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A geometric andlor mechanical relationship between joints, fracture
traces', and lineaments’ has been inferred (Gold, et al., 1973; Gol'braikh,
et al., 1968; and Haman, 1964). 1In order to study the possible relationships
between linear features at different scales, linear topographic and tonal
features in parts of eight counties on the Allegheny Plateau (Figure 1) were
mapped and interprated from a Skylab-4 photograph® and part of a Landsat=1
infrared image".

Immediately adjacent to the area considered here, Lattman and Nickelsen
(1958) have shown that joint directions are typically subparallel co the
fracture traces and that the fracture traces peak from N20'W to W45 W near
Houtzdale. Elsewhere, in similarly undeformed strata, {lough (1960) and
Boyer and McQueen (1964) have shown that joints lie subparallel to fracture
traces; while Isachsen (1973) noted that many lineaments also parallel joint
trends on the Alleghenv Plateau, Lineaments in the area studied here also
lie subparallel te joints and to the fracture traces identified by Lattman
and Nickelsen (1958). This subparallel ,orientation of joints, fracture
traces, and lineaments suggests a genetic relationship for these features on
the Allegheny Plateau.

Procedure

Positive transparencies of the Landsat and Skylab images were viewed
on a light table and relatively short lineaments were mapped. The length
distributions of the Landsat and Skylab lineaments (Figure 2) are similar
except for the larger number of shorter Skylab lineaments. This indicates
that essentially the same population of lineaments were sampled in each case.

Tlinear features less than 1.5 km long (Lattman, 1958).

?Linear features greater than 1.5 km long (Lattman, 1958).

351908, 4 Jan 1974, Roll 91, Frame 324, color positive, 1:517,000 scale.
“Scene 1459-15221, 25 Oct 1973, Channel 7, 1:989,000 scale.
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Figure 1: Location of areas in central Pennsylvania referred to in this report.
The base map is the geologic map of Pennsylvania.
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Figure 2: Lineament length distributions intrepreted from Skylab and
Landsat images in the siudy area shown in Figure 1. The
shaded distributions a.« [or thce Landsat lineaments.




The lineaments were rated on a three-class ordinal scale of degree
of expression, and on a purely descriptive three-level classification of
lineament type (major streams, miunor streams, or tonal lineaments)., The
majourity of lincaments are mapped frou alignments of stream channel segments.
Orientation of lineaments were summarized using modified versions of
Podwysocki's (1974) orograws.

Biased Sampling

Wise (1968) has noted the lincawent sampling bias caused by
illumination from a point source, He showed that maximum enhancement of
lineaments occurred when the fncident light completely illuminates one
valley wall and just grazes the opposite wall. The enhancement of any
lineament is thus a function of valley wall slope and the orientation of
the lineament with respect to the illumination azimuth and vertical
illumination angle. The conditlons for maximum enhancement are illustrated
in Figure 3. Note that If the inclination augle exceeds the valley slope,
no shadow enhancement occurs.

The steepest valley walls in the area considered here are close to
32°. Outcrops of the resistance Pocono and Pottsville units approach 90° for
a few tens of feet in valley walls. It is doubtful that these cliffs cause
much shadowing. The lincaments enhanced to maximum visibility on the Skylab
photograph (209 sun elevation) therefore, should theoretically be oriented
between 40° and 90”7 to the illunination direction. On the Landsat image
(32° sun elevation), maximum enhiancement should occur for lineaments
oriented approximately 90° to the illumination direction. Conversely,
lineaments should be relatively obscured at angles from 0° (parallel) and
up to about 40° to the sun azimuth on the Skylab photograph and at nearly
all angles -- but especially parallel to the sun azimuth -- on the Landsat
image.

Figure 4 presents the total length versus orientation histograms for
the Skylab and Landsat lineaments Interpreted 1a the area. The Landsat
histogram shows a double NW peal and the Skylab histogram shows a single
broad peak at that position. he double Landsat peak appears to be primarily
a function of the lack of lineaments parallel to the sun azimuth. The ..
Skylab histogram also shows a decrease of lincaments near its sun azimuth.

The direction of maximum enhancement of the Landsat lineaments lies
near the bedrock strike direction, near which lineaments were purposefully
not drawn, Th» major N=-NW Skylab peak lies within the zone of optimum
enhancement of lineaments on the Skylab photograph. 1t appears that this
peak is real because the Skylab histogram does not show a svmmetrical peak
to the East of the mean strike direction where one one might also be expected -
as a result of lineament enhancement.

Current research by this avthor suggests there is a bias against
detecting linecaments parallel to the scane lines on Landsat images. The
Skylab photograph, which lac“s scan lines, also shows a decrease parallel
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to the Landsat scan line direccion (H??"Ml. however, suggesting that the
decrease in lineaments detecte. on Landsat images is not necessarily
artitically introduced,

Sorting of lineaments by degree of expression showed that the
straightest and best expressed lineaments lie between N4O“W and N60°W on
the Landsat image and between N10°W and §50°W on the Skylab photograph
(Figure 5). This difference may be a result of the scale difference
between Landsat and Skylab images, but the position of the respective sun
azimuths suggests that more well expressed Landsat lincawents may lie in
the general trend of N30°W as they do in the Skylab photograph.

It appears that if the illumination and strike biases were eliminated,
the orientations would be much less peaked. However, the peak of the best
expressed Landsat lineaments (Figrre 5) near the sunazimuth where )lineaments
should be relatively obscured must indicate an actual perferred orientation.

Comparison with Orientations of Joints

The major shale joint and coal cleat orientations in the Snowshoe
and Renova West Quadrangles (Nickelsen and Hough, 1967) are drawn on
lineament histograms of the area in Figure 6. A shale joint peak at N35%W
and a coal cleat peak at N25°4, both nearly perpendicular to bedrock strike,
correspond with the peak of the Skylab lineaments in that direction. A
poorer relationship exists between Landsat )lineawents and joints. This is
thought to be due to a significant illumination bias and the small sample
of Landsat lineaments within the area covered by the 15 minute quadrangle
maps. The histogram of all Laudsat lineuments within the area (Figure 4)
shows the major peak near the main joint trends of N35°-45°0 over the entire
area studied. (One may postulate thet the Landsat NW peak% should broaden
northward and be similar to the Skylab peak if the Landsat illumination bias
were not present.)

This agreement reflects the long observed and typical similarity of
stream channel orientations (here largely forming the lineaments) and joint
trends in undistuibed sedimentary rock (Van Hise, 1895; Hobbs, 1905; Stone,
1964; and Thornbury, 1966). Because of the great scale difference between
joints and lineaments, and because many lineaments cross drainage divides,
the structural significance of lineaments must be more significant than
simple parallelism with joints and reduced erosion resistance in the joint
divection.

Discussion

A second order relationship between lineaments of the size detected
here and joints of lower order as envisioned by Gold, et al. (1973) would
require changes in strike of 20 to 60", Tnstead, joint directions tend to
coincide with the strike of fracture traces and lineaments rather than lying
in symmetrical peaks at acute angles to the linear topographic and tonal
features. It seems likely that in undisturbed strata, joints and lineaments
are differently scaled affects of 2 continuvous range of natural linears of
similar origin. It is notable that body forces have been invoked to explain
the origin of joints (Hodgson, 1961), as well as of fracture traces
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(Blanchet, 1957) and of lineaments (Blanchet, 1957; Gold, et al., 1974).
Price (1966) pointed out tuat several workers have noted an inverse
ralationship between joint frequency and bed thickness, holding other
factors such as lithology and degree of tectonic deformation constant,
Lineaments may be produced by body forces acting on nega-layers of the
earth's cruast in much the same fashion that fracture traces may be produced
in structurally coherent thicknesses of strata. These same forces, at

much higher frequencies, may also provide joints parallel to the larger
lineaments in individual lithologlc units.

Summary

The histogram peaks of lineaments mapped from the Skylab photograph
at a scale of 1:517, 000, lie subparallel, within Zoﬂ,to major shale joints
and coal cleats on the part of the Allegheny Plateau considered hers, The
Landsat lineaments, mapped at 1:989,000 are biased by illumination and scan
line directions. While there is an illumination bias in the Sk)lab photo-
graph, its direct{or does not coincide with the main transverse lineament
trend, thus providing an independent assessment of the illumination direction
bias. The ceincidence in direction regardless of scale of the linear
features, in che area considered here, suggests a mechanical relationship
between joints, fracture traces and lineaments which is more consirtent with
a tensional model than a shear model of origin,

ORSER-SSEL Technical Report 12-75
The Pennsylvania State University
July 1975
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