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Introduction

The purpose of this report is to 

present linear feature data mapped from 

computer-enhanced Landsat images of the 

Gallup-Grants uranium district, northwest 

New Mexico (fig -. 1), and to demonstrate 

how the linear feature data are acquired 

and analyzed for length, preferred 

orientation, and spatial distribution- 

characteristics. The results of the 

analyses could then be be integrated with 

other geological, geophysical, and geo- 

chemical data to evaluate the geologic 

significance of the linear features and 

their regional patterns.

Landsat Data

The two sets of Landsat images, that were used in the linear feature 

mapping, were prepared from the digital data by the U.S. Geological Survey 

EROS Data Center, Sioux Falls, South Dakota. Digital image-enhancement 

techniques were applied to the primary image data (landsat scene 5181-16512) 

to correct for six-line banding, geometric and radiometric distortion, and 

line dropouts. Contrast on the image was enhanced at the EROS Data Center by 

stretching and edge enhancement techniques as described in Sabins (1978). 

Black and white images of each of the four multispectral scanner system (MSS) 

bands and a false color infrared composite prepared from MSS bands 4, 5, and 

7, all at a scale of 1:1,000,000, were examined for linear features. In 

addition, interpretation of a l:250,000-scale print of a false color infrared

Figure 1. Index map 

showing location of 

study area.
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composite of scene 1425-17193, scanned in September 1973 shortly after a 

period of rainfall, was extremely useful for recognizing subtle linear 

features; these features are expressed primarily by vegetation patterns not 

observed on the primary set of images.

Linear Features Mapping

Linear features were first identified and mapped on an overlay on the 

l:l,000iOOO-scale images, then transferred to a 1:250,000 topographic map. 

Most of the linear features are expressed as topographic break in slope or as 

elongated topographic lows. A few, however, are expressed only by a change of 

image tone. These tonal features, prominent in the northwest and central 

parts of the study area were either most prominently expressed or only seen on 

the false color infrared composite of scene 1425-17193, and may be due to 

subtle variations in vegetation density enhanced by the period of rainfall 

shortly before the image was scanned.

Most of the mapped linear features have a single type of surface 

expression. A few of the linear features, however, are formed by an alinement 

of linear elements with differing types of image and surface expression. In 

general, the majority of linear features are topographically expressed and 

most easily seen on the false color infrared composites and the black and 

white image of the band 5 data.

The completed map of linear features was digitized for computer 

analysis. Only the end points of the individual linear features needed to be 

digitized to accurately reproduce the lines. Figure 2 is a computer-generated 

plot of the linear features map. Computer plotted linear features typically 

are straighter than linear features mapped on images.
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Characteristics of Linear Feature Data Set

With data sets containing a relatively small number of linear features, 

it is usually possible to evaluate important trends and patterns by visual 

examination of the map. As the data sets become larger, they also become more 

complex, and visual evaluation alone is no longer sufficient. Sawatzky and 

Raines (1979) describe some analytical techniques for characterizing complex 

linear feature data sets in terms of lengths and orientation. These 

techniques have found application in a variety of geologic terrains and are 

used in this report (Raines, 1978; Raines and others, 1978; Knepper, 1978; 

1979). A brief description of these analysis is given below. ..._.. 

Length Frequency Analysis .. ... 

The length frequency analysis computer program plots a histogram of the 

length of linear features as a function of their frequency of occurrence 

(Appendix C). In addition, the following were also calculated in length 

frequency analysis.

Longest linear feature 17.2 km _ =_ .. _,...
 \

Shortest linear features 2.1 km

Mean length 5.25 km

Mode length 4.5 km

Standard deviation 2.5 km

The abrupt minimum length cut off observed in the length frequency 

histogram is typical of linear feature data mapped from Landsat images (D. H. 

Knepper, unpublished data). The cutoff is a function of the resolution of the 

Landsat system (79 meter-square ground resolution), map scale, and the image 

quality. The number of mapped linear features with lengths greater than the 

modal length decreases exponentially, producing a histogram with an 

approximately log normal distribution.



Strike Frequency Analysis

The strike frequency analysis used in this study determines the frequency 

of occurrence of linear features in each of the 180 one-degree azimuthal 

classes. The significance value of a given frequency of occurrence is based 

on the probability of that frequency occurring in a given data set with a 

uniform population of directions (Raines, 1978). Low significance values 

occur when the frequency is near the mean frequency. Higher significance 

values occur as the frequency of occurrence deviates from the mean value.

In the length weighted strike-frequency analysis, each linear feature is 

weighted proportional to its length. This technique is used to emphasize the 

potential importance of the longer features and to enhance trends containing 

these longer linear elements. Computer printouts of the results of the 

unweighted and length weighted strike frequency analyses can be found in 

Appendices B and C. The analyses are replotted in figures 3 and 4 to better 

display the relationship between strike frequency "and significance value and 

to show the degree of preferential orientation in the linear feature data 

set. In the unweighted analyses (fig. 3), a 90.6 significance value (10 

linear features in a one-degree interval) was chosen as indicating a strong 

preferential orientation. In the length weighted analyses (fig. 4), preferred 

orientation is similarly indicated when the curve reaches a 94.0 percent 

significance value.

In the Gallup-Grants data, the unweighted strike frequency analysis shows 

five narow trend intervals extending above the 90.6 significance value 

(fig. 3). In the length weighted analysis many peaks are in the significant 

field (fig. 4). These results are presented in table 1.
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and length weighted strike-frequency analysis in
Gallup-Grants

Unweighted
Maxima Angular width

301-302 2

306-307 2

39- 41 3

73 1

77 1

Uranium District

Length weig
Maxima Angul

290

292

296

298-315

320-322 

353 

32- 34

39- 41

43- 46

49- 56

59- 73

86- 88

degrees for the

hted
ar width

1

1

1

18

3 

1

3

3

4

8

15

3

It is often useful to group the many narrow trend intervals into several 

broader trend intervals that are characteristic of the region. One method for 

selecting the maxima points and end points of each of the broader trend 

intervals was presented by Knepper (1979) and is outlined below.

(1) Significant maxima were chosen by picking only those intervals common to 

both the length weighted and the unweighted strike frequency analyses.

(2)v If a maximum interval is directly adjacent to a minimum, the 1-degree 

maximum azimuthal trend closest to the adjacent minimum is selected as 

the end point.

(3) If the maximum is separated from the nearest minimum by a field of non­ 

significant 1-degree trends, the 1-degree azimuthal trend one-half the

8



angular distance between the minimum and maximum is chosen as end 

point. If the difference in azimuth is an odd number of degrees, the 

extra 1-degree of azimuth is included in the maximum interval. 

Applying this method of trend interval selection to the Gallup-Grants linear 

feature data resulted in the definition of three relatively broad trend 

intervals of 34° to 44°, 60° to 80°, and 298° to 312°.

Linear features of any specified trend interval may be easily viewed by 

means of computer graphics. The computer graphics plot of the desired trend 

interval may then be visually analyzed for cluster, alinements, or other 

linear feature distribution patterns which may be suggestive of possible 

geologic or tectonic conditions. Figures 5 through 7 are computer plots of 

the linear features contained in broad selected trend intervals in the Gallup- 

Grants study area.
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Gallup-brants Lengths

02/07/79 0959

START LINE 
LINE SKIP

i; START PIXEL
o; PIXEL SKIP

i; NO. LINES 18; NO. PIXEL 10 
0

MIN GRAY LEVEL 0; MAX GKAY LEVEL 300; MEAN GRAY LEVEL
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1.7***************** +
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69.3************************* + + +
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74.9***************** + + + +
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Appendix B

Computer Printout

Unweighted Strike-Frequency Analysis
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Appendix C

Computer Printout

Length-Weighted Strike-Frequency Analysis
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