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INTRODUCTION

This guidebook was prepared for the 43rd Highway Geology Symposium’s one-day field
trip in northwest Arkansas, August 20, 1992. The primary purpose of the trip is to illustrate the
geotechnical conditions encountered at selected sites along the newly "relocated" U.S.
Highway 71. To illustrate the wide variety of geotechnical problems encountered in highway
construction in this region (including those caused by deep weathering, terrace deposits,
alluvium, soils, springs and other features), two additional stops on nearby highways are
included.

Rapid population growth and development in northwest Arkansas during the 1960's
created excessive traffic demand on the arterial highway system. Congestion along U.S.
Highway 71 caused undue delays in north-south traffic, particularly in the Fayetteville-
Springdale and Rogers-Bentonville areas.

Construction of the U.S. Highway 71 Bypass at Fayetteville afforded some relief in the
congestion; however, diverted through traffic combined with additional traffic generated by
rapidly expanding urban development caused the congestion to increase again. To alleviate
the congestion, the bypass was upgraded to a fully controlled access four-lane facility with
interchanges and grade separations.

This project was followed by construction of a connecting four-lane route for U.S.
Highway 71 between Fayetteville and Bentonville.

The Arkansas Highway Commission recognized the need for further improved road
facilities in northwest Arkansas and authorized two studies which established a north-south
freeway or expressway project for the U.S. Highway 71 relocation between the vicinity of Alma
and Fayetteville.

The Relocation Project is a four-lane controlled access facility extending approximately
43 miles from I-40 in Crawford County northward to U.S. Highway 71 Bypass at Fayetteville in
Washington County. The project will consist of two twelve-foot lanes in each direction
separated by a variable-width median. The right-of-way width will average 300-400 feet. Access
will be fully controlled with interchanges and grade separations (overpasses and underpasses)
at selected locations.

The design speed for the project is 65 mph. Roadway grades will be limited to 5
percent and maximum horizontal curves will be 5° 30’. The construction on the relocated U.S.
Highway 71 started near Alma in January of 1987. Some sections are scheduled for use in early
1995, and the anticipated completion date is the year 2000.

After travelling from Fayetteville to Fort Smith, the field trip proper begins at Fort Smith
in the mildly deformed shales and sandstones that underlie the gentle rolling landforms in most
of the Arkansas Valley (the Arkoma basin of the petroleum industry). The tour then proceeds
north from Alma to Fayetteville, crossing the rugged, highly dissected Boston Mountains
(southern Ozarks), which are underlain by nearly horizontally bedded massive sandstones and
less competent shales, with some fossiliferous limestones.

We gratefully acknowledge the contributions of Jim Gee and Jake Clements of the
Arkansas State Highway and Transportation Department, Division of Materials; Norman F.
Williams, George W. Colton, and Norma Lynn Kover of the Arkansas Geological Commission;
and Dr. Sam [. Thornton of the Department of Civil Engineering, University of Arkansas. Their
assistance in selecting field trip stops and in the preparation of the guidebook were truly
invaluable.
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GENERAL GEOLOGIC SETTING

(Note: The information included in this section has for the most part been
abstracted or adapted from many publications on the area, notably the reports by
Zachry and Harris, Brewster and Williams, Hendricks and Parks, Sutherland and
Manger, Haley and Hendricks, and Croneis. These publications are listed in the

accompanying bibliography.)

The field trip starts in the western part of Arkansas Valley section of the Quachita
province and continues northward across the Boston Mountains section of the Ozark Plateaus

province (Figure 1).
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Figure 1. -- Geologic provinces of Arkansas and nearby areas.

The exposed stratified rocks in the western part of the Arkansas Valley belong to the
Atoka, Hartshorne, and McAlester formations of Early and Middle Pennsylvanian age (Figure 2).
They consist mainly of alternating beds of shale and sandstone, but include some coal beds. In
this area they increase in thickness from about 7000 feet in the north to about 11,000 feet in the

south.
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Figure 2. -- Columnar section of rocks exposed in northwestern Arkansas.
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Gravel-and silty sand-capped terraces were formed by the Arkansas River and some of
its tributaries during Pleistocene time at several levels above the present river. Alluvium was
deposited in wide areas along the Arkansas River and its major tributaries, and in narrower
areas along the smaller streams.

Normal faults are abundant in the northern part of the Arkansas Valley -- and in the
adjacent southern Boston Mountains -, and vaguely defined folds with flank dips of from two to
five degrees are present. More intensely deformed folds, commonly with associated thrust
faults, appear successively to the south toward the Ouachita orogenic belt. :

The northern part of the Arkansas Valley area developed as a structural feature in
middle Atoka (Pennsylvanian) time as an extensional stress field broke the shelf into generally
east-trending normal faults with extensive down-to-the-south and lesser down-to-the north
displacement (Figure 3). Subsidence caused by the faults accommodated over 25,000 feet of
Atoka strata in the southern part of the basin adjacent to the Ouachita Mountains.
Approximately 2700 feet of lower Atoka rocks overlie the Morrowan (Pennsylvanian) section
immediately south of Frog Bayou (Stop 3), and up to 1500 feet are present in the Boston
Mountains to the north.

The Boston Mountains section is a dissected highland that extends from north-central
Arkansas to northeastern Oklahoma (Figure 1). Elevations in Arkansas range from 800 to 1000
feet in the valleys up to around 2400 feet on the mountains. The hilltops are flat, and the valleys
are generally steep-sided and have relatively narrow floodplains. Carboniferous strata in the
Boston Mountains are essentially flat lying and deformation is mainly confined to widely spaced
fault zones. Regional dip is to the south at approximately one-third of a degree. The boundary
between the mountains and the Arkansas Valley section to the south is the Mulberry fault north
of Alma, across which down-to-the-south displacement ranges from 2000 to 2500 feet.

The Boston Mountains are bounded to the north by the successively lower Springfield
and Salem plateaus and to the south by the Arkansas Valley section, a peripheral foreland basin
associated with the Ouachita orogenic belt in west-central Arkansas and east-central Oklahoma
(Figure 1). Paleozoic sedimentary rocks of Mississippian age crop out in the floor and lower
valley walls of deeply incised streams. The hilltops and most of the valley walls are underlain by
strata of Pennsylvanian age (Figure 2). Carboniferous rocks of the Boston Mountains overlie a
Paleozoic sequence that ranges in age from Cambrian to Devonian and has a thickness of 2000
to 2500 feet. Rocks ranging from Lower QOrdovician to Devonian are exposed, along with some
Carboniferous rocks, on the Springfield and Salem plateaus to the north.

A brief description of the Carboniferous formations and Quaternary deposits exposed
along the route of this field trip follows (Figure 2).

MISSISSIPPIAN SYSTEM
Fayetteville Shale (10-350")

Most of this formation is a black carbonaceous fissile clay shale in which clay ironstone
concretions are numerous. Locally a thin highly fossiliferous limestone occurs near the base in
northwestern Arkansas.

In the upper part of the Fayetteville Shale is a sandstone member, the Wedington,
which reaches a thickness of 200 feet, but commonly is less than 50 feet thick. The rock is
dense, hard, light gray to brown, fine-grained and generally thin-bedded. Locally, however, it
may be massive, especially where the sandstone is flaggy. '
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Figure 3. -- Generalized geologic cross-section across northwest Arkansas. (Adapted from M.T.
Roberts).

Where the Batesville Sandstone is present, it is conformably overlain by the Fayetteville
Shale. Elsewhere the Fayetteville lies upon the Boone, except for a few localities where it rests
on the Hindsville Limestone Member of the Batesville. The Fayetteville is overlain by the Pitkin
Limestone, probably disconformably. Where the Pitkin was removed by pre-Pennsylvanian
erosion, the Fayetteville is overlain by some part of the Morrow Group.

Pitkin Limestone (0-200")

The Pitkin Limestone is the uppermost formation of Mississippian age in northwestern
Arkansas. It outcrops from near Batesville in Arkansas on the east to near Muskogee in
northeastern Oklahoma. Typically the Pitkin consists of massive beds of compact, bluish-gray
limestone which in places is ferruginous and porous. Locally it may be sandy enough to show
indistinct cross-bedding on weathered surfaces. lts outcrop is usually a vertical cliff with large
blocks of the undermined limestone lying on the slope below. Most of the rock is fossiliferous,
bryozoans, corals, crinoids, and brachiopods being especially numerous.

The Pitkin rests disconformably on the Fayetteville Shale and is overlain by the Hale
Formation with disconformity, as shown by the irregular upper surface of the Pitkin and a
conglomerate at the base of the Hale.

PENNSYLVANIAN SYSTEM
Hale Formation (60-250")

The Hale Formation is the lowermost of the Pennsylvanian formations of northern
Arkansas. It extends from eastern Oklahoma along the Boston Mountain escarpment to the
vicinity of Batesville. lts thickness in northwestern Arkansas probably averages about 150 feet.

The formation consists of a shale-rich member below and a sandstone-dominated member
above.
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The lowermost part of the formation is a basal conglomerate composed of a ferruginous
limestone matrix containing pebbles of limestone, sandstone, and cement.

Above the basal conglomerate is a black clay shale with thin ripple-marked sandstones.
This shale is normally followed by a sandstone section including thin and massive beds. Above
these sandstones is a black fissile clay shale which in places contains much sandstone and
sandy shale. The upper part of the formation is characteristically a series of massive, brown,
cross-bedded, calcareous sandstones which develop a cavernous surface on weathering.
Lenses and beds of limestone occur throughout the sandstone and in places are as much as 50
feet thick.

The Hale is unconformable on the Pitkin, and north of the edge of the Pitkin, the
unconformity truncates successively older beds, finally bringing the Hale to rest upon the lower
part of the Fayetteville Shale. Where the overlying Bloyd is present, its contact with the Hale is
conformable. In some areas the Bloyd was removed by erosion and the Hale is overlain by the
Atoka Formation.

Bloyd Shale (0-350")

The Bloyd Shale is best developed in the western part of the Boston Mountains in
Arkansas where it is 200 feet thick. It thins to the north, east, and west but extends westward to
the vicinity of Muskogee, Oklahoma and eastward into Independence County, Arkansas.

The formation consists of shale and two limestone members. The lower part is a black
fissile clay shale 5 to 20 feet thick. Above the shale is the Brentwood Limestone Member,
composed of one, two, or three limestone beds, each 3 to 10 feet thick, separated by shales.
The limestones are impure, very fossiliferous, vary from fine-grained to crystalline, and are
locally cross-bedded.

Above the Brentwood is a black carbonaceous shale in which a thin coal bed occurs.
Above the coal-bearing shale is .\ne Kessler Limestone Member. It resembles the Brentwood in
general appearance, but is thinner, darker in color, locally conglomeratic and weathers into thin
shaly plates. The shale above the Kessler resembles the Fayetteville Shale but is somewhat
more sandy.

The Bloyd is conformable with the underlying Hale Formation and is overlain by the
Atoka Formation with a slight angular unconformity.

Atoka Formation (2300-10,000")

Rocks of Atoka age are exposed in Arkansas from the Boston Mountains escarpment
southward across the Arkansas Valley to the Ouachita Mountains. They extend from the Coastal
Plain westward into Oklahoma.

The Atoka Formation is the most widespread formation in Arkansas. It was named for
the town of Atoka, Oklahoma, near which it is well exposed. The formation ranges in thickness
from about 2300 feet in the Boston Mountains to about 10,000 feet in the central Arkansas Valley
section.

The Atoka consists predominantly of shale with lesser amounts of interbedded
sandstone. The shale is mostly black, carbonaceous, micaceous, sandy, and splintery. The
sandstone beds are white or light gray and coarse grained, or massive to gray or brownish and
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very fine-grained. All the sandstone is micaceous. Channel sandstones are rather frequently
found and there is considerable lateral gradation of sandstone to shale.

Conglomerates are prominent in exposures in the Ozark region, and coal beds are
found at several stratigraphic positions in the Atoka formation, but they are usually thin and of
limited extent.

The Atoka is underlain by the Bloyd Shale with a slight angular unconformity and is
unconformably overlain by the Hartshorne Sandstone.

Hartshorne Sandstone (15-300")

The Hartshorne Sandstone, named for outcrops near Hartshorne, Oklahoma, is one of
the important ridge-forming sandstones of the Arkansas Valley. lts area of outcrop is confined
principally to the western part of the Arkansas Valley. The formation typically is less than 100
feet thick, but locally may exceed 300 feet.

The Hartshorne consists of sandstone beds that are coarse-grained, massive and cross-
bedded where the formation is thick and generally fine-grained and thin-bedded where it is thin.
They are typically light gray to white in color and some are ripple marked. The thicker
Hartshorne sequences were probably formed as channel deposits. The formation rarely
includes invertebrate remains, but plant fossils are numerous. In some localities fossil forests
are found. Minor amounts of gray to black, sandy to silty shale are present in the Hartshorne.

The formation rests unconformably on Atoka rocks, and is overlain conformably by the
McAlester Shale.

McAlester Formation (500-1800’)

The McAlester Formaticn was named for exposures near the town of McAlester,
Oklahoma. The formation usually has a thickness ranging from 500-1000 feet, but reaches a
maximum thickness of about 1800 feet in the Poteau Mountain area south of Fort Smith.

The formation consists mainly of gray, sandy, micacous shale with some dark gray to
black, clay shale and discontinous beds of sandstone. Most of the sandstone is buff, fine -
grained, argillaceous, and micaceous, but some beds of white, coarse-grained, clean
sandstone are found. A number of coal beds are present in the McAlester. The most important
coal in Arkansas, the Lower Hartshorne coal, is the lower part of the McAlester. The McAlester
is overlain unconformably by the Savanna Formation.

QUATERNARY SYSTEM

Terrace Deposits (0-40")

Alluvial terrace deposits of Pleistocene age occur along the Arkansas River and to a
lesser extent along other major streams in the region.

The base of the highest Arkansas River terrace is about 50-60 feet above the present
river level. |t is restricted to only a few places, primarily because of subsequent periodic
reworking by the Arkansas River. The terrace is composed of rounded gravels of sandstone,
siltstone, chert, quartz, and mincr traces of igneous rock, with interstitial clay and sand.
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The lower terrace deposits are widespread along the Arkansas River and generally
occur about 20 to 30 feet above the present river level. They are composed of red silty clay
with small secondary, brownish-white limestone nodules. Generally, the terrace is very sandy.
Pebbles reworked from the high terrace deposits commonly occur near the base.

Alluvium (0-260")

Clay, silt, sand and gravel compose the alluvial deposits of the Arkansas River
floodplain. Near Fort Smith, the alluvium averages 70 feet, but may locally exceed 200 feet in
thickness.

Soils and Colluvium (0-107)

Throughout much of the Arkansas River Valley and Boston Mountains, soils and colluvial
slope-wash debris, usually varying from a few inches to about 10 feet in thickness, cover the
Paleozoic formations. These deposits are best developed on the flat-lying valley floors and
gentle slopes. On the steeper slopes and hills the deposits contain many locally derived
angular to subrounded pebbles and cobbles of siltstone, sandstone, and some limestone.
Irregular deep weathering often occurs in the Paleozoic strata beneath the soil and colluvial
deposits,and a few cavernous features occur in the Paleozoic limestone units. Some springs
are present either at the base of the soil and colluvium or within some of the Paleozoic units.
Large-scale mass movement of rock has occurred in several areas. It is most notably
developed at Devils Den State Park west of Winslow, where jumbled masses of sandstone
covering several acres in size have become detached and slid downslope from the bedrock
exposures.

ECONOMIC GEOLOGY

Some of the most prolific gas fields in the state are in the Arkansas Valley area between
stops 1 and 2 of the field trip. Most of the gas comes from sandstones in the Atoka Formation,
but in several fields Morrowan rocks are important producers. In the Boston Mountains at West
Fork and near Brentwood, several small natural gas fields produce from older sandstones. In
the Arkansas Valley, significant quantities of high-rank bituminous to semi-anthracite coal have
been mined, especially from the Lower Hartshorne coal. Rock aggregate is produced
commercially from the Hartshorne Sandstone and the Pitkin Limestone and other formations in
the region.
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