.35 1.60 1.87 –0.07 –0.17 –0.61 –1.47 0.32 1.34 1.36 1.87 –1.47 0.57
South central 0.10 0.21 1.55 1.71 2.48 2.43 –0.08 –0.42 –1.32 0.35 1.54 1.68 2.48 –1.32 0.85
Southwest 1.78 1.61 2.59 2.69 4.00 3.61 3.20 2.56 1.35 1.70 3.10 3.90 4.00 1.35 2.67
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The PDSI events between January 2011 and January 2013 
that encompassed the study area begin to fluctuate between 
severe drought to near normal conditions (table 3; fig. 7A). 
It’s not until about March 2013 that the encompassed study 
area begins to see slightly wet to very wet conditions (table 3, 
fig. 7A). Although an increase in precipitation is indicated in 
some months during 2011–15 (fig. 7B), warmer temperatures 
prevailed during these times. During this period, the ranges of 
precipitation values for the climate divisions encompassing 
the study area were as follows: 2011, 32.4–69.0 inches (in.); 
2012, 31.9–50.0 in.; 2013, 46.3–64.6 in.; 2014, 39.3–58.5 in.; 
2015, 52.9–79.4 in. (table 4, fig. 8), and the ranges of average 
temperature values were as follows: 2011, 59.0–65.9 degrees 
Fahrenheit (°F); 2012, 61.0–66.5 °F; 2013, 56.8–63.1 °F; 
2014, 56.2–62.2 °F; 2015, 59.0–64.8 °F (table 5, fig. 9) 
(National Centers for Environmental Information, 2019). 
Warmer air temperatures result in higher evapotranspiration 
rates, which in turn leads to decreased groundwater recharge 
and greater groundwater withdrawals for irrigation, both of 
which result in declining groundwater levels. Climate studies 
have shown that a warmer atmosphere will hold more mois-
ture, often leading to fewer but more intense rainfall events 
(Carey, 2011; Trenberth, 2005, 2011), which can result in 
higher runoff/infiltration ratios over time, despite the possibil-
ity of longer dry spells between events. With fewer events and 
increased runoff/infiltration ratios, groundwater recharge will 
decrease.

During drought conditions, groundwater withdrawals 
typically increase from the Sparta-Memphis and overlying 
MRVA aquifers. Drought related decreases in recharge to the 
Sparta-Memphis aquifer in the outcrop areas, coupled with 
increased pumping in the MRVA aquifer, also reduce water 
levels in the Sparta-Memphis aquifer. The combined effects 
of increased pumping from the MRVA aquifer and decreased 
recharge to the Sparta-Memphis aquifer can be expected to 

result in accentuated groundwater declines during drought, 
particularly in areas where these aquifers are hydraulically 
connected and leakage from the MRVA aquifer is an important 
source of recharge to the Sparta-Memphis aquifer (Craighead, 
Poinsett, Cross, Woodruff, Lonoke, and Phillips Counties).

The rises indicated on the 2013–15 water-level change 
map could be due to drought conditions beginning to dissipate 
as the study area began to receive increasing rainfall (National 
Weather Service, 2018a). During June 2014, parts of the study 
area experienced extreme rainfall events and flooding, includ-
ing Woodruff, St. Francis, Prairie, Crittenden, and Monroe 
Counties. Areas of Woodruff County experienced precipitation 
amounts ranging from 7.5 to 10.3 in., causing some cities and 
thousands of acres of farmland to flood along the Cache River 
(National Weather Service, 2018b). The statewide average 
precipitation of 10.6 in. in May 2015 was the second larg-
est May precipitation amount on record (National Weather 
Service, 2018c). The increased rainfall caused decreased 
withdrawals from the Sparta-Memphis aquifer, allowing water 
levels to rise.

Water-Quality Conditions From 2010 To 2015

Water-quality data will be discussed for the period 
2010–15 and separately for 2015 to better place the results 
from 2015 in context. Specific conductance in the Sparta-
Memphis aquifer for 322 wells measured from 2010 through 
2015 ranged from 29 to 1,380 microsiemens per centimeter 
at 25 degrees Celsius (µS/cm at 25 °C) with a median of 
366 μS/cm, and in 103 wells measured in 2015 ranged from 
35 to 1,220 μS/cm, with a median of 356 μS/cm (table 6). 
Median specific conductance values generally were between 
approximately 350 and 450 μS/cm each year (fig. 10). Values 
of pH ranged from 4.6 to 9.8 for the period 2010–15 and 
for 2015, with a median of 8.2 for measurements over the 
period 2010–15 and 8.1 in 2015 (table 6). Median pH values 
generally were between 7.5 and 8.8 each year (fig. 11). Cl 
concentrations ranged from 1.2 to 230 mg/L for the period 
2010–15, and from 1.2 to 218 mg/L for 2015, with a median 
of 13.2 mg/L for the period 2010–15 and 9.5 mg/L for 2015 
(table 6). Median Cl values generally were less than 15 mg/L 
each year (fig. 12). Br concentrations ranged from < 0.01 to 
1.16 mg/L for the period 2012–15 and for 2015, with a median 
of 0.06 mg/L for both periods (table 6). Median Br values 
generally were less than 0.1 mg/L each year (fig. 13).

Water-quality parameters varied spatially across the 
Sparta-Memphis aquifer in Arkansas (fig. 14). Concentration 
of specific conductance and Cl and Br were generally lower 
in approximately the same south-central region of the study 
area compared to other areas of the aquifer, being less than 
approximately 225 μS/cm, 5 mg/L Cl, and 0.03 mg/L Br, 
respectively. In general, pH was most acidic (lowest) in the 
outcrop and westernmost parts of the subcrop area of the 
Sparta-Memphis aquifer and most basic (highest) in the east-
ern parts of Arkansas and near the Mississippi River (fig. 14).

Table 3. Palmer Drought Severity Index (PDSI) classification.

[Modified from National Centers for Environmental Information (2019). 
PDSI calculated from precipitation and temperature data, and available water 
content of soil]

Range Classification

4.00 or more Extremely wet
3.00 to 3.99 Very wet
2.00 to 2.99 Moderately wet
1.00 to 1.99 Slightly wet
0.50 to 0.99 Incipient wet
0.00 to –0.50 Near normal
–0.49 to –0.99 Incipient drought
–1.00 to –1.99 Mild drought
–2.00 to –2.99 Moderate drought
–3.00 to –3.99 Severe drought
–4.00 or less Extreme drought
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Figure 7. A, Palmer Drought Severity Index (PDSI) data from select National Climatic Data Center (NCDC) climate 
divisions where the study area encompasses and B, monthly total precipitation and temperature averages in degrees 
Fahrenheit for the select NCDC climate divisions where the study area encompasses, 2011–15.



18  Potentiometric Surfaces, Groundwater Quality, and Water-Level Changes in the Sparta-Memphis Aquifer

Table 4. Arkansas' county precipitation data from January 2011 to December 2015, for National Climatic Data Center (NCDC) climate 
divisions and counties in the Sparta-Memphis aquifer areal extent.

[Data modified from National Centers for Environmental Information (2019)]

NCDC climate division County
Precipitation  

(inches)

2011 2012 2013 2014 2015

Northeast Clay 67.3 33.2 59.4 47.1 64.1
Northeast Craighead 62.4 34.8 56.4 47.8 66.7
Northeast Greene 65.0 31.9 54.7 47.4 64.5
Northeast Independence 65.5 37.9 52.0 44.6 71.3
Northeast Jackson 59.3 38.3 58.1 43.2 69.4
Northeast Lawrence 61.4 33.7 50.0 42.5 64.1
Northeast Mississippi 66.3 35.4 60.7 49.1 56.7
Northeast Poinsett 63.0 36.8 61.0 46.9 67.4
Northeast Randolph 69.0 33.4 53.9 43.4 65.0
Northeast White 61.5 40.4 53.3 47.1 66.2
Central Conway 62.3 41.2 46.3 46.4 70.1
Central Faulkner 65.3 41.3 47.0 47.6 69.7
Central Garland 60.5 40.8 53.5 51.1 72.9
Central Grant 54.6 44.7 48.9 51.8 69.1
Central Hot Spring 56.4 41.9 52.5 49.1 70.7
Central Perry 62.6 39.5 50.4 49.2 71.8
Central Pulaski 63.9 44.3 52.9 48.1 67.0
Central St. Francis 62.7 37.6 58.2 51.5 57.2
East central Arkansas 53.9 39.8 57.1 50.3 54.3
East central Crittenden 63.8 39.3 60.6 55.1 59.1
East central Cross 64.0 37.4 64.6 47.1 64.9
East central Lee 60.6 36.7 54.8 54.0 53.7
East central Lonoke 63.8 43.3 53.9 47.7 61.2
East central Monroe 59.2 39.5 54.7 50.8 55.3
East central Phillips 54.8 38.7 58.2 54.1 52.9
East central Prairie 61.4 40.7 55.6 47.1 56.4
East central Sevier 48.4 39.8 50.9 55.2 77.1
East central Woodruff 59.8 39.3 58.3 45.0 60.6
Southwest Hempstead 40.1 41.1 54.2 48.4 75.3
Southwest Howard 48.6 40.4 54.7 58.5 75.8
Southwest Lafayette 32.7 40.9 53.1 41.5 68.2
Southwest Little River 37.8 39.5 51.9 49.9 75.2
Southwest Miller 32.4 37.2 52.0 39.3 68.2
Southwest Montgomery 62.6 42.5 64.3 55.0 79.4
Southwest Pike 50.7 40.8 58.8 57.3 79.1
Southwest Saline 63.4 44.9 53.4 49.6 72.1
South central Bradley 45.9 45.9 54.2 49.4 61.4
South central Calhoun 45.7 46.6 52.4 47.9 66.8
South central Clark 50.2 38.4 50.7 49.8 72.6
South central Cleveland 51.5 50.0 54.1 47.7 62.2
South central Columbia 37.5 48.5 50.7 44.1 66.3
South central Dallas 53.0 46.1 51.1 50.0 70.9



Results—Controls on Water Levels and the Character of the Potentiometric-Surface Maps  19

The 5-year water-quality datasets for specific conduc-
tance, pH, Cl, and 3-year dataset for Br presented in the 
boxplots (figs. 10–13) should not be used to interpret trends 
in groundwater quality, because the relatively short period 
analyzed is insufficient to confidently establish trends. 
Additionally, because of the spatial variability in water-quality 
parameters (fig. 14) and temporal differences in wells sampled, 
variability in water-quality data from year to year may be 
related to the different populations of wells sampled.

Long-term water-quality datasets from the same locations 
provide a robust mechanism to assess changes in groundwa-
ter quality over time. Four well sites in the South Arkansas 
CGWA were sampled multiple times between 2010 and 2015 
(fig. 15). Water-quality parameters and constituents for each of 
these sites were relatively stable, except for a decrease in pH 
over time at site 333944092430401.

Groundwater quality in the Sparta-Memphis aquifer is 
generally good per drinking water standards (Kresse and oth-
ers, 2014), although some areas exhibit relatively high salinity 
(Broom and others, 1984) and spatially variable specific 
conductance (Schrader, 2014). Groundwater chloride concen-
trations above 10 mg/L, higher than elsewhere in the Sparta-
Memphis aquifer extent, were measured in clustered areas in 
Union, Calhoun, and Bradley Counties in southern Arkansas 
and in eastern-central Arkansas, in the Grand Prairie region 
(Lonoke, Prairie, and Arkansas Counties) and Monroe and 
Phillips Counties (fig. 14). Elevated specific conductance and 
Br concentrations were measured in the same areas (fig. 14). 
The zones of higher Cl, Br, and specific conductance observed 
during 2010–15 are the same areas noted by Kresse and others 
(2014) and studied historically to understand the source of 
salinity in the Sparta-Memphis aquifer (Broom and others, 
1984; Hosman and others, 1968).

The sources of salinity in the Sparta-Memphis aquifer 
have been of interest because of concerns about water quality 
limiting the usability of groundwater resources. In the Grand 

Prairie region of Lonoke, Prairie, and Arkansas Counties, 
saline groundwater is observed in both the Sparta-Memphis 
aquifer and the overlying MRVA aquifer (Morris and Bush, 
1986). Saline groundwater in the Sparta-Memphis aquifer is 
attributed to upward flow of more mineralized water from 
deeper aquifers, such as the Carrizo Sand (Hosman and oth-
ers, 1968) or the underlying Nacatoch aquifer (Morris and 
Bush, 1986). Deeper, saline groundwater is able to migrate 
into the Sparta-Memphis aquifer because (1) the Cane River 
Formation undergoes a facies change such that clays thin and 
sands thicken as the Sparta Sand transitions to the Memphis 
Sand (figs. 3 and 4) (indicated by the northern extent of the 
Lower Claiborne confining unit) with corresponding increases 
in permeability, and (2) hydraulic heads are high enough 
in the underlying Carrizo and Nacatoch aquifers to induce 
upward flow of groundwater. Furthermore, the upward flow of 
saline groundwater from the Sparta-Memphis aquifer into the 
MRVA aquifer is hypothesized to occur along faults or where 
confining units, such as the Vicksburg-Jackson confining unit 
are thin or absent (Kresse and Clark, 2008; Kresse and oth-
ers, 2014; Paul and others, 2018). The source of more saline 
groundwater in the Sparta-Memphis aquifer in the areas of 
Union, Calhoun, and Bradley Counties in southern Arkansas 
is less studied and less understood than in other parts of the 
system (Kresse and others, 2014). Broom and others (1984) 
hypothesized that the source of salinity (in Union County) was 
from restricted flushing of groundwater in a down-dropped 
graben within the Sparta-Memphis aquifer and not from surfi-
cial brine contamination or upward movement of more saline 
groundwater from deeper units. Although Br and Cl concentra-
tions indicate that deeper units, such as the Carrizo Sand or 
Nacatoch aquifer, could be the sources of saline groundwater 
in the Sparta-Memphis aquifer in Union County, hydraulic 
heads were not sufficiently high in the Nacatoch aquifer to 
induce upward flow (Broom and others, 1984). The spatial 
extent of elevated Cl concentrations has increased over time, 

Table 4. Arkansas' county precipitation data from January 2011 to December 2015, for National Climatic Data Center (NCDC) climate 
divisions and counties in the Sparta-Memphis aquifer areal extent.—Continued

[Data modified from National Centers for Environmental Information (2019)]

NCDC climate division County
Precipitation  

(inches)

2011 2012 2013 2014 2015

South central Nevada 42.9 43.5 53.7 45.7 75.4
South central Ouachita 45.4 47.3 52.4 45.9 70.8
South central Union 41.0 45.1 51.4 46.2 62.3
Southeast Ashley 43.6 46.4 58.3 51.3 58.5
Southeast Chicot 43.3 48.1 61.1 57.2 64.6
Southeast Desha 48.9 43.3 60.9 54.0 64.1
Southeast Drew 46.3 44.4 57.0 52.1 63.5
Southeast Jefferson 53.0 45.9 54.4 47.0 58.2
Southeast Lincoln 52.1 46.1 55.8 49.9 59.8
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Figure 8. Arkansas' county precipitation data, in inches, from January 2011 to December 2015, for National Climatic Data Center (NCDC) divisions and area of 
Sparta-Memphis aquifer extent.
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Table 5. Arkansas' county average temperature data from January 2011 to December 2015, for 
National Climatic Data Center (NCDC) climate divisions and counties in the Sparta-Memphis aquifer 
areal extent.

[Data modified from National Centers for Environmental Information (2019). °F, degree Fahrenheit]

NCDC climate  
division

County
Temperature  

(°F)

2011 2012 2013 2014 2015

Northeast Clay 59.7 61.9 57.7 56.9 59.4
Northeast Craighead 60.8 62.9 59.1 58.1 60.3
Northeast Greene 60.0 62.2 58.1 57.3 59.7
Northeast Independence 60.3 62.3 57.9 57.1 59.4
Northeast Jackson 61.1 63.2 59.0 58.2 60.5
Northeast Lawrence 59.8 61.9 57.8 57.1 59.5
Northeast Mississippi 61.2 63.3 59.4 58.5 61.1
Northeast Poinsett 61.5 63.6 59.7 58.7 61.0
Northeast Randolph 59.0 61.0 56.8 56.2 59.0
Northeast White 61.7 63.5 59.4 58.4 61.2
Central Conway 61.7 63.8 59.7 58.8 61.3
Central Faulkner 62.0 64.2 59.9 58.8 61.4
Central Garland 62.0 64.0 59.9 58.8 61.9
Central Grant 63.2 65.0 61.2 59.9 62.8
Central Hot Spring 62.8 64.5 60.5 59.5 62.6
Central Perry 62.3 64.4 60.3 59.3 61.9
Central Pulaski 62.7 64.8 60.7 59.7 62.5
Central St. Francis 62.6 64.4 60.4 59.6 62.2
East central Arkansas 63.3 64.9 61.6 60.5 63.4
East central Crittenden 62.7 64.4 60.6 59.6 62.3
East central Cross 62.1 64.2 59.9 59.3 61.6
East central Lee 62.9 64.6 60.9 60.0 62.7
East central Lonoke 62.6 64.5 60.6 59.6 62.5
East central Monroe 62.7 64.6 60.9 60.0 62.8
East central Phillips 63.2 64.8 61.3 60.4 63.2
East central Prairie 62.4 64.3 60.3 59.4 62.4
East central Sevier 63.5 64.8 61.3 60.0 63.0
East central Woodruff 62.0 64.0 59.8 59.1 61.6
Southwest Hempstead 64.3 65.2 61.7 60.6 63.4
Southwest Howard 63.0 64.2 60.6 59.4 62.3
Southwest Lafayette 65.4 66.1 62.8 61.9 64.5
Southwest Little River 64.8 65.8 62.3 61.2 63.9
Southwest Miller 65.9 66.5 63.1 62.2 64.7
Southwest Montgomery 61.7 63.3 59.3 58.3 61.5
Southwest Pike 62.7 64.0 60.3 59.2 62.1
Southwest Saline 62.4 64.4 60.4 59.2 62.1
South central Bradley 64.2 65.4 62.2 60.9 64.1
South central Calhoun 63.9 65.0 61.7 60.5 63.6
South central Clark 63.3 64.8 61.0 59.8 62.9
South central Cleveland 63.6 65.0 61.5 60.3 63.2
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however, and was hypothesized to increase spatially as a result 
of groundwater pumping from the Sparta-Memphis aquifer 
(Broom and others, 1984).

A mixing model using Cl and Cl-to-Br mass ratios of 
high-salinity groundwater sources and freshwater from either 
a precipitation or recharge source was constructed to further 
investigate groundwater compositions in the Sparta-Memphis 
aquifer (fig. 16). High salinity end members included 
(1) groundwater from the Nacatoch aquifer having an aver-
age Cl concentration of 30,000 mg/L, Br concentration of 
240 mg/L, and Cl-to-Br mass ratio of 125 (Morris and Bush, 
1986); and (2) a hypothetical brine composition—used by 
Davis and others (1998) to investigate groundwater mix-
ing across the United States—having a Cl concentration of 
10,000 mg/L, Br concentration of 1 mg/L, and Cl-to-Br mass 
ratio of 10,000. The hypothetical freshwater end members 
were precipitation and recharge where precipitation (Cl con-
centration of 0.5 mg/L and Br concentration of 0.005 mg/L) 
will undergo evaporation such that recharge water is slightly 
concentrated in these constituents (Cl concentration of 5 mg/L 
and Br concentration of 0.05 mg/L), but the mass ratio of 
100 is the same (Davis and others, 1998).

Sparta-Memphis aquifer groundwater generally plots 
between mixing lines that represent the low Cl concentra-
tion end members of either recharge or precipitation and a 
high Cl concentration end member of either Nacatoch aquifer 
groundwater (low Cl-to-Br mass ratio) or a theoretical brine 
(high Cl-to-Br mass ratio) (fig. 16). Much of the groundwater 
data lie on mixing lines between precipitation or recharge and 
Nacatoch aquifer groundwater (fig. 16). Because of the differ-
ences in possible sources of salinity between the Grand Prairie 
and greater Union County areas, wells with Cl concentra-
tions greater than 10 mg/L (fig. 14) are plotted by region and 

divided into two groups: one north (Grand Prairie) of and the 
other south (Union County) of approximately latitude 34 °N 
(fig. 5). Wells from the two areas plot along slightly differ-
ent mixing lines, with wells in the greater Union County area 
plotting closer to the recharge/precipitation-Nacatoch mixing 
lines and wells in the Grand Prairie region plotting along a 
mixing line with a possible brine end member. Censored Br 
data are also shown on the plot because Br concentrations 
were imputed and can, therefore, affect the exact position of 
the Cl-to-Br mass ratio. Important observations can be drawn 
from these mixing lines: (1) Cl and Br mixing curves are 
consistent with deeper units underlying the Sparta-Memphis 
aquifer within the Mississippi Embayment (such as the 
Nacatoch aquifer) being a source of salinity and (2) another 
source of salinity, or specifically high Cl concentration, is 
needed to explain the Sparta-Memphis aquifer groundwater 
compositions with higher Cl-to-Br mass ratios (or greater 
Cl concentrations compared to Br concentrations). Although 
the greater Union County area wells generally plot along the 
recharge/precipitation-Nacatoch aquifer mixing lines, the 
hydraulic gradient observed by Broom and others (1984) 
between the Sparta-Memphis aquifer and the Nacatoch aqui-
fer was downward rather than upward, as would be required 
to induce flow from the Nacatoch aquifer; therefore, informa-
tion about hydraulic heads in adjacent aquifers, groundwater-
flow directions, and groundwater chemistry may better con-
strain the sources of salinity in the Sparta-Memphis aquifer. 
In general, a correlation between Cl and Br is observed, with 
higher Cl concentrations occurring with higher Br concen-
trations (fig. 17), which implies that the possible brine end 
member is sourced from a single, dominant source of Cl 
(Davis and others, 1998).

Table 5. Arkansas' county average temperature data from January 2011 to December 2015, for 
National Climatic Data Center (NCDC) climate divisions and counties in the Sparta-Memphis aquifer 
areal extent.—Continued

[Data modified from National Centers for Environmental Information (2019). °F, degree Fahrenheit]

NCDC climate  
division

County
Temperature 

 (°F)

2011 2012 2013 2014 2015

South central Columbia 64.8 65.4 62.2 61.4 64.0
South central Dallas 63.3 64.7 61.0 59.8 62.8
South central Nevada 64.0 65.1 61.6 60.5 63.4
South central Ouachita 63.9 64.9 61.6 60.5 63.4
South central Union 64.6 65.5 62.4 61.2 64.2
Southeast Ashley 64.7 65.9 62.7 61.5 64.6
Southeast Chicot 64.8 66.0 62.9 61.8 64.8
Southeast Desha 63.7 65.2 61.9 60.7 63.9
Southeast Drew 64.2 65.5 62.2 60.9 64.0
Southeast Jefferson 63.3 64.8 61.4 60.2 63.0
Southeast Lincoln 63.7 65.1 61.8 60.6 63.7
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Table 6. Summary statistics for water-quality data for 2010–15 and 2015.

[µS/cm at 25 °C, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligram per liter]

Summary statistic
Specific  

conductance,  
(μS/cm at 25 °C)

pH
Chloride 

(mg/L)
Bromide 

(mg/L)

2010–15

Count 322 321 221 130
Mean 404 7.9 34.1 0.16
Standard deviation 246 0.9 52.3 0.24
Minimum 29 4.6 1.2 < 0.01
25th percentile 225 7.3 5.5 0.03
Median (50th percentile) 366 8.2 13.2 0.06
75th percentile 492 8.6 25.6 0.17
Maximum 1,380 9.8 230.0 1.16

2015

Count 103 101 102 93
Mean 397 7.9 24.3 0.15
Standard deviation 234 0.8 38.6 0.24
Minimum 35 4.6 1.2 0.01
25th percentile 219 7.6 3.4 0.02
Median (50th percentile) 356 8.1 9.5 0.06
75th percentile 504 8.6 26.9 0.15
Maximum 1,220 9.8 218.0 1.16
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Figure 10. Specific conductance by year in the Sparta-Memphis aquifer in Arkansas, 2010–15.
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Figure 12. Chloride concentration by year in the Sparta-Memphis aquifer in Arkansas, 2010–15.
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Figure 14. Specific conductance, pH, chloride concentration, and bromide concentration across the Sparta-Memphis aquifer in 
Arkansas collected from 2010 to 2015.
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Summary
The Sparta Sand and Memphis Sand of the Claiborne 

Group together form the Sparta-Memphis aquifer, a sequence 
of groundwater productive (the ability for a formation to 
store and transmit water), hydraulically connected sands that 
are present across most of the eastern one-third of Arkansas. 
Arkansas groundwater withdrawal data indicate the Sparta-
Memphis aquifer is the second most used groundwater 
resource in Arkansas, with an average of about 170 million 
gallons per day pumped in 2005. The Sparta-Memphis aquifer 
is predominantly used for public and industrial supply, but 
over the years, irrigation groundwater withdrawals have 
increased because of water-level declines in the Mississippi 
River Valley alluvial (MRVA) aquifer. Increased groundwater 
withdrawals from the Sparta-Memphis aquifer have increased 
water-level declines, decreased well yields, and degraded 
water quality in the aquifer, which led to efforts by Federal 
and State agencies to improve groundwater monitoring and 
groundwater policy and management approaches. To address 
these needs, the U.S. Geological Survey, in cooperation with 
the Arkansas Department of Agriculture-Natural Resources 
Division, Arkansas Geological Survey, Natural Resources 
Conservation Service, Union County Water Conservation 

Board, and Union County Conservation District, collects 
data on groundwater levels, water quality, and water 
use as part of ongoing groundwater-monitoring efforts 
that provide data for effective aquifer management in 
Arkansas. Groundwater data from this ongoing study 
can be used to guide groundwater-monitoring efforts and 
provide information for State and Federal protection and 
management programs.

Potentiometric-surface maps of the Sparta-
Memphis aquifer were prepared to illustrate 2013 and 
2015 conditions. Water-level altitudes in 306 wells 
measured for the 2013 potentiometric-surface map 
ranged from 112 feet (ft) below to 445 ft above the 
North American Vertical Datum of 1988. Water-
level altitudes in 275 wells measured for the 2015 
potentiometric-surface map ranged from 108 ft below 
to 447 ft above the North American Vertical Datum of 
1988. The 2013 and 2015 potentiometric-surface maps 
show that groundwater flow generally is toward the 
south and southwest in the northern part of the study 
area and toward the southeast in the southern part of the 
study area. The maps also indicate some minor topo-
graphic control on groundwater flow near Crowleys 
Ridge in the northern half of the study area and in the 
Sparta-Memphis aquifer outcrop area in the western part 
of the study area. Broad regional perturbations in these 
general patterns are centered on major cones of depres-
sion caused by groundwater pumping. Two regional-
scale cones of depression are indicated on both the 
2013 and 2015 potentiometric-surface maps. One cone 
of depression is centered on a heavily pumped area in 
Jefferson County and the other is centered on a heav-

ily pumped area in Union County. Comparison of the 2013 
and 2015 potentiometric surfaces with the predevelopment 
potentiometric-surface map indicates that groundwater-flow 
patterns across most of the Sparta-Memphis aquifer extent in 
Arkansas have been altered considerably by pumping.

Industrial and public water supply have historically been 
the major groundwater users in the two regional-scale cone-
of-depression areas, and Arkansas has focused conservation 
and management resources in areas experiencing regional 
declines using critical groundwater area (CGWA) designa-
tions, including the Cache CGWA, Phillips County CGWA, 
Grand Prairie CGWA, and South Arkansas CGWA. The Grand 
Prairie CGWA is an area of intensive agricultural water use 
historically supplied by withdrawals from the MRVA aquifer. 
This aquifer has experienced water-level declines to a degree 
that has led to curtailed groundwater use from that aquifer; 
as a result, farmers have turned to the Sparta-Memphis as an 
alternate supply.

Water-level change maps for the Sparta-Memphis aquifer 
were constructed by comparing the periods 2011–13 and 
2013–15. The 2011–13 water-level change map contains data 
from 261 wells, with 144 wells exhibiting declines rang-
ing from –19.00 to –0.01 ft, and 115 exhibiting rises rang-
ing from 0.07 to 43.50 ft. The 2013–15 water-level change 
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Figure 17. Chloride versus bromide concentrations in Sparta-Memphis 
aquifer wells in Arkansas.
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map contains data from 241 wells, with 83 wells exhibiting 
declines ranging from –22.96 to –0.01 ft, and 158 wells 
exhibiting rises ranging from 0.04 to 16.89 ft. A comparison 
of the 2011–13 and 2013–15 water-level change maps shows 
the effect of groundwater withdrawals and climate differences 
between periods for selected areas.

Climatic conditions also play a role in water-level 
changes between 2011 and 2015. Data obtained from the 
National Climatic Data Center for Palmer Drought Severity 
Index, precipitation, and temperature show parts of Arkansas 
in an extreme drought in 2012. This drought began to dissipate 
in April of 2013 as the study area began to receive increasing 
rainfall.

Water-quality data were evaluated for selected wells 
screened in the Sparta-Memphis aquifer from 2010 through 
2015. Water-quality constituents and parameters varied spa-
tially across the Sparta-Memphis aquifer in Arkansas during 
the evaluation period, but groundwater quality across the 
extent of most of the aquifer is considered suitable for most 
uses, although groundwater in some areas exhibits relatively 
high salinity and high specific conductance. Specific con-
ductance and chloride and bromide concentrations all were 
lower in approximately the same central region of the study 
area, whereas pH was most acidic in the subcrop and outcrop 
area of the Sparta-Memphis aquifer and most basic in eastern 
Arkansas and along the Mississippi River. Areas of higher 
specific conductance and chloride and bromide concentrations 
are present in Union, Calhoun, and Bradley Counties in south-
ern Arkansas and the Grand Prairie region of Lonoke, Prairie, 
and Arkansas Counties in east-central Arkansas. Groundwater 
in wells in eastern-central Arkansas may be sourced from 
groundwater having a higher chloride concentration (and thus, 
a higher chloride-to-bromide ratio as well).
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Appendix 1. Water-Level Data Collected From Wells Screened in the 
Sparta-Memphis Aquifer in Arkansas, January–May 2013

Available online in .xls and .csv format at https://doi.org/ 
10.3133/ sir20235103.

Appendix 2. Water-Level Data Collected From Wells Screened in the 
Sparta-Memphis Aquifer in Arkansas, January–June 2015

Available online in .xls and .csv format at https://doi.org/ 
10.3133/ sir20235103.

Appendix 3. Long-Term Hydrographs (Minimum 25-year Period of Record) 
Representing Water-Level Trends in 22 Individual Wells Included in the 2011–13 
and 2013–15 Water-Level Change Maps

The following hydrographs were selected for 22 indi-
vidual wells to illustrate groundwater-level change at the local 
scale (figs. 3.1–3.22). These hydrographs are designated by 

letters “A” through “V” and in the 2013 and 2015 data spread-
sheets, available online at https://doi.org/ 10.3133/ sir2 0235103.  
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Figure 3.1. Hydrograph A, Arkansas County.
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Figure 3.2. Hydrograph B, Arkansas County.
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Figure 3.3. Hydrograph C, Bradley County.
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Figure 3.4. Hydrograph D, Calhoun County.

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Year

W
at

er
 le

ve
l a

lti
tu

de
, i

n 
fe

et
 a

bo
ve

 N
AV

D 
88

0

20

40

60

80

100

120

140

160

Hydrograph E. Cleveland County
Site ID: 335133092174901
Station name: 10S12W12BDD1
Well depth: 388 feet below land surface

Discrete water-level
    measurement

EXPLANATION

Figure 3.5. Hydrograph E, Cleveland County.
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Figure 3.6. Hydrograph F, Columbia County.
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Figure 3.7. Hydrograph G, Craighead County.
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Figure 3.8. Hydrograph H, Crittenden County.
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Figure 3.9. Hydrograph I, Dallas County.
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Figure 3.10. Hydrograph J, Desha County.
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Figure 3.11. Hydrograph K, Drew County.
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Figure 3.12. Hydrograph L, Jefferson County.
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Figure 3.13. Hydrograph M, Lincoln County.
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Hydrograph N. Lonoke County
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Figure 3.14. Hydrograph N, Lonoke County.
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Hydrograph O. Monroe County
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Figure 3.15. Hydrograph O, Monroe County.



Appendixes  43

Year

0

10

20

30

40

50

60

70

80

1971 1976 1981 1986 1991 1995 2000 2005 2010 2015 2020

W
at

er
 le

ve
l a

lti
tu

de
, i

n 
fe

et
 a

bo
ve

 N
AV

D 
88

Hydrograph P. Ouachita County
Site ID: 332415092431301
Station name: 15S16W23DAC1
Well depth: 493 feet below land surface

Discrete water-level measurement, 
    blank where data are missing

EXPLANATION

Figure 3.16. Hydrograph P, Ouachita County.
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Figure 3.17. Hydrograph Q, Phillips County.
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Hydrograph R. Poinsett County
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Figure 3.18. Hydrograph R, Poinsett County.
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Figure 3.19. Hydrograph S, Prairie County.
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Figure 3.20. Hydrograph T, Pulaski County.
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Hydrograph U. Union County
Site ID: 331438092411901
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Figure 3.21. Hydrograph U, Union County.
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Hydrograph V. Woodruff County
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Figure 3.22. Hydrograph V, Woodruff County.
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Appendix 4. Wells and Differences in Water-Levels From 2011 To 2013 in the 
Sparta-Memphis Aquifer in Arkansas

Available online in .xls and .csv format at https://doi.org/ 
10.3133/ sir20235103.

Appendix 5. Wells and Differences in Water-Levels From 2013 To 2015 in the 
Sparta-Memphis Aquifer in Arkansas

Available online in .xls and .csv format at https://doi.org/ 
10.3133/ sir20235103.

https://doi.org/10.3133/sir20235103
https://doi.org/10.3133/sir20235103
https://doi.org/10.3133/sir20235103
https://doi.org/10.3133/sir20235103
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