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Abstract

Seven cross-strike structural discontinuities
(CSD's), 100 lineaments, and 8 allochthonous-block and
crustal-block boundaries, recognized by various
workers in the Central and Southern Appalachians, are
compiled on a side looking airborne radar (SLAR)
image mosaic of twelve 19x2° quadrangles to better
understand their relationship to the regional structural
framework. CSD's are broad zones of structural
disruption that may contain many lineaments of
varying size and orientation. Geologic and geophysieal
data suggest that some Appalachian CSD's and
lineaments are the surficial expression of
allochthonous-block and crustal-block boundaries. The
high-resolution, synoptic view and detailed expression
of surficial morphology on X-band SLAR images
provide a preliminary means of mapping CSD's and
lineaments on the basis of alignment or disruption of
structural and geomorphic patterns.

Of the seven CSD's, two appear to involve
basement, three appear to involve lateral ramps in
cover rocks above basement (zones where a thrust
fault transfers to a higher stratigraphic level along
regional strike), and two may involve both basement
and cover rocks. Of the 100 lineaments, 14 appear to
involve basement, 78 are restricted to the allochthon
cover rocks, and 8 may involve both basement and
cover rocks. Thirty~two percent of all lineaments are
attributed to the surficial expression of lateral ramps
while 48 percent are attributed to interruptions in
strike, such as regional-scale plunging fold noses and
geomorphic gaps.

CSD's and lineaments are an exploration target
for natural gas because they are areas where fracture
permeability is enhanced. The spatial relationship of
CSD's and lineaments to gas fields in the Valley and
Ridge province suggests structural eclosure of antielinal
traps due to differential movement associated with
lateral ramps.
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Introduction

The objectives of this investigation are to
compile data of cross-strike features identified by
various workers as CSD's, lineaments, and
allochthonous and crustal-bloek boundaries of a portion
of the Appalachian fold belt, to better understand
their relationship to the regional structurel and
physiographic framework. Although research on the
subject has been conducted for over 20 yeers, no
comprehensive review exists. Only those CSD's,
lineaments, and bloeck boundaries, which previous
workers defined by using field geologic and(or)
geophysical data are included; numerous lineaments
derived from image interpretations of the Appalachian
region (Trask and others, 1977, Reynolds, 1979, Carter,
1983, Wise and others, 1985, and Lang and others,
1985), which lack supporting geologic and geophysical
data, are not included; recognition of the same
lineaments by several authors suggests potential
structural zones. However, supporting geologic and

geophysical data are necessary prior to their
acceptance.
Terminology is confusing and warrants

explanation. Features described in this investiration
are classified as either lineaments (O'Leary and others,
1976) or CSD's (Wheeler, 1980). The distinction
between lineaments and CSD's is the degree of
geologic investigation of the features. Lineaments
"oresumably refleect a subsurface phenomenon"
(O'Leary and others, 1976) whereas detailed geologic
investigation of CSD's defines surface and subsurface
geologic phenomenon. Broad lineaments which are
expressed in geomorphie, structural, sedimentologic
and geophysical data may be classified as CSD'r if the
criteria by Wheeler (1980) are met. CSD's have been
termed structural lineaments. However, CSD's are
generally better defined and mapped than are
lineaments (Wheeler, 1980). The eclassification of
features by previous workers was generally accepted
by the present author; exceptions were features
initially termed lineaments, such as the Petersburg
(Sites, 1978), Tyrone-Mount Union (Kowalik, 1975), and
Modoe (Dean and others, 1979) (see map sheet) and
later called CSD's (Wheeler, 1980). In cases such as
these, the present author classified the features based
on the published data and the definitions of O'Leary
and others (1976) and Wheeler (1980).



The CSD's, lineaments, and bloek boundaries are
compiled and overlaid on a high-resolution, synoptic
SLAR image mosaic to enable the reader to make
correlations and interpretations of these possible
structures with respect to physiographic features (map
sheet). This compilation does not reflect the present
author's interpretation of the SLAR image mosaic.

Compilation

CSD's, lineaments, and allochthonous-block and
crustal-block boundaries reported in the geologic
literature were compiled on a USGS 1:250,000-scale
Universal Tranverse Mercator (UTM) base map reduced
to scale 1:500,000. Sources of error in the compilation
include cartographic inaccuracy by authors, differing
map projections, and geometric distortions inherent in
printing and reproduction. No attempt was made to
correct these errors while compiling the map. It was
decided that the amount of information shown on the
compilation may impede the interpretation of the
data. Therefore separate thematic maps (lineaments,
lateral ramps, CSD's, allochthonous/crustal blocks, and
the relationship of CSD's and lineaments to oil and gas
fields) were produced (figs. 2-6).

SLAR Mosaice

SLAR is an active sensor which uses electrical
energy, 3.1 cm wavelength (X-band) in this case, to
illuminate and image the terrain. SLAR return in
heavily vegetated terrain, such as the Appalachians, is
primarily influenced by the roughness . of the
vegetation canopy and by the dielectric properties of
the vegetation. Theoretically, as the wavelength of
the SLAR signal increases, penetration through the
vegetation to the soil and bedrock is possible (Raines
and Canney, 1980). High depression angles may also
account for some penetration of SLAR energy through
light vegetative cover (Correa, 1980). However, the
relatively short wavelength and low depression angle
of this SLAR (table 1) primarily provides backscatter
of the dense deciduous-tree canopy which generally
conforms directly to topography. The physiographic
expression provided by SLAR is unmateched, although
multispectral data provided by Landsat, as well as
color-infrared aerial photographs, enable the detection
of lineaments with geobotanical expression.

The base map for the compilation overlay is a
1:500,000-scale SLAR image mosaic econsisting of
twelve 19x2° (1:250,000-scale) quadrangle map-
controlled SLAR image mosaics (map sheet). Each
19x2° quadrangle image map consists of approximately
10 to 12 SLAR image swaths manually mosaicked and
geometrically controlled to identified points scaled
from the corresponding 1%x2° quadrangle map.
Contact prints at 1:500,000-scale, produced from film
negatives (50% photographie reduction), were manually
mosaicked. Specifications for the SLAR image data
are listed in table 1.

Regional Geology and Physiography

The area of study includes the Valley and Ridge
and Plateau provinces of a portion of the Central and
Southern Appalachians (fig. 1). This area is composed
of Paleozoic sedimentary rocks ranging in age from
Cambrian to Permian (fig. 1). With exception of the
"Ohio Line" (Hobbs, 1904), lineaments and CSD's are

restricted to the Valley and Ridge and Plateau
provinces. The Valley and Ridge province is bounded
on the east by the Blue Ridge province which consists
of Precambrian to Paleozoic age igneous and
metamorphic rocks (fig. 1). The sharp contrast in the
textural fabric of the igneous and metamorphic rocks
of the Blue Ridge province and the carbonate rocks of
the Great Valley to the west is readily seen on the
SLAR image (map sheet).

Surficial expression of anticlines and synclines,
due to thrust faulting and folding of the allochthonous
cover rocks (Rich, 1934) i.e., thin-skinned tectonics
(Rodgers, 1949), consists of resistant sandstone,
quartzite, and cherty carbonate rocks on fold limbs
which form long sinuous ridges with intervening shale
and carbonate-rock valleys. The anticlines result from
the imbricate stacking of strata by ramping thrust
faults, and the synclines are a passive product of
anticlinal growth (Gwinn, 1964). Broad fold amplitudes
in Pennsylvania change to narrow fold amplitudes in
the Southern Appalachians (map sheet). This is chiefly
due to deformation in the Southern Appalachians which
is dominated by thrust faults alternating with synelines
(Harris and Miliei, 1977). The regional northeast strike
of the Central Appalachians changes to east-northeast
at the Pennsylvania salient in the northern part of the
study area; the Central Appalachian northeast strike
changes to west-southwest at the juncture zone of the
Central and Southern Appalachians, in the southern
part of the study area (map sheet). The sharp change
in physiography from long linear ridges with trellis and
rectangular drainage to intensely dissected dendritic
drainage patterns (map sheet) reflects the contrast in
styles of deformation from folded and faulted rocks of
the Valley and Ridge to less deformed gently dipping
to flat-lying rocks of the Appalachian Plateau
(fig. 1). This change occurs at the Allegheny
structural front.

Compiled Elements

1) Lineaments

Lineaments have been defined as "mapable,
simple or composite linear feature(s) of a surface,
whose parts are aligned in a rectilinear or slightly
curvilinear relationship and which differ distinetly
from the patterns of adjacent features and presumably
reflect a subsurface phenomenon” (O'Leary and others,
1976). Central Appalachian cross-strike lineaments
were interpreted from geologic data by Hobbs (1904),
Rodgers (1963, 1970), Drake and Woodward (1963),
Gwinn (1964), Woodward (1968), and Kowalik and Gold
(1976). Hobbs (1904) identified the "Ohio Line" (map
sheet) extending from the Chesapeake Bay through the
Appalachians, paralleling the James River, to the Ohio
River, from the analysis of hydrographic and
topographic map separates. Based on patterns of fold
trends and subsurface struetures, Rodgers (1963, 1970)
suggested that lineaments in the Appalachian Plateau
province were strike-slip faults that bound the edges
of thrust sheets. Woodward defined the Cornwall
displacement, also known as the Cornwall-Kelvin
wrench fault (map sheet), using regional geologic
trends and Paleozoic isopach maps which suggest 80-90
miles of right-lateral movement across the Piedmont,
Blue Ridge, Valley and Ridge, and Plateau provinces
(Drake and Woodward, 1963). Using surface and
subsurface structural data of anticlines, Gwinn (1964)
proposed an origin for lineaments as zones where



























the Utah-Wyoming overthrust belt demonstrated that
lateral ramps can produce strike closure of paired
longitudinal oil and gas fields separated by high-angle
transverse faults (Boyer, 1985).

Structural interpretation of seismic data of the
Lost River, W.Va. gas field by Columbia Gas
Transmission Corporation defines the Lower Devonian
Oriskany Sandstone reservoir as an anticline with three
faulted domal highs along strike (Lang and others,
1985). Each domal high is laterally bounded by an
increase in number of subsurface antithetic and
synthetic thrust faults. Boyer (1985) suggested that
strike closure and four-way closure of hydrocarbon
traps in fold and thrust belts would not exist but for
the presence of lateral ramps. The southern structural
termination of the Lost River field corresponds with
the approximate locations of cross-strike structures of
Kulander and Dean (1978), Pohn and others (1985), and
Southworth (1986) (map sheet and fig., 6). They
attributed these cross-strike features to subsurface
lateral ramps. A density isopleth map of lineaments
interpreted from Landsat MSS image data (Lang and
others, 1985) shows the Lost River and Bergton gas
fields located on lineament density highs (fig. 6). A
fifth-degree lineament density isopleth map by Lang
and others (1985) mimies the subsurface strueture and
also corresponds with the southern termination. In
addition, a surficial cross-strike structure, initially
interpreted by Lang (1982) to be a lateral ramp,
approximately coincides with the location of the north
end of a southern structural high in the subsurface
Lower Devonian Oriskany (Lang and others, 1985), A
southwest to northeast profile of depth to Oriskany
from drill-hole data (Young and Harnsberger, 1955,
Patchen, 1968), defines a broad northeast-dipping
lateral ramp with over 3000 feet of relief between the
Bergton and Lost River gas fields. South of the
Bergton field, drill-hole depths to the Oriskany horizon
define a southwest-dipping lateral ramp which is
believed to be responsible for both the Parsons
lineament and closure on the Bergton gas field
(Simmons, 1983).

Pohn and others (1985) stated that the reason
for "nearly mutual exclusivity of (Central Appalachian)
gas fields and lateral ramps lie(s) in strike-slip
movement along cross-strike basement faults, which
underlie the lateral ramps... and gas which was
originally present in the subsurface could have leaked
out of the reservoirs through the shattered column of
rock." Recent gas discoveries at intersecting CSD's
(Patchen and others, 1985), which are attributed to
lateral ramps, disputes this model. Fracture-porous
CSD's containing gas sealed beneath an overriding
thrust sheet suggests that slickensided faults may seal
porous fractures (Gold and others, 1978). Likewise,
differential movement along the CSD or lineament
may have sealed porous and permeable fractures
across strike, by slickensides and ductile shale
flowage.

Additional fracture porosity and permeability
targets associated with CSD's and lineaments include
westward propagation of fractures, fractures in
footwalls and hanging walls of tectonic and lateral
ramps, and the juncture zone of fractures in a
decollement with CSD fractures.

Conclusion

Cross-strike structures of the Appalachian
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Valley and Ridge and Plateau provinces are abundant
and their mechanism of formation are varied.
Although analysis of their origin is speculative in
nature, some agreement exists. Five out of seven
CSD's are attributed to the surficial expression of
lateral ramps, and four of the seven CSD's may be
related to passive involvement of the bas=ment.
Seventy-eight percent of lineaments are restricted to
the cover rocks above basement while geophysie~1 data
suggest basement control on 22 percent. Thirty-two
lineaments are interpreted to be the surficial
expression of lateral ramps while 48 are interruptions
in strike of structural and geomorphic features. The
coincidence of lateral ramps with 32 percent of the
lineaments and 70 percent of the CSD's suggests that
lateral ramps may be more common it the
Appalachians than suspected; lineaments and CSD's
may refleet the surface expression of lateral ramps in
the allochthonous cover rocks.

The use of CSD's and lineaments have been
proposed for gas exploration in Devonian shales. based
on the high fracture permeability expected (Wheeler,
1980), and recent gas discoveries in the Lower
Devonian Oriskany Sandstone at intersecting CSD's
(Patchen and others, 1985) supports this model.
Tectonic transport associated with lateral ramps may
contribute to structural closure on subsurface
anticlinal traps of natural gas and subsequent sealing
of the reservoir by shale flowage; areas adjacent to
lineaments and CSD's may represent an exploration
target.
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