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ABSTRACT

Aerial photography has been employed o map stratigraphic and structural features in
the Boston Mountains of Washington and Crawford Counties, Arkansas. Exposures of resis-
tant stratigraphic units within the lower Atoka Formation were delineated on a series of
large scale aerial photographs over an area of about 150 square miles. With the aid of a
Bausch & Lomb Zoom Transter Scope, the positions of the units were subsequently trans-
ferred to 1:24,000 scale topographic base maps. The presense of east trending anticlines and
synclines and a series of low displacement normal faults is reflected by either gradual or
abrupt changes in elevation of the mapped units. The technique allows a substantial reduc-
tion in the amount of time and effort required to complete geologic mapping of such

features.
INTRODUCTION

Geologic mapping of the gently deformed sedimentary rock of
northern Arkansas involves the | jon of strati hic units on
topographic maps. Structural deformation is shown by elevation
changes of these units, as determined I:ry ruld tnveuug.ullmu The

Arkoma basin (Chinn and Konig, 1973), The late Paleozoic Ouachita
Orogeny produced a series of gentle east trending folds across the
area. In northern Crawford County, these structures exhibit flank
dips of from three to five degrees, and have been recognized in the
field by Purdue (1907), Croneis (1930) and others, To the north, in

field work involves the tracing of ing of
rock secti and the determi of 1 t!u.' true strike and dip of bed-
ding at many points.

Recent investigations at the University of Arkansas at Fayetteville
show that accurate geologic maps may be produced directly from
aerial photography, Such maps show the aerial extent of stratigraphic
units and the location of folds and faults. Concurrent field studies are
used to confirm the accuracy of the photo-mapping in problem areas
and to establish a lithic description of the stratigraphic units mapped.
Ti ing field ies are thus held 1o a minimum,

REGIONAL GEOLOGY

Photogeologic mapping of portions of Washington and Crawford
Counties of northwest Arkansas, has been completed recently, The
mapped area covers a part of the western Boston Mountains where
local relief ranges from 500 to 1000 feet.

The stratigraphic sequence in this area consists largely of Mor-
rowan and Atokan age rocks (Fig. 1), The most widely exposed unit is
the Atoka For ion which ists of interbedded sandstone and
shale, Sandstone bluffs of the basal Atoka cap the mountains in the
northern portion of the area, but to the south, the formation makes
up most of the exposed section. The Atoka thickens to the south in
the Arkoma basin.

The Atoka Formation was named by TI.H and Ad.lml in 1900 for a
sandstone and shale unit in the Ouachi of Okla-
hnm- szn ( 1930) uppliad the name to the post-Bloyd rocks of the
g the name Winslow Formation of Adams
and Ulrich (1904). Henbest {1953) named and described a basal
member of the Atoka, the Greenland Sandstone, for exposures in
Washington County. A further subdivision of the Atoka Formation
was attempted by Lamb (1974) while working in the Fern Quadrangle
of northeast Crawford County.

In 1975, Young reported two thick, mappable sandstone units at
the base of the Atoka in the Lee Creek area of south central Washing-
ton County. The base of the first sand unit is sep d from the
underlying Kessler Limestone Member of the Bloyd Formation by a
shale interval (Trace Creek Member) which ranges in thickness from
50 to 130 feet. The second sandstone unit is separated from the first
by a thinner interval of shale. Hoover (1976) and Kelley (1977) ex-
tended Young's first and second Atoka sandstone units across south-
ern Washington and northern Crawford Counties by carefully tracing
their outcrops on lem] phmop‘nphl In Mmany aroas, the two sand-
stones form a di ledge e with a
bench developed on the inlmcmng shllc

The Boston Mountains of Washington snd Crawford Counties
include portions of the north Arkansas structural platform and the
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Figure 1. Stratigraphic sequence in the Boston Mountains of Wash-
ington and Crawford Counties, northwest Arkansas.
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Washington County, the amplitude nl these east lmndlng folds de-
creases, until the str can be d i only by the ob-
servation of changes in elevation of slrll:igraph.lc contacts, A series of
broad northeast trending folds of Morrowan age has been described
by Quinn (1959) and others. Subsidence of the Arkoma basin has
been cited as the cause of some normal faulting, as has uplift of the
Ozark dome to the north (Diggs, 1961). Solutioning of subsurface

carbonate rocks along pre-existing zones of weakness has din

Hllumination controls permil the operator to alternately concentrate
his attention on either the pholography or the map. A zoom magni-
fication capability allows the photograph to be magnified up to 14x,
while the base map is viewed at a constant 1x magnification. This
feature permits the registration of small scale photography 1o large
scale maps, Geometric distortions in the photography, arising from
either aircraft instability or relief displacement, may be minimized by

localized subsidence structures which complicate the regional struc-
ture (Quinn, 1963). All of the above leatures are superimposed upon
a gentle (25 to 50 ft/mile) regional dip to the south.

METHODS

Geologic mapping from aerial photog; aphy requi itable topo-
graphic base maps, high qunlity gery lnd i strati hi
rock units that are well d on the p 2 . Suitable 7V4-
minute maps are now available for most of the chon Mountains and
have served as the base for photogeologic mapping.

High quality black and white aerial photography, ranging in scale
from 1:20,000 to 1:40,000 may be obtained from the Arkansas High-
way Department, the U S. Dcpartmn—m of Agriculture (A.5.C.S.) and
other agencies. This photography must be of high contrast. free of
serious distortions, and must possess adequate overlap and sidelap
between adjacent frames, to permil stereoscopic viewing. In addi-
tion, the photography should have been obtained when broad leaf
trees were defolinted, because many outcrops will otherwise be ob-
scured,

Sandstone units of the lower Atoka Formation are ideal for photo-
geologic mapping purposes. Each of the sandstone bodies, which are
bounded above and below by non-resistant shale, forms either a prom-
inent bluff or perhaps only a narrow zone of increased slope, These
slope differences are due to thickness changes of the unit, local
drainage features, and/or the position of the sandstone on the hill-
side. In any case, these units nearly always have photographic ex-

pression and may be traced with confid on ster pic photo-
graphy.
The of photogeologic mapping depends upon the familiar-

ity of the interpreter with the pologn: physmgﬂphlc and cultural
features of the mapped area. Such [amiliarity can be obtained only
through study ol these leatures in the ﬂcid in combmunn *‘lth a

dj t of the room magnification and anamorphis correction
controls of the Zoom Transfer Scope.

The accuracy with which the mapping units may be positioned on
topographic maps is variable. In areas of good exposure, where many
control points are available, the tops of the units may be positioned
to within 10 feet of their true elevation on 20 feet contour interval
base maps. In places where exposures are poor and good control
points lacking, errors in positioning may exceed 30 feet, Although
such errors tend to obscure subtle siructural features, associated
dips of one to two degrees result in elevation changes of over 100
ft./mile, which are readily discernible.

RESULTS AND DISCUSSION

The procedures outlined were used to produce a photogeologic
map of a 150 mi’ area in Washington and Crawford Counties. Al—
though the initial aim of the project was to delineate str
features, a further stratigraphic subdivision of the Atoka Formation
was achieved. It was discovered that a third sandstone unil,
separated from the two lower sandstone units by a thick shale inter-
val, could be mapped across the area, This unit often forms a bluff
above a broad bench de d on the und g shale. Anoth
thick shale interval often overlies this third sandstone, so that a
prominent bench usually develops higher on the hillside as well.
Across the area, the “double ledge” of the basal Atoka sand units
often combine with the single bluff of the third sandstone 1o form a
distinctive pattern on aerinl photography.

Changes in elevation of the map units permitied the delineation of
a number of east trending structural f .In the M inburg
Quadrangle of northern Crawford County, the photographic data re-
flect the presence of all the folds mapped by Croneis (1930) in that
area, In Washington County, the trace of the Evansville Creek
synclmc and associated Devils Den fault are well defined on the

study of their appearance on aserial p graphy and topograp
maps.
The first task in the mapping p is the d ion of the rock

uml: on the photography. A mirror stereascope equ:ppad with a

lar lens h is used to study stereo pairs of photo-
graphs. Acetate overlays are placed on each frame and the position
of the top of each rock unit is highlighted on the overlays with
colored ink. In some areas the units may be traced rapidly over
ground distances of several miles. However, in areas of poor ex-
pasure or in fault zones the mapping must proceed more slowly and
sometimes requires supporting field wurk.

The transfer of the units from the p hy 10 top phic base
maps is accomplished primarily by compnrlng relief, dmlnage and
cultural features as they appear on uu maps, with the images of these
same [ on the ph . The location of the upper
boundary of rock units close 1o :heu features can then be accomp-
lished.

Throughout the Boston Mountains differential erosion of the sand-
stone and shale of the lower Atokn Formation has produced a series
of bluffs and benches. Farmers often clear the gently sloping benches
of vegetation, leaving the steep bluffs in a natural state. On both the
photography and the topographic maps, the boundary between a
cleared bench and the top ol the adjacent wooded blulf (and thus,
the top of a sandstone unit) is sharply defined. The position of the
mapping unit may be drawn directly onto the map, along the down-
hill side of the cleared bench. Other cultural features, like farm
buildings. stock ponds and roads also aid in positioning rock units. In
the absence of cultural feaures, positioning of the mapping units re-
quires close attention to their effects on drainage patterns and
topography.

le lvailnlnlity of a Bausch & Lomb Zoom Transfer Scope makes
P g of aerial photographs and base maps.

logic map and in the field. Features described for the first
time mclude the east trending Union Star syncline and Boyd Hollow
anticline, which are located in the upper Lee Creek area, These
sir lie i ly south of a small gas field at West Fork,
Arkansas. The presence of these folds was confirmed in the field,
along with that of several small, previously unmapped faults in north-
ern Crawford County,

In a number of plmes where loldmg andfor faulting had been re-
ported by previous ir igators, the pl graphic data does not sup-
port their existence. Fm' example, u\-nral of the east trending folds
which were reported by Johnson (1963), Kimbro (1960) and others to
extend across the area appear to be di i at best, In addi-
tion, northeast trending folds reported by Quinn (1959) and others
were not detected on either photogeologic maps or structural cross
sections prepared from these maps, A | dip of apprc
one hall degree to the south was observed on a cross section extend-
ing from near Brentwood to M i g. This dip the top of
the third Atoka sandstone to be lowered about 600 feet over a dis-
tance of approximately 14 miles.

A roml of 13 fold axes and four fault traces were defined by the
photographic data of this study. The fact that most of these features
had been mapped previously is presented as evidence of the reliabil-
ity of the mapping method. The larger structures, which most work-
ers readily recognize in the field, are easily identified on the photo-
geologic map. In certain areas however, the photographic data sug-
gest interpretations which are at varinnce with past field mapping.
Interestingly, many of the field workers could not themselves agree
on the origin and location of the structures, In certain cases data
from aerial photographs may be of higher reliability than data ob-
tained by normal field methods. Photographic data are compiled
under uniform conditions within a short interval of time. It also al-
lows very low magnitude dips to be determined over wide areas.
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Local anomalous dips that are associated with non-tectonic features
are eliminated.

Resulis from this mapping project have encouraged further pholo—
sculnglc study to the east in southwest Madi County, Prel
mapping in that area indicates the persistence of all three ttvwcr
Atoka sandstone units. In addition, data have been obtained which
will assist in describing the character of deformation in the Drakes
Creek fault zone. If available, 11.5.G.S. oﬂhophotoqusdn will be
used in the confirmation of phumgmphic mapplng in this area, Given
the requirements noted earlier, p ise to
aid considerably in the solution of smugnphic and structural prob-
lems throughout the Boston Mountains,
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Figure 2. Aerial photograph of H i M i nw

hington County. North is to left, scale is approximately 1:31,000, First,

second and third sandstone units of the lower Atoka Formation form prominent bluff lines on the mountainside. All units dip to the southeast,
into the Drakes Creek fault zone. U.S.D.A. (A.8.C.S.) photograph, March, 1972,
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