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ABSTRACT 

Sinai Peninsula has fascinating geologic setting and is displaying a diversity of structural lineaments that have greatly 
influenced the distribution of natural resources and hazards. Shaded relief images derived from SRTM-DEM mosaics 
were used for the identification, extraction, and mapping of these structural lineaments. Statistical parameters particu- 
larly, azimuth frequency, lineament intersection, lengths, and density distribution were analyzed using SPSS software. 
Two additional new statistical indices; Lineament Relative Abundance Index (LRAI) and Lineament Majority-Minority 
Index (LMMI) were applied. Moreover, the distribution of the different statistical parameters was illustrated as contour 
maps through GIS environment. Basically, two dominant clusters; NW-SE and NNE-SSW trends were detected. These 
trends are related to major fracture systems that are characterized by extensive mean lengths and high proportion values. 
Furthermore, the northern and central parts of Sinai Peninsula have lower density and intersection of structural linea- 
ments that gradually increase towards the southern part. However, the northern part of Sinai displays wider areas of 
majority zones than the southern part. This could be attributed to the lower density of lineaments and little tendency for 
multiple lineament populations. The majority zones are usually associated with NE and NW-SE in the northern part of 
Sinai, whereas the majority zones are of less abundance in the central and southern parts of Sinai due to the multiple 
orientations of lineament populations which reduce the tendency for majority. Eventually, the results of the present 
work could be applicable in the different geologic and environmental aspects that are based on a good understanding of 
the genetic and spatial relationships of fracture systems. These aspects encompass geodynamics, exploration for miner- 
alization and groundwater, in addition to the mitigation of natural hazards such as flush flooding and earthquakes. 
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1. Introduction 

Sinai Peninsula is located at the northeastern corner of 
Egypt occupying a surface area of about 61.000 km2. It is 
bounded from the west by the Gulf of Suez and the Suez 
Canal, from the east by Gulf of Aqaba, while bordered 
from the north by the Mediterranean Sea and from the 
south by the Red Sea (Figure 1). 

The geology and tectonics of Sinai are largely affected 
and controlled by the geodynamic processes that have 
created the Red Sea rift. Sinai Peninsula is characterized 
by variable geologic and geomorphologic features where 
the southern part is occupied by igneous and metamor- 
phic rocks, whereas the central and northern parts are oc- 
cupied by Phanerozoic rocks. The subhorizontal Meso- 
zoic to Tertiary sediments of Tih Plateau are the main 
exposed rock units at the central parts, whereas, north- 
ward the Mesozoic to Tertiary sediments of “Syrian Arc” 
structures sink seaward due to Tertiary down-to-the-ba- 
sin faulting and are hidden under the Quaternary coastal 
plain and continental deposits, shown in Figure 1. 

The extraction and analysis of lineaments from digi- 
tally enhanced satellite images and shaded relief maps 
derived from DEMs can provide valuable sources for re- 
gional structural and tectonic studies [1-3]. In arid and 
semiarid terrains where well-exposed bed rocks are pre- 
sent, as the case of Sinai Peninsula, brittle structures can 
be easily observed on satellite images. 

Although the detection and treatment of lineaments 
have been applied for mineralization, hydrological, struc- 
tural and tectonic purposes in limited areas, few attempts 
have been applied in order to delineate the lineaments of 
the Sinai Peninsula as a whole. 4,5 used ERTS-1 satel- 
lite images and Landsat-1 imagery interpretation techni- 
ques to construct a structural lineaments map of Sinai 
Peninsula on scales 1:500,000 and 1:1,000,000. [6] used 
Landsat composite image mosaic of Sinai Peninsula in the 
assessment of the orientation characteristics using fre- 
quency histograms for the total numbers and total lengths. 
7 studied Um Alawi area in south Sinai and clarified 
that the NE-trending structural lineaments are easily de-  
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Figure 1. Location map of the study area. 
 
tectable and have a high percentage of azimuth-fre- 
quency. On the other hand, the NE and NW trend sets are 
the most prevalent ones in both aerial photographs and 
field measurements. 

The statistical treatment of structural lineaments was 
carried out by [8] who introduced a new technique based 
on defining the optimal cell dimension for counting LTL 
(Lineament To Lineaments intersection) and LTC (Li- 
neaments To Cell intersection) and preparing the differ- 
ent density maps. They applied this new technique on the 
structural lineaments exposed in Wadi El-Arish region in 
the northern part of Sinai. Also, 9 applied the same te- 

chnique on the extracted and enhanced lineament by us- 
ing filtering technique in the western side of the Gulf of 
Aqaba. 

[10] defined three essential lineaments parameters (to- 
tal number, total length and sum of number of directional 
lineaments) to determine the photolineament factor that 
plays an important role in controlling the distribution of 
mineral occurrences in Saint Catherine area in South 
Sinai. The selection of optimal cell node and the weight- 
ing estimation of each parameter had verified the com- 
putability of photolineamnet factor anomalies with the 
mineralized centers in the investigated area. 
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[11] used image processing by filtering technique for 
extraction and mapping structural lineaments of south- 
western Sinai. Consequently, the extracted structural 
lineaments, are classified into major five populations; 
N30˚E, N50˚E, N30˚W, N60˚W, N-S, and E-W. He pro- 
posed a new technique of statistical treatment of linea- 
ments which compromises the counting of the desired li- 
neament populations relative to others in a certain cell 
dimension putting into consideration that the value of 1 
means the complete appearance of lineament in the gird 
cell and zero value expresses the disappearance of struc- 
tural lineament. The resulting percentage values were 
contoured to construct the Relative Abundance map of 
the desired lineament population. According to the re- 
sults of Relative Abundance technique, it is found that 
N30˚E-trending lineaments are prominent in the base- 
ment rocks with moderate to high Relative Abundance. 
On the contrary, the N30˚W and N60˚W trending linea- 
ments are prominent in sedimentary rocks. However, 
lineament populations including N-S, E-W are not dis- 
tinctive where they constitute very low to low grades in 
the major part of the study area. 

[2] used SRTM for the auto-detection of the morpho- 
tectonic lineaments observed on the Sinai Peninsula and 
gravity grid data where they are analyzed to characterize 
the tectonic trends that dominated the geologic evolution. 
The approach employed consists of DEM shading, seg- 
ment tracing, grouping, statistical analysis of the distri- 
bution and orientation of the lineaments, fault plane cha- 
racterization, and smooth representation techniques. Sta- 
tistical quantification of counts, mean lengths, densities, 
and orientations was used to infer the relative severity of 
the tectonic regimes. The NW and NE trends showed re- 
latively equal abundances in the Precambrian and the 
Cambrian whereas the prominence of the NW trends pre- 
vailed from the Carboniferous to the Holocene. Linea- 
ments in all formations were near vertical and on average, 
about 65% showed as strike-slip, 22% as reverse, and 
13% as normal faulting styles. Furthermore, the recent 
significance of the broad structural zones was confirmed 
by the foci of the earthquake epicenters along and at the 
intra-plate intersections of the broad lineament zones and 
at the plate boundaries. The spatial distribution of trends 
with varying styles of faulting distinguished four main 
tectonic provinces of marked geodynamics variances. 

The main objective of the present study is to extract 
and map the structural lineaments by using the shaded 
relief technique applied on SRTM mosaics of Sinai Pen- 
insula. The statistical analysis of extracted lineaments 
compromised azimuth, mean length, frequency, and in- 
tersection of the lineaments. Additional parameters of 
Relative Abundance Index (RAI) and Majority-Minority 
Index (MMI) of structural lineaments have been applied. 
The distribution of the different parameters was displayed 

as contour maps through GIS environment. Moreover, 
the tectonic significance of the different lineament popu- 
lations has been described. 

2. Methodology 

2.1. Lineament Extraction and Mapping 

The study of lineaments extracted from satellite images 
was carried out in two steps, i.e., lineament extraction 
and derivation of lineament properties. For extraction 
and mapping the structural lineaments, a shaded relief 
image processing technique of SRTM-DEM mosaics of 
Sinai Peninsula, has been used. This image has an ad- 
vantage of the possibility of setting up the position (azi- 
muth and inclination) of scene illumination, thus empha- 
sizing the different existing structural lineaments orienta- 
tions due to the enhancement of directions perpendicular 
to lighting in spite of parallel ones. Shaded relief images 
created from digital elevation models (DEMs) are helpful 
in identifying lineaments in different distinct relief and 
topography. The first step was to identify linear topogra- 
phic features from the DEM, where eight separate shaded 
relief mosaics were produced and then combined into 
one image (Figure 2). 

In the present study, the structural lineaments were ex- 
tracted from compiled shaded relief derived-SRTM mo- 
saics with different sun azimuth values including 0, 45, 
90, 135, 180, 225, 270 and 315. The sample area (repre- 
sented as square in Figure 2) with different sun azimuth 
is shown in Figures 3(a)-(h), respectively. Sinai Penin- 
sula was divided into grids and the different statistical 
parameters of extracted structural lineaments were coun- 
ted. Moreover, a complete mosaic of shaded relief im- 
ages was created and displayed through a GIS environ- 
ment by using Arc/GIS 9.3 software, where 3991 struc- 
tural lineaments have been identified, (Figure 4). Finally, 
the different lineament density maps were constructed by 
counting the lineaments within a moving 10' × 10' search 
window (grid cell). 

2.2. Statistical Analysis of Structural Lineaments 

Conventionally, statistical analysis of lineaments is done 
by using frequency or length against azimuth histograms, 
rose diagrams and the different lineament density maps. 
In the present study, two additional statistical factors 
were used; the Lineament Relative Abundance Index 
(LRAI) and the Majority-Minority Index (MMI) of struc- 
tural lineaments. Also, SPSS program was used to ana- 
lyze the statistical relationships between the different li- 
neament groups. 

The term of Relative Abundance is described by [11] 
to describe the ratio of the total number of a specific 
structural lineament in a certain azimuth group relative to  
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Figure 2. Shaded relief mosaics covering Sinai Peninsula, the square indicates a sample area of applying shaded relief with 
different sun azimuth values, shown in Figure 3. 
 
other counted lineament in a definite grid cell dimension. 
In structural studies with complex relationships between 
the different structural trends, it is preferable to count the 
density of lineament populations in terms of their rela- 
tions to other azimuth groups. 

In the Relative Abundance method of counting linea-
ments, the value of relative abundance ranges between 0 
and 1. The zero value indicates the absence of the linea- 
ment in certain azimuth group in the grid cell relative to 
others, whereas the value of one expresses the complete 
appearance of the desired lineament population relative 
to others putting into consideration that the lower the 
value of this ratio the higher the possibility of intersec- 
tion of the different populations and vice versa, (Figure 
5). 

In the present study, it is suggested for the Relative 
Abundance (RAI) values to be converted into zones of 
majority and minority expressed as percentages. These 
values are termed Lineament Majority Minority Indices 
(LMMI), based on a critical value delimiting or defining 
the level of majority and minority of a definite azimuth 

group. In the next section, the distribution of the different 
statistical parameters will be described, followed by the 
description of spatial relationship between the different 
lineaments populations. 

3. Results 

3.1. Distribution of Statistical Parameters 

3.1.1. Lineaments Azimuth 
In the present study, lineaments were initially classified 
into eight azimuth groups or lineament populations; N, 
NNE, NE, ENE, E, NNW, NW, and WNW. The ex- 
tracted structural lineaments map is shown in Figure 4, 
and the analysis is listed in Table 1. Four major struc- 
tural trends are obviously identified, these are: NW, 
NNW, NNE, N-S, and to a less extent NE. On contrary, 
structural trends like WNW, ENE, and E-W appear to be 
of less abundance. Simply, there are two main dominant 
clusters; NNW-SSE to NW-SE and N-S to NNE-SSW 
that representing the regional fracture systems control- 
ling the tectonics of Sinai. 
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Figure 3. Applying shaded relief with different sun azimuth (0, 45, 90, 135, 180, 225, 270 and 315) denoted from (a) to (h), 
respectively. 
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Figure 4. Structural lineaments map of Sinai Peninsula, derived from shaded relief image mosaics. 
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Figure 5. Counting relative abundance of N-S structural lineament. 
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Table 1. The number and percentage of the extracted structural lineaments. 

 N-S NNE NE ENE E-W NNW NW WNW 

Number 445 512 427 274 208 522 611 392 

Percentage % 13.2 15.1 12.5 8.1 6.2 15.4 18.2 11.5 

 
3.1.2. Lineaments Mean Length 
The lineament lengths were measured through a GIS 
environment and expressed as mean lengths. The mean 
length was calculated within each cell and then the re- 
sulting values were contoured allover Sinai. 

The mean length values were classified into 5 catego- 
ries; very short < 1 km/cell , short, (1 - 3 km), moderate 
extension (3.1 - 6 km), high extension (6.1 - 10 km), very 
high extension (10.1 - 20 km) and extremely high exten- 
sion (20.1 - 30 km). The mean length contour map is il- 
lustrated in Figure 6(a) and Table 2. 

3.1.3. Lineament Density 
The lineament density can be expressed in variable ways, 
in the present study it is expressed as the number of li- 
neaments per grid unit area. The resulted lineament den- 
sity was classified into five categories; low (0 - 20), mo- 
derate (21 - 40), high (41 - 60), very high (61 - 80), and 
extremely high (>80). 

The major part of Sinai is characterized by low to mo- 
derate lineament density. The lineament density increases 
toward the southern and southeastern sectors where the 
values range from high to extremely high density (Fig- 
ure 6(b)). This could be attributed to the presence of ba- 
sement rocks which have high capabilities to express the 
different fracture systems. 

3.1.4. Lineament Intersection 
The lineament intersection contour map is principally 
used to estimate the areas of diverse lineament orienta- 
tions, and the same categories used for describing linea- 
ment density are also used for lineament intersection. 
The lineament intersection intensity contour map (Fig-
ure 6(c)), shows that the major parts of Sinai, particu- 
larly the northern and middle sectors, are characterized 
by low to moderate intersection values. However, the va- 
lues increase gradually towards the southern part of Sinai 
where maximum values were recorded. 

3.1.5. Lineaments Relative Abundance Index (LRAI) 
The Relative Abundance index of the structural linea- 
ments of different azimuth groups was calculated allover 
Sinai and the values are contoured. The resulted contour 
maps shows five categories; very low (0 - 0.20), low 
(0.21 - 0.4), moderate (0.41 - 0.60), high (0.61 - 0.8), and 
very high (0.81 - 1). 

By applying the factor analysis technique on the dif- 
ferent lineament populations, it is possible to combine 

the groups that have a significant correlation coefficient 
equal or greater than 0.5. These groups will have more or 
less similar (LRAI) values, thus avoiding the repetition 
(Tables 3 and 4). Moreover, these groups are found to 
have close tectonic relationship. 

Actually, azimuth groups like N, NNE, NW, and 
NNW will be described as pair groups (where r ≥ 0.5). 
According to the values of the factor analysis technique, 
the grouping pairs will include N-NNE and NNW-NW. 
On the other hand, azimuth populations like E, ENE, NE, 
and WNW will be described individually (r < 0.5). 

The analysis of the Principal Component (PC) (Tables 
3 and 4) showed that the correlation between the differ- 
ent lineament populations is affected mainly by two fac- 
tors; F1 and F2. The first factor (F1) is suggested to be 
the lineament length and the second is attributed to either 
lineament density or intersection. As the lineament den- 
sity increases, the possibility of intersection also in- 
creases, which will have a negative effect on the lengths 
of the different lineament populations. 

As described above, there are four major azimuth 
groups which correspond to NW, NNW, NNE, and N-S 
lineament populations. In addition, a subordinate set of 
NE-trending lineaments can also be identified.  

The N-S and NNE-SSW structural lineaments have 
maximum correlation coefficient values r = 0.62 (Table 
3). The major part of Sinai is characterized by very low 
to low relative abundance (less than 0.4) of both N-S and 
NNE-SSW structural trends. The moderate values (0.4 - 
0.6) of NNE-SSW have limited extension represented by 
dispersed spots in the northern and middle sectors of Si- 
nai. Lineaments belonging to NNE-SSW populations are 
generally common in some spots in the northern part and 
along the topmost part of the Gulf of Aqaba where it at- 
tains its maximum values. However, the middle part of 
Sinai exhibits low relative abundance of N-S trend (Fi- 
gures 7(a) and (b). 

The NW-SE and NNW-SSE structural lineaments 
have a correlation coefficient of (r = 0.56) The NW-SE 
trending structural lineaments define one of the most im- 
portant lineament populations of Sinai. The NNW-SSE 
structural lineaments, to a large extent, follow the distribu- 
tion pattern of NW-SE lineament population especially in 
areas that are associated with moderate to higher values. 
The NW-SE and NNW-SSE lineament populations con- 
sist of long and continuous structural lineaments, which 
may reach several tens of kilometers. 

However, higher concentration of NW-SE and NNW-  
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Figure 6. Distribution contour map of (a) Mean length, (b) Density, and (c) Intersection of structural lineaments. 
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SSE structural lineaments, relative to other directions, is 
noticeable in the western parts of Sinai especially along 
the Gulf of Suez. Whereas, in other parts, they are mer- 
ged with other populations with different proportions. In 
contrast to several of other lineament populations, the 
lineaments of NNW-SSE and NW-SE trends are more or 
less distributed all over Sinai Peninsula (Figures 7(c) 
and (d)). 

The northern sector of Sinai displays well-defined po- 
pulations of NE-SW trend where the values reach maxi- 
mum values. In other parts, this trend is mainly absent 
except for some spots in southern Sinai which have mo- 
derate values (0.4 - 0.6). Basically, lineaments of this 
trend are usually associated with large-scale faults (Fig- 
ure 7(e)). 

ENE-WSW & WNW-ESE structural lineaments are 
more common in the northern sector of Sinai than the 
central and southern sectors. The moderate to higher va- 
lues are dispersed in some definite zones in the northern 
sector. ENE-WSW structural lineaments reach their maxi- 
mum values in the eastern part of North Sinai. Mainly, 
the moderate and higher values of the WNW- ESE trend 
are concentrated at some spots in the northern sectors of 
Sinai, particularly, the western part. Also, there is a de- 
crease in relative abundance towards the central sector 
and once again the southern sectors show moderate and 
 
Table 2. Categories, counts, and percentage of mean length 
of structural lineaments. 

Percentage %Number Mean length Category 

2.70 90 <1 km Very short 

39.07 1326 1 - 3 km Short 

39.75 1348 3.1 - 6 km Moderate extension 

12.32 418 6.1 - 10 km High extension 

5.93 201 10.1 - 20km Very High extension 

0.03 8 20.1 - 30 km Extremely High extension 

 3391   

higher values (Figures 7(f) and (g)). 
E-W structural lineaments have very low to low rela- 

tive abundance at the major part of Sinai. On contrary, a 
moderate relative abundance of lineaments of E-W trend 
was recorded at one spot in the northern sector of Sinai, 
(Figure 7(h)). 

3.1.6. Lineament Majority Minority Index (LMMI) 
In the present study, it is suggested to convert the Linea- 
ments Relative Abundance (LRA) to express the majority 
tendency of the different lineament populations through 
Majority Minority Index (MMI). The conversion method 
and results constitute the following steps: 

1) Overlaying the different relative abundance contour 
maps of the different lineaments populations through GIS 
environment. The resulting map represents the minority 
and majority zones allover Sinai Peninsula with different 
grades. 

2) Obtaining the critical value that delimits the bound- 
ary between minority and majority level. The majority 
(the maximum frequency) is defined in each grid cell all 
over Sinai and then the average value is calculated. 

3) According to the estimated critical value (0.4), the 
minority zones encompass the relative abundance values 
of all populations of less than 0.4. This will be equal to 
 
Table 4. The principal component (PC) factors of the dif- 
ferent lineaments populations. 

 Factor 1 (F1) Factor 2 (F2) 

E 0.49847 0.65669 

ENE 0.64024 0.21598 

N 0.78389 −0.15407 

NE 0.62925 −0.47280 

NNE 0.72347 −0.42577 

NNW 0.65750 0.15297 

NW 0.80474 −0.05151 

WNW 0.61004 0.33041 

 
Table 3. Factor analysis of the different lineament populations. 

 E ENE N NE NNE NNW NW WNW 

E 1        

ENE 0.31587 1       

N 0.35895 0.3206 1      

NE 0.08363 0.39803 0.41721 1     

NNE 0.18051 0.34006 0.62797 0.48196 1    

NNW 0.33943 0.27706 0.47954 0.25336 0.33728 1   

NW 0.31383 0.38252 0.56562 0.4396 0.52364 0.55593 1  

WNW 0.28777 0.48808 0.32999 0.28081 0.27322 0.27099 0.42989 1 
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Figure 7. Relative abundance contour map of (a) N-S, (b) NNE-SSW, (c) NW-SE, (d) NNE-SSW, (e) NE-SW, (f) ENE-WSW, 
(g) WNW-ESE, and (h) E-W structural lineaments. 
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very low to low grade relative abundance value, repre- 
sented by white color in Figure 8 which will be ne- 
glected from further processing. Nevertheless, the major- 
ity zones compromise values greater than 0.4 which is equal 
to moderate to extremely high values of relative abun- 
dance (Figure 8) which will be combined together for 
obtaining the majority zones of the different populations. 

4) The integration of the different relative abundance 
layers resulted in the intersection of all layers of different 
grades of relative abundance ranging from moderate to 
extremely high values; majority zones. The areas with re- 
lative abundance equal or greater than 0.4 for a certain 
lineament population will express the majority zones of 
such population whereas values less than 0.4 will define 
the minority zones of the desired population. It is of 
worth mention to infer the high capability of GIS to carry 
out these steps. 

 

 

5) The Lineaments Majority Minority Index (LMMI) 
map (Figure 8), shows that the azimuth populations en- 
compass NW-SE, NE-SW, NNE-SSW, NNW-SSE, and 
ENE have a tendency for majority. Whereas, groups like 
E-W, WNW-ESE, and N-S are considered to be of mi- 
nority tendency. 

6) The northern part of Sinai displays majority zones, 
while in south Sinai these zones are localized in small 
spots. It is worthiness to mention that NW-SE has the 
maximum abundance of majority zones allover Sinai, 
followed by NE structural trends. The NW majority zones 
are mainly concentrated in the western sector of Sinai 
Peninsula, but the NE and NNE are mainly concentrated 
in the northern part in addition to one spot encountered in 
the southern part. 

3.2. Relationship between the Different  
Statistical Parameters 

3.2.1. Mean Length and Azimuth 
The relationship between azimuth and mean length is 
represented in Table 5. The results can be summarized as 
follows: 

1) Only 2.65% of the structural lineaments of Sinai 
have length less than 1 km, 79.82% have short to moder- 
ate length (1 - 6 km), and 18.53% have extensive to ex-
tremely high lineament length (6.1 - 30 km). Figure 8. Majority-Minority index map of structural linea- 

ments. 2) The low proportion and short lengths of structural  
 

Table 5. The relationship between azimuth and mean length of structural lineaments. 

% Sum WNW NW NNW E ENE NE NNE N M.L 

2.65 90 11 15 14 15 8 10 8 9 <1 km 

39.07 1325 132 252 158 60 84 209 228 202 1 - 3 km 

39.75 1348 148 214 194 60 121 192 221 198 3.1 - 6 km 

12.33 418 48 70 44 31 40 61 67 57 6.1 - 10 km 

5.93 201 10 33 35 13 21 19 39 31 10.1 - 20 km 

0.27 9 0 5 1 0 0 2 1 0 20.1 - 30 km 

 3391 349 589 446 179 274 493 564 497 Sum 

  10.23 17.4 13.08 4.96 8.05 14.6 16.9 14.7 % 

  42.25 71.75 54 20.5 33.3 60.4 69.5 61 Mean 

  29.07 44.81 34.7 11.1 18.4 38.4 47.1 39.2 Std. dev 
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lineaments are assigned mainly to E-W and ENE-WSW. 
Moreover, lineaments of NW-SE, NNE-SW, and to a less 
extent N-S and NE-SW are characterized by extensive 
mean lengths and high frequencies. 

3) The structural populations (major trends) which 
have the highest frequency are found to have the highest 
standard deviation values. These major trends are attrib- 
uted to NNE and NW which are more or less tectonically 
activated and reactivated. On the other hand, the lowest 
values is attributed to the least frequency of structural 
lineaments such as ENE- to E-trend. 

3.2.2. Mean Length, Density and Intersection 
The results of factor analysis of the mean length, density, 
and intersection, in addition to the visual comparison of 
contour maps, show that both density and intersection 
contour maps of structural lineaments are nearly similar. 
This similarity is particularly encountered, in areas of 
high to very high grade values which may give a clue to 
the significant relationship between them (Table 6). An 
insignificant or weak relationship is recorded between 
mean length and both of density and intersection. It could 
be concluded that as the values of lineament density in- 
crease, the intersection probability will increase. 

3.2.3. Relative Abundance Index, Minority Majority 
Index, and Other Parameters 

The comparison of the Relative Abundance (RA) linea- 
ment maps of the different azimuth groups with that of 
mean length shows that the higher values of mean length 
is mainly concentrated in the southern and southeastern 
parts. The existence of higher values is associated with 
NNE-SSW and NE-SW structural trends in the northern 
and northeastern parts and the presence of NNW-SSE 
and NW-SE in the southern parts of Sinai. 
Moreover, the higher grades of both lineament density 
and intersection are mainly related to minority zones al- 
lover Sinai. Some exception is encountered, where one 
spot along the Gulf of Suez that have moderate to high 
values of both density and intersection are attribute to the 
presence of NW-SE majority zones. 

4. Tectonic Significance of Structural  
Lineaments 

There are four major lineament populations that include 
 
Table 6. Factor analysis of lineament intersection, mean 
length, and density. 

Density Mean Length Intersection  

  1 Intersection 

 1 0.28481 Mean Length 

1 0.405 0.86506 Density 

NW, NNW, NNE, and N-S. In addition, a subordinate set 
of NE-trending lineaments can also be identified. These 
major trends played a great role in controlling the tec- 
tonic development of the Sinai subplate which is mainly 
related to the Red Sea rifting. This rifting is characterized 
by the presence of two different tectonic phases. The first 
phase (Red Sea and Gulf of Suez) is characterized by 
passive subsidence of a continental graben since early 
Oligocene [12]. The second phase (Red Sea and the Gulf 
of Aqaba) was initiated by strike slip movements along 
the newly formed Aqaba Dead Sea transform system. A 
description of the different lineament populations in the 
different localities in Sinai Peninsula will be shown in 
the following paragraphs putting into consideration that 
the description will emphasis on the major lineament po- 
pulations. 

4.1. N-S and NNE-SSW Structural Lineaments 

The Pre-rift history of the Gulf of Suez encompasses N-S 
faults that are of left-lateral displacement and ESE- 
WNW faults that have right-lateral movement. A similar 
phase of strike-slip tectonics are observed in other areas 
of Sinai. The early Miocene faulting is characterized by 
sinistral extensional movement along the N-S trending 
faults and oblique extensional movement along NW-SE 
trending normal faults. NNE-SSW major faults play an 
important role where they separate the three basins com- 
posing the Gulf of Suez; northern, central, and southern 
ones. On either side of these fault zones, the direction of 
tilting of fault blocks is reversed. Moreover, at the south- 
ern edge of the Gulf of Suez, the N-S faults determine 
the transition between the shallow water Suez basin and 
the deep northern Red Sea basin [13] 

The N-S and NNE-SSW structural populations have 
been proposed by many authors to be belonging to the 
formation of the Gulf of Suez. The presence of the two 
populations in the Pre-rift rocks and absence in the Syn- 
rift rocks may indicate its older age. This phase is related 
to the early onset of the Gulf of Suez during Late-Eo- 
cene-Early Oligocene time [14] The populations of faults 
striking NS and NNE are characterized by dip-slip sense 
of movement. The N-S fault segments have their impact 
on the physiography of Gabal Hadahid area especially in 
its western part giving the cliff shape of Hadahid mono-
cline. The stress regime prevailed during Late-Cretaceous 
time which is related to the early onset of the Gulf of 
Suez [11]. In other localities such as Abu Zenima area 
some investigators like [15] proved the presence of strike- 
slip stress pattern as a result of reactivation on the N-S to 
NNE-SSW normal faulting regime which was prevail- 
ing during the Late-Oligocene-Early Miocene with left- 
lateral slip movement related to the Gulf of Aqaba tec- 
tonics. 

[16] recorded the same phase in the Gulf of Aqaba and 
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dated it to be of Pliocene- Recent time which is not cor- 
rectable with the tectonics of the Gulf of Suez. The major 
N-S faults affecting Abu Rudies area show slickensides 
showing left-lateral movement followed by normal fault- 
ing. On the western side of the Gulf of Aqaba where the 
Neogene outcrops are almost absent so the fault patterns 
affect mainly the Pre-Cambrian rocks and their Meso- 
zoic-Lower Tertiary sedimentary cover. Numerous N-S 
strike-slip faults have produced rotation of the minor 
blocks [17]. 

Most of the previous works, at the middle and eastern 
parts of the central province of Sinai Peninsula, attributed 
the N-S and NNE-SSW structural lineaments to the Gulf 
of Aqaba trend that is characterized by left-lateral strike 
slip movement. Wadi Saal area, which is located in the 
central province, two conjugate shears were recorded. 
The first is left lateral strike slip fault set trending N to 
NNE, whereas the second is right lateral strike slip fault 
set trending NW. Fault-slip data reveal that N25˚W-ori- 
ented, subhorizontal compression stress caused the for- 
mation of these conjugate shear planes [18] 

In the Gulf of Aqaba, the faults trend mainly N-S to 
NNE-SSW [19,20] which are characterized by left-lateral 
transform movement linking the Zagros-Tauros area of 
plate convergence with the Red Sea opening. [21-23] ar- 
gued for a 105 km left-lateral movement between Arabia 
and Sinai. The 1800 m deep Gulf of Aqaba is considered 
to be a succession of NNE-SSW pull apart basins by 
[24]. 

The NNE trend in the Precambrian basement is related 
to the later left-lateral movement distinguished into two 
phases of offset; 62 km in the Miocene and 45 km in the 
Pliocene to Recent associated with the Dead Sea Trans-
form fault initiated since the Late Miocene [23] The N-S 
and E-W trends form subordinate sets likely resulting 
from older N-S-directed compressional regimes [25] 

Large-scale sinistral movements are recorded along 
the N-S trending steeply (70˚ - 90˚) dipping faults where 
the displacements on single faults range from a few hun- 
dred meters to several kilometers [26] Most of the major 
N-S faults show at least two successive movements where 
the last motion is normal and post dates the Late Mio- 
cene left-lateral slip where Cretaceous-Eocene and Mio- 
cene rocks outcrop, may result from normal faulting 
along N-S trend.. The E-W extensional tectonics produce 
the N-S trend narrow grabens of the eastern Sinai by nor- 
mal motion as well as left-lateral movements in the NE- 
SW trending faults [17]. 

4.2. NW-SE and NNW-SSE Structural  
Lineaments 

The NW-SE fault populations characterized by normal 
faulting in north Sinai, which postdate the first genera- 
tion of folding and predates the second one. The trend of 

theses populations is more or less parallel to the axial 
trace of the first folding generation. Later, they become 
curved due to the NW compressive stresses accompanied 
the formation of the second folding and thrusting. Also, 
some rotational faults have NW-SE strike direction [27]. 

[28] clarified that theses folds have an echelon arran- 
gement. The existence of the NW-dipping thrust within 
and between theses en echelon fold belts probably indi- 
cates that the wrenching was convergent E-W to WNW 
oriented right-lateral strike-slip faults accompanying the 
folds, whereas the NW- normal faults are related to the 
tectonic uplift of the folds. 

The opening of the Gulf of Suez in the first phase oc- 
curred in the early Miocene associated with NNE-SSW 
extension oblique to the Suez rift trend. Subsequent tec- 
tonic events beginning in the Middle Miocene were as- 
sociated with ENE-WSE extension that shaped the Suez 
rift [16]. 

The structure of the Suez rift is dominated by normal 
faults with sinuous trends that strike roughly parallel to 
the rift (NW-SE direction) and delimit many tilted blocks 
[29]. The dominant tectonic movements, especially along 
the southern portion of the rift, have been extensional. 
Northward, the rift bends to attain a more northerly strike 
and the pronounced rift valley disappears, showing that 
the extension is decreasing markedly. 

A thermal activity and basaltic volcancity were domi- 
nant through the early stage of the Gulf of Suez rift rep- 
resenting the main event in the development of the NW- 
oriented faults. The strike slip regime trigged some major 
NW-oriented faults in a right-lateral phase of displace- 
ment (e.g. the local faults in south Hadahid, and the ma- 
jor faults in the offshore southern part of the Gulf of Suez) 
[16]. The focal mechanism solutions of earthquakes on 
the Suez rift area (proved that those earthquakes have a 
common fault plane solution characterized by dip-slip 
normal faulting movements along NW-SE trending faults 
with a light strike-slip left-lateral components. 

At Abu Zenima area, in the central part of the Gulf of 
Suez, a wide extensional stress regime is prevailing cha- 
racterized by normal faults trending NW-SE and NNW- 
SSE directions parallel more or less to the Gulf of Suez 
trend [7]. At Hammam Faroun area, the NW-oriented 
fault population exits before the Neogene opining of the 
Suez rift. This NW-oriented Pre-rift fault has been reju- 
venated in the Oligocene-Miocene time as a diagonal-slip 
faults. Field data indicate that these NW-oriented faults 
are normal, right-lateral or left-lateral diagonal slip. The 
NNW-oriented normal faults are formed by the ENE-ori- 
ented extension in the Oligocen-Miocene time [30]. 

The NW and the E-W trends dominated in the Holo- 
cene with subordinate contributions from the NNE and 
NNW trends [2]. These trends favor a compressional re- 
gime with a horizontal field minimum stress oriented 
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roughly N-S with a mixture of normal and sinistral strike- 
slip faulting predominant in both the Gulf of Suez rift 
area. (Active Quaternary fault zones include the NW to 
NNW fault swarms delimiting tilted blocks and uplifted 
shoulders along the Gulf of Suez, sometimes very active 
since the Late Pleistocene [31]. 

4.3. NE-SW Structural Lineaments 

In the northern Sinai, the style of deformation is complex 
where large uplifted blocks of Mesozoic domes and 
asymmetrical anticlines oriented N65˚ - 85˚E, as part of 
the Syrian Arc System, dictate the distribution and char- 
acter of the Quaternary alluvial plains. The southerly 
limbs of the anticlines are markedly steeper and crossed 
by normal and reverse faults that commonly trend at large 
angles and less commonly are aligned parallel to the fold 
axis [32]. The reverse and thrust faults are mainly as-
signed to NNE to NE with maximum peak of N40˚ - 
50˚E that accompanied the formation of the second gen-
eration of folding [27]. The trend of the open, plying 
folds with axial trace NE-SW (Syrian arc system) in the 
Suez area implies left-lateral strike slip motion along the 
Gulf of Suez [16]. 

In the Gulf of Suez region, the NE-SW trending faults 
are essentially normal faults that have affected the strati- 
graphic sequence from the Precambrian basement to Mio- 
cene rocks. The most prevailing fault trends are N25˚E 
and N65˚E (NE to ENE) i.e. perpendicular to the direc- 
tion of the Gulf of Suez [15]. 

In south Sinai, the NW-oriented spatial distribution 
(80% of the basement) and orientation of the metamor- 
phic core complexes, their mesoscopic and macroscopic 
structures as well as the fold axes, the associated NE- 
oriented normal faults, and the NE-trending basic and 
felsic dyke swarms (latest Neoproterozoic to Early Cam- 
brian) are commonly aligned along or parallel to the de- 
tected Precambrian tectonic trends [33,34]. These belts 
were formed during extensional tectonism [34,35]. 

In many localities in the basement rocks of southern 
Sinai the NE-SW fault populations are of extensional 
origin that have been rejuvenated by left-lateral strike- 
slip faults [36]. However, some investigators have con- 
sidered the evidences for left-lateral strike slip motion 
along NE-SW trending faults are limited e.g. [37,38]. 
Other authors attributed NE-trending fault sets to the 
Gulf of Aqaba tectonics that took place during the Late 
Miocene time [7,39]. At Wadi Regeita, the mineralized 
bodies in an old Copper mine are mainlly controlled by 
extensional regime of two intersecting fault zones; NW- 
SE and NW-SE. This intersection led to the concentra- 
tion of intensive mineralization of high potentiality [36]. 

4.4. E-W Structural Lineaments 

Many E-W-striking extensional faults were reactivated as 

reverse faults and local thrusts at mountains of Maghara, 
Halal, and Yeleg in northern Sinai [40-42]. Strike-slip 
movement accompanied by drag folds occurred along E- 
W-trending, dextral transcurrent fault zones in Central 
Sinai (Themed fault zone) [1]. The major shortening di- 
rection in the Late Eocene was oriented nearly NW-SE. 

In the central part of Sinai Peninsula, the most promi- 
nent structural feature is the Ragabet El-Naam-Themed 
E-W-oriented wrench fault cutting through the peninsula 
from the Gulf of Suez to its eastern border with a vari- 
able displacement up to 2.5 km [43,44]. This shear zone 
was detected as two segments [2], the western Ragabet 
El-Naam and the eastern Themed, with the latter showing 
a minimum displacement of 300 - 750 m [32]. Southward 
downthrows differentiate the Ragabet El-Naam segment 
from the Themed segment where downthrows are to the 
north [43]. This fault marks the southernmost border of 
the Early Mesozoic passive continental margin and the 
front of the Syrian Arc structures in the north. This has 
been rejuvenated in association with the continued clo- 
sure of the Eastern Mediterranean basin that proceeded 
by pure wrenching in the Post-Middle Eocene to Pre- 
Early Miocene [45]. 

[46] suggested that E-W structures were probably ac- 
tive in the Pre-Rift history of the Gulf of Suez area when 
they controlled the formation of the Eocene rocks. At 
Gabal Hadahid area the E-W normal faults are character- 
ized by dip-to diagonal sense of movement where faults 
of this group play the role of transfer zone of N-S trend- 
ing faults [11]. However, At Abu Zenima area, the trend- 
ing E-W with N-S extension has followed the Suez rift 
but has a local distribution which are associated by mo- 
noclines that were suggested to be draped over these nor- 
mal faults since the Eocene time [7]. 

In the Gulf of Aqaba region, the normal motion has 
been recorded on some E-W fault planes resulted from 
submeridian extension observed in the Cretaceous-Eo- 
cene sediments, the Pre-Cambrian basement, and Raham 
conglomerates of assumed Middle Miocene age [47]. This 
submerdian extension pre-dates the main strike slip tec- 
tonic event in the Gulf of Aqaba fault system. The fault 
populations on the central province of the Gulf of Suez 
show younger strike-slip movements (dextral-slip on the 
NW-, ENE-, and E-W-oriented faults, and sinistral-slip 
on the N-S and NNE-oriented faults) [14]. 

4.5. ENE-WSW and WNW-ESE Structural 
Lineaments 

ENE-WSW and WNW-ESE structural trends have little 
effect in the tectonic evolution of Sinai. [48,49] sugges- 
ted that the Gulf of Suez consists of WNW-ESE trending 
ridge segments and perpendicular transform faults with 
right-lateral movements. In some localities such as Wadi 
El-Rusis, the ENE-WSW to E-W trending fractures and 
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NW-SE trending Riedel fractures are obviously control- 
ling the mineralization [36]. 

5. Discussion and Conclusion 

The shaded relief technique is vital in enhancing and ex- 
traction of structural lineaments, in particular, with dif- 
ferent sun azimuth values. In the present study, Shuttle 
Radar Topographic Mission (SRTM) mosaics are used to 
map regionally developed structural lineaments in Sinai 
Peninsula. Lineaments that have geologic significant are 
remotely extracted and statistically analyzed. The statis- 
tical parameters encompass both conventional ones in- 
cluding azimuth frequency, mean length, intersections, 
and density distribution of lineaments. Moreover, two 
new statistical indices; Relative Abundance Index (RAI) 
and Lineament Majority-Minority Index (LMMI) are in- 
troduced. 

The statistical parameters were contoured to define 
their distribution and also the factor analysis technique 
was applied in order to reveal the statistical characteris- 
tics of lineaments and the relationships between the dif- 
ferent azimuth populations.  

The statistical analysis revealed the following charac- 
teristic features and important remarks of the extracted 
structural lineaments: 

1) The directional analysis of the azimuth frequency of 
structural lineaments revealed that the NW and NNE are 
the most extensive and distinct sets. These two linea- 
ments sets closely related to two major sets of fault sys- 
tems affected the tectonics of Sinai. On the contrary, 
structural lineaments of E-W and ENE-WSW are con- 
sidered to be of less abundance and have low to moderate 
length extension. 

2) The northern and central parts of Sinai Peninsula 
are characterized by low density and intersection of struc- 
tural lineaments and remarkable increase was recorded in 
the southern parts. 

3) The northern part of Sinai displays wider areas of 
majority zones than the southern part. This could be re- 
lated to the lower density of lineaments and little ten- 
dency for multiple lineament population. The majority 
zones are usually associated with NE and NW-SE in the 
northern part of Sinai, whereas the majority zones are of 
less abundance in the central and southern parts of Sinai 
due to the multiple orientations of lineament populations 
which reduce the tendency for majority. Moreover, NW 
and NE are the most abundant lineament populations of 
majority which are clearly close to the tectonics of Red 
Sea. 

4) The factor analysis indicated a significant correla- 
tion between NS and NNE (r = 0.65) where these two 
directions are tectonically related to the Gulf of Aqaba 
tectonic trend, whereas in the Gulf of Suez region they 
are treated as the oldest tectonic event that predate the 

Gulf rifting. NNE and NW trends have the highest stan- 
dard deviation values due to the reactivated movements 
that resulted in the dispersion of the fracture’s direction 
from the mean. On the other hand, the least reactive 
trends seems to have the lowest standard deviation. 

Finally, the results of the present work could be appli- 
cable in the different geologic and environmental aspects 
that are based on a good understanding of the genetic and 
spatial relationships of fracture systems. These aspects 
encompass geodynamic, exploration for mineralization 
and groundwater, in addition to the mitigation of natural 
hazards such as flush flooding and earthquakes. 
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