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The purpose of this map is to compare major naturally
occurring rectilinear and elongate features that are express-—
ed at the surface of the earth. The four types of informa-
tion shown were mapped originally at a variety of scales on
different formats. The features are here combined at a
uniform scale to allow interpretation of relations and
significance. Descriptions are in order of history of
discovery or time of effective delineation.

FOLD AXES

The existence of folds in rock layers of the area has
long been recognized (for example, Maps of relevant
counties in Lesley, 1885). The axial trends of anticlines
and synclines shown on the present map are from maps by:
Ashley (1926); Butts (1904); Campbell (1902, 1903);
Ccardwell, Erwin, and Woodward (1968); Flint (1965);

Phalen (1910); Richardson (1904, 1934); Shaffner (1958);
Shaw and Munn (1911); Stone (1905, 1932); and Wagner and
others (1975).

In the eastern part of the map, rock layers are folded
into a well-organized pattern of anticlines and synclines
with well-defined axial traces that trend northeasterly
with relatively minor deviation. Progressively from south-
east to northwest, however, folds become broader and gentler
making precise definition of axial zones more difficult;
the sinuosity of axial traces increases from southeast to
northwest.

LINEAMENTS INTERPRETED FROM SATELLITE IMAGERY

The subdued trellis pattern of drainage in southwestern
Pennsylvania has long been plain from many maps of the area.
Only with the availability of imagery from the Landsat
(formerly ERTS--Earth Resources Technical Satellite) experi-
ments, however, has systematic investigation of larger
features associated with the pattern been feasible. By
interpretation of 1972 and 1973 Landsat-1 imagery, W.S.
Kowalik prepared a map for the Pennsylvania State University
showing lineaments in Pennsylvania and adjacent areas. This
map was published at the scale of 1:3,125,000 (1 cm equals
31.25 km) (Kowalik and Gold, 1976, fig. 1), and D.P. Gold
of the University's Department of Geosciences kindly made
available to us a larger scale (1:1,000,000; 1 cm equals 10
km) version, as well as copies of the imagery interpreted
and annotated by Kowalik. We transferred to the present
map all lineament information relevant to the map area, with
a minimum of adjustment. Kowalik's lineament classification
is retained on map and explanation (Kowalik and Gold, 1976,
p- 238).

Most lineaments shown are reflections of topographic
features, continuous or segmented river or stream valley
reaches. Others are based on differences in tonal density
of the imagery; their nature is less certain, but they also
are thought to be related to drainage (W.S. Kowalik, written
commun., 1976). Most lineaments identified by tonal dif-
ferences are classed as "marginally linear."

A few lengthy straight or only slightly curvilinear
topographic features which are clear from examination of the
topographic base map were not included in the Landsat-1
interpretation. Notable examples are the essentially north-
south 30-km-long lineament formed by Little Chartiers Creek
and a southward extension in Washington County and the 25-km-
long northwest-trending lineament formed by Breakneck Creek
and a northwestward extension in southwestern Butler County.

These and other drainage features probably were not
mapped as lineaments owing to a combination of several factors
listed by Kowalik and Gold (1976, p. 238-241), including
operator variability, bias owing to sun azimuth, operator
fatigue, and single-season imagery used in the interpreta-
tion. The essentially straight northeast-trending folded
mountains and intervening parallel valleys and their streams
in the southeastern part of the map also largely were not
included in the Landsat-1l interpretation owing to an effort
to avoid linear features chiefly reflecting differential
erosion along the strike of outcropping rocks (Kowalik and
Gold, 1976, p. 238). The satellite-imagery lineaments
presented here, therefore, represent a conservatively mapped
sample of actual lineament distribution.

AERORADIOACTIVITY ANOMALIES

During 1960, an airborne radioactivity survey of the area
(Bates, 1966) was made at a mean ground clearance of about
150 m. According to Bates, aeroradioactivity at that
altitude has three chief components; (1) cosmic radiation

the anticlines; there is a suggestion of a similar relation
in the vicinity of Waynesburg, Greene County, where an
anticlinal axis approximately coincides with a zone of
moderate radioactivity surrounded by areas with relatively
high aeroradioactivity. An irregular syncline in western
Armstrong County coincides generally with an aeroradioactivity
high, and similar relations are apparent locally along short
segments of synclinal axes in Armstrong and Indiana Counties.
In the southwestern part of the map, fold axes and
aeroradioactivity distribution show no clear correlations;
the large area of relatively high aeroradioactivity in the
area probably chiefly expresses conditions in outcropping
rock of the Permian Greene Formation (Pennsylvania Bureau

of Topographic and Geologic Survey, 1960). Elsewhere on the
map, fold axes and elongate aeroradioactivity highs cross
each other at angles approximating 45 degrees.

Fold axes versus satellite-imagery lineaments.--Many
lineaments that represent valley traces (classified A and
B on the map) are parallel or normal to fold axes. This
can be explained as an expected structural correlation;
patterns of jointing in this region largely are parallel or
normal to trends of Appalachian fold axes (Nickelsen and
Hough, 1967; Parker, 1942), and a not unreasonable corollary
is that the many similarly oriented valley segments are
entrenched in zones of rock weakness caused by the presence
of joints parallel to the valley segments. H.F. Ferguson
(1967) , however, has demonstrated that bedrock of valley
bottoms rarely is jointed. His evidence indicates that
joints in valley walls rather are results of release of stress
parallel to thalwegs owing to downcutting, and recent work
by Kohl (unpub. data, 1976) provides support for this theory.
Though the question of ultimate origin of straight valley
segments thus is open, orientations of the valley segments
plainly suggest some relation to Appalachian folding.

Numbers of the lineaments identified by tone (classified
C on the map) show similar relations to fold axes. The
well-expressed northeast-trending tonal feature through
eastern Washington County coincides with a synclinal axis.

Many satellite-imagery lineaments are at various angles
to fold-axis orientations, but locally some bear an apparent-—
ly systematic relationship to axes; note the "chevron"
relation of short lineaments to the anticlinal axis along
Laurel Hill in the zone centering about 16 km east-southeast
of Connellsville, Fayette County, in the southeastern part
of the map.

Fold axes versus Wagner-Lytle lines.--Wagner-Lytle lines
are defined on the basis of flexures and discontinuities in
fold axes, and the lines for the most part trend at angles
approximately normal to trends of undeformed segments of the
principal fold axes.

 Aeroradioactivity anomalies versus satellite-imagery
lineaments ..--Where elongate anomalies parallel fold axes,
the anomalies also modestly relate to lineaments normal to
the axes. Where aeroradioactivity highs trend north-south,
however, there is no consistent relationship, either in
lineament orientation or in the incidence of lineaments. For
example, northern and southern parts of the north-south zone
of high anomalies in the east-central part of the map coincide
with areas where many lineaments are identified, but the
central part of the zone is relatively free of lineaments.
On the other hand, lineaments that trend approximately north-
south are fairly common in much of the area of the map, but
they are about as common in parts where anomalies have other
trends than north-south or have no strong trends as they are
where anomalies are alined north-south.

Aeroradioactivity anomalies versus Wagner-Lytle lines.--
although very tenuous relations between Wagner-Lytle lines and
anomalies might be speculated upon locally, such relations
probably are coincidental. Most Wagner-Lytle lines cross
anomalies without apparent mutual cause.

Satellite-imagery lineaments versus Wagner-Lytle lines.--
Many lineaments trend northwest and west-northwest, and all
Wagner-Lytle lines have this general orientation. Though
Wagner-Lytle lines have been defined only in the Greater
Pittsburgh region, lineaments suggest possible continuations
of the lines. For example, the long B-type lineament through
the town of Indiana in the eastern part of the map is sug-
gestive of an extension of the northernmost Wagner-Lytle
line in Armstrong County; this speculation is reinforced by
the fact that the lineament traverses an area with a number
of apparent structural discontinuities.

DISCUSSION

With the exception of the north-south trending

locally exceed 13 km in east-west dimension, whereas flight
lines were about 1.6 km apart and 190 km long; at airspeeds
of about 320 km/hr, instrumentational or procedural lapses
of as much as 4 hrs would be required if such anomalies were
false; and (2) only the Fayette County-Armstrong County
anomaly and, to a lesser degree, the anomaly at the east
edge of the map persist across most of the area overflown.
The north-south anomalies probably cannot be laid to diurnal
or other periodic variations in cosmic radiation because
safeguards were taken to avoid such effects (Bates, 1966) .
One can say only that the north-south aeroradioactivity
anomalies appear natural but their trends currently are
unexplained. '

The sinuous low anomaly west of Pittsburgh coincides
with the valley of the Ohio River, which is formed at
Pittsburgh by the confluence of the Allegheny and
Monongahela Rivers. The anomaly may combine influences of
topography with lower aeroradioactivity over water and
alluvial areas, which are broader on the Ohio River than
along the tributaries.

APPLICATIONS

Fold axes have proved valuable guides to oil and gas
traps (Wagner and Lytle, 1976). Additionally, re-examina-
tion of trends of folds on existing maps may lead to
definition of more Wagner-Lytle lines. Wagner-Lytle lines
apparently are indicators of oil and gas fields, so further
testing of the concept may result in a useful tool for
petroleum exploration in southwestern Pennsylvania and
elsewhere.

Concerning certain satellite-imagery lineaments, Gold,
Alexander, and Parizek (1974, p. 52-53) wrote the following.
The parenthetical insertions are theirs.

"If the lineaments observed overlie fracture zones
(as suspected) and prevail to depths corresponding
roughly to the same order as their length (as implied
by theory), then these implications are important to
(1) stream and river control and the evolution of
landscape, (2) ground-water movement, (3) oil and
gas migration and leakage, (4) underground gas storage,
and (5) engineering foundation exploration, analysis,
and design."

Other potential applications include identification of
areas where fracturing may cause unusual roof failure and
water problems in mining and tunneling (Overbey and others,
1973) .

The suggested applications may prove useful along a
single lineament, and it is reasonable to expect that strong-
er correlations may be found where two or more lineaments
cross or cluster. For example, ground-water yields from
bedrock aquifers in southwestern Pennsylvania generally are
low, but drilling in areas where satellite-imagery lineaments
intersect may find enhanced yields.

The original intent of the aeroradioactivity survey
(Bates, 1966) was to provide a data framework against
which changes in radioactivity could be measured; the data
is still used for this purpose. In addition, Lundberg
(1952) and others suggest that aeroradioactivity in some
settings may be a guide to concentrations of petroleum.

A few o0il and gas fields in the Greater Pittsburgh region
have irregular north-south elongations in areas roughly
coincident with north-south aeroradioactivity anomalies
(Lytle and Balogh, 1975), lending support to this potential
application.
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