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Introduction

The material presented in this report is statistically analyzed and 

graphically represented data on linear features mapped from specially 

processed Landsat images of southeastern Missouri as part of the Conter­ 

minous United States Mineral Appraisal Project (CUSMAP) study of the 

Rolla, Missouri and Illinois 1x2 degree quadrangle. All discrete 

linear features (except obvious cultural features) were mapped on two 

Landsat scenes centered around the Rolla quadrangle (fig* !)  The 

linear feature data were digitized and statistically analyzed for 

length-frequency and strike-frequency (preferred orientation) by com­ 

puter methods. Results of the statistical analyses are shown in Appen­ 

dices A, B, and C and are summarized in the text. Computer-generated 

linear features maps (1:1,000,000) based on the results of the strike- 

frequency analyses were prepared for selected azimuthal trend intervals 

(Plates 1 to 7). Computer-generated contour maps (1:1,000,000) showing 

the areal density distribution of linear features in the selected trend 

intervals were prepared to help identify areas where the linear features 

are most abundant (Plates 8 to 14). These data are currently being 

geologically analyzed and integrated with

available geological, geophysical, and geochemical data to find new 

geologic information pertinent to the Rolla quadrangle CUSMAP study.

In an earlier study of the same area, recently reported by 

Kisvarsanyi and Martin (1977) and previously summarized by Kisvarsanyi 

and Kisvarsanyi (1976a,b), a different approach to the study of linear 

features in Missouri was used. These investigators interpreted numerous
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40.

Figure 1. Index map showing the location of the Rolla, Missouri and
Illinois 1x2 degree quadrangle (solid line) and the area of the 
two Landsat scenes (dashed line) used in this study. Structure 
contour on the basement surface in thousands of feet from Bayley 
and Muehlberger, 1968. Location of rift zone from Hildenbrand 
and others, 1977.



long, straight lineaments observed on Landsat images and ancillary data 

as major crustal discontinuities that have produced an orthogonal pat­ 

tern of basement blocks. Only linear features longer than 20 kilometers 

were considered and no statistical studies of the data were done*

In yet another approach to lineament analysis, Dennis O'Leary (U.S. 

Geological Survey) is examining geomorphic lineaments and alignments 

mapped from radar images, air photos, and Landsat images and other 

geomorphic data of the eastern Rolla 1 x 2-degree quadrangle/Mississippi 

embayment region as part of the Rolla quadrangle CUSMAP study. This 

work is aimed at determining how the geomorphic evolution of the ter­ 

rain is related to its lithology and structure.

Landsat image processing

Digital image processing is a general term referring to any com­ 

puter technique that prepares an image for human visual interpretation 

or extracts information from digital image data (Goetz and others, 1975, 

p. 13). Magnetic tapes of two overlapping Landsat scenes of south­ 

eastern Missouri (E-1215-16121 and E-l162-16173) were acquired from the 

U.S. Geological Survey EROS Data Center and digitally processed by 

contrast stretching (Rowan and others, 1974, p. 6). A 2-percent linear 

stretch was applied to each of the four bands of Landsat MSS data. The 

2-percent linear stretch assigns the lowest and highest 2-percent of the 

data numbers (DN) to the minimum and maximum values of the system dynam­ 

ic range (0 and 255, respectively), and linearly transforms the remain- 

Ing DN values between these end points.
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The stretched data were then run through a geometric rectification 

program and written to magnetic tapes. These tapes were used to prepare 

high quality black and white film transparencies (1:800,000), using an 

Optronics International System P-1700 photographic playback and scanning 

microdensitometer system.

Linear feature mapping

Images of each of the four Landsat spectral bands were studied for 

linear features and all the linear features observed were plotted on a 

common overlay. Obvious linear cultural features were not included on 

the map. Nearly all of the mapped linear features are narrow, 

elongated, topographically low areas or straight zones along which there 

is a prominent break in slope or change in topographic texture of the 

terrain. Only a few of the mapped linear features are expressed on the 

images by an abrupt change in image tone not caused by topography. From 

the inspection of available maps and the general orientations of these 

linear features, it was concluded *-hat they are not man-made, so they 

were included in the analysis.

The completed linear features map was then digitized for computer 

analysis and plotting. Generally, linear features were straight enough 

that only the end points of the lines needed to be digitized to produce 

a good representation of the line. Curvilinear lines were digitz«»d in 

segments short enough to produce a good representation of the mapped 

line on the computer plots.



Statistical analysis

The Landsat linear features map of southeastern Missouri (Plate 1) 

is much too complex to evaluate by inspection alone. Some curvilinear 

and exceptionally long linear features are quite obvious, but regional 

patterns in the linear feature data are not readily apparent. The 

application of objective statistical techniques helps to characterize 

the linear feature data in ways that may be useful for geologic 

analysis. Length-frequency analysis expresses the lengths of the linear 

features as a function of frequency of observation. Strike-frequency 

analysis provides a measure of the nature and degree of preferred 

orientation in the data set. The details of these statistical 

techniques are discussed in Sawatzky and Raines (in pres~); a brief 

description is given below. 

Length-frequency analysis

Length-frequency analysis uses a simple computer program that 

generates a histogram of length as a function of frequency of 

observation (Appendix A). In addition, the mean and modal lengths and 

standard deviation and variance of the data set are computed. Table 1 

shows some results from the length-frequency analysis of the 

southeastern Missouri linear feature data set.



Table 1. Some results from length-frequency analysis (Appendix A), 

southeastern Missouri linear feature data set

1. Longest linear feature = 28.0 km

2. Shortest linear feature = 200 m

3. Mean length = 3.0 km

A. Mode length = 1.8 km

5. Standard deviation = 2.3 km

The approximate log-normal distribution of the length-frequency 

histogram (Appendix A) appears to be typical of linear feature data 

mapped from Landsat images (D. H. Knepper, unpublished data; G. L. 

Raines, 1979, oral commun.) and air photos (Podwysocki, 1974). An 

abrupt, short length cut-on is caused by the Landsat system resolution 

(approximately an 80 in-square pixel ground resolution), although mapping 

scale and image quality may also have some effect on the shortest linear 

features that can be detected. Above the modal length, the number of 

linear features observed drops off exponentially with increasing 

length. At this time, the development of methods for extracting geo­ 

logic information from these analyses is still in its infancy. 

Strike-frequency analysis

The strike-frequency analysis procedure used in this study was 

described by Raines (1978, p. 52-53) and has recently been more fully
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detailed by Sawatzky and Raines (in press). Basically, the analysis 

program examines the number of linear features (frequency of occurrence) 

in each of 180 1-degree azimuthal trends and compares these frequencies 

to the mean frequency for the 180 1-degree classes. The significance 

value of any given frequency of occurrence is based on the probability 

that that frequency would occur in a data set of given size selected 

from a uniform population of directions. If the frequency of occurrence 

is near the mean frequency, it has a low significance value (signifi­ 

cance value = 0 when frequency = mean frequency). As the frequency of 

occurrence deviates from the mean frequency, either positively or nega­ 

tively, the significance value increases. Thus, maxima (high frequency 

of occurrence) can be defined at a range of significance values simply 

by extending the test to frequencies further from the mean frequency.

Results of unweighted and length-weighted strike-frequency analyses 

(Appendices B and C, respectively) of the linear features mapped from 

Landsat images of southeastern Missouri show definite preferred orienta­ 

tion at high significance values. Figure 2 is the unweighted strike- 

frequency histogram replotted from the results in Appendix B showing the 

highest maxima and minima significance values attained in the test. 

Where the curve rises above the 92.1 significance value (74 observa- 

tions/1-degree interval), the corresponding 1-degree azimuthal trends 

are considered significant and a high degree of preferred orientation is 

indicated. Similarly, where the curve drops below the 94.0 significance 

value (45 observations/1-degree interval), a significant paucity of 

linear features at those corresponding 1-degree azimuthal trends is

7



160

140

120

ROLLA SMOOTHED STRIKE FREQUENCY

UNWEIGHTED DATA
NO. OF DATA-3,574
SMOOTHING INTERVAL'3 DEGREES

270 
W

SIGNIFICANT MAXIMA

SIGNIFICANT MINIMA

290 310 330 350 0 10
N 

AZIMUTH

50 70
J 
90
E

Figure 2. Unweighted strike-frequency histogram of linear features of
southeastern Missouri. Significant maximum and minimum significance 
value cut-offs and zero significance value shown by horizontal 
lines.



indicated. Between the maxima (92.1) and minima (94.0) significance 

value cut-offs the curve is in the non-significant field. Table 2 

summarizes the significant maxima and minima azimuthal trends derived 

from the unweighted analysis.

Figure 3 is the replotted, length-weighted strike-frequency results 

from Appendix C. In this analysis, each linear feature was weighted 

proportional to its length to emphasize the potential importance of the 

longer linear features. The curve is read the same as figure 2. Table 

3 summarizes the significant maxima and minima azimuthal trends result­ 

ing from the length-weighted analysis

Trend interval selection

Results of strike-frequency analysis often show several clusters of 

individual 1-degree maxima and minima that define relatively broad 

significant trend intervals in the linear feature data (Raines, 1978, p. 

53; Knepper, unpublished data). The trend intervals composed of indi­ 

vidual 1-degree significant maxima mark the directions in which there is 

a regional tendency for the development of sub-parallel linear features, 

that is, the nature of the preferred orientation in the data. The areal 

distribution patterns formed by these broad groups of sub-parallel 

linear features define domains of similar linear feature occurrence that 

help in recognizing important, often subtle, geologic differences in the 

terrain (Raines, 1978; Knepper, 1978; Raines, Offield, and Santos, 

1978).

Strike-frequency analysis of the southeastern Missouri linear 

feature data set produced a high-frequency histogram curve that defined
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Table 2. Azimuthal trends of significant maxima and minima derived from 
the unweighted strike-frequency analysis. Maximum significanc~ 
value = 92.1; minimum significance value = 94.0

Maxima Angular Width Minima Angular Width 
(degrees) (degrees) (degrees) (degrees)

271-285 15 308 1
287 1 310-337 28
293 1 339-344 6
355-356 2 349-350 2
7 1 352-353 2
18-19 2 357-359 3
23 1 12-13 2
29-32 4 43 1
34-36 3 83-84 2
40-41 2
48 1
61 1
76-78 3
85-87 3
90 1
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Figure 3. Length-weighted strike-frequancy histogram of linear features 
of southeastern Missouri. Significant maximum and minimum signifi­ 
cance values cut-offs and zero significance value shown by hori­ 
zontal lines.
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numerous, relatively narrow, significant trend intervals. The un­ 

weighted analysis defined 15 maximum and 9 minimum trend intervals in 

which 14 of the maxima are less than 5 degrees wide and 10 of these are 

less than 3 degrees wide (Table 2). Of the 9 minimum trend intervals, 6 

are less than 3 degrees wide. The length-weighted analysis defined 19 

maximum and 15 minimum trend intervals. Most of these, also, have 

relatively narrow angular widths (Table 3).

From inspection of the strike-frequency analysis results shown in 

Tables 2 and 3 and figures 2 and 3, it is not clear how the relatively 

narrow trend intervals could be grouped into a few relatively broad 

trend intervals that more generally characterize the preferred orienta­ 

tion in the linear feature data. However, by combining the results of 

the unweighted and length-weighted analyses, five prominent modal trend 

intervals were defined for subsequent distribution analysis. First, a 

summary diagram was made showing those 1-degree maxima and minima that 

are common to both analyses (fig. 4 and Table 4). The maxima on this 

diagram are 1-degree trends in which the frequency of occurrence is high 

and the individual linear features are relatively long. To the con­ 

trary, the minima are 1-degree trends which have few linear features and 

those that are present are relatively short. The remaining 1-degree 

trends are not statistically significant or statistically significant in 

only one analysis (non-significant field). Thus, only the strongest 1- 

degree maxima and minima were used to generally characterize the pre­ 

ferred orientation of the data set.

12



Table 3.-Azimuthal trends of significant maxima and minima derived from 
the length-weighted strike-frequency analysis. Maximum and minimum 
significance value = 93.9

Maxima 
(degrees)

271-273
276-287
289
291-293
298-306
355-356
1-3
7
18-19
27
29-36
40-41
44
48-49
53-54
59-63
67-69
76-82
85-90

Angular Width 
(degrees)

3
12
1
3
9
2
3
1
2
1
8
2
1
2
2
5
3
7
9

Minima 
(degrees)

295-296
308
310-348
352-354
357-359
4-6
9-15
20-22
24-25
38
43
50-52
58
70-73
83-84

Angular Width 
(degrees)

2
1

39
3
3
3
7
3
2
1
1
3
1
4
2
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ROLLA STRIKE FREQUENCY ANALYSIS 
SUMMARY OF COMMON MAXIMA AND MINIMA

280 300 320 340 360 20 40 60 80
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Figure 4. Azimuthal plot of maxima and minima common to both the
unweighted and length-weighted strike-frequency analyses. Non­ 
significant field (white) includes those azimuthal trends that 
were non-significant in both analyses or significant in only one 
analysis.
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Table 4. Maxima and minima common to both the unweighted and length- 
weighted strike-frequency analyses

COMMON MAXIMA COMMON MINIMA
Azimuthal Range

271-273
276-285
287
293
355-356
7
18-19
29-32
34-36
40-41
48
61
76-78
85-87
90 (270)

Angular Width 
(degrees)

3
10
1
1
2
1
2
4
3
2
1
1
3
3
1

Azimuthal Range

308 .
310-337
339-344
352-353
357-359
12-13
43
83-84

Angular Width 
(degrees)

1
28
6
2
3
2
1
2
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Inspection of figure 4 suggests that there are five distinct clus­ 

ters of significant 1-degree maxima, each separated by one or more 

minima. The endpoints of the maxima clusters were then selected accord­ 

ing to the following criteria:

1) Where a maximum is directly adjacent to a minimum, the 1-degree 

maximum azimuthal trend closest to the adjacent minimum was 

selected as the endpoint.

2) Where the maximum is separated from the nearest minimum by a 

field of non-significant 1-degree trends, the 1-degree azi­ 

muthal trend one-half the angular distance between the minimum 

and maximum was chosen as the endpoint. When the difference in 

azimuth was an odd number of degrees, the extra 1-degree of 

azimuth was included in the maximum cluster.

The results of trend interval selection are summarized in figure 5 and 

Table 5.

Strike-frequency analyses give a detailed characterization of the 

nature and degree of preferred orientation within the linear feature 

data that can be probed for geologic information. The trend interval 

selection method used here generalizes these complex results into a few 

strong, relatively broad trend intervals that give a first approximation 

of the regional tendency for the occurrence of sub-parallel linear 

features in southeastern Missouri. However, the distribution patterns 

of the linear features within each of the generalized trend intervals 

must be studied as well.
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ROLLA STRIKE FREQUENCY ANALYSIS 
SUMMARY OF COMMON MAXIMA AND MINIMA

BASIC TREND INTERVALS 
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Figure 5. Azimuthal plot of common maxima and minima showing the five 
trend intervals selected for distribution analysis.
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Table 5. Modal azimuthal trend intervals derived from maxima and minima 
common to both the unweighted and length-weighted strike-frequency 
analyses

Abbreviation Azimuthal Range Angular Width
(degrees)

WNW 271-300, 85-90 36
NNW 354-356 3
NNE 4-10 7
NE 15-42 28
ENE 46-81 36
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Linear feature distribution

Computer graphics provide an easy means of selectively plotting the 

linear features in any specified trend interval. The plots can be 

analyzed visually for obvious clusters, alignments, or other distribu­ 

tion patterns that are suggestive of possible geologic or tectonic 

conditions. Plate 1 is a computer plot of all of the southeastern 

Missouri linear features mapped from the Landsat images. Plates 2 

through 6 show the linear features in the five broad trend intervals 

derived from the strike-frequency analyses. Those linear features not 

included in the five trend intervals (residuals) are plotted on Plate 7.

Computer-generated contour maps showing the concentration of linear 

features in the various trend intervals are useful aids in visualizing 

distribution patterns not apparent on the linear feature plots. Plates 

8 through 14 are contour maps of the concentrations of the linear fea­ 

tures plotted on Plates 1 thorugh 7, respectively.

The method of preparing linear feature concentration maps used in 

this study is described by Sawatzky and Raines (in press). Basically, 

the method has two steps: 1) preparation of a gridded computer file for 

which the relative frequency of linear features has been computed for 

each counting cell on the grid of the mapped area, and 2) contouring of 

the gridded data. The gridded computer file is derived by counting the 

number of linear features that intersect the counting cell at each 

position as it is moved in increments equal to the unit cell of the 

specified grid. These values are then normalized to a percentage of the 

total number of intersections counted per unit cell area and multiplied

19



by 1,000. The area adjustment is made because the counting cell is

usually larger than the unit cell of the grid so that some data smooth-

o 
ing is attained. In this study an 18-km counting cell was moved in

increments of 6 km. To facilitate identification of areas of very high 

concentrations of linear features, specific contours delineating the 

lower boundaries of the upper decile (10%) and upper fifth percentile 

(5%) of the relative frequency per unit area values are plotted on 

Plates 8 through 14.
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Appendix B

Computer Printout

from Unweighted Strike-Frequency Analysis
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Appendix C

Computer Printout

from Length-Weighted Strike-Frequency Analysis
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