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GEOLOGY OF THE ARKANSAS BAUXITE REGION

By MackeNziE GORDON, Jr., Josaua I. Tracey, Jr. and Mirer W. ErLis

ABSTRACT

The Arkansas bauxite region lies near the center of the State
in Pulaski and Saline Counties. It is irregular in outline, cover-
ing about 275 square miles and is elongate in a northeasterly
direction. Bauxite deposits in the region can be grouped into
two principal districts, one in Pulaski County about 5 miles
south of Little Rock, and the other, more important com-
mercially, about 25 miles southwest in Saline County.

The bauxite deposits lie entirely within the Gulf Coastal Plain
province a short distance southeast of its boundary with the
Interior Highlands provinece. The surface rocks in this part of
the Gulf Coastal Plain are early Tertiary sand and clay. The
topography consists of gently rolling hills that are less than 200
feet above the valleys. The maximum relief is about 340 feet.
The lowest point, on Fourche Creek, is about 240 feet above sea
level, and the highest altitude, on Alexander Mountain 15 miles
to the southwest, is 580 feet.

The rocks underlying the Interior Highlands province at the
northeast edge of the bauxite region are folded sandstone and
shale beds of Paleozoic age. North and northeast of Little Rock
the topography consists of flat to rounded ridges and broad to
narrow valleys. This area merges southwestward into a region
consisting of prominent straight ridges and narrow valleys,
generally trending northwestward. The Paleozoic rocks gen-
erally are increasingly old and more tightly folded to the south-
west. The line of demarcation between the Interior Highlands
and Gulf Coastal Plain physiographic provinces is the contact
between the hard rocks of Paleozoic age and the soft beds of
Tertiary age to the southeast.

The Coastal Plain includes marine and nonmarine strata of
Paleocene and Eocene age, gravel of late Tertiary and Qua-
ternary age, and terrace deposits and alluvium of Quaternary
age. The Tertiary sediments rest unconformably on rocks of
Paleozoic age and on intrusive masses of nepheline syenite of
probable Late Cretaceous age. These strata lap over and around
the resistant masses, particularly the nepheline syenite, parts of
which remained exposed as hills throughout much of their
history. The Tertiary strata generally strike northeastward
and dip gently southeastward, although this has been modified
locally by compaction.

The Midway group, which is divided into two formations,
consists of dominantly marine sediments of Paleocene age.
The lower one, of interbedded gray marly clay and sandy lime-
stone containing local conglomerate, is the Kincaid formation.
The upper one, consisting essentially of blue-black or dark-gray
clay, somewhat calcareous at the base, is the Wills Point for-
mation.

The sediments of Eocene age are dominantly nonmarine and
overlie unconformably those of the Midway group. Most of
these continental beds have been referred to the Wilcox group,

452763—58——2

which in this area is divided into three formations. The lowest
is the Berger, which consists mainly of interbedded gray silty
clay, greenish-gray sand, and lignite. Fringing the buried
nepheline syenite hills, a facies of weathered detrital kaolinitic
clay that contains many bauxite bodies is included in the Berger.
The overlying Saline formation includes a lower merber of
chocolate-brown silty to sandy clay and an upper member of red
ferruginous sand. Along the upland of Paleozoic rocks & gravel
and sand facies is present in the Saline. The uppermos* of the
Wileox formations is the Detonti sand, a gray to tan saud con-
taining scattered clay beds. In the southwestern part of the
bauxite region an extensive bed of lignite occurs at the bage of the
sand.

Later Eocene strata are represented locally by nonmarine and
marine beds, mostly sand, clay, and some lignite, of the Clai-
borne and Jackson groups. It is possible that regional studies
will later prove that the Wilcox in the Arkansas bauxite region
should be restricted to the Berger formation and that the Saline
formation and Detonti sand should be transferred to the Clai-
borne group. The writers are following usage in the present
classification of the rocks.

The outcrops of the nepheline syenite and related igneous
rocks associated with the bauxite in this region are the more
elevated parts of cupolas of a batholith of feldspathoidal igneous
rock. These igneous rocks were intruded into sediments of
Paleozoic age, the youngest of which are probably Pennsyl-
vanian. Subsequent erosion exposed parts of the igneou~ mass,
some to prolonged weathering, and some to be buried by sedi-
ments of Paleocene and Eocene time. Two coarse-grained
varieties of the nepheline syenite are the principal sourcs rocks
of most of the bauxite. These are the nepheline syenite that is
locally known as ‘gray granite;” and pulaskite, the so-called
blue granite.

Bauxite in the region occurs as discontinuous blanketlike
deposits over the weathered surface of the nepheline syenite
hills and as lenticular deposits resting unconformably on the
gently sloping surface of the Wills Point formation near the
break in slope where it comes in contact with the igneous rock.
Secondary deposits similarly tongue into stratigraphically higher
units. Bauxite formed almost entirely from the nenheline
syenite rocks in place or from detritus derived from these rocks.
The deposits may be classified into four types.

Type 1. Residual deposits on the upper slopes of partly
buried nepheline syenite hills. These deposits have a lower
zone preserving the granitic texture of the original rock, and an
upper concretionary zone.

Type 2. Deposits in the bauxite-kaolin facies of the Berger
formation. This facies lies on lower slopes which are eut into
the Wills Point formation (Paleocene) and forms part of the
edge of the Berger formation (lower Eocene). The deposits have

1
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a lower zone locally preserving fragmental clay textures, a thick
conecretionary zone above, and commonly a siliceous ‘‘hardcap’’
upslope. They grade into kaolin laterally and vertically.

Type 3. Bedded deposits of the Berger formation. These
alluvial deposits are composed of stratified, sorted, or erossbedded
pebbles, pisolites, and grains of bauxite. They characteristically
truncate, overlie, and fill channels in type 2 deposits.

Type 4. Conglomerate deposits at or near the base of the
Saline formation. They consist of rubble deposits of large and
small fragments of bauxite and clay largely derived from type 1
deposits and generally lie a short distance downslope from the
type 1 deposits.

Types 1 and 2 deposits are the most extensive and are almost
equally important commereially. Types 3 and 4 have provided
ore in a number of mines, but neither is of primary commercial
importance.

In Arkansas the type 1 bauxite originated directly from the
nepheline syenite by subaerial weathering under certain restricted
physical-chemical conditions. The lower part called granitic
bauxite or ‘“‘sponge ore”’ shows a striking similarity in texture
to the nepheline syenite. Pseudomorphs of microcrystalline
gibbsite after feldspar are common and are characterized by large
relict crystals marked by groups of parallel linear cavities. The
upper part has acquired a pisolitic texture through redistribution
of gibbsite. The kaolin between the bauxite and the nepheline
syenite did not form as an intermediate stage in this process but
was derived from the igneous rock by later weathering when
conditions favored the formation of kaolin.

Downslope, the type 2 deposits formed in place by the sub-
aerial weathering of a colluvial detritus washed down from the
nepheline syenite. The type 3 and 4 deposits originated from
the other two largely by mechanical erosion and deposition some-
what down the slope.

The primary mineral in Arkansas bauxite is gibbsite, aluminum
trihydrate. The chief impurities are silica in the form of
kaolinite and sand, and iron in the form of siderite, hematite,
goethite, magnetite, and pyrite. Boehmite occurs rarely. The
titanium minerals, ilmenite, sphene, anatase, and rutile, oceur
in minor amounts.

Speetrographie study indicated a significant concentration of
gallium and niobium in the bauxite compared with the nepheline
syenite. This concentration is in accordance with the ionic
potential of these elements. It also showed a concentration of
chromium, copper, molybdenum, zirconium, titanium, secandium,
vanadium, beryllium, manganese, yttrium, and lead; and a
depletion of strontium, lanthanum, barium, calcium, and
magnesium.

Bauxite was first identified in Arkansas in 1887 by J. C.
Branner, then State geologist. In order to stimulate production
of the ore, a description of the rock was published in 1891.
However, bauxite mining was still in its infancy in the United
States and remained centered in Georgia and Alabama until
1898 when commercial production in Arkansas began. By 1903,
however, Arkansas had become the leading producer in the
United States, a position never since relinquished. The largest
annual production from the region was 7,053,028 long tons in
1943. Total estimated production of crude bauxite from 1896
through 1949 is about 32 million long tons.

Open-pit mining is the preferred method in the region and,
until the late twenties, was the only one used. Before 1927,
the greatest amount of overburden stripped to reach ore was 80
feet. Owing to exhaustion of most of the shallow ore and costs
of stripping the deeper deposits, several underground-mining
methods were introduced. In the late twenties and early thirties
about 60 percent of the bauxite production came from under-

ground mines. More recent improvement of earth-moving
equipment and the necessity during World War II for exposing
the largest volume of ore in the shortest possible time led to a
renewal of strip-mining on a large scale. During the forties, by
far the greater proportion of bauxite came from op-n-pit mines.

Reserves in the region in 1950 are estimated at about 70.7
million long tons averaging 50 percent alumina and 9 percent
silica, but assuming no cutoff on iron. Of this totsl, about 62.6
million tons occurs in Saline County, and 8.1 million tons in
Pulaski County. Most of the ore remaining in Pulaski County
ocecurs in deposits containing less than 500,000 tons. In Saline
County, however, a major part of the reserves is in deposits that
contain more than a million tons in place.

INTRODUCTION

Investigation of the Arkansas bauxite region was
undertaken primarily as part of a cooperative explora-
tion program of the U. S. Geological Survey and the
U. S. Bureau of Mines during World War II to add to
the bauxite reserves of the United States. The U. S.
Bureau of Mines has released data derived from the
drill holes, their location and brief logs and analyses of
the bauxitic and kaolinitic rocks (Malamphy and others,
1948).

This report offers a more complete geologic inter-
pretation of drill-hole data as well as of other informa-
tion assembled in the course of field investigations by
members of the Geological Survey field party. It is
concerned principally with the program of exploration,
the stratigraphic occurrence and geologic relationship
of the bauxite deposits, and with the reserves discovered.

LOCATION OF AREA

The Arkansas bauxite region lies in Fulaski and
Saline Counties near the center of the State (fig. 1).
The area that was mapped in connection with the study
of the bauxite deposits is irregular and is eclongate
northeastward. It extends from longitude 92°37/30"/
W. to 92°12’30”” W. and from latitude 34°45” N. to
34°28’ N. The total area is about 275 square miles.

The bauxite mines in this region can be grouped
into two principal mining districts, one in Pulaski
County and the other in Saline County. ""he Pulaski
mining district is about 5 miles south of the city of
Little Rock and consists of bauxite deposits that lie
a short distance southwest, south, and east of the
nepheline syenite outcrop of Granite Mountain (some-
times called Fourche Mountain), between Berger and
College Station in Pulaski County. The Seline mining
district includes the bauxite mines and denosits asso-
ciated with two separate partly-buried hill- of nephe-
line syenite in Saline County. The smaller and more
northerly of the two, the Alexander Mountain nepheline
syenite hill east of the town of Bryant, has bauxite
deposits on the west, south, and east sides. About 2
miles to the southwest is the larger Saline County nephe-
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line syenite hill that crops out in the vicinity of the
town of Bauxite, where the largest ore bodies and
mines in the bauxite region are found.

CULTURE

Little Rock, largest city and capital of Arkansas,
with a population of about 100,000, lies in the northeast
corner of the region. It is the business and industrial
center for most of the state. Industry in the rest of

the region, except for the bauxite mining activity, is
chiefly agriculture and, to a lesser extent, lumbering.
East and southeast of Little Rock are the flat flood
plains of the Arkansas River, fertile farmland where
South-

cotton, corn, and rice are the principal crops.

west of the city along the belt where the lower part of
the Tertiary formations crops out, about 15 to 20
percent of the land is in cultivation. In the area south
of this belt, not more than 5 percent is farmed. Much
of the land is held by lumber companies for a future
timber and paper-pulp supply.

Of the smaller towns, the two principal ones are
located in the western part of the area. They are
Benton, a town with a fairly large lumber industry
and extensive gravel pits, and Bauxite, a mining town.
During the war the largest alumina plant in the world
was built at Hurricane Creek by the Defense Plant
Corp.

The principal lines of communication follow the
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FIGURE 1.—Index map showing the loeation of the bauxite region and physiographic provinces of Arkansas.
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region’s general southwesterly trend. These include
the main trunk lines of the Missouri Pacific and the
Chicago, Rock Island, and Pacific Railroads which
pass through or near the principal mining distriets.
Spur lines and one spur railroad, the Bauxite and
Northern which joins the Missouri Pacific Railroad,
lead to the bauxite drying plants and the alumina
plant, and also to the timberland south of the bauxite
region.

Paved roads connect the principal towns and the
mining centers in the area. A network of improved
gravel roads also serves most of the bauxite region. In
the Saline mining district some roads are maintained by
the mining companies. Unimproved county roads,
many along section or quarter section lines, give access
to nearly all parts of the region except in periods of
heavy continuous rainfall.

PHYSIOGRAPHIC SUBDIVISIONS AND TOPOGRAPHY

Little Rock is situated on the boundary between two
major physiographic provinces, the Gulf Coastal Plain
and the Interior Highlands (fig. 1). This boundary
trends northeastward through Arkansas and is a rela-
tively abrupt break in the general surface conformation
of the land. The bauxite deposits are southeast of the
boundary and entirely within the Coastal Plain.

The Interior Highlands province has two major
subdivisions within the area covered in this report, the
Arkansas Valley and Ouachita Mountains provinces.
North and northeast of Little Rock, including much of
the area upon which the city is built, is the Arkansas
Valley that extends from the edge of the Coastal Plain
westward into eastern Oklahoma. The valley is
characterized by somewhat flat to broadly rounded
ridges and broad to narrow valleys with bluffs cut in the
sandstone and shale of late Paleozoic age that flank the
Arkansas River. In the environs of Little Rock the
maximum relief is about 300 feet, the low point is 225
feet above sea level on the bank of the Arkansas River
at the northeast edge of the city, and the high point
about 525 feet above sea level about 2 miles northwest
of Douglasville.

The boundary between the Arkansas Valley and the
Ouachita Mountains is placed slightly west of Douglas-
ville, along Brodie Creek and its tributary, Panther
Branch (pl. 1). The boundary between these two sub-
provinces is not sharp and the different types of topog-
raphy merge somewhat. The Ouachita Mountains
province extends westward across Arkansas into Okla-
homa. Along the north edge of the bauxite region the
Ouachita Mountains province cousists of prominent
straight ridges and generally narrow valleys, most of
which have marked northwesterly trends. This topog-
raphy, developed on the older tightly folded rocks of

BAUXITE REGION

Paleozoic age, reflects in general the vagaries of the
structure of these rocks. The maximum relief is about
450 feet. The lowest point, 250 feet above sea level on
Fourche Creek, is just south of Douglasvil's, and the
highest, slightly more than 700 feet, is near T'win Spring
in sec. 10, T. 1 N, R. 14 W, several miles outside the
mapped area.

The Coastal Plain likewise has two principal sub-
divisions in the area studied, the West Gulf Coastal
Plain and the Mississippi Alluvial Plain (fig. 1). The
West Gulf Coastal Plain is the most important region
of the physiographic subdivisions for within its limits
are the bauxite deposits of Arkansas. The surface
rocks are early Tertiary sand and clay, and the topog-
raphy is fairly gentle. Most of the low rolling hills
stand less than 200 feet above the nearby valleys, and
the maximum relief is about 340 feet. The lowest point
is about 240 feet above sea level, on the western arm of
Fourche Creek, at the southeast corner of Little Rock,
and the highest one is slightly more than 580 feet at
the north end of Alexander Mountain, about 12 miles
to the southwest. Granite Mountain, a prominent
bifurcate northeasterly-elongate hill of nepheline sye-
nite rocks, about 2 miles south of Little Rock, reaches a
maximum altitude of 536 feet. The nephe'ine syenite
outcrop just south of Bauxite reaches an altitude of
slightly more than 500 feet. Most of the bauxite de-
posits are in the areas immediately surrounding these
crystalline masses.

The Mississippi Alluvial Plain extends eastward from
the west edge of the flood plain of the Arkansas River,
which also is the east boundary of the bauxite region.
On this alluvial plain are deposited the most recent of
the Coastal Plain sediments, consisting entirely of
Quaternary and Recent clay, sand, and gravel. The
maximum relief is less than 50 feet.

DRAINAGE

The Arkansas River skirts the northeast corner and
the east edge of the bauxite region. At Little Rock the
river leaves the sandstone and slaty shale of Paleozoic
age in the upland and enters a broad flood plain on the
Coastal Plain, flowing due south. At the vest edge of
the bauxite region the smaller Saline River flows south-
ward to southeastward beyond the mapped area; then
curves southwestward and joins the Ouachita River
near the Arkansas—Louisiana border.

Between the two major streams at each side of the
bauxite region there are two lesser but still important
drainage systems. Hurricane Creek crosses the region
in a southeasterly direction, flowing between the high
ground at Bauxite and Alexander Mountain. It turns
southward and enters the Saline River a considerable
distance south of the mapped area. Fourche Creek,
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also known as Fourche Bayou, empties into the Ar-
kansas River at the east edge of Little Rock. It has two
main tributaries: a southern one situated at the west
edge of the Mississippi Alluvial Plain; and a western one
at the north edge of the West Gulf Coastal Plain.
Left bank tributaries of the western arm of Fourche
Creek drain the Ouachita Mountains province and
adjacent parts of the Arkansas Valley province between
the Arkansas River and Hurricane Creek. From east
to west the principal northwestward-trending streams
are: Rock, Brodie, and McHenry Creeks; Haw and
Callaghan Branches; the main extension of Fourche
Creek, and its right-bank tributary, Owen Creek.
West of Hurricane Creek, two small streams, Salt and
MecNeil Creeks, drain the area of rocks of Paleozoic age
north of Benton and flow southwestward into the
Saline River.

Although a seemingly intricate stream system exists
in the Coastal Plain, large parts of the region are poorly
drained.

CLIMATE AND VEGETATION

The climate of central Arkansas is marked by warm,
fairly humid summers and moderate winters. For
65 years, from 1880 to 1944, the average monthly
temperature at Little Rock, according to data of the
U. S. Weather Bureau and charts assembled by the
Arkansas State Planning Board, ranged from 42°F in
January to 81°F in July, and the yearly temperature
averaged 62°F. Extremes of temperature depart
widely from these means. The frost-free growing
season ranges from 6 to 9% months and averages 8
months, from mid-March to mid-November. The
annual precipitation for the same 65-year period men-
tioned above averaged 47.3 inches at Little Rock and
ranged from 31.6 to 66.4 inches. Summer and early
fall are the driest seasons. Snow rarely falls.

The uplands underlain by rocks of Paleozoic age
northwest of Little Rock are covered mostly with
second-growth timber. Except for the bottom lands,
little of this land is suited to cultivation, though much
of it has been cleared. Southeast of Little Rock the
flat flood plain of the Arkansas River is the most fertile
farm district.

Shortleaf pine predominates in most of the region,
particularly on the uplands. Loblolly and slash pine
are abundant on the sandy Coastal Plain soils. Thick
stands of hardwood occur only where the pines have
been cut. Post oak and hickory are abundant on shal-
low soils, whereas the willow oak, hickory, ash, and
sweet gum and black gum grow in poorly drained areas.

Among the more restricted floral assemblages are the
cypress swamps. Majestic stands of cypress tower
above the bayou and swamp water that surrounds their

roots, and the bodies of water are generally fringed
with cottonwood trees. Another restricted assemblage
is on nepheline syenite outcrops and consists mainly
of cedar, dogwood, and a variety of flowering shrubs.

PREVIOUS WORK

J. C. Branner (1891) first reported bauxite in Ar-
kansas. Six years after his first report he publisted a
more detailed description of the deposits and discussed
their mode of origin (Branner, 1897, p. 263-289).
J. F. Williams (1891, p. 22, 29, 31, 124, 125, 162, and
maps 2 and 3) mapped in detail the Pulaski County
outcrops of nepheline syenite rocks, south of Little
Rock, and their associated bauxite deposits. He also
mapped the Saline County nepheline syenite outcrops,
but in less detail. Penrose (1892, p. 107, 109) made
incidental reference to the pisolitic bauxite in his work
on the Tertiary iron ores. A more complete description
of the deposits was published by Hayes (1901, p. 435~
472), including a very good map of the deposits in
Saline County.

W.J. Mead (1915, p. 28-54) investigated the deposits
for the Alcoa Mining Co., then known as the American
Bauxite Co. His work included exploration by many
test pits and drill holes, and he presented evidence for
the derivation of the bauxite from nepheline syenite
by the chemical alteration in a normal weathering pro-
cess. This important work was followed by a short
paper by Wysor (1916, p. 42-50) calling attention to the
presence of aluminum hydrates with less combined
water than gibbsite in some of the pisolites.

Geophysical field methods were first used ir the
study of the bauxite region by Stearn (1930) who pub-
lished the results of a geomagnetic survey. He
suggested that this region was a province of nepheline
svenite rocks mostly buried by later sediments, and
that the area between the two producing districts
might therefore contain extensive deposits of bauxite.

The most comprehensive geologic report on the
Arkansas bauxite region before the present invesrtiga-
tion was that of M. N. Bramlette (1936). It sum-
marized the results of a field program of the U. S.
Geological Survey and Arkansas Geological Survey
that included mapping of the Midway and Wilcox
formations throughout the region, investigation of the
pits and shaft mines, and drilling of 55 wildcat holes
outside the known producing districts.

In addition to the geologic reports cited above, many
others have been published on the production of
bauxite and mining methods.

PRESENT INVESTIGATION

The joint bauxite program of the Geological Survey
and the Bureau of Mines began in April 1941, when the
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directors of the two agencies were asked by the Secre-
tary of the Interior to begin the preparation of a com-
plete and independent inventory of the bauxite deposits
in the United States. The preliminary work was done
by J. R. Thoenen for the Bureau of Mines and E. F.
Burchard for the Geological Survey. In November
1941 they published an estimate, as of September 1,
1941, of the bauxite reserves of the United States based
on the following grades:

Grade and alumina content of bauzite reserves according to Thoenen
and Burchard

Grade Alumina Silica
(percent) (percent)
Al + 55 <7
B . 50-55 <15
C o e 45-50 <30
Do 30-45 )

1 High content of silica and iron.

The reserves of the known deposits in other states
were given in long tons calculated on a “mined and
dried” basis and probably representing 65-70 percent
of the actual raw bauxite in the ground.

Estimated bauxite reserves of the United States, in long tons, grade,
and aluming content, percent; according to Thoenen and Bur-
chard, 1941

Estimated bauxite reserves, in long tons
Grade and alumina content, in percent indicated—
State
A B [o] D Total
(+55) (50-55) (45-50) (30-45)
Arkansas.___________ 9,090,000 | 8,443,000 | 7,803,000 | 1,918,000 | 27,254,000
Alabama______ - 16, 000 79, 000 33,000 230, 000 358, 000
Georgia_..___. 237, 000 311, 000 481,000 |- _______ 1,029, 000
MSSISSIDPI oo | 23, 000 100, 000 200, 000 323,000
Tennessee.____._____ | ... 36, 000 22,000 | ___________ 58, 000
Virginia. - | 6,000 | . | ... 6, 000
Total cceeeeoo- 9,343,000 | 8,898,000 | 8,439,000 | 2,348,000 | 29,028,000

Although the bauxite industry at the time limited its
specifications for ore largely to grade A, Thoenen and
Burchard regarded the A and B grades as potential ore,
because laboratory experiments had shown that the
silica content of 12 to 15 percent in some bauxite ores
can be lowered materially by flotation. Reference to
the table above shows that of the bauxite that Thoenen
and Burchard considered minable potential ore, an
estimated 18,241,000 long tons in the United States,
17,533,000 or about 96 percent was in Arkansas.

Acting on the information contained in the Thoenen-
Burchard report, Congress in the Second Supplemental
National Defense Act, 1941, approved on October 28,
1941, authorized and provided appropriations for ex-
ploratory investigations that might lead to the dis-
covery of additional domestic bauxite reserves.

BAUXITE REGION

In the 4 years that followed, during which time the
United States was engaged in World War II, a total of
12,102,225 long dry tons of bauxite was mined and
shipped in the Arkansas bauxite region.

Field work was begun by the Geological Survey and
the Bureau of Mines in three separate physiographic
provinces: the Appalachian Valley region, a belt that
extends southwestward through the States of Virginia
and eastern Tennessee, to Georgia and Alebama; the
East Gulf Coastal Plain, in Georgia, Alabama, Missis-
sippi, and Tennessee; and the West Gulf Coastal Plain,
where the work was largely centered in the Arkansas
bauxite region (fig. 2). Potential sources of alumina
such as alunite, high-alumina clay, and even anortho-
site were also investigated. However, by the end of the
war no adequate commercial process for the extraction
of alumina from any of these substances was in opera-
tion; and bauxite remains the sole commercial source
of metallic aluminum.

In December 1941 field work began in Arkansas.
Tts purpose as originally conceived was to supplement
the geophysical work of Stearn by more detailed geo-
physical surveys to chart the distribution and configu-
ration of the igneous basement rocks, to checl. this work
by drilling deep holes with a rotary rig, and to make this
information available to the bauxite industry and the
public as an aid to further exploration.

Before the attack on Pearl Harbor, however, it be-
came evident that because of a threatened aluminum
shortage, actual drilling in search of new reserves would
have to be undertaken by the Government. The first
drill started work in Pulaski County on May 1, 1942,
and 4 months later 6 drills were operating. The con-
struction of new drills through allocations made by the
War Production Board brought the operation to a peak
during the latter part of 1943, when 20 drills were
operating in Pulaski and Saline Counties. After the
aluminum crisis passed the number of rigs in operation
decreased from 19 to 12 in 1944, and to 8 in May 1945
when drilling was terminated. The statistics of this
work and of the 6,932 drill holes actually completed
have been summarized by Malamphy end others
(1948, p. 57-62).

GEOPHYSICAL PROGRAM

A discussion of the geophysical work and its results
has been written by Malamphy and Vallely (1944, p.
324-366) and by Thoenen, Malamphy, and Vallely
(1945). To test the results of the geophysical surveys,
a rotary drill capable of drilling to depths of 2,000 feet
was used. The anomalies interpreted as indicating the
presence of highs on the upper surface of the igneous
mass were checked by drilling. Between September 1,
1942 and July 10, 1943, 58 holes were completed in the
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south-central and southeastern parts of the region.
These holes ranged in depth from 427 feet to the maxi-
mum contracted depth of 1,500 feet, and averaged
1,090 feet. Much geologic information was obtained
from the data accumulated as a result of this program,
particularly concerning the stratigraphy of the Midway
and Wilcox sediments and of the nature of the uncon-
formity between the two groups. The procedure was
to drill through the Wilcox with a dragbit, changing to
a core barrel a short distance above the expected Wil-
cox-Midway contact, and to core through the contact
taking samples of the rocks above and below it. Drill-
ing by dragbit was then resumed through the Midway
section until the basement rock was reached and a core
was taken. Additional cores were taken at intervals
to determine lateral and vertical variations in the
Tertiary rock types.

Of the 10 major anomalies tested, all were caused by
local hills or bosses of nepheline syenite, as had been
anticipated. Holes drilled away from the centers of
these anomalies and between them cut nepheline syenite
rocks or metamorphic rocks of Paleozoic age at lower
elevations than those drilled above these anomalies.
Only 2 of the 10 local highs project above the surface of
the Midway and were therefore possible areas of bauxite
formation. These two, the Sardis high in sees. 9, 10, 15,
and 16 of T. 2 S., R. 13 W,, Saline County, and the
Ledbetter high in secs. 29, 30, and 31, T. 1S, R. 12 W,
mostly in Pulaski County (pl. 2), already had been
located by seismic surveys done for the mining com-
panies and were partly explored by company drill holes.
A little bauxite of very low grade had been found and
further drilling was necessary later to prove that geo-
logic conditions in these two areas were unfavorable for
the accumulation and preservation of any significant
deposits of bauxite. Thus the results of the geophys-
ical program indicated that the large region between
the two producing districts was unfavorable for the
accumulation of bauxite even above the more elevated
parts of the igneous complex. The prospecting work,
therefore, was restricted to areas where extensive erosion
of the bauxite was not indicated.

BAUXITE DRILLING PROGRAM

The principal function of the geologic program was
to search for new reserves of bauxite, and more than
20,000,000 tons of ore in place were delimited by the
drilling program.

When a new area was to be explored the geologic
staff would first compile on a map information from
nearby surface outcrops and from records of govern-
ment and company drill holes, to show the configuration
of the post-Midway surface upon which the bauxite
deposits rest (pl. 2). Trends of subsurface valleys that

head on buried nepheline syenite hills, and trends or
groups of bauxite deposits in areas alresdy closely
drilled, with reference to the buried edge of the rocks of
Midway age, were projected into the area under study.
The intersections of such trends were rogarded as
favorable sites for drilling.

To explore such an area wildeat holes were drilled at
points about 1,000 feet apart on a triangular grid, so
that the holes were at the apices of equilateral triangles
1,000 feet on a side. The triangular pattern was con-
sidered more efficient than a rectangular grid, and the
1,000-foot spacing was taken as the largest practicable
to cover the area quickly witbout missing significant
bauxite deposits (fig. 3). A deposit of more than
50,000 tons generally should be detected by this spacing
of the drill holes, even though no hole reached the com-
mercial parts of the deposit. For this resson it was
helpful to core all of the “bauxite-kaolin zone” in all
preliminary holes. Secondary wildeat holes were some-
times drilled between the preliminary ones, usually
after the ones containing bauxite had been offset and
the bauxite deposits delimited. Several additional
small deposits were discovered in this manner.

After an area was tested by the preliminary wildcat
holes, the deposits of bauxite indicated by the drilling
were delimited by drill holes spaced 200 feet apart on
a triangular grid. This grid was considered sufficient
for determining within reasonable limits the overall
tonnage. Where several nearly linear bodies were found,
it was necessary to space the drill holes 100 feet apart.
Where a spacing larger than 200 feet was used, such as
an ore body drilled early in the project employing a
300-foot grid, lateral variations in grade and thickness
caused inaccurate results. In the close drilling a um-
form triangular grid again proved more useful than a
rectangular one. The 200-foot spacing, however, is not
sufficiently close to give accurate information on the
grades of ore in different parts of the deposit. Before
mining, it is usually necessary to drill holes 100, 50, or
even 25 feet apart to secure this information.

All wildeat holes were drilled until the basement rock
was reached. Likewise, the drill holes 400 feet apart
on the blocking-out grids usually were driven to base-
ment rock. The information thus gained ravealed the
structural features of the ancient land surface upon
which the bauxite was formed (pl. 2), and made it pos-
sible to present the detailed geologic information
contained in this report.

Most of the bauxite deposits are lenticular and finger
laterally into the surrounding kaolinitic clay, and show
an accompanying appreciable decrease in grade. Some
limitation on minimum minable thickness and minimum
grade therefore had to be set to delimit a depnsit. Most
of the mining companies regarded an 8-foot thickness
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F16URE 3.—Triangular grid pattern used in the joint Federal drilling progam.

as the smallest that could be worked underground. The
field party of the Geological Survey used this minimum
thickness of 8 feet and a minimum grade of 32 percent
available alumina! as a cutoff in outlining the ore
bodies and in determining the tonnage. The U. S.
Bureau of Mines used a minimum thickness of 5 feet
of bauxite and a minimum grade of 24 percent available
alumina, reasoning that under a war economy it might
be possible or even necessary to process material of
such a grade. A deposit was considered delimited when
it was surrounded by holes containing less than the
minimum thickness or grade of bauxite.

The geologists made drilling logs of the overburden
from cuttings carried to the surface by the drilling mud,
assigned depths at which to start and stop coring
through the bauxite or the “bauxite-kaolin zone,” and
made detailed lithologic descriptions of the cores. They
also recorded the amount of core lost in the process of
drilling and, where possible, specifically assigned its
position. It generally was possible to determine with
reasonable accuracy where the loss came in a core run.

Chemical analyses of bauxite and clay samples were

1 Available alumina percent is an empirical figure amounting to the percent of
aluminag less 1.1 times the percent of silica. For a further discussion see page 95.

made at the U. S. Bureau of Mines field laboratory at
Little Rock. Geologists assisted in selecting core sam-
ples for analysis. A description of the laboratory pro-
cedure has been given by Malamphy and others (1948,
p. 49-56, figs. 25-31).

SCOPE AND PERSONNEL OF THE GEOLOGIC WORK

The program of the Geological Survey included as-
sembling drilling data from the operating companies’
thousands of drill holes, logging the drill cores, making
topographic and geologic surface and subsurface maps
to interpret the geology, recommending coring depths,
drilling sites, and cored intervals to be sampled, as well
as partial supervision of the wildeat drilling prozrams.
In order to keep pace with the drilling program, to
record the information from the drill holes and to pre-
dict favorable areas for prospecting, it was necessary
to utilize the services of 36 geologists at the prak of
operations in 1943, As the need for bauxite lessened,
this number was gradually reduced.

R. P. Bryson was in charge of the Arkansas field
party, assisted by Mackenzie Gordon, Jr., who super-
vised the field work, and in 1943 by S. S. Goldich. The
following men, attached to the bauxite field party during
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the years indicated, assembled geologic data and drew
up drilling recommendations in the five principal drilling
arcas: W. E. Benson (1942—44), M. W. Ellis (1942-45),
Mackenzie Gordon, Jr. (1942-45), T. A. Steven (1942—
44), and J. I. Tracey, Jr. (1942-45). Men in charge of
work on specific ore bodies and the years of their asso-
ciation with the field party are as follows: W. B. Allen
(1944-45), C. N. Bozion (1943—45), E. A. Brown (1943—
45), J. A. Catheart (1943-45), J. B. Collins (1943-44),
Hanford Drummond (1943—44), R. A. Harris (1943—
44), F. A. Hewitt (1943-45), J. A. Jackson (1943-44),
A. L. Jenke (1943-45), E. P. Kneedler (1942-45), W. N.
Laval (1943-45), H. W. McGee (1942-45), E. B.
Parmalee (1942-45), W. J. Powell (1943-45), W. M.
Quackenbush (1943—44), F. M. Sanford (1943-44),
Robert Schneider (1943—44), R. C. Shelton (1942-44),
G. E. Siple (1943-45), P. D. Snavely, Jr. (1942-43), and
H. G. Stephens (1942-45). They were assisted by J.
W. Adams (1943), Brewster Baldwin (1942), L. D.
Clark (1942), S. H. Daviess (1942), N. M. Denson
(1943), W. W. Doyle (1944-45), H. B. Foxhall (1942-
44), W. R. Griffitts (1942—43), L. S. Gurney (1943-44),
R. L. Heller (1943), F. A. Hildebrand (1943-45), R. B.
Johnson (1942—43), C. R. Kirschner (1943-45), J. H.
Morris (1942-43), G. L. Quick (1942), G. J. Tassi
(1943-44), and R. M. Thompson (1942-43).

Bryson was responsible for much of the preliminary
organization of this report and for planning the format
of the ore body and subsurface maps. The field
geologists listed above, whose unpublished ore body
reports were drawn upon in preparing the descriptions
of many of the bauxite deposits, are credited where
possible in the text. Their descriptions have been
shortened considerably and some interpretations based
on subsequent information have been added by the
authors.

Petrographic studies of the bauxite and associated
rocks were made in 1943-44 by M. 1. Goldman (1949;
Goldman and Tracey, 1946). Special studies, which
have contributed to thisreport, were made on theoretical
chemical composition of bauxite by Bryson; on kaolin-
itic clay associated with the bauxite by Quick and by
Tracey (1944); on sampling methods by Foxhall; on a
map showing location of bauxite mines and deposits by
Parmalee; on nepheline syenite outcerops by Hildebrand
(1949) ; and on the lithology of the Wills Point formation
by Stephens. Surface mapping and stratigraphic in-
vestigations were made by Gordon, Ellis, Steven, Ben-
son, Hildebrand, and Tracey. Compilation of the large
subsurface map (pl. 2) was done by Tracey, Steven,
Shelton, Gordon, and Benson, with assistance from
Parmalee, Jenke, Ellis, and Cathcart. A preliminary
version of this map was published by the Geological
Survey (Bryson, Gordon, and others, 1944). Prepara-
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tion of the ore-body maps and sections was supervised
by R. Bruce Parmalee.

In addition to studies by regular memboars of the
Arkansas field party, special field work was undertaken
by W. H. Monroe in 1942 on a reconnaissance of the
geology of the Cretaceous, Midway, and Wilcox rocks
of Clark, Hot Springs, and western Saline Counties; by
L. W. Stephenson in 1943 on a reconnaissance of possible
bauxite deposits between Gurdon, Ark. and the Texas
State line; by J. A. Gardner in 1944 on the macrofauna
of the Midway group in Pulaski and Saline Counties,
assisted by R. A. M. Schmidt who made a preliminary
study of the microfauna; by R. W. Brown in 1944 on
the fossil plants of the Wilcox group in Pulaski and
Saline Counties; and by E. C. Fischer in 1944 on
bauxite reserves.

Macrofossils in the marine Tertiary sediments were
identified by Miss Gardner, foraminifers by J. A. Cush-
man and M. R. Todd, ostracodes by F. M. Swain,
and fossil plants by R. W. Brown. Rock analyses by
C. M. Warshaw and W. W. Brannock, mineralogic
studies by Charles Milton and M. L. Lindeberg, X-ray
determinations by J. M. Axelrod, and spe-~troscopic
work by K. J. Murata have contributed to this report.
Photographs of bauxite specimens were taken by
N. L. Shupe.

ACKNOWLEDGMENTS

The writers wish to express their gratitude to the
mine operators and owners for many courtesies ex-
tended and for generous cooperation with the geologic
field work. Twenty-nine of the bauxite companies that
operated in Arkansas during World War II gave the
Geological Survey access to their files of drilling data
and thereby enabled the government drilling program
to supplement what was accomplished by company
effort. Particular thanks are due the officiels of the
Alcoa Mining Co., especially Messrs. Lawrence Litch-
field, Jr., L. R. Branting, C. Jessup, and J. W. Lewellen;
to Carl Schmedeman of Reynolds Mining Corp.;
to Philip Dulin, Jr., of the Dulin Bauxite Co.; and to
the officers of the American Cyanamid and Chemical
Corp., Crouch Mining Co., and the Norton Co.

We are grateful for permission to use a series of chemi-
cal analyses of bauxitized boulders made by R. C.
Cross, chief chemist of the Alcoa Mining Co. The
Arkansas Geological Survey provided subsurface in-
formation from deep drill holes which has been used
in preparing the stratigraphic section of the report.

Particular mention must be made of the cortribution
of the personnel of the field party of the U. &. Bureau
of Mines under the direction of M. C. Malamphy and
of J. R. Thoenen, district engineer. The Fureau of
Mines supervised the drilling operations, geophysical



DESCRIPTIVE GEOLOGY 11

surveys, and chemical analyses of the bauxite samples.
The close cooperation and many individual contribu-
tions and courtesies of Malamphy and his staff of
engineers, especially G. K. Dale, J. 1.. Vallely, H. M.
Pigman, V. Cox, T. A. Jones, A. H. Reed, Jr., A. Ollar,
and M. Woodle, is deeply appreciated.

The manusecript for this report has benefited from
helpful comments and suggestions made by S. S.
Goldich, V. T. Allen, Josiah Bridge, W. R. Griffitts,
and E. C. Fischer. To all who contributed time and
effort to the task of reviewing and criticizing the
report, we offer our sincere thanks.

DESCRIPTIVE GEOLOGY

GEOLOGIC SETTING

The bauxite region of central Arkansas contains
bedded rocks of three ages: a thick sequence of steeply

dipping strata of Paleozoic age, another sequence of
gently dipping strata of early Tertiary age, and upper
Tertiary and Quaternary alluvial deposits that locally
cover both sequences. A complex group of alkalic
igneous rocks has been intruded into the sedimentary
rock sequence of Paleozoic age and is overlain uncon-
formably by the rocks of Tertiary and Quaternary age
(fig. 4). Weathering of these igneous rocks mostly in
early Eocene time provided the material for the bauxite
deposits.

The rocks of Paleozoic age are undifferentiated in
this report but include beds of probable Ordovician to
Pennsylvanian age. They are tightly folded in places,
and have a marked northwest strike.

The igneous rocks include stocks and other bodies of
nepheline syenite and porphyritic alkalic syenite, as
well as dikes and border phases of related rocks. These

Lithologic section Formation _|Thickness| Character Age
(feet) .
Terrace deposits up to 60 feet thick fringe the Arkansas River floodplain and Fourche Bayou. They consist
of dark-red sticky clay contamning irregular calcareous nodules and fine silt grading locally into white or to
| Terrace deposits — 1 cream sand in the upper part. River valleys at lower elevations contam alluvium consisting of gravel, Quaternary
= and allyvium 0-120 sand, silt, and clay to depths of 120 feet
UNCONFORMITY 0730
,Tvir{r)ace g:’xfls 4—===— Terrace gravels on benches at elevations from 300 to 520 feel above sea level consist of poorly sorted, loosely Quatdernary
ynconFoRMITY " consoldated pebbles and cobbles interbedded with reddish-brown coarse sand .lf’é‘ rtif(x?;)
Undiferentiated . Gray, green, bluish, cream, and ocher silty clay, locally interbedded with brown carbonaceous clay and thin
Jackson and 350+ I e y y Eerly
Claiborne lignite beds; these alternate with medium- to coarse-grained sand. A red to brown sandstone with fossils Eocene
groups of Jackson age 1s in the upper part, Workable beds of bentonitic clay are near the base
| Detonti ( 207-412 Continental homogeneous tan or gray fine- to medium-graned sand that contains layers and lenses of gray Early
sand silty clay; a bed of dark-brown woody lignite at the base locally Eocene
LOCAL
= TUNCONFORMITY i
"
*t Dark-chocolate-brown silty to sandy carbonaceous clay interlaminated with white micaceous sand, with scat-
AT tered lignite and sidentic layers; grades into dark-brown medium-grained to coarse sand. A large deposit Earl
- Saiine 0-450 of gravel and coarse sand in the lower part fringes the Paleozoic upland; a prominent red to brown coarse arly
- formation | I g ; : Eocene
o . sand in the upper part wedges westward from the Arkansas Rwver area. Reworked bauxite beds in the
.+t lower part fnnge nepheline syenite hiis. Plants of Wilcox age are found at many localities
A b
*+ FUNCONFORPMITY +—— ————— e - —— R
e
++
T Berger Greenish- to bluish-gray silty clay and grayish-green fine sand alternate with ligmite, black lignitic and brown Eorl
:+ m,mftmn 0-347 carbonaceous clay, and hard layers of impure crystalline sidente.  An apron of gray kaolinitic fragmental E : e[{"e
s clay containing bodies of tan bauxite fringes nepheline syenite hills. Beds are sandier basinward o
N
- +
:+ ‘:Z* b— UNCONFORMITY +—— R [
+ + 4
LTt
Lratatet Dark-bluish-gray to black silty clay with sidentic layers; a dark-gray calcareous mudstone containing marine
+1*:':+i thlls P'(?'“t 0-450 microfossils locally at the base. Varicolored clay constituting an ancient weathenng profile occurs in Paleocene
L ormation places at the top
PR
+ o+ 4
T
P
4+
s
+ + + o o
: . Kincaid Greenish-gray and dark-gray clay, sandy in places, interbedded with fossiliferous marl, sandy glauconitic
L formation 0-185 limestone, and calcareous sandstone; the beds are more calcareous in the upper part. Marine mega- Paleacene
[+ fossils and microfossils are common
* LunconForMITY +— [ -
+ Nepheline Light-gray or bluish feldspathic and feldspathoidal igneous rocks in a batholith containing pendants of altered Late
: syenite rocks of Paleozoic age. Weathered locally to kaolin or bauxite Creta<eous

FicURE t.—Diagrammatic sketch illustrating the sedimentary rocks that flank and overlie nepheline syenite in the Arkansas bauxite region.
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rocks have a northeasterly trend and contain roof
pendants of rocks of Paleozoic age that likewise have a
northeasterly trend.

Extensive erosion truncated the rocks of Paleozoic
age and exposed the igneous complex in a series of low
hills. The lower Tertiary sedimentary rocks which con-
tain many of the bauxite deposits lie unconformably on
the resistant rocks of Paleozoic age, and are draped
over the nepheline syenite hills. They strike gencrally
northeast and dip gently southeast, although locally
the strike is modified by compaction. The rocks dip
gently upslope, or northwest, of the igneous hills, and
more steeply downslope. The surface contact between
the fairly hard rocks of Paleozoic age and the soft
Tertiary sedimentary rocks is the physiographic line
of demarcation between the Ouachita Mountain province
and the Gulf Coastal Plain.

The Paleocene sediments, almost entirely marine,
consist of the Midway group subdivided into the
Kincaid formation at the base and the Wills Point
formation above. These are overlain unconformably
by lower Eocene nonmarine beds of the Wilcox group
subdivided into the Berger formation, which contains
many bauxite deposits at its upslope edge, the Saline
formation resting unconformably upon the Berger,
and the Detonti sand. Later Eocene strata are
represented by locally little known nonmarine and
marine beds of the Claiborne and Jackson groups.
The more recent sediments of the bauxite region include
gravels of undifferentiated late Tertiary and Quater-
nary age, sand and clay terrace deposits of Quaternary
age, and Quaternary alluvium.

SEDIMENTARY ROCKS

UNDIFFERENTIATED METAMORPHIC ROCKS OF
PALEOZOIC AGE

The somewhat altered bedded rocks of Paleozoic
age crop out at the north edge of the area between
the flood plains of the Saline River and the Arkansas
River, beginning about a mile northwest of Benton
and extending northeastward to Little Rock. They
include gray, green, brown, and black altered shale,
black slate, gray to brown quartzite and sandstone,
chert, and siliceous shale. In the bauxite region the
formations cannot be differentiated with certainty.
For the formations of Paleozoic age recognized in the
Ouachita Mountain province the reader is referred to
Croneis (1930, p. 91-148), and to Purdue and Miser
(1923, p. 122-179) for the formations of Paleozoic age
exposed in Garland, Hot Springs, and Montgomery
Counties.

The rock pendants of Paleozoic age in the nepheline
syenite intrusive masses of the Coastal Plain province
are more difficult to differentiate because they have
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been somewhat altered by contact metariorphism.
Most of the pendants occur in the Pulaski nepheline
syenite mass and consist of gray quartzite and gray
and green altered shale. At the north end of the
nepheline syenite mass of Alexander Mountain a fairly
large area is underlain by black slate. The most
interesting feature of these rocks associated with the
nepheline syenite is the large amount of feldspar in
many of them, in Pulaski and Saline Counties. Some
of these rocks, though retaining a well-marked bedding
that appears to be sedimentary, are seen in thin section
under the polarizing microscope to consist almost
wholly of feldspar crystals. Many of the contacts
between this rock and the nepheline syenite are sharp,
but locally in Pulaski County this type of rock also
appears to grade through the tinguaitic border phase to
pulaskite as described by Williams (1891, p. 99-106,
149, 150). Whether the feldspar was ar original
detrital constituent of the rock, as for example in the
tuff lentils that have been described in the Stanley
shale, or was introduced at the time of the intrusion
of the alkalic rocks is not known. Evidence that this
rock was at least a minor contributor to the bauxite
deposits is indicated by several bauxite pebbles dis-
covered at the Section 15 mine in Saline County.
These pebbles displayed lithologic structures charac-
teristic of the metamorphosed sedimentary rocks but
upon analysis were found to consist almost entirely
of gibbsite.
TERTIARY SYSTEM

PALEOCENE SERIES—MIDWAY GROUP

GENERAL FEATURES

A marine sequence of foraminiferal calcarenus shale,
arenaceous limestone, calcareous glauconitic sand-
stone, conglomerate, and light to very dark bluish-
gray clay shale forms the lowest division of the Tertiary
system in central Arkansas. The major subdivisions
of this group are remarkably uniform laterally through-
out the Gulf Coastal Plain. They include a lower,
highly calcareous, moderately resistant formetion con-
taining some sand and clay beds and an upper clay
shale formation not commonly exposed at tle surface
but represented in some of the drill holes by more than
a hundred feet of sedimentary rocks. These rocks are
important to the history of bauxite because of their
stratigraphic position immediately underlying many
of the bauxite deposits. A study of this group thus
furnishes a clue to some of the physiographic conditions
leading to the formation of the bauxite.

These sediments are equivalent to the shaly Fmestone,
calcareous sandstone, and overlying black clay exposed
at Midway Landing and at Pine Barren Creek in Wilcox
County, Ala., that were first designated as the ‘“Midway
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series” by Smith and Johnson (1887, p. 62-67, 70). It
is of historic interest to recall that the earliest described
outerops of the Midway group were the calcareous beds
containing marine fossils noted by Featherstonhaugh
(1835, p. 60, 62) on the bank of the Arkansas River at
Little Rock, also 3 miles west of Little Rock where they
were quarried for making lime at that time, and in the
bed of the Saline River 28 miles west of the town.
Featherstonhaugh said they contained Ostrea, Turri-
tella, Calyptrea, Cerithium, and other fossils and were
Tertiary beds “of the Eocene period of Mr. Lyell.”

The first thorough study of these rocks was made by
Harris (1894, p. 8, 9, 22-54, 184, 185) who applied
the name “Midway stage’’ to the early Tertiary marine
sediments of central Arkansas that underlie the terres-
trial sediments of the so-called Lignitic stage. He
described in some detail the known outcrops, their
lithology and paleontology, and particularly noted the
fossiliferous limestone beds in the lower part of the
section. Harris (1896, p. 41, 42) correlated the
Enclimatoceras (Hercoglossa) and Turritella-bearing
limestone beds of the Little Rock area with other
similar calcareous beds at Tehuacana in Limestone
County, Tex., at Midway Landing, Ala., and the oyster-
bearing beds south and southwest of Clayton, Ala.

Geologists who have studied the Midway sediments
in Arkansas, such as Stephenson and Crider (1916, p.
44-54), Dane (1929, p. 152-160, pl. 1), Bramlette (1936,
pl. 9), and Corbin and Heyl (1941), have continued
to map and describe them as a single stratigraphic unit.
In other states the Midway group has been subdivided
into several formations. In Texas the Midway has
been the subject of paleontologic work by Plummer
(1926) and by Gardner (1928, 1933, and 1935), who have
demonstrated the feasibility of dividing the Midway
into two lithologically and faunally distinct mappable
units, the Kincaid and Wills Point formations. Bram-
lette (1936, p. 5) has suggested that these two units
are each represented, at least in part, by the deposits
of Midway age in the Arkansas bauxite region. On
the geologic map (pl. 1) that accompanies this report the
Kineaid and Wills Point formations have been differ-
entiated in the bauxite region at the suggestion of
Julia Gardner, who spent several weeks making a
paleontologic study of the outcrops of the Midway of
the area in the fall of 1944,

KINCAID FORMATION

Definition.—The Kincaid formation received its
name from Kincaid Ranch in Uvalde County, Tex.
The name was proposed by Gardner (1933, p. 744) to
designate the lower part of the Midway group, easily
distinguishable lithologically and faunally from the
upper part. An earlier name proposed by Harris

(1896, p. 129, 155), the Tehuacana limestone, was used
for a while in a broad sense for the entire formation.
However, most geologists felt that this name was too
firmly restricted to the limestone beds at the top of the
lower Midway section, and its usage for the greater
interval was dropped. The Kincaid formation in
Texas has been subdivided into three units in ascending
order: the Littig glauconite member, a thin basal
yellowish-gray glauconitic sand containing phosphatic
nodules; the Pisgah member, a section of yellow, gray,
green, and buff clay and glauconitic sand containing
several limestone beds; and the Tehuacana member, a
slightly thinner section of grayish-white fossiliferous
limestone and greenish-gray calcareous sandstone.

Distribution and surface outcrop.—In southwestern
Arkansas beds of highly glauconitic and phosphatic
sand, probably representing the Littig glauconite mem- -
ber, crop out at a few localities in eastern Hempstead
and western Nevada Counties where they discorform-
ably overlie the Arkadelphia marl of Late Creteceous
age (Dane, 1929, p. 152-160). The basal member has
not yet been identified east of these localities and may
be absent in central Arkansas, where the Kinecaid
formation rests directly upon rocks of Paleozoic age.
More likely the basal member was overlapped by suc-
ceeding members of the Kincaid. Light to darl-gray
calcareous clay and thin scattered yellow earthy lime-
stone beds equivalent to the Pisgah member cron out
at many localities in southwestern Arkansas and extend
northeastward at the surface into central Arkansas, as
far as the east-central part of Saline County. Light~
gray fossiliferous limestone, buff to bluish-gray marl,
and greenish-gray glauconitic sandstone beds that con-
stitute the lateral equivalent of the Tehuacana member
have a wider distribution in Arkansas than beds of the
other two members. These beds extend northeast-
ward across the State in a narrow discontinuou- belt
from the Texas border to Little Rock and in more
scattered outcrops to the southeast corner of Inde-
pendence County.

In the Arkansas bauxite region the Kincaid formation
lies at or near the north edge of the Gulf Coastal Plain
in a long narrow northeastward-trending discontinuous
band of outcrop that reaches 2 miles in width in
several places, but generally is much narrower. Lo-
cally there are many scattered inliers, particularly near
the town of Benton. These outcrops are exposed
where streams have cut through the gravel deposits of
the Saline formation. The formation at Benton is
composed largely of calcareous clay, sand, marl, and
a few scattered limestone beds. Outcrops are poor
and are limited mainly to the banks of streams and to
road cuts. In the area surrounding the town of Alex-
ander several fairly persistent limestone beds in the
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upper part of the formation are expressed topographi-
cally in a poorly defined terrace or cuesta, but good
exposures are few. Near Mabelvale and Geyer Springs
in Pulaski County the formation is buried mostly be-
neath the alluvium of Fourche Bayou. Along the
south edge of the city of Little Rock several good
exposures of the sand and limestone make up the upper
part of the Kincaid where it abuts the upland rocks of
Paleozoic age. Between Little Rock and Cabot,
Lonoke County, there are no outcrops, but limestone
of the Midway has been questionably identified in an
82-foot well drilled at Jacksonville, Pulaski County
(Stephenson and Crider, 1916, p. 259).

In the bauxite region, drill holes show that the
Kincaid formation is present at depth beneath the
Wills Point formation at most localities. Locally along
the flanks of nepheline syenite hills the Kincaid thins
out and is overlapped by the Wills Point. At many
localities, particularly where the limestone and calcar-
eous shale finger shoreward into tongues of conglom-
eratic nepheline syenite debris, the Kincaid extends
somewhat farther upslope than the Wills Point. In
some places, beneath subsurface Eocene drainage, green
nonglauconitic sand of the Eocene Berger formation
rests directly upon the Kincaid formation.

Thickness.—At the surface in the bauxite region,
the measured thickness of the Kincaid formation
ranges from 7% to nearly 60 feet. Where the equiv-
lents of both the Pisgah and Tehuacana members are
present the thickness commonly ranges from 35 to 60
feet. Where only the equivalent of the Tehuacana
1s present the thickness rarely exceeds 15 feet.

At depth the formation is thin or absent locally
along the flanks of buried nepheline syenite hills but
thickens rapidly basinward. Under some of the bauxite
ore bodies, particularly in Pulaski County, nepheline
syenite debris and sand as much as 69 feet thick have
been recorded in drill holes within a few hundred feet
of the edge of the formation. Where limestone is
present, the thickness usually is greater. The thickest
Kincaid section in the vicinity of the bauxite ore bodies
was recorded in USBM (U. S. Bureau of Mines) drill
hole 2-111, in the NW{NEY sec. 11, T. 1 S,, R. 12 W,
downslope from the Birnbach bauxite deposit. The
formation measured 154 feet thick, 2,600 feet east-
southeast of the buried contact of the nepheline syenite
and the Midway.

Farther out in the basin some of the deeper drill
holes have cut as much as 185 feet of limy beds that
apparently represent the Kincaid formation. Exces-
sively thick deposits of limestone that constitute a large
part of the total thickness of the Midway group were
cut by drill holes upslope from nepheline syenite hills
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wholly or partly buried by the Paleocene selimentary
rocks.

Data supplied by the Arkansas Geological Survey in-
dicate that in the Youngblood No. 1 well of the Shaffer
Oil and Refining Co., drilled 600 feet south and 575
feet west of the northeast corner of the NWYLNW sec.
34, T. 4S., R. 13 W, about 1% miles north-northwest
of Sheridan, Grant County, and 10 miles south of the
south edge of the bauxite region, the thickness of the
Kincaid formation is 95 feet (a depth of 1,964 to 2,061
feet) as evidenced by a study of the foraminiferal con-
tent of the cores by H. J. Plummer. In this well the
Kincaid rests upon 193 feet of Upper Cretaceous sedi-
mentary rocks that in turn lie upon igneous rock identi-
fied as pyroxenite. In the Long Bell No. 1 vell, of the
Shaffer Oil and Refining Co., drilled 330 feet south and
330 feet east of the northwest corner of the NWY%NEY
sec. 36, T. 5 S., R. 12 W., in Grant County, Mrs. Plum-
mer’s foraminiferal identifications indicate that the
Kincaid is 136 feet thick (a depth of 2,620 to 2,756 feet).

Lithologic description.—The Kincaid formation is
composed mainly of intergrading and interfingering
beds of soft claystone, calcareous sandstcne, sandy
limestone, marl, and conglomerate, in that order of
abundance, and includes minor beds or layers of con-
glomerate, arkose, kaolin, lignite, and a coquina of cal-
careous tests of marine organisms. Most of the sand
has glauconite disseminated through it in rough to
smooth rich green grains ranging in size from tiny
specks to nearly a millimeter across. The quartz sand
grains are essentially fine grained to medium grained,
are angular or moderately well rounded, and have a
glassy surface. Rarely some of the grains sve frosted.
The sand generally is well packed and the amount of
calcium carbonate varies in the interspaces batween the
grains grading into limestone where ‘an excess of this
material is present. Most of the limestone beds are
sandy or marly and lenticular. They contain abun-
dant fossils, principally mollusks and foraminifers. Nor-
mally the quantity of fossils in a single bed varies
generally with the amount of limestone and inversely
with the amount of quartz sand. A few of the limestone
beds contain small phosphatic pebbles. Much of the
calcium carbonate has been leached; hence, preserva-
tion of the fossils generally is poor.

Most of the clay in the Kincaid formation is medium
gray to buff or tan. Locally it is dark gray and resem-
bles clay of the Wills Point formation. In contrast to
the bluish-black clay of the Wills Point, however,
most of the Kincaid clay is calcareous end grades
locally into marl. Calcareous tests of foraminifers,
ostracodes, and pelecypods are widely distributed in
these beds. A small sample of the gray to yellowish
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clay from fossil collection no. 17138, submitted to J.
M. Axelrod for X-ray examination, consisted princi-
pally of montmorillonite, some quartz, and a trace of
unidentified matter.

The arkose and conglomerate beds of the Kincaid
are mostly limited to the subsurface. They consist of
partly weathered detritus from the nepheline syenite
and, to a lesser extent, from the rocks of Paleozoic
age. Arkose and conglomerate are gradational one
with the other as their source is the same, and grain
size is the differentiating feature. The finer grain sizes
are carried farther from the source. These rocks are
best developed near the upslope lip of the formation,
particularly along slopes of nepheline syenite hills where
they form a series of coalescing alluvial fans that inter-
finger with limestone and clay downslope. They have
been found in nearly all the holes drilled through the
formation, downdip from nepheline syenite masses that
were exposed in Midway time, and as far out in the
present basin as the area surrounding the nepheline
syenite high near Woodson. The coarser detritus con-
sists of pebbles, cobbles, and boulders. Pebbles and
cobbles as much as 4 inches across frequently were re-
covered in the cores, and larger fragments and blocks
exceeding 3 feet in diameter probably were drilled
through (see basal bed in the section on page 16). The
pebbles are subangular to rounded, and nearly all
have worn and smoothed surfaces. Some of them,
particularly those derived from the bedded rocks of
Paleozoic age, are flat or angular and have smoothed
faces, edges, and corners. The larger fragments are
generally set in a matrix of fine sandy material of
similar composition which is partly decomposed or
disintegrated. Where the nepheline syenite debris is
calcareous, fossil remains particularly of echinoderms
and bryozoa are common. Downdip the rock fragments
generally are embedded in limestone. Conglomeratic
beds occur at different levels in the formation but are
widespread in the lower few feet.

Sand and granule gravel beds composed largely of
feldspar occur in the formation at widespread localities,
most commonly near the upslope edge. The grains
and granules are angular to subangular and unweathered
to slightly decomposed. The nepheline syenitic detri-
tus of all sizes usually is unweathered or only slightly
decomposed except at localities along the upslope edge
of the formation where it was exposed to post-Midway
weathering.

The following typical subsurface section logged in an
exploratory drill hole at the western slope of the Pulaski
nepheline syenite hill presents a fairly complete de-
scription of the Kincaid formation beneath the bauxite
deposits.

Section of the Kincaid formation cored in USBM drill hole 20-049
drilled 670 feet west and 270 feet south of the northeast correr of
the NEVSEY; sec. 8, T. 1 8., R. 12 W., about three-fourths of a
mile south of Berger, Pulaski County

[Description by J. A. Gardner and M. I. Goldman]

Thickness
(feet)

Depth

Kinecaid formation: (feet)

Clay, gray thickly speckled with white,
probably products of partly disinte-
grated feldspar cerystals; no reaction

1.7 227.9-229.6

Clay debris, similar to the interval
above except for increasingly prom-
inent feldspar crystals; base of the
interval a mass of light-gray partly
disintegrated feldspar crystals with
a few ferromagnesian minerals,
mainly biotite_ - _____________

Limestone, very light gray, and neph-
eline syenite debris; much of the
limestone is calcite and shows cleav-
age faces; a large siderite cobble at
240 feet . . .

Limestone and nepheline syenite de-
bris, greenish-gray, containing some
biotite and green alteration minerals
concentrated in narrow nearly hori-
zontal bands as much as 2 inches

.9 229, 6-230. 5

9.6 230.5-240. 1

149 240. 1-265. 0
Limestone and nepheline syenite de-
bris, an intimate mixture of green
clay, feldspar crystals and lime-
stone, the clay and feldspar are
products of the disintegration of the
nepheline syenite; contains pockets
of clear crystalline calcite; fossilif-
erous along several breakage planes,
fragmental fossils include an echi-
noid spine at 266 feet and probably
oyster shells and possibly crab claws
at 272 and 273 feet_ _ - __.________
Nepheline syenite debris with lime-
stone, pale green to green, like the
interval above but less limy______.
Limestone, pale greenish-gray, sandy,
glauconitic, coarsely fossiliferous,
slightly argillaceous; contains some
small fragments of soapy translucent
montmorillonitic clay; the sand is
fine (grains 0.10-0.15 mm), and
corroded at the top of the interval;
coarser, more abundant, and some-
what rounded downwards; the glau-
conite is a rich green, the grains
small (0.1-0.05 mm), fractured and
worn; fossils principally Ostrea frag-
ments and crab claws, Calypiraea
sp.at 279 feet ___ . _____
Sand, medium-grained, angular, in
dark-gray clay matrix, calcareous
with scattered fossil shell fragments
in upper part; lower part broken up
and probably partly lost in coring._ _
Lignite, dark-brown, firm___________

8.0 265 0-273.0

2.6 273.0-275.6

4.6 275.6-280.2

2.1 280.2-282.3
. .2 282.3-7%2.5
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Section of the Kincaid formation cored in USBM drill hole 20-049
drilled 670 feet west and 270 feet south of the northeast corner of
the NEYSEY sec. 8, T. 1 8., R. 12 W., about three-fourths of a
mile south of Berger, Pulaski Couniy—Continued

Thickness
(feet)

Depth

Kincaid formation—Continued (Feet)

Lignitic clay, very fine grained, mica-
ceous with very little other silt,
passing again into lignite and with
white clay pebbles, a quarter of an
inch in diameter, in the lower part_

Clay pebble rock, white or whitish
kaolinitic clay pebbles of different
tones in a light-gray matrix are sur-
rounded by films and stringers of
black carbonaceous material im-
pregnated with sulfides; also many
angular feldspar grains_ .. ____.____ .8

Lignitic clay, silty, containing an in-
terbedded white clay pebble layer
near the top, grading downward to
coarse dark-gray argillaceous non-
caleareoussand___.______.._______

Sand, gray to green, carbonaceous
micaceous noncalcareous, contains
some disintegrated feldspar crystals
and abundant disseminated sulfide
flakes. Part lost in coring._ . ._____

Nepheline syenite, probably a boulder,
hard, gray, containing unweathered
solid feldspar crystals_ . __________

0.8 282 5-283.3

283.3-284. 1

2.4 284 1-286.5

5.0 286.5-291. 5

291. 5-294. 9

Total thickness of the Kinecaid
formation___ ________________

Residual nepheline syenite(?):
Kaolinized nepheline syenite, grayish-
green matrix with abundant angular
disintegrated feldspar crystals_____
Decomposed nepheline syenite, the upper
part clayey but with hard feldspar
crystals and dark ferromagnesian min-
erals, also some disseminated sulfide
resembling pyrite; the matrix becomes
harder at depth

294. 9-297. 9

6.4 297.9-304.3

The section given above is one of a few that showed
lignite, carbonaceous clay, noncalcareous sand, and
kaolinitic clay associated with more typical beds of
this formation. These may represent continental de-
posits of Kincaid age that were later covered, as the
sea encroached, by marine sediments of the formation.

Lignite is rare but fragments were found in clastic
sediments near the base of the formation in several
other drill holes near the edge of the formation. In USBM
drill hole 12-156 under the Thomas-Williams bauxite
deposit in the NWYNW sec. 36, T. 1S, R. 14 W., on
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the west flank of Alexander Mountain, Saline County,
there were lignite fragments in 2% feet of light-green
calcareous clay at the base of the Kincaid which is
12.8 feet thick and directly underlies the Berger for-
mation. In USBM drill hole 8077, under the Fuller
School bauxite deposit in the NE4SWY se~. 25, T. 1
N., R. 12 W., near Sweet Home, Pulaski County,
the basal 5-6 feet of the formation, a dark silty sand
and conglomerate, contains abundant lignite fragments
and shreds. In this hole the conglomeratic unit,
probably of Kincaid age, is 14 feet thick and is overlain
by about 21 feet of clay of the Wills Point formation.

Kaolinitic clay has been recognized in the formation
in the pebbly clay in USBM drill hole 20-049 on the
west slope of the Pulaski nepheline syenite hill at a depth
of 283 feet, described in the section on thi* page. An
analysis of this clay can be found in table 3 as well as
an analysis of what is probably a lateral continuation
of the same zone at a depth of 266 feet in USBM drill
hole 20-048, which is 800 feet east-northeast of USBM
drill hole 20-049.

Local sections.—Ten sections of the Kincaid forma-
tion are shown on plate 3, including those at four
localities west of the mapped area. Fossils from these
sections are listed in tables 1 and 2. Most of the fos-
siliferous outcrops of the lower Midway lie near High-
way 67, which crosses the outcrop area of the Kincaid
formation not far downdip from its irregular contact
with the rocks of Paleozoic age.

Winters Cemetery section:

The westernmost section is exposed on the north-
east slope of the hill below Winters Cemetery in the
SE¥SWYSEY sec. 35, T. 2 S., R. 16 W. Sediments of
Midway age nearly 35 feet thick consist principally
of gray clay but contain some marl in the upper part
near the 400-foot contour. They crop out discontin-
uously from a small stream valley southwest to the top
of the hill, where they are overlain by several feet
of fine gravel of probable Wilcox age. Oysters and
other mollusks are weathered from calcareous shale
just below the marl about 250 feet southvrest of the
stream (coll. no. 17145).

Trace Creek section:

Beds apparently representing the Tehuacana member
of the Kincaid formation crop out along an 11-foot
cliff on the west bank of Trace Creek on the property of
the State mental hospital and of W. J. Carradine.
The following section is exposed:
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Section of the Kincaid formation in SEWSWYL sec. 30 and the
NEYNWY sec. 81, T. 2 8., R. 156 W., Haskell Township,

Saline County
Feet

Limestone, light-gray weathering to grayish black or
brown, hard, with disseminated grains of clear quartz
sand, glauconite, and dark minerals. Contains dark
stained fossil molds and a layer of Ostrea pulaskensis

at base (loe. 17141) - __________________ 2-2.5
Sandstone, light brownish-gray weathering to brown,

fine- to medium-grained, with angular quartz grains,

glauconitic, ealcareous (loe. 17279) ______ _________. 8. 59
Limestone, medium to dark gray, fine-grained, glau-

conitic, with fragmentary imprints of macrofossils.

Exposed in creek bottom ____._____________________ 14

Dark-blue clay of the Wills Point formation is exposed
west of this locality in a small eastward-flowing branch,
40 to 50 feet higher than the limestone.

State mental hospital outcrop:

Limestone of Midway age crops out also on the State
mental hospital grounds in the SWY4NEY sec. 30, in
the same township. The outcrop is at an altitude of
about 340 feet on the hillside between the powerhouse
and water tank, about 300 feet southwest of the power-
house. Nearby limestone blocks from the same bed,
thrown out during the construction of a tunnel not
more than 13 feet deep, are exceedingly fossiliferous
(loc. 17140).

Salt Creek section:

The lower part of the formation is exposed about 1
mile east of the last locality in roadside ditches and
along a large ravine and adjacent hillside south of
Highway 67, not far from Salt Creek, in the SE4YNW1
sec. 20, T. 2 S., R. 15 W., Newcomb Township. Near
the top of the hill some loose blocks of brick-red
ferruginous sandstone come probably from the upper
part of the formation. On the lower slopes of the hill
a fairly complete section to the base of the formation is
exposed, as follows:

Section of the Kincaid formation in the SEU{NWY, sec. 20,
T.28., R. 15 W., Newcomb Township
Feet
Clay, gray mottled with brown, loeally stained black
along small joint planes, containing scattered
pockets of light-gray fine sand. Contains scattered
macrofossils including nuculanid valves near base
(loc. 17138). Coveredabove______ . ___._._____
Marl, light-gray, indurated, conglomeratie, con-
taining scattered pebbles of clay, black chert of
probable Paleozoic age, phosphatic nodules, and
disseminated glauconite grains; poorly fossiliferous
(loe. 17189) - - oo e 3
Clay, gray to yellow, slick, blocky, poorly exposed.
Microfossils in upper part (loe. 17278) . _.__ 13
Clay, as above, but filled with subangular blocks, as
much as 1 foot long, of siliceous shale, novaculite,
and other rocks derived from the underlying
sequence of Paleozoieage___ ... ____________ 2

10+

The contact with the rocks of Paleozoic age is exposed
in the ravine about 100 feet north of the highway.

McecNeil Creek section:

The greater part of the formation, including the
lateral equivalents of the Pisgah and Tehuacana mem-
bers, is best exposed near the town of Benton. A Tesal
limestone bed, 1 to 2 feet thick, is exposed in the lower
part of McNeil Creek (pl. 1) and in two small creeks
1 to 1% miles to the north, that drain the ridge between
MecNeil and Salt Creeks. This bed rests nearly hori-
zontally upon steeply dipping altered shale of Paleozoic
age. The limestone is light gray and contains pel-bles
as much as 3 inches across of dark-greenish-gray altered
shale from the underlying rocks of Paleozoic age. It
looks like concrete. The fossils are chiefly mollusls of
which the most conspicuous genera include Nuculana,
Ostrea, Venericardia, Turritella, and Calyptraphorus.

Overlying this limestone bed the clay beds equivelent
to the Pisgah member are exposed at intervals along
the bottom and lower banks of the creek as far as a
point about 1,000 feet upstream from where McNeil
Creek is crossed by Highway 70. For nearly a mile
along the creek probably not more than 20 feet and
certainly not more than 30 feet of section is exposed.
Most of the clay is dark gray and some of it resembles
the clay of the Wills Point formation. Interbedded
with it are tiny white lenses of broken, weathered shell
fragments and calcareous tests of microfossils, includ-
ing, particularly in the upper part, layers of pcorly
preserved nuculanid valves (loc. 17144). Some shark
teeth and other hard parts of fish are present.

Above the clay beds are fossiliferous sandy marls of
the Tehuacana member equivalent, poorly exposed
east of Highway 70 for 1,500 feet upstream where the
Midway is covered by gravel of the Saline formation.
Benton lumberyard section:

The limestone beds normally present at the top of
the formation appear to be lacking in McNeil Creek.
These are, however, exposed farther south in the town
of Benton, near the lumberyard in the SWYSE/SWY
sec. 11, T. 2 S, R. 15 W. in a small stream about 50
feet north of State Highway 35.

The outcrop consists of two calcareous beds with an
aggregate thickness of slightly more than 4 feet. The
upper is a ferruginous, concretionary, somevhat
cavernous limestone, locally silicified, mottled ligkt to
dark gray but more commonly weathered to dark red
and in places blackish brown or yellow and earthy.
Cavities are lined with small crystals of drusy quartz.
Glauconite is disseminated through the rock. Mzecro-
fossils are poorly preserved (loc. 17136).

The lower bed consists of poorly indurated limestone,
mottled light gray and yellowish brown, in places
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splotched with black. Associated with it is a coarse-
grained quartz sand containing glauconite. The
nautiloid Hercoglossa was found in the limestone (loc.
17137).

Pine Crest outlier:

The two members of the Kincaid formation are ex-
posed as far northeast as the S¥SE¥ sec. 9,18, R. 14 W,
where the upper one is represented by brick-red highly
ferruginous indurated sandstone containing imprints of
Ostrea, Venericardia, and Turritella. The sandstone
caps the hill above the 520-foot contour. Greenish-
vellow clay beds of the lower part of the formation crop
out along the north side of the road between the 480-
and 500-foot contours.

Limerock Dairy section:

East of Collegeville the lower clay beds have not
been identified. Outcrops of these beds equivalent to
the Tehuacana member of the formation are rare. The
best exposure is on the property of the Limerock Dairy
in Pulaski County and has been described or cited by
Harris (1894, p. 28-30; and 1896, p. 17), Stephenson
and Crider (1916, p. 48-49), Spooner (1935, p. 113~
115), and Corbin and Hevl (1941, p. 3, pl. 6).

Section at cliff on east bank of valley of Fourche Creek, at Lime-
rock Dairy, about three-eighths mile southeast of Camp Marion,
near center SWUNEY, sec. 8, T. 1. 8., R. 13 ., Pulaski County

[Measured by J. A. Gardner and R. A. Schmidt]

Bed Description
Kincaid formation (Tehuacana member equivalent):

a Quartz sandstone, highly calecareous and glau-
conitie, light to medium gray where fresh,
weathering brownish and locally deeply iron
stained. Glauconite in coarse or medium
grains, dull or polished (loc. 17133a)________

b Limestone, partly weathered, rich in bivalves,
sandy and highly glauconitic; light-gray
groundmass splotched with yellow calcite;
glauconite in large and small grains, segre-
gated in pockets and disseminated through
the rock (loe. 17133) .. ______________

¢ Limestone, glauconitic but grains not so coarse
nor so variable in size as in the bed above;
limestone less yellowish than in bed b, though
weathered specimens are yellowish brown.
Contains structureless calcite and clear quartz
sand; some iron staining (loc. 17134) ________ 1

d Limestone, light-gray, dense; groundmass similar
to that of bed ¢; abundant disseminated clear
quartz grains, a few small scattered grains
of glauconite. No shells except oyster frag-
ments remaining; rock riddled by brown-
stained ecavities formed by solution of the
shells (loc. 17135) ... ____________

Feet

1.8

1.7

~1
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Section at cliff on east bank of valley of Fourche Creek, at Limerock
Dairy, about three-eighths mile southeast of Camp Marion, near
center SWIANEY; sec. 8, T. 1 8., R. 13 W., Pulaski County—
Continued

Bed Description Feet
Kineaid formation—Continued
e Quartz sand, light- to medium-gray, slightly
calcareous and glauconitic, composed of
angular medium-sized grains; no identifiable
fossils . _ _ .. 4. 74
Total thickness exposed_ _ ______.__.___ 17. 2
Rock of Paleozoic age:
f Black shale reported exposed only at times of
very low water; not seenin 1944____________ 9]

The glauconitic sand and sandy limestone beds
equivalent to the Techuacana member are exposed at
nany localities in the southwestern part of Little Rock.
Most of these localities have been described or men-
tioned by Harris (1894, p. 12-15 and 26-28) either as
Midway limestone localities or as outcrops of supposed
Cretaceous age. L. W. Stephenson visited Harris’
supposed Cretaceous localities in Little Rock in the fall
of 1942, and J. A. Gardner visited them in the fall of
1944. Both found fossils in the beds in question and
concluded that they are of Midway age.

Roselawn Cemetery section:

Harris (1894, p. 13, 14, fig. 1) described a section in
the southwestern part of Little Rock that he thought
might contain beds of Cretaceous age. This locality
is at the intersection of 19th Street, or the *“Old Hot
Springs road,” and a valley now occupied by the tracks
of the Missouri Pacific Railroad and of the Chicago
Rock TIsland, and Pacific Railroad. Harris’ section,
from top to bottom, follows:

Bed Description Feet
e Midway limestone_______________________________ 2
b Massive white and yellow sands_ _ . ________________ 20
¢ Impure bog iron ore: locally represented by a 2-foot

layer of ferruginous sand and gravel, under'ain by

white clay, sand, or gravel; with some scattered

fossil casts of mollusks and crustaceans__.________ 10
d TUpturned Paleozoic slates____ ____________________ 7

Harris believed that the fossils of bed ¢ might be of
Cretaceous age. The section is no longer exposed.
Part of bed ¢ crops out in railroad cuts at the west side
of the valley. Gardner and Schmidt colle~ted several
fossiliferous float blocks of highly ferruginous con-
cretionary sandstone that contained a little clay in the
matrix (loc. 17146) 600 to 800 feet south of the 19tk
Street overpass at the base of the hill below the Rose-
lawn Cemetery. These represent bed ¢ of Harris
section. Blocks from bed a of the section also were
collected (loc. no. 17132) at the Roselawn Cemetery
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on the hill at the west side of the valley, where they had
been thrown out from excavations. The fossils of both
beds are of Midway age and are shown on table 1.

Gully section in southwest Little Rock:

Fairly continuous exposure of Kincaid limestone and
calcareous sand containing beautifully preserved micro-
fossils at the base of the overlying Wills Point forma-
tion is on the east slope of the same prominent valleys
mentioned above. This probably is the exposure men-
tioned by Harris (1894, p. 27) as “a compact bed of
limestone east of the railway, opposite the (county) hos-
pital in the bed of a small stream.”

Section in east-west gully about 1,000 feet south of Roosevelt Road
and about 250 feet east of the Chicago, Rock Island, and Pacific
Railroad tracks, in the NEYAUN W14 sec. 16, T. 1 N., R. 12 V., in
Little Rock, Pulaski County

{Measured by J. A. Gardner and R. A. Schmidt]
Feet

Kincaid formation (Tehuacana member equivalent):

a Indurated sandy limestone packed with Turri-
tella, light gray on freshly exposed surfaces,
weathering to yellow; forms prominent ledge
above lower beds downstream; near and under
small bridge it floors the stream bed (loc.

3.0
b Quartz sand, closely packed but not indurated,
with small disseminated grains of glauconite;

few fossils (loc. 171306¢) _ - ____ . _______ 2.3
¢ Sand, similar to that of bed b but firmly cemented
by calcite possibly leached from the included

shells (loe. 17131) - __ .. 1.0
d Quartz sand, closely packed, uncemented, glau-
conitie; similar to that of bed b but apparently
without fossils_.___ . ___________ . ______ 1.3
Total thickness exposed_.________________ 7.6

Other outerops in Little Rock:

At the foot of High Street on the south edge of the
city along the north side of the Chicago, Rock Island,
and Pacific Railroad tracks, rocks of Paleozoic age crop
out at the base of a 50-foot cliff. Here the Kinecaid
formation, resting unconformably on the older rocks,
is represented by 8 feet of nonfossiliferous gray medium-
grained quartz sand that is conformably overlain by
several feet of light-gray sand mottled and irregularly
streaked and banded with rusty brown and speckled
with small pellets possibly of kaolinite. Some greenish
grains, probably of glauconite, are disseminated through
the sand. The mottled sand is overlain by gray clay
flecked with pink, which completes the sequence in the
bluff; Gardner believed it was of Wilcox age or younger.
The sedimentary rocks are barren except for poorly
preserved Halymenites burrows in the mottled sand.
Similarly filled tubes, about 5 millimeters across, occur
in the same bed several hundred yards to the northwest
where the sand has a reddish color.

Limestone of the Kincaid formation crops out
sporadically at the foot of Main Street on the south
edge of Little Rock, and fossiliferous fragments taken
from excavations are piled near the street corners
within a block or two of the railroad tracks. This is
the easternmost outcrop now known in Pulaski County.

Relation to underlying rocks.—The Kincaid formation
overlies the rocks of Paleozoic age with profound
angular unconformity. The interval represented by
this unconformity in the outcrop area extends from
early Pennsylvanian to early Paleocene time. In places
the Kincaid formation lies unconformably on the
nepheline syenite rocks and their included pendants of
altered rock of Paleozoic age.

Near the southeast edge of the bauxite region, deep
drill holes show that the formation rests on Late Cre-
taceous sedimentary rocks of Arkadelphia age. A
study by Spooner (1935, p. 63—108, 334—339, 436, figs.
60, 85) of the oil and gas wells of the Gulf Coastal
Plain in Arkansas indicates that the buried edge of the
Upper Cretaceous rocks extends in a northeasterly
direction through the northwestern part of Grant
County and the southeastern tip of Pulaski County.
It is likely that several of the southeasternmost of the
deep holes drilted by the U. S. Bureau of Mines to check
the results of the geophysical surveys, had they been
drilled deeper than the 1,500-foot maximum for these
drill holes, would have cut strata of Cretaceous age
beneath the Kincaid formation.

Fossils and correlation.—The Kincaid formation is
generally fossiliferous, and some beds, particularl” the
sandy limestone, are highly fossiliferous. Pelecypods
and gastropods are the most abundant macrofossils,
especially in the sandy limestone. Foraminifers and,
to a lesser extent, ostracodes are the common microfos-
sils. They are found in nearly all the marine sediments
but appear to be more widely distributed in the cal-
careous clay. Bryozoa, brachiopods, worms, echinoids,
crabs, and fish are less common. Corals are rare.

A list of the localities from which collections were
made is given with their numbers and descriptions.
The numbers are also shown on the stratigraphic sec-
tions in plate 3, in table 1, and also in the text.

Fossil-collecting localities in the Kincaid formation in Pulaski and
Saline Counties, Ark.

USGS
locality Location

17130 East-west gully about 1,000 feet south of the Roosevelt
Road viaduet and 250 feet east of the Chicago. Rock
Island, and Pacific Railroad tracks, in southwest
Little Rock, NE¥{NW¥ sec. 16, T. 1 N., R. 12 W,
Pulaski County. Fossils from bed a, sandy gray
limestone, 3 feet. Collectors: J. A. Gardner, R. A. M.
Schmidt, and M. W. Ellis.
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Fossil-collecting localities in the Kincaid formation in Pulaski and
Saline Counties, Ark.—Continued

UsGs

locality Location

17130a Same locality as 17130. Bed b, quartz sand containing
disseminated glauconite, 2.3 feet.

17131 Same locality as 17130. Bed ¢, quartz sand, 1 ft.

17132 Roselawn Cemetery, north of Roosevelt Road and
directly west of Missouri Pacific Railroad tracks;
limestone thrown out in digging graves; SWY sec. 9,
T. 1 N, R. 12 W, Little Roek, Pulaski County.
Collectors: J. A. Gardner and R. A. M. Schmidt.

17133 Cliff on east bank of valley of Fourche Creek at Lime-

rock Dairy, about three-eighths of a mile southeast
of Camp Marion, in the SW¥%NEY sec. 8, T. 1 8., R.
13 W., Pulaski County. Bed b, glauconitic lime-
stone, 1.7 ft. Collectors: J. A. Gardner and R. A. M.
Schmidt.

17133a Same locality as 17133. Bed q, calcareous glauconitic
sandstone, 1.8 feet.

Same locality as 17133. Bed ¢, glauconitic limestone
1.7 ft.

Same locality as 17133. Bed d, glauconitic limestone
7.3 ft.

Stream bed just north of bridge on State Highway 35;
alongside lumberyard in the town of Benton,
SWUSENLSWY, see. 11, T. 2 8., R. 15 W., Saline
County. Concretionary limestone, highly silicified
locally, weathering brick red, fossiliferous. Collec-
tors: J. A. Gardner, R. A. M. Schmidt, M. W. Ellis,
M. Gordon, Jr.

Same locality as 17136. Compact to loosely indurated
limestone and some coarse-grained quartz sand, im-
mediately beneath bed of 17136.

Ravine and ditches on south side of Highway 67, about
2% miles by road southwest of bridge across Saline
River, SE¥4NWY sec. 20, T. 28, R. 15 W., Newcomb
Township, Saline County. Gray to yellow blocky
clay with sand pockets, just above limestone and
marl bed of 17139. Collectors: J. A. Gardner,
R. A. M. Schmidt, M. W. Ellis, and M. Gordon, Jr.

Same locality as 17138. A 3-foot limestone and marl
bed about 15 feet above base of formation.

State mental hospital property. Limestone cropping
out at about 340 feet altitude on hillside between
powerhouse and water tank, about 300 feet southwest
of powerhouse; similar rock thrown out in construc-
tion of tunnel from depth of not more than 13 feet,
SWINEY sec. 20, T. 2 8., R. 15 W, Saline County.
Collectors: J. A. Gardner, R. A. M. Schmidt, M.
Gordon, Jr., M. W, Ellis, and R. P. Bryson.

A cliff on west bank of Trace Creek, on the property of
W. J. Carradine and of the State mental hospital,
SEXSWY sec. 30, and NEYNWY sec. 31, T. 2 S.,
R. 15 W, Haskell Township, Saline County. Fossils
from upper of two limestone ledges. Collectors:
J. A. Gardner and R. A. M. Schmidt.

Outlier of Kinecaid formation lapping across the south
edge of the E} sec. 9, T. 1 8., R. 14 W., Owen Town-
ship, Saline County. Fossils from highly ferruginous
resistant sandstone hill above the 520-foot contour.
Collectors: J. A. Gardner and R. A, M. Schmidt.

17134

17135

17136

17137

17138

17139

17140

17141

17142

OF THE ARKANSAS BAUXITE REGION

Fossil-collecting localities in the Kincaid formation in Pulaski and
Saline Counties, Ark.—Continued

USGS

locality

17143

Location

Same general locality as 17142, but several hundred
feet farther east, in gully along north side of road, on
the south line of the SEY4SEY sec. 9, T. 1S, R. 14 W,
From greenish-yellow clays at an altitude between
480 and 500 feet.

Bed of MeNeil Creek about 5075 yards upstream from
Highway 70, SEX4SEY sec. 3, T. 2 8., R. 15 W., near
the north edge of Benton. From 2 feet of clay of
Midway age locally grading laterally into dark-green
silty sand; underlies alluvial sand and gravel. Col-
lectors: R. P. Bryson, M. Gordon, Jr.,, and J. I.
Tracey, Jr.

Roadside diteh outerop on north side of Highway 67, a
short distance downslope from Winters Cemetery,
2% miles southwest of State mental hospital in the
SEYSWYSEY, see. 35, T. 2 8, R. 16 W., Saline
County. Opysters weather from caleareous shale
below limy marl about 250 feet southwest of stream
valley. Collectors: W. E. Benson, M. Gordon, Jr.,
and J. 1. Tracey, Jr.

Missouri Pacific Railroad tracks below Roselawn Ceme-
tery and about 600-800 feet south of the 19th Street
overpass, Little Rock. TFloat of highly ferruginous
and concretionary sandstone containing a little clay
in the matrix. Collectors: J. A. Gardner and R. A.
M. Schmidt.

Same locality as 17138. Microfossils from yellow to
gray blocky clay dug from gully on south side of high-
way, immediately below limestone ledge of 17139.
Collector: R. A. M. Schmidst.

Same locality as 17141. Microfossils frorm sandy bed
between two limestone ledges. Collectors: R. A. M.
Schmidt, M. W. Ellis, and M. Gordon, Jr.

North bank of McNeil Creek, west of ITighway 70,
about 600 feet downstream from the bridge,
NWYNEYNEY see. 10, T. 2 8., R. 15 W., near the
north edge of Benton. Dark-gray clay dug from
bank. Collectors: M. Gordon, Jr.,, R. P. Bryson,
and J. I. Tracey, Jr.

North bank of McNeil Creek, near the north boundary
of Benton, SWYNWYUNE] sec. 10, T.2S.,, R. 15 W.,
Saline County. Microfossils from pockets of shells
in dark-gray clay. Collector: M. Gordon, Jr.

17144

17145

17146

17278

17279

17280

17281

The macrofossils collected at these localities have
been studied in the field and in the laboratory, by Julia
A. Gardner. Her specific identifications and notes as
to the relative abundance of the fossils of the Kincaid
formation appear on table 1. In an unpublished report
prepared in December 1944 for the Arkancas bauxite
field party, Miss Gardner makes the following comments
concerning the collecting localities and their macro-
faunas:

The scattered outcrops of lower Midway sediments directly
overlying the Paleozoic rocks are probably not synctronous. At

two localities on the west margin of the Midway belt, (locs. 17144
and 17145) the fauna seems distinct and more closely allied to the
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1.—Distribution of the faunas of early Midway age of Pulaski and Seline Counties, Ark.
[By J. A. Gardner.

Letters refer to abundance; r, rare, 3 or less; p, ptesent; ¢, common; &, abundant]

Foraminifera. ..________________
Solitary coral. .. _______________
Serpula? sp--__________________

Echinoid remains._______________
Small undetermined echinoids. -

Conopeum damicornis Canu and
Bassler?

S e
Bryozoa similar in shape to
Lunulites but larger,
Bryozoa......______ [
Ostracodes..________.___________

Nuewlg 8P oo
Calorhadia? sp. cf. Leda eoa

Gardner.

sp. A -

Nuculanids; gen. and sp. indet__
Ledina? sp. cf L. smirna Dall___

Breviarea? sp._._________________
G’ly;umerzs sp., probably n. sp_

D
Pteria of. P. deusseni Gard-
ner.

Pseudamusium? sp.. ... _____.__

Plicatulan.Sp--________________

Ostrea pulaskensis Harris_.._.___

c¢f.  O. crenulimarginata
Gabb.

cf. O. compressirostra Say.

3] « S

Crassatellites cf. C. gabbi
(Safford).

Sp
Venericardia (Venericor), n. sp-.
smithii Aldrich_._..____.____

cf V. (17.) smithii Aldrich.._

Kelliella? 8P -« ccecooooo
Diplodonta? sp___ .
Phacoides?  (Lucinisca?) cf,
Lug}na fortidentalis  Harris,
1

(Parvilucing?) Sp._._._______

Lucinoid; medium size
“Cardium’’ sp. A,

sp.B,..

Callocardia kempae Gardner____
cf. C. kempae Gardner... ...

Locality
Remarks
B3I B 8| 5|8 8|23 |F|F|F|2%|¢%
=8 |ls/ig8|l&8 |82 |12/3 /213121332
P~ r~ D~ I~ r~ b r~ N~ P~ I~ r~ r~ - -
v -] v Ll - Rl — - Ll Ll - v el -
N IR IR P R FRURRS (SSRR FNU) PR (RS U N RO S
) N PR S, r N P PO N SR O PRSIV SRS (RSP SR
"G SRR USROS RVRSU RN USRIy FRSRORPUY FRVOVSOHyt PEVRpRURN PRSI SR SR P
) N IR IR ro|o.. r b G SRR R (N NSRS A PR
______________ <3SN PR NN OO USSR (ARSI MRS (ESUSIOTON) SRPIOION (RS ol
___________________ P |ocoofooeoe|imee e |eeeeo| e [ecee oo cac|<-<o-| Common in the Tehacana
member of the Kinceid for-
mation.
N PRORRRES SSORRN (RROEY MR DR PR o 0 PSUSOY RR FERU PURRN IEPU (R
,,,,, b RSSO USSR DU PR PRVl PRSIt PR FSUpUtn) PRSP SIS PR
___________________ s JON (SR VU PRV B G (NSRRI PPN FRUPIU JRSR.
_________________________________________________ ?c [T P
___________________ r T e | T s GO ISR SO RO ISP BRI,
________________________ FTN AN FSSREUO AVEIUI FUpIRN SPIION B c R PSR PR
[T R P Relatively large; surface smooth

| LJ3 PSSR (R I H B r
r T | p FS R PR p
_____________________________ c
_________ < SN DU ISR N
o] P oo
_________ c [ PR R

or feebly striate.

_| Described from the basel Mid-

way of Tennessee,
Wides) gread in the Mid7ay of
the Gulf province.

_| Shell thick, no trace of radial

sculpture.

Lower Midway of Tennessee
and Texas.

Relatively large; ribbing coarse

‘Widespread in the lower Mid-
way of the Gulf province.

Rib csount very low, only 16

0 18.

Most common in the Kincaid
formation of Texas.

Shell small, moderately com-
pressed, concentrically
threaded.

Shell large, the ribs narrow and
numerous.

Possibly Cardium sp. Harris,
1894,

Described from the Kincaid
formation of Texas.
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Venerid; cf. Cytherea (Dosini-
opsis?) sp. Harris, 1892,

TaBLe 1.—Distribution of the faunas of early Midway age of Pulaski and Saline Counties, Ark.—Continued
Locality
- - Remarks
(=3 <2 - (%} o =+ 0 © o~ 0 f=3 - o bl ©°
BIE|E|B|E|B|E|B|E\B|E|B|E|2(|2|181818)¢
(ST T O~ T S S O I O O I O T I O S B IS
,,,,, JESESEUN FRSVR RS IS I o) P o JN R B PRVUPRON USRI B TN USROS (SPRPUIE PR ISR (RS R
______________________________ r Shell medium size, transversely

Venerids.

Venerids

Venerids; gen. and sp. indet_

Tellina? sp. cf. T.
Harris, 1892,

Tellinid

Corbula (Caryocerbula) sp. A____

Tubes of unk
sibly molluscan,

Dentalium sp

Mesalia n. sp. aff. M. pumila
Gabb.

Turritella n. sp.; group of T.
mortoni Conrad.
cf. T. mortoni
Bowles.

SP - e
alabamiensis Whitfield

cf.ﬁ T. alabamiensis Whit-

eld.
cf. T. saffordi Gabb
8

mediavia

Conrad.

sp.; group of T. humerosa
Conrad.

ef. T. humerosa Conrad

s. L

Lemintina? gonioides Gardner___|.

“Cerithium’’ sp
Cerithiid; gen. and
Epitoniumn. Sp_ - _____._..
Calyptrea Sp
Calyptraphorus n. sp

Polynices harrisi Gardner________
Natica sp. cf. N. perspecta Whit-
field.

Naotica? Sp- oo
Naticoid; gen. and sp. indet_

Naticoids; gen. and sp. indet.__

“Pyrula” sp. cf. Pyrula sp.
Harris, 1892.
s

Latirus? sp.; cf. Fusus hubbard-
anus Harris.

Orthosurcula sp
Turrid; gen. and sp. indet_
Cylichnina? sp
Tornatellaea
Gardner.

Actaeonids
Hercoglossa ulrichi (White)

Crab fingers
Shark teeth

Otolith
Vertebrate remains

sp. A _
sp. B; group of T. humerosa

) N ’r
€ |- p
,,,,, P c
e |--__. p

k4 S S

| P
r c
?c c
----- p

cordate, slightly inflated.
Shell small size, transversely
cordate, strongly threaded.

cf. Corbula (Carycorbula) sp.
from 5 miles northeast of
Kemp and Kaufman Coun-
ties, Tex.

Widespread ir the lower Mid-
way of the Gulf province.

Locally common in the Tehua-
cana member of Kincaid for-
mation.,

Ribs shorter and more oblique
than in Calypiraphorus aldri-
chi Gardner,
Common in the Kincaid
formation of Texas.

Present in the Kincaid forma-
tion of Texas.

A shouldered form.

Multiwhorled; numerous blunt
ribs and a fev strong spirals.

‘Widespread in the lower Mid-
way of the Gulf province.
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Jower Kincaid (lower Midway) of Texas than any of the other
faunas in Pulaski or Saline Counties. The matrix does™ not
present the highly glauconitic and phosphatic character of the
Littig glauconite, the basal member of the Kineaid, but more
closely resembles the Pisgah clay which overlies the Littig and
underlies the Tehuacana limestone. The lower contaet cannot
be deeply buried, but is not exposed at either locality.

The blocky clays at localities 17138 and 17143 contain a meager
assemblage characteristic of shallow water and a muddy bottom.
They are distinet from other faunas within the area and to a
lesser degree from one another. At 17138 the fauna is limited
largely to taxodonts of the Nuculanid groups; a Brachidontes
is the most common species in the clays at locality 17143. The
stratigraphie position of no. 17143 may be a little lower than that
of no. 17138 and more nearly eomparable to that of the barren
clays overlying the Paleozoic rocks and underlying the caleareous
ledge at locality 17139. Probably one or both localities should
be included in the equivalent of the Pisgah clay rather than in
the “Midway lime.” The ledge at locality 17139 is formed by an
indurated limy roek on which Osirea pulaskensis is the most
common fossil. The base is a true conglomerate which includes
shell fragments, a few molds of Twrritella and small bivalves and
other organie remains . . . Brachidontes and a small undeter-
mined oyster are the common fossils in the ferruginous sandstone
boulders secattered along the embankment at locality 17146,
only 2 or 3 feet above the Paleozoic shales. Neither the fauna
nor the lithology are closely related to that of any other outerop
although the boulders are not more than 10 or 15 feet below the
float material of locality 17132 which contains Hercoglossa, a
zone marker of the upper part of the lower Midway. A fine-
grained compacted quartz sand specked with glauconite and
apparently non-fossiliferous overlies the Paleozoie shale at
Limeroek Dairy. It seems to be a part of the “Midway lime”
sequence and may be synchronous with the lower sandstone at
the Roosevelt Road viaduet section. The ratio of the sand and
lime varies widely within that series.

Several subdivisions of the main limestone bed are possible
within limited outerops, but they probably do not carry over any
considerable distance. Hercoglossa is, perhaps, the most usable
zone marker for it is readily recognized and, within the area under
discussion, it seems to be restricted to a vertical range of about
5 feet near but not at the extreme top of the “Midway lime.”
Several species of Turritella, among them 7. alabamiensis
Whitfield, are characteristic of a slightly lower horizon. The
distribution of Ostrea pulaskensis, crab fingers, and bryozoa may
be controlled by ecologic conditions. The larger Venericardia
of the V. smithii type are most common in the upper part of the
fossiliferous section.

The lower and middle sections of the main limestone bed are
probably represented in the section at localities 17130 to 17131;
in the limestone thrown out in digging the graves in the Rose-
lawn Cemetery at locality 17132; at locality 17135 on Fourche
Creek; in the float limestone at locality 17140; in the upper
limestone ledge at locality 17141 on Trace Creek; and probably
in the ferruginous boulders scattered along the hillside terrace
above locality 17138 and capping the hilltop at locality 17142.

The Hercoglossa zone is indicated in some of the float at
locality 17132; in the upper part of the main limestone bed at
locality 17134; on the southwestern edge of Benton at the top of
17137; and the species was found, probakly in place, on the higher
ground at locality 17140.

Lower Midway deposits younger than those of the Hercoglossa
zone have been recognized at only a few localities. The limestone
overlying the Hercoglossa bed at the Limerock Dairy carries an

abundance of Callocardia kempae Gardner, apparently a marker
of the upper beds; the same species was found at locality 17140
and may be present at localities 17136 and 17141, Most of the
loose boulders at locality 17140 were thrown out from a lower
level; those on the higher ground are probably in place, and a
section of 15 to 20 feet may be represented. No higher beds of
lower Midway age have been recognized.

Microfossils from this formation, including forsm-
inifers identified by J. A. Cushman and ostracodes, by
F. M. Swain, are listed on table 2. The microfos-ils
of the Kincaid formation in central Arkansas are, I'ke
the macrofossils, typical species of early Midway age.
Many have been recorded previously from the Kinc~id
formation in Texas and from the Clayton formation
that represents the same lower calcareous phase of
Midway deposition on the east flank of the Mississippi
embayment in Georgia, Alabama, Mississippi, Ten-
nessee, and southeast Missouri. A more detailed
analysis and correlation of the Midway foraminiferal
and ostracod faunas will be found in the discussion of
fossils and correlation of the Wills Point formation,
starting on page 33. A tentative correlation of the
Kincaid and Wills Point formations of Texas with
Paleocene formations in other parts of the world has
been made by Gardner (1935, p. 88-99).

A small collection of vertebrate remains, mostly
teeth, was made at the microfossil locality 17144, on
McNeil Creek, at the north edge of Benton, Saline
County. The fossils were identified by C. W. Gilmore,
U. S. National Museum (written communication,
1944) who identified the following species:

Reptilia:
Crocodilia:
Thecacham psa tooth
Pisces:
Odontaspis acutissima Agassiz—shark teeth
sp.
A yle(ﬁl phus sp.—ray
Fish vertebrae, not determinable
Otoliths (fish ear bones)
Fish teeth, not determinable
Fragments of fin spines and other undeterminable fragments,
probably mostly of fish.

Conditions of deposition.—Nearly all the sediments of
the Kincaid formation are marine. They were laid
down in shallow water in a transgressing sea. Locally,
several patches of terrestrial sediments, including
kaolinitic clay, carbonaceous clay, and some lignite,
occur underneath the marine sediments. These prob-
ably represent small coastal swampy areas that were
covered by the encroaching sea. Where the sea lapped
against the nepheline syenite that protruded as islands
above its surface, a large amount of coarse feldspathic
detritus was incorporated in the sediments. These are
in the form of coalescing alluvial fans that fringe the
rocky slopes. In Kincaid time the shoreline surrounding
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TABLE 2.—Foraminifera and Ostracoda of Kincaid age from localities in Pulaski and Saline Counties, Ark.

Locality No.

Collections from the Kincaid fornation

1171332

117137

17281

Foraminifera (identified by J. A. Cushman):

Spiroplectammina eretosa Cushman_ . __ . ________________._
wilcozensis Cushman and Ponton_ ________________________________
Textularia midwayana Lalicker_ . _____________________________________
plummerae arkansasana Cushman__ . ______________________________
Robulus degolyeri (Plummer) - _____________ . __.
midwayensis (Plummer) - _ . ____________________________ . __._

Dentalina colei Cushman and Dusenbury___ . _____ . _____
gardnerae (Plummer) ____________________________________________
naheolensis Cushman and Todd_____ .. _______________
pseudo-obliquistriata (Plummer) . ____________ _____________________

Nodosarie affinis Reuss_____________________________________________

Vaginulina longiforme (Plummer) _____________________________________

midwayane Fox and Ross__ ..
Lagena cf. L. acuticostata Reuss_______________________________________
Guttulina problema d’Orbigny______ o ___._
Globulina gibba d’Orbigny___ .. _.__ e

Sigmomorphina terquemiana (Fornasini) - - .- __________.__________.______
Polymorphina cushmani Plummer_____________________________________
Guembelina midwayensis Cushman____________________________________
Nonionella insecta (Schwager) - _______ ___ _____ _______________________

soldadoensis Cushmanand Renz__________________________________

FEouvigerina excavatea Cushman________________________________________
Pseudouvigerina naheolensis Cushman and Todd - _______________________
Siphogenerinoides eleganta (Plummer) __________________________________
Buliminella elegantissima (d’Orbigny) - - __________________________
Bulimina cacumenata Cushman and Parker. . __________________________

Virgulina wilcoxensis Cushman and Ponton_ . _____ _____________________
Valvulineria wilcoxensis Cushman and Ponton_ . _______________________
Qyroidina aequilateralis (Plummer) ____ __ . __ ____ __ . _________.__
subengulatea (Plummer) - _________________ ______________________
Eponides elevata (Plummer) . .. ________________ ..
lotus (Sehwager) o . .

Siphonina prime Plummer. . . ___ . __________ . _____
Alabamina wilcozensis Toulmin_ . ______ . ________________ . ___________
Globigerina pseudobulloides Plummer . . _______._ . ______

triloculinoides Plummer_ . ____________________________________

howellt Toulmin_ _ __________ ______________ .
newmanae (Plummer) _ - ___ __ o _______
praecursorius (Sehwager) . _

Ostracoda (identified by F. M, Swain):

Cytherella tumidosa Alexander_ _ ___ ____ _ __ . __._.
Cytherelloidea howei Swain_ . . ____ ____ ____ . _____
Bairdia magna Alexander_ __ . ___ ______ . ______

suborbrculata Alexander_..____ ____________________________________
Brachycythere plena Alexander____________ . ____________________.______

Cythereidis S(S). aff. Bythocypris? mcguirti Howe and Garrett___.___________
Cytherets midwayensis Alexander__ . _____________
prestwichiana Jones and Sherborn_________________________________
spiniferrima Jones and Sherborn____ ______________________________
Loxoconcha cf. L. perdecora Alexander_ . _______________________________

Orthonotocythere eristate Alexander— _ - - _____________________________
Orthonotocythere? n. sp. aff. Loxoconcha mississippiensis Kline..___________
Cytheridea everetti Berry _ _ - - e

n, sp. aff. C. everelti Berry . - . _ o ______

117144 17278 17279 17280
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1 8ee table 1 for macrofossils from same locality.
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washed down from younger beds. The topography of
the formation is similar to that of the overlying Berger
formation, and were it not for the more resistant deposits
of siliceous and ferruginous bauxite and bauxitic clay
at the base of the Berger that are expressed as topo-
graphic rises, or for the abundant drill-hole data, it
would be difficult to map the contact between the two
formations.

Thickness.—Where it is overlain by beds of the baux-
itic and lignitic facies of the Berger formation, the
Wills Point formation has a fairly uniform: thickness
ranging from 50 to 70 feet. Where the formation is
overlain by green sand of the Berger or by gravel of the
Saline formation, the exposed thickness may be much
less or the formation may be entirely absent. The
yellowish-gray foraminiferal clay near Little Rock does
not exceed 30 feet in thickness.

The Wills Point formation thickens gradually basin-
ward, as recorded in the deep drill holes. It thins over
buried hills of nepheline syenite such as the one near
Woodson, where the clay is only 20 feet thick, and is
absent over larger buried hills such as the Ledbetter
high where it was removed by erosion during Berger
time. In valleys between the subsurface hills the thick-
ness locally exceeds 300 feet. Records supplied by the
Arkansas Geological Survey for two oil wells of the
Shaffer Oil and Refining Co., indicate the thickness for
the Upper Midway (Wills Point) of 306 feet (between
depths of 1,660 and 1,966 feet) in the Youngblood No. 1
well in Grant County, and 450 feet (between depths of
2,166 and 2,620 feet) in the Long Bell No. 1 well in the
same county.

Lithologic character—In most of the bauxite region
the Wills Point formation is a homogeneous fine silty
clay. The unweathered clay cored in the drill holes
is dark-bluish gray to black or blue black. It has a
waxy appearance, particularly when cut with a knife.
Most of the wet clay is sticky. The silt content
varies, but a noticeable amount is always present and
locally it predominates. Generally an excess of clay
is in the formation near its upslope edge, where drill-
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ing was concentrated. Farther out in the basin in
the deep drill holes, the formation has a high percent-
age of silt particles, and the sediment locally is a
micaceous silt or fine sand.

Much of the dark silty clay shows graded bedding
(fig. 54) The silt, and particularly the micaceous ma-
terial, is alined along horizontal partings. The laminae
are formed by coarser particles directly overlying finer
ones that have a sharp break in size along a single
plane. Above this the particles grade to finer size up-
ward to the next break where they are overlain by
another layer of coarse particles. The laminae thus
formed range from one-half to 5 millimeters in thick-
ness, but generally are 2 to 3 millimeters. The sequence
is repeated many times and indicates a cyclic or sea-
sonal variation. The lamination is easily discerned
where the clay has been weathered, but some cores of
unweathered clay with no visible lamination break
evenly along horizontal silty partings. Some laminae
coalesce laterally and in many areas the clay is dis-
tinetly crossbedded. This is present in a few of the
drill holes upslope along the nepheline syenite hill
and in most of the drill holes in the deep par‘s of
the basin where the clay is silty. The crossbedding is
always on a miniature scale, never more than a few
centimeters from topset to bottomset. At the few
places where the clay crops out it appears massive. It
weathers locally to a vellowish-gray clay with a heckly
fracture.

Some of the clay at the top of the formation is
bleached white to light gray or stained different colors
(fig. 54). This represents ancient weathering and is
discussed on page 32. Siderite is common in the
weathered part of the formation principally in smalk
pinkish- to brownish-gray granular or oolitic pellets
and aggregates. It also occurs at several horizons in
the unweathered clay, in impure hard concretionary
beds generally less than 6 inches thick, or dissemirated
in very fine grains. Pyrite is finely dissemirated
through most of the dark-gray clay and also occurs in
gray to brassy rosettes and as fillings of small cavities.

EXPLANATION FOR FIGURE 6

Core specimens of sediments from the Wills Point formation.
dark-gray silty clay in lower half.
sec. 35, T. 1 8., R. 14 W, Saline County.
feldspar in dark-gray silty clay.

Natural size.

in dark-gray silty clay.

in the Wills Point sea.

in Alcoa drill hole X—262, depth 412 feet, NW14SE1{ sec. 36, T. 2 8., R. 14 W., Saline County. Crossed nicols.

graph by C. S. Ross. X 260.

Note lamination of sediments.
15-119, depth 514 feet, SELANWI{sec. 31 T. 2 8., R. 13 W, Saline County.
Sawed face of drill core specimen (AB-733-2), slightly distorted during coring.
F-733B, depth 446 feet, Baxley property, SE¥4NE4 sec. 36, T. 2 8., R. 14 W_, Saline County. Natural size.
graph of hydrous mica that has replaced kaolinite (dark field).
Thin section (AB~262-1) from fragmental underclay beneath the Grubbs-Hawkins bauxite devosit,

A, Khaki-colored and gray banding in weathered upper half of core;
Sawed face of 2-inch core specimen from USBM drill hole 12-141, depth 205 feet, NEYNEY
B, Soft whitish grains and granules of kaolinitic clay and decomvosed

Sawed face of 3-inch core specimen from USBM drill hole
Natural size. C, Kaolinitic and feldspathic debris
From Alcoa drill hole
D, Photonicro-
This is a fairly common mineral in clay that was deposited

Photoricro-
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Many cores of the clay on drying acquire a papillose
surface, apparently caused by the partial decomposition
of the pyrite.

Lignite 1s rare in the formation and has been found
only near the upslope edge, apparently always as a
detrital substance. A foot of hard black lignite was
recorded in USBM drill hole 7-010 underlying the
Birnbach bauxite deposit in the NWYNWY see. 11, T.
1 S, R. 12 W, on the south slope of the Pulaski neph-
eline syenite hill. It was cut by a drag bit in dark
bluish-gray clay 12 feet below the top of the formation,
which is 26 feet thick at this locality. None was found
in adjacent holes, so this may have been a log or block
of lignite. A similar occurrence was recorded in
USBM drill hole 5-213 between the Vinson and Dixon
bauxite deposits in the SWYNW¥ sec. 1, T. 1 8., R. 12
W., where a large lignite block was cut below the base
of the weathered interval, about 7 feet below the top
of the formation which is probably not more than 20
feet thick at this locality.

Lignite fragments in dark-gray clay were found m
USBM drill hole 9-026 in the SWENWY sec. 36, T. 1
S., R. 14 W., beneath the Thomas-Williams bauxite
deposit on the west slope of the Alexander Mountain
nepheline syenite hill. They were in the basal foot of
the formation where it is only 2.2 feet thick. Small
rectangular lignite fragments 2 to 3 millimeters long
were found lying along bedding planes in dark-gray
silty clay about 4 feet below the top of the formation,
beneath the East Bauxite deposit, in USBM drill hole
15-142 in the NWENEY see. 31, T. 2 S, R. 14 W., on
the south slope of the Saline County nepheline syenite
high. Small wispy carbonaceous fragments were recog-
nized in a thin section of clay from the Wills Point, 8
feet below the top of the formation underlying the same
deposit in USBM drill hole 15-119, in the SE4LN WY, sec.
31.

In some of the deep parts of the depositional basin
the lower part of the Wills Point section contains beds
of soft gray limestone generally not more than 2 feet
thick. Thick limestone sections in these deep arcas
have been assigned arbitrarily to the Kincaid forma-
tion but, as pointed out in the discussion of that unit,
microfaunal studies have not been made to check the
validity of this procedure.

Along the upslope lip of the formation, layers of
kaolinitic clay several inches thick interfinger with the
clay of the Wills Point formation (fig. 5C). These ex-
hibit residual textures of pebbles and grains of the
nepheline syenite from which they were derived.
Similar layers of white clayey sand containing quartz
sand grains occur at a few localities. Other macro-
scopically identifiable substances scattered through the
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clay include fragments and grains of feldspar, some of
them partly decomposed (fig. 55), a few phosphatic
scales and other remains of fish, pyritized invertebrate
tests and shells, and rarely pyritized leaves.

Under the microscope it can be seen that the larger
silt particles in the average unweathered clay of the
Wills Point formation include quartz, kaolinite, siderite,
pyrite, carbonaceous material, probably feldspar and
ilmenite, and possibly magnetite, according to a brief
study of many samples made by H. G. Stephens.
Quartz particles are angular to subangular, with wedge-
like edges, and range from 0.02 to 0.04 millimeter in
diameter. They are common in some parts of the clay
where they have a random distribution and orientation.
They make up more than 40 percent of the rock in some
places but are rare in others. Kaolinite particles are
flat or bent cleavage flakes with ragged edg=s. They
reach a maximum of 0.07 millimeter in length and 0.015
millimeter in width throughout most of the clay but
ravely are 0.4 millimeter long. They are light
gray and have a pearly or silky luster. Their distribu-
tion appears to be more uniform than that of the quartz
but they commonly lie parallel to the bedding along
silty partings. Siderite where present occurs in clear
crystalline fragments about 0.1 to 0.3 millimeter in
diameter, or as light-tan to pinkish-brown pellets and
aggregates. Some large aggregates are seen under the
microscope to constitute one single erystal. The distri-
bution of the siderite is spotty and much of it appears
to occur in the upper parts of the clay that have been
partly weathered. Pyrite is abundant in dark-gray
clay and is disseminated evenly through it or concen-
trated along silty partings. In almost 50 clay samples
examined by Stephens the pyrite was seen to occur in
tiny brassy yellow octahedral crystals ranging in size
from minute specks 0.02 to 0.04 millimeter. Although
many of the crystals appear to have slightlr rounded
edges, rounded shapeless particles are rar>. Pyrite
is less common and more difficult to identify in the
weathered light-gray clay. Carbonaceous material is
intimately mixed with the dark-gray clay in extremely
fine particles and tiny lignitic shreds. Feldspar parti-
cles are generally small and much less abundant than
quartz particles. Small metallic grains and opaque
specks are scattered sparsely in the clay. These may
be small crystals and fragments of ilmenite, which is
indicated by a fairly constant content of titanium oxide
(1-2 percent) in chemical analyses of the clay.

Three samples of clay from the Wills Point formation
from drill holes in Saline County were submitted to
the Geological Survey for X-ray examination. The
minerals determined by this method are listed in the
table which follows.
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Minerals identified by Y-ray examinution in clays from the Wills
Point formation

[Analyst, J. M. Axelrod]

Sample
Mineral

1 2 3
Quartz_________ _ ____________ - D G e
Kaolinite____________ B, £ > <
Muscovite.____________ ) IS X Tr.
Feldspar__.____ el DG IS,
Unidentified____ ___ _ _ __ oo DG I

1. Fragmental clay detritus or granule conglomerate in dirk-gray silty clay (speei-
men AB-733-2; see fig. 5C) frcm Alcoa drill hole F-733B, depth 446 feet, Baxley
property, SE14NW1y see. 36, T. 2 8., R. 14 W, Saline County.

2. Dark-gray silty laminated clay (Specimen A B-12141-1; see fig. 5.4) from USBM
drill hole 12-141, depth 205 feet, NE14sNE11 sec. 35, T. 1 8., R. 14 W, Saline County.

3. Fragmental clay detritus in a dark gray silty clay (specimen A B-15119-1; see
fig. 5P) from USBM drill hole 15-119, depth 514 feet, SE13:N'W1{ sec. 31, T. 2 8, R.
13 W., Saline County.

Additional clay from the same three specimens was
tested by means of a portable thermal analysis machine,
by E. C. Fischer. These samples gave typical reac-
tions for kaolinite and quartz.

Kaolinite appears to be the principal clay mineral in
the Wills Point, at least in the bauxite region. No
montmorillonite was identified in any of the samples
studied either by optical or by X-ray methods. These

samples, however, came from near the nepheline syenite
masses from the weathering of which large quantities of
kaolinite were derived. .

Hydrous mica was identified by C. S. Ross (oral
communication, 1950) replacing kaolinized nepheline
syenite directly beneath a few feet of weathered clay of
the Wills Point. According to Ross the hydrous mica
was formed by the fixation of potasstum in sea water.
Hydrous mica also has been identified in kaolinitic clay
fragments near the base of the underclay beneath
bauxite deposits (fig. 5D) in at least two localities.

The persistent dark-gray to bluish-black color of the
fresh clay is caused mostly by extremcly fine car-
bonaceous particles and in part to finely discemir ated
pyrite.

Chemical analyses have been made of the fresh clay
of the Wills Point formation from many drill holes and
in four of them, drilled in secs. 8 and 9, T. 1 S, P. 12
W., on the west slope of the Pulaski nepheline syenite
hill, the entire thickness of the formation has been
cored and analyzed. The sampled intervals in these
four drill holes, their brief lithologic descriptions, and
their chemical analvses are given in table 3, together
with analyses of underlying and overlying rocks.

TABLE 3.—Chemical analyses by the triacid method of clay of the Midway group and of the lower part of the Wilcoxr group

[Analyses by U. &, Burcau of Mines]

Analyses in percent
Depth (feet) Lithologic description
ALO; | Si0; | Re3 | mio, | Tenition | rgiuble | weo
USBM drill hole 1-305. NW1;SW!] gec.9, T.1S., R. 12 W. E. H. Ford property
Berger formation:
157. 2-158. 2 Bauxitic clay, tan to eream with crude pisolites, and | 46. 1 | 31. 2 1.2 2.6 18. 2 0.7 0.2
carbonaceous fragments.
158. 2-161. 7 Bauxitic elay, asabove.____________________ ______ 48.6 | 25. 2 . 8 3.0 21. 8 .6 4
161. 7-164. 5 Bauxitic clay, as above, but grading to clay below; | 27.3 | 27.7 | 22. 6 2.4 19. 5 .5 18. 0
sideritic bed from 163.1 to 164.1.
164. 5-170. 5 Kaolinitie clay, gray, sideritic___.__________ [ 33.6 | 38.4 | 11. 2 1. 8 14. 0 1.0 7.2
170. 5-174. 5 Kaolinitie clay, gray highly sideritic. . __ _ I 28.0 3391} 19.0 1.4 15. 7 2.0 14 4
Wills Point formation:
174 5-181. 5 Clay, gray above, khaki below transversely lawinated | 20.3 | 51.4 | 12. 5 1.4 10. 8 3.6 9.2
sideritic bed from 175.9 to 176.4.
181. 5-18+. 9 Clay, dark bluish-gray, silty and finely micaceous, | 20.9 | 65.9 | 3.1 .8 6.7 2.6 LT
transversely laminated.
184 9-194. 9 Clay, as above; sideritic layer from 191.1 to 191.4______ 16.0 | 56. 4 | 11. 4 1.2 9.8 5.2 6. 5
194, 9-206. 5 Clay, asabove______ _ ________ e ___ 21.1 | 62. 9 5.6 .5 6. 4 3.5 3.0
206. 5-217. 2 Clay, as al ove; sideritic layer from 206.8 to 207.3; | 18. 1 | 46.1 | 19. 2 .8 13. 4 2.4 11. 9
greenish material, feldspar grains from 210.0 to 210. 5.
217, 2-227. 6 Clayasabove_____ _________________ _ __________._ 22.3 | 62.5 5.5 .4 6.9 2.4 3.1
227.6-238.0 |  _____ do_ . 25.7 | 56.9 6. 4 .9 7.6 2.5 2.6
238. 0-247. 8 Clay, as above; with sideritic layers_________________ 6.4 | 51.4| 243 1.0 15. 3 1.6 18. 0
247.8-252.9 |  _____ Ao . 21.9 | 49.4 | 5.6 1.5 7.9 13.7 .9
Kinecaid formation:
252. 9-258. 4 Conglomerate, white to greenish-gray loosely eon- | ____ | | || oo _|.___.
solidated debris of decomposed nepheline syenite
pebbles in a caleareous matrix.t
258. +-277. 8 Limestone with nepheline syenite pebbles; conglome- |- _____|_ ___ | ||| ...
rate, as above, but matrix harder.t

See footnote at end of table.
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TaABLE 3.—Chemical analyses by the triacid method of clay of the Midway group and of the lower part of the Wilcox group—Continued

Depth (feet)

Lithologic deseription

Analyses in percent

ALO: | Si0y | Fei | Tiop | RN | mysiuble | Feo
USBM drill hole 18-073. SE1;NEl, sec. 8, T. 1S., R. 12 W, Lewis Tread way property
Berger formation:
160. 7-164. 7 Bau(xi{itic clay, creamn to gray with tan fragments, | 36.6 | 30.0 | 11.0 3.1 18. 4 0.9 85
sideritic.
164 7-167. 9 Baucxitic clay, asabove____________________________ 37.6130.2 | 9.6 3.0 18. 4 1.2 6. 9
167. 9-168. 7 Kaolinitic clay, light gray, sideritie________ ____ ____ 35.3 1380 | 7.9 2.8 15. 4 .6 6. 6
168.7-169. 3 |  _____ do . __ 34. 8 36.5 9.5 2.6 15. 4 1.2 7.4
169. 3-171. 0 Kaolinitic clay, fragmental gray, sideritic.________._ 3401 36.3 | 10.0 2.8 15. 8 1.1 8.3
171.0-171.7 |  _____ do e 30.7 | 341148 28 16. 9 .7 13.1
171 7-177.8 | _____ o T 29.7 | 3L.6 | 17. 1 2.8 17. 0 18 13. 2
177. 8-179. 8 Clay, mottled red, gray and brown, pebbly, containing | 21. 0 | 28.2 | 27. 2 2.8 19. 3 1.5 21. 4
' siderite aggregates.
Wills Point formation:
179. 8-180. 8 Silty clay, dark bluish-gray, laminated with light gray | 17.6 | 61.0 2.4 1.0 6. 2 11. 8 .6
silt and kaolinitic stringers.
180.8-191.0 | . dOo . 16.2 | 67.6 2.0 .9 6.3 7.0 1.1
191. 0-201. 0 Silty eclay, dark bluish gray, horizontally laminated | 19. 6 | 65. 8 3.1 1.2 7.0 3.3 .7
with paler sandier clay.
201.0-211.3 | - ____ do . 19.9 | 62. 00 6.2 1.2 7.6 3.1 2.0
211. 3-221. 5 Silty clay, as above: 6-inch siderite layer at 216.8ft____| 19.8 | 62.8 | 5.1 1.0 7.8 3.5 2.2
221. 5-231. 5 Silty clay, as above; 6-inch siderite layer at 223.5ft____| 18.5 | 51.6 | 13. 4 1.5 11. 6 3.4 9. 4
231. 5-240. ¢+ Silty clay, asabove___________________________ .| 21.8] 624 4.4 1.0 7.3 3.1 .9
240. 4-241. 2 Clay, light gray, sideritiec___________________________ 16.4 | 32.5 | 28. 2 2.0 19. 4 1.5 24. 6
241, 2-251. 2 Silty clay, dark bluish, with light gray clay fragments__| 20.6 | 61. 1 6.7 1.4 7.9 2.3 3.4
251. 2-261. 0 Silty clay, as above; 6-inch siderite layer at 253.0 ft.___| 20.8 | 62.8 | 5.3 1.5 7.1 2.5 1.5
261.0-267.1 |  _____ do. 22,4 | 60. 4 4.5 1.2 6. 6 4.9 11
267. 1-268. 2 Silty clay, dark gray, mixed with weathered nepheline | 30. 6 | 35. 4 | 18. 6 2.0 5.6 7.8 15. 8
syenite debris.
Kincaid formation:
268. 2-271. 0 Feldspathic sand, light gray to white. _ . _____________ 19.7 | 41.6 | 2.8 | 2.6 7.1 26, 2 0.5
271. 0-277. 6 Nepheline syenite debrisgrav.__________________.____ 2421 41. 8 1.7 2.4 81 21. 8 .3
277. 6-281. 0 Fragmental clay, gray, derived from kaolinized neph- | 26. 4 | 41. 5 1.9 2.0 9.2 18 0 .1
eline syenite; fraginents as much as one-half inch.

281. 0-284. 6 Nepheline syenite debris, white_ ________________ . ___ 26.3 | 44. 2 1.6 2.2 9.5 16. 2 .2
284. 6-291. 8 Nepheline syenite debris, green. .. ___________ ______ 17.5 | 40.3 2.6 1.6 7.1 30. 9 .2
USBM drill hole 20-048. SW!,NW!; sec.9, T.18.,12 W. C. R. Winn property

Berger formation:
138. 1-142. 3 Kaolinitic clay, carbonaceous, dark gray to gray at
top; contains pisolitelike clay fragments____________ 40.8 | 38. 5 1.3 4.3 14 4 0.7 0.1
142. 3-147. 3 Kaolinitic clay, light gray, less silty with depth_______ 38.6 | 41.0 1.4 4.7 13.3 1.0 .1
147. 3-153. 1 Kaolinitic clay, as above, but contains white to dark
gray clay fragments_____________________________ 35.0 | 38.0 6. 2 5 4 14. 8 .6 44
Wills Cpoint formation:
153. 1-155. 1 lay, cream to white, laminated, slightly silty; con-
siderable granular siderite in upper 2.5 feet_________ 245 | 49. 8 7.2 3.6 10. 5 4.4 5.6
155. 1-157. 1 Clay, as above, but with light lavender east_ _________ 21.3 | 52. 7 2.6 1.6 7.0 14. 8 1.2
157. 1-163. 7 Clay, dark bluish-gray, laminated, finely micaceous.___.| 21.3 | 61. 6 1.8 2.0 7.2 €. 6 .1
163. 7-171. 7 Y« U TIPS 20.8 | 57.9 | 2.6 2.6 7.2 €9 .4
171, 7-172. 7 Sideritie rock, hard. - . _ __ o ___ 12,7 | 18.6 | 41.0 2.8 24. 8 .1 32.0
172. 7-174. 3 (Clay, dark bluish-gray, laminated, silty, finely
MICACEOUS _ oo . 21.1 | 61. 8 5.4 1.4 6.9 S 4 14
174 3-184. 6 Y I T 21.0 | 61. 4 58| 2.0 7.2 2.6 1.7
184. 6-195. 4 e dO 22.4 624 | 4.8 1.6 6.9 1.9 1.2
195. 4-206. 3 eeedoo . 2451341 4.0 1.4 6.8 20, 2 .7
206. 3-217. 1 e dO 23.3 | 56.2| 43 1.8 6.8 7.6 .9
217.1-218. 4 O ol 22.6 | 58. 1 6.0 1.0 7.7 4.6 1.4
Kinecaid formation:
218, 1-221. 4 Clayey feldspathie debris; upper 0.7 foot mixed with
dark blue-gray silty clayv and probably is basal
Wills Point_ . ________ . . . __ 19.1 ] 29.8 | 12.7 2.0 1L 4 280 10. 2
221, 4-239. 1 Limestone and nepheline syenite rubble _____________ W) | |eeee e mmm e e e
239. 1-248. 7 Calcareous nepheline syenite debris; weathered grayish-
green, with less caleareous layers_._______ ________ 1.2 | 12.2 2.9 .8 340 18. 9 1.2
248. 7-259. 6 Limestone with nepheline syenite rubble ___._________ M | e e e
259. 6-265. 1 Nepheline syenite debris, dark green, clayey near
base . 19.3 [ 33. 1 3.6 1.8 6.3 3f.9 1.3

fee footnote at end of table.
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TABLE 3.—Chemical analyses by the triacid method of clay of the Midway group and of the lower part of the Wilcox group—Continued

Analyses in percent
Depth (feet) Lithologic description
ALOs | Si0y | e | mio, | Temition | yuguple | Feo
USBM drill hole 20-048. SW!iNWl;sec.9, T18S,, .2 W. C.R. Winn property—Continued
Kineaid formation—Continued
265. 1-266. 0 Kaolinitic clay, varicolored, fragmental, abundant
dark mica flakes. - ______________________________ 31.9 (39.9 | 10.0 3.0 12. 2 3.0 2.3
266. 0-271. 3 Clay, white and green, fragmental___________________ 27.5 | 37.2 | 64| 2.6 11. 5 14. 8 3.0
Basement rock:
271. 3-281. 9 Decomposed nepheline syenite, white and light green,
kaolinitie_ . _ . ____________ . 15.9 | 4.9 | 5.4 | 3.0 8.0 25. 8 3.
281. 9-285. 9 Nepheline syenite, weathered as above, clayey in
uppermost, 0.1 foot_____________________________ 12.8 | 41.0 | 42| 2.0 6.7 33.3 1.9
285. 9-292. 3 Nepheline syenite, less weathered than above.________ 12.1 | 348 | 49| 16 6.0 40. 6 2.6
USBM drill hole 20-049. NE!;SEl; sec. 8, T.1S., R. 12 W, T. R. Vinson property
Berger formation:
149. 5-151. 0 Bauxitie clay, light tan, soft; a few oolites or pisolites__| 31. 5 | 30. 3 | 16. 3 2.8 18 2 0.9 12. 2
151. 0-154. 8 Kaolinitic clay, cream to gray, with a few tan clay
fragments______________________________________ 26.6 | 285 | 22.8 | 2.8 18. 6 7 17. 2
154. 8-161. 3 Kaolinitic clay, light gray, sideritic in bands and
patches_ _____ _____ ... 27.1 [ 28.8 | 224 2.4 18. 4 9 18. 9
Wills Point formation:
161. 3-165. 5 Clay, gray to light tan, sideritic plastie. - ___________ 25.4 | 46.6 | 1L.7 | 2.0 12.5 1.8 9.9
165. 5-167. 0 Silty clay, banded khaki__________________ ________ 18.9 | 51.8 | 14. 5 15 9.7 3.6 6.2
167. 0-176. 0 Silty clay, blue-black, laminated, finely micaceous,
plastic; with disseminated pyrite grains and clusters__| 21. 5 | 64. 7 1.9 .9 7.5 3.5 .3
176. 0-186. 7 Silty clay,asabove.____________________ . __ 2441613 37| 10 7.8 1.8 .6
186. 7-197. 2 e doo 21.9 (1 62.2| 4£9| 1.0 7.4 2.6 11
197. 2-198. 0 Sideritie rock, hard _______ _________ 9.3 89 (505 | 22 28. 6 .5 44.8
198. 0-208. 6 Silty eclay, blue-black, laminated, finely micaceous,
plastie, with disseminated pyrite_____._____________ 22.9 | 57.8 | 5.7 .9 7.5 5.2 2.2
208. 6-219. 3 oodo__ .. _____ 22,51 56.6 | 7.0 1.0 8.0 4.9 3.3
219. 3-228. 3 Silty clay, as above; the basal foot or two mixed with
feldspathic fragments__.__________________________ 22.6 | 55.7| 83 L0 88 3.6 4.3
Kinecaid formation:
228. 3-230. 5 Nepheline syenite debris; gray to green subangular
fragments in a caleareous matrix_ _________________ 19.8 | 33.3 | 16. 6 2.2 14 4 14 0 13. 3
230. 5-273. 0 Limestone and nepheline syenite rubble; bands of
green minerals 13 to 2 inches thick1________________ (€5 T ISR IR IR IR PSR A
273. 0-282. 3 Nepheline syenite debris, caleareous to clayey, inter-
bedded with limwestone . ____________________ SRR Y € T SRR MR RPN SR PPN S
282. 3-283. 3 Lignite and carbonaceous elay '_.________________ JEUN R T SR PR PR AP RS SR
283. 3-284. 1 Kaolinitic clay, pebbly; clay fragments about one-ha
inch in diameter_________ . _______________________ 32.3 | 441 1.4 1.9 12,2 81 3
284. 1-286. 5 Carbonaceous sandy clay, gray to green micaceous,
feldspathie?_ _______ _________ _________________ (€3 T P IS RSO IR IR
286. 5-290. 2 Norecovery__.________ __ [N ANUUORUNUU FRNNRURRY RPN FUNPURNE MNP IR R
Basement rock:
290. 2-297. 9 Decomposed nepheline syenite_ _____________________ 9.2 ] 146.9 1.8 1.1 3.9 37.1 .7
297. 9-304. 3 Decomposed nepheline syenite; harder with depth_____ 15.0 | 44. 9 3.9 1.2 6. 6 28. 4 2.2

1 Not analyzed.

The triacid analyses used for analyzing bauxite
samples are not precise for silty clay of the Wills Point
formation but give the approximate proportions of the
principal constituents, and supply chemical data that
can be used along with the physical properties as a
means of identifying the fresh clay. As may be seen
by studying table 3, the distinguishing cheniical char-
acteristics of most of the clay of the Wills Point forma-
tion are (1) a silica content higher than 50 percent,
(2) an alumina content lower than 25 percent, and
(3) an insoluble residue notably greater than that of

the bauxite-kaolin zone but cousiderably less than that
of the upslope sedimentary rocks of the Kincaid forma-
tion.

At the top of the formation at most places where it
is overlain by the bauxite-kaolin zone the Wills Point
has a lower silica content and a correspondingly higher
alumina content and ignition loss, and at many lceal-
ities the clay has a chemical composition close to thet of
kaolin. This kaolinitic clay is part of a gradation that
starts in the middle of the bauxite-kaolin zone in
material lowest in silica and grades downward into
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fresh clay of the Wills Point formation several feet
below the top of the formation. Thus the upper con-
tact of the formation can rarely be selected on the basis
of chemical analyses but rather by physical appearance
as described later. At most localities the clay is
bleached or stained at the top of the formation by
weathering.

A study of chemical analyses and core descriptions
has shown that no direct relationship exists between
the color of the weathered clay and its chemical com-
position. In two adjacent drill holes that cut the
Detonti bauxite deposit in the SE4SWY sec. 33, T. 3
S., R. 14 W, in Saline Clounty, the fresh dark-gray clay
is chiefly kaolinitic.

The weathering profile at the top of the formation.—
Where the upper part of the Wills Point formation has
not been deeply stripped by erosion subsequent to depo-
sition its color has been changed. Along the flanks of
the nepheline syenite hills, where the formation is over-
lain by kaolinitic clay of the Berger formation, the
upper few inches to 20 feet of Wills Point clay is
bleached white to light gray, or stained yellow, orange,
khaki, olive green, red, purple, lavender, or a combina-
tion of these colors, either in solid intervals or horizon-
tally banded with gray. The colors are particularly
conspicuous along the lip of the formation where it
thins and pinches out. These characteristic colors at
the top of the formation were considered by Bramlette
(1936, p. 6) to represent that part of the Wills Point
affected by weathering after the withdrawal of the
Midway sea and before the deposition of nearly all the
sediments herein referred to the Berger formation.
This was confirmed by the mass of evidence obtained
from the cores of this interval taken during the present
investigation.

The most common sequence of the colored clays
where they are found together in the same drill hole is
as follows: fresh blue-black clay at the bottom; khaki-
colored clay immediately above; purple and red clay
next above, locally interlaminated with gray clay in
the upper part; and light-gray clay at the top. Where
they are interlaminated the color layers usually are 2
to 3 millimeters thick but they reach a maximum of
several centimeters. The boundaries between the col-
ors generally are sharp and either parallel or at a slight
angle to the bedding laminae. In places the banding
was concentric around a central nucleus, or in anasto-
niosing veinlets. At some localities the color sequence
described above has been truncated by subsequent
erosion. KFragments of both fresh and stained clay of
the Wills Point formation were noted in a few drill
holes in the basal kaolinitic clay of the Berger formation.

One of the most common and most widespread types
of stained clay is khaki colored; also ocherous brown,
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vellowish brown, buff, or orange. This clay usually
overlies the fresh clay of the Wills Point formation
directly and in sharp contact with it. With the
binocular microscope the coloring matter of the clay is
seen to be a limonitic stain. The clay ocecurs either in
layers of solid color or banded with olive green and
locally with gray. It is found in a zone as much as
6 feet thick but generally less. In many drill holes,
6 inches to 1 foot of khaki-colored clay was found
separating light-gray clay above from dark-bluish-gray
clay below. In a few drill holes where the formation
near its upslope Hp is less than 20 feet thick, a thin zone
of khaki-colored clay was also found below the dark-
gray clay resting upon syenite debris of the Kincaid
formation or upon syenite clay.

Purple, lavender, violet, or deep-red clay is generally
found immediately above the khaki-colored clay. The
thickness of the zone occupied by this clay is seldom
greater than 3 feet. Tn some places it is interlayered
with the khaki-colored clay, and in a few drill holes a
thin layer was found below the khaki-colored clay.
More commonly it is interlayered with gray clay. A
lighter red clay is commonly found in bands associated
with gray clay throughout much of the Midway surface.
At many localities it is interlaminated with gray clay
in the upper part and with khaki-colored clay in the
lower part.

Bleached clay was found in many drill holes in the
upper part of the formation. It is light gray to white,
generally lightest in tone at the top and progressively
darker downward, and grades into the dark bluish-gray
to black clay below. In texture it cannot be dis-
tinguished from the dark clay. Commonly there are
thin alternating pale and dark layers controlled by the
bedding laminae that give it a faintly banded appear-
ance. The thickness of this type of clay generally is
greater than that of the stained clay and in some places
reaches 20 feet.

It was noted during the drilling of ore badies in the
Woodyardville area in Pulaski County that the bleached
clay is largely confined to crests of topographic rises
on the buried Midway surface, and the ocher or khaki-
stained clay occupied topographic depressions. The
brighter colored clay is best formed at or near the base
of buried slopes. Sections drawn by Jenke (written
communication, 1945) through the East Bauxite and
MeNeil bauxite deposits in Saline County show that
khaki-colored or buff clay is moderately thick in sub-
surface valleys and thins out on adjacent slopes; red-
stained clay generally overlies the khaki clay near the
base of the valley walls, is thickest on the slopes, and
thins out below bleached clay toward the crests of the
ridges.

This color distribution, shown in figure 6, is evidently
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related to the position of the water table that existed
after the withdrawal of the sea in Midway time. The
bleached clay apparently was produced above the level
of the water table. Carbonaceous matter was removed
perhaps by bacteria or other organic agents or by
aeration, and iron sulfide was dissolved and removed
by descending ground water. Iron oxide was precipi-
tated where the descending solutions met the gently
fluctuating water table, particularly near the surface
of the ground. Red stains probably resulted from
intermittent aeration and the khaki color from little or
no aeration under otherwise similar conditions. Pyrite

probably is present in more than sufficient quantity to
It is relatively

account for the iron oxide stains.
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contains large quantities of igneous rock detritus.
Aside from this sudden change in grain size, which is
no greater than between adjacent beds in the Kincaid,
there is little evidence to indicate a lack of conformity
between the two formations. The basal foraminiferal
clay beds of the Wills Point formation that crop out at
Little Rock probably are also present in deeper buried
parts of the region. These beds are somewhat calcar-
eous and thus appear to be transitional between the
highly calcareous sedimentary rocks of the Kincaid
and the noncalcareous clay that constitute the bulk of
the Wills Point. The seemingly limited distribution
of the foraminiferal clay requires further study before
conclusions can be drawn but probably is due to lateral

EXPLANATION

White or very Red
light gray

Variegated purple,
red and gray

= —

Khaki-colored Dark-bluish
gray

FICURE 6.—Section across a buried valley on the post-Wills Point surface, showing the usual distribution of colored clay beds and their relation
to paleotopography.

uncommon in the bleached or stained clay of the Wills
Point.

The distinetive weathering profile of the Wills Point
surface has remained as a persistent and dependable
marker of the erosion surface that separates the Wills
Point and Berger formations, and is found at depths
exceeding 1,100 feet, more than 800 feet below present
sea level. Tt is lacking only in areas that formed major
drainageways after Wills Point time, where green sand
of the Berger or less commonly brown sand of the
Saline directly overlies fresh dark-gray clay of the Wills
Point. Except for these buried valleys, leaching and
weathering proceeded faster than surface erosion of the
relatively impermeable clay of the Wills Point.

Relation to underlying rocks—The top bed of the
Kincaid formation in much of the bauxite region is a
sandy limestone or a calcareous sandstone. The basal
bed of the Wills Point formation is clay. The contact
is particularly sharp in the drilled areas along the
nepheline syenite hills where the top of the Kineaid

452763—58——4

changes of facies rather than a stratigraphic hiatus.
It might also be due to the scarcity of good outcrops
and the failure to recognize this zone in drill holes.

A quantity of clayey feldspathic and syenitic debris
is present at some localities on the slopes of the nephe-
line syenite hills in the basal foot or two of the Wills
Point, mixed with dark-gray clay. Chemical analses
of this interval indicate very little kaolinitic clay wlich
would be expected had the nepheline syenite debris
been exposed to much surface weathering before the
deposition of the Wills Point formation.

Fossils and correlation.—The weathered yellowish-
gray clay that lies above the sandy limestone of the
Kincaid formation in the environs of Little Rock
contains an abundant and remarkably well preserved
microfauna. This includes many foraminifers, some
ostracodes, and a few bryozoans, small mollusks, and
fish remains. Microfossils can be collected at almost
any horizon in this clay, kut tkey are most abundant
in the basal 1 to 2 feet.
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Two collections were made in a gully at the south-
west edge of the city.

Locality
17282 About 1,000 feet south of Roosevelt Road viaduct and
200 feet south of Chicago, Rock Island, and Pacifie
Railroad tracks, in small gully heading east, upstream
from small abandoned bridge, NE!{NW!; sec. 16,
T. 1 N, R. 12 W,, Little Roek. Clay layer 1 foot
above base of formation. Collected by R. A. M.
Schmidt, J. A. Gardner, and M. W. Ellis, 1944.
The underlying section of the Kincaid formation is
described on p. 19.
17283 Same gully as locality 17282, 600 to 700 feet farther
east and 20 to 30 feet stratigraphically higher, about
500 feet south of the NE. cor., NW%{ see. 16, T. 1 N,,
R. 12 W., Little Rock. Collected by M. W. Ellis,
1944,

Foraminifers from these localities are listed on table
4, slightly modified by Cushman and Todd from earlier
published identifications of the fauna of locality 17282
(Cushman and Todd, 1946; Cushman, 1947, 1948).

ARKANGSAS

BAUXITE REGION

Also listed are the ostracodes from locelity 17282
identified by F. M. Swain. Present in the washed
residue from this locality but not mentioned in the
table are several bryozoans, the brachiopod Argyro-
theca sp., prodissoconchs of Ostrea pulaskensis Harris,
small echinoid spines and tiny shark teeth, some
angular clear quartz grains, glauconite grains, and tiny
phosphatic nodules.

The foraminifers and ostracodes from the Wills Point
formation in Arkansas (table 4) are typical Midway
species, many have been reported previously from
equivalent strata in Texas and Alabama (Cushman and
Todd, 1946) and in Clay County, Mississippt (Kline,
1943). Most of the foraminifers are typical upper
Midway species occurring in the Wills Point of Texas
and in equivalent formations in Alabama and Missis-
sippi, but many occur also in the Kincaid formation
and equivalent beds of lower Midway age. The distri-
bution of the Arkansas species in formations of the
AMidway group in other states is shown in table 4.

TaBLE 4.—Foraminifera and Ostracoda of the Wills Point formation in the Arkansas bauxite region and their occurrence in formations of
the Midway group at cther published localities in the Gulf Coastal Plain

Arkansas bauxite Clay
region East Texasb| County, Alabama
Miss.c
5 1 - . E‘ . 8 ;‘?% é:% % g ‘é Previous knywn range
1€ E| 2 5 & & gz gy % E5°
mlm | 22| & g z | 2E£ |28 . |@gEs
-t w b o = O brl=] o e
S 218|881 58| 5 gg|eg|28 Zes
e8| & @ |EBE|T|& & |E|E 6
Foraminifera (identified by J. A. Cushman and
Ruth Todd): »

Spiroplectammina cretosa Cushman. Moo b < w |ooo.) # | < .- Upper Cretaceous and Pal-

eocene.

Textularia plummerae arkansasana Cush- | > |___ | % | |||l |- ]--- -

man.

Clavulinoides midwayensis Cushman______ D O N T B ¥4 PO D O D O P I P Paleocene.

Robulus midwayensis (Plummer)________ _| ol b | X oo ¥ I x| ¢ | Paleocene and Eocene.
pseudomamilligerus (Plummer)______. oo > oo ef. |- X |---.|--__| Paleocene.
alabamensis Cushman____________ [N I G R RO S U FEVUNI IO NP IR I g Do.
turbinatus (Plummer) _______________ G I N B " X |o.__| X |--—.|---.| Upper Cretaceous and Pal-

eocene.
degolyert (Plummer) . _______________ Sl X o] XX | X oo i.___|-___|.__ | Paleocene and Eocene,
cf. R. inornatus (d’Orbigny).__________ )< ISR IS FEUNURRY DU VNN UEPRURO IR SRS RN S Do.
*wilcoxensis Cushman and Ponton, var.| X |- __ |- |- o oo |omoo oo oo
dissentia Cushman and Todd.
*arkansasanus Cushman and Todd___| X |o__ | |\ | |ooo oo oo
S . b IR T U U N S MO DI B A

Marginulina eximia Neugeboren_ ____ [N I * R ISR SRS FNUURNLRRUNY NIRRT IRPRUUN (RPN IR SRR ¢ Do.
cf. M. dubia Neugeboren_ _______ (R I VRN IAUNRR FEUNN FRUUUUU DUNIUU NN SR SR BN BN
cf. M. subrecta Franke. _ . _______ o e e e oo |o—— |-~ _| Paleocene.
ef. M. hamata (Franke) ___ ___ [ S| e e Do.

SP e e . )4 P PR DU (NS R SENNUN DR IR MR B

Dentalina gardnerae (Plummer)_____ _____ R G P N oo >l 2l % | < |.__ | Paleocene and Eocene.
colet Cushman and Dusenbury._______ DG I = DU D G I PR NN R 4 Do.
plummerae Cushman_________ ______ ol bW o] X |----|-. __| Paleocene.
eocenica Cushman_ ________ . SN G DR IR IEE -G SN SRR RN B (D B Do.
nasutea Cushman_____________ ______ oo _]——|----| Eocene.
naheolensts Cushman and Todd . _____ oo oo |-.-.| X | ¥ | Paleocene.
pseudc-obliquestriata (Plummer) .. ____ Yoo~ I "GN B G SO "G D G I 0.
cf. D. mucronata Neugeboren_________ Nobo oo Use oo Ve I _| Paleocene to Recent.

See footnotes at end of table,
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TABLE 4.—Foraminifera and Ostracoda of the Wills Point formalion in the Arkansas bauzite region and their occurrence in formations of

the Midway group at other published localilies in the Gulf Ceastal Plain—Continued

See footnotes at end of table.

Arkansas bauxite Clay
region East Texasb| County, Alabama
DMiss.e
= o | ae | a
s 5 5 ;| Ep | e T (B
= 5 - £ B g8/ 52| & E%u Previous known range
. . . & |23 S8
c |l c | E|E| 818 & %% |2 |gcE
=] 3 = sl 3 = O [ SZ (T =
~ - b=t b=t & g w | 28| 28 ]
w 2] 3 3 S Z |te|ne - H=
clo | &&=z |% | £ |bg|ks|ts g2t
Z = | A | A B |2 = g8 g8 p8 |88s
Pl BBl | D0 &3 |8 |8 ©
Foraminifera—Continued
Dentalina—Clontinued

*pseudonasuta Cushman and Todd____| > | __ o __ || | |- | | |-

aculeata A’Orbigny___ . ___________ ol )| X A |e--|----] Cretaceous and Paleocene.

o

inepta Cushman___________________ DY PV S N U FENUUN NN SRR ISNUDUN DU S

*insulsa Cushman__ ________ _______ DG IRV PR (RN IR AR PESUHU DENURIN FRPUUN RN S

o T DG U SO [N ORI R I O &
Nodosaria affinis Reuss__________________ Moo ] oo | ¥ | X | ¥ | Cretaceous to Eocene.

latejugata Glimbel . _ p O N > oo ]-___| > | Paleocene and Eoceve.

cf. N. amphiozys Reus | X e oo 2] x| X |--_|----|----| Cretaceous and Paleocene.

? ef. N. longiscata d’Orbigny ool o D oL ¥ ] X |---_| Cretaceous to Pliocene(?).
*Chrysalogonium arkansasanum Cushman | > |___ | ___|____|. __|___.|.___|___.| ¥ |----]--__| Paleocene.

and Todd.
*eocenicum Cushman and Todd_.._____ D4 IR N FEUR IR AU (SRR IR IR PR
Pseudoglandulina manifesta (Reuss)_..____. Moo X x| ¥ |ao-] X | X |-—-_| Upper Cretaceous to Eo-
cene.
pygmaea (Reuss) _ __________________ Mo oo > o x| X | X |----|-_-.] Upper Cretaceous and Pal-
eocene.
Lingulina cf. L. wilcorensis Cushman and | > |____|____|___ | __\ | ___{___|\.___|---_|----| Eocene.
Ponton.
Vaginulina midwayana Fox and Ross_____ o ooo| Koo M X X o] X | X |----| Paleocene.

longiforma (Plummer) _______________ DG R I IR (" U SR IS IR I ("¢ Do.

plumoides Plummer_______ . __ D G P B B G B B [ O Do.

SP oo i =G PR U R I B RN R
Palmula budensis (Hantken) _____________ "G I T R B T "¢ ~ | % |_.___| Paleocene and Eoceve.
Frondicularia naheolensis Cushman and | > | __ | __ | __| > {.___i____|____|--_.| X |..-_| Paleocene.

Todd.

SP_ - _______ D240 U U NN DR SRR SRR (DRI SR SR SRR
Lagena cf. L. apiculata Reuss_ . __________ Yoo oo -|-——-|_---| Upper Cretaceous to Re-

cent.

cf. L. laevis (Montagu)______________ S| e W A oo ] X .. _| Paleocene to Recent.

cf. L. costata (Williamson) ___________ )< IS N U ISUUDNUNN PRUUUUUEN PERURRNN DR SUURPRR SRR Do.

Guttulina problema A’Orbigny - . ___._____ Moo oo ] X |oo__|.---| ef. | X | Upper Cretaceous to Re-
cent.

hantkeni Cushman and Ozawa________ Mol o |e—__|--—-| X |-- _| Upper Cretaceous to Eo-

cene.
Globulina

gibba Ji’Orbégny ______ T Mol XX | X | XX | X |-l X | X Palec])gene to Recent.

rotundata (Bornemann) ____________ __ < TS IR U D UV PR PR FESRPI B B 4 O.

cf. G. minuta (Roemer) ____________ oo o oo |- --]----| Eocene to Recent.
Pyrulina cf. P. cylindroides (Roemer) ____ | > |____\ - |.__ || X | X |..._|-—--|-—--| X | Cretaceous to Recent.

extensa (Cushman) b e oo -o2|--__]----| Oligocene to Recent.
Pseudopolymorphina sp G IR (R - ___.| X | X | Paleocene to Recent.
Sigmomorphina terquemiana (Fornasini) . _ _| > |___. oo op x| X | Paleocene and Eocene.

wilcoxensis Cushman and Ponton_ . h o o o-- . —-_l----| Paleocene.
Polymorphina cushmani Plummer_________ G D S N~ I NN IR NI P Do.
SP o b=« PR IR IS (RS R S [NV B PPN P Do.
Ramulina cf. R. aculeata ('Orbigny)______ SO e | > ] ¥ |----| Cretaceous and Paleocene.
Bullopora chapmani (Plummer)___________ -G R B B A NG B4 ¥ |._-_|-_-_| Paleocene.
Guembelina midwayensis Cushman oW S e e 0.
Eouvigerina excavata Cushman____________ SOl e o | ¥ ¥ I | % | Paleocene and Eocene.
Pseudouvigerina naheolensis Cushman and | > |____ 3¢ ||| X |--__ DI G Do.
Todd.
Siphogenerinoides elegania (Plummer) _ __ __ SOl XY L K |- |.-- | X | Paleocene.
Bulimina midwayensis Cushman and |_._ | > |[____|.. | & || 2 oo foooo|ooo|oaom Deo.
Parker.

cacumenata Cushman and Parker_____ R I 4 D G P 0.

(Desinobuliming) quadrata Plammer. _ P D —--|----| Cretaceous-Paleocenc,
Virgulina wilcoxensis Cushman and Ponton. - x| % ____| ef | Paleocene-Eocene.
Lozostomum applinae (Plummer) _ _ A K] _.--|-—-_| Paleocene.

plummerae Cushman SRR PR PR FEUE PRUDE PR Do.

*Nodosarelle paleocenica Cushman and RSV PEVUNU PURUUN DR DR I I Do.
Todd.
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TaBLE 4—Foraminifera and Ostracoda of the Wills Point formation in the Arkansas bauxite region and their occurrence in formations
of the Midway group at other published localities in the Gulf Coastal Plain—Continued

Arkansas bauxite Clay
region East Texas b County, Alabama
Miss. ¢
e : Cls 5.2 BB
é % - . ..E . &8 ;EE ;55 g gz w Previous known range
s || E| & E|E|&|g5 s |5 558
S S lg 9 8| 8| 22|22 ERRE:
w ] 3 ] 3 5 158 | 829 | ¢ g2
I9 e | E| 2| 5| 5 £g8|28|& [482
o wm - o~ - = > s o P S HS
OB | 4| H B |DT|& |75 e O
Foraminifera—Continued
Ellipsonodosaria plummerae Cushman_____ Mol ¥ R X o) X |.__]._-.| Paleocene.
*midwayensis Cushman and Todd_ __ | X | __ | __ | __ |V | | ||| Do.
*paleocenica Cushman and Todd . __ __ Sl e Do.
Valvulineria allomorphinoides (Reuss)___ __ Mol X | oo X |.--.|-.__| Upper Cretacerus and
Paleocene.
Gyroidina subangulata (Plummer)_________ K SCLY o Y X Y oo X | ¢ |--__! Paleocene,
Eponides plummerae Cushman_ __________ A I " I N B2 = I <G I N "G BN B 0.
Siphonina prima Plummer_______________ Y G Y D O . > |___.| Upper Cretaceous and
Paleocene.
Alabamina wilcozensis Toulmin___________ WSl | oo ___] > | X | Paleocene and Eocene.
Parrella expansa Toulmin________________ 2 PR B N 4 O D " N G D B Do.
Allomorphina paleocenica Cushman_ ______ oo > ot x| e |--_-|--_.| Paleocene.
Pullenia angusta Cushman and Todd_____ | < | > [ | __| » | X | X | ¥ |} G T 0.
Globigerina pseudobulloides Plummer_ _ ____ % W Kol x | X | X ¥ "X | ¥ | X | Paleocene and Focene.
triloculinotdes Plummer_.___._ G O B I D SO - B -a R B G I B Do.
Anomalina acuta Plummer_______________ N G S DS G B SO I NG DNURUY RS FURRSN SR Deo.
midwayensis (Plummer) _____ _ _____ O O R B | oK X |- < lo___|.___| Paleocene.
ef. A. elementiana (A’Otbigny)_____ | ~ || || || |- | ___{.___|-.__| Cretaceous anc Paleocene.
Cibicides howelli Toulmin________________ o oy oo _|.___| ¥ | Paleocene and Eocene.
praecursorius (Schwager) . _______ ___ COE D T O F R I R G P I B S B4 Do.
vulgaris (Plummer) . ______ ol x| x| X o] X _.__|._. | Paleocene.
Ostracoda (identified by F. M. Swain)
Cytherella tumidosa Alexander_ ___________ ' I B "G I
symmetrica Alexander_ _ ___________ D22 P B BRI B %4 R
Cytherelloidea howei Swain_ __ ____________ O R
Bairdia suborbiculata Alexander___ _______ A T I G R 4
N, SPoeo . ~
Brachycythere plena Alexander____ _ _____ R I I O (e < <
interrasilis Alexander_ _ ___ _____ EU S P R S B G <
Cythereis cancellosa Alexander____________ DA R I B
midwayensis Alexander___ . _ __ R B DS D B >
sculptilis Alexander_ . ____ . [ B R I - e
spiniferrima Jonez and Sherborn______ Yol | x| x| X | ¥ X
prestwichiana Jones and Sherborn_____ PO U I Ol "G B4 ¥ | X
Lozoconcha corrugata Alexander___________ A IR R U >4
perdecora Alexander____ ____________ W ol |ef.| x| ¥
Cythereopteron aligerum Alexander_ _______ DG U R -4
Cytheromorpha scrobiculata Alexander_ _ __ _ Wl x| X I X | X
Cytheridea fornicatn Alexander_.__________ D U R 4
n. sp. aff. C. everetti Berry . _.________ D I ¢

a Slightly revised from Cushman, J. A., and Todd, Ruth, 1946, Contr. Cushman
Lab. Foraminifera Research, v. 22, pt. 2, no. 277, p. 45-65, pls. 7-11.

b Foraminifera from Plummer, H. J., 1926, Uniy. Tex. Bull., no. 2644; Ostracoda
from Alexander, C. L., 1934, Jour. Palecntology, v. 8, p. 206-237, pls. 32-35, 1 fig.
Bcﬁ?‘o;aminifera, and Ostracoda from Kline, V. H., 1943, Mississippi Geol. Survey,

ull. 53.

d See table 2, this report.

e Cushman, J. A, 1940, Contr. Cushman Lab. Foraminifera Research, v. 16, pt.
3, no. 222, p. 51~73, pls. 9-12.

Regarding the ostracodes listed in table 4, Swain
(written communication, 1946) comments,
The evidence seems to favor a Wills Point age for this collec-
tion, although Cytheridea fornicata, according to Alexander, is
restricted to the Kincaid. Of interest is the oecurrence of

Clytherelloidea howei which has been described from the Eocene
of Maryland.

Recognizable fossils are rare in the dark bluish-gray
clay of the upper part of the Wills Point formation in
the Arkansas bauxite region. Scarcity of fossils in

f Cushman, J. A., and Todd, Ruth, Contr. Cushman Lab. Foraminifera Re-
search, v. 18, pt. 2, no. 237, p. 23-46, pls. 5-8, 1942.

& Cushman, J. A., 1944, Contr. Cushman Lab. Foraminifera Research, v. 20, pt.
2, no. 255, p. 29-50, pls. 5-8,

NoTE: Species in the ahove list with holotypes from loc. 17282, are marked with
an asterisk (*).

this part of the section together with its characteristic
lithology probably constitutes the strongest argument
for its correlation with the Kerens member of the Wills
Point formation in Texas. The macrofauna of this
clay consists principally of dark phosphatic scales or
fragments of bones and plates of fish, and pale pyritized
molds and casts of molluskan shells, and echinoid tests.
A small pelecypod from the blue clay was identified
by J. A. Gardner as Cucullaea macrodonta Whitfield,
a typical Midway species. It came from USBM drill
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hole 20-048, 90 feet east-northeast of the southwest
corner, SWiNW/sec. 9, T.1 S, R. 12 W, at a depth
of 192 feet, 27 feet above the base and 39 feet below
the top of the formation. Though the blue clay in
this region has long been considered to be of Midway
age because of its lithologic similarity to the clay of the
Midway formation in other areas, this is the first direct
paleontologic evidence to substantiate such a correla-
tion.

A few fragmental and entire pyritized leaves have
been found in the upper part of the formation. The
best preserved specimens of these came from USBM
drill hole 15-187, in the SWYNEY sec. 21, T. 1 S., R.
12 W., in blue-black silty pyritiferous clay at a depth
of 320.8 feet, 4.1 feet below the weathered surface
of the Wills Point formation. It was identified by
R. W. Brown as genus and sp. indet. cf. Myrica wil-
corensis Berry.

Conditions of deposition.—The Wills Point formation
records a widespread change of conditions from those
that accompanied the deposition of the highly calcareous
Kincaid sediments and their coarse clastic fraction.
The sedimnents are uniformly fine in the upper part of
the Midway throughout the Gul region and rarely
exceed coarse silt particle or fine sand grain size.
Even on the slopes of the nepheline svenite hills in the
bauxite region the detritus is much finer grained and
more completely kaohinized than that intercalated
with the lip of the Kincaid formation. This indicates
that chemical decay played a larger part than mechani-
cal disintegration in weathering during Wills Point
time. From this we infer that throughout the region
the platform was relatively stable and the erosion cycle
ou shore had reached a stage of late maturity or early
old age in which sluggish rivers deposited most of the
coarse sediments on land and discharged only the
fine material into the sea during Midway time. This
hypothesis is supported in the bauxite region by the
abundance of minutely crossbedded silt in the deep
parts of the basin opposite the mouths of the major
subsurface drainage valleys and the presence in near-
shore areas of fine clays. The coarser sediments
probably are deltaic deposits. The detrital silt-
sized quartz probably was derived from the rocks of
the Paleozoic upland north of the area covered by
the sea.

The partly calcareous clay typical of the Mexia
member at the base of the formation with their prolific
foraminiferal fauna represents a transitional stage
that is common to the Gulf region. Plummer (1926,
p. 33) has suggested that, in east Texas at least, a
relatively rapid deepening of the sea at the beginning
of late Midway time brought the sea bottom to a
greater depth than at any other time during the period

of Midway deposition. Plummer based this statement
largely on the fineness of the sediments and the abund-
dance of hyaline foraminifers, particularly of some
globigerine species. In the Arkansas bauxite region,
however, the deposition of fine sediments was probably
brought about by factors other than deepening of the
sea. Omne of these factors. the normal evolution of
the erosion cycle on the land to the north to an advanced
stage, has already been mentioned. A shift in prevail-
ing winds and major currents along the Paleocene
gulf shoreline might also have limited the area of
deposition of the coarser clastics to a much narrower
shoreward zone and the sediments deposited therein
may have been removed subsequently by erosion.
Another possibility would be a change in climate
accompanied by an increase in vegetational cover,
which would have had the effect of slowing the rate of
erosion.

The foraminiferal fauna of the Wills Point formation
contains most of the Kinecaid species. It differs princi-
pally in the considerable influx of new species, all of
which however are in the same families that were
represented in the Kincaid. The Lagenidae is the most
characteristic and common. The relative abundance
of Qlobigerina in this fauna does not necessarily indicate
deep-water deposition. Globigerina is a pelagic genus
whose distribution is controlled by surface temperature,
salinity, and currents, and occasionally is found in
beach sand (Twenhofel, 1932, p. 165). Distribution of
the benthonic fauna probably was governed largely by
factors such as normal salinity, wave or current action
sufficient to keep the water aerated, and physicel and
chemical properties of the sea water such as the avail-
ability of sufficient lime for shell material, and high
pH and content of phosphorus. The foraminiferal
families that are represented in the collections from the
basal part of the Wills Point have a wide bathymetric
range at the present time, when compared with the
results of studies made by Norton (1930) mostly in the
Caribbean region. They are partly lacking in the very
shallow water of the sublittoral zone, but all are present
in the neritic, bathyal, and abyssal zones. Norton
states that the Lagenidae, Textulariidae, and Bulim-
inidae are common in the neritic zone that ranges in
depths from 5 to 60 fathoms. These families. and
particularly the first, include many characteristic snecies
of fauna from the base of the Wills Point formation.
The pelagic Globigerinidae and Globorotaliidae are
predominant in the two deeper zones in the Caribbean
at the present time. In the basal Wills Point fauna,
the Globigerinidae are common but not predominant
and are represented by only two species; the Globo-
rotaliidae are absent. This evidence indicates deposi-
tion in the neritic zone provided that the relationship
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of these families to ecologic environment has not
changed radically since the Paleocene epoch.

In the foregoing paragraphs the basal clay beds of
the Wills Point and their microfauna have been dis-
cussed, but these constitute only a small part of the
formation. Most of Wills Point deposition took place
under conditions that were not favorable to animal life.
The notable percentage of black carbonaceous matter
and iron sulfide in the sediments indicates that they
were deposited under stagnant conditions in sea water
rich in hydrogen sulfide and low in oxvgen. Black
mud of this type is formed at present in bodies of
water with weak tides, such as the Baltic sea, and in
deep holes in neritic bottoms, according to Twenhofel
(1939, p. 304). The dark sediments of the Wills Point
formation and its lateral equivalents are unique in that
they occupy the entire north edge of the ancient Gulf
of Mexico and extend a considerable distance seaward.
The waters of this area must have had very little
circulation, as evidenced also by the absence of ripple
marks and by the even lamination. The laminae may
mark annual or seasonal deposition of the sediments,
which indicates that the amount of turbulence in the
sea water was negligible. The gradual retreat of the
sea at the close of Midway time left these sediments
exposed to the.air in a wide malodorous mudflat.

EOCENE SERIES—WILCOX GROUP

GENERAL FEATURES

Overlying the marine sediments of the Midway group
in central Arkansas is a thick series of nonmarine
sediments including sand, silt, gravel, clay, and lignite.
At the base of the series in the vicinity of nepheline
syenite masses that protrude through the Midway
sediments, and to a lesser extent interbedded with the
lower part of this continental section, are the bauxite
deposits of central Arkansas.

A. F. Crider (1906, p. 25-28) proposed the name
Wilcox formation for 850 feet of similar continental
strata that lie between the marine beds of the Midway
group below and the Claiborne group above in Wilcox
County, Ala. These strata had earlier been called the
“Northern Lignitic group” or the ‘Lignitic stage.”
The last name was used for the lower Eocene conti-
néntal beds of the Gulf Coastal Plain in Arkansas by
Harris (1894, p. 55-86; 1896, p. 1-36). However this
name was discarded because it is a descriptive term
that was loosely applied to several different strati-
graphic units. The name ‘“Sabine formation,” pro-
posed by Veatch (1906) for equivalent beds in northern
Louisiana, southern Arkansas, and eastern Texas, was
dropped by the U. S. Geological Survey in 1910 as
being synonymous with Crider’s Wilcox formation of
the area east of the Mississippi River.

OF THE ARKANSAS BAUXITE REGION

In more recent vears the Wilcox has been regarded
as a stratigraphic group. It has been subdivided into
several formations, both continental and marine, in
other parts of the Gulf Coastal Plain but in Arkansas
geologists who have mapped and studied it, such as
Stephenson and Crider (1916, p. 54-63), Spooner (1935,
p. 118-120), and Bramlette (1936, p. 7, pl. 9), have not
attempted to divide it into smaller units. In central
and northeastern Arkansas it has been confused with
the overlying Claiborne group which also is composed
of nonmarine beds. The true contact of the Wilcox
and Claiborne has never been clearly identified at the
surface and has been only approximated in mapping.
Some geologists have included the Wilcox with the
Claiborne beds as undifferentiated continental strata
of Eocene age.

In the present work on the Arkansas bauxite region,
a threefold division of the nonmarine sediments of the
Wilcox group is recognized, in ascending order: Berger
formation, Saline formation, and Detonti sand. The
basal beds of the Wilcox group as thus defined rest
unconformably upon marine sediments of the Midway
group. The uppermost beds are overlain by variegated
clay and sand and thin lignite beds similar to those
assigned in other parts of Arkansas to the Claiborne
group. Whether this represents the true contact of
the Wilcox and Claiborne must be decided by later
studies.

Geologic mapping in Alabama, Georgia, and Missis-
sippi since 1942 by members of the U. S. Geological
Survey has radically revised the stratigraphic position
of the Wilcox and Claiborne contact, lowering it con-
siderably in most places. F. Stearns MacNeil (1950,
oral communication) believes it likely that the Wilcox
in the Arkansas bauxite region, on a litholozic basis,
probably should be restricted to the Berger formation.
This problem, however, can be solved only by regional
studies and in this report current usage for Arkansas is
being followed.

The total thickness of the Wilcox group was drilled
through in 18 of the deep holes to check the results of
the geophysical surveys. In some of these holes a con-
siderable part of the Wilcox was cored. The combined
thickness of the three formations of the Wilcox group
in these drill holes ranges from 741 to 1,025 fest.

BERGER FORMATION

Definition.—The Berger formation is proposed to
include all the terrestrial rocks between the uncon-
formity at the top of the marine sediments of the Mid-
way group and the unconformity at the base of the
Saline formation. It comprises a section of gray and
greenish-gray silty clay and argillaceous sand and some
interbedded lignite and sideritic layers, between the
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dark-gray marine clay below and the chocolate-brown
silty to sandy clay beds above. Where the formation
abuts the nepheline syenite masses it includes many
bauxite deposits of the Arkansas bauxite region and
the associated kaolinitic fragmental underclay. Most
of the bauxite deposits that were explored during this
investigation were formed during Berger time.

The formation receives its name from the Berger
siding on the Iron Mountain branch of the Chicago,
Rock Island, and Pacific Railroad about 4 miles south
of Little Rock in Pulaski County, along the west line
of sec. 4, T. 1 S, R. 12 W. This siding serves the
plants of the American Cyanamid and Chemical Corp.
and is adjacent to many bauxite pits in which the
bauxite, gray clay, sand, black carbonaceous clay, and
lignite of the formation are exposed. Three-fourths
of a mile west of Berger at the Brittain siding the
formation is exposed in both the railroad and the high-
way cuts. This locality shows the best exposures of
the formation except those in the bauxite pits. The
locality is described as the type section because of its
continued availability. The pits, when abandoned,
will rapidly fill with water and their walls slump, thus
obliterating the exposures.

Distribution and surface outcrop—The formation is
exposed in a narrow discontinuous band of outcrop
as much as 1% miles wide. The outcrop area extends
northeastward from Hurricane Creek in Saline County
to the northeast end of Fourche Mountain in Pulaski
County. West of Hurricane Creek the formation
wedges out beneath the Saline formation. In Pulaski
C'ounty the Berger formation is absent between the
Saline and Wills Point formations in Tertiary outliers
north of the main Midway and Wilcox contact. At its
east end the outcrop area of the Berger is truncated by
Quaternary sediments of the Arkansas River flood plain.
Most of the Berger outcrops are distributed along the
south side of the broad low valley of Fourche Creek
that flows in a general northeasterly direction. Several
large drainage chanmnels on the old post-Midway erosion
surface intersect and trend southeastward at right
angles to the valley of Fourche Creek. These channels
are filled with the thicker parts of the Berger formation
and have been exposed by recent erosion, so that they
are the most extensive outerops of the Berger formation.
Most of the outcrops, however, are hidden by surface
sand that has slumped down from the overlying Saline
formation and the Berger formation is exposed only in
a few roadcuts, or where bauxite deposits have been
hard enough to resist erosion and stand out as topo-
graphic rises.

The soft clay and sand beds of the Berger do not make
good outcrops and the normally hard lignite and lignitic
clay beds when exposed to the air quickly slack.
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Therefore a topographic surface cut in the Berger forma-
tion is flat and poorly drained, much like a surface on the
Wills Point formation. The Berger formation has Ien
mapped largely by projecting the information obtained
in drill holes near the contacts and correlating the
known outcrops, the topography, the knowledge of the
overlap by the Saline formation, and the inferred extent
of erosion of the overlying formations to determine the
approximate outlines of the outcrop areas. It is pos-
sible that some of the low flat areas mapped as Wills
Point actually are Berger, also that a small part of the
area mapped as Saline formation actually is the Berger
formation covered by a thick deposit of sand and
ironstone from overlying formations. However, the
drill-hole data that were used during mapping ensure a
reasonable accuracy of the location of the contacts.

Thickness—In natural surface outcrops the Berger
formation reaches a maximum thickness of 25 feet.
In some localities the outcrops are covered by surface
sand and not visible to the observer, but are as much as
90 feet thick. In the bauxite pit mines the formation
ranges from 2 to as much as 90 feet. Its lower contact
with the Wills Point formation is rarely exposed in the
pits.

Drill-hole data along the flanks of the nepheline
syenite masses indicate that the formation thins
abruptly upslope and toward the heads of the valleys
on the old Midway surface, pinching out entirely ageinst
the nepheline syenite and rocks of Paleozoic age.
Downslope the formation thickens considerably and
reaches a maximum thickness of more than 300 feet.
Holes drilled along a narrow northeasterly strip about
tangent to the downslope bases of the buried Pulaski,
Ledbetter, Sardis, and Saline nepheline syenite highs
in Pulaski and Saline Counties penetrated a thickners of
the Berger formation that ranges from 142 to 208 feet
and averages about 185 feet. The greatest thickness
of the formation was found in the holes drilled in the
southeastern part of the bauxite region to check the
results of the geophysical surveys. As interpreted from
geologists’ logs a maximum thickness of 347 feet was
drilled in two holes: USBM 6-002 in the NEXNWY
sec. 31, T. 2 S., R. 11 W,, in Pulaski County, and
TUSBM 6-018 in the NW4NEY sec. 14, T. 3 8., R. 13
W., in Grant County.

Lithologic character—The Berger formation contains
sediments with considerable lateral variations, but the
outstanding lithic features of the stratigraphic unit
are the general gray to greenish-gray color of its sand
and clay and the scarcity or local absence of coarse
clastic material. The formation levels off the ir-
regularities of the old Midway surface, combining
material locally derived and deposited in small tributary
valleys with material brought from more distant and
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varied sources. The sediments largely of local origin
include lignite and other carbonaceous material,
kaolinitic clay, bauxitic clay, and bauxite. The
sediments of more foreign origin consist principally of
silt and sand ranging from coarse to very fine. They
vary widely in mineralogic constituents but include
an appreciable quantity of feldspathic detritus.

The comparatively fine grain size of the quartz and
the large amount of admixed feldspathic material, a
great deal of which has weathered and forms a clay
binder, distinguish sands of the Berger formation
from those of later Eocene formations in the region.
Decomposed feldspar in these deposits has been noted in
drill holes as far downslope as Sheridan in Grant
County.

The formation in the bauxite region contains about
equal amounts of sand, silt, and kaolinitic clay, in-
cluding small amounts of other clay minerals, bauxite
and bauxitic clay, lignite and lignitic elay, and sideritic
siltstone in lenticular layers as much as 2 feet thick.
Although some of the sand is coarse, and locally con-
tains a basal clayball conglomerate bed as well as several
intraformational conglomerate beds, most of the sand of
the Berger formation is fine grained. Locally the forma-
tion also contains sideritic or limonitic concretions.
Some of the limonitic concretions are flattened, are as
much as a foot in length long, and are partly hollow in-
side. Most of the sideritic concretions are solid, granu-
lar, and reach a maximum of 3 feet in length. Some
solid ferruginous concretionary lenses in the overburden
of the bauxite pits preserve the bedding of the clay and
silt contained in them and reach a length of 15 feet and a
thickness of 18 inches.

A section of the Berger formation at its type locality
at the Brittain siding exposure, three-fourths of a mile
southwest of Berger, follows:

Section on the south side of the Chicago, Rock Island, and Pacific
Railroad tracks on the east side of the viaduct and road crossing
the tracks at the Brittain siding, Pulaski County, in the SEMST 4
sec. 5, T. 1 8., R. 12 V",

[The sectiou extends from the hottom of the borrow pit north of the tracks and con-

tinues southward along the east side of the viaduct to the road level, then eastward
to the top of the hill. Measured by M. W. Ellis]

Approxiwate
Wilecox group: Thick-  altitude top
o e . ness of bed
Saline formation: (feet) (feet)
Covered interval, low flat slope littered
with slabs of hard limonitic concretions
and indurated sandstone_____________ 8.0 313.0
Covered interval, steep slope littered with
slabs of hard limonitic coneretions and
indurated sandstone____ _____________ 6.0 305.0
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Section on the south side of the Chicago, Rock Island, and Pacific
Railroad tracks on the east side of the viaduct and road crossing
the tracks ai the Brittain siding, Pulaski County, in the SE}.SW,
sec. 5, T. 1 8., R. 12 W.—Continued

Approzimate
Thick-  altitude top

ness of bed

Saline formation—Continued (feet) (feet)

Sand, red, yellow, and brown, medium-~ to
coarse-grained, mostly well rounded
clear quartz with a few beds containing
white or pinkish eclay balls and frag-
ments from ¥: to 3 inch in diameter.
Beds range from 2 inches to 2 feet in
thickness and are crossbedded; discon-
tinuous layers of hard limonitic con-
cretionary layers or indurated sand-
stone separate beds___________________

Sand, white, medium- to fine-grained,
mostly well rounded and sorted quartz,
but containing abundant small weathered
mica flakes, somewhat elayey_ - _________ .7

19.3  299.0

279. 7
C'lay, chocolate-brown, silty to sandy, con-
taining abundant mica, carbonaceous,
thin-bedded, with sand and mica on bed-
ding planes. Rests unconformably upon
bedbelow____ ______________________

1.5 279.0

Berger formation:

('lay, medium-to light-gray, dries white,
maggive, and has an irregular hackly frac-
ture, econtains abundant fine silt and scat-
tered small brownish carbonaceous frag-
ments. Sample120___________________

60 277.5

Clay, same as above and below except that it
is darkened by more abundant carbona-
ceous matter., Sample121______________

1.0 2715

Clay, gray, with some vellow or orange stain-
ing and mottling by iron oxide. Contains
abundant silt and some irregularly distri-
buted fine-grained quartz sand as well as
scattered brownish carbonaceous frag-
ments. Siderite common in small dissemi-
nated pellets, most of which are partly
altered to limonite. Large round brown
limonite-stained siderite coneretions, some
reach a maximum of more than 1 foot in
thickness. Bedding is apparent only in
the lower few inches which are laminated
and contain less silt. Sample 122________

Lignite, brownish-gray to black. A dark-
gray carbonaceous silty clay containing
thin brownish-black stringy carbonaceous
seams and a few thin (}4-1 inch) layers of
soft, spongy, sooty lignite. Most of the
interval is poorly bedded as the carbona-
ceous seams are discontinuous, but in the
upper part the bedding is more apparent
and a l-inch layer of medium-gray clay
extends throughout the small exposure . _

7.5 270.5

1.8 263.0
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Section on the south side of the Chicago, Rock Island, and Pacific Chemical analyses were made of some of the clay in
Railroad tracks on the east side of the viaduct and road crossing | the foregoing section. Analyses of the samples and

the tracks av the Brittain siding, Pulaski County, in the SEVSV'L4 . . i
) , v it , W , re as follows:
sec. 5, T 1 8., R. 12 W.—Continued altitude at which they ere collected are a f lows

Thick- ‘flﬁ’tg"fj%ge Analyses of clay samples from the Berger and Wills Point forma-
. . ness of bed tions, Brittain siding exposure, Pulaski County, Ark.
Berger formation—Continued (feel) (feel)

- [Samples 120-127 inclusive from the Berger formation; 128-130 from the Wills Point
Clay, gray, darker at the top because of “formation. Collector, M. W. Ellis. See section for more detailed localities of
carbonaceous stain and a few rootlike samples. Analyses by field laboratory of the U. 8. Bureau of Mines, Littl> Rock,

Ark.
carbonaceous fragments, some small !
s i odies fill ith a yellowish
spherical bodies filled wit] yellowis Alti- Fe as Igni- | Insolu-
granular clay occur sporadically. Sample Sample tude | AlO; | 8iOz | Fez03 | TiO: | tion ble FeO
128 0.7 261.2 loss
lay m- v mewhat harder an
Clay, cream-gray, somewhat harde d 215 | e6.7] 10| v1| 671 3.0 0.3
tougher than the intervals above and 12.2 | 78.7 1.2 1.9 4.0 2.0 .2
: : 29, . ) 2, 11.5 1. .2
below—g}radatlonal contacts. This clay ;3.3 1‘1‘3 e 29 e 1.27, '3
is somewhat porous and contains spherical 40.5 | 40.8 L0 23| 148 -6 -2
S ROmMEwhat p d. S spherics 39.2 | 42,5 1.1 2.81 13.5 .9 .2
cavities about three-sixteenths inch in 38.5 | 43.7 15 2.0 | 13.3 1.0 .2
: < - IR 20.0 | 46.2 9.8 20| 115 15 .2
diameter as xq;vell as some clayey pisolitic ) 2%.9| 588 5 11 g.% 5 g
structures. Samples 124 and 125_______ 2.5 60. 26.2 ) 59.3 +7 11 - -8 .
structures.  >amp 5 2%.6| 3.8 14 8| 76 .8 2
(Clay, cream-gray to gray, somewhat porous

at top but denser at depth, econtains
abundant disseminated limonite-stained
pellets and aggregates of pellets which
were probably siderite remnants. Limo-

Facies types—Three distinct facies can be distin-
guished in the sediments referred to the Berger forma-

nitie films in irregular eracks in the clay. tion. These are deposits of bauxite, bauxitic clay, and
Sample 126 __________ . L5 2580 kaolinitic clay that form a considerable part of whet has

Covered interyal 100 feet wide occupied been referred to by Bramlette (1936, p. 6) and other
by railroad right-of-way_________ . ___ 3.0 256.5 ,

geologists as the “bauxite-kaolin zone;” deposits of

Clay, yellowish brown, limonitie, apparently . N . .
" : PP y lignite, lignitic clay, and gray silty clay that overlie the

a continuation of the interval across the

tracks. The limonite is apparently re- bauxite deposits in many open-pit mines; and deposits
placing siderite pellets which occurred in of gray ‘“salt and pepper” or grayish-green sand that
abundance, particularly at the base of occupy channels in the lignitic beds in the overburden

the interval. This part is very near the
surface of the ground and is poorly ex-
posed. (Sample 127. May be contami-

sectionsat several of the bauxite pits, that underlie lignite
beds locally in several of the drilted areas, and that form

mated.) - L. ___. 3.5 2535 a major part of the formation downslope from the
Total thickness of the Berger forma- bauxite area.
Hon o 205 - In the main subsurface drainage channels most of the

Midway group:
Wills Point formation:
Clay, white, stained with red and yellow

Berger formation is composed of sand brought from the
area of rocks of Paleozoic age to the northwest. Up-

iron oxide: some fine indjstinet mieca- slope, near the nepheline syenite hills, much of the
ceous flakes and some traces of bedding sedimentary material in the formation is of local origin,
are apparent. Breaks with a more and the sandy facies is absent at many localities.
nearly conchoidal fracture than any of Where all three facies are present in the bauxite pit
the above clays and has a soapy appear- . . . .
ance and touch., Sample 128 . 20 2500 areas they usually occur in vertical section in the order
Clay, light- to dark-gray with red and listed above from base to top. The diagrammatic
vellow iron oxide stains; the upper part sketch, figure 7, shows the probable relationship
is mottled but the lower part is banded. between these three facies, particularly in the area

Bedding is distinet but the clay breaks
across the bedding with a conchoidal
fracture and soapy appearance; fine

along the west flank of the Pulaski nepheline syenite
high and the east flank of the Saline dome.

micaceous flakes throughout. Samples The bauxite-kaolin facies is not a true stratigraphic
129and 130_. ______________________ 1.0 12480 zone, hence the term “bauxite-kaolin zone’ is not
Clay, dark-gray, silty, micaceous, very employed in this discussion of the stratigraphy. It is
plastic; breaks easily along micaceous a local lithic facies composed of weathered materials
bedding planes and conchoidally across . . . .
bedding . - - - - o T 3.0 192440 derived largely from the nepheline syenite and deposited

! The lower 4 feet of this section is normally below the level of at’ the hp' of the fol'm'ation along the nephehp e syenite
the water in the borrow pit at this point. A hand auger was | Dills during the entire span of Berger time. The
used to determine the top of the fresh clay of the Midway. limited distribution of this facies as a fringe around the
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FIGURE 7.—Diagrammatic sketch showing the probable relationship of the three principal lithologic facies of the Berger formation at its upslope lip.

Pulaski nepheline syenite hill is shown on the subsur-
face map (pl. 2). The basal part of the bauxite-kaolin
faciesis a gray clay, normally fragmental and irregularty
mottled by red iron oxide stain. It commonly contains
a counsiderable amount of material derived from the
immediately underlving rock as can be noted where the
underlying rock is shale of Paleozoic age or clay of the
Wills Point formation, weathered fragments of which
can be easily recognized. Most of the material, how-
ever, is detritus derived from the weathered nepheline
syenite higher up on the slopes and contains unaltered
minerals of the parent rock, such as tiny ibmenite and,
less commonly, magnetite grains. The fragmental
clay also contains siderite in small flesh-colored pellets,
generally about a millimeter in diameter but locally as
much as 5 millimeters, or in larger aggregates or pockets
of pellets. Upward toward the center of the bauxite-
kaolin facies the clay is gradually less siliceous and in
many places is gibbsitic and locally contains small frag-
ments of bauxite. Irregular lenticular bodies of pisolitic
bauxite occur in the middle of the bauxite-kaolin facies
at closely spaced intervals laterally along the flanks of
the nepheline syenite masses. The upper few feet of
the interval is generally kaolinitic, gradually increasing
in silica upward. At some localities the clay is frag-
mental. Above bauxite ore bodies the clay commonly
is pisolitic and hard or tough, though composed largely
of kaolin. The upper contact of the interval is nor-
mally an abrupt gradation upward to the overlying
lignite and gray-clay facies. The total thickness of the
bauxite-kaolin facies reaches 100 feet at several locali-
ties, notably in the SWY%NEY sec. 33 and the
NWENWY sec. 36, both in T. 2 3., R. 14 W,, but in
most of the region it is less than 50 feet thick. The
clay and bauxite deposits of this facies are described
more fully in the economic section of this report,
folowing page 169.

A lignitic bed directly overlies the bauxite-kaolin
facies at many localities. This may be either a black
carbonaceous kaolinitic clay or it may consist of as
much as 6 feet of hard blocky woody lignite containing

soft fissile layers of clayey partings. The bedding
usually is well marked where the lignite is hard and
fairly pure, but is not obvious where carbonaceous clay
is present. Normally, light- to dark-gray or greenish-
gray silty clay, 2 to 8 feet thick, overlies the lignitic bed.
At some places this bed is kaolinitic and comparatively
silt free; elsewhere it may consist of well-rounded peb-
bles and hard pisolites of bauxite that locally are sorted,
stratified, or even crossbedded. The last occurs com-
monly where the underlying lignite bed rests directly
upon pisolitic bauxite. The clay or bauxite bed above
the lignite may be overlain by another bed of lignite or
carbonaceous clay, kaolinitic clay or sandyv to silty
clay. This succession of beds or parts of it locally are
repeated several times in ascending section and the
succeeding clay beds often contain considerable silt and
fine sand. As much as 60 feet of the lignitic interval is
found overlying the bauxite-kaolin facies downslope
from its outcrop. The top of the lignite and gray clay
interval in some places is gradational upwarc into gray
silty to sandy clay, and in other places is an irregular
erosional contact caused by intraformational channeling.
Later channels cut earlier ones across beds of the lignite.
They reach 200 feet in width and are more than 20 feet
in depth.

The beds of the third and uppermost lithologic facies
in the bauxite pits of the Berger area are grayr or green-
ish-gray silty to sandy clay and sand. Some parts are
thin bedded, some massive; crossbedding is common
(fig. 8) and thick irregular beds or large pockets of in-
traformational conglomerate are present locelly. Clay
“boulders” in these conglomerate beds in places are
3 to 5 feet in diameter but commonly are p~bble size,
% to 1 inch across. Mostof the “boulders’ and partic-
ularly the large ones are angular and are composed of
gray to greenish-gray silty clay and sand derived from
the Berger formation. Locally, near the bese of the
sandy interval, bauxite pebbles or lignite fragments and
rarely fragments of the Wills Point formation or clay
are derived from the kaolinization of nepheline syenite.
The matrix of the conglomerate is a coarse greenish-










DESCRIPTIVE GEOLOGY

overlaps the Wills Point and rests on residual clay
derived from weathering of the nepheline syenite or
the rocks of Paleozoic age. In larger subsurface
valleys, scour during or bhefore the deposition of the
Berger has removed the Wills Point formation, and the
Berger rests upon calcareous beds of the Kincaid or
upon the basement rocks.

Fossils and correlation.—Ouly a few plani remains
have been found m the Berger formation. Most of
them are fragmentary or unidentifiable leaves or stems,
except for several small but moderately well preserved
leaf imprints found in cores taken in exploratory drill
holes. One of these from a sideritic siltstone layer
immediately overlving the bauxite at a depth of 250.7
feet in USBM drill hole 6-143, in the SW¥%SEY sec.
16, T. 1 8., R. 12 W, in Pulaski County, was identified
by R. W. Brown as Cercidiphyllum arcticum (Heer)
Brown (==Cercis wilcoriana Berry), a tyvpical Wilcox
species.

A thin layer of brownish-gray carbonaceous silty
clay in the upper part of the Berger formation, a few
feet above the water level in the abandoned McGuire
bauxite pit, has yvielded a small but well-preserved
flora. The fossil collection from locality 9063, made
near the access road at the south side of the pit, was
studied by R. W. Brown who reported that the following
species indicate an Eocene age and the zone probably
represents the early part of the Wilcox group.

Locality 9063. McGuire bauxite pit, south side. NE'(NE;
sec. 8, T. 1 8., R. 12 W., five-eighths mile southwest of Berger,
Pulaski County. In the Berger formation, 8 feet below the top.

[Collected by M. Gordon, Jr., M. W, Ellis, and J. 1. Tracay, Jr. in 1945]

Anemia eocenica Berry

Unidentified monocotyledon

Ficus mississippiensis (Lesquereux) Berry
myrtifolia Berry

Cercidiphyllum arcticum (Heer) Brown

Artocarpus pungens (Lesquereux) Berry

Menispermites wilcoxensis Berry

Fragments of other dicotyledons

In recent vears in other parts of the Gulf Coastal
Plain geologists have been placing the base of the
Wileox group at the base of the Ostrea thirsae bed or
its supposed lateral equivalents where the marine facies
is developed. This relegates to the Midway group in
parts of that region some continental and deltaic beds
overlying the black clay of the Midway, formerly
considered to belong in the Wilcox group. In the
Sabine uplift area in northwestern Louisiana deltaic
beds deposited along a fluctuating seashore and aggre-
gating more than 600 feet in thickness now are divided
mto three formations, the Naborton, Logansport, and
Hall Summit formations, from oldest to youngest, all
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assigned to the Midway group (Murray and Thomas,
1945, p. 45-70). Some of these beds contain marine
fossils believed to be of Midway age (Barry and Le
Blane, 1942; and Murray, 1941, p. 738-742), and others
contain fossil leaves formerly thought to be typically
of Wilcox age by Berry (1916, p. 56-57). As the
succession of marine invertebrate faunas of the Gulf
Coastal Plain is much better known than that of the
terrestrial floras, the implication of these Louisiana
fossils is that the flora of Midway age, if ever found in
abundance, may contain many of the same species of
plants as the flora of Wilcox age. Some of the above-
mentioned beds of the Sabine uplift are probably
equivalent to the upper part of the Wills Point forma-
tion in other areas, but some are thought to be vounger.
The stratigraphic succession in Louisiana suggests
that in the Arkansas bauxite region continental sedi-
ments may have been deposited during the retreat
of the sea in Midway time while marine sediments were
being deposited farther downslope, and therefore that
at least part of the Berger formation may be of Midway
age. On the other hand, F. S. MacNeil (oral communi-
cation, 1950), who has mapped and studied the Coastal
Plain sediments east of the Mississippi River and who
has also seen the section in the Arkansas bauxite region,
stated that the Berger formation is similar lithologically
to the Wilcox of Alabama and Mississippi and is unlike
any of the Midway sediments that he has examined.
The writers, therefore, are following earlier workers in
considering the lower continental sediments in the
bauxite region to belong in the Wilcox group.
Conditions of deposition.—The sediments of the
Berger formation are continental and combine material
locally derived from the weathered nepheline syenite
and the surface of the Midway group with material
brought from a greater distance, some of it from outside
the region. Much of this foreign material had its origin
in the rocks of the upland that fringes the bauxite
region along its north and northwest edges and the green
color of many of the Berger sands in the major drainage
area probably is in part due to chloritic detritus from
these altered shale and sandstone beds of Paleozoic age.
The withdrawal of the sea during Midway time from
the bauxite region resulted from a broad gentle uplift
of the land mass at the north edge of the Paleo~ene
shoreline. The sea gradually withdrew almost half
the distance to the present Gulf Coast, and the sedi-
ments of the former sea bottom were exposed to
weathering. The islands of nepheline syenite rock that
had been eroded during Midway time now became low
hills standing above the muddy flatlands. A drainage
pattern was established on the Midway sediments, con-
trolled in part by compaction over earlier drainage cut
in the harder rocks. A period of weathering began
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under a tropical or subtropical climate, as indicated by
the bauxitization of part of the igneous rocks. Deposi-
tion began in the valleys and depressed areas, and
weathering of the pre-Wilcox rocks was confined more
and more to the elevated parts of the region.

Bauxite and kaolinitic clay formed as weathering
products particularly of the nepheline syvenitic rocks,
almost concurrently with the withdrawal of the sea
from the bauxite region. The period of bauxitization
may have lasted throughout Berger tine.

Probably the first sediments deposited at this time
were the fragmental kaolinitic clay layers of the lower
part of the bauxite-kaolin facies. These were laid down
as a series of coalescing fans that formed a peripheral
band around the lower slopes of the nepheline syenite
hills. Into the upper clay layers were brought frag-
ments of bauxite and bauxitic clay that were being
formed farther upslope. Once the drainage system in
the bauxite region had attained a state of equilibriuni,
a period of alluviation began with an accompanying
rige in base level. The coarse sediments, mostly sands
of Paleozoic age from the uplands to the north, were
deposited in the major channels; finer sediiments and
carbonaceous material such as lignite, lignitic clay, and
silty or nonsilty and kaolinitic clay were deposited along
the margin of the major drainage channels and in lesser
tributaries; and colluvial and alluvial aprons of bauxite
and bauxitic and kaolinitic clay continued to be de-
posited at the base of the nepheline syenite slopes at the
upslope edge of the formation.

The lignite resulted from the accumulation of vegeta-
tion, either where it grew in swampy areas of the flat-
land, or where it was washed into wvalley bottoms.
The beds of lignitic and carbonaceous clay in the basal
part of the fragmental kaolinitic underclay of the
Thomas-Williams bauxite deposit in Saline County,
occupy the bottom of small closed basins and indicate
that vegetal matter probably accumulated before as
well as during and after the deposition of the bauxite-
kaolin facies. However, these materials were preserved
only where conditions were peculiarly favorable for
preservation, or conversely, where they were unfavor-
able to the abundant growth of micro-organisms that
would destroy the carbonaceous residue of the macro-
flora almost as fast as it was formed.

As the base level of deposition rose the sedimentary
material deposited by the main streams encroached
upon the more locally derived sediments. The baux-
ite-kaolin facies was deposited higher and higher on
the weathered nepheline syenite slopes, lignite and
clay beds were deposited on parts of the bauxite-
kaolin facies, and sandy strata on top of the lignite
and clay beds. During late Berger time sand and silt
from the major drainage channels were deposited
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throughout most of the area, and only at the upper end
of small tributary valleys did the locally derived
ponsilty clays continue to be deposited. At some
localities erosion became more vigorous along the
slopes of the nepheline syenite hills, and new channels
were cut through the earlier deposited Berger sedi-
ments and were filled by green sand and silty clay
brought in by the streams as well as by rubble from
adjacent slopes. The final effect of Berger deposition
was the leveling of the region by the widespread
deposition of silt and fine sand carried by sluggish
though seasonally active rivers.

SALINE FORMATION

Definition.—The name Saline formation is here
proposed for the thick section of dark chocolate-brown
laminated clay and silt and interbedded white, tan,
orange, and red sand that lies above the top of the
Berger formation and beneath the basal woody lignite
bed of the Detonti sand. It is the most widely ex-
posed of the Tertiary formations in Saline County.
West of Hwricane Creek it rests directly upon the
bauxite deposits in the bauxite pits where many good
sections are temporarily exposed. The formation
takes its name from the Saline River and the best
exposures are on the east bluff near the Benton pumping
station. The section in the large road cut immediately
north of the pumping station, several hundred feet
east of the northwest corner, SW4SEX sec. 25, T. 2 S.,
R. 15 W, is considered to be the type locality of the
formation.

Distribution and surface outerop—The formation
crops out at the surface in an irregular band as much as
9 miles wide that extends in a northeasterly direction
across the bauxite region and surrounds or covers a
part of every nepheline syenite hill. The outcrop
area has been mapped from the east bank of the Saline
River in Saline County to the west bank of Fourche
Bayou near Sweet Home in Pulaski County where the
formation wedges out beneath a thick section of
Quaternary alluvium of the Arkansas River flood
plain. The outcrop area of the formation continues
west of the Saline River but has not yet been traced.

Though composed largely of soft sediments, the
formation is more resistant to weathering and erosion
than the other older formations of Tertiary age in the
area. This has given rise to a steeply rolling topog-
raphy of rounded ridges and gullied hills separated by
broad shallow valleys occupied by the major drainage
streams. Most of the area underlain b the Saline
formation is well drained except for a few swampy
places.

Most of the good exposures of the beds are in road
and railroad ecuts, in the bauxite pits, and along the
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banks of some streams. The thick clayey sand soil
that usually is formed on the Saline formation is cov-
ered, except where the land has been cleared and culti-
vated, by a thick growth of oak and other hardwood
trees and locally by some pine trees.

Thickness.—The Saline formation is about 350 feet
thick at the type locality on the east bank of the Saline
River. East of the river, between the type locality
and Hurricane Creek, the thickness along the north
edge of the outcrop of the Detonti sand has been
determined from many exploratory drill holes. The
thickness in holes drilled by the U. S. Bureau of Mines
and by bauxite companies ranges from 287 to 370 feet.
The formation thickens abruptly, though somewhat
irregularly, basinward and reaches its ntaximum logged
thickness of 495 feet in an Alcoa Mining Co. drill hole
at the center of the eastline of sec. 11, T.3 S,, R. 14 W.

On the west slope of the buried Ledbetter nepheline
syenite high the difference between a surface elevation
on the top indurated bed of the formation and the inter-
polated elevation of the top of the Berger formation
between two company drill holes indicates that the
Saline formation is about 190 feet thick in the NE¥SEY
sec. 27, T.1 8., R. 13 W. A similarly derived estimate
at a locality about a mile downdip indicates that the
thickness is 278 feet in the SEYSEY sec. 34, T. 1 S., R.
13 W. In the northeast cormner of Grant County
USBM drill hole 6003 in the NE4LNEXNWY sec. 6,
T. 3 S., R. 12 W. showed the thickness of the formation
to be 375 feet.

The formation is thin over the buried Woodson nephe-
line syenite hill in the southeastern part of the bauxite
region. In USBM drill hole 6~026 about 2 miles north-
west of Woodson a thickness of only 165 feet was
recorded. Thus the known thickness recorded in drill
holes for complete sections of the formation ranges
from 165 to 495 feet.

Lithologic character—Although somewhat variable in
composition, the Saline formation consists of several
types of sediments, the general appearance and charac-
ter of which are fairly uniform. Aun estimate of overall
composition is three-fifths sand, one-third carbonaceous
clay, silty clay, and silt, and the remainder composed
in order of decreasing abundance, of gravel and rubble,
grav argillaceous clay, siderite concretions and ferrugi-
nous layvers, and lignite. Despite the predominance of
sand, it is the chocolate-brown carbonaceous clay that
gives the formation its distinetive character. This clay
18 common in the overburden of the bauxite pits as it
is widespread in the lower part of the formation. In the
Saline bauxite district the clay is interbedded and inter-
laminated chiefly with a nearly equal amount of fine-
to medium-grained white micaceous sand. In Pulaski
County the relative amount of sand and silt is much
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higher, and the carbonaceous clay is almost limited to
the lower part of the formation. The upper part is
composed mainly of fine- to coarse-grained gray, tan,
and red sand containing some locally interbedded lenses
of gray clay.

Normal facies:

Lithologic details at two localities for measured see-
tions are given below.

Measurement of the first section near the Benton
pumping station, starts 13 feet below road leve' and
extends up the road cut on the east bank of the Saline
River about 150-200 feet north east of the pumplouse.
The road cut is on a small spur that has an apiary on
the south slope. At the top of the road cut the sec-
tion is several hundred feet to the southeast along the
powerline road where a scraper cut exposed sand along
the entire length of the roadside ditch. At the crown
of the hill the section is exposed several hundred feet
south and ends at the 445-foot summit about 1,000
feet southeast of the point where the section was begun.

Section at the type locality of the Saline formation near the Benton
pumping station in the SWi,SEY{ sec. 25, T. 2 8., R. 16 N",
Saline County, Ark.

[Measured by M. Gordon, Jr.]
Feet

Sandstone, light-tan, weathering gray, medi-
um-grained, eontaining some vertical hollow
tubules as much as half an inch across
representing leached rootlets This is the
siliceous indurated layer that normally
marks the top of the Saline formation.
The bed is lenticular and the lower surface
is uneven. It is essentially in place capping
the hill though broken into blocks and
partly slumped at the edges of the outerop._ -

Concealed, a sandy soil, slumped blocks of the
bed above cover the area between the sum-
mit and the powerline road_ ______._______ 40. 0+

Sand, light-gray to nearly white, locally
stained red, orange, and purple, medium-
grained, micaceous, exposed continuously
along ditch of powerline road___.__________ 75. 0+

Clay, grayish-brown, silty, ecarbonaceous,
micaceous, interlaminated with light-gray,
medium-grained sand. Top of main road
cut at top of thisunit___________________ 5.0

Clay, chocolate-brown, silty, carbonaceous,
micaceous, interlaminated with gray medi-
um-grained sand________________________ 6.0

0.5-2.5

Sand, gray to nearly white, massive, medium-

grained, composed chiefly of quartz and

some miea_ - _ . _____________ 6. 6
Clay, brown, carbonaceous, silty, laminated

with light-gray sand that ranges from part-

ings to layers an inch or more in thickness__ 6. 6
Sand, brownish-gray, clayey, laminated______ 1.3
Clay, brown, carbonaceous, silty, thinly inter-

laminated with sand____ ____________ .- .5
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Section at the type locality of ihe Saline formazion near the Benton
pumging station in the SWWSEY sec. 25, T. 2 8., R. 15 1T,
Saline County, Ark.—Continued

Feet

Sand, brownish-gray, clayey, laminated______ 1.5
Clay, light-brown, carbonaceous, grading

locally into almost black lignitic clay_.____ .3

Sand, tannish-gray, laminated at intervals

with thin indurated ferruginous layers as

much as half an inch thick; also a few brown

elay layers_ . _________________________ 6.1
Clay, light-chocolate brown, carbonaceous,

silty, micaceous, thinly laminated with gray

medium-grained quartzsand_____________ .5
Sand, brownish-gray, medium-grained quartz,

micaceous, laminated with brown silty clay;

fewer silty clay laminae at top____________ 3.0
Sand, light-gray mottled with orange, medium-

grained quartz, micaceous, not laminated __ 1.7
Sand, white or light-gray, micaceous, thinly

laminated with grayish-brown silty elay____ 1. 8

Clay, very dark chocolate brown, carbona-
ceous, silty, interbedded with a little brown-
ish-gray medium-grained quartz sand. An
indurated ferruginous lenticular layer of
dark reddish-brown medium-grained sand
as much as 0.5 foot thick lies 0.5 foot above
the base of the facies. The top 2 feet
locally is partly weathered to grayish brown_ 5. 8

Sand, grayish-white to gray, locally stained
orange, medium-grained quartz, micaceous,
interbedded with some grayish-brown to
light-brown carbonaceous micaceous silty

Clay, grayish-brown weathering orange, car-
bonaceous, miecaceous, and thinly inter-
laminated with light-gray medium-grained

micaceous quartzsand________ . ____ 15. 0
Total measured thickness of Saline
formation exposed . ______________ 185+

Additional information concerning the lower part of
the Saline formation which is not exposed at the type
locality was obtained from a drill hole about 1,000 feet
south-southwest of the pumping station and approxi-
mately along the strike of the formation from the sum-
mit eapped by the top indurated sand bed. This drill
hole was near the southwest corner of the SW¥SE};
sec. 25, T. 2S., R. 15 W. and its collar was at nearly the
same level as the projected base of the measured sec-
tion. The log of this drill hole shows the hase of the
formation at a depth of 163 feet and at an altitude of
about 100 feet making the total thickness of the Saline
formation at the type locality about 350 feet. The log
indicates that the lower part of the formation concealed
beneath the flood plain of the Saline River is composed
largely of brown to very dark brown carbonaceous clay
like that described in the lower part of the measured
section above. The basal 23 feet of the formation is
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composed of gravel that overlies a 7-foot ligrite bed of
the Berger formation.

Measurement of the second section, in the Section 16
bauxite pit mine, starts at the top of the hill that has
been cut to make the east wall of the mine frcm a point
about 200 feet south and 200 feet west of the center of
the south line of sec. 16, T. 2 S., R. 14 W, and descends
the face to the top of the carbonaceous clay bed above
the bauxite surface, thence a few hundred feet to the
southwest along the southeast edge of the pit to a point
near the center of the west line of the NE¥NV'Y sec. 21,
T.2 5., R. 14 W. Most of the carbonaceous clay beds
are exposed at the center of the hill and lense laterally
into sand at the edges of the hill.

Section along the southeast wall of the Section 16 bauxite pil mine,
about 1 mile south-southeast of Bauxite, Saline County

[Measured by M. Gordon, Jr.}

Pliocene(?) terrace gravel:

Gravel, fine- to coarse-grained, mostly quartz,
poorly sorted and crossbedded. A few slabs of
sandstone from the top indurated sand bed of
the Saline formation are scattered about the
crown of the hill at the level of the base of the
gravel facies. They probably are reworked._.__. 9.0

Ferruginous layer, indurated, mostly limonite,
making an uneven jutting bed at the base of
the gravel. This bed between the gravel and
the underlying sand and clay was cemenied by
secondary iron oxides after deposition of the
terrace gravel . _ ____._______________________ 1.0

Saline formation:

Clay, dark-brown, very silty and mieaceous to
sandy, interbedded containing some gray sandy
layers, gray sideritic and orange limonitic layers.

The clay is massive but not compact and brezks
with an uneven surface______________________ 13. 7

Sand, light-gray to white, stained tan and orange,
medium- to fine-grained including a few clayey
partings_ _____ . 12. 0

Clay, dark chocolate-brown, carbonaceous, silty,
compact, laminated with very little light gray
micaceous quartz sand in the lower two thirds;
upper third sandy. The interval spalls off to
form a smooth, slick, vertical outerop, slightly
rounded above_ _ _______________________.____ 11. 5

Sand, light-gray to white, locally stained orance,
medium-grained micaceous duartz interbedced
with irregular thin lenticular layers of light-
gray gummy clay__ . ___________________ 32. 0

Sand, light-gray to white, weathering to tan and
orange, fine- to medium-grained, micaceons,
quartzose, massive_ - _______________________ 16. 0

Clayey sand, gray, slightly indurated, grades later-
ally (northward) into dark-brown carbonaceous
clay containing a few bauxite pebbles__________ 1.5

Sand, white, to light-gray, fine- to medium-grained,
massive, but laminated and slightly clayey at
thebase_________ L _____ 11. 5

Lignitic clay, black, slightly brittle______________ .4

Feet
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the partly indurated sand is saccharoidal and friable
and grades downward into a nonindurated sand in the
space of several inches. The bed usually contains ver-
tical, hollow or sand-filled impressions of roots as much
as half an inch in diameter. Several miles northwest of
Sardis this bed disappears and in its place laterally is
the ferruginous sandstone of the sand facies.

Gravel and sand facies:

The gravel bed that marks the base of the formation
in the previously mentioned company drill hole near the
type locality extends northward and is exposed at the
south edge of Benton. At this locality it has been quar-
ried extensively in the Ball-Benton gravel pits together
with a late Tertiary gravel that rests unconformably
upon the Saline formation. A partial section of the
lower part of the Saline strata follows:

Section on east-west bluff in the Ball-Benton gravel pits, about 700
feet south-southeast of the Chicago, Rock Island and Pacific
Railroad depot in the southern part of Benton, Ark., SN
sec. 14, T. 2 8., R. 15 T.

[Measured by M. Gordon, Jr.]

Pliocene(?) terrace gravel:

Gravel and coarse sand, containing large smoothed
but not spherical pebbles of quartz and
rocks of Paleozoic age as much as 3 inches in
diameter, poorly sorted, rests unconformably
upon beds below_________________________ 7.0-9.0

Saline formation:

Clay, weathered to orange and gray with inter-

layered laminae of light-gray, medium-grained

Feet

quartzsand______________________________ 6.0
Clay, light chocolate-brown containing a little

more sand than the overlying interval ______ 3.0
Clay, dark chocolate-brown, carbonaceous, con-

taining thin interlayered laminae of light-

gray micaceous quartz sand________________ 7.0

Clay, orange and light-brownish-gray with a few
a few laminae of medium- to coarse-grained
orangesand______________________________ 1.5
Gravel and sand, orange, ferruginous, containing
smoothed and frosted but not spherical peb-
of quartz as much as 135 inches in diameter; a
thin light-tan layer at base of interval_ ____ .7
Sand, coarse-grained, angular, somewhat coated
with ferruginous stain____ ___________ _____
Sand, medium-grained, grayish-white, stained
withorange__________________ ___________ .6
Sand, medium- to coarse-grained, gray and
locally in lower part with dark-red to brown
ferruginous matter; a thin cream-colored clay

1.3

layer at bage of interval___ . 1.3
Gravel and sand, ferruginous, orange, with

flattish pebbles of quartz up to an inch long- 7
Sandstone, ferruginous indurated medium-

grained quartz sand stained dark-brownish

red, less indurated at base____ _____________ .3
Gravel and sand, with orange ferruginous stain

like bed above_._____________. U .8

Section on east-west bluff in the Ball-Benton gravel pits, abou’ 700
Jeet south-southeast of the Chicago, Rock Island and Pacific
Railroad depot in the southern part of Benton, Ark., SWYNW4
sec. 14, T. 2 8., R. 15 W.—Continued

Saline formation—Continued Fret
Sand, medium-grained, orange to tan, with
abundant small quartz pebbles up to half an
inch in diameter_._________________________ 1.5
Concealed by slumping to floor of pit____.______ 6. 0%

The town of Benton is underlain throughout by the
red sand and gravel facies of the Saline formation
through which some of the streams have cut the under-
lying formations of the Midway group. Along the
east edge of the town the gravel beds have been mined
extensively in the pits known as the Haskell-Dickin-
son and the Kertin gravel pits. The following section
describes the sand and gravel facies where it is mined:

Section in the east face of the northeasternmost pit of the Haskell-
Dickinson gravel guarry, west of the road and east of the creek in
the NEY; SWY4 NE!1 sec. 11, T. 2 S., R. 15 W., about 1 mile
east-northeast of the center of Benton, Ark.

|Measured by M. Gordon, Jr.]

Feet
Pliocene(?) terrace gravel:
Gravel, coarse-grained, smooth, angular, poorly
sorted ___________________________________ 4.0
Saline formation (gravel facies):
Sand, red, crossbedded, medium- to coarse-
grained, mostly quartz, with scattered layers
of slightly angular small pebbles and granule
gravel___ ___ . 10 0+

Gravel and sand, made up of many smooth but
not spherical pebbles of quartz and rocks of
Paleozoic age as much as 1!; inches long,
interbedded with a large quantity of coarse-
grained red sand, partly crossbedded and
sorted_ ___ ______ o _ 5.7-8 3

Gravel, similar to the one below but partly cross-
bedded and interlayered with coarse-grained
redsand___ ___________________ __________ 3.56 5

Bentonitic clay, light-creamy-gray, appearing
sandy or silty in grain size but erumbling to
fine powder when rubbed between the fingers
and slacking rapidly in water. It contains a
few poorly preserved fossil ieaves, one of which
was identified by R. W. Brown in September
1944 as Dryophyllum tennesseense Berry____ 0.3-2.3

Gravel and red sand, containing abundant
smooth but not spherical pebbles of quartz
and rocks of Paleozoic age, including novacu-
lite and altered shale, as much as 4 inches
long; an indurated ferruginous layer at the
base, marking the unconformity with the
underlying elay_ . _____ __________________.

Wills Point formation:

Clay, very dark gray, massive, hackly with a
few yellowish-red soft ferruginous concretions.
Exposed in the floor of pit-____ . ______._.___

10. 1
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The sand and gravel unit of the lower part of the
Saline formation thickens northward to almost 100
feet about 1% miles north of the center of the town of
Benton where it overlies unconformably the limestone
and gray clay of the Kincaid formation. The gravel
lentil forms an outerop band that extends in a north-
easterly direction along the upslope edge of the area
of Saline formation outerop. On its downslope side
the gravel fingers into typical sand and carbonaceous
clay beds of the Saline formation; the deposition of the
two lithologic facies is synchronous. The gravel and
sand were deposited as an alluvial apron or series of
coalescing alluvial fans and extend a considerable
distance downslope only where major drainage streams
were continuously flowing at the time of deposition.

Beds of typical Saline lithology have been found
at only a few localities within the gravel and sand out-
crop area. Laminated brown carbonaceous clay was
observed in a small spring in the floor of an abandoned
clay pit near the center of the west line of the NW%NEY
sec. 11, T. 2 8., R. 15W. Brownish-gray weathered
laminated clay crops out in a roadside ditch about
three-fourths of a mile north of the Hicks clay pit near
the center of the east line of the SWYNEY sec. 12, T.
2 S., R. 15 W. Analyses of clay from this pit and from
other pits in the vicinity of Benton have been given
by Branner (1898, p. 62). Most of the clay associated
with the gravel and sand lentil of the Saline formation
is gray and occurs as lenses several hundred feet long
and a few feet thick rarely reaching a thickness of
30 feet. Many of the clay lenses contain fossil leaves,
particularly near the base where the clay layers have
a brownish or a pinkish cast.

The sand and gravel deposits of the Benton area have
been traced to the northeast in Saline County as far as
the outlier at Collegeville in sec. 14, T. 1 S., R. 14 W.
Sand and gravel are found in Pulaski County in small
outliers in sees. 31 and 32, T. 1 N., R. 12 W, locally
overlying a few feet of typical brown carbonaceous clay
of the Saline formation, and in larger outliers capping
the ridges in the city of Little Rock where the gravel
unconformably overlies the lower part of the Wills
Point formation. These gravel deposits of Pulaski
County are like those of the Benton area in that they
are locally bedded, though less so, and partly sorted;
they contain large quantities of medium- to coarse-
grained quartz sand and granule gravel, much of
which is red, the larger pebbles reach 4 or 5 inches in
diameter and are smoothed but only partly rounded;
the deposits locally reach a thickness of almost 100
feet (near the south edge of Little Rock); they lie at or
near the projected base of the Saline formation; and
they progressively truncate the older formations of
Tertiary age upslope. They differ from the gravel of
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the Benton area in the smaller amount of quartz and
locally in the presence of chert pebbles containing
fusulinids, brachiopods, bryozoa, and other fossils of
Mississippian to Permian age. The significance of
these fossiliferous pebbles is discussed on page 55.
Despite these differences in contained material the
gravel of both areas probably was deposited synchro-
nously. Though the gravel beds in Pulaski County
lack fossil evidence either to corroborate or to deny this
assumption, they have been mapped as an extension of
the gravel facies of the Saline formation.

Relation to underlying rocks.—The Saline formation
rests with local unconformity upon the Berger, and in
places unconformably on the Wills Point, and Kinecaid
formations and the nepheline svenite masses and their
included small pendants of metamorphic rocks of
Paleozoic age. In the vicinity of the Saline River and
along the north edge of the Gulf Coastal Plain the
gravel facies progressivelv overlaps the underlying
section and rests in succession upon the Berger, Wills
Point, and Kincaid formations. The gravel and clay
outliers in sees. 31 and 32. T. 1 N., R. 12 W. rest
directly upon bleached gray clay of the upper part of
the Wills Point formation. South of these outliers
along the main Midway and Wilcox contact the Saline
formation rests upon the Berger formation and locally
upon the Wills Point formation. The sand and gravel
outliers of the Saline formation in Little Rock rest on
vellow fossiliferous clay of the lower part of the Wills
Point formation.

A sharp erosional contact is present between the
Saline formation and the underlving Berger formation.
This is caused by scour and does not imply a wide-
spread hiatus in deposition. In the east wall of the
southern part of the Quapaw bauxite pit (fig. 12), in

FI1GURE 12.—Unconformable contact between the Saline formation (¢) and the Berger
formation (b) in the east wall of the Quapaw mine near Bryant, Saline Co 1nty.
A blasted but unmined remnant of the bauxite deposit (¢} stands ebove the surface
of the wat: r at left. Photograph by A. L. Jenke,
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the NE4SEY sec. 3, T. 2 S,, R. 14 W,, the base of the
Saline formation, which at this locality is composed of
very dark brown clay containing carbonaceous frag-
ments interbedded with nearly white medium-grained
micaceous quartz sand, truncates the beds of the
Berger formation northward. In the space of several
hundred feet laterally, the base of the Saline formation
cuts across several prominent beds of gray silty clay,
fine-grained sand and dark-brown lignitie clay, reducing
the thickuness of the Berger formation by about 15
feet. In the Elrod bauxite pit about half a mile north-
east of the Quapaw locality, the Saline formation les
disconformably upon the Berger formation. The top
of the Berger formation contains many holes or depres-
sions several inches deep that are filled with sand of the
immediately overlving Saline formation. Cores of drill
holes show a sharp break at the contact between the
two formations. However, in some of the deep holes
drilled in the southern part of the bauxite region, this
break was marked by a change in color of the sediments.

Fossils and correlation. Forty-three species of fossil
leaves and one brackish water clam have been identified
from the Saline formation (table 5). Considering the
large amount of carbonaceous material in the forma-
tion, including fragments and thin layers and beds of
lignite, localities containing fossil leaves are compara-
tively scarce. The leaves, however, are well preserved
at most localities.

In the Benton area, Saline County, leaves occur at
or near the base of lenses of light-gray or buff to
pinkish-brown plastic clay in the lower part of the
prominent sand and gravel lentil that marks the base
of the formation. A few feet of coarse sand and gravel
generally He between the leaf-bearing and the under-
lying clay beds of the Midway group. Berry (1916, p.
53, 54, 273-274) has listed the species collected at three
localities in this area. These are included in table 5,
which lists also species identified by R. W. Brown from
six other localities. Descriptions of these localities,
stratigraphic information, collectors, and dates of col-
lection are also given.

With reference to the plants identified by him from
the bauxite region, R. W. Brown (written communica-
tion, 1945) has made the following statement:

All the plant species identified in these collections have been
previously identified from deposits hitherto assigned to the
Wileox group. To date only a handful of extremely fragmen-
tary plant impressions have been taken from the Midway
formation, and consequently we have no standard Midway
flora against which to compare the collections. * * * The
flora of the Fort Union formation was presumably comparable,
at least in part, to the Midway flora, but of this we cannst
be certain inasmuch as considerable latitudinal and longitudinal
distance separates the areas where these floras grew. On the
basis of the plants, therefore, the evidence, such as it is, favors

the allocation of the (Saline formation) to the Wilcox grour as
defined by E. W. Berry.

Although the fossil plants appear to indicate a Wilcox
age, as based on the work done by Berry (1916, 1930)
on the Wilcox floras of the southeastern United States,
it is not yet definitely established that they are Wilcox.
Recent field mapping and stratigraphic studies by the
U. S. Geological Survey in Alabama and Mississippi
(MacNeil, 1946, 1947) have shown that many of
Berry's supposed Wilcox fossil-bearing localities are
actuallv in beds now believed to be in the Ciaiborne
group. The beds at Puryvear, Tenn., from which Bevry
collected a large flora, are probably of Claiborne
age. R. W. Brown (oral communication, 1948) has
noted a strorg similarity of several of the fossil plant
collections from the Saline formation, including those
from the Old Leach clay pit, the Burks-Nelson bauxite
pit, and the farm near Landmark School localities, to
the Purvear flora described by Berry. It is possible,
therefore, that future regional mapping and strati-
graphic studies will demonstrate that the Saline
formation belongs in the Claiborne group, rather than
in the Wilcox group. Until the problem is further
studied by competent specialists in Coastal Plain
stratigraphy, however, we are considering this forra-
tion to be a part of the Wilcox.

Conditions of deposition—The sediments of the Saline
formation are of comtinental origin throughout the
bauxite region of central Arkansas. Most of these
sediments were deposited by fluviatile action on a
broad coastal flood plain though some probably were
deposited under localized palustrine conditions. Local
estuarine conditions moreover are indicated by the
identification of a brackish water mollusk Brachi-
dontes sp. in a fossil collection from one of the bauxite
pits. Whereas the nature and distribution of the
sediments of the Berger formation indicate that the
source was from within or near the bauxite region, most
of the sediments of the Saline formation appear to have
been transported from outside the area. The large
grain size of the transported material, the much larger
amount of quartz in the sands, and the widespread
accumulation of fine carbonaceous material indic~te
that the Saline formation was deposited during a period
when rainfall was heavier than during Berger time.

The fossil plants from the different localities all
indicate a strand, land-locked lagoon, and bayou
habitat under subtropical conditions (Berry, 1916, p.
113-140; 1930, p. 29-40).

In the bauxite region where the upslope edge of the
coastal plain meets the steeper slopes of the uplend
formed by rocks of Paleozoic age, large deposits of
coarse-grained sand and gravel were deposited, prob-
ably as a series of coalescing alluvial fans on a low
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TABLE 5.-—Distribution of fossils in the Saline formation

Plants:

Lygodium trilobatum Berry___ ____ _  _________
Tarites Sp-_ - _____ _____
Cannasp- - _ ... _______________
Chamaedora danai (Lesquereux) Berry_ . ___ .
Sabalites grayanus Lesquereux_. ____

Myrica puryearensis Berry_ ___
Engelhardtia eltinghausent Berry
Dryophyllum moori (Lesquereux) Berry_____

tennesseense Berry ___________
Fagus asper (Berry) Brown___________ _

Artocarpus pungens (Lesquereux) Berry_ _
Ficus puryearensis Berry___ . ______ o
Banksta tenuifelia Berry_._ _
? Preteoides wilcoxrensis Berry_ _ . ___
Magnolia leet Knowlton__ _______

Anona ampla Berry______
Nectandra lowi Berry_ . ____
pseudocoriacea Berry
wilcoxensis Berry___ ________________ R

Oreodaphne intermedia Berry_______________ -
mississipptensis Berry_ _____ . __ -
obtusifolia Berry . ___
pseudoguianensis Berry
salinensis Berry_ _____________________ _ __________

Caesal pinites bentonensis Berry
Cassia bentonensis Berry
fayettensis Berry_ ________________ _
glenni Berry_____ _____________ R
lowt Berry_ . _______
wilcoxiana Berry ________

Mimosites variabilis Berry_._______ I
Sophora wilcoxiana Berry____ _______ .
Sapindus bentonensis Berry__.________

knowltoni Berry___________________
Quratea eocenica Berry
Terminalia lesleyana (Lesquereux) Berry

Myrcia bentonensis Berry ... _______________________

puryearensts Berry_________________________________
Qreopanaz oxfordensis Berry______ . ___ . ______________ .
Osmanthus pedatus Berry_ - ____ . __________
Apocynophyllum constrictum Berry__ ____ . _________ _

sapindifolium Berry_______________________. I
Pyritized wood_ ____________ -

Mollusks:

Brachidontes sp_ .__________ -

Localities
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9046

9047

9048

Henderson clay pit, on the southeastern slope of the valley of McNeil Creek,
NWNE see. 2, T. 2 8, R, 15 W, about 1 mile northeast of the center of
Benton, Saline County TFossil leaves from massive bluish to brown plastic
clay are exposed at bottom of pit. R. E, Call, 1891,

East of Benton in sec. 28, T. 2 8., R 14 W. Ark. Geol. Survey, 1891. (The
middle part of the formation is emosed in this area.)

Eagle Pottery Co. clay pit, south side of Highways 67 and 70, sec. 2, T. 2 8.,
R.15 W, about one-half mile northeast of Benton. Plant fossils from brown
sandv clay iu same part of section as the leaf- -bearing clay in the Henderson
Pit. E. W. Berry, 1910,

South end of the Stuckey bauxite pit in the NW1yNE1{sec.9, T.28,,R. 14 W,
Bauxite, Saline County. Fossils from siderlte laver in Ilgmtlc clay bed
unmedlately overl%n.ug the bauxite surface. R. W. Brown, 1944,

Burks Nelson bauxite pit, near top of north end, SE1{8W1{ sec. 36, T. 1 N.,

12 W., about 115 milés south-southwest of Sweet Home, Pulaski Cou.ntv
P]a.nt fossils from buff-gray medium-grained sandstone containing shreds and
fragments of dark-brown carbonaceous clay, 55 feet stratigra I;‘)/Ihlcal]y ahove
top of uppermost hgmte of Berger formation. R.W. Brown, Gordon Jr.,
J. 1. Tracey, Jr., 1944,

Hicks or Old Leach clay pit, south across O1d Sheridan road (eastward exten-
sion of North Street) from Hicks or Old Leach Cemetery, EISNWYNEL{

sec, 12, T. 2 8., R. 15 W., about 1! miles east of the center of Benton, Saline
County. Plant fossils from brownish-gray clay at botton of pit, about 15
feet above hase of Saline formation, which rests directly on Wills Point forma-
tion. R. W. Brown, 1944,

9049 Xenark bauxite pit on the Sweet Home cut off road ogposite Fuller School,
[

9264 Outcrop at west edge of Alexander Mountain near center of NW1{NW1lf

SW1;NELSEl4 sec. 25, T. 1 N., R. 12 W., Pulaski County. Plant fossils
from brown carhonaceous clay at top and west end of pit, a few inches ahove
bg.zf of Saline Formation. R. W. Brown, M. Gordcn Jr., J. I. Tracey, Jr.,

sec.
36, T.18,, R.13W,, Saline County. Plant fossils from an indurated hmomtm
ledge in coarse ferrugmous sandstone that caps Alexander Mountain,
Data from USBM drill holes 12-196 and 12-205, drilled within 150 feet of these
localities show leaf-hearing horizon is 60 feet above hase of sandstone and 253
feet above base of Saline formation. L. 8. Gurney and E. A. Brown, 1944,

9265 Plant fossils from 20-foot dug well near farmhouse, a short distance west of

Landmark School or Church, in SW14 sec. 30 or NW sec. 31, T. 1 8., R.

12 W., on Highway 167, Pulaski County. Fossﬂlferous layer is 14-15 feet

below surface. in upper part of Saline formation. Williara Smith, geologist,
U. 8. Corps Engineers, 1948,
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gradient starting at the beginning of the time of
deposition of the formation. Locally, tree-fringed
ponds were formed in which finer sediments were
deposited and then covered again by coarser material.
As the coastal plain gradually encroached on the upland,
the locus of deposition of the coarse clastic sediments
moved slowly upslope. The material in these de-
posits was derived from the rocks of Paleozoic age of
the upland, and much of it came from the many quartz
veins that cut these older rocks.

In Pulaski County the gravel contains many chert
pebbles with molds of fusulinids and other fossils of
late Paleozoic age. Some of these apparently have
been derived from a formation of early Permian age,
that does not crop out in Arkansas. L. W, Henbest
(written communication, 1948) to whom some of the
material was sent for study, has reported as follows:

Eight collections comprising 78 cobblestones of flint, 2 to 8.5
em. across, from gravel beds of supposed Wilcox, Eocene age
south of Little Rock were submitted. These were of as well-
rounded shape as the flint was capable of receiving. The largest
cobblestone contains the peculiar columnal of Platycrinus that
is especially characteristic of the lower Mississippian cherts of
the central and northern Ozark region. The nearest exposures
are about 100 miles north of Little Rock. I showed this speci-
men to Dr. Edwin Kirk who definitely confirmed my identifica-
tion. The next largest is an 80 mm. segment of the cephalopod
Rayonnoceras which is restricted to the Fayetteville shale, of
upper Mississippian age. This identification was confirmed by
Dr. A. K. Miller, University of Iowa, in a personal communica-
tion. The only silicified specimens of Rayennoceras that I have
found so far came from two localities respectively 100 and 150
miles west of north from Little Rock, though caleareous speci-
mens are found in the Fayetteville shale toward the west of these
localities in Arkansas and Oklahoma.

Most of the other flint cobbles contain Fusulinidae that include
Schwagerina emaciata (Beede), Paraschwagerina (or possibly
Pseudoschwagerina) sp. and lower Permian forms of Triticites.
As the Permian age of these fusulinids is definitely determinable,
the source of the cobblestones poses a significant problem. The
nearest existing exposures, and so far as known the nearest sub-
surface development, of beds that bear lower Permian Fusulinidae
are 300 to 500 miles away to the northwest. If the gravel beds
from which these Permian cobblestones were derived are, as
they seem, of Eocene age, it is very strongly suggested that the
marine Permian formerly extended over the Ozark region.

Similar deposits of coarse detritus, but composed
largely of bauxite, kaolinitic clay, and decomposed
syenite, were deposited at the base of the nepheline
syenite hills that stood as monadnocks above the flat
plain. These deposits extended in wide tongues, in sonze
places as much as 2 miles over the lip of the Berger
formation particularly near the main nepheline syenite
mass in Saline County. They were covered by fine sedi-
ments of the Saline formation that continued to en-
croach upslope and cover the nepheline syenite, in many

places stripped of its mantle of weathered detritus. and
the remnants of the once extensive bauxite mantle. By
the end of Saline deposition little of the Saline nepheline
syenite hill remained exposed and probably not much
of the Pulaski nepheline syenite hill. The Alexander
Mountain hill had already been deeply buried.

Most of the fluviatile sediments came from the north
and the northwest and this deposition probably con-
tinued to the end of Saline time, at least in the vicinity
of the present Saline River. However, in Pulaski
C'ounty deposition of coarse sediments began in the
eastern and southeastern part of the area early in Seline
time, and coming from the direction of the present
Arkansas River, encroached steadily westward scross
the bauxite region. By the end of Saline time these
sediments had reached far enough westward to ertend
across the already buried Alexander Mountain nephe-
line syenite hill and to lap against the east flank cf the
Saline nepheline syenite hill. Secondary ferruginous
material has indurated the sands at many localities.

The Saline formation was laid down at a time of al-
most constant marsh, bayou, and river deposition.
Fluviatile deposition of sand became more and more
dominant until, with a marked change of conditions, a
great swamp was formed at the beginning of Detonti
time.

DETONTI SAND

Definition.—The Detonti sand is named for the little
settlement of Detonti on the Missouri-Pacific Railroad
in the SE4SEY sec. 33, T. 2 S., R. 14 W., in the southern
part of Saline County. This formation is a homo-
geneous sand unit several hundred feet thick, contain-
ing some interbedded gray-clay lenses and a prominent
lignite bed at the base. It is best known from ¢ few
of the deeper drill holes in the southern and southeastern
parts of the bauxite region. The type section, r-pre-
senting the basal part of the formation, is exposed on
the east bank of the first prominent gully west of
Detonti on the Detonti-Tull road near the center of
the NWYENWYUNWY sec. 4, T. 3 3., R. 14 W.

Distribution and surface outcrop.—The formation
crops out in an irregular northeastward-trending belt
up to 3 miles wide and is probably continuous across
the bauxite region. Northeast of secs. 11 and 14, T. 2
S., R. 13 W, it could not be distinguished in surface
outerop from the Saline formation and it is shown on
plate 1 as grading laterally into the upper part of that
formation. Upslope from the main Saline and Detonti
contact are many small outliers of Detonti sand
wherever the top siliceous indurated bed of the Saline
formation forms an irregular capping on scattered small
hills. Some of these hills lie slightly more than 2 miles
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away from the main contact. The outerop area of th
Detonti sand like that of the Saline formation extends
southwestward across the Saline River but has not yet
been traced. It is cut off at the northeast by overlap
of the sediments higher in the section and by thick
Quaternary alluvial sediments of the Arkansas River
flood plain.

Good outcrops of the Detonti are few; the hest out-
crops are limited to the western part of the mapped
area where a few fair exposures occur along the banks of
larger streams and in road cuts. In this part the forma-
tion is exposed along ridges of moderate relief, but much
of the area underlain by the Detonti sand has little
relief though it is fairly well drained. The Detonti
sand is covered at many localities by deposits of gravel
of late Tertiary age. Where the gravel deposits are
absent the sand is weathered to form a gray sandy soil
that supports a good growth of timber. However,
the forest cover is not thick and brushy as on land under-
lain by the Saline formation. The forests are open and
have less undergrowth. Large pines and fine stands
of hardwood are abundant.

Thickness—The complete section of the Detonti sand
was cut through m almost a third of the 60 holes drilled
by the U. S. Bureau of Mines in the southeastern part
of the bauxite region to check the results of the geo-
physical surveys. As interpreted from logs of these
drill holes the thickness of the formation ranges from
207 to 412 feet and averages 320 feet.

Lithologic character—The striking lithologic feature
of the Detonti sand is its general uniformity and
homogeneity. Most of the beds other than sand occur
at or near the base and these are best known, at least at
the surface. The average composition of the formation
is estimated to be about four-fifths sand and one-fifth
clay, with some lignite. The sand generally is light
gray or more rarely brownish gray to tan and locally is
orange stained. Usually it is loosely packed, well-
sorted, and fine- to medium-grained containing moder-
ately angular to subrounded quartz grains, locally
slightly micaceous or with disseminated black mineral
particles constituting as much as 3 percent of the mass.
In several drill holes coarse-grained sand beds were
found. Many fragments of lignite are scattered through
the sand but few lenses of lignite are present.

The clay beds in the formation are relatively insig-
nificant, at some localities occurring only as minor shaly
partings, at others attaining a thickness of nearly 20
feet. The clay is chiefly light gray to gray, plastic or
even sticky, and much of it is silty to sandy. Some of
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the clay is grayish brown and some is a tannish hue
and nonplastic.

The lignite bed at the base of the formation is brown
and woody and breaks into large pieces. Throughout
most of the area the thickness ranges from 2 to 14 feet.
This lignite bed is rarely seen at the surface, however,
owing to its readiness on weathering to break down into
a mushy loam and to be covered by the slumping of the
overlving sand. The best exposures of the base of the
section are between the settlements of Detonti and
Shaw. The following measured sections give the de-
tails of the lithology at the only two exposures known
where the lignite can be seen at the surface.

Section at the type locality of the Detonti sand in road cuts along
the Detonti—Tull road near the center of the NWI NTI{NTI1}
sec. 4, T. 3 8., R. 14 W, on the east bank of the first large drain-
age channel west (about three<fourths of a mile) of Detonti, Saline
County, Ark. Section starts near base of grade and continues
eastward to where the road flattens out at the top cf the grade

[Measured by M. Gordon, Jr.]
Feet

Detonti sand:

Sandy clay to clayey sand, gray, slightly micaceous,
exposed in roadside ditches and cuts at each side of
road intermittently to top of grade; lower part of
this facies reached in USBM drill hole 21-071
drilled alongside the road a few feet below the top
of the grade___ __ _____ . ________ 27. 04
(lay, sandy, medium-buff-gray, inconspicuously
laminated, with bands and layers of limonitic
staining and thin laminae of limonite, particularly

in the lower part_____________________________ 5.0
Lignite, brown, woody, soft, locally weathered and
limonitie . . __ .. 2.1
Saline formation:
Sandy clay to clayey sand, gray to light-gray, fine-
to medium-grained, slightly micaceous. .. ______ 14 04

The section above shows the similarity of the top
of the Saline formation to the base of the Detonti sand
that is typical of most of the area. Nearby drill
holes show that the chocolate-brown carbonaceous
clay is found almost immediately below the gray
sandy clay to clayey sand that constitutes the lowest
unit of the section. The Detonti sand in this section
contains a little more clay in the lower part than is
generally found.

Another section, about 1) miles southwest of the
first section, exposes the contact of the Detonti sand
with the Saline formation. Lignite overlies the partly
indurated sandstone at the top of the Saline formation
below which dark-chocolate-brown sandy clay is
present. Here, too, the Detonti sand contains more
clay than is generally found in drill holes.
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Section of the basal part of the Detonti sand, descending curve of
county road near the southwest corner, NWLNW¥SEY sec. 6,
T.3 8., R. 15 W. Saline County, Ark. Section starts on cast
side of road about 100 feet east of a tumbled-down barn; at second
carbonaceous layer below, measurement shifts to west side of
road cut

[Measured by M. Gordon, Jr.]

Surface: Feet
Soil __ .. .- L0
Detonti sand:
Clay, sandy, red and gray mottled______________ 5.0
Clay, as above, but includes quartz and ferruginous
sandstone pebbles, subrounded to subangular,
as much as 2 inches in diameter_______ I 1.0
Clay, sandy, gray, weatheringred_______________ .6
(lay, slightly sandy, creamy-gray, containing
shreds of carbonaceous material________ IR .5
(lay, brown, carbonaceous containing shreds of
lignitic detritus__________________________ - .4
Sand, light-gray, locally weathering red, fine- to
medium-grained . __________________________ 10. 3
Loam, rich brown, soft, carbonaceous to woody, a
decomposed lignite__________________________ .5
Saline formation:
Sand, reddish-gray to tan, slightly indurated. ____ 1.0

Sand, light-gray to gray, fine- to medium-grained,
moderately clayey; as much as 2 feet at top
fairly well indurated_.________ _______________ 58

Carbonaceous clay, dark-chocolate-brown, lami-
nated, sandy, micaceous._______ . _________

1o

0+

Gummy to brittle gray clay fragments, some nearly
a foot long, are in a matrix of gray or red sand in the
lower part of the formation, particularly where sub-
sequent erosion has removed the lignite. This type of
material has been found at widely scattered localities.
In the north face of the west end of the Julia open-pit
mine of the Alcoa Mining Co. the uppermost sand bed
of the Saline formation is indurated at the top and may
indicate the former presence of an overlving lignite
bed. Instead of a lignite, however, the indurated
sand is overlain by a conglomerate bed containing
white-clay fragments and granitic bauxite pebbles
and this in turn by a thick crossbedded gray sand with
gray-clay layers. The section is as follows:

Section in the western part of the Julia open-pit mine of the Alcoa
Mining Co.; the north wall of the pit north-northwest of a part of
the pit utilized as the garbage dump for the town of Bauxite; on
west line of sec. 22, T. 2 S.. R. 14 W, about 1,750 feet south of
northwest corner sec. 22, Saline County, Ark.

[Measured by M. Gordon, Jr.}

Pliocene(?) terrace gravel:
Coarse gravel and red sand_ _ __ ______________
Detonti sand:

Sand, gray, weathering red, medium-grained con-
taining angular to subrounded quartz grains,
crossbedded, interlayered with lenses, laminae,
wisps and blebs of gray plastic clay, some of it
brownish-gray; most of the bedding less than
one-half inch thick and inclined at all angles;
more clayey in the upper part______________ 35. 0+

452763—58——5

57

Section in the western part of the Julia open-pit mine of the Alcoa
Mining Co.; the north wall of the pit north-northwest of @ part of
the pit uiilized as the garbage dump for the town of Bauzite; on
west {ine of sec. 22, T. 2 8., R. 14 W., about 1,750 feet south of
northwest corner sec. 22, Saline Counly, Ark.—Continued

Detonti sand—Continued Feet
Clayball conglomerate, composed largely of white
or light-gray tough, hard clay with an almost
conchoidal fracture in smcoth but not rounded,
irregular masses or pebbles and smooth soft
pebbles or cobbles of granitic-textured bauxite

and syenite clay in a red clayey sand malrix__ 0. 5-1. 7

Saline formation:

Sand, slightly clayey, light-gray to pure white
locally stained orange in bands a few inches
thick in the lower half to two-thirds of the
interval, medium-grained, the top several
inches to several feet indurated to a hard gray
sandstone weathering tan and dug into an

overhang in the southwestern part of the pit.__ 15.7

Sandy clay, gray, micaceous and slightly car-
boraceous, or containing brown carbonaceous
areas and a few clay pebbles. The top 1-6
inches of this bed is ferruginous indurated.
The bed grades downward into the bed below.

Lignitic clay and lignite, black to brown, con-
taining lenses of brownish-gray carbonaceous
clay about 2-4 inches thick. One lens about
1.2 feet above the base contains gray bauxite
pisolites and another layer 2.2 feet below the
top contains pebblelike nodules of pyrite about
1 inch across; just above, the lignite contains
hollow-centered tubules of pyrite about three-
eighths inch in diameter; the lignitic clay con-
tains some woody fragments. The bed over-
lies the rubbly top of the bauxite that was
mined in the lower part of the pit__________

1.0

1.5

Along the north wall of the pit east of this section the
base of the Detonti sand cuts through the indurated
layer and well into the uppermost sand beds of the Seline
formation to within several feet stratigraphically of the
lignitic clay bed. Locally the conglomerate bed is
absent.

Relation to wnderlying rocks.—The Detonti sand over-
lies the Saline formation with apparent conformity
except where local channels have been cut into the con-
tact subsequent to the deposition of the lignite at the
base of the formation, as cited above. Beneath the
basal lignite bed of the Detonti sand the top of the
Saline formation is bleached where it is a carbonaceous
clay and indurated where it is a sand. Long lignitic
roots and rootlets as much as half an inch thick extend
downward from the lignite bed as much as 10 feet.
Where the underlying sand is indurated and exposed at
the surface the lignitic material usually is weathered and
leached away, but the vertical holtow impressions of the
roots and the quartzitic appearance of the sandstone,
which is the only siliceous indurated bed in the er tire
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Tertiary section, makes this bed an easily identified
marker.

The widespread swampy condition that prevailed at
the time the basal lignite was deposited served only as
a momentary halt in the progression of increasingly
active fluviatile deposition that culminated in the depo-
sitton of the Detonti sand.

Paleonlologic features.—No fossils have been identified
from the Detonti sand. At several localities in the
southeastern part of the area in the vicinity of Lorrance
Creek petrified logs as much as 3 feet in diameter have
been found. However, they occur where the surface
of the formation is covered by terrace gravel of later age,
and it is not yet known whether the petrified wood is
related to the Detonti sand or to the gravel. Similar
stumps and logs of silicified wood have been described
by Call (1891, p. 102) from the clay of the Wilcox group
in Green County, Ark.

CLAIBORNE AND JACKSON GROUPS

Overlying the Detonti sand and cropping out on
many rolling hills in the southeastern part of the bauxite
region is a section of variegated clay, sand, and lignite.
These deposits and their contact with the Detonti sand
and the Saline formation are in the southeast corner
of the area as shown on plate 1. These beds were
found in some of the deeper holes drilled by the U. S.
Bureau of Mines and deserve a brief description.

The clay in this section includes light-gray, gray,
bluish-gray and grayish-green and rarely cream colored
and other plastic silty clay in beds ranging from thin
layers to more than 30 feet in thickness. Some of the
clay beds are interbedded with thin lignite, but most
of the Lignite is associated with beds of dark-chocolate-
brown carbonaceous silty clay or clayey silt, and these
carbonaceous beds are particularly characteristic of
the lower part of the section. MNost of the sand is
composed of quartz but locally it contains a relatively
high percentage of dark minerals. Much of it is fine to
medium grained, and the grains are subangular to
subrounded. Some of the sand is medium to coarse
grained and the grains are partly to well rounded.

Locally in the lower part of the section is a lens, or
perhaps several lenses, of bentonitic clay. In drill
hole cuttings the clay is greenish brown, waxy, and
breaks with an irregular hackly fracture. At the sur-
face the clay is vellow and has a slightly greenish cast,
is compact, brittle, and breaks with a conchoidal frac-
ture, and becomes creamy white on dryving. It has been
mined as bentonite in Saline County for several short
periods.

The sediments overlying the Detonti sand are thickest
in the northeastern part of Grant County where
deep drill holes of the U. S, Bureau of Mines cut 101
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to 435 feet of beds above the sand. In the northwestern
part of Jefferson County, according to records of the
Arkansas Geological Survey, the Hensley No. 1 well of
the Decem Oil Co. drilled in the SE%SEY sec. 7, T.
3 8., R. 10 W, collar elevation 260 feet, cut a fine gray
sand 310 feet thick at a depth of 350 feet. This locality
is a short distance east of the southeastern part of the
Bauxite region and is of particular interest because the
classical Jackson section at Red Bluff, Arkansas River
described by Call (1891, p. 10-13) lies akout 1 mile
to the west-northwest in the NEYSEY sec. 12, T. 3 S,,
R. 11 W. The top of the section has an altitude of 276
feet. The literature on this section as well as that
of the White Bluff section several miles down the Ar-
kansas River from Red Bluff are listed in the selected
bibliography of the groundwater report by Stephenson
and Crider (1916, p. 79-84).

No proof of the presence of the Claiborne group in the
southeastern part of the bauxite region exists though
some earlier geologic maps have recorded its presence
there. Some of the lower beds here arbitrarily assigned
to the Claiborne and Jackson groups have been con-
sidered to represent part of the Wilcox group by some
geologists. It is also possible that some of the beds
below, that are now classified as Wilcox, will upon
further study prove to be Claiborne in age.

UNDIFFERENTIATED TERTIARY AND QUATERNARY
GRAVEL DEPOSITS

Small to large areas of the Arkansas bauxite region
are covered by gravel that crops out on top of hills or on
terraces. These deposits rest unconformably upon the
slightly tilted rocks of early Tertiary age, including
the bedded gravel of the Saline formation, and locally
on rocks of Paleozoic age. As they are not important
to the bauxite problem, most of these gravel deposits
have not been mapped. However, many gravel pits
have been indicated by symbol on the geologic map
that accompanies this report. These will show the
topographic levels at which the gravel deposits are
found. At least three and probably more than four
old erosion surfaces are delineated by the gravel de-
posits between an altitude of 300 and 520 feet. The
slopes between the gravel terraces are locally covered
by talus gravel derived more recently from the terrace
deposits. The higher and presumably older of these
deposits are probably of late Tertiary, possib'y Pliocene,
age and they have been questionably so indicated in
lithologic sections given earlier in this report. Most
of the deposits do not exceed 10 feet in thickness, are
poorly sorted, loosely consolidated, and made up
principally of pebbles and cobbles rather than of large
quantities of coarse sand as are the gravel lenses of the
Saline formation.
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The lower and presumably younger gravel beds are
more likely to be of Quaternary age as they occupy
surfaces not far above the Quaternary terrace deposits.
They are thicker and contain more sand than the higher
deposits, hence are more difficult to distinguish from
the gravel of the Saline formation. Along the east
bank of the Saline River in the western outskirts of
Benton, gravel deposits, possibly of Quaternary age,
which rest upon rocks of Paleozoic age, have been
included with the Saline formation gravel of the Eocene.

In Pulaski County, along the edges of the Fourche
Bayou flood plain, two prominent thick gravel deposits
of possible Quaternary age have been mapped sepa-
rately. One is a crescent-shaped band about half a
mile wide west of the Chicago, Rock Island, and Pacific
Railroad tracks in the southeastern part of Little Rock,
and the other extends from a point one-fourth mile
northwest of Geyer Springs to a point a short distance
across the Missouri Pacific Railroad tracks to the south-
east. In both areas the deposits reach a maximum
thickness of about 30 feet. The deposits consist of
coarse-grained, reddish-brown sand and many ir-
regularly bedded layers and lenses of gravel. The sand
and the gravel are poorly sorted and most of the finer
sand grains are subangular though most of the larger
size grains are subrounded to rounded. The sand is
predominantly quartz, and the gravel consists of about
40 percent white quartz or quartzite, 40 percent meta-
morphic rocks of Paleozoic age, such as altered shale,
slate, schist, and dark-colored quartzite, while the
remaining 20 percent is brown chert, ironstone, and
some novaculite. The brown chert pebbles of this unit
generally are unfossiliferous in contrast to the chert
pebbles of the Saline formation gravel, and wherever
fossils occur they usually indicate a rock source of early
Paleozoic age.

Gravel from the two localities mentioned above have
been used as road metal and for railroad ballast. A
brown limonitic concretionary layer occurs at the base
of the gravel in the Geyer Springs pit. The underside
of this layer locally is covered with small nodules of
manganese oxide, probably pyrolusite. Branching
and stalactitic nodules of the same mineral occur also
in the upper few inches of the underlying clay of
Paleozoic age.

QUATERNARY TERRACE DEPOSITS

Outcrops of sand and red clay beds fringe the present
flood plain of the Arkansas River and part of the flood
plain of its tributary Fourche Bayou. These beds form
a prominent terracelike topographic feature wherever
they occur. They are best exposed in the low flat-
topped ridges on the east side of the road just north of
College Station. The ridges extend around the point
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of the syenite rocks to the east, and then southward
along the west bank of Fourche Bayou for about half a
mile south of Sweet Home. Here the ridges are cut
by eastward drainage valleys into low steep lills.
South of this point the outcrop band widens to the west
forming a swampy, hummocky, pine-forested “flat-
woods.” Several good exposures are in the vicinity of
Higgins. It is likely that the formation occurs also at
several places above the level of the flood plain of
Fourche Bayou between the city of Little Rock and
Granite Mountain, but it can be identified only in the
area west of the Arch Street Pike viaduet and southeast
of the railroad junction, just outside of the south city
limits of Little Rock.

The formation, as it should be considered, consists of
a maximum of about 60 feet of dark brick- to salmon-
red clay. The clay is very sticky and contains a vari-
able amount of fine silt grading locally into sand. The
sand is common towards the top of the unit and usually
is well sized, subangular to subrounded, and consists
predominantly of clear quartz though it contains many
dull-white or cream-colored grains that appear tc be
decomposed feldspar. Bedding is not conspicuous in
either the sand or the clay, but deep vertical joints are
common. A whitish film accompanied by some indura-
tion along some of these joints indicates the deposition
of lime carbonate. Irregularly shaped calcareous
nodules are characteristic of weathered clay exposures.
These nodules range from % to 2 inches in diameter and
generally are an earthy pinkish-gray on the outside.
When broken they reveal many crescent-shaped ctvi-
ties, dark gray to black, resembling flint. The large
volumes of this clay that lie at shallow depths at many
localities along its outerop may eventually prove
worthy of examination for ceramics industries.

QUATERNARY ALLUVIUM

Under this classification is included all the flood-plain
deposits of the Arkansas and Saline Rivers, and part of
Fourche Bayou as shown on the geologic map (pl. 1).
In other drainage systems of the region where the under-
lving rocks crop out in stream beds or where the alluvial
deposits are less than 12-15 feet thick and the under-
lying rocks are known from drill-hole data no alluvium
was mapped even though it occurs in almost continuous
patches and belts of gravel and debris.

In the major drainage areas the alluvium forms wide
flood plains upon which most of the productive farmland
of the area is located. Meager drill-hole data. indicate
that the alluvium in these flood plains reaches a maxi-
mum thickness of almost 120 feet and has cut out all the
older formations and channeled down to basement rock
for a considerable distance downstream from tleir
normal contacts. The aluvium consists of gravel, sand,
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silt, and clay and attempts to correlate individual beds
have proved fruitless. In the smaller streams the allu-
vium consists largely of gravel or of gravelly clay and is
derived from whatever formations occur toward the head
of the valley occupied by each stream. Alluvial ma-
terial is particularly abundant in the beds of streams
that drain areas covered by older gravel.

INTRUSIVE IGNEOUS ROCKS

The Arkansas bauxite region has long been noted for
the nepheline syenite deposits and related igneous rocks
with which the bauxite is associated. The outerops of
these rocks in Pulaski and Saline Counties are the higher
parts of cupolas or stocks, most of which, including still
other cupolas, lie buried beneath the early Tertiary sedi-
ments of the Coastal Plain. The igneous rocks were in-
truded into older sediments, the youngest of which
probably are Pennsylvanian.

The surface exposures of the Arkansas igneous rocks
were the subject of an excellent detailed petrographic
report by J. F. Williams (1891). As the preparation of
the present report did not include a careful petrologic
study of the igneous rocks, much of the descriptive ma-
terial that follows is based upon the report of Williams.
However, a brief study of thin sections from surface ex-
posures and from cores taken from the bottom of some of
the deeper drill holes has provided additional informa-
tion as to the distribution of these rocks, particularly in
the buried parts of the complex. Also, new chemical
and spectrographic analyses of several varieties of
nepheline syenite were made by the Geological Survey
for inclusion in this report. The most distinctive
igneous rocks have been differentiated in the geologic
map (pl. 1).

Two coarsely granular varieties of nepheline syenite
are the principal source rocks of the bauxite. They are
distinguished in surface exposures by color, texture, and
resistance to weathering. These rocks are: nepheline
syenite, or the so-called gray granite of the quarrymen;
and pulaskite, or so-called blue granite. Associated
with them and particularly with the pulaskite are fine-
grained tinguaitic border rocks, as well as many granular
dike rocks. Some of the rocks are felsic, including por-
phyritic and pegmatitic nepheline syenite, quartz sye-
nite, and miarolitic nepheline syenite dikes. Some are
mafic, including fourchite and several varieties of mon-
chiquite. These rocks are described briefly on the
following pages.

NEPHELINE SYENITE

Under the name eleolite syenite (eleolite being in
part an old name for nepheline) Williams (1891) in-
cluded the coarse-grained intrusive rocks known locally
as ‘“‘gray granite.” Some geologists prefer to use the
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name “foyaite’” for this Arkansas rock which is similar
to the original type from Foya, Portugal. Considerable
confusion would be averted by using this term to dis-
tinguish the rock from pulaskite, which also is a nephe-
line syenite. However, in this report which is concerned
primarily with bauxite, the original terriinology of
Williams has been followed.

The nepheline syenite is readily distinguished in the
field by its light-gray color and its tendency to crop out
in large flat masses. This apparently is caused in part
by the structure of the rock which in some places is
distinctly sheeted, and in part by its comparatively
rapid rate of weathering. The characteristic outcrops
are flat surfaces and broad low knolls. Some are set
in picturesque cedar glades, others are bare of vegeta-
tion. The surface of many of the exposures is lacking
in scattered loose blocks because the rock on weathering
crumbles evenly. Weathering has progressed to a depth
of several inches on quarry faces, road cuts, and rock
slabs that were blasted 15 to 20 years ago.

In Pulaski County the outcrops of gray nepheline
syenite are confined to the lower slopes of Granite
Mountain in two separate areas that are irregularly
elongate southwest. One of these is alorg the west
base of the mountain and in scattered patches in the
relatively flat area east of Little Fourche Bayou, mostly
in secs. 22 and 28, T. 1 N., R. 12 W. The other is at
the east side of Echo Valley, in the SW¥ sec. 26 and
adjacent corners of secs. 27 and 34. Chemical analyses
of samples from both exposures are given below in
table 6. In Saline County nearly all of the exposed
igneous rock is “gray granite.”” The outcrops are
shown on the geologic map (pl. 1). Chemical analyses
of Saline County nepheline syenite is also given below
in table 6.

Spectrographic determinations of the minor elements
in three of the samples chemically analvzed are given
in table 7.

The light-gray rock has a pinkish to bufl cast where
nepheline is common and may have a bluist cast where
the feldspars are particularly fresh. Slight weathering
whitens the feldspar crystals. The rock is granular
and commonly is coarse grained. Fine- to medium-
grained as well as coarse-grained pegmatitic varieties
(fig. 13A4) occur locally, but most of these varieties are
in ellipsoidal or veinlike segregation bodies in the rock.
In some exposures the feldspar laths exhibit a marked
parallelism and the rock has a trachitoid structure
(fig. 13C, D). Outcrops in which this structure is
conspicuous were noted by F. A. Hildebrand in patches
along the west margin of the nepheline syenite exposure
in the SEY% sec. 21 and NWYNWY sec. 27, T. 2 S,
R. 14 W., and also in the NEY sec. 34 and WENWY
sec. 35.









DESCRIPTIVE GEOLOGY

thetically twinned. Some areas contain tiny scattered
needles of aegirine. Sodalite is found in some of the
Saline County specimens in small clear grains wedged
between the feldspar crystals. Other secondary
minerals, such as kaolinite, calcite, and gibbsite are
found as decomposition products of this rock.

Williams (1891, p. 136-140) has also described a
relatively rare variety of gray nepheline syenite from
Saline County that contains a considerable amount of
plagioclase. An analysis of this rock, taken from his
report (p. 139), is given in table 6, column 7. It is
higher in sodium than any of the other nepheline
syenite samples and is similar to the analysis of another
Saline County sample from the SW¥ sec. 10, T. 2 3.,
R. 14 W. The analysis of this sample in the laboratory
of the U. S. Geological Survey, Washington, D. C.,
appears in table 6, column 5. Thin sections of this
rock (pl. 11("), however, fail to show any single plagio-
clase crystals. The high sodium content is associated
with the high proportion of feldspathoidal minerals
and analcime in the rock.

PORPHYRITIC ALKALIC SYENITE (INCLUDING PULASKITE)

Under this heading are included the porphyritic
syenite rocks commonly known in the region as “blue
granite.”” In Pulaski County those containing nephe-
line as an essential mineral were given the name
pulaskite by Williams (1891, p. 56). In the few smali
scattered exposures in Saline County, the rock is not
known to contain nepheline, and it was described
by Williams (1891, p. 140-143) as porphyritic syenite.
The so-called blue granite is distinguished in the field
from the gray nepheline syenite by the light-to-dark-
bluish-gray color, the porphyritic texture, and its
tendeney in outerop to form moderately steep slopes
that are thickly covered with weathered talus blocks.

Pulaskite was defined by Williams (1891, p. 69) as a
nepheline-bearing syenite with a trachytic or porphy-
ritie(?) structure in which soda-amphibole usually pre-
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dominates among the mafic silicates; soda-pyroxene
and biotite are present in small quantities. This rock
makes up the greater part of Granite Mountain, par-
ticularly the ridges and higher slopes (pl. 1).

In Saline County the similar-looking bluish-g-ay
porphyritic syenite crops out in patches in the N'WY4
sec. 23, T. 2 S,, R. 14 W. The rock is resistant to
weathering and erosion and forms small hills covered
with subangular talus blocks. The highest of the little
hills is 1,200 feet east and 1,600 feet south of the north-
west corner of sec. 23. Other small patches of bluish-
gray porphyritic rock form elevated knolls in the
SWLSWY sec. 26, the NEYNEY sec. 34, and the
NWI sec. 35, in the same township. These have not
been differentiated on the geologic map.

The texture of these rocks ranges from coarse to
porphyritic granitoid. A core specimen is shown in
plate 9B. Some of the large feldspar crystals
have a subparallel arrangement thatl gives the rock
a rough trachitoid texture (the “trachytic structure”
of Williams). The bluish-gray pulaskite is harder,
more resistant to wear and weathering, and slightly
denser than the gray nepheline syenite. The average
specific gravity of the Granite Mountain rock was de-
termined by Williams (1891, p. 50) to be 2.656. "he
chemical composition of pulaskite is similar to the gray
nepheline syenite. Analyses of two specimens from
the eastern part of Granite Mountain are given in teble
6, columns 3 and 4. Spectrographic analyses of the
niinor elements of one of these samples is given in
table 7.

Orthoclase is the most abundant mineral in pulaskite.
It occurs in two distinet generations—early large
crystals about 10 to 30 millimeters long, and later srall
ones that reach a maximum of 3 millimeters. The
crystals are gray to bluish gray, semitranslucent. Some
of the large ones are euhedral, but the edges of otlers
are interrupted by smaller ones. The large crystals
scattered through aggregates of the small grains give

EXPLANATION FOR FIGURE 13

Igneous and metamorphie rocks,
40 millimeters long.

Hand specimen (AB-201—4) from same loecality as rocks shown on plate 10.1.

A, Gray nepheline syenite, pegmatitic facies from a segregation; feldspar ecrystals as much as

Natural size. B, Photo-

micrograph of a light-gray devitrified feldspathic glass containing scattered pyrite cubes in contact with a dark-brown dike rock

in which pyroxene and olivine phenocrysts have been altered to chlorite and clay minerals (p. 69).
Thin section (AB-6019A—2) from bottom of USBM drill hole 6019A, depth 1409 feet, NE4S W14
One millimeter indicated by secale.
Trachytic texture iz well preserved.

minerals cut both rocks.
sec. 11, T, 3 8., R. 13 W., Grant County.
trachyte partly altered to montmorillonite and kaolinite.

Veinlets of carbonate

(', Photomicrograph of weathered
White laths are mostly feldspar;

> 9.5,

darker areas between are montmorillonite apparently replacing glassy matrix; light areas of high relief scattered through rock

are masses of fine-grained kaolinite replacing feldspar; darkest parts are biotite flakes and opaque minerals.

Thin section

from core specimen (AB-12042-3) from USBM drill hole 12-042, depth 335 feet, Stover property, SE148W14 see. 25, T. 1 8,

R. 14 W, Saline County. ¥ 75.

crystals of kaolinite have nearly obliterated the trachytic texture.

D, Photomierograph of large kaolinite crystals in the same rock. Unusually large wormlike

Part of the same thin section (AB-12042-1) shown in C.

The core speecimen came from 9 feet below top of residual rock which lay beneath a few feet of sediments of the Midway group.

= 75.
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the rock a porphyritic appearance. Under the micro-
scope the crystals are translucent, and show cleavage
commonly formed in two directions. They contain
minute inclusions of mafic silicate, apatite, magnetite,
and locally nepheline, as well as tiny needlelike cavities
that are alined parallel or at right angles to the cleavage
planes. In some crystals an indication of zoning is
heightened where the central part of the crystal has
been altered to kaolinite and the rims are unaltered
(pl. 9C). Many of these feldspar crystals have ragged
edges, even where fresh, and the composition of the
interior appears to be slightly different than that of
the rims. Williams (1891, p. 59) observed an indistinct
microperthitic structure in many of the crystals and
from the general crystallographic form and microscopic
structure, as well as from a chemical analysis of the
feldspar concluded that it should be classed as crypto-
perthite, although the soda content. is low.

The dark mafic silicate occurs in euhedral to anhedral
grains in small nests or groups scattered through the
feldspar. Biotite, apparently the earliest to crystallize,
occurs rarely in pseudohexagonal erystals, more com-
monly in plates with irregular edges. In thin section
it is reddish brown to dark brown, and has character-
istically strong absorption. Locally the biotite contains
inclusions of irregular grains of magnetite, feldspar,
and apatite. The pyroxenes are diopside in small
stubby greenish-black crystals, containing an aegirine-
like mineral along the edges as in the nepheline syenite.
Under the microscope the crystals are light green or
nearly colorless, some are darker green near the edges.
In sections parallel to the vertical axis the interior parts
have extinction angles (Z¢) from 40° to 50° and the
aegirine borders from 8° to 10°.

Nepheline is a characteristic mineral of the pulaskite,
in some places making up as much as 10 percent of the
rock, but generally less. It is in small colorless to
yellowish-colored grains rarely reaching a millimeter
in diameter, in shapes similar to those in the gray
nepheline syenite. It likewise is commonly replaced
by analcime. Rare inclusions of acicular apatite and
secondary aegirine crystals are present locally. Sodalite
in crystals about 0.5 millimeter in diameter was
identified by Williams (1891, p. 67) in some of his
slides.

The accessory minerals, in the order of their relative
abundance, are as follows: yellowish resinous euhedral
crystals of sphene, as much as 1.5 millimeters long;
slender transparent euhedral prisms of apatite, as
much as 2 millimeters long and generally terminated
at both ends by pyramidal facies; tiny scattered black
opaque eubedral crystals of magnetite, generally less
than 0.1 millimeter in diameter; and minute purple
crystals of fluorite. Small second-generation aegirine

OF THE ARKANSAS

BAUXITE REGION

crystals in slender prisms, similar to those in the gray
nepheline syenite, are scattered through the rock,
locally in radial groups.

Analcime is the most common secondary mineral
in the unweathered rock. 1t generally replaces nephe-
line and less commonly, parts of adjacent feldspar
crystals. It has about the same properties as those
in the gray nepheline syenite. Where the rcck is partly
decomposed, kaolinite is the most common secondary
mineral, replacing the cores of feldspar crystals (pl.
9C) and extending inward from the outside.

The porphyritic syenite in Saline County differs
from the pulaskite described above, chiefly in the
absence of nepheline. The scarcity of pyroxene as
compared to hornblende also is marked. Orthoclase
crystals are large and tabular and are scattered through
a relatively fine grained feldspathic matrix, giving the
rock a marked porphyritic texture. Spheneis a common
accessory mineral, apatite is rare, and magnetite occurs
associated with ilmenite and its alteration products.

MINOR INTRUSIVE ROCKS
NEPHELINE SYENITE AND QUARTZ SYENITE DIKE ROCKS

The coarse-grained plutonic rocks of the nepheline
syenite stocks are cut by many dike rocks of similar
composition. The oldest are pegmatitic, porphyritic,
and granitic-textured nepheline syenite dikes. Younger
types, particularly in Pulaski County, include miarolitic
nepheline syenite and quartz syenite dikes.

Pegmatitic dikes.—Nepheline syenite pegmatite dikes,
from several inches to several feet wide, are common in
Saline County, particularly in sec. 16, T. 2 S., R. 14 W.
They consist chiefly of large microperthitic orthoclase
crystals and grains of nepheline, a small amount of
mafie silicate of which aegerine is the most common, and
in some places contain metallic sulfide. Seven of these
dikes were described by Williams (1891, p. 143-146)
and appear in a tabulation by Kemp and Williams
(1891, p. 424, 425). Tn Pulaski County similar rocks
occur in small ellipsoidal and veinlike segregations, in
gray nepheline syenite and in pulaskite. Some of these
contain a few percent of fluorite.

Porphyritic dike rocks—FPorphyritic dike rocks are
not common. One of these, in the SE4SEY sec. 16,
T. 2 S., R. 14 W., was described by Williams (1891,
p. 146) as “aegirite tinguaite.” Another, at the old
Letts mine in the N¥NE{ sec. 21, in the same township.
contains, according to Williams (1891, p. 147-149,
more than 50 percent nepheline associated with ortho-
clase, plagioclase, aegirine, apatite, magnetite, and
secondary canerinite. Tinguaite dikes rear Bryvant
containing unusual orbicular structures have been
described by Hildebrand (1949). These are distin-
guished by Hildebrand from the tinguaitic border rocks
discussed on page 66.
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The pegmatitic and porphyritic dikes are small and
hence are not shown on the geologic map (pl. 1). They
are of little importance to the bauxite problem except
that they were minor source rocks of the bauxite.

Nepheline syenite dikes.—Two nepheline syenite dikes
with a granitic texture (‘“brown granite”) cut the
pendant rocks of Paleozoic age and the porphyritic
border rocks along the south edge of Granite Mountain
in see. 35, T. 1 N., R. 12 W. and are shown on the
geologic map (pl. 1). The rock is grayish- to pinkish-
brown has a medium- to coarse-grained texture, and
often has scattered large tabular feldspar crystals that
give it a porphyritic appearance. This rock is deseribed
in detail by Williams (1891, p. 83-90) and a chemical
analysis shows the rock to be similar to both pulaskite
and gray nepheline syenite. The principal constituent
is pinkish to brownish orthoclase in tabular subhedral
to euhedral crystals with bluish transparent centers.
It occurs with biotite, diopside with brown aegirine
borders, nepheline in anhedral grains, and euhedral
crystals of apatite, sphene, and magnetite. Secondary
minerals include analecime, calcite, and cancrinite.
Some of the mafic silicate has been serpentinized.

Miarolitic mnepheline syenite dikes—The miarolitic
dike rocks represent a late stage as some dikes cut
pulaskite and others cut fourchite bodies. They are
limited to the Granite Mountain area where they occur
in weathered boulders on the surface, or in narrow
veinlike masses cutting the older rocks.

A large miarolitic nepheline syenite dike trends
northeastward across the NE¥sec. 35, T.1N.,R. 12W_,
and probably is continuous with a larger mass of similar
trend in sec. 25, T. 1 N., R. 12 W. Exposures of the
larger mass are poor except for a small area in the creek
bed northwest of the Fuller School. The amount of
miarolitic material thrown out during the construction
of the Big Inch Pipeline, however, indicates that the
outcrop of this rock near the center of sec. 25 is much
larger than that shown on earlier maps.

Small nepheline syenite dikes of this type in the
fourchite and in rock outcrops of Paleozoic age at the
southwest end of Echo Vallev are not shown on the
geologic map. The rock in these dikes is light tan to
tannish gray and has a very porous miarolitic texture.
The dikes appear zoned parallel to their strike, and
each zone is characterized by a high degree of uni-
formity in the size of miarolitic cavities and by the
tabular euhedral to subhedral feldspar crystals that
bound them or protrude into them. The cavities and
the feldspar crystals are about the same length in any
one band, and most commonly are 8 to 10 millimeters
long but range in length in different bands from 2 to
30 millimeters. The feldspar is a microperthitic inter-
growth of orthoclase and albite and is associated with
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biotite, soda amphibole, sphene, apatite, and nepheline;
most of this last mineral has been altered to analcime.

Quartz syenite dikes.—Syenite dikes that contain
crystals and grains of quartz occur in several places in the
northern and northeastern parts of Granite Mountain.
A northeastward-trending dike along the top of the ridgr
in sec. 13, T. 1 N, R. 12 W., is similar in color and tex-
ture to the “brown granite” of sec. 35, T. 1 N, R. 12
W., which was described by Williams (1891, p. 20) as a
“miarolitic nepheline syenite dike.” However, careful
examination of most of the large rounded boulders of
which the exposures are composed will disclose a few
cavities or small vugs that contain one or more subledral
quartz cryvstals. These crystals are generally 3-5
millimeters in diameter, or slightly smaller than the
subhedral feldspar crystals with which they are associ-
ated. Rare anhedral quartz grains occur sporadically
in the compact granitoid rock.

Along the same trend, another dike was mapped by
Williams as a coarse-grained quartz syenite, in a tribu-
tary valley at the northeast end of Echo Valley, in the
SWYNWY sec. 24 and the EY sec. 23, T. 1 N, R. 12 W.
According to Williams (1891, p. 93-97) its recognizable
minerals are quartz in anhedral grains, orthoclase, and
plagioclase; the ferromagnesian silicate minerals, among
which aegirine can be recognized, have nearly all been
altered to a reddish-brown ferruginous substance.

Another light-brownish-gray dike, described by Wil-
liams as a fine-grained quartz syenite, is exposed in the
SEY%SEY sec. 13, T. 1 N., R. 12 W. The rock cuts
pulaskite and dips a little less than 40° N. in the quarry
of the Minnesota Mining and Milling Co.

Megascopically the rock is much like the miarolitic
nepheline syenite from the center of sec. 25, except that
drusy groups of quartz crystals, each less than 2
millimeters in diameter, in some places coat the faces of
euhedral feldspar crystals. Amber crystalline siderite
in a similar relation to feldspar was noted where the
dike was cut by the pipeline. The two minerals are
secondary but not necessarily contemporaneous in
origin.

Chemniical analyses of the coarse- and fine-grained
varieties of quartz syenite, published by Williams (1891,
p. 99), show that the silica content is 4 to 5 percent
higher than in the nepheline syenite of Pulaski County.

Two outcrop areas of a rock containing much quartz
have been mapped as quartz syenite. The smaller
exposure is in the flat bottom of Fourche Bayou in the
SEYSWsec. 21, T.1 N,, R. 12 W. The deeply weath-
ered rock at this locality consists of nearly equal
amounts of anhedral quartz and feldspar and a lesser
quantity of soft reddish-brown ferruginous matter.
The larger and more southerly exposure lies at the north-
east corner of a triangular terrace remnant in the NWY
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sec. 28, T. 1 N.,, R. 12 W. Much of the rock is similar
to that in the small exposure to the north, but quartz
is less abundant in the southern and southwestern parts,
where the rock is coarse grained and contains vugs in
which there are euhedral to subhedral feldspar and
quartz crystals as much as 30 millimeters in diameter.

Feldspathic veinlets containing quartz and amphibole,
locally miarolitic, were noted in a specimen collected by
E. F. Burchard {rom an outcrop near Bauxite, Saline
County (pl. 94). The veinlets, as much as 1 centimeter
wide, are nearly parallel and have been intruded into a
rock that probably was once a shale or sandy shale but
now is made up almost entirely of small feldspar grains
among which biotite flakes are scattered, some of which
show alinement.

MAFIC DIKE ROCKS

Many dikelike bodies of augite-bearing rocks cut the
coarse mnepheline syenite and pendant rocks of
Paleozoic age and are themselves cut by miarolitic
nepheline syenite dikes. On the geologic map (pl. 1)
these lamprophyre dike rocks have been meluded under
Williams’ name fourchite in the Granite (Fourche)
Mountain area. They are exposed along the slopes
of the mountain at the southwest end of Echo Valley,
as far as the summit of the ridge in the E sec. 33 and
adjacent parts of the NWY sec. 34 and the SW4SW
see, 27, T. 1 N., R. 12 W. The small exposures in
Saline County are not shown on the geologic map.

The typical fourchite is a bluish- to brownish-black
rock in which stubby phenocrysts of titanaugite, as
much as 5 millimeters across, are scattered through a
fine-grained matrix that contains considerable hydrous
iron oxide. In thin section some of the monochnic
pyroxene shows an hourglass and zonal structure
between crossed nicols. Leucoxene is scattered through
the rock in tiny transparent yellow globules. In one
thin section examined by R. L. Smith, a tiny veinlet in
the matrix is filed with analcime.

In Saline County 14 lamprophyre dikes, most of
which arein secs. 14, 16, 21,22, and 26, T.2S.,R. 14 W,
have been described in a tabulation by Kemp and
Williams (1891, p. 424-427, maps 3 and 3A). A nearly
circular monchiquite body, about 50 feet across that
cuts the nepheline syenite 900 feet south and 1,000 feet
west of the center of sec. 26 was found by F. A. Hilde-
brand during the present field mapping. Along the
southeast edge of this mass small angular gray fragments
of the syenitic wall rock, as much as 2 inches in diameter,
are scattered through the dark rock. Some of the
dikes are now covered by overburden stripped {rom the
bauxite mines, but several large ones are still accessible.

Most of the Saline County lamprophyres contain, in
the order of their abundance: phenocrysts of titanaugite
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in thick, light-brown, prismatic crystals that reach a
milimeter in length, basaltic hornblende in reddish-
brown prismatic crystals that reach 2 millimeters in
length; tiny pseudomorphs of serpentine minerals after
olivine; and small flakes of biotite. The groundmass is
partly glassy and contains small needles of apatite,
pyrite cubes, and feldspathic material probably includ-
ing orthoclase and plagioclase. Williams (1891, p.
150-157) called this type of rock an amphibole monchi-
quite. A similar rock in which the amphibole is
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