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CONVERSION FACTORS

For use of readers who prefer to use metric (International System) 
units, rather than the inch-pound units used in this report, the following 
conversion factors may be used:

Multiply inch-pound unit By

foot (ft) 0.3048

foot per mile (ft/mi) 0.1894

mile (mi) 1.609

gallon per minute (gal/min) 0.06309

million gallon per day (Mgal/d) 0.04381

million gallon per day 3,785 
(Mgal/d)

cubic foot per second (ftVs) 2.832 

cubic foot per second (ftVs) 2.832

cubic foot per second(ftVs) 0.02832

To obtain metric unit

meter (m)

meter per kilometer (m/km)

kilometer (km)

liter per second (L/s)

cubic meter per second 
(mVs)

cubic meter per day (mVd)

liter per second (L/s)

cubic decimeter per second 
(dmVs)

cubic meter per second 
(mVs)

Sea level: In this report, "sea level" refers to the National Geodetic 
Vertical Datum of 1929 (NGVD of 1929) a geodetic datum derived from a 
general adjustment of the first-order level nets of both the United States 
and Canada, formerly called "Sea Level Datum of 1929."



GROUND-WATER RESOURCES OF THE UPPER WHITE RIVER BASIN IN ARKANSAS 

By John M. Kilpatrick and A.H. Ludwig 

ABSTRACT

The upper White River basin in Arkansas lies almost entirely within the 
Ozark Plateaus physiographic province, which consists of deeply dissected 
plateaus underlain by limestone, shale, and dolomite. Significant water- 
yielding units within the upper White River basin include the Eminence and 
Potosi Dolomites, the Roubidoux Formation, the Gasconade Dolomite and the Van 
Buren Formation, outcrops of undifferentiated Paleozoic rocks, the Nacatoch 
Sand, and Quaternary deposits. Water in the Quaternary deposits is the most 
heavily used, but areally, other units are significant sources of ground water 
for domestic and rural use. The quality of ground water withdrawn from the 
various units generally is suitable for most uses, although ground water in 
the study area is typically very hard. Iron concentrations commonly exceed 
allowable limits.

Yields from the different water-yielding units are highly variable. The 
Eminence and Potosi Dolomites lie between 2,000 and over 3,500 feet below land 
surface, are virtually unused, and are known to yield as much as 230 gallons 
per minute. Nearer the surface, the Gunter Sandstone Member of the Van Buren 
Formation yields as much as 500 gallons per minute and is used by many public 
supply systems. Above the Gunter Sandstone, but still 300 feet below land 
surface, the Roubidoux Formation yields as much as 450 gallons per minute to 
wells. In contrast to the high yields from these deeper units, the outcrops 
of Paleozoic rocks commonly yield less than 10 gallons per minute. Yields 
from the Nacatoch Sand are unknown, because it is not currently used as a 
source of water in the study area. The Quaternary deposits yield as much as 
2,500 gallons per minute of very hard water.

High nitrate concentrations that exceed U.S. Environmental Protection 
Agency primary drinking-water standards and bacterial contamination have 
occurred in some areas. These concentrations probably result from deterio­ 
rated well bore seals and perforated casings that allow wastes from barnyards 
and septic tanks to enter the well bore at or near the surface. In addition, 
saline water occurs in the Quaternary deposits near Bald Knob and Cord, 
Arkansas. Potential sources of contamination include two Resource Conser­ 
vation and Recovery Act sites, two Superfund sites, and numerous landfills and 
surface impoundments.



INTRODUCTION

This report was prepared in cooperation with the U.S. Army Corps of 
Engineers to describe the ground-water ifesources of the upper White River 
basin in Arkansas. The contents of this rej>ort will be incorporated by the 
Arkansas Soil and Water Conservation Commission (ASWCC) into the 1986 Arkansas
State Water Plan. The 1986 Arkansas 
the first State Water Plan published by
document for defining water policy

ASWCC in 1975, and serve as the basic 
for the protection, development, and 

management of water resources in the State. ASWCC's specific objectives in 
revising the first State Water Plan are to incorporate more recent data and 
research, evaluate new and existing problems;, and present solutions and 
recommendations.

White River basin in Arkansas (fig.

from

The study area consists of the
1), most of which lies in the Ozark Plateaus p 
is dominated by deeply dissected plateaus 
above sea level in the south (Brewster 
lying the Ozark Plateaus range in age
2). They are composed primarily ol 
shale, dolomite, sandstone, and chert, 
the rate of about 50 feet per milt 
toward the Arkansas Valley on the south, 
generally less than 10 gallons per minute 
depths in these units from secondary 
solution cavities. Yields of as much 
deeply buried limestone and dolomite unj 
sources of ground water. These units occur at 
than 3,500 ft below land surface.

openings

A small part of the southeastern corneir 
Arkansas Valley section of the Ouachita province 
Fenneman (1938) as being little different from

edgeA narrow strip along the eastern 
to 20 miles in width, lies in the Mi 
Coastal Plain province. This area is 
and is underlain by as much as 155 ft 
posed of gravel, sand, silt, and clay, 
ground-water source in the study area 
deposits yield as much as 2,500 gal/min 
unconformably on a sequence of older, 
to the east-southeast. These deposits a 
chalk of Tertiary and Cretaceous age 
thought to be capable of yielding seven 
in the study area, downdip from tfeieir 
1969).

Information concerning the lithology and 
of each of the geologic units in the study are 
graphic column (table 1).

State Vfater Plan is intended to update

ysiographic province. The area 
which are as much as 2,400 feet (ft) 

and Williams, 1951). The rocks under- 
Ordpvician to Pennsylvanian (fig. 
nearly horizontal beds of limestone, 

The beas dip gently to the south at 
(ft/mi). The dip increases gradually 
Small quantities of ground water, 
(gal/min), are available at shallow 

such as Joints, fractures, and 
as 500 gal/min are possible from three 
ts; wtyich are regionally important 

depths ranging from 300 to more

theof 
sissippl

characterized 
of Qua 
These 
. Prope 
of water

of the study area lies in the 
This area is described by 

the southern Ozark Plateaus.

study area, ranging from 10 
Alluvial Plain section of the 

by nearly flat topography 
ternary alluvial sediments corn- 

deposits are the most productive 
rly constructed wells in these 

The Quaternary deposits lie 
inconsolidated deposits that dip gently 
re composed of sand, clay, marl, and 

units within this sequence are 
1 hundred gallons per minute to wells 

outcrop areas (Lamonds and others,

water-yielding characteristics 
is contained in the strati-
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PURPOSE AND SCOPE

The purposes of this report are to (1) describe the ground-water 
resources and general geologic characteristics of the basin in Arkansas, (2) 
describe the significant water-yielding units in more detail, and (3) examine 
specific ground-water problems and potential problems. General physiographic 
and geologic characteristics of the study area including topography, geologic 
structure, and lithologies present, are described in this report. In addi­ 
tion, general hydrologic characteristics of the study area including ground- 
water availability, ground-water use, and ground-water quality, are described. 
Several regionally important water-yielding units are described in more 
detail. These units included the Eminence and Potosi Dolomites, the Gasconade 
Dolomite and the Van Buren Formation, the Roubidoux Formation, and outcrops of 
Paleozoic rocks in the Plateaus, and the Nacatoch Sand and Quaternary deposits 
in the Coastal Plain. The availability and quality of water from each of 
these units are discussed in detail. Ground-water availability and quality 
problems in the study area also are described in detail.

The study area includes all of the upper White River basin in Arkansas. 
For convenience, ground-water use data were assembled by county for the 17- 
county area shown in figure 3. The 17-county area approximates but does not 
correspond exactly to the study area.

GENERAL HYDROLOGY OF THE STUDY AREA

Ground water is available from nearly all of the geologic units in the 
study area. However, many of the units do not yield enough water for domestic 
use. Several subsurface Paleozoic units yield large amounts of water in the 
Ozark Plateaus, but the depth of these units makes drilling expensive. In the 
Plateaus, the most commonly used ground-water sources are the Paleozoic units 
which crop out, but they commonly yield less than 10 gal/min. In the Coastal 
Plain, the Quaternary deposits at the surface yield as much as 2,500 gal/min 
of water suitable for most uses.

Ground-water withdrawals in the 17-county area approximating the study 
area totaled 304 million gallons per day (Mgal/d) in 1985 of which almost 92 
percent (278 Mgal/d) was withdrawn from the Quaternary alluvial deposits which 
crop out along the eastern edge of the basin in Independence, Lawrence, 
Randolph, and White Counties (Holland, 1987). Pumpage from the Paleozoic 
rocks that underlie the majority of the 17-county area accounted for the 
remaining 8 percent (25 Mgal/d) of the total water withdrawn.

Although most of the ground water withdrawn in the 17-county area is 
pumped from wells in Quaternary deposits, the aquifers in the Paleozoic rocks 
are far more significant areally; in most areas, they provide the only source 
of ground water (table 2). Additional information on ground-water use in the 
17-county area is contained in tables 3 and 4.
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Table 2. Withdrawals of ground water from aquifers

[Holland,

County

Baxter

Boone

Car roll

Cleburne

Fulton

Independence

Izard

Lawrence

Madison

Marion

Newton

Randolph

Searcy

Sharp

Stone

Van Buren

White 

Area total

in the study

1987; withdrawals

Rocks of 
Paleozoic age, 

undifferentiated

2.31

2.66

2.82

1.23

.94

1.79

1.49

.16

1.49

4.75

.89

.44

.92

1.89

.84

.83

___

25.45

area in 1985

in million gallons per day]

Deposits of County 
Quaternary age total

2.31

2.66

2.82

1.23

.94

32.55 34.34

1.49

153.39 153.55

1.49

4.75

.89

42.03 42.47

.92

1.89

.84

.83

50.48 50.48

278.45 303.90
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Table 4. Total ground-water use from the study area, 
by county, 1960 through 1985

[Withdrawals in million gallons per day]

County L 1960 '1965

Total ground-water use 
d'1970 1975 ! 1980 1985

Baxter 0.59
Boone 1.06
Carrol 1 .69
Cleburne .36
Fulton 1.65
Independence 2.91
Izard .47
Lawrence 21.45
Madison .87
Marion .32
Newton .25
Randolph 3.51
Searcy .49
Sharp .29
Stone .41
Van Buren .39
White 3.02
Area total 38.73

Stephens and Halberg

Halberg and Stephens

>c Halberg, 1972

d Halberg, 1977

Holland and Ludwig,

f Holland, 1987

0.78
.54

1.06
.48
.38
2.80
.38

17.89
.81
.43
.31

3.36
.44
.29
.36
.32

4.32
34.95

, 1961

, 1966

1981

1.55
2.51
1.94
.91
.58

5.98
.61

24.77
1.16
.57
.5

4.20
.62

1.21
.48
.62

6.84
55.05

1.63
5.15
2.70
.85

1.13
8.54
1.31

77.36
1.44
4.72
2.58
19.72

.95
1.40
.85
.58

15.93
146.39

1.82
3.23
2.27
1.03
.98

19.83
1.85

154.11
1.16
5.38
.83

43.28
.92

1.89
.85
.73

52.45
292.61

2.31
2.66
2.82
1.23
.94

34.34
1.49

153.55
1.49
4.75
.89

42.47
.92

1.89
.84
.83

50.48
303.90

Ground-water withdrawals from the Paleozoic rocks in the 17-county area 
have recently decreased while withdrawals from Quaternary deposits have 
consistently increased. Ground-water withdrawals from Paleozoic rocks, after 
increasing for 15 years, peaked in 1980 and decreased 16 percent between 1980 
and 1985. Withdrawals in 1985 decreased 9 percent compared to the withdrawals 
in 1975 (fig. 4). In contrast, withdrawals from Quaternary deposits in the 
17-county area increased 136 percent during the same period. Pumpage from 
Quaternary deposits increased only 4 percent between 1980 and 1985.

In 1985, 89 percent (270.59 Mgal/d) of the water withdrawn in the 17- 
county area was used for irrigation. More than 99 percent of this water was 
pumped from the Quaternary deposits in four counties along the eastern edge of 
the 17-county area. This is the only part of the 17-county area where sub­ 
stantial irrigation occurs. Rural use accounted for the majority of ground

11
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water withdrawn in the remaining counties. Self-supplied industry accounted 
for only 0.5 percent (1.53 Mgal/d) of the ground water withdrawn in the 17- 
county area in 1985. Fluctuations in pumpage in each of these categories over 
the past 25 years are shown in figure 5.

Water-use data for the Ozark Plateaus, which are overlain by consolidated 
rocks, are undifferentiated as to source unit. The uncertainty of source unit 
occurs because wells in the consolidated rocks generally are uncased, except 
at the surface. As a result, water withdrawn from a well may have been 
contributed by any unit exposed to the well bore.

Ground-water quality in the Ozark Plateaus in the study area is closely 
related to the mineral content of the Paleozoic geologic units. The ground 
water at shallow depths in the Plateaus is primarily of the calcium- and 
magnesium-bicarbonate type (Lamonds and others, 1969) and generally contains 
excessive amounts of iron and is very hard (Lamonds, 1972). Ground water in 
the Plateaus generally is usable without treatment for rural, domestic, and 
some industrial uses; but requires softening and removal of iron to be made 
acceptable for public supplies and most industrial uses (Lamonds and others, 
1969).

The Quaternary deposits of the Mississippi Alluvial Plain yield a hard to 
very hard, calcium-magnesium-bicarbonate water (Lamonds and others, 1969). 
Ground water from these deposits also is characterized by excessive iron 
concentrations. Locally high chloride concentrations have been observed in 
ground water from these deposits near Cord and Bald Knob (Bryant and others, 
1985).

Ground-water quality data are listed by geologic unit in table 5. The 
recommended limits for several of these constituents, as established under the 
Safe Drinking Water Act (U.S. Environmental Protection Agency, 1986a; 1986b), 
can be found in tables 6 and 7. The Arkansas Department of Health uses the 
National Primary Standards to set State standards for public water-supply 
systems.

GROUND-WATER RESOURCES OF MAJOR WATER-YIELDING UNITS 

Eminence and Potosi Dolomites 

Geology

These formations are undifferentiated and occur only in the subsurface at 
a depth of between 2,000 ft and over 3,500 ft below land surface. The 
Eminence Dolomite marks the top of the Cambrian section in Arkansas. These 
formations consist of more than 300 ft of light-colored, crystalline dolomite 
with some associated chert.

Hydrology

The Eminence and Potosi Dolomites are important sources of ground water 
in southern Missouri, but ground water from these formations is seldom used in 
Arkansas because of the availability of water from the overlying Roubidoux 
Formation and Gunter Sandstone Member of the Van Buren Formation. Only a few

13
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Table 6. National interim primary drirjking-water regulations

[Data in milligrams per liter; tu = 
liter; mrem = millirem (one

turbidity; pCi/L = picocurie per 
thousandths of a rem)]

Constituent
Maximum 

concentration

Arsenic-

Barium-

Cadmium-

Chromium-

Lead-

-0.05

-0.010

-0.05

-0.05

Wi t-rat-p fa«? W^ -,-,-, -, -,-, ___ _ _____ _ .

Selenium                       

$i 1 \if*r>   ____ _ _ __ _     _______      _ _ _.

               0.002

                 10

                0.01

___________    _n n*

Turbidity                      
j

Col i form bacteria                 -

Endrin                         

Lindane                        

Methoxychlor                    

Toxaphene                       

2 li«n ________________________

P U f»-TP f«iilvpx^ ___________________ -

Total tr ihalomethanes [The sum of the cc 
bromodichloromethane, dicromochlorc 
(bromoform) and trichlorome thane (c

Radionuclides: 
Radium 226 and 228 (combined)    

U.S. Environmental Protection Agency, 1 

16

tncentra 
imetham 
ihlorofc

977; 1<

             1.5 tu

       1/100 mL (mean)

             0.0002

              0.004

                0. 1

              0. 005

                0. 1

               0.01

it ions of 
, tribromomethane 

irm ) ]             o .10

             5 pCi/L
            15 pd/L

»86a



Table 7. National secondary drinking-water regulations 

[Data in milligrams per liter unless otherwise specified]

Maximum 
Constituent______________________________concentration

Chloride                                        250 

Color                                  15 color units 

Copper                                          1 

Corrosivity                               Noncorrosive 

Dissolved solids                                 500 

Foaming agents                                   0.5 

Iron                                       300 »Jig/L 

Manganese                                      0.05 

Odor                          3 (threshold odor number) 

pH                                   6.5-8.5 units 

Sulfate                                        250 

Zinc                                           5

Modified from U.S. Environmental Protection Agency, 1986b

wells in the study area are producing from these formations. Melton (1976) 
reports a well producing from the Eminence and Potosi Dolomites in Benton 
County with a yield of 230 gal/min. U.S. Geological Survey files contain the 
record of two additional wells in these formations in Carroll and Boone 
Counties, each with a yield of approximately 260 gal/min. These two wells 
range in depth from 1,400 to 2,100 ft. This information suggests that the 
Eminence and Potosi Dolomites can yield significant amounts of water in the 
northwestern part of the study area in Benton, Carroll, and Boone Counties. 
Elsewhere, these formations contain saline water or are inaccessible because 
of their great depth.

Little information concerning which horizons in the Eminence and Potosi 
Dolomites yield water is available. Melton (1976) maintains that production 
is from the Potosi, the lower of the two formations. This assertion is sup­ 
ported by the fact that many wells penetrate the top of the Eminence without 
any increase in yield. In addition, in southern Missouri, where water from 
these formations is heavily used, the Potosi yields more water than the 
Eminence.

17



Water levels in wells penetrating the Eminence and Potosi Dolomites have 
risen as much as 190 ft between 1981 ana 19864 These large increases are 
indicative of the extreme variability in water levels in these formations. 
Depth to water ranges from 210 to 450 ft; below land surface depending on the 
altitude of the well.

Water Quality

All available water-quality dat 
are summarized in table 8. The tabulat: 
Benton, Boone, and Carroll Counties, 
samples precludes an accurate evaluation 
Eminence and Potosi Dolomites throughout 
these data do indicate that the water quality 
areas in the northwestern part of 
exceeding or approaching National 
Environmental Protection Agency, 1986 
levels at the limit, 10 mg/L as nitrogen 
nitrate, indicating that high nitrate 
do not occur throughout the entire extent

for the Eminence and Potosi Dolomites 
on includes six sample analyses from 
The limited number and distribution of 
of tho quality of water from the 

the entire study area. However, 
i.s suitable in at least some 

the study area. The only constituent 
imary Drinking Regulations (U.S. 
a) is nitrate. One sample had nitrate 

but other samples had little or no 
evels probably are local problems that 

of the aquifer.

Gasconade Dolomite and Van Buren Formation

Geology

These Ordovician formations are undifferentiated 
chiefly of light-colored dolomites with 
to this description is the Gunter 
Buren Formation which has been described 
(Melton, 1976) and a sandy dolomite (Caplan 
and the Van Buren Formation are from 
excluding the Gunter Sandstone Member, which 
100 ft (fig. 6).

associated 
Jan ds tone

approximately

in Arkansas, and consist 
chert. The only exception 

Member at the base of the Van 
both a dolomitic sandstone 
1960). The Gasconade Dolomite 

300 to 600 ft thick 
ranges in thickness from 20 to

Hydrology

Most of the water withdrawn from tiie 
from the basal Gunter Sandstone Member. 
Gunter Sandstone in the study area average 
yields locally of over 500 gal/min (Mellon, 19 
the rest of the interval yield water in 
Recent measurements (1987) indicate t 
range from 14 to 485 ft below land s 
Water levels fluctuate from year to ye 
as much as 60 ft in three wells in the 
and Remsing, 1986). The rate of cha

Gasconade

gr<»ater

smaller 
t water 
face
in tho 

tudy 
e of

area

Although some wells had water levels almost 100 
others declined more than 40 ft during
Remsing, 1986). The variation in water levels 
variations in purapage from the formation.

and Van Buren interval is 
Yields of wells penetrating the 

than 100 gal/min, with 
6). The dolomites that make up 

quantities (Caplan, 1960). 
levels in the Gunter Sandstone 

Freiwald and Plafcan, 1987). 
Gunter. Water levels declined 

between 1985 and 1986 (Edds 
water levels also varies areally. 

ft higher in 1986 than 1981, 
the same 5-year period (Edds and 
probably is related to temporal
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Water Quality

Analyses of water samples from wells penetrating the Gunter Sandstone 
Member indicate that water in this unit is hard to very hard, and calcium- 
magnesium-bicarbonate in ionic composition. Hard water is defined as having a 
hardness range of 121 to 180 mg/L of calcium carbonate. Water with hardness 
greater than 180 mg/L as calcium carbonate is described as very hard (Hem, 
1985). A summary of the available water-quality data is given in table 9.

Roubidoux Formation 

Geology

The Roubidoux Formation, of Ordovician age, exists only in the sub­ 
surface in the study area. It crops out in southern Missouri and dips to the 
south (fig. 7). The Roubidoux ranges from approximately 130 to 455 ft in 
thickness and consists chiefly of dolomite, dolomitic sandstone, and chert 
(Caplan, 1960). The top of the formation ranges from 1,100 ft below land 
surface near the Arkansas-Missouri State line to about 3,500 ft below land 
surface at the boundary between the Boston Mountains and Arkansas Valley 
physiographic sections.

Hydrology

Recharge to the Roubidoux occurs primarily in the outcrop area in 
Missouri. The formation can yield as much as 450 gal/min but generally yields 
less than 150 gal/min.

The hydrograph of a well completed in the Roubidoux Formation, (fig. 8) 
owned by the city of Yellville, indicates the considerable variability of 
water levels from year to year. Water levels in other wells completed in the 
Roubidoux rose as much as 180 ft and declined by as much as 28 ft between 1985 
and 1986. This variability probably results from changes in pumping. Because 
of the large temporal variations in depth to water and large spatial varia­ 
tions due to topographic relief, the depth to water can vary greatly. Water 
levels in the Roubidoux are generally nearest (less than 50 ft) to land 
surface near the Arkansas-Missouri State line and deepest (more than 200 ft) 
in wells penetrating the Roubidoux on the crest of the Boston Mountains.

Water Quality

Analyses of water samples from the Roubidoux Formation indicate that it 
is a hard to very hard calcium-magnesium-bicarbonate water. A complete 
summary of the available water-quality data can be found in table 10. One 
sample in Baxter County contained an iron concentration exceeding the Primary 
Drinking Water Standard (U.S. Environmental Protection Agency, 1986b), 
although all other samples from the Roubidoux had iron concentrations well 
below the recommended limit. Nitrate concentrations exceeding the allowable 
limit have been found in at least one sample from a well in Marion County, but 
other samples from the Roubidoux have shown little or no nitrate. This seems 
to indicate that high nitrate concentrations in ground water from the Roubidoux
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are a local problem. In general, the 
freshwater in the northernmost counties

Roubidoupc Formation yields good 
in the study area.

Outcrops of Paleozoic Rocks, Undifferentiated

Geology

Paleozoic rocks ranging in age from 
in the study area. Almost all sedimentary 
limestones and dolomites predominate, 
overlain by successively younger units

Hydrology

Ground water in these rocks occu 
fractures, joints, bedding planes, and 
openings generally are larger and 
quently, the quantity of ground water 
depth (Lamonds, 1972). Wells in 
deep and yield less than 10 gal/min. 
number and size of openings penetrated 
ranges from 5 to 25 ft below land surfa 
to variations in precipitation. No 
observed. Water levels in these units 
surface, and are closest to the land su

in
these 
The

quality

Ordovician to Pennsylvanian crop out 
lithologies are represented but 

These units dip to the south and are 
in the direction of dip.

PS mostly in secondary openings such as 
solution channels. These secondary 

mOre numerous near land surface. Conse- 
these units generally decreases with 
unitb generally are less than 300 ft 
yieljd of a well depends on the 

by thb well bore. The depth to water
ce and fluctuates primarily in response

form a
long-term water-level declines have been

subdued reflection of the land
rface in the valleys (Lamonds, 1972).

Numerous perennial springs issue from thel limestone formations, primarily
the Boone Formation, in the Springfield-Salem plateaus. The largest spring is

3 Mammoth Spring which has an average discharge of 330 ft /s and is used as the
source of water for the town of Mammoth Springs. In the study area 27 springs

qhave average discharges greater than 1 |ft /s. Many of the smaller springs 
have been developed as water supplies for rural homes or for livestock. In
addition, the discharges from the many springs 
for several streams in the study area.

Water Quality

The outcrops of Paleozoic rocks yield 
bicarbonate water. The quality of this water 
units, but the water generally is suitable 
quality also varies spatially within the units 
dissolved solids, nitrate, chloride, iron, 
limits in some areas within the study area, 
problems in other areas. These problems an 
tional quality data are summarized in table 11

provide the sustained base flow

a hard to very hard, calcium- 
varies with the lithology of the 

for most uses. Ground-water 
Local concentrations of 

and sulfate may exceed allowable 
Low pH values and color are 
e all of a local nature. Addi-



Ta
bl
e 

11
.-
-G
ro
un
d-
wa
te
r 

qu
al

it
y 

1n
 
th

e 
ou

tc
ro

ps
 
of

 
Pa

le
oz

oi
c 

ro
ck
s

[N
o.

 
= 

nu
mb

er
; 

°C
 
= 

de
gr

ee
s 

Ce
ls
iu
s;
 

ug
/l
 
= 
ml

cr
og

ra
ms

 
pe

r 
li
te
r;
 
uS

Co
un
ty

Te
mp
er
at
ur
e 

(°
C)

f 0
00
10
)

Ba
xt

er

Bo
on
e

Ca
rr

ol
 1

Cl
eb

ur
ne

Fu
lt
on

In
de

pe
nd

en
ce

Iz
ar

d

Ja
ck

so
n

La
wr
en
ce

No
. 

sa
mp

le
s

M 
1 n

 1 
mu
m

Ma
xi

mu
m

Me
an

No
. 

sa
mp

le
s

Mi
ni

mu
m

Ma
xi

mu
m

Me
an

No
. 

sa
mp
le
s

Mi
ni

mu
m

Ma
xi

mu
m

Me
an

No
. 

sa
mp

le
s

Mi
ni

mu
m

Ma
xi

mu
m

Me
an

No
. 

sa
mp

le
s

Mi
ni

mu
m

Ma
xi

mu
m

Me
an

No
. 

sa
mp

le
s

Mi
ni

mu
m

Ma
xi

mu
m

Me
an

No
. 

sa
mp

le
s

M
i
n
i
m
u
m

Ma
xi

mu
m

Me
an

No
. 

sa
mp

le
s

Mi
ni

mu
m

Ma
xi
mu
m

Me
an

No
. 

sa
mp

le
s

M 
1 n

 1 
mu

m
Ma

xi
mu

m
Me
an

1
19
.0

19
.0

19
.0

11
8

11
.0

24
.0

15
.7 2

17
.0

22
.0

19
.5 1

16
.5

16
.5

16
.5 2

20
.0

21
.0

20
.5 14

14
.0

17
.0

15
.9 0 -- -- --

1
15

.5
15
.5

15
.5 4

17
.0

21
.5

20
.3

Co
lo

r 
(p
cu
)

pc
u 

= 
p
l
a
t
i
n
u
m
-
c
o
b
a
l
t
 
un
it
s;
 
m
g
/
L
 
= 
m
i
l
l
i
g
r
a
m
s
 
pe
r 

li
te
r;
 

= 
m
i
c
r
o
s
l
e
m
e
n
s
 
pe

r 
c
e
n
t
i
m
e
t
e
r
 
at

 
25
 
d
e
g
r
e
e
s
 
Ce
ls
iu
s]

Sp
ec

if
ic

 
co

nd
uc

ta
nc

e 
pH
 

(M
S)

f 0
00

80
) 

r 0
00

95
)

1 3 3 3 1 5 5 5 0
-- -- --

1 5 5 5 2 1 3 2

17 0 10 4 0 -- -- --

1 2 2 2 5 0
30
6

1
9
3
2

9
3
2

9
3
2

11
8

13
2

79
0

4
1
7 2

47
8

4
8
0

4
7
9 1

31
1

31
1

31
1 2

3
6
4

3
7
0

36
7 18 21

3
.
3
2
0

4
9
2 0 -- -- --

1
32 32 32

4
5
3
0

70
0

6
1
4

(0
04

00
)

2
7
.
4

8.
7

8.
1

11
8 6.
2

8.
2

7.
3 2

7.
0

7.
5

7.
3 1

6.
3

6.
3

6.
3 2

6.
7

7.
8

7.
3

18 5.
4

8
.
5

7.
2 1

8
.
6

8
.
6

8
.
6 1

5
.
9

5.
9

5.
9 4

6.
9

7.
3

7.
1

B
l
e
a
r
-
 

C
a
r
b
o
-
 

C
a
r
b
o
n
a
t
e
 

b
o
n
a
t
e
 

na
te
 

h
a
r
d
n
e
s
s
 

(m
g/
L 

(m
g/

L 
(m
g/
L 

as
as
 
HC
O~
) 

as
 
CO

,)
 

(0
04

40
7 

f 0
0
4
4
5
7

1
3
7
0

37
0

3
7
0 69 5
5

4
1
0

20
0 1

23
0

23
0

23
0 1
20 20 20

1
2
3
0

23
0

23
0 18 2

6
1
0

19
0 0

-- -- --

1 6 6 6 4
4
1
0

5
0
0

4
5
0

1
4
0
4
0
4
0 69
0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 18 0 15
1 0

-- -- --

1 0 0 0 4 0 0 0

Ca
CO

) 
(0

04
10

) 1
37
1

37
1

37
1

11
5

4
5

33
8

17
2 2

19
2

20
2

19
7 1
16 16 16 2

18
0

18
5

18
3 18
2

50
2

15
8 0 -- -- --

0
-- -- --

4
33

5
4
0
8

3
6
8

To
ta
l 

ha
rd

­ 
ne
ss
 

(m
g/
L

as
 
C
a
C
O
q

) 
( 0
09
00
) 3

29
0

5
2
0

3
8
3

11
8 51

39
0

19
7 2

22
0

22
0

22
0 1

12
0

12
0

12
0 2

19
0

19
0

19
0 18 4

55
0

14
7 2

19
0

21
0

20
0 1

27
0

27
0

27
0 5

23
0

4
2
0

35
0

Di
s-

 
Di

s­
 

s
o
l
v
e
d
 

s
o
l
v
e
d
 

c
a
l
c
i
u
m
 

m
a
g
n
e
s
i
u
m
 

(m
g/
L 

(m
g/
L

as
 
Ca
) 

as
 
Mg

) 
(0

09
15

) 
(0

09
25

)

3
5
6
.
0

9
2
.
0

7
0
.
3

11
7

18
.0

12
0.

0
6
0
.
6 2

5
8
.
0

5
9
.
0

5
8
.
5 1

3
3
.
0

33
.0

3
3
.
0 2

3
9
.
0

4
1
.
0

4
0
.
0

18 0
.
5

10
0.

0
4
0
.
0 1

4
6
.
0

4
6
.
0

4
6
.
0 1

1
1
0
.
0

1
1
0
.
0

11
0.

0 3
5
3
.
0

10
0.
0

7
9
.
6

3
3
7
.
0

7
1
.
0

5
0
.
3

11
7 0.
8

5
0
.
0

10
.9 2

18
.0

19
.0

18
.5 1

10
.0

10
.0

10
.0 2

2
2
.
0

2
3
.
0

22
.5 18 0
.
3

7
2
.
0

11
 .
5 1

24
.0

2
4
.
0

2
4
.
0 1

0.
3 .3 .3 5

2
4
.
0

4
0
.
0

36
.2



Ta
bl
e 

11
.-

-G
ro

un
d-

wa
te

r 
qu

al
it

y 
1n

 
th

e 
ou
tc
ro
ps
 
of

 
Pa
le
oz
oi
c 

ro
ck
s 

--
 
Co
nt
in
ue
d

Co
un

ty
 

Te
mp
er
at
ur
e 

Co
lo
r 

(°
C)

 
(p
cu
)

Ne
wt

on
 

No
. 

sa
mp

le
s

Mi
ni
mu
m

Ma
xi
mu
m

Me
an

Ra
nd
ol
ph
 

No
. 

sa
mp

le
s

Mi
ni
mu
m

Ma
xi
mu
m

Me
an

Se
ar

cy
 

No
. 

sa
mp

le
s

Mi
ni
mu
m

Ms
xi

mu
m

Me
an

Sh
ar

p 
No

. 
sa

mp
le

s
Mi
ni
mu
m

Ma
xi
mu
m

"
 

M-
an

Va
n 

Bu
re

n 
No
. 

sa
mp

le
s

Mi
ni

 m
um

Ma
xi
mu
m

Me
an

Hh
it

e 
No

. 
sa

mp
le

s
Mi
ni
mu
m

Ma
xi
mu
m

Me
an

Co
un

ty

Ba
xt
er
 

No
. 

sa
mp

le
s

Mi
ni
mu
m

Ma
xi
mu
m

Me
an

Bo
on

e 
No
. 

sa
mp

le
s

Mi
ni
 m
um

Ma
xi
mu
m

Me
an

(0
00

10
) 0 -- -- -- 8

18
.5

23
.5

20
.9 1

15
.0

15
.0

15
.0 2

9.
0

15
.0

12
 
0 1

19
.0

19
.0

19
.0 17 17
.0

22
.0

18
.7

Di
s­

so
lv
ed

ir
on

(M
9/
L

as
 
Fe

)
(0
10
46
)

: 
T

15
0

15
0

15
0

10
2 1

44
0 21

Sp
ec
if
ic
 

co
nd
uc
ta
nc
e 

pH
 

(M
S)

Bi
ca
r­
 

bo
na

te
 

(m
g/

L

Ca
rb
o­
 

na
te
 

(m
g/

L

To
ta

l 
Ca

rb
on

at
e 

ha
rd

- 
ha
rd
ne

ss
 

ne
ss

 
(m

g/
L 

as
 

(m
g/
L

Di
s­
 

so
l 
ve

d 
ca

lc
i 

ur
n 

(m
g/

L
as

 
HC

Oo
) 

as
 
CO
-,
) 

Ca
CO

o)
 

as
 
Ca

CO
~)

 
as

 
Ca

 
) 

(0
00

8Q
) 

(0
00
95
) 

(0
04
00
) 

(0
04

40
T 

(0
04

45
7 

(0
04

10
) 

(0
09
00
)
J 

(0
09
15
)

1 5 5 5 8 0 0 0 3 5 7 6 1 7 7 7 1 0 0 0 1 3 3 3

Di
s­

so
lv
ed

so
di

um
(m
g/
L

as
 
Na
) 

(0
09
30
)

2
2.
0

20
.0

11
.0

11
7 1.
0

24
.0 4.
4

0 -- -- -- 8
47

0
78

0
58

0 3
58
5

2.
84

0
1,

40
5 2

41
9

45
7

43
8 1

20
2

20
2

20
2 17 62

1.
26
0

50
0

So
di
um

ab
so

rp
­

ti
on

ra
ti
o

(0
09
31
)

2
0.

00
0.
40

0.
20

11
7 0.
00

0.
80

0.
15

1
8.

3
8.

3
8.
3 8 6.
9

7.
4

7.
2 3 7.
5

8.
2

7.
8 2

7.
4

7.
5

7.
5 1

6.
6

6.
6

6.
6 2

6.
6

6.
8

6.
7

Di
s­

so
lv

ed
po
ta
ss
iu
m

(m
g/
L

as
 
K)

 
(0
09
35
)

1
0.
90 .9
0

.9
0

11
7 0.
05

K9
.3
0

b2
.3
3

0 -- -- -- 7
33

0
47
0

41
4 3

24
0

1.
72

0
77

0 2
20
0

31
0

25
5 1

12
0

12
0

12
0 1

86 86 86

Di
s­

so
l 
ve
d

ch
l 
on
'd
e

(m
g/

L
as

 
Cl

) 
(0

09
40

)

3 1.
0

25
.0

10
.3

11
8 0.
5

81
.0 7.
6

0 -- -- -- 7 0 0 0 3 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0

Di
s­

so
l 
ve
d

su
l 
fa

te
(m

g/
L

as
 
SO

.)
 

(0
09
45
)

3
9.

0
12
0.
0

46
.2

11
8 1.
5

75
.0

14
.8

0 -- -- -- 8
27

2
56

0
36
8 2

19
7

28
4

24
1 1

25
1

25
1

25
1 1
99 99 99

1
71 71 71

Di
s­

so
l 
ve

d
f 

1 u
or

id
e

(m
g/
L

as
 
F)

 
(0
09
50
)

2
0.
20 .2
0

.2
0

21
<0
.1
0

H 
-9
°

d 
.1
3

2
14

0
15

0
14

5 8
28

0
50
0

37
1 3
48

40
0

24
6 2

19
0

25
0

2 2
O 1

75 75 75

2
54 12
0 87

Di
s­

so
l 
ve

d
si

li
ca

2
48
.0

50
.0

49
.0 8

64
.0

10
0.
0

80
.9 3

9.
8

88
.0

59
.9 2

45
.0

82
.0

63
.5 1

15
.0

15
.0

15
.0 2

11
.0

34
.0

22
.5

Di
ss

ol
 v
ed

so
li

ds
(m

g/
L 

(m
g/

L 
re

si
du

e
as

 
Si
Ol
 

(0
09

55
7 1

10
.0

10
.0

10
.0 20 8.
7

1
4
.
0

1
0
.
3

at
 
18

0°
C)

 
(7

03
00

) 1
61
2

61
2

61
2 20 70 34
5

19
9

Di
s­

 
so

l 
ve

d 
ma
gn
es
iu
m 

(m
g/

L
as

 
Mg
) 

(0
09

25
) 2

3. 7. 5. 8
30

.
59
.

41
. 3
5.

43
.

22
. 1

11
 .

18
.

14
. 1

9. 9. 9.

2
6. 9. 8.

Di
s­

so
lv

ed

9 0 5 0 0 1 7 0 9 0 0 5 1 1 1 5 5 0

n1
 t
ra
te

(
m
g
/
L

as
 
N)
 

(0
06

18
)

1
3
.
2
0

3
.
2
0

3
.
2
0

98
<
0
.
0
4

1
1
.
2
0

S
1.

6



Ta
bl
e 

11
.-
-G

ro
un

d-
wa

te
r 

qu
al

it
y 

In
 
th
e 

ou
tc

ro
ps

 
of
 
Pa

le
oz

oi
c 

ro
ck
s 

--
 
Co
nt
in
ue
d

CO
 

CO

Co
un

ty

Ca
rr
ol
 1

Cl
eb

ur
ne

Fu
lt

on

In
de
pe
nd
en
ce

Iz
ar
d

Ja
ck

so
n

La
wr
en
ce

Ne
wt

on

Ra
nd
ol
 p
h

Di
s­

 
so

lv
ed

 
Ir

on
 

(M
9/
L 

as
 
Pe
) 

(0
10

46
)

No
. 

sa
mp
le
s

Mi
ni
mu
m

Ma
xi
mu
m

Me
an

No
. 

sa
mp
le
s

M 
1 n

 1 
mu
m

Ma
xi
mu
m

Me
an

No
. 

sa
mp
le
s

Mi
ni
mu
m

Ma
xi
mu
m 

1
Me

an

No
. 

sa
mp
le
s

Mi
ni
mu
m

Ma
xi
mu
m

Me
an

No
. 

sa
mp
le
s

M 
1 n

 1 
mu
m

Ma
xi
mu
m

Me
an

No
. 

sa
mp
le
s

Mi
ni
mu
m

Ma
xi
mu
m

Me
an

No
. 

sa
mp
le
s

M 
1 n

 1 
mu
m

Ma
xi
mu
m

Me
an

No
. 

sa
mp
le
s

Mi
ni
mu
m

Ma
xi
mu
m

Me
an

No
. 

sa
mp
le
s

Mi
ni
mu
m

Ma
xi
mu
m

Me
an

2 4 8 6 1 0 0 0 2 4
.3
00

6
5
2 3
20

20
0

10
7 0

-- -- --

0
-- -- --

0
-- -- --

0 -- -- --

1
20
0

20
0

20
0

Di
s­

 
so

lv
ed

 
so
di
um
 

(m
g/

L 
as
 
Na
) 

(0
09

30
)

2
6.

1
6.

4
6.
3 1

4.
7

4.
7

4.
7 2 1.
2

2.
0

1.
6 17

1.
3

6
4
0
.
0

56
.1 1

5
4
.
0

5
4
.
0

5
4
.
0 1

2.
0

2.
0

2.
0

4 1.
3

6.
7

3.
5 2

7.
8

2
1
.
0

14
.4 8 3.
1

1
3
.
0

6.
1

So
di
um
 

ab
so

rp
­ 

ti
on
 

ra
ti

o

(0
09
31
)

2
0.
20

0.
20

0.
20 1

0.
20

0.
20

0.
20 2

0.
00

0.
10

0.
05 17

0.
10

21
.0

0
2.
22 1

2.
00

2.
00

2.
00 1

0.
10 .1
0

.1
0

4 0.
0 .1 .0
8

2
0.

3 .8 .5
5

8 .1 .3 .1
5

D1
s-
 

so
l 
ve

d 
po

ta
ss

iu
m 

(m
g/
L 

as
 
K)
 

(0
09
35
)

2
3.

50
3.
90

3.
70 1

0.
90 .9
0

.9
0

2 1 
.4

1.
8

1.
6 17

0.
20

16
.0

0
3.
60 0 -- -- --

1
1.
10

1.
10

1.
10 4 1.
0

7.
4

3.
13 0 -- -- -- 8 .9

3.
4

1.
74

D1
s-

 
Di
s­
 

so
lv
ed
 

so
lv

ed
 

ch
lo

ri
de

 
su

lf
at

e 
(m
g/
L 

(m
g/

L 
as

 
Cl

 )
 

as
 
SO
.)
 

(0
09
40
) 

(0
09

45
)

2
6.

0
8.
7

7.
4 1

2.
8

2.
8

2.
8 2

1 
.4

4.
1

2.
8 17

0.
5

27
0.
0

3
0
.
0 2

5.
0

9
.
2

7.
1 1

4.
5

4.
5

4.
5 5 1 
.4

20
.0 6.
8 2

6.
5

7
.
0

6.
8 8 1 
.4

26
.0

10
.4

2
17
.0

17
.0

17
.0 2

11
0.
0

11
0.
0

11
0.

0 2
0.

4
1.
4 .9 17

0.
0

1
,
0
0
0
.
0

66
.4 2
1.

0
3.

0
2.

0 1
1.

2
1.

2
1.

2 5 1 
.0

14
.0

8.
7 2

7.
0

10
.0

8.
5 8 1 
.0

21
.0

7.
9

DI
s-

 
so

l 
ve
d 

f 
1 u
o
H
d
e
 

(m
g/

L 
as
 
F)
 

(0
09

50
) 0

-- -- --

1
0
.
1
0

.1
0

.1
0

2
0
.
1
0

.1
0

.1
0

17
0
.
0
0

.9
0

.2
1

1
0
.
2
0

.2
0

.2
0

1
0
.
0
0

.0
0

.0
0

5 .1 .3 .2 2 .2 .2 .2 8 .1 .3 .1
8

Di
s­

 
s
o
l
v
e
d
 

s
i
l
i
c
a
 

(m
g/
L 

as
 
S1
01
 

(0
09

55
)

0
-- -- --

1
10
.0

10
.0

10
.0 2

7.
9

11
.0

9
.
5 17

4.
8

2
4
.
0

11
.8 0

-- -- --

1
12
.0

12
.0

12
.0 4

9.
1

17
.0

12
.5 0

-- -- --

8
11
.0

2
0
.
0

13
.4

D1
s-

 
D
l
s
s
o
l
v
e
d
 

s
o
l
v
e
d
 

s
o
l
i
d
s
 

n
i
t
r
a
t
e
 

(m
g/
L 

r
e
s
i
d
u
e
 

(m
g/
L 

at
 
18
0°
C)
 

as
 
N)

 
(7

03
00

) 
(0

06
18

)

0
-- -- --

1
22
8

22
8

22
8 2

18
1

19
9

19
0 16

24
2
.
4
8
0

3
3
6 0 -- -- --

1
27
.0

2
7
.
0

2
7
.
0

4
34

5
43

3
3
8
6 0

-- -- --

8
32
4

53
2

39
8

2
2.

01
3
.
2
4

2.
63 1

0
.
2
3

.2
3

.2
3

1
1.

30
1 
.3
0

1.
30 18

0
.
0
0

4
.
7
0

1.
11 0 -- -- --

0
-- -- -- 5

0.
0

1.
86 .6
3

1 .2
5

.2
5

.2
5

7 .3
8

4
.
7

2.
3



Ta
bl
e 

11
.-

-G
ro

un
d-

wa
te

r 
qu

al
it

y 
In

 
th
e 

ou
tc

ro
ps

 
of

 
Pa

le
oz

oi
c 

ro
ck
s 

--
 
Co

nt
in

ue
d

Di
s­

so
lv
ed

Co
un

ty
 

Ir
on

(M
9/

L
as

 
Fe
)

(0
10

46
)

Se
ar

cy
 

No
. 

sa
mp
le
s 

3
Mi
ni
mu
m 

0.
0

Ma
xi
mu
m 

40
.0

Me
an
 

27
.0

Sh
ar

p 
No

. 
sa
mp
le
s 

1
Mi
ni
mu
m 

0.
0

Ma
xi
mu
m 

.0
Me

an
 

.0

Va
n 

Bu
re

n 
No

. 
sa
mp
le
s 

0
Mi
ni
mu
m

Ma
xi
mu
m

Me
an

Wh
it

e 
No

. 
sa
mp
le
s 

2
Mi
ni
mu
m 

0
CO
 

Ma
xi
mu
m 

86
0

 *
 

Me
an
 

43
0

? 
Th
is
 
me
an
 
va
lu
e 

In
cl
ud
es
 
tw
o 

<3
Th
is
 
me
an
 
va
lu
e 

In
cl
ud
es
 
on
e 

<1

Di
s­

so
lv

ed
so
di
um

(m
g/

L
as
 
Na
) 

f 0
09
30
)

3
11

.0
70
0.
0

24
1.

7 2 1.
5

12
.0

6.
8 1

13
.0

13
.0

13
.0 2

12
.0

34
.0

23
.0

va
lu

es
.

.0
 
va

lu
e

So
di
um

ab
so

rp
­

ti
on

ra
ti

o

r 0
09

31
)

3 .2
4
5
.
0

15
.2 2

0
.
0 .4 .2 1 .7 .7 .7 2 .7

1.
0 .8
5

tw
o 

<2

Di
s­

so
lv

ed
po

ta
ss

iu
m

(m
g/
L

as
 
K)
 

f 0
09
35
)

3 1.
6

22
.0

8.
43 2 1.
0

1.
6

1.
3 1

1.
0

1.
0

1.
0 1

1.
5

1.
5

1.
5

va
lu

es
, 

an
d

th
at

 
wa

s 
ch

an
ge

d 
to

DI
s-

so
l 
ve
d

ch
lo

ri
de

(m
g/

L
as

 
Cl

) 
r 0
09

40
)

3
17
.0

10
0.
0

45
.0 2 1.
5

17
.0

9.
3 1

1.
6

1.
6

1 
.6

17 5
.
0

2
6
O
.
O

5
6
.
0

Di
s­

so
lv
ed

su
lf
at
e

(m
g/

L
as

 
SO

.)
 

(0
09
45
)

3
10
.0

10
0.
0

68
.7 2

4
.
4

2
1
.
0

12
.7 1

4
.
2

4
.
2

4
.
2 2

3.
4

3
.
4

3.
4

tw
o 

<4
 
v
a
l
u
e
s
 
w
h
i
c
h

0.
5.

Di
s­

s
o
l
v
e
d

f 
1 u
or

ld
e

(m
g/

L
as
 
F)
 

(0
09

50
)

3 .5
3.
0

1.
33 2 .1 .1 .1 1 .2 .2 .2 1 .2 .2 .2

Di
s­

so
lv

ed
si

li
ca

(m
g/
L

as
 
S1
0~
) 

(0
09
55
)

3 2.
3

9.
4

5.
2 2

9.
5

9.
9

9.
7 1

15
.0

15
.0

15
.0 1

25
.0

25
.0

25
.0

we
re
 
ch
an
ge
d 

to
 

1

Di
ss

ol
 v
ed

so
l 
Id
s

(m
g/
L 

re
si

du
e

at
 
18
0°
C)
 

(7
03
00
)

3
38
7

1,
77
0

87
8 2

23
8

26
1

25
0 1

12
1

12
1

12
1 2

10
8

21
7

16
3

.5
. 

1 
.0
, 

an
d 

2.
0,

Di
s­

so
l 
ve

d
ni
 t
ra
te

(m
g/

L
as
 
N)
 

(0
06

18
)

2 .0
7

.0
9

.0
8

1 .1
4

.1
4

.1
4

1 .1
1

.1
1

. 1
1

1 .4
3

.4
3  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.4
3

re
sp
ec
tl
 v
el
 y
 .

:j 
Th
is
 m

ea
n 

va
lu

e 
In

cl
ud

es
 
17

 
va

lu
es

 
of

 
<3
.0
 
wh

ic
h 

we
re
 
ch
an
ge
d 

to
 
1.

5.
Th
is
 
me
an
 
va
lu
e 

In
cl
ud
es
 
16

 
va

lu
es

 
of

 
<0

.1
 
wh
ic
h 

we
re

 
ch

an
ge

d 
to

 
0.
05
.

Th
is
 
me
an
 
va
lu
e 

In
cl
ud
es
 
6 

va
lu

es
 
of

 
<0
.0
4 

wh
ic
h 

we
re
 
ch

an
ge

d 
to

 
0.
02
.



Nacatoch Sand 

Geology

The Nacatoch Sand crops out along the Fall Line and underlies the 
Quaternary deposits in the eastern part of the study area. The formation dips 
to the southeast at the rate of about 40 ft/mi (Lamonds and others, 1969). 
The Nacatoch Sand consists chiefly of medium-grained, glauconitic sand and is 
as much as 300 ft thick.

Hydrology

The importance of the Nacatoch Sand is in its potential as a source of 
suitable quality water. Little is known concerning the hydrologic charac­ 
teristics of the Nacatoch Sand in the study area, but a study by Boswell and 
others (1965) indicates that the formation may be a potential source of water 
in the easternmost counties in the study area. The Nacatoch yields substan­ 
tial amounts of water in eastern Clay County. Lamonds and others (1969) 
suggest that a well drilled in the Nacatoch downdip from the outcrop area 
would be artesian and could yield several hundred gallons per minute.

The Nacatoch Sand is not used as a source of ground water in the study 
area except for domestic wells in its small outcrop area. However, east of 
the study area, in eastern Clay County, the Nacatoch is used extensively as a 
source of water for public supply.

Water Quality

Little is known concerning the quality of water in the Nacatoch Sand, but 
south of the Lawrence-Jackson County line water in the Nacatoch is highly 
mineralized. Electric logs indicate dissolved-solids concentrations are over 
3,000 mg/L in Jackson County (Petersen and others, 1985).

Quaternary Deposits 

Geology

The Quaternary deposits in the study area crop out east of the Fall Line 
and range in thickness from zero at the Fall Line to as much as 155 ft thick 
at the eastern edge of the basin (Albin and others, 1967). These deposits are 
chiefly composed of silt and clay to a depth of about 30 ft below land 
surface, and of sand increasing in coarseness from the bottom of the clay cap 
to gravel at the base of the unit.

Hydrology

Recharge to Quaternary deposits is principally from precipitation. Wells
in Quaternary deposits commonly yield 1,000 gal/min, but yields as high as
2 f 500 gal/min have been reported.
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Water levels in these deposits 
and climatic effects, but over a long 
be relatively constant. Water levels 
surface. The potentiometrie surface 
figure 9.

fluctuate from year to year due to pumping 
period!of time, water levels appear to 

generally are less than 20 ft below land 
in the Quaternary deposits is shown in

Use of water from the Quaternary 
(fig. 10). This is over ten times the 
of this water was withdrawn for 
withdrawal rate appears to have little 
Quaternary deposits in the study area.

deposits in 1985 totaled 278.45 Mgal/d 
use in 1965 (25.45 Mgal/d). Almost all 
irrigation and rural use. The current 
ong-term effect on water levels in the

Water Quality

The Quaternary deposits in the 
calcium-magnesium-bicarbonate water. 
Quaternary deposits are summarized 
exceed the allowable limit, and in 
nitrate, chloride, and sulfate 
limits. The water from these deposits 
treatment, but it is commonly used 
irrigation, aquaculture, and some industrial 
1969).

study I area yield a hard to very hard, 
Water-quality data for wells penetrating 

n table 12. Iron concentrations often 
limited areas, dissolved solids, 

also may exceed recommended 
s unsuitable for public supply without 
without; treatment for domestic supply, 

purposes (Lamonds and others,

some 
concentrations

GROUND-WATEK PROBLEMS

In many areas ground-water yield 
the quality of the available water is

Quantity

Shallow wells in the Ozark Plateau:; 
Much deeper and more expensive wells 
northernmost counties in the study area 
adequate amounts of water to public-supply 
Quaternary deposits yield as much as 2,

Quality

The most common water-quality problems in the study area are hardness and 
high iron concentrations, but local].y other constituents also may exceed 
established drinking-water standards, 
trations exceeding established standards 
The contamination of these wells may be 
and perforated well casings. If wells 
shallow surface drainage from entering the 
contaminated.

are insufficient for public supply or 
not suitable for use.

commonly yield less than 10 gal/min. 
oan yield as much as 500 gal/min in the

Only
systems. 

!>00 gal/min.

these deeper wells can yield
East of the Fall Line the

Several wells with nitrate concen- 
are located within the study area, 

due to|deteriorated well bore seals 
are not properly sealed to prevent the 

well, the wells can become
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The occurrence of bacterial contamination in shallow wells and springs 
has increased as human and animal populations have increased in the study 
area. Fractures and solution channels in rock outcrops, particularly 
limestone and dolomite, are conduits for ground-water contamination because 
the fractures allow rapid infiltration of fecal bacteria from a variety of 
sources including septic tanks, landfills, poultry and cattle operations, and 
runoff from pastures.

Another water-quality problem in the study area is the occurrence of 
saline water in the Quaternary deposits. In two areas in the eastern part of 
the -study area (near Cord and Bald Knob), the Quaternary deposits contain 
saline water (fig. 11).

The Quaternary deposits also have been contaminated from surface sources. 
Chesney (1979) reported the contamination of water in these deposits at 
Newport in 1977 when dilute sulfuric acid leaked from holding ponds and 
affected a nearby water supply. At Augusta, water from industrial monitoring 
wells in the Quaternary deposits had lead concentrations that exceeded 
established drinking-water standards.

Critical Use Areas

Critical ground-water use areas have been defined by the Arkansas Soil 
and Water Conservation Commission for both water-table and artesian aquifers 
using the following criteria:

Water-Table Aquifers
1. Less than 50 percent of the thickness of the aquifer is saturated
2. Average annual declines of 1 ft or more have occurred for the 

preceding 5-year period
3. Ground-water quality has been degraded or trends indicate probable 

future degradation that would render the water unusable as a 
drinking-water source or for the primary use of the aquifer

Artesian Aquifers
1. The potentiometric surface is below the top of the aquifer
2. Average annual declines of 1 ft or more have occurred for the 

preceding 5 years
3. Ground-water quality has been degraded or trends indicate probable 

future degradation that would render the water unusable as a 
drinking-water source or for the primary use of the aquifer.

If even one of these criteria is met by an aquifer in part of the study area, 
then that part of the study area is considered to be a critical use area for 
that aquifer.
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The aquifers in the subsurface Paleozoic formations, namely the Eminence 
and Potosi Dolomites, Gasconade Dolomite and Van Buren Formation, and the 
Roubidoux Formation, are all considered to be artesian aquifers in the study 
area. Water levels in wells penetrating these units indicate no long-term 
declines and most water-quality problems appear to be of a local nature. The 
ground water from these units generally is extremely hard, and iron 
concentrations commonly exceed secondary drinking-water regulations (U.S. 
Environmental Protection Agency, 1986b). The quantity and quality problems of 
available ground water are due primarily to natural constraints. On the basis 
of available data, no areas in these deep Paleozoic formations are critical 
use areas.

The outcropping Paleozoic units exist under water-table conditions. Well 
yields in these units are low because of natural constraints, and water levels 
indicate no long-term declines. Water-quality problems generally are of a 
local nature and are unrelated to pumping rates. Therefore, no critical areas 
exist in these units in the study area.

The Nacatoch Sand exists under water-table conditions in its outcrop area 
and under artesian conditions downdip. There is no known use in the study 
area and limited water-quality data are available. On the basis of the 
limited data available, no areas in the Nacatoch Sand in the study area are 
critical use areas.

Quaternary deposits exist under water-table conditions in their outcrop 
areas in the study area. Iron concentrations are a common problem in these 
deposits and other isolated water-quality problems exist. Water levels in 
many areas actually rose in these deposits between 1981 and 1986, while in 
other areas water levels declined less than 2 ft. No critical use areas exist 
in the Quaternary deposits in the study area.

In general, the ground-water resources of the study area, with the 
exception of the Quaternary deposits, are not being used to a large extent. 
Water use in the Quaternary deposits, although significant, does not appear to 
be causing water levels to decline at a rate high enough to meet the criteria 
for a critical use area. Quality problems generally are limited to individual 
wells, although some natural problems are more widespread. Therefore, no 
critical use areas were designated in the study area.

POTENTIAL GROUND-WATER PROBLEMS

The potential for ground-water contamination exists throughout the study 
area. Potential hazards include landfills, surface waste impoundments, 
hazardous waste operations, storage tanks, septic tanks, and saline water 
intrusion. The probability of contamination of ground water varies from area 
to area depending largely on the permeability of the surface materials.



Permeable materials that allow wator 
contaminants to enter the ground-water 
potential of the study area in different 
having high recharge potential are outcrop 
Zones with medium recharge potential are 
shales and low interstream terraces of 
recharge potential are high interstreari 
greatest potential for contamination 
potentials.

to recharge aquifers also will allow 
ystem. Figure 12 shows the recharge 

zones. Zones shown on figure 12 as 
afeas of Paleozoic limestones, 

outcrops of Paleozoic sandstones and 
Quaternary deposits. Zones with low 

terraces of Quaternary deposits. The 
is in zones with high recharge

At least 61 open landfills and dumps exist; 
The contents of the majority of these 
unknown. Hazardous materials may be si; 
leaking into the shallowest aquifer 
Recovery Act (RCRA) site and at least two 
area.

Surface waste impoundments also
ground water. Chesney (1979) inventoried 7,610 impoundments at 872 sites. A 
small number of these impoundments (51H) were; selected for assessment of 
contamination potential. The assessnient conducted by Chesney included a 
complete description of the impoundments! inducing size in acres, age, amount
and type of wastes present, type of liner,
wells. In addition, the geologic formations underlying the impoundments were 
rated according to the ease with which contaminants could penetrate surface
layers. By using these data, the impoundments
water contamination potential, which is

in the study area (fig. 12). 
Icindfills and dumps are virtually 

j.n these areas and could be 
t one Resource Conservation and 

Superfund sites exist in the study

ored 
At lea

be considered potential hazards to

and the presence of monitoring

were then assessed for ground-
expressed as a numerical rating with a

low of 1 and a high of 29. Surface waste impoundments with a hazard rating of 
16 or above are shown in figure 12.

Additional sources of potential 
storage tanks, septic tanks, waste- 
pipelines, and waste spilled in transport

Another potential problem involv 
resources to such an extent that water 1 
water availability is threatened.

es the development of ground-water 
evels decline steadily and ground-

ground-water contamination include 
injection wells, mining activities,
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SUMMARY AND CONCLUSIONS

Ground water is available from nea 
area in different amounts. Most o 
Paleozoic units, are important only 
However, several of the units are impo; 
include the Eminence and Potosi Dolomifc 
Buren Formation, and the Roubidoux 
Nacatoch Sand and Quaternary deposits

these units, such as the surficial 
because they are readily accessible. 

tant regional sources of water. These 
es, the Gasconade Dolomite and Van 
ormatiGn in the Ozark Plateaus and the 
the Coastal Plain.in

Although most of the ground water 
approximates the study area is from Qua 
Paleozoic rocks are far more significan

Yields from the different water-yl 
Eminence and Potosi Dolomites yield as 
are known to penetrate these forma 
formations, the Gunter Sandstone 
Roubidoux Formation, which overlies the 
gal/min. Although these deeper unit 
outcrops of Paleozoic rocks commonly yi 
Coastal Plain, the Quaternary deposits <

Ground water in the Ozark Plateaus 
ment for rural, domestic, and some indus
removal of iron to be 
industrial uses. The 
very hard water.

made acceptable for

ly all the geologic units in the study

withdrawn in the 17-county area that 
ernary|deposits, the aquifers in the 
areally.

Iding units are highly variable. The 
much as 230 gal/min, although few wells 
ions in Arkansas. Overlying these 

Meitiber of'the Van Buren Formation and the
Gunter Sandstone, yield as much as
can y:.eld large volumes of water, 

Id less than 10 gal/min. In 
an yie^.d as much as 2,500 gal/min.

500 
the 
the

genera:.ly is usable without treat- 
trial uses; but requires softening and

municipal supplies and most
Quaternary deposits ot the Coastal Plain also yield a

elmNitrate concentrations exceeding 
in some areas, probably as a result of 
forated casings that allow wastes from 
well bore. In addition, saline water occurs 
Bald Knob and Cord, Arkansas.

inking-water standards, have occurred 
deteriorated well bore seals or per- 
barnyards and septic tanks to enter the 

in the Quaternary deposits near

In general the ground-water resources of the study area, with the 
exception of the Quaternary deposits., 
Ground-water quality problems generallj 
although some natural problems are more
use areas, as defined by the Arkansas 
sion, were designated in the study area.

The potential for ground-water contaminat 
area. Potential hazards include landfills 
waste operations, storage tanks, and sa

»t being used to a great extent.are nc
are [limited to individual wells, 
widespread. Therefore, no critical 

oil arid Water Conservation Commis-

ilon exists throughout the study 
surface impoundments, hazardous 

ine watjer intrusion.
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