
, Paper G 25 

AREA, EGYPT 
GEOLOGIC INTERPRETATION OF ERTS-1 SATELLITE IMAGES FOR WEST ASWAN 

E. M. El Shazly, M. A. Abdel-Hady, M. A. El Ghawaby and 1. A. El Kassas 

ERTS-1 images of West Aswan area are interpreted in terms 
of geology, drainage and structure, and this interpretation is 
compared with previous investigations on this area. The drai- 
nage pattern of the Nile is mainly controlled by structural el* 
ments of N-S, NNW-SSE, NNE-SSW trends and the slope towards the 
Mediterranean, while the wadis are usually taking the ENE-WSW, 
E-W fractures and directed by the slope towards the Nile in the 
eastern part of the area and by the slope towards the,depressions 
in the Western Desert in the western part, 
Nasser (Aswan Dam Reservoir) in its northem part are occupying 
the wadis and the fracture systems. 

The branches of Lake 

The structure of the area is dominated by the ENE-WSW folding 
of the open type occurring on a regional and minor scale, while 
the fractures and faults belong to several trends and are either 
extending for long distances or they may be short and grouped to- 
gether in parallel arrangement echoing the major fractures, 
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Apart from cultivation and vegetation, twenty two geological 
units are distinguished on ERTS-1 images in West Aswan area cove- 
ring geological formations and erosional levels within some for- 
mations ranging from the Precambrian to the Quaternary. 
from the distinction of Aswan monumental granite, which is charac- 
teristic of Aswan, the investigated area shows very interesting ex- 
posures of sedimentary rocks ranging from the Cretaceous to the Qua- 
ternary. 
view is the de;ineatbon on ERTS-1 images of the iron-ore member of 
the Nubian Sandstone and the phosphate-bearing formation. From the 
scientific point of view the tracing of the geological formations 
from south to north and the distinction of the varied geological u- 
nits within the Pliocene and Quaternary, and the discussion on the 
origin of tufa are of particular significance. 

Apart 

Of special interest from the economic geology point of 

Also, the tracing on these images of major fractures and faults 
intercepting Aswan Dam Reservoir and their significance on the see- 
page and possible future development of diversion channels from re- 
servoir is emphasized. 
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GEOLOGIC INTERPRETATION OF ERTS-1 SATELLITE IMAGES 
FOR WEST ASWAN AREA, EGYPT 

BY 

E.M. EL SHAZLYl, M.A. ABDEGHADY2, MOA. EL GHAWABY3, I.A. EL KASSAS4 

INTRODUCTION 

This repqrt complements a previous one published in July 1973 
by the Academy of Scientific Research and Technology (Egypt) on 
the "Geologic Interpretation of ERTS-1 Satellite Images of East 
Aswan Area, Egypt". 
tinued effort initiated by the Remote Sensing Research Project, 
preslently conducted by the Egyptian Academy of Scientific Research 
and Technology in cooperation with the U.S. National Science Foun- 
dation, Oklahoma State University, and the Remote Sensing Insti- 
tute at South Dakota, to evaluate the significance of ERTS-1 sa- 
tellite images in regional geologic and natural resources survey 
and mapping. 

The report is considered a part of the con- 

The clear weather all year around over Egypt permits excel- 
lent and clear satellite images which allows excellent exposure 
of geolggbc and other surface features. 
such images can assist in revising and complementing present geolo- 
gic maps compiled by limited ground survey techniques. Information 

Undoubtedly a survey from 
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provided by these iamges would yield significant information ne- 
cessary for the regional development of agriculture, mineral ex- 
ploitation, and transport in such arid are& as Egypt. It is also 
hoped that results obtained and experience gained from this inves- 
tigation can assist in interpretation of satellite images over si- 
milar arid regions in the world. 

The present report deals with the drainage, structure and geo- 
logy of a large area in the southern part of Egypt namely West As- 
wan area, as interpreted from ERTS-1 satellite images. The area 
under study covers some 34000 km2, and is limited by the following 
points of coordinate intersections : lat. 25015'00" N, long. 31" 
25'40" E, and lat. 24057130" N, long. 33015*1Ot* E frdn the north, 
and lat. 23022'30" N, long. 32°50*30n E, and lat. 23°37130" N, long. 
31°04'30" E from the south. 

The River Nile passes from south to north in the eastern side 
of the area which overlaps with the western side of the previously 
investigated East Aswan area (El Shazly, Abdel-Hady, El Ghawabyand 
El Kassas, 1973).  firI contrast to the previously examined area the 
great part of the present area lies in the Western Desert of Egypt 
to the west of Aswan town (Fig. 1). 

The area covered in these images is significant in the fact 
that it shows the pattern of filling of the Aswan Dam Reservoir 
and some of the significant geologic features in the surrounding 
region, e.g. some of the faults intercepting the reservoir did not 
appear in other available geologic maps for this area. Such fea- 
tures warrant very careful detailed investigation to study their 
effects on the seepage from the reservoir and their impact on the 
future development of the Aswan Dam region. 
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To demonstrate the value of information provided by ERTS-1 
satellite images, geologic and structural maps compiled from 
these images for this area are shown in comparison to the geolo- 
gic map for the same area compiled from various sources by the 
Geological Survey and Mineral Projects Authority published in 1971. 

DRAINAGE ANALYSIS 

West Aswap area is essentially covered by Foreland sediments 
ranging from Cretaceous to Quaternary with the exception of the 
igneous-metamorphic basement exposures of limited distribution in 
the vicinity of Aswan town and to its south. 

The eastern part of the drainage map (Fig. 2) is dominated by 

The present Nile is 
the Nile drainage, including that of the present Nile and the plains 
surrounding it especially on the west side. 
controlled by the N-S, NNW-SSE, NNE-SSW fractures as already men- 
tioned by the same authors in their interpretation of ERTS-1 images 
of East Aswan area. In this report more observations are available 
on the northern part of Lake Nasser (Aswan Dam Reservoir) extending 
from south of Aswan town to Kalabsha. 

It is evident that branches of the Lake penetrating in the de- 
sert are formed by water back filling the wadis (valleys) drain5gg 
the desert to the east and west of the River Nile. At Kalabsha the 
branches of the Lake are particularly well developed and they are 
controlled by the NNW-SSE, ENE-WSV, and E-W faults. 

This phenomenon should be carefully evaluated in relationship 
to the Possible future development of other significant branches 
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from the Lake along major faults traced on the satellite images. 
Detailed investigation should be carried out to show the nature 
of these faults (e.g. activity, openness, filling material, etc). 
This will help to predict whether in the future erosion along these 
faults would allow branches from the reservoir to grow rapidly cau- 
sing significant seepage and water diversion problems. 

On the west side of the present Nile the area is geomorpholo- 
gically distinguished into two major units, namely the wide plain 
adjacent to the Nile and the piateau with its escarp towards the 
west. The plain - which normally ranges in the width from 20 to 
30 km - has been the scene of activity of the older Nile in the 
Quaternary and Tertiary (Butzer and Hansen, 1968). It is sometimes 
called Kalabsha plain to the south where the bed rock is mainly Nu- 
bian Sandstone and Darb El Gallaba plain to the north where the 
most important bed rock is Darb El Gallaba gravel produced by the 
Nile drainage in the Pleistocene. 
its continuation - starts from the plain and extends westwards to 
the Kharga Oasis depression and southwards and northwards outside 
the boundary of the present map. 

The plateau - Sinn El Kaddab and 

The wadis running from the plateau towards the Nile are mainly 
controlled by the ENE-WSW and E-WEracturesalthough their tributa- 
ries are controlled to a considerable extent by the otherfractures 
and rock texture. In the north the wadis including W. Rimidin and 
W. El Magal are interrupted by the plain. In the south, however, 
the wadis run directly from the plateau to the Nile, these include 
W. El Kobbaniya, W. Kurkur and W. Kalabsha, 
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In the western part of the map the wadis are better deve- 
loped southwards in comparison to the north where they drain 
westwards into the depression of Kharga Oasis being con 
largely by the ENE-WSW and E-W fractures, Sotxthwards, the drai- 
nage is complicated, however, by the presence of various frac- 
ture systems and the gentler slope towards the west and south. 
Accordingly, W. Abu Silla, W, Mareef and other wadis draining 
the southwestern part of the plateau are essentially running in 
southwestern and southern directions. 

STRUCTURE 

The linear structural elements delineated by the examination 
of ERTS-1 satellite images are given in (Fig. 3 )  and they are re- 
presented essentially by folds and fractures. 

The presence of sinuous trace extending NNW-SSE along Sinn 
El Kaddab escarp at the centre of the images and of more or less 
parallel crenulated lineations or traces in many parts of the in- 
vestigated area reveals a major dominant folding system of EhE- 
WSW trend. These traces indicate that the folding which is of a 
regional nature is of the open type and slightly plunging WSW. 
Minor crenulations of the same type and trend are noted, thus pro- 
ving the presence of smaller folds within the regional ones, 

The folding influences the Cretaceous and early Tertiary se- 
Accordingly it is be- dimentary rocks in the area west of Aswan. 

lieved to have been caused essentially by the Upper Cretaceous- 
Tertiary diastrophism. It is noted that the trend of folding in 
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the presently investigated Vest Aswan area is ENE-WSW which is 
in agreement with the dominant younger fold trend in East Aswan 
area as given in Interim Report No. 4 of this series. 

Fractures (Including Faults) 

There are two major fault trends delineated in the images 
of West Aswan area, namely the NW-SE faults making notable hori- 
zontal separation and the NNV-SSE faults showing horizontal se- 
paration and iidicated vertical separation along geological and 
relief boundaries. Furthermore, the NNE-SSW fault west Kurkur 
Oasis shows marked horizontal left-lateral separation of the Lo- 
wer Esna Formation, Gebel Gama Formation and Upper Esna Formation. 

Furthermore, two major fracture trends are widely distribu- 
ted in the area namely the NE-SW and the ENE-WSW, E-W groups. The 
NE-SW fractures do not show separation, and they may be major ten- 
sion fractures perpendicular to the principal force creating the 
previously mentioned twd major fault trends. 
fractures seem to represent tension zones along the hinges of ma- 
jor folds which may have been faulted along the same zones. 

The ENE-WSW, E-W 

Other shorter lineations are found in closely spaced patterns 
which are usually related to major fractures and faults. The NW- 
S E  line-ts are observed to the west of Idfu and Kom Ombo towns, 
and near the northern part o f  the escarp. The NNW-SSE lineaments 
are noted to the west of Aswan town, and near the middle and sou- 
thern parts of the escarp. 
Lake Nasser lineaments are abundant in a N 350 W - S 350 E direc- 
tion. Furthermore, crenulated lineaments of a N-6 trend have been 
also recorded near the escarp. At the western side of the plateau 
notable widely separated lineaments are noted trending N-S to N 10%- 

s 100 w. 

Near Kalabsha on the western pdde of 
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AS it was mentioned earlier in this repopt, some of the frac- 
tures and faults, particularly the NNW=SSE.and ENE-WSW, E-W 
trends intercepting Lake Nasser (Aswan Dam Reservoir) should be 
given careful detailed investigation. This is essential to de- 
termine their significance on the seepage and possible future de- 
velopment of diversion channels from the Lake. 

Comparing the present investigations with previous studies 
related to the .structure of West Aswan area (Issad, 1968; .Bara- 
kat ardAshri, in press) it may be noted that major folds arid faults 
reveal in general greater continuity in the present work, and the 
groupings of short lineaments echoing large fractures and faults 
are better delineated, However, the small structural basins and 
domes associated with faults which have been mapped by the pre- 
vious authors have not been noted in the present work. 

The geology of West Aswan area is dominated by a sedimentary 
succession ranging from Cretaceous to Quaternary. The igaeous-me- 
tamorphic rocks are represented by the exposures of Aswan mnumen- 
tal granite and associated rocks in the vicinity OS Aswan town on 
the east side of the Nile, as well as, by small outamps on the 
west bank of the river, apart from small parts of mtcrops of gneis- 
ses and pink granite, The igneous-metamorphic pocks are of Precam- 
brian age passing into early Paleozoic and their characteristics in 
ERTS-1 images have been given already in IntW&m 
present series (El Shazly, Abdel-Hady, El Ghawaby and El Kassas, 
1973). 

opt Mo. 4 of the 
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The most important point revealed by ERTS-1 images in this 
respect is the distinction of Aswan monumental granite by its me- 
dium grey tone and medium texture from the pink granite with its 
light tone and fine texture. 
importance in the geology of Egypt and the evolution of granites 
in relation to major tectonics (El Shaely, 1970). 

This distinction is of particular 

The sedimentary column in West Aswan area starts by the Cre- 
taceous Hubian.Sandstone which covers the southern part of the 
plain on the west side of the Nile termed Kalabsha plain, as well 
as, large exposures north of Aswan town. In the studied area the 
Nubian Sandstone is distinguished on the ERTS-1 images into four 
units each possessing characteristic tone and texture, The basal' 
unit is. of coarse texture and of darker grey colour. The iron-ore 
member is the darkest in colour among the Nubian Sandstone expo- 
sures and has a medium texture. The undifferentiated unit is of 
grey tone and with a medium to fine texture, while the Nubian Sand- 
stone with wind-blown sand is light grey to yellowish in tone with 
medium texture and Lineated with sand of greyish tone. 

The Fourth Calcareous Sediments cover the greatest part of 
West Aswan area especially on the Western side of the Nile, 
range in age from Upper Cretaceous to Lower Eocene being represen- 
ted by seven geological formations, the youngest ode of them namely 
Gebel Serai Formation has been distinguished into two units of va- 
riable tone and texture. 
Wadi Abbad Formation, Gebel Duwi Phosphate Formation, and Lower Es- 
na Formation have been described in Interim Report No. 4 of the pre- 
sent series. Of economic importance, however, is the distinction 
on the satellite images of 0. m w i  Phosphate Formation - which in- 
corporates the phosphorite beds - by its very coarse texture and 
medium grey tone. 

They 

The Upper Cretaceous formations namely 
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The escarp on the western side of the Nile starts at the 
base with the Lower Esna Formation, follmd upwards by the es- 
sentially Paleocene Gebel Garra Formation and the Lower Eocene 
Upper Esna Formation and Gebel Serai Formation. Gebel Garra For- 
mation is made up of chalk and limestone with subsidiary marl and 
shale (Issawi, 1968), and it is well developed in the investiga- 
ted area although it tapers off northwards. This formation pos- 
sesses a fine to medium granular texture, a medium grey tone and 
is lineated parallel to the escarp. 

The plateau covering the central and western parts of the i- 
mages is capped by: the Upper Esna Formation - especially towards 
the south and exposed in the wadis, and Gebel Serai Formation - 
which is distinguished into a basal unit covering in particular 
the higher elevations in the southern part of the plateau and the 
proper well developed formation in the northern part of the pla- 
teau with its typical limestone lineated in the images with wide- 
ly spaced fractures. The geology of the southern part of the pla- 
teau and plain are in general agreement with the investigations of 
Issawi (1968) on Kurkur-Dungul stretch. Kurkur Formation has been, 
however, distinguished in the images only in Gebel Marawa. 

The Fifth Detrital-Calcareous-Evaporite Sediments are of par- 
ticular interest in the investigated West Aswan area and they show 
great variation. Tufa and calcite are delineated towards the eas- 
tern and western side of the plateau. 
sen (1968) tufa is of Pliocene age passing into Quaternary being re- 
lated in origin to paleoclimatic conditions, The delineation of the 
tufa northwards of Kurkur Oasis has been established in the geologi- 
cal map of West Aswan area interpreted from ERTS-1 images, as well 
as, the possible relation between the tufa and the fracture systems 
observed in the area especially in their intersections. 
of the present work are accordingly advancing the theory that the 

According to Butzer and Han- 

The authors 
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tufa and calcite are originally related to the hydrothermal ac- 
tivities of the tectonic movements of the late Pliocene-early 
Quaternary, which have been partly mobilized and redeposited by 
the climatic conditions prevailing in the later Quaternary. 

The Quaternary deposits in West Aswan area have been distin- 
guished into Darb El Gallaba gravel, conglomerate, playa, allu- 
viwn-eluvium and surficial deposits which are mainly alluvium, 
each of these is characterized by its particular texture and tone. 
Darb El Gallab; gravel coversthe northern part of the plain west 
oE the Nile, the gravel is accumulated by a Pleistocene Nile run- 
ning at this locality to the west of the present Nile (Butzeraa Han- 
sen, 1968). Conglomerate accumulated on the southers part of the, 
escarp slope, while playas are superimposed on the Nubian Sandsto- 
ne plain not far from Kalabshac One of the points of interest pro- 
vided by studying ERTS-I images is the distinction between the al- 
luvial-eluvial deposits which havenot been transported for long dis- 
tance from their source rocks and the alluvial deposits which have 
been moved for longer distance from their source - in West Aswan 
area the former have been found to be relatively coarse in texture 
than the latter, 

The compiled geological map of West Aswan area has been repro- 
duced in (Fig. 6) (after the geological map of Egypt - published 
by the Geological Sumey and Mineral Projects Authority in 1971 ) 
for the purpose of comparing it with the present geological map of 
West Aswan area interpreted from ERTS-1 satellite images (Fig. 4). 
The number of the geological units distinguished on our satellite 
images interpreted map are 22, while the number of geological units 
separated in the compiled map are only 7. Of particular importance 
is establishing the continuity of the geological units in the nor- 
thern part of the area in f'F%g. 4)  as well as the continuity of the 
structural elements in the presently constructed structural linea- 
ment map in (Fig. 3)  as compared to the coqp@ed map in (Fig, 6 ) .  
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 FIG.^. GENERAL DRAINAGE MAP O F  WEST ASWAN AREA 
t FROM ERTS -1 SATELLITE IMAGE 1 

933 



“I~.3.StRUCfURAC LlNEATlON MAP OF WEST ASWAN AREA 
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FIG 4 GEOLOGICAL MAP OF WEST ASWAN AREA 
( FROM ERTS-1 SATELLITE IMAGES 1 
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 FIG.^ COMPILED GEOLOGICAL MAP OF WEST ASWAN AREA 
( AFTER GEOLOGICAL MAP OF EGYPT, 1 :2 000 000,1972 1 
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