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ABSTRACT

GROUNDWATER QUALITY AND MINERAL
DEPOSITS RELATIONSHIPS IN THE
OZARK MOUNTAINS

Ninety-nine groundwater sites were sampled in northern Arkan-
sas in order to determine the effect of local manganese, phosphate,
pyrite, lead-zinc and uranium mineralization on the groundwater
chemistry. Most of this study (75 springs)was concentrated in the
Batesville manganese district. Hydrogeochemical exploration for
these types of manganese deposits appears possible with 44 percent
of the springs within 2000 feet of mineralization having anomalous
metal concentrations (especially manganese). Because only a few
springs were sampled in the remaining areas, the results are not
conclusive; however, only the pyrite and small lead-zinc deposit
would appear worthy of additional investigation. None of the springs
appeared to have geothermal water.

Eighteen of the springs exceed U.S. Public Health Service drink-
ing water limits, but most only exceed manganese or iron limits. One

spring exceeded the drinking water limits for lead. Thus, these car-
bonate spring waters are generally of good chemical quality.

Kenneth F. Steele

Completion Report to the U.S. Department of the Interior, Washington,
D.C., September, 1984.

Keywords -- Groundwater, Water Quality, Mineralization, Trace Elements.
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INTRODUCTION

Ninety-nine springs were sampled in northern Arkansas in the
vicinity of manganese, phosphate, pyrite, a small lead-zinc, and
uranium deposits (Figure 1) in order to determine the effect of the
hineralization on the groundwater chemistry. Springs were utilized
in order to avoid metal contamination except for the use of a few
wells in the phosphate area. Most of the springs have Tow discharge
(Tess than 4 liters per minute) and issue from carbonate rock. Sev-
enty-five of the springs are Tocated in the manganese district be-
cause of the much larger extent of this deposit in comparison with
the others. The spring locations are given in Tables 1 and 2 along
with distance to nearest mineralization and the formation from which
they issue.

A. Purpose and Objectives

The purpose of this study was to investigate the effect of man-
ganese, phosphate, pyrite, lead-zinc, and uranium mineralization
on groundwater chemistry in northern Arkansas. The objectives of
this study were to:
1. Evaluate the potential value of hydrogeo-
chemical exploration for these types of

mineral deposits.

2. Determine the groundwater quélity of these
mineralized areas.

3. Investigate the geothermal potential of the
areas using silica geothermometry.

B. Related Research or Activities
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Figure 1. Manganese, lead-zinc, copper, molybdenum, phosphate, pyrite

and uranium deposits in Arkansas. The specific study area
sites are indicated by the Tetters M (Batesville Mn district),
P (Peyton Creek phosphate area), B (Berryville pyrite area),
C (Morrow lead-zinc deposit), and F (Friendship Creek U de-
Fosit). Map modified from Stroud et al. (1969).



LOCATION OF SPRINGS, FORMATION FROM WHICH SPRINGS ISSUE AND DISTANCE OF SPRINGS TO

TABLE 1.
NEAREST MINERALIZATION IN THE BATESVILLE AREA.
Distance to
Location y Mineralization
Sample County* Quad** Township Range Section Quarter Section Formation (in feet)

M1 ID ST T14NR7W Sec 3 NWi NWi NWi 0cj 850
M2 1D ST TT14NR7W Sec 3 SWi NE} NEi Mbn/0cj 300
M3 ID ST T14NR7W Sec 4 SE} SE} 0cj 300
M4 ID ST T14NR7W Sec 3 SE} SWi Ospe/0cj 1000
M5 ID MP TT4NR7W Sec 4 NWi NEX Ospe/0cj 1000
M6 ID MP TTANR7W Sec 4 NW} NW} SE} Ospe/0cj 1600
M7 ID MP T15NR7W Sec 33 NW} NEi NE} Ospe/0cj 2000
M8 ID MP TI15NR7W Sec 33 NWi NE} Ospe/0cj 2000
M9 ID ST TI5NR7W Sec 21 SWi NE3 Ospe 1800
Mi0 ID BV TT14NR7W Sec 26  SWi NWi SE} Mbn 9200
Mi1 ID BV T14NR7W Sec 27 SEX NE} SWi S/Sc/Mbn 9800
M12 ID BV T14NR7W Sec 22 NE} SE3 NWi Mbn 3900
M13 ID BV T14NR7W Sec 14  SEX SE} NWi S/Sc/0cj 1300
M14 ID BV TT14NR7W Sec 23 NEX SE} NE} O0cj/Mbn 800
M15 ID BV T14NR7W Sec 21 SEX SEX SWi Ospe/0cj 2100
M16 ID BV T14NR7W Sec 21 SE3 SEX SWi Ospe/0cj 1900
M17 1D BN T14NR6W Sec 18  SWi SEX NWi 0cj 1900
M18 ID BV T14NR6W Sec 29  SWi NWi 0cj/Slsc 400
M19 1D BV T14NR6W Sec 29  SWi NW} 0cj/Slsc 500
M20 1D BV TT4ANR7W Sec 13 SWi SW} NE} Ocj 2200
M21 ID BV T14NR7W Sec 11 SEX NWi NW} 0cj/Ospe 2300
M22 ID ST T14NR7W Sec 11 SEX NWi NWj Ocj/Ospe 2400
M23 ID ST T14NR7W Sec 11 NW} SE} SEX Ocj/Ospe 2700
M24 ID BV T14NR7W Sec 11 SW4 NE} SEX SWi Ospe/Ocj 1200



TABLE 1. LOCATION OF SPRINGS, FORMATION FROM WHICH SPRINGS ISSUE AND DISTANCE OF SPRINGS TO
NEAREST MINERALIZATION IN THE BATESVILLE AREA. (continued)

Distance to

Location Mineralization
Sample County* Quad** Township Range Section Quarter Section Formation’ (in feet)
M25 ID BV TT14NR7W Sec 11 SWi NEX SWi Ospe/0cj 1200
M26 ID BV T14NR7W Sec 11 SWi NE} SEX SEX Ospe/Ocj 1400
M27 ID BV T1ANR7W Sec 11 SWi NE} SWi Ospc/0cj 100
M28 ID ST T14NR7W Sec 11 SWi NW3 NW} 0cj 1200
M29 ID MP T15NR7W Sec 32  SEX NW} SWi Ospe/0cj 1200
M30 ID MP TI5NR7W Sec 31 NEX SE3} Ospe/0cj 2000
M31 ID MP TI15NR7HW Sec 32  SWi NWi Ospe/0cj 400
M32 ID MP TT15NR7W Sec 32 SWi SE} SWi Ospe/0cj 1200
M33 1Z MP T15NR8W Sec 10  SW} SE} Ospe 9200
M34 1Z MP T15NR8W Sec 14 NE} NE} SWi Ospe/0cj 3600
M35 1Z MP TI15NR7W Sec 7 SE} SWi NE} Ospe/0cj 1900
M36 1Z ST T15NR7W Sec 10 SEX NWi Ospe 7100
M37 1Z ST TI5NR7W Sec 9 SE3 NE} SE} Ospe 6000
M38 1Z ST TI6NR7W Sec 34 SE} SE} Ospe 12600
M39 ID SR TTANRSW Sec 19  NWi NWi Nwi Ssc/Mbn 6100
M40 1D SR TT4NRSW Sec 11 NEX SEX 0f/Soc 600
M41 ID SR TT4ANRSW Sec 11 SE} SEi SW} of 1400
M42 ID BV T14NR6W Sec 21 SE3X NWi SE} Mbn/0cj 500
M43 ID SR TT14NR6W Sec 22 NEX SWi NW3 0f/Mbn 800
Ma4 ID BD TT14NR7W Sec 18 NWi NEX NE} Ocj/Mbn 800
M45 ID BD TT4NRBW Sec 14  NE4 NW} SWi 0cj/S 200
Ma6 ID BD TT14NR7W Sec 8 SWi SW} NE} S/0cj 2000
Ma7 ID BD TT14NR7W Sec 8 SWi SW} NE} S/0cj 2100

M48 ID MP TT4NR7W Sec 9  NWi NW} SW3 Mbn/0cj 600






TABLE 1. LOCATION OF SPRINGS, FORMATION FROM WHICH SPRINGS ISSUE AND DISTANCE OF SPRINGS TO
NEAREST MINERALIZATION IN THE BATESVILLE AREA. (continued)

Distance to

Location y Mineralization
Sample County* Quad** Township Range Section Quarter Section Formation (in feet)
M49 1Z MP T15NR7H Sec 18  NWi NW} Ospe/0cj 2400
M50 1Z MP T15NR8W Sec 34 SEX SE} NWi Ospe/0cj 800
M51 1Z MP T15NR8W Sec 33  NWi NWi Mbn/0cj 5300
M52 1Z MP T15NR8W Sec 28  SWi NE3} Mbn/0cj 5800
M53 12 MP TT15NR8W Sec 35 SWi SWi NWi Ospe/0cj 1400
M54 IZ MP T15NR8W Sec 25 NEX NWi SWi Ocj/0Ospe 3200
M55 1D ST TI5NR7W Sec 34 SEX NWi SWi Ocj 1600
M56 1D ST T15NRGW Sec 31 NWi SWi Ospe 3300
M57 ID ST T15NR7W Sec 26 NEX NWi SE} Ospe 6500
M58 ID ST THANR7W Sec 2 NEX SEi SWi Ospe/0cj 2000
M59 ID ST T1ANR7W Sec 3 NE} NE} SWi 0cj 2000
M60 ID CcC TT15NR5W Sec 20 NWi SE} Mbn/0spk 2200
M61 ID cC T15NR6W Sec 26 NE} SE} Ospe 9900
M62 1D CC T15NR6W Sec 26  SE} SWi SE} Ospe 8800
M63 1D cC TI15NR6W Sec 26 NE} SE} Ospe 9300
M64 1D cC T15NR5W Sec 30 NE} SWi SE% Ospe 8400
M65 1D BV TT14NREW Sec 9 SEi NEX NWi Ocj 200
M66 ID ST T15NR6W Sec 33 NE} SWi NE} Ospe 3600
M67 ID ST T15NR6W Sec 33 NEZ SWi SW Ospe 3200
M68 ID cC T15NR6W Sec 35 SW} SE} Mbn/0jpk 2900
M69 SH cc TTGNR6W Sec 13 SWi SE} NEX SEX Ospe 1900
M70 SH cC T15NR6W Sec 13 SWi SEX NEX NEX Ospe 1800
M71 SH cc T15NR6W Sec 10 NWi NE} SE} Ospe 14800

M72 SH cC TT15NRSU Sec 17  SW} SEX 0jpk 2500



TABLE 1. LOCATION OF SPRINGS, FORMATION FROM WHICH SPRINGS ISSUE AND DISTANCE OF SPRINGS TO
NEAREST MINERALIZATION IN THE BATESVILLE AREA. (continued)
Distance to
Location / Mineralization
Sample County* Quad** Township Range Section Quarter Section Formation (in feet)
M73 SH cC T15NRSW Sec 18 E} SEi NW} Ospe 2100
M74 ID ST T15NR6W Sec 33  3E} NWi SEi Ospe 2700
M75 ID ST T15NR6W Sec 33  SE} NWi NWj Ospe 2000
* ID = Independence 1Z = Izard SH = Sharp
*x BD = Bethesda BV = Batesville CC = Cave City
MP = Mt. Pleasant ST = Sandtown SR = Sulfur Rock
/ Ospe = St. Peter Sandstone and Everton Limestone
0j = Joachim Limestone
Op = Plattin Limestone 0jpk
Ok = Kimmswick Limestone
0f = Fernvale Limestone 0jc
Oc = Cason Shale

Ssc = St. Clair Limestone

Slsc = Lafferty Limestone and St. Clair Limestone
S = Silurian

Mbn = Boone Chert

/ = contact






TABLE 2. LOCATION OF SPRINGS, FORMATION FROM WHICH SPRINGS ISSUE AND DISTANCE OF SPRINGS TO
NEAREST MINERALIZATION IN PEYTON CREEK (P) PHOSPHATE AREA, BERRYVILLE (B) PYRITE
AREA, MORROW (C) LEAD-ZINC AREA AND FRIENDSHIP CREEK (F) URANIUM AREA.

Sample County* Quad** Location Formation/ Distance
P76 SY LE T13NR14W Sec 6 SWi SWi Pch/Mp 4600
Pi7 SY LE T13NR14W Sec 6 SWi SE} Pch/Mp 4700
P78 VB LE T13NRT5W Sec 13 NEX NE} Pch/Pmm 5800
P79 VB LE T13NR15W Sec 11 NEX SE} Pch 2200
P80 VB LE T13NR15W Sec 11 NE4 SE3 Pch 2000
P81 SY LE T13NRT5W Sec 12 NW3 NWi Mp/Pch 1000
P82 SY LE TT14NR15W Sec 26 SWi NE3 Mfb 1200
P83 SY LE TT4NR15W Sec 17 SEX NW} Mfb/Mp 17900
B84 CL GV T20NR25W Sec 1 NWi SE3 Oc 3300
B85 cL GV T20NR25W Sec 1 NEi SWi Oc 3500
B86 CL GV T20NR25W Sec 12 NEX NWi Oc 0
B87 o Gv T20NR24W Sec 7 SWi SWi NWi Oc 3300
B88 CL GV T20NR25W Sec 13 SEX NWi Oc 8000
B89 CL GV T20NR24U Sec 5 SEX SWi Oc 4500
B90 CL GV T2INR24W Sec 26 NWi SWi Oc 25700
B91 EA CL T20NR26W Sec 15 NWi NE} Oc 40000
€92 WN EV T14NR32W Sec 31 SWi NWi Pch/Phb 5200
€93 WN EV T13NR32W Sec 6 NWi SE% Pch/Phb 8200
€94 WN EV T13NR32W Sec 5 NWi SWi Pch/Mpfb 9600
€95 WN LN TT14NR32W Sec 4 NWi SE} Pbh/Mpfb 28500
F96 WN SA T18NR23W Sec 35 SE} SEi NEX MDc/Mbn 5800
F97 WN SA T18NR29W Sec 36 SE} SE} NE3 MDc/Mbn 2500
Fo8 WN SA T17NR29W Sec 3 SE} SE} NEX Mbv/Mbn 12700
F99 WN SA T17NR29W Sec 4 SWi NWi Mbn 21000

* CL = Carroll SY = Searcy VB = Van Buren WN = Washington

** EA = Eureka Springs EV = Evansville GV = Grandyiew LE = Leslie LN = Lincoln SA = Sonora

# Mbn = Boone Limestone Mbv = Batesville Sandstone MDc = Chattanooga Shale Mfb = Fayetteville
Shale and Boone Limestone Mmm = Middle Morrow Group Mp = Pitkin Limestone Oc = Cotter Chert
Pbh = Brentwood Limestone and Hale Formation Pch = Cane Hill Formation.



There are not many published studies concerning the use of
groundwater chemistry in mineral exploration, the main thrust of
this study. A few papers have been published concerning hydrogeo-
chemical exploration for lead-zinc deposits (Steele, 1984 & 1983;
Deering, 1982; Vales and Jurak, 1969 and Ginzburg, 1960) and many
papers have been concerned with hydrogeochemical exploration for
uranium (e.g., Langmuir and Chatham, 1980). Therefore, much of

this present study is frontier-type investigation

METHODS AND PROCEDURES

Temperature, pH, conductivity and total alkalinity as mg/L
CaCO3 were determined in the field on raw water samples. The tem-
perature measurements were not made in the springs but were made
while conductivity was determined. Thus, the temperatures do not
always reflect aquifer temperatures. A one liter sample and a
500 milliliter sample were filtered through a 0.4 micron pore-size
membrane using a freon-pressurized unit. The one liter sample was
acidified with three milliliters of 1l:1 nitric acid for cation anal-
yses in the laboratory. The 500 milliliter sample was refrigerated
for anion, silica and ammonia analyses also at the laboratory

U.S. Environmental Protection Agency (EPA, 1982) Hach Chemical
Company (1976) and Standard Methods (APHA, 1975) methods were
used for analyses. See Table 3 for summary of the analytical meth-
ods used. Table 4 gives the precision and detection limits for the
analyses.

Springs were located from U.S. Geological Survey topographic



TABLE 3. SUMMARY OF ANALYTICAL METHODS. THE METHOD USED IS INDICATED IN ( ) IF NO ( ), THEN
THE METHOD IS THE SAME AS OR SLIGHTLY MODIFIED EPA (1982) METHOD.

Parameter Method
Temperature thermometer
pH pH meter
Specific Conductivity conductivity meter
Total alkalinity titration to methyl red end point with 0.02N
sulfuric acid (APHA, 1975).
NO3 colorimetry cadmium reduction (Hach, 1976)
NH4 colorimetry phenate (APHA, 1975)
PO4 (ortho, dissolved) colorimetry ascorbic acid (Hach, 1976)
SO4 colorimeter turbidimetric (Hach, 1976)
C1 colorimetry Mercuric nitrate (Hach, 1976)
SiO2 colorimetry silicomolybdate (Hach, 1976)
Ca, Mg AAS* C2H2—N20 flame, CsC1 added
Sr AAS* or flame emission C2H2—N20 flame, CsCl added
Na, K, Li flame emission Hz-air flame, CsCl added
IZn, Pb, Cd, Fe, Cu, Ni, Co, Mn C2H2-air flame chelation - extraction method

of Nix and Goodwin, 1974.

*AAS  atomic absorption spectrometry.
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TABLE 4, VARIABLE, PRECISION, DETECTION LIMITS AND RECOMMENDED LIMITS (for drinking water) FOR

WATER CHEMISTRY PARAMETERS.

Temperature

Specific
Conductance

Alkalinity
pH

-3
PO4

Variable

°C

wmhos/cm at 25°C

ppm CaCO3

as P ppm
ppm
as N ppm
Ppm
ppm
as N ppm
ppb
ppb
ppb
ppb

I+

+

H+

+

I+

+

+

I+

=+

I+

Precision

0.5
5

0.1
0.02
0.30
0.02
2.00
5.0
0.5
10%
10%
10%
10%

Detection Limits

0.

2

50

.00

.01
.01
.30
.01
.20

.02

Limits

250
10

5000
50
300



|14

AT

TABLE 4.

Cu
Ni
Co
Mn
Na
K

Sr
Ca
Mg

Tepa, (A978)

Zpublic FHealth Servite 11962)

3

Variable

ppb
ppb
ppb
ppb
ppm
ppm
ppm
ppm

ppm

World Health Organization (1971)

(continued)

+

+

+

+

=+

I+

Precision

10%
10%
10%
10%
10%
10%
10%
10%
10%

Detection Limits

1

o O O MmN oo B

.002

.05

VARIABLE, PRECISION, DETECTION LIMITS AND RECOMMENDED LIMITS (for drinking water) FOR
WATER CHEMISTRY PARAMETERS.

Limits

50

200
150
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System Formation Member

Hartshorne ss.
Atoka fm.

Bloyd sh.(undiff.)
Kessler Is.
Brentwood ls.

Morrow
Group

Hale fm.(undiff.)

PENNSYLVANIAN

Prairie Grove
Cane Hill

Pitkin ls.
Fayetteville sh. Wedington ss.
Batesville ss. Hindsville 1s.
Ruddell sh.

Moorefield fm.

Boone fm.
Chattanocoga sh. Sylamore ss.

MISSISSIPPIAN

DEVONIAN Penters chert

SILURIAN St. Clair Is.
Brassfieid ls.

Lafferty ls. ‘

Cason sh.

Fernvale ls.

Kimmswick ls.
Plattin Is.

Joachim dol.

Everton fm.
Powell dol.

Cotter dol.
Jefferson City dol.

ORDOVICIAN

Roubidoux fm.

Gasconade-Van Buren fm.{undiff.) Gunter

CAMBRIAN Eminence-Potosi fm.{undif{.)
| Pre-Potosi (undiff)

PRE-CAMBRIAN

Figure 2. Generalized stratigraphic column for northern Arkansas.
From Caplan (1957).
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The dominant Silurian formations in the Batesville district
are the St. Clair and Lafferty Formations. The upper and lower most
parts of the St. Clair are composed of thin-bedded calcilutite con-
sisting mostly of well-cemented, fine-grained calcite; whereas, the
middle unit is a calcirudite which contains accessory minerals which
include manganese minerals, pyrite, fluorite, and glauconite (McGowen
1981) The Lafferty is composed of thin-bedded, compact, fine-
grained, earthy limestone. The contact between the St. Clair and
Lafferty is gradational (Miser, 1940).

The Boone Formation in Figure 2 includes the St. Joe Formation.
The St. Joe is a thinly bedded, coarse-grained calcarenite. Minor
manganiferous minerals are present in the St. Joe in the Batesville
district. The Boone Formation, Mississippian in age, is composed
mainly of chert in the Batesville area, but also contains limestone
with a 1ittle sandstone and shale (McMahon, 1957)

Although structural features are subtle in the district, anti-
clines, synclines, basins, arches, and faults are present (Miser,
1940). However, as a whole this district has undergone little de-
formation, having been warped slightly by minor folds and broken by
a few normal faults (Gordon, 1944). The more prominent faults are in

the southwestern part of the district and generally trend east-north-

east (McGowen, 1981).
Mineralization
Manganese ore was first produced from the Batesville district

in 1849 and continued until 1953, although mining was not continuous

15



during that period. A1l mining operation ended with cessation of the
government stockpiling program of the 1950's. During that period
about 196,000 long tons of ore of at least 35 percent manganese and
236,000 tons of 10-35 percent ferruginous manganese ore were mined at
189 mines and prospects (Kline and Ryan, 1956). Prospects, mines and
springs are shown in Figure 3

Host rocks of the primary mineralization are the Fernvale Lime-
stone and, to a limited extent, the Cason Shale and St. Joe Limestone.
The manganese ore of the Batesville district consists mainly of
oxides, six of which were identified by Branner (1940) as psilomelane,

+2 2y, +4

K (Mn ,Mn+4)8 016; hausmannite, Mn*eMn® 04; manganite, Mn203‘H20;

pyrolusite, Mn02; and wad, nMnO'HZO. Coffey (1981) has identified
additional manganese minerals of lithiophorite, LizMn+2A18Mn+4035'14H20;
braunite, Ca (Mn,Fe){iSiOz4; bixbyite, (Mn,Fe)203 and rancieite,
(Ca,Mn+2)an409'3H20. In addition to the oxides, the manganese carbon-
ate, rhodochrosite, MnC03; and the manganese silicates of bemenite,
Mn8516015(0H)10, and neotocite, anFe2314013'6H20 have also been iden-
tified by Miser (1922) and McMahan (1957). The primary minerals in
their order of abundance are oxides, carbonates and silicates (Kline
and Ryan, 1956)

The principle types of manganese deposits in this district are:

1. Unaltered or slightly altered deposits of the primary

minerals rhodochrosite, hausmannite, and braunite. These minerals

are disseminated in the Cason Shale and the upper 15 to 50 feet of the

Fernvale Limestone and the St. Joe Limestone under the protective

16
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mantle of densely bedded Boone chert.
2. Irregularly distributed deposits of secondary oxides
in residual clay caused by the weathering of the Cason Shale and the
Fernvale Limestone. The deposits are in place under shattered and
partly weathered Boone chert (Miser, 1922).
3. Deposits in residual clay and talus usually representing
both vertical slumpage and downslope creep of secondary oxide deposits.
4. Placer deposits (Miser, 1922).

Stroud (1964) and McMahon (1957) suggest that synclines
within the district were favorable sites of deposition for manganese
mineralization with the structural high being unfavorable. McGowen

1981 concluded that these synclinal areas contain the greatest con-
centration of manganese and he also concluded the important synclines
are confined to the west Lafferty basin in the southwestern part of
Izard County and to the Glen Creek basin located on the southwest
flank of the East Lafferty arch in the southwestern part of Indepen-
dence county.

Water Quality

The spring water in the Batesville area is primarily a calcium-
bicarbonate type water with a hardness value of about 150 mg/L as
CaCO3 on the average; however, several of the springs (e.g., M66-M75)
contain considerabie magnesium and would be classed as calcium-mag-
nesium, bicarbonate type water (Tables 5 and 5A). These values are
consistant with the fact that most of the springs issue from carbon-

ate rock or the contact between carbonate rock, and shale or sand-

18
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5. SPRING WATER FIELD A ANION ANALYSES FOR THE BATESVILLE DIS-
rJETRATELE naEn CONO-Shecibac SOMUCTLYL IV miERniOS n 22 £
LERLE DHECRGR T, RO Tastisel e AR TR BV
DATE TENP COND ALK PH PO4 CL NH4 NO3 S04 sSIlI02
11/26/83 15.0 216 155 7.3 0.06 le6 =-0.01 0.12 6.2 14.1
11726783 14.0 146 75 7.3 -0.01 3.6 -0.01 0.19 14.8 8.3
11726783 14.0 145 268 7.0 0.11 4.0 -0.01 0.74 8.5 10.5
11/26/83 15.0 140 258 7.2 0.02 4.4 -0.01 0.74 10.1 8.6
11/26/83 16.0 313 190 7.2 0.03 '3.1 -0.01 0.94 8.5 1l4.1
11/26/83 15.0 185 330 7.1 0.07 3.1 -0.01 1.09 7.6 14.1
11/26/83 16.0 215 378 7.1 0.20 3.6 -0.01 0.91 10.1 14.5
11726783 15.0 195 336 O.14 3.3 ~0.01 0.98 8.5 16.0
11/26/783 16.0 330 205 7.7 0.07 -3.6 -0.01 0.88 8.5 14.1
11726783 26.0 235 160 7.5 0.06 4.2 -0.01 0.14 10.1 15.0
11/26/83 14.0 171 75 5.7 0.20 3.1 -0.01 1.14 lbol 9.6
11726783 14.0 366 210 6.5 0.10 2.2 0.15 1.14 8.5 14.1
11/26/83 14.0 458 255 6.2 0.06 0.9 0.44 0.14 8.5 1l.4
01/13/84 14.0 238 135 7.2 -0.01 5.5 0.04 0.60 11.2 11l.6
01713784 6.0 117 60 7.7 0.03 10.0 0.06 0.01 12.5
01/13/764 13.0 125 186 7.0 0.03 1.3 0.07 0.83 10.1 18.8
01/13/84 13.0 223 140 6.8 0.01 2.5 0.05 0.86 10.6 16.7
01/13/7/84 11.0 269 155 6.5 0.01 4.0 0.06 0.80 11.9 12.3
01713784 10.0 234 145 6.6 0.04% 4.8 0.11 0.78 10.1 17.8
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stone.

Generally the spring water of this area is of good quality based
on the chemical analyses performed. However, 11 springs out of 75,
exceed drinking water imits (Tables 4, 5 and 5A). A1l 11 springs
(Number 1, 2, 9, 12, 14, 24, 28, 29, 48, 67 and 69) exceed the limits
for manganese and/or iron. It should be noted, however, that the man-
ganese and iron 1imits are set because of staining problems rather
than for health reasons. Additionally spring 48 with a lead concen-
tration of 71 ppb exceeds the 50 ppb drinking water 1imit (Tables
4 and BA).

Comparison of Water Chemistry

Although there is an overall general similarity of the spring
water chemistry in the Batesville district and other carbonate areas
there are some slight differences. Tables 6 and 6A give the range of
values and median values for spring water samples from several areas
in northern Arkansas and Joplin, Missouri. The Ponca, Rush, Zinc and
Joplin areas are all lead-zinc mineralized areas. Also it should be
noted that data for carbonate units 1 and 2 are based on unfiltered
water Tables 6 and 6A).

The Batesville district spring water is slightly higher in ortho-
phosphate, based on median values, than the other areas listed in
Table 6. This slightly higher phosphate value might be indicative of
some contamination; however, as ammonia, chloride and nitrate values
do not appear to be elevated, this interpretation does not seem war-

ranted. Another explanation of the slightly higher phosphate could

27
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THE TOP VALUES ARE THE RANGE AND THE

TABLE 6. COMPARISON OF SPRING WATER FIELD AND ANION DATA.
BOTTOM VALUE IS THE MEDIAN VALUE. SEE FOOTNOTE FDR JOPLIN QATA. NUMBERS IN ( ) ARE THE
NUMBER OF SAMPLES FROM EACH AREA. .
specific Alkalinity POg W _ ) NO3
Copd.  as mg/1 as P C1 as'N Si0 SO% as N
Area 25 C CaCO3 pH ppm ppm ppm ppm PP ppm
Ponca] (48) 12-447 15-358 5.2-8.0 <.01-.47 .6-4.3 <.01-1.56 3.1-7.8 <5.0-23.5 <.02-1.30
302 183 7.4 .01 2.0 .07 5.7 5.9 .14
Rush'(52) 136-546  70-410 6.8-8.3 <.01-.17 .9-45.1 <.01-.50 4.2-7.9 <5.0-55.0 <.03-20.23
348 195 7.6 <.01 4.2 .02 5.9 8.5 .33
Zinc] (43) 168-552  90-315 6.5-7.8 <.01-.07 1.3-6.5 <.01-2.34 4.6-8.5 <4.2-11.9 <.02-2.20
348 205 7.3 .01 2.2 .04 7.0 5.0 .3
Northern ArkansasZ
Carbonate 192-451  85-207 7.0-8.4 1.5-16.0 6.0-11.0 <.4-9.0 02-13.0
unit 1 270 140 7.5 3.4 7.4 2.5 3.4
(16)
Carbonate 320-600 140-282 7.6-8.4 1.5-4.2 8.2-14.0 <.4-8.0 1.4 - 3.9
unit 2 329 169 7.9 3.5 11.1 2.2 2.6
(15)
Joplin3(3) - 136 7.2 - - -
washington4 Co., - - <.01-.09 - - 11.0-4.6
AR (10) .01 5.6
BatesvillaB(TS) 3-510 5-378 5.7-8.9 <.01-3.62 .9-53.5<.01-.78 7-18.8 4.2-17.7 .01-2.00
252 155 7.2 .06 3.3 .05 12.8 10.1 .34

1

oData from Steele (1983).

jData from Lammonds and Stephens (1969).

gData from Proctor et al., (1977). Average values for al
gData from Coughlin (1975). '

Data from this study.

kalinity and pH. Maximum values for metals.
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TABLE 6A. COMPARISON OF SPRING WATER CATIONS. THE TOP VALUES ARE THE RANGE AND BOTTOM VALUE IS THE MEDIAN
SEE FOOTNOTE FOR JOPLIN DATA. NUMBERS IN ( ) ARE THE NUMBER OF SAMPLES FROM EACH AREA.

In Pb Cd Fe Mn Ni Co Cu Na K Ca Mg Sr
Area . ppb ppb  ppb ppb ppb  ppb_ ppb  ppb  ppm ppm__ ppi ppm ppb
Poncal (48) <1- 63 <4-100 <1-2  <3.373 <1- 57 <3-33 <1-27 <2-13 .1-6.7 .4-1.4 2-98 .5-11.9 22-272
10 13 2 18 4 1 4 3 1.4 7 65 2.4 42
Rush' (52) 4-252 <4-40 <1-3  <3-36 <3-22 <1-16 <1-18 <2-11 .8-20.0 .4-4.1 22-118 .7-34.5 17- 90
12 6 2 6 <4 5 8 <3 1.9 .7 64 1.6 4
Zinc! (43) 6-214 <8-48 <2-6 <11-50 <1-97 <4-18 <5-21 <2-2 1.2-4.2 .5-2.5 35-1001.1-30.8 22-70
26 24 <2 12 4 7 9 <6 1.8 1.0 68 3.1 46
North. Arkansas® - <10-200 <10-10 - - - 1.6-12.0.6-1.5 41-105 .9-10.0
Carbonate Unit1 30 <10 2.0 8 52 1.2
(16)
Carbonate Unit2 - <10-100 - - 1.8-2.0 .8-1.5 26-65 5.2-37.0
(15) 80 <10 2.0 1.2 53 25.0
Joplind (3) 200 6 n - - 1.5 - -
Wash Co, ARY  <2-381 <1-2 <.210 <1-46 < 4-% <2-5 2-6 <1-9 3-18 .9-3.5 30-75  1-2 25-41
(10) 20 <1 <1 <2 1 <2 4 <1 5 1.8 54 2 38
Batesville® <1-254 1-80 <1-15  2-958 <1-907 1-49 1-29 1-20 .8-300 .1-3.7 <1-111 .1-30.7 17-70
(75) 10 10 1 15 6 3 3 2 2.2 0.9 39 5.0 33



o
+

QB@ia from Steel 1198% 4

gﬁa‘ita from Lan'moéﬂs a ngp&e@ \%)
-D3ta from Practer ot alyy (1 19771, erage values Tor alkalinily and pH. Maximum v&]ues for mels]s.
Data from Coughlia (1975).

Sp3ta from this study.

Nete: ppb = ug/d



be iherRbphRRpHaLd in the roersofafietdierttistrict.  Sligghyly Hiigher meditan
sulfate and <ilidd valved yaggesagestsdimetofstrespringheatem hiaghad tantheswith
BREICAHAGH WhdMmighar agneewar alisd uix it dui glvertmabeeisflwencanobshele,
pAAdassheluandrtiieidmfituenre effeshade theandahgaecsed minatalizatide .in The
hfesvine fuishrtmanganssenmingiea higaitiovaliiest B testddibel by stighet uisper
Py S SRR fdhm iRt/ dlareancbuitkés. indicated by higher upper range

values for manganese, iron and nickel.gegchemical Explowaision

Althboegh e concentrabirnopf Meaxy medrls im the cenbormte-typee
grovndwaterin AoRtiees A dansagely IR Ny g corherarethepicatictkphe-
pecviem pasipingviens ememndistheglehtl-gomearfas f8tdeled-zinc areas (Steele,

1984 881989 3)he EFheH EfagrHmdioayiragFidare MrindiEdmstbatthodurivesie isilae phase
cootratimpafrte+ ontentpitise of dherspirriggvae? Trammtien Batesuileodistin, bosesg
sattee fediartipH §2Bswid de district, based on the median pH (7.2) and a
reasonable gsfiimase o fERh (dBbAUt-&RY)V Yof otheke sRateterIndedndrisethese a
eanddkdeneonpantatiarbsmeds. canqentoasian frofn Hodian HikgmlgudadeH Tanmes),
tihe mediamnplsAddnitroAnst -2 peesiniche lmﬁ,émmﬁ?@amﬁfm@'l-sfoﬂﬂrnze
Bresd SciTatBnd RaRRR of AL pRS AT LRI dLE HARP BuEAL MLARI GRS te. A1~

kalinity of these pH values is essentially due to bicarbonate.

1. 155 myll CaCIbg (alkatility)ity) = =1856q)L++ED myneeg = 3 LmeslLx x
61 mgimegimedL+ Y/ muyienotes <L3mmotaskis/brork03 2:5M HE,

2. (H1) (€8 )/(H1E0R) = 10710 3w 7 25 Yooelnmas
( Q%-leﬁ-iari >0<1(1£2..%/15(1-170§7'§ = 13?5.6

3. (i) (05 = 1003

o)y 1070571088 " = 295 Mo 206574 ya/L
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§Rsurteraasat &2y atizd senpdiieifgi BotBatibrowodirdients (akherddrbsxtell dgdinst

ke doldgwing correlation coefficients when regressed against mangenese:
e (74480) , Wi (0®08885), Gv (D6668%), @u (D48884), R (N6FTH5), Zn
(0.2089), apf €d (55837)- AlAiof thbesecaipergibation ceefitisients have
AR iRIEST 26 ToPA0BesS ey i8S SHdsSbxanHEaH 1RESE Febliess;birs.
IREFEA08S thredt G TN s TS ENALE VATUES (4Pt AeLarmigadn Aledl JSy the

ethods SsMer 187d) and% AtEP E08h) SHRE AL REnd M h5BE bF L8 ings
(1969). The thresholds and number of springs with anomalous metal
with anomalous metal concentrations are given in Table 7. There are 25 springs out

concentrations are given in Table 7. There are 25 springs out of the
of the 75 collected in the Batesville district with anomalous values; however~ note that
75 collected in the Batesville district with anomalous values; however,

there are only 8 anomalous metal values that do not have corresponding manganese
note that there are only 8 anomalous metal values that do not have cor-

anomalous concentrations. From Table 7 it is apparent that, manganese is the best
responding manganese anomalous concentrations. From Table 7 it is

indicator of the manganese mineralization; however, nickel and cobalt, especially in
apparent that.manganese is the best indicator of the manganese mineral-

compination, also indicate the mineralization . . L
1zation; however, nickel and cobalt, especially in combination, also

indicy?s a{prﬁﬁ%ﬁ%@%nexhibit a relationship with distance to nearest
miner SaHB=12H%PE "%y Bl AigS2 ST iR “Br SR e
nearest mineralization (Tables:8 and 9 and Figure 6). Dilution of the
oangangatondnabetoatimwaterireuli-bendwadete dvtartide béoex paicieedlifatrdh elue

ﬁ)r%qubnfvm]‘nnzoan%%ql?euﬁwg?ep 16%@?42%&0&?%?{% up?ring‘g“sa t\.7\(/='|{‘h‘|n fd&y fg'é‘t of

lge\r‘cent.of he s rintr;s within 2000 feet of known mineralization were
nown mineralizationh were

anomalous. Thugs, HBRIE1C aned el fAe@hars sish as sAdubidy ity
of tha & ayREwartRIERRe A AnBdIS Rietids] RpSTASWAEPYRUWAARY, ahtPredidife, as
A KSR ARIARMRW fath tRECYPSWABRYafdow path (i.e., the groundwater
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THRESHBLD :VLUES MND NUNBER OF

CONCENTRATRONS ARE thg/L.

Element
Threshold

# of Anomalous
Springs

# of Anomalous
Springs Without
Mn Anomalies

ANOMALIES BY ELEMENT FOR THE BATESVIHLE DISTRIET.

Fe Ni Co Cu Pb n Cd
186 14 4 16 41 46 9
3 11 9 3 2 2 2
0 2 3 1 1] 1 1
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TABLE 8.  RELATIONSHIP BETWEEN NUMBER OF ANOMALOUS SPRINGS AND DISTANCE TO NEAREST MINERALIZATION

IN THE BATESVILLE DISTRICT.

Number of Anomalous Springs

Number of Springs

Percent Anomalous Springs

Distance to Nearest Mineralization (feet)

0-2000 2000-4000 >4000
15 7 3
34 26 15
44 27 20
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may never have come in contact with the mineralization) are important
factors in controlling anomalous metal concentrations of the ground-
water.

The latter statement above indicates that there could be a re-
lationship between the formatjon from which a spring issues and anom-
alies. Fifty percent (4/8) of the springs from the Cotter Formation
have anomalous values, 29 percent (12/42) from the St.Peter-Everton,
29 percent (2/7) from the Silurian Formations and 50 percent (7/14)
from the Boone-St.Joe. Although there are not a sufficient number of
springs from some of the formations to allow conclusive interpretation,

“there appears to be a relationship between the anomalous springs and
formation (Table 9).
There are no unusually high silica values for springs in this

area that would suggest a geothermal source of some of the water.

Four Mineralized Areas

General Geology
There are two phosphate mineralized areas in the Peyton Creek
vicinity of Highway 65 south of Leslie (Figure 7). The most souther-

ly and less mineralized deposit is the smaller of the two and has

been referred to as the Marshall deposit. The results of drilling at
the Marshall deposit indicate that this deposit is associated with a
black, oolitic, Timestone conglomerate that marks the base of the
Cane Hill Formation and in a cross-bedded brownish sandstone. The
outcrop of a single continuous bed of phosphate dissipates into a

series of thin, discontinous, phosphate layers at depth (Stroud, 1961).
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The ore- eariné; zone has a{\ oolitic tgx%re, calcite cement, carbon-
pyrite” and varying amounts of quartz sand. Ore reserves are estimated to be

ized wood fra%ments, pyrite and varying amounts of guartz sand. Ore
2,800,000 short tons of phosphate rock averaging 19 percent P20S and occurring in

reserves are estimated to be 2,800,000 short tons of phosphate rock
ARGt g legsplvedret Bk aNaristionamera oradger e, fugtriwasly 1 wilufiest

by sekd graimns {AEEs 1965pre grade are due primarily to dilution by sand
grainPefi@lts 0Byfite occur in a highly fractured zone of the Cotter Dolomite in
Carrolb&msnitys(Fifurey B8) t&hecdaposit ia dsighdied tactintaih 482¢0QF |dhe t60$ tefr
Doldmire thatCaverddes @mBypéiicenireuld)r. (STioaidjepadi tTHe lasgdstatiedosin is
lmatadrin4B@ JO0O NEng tons of crude ore that averages 24.3 percent sul-
fur (StroT@ON SEEWa fthethba speslterdepasidndss hesatisden motbe iflide B SW!
sec. 81F 20N Gt ARBhdarbe thetbsmeléMnOLEHS LRSS skeve betlertiededn (s

8EhoYEs Sehe BirgRRNdih 304 20680 81RBLRT L fimbhiteAbh St BRAS6Ca cfeek
hstussn fﬁ@?@eﬂﬁrﬁﬁ?&?ﬁ%) The largest deposit is exposed mostly as
Hmonilﬁ@ac@&ﬂagin@e pﬁ?ergfs a SE&?J( f°|ﬁ tﬁg%%n]eolgorfﬁa%fton(Brann?nr\?vals%?rpg)[on

Lead and zinc minerals occur, in the Boone Formation in Washington
County.aﬂwe l\ﬁorrow prospect is located on the bank of Fly Creek about feet Wegst of

County. The Morrow prospect is located on the bank of Fly Creek about

the town of Morrow. The ore minerals, galena and |
feet west of the town of Morrow. The ore minerals, galena and
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reflects the source rocks for the
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vicinity of the Friendship Creek uranium deposit
(circled x).

46




groundwater. The springs (P76-P79) issuing from sandstone have lower
pH values (about 5.5) and lower hardness (about 20 mg/L as CaCO3)
whereas, those issuing from dolostone (P80-P83) have a calcium or
calcium-magnesium type water with pH values about 7.1 and hardness
about 300 mg/L as CaCO3 (Tables 10 and 10A).

Only one spring (B86) located in the midst of the pyrite deposit
near Berryville exceeded drinking water limits, and it only exceeded
1imits for manganese. The spring water collected in the Berryville
area is of a calcium-magnesium bicarbonate type, reflective of the
Cotter Dolomite source of the groundwater. Spring F98 in the uranium
(Friendship Creek) area exceeded the manganese limits, and no springs
in the lead-zinc (Morrow) area exceeded the drinking water limits.

The springs in the Friendship Creek and Morrow areas issue from 1ime-
stone which results in calcium bicarbonate type water (Tables 10 and
10A).

Summary of Water Chemistry

Because no more than eight springs, including sites as near as
possible to mineralization and background sites, were collected in the
Peyton Creek, Berryville, Morrow and Friendship Creek areas, the data
from these areas should not be considered as representative of a very
wide area. However, with this caution in mind, the spring water chem-
jstry from these areas will be compared below and in Tables 11 and 11A.

The spring water from Peyton Creek is lower in alkalinity, pH
and calcium; and higher in silica, zing, iron, manganese, strontium

and possibly sodium (Tables 11 and 11A). These observations are in-

_dicative of the presence of shale in the Peyton Creek area. Despite
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TABLE 11A. COMPARISON OF SPRING WATER CATION DATA FROM PEYTON CREEK, BERRYVILLE, MORROW AND
FRIENDSHIP CREEK AREAS. TOP VALUES ARE THE RANGE AND THE BOTTOM ONES ARE THE MEDIAN
VALUES. NUMBERS IN ( ) ARE THE NUMBER OF SAMPLES COLLECTED FROM EACH AREA.
Zn Pb  Cd Fe Mn Ni Co Cu Na K Ca Mg Sr
Area ppb ppb ppb ppb ppb ppb - ppb ppb ppm ppm ppm  ppm ppb
Peyton Creek 7-297 4-28 2-10 31-359 16-159 2-15 4-7 1-20 1.4-74.0 .2-2.0 2-140 .8-35.6 14-2333
?8) 31 6 3 55 39 8 7 4 4.8 1.1 23 4.9 226
Berryville <1-10 6-28 1-7 8-28 7-257 5-15 4-7 1-3 2.8-5.8 .8-6.8 30-64 7.7-39.0 38-64
(8) 6 14 2 16 9 8 7 1 3.6 1.9 57 30.8 51
Morrow w]=7 3-32<1-5 2-16 <1-9 1-152-15<+7 .1-4.0 .3-1.5 38344 1.8-4.7 50-260
(4) 1 8 1 12 6 7 3 1 3.1 .8 88 3.1 103
Friendship <1-7 10-23 1-2 4-24 3-63 2-8 4-11<1-10 2.6-14.51.2-2.8 66-87 2.3-4.6 54-104
Creek (4) 5 17 2 4 4 4 6 1 5.5 2.1 72 3.0 61
NOTE: ppb = ng/1



the phosphate mineralization in the area, there does not appear to

be elevated phosphate contents in the spring water nor any other in-
dication of mineralization. However, phosphate is rathter insoluble
and contamination in the other areas may obscure any slight elevation
of phosphate in this area.

The one sample (B86) in the midst of the pyrite deposit near
Berryville had higher manganese and perhaps higher nickel values.
Sample B85 may also have slightly higher nickel values (Table 11A).
The sulfate values are also somewhat higher in this area (Table 11).
Thus, groundwater geochemical exploration for pyrite depqsits of this
type appears to be worthy of additional investigation, especially
using a close grid for sampling.

In the Morrow area, sample C92 with a lead concentration of 32 ppb
may be reflecting the lead-zinc mineralization in the area (Table 11A).
This observation plus the results of other hydrogeochemical studies
in lead-zinc mineralized areas (Steele 1984 & 1983) suggests that
additional investigation in the Morrow area would be of value.

Although samples from the Friendship Creek were not analyzed for
uranium, it was hoped that other elements, e.g., Co and Cu, might be
indicative of the mineralization (Tables 11 and 11A). There is no in-
dication of the uranium mineralization; however, it should be noted
that it occurs in an anomalous sandstone that is not widespread and
therefore, the groundwater issuing from the springs of this area may
not have come in contact with the uranium mineralization.

Compared with the spring water from other areas of northern Ar-
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kansas (Tables 6 and 6A), the Berryville, Morrow and Friendship Creek
areas' springs are apparently higher in nitrate; the Berryville and
Friendship Creek areas' springs are higher in chloride; the Morrow and
Friendship Creek areas' springs are higher in phosphate; and all of
the areas have higher ammonia values (Tables 11 and 11A). These data
indicate that these areas, especially Berryville, Morrow and Friend-
ship Creek, are contaminated by animal and/or septic tank wastes (and
possibly road salt). Note the generally lower values for phosphate,
chloride, ammonia and nitrate values for the lower population (includ-
ing livestock and poultry) Ponca and Rush areas. The lack of anomal-

ously high silica values rules out any significant geothermal component

of these spring waters.
CONCLUSIONS

Although 18 of the 99 springs exceeded drinking water limits, most
of the springs exceeded only iron and/or manganese 1imits which were
established because of staining problems. Thus, the water in these
areas is generally of good chemical quality. However, there is an in-
dication that the Berryville, Morrow, and Friendship Creek areas have
higher ammonia and nitrate, chloride or phosphate concentrations than
other northern Arkansas areas and these higher values may be due to
higher human and animal populations which have caused contamination of
the groundwater. The results of this investigation do not indicate
any geothermal waters in these areas.

The potential value of hydrogeochemical exploration for phosphate,

pyrite, uranium and the small lead-zinc (Morrow) deposits can not be
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effectively evaluated due to the small number of sprihgs sampled from
each of these areas. However, the small size of the uranium deposit
may have contributed significantly to the negative results for this
area. The insolubility of the phosphate, plus possible phosphate
contamination, gave negative results for the Peyton Creek area. The
results from the Berryville and Morrow areas do suggest that addi-
tional research would be worthwhile in these areas.

Hydrogeochemical exploration in the Batesville district appears
to be effective, with 44 percent of the springs within 2000 feet of
mineralization having metal anomalies (especially manganese). Addi-
tional work in this area with particular attention to the formation
from which the spring issues would be helpful in developing more

complete interpretations of the data.
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