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THE CHALK OF SOUTHWESTERN ARKANSAS, WITH NOTES ON
ITS ADAPTABILITY T0 THE MANUFACTURE OF HYDRAULIC
CEMENTS.

By Josera A. TAFF.

INTRODUCTION.

The chalk and chalk-marl deposits of southwestern Arkansas were
first described by Mr. R. T. Hill in Volume IT of the Annual Report
of the Geological Survey of Arkansas for 1888. In addition to giving
a detailed description of the geology, Mr. Hill mapped the Cretaceous
formations in which the chalks occur. Special attention was directed
to their nature us true marine-chalk sediments.

In a chapter of the volume above cited Dr.J. C. Branner, then
State geologist of Arkansas, briefly described the manufacture of
Portland cement, and showed that the chalk of Arkansas compared
favorably with the best English chalk as cement material. After
further investigation of this region Dr. Branner published a paper on
Cement Materials of Southwestern Arkansas, in the Transactions of
the American Institute of Mining Engineers for 1897, pages 42-63,
inclusive. The chalk and chalk-marls were found to be more extensive
than had been before known. The deposits were more precisely
located and mapped, and their thickness and structure were shown by
sections. The differences in character of the separate chalk deposits
and the lithologic variation of each, as well as their quality as cement
materials, were brought out.

As a result of the work of the Arkansas survey public attention was
called to these chalk deposits, and an extensive Portland cement plant
was ostablished at Whitecliffs, one of the type localities where the
chalk is exposed in this region. At other localities, where lines of
transportation cross or approach the chalk deposits, an active interest
has been taken in them by property owners and investors of capital,
and a demand has been created for fuller information. In response
to this demand the following pages have been written. g
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694 CHALE OF SOUTHWESTERN ARKANSAS.

GENERAL GEOGRAPHY.

The chalk region of southwestern Arkansas lies in a broad, low plain
slightly inclined toward the southeast. The north edge of this plain
in southwestern Arkansas is the southern limit of the Ouachita Moun-
tain region. The border between the mountains and plain extends from
the vicinity of Malvern, on thte St. Louis, Iron Mountain and Southern
Railway, westward through Hot Spring County, and the northern por-
tions of Clark, Pike, and Howard counties, and across Polk County into
Indian I'urntcn_\ It is about 45 miles north of Rocky Comfort and
nearly 20 miles northwest of Arkadelphia, and is therefore beyond the
limit of the geologic map accompanying this report. The mountain
ridges making the Ouachita Range near the border are elevated generally
1,000 to 2,300 feet above sea, while the higher levels in the plain to the
south are not far from 700 feet above sea. The valleys in the mountains
are deep cut, often more than 1,000 feet, while in the plain few have
reached a depth of 200 feet. This plain, except where the land has
been cleared for cultivation, is densely forested. For this reason, and
since the plain is intricately dissected hy small stream channels, the
broad features of the plain are not readily recognized by the traveler,
From occasional eminences near the northern border of the plain, and
from the southern hills of the Ouachita Range, the broad and appar-
ently level plain may be seen to the limit of view toward the south.

Ouachita River, with its large tributary, Caddo Creek, Little Mis-
souri, West Saline, and Little rivers flow from the mountains into the
plain.  Little and West Saline rivers are tributaries to Red River,
while the others flow into the Mississippi.

GEOLOGY.

GENERAL GEOLOGY OF THE REGION.

The geologic map of the chalk region of southwestern Arkansas (PL
XLVII) is based upon the maps of the geological survey of Arkansas,
It combines the work of Mr. R. T. Hill, published in the volume
above cited, and of Prof. G. D. Harris, in the Annual Report of the
(reological Survey of Arkansas for 1892, Volume 11, modified in the area
of Upper Cretaceous rock according to observations by the writer.

The base map. furnished by the State land office and founded on the
general land surveys, was not adequate for accurate geologic mapping.
However, it was the only one available.

The widespread surficial deposits of Neocene and Pleistocene gravel,
sand, and clay so conceal the Cretaceous deposits in the densely for-
ested country of low relief that detailed geologic mapping can be done
only at the expense of great labor and much time.

The rocks in the area represented on the accompanying map as
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TAFF.] GEOLOGIC HISTORY OF THE REGION. 695

undifferentiated Upper Cretaceous, Eocene, and Neocene were placed
in the Eocene by Mr. Hill, though he explained that they were gener-
ally concealed by later gravel and sand. Mr. Harris determined, by
fossil contents, that Mr. Hill’s lowest Eocene formation, the Arkadel-
phia clay, as exposed at Arkadelphia, was Upper Cretaceous. From
this evidence, without heing able to map the Cretaceous-Tertiary part-
ing, he considered the base of the Eocene to be approximately as
shown on the map, south of the St. Louis and Iron Mountain South-
ern Railroad. It is therefore clear that this area of undifferentiated
rocks contains Upper Cretaceous, and probably also some strata of
Eocene age, concealed for the most part by Neocene gravels and sand.

Rocks in the area represented as Paleozoic have been classified pro-
visionally by the Arkansas survey as Lower Carboniferous. They
are sandstone and shale interstratified, and have not yieldea fossil
remains sufficient to determine their age with precision. Besides,
they have been excessively folded and worn down and have been con-
cealed, in the southern part especially, by gravel and débris, so that
the stratigraphic succession of the beds can be interpreted only with
much difficulty and uncertainty, if at all.

SKETCH OF THE GEOLOGIC HISTORY OF THE REGION, BEGIN-
NING WITH CRETACEOUS TIME.

All of the Cretaceous rocks in this region, so far as known, were
formed in the sea of materials brought in from the land, and of the
shells and skeletons of sea animals.

The Cretaceous sea was open toward the south and east and extended
into the region of the Gulf of Mexico. Itsshores ran generally east
and west, parallel with the Ouachita Mountain region in Arkansas and
Indian Territory, and curved toward the southwest in Texas. The
earliest shore line of this sea of which the rocks show record is in
central Texas, 300 miles southwest of Arkansas. When the shore line
was at this point all of the region tc the north of it was land. Asthe
surface of the country became lower, in part by being worn down by
erosion and in part by the subsidence of the land, the shore moved
northward. Several times during the advance of the sea subsidence
of the land ceased for a while and the shore line was temporarily sta-
tionary, or even, owing to elevation of the general land surface, moved
southward. During one of these periods near the middle of the Creta-
ceous, the shore receded many miles southward, but only to return
again farther north than before. During the slow northward progres-
sion of the shore rock materials from the shore were washed into the
sea, forming sediments. The sand, pebbles, and other coarse mate-
rials were not carried to a depth beyond reach of the waves and strong
currents and they formed the conglomerate and sand.  Farther out, in
greater depths of water, clay and lime were deposited, which formed
beds of clay, marl, limestone, and chalk.
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At the end of the Cretaceous period the land was elevated and the sea
returned southward. When the Cretaceous rocks were elevated into
land they were soft, as indeed most of them are at present, and during
the long interval since that time they have been worn down by erosion
and entirely removed from a large tract of country north and west of
the present Cretaceous border.

In the elevation of the Cretaceous rocks into land they were tilted
slightly in the direction of the retreat of the sea, so that the beds of
rock now dip toward the south and southeast at the low inclination
of 40 to 50 feet per mile.

At a relatively recent time the Cretaceous region of Arkansas and a
part of that in Texas have been overrun by bodies of water having
sufficient current and depth to transport and form large deposits of
gravel, sand, and clay. The areas of these gravel deposits are shown
upon the geological map as Neocene(?). They cover a large part of
the highland of the region.

From Neocene time down to the present the streams have worn
through these beds of gravel and sand or have modified them. They
have made wide valleys through the Cretaceous chalk and marls, as well
as gravel deposits, and in these valleys they have deposited finer sedi-
ments, which are illustrated upon the geologic map as Pleistocene,
The minor details of the topography of the area are thus due chiefly
to stream action in recent time.

THE CRETACEOUS FORMATIONS.

Previous to the present investigation of the Arkansas chalk deposits,
the writer, while a member of the Texas geological survey, had occa-
sion to survey the Cretaceous rocks of northern Texas and to study
the chalk formation, which is a member of them, from the vicinity of
San Antonio, Tex., to Red River west of the Arkansas region.

In order that the Cretaceous rocks of southwestern Arkansas may
be clearly understood, it will be necessary to discuss them in connec-
tion with the deposits of northern Texas, the nearest locality where all
the formations are completely exposed.

LOWER CRETACEOUS,

The Lower Cretaceous is represented in the Arkansas region by two
formations — the lower composed of sand and the upper chiefly of
limestone. The occurrence of the lower formation is shown upon the
map in the several areas near the north side bordering the Paleozoic.
The succeeding deposits of the Lower Cretaceous are known to out-
crop in this region only in a single small area at Cerro Gordo, on the
Little Missouri River, being elsewhere concealed by the post Creta-
ceous gravel and sand deposits and by overlap of the Upper Cretaceous.
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The lower formation, known as the Trinity sand, is composed chiefly
of fine, clean sand with pebbles at the base, and in some localities,
bowlders which have been derived from Paleozoic rocks similar to
those which oceur in the vicinity. In places this sand contains quan-
tities of fossil trees which were drifted into the sea from the land at
the time the sand was formed. The Trinity sand is the beach and
near-shore deposit of the Lower Cretaceous sea in the region of Arkan-
sas and Texas. It is found at the base of the Cretaceous resting upon
eroded surfaces of Paleozoic rocks and has a continuous outerop from
Murfreesboro, Ark., westward to the vicinity of Ardmore, Ind. T.,
and thence southward to central Texas west of Austin.

As the sea progressed northward, successive beds of marl and lime
sediments were laid down in the deeper water, with their edges coming
successively upon this sand toward the shore. Thus a large body of
the lower part of the succeeding lime formation laps upon and grades
into near-shore sand and does not occur in the northern part of the
Texas region and in Arkansas. Moreover, the limestone formations
that are found in Arkansas and in southern Indian Territory become

Arkadelohis, Ark,

R Shermarn,Tex,
T %‘% e i _' = S Rty

T —— e e L s
A e D ]

AustinTex

F1i. 67.—Diagrammatic section of the Cretaceons rocks in northern Texas and southwestern Arkansas,
1, white chalk; 2, blue marl; 3, sands at base of Upper Cretaceous; 4, Lower Cretaceons limestone;
b, sand at base of Lower Cretaceous,

much thicker southward in Texas toward the interior of the Cretaceous

sea. The relations and structure of the Cretaceous formations are

illustrated in fig. 57.

UPPER CRETACEOUS.

At the beginning of the Upper Cretaceous the region north of the
Brazos River in Texas was elevated into land or brought very near
the shore, but the rocks of the Lower Cretaceous were but slightly
eroded. The evidence of the elevation of the land and the retreat of
the sea southward is to be found in the sandy, shallow water deposits
that mark the beginning of the Upper Cretaceous, which are resting
upon the highest eroded surface of the Lower Cretaceous. These
sandy deposits are thick in north Texas and in Indian Territory, where
they show that the action of waves aided in the formation of their
beds, and contain leaves and stems of forest trees which were washed
in from the nearby land. Toward the south these sandy rocks grade
into marl and lime sediments, which rest upon the smooth undisturbed
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&
top of the Lower Cretaceous. This sandy lowest member of the
Upper Cretaceous is concealed in Arkansas by a post-Cretaceous
deposit of gravel and sand.

Limy clay and marl overlie the basal sand of the Upper Cretaceous,
and are in turn succeeded by the chalk.

The marl below the chalk is a continuous formation, which inereases
gradually in thickness from Austin, in central Texas, to the vicinity
of Whitecliffs, in Arkansas. At the former locality it is about 30 feet,
while at the latter it is nearly 300 feet in thickness,

|

/ THE CHALK—ITS ORIGIN, CHARACTER. AND EXTENT.
4 F o
- The white chalk is exposed from Austin northward to Sherman,

Tex., through a distance of nearly 250 miles, without appreciable
change in its thickness of nearly 600 feet and with a very slight varia-
tion in texture, color, and nature of the material.

When the chalk in this region was formed, the shore of the Cre-
taceous sea had passed so far north of the region that only small
quantities of sediment were brought from the land. It is supposed
that the sea was deep: at any rate. the bottom was below the reach of
the waves! It is considered that during a long extent of time the
conditions of the sea in this region remained nearly constant, while
the limy skeletons of countless microscopic organisms settled to the
bottom and formed the chalk.

In the vicinity of Sherman, a few miles south of Red River, the
chalk formation turns eastward and continues down the south side of
the river valley through Grayson, Fannin. Lamar, and Red River
counties and into the northwestern part of Bowie County. From the
last locality the chalk passes beneath the bottom land of Red River to
Rocky Comfort, in Arkansas. Farther east it comes to the surface at
Whitecliffs, on Little River, and Saline Landing on the West Saline
River. In the Arkansas region itis known as the Whitecliffs formation.

The outerop of the chalk from Sherman eastward into Arkansas is
nearly parallel to the Cretaceous shore, which runs east and west along
the old Ouachita Mountain Range. The increasing proximity to shore
is indicated by the trend of the Cretaceouns rocks, and by the change
in character of the chalk sediments which bear toward it.

The lower part of the thick chalk formation of north Texas changes
to marl in the vicinity of Sherman, and still farther east higher beds
successively become chalky marl, so that within a comparatively short
distance only the upper part of the chalk formation as it occurs farther
south is true chalk. In other words, the white chalk transgresses
upward in the series of Cretaceous rocks from the vicinity of Sherman,
Tex.. eastward into Arkansas, 8

The fossils of the main chalk which are not found below it in north
Texas, south of Sherman, occur in the chalky marl beneath the chalk
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from the vicinity of Paris, Tex., eastward. The fauna, including the
characteristic species of fossils, such as Kirogyra ponderosa, Gryphaa
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Fi6. 58.—Map of the chalk of north Texas and southwestern Arkansss,

wvesicularis, Ostrea larva, and others which oceur only in the upper beds
the chalk in central Texas are found in great abundance in the marl at
of the base of and beneath the white chalk in southwestern Arkansas.
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This white chalk grows thinner in outerop northeastward as it
approaches the Paleozoic border and elevated mountain districts until
it ends in chalky marl near the center of the Cretaceous area of south-
western Arkansas. Fig. 58 is intended to show the location of the
white chalk from central Texas to southwestern Arkansas,

The Upper Cretaceous of southwestern Arkansas, as indicated on
the geologic map (Pl. XLVII), includes the exposed chalk as well as
the marls both above and below it. The chalk outcrops of the region
are illustrated in figs. 59, 60, 62, 63, 66, and 69.

The marl above the white chalk, in Texas, continues upward through
many hundred feet to the top of the Cretaceous.

A second, thinner and less pure chalk formation occurs in southwest
Arkansas in the marl above the first white chalk of the Whitecliffs
formation. In distinetion to the first, this chalky bed is known as the
Saratoga chalk or chalk-marl. The name is from the town of Sara-
toga, Hempstead County, Ark., near which it is typically exposed.
It is separated from the white chalk by about 200 feet of blue limy
marl, and is succeeded by greensand and clay marls, which extend to
the top of the Cretaceous in the Arkansas region.

DETAILED DESCRIPTIONS OF THE CHALK AND CHALK-MARL.
WHITECLIFFS FORMATION.

The Whitecliffs formation in Arkansas occurs exposed in three
areas. These are in the vicinities of Rocky Comfort, Whiteclifts, and
Saline Landing, for which each areais respectively named. The loca-
tion of these areas is shown in the maps accompanying the detailed
descriptions of each. The formation is continuous from area to arca
beneath Neocene and Pleistocene deposits.

The formation is a white chalk which occurs bedded between forma-
tions of marl, into which it gradually merges.

In the westernmost area in this region the exact thickness of this
formation could not be accurately determined, but it is estimated to
exceed 100 feet. At Whitecliffs nearly 100 feet of the chalk is exposed
and the top of the formation is concealed. At Saline Landing a part
of the formation also is concealed. In the eastern part of Saline
Landing arvea, however, it is less than one-half the thickhess exposed
at Whitecliffs. In the vicinity of Okolona, 30 miles farther east, where
the strata are next exposed, the white chalk does not ocenr.  Thus it
is seen that the Whitecliffs formation oceurs as a wedge with its thick
end toward the west and coming to an end near the middle of the Cre-
taceous region of southwestern Arkansas.

ROCKEY COMFORT AREA,

Location and character of the surface.—The Rocky Comfort chalk
area lies in the rudely rectangular block of land between Rocky Com-

-
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fort and Walnut Bayou. It is approximately 2 miles long in a north-
east-southwest direction and nearly a mile wide. ) Rocky Comfort is
near the center of the northeast end.

The contact line at the base of the chalk on the northwest side, across
parts of sees. 21 and 29, is only approximately located, as it is con-
cealed by deep black soil which covers the white chalk and underlying
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Fis. 59.—Map of the Rocky Comfort area.,

blue marl alike. The parting line at the top of the chalk in sees. 32,
27, and 28, T. 12 S., R. 32 W.. is also concealed in places by gravel and
soil. .

Between Black Branch and Walnut Bayou the uppermost beds of the
chalk formation are overlain and concealed by a hummocky deposit
of second bottom sand and gravel. This second bottom is elevated a
few feet above the overflow limit of Red River, is nearly level, and
where uncultivated is covered by dense and tall timber.
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The outerop of the chalk terminates abruptly on the southwest side,
where it has been worn down by Red River and then covered by its
bottom-land deposit of fine silt. At high flood Red River overflows
to the chalk contact east of Walnut Bayou.

East of Rocky Comfort the chalk is concealed by highland deposits
of gravel, sand, and clay of variable but not great thickness. These
are the Neocene and Pleistocene deposits, which occupy a large part of
the region and are spread over the chalk formation between Rocky
Comfort and Whitecliffts Landing on Little River. In places this
surficial deposit is thin, and it is reported that in small areas in the
region toward Richmond the black =oil of the chalk or mar] is entirely
uncovered.

The strike of the chalk eastward follows an almost straight belt from
Rocky Comfort to Whiteclifts Landing beneath later deposits of gravel,
sand, and silt.  In this belt no true chalk outerops are known to occur.

East of the chalk outerop in the vicinity of Rocky Comfort the
gravel and sand deposits are generally of considerable thickness, and
it is not necessary to consider the chalk beneath them.

The topography of the chalk belt and of the adjacent marls is gently
undulating, and the valleys of Black Branch and its tributary streams
are not well defined except near the source of those streams which
flow from the more elevated gravel deposits on the east side. These
small streams near their sources sap the chalk from beneath the gravel
and sand by solution and headwater erosion, thereby cutting short
valleys 40 to 60 feet in depth. The lower ridges of chalky land rap-
idly decline from gravel tongues between the valleys to low divides
toward the interior of the chalk area. The chalk country betw :en
Black Branch and Walnut Bayou is practically flat, and west of the
“line road” is covered in part by a thin mantle of second-bottom silt.

The area underlain by the chalk and its underlying chalky marl is
occupied almost entirely by cultivated fields, while the bottom land to
the west of the chalk area and the highland gravel to the east have not
been denuded of the original forest except to a very limited extent.

The chalk and the chalk-marl above and below it dip toward the
southeast in this area, as do the same deposits elsewhere throughout
southwestern Arkan-as. A deep well drilled in the southeast corner
of section 28, for instance, would pass through the entire chalk ot the
Rocky Comfort area and penetrate the marl which crops out in the
black land belt northwest of it.

The thickness of the true chalk in this era is not known, but is esti-
mated to be about 100 feet.

Description of exposures.—The chalk which outerops in the vicinity
of Rocky Comfort is remarkably uniform in physical appearance.
It is massive, white, sufficiently friable to soil the fingers, and thin
pieces may be broken in the hands, hut the hammer is required to
pulverize the massive rock. On exposnre the chalk breaks into con-
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choidal fragments which weather to lumps and finally become chalky
dust. In the 50 to 60 feet exposed in the hillsides south of the town
the pedding is scarcely perceptible,

The composition of fresh chalk from the bed of the branch at the
base of the exposure is given in analysis No. 4, Table IIT (p. 735),
while No. 3 shows that exposed in the ditches, 55 feet higher. The
former is not many feet above the base of the true chalk and the latter
belongs near the middle. This chalk is, in physical appearance, like
that of Whitecliffs, and a comparison of the analyses with No. 9, that
of the chalk from Whitecliffs quarry, shows them to be practically the
same in chemical composition.

The lower beds are exposed by the road in the SE. } of the SE. 1 of
see. 21, T. 12 8., R. 32 W., also near the middle of section 21, with
chalky marl cropping below. These basal beds are more marly and
siliceous than those higher in the formation south of Rocky Comfort.

From the center of section 21 to the **line road” in the SW. 1 of
section 29 the chalk is concealed beneath residual black soil. At the
latter locality the chalk is well exposed in ditches and on high ground
along the road almost through the SE. 1 of the SW. 1 of sec. 29.
The lower beds of the formation are also exposed in the hill and blaff
facing the river hottom in the NE. 1 of the NE. } of sec. 31.

From the base of the chalk downward there is a transition zone of
bluish chalk-marl which grades down into still less chalky clay marls.
This transition chalk-marl is exposed at the contact in the SW. 4 of
sec. 29 and in deep ditches on the hill slopes below the Hopson grave-
yvard in the NE. { of the NE. 1 of sec. 30.

Analysis No. 2, Table III, is of a specimen of the transition chalk-
marl from the latter locality. While the analysis shows that the marl
contains 25 per cent of silica, sand is not visible. '

From sec. 30 northward to the Holman place, near the center of sec.
18, the marl is generally concealed by its residual soil. Grayish-blue,
sandy, chalky marl, partially indurated at the surface, crops out at the
Holman House and in gullies 500 feet farther west. This marl con-
tains numerous specimens of the large oyster Arogyra ponderosa besides
the small variety of Grypheea vesicularis and the other small shells so
abundant in the marls below the chalk in the vicinity of Whitecliffs.
This chalky marl is perceptibly more sandy than that higher in the
section immediately below the true chalk.

The crumbling edges of the chalk deposits erop out in the low bluff
of Walnut Bayou bottom from the NE. £ of the NE. 1 of sec. 30 south-
ward to the extreme south end of the chalk area in the SE. £ of the
SW. 1 of sec. 32. _

Excellent exposures of the chalk occur in and near the road in the
SW. 1 of the SW. 1 of sec. 32. 'The analysis of this chalk is given
in No. 1 of the table. The chief difference betweer tnis and the other
samples of the purer chalk analyzed is that it contains much more
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clay. The only perceptible physical difference, however, is that it is
a little harder.

A rather large exposure of white ehalk, of beds near the top of the
formation, appears on the Col. Henry Hawkins’s place, in the NW. }
of sec. 33.  About 4 mile southeast of the house in the SE. { of the
NW. § of sec. 33, the top of the true chalk and the base of the suc-
ceeding chalky marl is exposed. A thin mantle of gravel conceals part
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Fi1G, 60.—Map of the Whitecliffs area.

of both the chalk and the marl. The upper layers of the chalk are
also exposed south of the branch, in the SE. 4 of sec. 28.

There are smaller exposures of chalk in this region, but it is believed
that those above described are typical.

WHITECLIFFS AREA.

Location and surface features.—Theboundaries of thisarea were estab-
lished by traverse surveys, checked on section and fractional section cor- |
ners. and the errors of location are small. The map is shown in fig. 60.

The true chalk here exposed occupies parts of secs. 25, 26, 35,
and 36, T. 11 S, R. 29 W., and sees. 30 and 31, T. 11 S., R. 28 W,
and covers an area of about 600 acres.
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