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maps and field excursions. Manganese deposits and prospects 10. cations were 

obtained from Kline and Ryan (1956). The locations of phosphate, pyrite and lead-

zinc deposits were obtained from Stroud 

(1961). The uranium deposit location  was previously 

 known to the author. Geologic worksheets were obtained from the 

Arkansas Geological  Commission in order to determine/confirm  the 

formations from which the springs  issue 

PRINCIPLE FINDINGS AND SIGNIFICANCE 

 Batesville  Area 

General Geology rock types associated with the Batesville  manganese 

dis- 

trict include limestone, chert, shale and sandstone ranging in age from Ordovician 

to Mississippian. The strata are essentially horizontal with a dip of less than 0.20 

to the south and strike generally eastward (McGowen, 1981 and Gordon, 1944) 

A generalized stratigraphic column from northern Arkansas is shown in 

Figure 2; however, not all of these rocks are exposed in the Batesville 

manganesed istrict. Most of the springs issue from the Cotter, Everton, St. Peter, 

Silurian and Boone Formations; and manganese mineralization is located 

predominantly in the Fernvale 

Limestone, with some mineralization in the Cason Shale and St. Joe Formctions. 

Therefore, only these formations will receive brief descriptions below. 

 The Cotter  Dolomite consists  largely  of dolostone and nodular 
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 chert and is of Ordovician age A rather  thick  section  of Everton 

 Limestone (>210 feet)  is present in the study area. The Everton 

consists of limestone, and some dolostone and sandstone The St. 

Peter Formation, a middle Ordovician unit, is an orthoquartzite 120-200 feet thick 

in the northern areas of the Batesyille district (McGowen, 1981 and Miser, 1922). 

Fernvale Formation is an upper Ordovician unit that is primarily a moderately 

sorted bryozoan-crinoid-oolitic biosparite (Coffey, 1981 formation massively 

bedded and ranges in color from dark gray to dark pink to mottled pink and white. 

The upper 40 to 50 feet of the formation (maximum thickness 125 feet) weathers 

to a very dark gray, brown or black, reflecting the occurrence of iron and 

manganese oxides and carbonates (Miser, 1940). Unmanganiferous imestone 

weathers light gray to white in the lower beds. Accessory minerals include man. 

ganese minerals, pyrite, chert fragments and phosphate minerals 

(McGowen, 1981 

Manganese and ferruginous manganese ores are widely distribin the 

Cason Shale. The manganese oxides, mainly psilomelane and braunite, occur 

as irregular masses in thin horizontal seams and beds, and in replaced algea 

fossils (Miser, 1940). Although the maximum thickness of the formation is only 

12 feet, it varies from shale to sandstone to limestone to phosphorite in the 

Batesv;lle area. The shale is platy, calcareous, and clayey to silty sandy in 

texture. The sandstone unit consists of quartz and phosphatic material in the 

form of shell fragments (Miser, 1922) 14 

to This is The uted Formation  



  



 



 



  



 



 



 



 



 



 



 



  



 



 

 



 



 

 



 



 be the phosphate in the rocks of the district. Slightly  higher median 

and silica values suggest that some of the spring water has had contact with 

shale. calcium and higher magnesium can be explained due to the influence of shale, 

sandstone and/or dolomite. The effect of the manganese mineralization in the 

Batesville district is not seen in the median values, but is indicated by higher upper 

range values for manganese, iron and nickel. 

 

Although the concentration of heavy metals in the carbonate-type 

groundwater in northern Arkansas is very low, hydrogeochemical exploration has 

proven promising in some of the lead-zinc areas (Steele, 

1984 & 1983). The Eh-pH diagram for Mn (Figure 4) indicates that rhodochrosite is the phase 

controlling Mn2+ concentration of the spring water from the Batesville district, based 

on the median pH (7.2) and a 

estimate of Eh (about +O.2v) for these waters. Under these and a 

carbonate concentration of 10-5.6 M (calculated from median alkalinity and pH values), 

the maximum concentration of Mn+2 possible is 10,974 ppb. Equations 1-3 outline 

these calculations kalinity of these pH values is essentially due to bicarbonate. 

 mg/L CaC03 (alkalinity)  = 155mg/L + 50 mg/meq = 3.1 meq/L x 

61 mg/meq + 61 mg/mmoles = 3.1 mmoles/L or 10-2.5M HCO; 

(H+) (CO~-)/(HC03) = 10-10.3=(10-7.2) (CO~-)/10-2.5 

 (CO~-) = 10-10.3 x 10-2.5/10-7.2  = 10-5.6M 

(Mn2+) (CO;-) = 10-9.3 

 (Mn2+)"= 10-9,3/10-5,6 = 10-3.7M or 10,974 ~g/L 

Exploration 



1.32.Al-th30155sulfate conditions reasonable Geochemical Lower    



 

Figure 4. Stability rela~ions among some manganese compounds 
in water at 25 C and 1 atmosphere tota!l 4 pressure. Total 
dissolved carbonate species = 10 .M. 

 From Garrels and Christ  (1965). 
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Other transition metals are present in the manganese ores of the Batesville district, 

especially Ni, Co and Cu (Caffey, 1981 All of the transition metals analyzed in the 

groundwater SA) yielded the following correlation coefficients when regressed against 

mangenese: 

 Fe (0.7490),  Ni (0.6085),  Co (0.6684),  Cu (0.4284),  Pb (0.6715),  Zn 

 and Cd (0.5237). All of these correlation  coefficients  have 

alpha values of ~O.OOOI. See Figures S and SA as examples of these regress;ons. 

Therefore, threshold values were determined for all the transition metals using the 

methods of Sinclair (1976) and Lepeltier (1969). The thresholds and number of springs 

with anomalous metal concentrations are given in Table 7. There are 25 springs out 

of the 75 collected in the Batesville district with anomalous values; however~ note that 

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

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

indicator of the manganese mineralization; however, nickel and cobalt, especially in 

combination, also indicate the mineralization 

The anomalous springs exhibit a relationship with distance to nearest 

mineralization Tables, 8 and 9 and Figure 6). Dilution of the manganese 

concentration in the groundwater would be expected farther from mineralization due 

to mixing with "non-unique" water. Only 44 percent of the springs within 2000 feet of 

known mineralization were 

 Thus, hydrologic  and chemical factors  such as solubility 

of the various manganese minerals, kinetics, groundwater flow rate, and recharge, as 

well as, groundwater flow path the groundwater 
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 Figure 7. Location of groundwater sites  (solid  circles)  sampled in 

the vicinity of the Peyton Creek phosphate deposits (circled xis). 
Samples 78, 80 and 81 are from wells and all 

other samples are from springs. 
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The larger and more mineralized Ferguson phosphate deposit was deposited 

during Cane Hill time along with the enclosing sandstone in topographic lows in the 

Pitkin Formation. The deposit has a tongueshape that extends southward a distance 

of about 2700 feet from the outcrop, suggesting that it may have been deposited in a 

bay or estuary. Sandstone and shale overlie the phosphate-bearing sandstone The 

ore-bearing zone has an oolitic texture, calcite cement, carbonized wood fragments, 

pyrite and varying amounts of quartz sand. Ore reserves are estimated to be 

2,800,000 short tons of phosphate rock averaging 19 percent P20S and occurring in 

a bed of at least five feet thick. Variations in ore grade are due primarily to dilution 

by sand grains (AGC, 1965). 

Deposits of pyrite occur in a highly fractured zone of the Cotter Dolomite in 

Carroll County (Figure 8). The deposit is estimated to contain 482,000 long tons of 

crude ore that averages 24.3 percent sulfur (Stroud, 1961 The largest deposit is 

located in the NW! NEi, 

T20N R25Wa ndother smaller occurrences have been noted in the SE! SW! 

sec. 8, T20N R24Wandalso encountered in wells dug in sec. 7 between these two 

deposits, The largest deposit is exposed mostly as limonite along the bed of a creek 

for about 100 feet (Branner, 1940) 

 Lead and zinc  minerals  occur  in the Boone Formation  in Washington 

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

the town of Morrow. The ore minerals, galena and 

42 

The  typical  P20S content  of  the  rocks  at  this  site  is  about  8   percent 

1964) 
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sphalerite in about equal proportions, occur in scattered pockets and small fractures in 

the chert, and to a lesser extent, in the limestone 

(Branner, 1940). Although a mill was erected to handle the ore, the output was only 

about 50 tons, half galena and half ~phalerite (McKnight, 1935). There is another lead-

zinc prospect (Burr prospect) located in the SW! SWi sec. 28,T16N R32Wo f Washington 

County; however, sampling was confined to the area surrounding the larger and richer 

Morrow prospect (Figure 9). 

There is a slightly radioactive anomalous sand body above the Chattanooga 

Shale located in Washington County (Figure 10). This sandstone contains about 150 

ppm U compared to a range of 17-44 ppm U for the Chattanooga Shale in the 

surrounding area (Duncan, 1983). Unfortunately, the springs in the area issue from 

the overlying Boone limestone and probably do not come in contact with the uranium 

m;neral- 

;zat;on 

Water Quality 

Only a few springs were collected from each of the following mineralized areas -

phosphate (Peyton Creek), pyrite (Berryville), leadzinc (Morrow) and uranium 

(Friendship Creek); thus, these springs ~ be representative of the water quality 

of the entire area. Five 

(P78-P80 and P83) of the eight springs in the Peyton Creek phosphate area exceed 

drinking water imits for iron or manganese because of staining problems. Spring P81 

also has an extremely high ammonia value, suggestive of nearby waste 

contamination. The spring water composition in the Peyton Creek area generally 

reflects the source rocks for the 
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