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ABSTRACT 

Photogeologic fracture trace and lineament mapping and analysis in 

the Wartburg Basin reveals important new information on the nature of 

fracturing in this area. 

Fracture traces and lineaments were mapped on ASCS black and white 

panchromatic aerial photographs and NASA high altitude color infrared 

imagery. To check the accuracy of the linear feature map, bedrock joint 

orientations measured at eighteen field sites were compared to histograms 

of photogeologic linear feature orientations surrounding each site. 

Similarities were found to exist between a number of the histograms. 

Dissimilar histograms were probably a result of either limited bedrock 

exposure or low photogeologic fracture density for that area. 

Examples of alignments in soils, vegetation and topographic-

erosional features were examined in the field. The soil fracture trace 

was composed of a dark alignment of soil with a dark green, lush 

vegetation covering. The alignment of vegetation consisted of a line 

of moisture-loving, dark-colored hemlock trees, probably due to 

groundwater seepage associated with a zone of bedrock fractures. For 

field sites containing erosional alignments which crossed bedrock 

exposures, strike maxima of bedrock joint histograms corresponded 

closely to the orientation of the photogeologic linear features. 

The photogeologic linear feature map was analyzed by contouring 

fracture frequency (similar to fracture density) for two quadrangles. 

A comparison of the fracture frequency maps to geologic maps shows 
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that, in general, photogeologic fracture density increases on the 

flanks and noses of folds where maximum folding has occurred. Fracture 

density was the lowest in areas where extensive strip mining and 

alluvium have obscured the photogeologic linear features. 

To summarize the orientation data, histograms of lineament and 

fracture trace orientations were drawn across the study area. Using 

local fold axes in the eastern part of the study area as a reference, 

fractures appear to have originated from both tension and shear stress 

with tension fractures forming the largest class. 

Data collected during this study indicate that photogeologic 

linear features can be used in this area not only for locating zones 

of increased fracture density reflected by individual fracture traces 

but also for locating local gentle folds. In unmapped areas of the 

Wartburg Basin, this technique might be useful for locating 

oil-bearing structures. 
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CHAPTER I 

INTRODUCTION 

General Statement 

Photogeologic lineaments and fracture traces are noncultural 

linear features consisting of topographic, soil color, or vegetation 

alignments which can be mapped on remotely sensed imagery (Lattman, 1958) 

Because they are thought to represent fractures or zones of increased 

fracturing, photogeologic linear features are useful tools for 

studying the geology of an area. Over the years, photogeologic linear 

features have been used for a wide variety of investigations such as; 

petroleum exploration (Blanchet, 1957), groundwater hydrology 

(Moore et al., 1975), and mineralization (Moore and Hollyday, 1976), 

Photogeologic linear features have also been used in regional 

tectonic studies (Gold et al., 1973; Gol'braikh et al., 1968). 

This paper is primarily concerned with lineaments and fracture 

traces of the northern portion of the Wartburg Basin, Tennessee 

(Figure 1), and their relationship to the local structural geology 

of that area. 

Previous Investigations 

In 1911, Hobbs recognized a world wide fracturing pattern from the 

analysis of drainage lines. Hobbs called these lines "lineaments— 

significant lines in the earth's surface." 
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Kaiser (1950) observed that lineaments are associated with zones 

of closely-spaced joints. He also noted that lineaments are often 

associated with minor changes in strike of sedimentary beds. Kaiser 

defined lineament as: 

A straight linear feature that is at least many hundreds of 
feet and commonly many miles long. Lineaments are well 
shown on aerial photographs and may consist of (1) linear 
topographic features, either trenches or ridges; (2) linear 
vegetation patterns; or (3) linear patterns of soil color 
or texture. 

In 1957, Blanchet detailed the steps of a photogeologic fracture 

analysis including instructions for: mapping lineaments on aerial 

photographs, drawing azimuth frequency diagrams, and drawing a 

"fracture-incidence map" which shows the number of fracture traces 

per unit area. 

Slusarski (1979) compiled a lineament and fracture trace map in 

an area of the Wartburg Basin to the south of this thesis study area. 

Slusarski found similarities of strike maxima between photogeologic 

linear features and bedrock fractures. He concluded that although 

the bedrock for most of the Wartburg Basin is obscured by soil and 

dense vegetation, photogeologic mapping can be used to interpret 

bedrock structures. As far as this author could determine, no other 

photogeologic fracture analysis has been completed for the Wartburg 

Basin, Tennessee. 

Purpose 

The objectives of this study are: first, to compile a photogeologic 

linear feature map of the northern portion of the Wartburg Basin; 



second, to determine if photogeologic linear features drawn by this 

author reflect bedrock structural elements; third, to determine how 

lineament and fracture trace orientations might change across the 

basin; and fourth, to determine how the linear feature frequency 

distribution changes in relation to lithology and structural geology 

of the area. 

In order to complete these goals, the project was divided into 

four phases. The first phase consisted of mapping lineaments and 

fracture traces on aerial photographs and transferring them to 

topographic quadrangle maps. During the second phase, bedrock joints 

were measured and photogeologic linear features were studied for 

nineteen field sites. The third phase consisted of comparing the 

strike of bedrock joints with the orientations of photogeologic linear 

features by means of circular histograms. Also, operator consistency 

was checked by repetitive mapping of linear features for three 

photographs. The fourth phase involved the interpretation of the 

linear feature map. Two methods were used to summarize the data on 

the map: rose diagrams of linear feature orientations drawn at 

intervals across the map and a contour map of lineament and fracture 

trace frequency drawn for two of the topographic quadrangles. 



CHAPTER II 

THE STUDY AREA 

Location 

The study area is the northern portion of the W^rtburg Basin, 

Tennessee (Figure 1). The area includes part of both Scott and 

Campbell Counties. Parts of the following eight topographic 

quadrangles are included in this study: Winfield, Kitchen, Jellico 
i 

West, Jellico East, Oneida South, Huntsville, Pioneer, and Ivydell. 

The total project area covers approximately 239 square miles 

(619 square kilometers). 

The Wartburg Basin is a subprovince of the Cumberland Plateau 

Physiographic Province. It is bounded by the Jacksbbro and Pine 

Mountain Faults on the northeast, by Walden Ridge on the southeast. 

and by the Emory River and Whetstone Mountain Faults on the southwest 

(Wilson et al., 1956). The western boundary of the Wartburg Basin has, 

at present, been defined arbitrarily (Wilson et al., 1956) as shown 

in Figure 1. During the course of this investigation, the author 
i

could find no evidence to dispute this arbitrary boundary. However, 

within the study area, there does appear to be a gradual change in 

the terrain, from the Wartburg Basin to the adjacent Northern 

Cumberland Plateau. Therefore, a physiographic boundary based on a 

complete terrain analysis (using altitude, relief, dominant geology, 

drainage pattern, characteristic plan-profile, and so on) would 
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probably prove to be superior to the present arbitrary boundary 

(Oilier, 1977; Van Lopik and Kolb, 1959). However, such a terrain 

analysis is far beyond the scope of this study. For this reason, 

the arbitrary boundary drawn by Wilson et al. (1956) is used as the 

western edge of the research area. 

There were several reasons for selecting this area for a lineament 

and fracture trace study. Tennessee has had few fracture trace and 

lineament studies; and, in the northern part of the Wartburg Basin, 

no such studies have been made as far as the author could determine. 

However, studies of lineament and fracture trace patterns are needed to 

assist the active petroleum exploration in this area. This particular 

area was chosen because it extends from the eastern boundary to the 

western boundary of the Basin; so that any changes in lineament and 

fracture trace orientation across the Basin could be noted. The 

final reason for selecting this area is that the Wartburg Basin is 

generally uniform in underlying stratigraphic units, vegetation, and 

relief. Therefore, changes in the lineament and fracture trace map 

are more likely to reflect changes in structural factors rather than 

changes in lithology, vegetation or terrain of the area. 

Stratigraphy 

The research area is underlain by Pennsylvanian age rocks 

consisting primarily of sandstone, shale, conglomerate, and coal. 

Several coal seams in this area are being actively mined. A 

generalized stratigraphic column of the Wartburg Basin is shown in 
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Figure 2 (after Luther, 1959). The Cross Mountain, Vowell Mountain, 

Red Oak Mountain, Graves Gap, Indian Bluff, Slatestone and Crooked 

Fork Groups constitute the major exposures in the research area 

(Wilson et al., 1956). Minor exposures of the Crab Orchard Mountains 

and Gizzard Groups have been exposed along the eastern edge of the 

study area by the Pine Mountain Thrust Fault. 

Barlow (1969) proposed revisions in the nomenclature and placement 

of formation boundaries (Figure 3). The lower boundary of the Cross 

Mountain Group was extended down to the Upper Pioneer Coal so that it 

encompassed the former Cross Mountain Group, the Vowell Mountain 

Group, the Red Oak Mountain Group, and part of the Graves Gap Group. 

Boundaries of the Graves Gap Formation were changed to extend from the 

bottom of the Cross Mountain Group to the top of the Pioneer 

Sandstone. 

Structure 

The Wartburg Basin is a structural basin with the structurally 

lowest part located south of the research area where Scott, Campbell, 

Morgan and Anderson Counties meet (Luther, 1959). On the west side, 

the Wartburg Basin Subprovince merges with the Northern Cumberland 

Plateau Subprovince. Beds dip gently into the Basin from the west and 

south sides and dip more steeply into the Basin from the east 

(Luther, 1959). 

The Pine Mountain and Jacksboro Faults bound the eastern side of 

the research area and are the major structures within the study area. 
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The Pine Mountain Fault is a low angle thrust fault which moved the 

Cumberland Block of the Cumberland Plateau to the northwest. This 

fault is exposed in Elk Valley to the east of the study area as a 

fault zone consisting of several closely spaced faults that are 

thought to merge at depth (Luther, 1959). The Jacksboro Fault is a 

strike-slip fault along which the Cumberland Block moved to the 

northwest. 



CHAPTER III 

COLLECTION OF PHOTOGEOLOGIC DATA 

Definitions 

Hobbs, in 1904, defined lineaments as "the significant lines of 

landscape which reveal the hidden architecture of the rock basement." 

Since this early definition, the terms, lineament and fracture trace, 

have been redefined several times resulting in a large amount of 

confusion. This study will use the definitions proposed by Lattman 

(1958), 

A photogeologic fracture trace is a natural linear 
feature consisting of topographic (including straight 
stream segments), vegetation, or soil tonal alignments, 
visible primarily on aerial photographs, and expressed 
continuously for less than one mile. Only natural linear 
features not obviously related to outcrop pattern of tilted 
beds, lineation and foliation, and stratigraphic contacts 
are classified as fracture traces. Included in this term 

are joints mapped on aerial photographs where bare rock is 
observed. 

A photogeologic lineament is a natural linear feature 
consisting of topographic (including straight stream 
segments), vegetation, or soil tonal alignments, visible 
primarily on aerial photographs or mosaics, and expressed 
continuously or discontinuously for many miles. The 
restrictions placed on the term "fracture trace" as regards 
origin apply equally to the term "lineament." 

By definition, the difference between lineaments and fracture 

traces is based on length. The division is arbitrarily chosen at one 

mile. Lattman gave several reasons for this division. The term, 

lineament, already had the connotation of being a long feature. 

Also, when the definitions were proposed, a different technique was 

11 
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used to map lineaments. Lineaments were mapped on photo mosaics; 

whereas fracture traces were mapped on individual aerial photographs. 

(Today, however, lineaments are often mapped on high altitude or 

satellite imagery.) Finally, Lattman found that fracture traces are 

more likely to represent bedrock joints or small scale faults and 

lineaments are more likely to be large scale faults. 

This chapter concerns the process of mapping lineaments and 

fracture traces within the study area. 

Imagery of the Study Area 

Table 1 lists the various sources of the imagery that is 

currently available for the Wartburg Basin. SEASAT, radar satellite 

imagery, though not available to the public at this time, should soon 

become available presumably through the EROS Data Center. As far as 

the writer could determine, the five agencies listed in Table 1, hold 

all imagery of the Wartburg Basin that would be available to the 

public. 

Two types of aerial photography were chosen to cover the study 

area, ASCS black and white panchromatic aerial photography and NASA 

high altitude color infrared photography (see Table 2). Each set 

completely covers the entire study area. Using different kinds of 

photography (different dates, scales, etc.) for separate parts of the 

linear map could cause a variation in the lineament pattern unrelated 

to the structure of the region. For this reason, only two types of 

photography, each completely covering the study area, were selected. 
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The ASCS black and white photographs were selected because of 

their low cost and good quality, complete, stereoscopic coverage of 

the entire study area. Photographs held by the Department of 

Transportation do not provide total coverage of the study area. TVA 

has complete coverage but at various dates and scales. The stereoscopic 

coverage provided by the ASCS photography was an important factor in 

its selection because stereoscopic viewing allows identification of 

subtle topographic depressions which characterizes some fracture 

traces. 

NASA high altitude color infrared imagery was chosen to 

supplement the ASCS photography. Although the larger scale ASCS 

photography was excellent for mapping fracture traces, it was desirable 

to obtain small scale imagery that would allow the larger lineaments to 

be more easily mapped. The NASA high altitude photography is excellent 

for this; the entire thesis area is stereoscopically covered by five 

photographs. And, the low number of photographs allow complete 

coverage for a relatively low price. Finally, color infrared photography 

was chosen because it is useful for mapping lineaments expressed by 

vegetation alignments. 

Equipment and Materials Used 

Apart from the imagery used, relatively small amounts of equipment 

and materials were needed to map the lineaments and fracture traces in 

the study area. Clear acetate overlays were taped to every other 

photograph. Lineaments and fracture traces were traced directly on 
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the acetate with waterproof ink. Two stereoscopes were used, a pocket 

stereoscope (2x) and a scanning mirror stereoscope (1.5x and 4.5x). 

Topographic quadrangle maps at a scale of 1:24,000 were used for base 

maps. A protractor and an engineer's scale were used to measure the 

azimuth, length and width of each linear feature. 

Procedure 

A procedure involving eight steps was used to map lineaments and 

fracture traces from ASCS black and white photographs: 

1. Photographs were trimmed and every'other photograph was 

covered with a clear acetate overlay. 

2. Photographs were arranged and filed by flight lines. 

3. Lineaments and fracture traces were drawn on the overlays 

first by monoscopic examination, then by stereoscopic 

viewing (pocket stereoscope, then mirror stereoscope). 

4. All photographs were compared to adjacent photographs to 

eliminate double annotation of a lineament due to 

photographic overlap. 

5. Lineaments and fracture traces were numbered. 

6. The chart shown in Figure 4 (Slusarski, 1979) was filled 

out, except for the columns labelled length and orientation. 

7. Lineaments and fracture traces were transferred to 

topographic maps by inspection. 

8. Orientation and length of each linear feature were measured 

from the topographic map. 
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This same procedure was uniformly followed for each photograph 

to provide some objectivity across the map. Thus, variations in the 

linear feature pattern are hopefully due to changes in the fracture 

pattern of the area rather than changes in the methods of observation. 

The procedure for mapping lineaments on the NASA high altitude 

infrared photographs was almost the same as the steps outlined above. 

However, a pocket stereoscope was not used because these images were 

positive transparencies which do not permit the overlap needed for 

use of the pocket stereoscope. 

The final lineament and fracture trace map is shown in Plate I. 

Summary of Photogeologic Data 

Data gathered on all of the photogeologic linear features were 

tabulated and are summarized in Appendix C. 

Soil fracture traces, on the ASCS photographs, appeared as dark 

lines cutting across fields. Alignments in vegetation consisted of 

either a line of higher standing trees or a line of darker vegetation. 

Topographic-erosional linear features, consisting of valley alignments 

or stream segment alignments, were the most numerous type of linear 

feature. 

Soil features were not mapped on the NASA color infrared imagery. 

Linear features were either of topographic-erosional expression or 

topographic-erosional and vegetation expression. On the NASA imagery, 

thirty-three new linear features were mapped that had not been mapped 

on the ASCS photography. 



CHAPTER IV 

COLLECTION OF FIELD DATA 

Introduction 

Field work for this project was conducted during August and 

September of 1980 after the photogeologic linear feature mapping was 

completed. The purpose of the field research was to relate the 

bedrock fracture pattern to the photogeologic linear feature pattern. 

To accomplish this purpose, two types of field work were done. First, 

bedrock fracture orientations were measured across the study area at 

eighteen of the nineteen field localities. And, secondly, five 

specific examples of linear features were visited in order to study 

their surface expression and, where photogeologic fracture traces or 

lineaments intersected a bedrock exposure, to take measurements of 

joint orientations. 

Selection of Field Sites 

Field sites were chosen prior to the field work by inspecting the 

aerial photography for rock exposures. Several factors influenced the 

selection of the field sites. Few natural outcrops (because of dense 

vegetation and a deep regolith) limited the field sifes, for the most 
i 

I 

part, to strip mine highwalls or roadcuts. Also, trkvel to some areas 

was difficult because of poor roads or lack of roads and rugged 

19 
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topography. Thus, only those exposures which appeared accessible, 

either on aerial photography or topographic maps, were chosen. 

Some field sites were selected where a lineamenti or fracture 

trace intersected a bedrock exposure. One locality was chosen in 

order to study an example of a vegetation alignment and another was 

selected to study a soil tone alignment. 

Of the nineteen sites chosen, only one was inaccessible. However, 

a few localities did not have the bedrock exposure that was expected. 

The exposure was either too weathered to be used or ijad been covered by 
strip mine reclamation programs. For these sites, nearby, alternative 

sites were chosen. The locations of the actual sites used are shown 

in Figure 5. 

Procedure 

Eighteen of the nineteen field sites had bedrock exposures where 

joints could be measured. At each site, this information was recorded: 

(1) strike of fracture, (2) dip of fracture, (3) litjiology in which 
fracture occurs, (4) width of fracture, (5) length of fracture, and 

(6) spacing between members of any joint sets that were present. Where 

the bedrock exposure was large, fractures were measured at twenty or 

thirty foot intervals along the length of the exposure. 

Where a lineament or fracture trace intersected a bedrock exposure, 

the following were noted: (1) composition of the li|iear feature 
I 

(type of vegetation, etc.), (2) width of the linear feature, and 

(3) effects on the bedrock through which the lineamept passed, if the 

bedrock was exposed. 
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Summary of Field Data 

Fracture data from eighteen bedrock exposures, were summarized and 

evaluated in Table 3. Fractures measured in the research area were 

vertical or steeply dipping bedrock joints. No faults were seen or 

inferred in the field area. Most of the fractures m<jasured were 

between one and ten feet (.304 and 3.04 meters) in height and had a 

width of one inch (2.54 centimeters) or less. 

For the purpose of comparison, fracture data recorded by 

Slusarski (1979) in the southeastern portion of the Wartburg Basin, 

are presented in Table 3. The percentages for each dip interval 

measured in this study deviates from those measured by Slusarski by no 

more than 2%. 
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TABLE 3 

COMPARISON OF FRACTURES MEASURED IN THIS INVESTIGATION 

AND IN THE INVESTIGATION BY SLUSARSKI (1979) 

Total Fractures Measured 

Dip of Fractures 
90°-81° 

80°-71° 

71° 

Lithology in Which 
Fractures Occur 

Sandstone 

Siltstone 

Shale 

Sandstone-Shale 

Sandstone-SiItstone 

Shale-Siltstone 

Coal 

This 

Investigation 

473 

311 (66%) 
125 (26%) 
37( 8%) 

231 (49%) 
107 (23%) 
72 (15%) 
26 ( 6%) 
20 (16%) 
16 ( 3%) 
1 (<1%) 

Slusarski 

(1979) 

193 

128 (66%) 
54 (28%) 
11 ( 6%) 

72 (37%) 
40 (21%) 
39 (20%) 
29 (15%) 
0( 0%) 
0( 0%) 
14( 7%) 



CHAPTER V 

VALIDITY OF FRACTURE TRACE AND LINEAMENT MAP 

Introduction 

Although some investigators have found good agresement between 

bedrock joint orientations and fracture trace and lineament orientations 

(Lattman and Nickelson, 1958; Alpay, 1973; Wobber, 1967; Boyer and 

McQueen, 1964); some studies have shown little or no agreement at all 

(Brown, 1961; Lattman and Matzke, 1961; Podwysocki, 974b). It is 

very important in any lineament and fracture trace study to demonstrate 

how reliable the lineament and fracture trace map is 

In this project, the validity of the lineament and fracture trace 

map was tested in three ways: (1) by comparing the photogeologic linear 

feature orientations to bedrock joint orientations using circular 

histograms, (2) by studying field sites containing examples of linear 

features, and (3) by demonstrating operator consistehcy through 

repetitive linear feature mapping on three aerial photographs. 

Comparison of Photogeologic Linear Feature Orientations 
and Bedrock Joint Orientations 

An interactive computer program was written to draw rose diagrams 

on the Tektronix Interactive Digital Plotter for an i.nput file of 

either azimuths or digitized end points. This program is listed in 

Appendix A. 
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Using this program, rose diagrams were drawn for bedrock joint 

orientations which fell within one mile (1.6 kilometers) of the field 

site. Because of the low frequency of linear features in some areas 

of the map, some rose diagrams were redrawn within 1.25 or 1.5 miles 

(2 or 2.4 kilometers) of the field site (see Appendix B). 

A comparison of the two sets of rose diagrams sliows some similarity 

between bedrock joint orientations and photogeologic linear feature 

orientations. Joint measurements at Sites D, F, I, 0 and R 

(Figures B-4, B-6, B-9, B-14, and B-17 are quite similar to the 

orientations of fracture traces and lineaments of those areas. However, 

some of the sites were only fairly similar. And, two sites, E and K 

(Figures B-5 and B-11), were totally dissimilar. 

Two factors might have affected the correspondence between bedrock 

joint orientations and photogeologic linear feature iDrientations. A 

lack of large bedrock exposures in some areas, led to an insufficient 

number of joint measurements for some sites. Also, for a few areas, 

low frequency of fracture traces made comparison witji joint orientations 
difficult. Reasons for low linear feature frequency for some areas 

will be discussed in the next chapter. 

I 

Examples of Linear Features in the Field 

Five of the nineteen field sites contained examples of photogeologic 

linear features. Site M was chosen in order to study an example of a 

soil color fracture trace. Site H contained an example of a vegetation 

alignment and a topographic-erosional alignment. The three remaining 

sites, C, F and P, had examples of topographic-erosiOnal alignments. 
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Site M—Laxton's Field, Huntsville 
Quadrangle 

On ASCS black and white aerial photographs, the soil fracture 

i 

trace at Site M appears as a dark line running across a field 

(Figure 6). Although there were other examples of soil fracture 

traces mapped within the research area. Site M, was the most 

prominent and continuous. 

In the field, the fracture trace was an extremely gentle 

topographic depression with a cover of dark green, lush grass. The 

grass in the surrounding field was much lighter in color. Four soil 

samples were taken. Samples B and C from the fracture trace area, and 

Samples A and D from the surrounding area. As expected. Samples B and 

C were darker in color than Samples A and D (Figure 7). 

Studies of fracture traces in Illinois, have shown that water 

moving toward fractured zones tend to concentrate clLy or silt-sized 
particles in the zone and, thus, produce a darker linear feature 

(Wobber, 1967). The higher clay content, by holding moisture in the 

soil, encourages a lush, dark green vegetation cover which enhances 

the linear feature. 

The four soil samples taken at Site M were sievW and the 

resulting histograms are shown in Figures 8 and 9. Unlike Wobber (1967), 

there is little difference in grain size in the four samples. 

I 

Site H—Sexton Mountain, Pioneer 
Quadrangle 

Three fracture traces were studied at Site H. On the aerial 

photographs. Fracture Trace #116 is a dark vegetation alignment 
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Figure 6. Aerial photograph showing sell fracture 
trace at Site M. 
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SAMPLE DSAMPLE B 

Figure 7. Photograph of soil samples B and D. 
The darker sample, B, was taken from the soil 
fracture trace at Site M. 
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Figure 8. Histogram of size distributiipn of soil 
samples A and B from Site M. Sample B was taken from 
within the fracture trace. 
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Figure 9. Histogram of size distributi(i>n of soil 
samples C and D taken from Site M. Sample C was taken 
from within the fracture trace. 
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(Figure 10). Fracture Trace #115 and #117 are topographic-erosional 

alignments. 

In the field. Fracture Trace #116 consisted of a line of dark 

green Hemlock trees in a lighter deciduous forest, ^ince Hemlock trees 
I 

grow in areas of increased soil moisture (Petrides, 1972), this 

vegetation alignment could be caused by groundwater Seepage associated 

with a zone of bedrock fractures. 
I 

Fracture Trace #115 and #117 are extremely stra3|ght erosional 

alignments. A small bedrock outcrop was found where Fracture Traces 

#115 and #117 intersect. A histogram for the joint qrientations for 

this outcrop with the orientations of the fracture traces, is shown in 
! 

Figure 11. 

! 

Site C—Gum Fork, Ketchen Quadrangle 

Site C is a strip mine highwall approximately thj.rty feet high. 

Three feet of sandstone caps shale beds. Fractures wfere measured 

mostly in the sandstone because the shale was highly weathered. 
I 

Fracture Trace #4, a straight stream valley, intersects the northwest 

end of the outcrop. Figure 12 shows the orientation pf Fracture Trace 

#4 plotted on a histogram of bedrock joint orientatiohs. It falls 

within the largest class of the bedrock joint orientations, 
I 

i 

Site F—Angel Gap, Ketchen Quadrangle 

Site F is a strip mine highwall with about five feet of massive 

sandstone capping ten feet of silty shale. The outcrdp was measured 

at twenty foot intervals. A fracture set with the attitude N327°/84°SW 
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ORIENTATION OF 

FRACTURE TRACE 

NUMBER 116 

ORIENTATION OI-

FRACTURE TRACE 
NUMBER 115 

Figure 11. Histogram of bedrock joint orientations 
for Site H with the orientations of Fracture Trace 

Numbers 115 and 116 shown. Histogram is based on twenty 
measurements. 
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RIENTATION or 

FRACTURE TRACE 
NUMBER 4 

Figure 12. Histogram of bedrock joint orientations 
for Site C with the orientation of Fracture Trace 

Number 4 falling within the largest class. The 
histogram is based on twenty-five measurements. 
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and a spacing of five feet between each fracture was observed in the 

silty shale at this site. The photogeologic fractur^ trace for this 
site, H109, has an orientation of N325° (Figure 13). H109 is an 

extremely straight valley alignment. 

Site P—Rock Creek, Huntsville 
Quadrangle 

Two outcrops were measured at Site P. The firs|; outcrop was 

intersected by Fracture Trace #955 which is a straigjit stream valley. 

Unfortunately because of the small size of the outcr(|)p only four joint 

orientations could be measured. More measurements wire made at an 

outcrop about one thousand feet east of the first exposure, but these 

fractures did not have the same orientations as the photogeologic 

fracture trace (Figure 14). 

Operator Consistency 

If the photointerpreter is not consistent in drawing the lineaments 

and fracture traces, the resulting map will have a change in the 

linear feature pattern across the map that is not due to changing 

geology of the area. Since one goal of this study w^s to define any 

changes in fracture orientation across the Wartburg Basin, it was 
i 

important to demonstrate the consistency of this author in 
I 

photointerpretation of fracture traces and lineament^. 

For this purpose, three photographs and their stiereopairs were 

selected across the study area. The photographs werd mapped on three 

separate dates, at least one month apart, to allow tilme for the 



36 

ORIENTATION OF 

FRACTURE TRACE 

NUMBER Hin9 

Figure 13. Histogram of bedrock joint|orientations 
for Site F with the orientation of Fracture Trace Number 

H109 falling within the largest class. The histogram 
is based on twenty-five measurements. 
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ORIENTATION OF 
FRACTURE TRACE 
NUMBER 9S5 

Figure 14. Histogram of bedrock joint orientations 
for Site P with the orientation of Fracture Trace Number 

955 shown. The histogram is based on twentji'-eight 
measurements. 
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photointerpreter to forget the previously mapped features. The results 

are shown in Table 4. Only 13% to 21% of the linear features were 

drawn only once. Thus, 79 to 87% of the linear features were mapped 

at least twice. 

TABLE 4 

DEMONSTRATION OF OPERATOR CONSISTENCY BY REPETITIVE DRAWING 
OF LINEAMENTS AND FRACTURE TRACES ON THREE PHOTOGRAPHS 

ON THREE SEPARATE DATES 

Percentage of Linear Percentage of Linear Percentage of Linear 
Photo Features Drawn only Features Drawn Features Drawn all 

Number Once Twice Three Times 

155 18 28 54 

178 13 23 64 

37 21 24 55 



CHAPTER VI 

ANALYSIS AND INTERPRETATION OF THE PHOToiEOLOGIC 

LINEAR FEATURE MAP 

Introduction 

To interpret a lineament and fracture trace mapj statistical 

anal>^sis is needed to summarize the data on the map. This can be done 

in a wide variety of ways. Blanchet (1957) used azimuth frequency 

diagrams and a "fracture-incidence map" showing the number of fractures 

per unit area. Akimova et al. (1978) prepared charts of selected joint 

strikes from their main lineament map. Joint densit>j- charts were then 
j 

prepared for the selected strikes. Podwysocki (1974b|) analyzed 

fracture trace lengths and frequency by trend surfac^ analysis. He 

also analyzed rose diagrams using a multivariate analjysis technique 

which grouped the rose diagrams on the basis of similarity. 

For this project, three methods were chosen to ajnalyze the linear 

feature map. First, to determine the effects of litl^ology on fracture 

density, fracture trace density for each geologic formation was 

calculated. Second, a contour map of fracture frequency was constructed 

for Ketchen and Jellico West Quadrangles in order to relate the density 

of fracturing to the structural geology of these areas. Finally, 

azimuth frequency histograms across the area were drawn in order to 

summarize the linear feature orientations across the basin. 

39 
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Effects of Lithology on Photogeolo^ic 
Fracture Density 

Harris et al. (1960) recognized three factors tAat can influence 

bedrock fracture density: bedding thickness, litholpgy and structure 

within an area. During this study, each of these factors were 

considered. 

For the purposes of this research, bedding thicljness is not 

considered an important factor for several reasons. First, the 

thicknesses of bedding in all of the formations withi(n the study area 

were similar, ranging from thin to thick bedded withiln each of the 

formations. Secondly, all linear features mapped weite much larger than 

the largest bed within any one formation. In fact, njany linear 

features were mapped over more than one formation (FiJgure 15). 

Finally, many of the joints observed in the field cut through several 

beds. Thus, bedding thickness probably does not greatly affect the 

density of photogeologic fracturing in the study area. 

Likewise, there are several reasons why lithologjy is probably not 

an important factor in controlling the density of pho^togeologic 

fracturing in this area. First of all, many of the lineaments and 

fracture traces were mapped across several formations|(Figure 15). 
Secondly, the lithologies of the formations within the study area are 

similar; each formation consisting of sandstone, silt^tone, shale and 

coal. However, when a clear acetate copy of the linedr feature map 

was laid over a geologic map of Ketchen Quadrangle, fewer linear 

features seemed to fall within two formations; the Hi^nite Formation 

and the Cantron Formation. 
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To quantify this observation, a counting grid w^s laid over the 

southwest comer of Ketchen Quadrangle which is showri in Figure 15. 

I ' The number of grid cells falling within each formatic|n was tabulated. 

The density of fracturing was calculated by dividing the total length 

of the fractures within a formation by the unit area of that formation. 
j 

The results are presented in Table 5. Prom this table, this relationship 

can be seen: the lower a formation is in the stratigraphic column, the 

greater the fracture density. This unusual relationship suggests that 

density calculations have been biased in some way. W possible explanation 

for this bias is that all formations have an equal frjacture density, but 

erosion has removed the upper formations in the densely fractured areas 

more rapidly than in areas with less fracturing. ThJs, in areas of 

high fracture density, formations lower in the stratigraphic column 

would have more areal exposure giving rise to the implression that the 

lower formations are more densely fractured. The only place one could 
I 

test this hypothesis would be in an area of steeply dlipping beds but no 

such area occurs in the Wartburg Basin. 

Effects of Local Structure on Fracture Density 

I 

Since lithology and bedding thickness appear to }\ave little control 

over the density of lineaments and fracture traces in the study area, 

it seems logical that the structural geology of the a:|:ea does. To test 

this idea, contour maps of lineament and fracture tra<ke frequency were 

drawn for the Ketchen and Jellico West Quadrangles (tJiese are the only 
I 

two quadrangles in the study area which have geologic maps at a scale of 
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TABLE 5 

A COMPARISON OF FRACTURE DENSITY FOR FOUR 

FORMATIONS IN KETCHEN QUADRANGLE 

.Formation Name Fraqture Density 

Hignite Formation (Pbh) .0031 

Catron Formation (Pbc) .0039 

Mingo Formation (Pbm) .0077 

Hance Formation (Pbha) .0134 

Formations are listed in order with the 

stratigraphically top unit at the top of the table. (Data 
are taken from the map shown in Figure 15). 
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! 

1:24,000). At the beginning, contour maps of both fracture frequency 
I 

(number of fractures per unit area) and fracture density (total 

fracture length per unit area) were drawn. Since th^y were found to 

be almost exactly alike, fracture frequency was used because it was 
I 

easier to calculate. 

The following procedure was used to construct tlje fracture 

frequency maps. A grid was laid over the lineament qnd fracture trace 

map and a counting square was moved along the grid. After several 

tries, a counting square of .66 by .66 miles was founjd to work best. 

As the counting square was moved along the grid, the dumber of linear 

features within the square were recorded in the center of the square. 

The distance between each recorded number was .33 mil^s. This 

procedure produced a grid of numbers which was then cpntoured at the 

intervals of five, seven and nine fractures per .44 square miles. 

The resulting fracture frequency contour maps (Figures 16 and 17) 

were combined with structural contour maps from Ketchen and Jellico 
! 

West (from Englund, 1966 and Englund, 1969). It can be seen from 
1 

these maps that the local structure of the area does influence the 

photogeologic fracture frequency. Fracture frequency increases on the 

limbs of folds and reaches a maximum on the noses of folds. The areas 
I 

with the highest density of fractures are those with the maximum amount 
i 

of folding. There is one exception to this rule, in l:he eastern 

portion of the Jellico West Quadrangle, where fracturq density is very 

low and yet there is a great amount of folding. HoweVer, this can be 

explained by reference to the geologic map of Jellico West. The 
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eastern portion of that quadrangle has a large amount of land covered 

by alluvium, towns, and strip mined areas. Alluvium masks the 

lineament and fracture traces and strip mining and tc^wns destroy all 
I 

traces of fracturing (Parizek, 1971). 
I 

I 

Lineament and Fracture Trace Orientations 

Across the Wartburg Basin | 
I 

I 

A computer program written by Podwysocki (1974a) was used to 

I 

summarize the lineament and fracture trace orientations across the 
! 

Wartburg Basin (Figure 18). The program uses the digitized end points 
I 

of linear features to calculate their azimuths. The program divides 
I 

the study area into a grid of cells of user specified dimensions. 

Lineaments in each grid cell are placed into 10 classes based on their 

I 

orientations and a rose diagram which summarizes the lineament 
I 

frequency data is plotted for each grid cell. 

From the orientations of the rose diagrams in Figure 18, 

tentative conclusions may be drawn. It appears that t^e jointing in 

the study area originates from both tension and shear stress because 

for most of the histograms there are more than two prominent directions 

of fracturing. Some of the roses even approximate the idealized 

joint distribution normally associated with anticlines*(Figure 19). 

Local variations in the orientation of folding might have caused the 
I 

wide blades and the extra blades of some of the roses. 

Because the fracture frequency in Jellico West and Ketchen 

I 

Quadrangle is related to the local folding, the fold ax|es can be used 
I 

to interpret the rose diagrams for these quadrangles, ^he maximum 
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approximate 

orientation of 
fold axes 

D Diagonal jioints (shear) 

C Cross joinlts (tensional) 
I 

L Longitudinal joints 
(tensional) 

\ 
orientation of 
Jacksboro Fault 

Figure 19. A comparison of the rose diagrams from 
the eastern side of the Wartburg Basin to the idealized 
joint distribution associated with folding. The 
stereogram of idealized joint distribution (Bacjgely, 
1965 and Price, 1966) was oriented using local fold 
axes and the orientation of the Jacksboro Faullf as 
references. 
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class for each of the rose diagrams was measured. For Jellico West and 
I 

the eastern half of Pioneer and Ketchen Quadrangles, the maximum class 

of the roses was either N350° or N3S°, These orientations are 
I 

perpendicular to each other. The strike of the fold axes in Jellico 

West and Ketchen is approximately between N3S° and N$0°. Therefore, 
I 

the joint set which is oriented at N35° would be classified as 
I 

I 

longitudinal joints and those at N305° would be cross joints 
I 

(Badgley, 1965). Both of these joint types are tensijan joints. The 
I 

Jacksboro Fault which is a strike slip fault, is oriented 25° away 

from the orientation of the cross joints. Since the typical angle 

between shear and extension fractures is approximateIji' 30° (Badgley, 
I 

1965), this is further evidence that the joints orienied at N305° are 
I 

I 

cross joints. Using this logic, several rose diagrams from the 

I 

eastern side of the study area are related to the ideallized joint 
I 

distribution associated with folds in Figure 19. 
I 

None of the other rose diagrams, except for those on the eastern 
I 

I 

side of the map, have a maximum of N35° or N305°. Thi^ might be 
I 

related to the change in folding that occurs approximately in the center 

of Ketchen Quadrangle. To the east of this line, folds are regular 
I 

I 

and fold axes are oriented to the northeast. On the west, the folding 

becomes extremely shallow and the orientations of the fold axes become 
I 

irregular. How the local structure influences the jointing to the 

west of Ketchen is unknown at this time since there are no large scale 

geologic maps for this area. 



CHAPTER VII 

CONCLUSIONS 

Three types of phctogeologic linear features were mapped on the 

aerial photography: alignments of vegetation, topogrhphic-erosional 

alignments and soil tone alignments. Most of the linfear features 

mapped were of topographic-erosional expression. The^e consisted of 

I 

alignments of straight stream segments or valley axesl Soil fracture 
I 

traces were actually a combination of two factors: dark soil and 

dark green, lush vegetation which could be due to increased soil 
I 

moisture over zones of bedrock fractures. Vegetation fracture traces 

were of two types: alignments of higher standing treea and alignments 
I 

of darker Hemlock trees in a deciduous forest. Since hemlock trees 

grow in moist soils, this alignment of vegetation could be due to 
I 

groundwater seepage associated with a zone of bedrock :^ractures. An 
I 

alignment of higher standing trees could be healthier v|egetation also 
I 

growing over an area of increased soil moisture. 
I 

Orientations of lineaments and fracture traces in post cases 
I 

I 

reflected the orientations of bedrock joints measured in the field. 

Histograms of strike frequencies of bedrock joints were usually 

similar to histograms of photogeologic linear feature orientations 

that fell within one to 1.5 miles (1.6 to 2.4 kilometer^) of the field 
I 

site. Dissimilar histograms might be a result of insuff^icient bedrock 

joint measurements at small outcrops or low photogeologit linear 
I 

feature density for that area. In most cases, where bedpock exposures 
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were intersected by a fracture trace, the orientatioji of the fracture 
trace fell within the largest joint orientation clasfe. 

The lithologies of the formations in the research area seem to 

have little or no control over the photogeologic fraipture density. 

However the local structural geology of the area doe^ have a definite 

effect on the fracture density pattern. Fracture fr^uency, which is 

similar to fracture density, increases on the flanks I and noses of folds 

where the maximum amount of folding has occurred. Fipacture frequency 

maps could be used to locate oil bearing structures |uch as domes or 
anticlines. For this area, the fracture frequency patterns associated 
with these structures are closed rings or u-shaped pitterns because 

in the study area, fracture frequency increases on the flanks of 

folds. 

Fracture frequency decreases in areas covered b)^ alluvium, strip 

mined areas, and areas covered by towns. Obviously, in lineament 

and fracture trace studies, the earliest photographs available would 

be useful to avoid information lost to strip mines apd cities. 

Based on a study of the photogeologic linear feature orientations 
in the study area, both shear fractures and tension fractures are 
probably present. In the eastern part of the study drea, the 

maximum class of fracture orientations are due to tension stress. 

A change in the orientation of the maximum class occurs in the middle 

of Ketchen Quadrangle where the folds flatten out and become irregular 
! 

in orientation. Thus, fracture traces and lineament orientation 

studies can be used to locate changes in the structure of the 
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Wartburg Basin. However, the cause of these changes are not apparent 

without additional information on the local structurkl geology of 

the area. 
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APPENDIX A I 

COMPUTER PROGRAM TO DRAW ROSE DIAGrImS 



 

 

 

 

 

t PROGRAM TO RFAO FNDPCINTS OR AZIMUTHS CF LINES AND DFAR 

C A ROSE DIAGRAM FOR TIE LINES 

INTEGER PTR, IX, lY, 1X2, IV2, I, LUN 

REAL AZM, 0(18), R(18), CLASS(IP), X, Y 

REAL X2, Y2 

DATA CLASS/1R*G.0/ 

DATA Q/2C.,AC.,d0.,80.,I00.,120.,lAp., 

9160.,180.,200.,220.,2'tO.,260.,280.,300.,320.,3AO., 

9360./ 

DATA R/0.,2C.,AC.,60.,80.,100.,120.,1AO., 

9160.,180.,200.,220.,2''tO.,260.,280.pOO.,320.,360./ 

C USER SPECIFIES TYPE CF INPUT DATA, ENDPQ^NTS OP AZIMITE 
WRITEI5,10) 

10 FCjRMATI' type 20 FOP ENDPOINTS, 21 f|cR AZIMUTHS •) 
PFAn(5,15> LUN 

15 F0RMATII3) 

I F (LUN.EO.20) CO TO 25 

C LDUP TO READ AZIMUTH FILE AND PUT AZINUTl-fS IM 10 

C DEGREE CLASSES 

DC 20 1=1,1000 

READ (LUN,17) CPTA 

17 FORMAT (F15.9) 

I 
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IF (DATA.EQ.-99.) GT TO 160 

AZM=DA7A 

C CHANGE 0-360 BRUNTOM REAHINGS TCI AZI^*UTH'p ACCEPTABLE 
C TO PROGRAM 

IF (DATA.Lf=.90) A ZM=DA T A'f'(-1 )+90 

IF (DATA.GT.270.AND.DATA.LE-360) 47M=360-DATA+-9 C 

IF (DATA.GT.9C.7ND.DATA.LE.270) AZM=180-DATAf90 

WRITE (22,18) AZM 

18 FORMAT (F15.9) 

IF (AZM.EQ.180..0R.AZM.EQ.0.) CLASS(I)=CLASS( 1)+.E 

IF (AZM.EC.I80..OR.AZM.EC.O.) CLASS(18)=CLASS(IE)+.5 

IF (AZM.FQ.180..OR.AZM.EQ.O.) GO To' 20 

PTR=AZM/10.+1. 

CLASS!PTR)=CLASS(PTR)+1 

20 CONTINUE 

C LOOP TO PFAD FNDPCINTS AND CALCULATE AZll^'UTH 

2b DO 100 1=1,200 

READ (20,50) I X,I Y, I X?,IY2 

50 FORMAT (2110) 

C -99 SIGNALS THE END CF DATA 

IF ( IX.EQ.-99) GO TO 150 
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C IN CASE OF A DUE EAST AZIMUTH 

IF (IY.E0.IY2) CLASS!1)=CLASS(1)+.5 

IF (IY.EQ.IY2) CLASS(13)=CLASS( le )+.5 

IF { IY.EQ.IY2) GO TO 25 

C IN CASE OF A DUE NCP1H AZIMUTH j 
IF ( IX.EQ.ry2) CLASS(9)=CLASS(9)+l.O 

IF (IX.EQ.IX?) GU TCi 25 

C CALCULATE AZIMUTH 

X=IX I 
y =i Y 

X2=IX2 

Y2=IY2 

AZM = ATAN?(ABS(Y-Y2)|ABS(X-X2)) 

AZM = AZM*I80/3.1AI6 

WRITE (22,70) AZM 

70 FORMAT (F15.9) 

IF!(X.GT.X2.ANO.Y.01.Y2).OR.(X2.0T.)j.AND.Y2.0I.V)) 
I AZM=AZM*-l.+180. 

C WRITE AZIMUTH TO F0R22.DAT 

WRITE (22,75) AZM 

75 FORMAT(F15.9) 

https://IX.EQ.IX
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C PUT AZIMUTH IN 10 DECRFE CLASSES 

PTR=AZM/10.+1. 

100 CLASS(PTR)=CLASS(PTR)+1 

150 CONTINUE 

WRITE (5,155) 

165 FORMAT (• TYPE SCALING FACTOR LESS THAN 600 •) 

READ (5,175) ISCALE 

175 FORMAT (13) 

C DRAW ROSE 

CALL INITT(30) 

WRITE (5,185) 

185 FORMAT (• HIT CARRIAGE RETURN F CK RCSE DIAGRAM •) 

CALL TINPUT(ICHAR) 

CALL ERASE 

CALL DWINDn(0.,1000.,0.,360.) 

CALL POLTRN(0.,180.,0.) 

CALl. MOVFA(0.,3e0.) 

I 

DO POO I=1,18 

CLASSII)=CLASS( I)*ISCALE 

CALL DRAWA (CLASS(I),Q( I )) 

CALL DRAWA (CLASS(I ),R( I )) 
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200 CALL DRAWA(0.,Rn )) 

CALL TINPUT 

WRITE (5,225) 

225 FHRMAT (• HIT C T(J INCREASE SCALE Af^D REDRAW ROSE •) 

CALL TINPUT(ICH/>R) 

I F (ICHAR.EC.67) GO TO 150 

CALL FINITT(0,760) 

STOP I 
E Nf) 

https://ICHAR.EC.67


APPENDIX B 

HISTOGRAMS OF PHOTOGEOLOGIC LINEAR FEATURES 

AND BEDROCK JOINTS 



SITE A 

PHOTOGEOLOGIC LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-1. Histogram of photogeologic linear feature 
orientations which lie within one mile of site '\A and 
histogram of joint orientations from field site A. North 
is at the top of the page. The top histogram is based on 
twenty-seven measurements and the bottom histogram is 
based on twenty-four. 

69 



70 

SITE B 

PH0T06E0L06IC LINEAR f^EATURES 

BEDROCK JOINTS 

Figure B-2. Histogram of photogeologic linear feature 
orientations which lie within one mile of site B and 

histogram of joint orientations from field site B. North 
is at the top of the page. The top histogram ife based on 
twenty-seven measurements and the bottom is basbd on 
twenty-eight. 
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SITE C 

PH0T06E0L0GIC LINEAR FItATURES 

BEDROCK JOINTS 

Figure B-3. Histogram of photogeologic li.near feature 
orientations which lie within one mile of site C and 

histogram of joint orientations from field site C. North 
is at the top of the page. The top histogram is based on 
fifteen measurements and the bottom is based on twenty-five. 
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SITE D 

PHOTOGEOLOGIC LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-4. Histogram of photogeologic linear feature 
orientations which lie within 1.5 miles of sitd D and 

histogram of joint orientations from field site D. North 
is at the top of the page. The top histogram is based on 
thirty-four measurements and the bottom is based on 
twenty-five. 
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SITE E 

PH0T06E0L06IC LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-5. Histogram of photogeologic linear feature 
orientations which lie within 1.25 miles of sitte E and 

histogram of joint orientations from field site E. North 
is at the top of the page. The top histogram ib based on 
thirty-two measurements and the bottom is based on 
twenty-five. 
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SITE F 

PH0T06E0L0GIC LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-6. Histogram of photogeologic linear feature 
orientations which lie within one mile of site F and 

histogram of joint orientations from field site F. North 
is at the top of the page. The top histogram is based on 
twenty-three measurements and the bottom is based on 
twenty-five. 
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SITE G 

PHOTOGEOLOGIC LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-7. Histogram of photogeologic lihear feature 
orientations which lie within one mile of site G and 
histogram of joint orientations from field site G. North 
is at the top of the page. The top histogram is based on 
twenty-nine measurements and the bottom is based on 
twenty-five. 
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SITE H 

PH0T06E0L06IC LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-8. Histogram of photogeologic linear feature 
orientations which lie within one mile of site H and 

histogram of joint orientations from field sitd H. North 
is at the top of the page. The top histogram i!s based on 
thirty-two measurements and the bottom is based! on twenty. 
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SITE I 

PH0T06E0L06IC LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-9. Histogram of photogeolcgic linear feature 
orientations which lie within one mile of site T and 

histogram of joint orientations from field site I. North 
is at the top of the page. The top histogram is based on 
seventeen measurements and the bottom is based bn 
thirty-three. 
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SITE J 

PH0T0GE0L061C LINEAR FeKtURES 

BEDROCK JOINTS 

Figure B-10. Histogram of photogeologic linear feature 
orientations which lie within 1.25 miles of sit^ J and 
histogram of joint orientations from field site J. North is 
at the top of the page. The top histogram is based on 
thirty-one measurements and the bottom is based on 
twenty-five. 
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SITE K 

PH0T06E0L061C LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-11. Histogram of photogeologic linear feature 
orientations which lie within 1.5 miles of site K and 
histogram of joint orientations from field site K. North is 
at the top of the page. The top histogram is based on 
thirty-eight measurements and the bottom is based on 
twenty-five. 
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SITE L 

PH0T06E0L0GIC LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-12. Histogram of photogeologic linear feature 
orientations which lie within 1.5 miles of site L and 
histogram of joint orientations from field site L. North is 
at the top of the page. The top histogram is based on 
thirty-seven measurements and the bottom is based on 
twenty-five. 
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SITE N 

PHOTOGEOLOGIC LINEAR FEiATURES 

BEDROCK JOINTS 

Figure Bt13. Histogram of photogeologic linear feature 
orientations which lie within one mile of site N and 
histogram of joint orientations from field site N. North is 
at the top of the page. The top histogram is based on 
nineteen measurements and the bottom is based on twenty-five. 
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SITE 0 

PH0T06E0L0GIC LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-14. Histogram of photogeologic linear feature 
orientations which lie within one mile of site 0 and 
histogram of joint orientations from field site 6. North is 
at the top of the page. The top histogram is baspd on 
sixteen measurements and the bottom is based on twenty-five. 
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SITE P 

PHOTOGEOLOGIC LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-15. Histogram of photogeoligic linear feature 
orientations which lie within 1.5 miles of site ll" and 
histogram of joint orientations from field site P. North is 
at the top of the page. The top histogram is ba^ed on 
twenty-nine measurements and the bottom is based on 
twenty-eight. 
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SITE Q 

PH0TO6E0L06IC LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-16. Histogram of photogeologic liilear feature 
orientations which lie within 1.5 miles of site Q and 
histogram of joint orientations from field site Q. North is 
at the top of the page. The top histogram is based on thirty 
measurements and the bottom is based on thirty-nine. 
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SITE R 

PH0T06E0L0GIC LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-17. Histogram of photogeologic linear feature 
orientations which lie within one mile of site R ajnd 
histogram of joint orientations from field site R. North is 
at the top of the page. The top histogram is baseid on 
thirteen measurements and the bottom is based on twenty-six. 
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SITE S 

PH0T0GE0L061C LINEAR FEATURES 

BEDROCK JOINTS 

Figure B-18. Histogram of photogeologic linear feature 
orientations which lie within 1.5 miles of site S and 

histogram of joint orientations from field site S. North is 
at the top of the page. The top histogram is basdd on 
twelve measurements and the bottom is based on twenty-five. 



APPENDIX C 

SUMMARY OF PHOTOGEOLOGIC DATA 



Sununary of All Photogeologic Linear Features 
Mapped in Project Area 

Total number of photogeologic linear features mapped: 999 

Linear features composed of a single photointerpretative 
element: 778 or 78% of total 

Linear features composed of multiple photointerpretative elements; 
elements: 221 or 22% of total 

Photogeologic Linear Features Composed 
of a Single Expression Element: 

Soil: 0 

Vegetation: 33 or 4% of total 
Topographic-erosional: 745 or 96% of total 

Photogeologic Linear Features Composed 
of Multiple Expression: 

Soil + vegetation: 2 or .1% of total 
Soil + topographic-erosional: 36 or 16% of total 
Soil + vegetation + topographic-erosional: 4 or 2% 
of total 

Vegetation + topographic-erosional: 179 or 81% of total 

Continuity: 

Continuous photogeologic linear features: 851 or 85% of total 
Subcontinuous photogeologic linear features: 148 or 15% of total 

Mappable Lengths: 

Fracture traces less than one mile (1.61 kilometer?): 
927 or 93% of total 

Lineaments greater than one mile (1.61 kilometers)! 72 or 7% 
of total 

88 



89 

Summary of Photogeologic Linear Features Majpped on ASCS 
Black and tVhite Panchromatic Aerial Phqtographs 

Total number of photogeologic linear features mapped: 966 

Linear features composed of a single photointerpretative 
element: 751 or 78% of total 

Linear features composed of multiple photointerpretative 
elements: 215 or 22% of total 

Photogeologic Linear Features Composed 
of a Single Expression Element: 

Soil: 0 or 0% of total 

Vegetation: 33 or 4% of total 
Topographic-erosional: 718 or 96% of total 

Photogeologic Linear Features Composed 
of Multiple Expression Elements: 

Soil + vegetation: 2 or .1% of total 
Soil + topographic-erosional: 36 or 17% of total 
Soil + vegetation + topographic-erosional: 4 or '2% of total 
Vegetation + topographic-erosional: 173 or 80% of total 

Continuity: 

I 

Continuous photogeologic linear features: 832 or 86% of total 
Subcontinuous photogeologic linear features: 134 or 
14% of total 

Mappable Lengths: 

Fracture traces less than one mile (1.61 kilometer?): 
906 or 94% of total 

Lineaments greater than one mile (1.61 kilometers); 
60 or 6% of total 
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Summary of Photogeologic Linear Features Mapped 
on NASA Color Infrared Imagery 

Total number of photogeologic linear features mp.pped: 149 

Linear features composed of a single photointerpretative 
element (topographic-erosional): 106 or 71% of total 

I 

Linear features composed of multiple photointerpretative 
elements (vegetation + topographic-erosional): 
43 or 29% of total 

Continuity: 

Continuous photogeologic linear features: 111 op: 75% of total 
I 

Subcontinuous photogeologic linear features: 38 or 25% of total 

Mappable Lengths: 

Fracture traces less than one mile (1.61 kilometers): 
88 or 59% of total 

Lineaments greater than one mile (1.61 kilometer^): 
61 or 41% of total 

Linear features previously mapped on ASCS photographs: 
116 or 78% of total 

Linear features not previously mapped on ASCS photographs: 
33 or 22% of total 
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