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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY 

PRE-ATOKA ROCKS OF NORTHERN ARKANSAS 

By SHERWOOD E. FREZON and ERNEST E. 

ABSTRACT 

The part of Arkansas discussed in this report lies north of 
the Ouachita Mountains and west of the Gulf Coastal Plain 
and includes parts of the Ozark region and the Arkansas 
Valley. Pre-Atoka rocks of Ordovician, Silurian, Devonian, 
Mississippian, and early Pennsylvanian age crop out in the 
Ozark region, dip southward under a cover of thick Atoka and 
younger Pennsylvanian rocks in the Arkansas Valley, and re
appear at the surface in the Ouachita Mountain region. Out
crops and wells provide data on the pre-Atoka rocks in the 
Ozark region and the northern part of the Arkansas Valley; 
few wells have been drilled in the southern part of the Arkan
sas Valley and correlations of pre-Atoka rocks between the 
northern part of the Arkansas Valley and the Ouachita Moun
tain region cannot be made directly. 

The regional structure of pre-Atoka rocks of the Ozark region 
and the northern part of the Arkansas Valley is reflected by the 
regional structure of the base of the Boone formation. The 
regional dip of the base of the Boone formation increases grad
ually from 10 feet per mile to 200 feet per mile southward 
across the Ozark region, and steepens to as much as 500 feet 
per mile along the northern limb of the Arkansas Valley 
geosyncline. 

Thirty-two pre-Atoka formations, ranging from Cambrian to 
early Pennsylvanian in age, crop out in northern Arkansas 
and southern Missouri but subsurface data are sufficient to 
determine the regional thickness and lithofacies of only the 
Bverton formation (Ordovician) and younger rocks. The 
Bverton formation and St. Peter sandstone (Ordovician) com
bined, a predominantly dolomite and sandstone unit, increases 
in thickness to the south and east and contains a greater per
centage of sandstone to the northwest and northeast. The 
series of limestone beds and the overlying shale, which makes 
up the post-St. Peter rocks of Ordovician age, increases in 
thickness to the southeast but the individual formations of the 
unit do not change in lithology in the area. Silurian rocks 
and the Penters chert (Devonian) increase in thickness to the 
south in the western two-thirds of the area and decrease in 
thickness to a truncated edge in the southeastern part of the 
area. The Chattanooga shale increases in thickness south
ward into the Arkansas Valley and westward in Benton, Wash
ington, and Crawford Counties in the northwestern part of 
the area. Mississippian rocks, which are composed of lime
stone, chert, and shale in the north and west, thicken slightly 
southward in the western half of the area and thickens rapidly 
to the southeast in the eastern half of the area, where they 
are represented by more than 2,600 feet of black shale. The 

thickness of the chert and limestone beds of the Boone forma
tion (Mississippian) decreases to the west and south from the 
type area in north-central Arkansas, and southeastward the 
formation grades into black shale. The thickness distribu
tion of Moorefleld-to-Pitkin rocks (Mississippian) is similar 
to that of the total thickness of Mississippian rocks. 

The thickness of rocks of Morrow age increases to the south 
and southeast. The percentage of sandstone in the interval 
between the Pitkin limestone (or the Fayetteville shale) and 
the Prairie Grove member of the Hale formation (or its appar
ent equivalent south and east of Washington County) increases 
to the northeast and northwest from the south-central part of 
the area. The percentage of limestone in the Prairie Grove 
member of the Hale formation and the Bloyd shale of Wash
ington County and of their apparent equivalents south and east 
of that area decreases to the east and southeast. 

The pre-Atoka Paleozoic rocks of northern Arkansas are 
dominately marine. Pre-Chattanooga rocks, which are domi-
nately marine carbonate sediments, were deposited, in relatively 
shallow, extensive seas. Until the end of St. Peter time, sand 
was swept intermittently into the area and deposited, but after 
St. Peter time, Ordovician, Silurian, and Devonian sediments 
were deposited in seas relatively isolated from sources of coarse 
clastic sediments. Numerous periods of uplift and erosion 
interrupted deposition in pre-Chattanooga time and the dis
tribution of the pre-Chattanooga rocks indicates that consider
able areal truncation preceded the deposition of both the 
Penters chert and the Chattanooga shale. Mississippian sand
stones, shales, limestones and cherts were deposited on a shelf 
area in northern and western Arkansas and in a deeper basin to 
the south and east of the shelf. The dominately clastic pre-
Atoka sediments of Pennsylvanian age were deposited in shallow 
seas. The area was uplifted and eroded before the deposition 
of the Atoka formation. 

No commercial quantities of oil have been found in northern 
Arkansas, but commercial quantities of gas have been produced 
from 5 zones in the pre-Atoka rocks of the area, as well as 
from several zones in Atoka rocks. It is probable that addi
tional gas will be discovered in pre-Atoka rocks in northern 
Arkansas. Source beds, reservoir rocks, and geological struc
tures present in the area indicate that oil may be present in 
small pools in the area. 

INTRODUCTION 

This report presents some of the results of strati-
graphic investigations begun by the U. S. Geological 

171 
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Survey in 1949 to aid in the search for gas and oil in 
northern Arkansas. Six reports based on these inves
tigations have been published previously (Lantz, 1950; 
Maher and Lantz, 1952, 1953a and 1953b; Glick and 
Frezon, 1953; Sheldon, 1954). This report uses both 
surface and subsurface data to outline the regional 
thickness, distribution, and lithofacies of Paleozoic 
rocks older than the Atoka formation (Pennsylvanian) 
in northern Arkansas. 

The area of northern Arkansas discussed in this re
port (see fig. 37) is bounded on the north by the 
Missouri State line and on the west by the Oklahoma 
State line. The eastern and southern limits of the area 
of this report are delineated by geology: the eastern 
edge of the area is drawn at the contact of rocks of 
Paleozoic age and the overlapping Cretaceous and 
younger rocks present in the Mississippian embayment 
of the Gulf Coastal Plain, and the southern edge of the 
area is vaguely delineated by the extent of drilling in 
the Arkansas Valley. The greater part of the geologic 
information presented in this report came from twenty-
one counties of northern Arkansas which encompass an 
area of approximately 1,200 square miles. 

Subsurface data used in this report were obtained 
from the logs of more than 100 wells drilled in north
ern Arkansas for gas and oil or water. The logs of 86 
of these wells were prepared by the authors and E. J. 
Lantz, W. A. Chisholm, J. C. Maher, and W. E. Hal-
garth, of the U. S. Geological Survey, through micro
scopic examination of well cuttings (see Sheldon, 1954, 
for most of these logs). The other logs were obtained 
from oil companies or from publications (Croneis, 

FIGURE 37. Index map of Arkansas showing geographic regions and 
area of accompanying maps. 
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1930; Lantz, 1950; Breedlove, 1951; Arkansas Geologi
cal Survey, 1952; Maher and Lantz, 1952 and 1953b) 
and interpreted by the authors. 

Most of the surface data used in this report were 
taken from published reports, but some data were ob
tained in the field by the authors and from unpublished 
maps of areas in Newton and Searcy Counties. The 
published reports include detailed geologic maps of 
Paleozoic rocks in all or parts of Franklin, Craw-
ford, Washington, Benton, Carroll, Madison, Boone, 
Marion, Baxter, Newton, Searcy, Independence, Izard, 
and Stone Counties (Adams and Ulrich, 1905; Purdue, 
1907; Purdue and Miser, 1916; McKnight, 1935; Miser, 
1941; Gordon and Kinney, 1944; Straczek and Kinney, 
1950; Maher and Lantz, 1953a) and descriptions of 
surface sections (Miser, 1922; Giles, 1930; Giles and 
Brewster, 1930; Easton, 1942; Gordon, 1944; Maher 
and Lantz, 1952 and 1953a; Glick and Frezon, 1953; 
and Henbest, 1953). The generalized areas of outcrop 
of the different pre-Atoka rock units shown on the 
Geologic Map of Arkansas (Arkansas Geological Sur
vey, 1929) have been used, with minor revisions, in 
the preparation of the maps in this report. 

The authors appreciate the generous assistance of 
many individuals and organizations interested in the 
geology of Arkansas. Among these individuals are 
N. F. Williams, Brun Johnson, J. C. Templeton, E. 
A. Brant, Howard Clark, D. A. Trumbo, Hampton 
Halsell, E. L. Clark, J. G. Grohskopf, and Earl Mc-
Cracken. The following organizations furnished well 
cuttings and general stratigraphic information: Ar
kansas Geological and Conservation Commission, Mis
souri Geological Survey, University of Arkansas, 
Arkansas-Oklahoma Gas Co., Arkansas-Louisiana 
Gas Co., Arkansas-Western Gas Co., Cities Service 
Oil Co., Fort Smith Gas Co., Phillips Petroleum Co., 
Pure Oil Co., Sinclair Oil and Gas Co., Atlantic Ee-
fining Co., Carter Oil Co., Gulf Oil Co., and Lion 
Oil Co. 

STRUCTURAL FEATURES 

The geographic regions shown on the index map 
(fig. 37) correspond to the areas of the principal struc
tural features of northern Arkansas. The Ozark re
gion is a series of dissected plateaus underlain by 
slightly undulating beds having a gentle regional dip 
toward the south; the Arkansas Valley is an east-
trending syncline complicated by many large folds and 
a few important faults; and the Ouachita Mountains 
region is a structurally complex anticlinorium contain
ing irregular folds and thrust faults of regional extent. 
Many anticlines, synclines, basins, and faults are present 
in the area; in general, the magnitude and complexity of 
the faults and folds increase southward toward the 
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Ouachita Mountains region. The pre-Atoka rocks de
scribed in this report dip southward under thick Atoka 
and younger Pennsylvanian rocks in the Arkansas 
Valley and reappear at the surface in the Ouachita 
Mountains region. Cretaceous and younger rocks over
lap the Paleozoic rocks in the Gulf Coastal Plain. 

The regional structure of northern Arkansas is de
picted in plate 20. As indicated on this map, the Boone 
formation dips generally southward across the Ozark 
region at rates increasing from about 10 feet per mile at 
the Missouri State line to about 200 feet or more per mile 
at the northern edge of the Arkansas Valley. The dip 
of the Boone in the western half of the area increases 
abruptly from 200 or 250 feet to approximately 500 feet 
per mile along the northern limb of the Arkansas Valley 
syncline. Faults in Crawford, Franklin, Johnson, and 
Pope Counties probably are responsible in part for the 
abrupt southward deepening of the Arkansas Valley 
syncline, but the extent and displacements of the faults 
have not been fully determined. In the eastern half 
of the area the southward increase in dip is more 
gradual. In the deeper part of the syncline the dip 
of the Boone is unknown. The base of the Boone for
mation has not been reached in the southern part of the 
area, even though four wells, in northern Scott, southern 
Logan, northern Yell, and southern Conway Counties 
have been drilled to depths of 7,980, 4,137, 5,632, and 
4,772 feet below sea level respectively. 

STRATIGRAPHY 

Pre-Atoka sedimentary rocks in northern Arkansas, 
which range in age from Late Cambrian to Early Penn
sylvanian, have been subdivided into the 32 formations 
listed in the table. Of these 32 formations, 26 crop out 
in northern Arkansas; the others, the Lamotte sand
stone, Bonneterre dolomite, and the Eminence dolo
mite, of Late Cambrian age, and the Van Buren for
mation, Gasconade dolomite, and Roubidoux formation, 
of Early Ordovician age crop out in adjacent southern 
Missouri. The pre-Atoka rocks of the Ozark region are 
approximately 5,000 feet thick and consist mainly of 
limestone, dolomite, and shale. Equivalent rocks in the 
Ouachita Mountains region are more than 20,000 feet 
thick (Arkansas Geological Survey, 1929), and consist 
mainly of shale and sandstone. 

The correlations used in this report are essentially 
those set up in cross sections previously published as a 
part of these investigations (Maher and Lantz, 1953b). 
These cross sections show the striking facies changes 
that take place in a southeasterly direction. The lime
stone beds of the Mississippian system and the Morrow 
group in the Ozark region grade southeastward into 
shale and sandstone beds that are thought to include 

equivalents of the Stanley shale (Mississippian and 
Pennsylvanian) and the overlying Jackfork sandstone 
(Pennsylvanian) of the Ouachita Mountains region. 
The reader is referred to these cross sections for details 
of lithology and correlation. 

The distribution, thickness, and lithofacies of pre-
Atoka rocks in northern Arkansas, as known from 
outcrops and from wells drilled before January 1,1954, 
are discussed in the following paragraphs. The area! 
distribution of pre-Chattanooga rocks, and the thick
ness and lithofacies of rock units between the base of 
the Everton formation and the base of the Atoka for
mation, are illustrated by maps (pis. 21-31). Similar 
maps for the pre-Everton rocks are not presented be
cause of the relative scarcity of subsurface data for 
these older rocks. All thicknesses indicated as outcrop 
thickness on the maps indicate that the unit measured 
was overlain by a younger unit, thereby eliminating 
the effect of the present cycle of erosion. The lines of 
outcrop shown on all maps have been generalized from 
the Geologic Map of Arkansas (Arkansas Geological 
Survey, 1929). Inasmuch as the base of the probable 
latest Mississippian and early Pennsylvanian rocks east 
of Newton County is not shown on any geologic map, 
the writers have arbitrarily extended this line to the 
Gulf Coastal Plain as a limiting line on plate 26 and 
plates 28-31. This was done with reference to the 
mapped limits of the Boone and Atoka formations in 
that area and should involve only slight error at this 
scale. 

PBECAMBRIAN BOCKS 

Precambrian rocks have been penetrated by only five 
wells, all in the northwestern part of the area, in Madi
son, Benton, and Washington Counties in the western 
Ozark region (pi. 20). The maximum penetration of 
Precambrian rocks was recorded in the Independent 
Oil and Gas Co. No. 1 Banks well, sec. 6, T. 16 N., R. 
27 W., Madison County, which was drilled 118 feet into 
rocks classified as rhyolite by McQueen (Croneis, 1930, 
p. 193) below a depth of 2,397 feet. The other 4 wells 
were reported to have been drilled into granitic rocks. 

CAMBRIAN ROCKS 

Eocks of Cambrian age have been penetrated by 6 
wells in northern Arkansas. These include the 5 wells 
drilled into Precambrian rocks, and the Camden Oil 
Co. No. 1 Grissom well, sec. 17, T. 15 N., R. 31 W., 
Washington County, which penetrated 57 feet of Cam
brian rocks tentatively correlated with the Eminence 
dolomite. Maher and Lantz (1953b) tentatively 
assigned a sequence of dolomite beds, 407 feet thick, in 
the Independent Oil and Gas Co. No. I Banks well (sec. 
6, T. 16 N., R. 27 W.) to the same formation. The 
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Ozark Production Co. No. 1 E. W. Curry well, sec. 33, 
T. 18 N., E. 33 W., Benton County, penetrated 445 feet 
of rocks which have been assigned to the Eminence 
dolomite, Bonneterre dolomite, and the Lamotte sand
stone, all of Cambrian age. 

ORDOVICIAN ROCKS 

Although none of the 3 Ordovician formations below 
the Jefferson City dolomite are exposed in northern 
Arkansas, they have been penetrated in six wells in 
Washington, Benton, and Madison Counties of north
western Arkansas. A thickness of 1,720 feet of Ordo
vician rocks was penetrated in the Independent Oil and 
Gas Co. No. 1 Banks well, sec. 6, T. 16 N., E. 27 W., 
Madison County. The thickness of Ordovician rocks 
is known to be greater than this figure in White County, 
where the Deep Eock Oil Co. No. 1 Sample well (sec. 
4, T. 10 N., E. 6 W.) was abandoned in the Powell dolo
mite after drilling into 2,012 feet of Ordovician rocks. 
The Ordovician rocks are thought to be thicker also in 
the Gulf Coastal Plain and they are reported to be more 
than 4,000 feet thick in the Ouachita Mountains region 
(Geologic Map of Arkansas, 1929). The Ordovician 
rocks of the Ozark region and the Arkansas Valley are 
predominantly carbonate rocks and can be conveniently 
grouped on the basis of gross lithology into three units 
for regional lithofacies studies: (1) a unit of the pre-
Everton rocks, which is mostly dolomite, (2) a unit 
of the Everton and St. Peter rocks, which is mostly 
sandy dolomite and sandstone, and (3) a unit of the 
post-St. Peter rocks, which is mostly limestone. These 
units are discussed below. 

PRE-EVERTON BOCKS 

The pre-Everton rocks of Ordovician age penetrated 
in wells in northern Arkansas include, in ascending 
order, the Van Buren formation, Gasconade dolomite, 
Eoubidoux formation, Jefferson City dolomite, Cotter 
dolomite, and Powell dolomite (see table). The three 
lowermost formations the Van Buren formation, Gas
conade dolomite, and Eoubidoux formation are pres
ent only in the subsurface. Complete lithologic logs 
are available for only 3 of the 6 wells which have been 
drilled through the pre-Everton rocks of Ordovician 
age in northern Arkansas. These wells and the thick
ness of the pre-Everton rocks of Ordovician age in them 
are as follows: Ozark Production Co. No. 1 E. W. 
Curry, sec. 33, T. 18 N., E. 33 W., Benton County, 1,380 
feet; Camden Oil Co. No. 1 J. W. Grissom, sec. 17, T. 15 
N., E. 31 W., Washington County, 1,448 feet, Independ
ent Oil Co. No. 1 Banks, sec. 6, T. 16 N., E. 27 W., Madi
son County, 1,462 feet. Little is known of the complete 
thickness of pre-Everton rocks in the subsurface in the 
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eastern half of the area, although it is believed that the 
thickness increases considerably toward the southeast. 

EVERTON FORMATION AND ST. PETER SANDSTONE1 

Rocks of the Everton formation and St. Peter sand
stone are present in the Arkansas Valley and in all but 
the northernmost part of the Ozark region of Arkansas 
(pi. 21). The Everton formation, ranging in thickness 
from a beveled edge to 1,180 feet, crops out nearly con
tinuously from western Carroll County in northwestern 
Arkansas to the Gulf Coastal Plain. The St. Peter 
sandstone, ranging in thickness up to 200 feet, crops out 
in north-central and northeastern Arkansas. The St. 
Peter has been mapped in discontinuous outcrops from 
central Newton County eastward to central Izard 
County, but has not been differentiated from sandstones 
of the Everton formation east of that point. The 
Everton formation unconformably overlies the Cotter 
dolomite or the Powell dolomite, and is unconformably 
overlain by the St. Peter sandstone except in the north
western Ozark region, where the Everton is uncon
formably overlain by younger Ordovician, Devonian, 
and Mississippian formations. The St. Peter sand
stone is apparently conformably overlain by the 
Joachim dolomite in the eastern third of the region and 
unconformably overlain by younger Ordovician and 
Mississippian formations in the western two-thirds. 

The known thickness of the unit of combined Ever
ton and St. Peter rocks ranges from a beveled edge 
in the northern Ozark region to a maximum of 1,338 
feet in the Deep Eock Oil Co. No. 1 Sample well, sec. 4, 
T. 10 N., E. 6 W., in northern White County (pi. 21). 
In general, the thickness increases southeastward 
mainly as a result of a considerable thickening of the 
Everton formation. 

The Everton and St. Peter sequence is composed 
primarily of thick beds of dolomite, sandy dolomite, 
and sandstone, some lenses of limestone, and a few thin 
beds of shale. It is less than 25 percent sandstone in 
parts of Searcy, Stone, Van Buren, Conway, Cleburne, 
Independence, and White Counties, in the east-central 
parts of the area, but more than 75 percent sandstone in 
parts of Washington, Madison, Crawford, and Franklin 
Counties of northwestern Arkansas (pi. 21). This 
northwestward increase in amount of sandstone may be 
due partly to the removal of upper dolomite beds of the 
Everton by erosion in northwestern Arkansas, but ap
pears to be mainly a result of a northwestward increase 
in the amount of sand deposited. The percentage of 
sandstone in the Everton also increases northeastward 
in Independence and Stone Counties, suggesting that 
more data from Izard, Fulton, Sharp, Lawrence and 
Eandolph Counties, might show presence of sandy 
facies similar to those of northwestern Arkansas. 
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The distribution, thickness, and lithofacies of the 
Everton formation suggest that the Everton sea was 
deeper in the southeastern part of the area, where pre
dominantly carbonate sediments were deposited, than 
in the northwestern part, where deposition of clastic 
sediments predominated. The clastic sediments prob
ably were derived from sandstones to the north and 
accumulated in the shallower areas, where they were 
rounded and winnowed by wave action. Some of the 
sand was transported southeastward into the deeper 
part of the sea, and was included in the carbonate mud 
being deposited in considerable quantities there. 
Slight uplift at the close of Everton time permitted the 
beveling of newly deposited rocks in northern Arkansas. 
The deeper area to the southeast probably was not 
brought above sea level and perhaps not up to the depth 
of wave action. Northern Arkansas was then again 
submerged, sand was brought in from the north, and a 
fairly uniform thickness of sandstone (St. Peter sand
stone) was deposited over the area. Deposition of 
sandy carbonate sediments may have continued without 
interruption during St. Peter time in the deeper part 
of the basin. 

POST-ST. PETER ROOKS 

The post-St. Peter rocks of Ordovician age crop out 
in central Newton County and eastward discontinu-
ously to the Gulf Coastal Plain near Batesville. They 
include five formations: in ascending order, the Joach
im dolomite, Plattin limestone, Kimmswick limestone, 
Fernvale limestone, and Cason shale (see table). 
Each formation has a distinct lithology which simpli
fies the identification of the formation in the outcrop 
and in well samples; each is separated from the next 
overlying formation by an unconformity. The con
tact of the St. Peter sandstone and the Joachim dolo
mite is apparently conformable but locally, where the 
Joachim is absent, the younger Ordovician formations 
rest unconformably on the St. Peter sandstone. Where 
the St. Peter is absent, post-St. Peter rocks of Ordo
vician age rest unconformably on the Everton forma
tion. Post-St. Peter rocks of Ordovician age are un
conformably overlain by Silurian, Devonian, or Mis-
sissippian rocks. 

The recorded thickness of post-St. Peter rocks of 
Ordovician age ranges from a beveled edge in the sub
surface and in the outcrop to 532 feet in the Deep Rock 
Oil Co. No. 1 Sample well in northern White County. 
The thickness of post-St. Peter rocks of Ordovician age 
increases southward in the western half of the area and 
eastward in the eastern half of the area (see pi. 22). 

Each of the five formations of the unit represents a 
relatively short interval of deposition followed by a 
brief period of erosion, which resulted in the very ir

regular distribution of each formation. Their lithology 
suggests that the sediments were deposited on a marine 
shelf area, and the absence of facies changes within the 
formations indicates that the environment of deposi
tion was fairly uniform throughout the area. The for
mations are thinner and more irregularly distributed in 
the area of outcrop in the Ozark region than they are 
to the south and southeast, suggesting that the Ozark 
area may have been covered by a shallower sea during 
the time of deposition and subjected to more erosion 
during emergence. 

SILURIAN BOCKS 

Rocks of Silurian age are composed of gray to pink, 
finely to very coarsely crystalline limestone, which has 
been divided, in ascending order, into the Brassfield 
limestone, St. Clair limestone, and Lafferty limestone 
(see table). The Brassfield outcrops are the most re
stricted in areal extent, being present only in northern 
Searcy County (McKnight, 1935, p. 58-59; Maher and 
Lantz, 1953a), and the St. Clair is the most extensive, 
being present in discontinuous outcrops from eastern 
Newton County eastward to the Batesville area. Silu
rian rocks are overlapped by younger rocks west of 
eastern Newton County. Rocks of Silurian age are 
present in the subsurface in the southern half of the 
area from the western border of Arkansas eastward to 
White and Independence Counties. 

The maximum known thickness of Silurian rocks in 
northern Arkansas is 254 feet (Arkansas-Louisiana 
Gas Co. No. 1 R. S. Barton well, sec. 27, T. 9 N., R. 
28 W., Franklin County). In general, the Silurian 
rocks are thickest in the western part of the Arkansas 
Valley, and decrease in thickness to the north and east 
(pi. 23). They appear to be absent in most of White, 
southern Cleburne, and eastern Independence Coun
ties. 

The limestones of Silurian age were deposited with 
little, if any, quartz sand on a relatively stable shelf. 
Slight emergence may have occurred between the depo
sition of the Brassfield and St. Clair, but otherwise 
the sea appears merely to have changed in depth dur
ing Silurian time. Silurian rocks are apparently ab
sent in the extreme eastern and southeastern parts of 
the area as a result of pre-Devonian erosion, although 
the available data for this area are inconclusive. 

DEVONIAN BOCKS 

PKNTBRS CHERT 

Along the outcrop in the Batesville area the Penters 
chert is composed mainly of light-gray to black chert, 
interbedded with thin beds or lenses of gray crystalline 
limestone and dolomite. In the subsurface the forma-
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tion is composed mainly of chert, but west of Pope 
County it is sandy, ranging from a slightly sandy chert 
to a cherty sandstone. The sand content does not ap
pear to fit any regular pattern of distribution. The 
Penters is unconformably overlain by the Chattanooga 
shale or the Boone formation and unconf ormably over
lies rocks which range in age from Middle Ordovician 
(Everton formation) to Silurian (Lafferty limestone). 

The known thickness of the Penters chert is greatest 
in Johnson and Pope Counties, in the Arkansas Valley, 
where it is more than 250 feet (pi. 24). It decreases 
northward rather regularly to a truncated edge in the 
southern Ozark region except in Madison and Washing
ton Counties in northwestern Arkansas, and in White 
and Independence Counties in the eastern part of the 
area. In southern Madison and eastern Washington 
Counties, a tongue of Penters chert, less than 40 feet 
thick but 12 miles wide, extends 15 to 20 miles north
west of the formation limit in adjacent counties and 
overlies the beveled edges of rocks ranging from Silur
ian to Everton in age. This northwestward extension 
represents a remnant of Penters chert preserved when 
pre-Mississippian erosion removed the formation in 
adjacent counties. In White and Independence Coun
ties, the Penters decreases abruptly in thickness from 
100 feet to a northeasterly-trending truncated edge near 
the Coastal Plain, which suggests that the Penters was 
more than 100 feet thick in these counties before uplift 
and beveling near the end of Devonian time. 

CLEFTY LIMESTONE 

The Clifty limestone which crops out at one locality 
in eastern Benton County (see note on figure 24), was 
originally described by Purdue and Miser (1916, p. 9). 
It has not been recognized elsewhere in outcrops or in 
the subsurface. At the type locality it is 2i/£ feet thick 
and overlies the Everton formation and underlies the 
Chattanooga shale. It is Middle Devonian (Hamilton) 
in age and younger than the Penters chert. 

BOCKS OF MISSISSIPPIAN AND DEVONIAN AGE 

CHATTANOOGA SHALE 

The Chattanooga shale, as used in this report, refers 
to the sequence of black carbonaceous fissile shale and 
thin basal sanstone that occupies the stratigraphic in
terval between the Penters chert and Boone formation 
and includes rocks of both Devonian and Mississippian 
age. It crops out in Stone and Independence Counties 
in the east and in western Newton, Madison, Carroll, 
eastern Benton, and eastern Washington Counties, in 
the northwest, and is present in the subsurface of most 
of the Arkansas Valley. It is absent from a wide area 
in north central Arkansas, both at the surface and in the 

subsurface (pi. 25). In the subsurface of White and 
Jackson Counties, the Chattanooga shale cannot be 
diiferentiated as a unit in the black shale which rests 
on Devonian or older rocks (see note, pi. 26). The 
Chattanooga shale is overlain by the Boone formation 
or rocks of equivalent age and unconformably overlies 
the Penters chert. It overlaps the beveled edges of suc
cessively older formations north or the limits of the 
Penters chert in Crawford, Madison, Washington, Car-
roll, Benton, Newton, Stone, and Independence 
Counties. 

The thickness of the Chattanooga shale exclusive of 
the thin basal sandstone is shown in plate 25. The max
imum recorded thickness is 70 feet in Washington and 
Crawford Counties. The rate of thinning of the black 
shale ranges from less than 1 foot per mile in much of 
the area to a maximum to 10 to 15 feet per mile in small 
areas in Johnson County, and in Stone and Indepen
dence Counties. 

The contact between the Boone formation and the 
underlying Chattanooga shale is not the same 
throughout northern Arkansas. In northwestern Ar
kansas the Chattanooga shale grades upward into the 
silty St. Joe limestone member of the Boone formation, 
and apparently no unconformity separates the two. 
In the east-central part of the area, on Sylamore Creek 
in Stone County (sec. 21, T. 15 N., R. 11 W.), the 
Boone, has a glauconitic and phosphatic sandstone at 
its base and rests unconformably on the black shale of 
the Chattanooga. The thin basal sandstone of the 
Chattanooga, which overlies Silurian rocks, is litho-
logically different from the sandstone at the base of 
the Boone. The black shale is not present along the 
outcrop and in the subsurface in a wide area between 
Sylamore Creek and northwestern Arkansas. 

In the outcrop area in northwestern Arkansas and 
in the subsurface of most of the Arkansas Valley the 
Chattanooga shale has a glauconitic and phosphatic 
basal sandstone. In these areas no sandstone or evi
dence of unconformity is present between the Chatta
nooga shale and the Boone formation. Throughout 
the region where the black shale of the Chattanooga is 
absent beneath the Boone formation (pi. 25) the Boone 
is underlain by a persistent glauconitic and phosphatic 
sandstone usually less than 2 feet thick, which surface 
mapping (Miser, 1916, p. 9) shows to be the sandstone 
at the base of the Chattanooga in the outcrops of north
western Arkansas. This sandstone has been mapped as 
far east as central Searcy County, about 25 to 30 miles 
west of the Sylamore Creek locality. 

If the sandstone at the base of the Boone on Syla
more Creek correlates with the glauconitic phosphatic 
sandstone underlying the Boone in Newton and Searcy 



179 PRE-ATOKA ROCKS OF 

Counties and with the sandstone at the base of the 
Chattanooga in the northwestern part of the area, the 
black shale of the Chattanooga beneath the Boone on 
Sylamore Creek is older than the black shale above the 
glauconitic phosphatic sandstone in the west. If the 
sandstones are not correlative, both black shales are 
approximately equivalent. Additional mapping east
ward from central Searcy County to Independence 
County may solve this problem, and also may deter
mine whether or not the stratigraphic relationship of 
the Chattanooga and the Boone in the Sylamore Creek 
section is representative of their relationship through
out the eastern part of the area. In plate 25 all black 
shale between the Penters chert and the Boone forma
tion is mapped as a single unit. 

MISSISSIPPIAN BOCKS 

Rocks of Mississippian age occupying the strati-
graphic interval from the base of the Boone formation 
to the top of the Pitkin limestone crop out in a wide 
band across the Ozark region of Arkansas and are 
present in the subsurface of the Arkansas Valley. The 
rocks in this interval are divided, in ascending order, 
into the Boone formation, Moorefield formation, Rud-
dell shale, Batesville sandstone, Fayetteville shale, and 
Pitkin limestone (see table, p. 174). The thickness of 
the Boone-to-Pitkin rocks increases from about 400 
feet near Fort Smith in the west to more than 2,900 
feet in central White County in the east (pi. 26). In 
some places the basal unit, the Boone formation, or 
equivalent rocks, rests conformably on the Chattanooga 
shale; and in other places it rests unconformably on the 
Chattanooga or on older rocks. In some areas rocks 
within the interval are unconformably overlain by 
rocks of probable latest Mississippian age and in other 
areas by rocks as young as the Prairie Grove member 
of the Hale formation. The only regional uncon
formity so far definitely recognized within the interval 
lies between the Boone formation and post-Boone rocks 
of Mississippian age. 

Boone-to-Pitkin rocks in the northern part of the 
area are predominantly limestone, cherty limestone, 
and shale, but locally as much as 20 percent of the 
section is sandstone. The percentage of limestone 
within the interval decreases eastward and southward 
(pi. 26); in the vicinity of Fort Smith, 75 to 90 per
cent of the section is limestone and in central White 
County less than 5 percent of it is limestone and more 
than 95 percent is black shale. The limy, slightly 
sandy facies in the north-central and western part of 
the area is primarily a shelf deposit; the thick black-
shale facies in the southeastern part of the area is a 
basin deposit. The black-shale facies in central White 
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County, which is 2,975 feet thick in the Lion Oil Co. 
No. 1 Nally well, sec. 33, T. 8 N., R. 7 W., was con
sidered by Maher and Lantz (1953b) to include the 
equivalent of the Stanley shale, which crops out in the 
Ouachita Mountain region. 

Despite the considerable change in facies across 
northern Arkansas, the Boone-to-Pitkin rocks are 
readily separable throughout two-thirds of the area. 
Therefore the Boone-to-Pitkin rocks are treated in the 
following discussion in two divisions: the Boone forma
tion and the Moorefield-to-Pitkin sequence. 

BOONE FORMATION 

The Boone formation in the area of outcrop is com
posed of two units; a light-gray to reddish-brown, 
crinoidal, finely crystalline limestone unit, less than 
100 feet thick, the St. Joe limestone member, and an 
overlying unit, 200 to 350 feet thick, of cherty lime
stone and interbedded gray dense chert and gray finely 
crystalline limestone. The contact between the Boone 
formation and the underlying Chattanooga shale is 
unconformable in some places and gradational in others 
(see discussion of Chattanooga shale above). Where 
the Chattanooga shale is absent, the Boone unconform
ably overlies Ordovician, Silurian, or Devonian rocks. 
The top of the formation is marked by a well-defined 
unconformity in the Ozark region and in the western 
part of the Arkansas Valley. 

The Boone is one of the most extensive formations 
in northern Arkansas (pi. 27). It crops out over a 
broad area in 12 northern counties and is represented 
in the subsurface throughout the Arkansas valley. Its 
thickness ranges from 50 feet in southern Franklin 
County to about 375 feet in and around Boone County. 
Regionally, the thickness of the Boone increases from 
the southwest, south, and southeast toward Boone 
County. Local anomalies in thickness are probably the 
result of post-Boone erosion, which developed an ir
regular topography on the Boone. 

The Boone formation is composed predominantly 
of limestone and chert in the northern and western 
parts of the mapped area. In this area the formation 
contains less than 5 percent shale (pi. 27). This lime
stone and chert facies grades into limy black shale and 
black chert to the southeast, in southeastern Van Buren, 
central Cleburne, and northern White Counties. 
Farther southeast, in the Lion Oil Co. No. 1 Nally well, 
sec. 33, T. 8 N., R. 7 W., central White County, 295 
feet of limy black shale in the lower part of a thick 
black-shale section probably is the equivalent of the 
Boone plus the equivalent of the Chattanooga shale. 
The limestone and chert facies was deposited on a 
relatively stable shelf, approximately in the area in 
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which the Boone is less than 5 percent shale ( pl. 27). 
The shale facies was deposited south and east of the 
shelf in a basin occupying the area in which the Boone 
is more than 95 percent shale. This area probably ex
tends across the eastern end of the Arkansas Valley 
into the eastern part of the Ouachita Mountain region 
and may extend westward to Oklahoma through the 
central part of the Arkansas Valley. A transitional 
zone about 20 miles wide, in which the Boone is 5-95 
percent shale, lies between the shelf and basin facies. 

The decrease in thickness of the Boone formation in 
the outer part of the limestone area and across the 
transitional zone and black-shale area may have re
sulted from a progressively slower rate of deposition 
away from the central part of the shelf area. How
ever, part of the thinning probably is the result of post
Boone Mississippian erosion. In Franklin County 
thickness lines do not parallel facies lines (pl. 27), and 
the relationship suggests erosion of the upper part of 
the Boone which, around the edge of the shelf area, 
generally is more shaly than the lower part. 

MOOREFIELD FORMATION TO PITKIN ;LIMESTONE 

Moorefield-to-Pitkin rocks form a sequence that crop 
out across northern Arkansas in an irregular band ex
tending from the Oklahoma State line southwest of 
Fayetteville eastward to the vicinity of Batesville (pl. 
28), and are present in the subsurface south of this 
band. The units of the sequence, in ascending order, 
are Moore.field formation, dark-gray limy shale and 
silty limestone; the Ruddell shale, gray fissile clay 
shale; the Batesville sandstone, silty limy sandstone; 
the Fayetteville shale, limy black shale; and the Pitkin 
limestone, shaly limestone (see table). This sequence 
of conformable uni ts unconformably over lies the 
Boone formation. It is unconformably overlain either 
by rocks of probable latest Mississippian age or by 
rocks as young as the Prairie Grove member of the 
Hale formation. All or part of the Pitkin limestone 
and, locally, the upper half of the Fayetteville shale are 
absent as a result of pre-Hale erosion in the northwest 
part of the area in Washington, Madison, Carroll, 
Boone, and Newton Counties and in some sections of the 
southwest. 

Both surface and subsurface data indicate a general 
southeastward increase in the thickness of the sequence 
in northern Arkansas (pl. 28). The sequence is less 
than 200 feet thick at Fort Smith and northward 
along the Oklahoma State line and is more than 2,600 
feet thick in central ·white County. The Pitkin lime
stone and part of the Fayetteville shale were removed 
locally by pre-Hale erosion in the western half of the 
Ozark region of Arkansas, but elsewhere the sequence 
probably is nearly complete. The Fayetteville shale 
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and Pitkin limestone form all but 75-100 feet of the 
sequence except in the Batesville district and in south
ern Franklin County, where the lowest two formations 
are locally thick. The thickness of the Moorefield 
formation and Ruddell shale locally reflects the irregu
lar topography of the eroded Boone surface. 

Two sandstone units are present in the Moorefield-to
Pitkin sequence. The older of these, the Batesville 
sandstone, has a maximum thickness of about 170 feet 
(Miser, 1922, p. 40) in the area of outcrop. This for
mation is commonly represented in wells south of the 
outcrop by slightly sandy limy shale beds which cannot 
be readily separated from the underlying Ruddell shale 
and Moorefield formation. The younger sandstone 
unit, the W edington sandstone member of the Fayette
ville shale, is present locally in the western half of the 
area. The Wedington is more than 150 feet thick in 
western Washington County (Croneis, 1930, p. 68) and 
about 10 feet thick in northwestern Newton County 
(Purdue and Miser, 1916, p. 13), but is thin or absent 
in wells in the southern parts of Crawford, Franklin, 
and Johnson Counties. 

In the southeastern part of the area less than 1 per
cent of the Moorefield-to-Pitkin sequence is limestone; 
almost all of the sequence is shale (pl. 28). This shale 
was deposited in a basin which extended southwestward 
to the Ouachita Mountain region and temporarily 
covered all northern Arkansas. The Fayetteville shale 
of the Ozark region is a basin deposit which accumu
lated during a northward encroachment of the basin. 
The basin facies of the sequence interfingers with and 
grades into a more limy shelf facies in the central, 
northern, and western parts of the area. The percent
age distribution of limestone in the shelf facies is re
lated closely to the distribution of the Pitkin limestone, 
which locally makes up more than 50 percent of the 
sequence. In the northwestern part of the area where 
the Pitkin was removed by pre-Hale erosion, the per
centage of limestone is small because the other lime
stones make up less than 10 percent of the total thick
ness. 

PROBABLE LATEST MISSISSIPPIAN AND EARLY 
PENNSYLVANIAN ROCKS 

Rocks of the interval from the top 0£ the Pitkin 
limestone (Mississippian) to the base of the Atoka 
formation (Pennsylvanian) form a se1uence exposed in 
cliffs and steep slopes across northern Arkansas (pls. 
29-31). This sequence of rocks has been mapped as an 
irregular but continuous outcrop from western Wash
ington County eastward to central Searcy County, but 
has not been mapped in detail eastward from the latter 
locality to the Gulf Coastal Plain. This sequence in
cludes all rocks of the Morrow group and any post-
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Pitkin rocks older than Morrow present in northern 
Arkansas. In the stratigraphic divisions of previous 
reports the oldest post-Pitkin rocks are not separated 
from the rocks of Morrow age and, in the opinion of the 
authors, they are inseparable from the rocks of Morrow 
age except on the basis of their fauna. The divisions 
of the Morrow group and their relationships to the 
oldest post-Pitkin rocks are discussed below. 

The sequence ranges in thickness from less than 100 
feet, in outcrops in Boone County (Purdue and Miser, 
1916, p. 14), to more than 1,600 feet, in the Lion Oil 
Co. No. 1 Nally well, sec. 33, T. 8 N., R.. 7 W., in cen
tral White County. Well data from Cleburne and 
northern White Counties indicate the presence of a 
thick sequence of Morrow rocks in that part of the area 
and suggest that detailed surface mapping south and 
west of Batesville may disclose that some of the strata 
assigned to the overlying Atoka formation on the 
Geologic Map of Arkansas ( 1929) are actually a part 
of the Morrow group. 

In its type area in Washington County, Ark., the Mor
row group is divided into two formations, the Hale 
formation and the overlying Bloyd shale. In that are.a 
the Hale formation is subdivided into two members, the 
Cane Hill and the overlying Prairie Grove (Henbest, 
1953). Also in Washington County, the Bloyd shale 
is partially subdivided into members, of which the 
Brentwood limestone member in the lower part and the 
Kessler limestone member in the upper part are shown in 
the table. 

In the subsurface south of Washington County the 
major lithologic facies of the group are similar to those 
of the Morrow group in its type area and can be corre
lated as far south as northern Sebastian Cow1ty with 
considerable confidence. The same divisions are recog
nizable along the outcrop as far east as western Newton 
County. 

The major facies of the rocks of Morrow age thicken 
and change lithologically south and east of western 
Newton County. However, even there the major divi
sions of the Morrow group are recognizable if surface 
and subsurface data are examined carefully. The au
thors have tentatively correlated and isopached for that 
part of the area three divisions which they consider to 
be approximate equivalents of the Cane Hill and Prai
rie Grove members of the Hale formation and the 
Bloyd shale (pls. 29-31). Each of these divisions is 
subject to considerable revision in correlation because 
few data are available in the area where facies changes 
are most abrupt. 

One of the major unsolved problems in the regional 
correlation of divisions of the Morrow group concerns 
the Cane Hill member of the Hale formation. In its 
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type area in "'\1/ashington County, the Cane Hill un
conformably overlies the Pitkin limestone or, where the 
Pitkin is absent, the Fayetteville shale, both of Missis
sippian age. There the Cane Hill is, by definition, the 
oldest unit of the Morrow group, but whether it is con
formably or unconformably overlain by the Prairie 
Grove member of the Hale formation remains an open 
question (Henbest, 1953, p. 1941). The authors believe 
these two members are separated by the only regional 
unconformity within the Morrow group. The thickness 
of the unit made up of rocks younger than the Pitkin 
and older than the Prairie Grove in "'\,Vashington County 
(or its apparent equivalent south and east of Washing
ton County) is shown by isopach lines in plate 29. The 
rocks of that unit are considered by the authors to be the 
Cane Hill member of the Hale formation in "'\iVa hing
ton County and its probable equivalent south and east of 
that county. However, a fauna in the lowest 100 feet of 
the unit in Searcy County is considered by Mackenzie 
Gordon, Jr., of the U. S. Geological Survey, to be of 
probable latest Mississippian age. Even though the au
thors have found no stratigraphic break between these 
post-Pitkin rocks of probable lastest Mississippian age 
in Searcy County and the an Hill of Washington 
County, it is possible that two units of shale, one of prob
able latest Mississippian age and one of early Pennsyl
vanian age, are mapped together in plate 29, making the 
use of the term Cane Hill in the title of that map in
advisable. If two such units of shale are present, the 
older unit probably is truncated west of central Newton 
County and the younger unit probably grades into an 
overlying coarse-grained sandstone unit in about the 
same area. 

ROCKS OF THE INTERVAL BETWEEN THE PITKIN LIME
STONE AND THE PRAIRIE GROVE MEMBER OF THE 
HALE FORMATION (OR ITS A'.PPARENT EQUIVAL.El'l"'T 
SOUTH AND EAST OF WASHINGTON COUNTY) 

The rocks in this interval form a unit composed pri
marily of black micaceous shale, dark-gray siltstone, 
and fine-grained sandstone (pl. 29) ; locally there are 
a few thin fossiliferous limestone beds in the unit. The 
rocks mapped within this unit include the Cane Hill 
member of the Hale formation of Washington County, 
Ark., as well as the previously discussed rocks of prob
able latest Mississippian age. The unit crops out in 
southwestern Washington County and eastward to 
central Searcy County. From Searcy County eastward 
to the Gulf Coastal Plain it probably is present but 
has not been studied in detail. 

The unit rests unconformably on the Pitkin lime
stone or, where the Pitkin is absent, on the Fayetteville 
shale, and is, in the opinion of the authors, uncon
formably overlain by the Prairie Grove member of the 
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Hale formation (or the apparent equivalent of the 
Prairie Grove south and east of Washington County). 
The thickness of the unit ranges from a thin edge to 
more than 700 feet (pi. 29). It is locally thin or ab
sent under the Prairie Grove member in Washington 
County (Henbest, 1953, p. 1938), or under the apparent 
equivalent of the Prairie Grove member in west-central 
Pope County (Maher and Lantz, 1953b), and in New
ton and Searcy Counties, where it has been mapped by 
the authors. 

The percentage of sandstone in the unit decreases 
from more than 50 percent in the vicinity of Fayette-
ville in the west and in the vicinity of Batesville in the 
east (pi. 29) to less than 25 percent in the central and 
southwestern parts of the area, where the unit consists 
of a basal fine-grained sandstone, 10 to 50 feet thick, 
and overlying slightly silty black shale beds, 75 to 300 
feet thick. In the northwestern part of the area it 
is composed of silt, silty sandstone, and fine-grained 
sandstone. The percentage of sandstone in that area 
is difficult to determine accurately because the bedding 
is generally shaly or thin and sheety. In the southeast, 
in eastern Van Buren, Cleburne, and northern White 
Counties, the unit consists of interbedded fine-grained 
sandstone and silty shale, but there the individual 
beds of sandstone are as much as 20 feet thick. 

The source of the sediments of the unit is unknown. 
However, along the outcrop in the western part of 
Searcy County most of the sandstone is near the base 
of the unit and locally, pebbles of Pitkin limestone are 
present in lenses of conglomerate as much as 10 feet 
above the base of the unit. These lenses of conglom
erate are separated from similar basal conglomerate by 
fine-grained sandstone and shale. In this vicinity the 
fine sand, some of the silt, and the limestone pebbles 
of the Pitkin probably came from a source a few miles 
to the north where Pitkin and older rocks were being 
eroded. Part of the sand here, as well as most of the 
sand farther east, is thought to have come from a source 
east of Batesville, because the amount of sand in the 
sequence increases in that direction. 

The thickness of the unit (shown in plate 29) de
creases abruptly near the center of the area in north
western Pope and in southeastern Newton Counties. 
This region may have been uplifted slightly and eroded 
before the deposition of the apparent equivalent of the 
Prairie Grove member. However, differential erosion 
in the nature of deep channeling could account for the 
local decrease in thickness in southeastern Newton 
County. In outcrops in that region the thickness of 
the overlying apparent equivalent of the Prairie Grove 
increases as the thickness of this unit decreases, and 
little evidence of differential uplift has been noted. 

PRAIRIE GROVE MEMBER OF THE HALE FORMATION 
IN WASHINGTON COUNTY AND ITS APPARENT EQUIV 
ALENT TO THE SOUTH AND EAST 

The Prairie Grove member and its apparent equiva
lent are composed mainly of sandy limestone and limy 
sandstone. They form what is probably the most wide
spread unit of the Morrow group of northern 
Arkansas (pi. 30), for at no locality are these rocks 
known to be absent under the protective cover of the 
Bloyd shale or the Atoka formation. The Prairie 
Grove member, in the opinion of the authors, uncon-
formably overlies the Cane Hill member of the Hale 
or, where the Cane Hill is absent, rocks of Mississip-
pian age. The Prairie Grove is overlain conformably 
by the Bloyd shale or, where the Bloyd was removed 
by pre-Atoka erosion (pi. 30), unconformably over
lain by the Atoka formation. 

The recorded thickness of the unit increases from 
less than 70 feet in the west, in northwestern Newton 
County and northwestern Sebastian County, to more 
than 300 feet in the east in central White County (pi. 
30). The gradual west to east regional thickening of 
the unit is interrupted by local anomalies in thickness 
where the unit fills channels in the underlying shale. 
In southeastern Newton and southwestern Searcy 
Counties, channels as much as 50 feet deep and 100 
yards wide are exposed in cross sections along the out
crop. These channels are filled with coarse-grained 
sandstone, and quartz-pebble conglomerate. 

In the southeast, in central White County and west
ward to northern Conway County, the unit is pre
dominantly calcareous fine- to medium-grained sand
stone. In contrast to the underlying unit of domi-
nantly fine-grained rocks of the apparent equivalent 
of the Cane Hill, this unit contains scattered grains of 
very coarse sand and beds of coarse-grained sandstone. 
Black micaceous shale and siltstone are only minor 
constituents of the unit. North and west of Conway 
County the unit becomes increasingly more calcareous, 
until it grades into sandy oolitic limestone in western 
Newton, Madison, and Washington Counties. The 
grain size of the sand in the unit decreases from east 
to west and southward from the area of outcrop. 

Striking features of the outcrops of the Prairie 
Grove where investigated in the western half of the 
area are crossbedding, lack of continuity of individual 
beds, and abundance of clay and quartz pebbles and 
granules. These features indicate that the rocks were 
deposited under conditions of strong current or wave 
action. The basal conglomerate, present locally in the 
area of outcrop, is the oldest stratum in northern 
Arkansas known to contain in most localities abundant 
white quartz granules and pebbles, although a few such 
pebbles have been found in the oldest post-Pitkin rocks. 
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Because the number of quartz pebbles and the amount 
of coarse sand decrease westward across Searcy and 
Newton Counties and southward from the area of out
crop, their source is thought to be to the north and 
east. 

The relationship between basin and shelf areas dur
ing the deposition of the unit is not apparent. The 
greater proportion of limestone in Washington and 
Madison Counties (pi. 30) probably is primarily a re
flection of the greater distance of that part of the area 
from the source of sand. The clastic, crossbedded 
limestone in those counties was deposited in an environ
ment similar to that farther east where crossbedded, 
very limy sandstone was deposited. The sea was shal
low in the northern part of the area but may have 
been deeper in the southern and southeastern parts of 
the area. 

The percentage of limestone in east-central Pope 
County is greater than in the surrounding area (pi. 
30). This anomaly is based on data from only one well, 
the Cosden Oil Co. No. 1 Shackleford well, sec. 13, T. 
9 N., K. 19 W. In this well, sandy oolitic fossiliferous 
limestone makes up about 15 percent of the unit, 
whereas limestone makes up less than 5 percent in the 
nearest adjoining wells, about 15 miles to the northeast 
and northwest. However, part of the unit in these 
wells is very limy sandstone, and this anomaly may 
therefore represent only a minor change in lithology 
resulting from a shift of currents or a slight uplift 
which temporarily decreased the amount of sand enter
ing this area. 

BLOYD SHALE IN WASHINGTON COUNTY AND ITS AP
PARENT EQUIVALENT TOWARD THE SOUTH AND 
EAST 

The Bloyd shale of Washington County and its ap
parent equivalent south and east of that county form 
a mappable unit (pi. 31) that crops out in the Ozark 
region beyond the northern limits of the Atoka forma
tion and as inliers in the Atoka formation in the val
leys of many southward flowing streams. In the 
type area in Washington County, the Bloyd is com
posed of dark-gray shale, two members of slightly 
sandy limestone Brentwood and Kessler limestone 
members, a minor amount of limy sandstone, and a thin 
lens of coal. 

The Bloyd shale rests conformably on the Prairie 
Grove member of the Hale formation in the type area 
and is unconformably overlain by the Atoka forma
tion. The Bloyd or its apparent equivalent increases 
in thickness from a beveled edge in southern Carroll 
and northwestern Newton Counties to more than 650 
feet in southern Cleburne County (pi. 81). The unit 
was removed by pre-Atoka erosion in the northwestern 
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part of the area, in parts of Washington, Madison, 
Newton, Searcy, Carroll, and Boone Counties. Where 
the unit is present in these counties, its thickness is 
irregular, as a result of differential erosion. South
ward from these counties the effect of the erosion is 
less pronounced. 

The percentage of limestone in the unit decreases 
from west to east, as the shale and limestone facies 
typical of the Bloyd shale in the western part of the 
area grades into a thicker facies of shale and sandstone 
of the apparent equivalent in the eastern part of the 
area (pi. 31). Near Fort Smith, 30 to 50 percent of 
the apparent equivalent is silty oolitic limestone and 
the rest is dark-gray shale. In the southeast, in White, 
Cleburne, and parts of Conway, Van Buren, and Pope 
Counties, less than 5 percent of the apparent equiva
lent is limestone, and the rest consists of black mica
ceous shale, dark-gray siltstone, and gray silty slightly 
limy fine-grained sandstone. 

Most of the sediments probably were deposited in a 
shallow-water environment. Lateral lithologic 
changes, cross lamination, and the presence of clay 
pebbles in the sandstone beds are the result of strong 
current or wave activity. These sandstone beds are 
separated by sections, as much as 100 feet thick, of dark-
gray shale which probably were deposited in quiet 
water. The middle part of the Bloyd is of terrestrial 
origin in Washington County (Henbest, 1953, p. 1943-
44). 

DEPOSITIONAL HISTORY 

During Late Cambrian and Early Ordovician (pre-
Everton) time the Ozark region of Arkansas was a rela
tively stable marine platform on which predominately 
carbonate rocks were deposited. At irregular inter
vals, sand was swept southward across the platform in 
such quantities that the carbonate material was no 
longer able to mask the clastic deposits and thin sand
stones were deposited over wide areas. Minor oscilla
tions during this deposition caused some of the newly 
deposited sediments to be eroded for relatively short 
times before deposition was renewed. During pre-
Everton time the sea in the region of the present day 
Ouachita Mountains probably was shallow and muddy, 
and a thick sequence of clastic sediments accumulated 
as the area subsided. Following the deposition of pre-
Everton rocks, the Ozark region was uplifted and 
eroded. 

At the beginning of Everton time the Ozark region 
was submerged again the southeastern part to a 
greater depth than the rest of the region and large 
quantities of sand were brought from the north to mix 
with carbonate sediments accumulating in the area. 
Much of the sand was deposited in shallow water in 
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the northern and western parts o-f the area, but some 
,, as swept into slightly deeper water in the south
eastern part. A minor rece.ssion of the sea halted de
position of the Everton formation in the Ozark region, 
but it is not certain that this interruption extended 
vary far south. In St. Peter time transgressing seas 
reworked the newly deposited Everton sands and re
ceived new elastic material from the north to form the 
thick and extensive sandstone of the St. Peter. In 
the eastern part of the area the carbonate deposits of 
the Joachim dolomite covered the sandstone before the 
area was again eroded. After this pre-Plattin erosion 
the Ordovician seas advanced and retreated across the 
area between recurrent intervals of gentle warping in 
the Ozark region. Then regional upwarping followed 
by erosion marked the close of the Ordovician period. 

During Silurian time, the seas advanced over the 
eroded Ordovician rocks and may have covered most or 
n,ll the Ozark region. Limestone beds were deposited 
in a rather stable sand-free environment. The area 
was uplifted and eroded before the deposition of 
Devonian rocks. Devonian seas covered the eroded 
edges of Silurian and older rocks and probably most 
of northern Arkansas. The Penters chert was the 
principal deposit of the Devonian seas. 

After deposition of Devonian rocks, northern Ar
kansas was tilted southward and peneplained. During 
this time the Penters chert was eroded from eastern 
White and Independence Counties and the Penters and 
other formations as old as Early Ordovician age were 
truncated in the Ozark region (pl. 24). A thin basal 
sandstone with an averao-e thickness about 2 :feet was 
deposited evenly over this peneplained surface by a 
transgressino- sea and was covered by the black shale 
of the Chattanooga, except in the central and possibly 
in the eastern parts of the area where Mississippian 
rocks now re ton the basal sandstone. 

During Missi sippian time, limestone and some shale 
of the Boone to Pitkin rocks ,"\ere deposited on a stable
shelf area in northern and western Arkansas and a 
much thicker sequence of black shale was deposited in 
a basin outh and southeast of the shelf (pl. 26). The 
basin probably covered much of what is now the central 
and southern part of the Arkansas Valley and the 
Ouachita Mountain region. Post-Boone uplifts, which 
were followed by erosion in the shelf area, probably 
did not interrupt deposition in the basin. 

The depositional history of rocks lyjng between the 
top of the Pitkin limestone and the base of the Bloyd 
shale or its appar nt equivalent south and east of 
Washington County is subject to two different 
interpretations. 

One interpretation may be that after the deposition 
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of the Pitkin limestone and a short period of erosion, 
the sequence of sandstone, shale, and limestone that 
make up the rocks of probable latest Mississippian age, 
was deposited over much of northern Arkansas. Ero
sion after uplift at the end of the Mississippian period 
truncated both this sequence and the Pitkin limestone 
in northwestern Arkansas and cut into the upper part 
of the underlying Fayetteville shale. During early 
Morrow time the fine-grained sandstone, dark siltstone 
and shale of the Cane Hill member of the Hale forma
tion and the overlying series of coarser-grained limy 
sandstone, sandy limestone, and shale of the Prairie 
Grove member of the Hale formation were deposited 
in western and nortlY,Yestern Arkansas, while a single 
thicker unit of coarser grained sandstone containing 
quartz pebbles and shale was deposited to the east and 
southeast in the stratigraphic interval occupied by the 
combined Cane Hill and Prairie Grove in the type 
area. This interpretation is based on the theory that 
the Pitkin limestone and the rocks of probable latest 
Mississippian age are separated by a minor uncon
formity, that the rocks of probable latest Mississippian 
age and the Hale formation are separated by a signif
icant unconformity, and that the Cane Hill and Prairie 
Grove members of the Hale formation are separated 
only locally by an unconformity. 

The interpretation favored by the authors is that 
after the deposition of the Pitkin limestone, northern 
Arkansas was uplifted and tilted southward. Erosion 
then truncated the Pitkin limestone and cut into the 
upper part of the Fayetteville shale in northern and 
northwestern Arkansas. As the sea readvanced, the 
fine-grained sandstone, dark siltstone, shale, and lime
stone that make up rocks of probable latest Mississip
pian age were deposited in much of northern Arkansas, 
while Mississippian rocks continue·d to be eroded far
ther north and west. As the sea became more wide
spread, the dark shaly silts_tone, silty sandstone, and 
silty shale of the Cane Hill member of the Hale forma
tion were deposited in the western part of the area, 
while a thick deposit of fine-grained sandstone and 
shale accumulated in the central and eastern part. Up
lift again caused retreat of the sea from most of the 
northern part of Arkansas and locally the newly de
posited rocks were stripped away. In the Ozark region, 
deep channels were cut in the relatively soft shale. 
After this rapid but deep erosion, northern Arkansas 
was covered by a shallow sea in which pebbles and 
coarse sand were mixed into a matrix of elastic lime
stone forming the Prairie Grove member of the Hale 
formation and its apparent equivalent south and east 
of Washington County. These coarse elastic sediments 
probably were derived from the east or northeast. This 
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interpretation is based on the theory that the Pitkin 
limestone and the rocks of probable la. test Mi sissip
pian age are eparated by a significa,nt unconformity, 
that the rock· of probable latest Mi sissippian age and 
the Cane Hill member of the Hale formation are con
formable and are parts of a single transo-ressive unit, 
and that the Cane Hill and Prairie Grove members of 
the Hale formation a re epara ted by a regional un
conformity. 

Depo ition continued until the encl of Morrn,, time 
without a regional em. ional break but with some lo al 
erosion and redeposition. The shale, limestone, and 
lesser amount of andstone composincr the Bloyd shale 
were deposited in the "·e tern part of the area and the 
greater thickne . of sand tone and shale of its apparent 
equivalent south and ea.st of Washington County was 
deposited in the east. After the deposition of these 
rocks of l\fono" age, the area ,-vas again tilted south
ward and eroded. 

OIL AND GAS 

Gas fields in the ·we. tern part of the Arksan as Val
ley produced about 236 bil lion ·ubi c feet of sweet dry 
gas from the time of the first eras di covery in 1902 to 
the end of 1953 (Dobie, 1953; Arkansas Oil and Gas 
Commission, 1953) . Durino· 1953, approximately 11.6 
billion cubic feet of o-a wer produ eel from 200 to 2=0 
wells in 21 field . Mo t of thi gas ame from . and
stones of the Atoka formation, which produce in all 
fields, but some came from rock of Morrow a o-e in the 
Clarksville, Cecil, Linville, Ozone, Rudy, White Oak, 
and Lone Elm field (pl. 20) and from a . and tone in 
the Fayetteville shale in the Lone Elm fi ld. 

The first discovery of a commer ial quantity of ga 
in rocks of Morrow age was made in th Clark ville 
field in 1944 (Breedlove, 1951, p. 2- 3), '" hen a w JI 
was completed in zones of the apparent equi, alent of 
the Bloyd shale that correlate with the Ke! sler and 
Brentwood limestone members of the Bloyd shale. The 
initial potential of this well throucrh perforations at 
depths of 3,402--3,432 feet and 3 560- 3,590 feet was esti
mated to be 3.5 million cubic feet of gas a day. The 
initial bottom-hole pre sure was 1,420 pound per square 
inch. The cumulative production of this well to June 
30, 1951 was about 1.4 billion cubic feet. The second 
discovery of gas in rocks of Morrow age was made in the 
Cecil field in 1949 (Lantz, 1950, p. 1), when a well was 
completed at a depth of 4,850 to 4,930 feet in the ap
parent equivalent of the Prairie Grove member of the 
Hale formation for an estimated potential of 7 million 
cubic feet a day. The initial bottom-hole pressure was 
reported to be 1,572 pounds per square inch. This sec
ond discovery was followed by the drilling of many 
wells to test the apparent equiv~lent. f the members 

of t.he Ila le forn1abon in we.t-centrn l ~\.rkan ·n , and, 
a · a re. ult , ga ,rn found in the apparent equ iva,lent 
of the Prairie Grorn member in the 'Whi te Oak, Lone 
Elm, Rudy, and Linvill e fi eld., and in ol ler po t-Pitkin 
rocks in the Ozone fie]d. The gas in the older po. t
Pitkin rocks wa · fournl in a sand tone at ~ dep th of 
2,347- 2,400 feet in the only ,ml] complete l a of Ja,n
uary 1, 10fi4 in the Ozon e f-iel 1. Th pot n tial of the 
well i: e ·ti mat cl to be 1 million cul ic fe t of gas a da); 
the hottom-liole pre · ure i 00 pound. per . q11a re inch. 

Although sma 11 dorn e ·ti ' and farm supplies of ga 
ha, e be.en obta inecl for many year from the Boone 
formabon in he vi cinit) of Fa3 etteville, the only com
mercial di coveries in pre-Penn ) lva,nian rocks have 
been made since 19 )3. One well, drilled below th 
Morrow in the Lone Elm fi eld , found gas in a ·and-
tone in the Fa3 etteville . hale and i reported to be 

producing . e, r·l l million cubic feet, of o-a, a day from 
that sand tone. bout the same time gn. wa di -
co, ered in the ba al and , tone. of th e hattanooo·a ·hal e 
at a depth of 566-5 6 fe tin th e ,, e t Fork fi ]cl , wher 
three ,rnll s are now prod11 i1w. Tli fir.t w 11, in . ec . 
5, 'l'. 1-1: N ., R. 30 " ., ,rn. ornpl ted for a11 timate<l 
ini ial potential of 1.5 million cubic feet of o-as a day; 
the ini t ial pre. snr wa, 160 pound per quare inch. 

Althou h no commercial quantities of oil have been 
discovered in northern rlrnn as, geoloo-i cal conditions 
app ar farnrable for the accumulation of oil in the 
area. Anticlinal structures and stratio-raphic wedge
outs a.re abundant; dark bituminou shale a.nd limestone 
beds of marine orio-in tha.t mio-ht be source beds are 
well repr ente..d; oil eep and petrolife.rou odor are 
not uncommon in the rocks· and, de pite the mi favor
able opinion gained by the irnpen ious quartzit.ic nature 
of th thick Ordovician sand tones at some locali ties, 
porous a.nd permeable bed of sand tone., lime t·one, and 
dolomite are pre. ent a.nd may be pot nt.ial reservoir 
rock for oil. Factors which ha,· r tnrded pro pect
in()' in northern Arkan a, include t.he widespread di -
tribution of fresh " ·ater in re ervoir rock the quart
zitic nature of the thick sandstones of Ordovician acre, 
the relative hicrh carbon ratio of coal in the r o-ion, and 
the high c.ost of drillino- throucrh the alterna ing layer 
of hard sand tone and soft shale of the Atoka a.nd 
Morrow rocks. 

The pre-Atoka formations tha.t seem mo t favorable 
for the accumula.ti.on of oil and gas are the apparent 
equivalents of the members of Hale formation and of 
the Bloyd shale, both of Morrow age. \.lthouo-h the 
most important gas fields now pro lucing from J'Ocks 
of Morrow ao-e are in Tps. 9 and 10 ., the possibilities 
of finding oil and o-a,s reservoirs are equally favorable 
or better in the Jat'tude of Tps. lJ, 12, and 13 ., " ·here 

https://accumula.ti.on
https://quartzit.ic
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these rocks are at shallower depths. The basal post-
Pitkin sandstone in the western half of the area is 
lenticular and locally is as much as 100 feet thick. 
Because this sandstone is underlain by the Pitkin lime
stone and overlain by shale, both of which are possible 
source rocks, it should not be overlooked as a possible 
reservoir rock. The apparent equivalent of the Prairie 
Grove member of the Hale formation is porous and 
permeable in much of northern Arkansas and probably 
is the best prospective reservoir rock for oil and gas 
in the pre-Atoka rocks. The apparent equivalent of 
the Bloyd shale has good prospects as an oil-and-gas-
producing formation throughout the western half of 
northern Arkansas where rocks that are apparent equiv^ 
alents of the Brentwood and Kessler limestone mem
bers are present, and has fair prospects in the eastern 
half Avhere some of the sand beds are thick. 

The second most favorable reservoir rocks for the 
accumulation of oil and gas are present in the Moore-
field-to-Pitkin rocks of Mississippian age. These in
clude the dark petroliferous oolitic limestone beds of 
the Moorefield formation, the sandstone and sandy 
limestone beds of the Batesville sandstone, and the 
Wedington sandstone member of the Fayetteville shale. 
An oil seep has been reported in the Batesville sand
stone at Batesville (Croneis, 1930, p. 356), and asphal-
tic residue is present in the basal limestone of this for
mation about 3 miles northeast of Fayetteville. The 
possibilities of oil and gas accumulation in the Moore-
field formation and Batesville sandstone are thought 
to be better in the southern Ozark region than in the 
Arkansas Valley, because these formations are very silty 
in most of the valley. The Wedington sandstone mem
ber of the Fayetteville shale, which produces gas in one 
well in the Lone Elm field, is present in most of north
western Arkansas. The widespread areal extent of this 
lenticular sandstone member of the thick black Fayette
ville shale, and the numerous oil and gas shows re
ported in wells, particularly in Washington and Madi
son Counties, suggest that additional gas and possibly 
oil may be found in the Wedington in this area. The 
presence of light-green oil in limestone concretions in 
the Fayetteville shale and Pitkin limestone (Croneis, 
1930, pp. 76 and 356) is another favorable indication of 
the petroleum possibilities of the Moorefield-to-Pitkin 
rocks of Mississippian age. 

The Fernvale, Brassfield, and St. Clair limestones 
and the basal sandstone member of the Chattanooga 
shale deserve consideration as possible reservoir rocks. 
The Fernvale, Brassfield, and St. Clair limestones are 
coarsely crystalline and porous, and, in addition, have 
been sufficiently beveled by erosion to offer good possi
bilities for the stratigraphic trapping of oil (pis. 22-

24). The basal sandstone of the Chattanooga produces 
small quantities of gas in Washington County although 
it probably is too thin over most of the area to be con
sidered an important drilling objective. 

Some of the older Ordovician formations of northern 
Arkansas contain beds of sandstone, limestone, or dolo
mite that are possible reservoir rocks for oil and gas, 
but these formations are not closely associated with 
rocks that were likely to have been a source of large 
quantities of oil and gas. The Everton formation and 
St. Peter sandstone, generally thought to be approxi
mately equivalent to the Simpson group, which pro
duces oil and gas in Oklahoma and Kansas, are usually 
the deepest objectives in present day drilling in north
ern Arkansas. A non-commercial show of gas from 
the St. Peter sandstone was reported in the Deep Rock 
Oil Co. No. 1 Sample well (sec. 4, T. 10 N., R. 6 W.) 
in northern White County, and an important oil seep 
from the Everton formation is present in Marion 
County. Pre-Everton rocks, generally referred to as 
the "Arbuckle dolomite" in the midcontinent oil fields, 
contain fresh water in the northern part of the area. 
The Town of Marshall water well, in sec. 25, T. 15 N., 
16 W., Searcy County, is reported to have found fresh 
\vater in the Roubidoux formation at a depth of about 
2,200 feet, which is more than 1,000 feet below sea level. 
Sandstones of the Van Buren and Roubidoux forma
tions appear to have the greatest porosity and perme
ability of the pre-Everton rocks, but have given no 
indication of containing oil or gas where tested by 
drilling. 
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