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ABSTRACT 

Lineament analysis, made through the observation of 
remote sensing data, is encountered various bias effects. In 
this paper, the bias effects are analyzed firstly by grouping 
the process of lineament extraction into three stages, that is; 
ground based effects (A-factor), image based effects (B
factor), and human effects (C-factor). Of the C-factors, length 
vs. frequency distribution of lineaments can be formulated in 
the following equation: 

N 1 (L) = (k' - m' )j( log L) >I< 
1 (log I - P )2

J >I< exp [-
20- 2 

dl 

where Nl(L) is the frequency of extracted lineaments with 
length L. 1 is the recognizable length of a lineament whose 
actual length is L. k', m', f1. and (J are constants. Similarity 
of the length-frequency distribution of lineaments to the 
theoretical length-frequency distribution is an important 
factor to accept the information of lineament distribution as 
that of fracture distribution. 

In the study of lineaments in central Hokkaido, most of 
lineaments are recognized as fracture sets. The result of 
lineament analysis there shows that the similarity of the 
azimuth-frequency distribution mesured by lineament number to 
that mesured by cumulative length is another important 
criterion for evaluating lineaments as fracture information. 

1.INTRODUCTION 

Many previous authors have been considering that 
lineaments extracted from remote sensing data indica ted 
fractures in the Earth's crust. For instance, Kaneko(1967) 
stated that about 60 to 70 percent of lineaments interpreted on 
aerial photographs correspond fractures. Some authors inferred 
that only long lineaments reflected crustal structures (e.g., 
Blanchet,1957; Lattman, 1958; Matsuno, 1968). However, most of 
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these discussions were derived empirically without enough field 
evidence nor theoretical examinations. 

A fracture measurement along a survey line crossing a 
lineament is an useful method to verify a lineament as a 
fracture set. For instance, Yamaguchi (1984) showed that the 
zones with high fracture densities corresponded well to the 
possible locations of lineaments. Fig.1 shows another example 
in the Oyubari area of Japan that the location with the highest 
fracture density indicates a lineament, which was extracted on 
aerial photographs and is approximately 1,000 meters long. This 
fact suggests that even a short lineament not longer than 1,000 
meters reflects a fracture set. If a direct measurement of 
fractures is not applicable due to such reasons as poor 
outcrops, a soil gas survey might be a substitutional method 
for investigating a lineament (Yamaguchi et al., 1984). 
Consequently, these field evidences strongly suggest that most 
of lineaments interpreted by geologists on remote sensing 
images indicate fractures. However, as it is impossible to 
check all the lineaments extracted from images, it often raises 
a doubt to use lineaments for a statistical evaluation of 
fractures in regional scale. 

The fundamental difficulty in discussing lineaments 
reflects the complex processes of lineament interpretation and 
the associated bias effects. This paper employs a statistical 
approach and discusses the possibility whether lineaments can 
be used as a tool for a evaluation of fractures in regional 
scale. Particularly, the bias effects in the processes of 
lineament extraction from remote sensing data is investigated 
using the length-frequency and azimuth-frequency distribution 
of lineaments .. 

2.LENGTH-FREQUENCY DISTRIBUTION 

Recognition of fractures via remote sensing data 
observation is governed by many acquired experiences and 
intelligence of geologists. Let us assume an area of interest 
for fracture information extraction first hand. There develop 
fractures and the characteristics of surface traces of them as 
topographic features obey several geologic rules. We call these 
ruling factors to be A-factor in this paper. Some of fracture 
traces are imaged by a remote sensor and some others are not 
due to images control factors such as resolution. These factors 
inherent with image data are called B-factor. In the course of 
extracting presumable fracture information as lineament 
information from the image data of the area concerned, we 
encounter eye-sensor factors as well as complex perceptive 
process in our eye-brain system. We call this factor to be C
factor here. The recognition processes of fracture information 
described above is grouped and given as a flow chart(Fig. 2). 
Of the C-factor, C-1 factor seems most dominantly affect 
lineament extraction from image data. 

The magnitude-frequency relationships of the fractures 
(first group in Fig. 2) have been studied by many previous 
authors, e.g., the displacement-frequency distribution of minor 
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faul ts (Kakimi, 1 980) and the width-frequency distribution of 
micro-cracks (Watanabe, 1979). In general, length of a fracture 
is very diff icul t to know by ei ther field geologic mapping or 
laboratory measurements. On the contrary, length is the only 
available measure to show the magnitude of a lineament on image 
data. Therefore, we will employ the length-frequency 
distribution to describe characteristics of the lineament 
groups and to study these effects. 

It is reported that the field measurement on magnitude vs. 
frequency of fractures shows a systematic relation given by the 
following experimental equation: 

log N(M) = k - m * log M (1 ) 

where N(M) is the frequency of fractures whose magnitude is M. 
m is the constant showing the decreasing rate of the frequency 
of fractures. k is a constant depending upon measurement 
conditions such as accuracy and total fracture number. 

When Yamaguchi and Hase (1983) tried lineament extraction 
using various scale of images, they obtained a result that 
extracted lineaments from an images with a definite resolution 
and scale showed parabolic distribution with a maximum when 
plotted on a logarithmic graph with X axis to be lineament 
length and Y axis to be number of lineaments. And when all the 
result of lineament extraction from various scale of image was 
superimposed onto a logarithmic graph, the distribution of 
lineaments showed in great extent to follow a similar relation 
expressed as the following equation. 

log N(L) = k' - m' * log L (1 I ) 

where N(L) is the frequency of lineaments with length L. k' and 
m' are con$tants. 

However, they reported that apparent departure from the 
equation had been found in case of short lineaments. They 
considered that the departure from the equation especially 
obtained for lineaments of short lengths would be due to the 
resolution-scale probl~m related to human eyes. This paper 
discusses on this problem as the C-1 factor introducing a 
probability function on analysis. 

Suppose a lineament with the total trace length L and its 
information as a topographic characteristics on an image for 
the extraction is given by segments Ii (Ell ~L). Two segments 
constitute end point of L. The probability to distinguish L 
from collecti ve informa tion 11, 12, is con trolled by 
independent probability p1; kern-col and kern-bat, p2i fault 
scarp, p3i debris slide, to distinguish b , ~, 

Therefore, P(l), probability to distinguish L, is expressed as: 

P(l) = p1 * p2 * p3 * ( 2 ) 

Logarithmic expression of (2) is; 

log P (1) = log p1 + log p2 + log p3 + .... e. ( 3 ) 
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In our eye-brain perceptive process, the probability P(l) to 
distinguish collective segments of l(El;) to be L becomes high 
as 1 increases from lmin until it comes to knee point and 
after that the rate of increase becomes gradual. 

P(l) eventually approaches to show logarithmically-normal 
distribution (Takayasu, 1986) as known as the central limit 
theorem. It is given by the following equation: 

1 (log J -- /.1) 2 

P ( 1 ) = _.J--I1i7·~I-- * ex p [-_. ----·--2-~-2---- ] ( 4 ) 

where p and ~ are constants. The probability P(L) is expressed 
as: 

P(L) = f ~mln P(l) dl (5 ) 

Theoretical distribution of lineaments introducing the 
probability equation is shown in Fig .. 3 .. Also as described in 
the following chapter, the result of lineament extraction made 
for the studied area in Oyubari is plotted in Fig. 4. This 
shows that the result of Yamaguchi and Hase (1983) may be 
explained by the probabilistic process discussed above. 

3.AZIMUTH-FREQUENCY DISTRIBUTION 

A study on the relation between fractures and lineaments 
was made by one of the authors(Tsuchida) in conjunction with 
detailed field survey in the Oyubari area of central Hokkaido, 
Japan. The azimuthal distribution of lineaments extracted from 
aerial photographs on the study area I to VI (Fig. 5) was shown 
as the rose diagrams and frequency vs. length distribution 
diagrams in Fig .. 6. 

Rose diagrams in Fig. 6(a) show the azimuth-frequency 
distribution mesured by lineament number, and (b) shows the 
azimuth-frequency distribution mesured by cumulative lengths of 
lineaments from area I to VI. The symbol S in the Fig. 5 
indicates the locations where field fracture measurements were 
made .. 

In the I and II areas, the length-frequency distribution 
is less similar to the theoretical distribution. Comparing Fig. 
6 (a) and (b), we find that better similarity is found in the 
areas IV, V, and VI rather than the areas I, II, and III. A 
difference is also noticed between the two types (Fig. 6(a) 
and (b)) of rose diagrams. 

These facts suggest us the following. When we limitedly do 
statistic analysis, either the azimuth-frequency distribution 
of lineament numbers or that of cumulative lengths, the 
difference of counting a long single lineament or concentration 
of many short lineaments with the same orientation can not be 
treated properly .. 

It can be said that when we have detailed fracture data by 
a field survey on a limited area and want to apply lineament 
information to fracture information over a wider area including 
the survey area, statistic examination on the result of 
lineament extraction described in this paper seems useful .. 



In this case, we need to know in the first that the 
objective area has sufficient and/or proper extent for the 
purpose. In the second, it is useful to see whether the length
frequency distribution of lineaments examined in the area 
follows the equation as described in the former chapter. In the 
third step, it is meaningful to see the similarity of the 
azimuth-frequency distribution of lineament number and that of 
frequency distribution of cumulative lengths of lineaments. If 
these two show similar mode statistically, the lineament 
information increases the value as fracture information. 

4.CONCLUSION 

This study has lead the following conclusions. 
i) The process of extracting lineaments is controlled by 

various factors as shown in Fig. 2. 
ii) The C-1 factor, the longer the segments of a 

lineament, the higher the probability to be extracted by visual 
interpretation of remote sensing images, and it gives the 
greatest effect on the length-frequency distribution of 
extracted lineaments. The distribution can be explained by the 
following eqution: 

N I (L) = (k' - m' * Jog L) 
1 1 - (log I - fJ) 2 * irIDin 1- - * exp [- '? J dl .... 2nO"I 20"<'-

where Nl(L) is the frequency of extracted lineaments with 
length L. 1 is the recognizable length of a lineament whose 
actual length is L. kl, m', p and u are constants depending 
upon measurement conditions. 

iii) Similarity of the length-frequency distribution of 
lineaments to the theoretical length-frequency distribution is 
an important factor to accept the information of lineament 
distribution as that of fracture distribution. 

iv) Similarity of the azimuth-frequency distribution of 
lineament number to that of cumulative length is another 
important criterion for evaluating lineaments as fracture 
information. 

v) Statistical analysis of lineaments in the Oyubari area 
shows that most of the lineaments extracted from remote sensing 
data can be considered as fracture sets. 
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Figure 1 Fracture density along a survey line 
crossing a lineament in the northern part of the 
Oyubari area. "0 (m)" indicates the location of 
the lineament. Each line corrsponds lineaments 
within the azimuth shown in the rose diagram 
above left .. 
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I 
Fractures J I 

(First Group) t---------"'i, B-4 
~--------------~--------------~ 

't' 

~ ... ----------- A-1 The larger the magnitude of a 
fracture set, the higher the 
possiblity of its showing as a linear 
topographic feature. 

~ ... ------------ A-2 The length of a lineament should 
always be shorter than that of the 
corresponding fracture. 

OIl A-3 A fracture set appears as 
segments of linear topographic 
features. 
A-4 A group of fracture sets such as 
"en echelon" can appear as a single 
lineament. 

Lineaments as 
Linear Topographic Features 

(Second Group) 
B-1 Too short lineament compared 
with image resolution does not appear 
on an image. 
B-2 A group of lineaments on the 
ground can appear as a single 
continuous lineament on an image due 
to the resolution of the image. 
B-3 Some lineaments with subtle 
topographic features on the ground do 
not appear on an image. 

Lineaments on Images ~B-4 Some fractures do not appear as 
(Third Group) J topographic featurei but appear as 

'--__________ .,.--________ -.-J tonal linear features 1 on an image. 

I 
Extracted Lineament 

(Fourth Group) 

C-1 The longer a lineament on an 
image, the higher the probability of 
its extraction by naked eyes. 
C-2 A group of lineaments on an image 
can be extracted as a single 
continuous lineament. 
C-3 Lineaments with relatively large 
magnitude is not extracted because of 
the smaller coverage by the image. 
C-4 Too short lineament can not be 
extracted by naked eyes. 

Figure 2 The extraction process of "Lineament Group" from 
"Fracture Group" on the field. 

*1 This feature may not be called a lineament according to the 
definition by Bates and Jakson (1984). 
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Figure 3 Theoreticallength-frequency 
distribution of lineaments. 
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Figure 4 Length-frequency distribution of 
lineaments in the northern part of the 
Oyubari area. 
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Figure 5 A radar image of the Oyubari area 
showing the study areas for lineament analysis. 
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Figure 6 Azimuth-frequency distribution (a, b, c) and 
length-frequency distribution (d) of lineaments in the 
northern part of the Oyubari area. 
(a) lineament number (b) cumulative length 
(c) average length 
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