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The mvestigated area s located in the northern part of lhe

Western Desert of Egupt between longitudes 26°00%-20°00°E and
latitudes 20-00-30°30'N, and behween longitudes 25°00°-27°00'E
and latitudes 2800-20°00'N, It covers the Quitara Depressian
tehich iy ¢ major physiographic featuve in the Sahare Desert,

us well as other depressions in its environs of smaller surfave

coverage. Three maps have been constructed for the fivst time
for the Qattara Depression area jmm LANDSAT savellite images
on a Seale of 1:8500,000, which are the geological, structural
lincation and drainage maps, By applying computation techuiques
Hueation density aud draitage density maps are worked owt for

e same area. The groundiater conditions map makes use of

the interpretation of the satellite images and the previous abser-
vations on the agquifers distributed in the Qeattara Depression

avea and ity envirans, The present work is supported by consi-

derable fiold measurements and observations as well as loboratory

analyses,

The uwe&tumtmm carpied out give for the first time the
vegional setting of the geologieal wnits ; faulls, fractures ané
folds ; and drainage lnes whick help to visualize the envivan-
mental impact of the execution of the Qattara Project for eleetric
power generation and to assess the regional questions involved
in its .mple‘mt'ntatmu. Sueh questions include locations of intonse

absiract

g s 4




g

B
3
i
¥
[P
i
oty

8 E-.M. El Shazly, M.A. Abdel Hady, M.A. El Ghawaby, $.M. Khawasik and M.M. El Shazly

structural deformation and wealk lines in the earth crust, drain-
‘age courses and drainage intersections, the variuble character
of the rocks encountered during the development of the projeet
and the deposits laid down in the Qattara Depression itself. The
latter deposits which are very extensive and saline, together
with the drainage and seepage waters, should be considered in
the assessment of the character of the waters contained in the
depression after passing through the Mediterranean Sea —
Qattara Depression canal. The groundwater conditions in the

project aren and its environs have been elucidated on o regional

basis to show the relation between executing a cenal along
alignment LI aend. filling the Quattara Depression to an absolute
level of —G0 m and the wtilized waters. Recommendations are
proposed in this respect pointing out to the detailed investiga-

tions to be carried out,
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Chapter 1

The investigated area is divided into two units namely that of the
Qattara Depression and South Siwa Oasis. The depression itself
lies in the northern part of the Western Desert of Egypt several
tens of km to the south of the Mediterranean Sea coast (Plate I).
It is actually the largest depression in the Sahara Desert covering
great territories in northern Afriea, and it is really constituted of

~ subsidiary lows forming ultimately a unified complex depression.

The maximum depth of the depression reaches 134 m below the
Mediterranean Sea level. At —60 m level it covers an area of some
85,000 km? extending roughly ENE-WSW for about 300 km, and

‘attaining variableé breadths which increase in a westward direction

and reaching a maximum width of roughly 145 km.

- To the north the Qattara Depression is limited by an extensive
escarpment named El Diffa Plateau which reaches a maximum
height of some +230 m. This escarpment makes the northern

wall of the depression, which is vsually of steep and vnstable slopes, '

though in some localities it.has gradational amnd relatively more
stable slopes, El Diffa Plateau slopes in a general manner towards
the Mediterranean Sea, both are separated from each other by the
Mediterranean coastal zone which is characterized by its gentle
topography and low relief. The escarpment of the north wall of
the depression is dissected by dense short drainage lines which
allow the rain water falling on the southern part of the plateau to

drainage
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drain southwards into the depression (Plate IT}. It may be noted
in this respect that the trend of the drainage lines in the in-
vestigated area is greatly controlled by the fractures and faults
(Plate III), while the length of these lines is largely controlled
by the slope where short lines are ussociated usually with steep
slopes while long lines are connected with gentle slopes.

To the south the depression slopes northwards in a smooth
fashion. A wide plain is located to the south of the depression which
is dominated by sand actumulations and sand dune belts extending
in a NNW-S8E direction under the influence of the prevailing winds.
Fastwards the plain has drairage lines of the dendritie type trending
in an E-W direction, while westwards the drainage lines belong to
the trellis type and they assume a NW-SIi strike. These lines drain
eventually into the lowest part of the depression.

The plain bordering the Qattara Depression eastwards is
covered by sands and ciays of Barly Miocene age which are re-
markably ferruginated. The sediments are frequently overlain by
coarse gravels and pebbles of variable character. The plain in
question is interrupted by major sand dune belts extending in a
NNW-SSE direction and its drainage lines are poorly developed.

The plateau limiting the Qattara Depression from the west is
dissected by relatively dense drainage lines belonging to the den-
dritic type. These are sloping usually eastwards in a smooth manner
towards the depression untii they reach its western wall where they
become short, dense and steeply sloping into the depression itself.
The lines under discussion drain into a wide channel sloping south-
wards while keeping pa-allel to the houndary of the depression.
Trurthermore, short iributaries branch from the previously men-
tioned channel which drain roughly in an eastward direction into
the deepest part of the depression.

The Qattara Depression sinsu strictu is dissected by drainage
lines belonging to the dendritic type. They make sometimes a deltaic
form especially in the flattened deep floor of the depression. The
drainage lines have their origin normally in the surrounding
plateaux and plains. As the former approach the bottom of the
depression they join to form a wide channel parallel to the latter’s
main trend, and then they run with a gentle slope to the south-
west where the deepest part of the depression is located.

Shallow saline water ponds are notable in the deep parts of
the depression, which are also covered in many localities, by saits

- and dark encrustations closely resembling the ponds in the satellite

images. The floor of the depression is frequently covered by sand,
silt and various types of sabkhas. The above mentioned features
are brought about hy the accumulation of detrital materials carried
into the depression by water flowing through the drainage lines

NN




LANDSAT Geologic interpretation for the Qattara Depression arca, Egypt, 13

and by winds, as well as the evaporation of surface waters and
leaking subswrface waters during long periods of time.

South Siwa Oasis is covered mainly by sand dunes in its central
and western parts. These dunes strike mostly in a NNW-SSE
direction and they show notable variation in their devsity, Each : . ‘
density category has distinctive shape and type of istribution ' '
which may be correlatable with the lithology, struetur: and mor- AR
phology of the bedrocks. The eastern part of South Siwa Oasis .
represents a platean feature which joins southiwards the Quss Abu
Suid Plateau in the vicinity of Farafra Opsis, The drainage lines
dissecting the part of the area in question are belonging to the
dendritic type and they run E-W and NW-SE, 5

Statistical analysis of the drainage lmes has been carried out ‘
P for the Qattara Depression and South Siwa Qasis and a drainage Lo |
P - density map (Plate V) has been prepared in this respect. It has f |
been found out that the great part of the investigated ares is dis- o |
sected by drainage lines in densities ranging from 0.1001 to 0.4000
km/km? especially in the range of 0.2001 to 0.3000 km km2. Such
low density drainage lines are superimposed on rock units of
variable lithology though encountered in locations which are not ,
highly disturbed from the tectonic point of view. :

The lowest density values of drainage lines, which are rang-
ing from 00000 to 01900 km/km2, are found in the wide plain
bordering the Qattara Depression from the south east. The bedrock
in this plain belongs to the clay member of the Lower Miocene
Gebel El Khashab Formation, however, it is greatly covered with
o gravels and sand dunes. The plain in question is relatively tectoni-
IR cally quiet.

One of the advantages of the drainage density map (Plate V)
is that it points out to the highly disturbed tectonic zones and i
locations with abrupt unstable slopes where the density of the
drainage lines are high. S

The highest density values of drainage lines of more than
N 5,000 km /km? are encountered in two locations on the northern
P and western rims of the Qattara Depression. The first location has
. - two’ highly dense centres, one at Minqar Dweis on the eastern side.

* of the northern rim of the depression and the second is situated Sl
i~ b1 downwards in the depression itself at Matan Sharib, with the SR
Yoo exposed rocks belonging to the Qaret E! Himelmmat and Jaghbub e

Formations, The second location is at Qaret El Khadim on the
: western rim of the depression where the rock cover is soft clay
} ~ belonging to the Late Focene Maadi Formation.
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1 . High values of drainage density ranging from 0.4001 to 0.5000
R km/km2 are encountered at the northern escarpment bordering
the depression especially at Ras El Qattara. Other locations of
comparable density range are distributed in several parts of the
investigated area. These locations assume an ESE-WNW, almost
_ &-W, trend which is roughly concomitani with one of the major
.'P faults extending through the southern part of the Qattara Depres- ‘ Pl
; sion, Similar drainage density values are met with to the south of ) '
the Qattara Depression along important fault lines striking ENE- i R
, WSW, one of them is located at 181 Bahrein and the second some Lo
thirty km to the south south east. .
: . : T ; b
i P
: s
: e
i o
i -
o i \ '
[ el
I i
P
L
|
L
S E
i @
; oy
1 l . P
i I - o i \'
LIRS -
b B
! ‘ : vl
. oA
74.,‘. .“..: ) ]




Chapter 2

The structural lineaments in the investigated area have been
recognized and interpreted as folds and fractures including faults
(Plate IIT) on LANDSAT-1 satellite images. These lineaments have
been computed and contoured on a lineation density map (Plate VI).
The physiographic features in the area of study including the
Qattara and other depressions, as well as El Diffa Plateau and other
elevated features, are closely linked with the manifestations of the
structural lineaments. The kinds of rock exposures distributed in
the area are also connected with the behaviour of these slements.

Several sets of fractures are mapped in the investigated area,
and actually they are much more common than hitherto indicated
m previous regional maps. The recognized sets possess the follow-

ing trends : NW-SE and NNW-SSE, ESE-WNW and ENE-WSW,
and NNE-SSW and NE-SW.

The NW-SE set is represented mainly by strike slip fauvlts
of right lateral type. These faulfs*are common bhetween the Qattara
and Siwa Oasis Depressions, and they, occasionally, traverse the
Qattara Depression. A set assuming a trend near to the NNW-SSE

is also observed though not a abundant as the previous set and
their relation to each other is not so clear.

structure

Jractures including

faults
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- A particularly important set in the investigated area is the
" one assuming an ENE-WSW trend. Important faults are helonging
{o this set including those bordering the Qattara Depression north-
wards and some within the depression itself. Other faults are -
cncountered to the south of the depression, one of which is super-
imposed on the small depressions extending from El Bahrein to
Sitra. Another set of especial significance is the BSE-WNW one.
This is well illustrated by the very long fault extending from Siwa
‘Oasis Depression westwards to the southern part of the Qattara
Depression eastwards (I8l Shazly, Abdel Hady, El Ghawaby, Kl
Kassas, Khawasilk, Il Shazly and Sanad, 1975). Smaller faulls
belonging to this set are distributed in the Qattara Depression
reaching to its northern rim, and sometimes these faults are
encountered outside the depression proper. The role of this set in
the development of the depressions in the northern Western Desert
has been also recognized (ibid.), In the present work the combined
effect of the ENI-WSW and the ESE-WNW sets of lineaments. is }
well illustrated in the formation of the Qattara Depression. fﬁ :

The NNIE-SSW to N-S set of lineaments is less abundant than
the previously mentioned ones. Most of the lineaments belonging
to this set are encountered on the western side of the Qattara
Depression where they take part in the delineation of its western
rim, though some of them are distributed near the northern wall
of the depression. It has been damonstrated that the faults belonging

to the discussed set are strike slip faults occasionally accompanied A S
by left lateral separation. RN

wiin el i eeme .

Two major lineaments and few smaller ones, assuming a NE- g
SW trend, traverse the northern part of the Qattara Depression.
They do not show remavkable dislocation which may lead to the
assumption that they are deep seated tension fracturss. Most of
the lineaments encountered in the investigated area are believed
to be helonging to the Alpine diastrophism which reached its peal

.in the Late Miocene-Eurly Pliocene iimes, however, some line- N
aments may be of older or younger ages. R

!
On the lineation density map (Plate VI) five ranges of density i
from > 0.4000 down to 0.0000 km km2 have been distinguished in !
the investigated area. The locations of highest density exceeding b
0.4000 km/km? are encountered at the intersections of lineaments RS
near Ras El Qattara in the vicinity of the northern rim of the
Qattara Depression and at the intersections of lineaments near S
Sitra to the south of the depression. Densities ranging from 0.3001 ¢ E f
to 04000 km/km?2 are connected with the northern rim of the RIS
depression towards its western side and along the ENIE-WSW fault < RS
extending from I8l Balirein to Silra. Other localities of densities h |
ranging from 0.2001 to 0.3000 km/km? are more widely spread in ;
the area of study but they are more abundant in the vicinity of
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the western side of the northern rim of the Qattara Depression, in
the neighbourhaod of its western rim, along fault lines within the
depression, and along fault lines of ENIE-WSW trend to the south
of the depression, and in between the Qattara and Siwa Oasis
Depressions. Considerable coverage of Kl Diffa Plateau and the

" extensive plain located to the south east of the Qattara Depression

are relatively quiet from the tectonic point of view, and the
lineament density values encountered there are ranging from 0.0000
to 0.1000 km/km3, L

Curved lineaments are recognized and interpreted on the satel-
lite images as folds. These are demonstrated to be belonging to two
tectonic episodes namely an older late Mesozoic-enrly Cenozoic
Laramide episode and a younger late Cenozoic Alpine episode, Most
of the folds distinguished in the investigated area belong to the
lutter episode, and the older folds are even modified and refolded
by the younger ones.

Bahariya Oasis Anticline : The structure of Babariya Oasis
has been studied previously by El Shazly, Abdel Hady, El Ghawaby
and Khawasik (1976). It has been demonstrated that the older
folding has an axial {race striking NNE-SSW which has been
modified by younger folding to acquire an axial trace striking NNW-
SSI. The closure of Bahariya Oasis anticline has been located near
Cicely Hill in the presently investigated area where the relies of
the Oligocene sediments are bended and they reappear eastwards.
Minor erenulations lhave been noted at the hinge closure of Bahariya
Qasis anticline while the spacial distribution of the Oligocene and
Bocene sediments has Dbeen rearranged under the influence of
folding and faulting.

Siwa Oasig Syncline : This structure is located between lon-
gitudes 25* I§ and 2T I, and it traverses Siwa Qasis. The axjal trace

of this syncline, passing in the vicinity of Ain Tibaghbagh, is trending+ -

NNW-SSE and plunging to NNW. The apparent dislocation of the
hinge closure of Siwa Ouasis syneline from Ain ‘Tibaghbagh to Gebel
Khashabi i¢ believed to he mainly due to vertical displacement of
the inclined Eocene beds by the great ESE-WNW fault extending
from Siwa Oasis to the southern part of the Qattara Depression,
which is confirmed by the difference in topography between the
southern high terrain and the northern low-lying plain. Nagh
Tibaghbagh syncline is superimposed on Siwa Oasis syncline, a
feature which may help in the interpretation of the lowest topo-
graphy exhibited in the southern part of the Qattara Depression.

Qattara Depression Syneline : This is a major open syncline
vmbracing the Qattars Depression. The axial trace of the syncline,
which is striking approximately EN1S-WSW and slightly plunging
to W, is roughly coinciding with the escarpment limiting the depres-

Jfolds
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sion northwards. Kl Diffa Plateau syndical trough is crenulated
to form small folds with the same trend as the major syncline
though acquiring small angles of dip. The depressed relief of the
southern part of the syneclinal trough located in the Qattara De-
pression itself is believed to be due to faulting, however, the super-

imposition of an intersecting younger synclmal trough should not
be excluded for the time being.

The Qattara Depression syneline has its closure eastwards just
near the eastern tip of the depression where the Early Miocene
Qaret Kl Himeimat Formation is exposed while the younger Middle
to Late Miocene Jaghbulr and Qaret El Dib IFormations are out-
“eropping westwards with the direction of the plunge of the syncline.
The exposures of older rocks of the Jaghbub and Qaret I8! Himeimat
Formations are expected at the top and the slopes of the Salum
escarpment, especially al the closure of the Salum anticline which

may be considered as the reversal of the Qattara Depression
syncline,

Il Qaneitra-Qur Hadid Anticline : This major structure is
located to the south of the Qattara Depression syncline. The axial
trace of the anticline is striking in an ENE-WSW direction, and its
closure is approximately located at Qur El Hadid westwards. Going

ENE along the axial trace extensive sediments belonging to Gebel.-

| Khashab Formation are exposed at its core,

Nagb Tibaghbagh Syncline : The major strueture flanks El
Qanecitra-Qur Hadid anticline from the south. The hinge closure of
the discussed syneline is located in the vicinity of Nagb Tibaghbagh
and its axial trace is striking in an ENE-W8W direction where a
major almost E-W fault is located in the vicinity.
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‘Chapter 3

A new geological map for the investigated area has been prepared
from the LANDSAT satellite images along with the structural
lineation and drainage maps. These maps have been augmented by
considerable field investigations to prove the identity and charac-
teristics of the geological units in the field and to collect samples
from them for lithological, age and chemical studies. The geological
(Plate IV), structural lineation (Plate III} and drainage maps
(Plate II) cover & larger area than that already investigated in this
work, in order to visualize the geology and environment of the
areas bordering the Qattara Depression. The description, however,

covers only the presently investigated arca taking into consideration -

that the areas hordering Qattara Depression have been desecribed
previously by I8 Shazly, Abdel Hady, Bl Ghawaby, El Kassas,
Khawasik, Tl Shazly and Sanad (1975), and I8 Shazly, Abdel Hady,
1l Ghawaby and Khawasik (1978). The rocks and loose sediments
cropping out in the investigated area belong to the Paleocene, Early
Eocene, Middle Eocene, Late Focene, Oligocene, Harly Miocene,
Middle Miocene, Late Miocene and Quaternary. All the rocks are of
sedimentgary nature although signs of voleanicity hydrothermal
activity are manifested especially along fault lines. The geological
units and structures are considerably more detailed and better
delineated as compared to previous regional geological maps com-
piled by the Survey Department of Bgypt in 1928, the Standard 0il
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Karly Eocene
sediments

Middle Focene
sediments

Pqleocene sediments

Company of Egypt in the fifties and the Geological Survey and
Mineral Projects Authority in 1971, The drzainage lines in the
drainage map are more numerous and better defined as compared

w the previous regional topographical maps.

The geological units mapped during the present study are
described in the following starting with the oldesl ones.

These represent the oldest outeropping rocks in the arca of in-
vestigation. They are exposed in the southern part of the aren
{Plate IV) where they are represented by greyv clay belonging to
the upper member of the Lower Hsna Formation.

These are represented by Gebel Serai Formation, which is erop-
ping out ito the south east of Siwa Oasis, south east Bahariya
Oasis, and south Shoshet Bl Khadim on Bahariya Oasis-Siwa
Qusis road.

Gebel Serai Formation consists of the three following members
starting with the oldest: limestone member, chalky limestone
member, and erystalline limestone member.

In the field the limestone member and the chalky limestone
member could not be separated. However, the satellite image inter-
pretation succeeded to distinguish the localities which are more
chalky in general and are identified as the chalky limestone member.
The thickness of the two oldest members are estimated to be 36 m,
while that of the youngest member is 16 m.

'The rocks belonging to the Middle Eocene ave encountered cropping
out in the investigated area in a composite thickness of about 80 m.
They are easily cormelated to the Middle Eocene rocks cropping

~out in the adjacent Bahariya Oasis-Il Faiyum area. These rocks

are classified into two Formations, the older is Gebel El Qalamun
Formation, and the younger is Gebel Mokattam Formation.

Gebel Il Qalamun Formation : The main outerops belonging
to this formation are encountered north of the Bahariya Onsis-Siwu
Qasis road especially at its northern part, and they are striking
WNW-ESE, The extension of the outcrops is about 190 km and
their average width is approximately 30 km. The exposures arve

wider than the average towards Siwa QOasis and narrower towards

Bnlmriya Oasts.
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LANDSAT Geolegic interpretation for the Qattara Depression areo, Egypt.

The bottom of the formation is not cropping out, however, t.he
masximum thickness encountered is estimated to be about 55 m, i.e.
15 m less than the thickness measured at Gebel El Qalamun,

The formation is classified in the feld into three members
fairly correlated with the three corresponding members in Gebel
Bl Qalamun though iwith slight lithological vaviations, These mem-
bers are as follows starting with the oldest : marl member, lime-
stone member, and crystalline limestone member.

The mar! member is correlated with the ferruginous clay
member cropping out at Gebel Tl Qalamun. The maximum thickness
encountered in the presently investigated area is about 7 m consist-
ing mainly of reddish marl with interbeds of alternating dark yellow
tlolomitic limestone and less ferruginous calcareous silt.

The limesitone member is lithologically different from the
corresponding member in Gebel Bl Qalamun regarding the absence
of chalk in the former, where the maximum thickness is estimated
to he 50 m.

The erystalline limestone member is. correlated with Samalut
crystalline limestone, It consists mainly of chalky crystalline lime-
stone, occasionally dolomitie. Its maximum thickness is about 7 m
which is less than that attained at Gebel El Qalamun.

Gebel Mokattam Formation : This formation is cropping out
to the east of Siwa Qasis, and in various parts on the midway
between Siwa Ouasis and Bahariya Oasis, Its maximum thickness is

- 60 m which is less than that encountered in the adjacent Bahariya

Oasis-El Faiyum area hy 45 m.

There is no apparent lithological distinction between the expo-

* sures belonging to this formation in the present area and the

adjacent one. It consists mainly of alternating members of marl
and nummulitic limestone, with the latter usunally attaining greater
thickness. The two members of Gebel Mokattam Formation have

been distinguished through the LANDSAT satellite image mter-
pretation (Plate IV).

The sediments helonging to’ the Late Focene ‘dre i‘eplesented‘ by

one formation which is the Maadi Formation. Its tlnekness is
estimated by 50 m in the present area.

Late Focene
sediments
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Qligacene sediments

EM. El Shozly, M.A.

Abdel Hady, MA Ei Ghaweby, SM. Khowaosik and M.M. El Shozly

The hottom of this formation consists mainly of fossiliferous
creamy limestone, marl, and partially crystalline limestone, while its
top is constituted essentially of sandstone and conglomerate which
are more continental regarding their environment of deposition as
compared to the marine rocks at the boltom. By satellite image
interpretation the formation is broadly classified into two mem-
Lers : the first is encountered south west of the Qattara Depression
and consists mainly of limestone, while the more continental npper
member has larger exposures wlnch are usunlly encountezed to the
south of the depression. :

The Oligocene sediments are cropping out in small and low hills
belonging to the Biuff Hill Formation with a general NW-SE trend,
and attaining a thickness of 25 m. The bottom of the formation
consists of slightly calcareous sandy beds while the top is constituted
of conglomeratic sandstone which is oceasionally caleareous. The
clastic ratio increases going higher in the formation. Generally, the
Oligocene rocks cropping out in the present area are lithologically
consistent with the new Bluff Hill Formation encountered in the
-adjacent Bahariya Oasis-IEl Faiynm area. However, the top of the
formation at the Qattara Depression area consists of calcareous
sandstone whereas at the latter area it is silicified sandstone. Also
the carbonate ratio in the bottom rocks of the formation is slightly
more in the present area as compared to the case in Bahariya
Oasis-Bl Faiyum area. This indicates that the Oligocene sediments
are deposited under relatively more marine environment going to

~the north west. Furthermore, outcrops simmlating Gebel Qatrani

E’arly Miocene

sediments

Formation have been encountered in a dispersed manmer to the
south of the Qaitara Depression.

The Mioccene sediments cover most of the area of study (Plate IV), '

and they represent about 459 of the thickness of its composite
lithostratigraphic column (Plate VIII}. The Miocene sediments are
well exposed along the escarpment hordering the Qattara Depression.
The vertical and lateral relations of the beds are studied in the field
along 150 km of the escarpment.

The Barly Miocene sediments are constituted of two formations
namely Gebel El Khashab Formation and Qaret Kl Himeimat For-
hmtio.n._ Rocks belonging to Gebel El Khashab Formation are
ceropping out in small thickness (15 m ) at the foot of the escarpment.
They could be reached in the field from the low levels of the
Qattara Depression at Naqb El Qattara. They consist of white fine-
grained equigranular sandstone (Section LXXXII, Plate XII).
However, it is found in some other parts to be conglomeratic

N
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calearenus sandstone, Qaret ¥l Himeimat Formation is encountered - - v - “1
in a conpiderable thickness in the cscorpwment adjacent to the
northern  boundary of the depression. The lithologleal units
helonging to this formintion arve desoribed in detail at Hisy Tl
Quttara, Ras Il Qattara I, Ras Bl Qattara 11 and Nagh El Qattava
(Fections LANIX, LXK, LIXE] LXXXIL Plates IX, X, XI and
XII respectively). The formation is transitional between the conti-
nental environment of Gebel El Khashab Formation and the mavine
envivonment of the txrpmal Midtlle Miocene - Jaghbuh Formation,

At Hisy Bl Qattara (Plate IX), it is encountered consisting of

a predominant amount of mal, eolay, chalky limestone and cal-

: careaus sandstone, It is overlain by a thin bed of gypseous limestone

b belonging to Qaret 181 Dib Formation, At Ras 1l Qattara the suceces-

: sion belonging ta the formation contains mere elay ratio than that

: encounteved at Hisy Fl Qattara. The masimum thickness of the

) formation is encountered at Nagb Il Quattara averlying Gehol K&t

Khashab formation, The composite thickness of Qaret Bl Himeimat
Formation measwved at the escarpment is 180 m.

Jaghbub Formation is cropping out in various parts of Wl Diffa Middle Mioctene .
Platean (Plate IV). The strata belonging to this formation are sediments
deseribed lithologically and their thicknesses are measured in '

Seetlons LXXII, LXXII, LEXIV, LXXV, LEXVI and LEXVIL The

composite thickness of the Jaghbub Formation has been estimated

at Bl Diffa Platean to be 193 m. Lithologically, this formation

consists of limestone, chalk, chalky limestone and clayey limestone.

Qaret 1t Dib Formation is encountered in the field at W Diffa Late/Middle Pt
. Plateau in patehes overlying the Jaghbub Farmation. The former Miacene sediments .
to consists of gypseous limestone, chalky limestone and olayey lime.

Vo stone, The detailed lithalogy of the formation can he seen in Sections

LXXI, LEXXVIIL and LXXIX, and its composite thickness is 40 m.

. Tt is not settled at present whether Qaret ¥l Dib Formation belongs o o : L
P to the Late Miotene or the late Middle Miocene. P

} : These sediments are particularly important in the investigated area tht-ez'nm'y
-+ 4. cspecially Qattars Depression. The geological and environmental

i " units identified in the avea are twelve in number. These include
alluvial cover derived from Kocene and Miccene rooks, sand dunes
and sandy accumulations, sandy and clayey sabkhas, dark and light ,
coloured salty erusts, lakes and ponds, and vegetation (Plate IV). L
: The most ahundant salts in the salty crust are rock salt and gypsum L K
(Tables 1, 2, | m&t&m&& ?gggg 3
T | | | R ,

sediments

L N
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'Lithologic Description of Lithostratigraphic Sections

The locations of the following lithostratigraphic sections measured
~ and deseribed in the investigated area are given in Plate VIL

Section LXXI (Qaret Bl Dib Formation)
Top

9 — Weathered white chalky limestone .. .. .. 3.0 m®
8 — Gypsum embedded in a caleareous medium.. 4.0 m
7 — Buff limestone .. .. .. .. .. .. .. . oo ... B0 m
6 — Fossiliferous limestone .. .. .. .. ..... .. 40m
5 — Weathered chalky limestone .. .. .. .. .. unknown
4 — Weathered chalky limestone, clayey in parts 3.0 m
3 — QGreyish to white clayey limestone .. .. .. 20 m
2 — Weathered chalky limestone .. .. .. .. .. 160 m
1 — Gypsum in a medium of calecareous material unknown

v Base o

Section LXXII (Jaghbub Formation)
Top
6 — Perruginous slightly caleareous grey clay .. 3.0 m.
8§— Clay .. .. .. et ee e e e e we 100m

4—-Softcha1kyhmestone i et b e e e s 30 m
3—DLimyelay .. .. .. .. .. v vt vt ve en .. T0m

2 — Chalk .. .. ... e e v e .. 200m
1 — White clav, shghtlv challty S Ut I+ 1
Base )
Section LXXII (Jaghbub Formation)
Top

5 — Terruginous fossiliferous chalky limestone.. 1.0 m

4 — Compact white chalky limestone .. .. .. .. 9.0 m
3 — Chalky clayey whitish grey limestone .. .. 6.0 m

2 — Sandy chalky limestone .. .. .. .. .. .. .. 160 m

1 — Highly fossiliferous limestone .. .. .. .. .. unknown
Base '

Section LXXIV  (Jaghbub Formation)

Top
4 — Chalky fimestone .. .. .. .. .. .. .. .. .. 20m
3 — Cream dusty limestone .. .. .. .. .. .. .. 80m
2 — Chalky limestone .. .. .. .. .. .. .. .. .. 120 m
1— Cla.yey clmllcy llmestone veeer e e e 20m
Base : S h '

# Thickness- in meters
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LANDSAT Geologic interprotabion for the Qottera Deprossien area, Egyvpt

Seelion LXXT
Top

0 — Dolomitie \\lule limestone .. .. .. 1 o s

SM‘LI,.{IIIK L T O O N T T T T S N S S G S S O S A A

tJaghbub Formation)

Ly

= C‘hﬁll\ T O T S Y S T O O T
2 == Dolomitie or oluyey Hmestone .. .. .. .. .,
1 - Ferruginous reddish white hmuatunv e e s

hl\he
m«tmn LNXY l tiughbub Tormation)
Top

¢ — White chalky fossiliferous limestone .. .. ..
8 - Red sandy lmestone .. .. (v oo L s
4 == Red ferruginous limestone .. oo o0 L0 oL L
8 == Reddish lmestone .. ..oo0 oo vo oy o
2w~ White to pale yellow limestone, chalky in
3
1 «— Weathered white eht 111;\' lunvstone e e s
Base B

tJaghbub Formution)
Top

¢ — Soft eloyey lmestone .. .. . .0 00

3« Hard partially crystalline buff limestone ..

2 - Dark greenish clayey limestone, soft and

oIl ov vh s i e ey v e e e e e

1 — Woathered buff to pale yellow chulky

o Bmestone .. oo L0 o0 o e
Base

Section LNXXVIIL Waghbub Formation 1.4,

© Qaret El Dib Formation §)

'l‘ap
§ - Gypseous Iumstone, qvpsum is predmninmt
©in some loentions .u o cv il v e s an ae as
4 — Pale yellow chalky limestone, of moderate
RAPANOSES c4 vh v eh vn vr e vh e ae e e

3 - Hard dark yellow sandy elay o .. o0 oo

2 — Slightly caleareous sandy thy e
1 «— Greoy greenish elay with manganese minerals

Base
Soclion LNNIN - {Plate TX)
- Tap

12— Gypseous limestone e R T
11 — Pinewgrained ‘frinble, weakly - cemented eal-
craeons sandstone .o 0 L oL vl s e

10 = Ferruginous, fine-srained sandstone .. .. ..

~= JPossiliferous ehalh\: Hmestone o, ., oy v o0

10

. 6‘0

1.0
7.0
1.0
6.0
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1.0
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9 — Dark grey clay, with salt and gypsum filling

fracture planes .. .. ..
8 — Sandy caleareous clay ..
T — Grey fine-grained sandstone ..
6 — Gypseous creamy limestone .
5 — Chalky limestone,
ereamy . .
4 — Clayey sutt hmestone, buff in colour e
3 — Dark green clay .

. 2 — Weathered maxl, Winte to grey
1 ~— Dark green mar! ,
Base

Section LXXX {(Plate X) -
Top
10 — Limestone. . . .
9 — White chalky hmestane . -
8 -— Fossiliferous yeliow limestone ..
T — White chalky limestone .
6 — Greenish marl . - .
5 — TFerruginous, redchsh qa.ndy Iunestone
4 — Chalky limestone .. .
3 — QGrey clay . . e .
2 — Sandy dolomxtlc hmestone e

1 — Greenish grey clay .. .
Base

Section LXXXI (Plate XI)
Top : :

10 ~— Iossiliferous limestone, buff in colour ..
9 — Ferruginous reddish sandy limestone .. ..
8 — Greenish grey shale .. ., .. .. .. .. .. .

- T — TPerruginous, red sandy hmestone e s
6 — Greenish grey clay .

5 — Caleareous silt .

4 — Reddish hmestone e e
3 — White to pale vellow hmestone . .
"2 — Grey clay . Ce e
1— I‘errun‘mous marl .. .. ...

Base

Seclion LEXXI (Plate XII)
Tap

30 —  Fossil:iferous yellow limestone .. .. .

20 - Yellowish to greenish marl . .

28 — Yellowish to greenish dOleltIC hmestone,
fossiliferous in some horizons .

27 — QGrey shale, slightly ferruclnous on ;]omt
planes .. .. .. .

soft, pale yellow and

10m
50 m
03 m
03 m

0.0 m

50 m

30m
6.0 m
i5.0 m

1.0 m
100 m
1.0 m
10m
80 m
2.0 m
40 m
4.0 m

.25 e -

200 m

20 m
20 m
20 m
05 m
50 m
i0m
1.0 m
5.0 m
40 m
1i0m

0.5 m-
15.0 m

.60 m

150 m

s Wi o
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26 -— White, fine-grained friable sandstone, un-
cemented or weakly cemented by a caleareous :
13113 U + K 1} ' : ' b
250 — Greenish sandy elay .. .. .. «v o0 v0 oo oo 10 m
24 — Alternating yellow dolomitic limestone and
weakly cemented ealcareouns sandstone .. .. 50 m
2§ — Greenshale .. .. .. .. .. .. ..., ... 20m
22 — Altemnation of yellowish dolomitic limestone
and {ferrnginous friable calecareous fine-
grained eguigranular sandstone .. .. .. .. 40 m e
21 — Green sandy shale, with hematitic spots on _ _ S
Fractures .. v vt vh vt ce vr e ae dhae se 08 m ' o '
20 — Ferruginous, weakly cemented, caleareous
sandstone .. .. .. .. o0 0o o0l v s 20m
19 — Yellowish and greenish dolomitic limestone.. L0 m
1§ — Greenishmarl .. . .. .. . cv v v0 v ve 20 m
17 — Greenish shale with ferruginous spots on '
o fractureplames .. .. vl il ey v s i ae 40 m
16 —— Perruginous, weakly cemented caleareous ‘
sandstone .. .. .. vv vt e ve e sies s 10m
16 Greenshale .. .. .. .. .. . vv vt e ve ve 30 m
14 Greyelay .. «v v v sd be v e ae ae we 10 m
18 -— Reddish sandy marl .. .. .. .. .. .. .. .. 10m
12 — Tlay v o0 vv vy v vs b i e e s e e, 30m
11 — Tlesh-coloured dolc: . itie limestone .. ., .. 08 m
10 — Yellowish green marl with black knobs of '
iron and manganese oxides .. .. .. .. .. 60 m

9 — Daxkgreyshale .. .. .... .. ... oo v ve 40m
§ — White to pale yellow hard, fine-grained, -
equigranular sandstone, calcareous in parts 3.0 m
T — Dolomitic limestone, fossiliferous, reddlsh to
paleyellow .. 5. v i eive v vh e va .. 30 m I : . ‘
6 — Greysandy marl .. .. .. .. vl el an ovs .. TOm '
B — Grey shale, slightly caleareous in parts .. 10 m ' '
4 — Sandy mar], ereamy .. .. .. . ... .0 10 mMe _ _ _ o
3 — Dukgreenshale .. .. .. .. .0 ot ot oiv.  10m ’

e

[

2 .— Dark yellow fossiliferous limestone .. .. .. 60 m
-1 — White, fine-grained, equigranular sandstone 16.0 m

Base
Seetlon LXXXIIX (Qaret Tl Himeimat Formation)
- Tap ' Lo - : '

3 — Reddish ferruginous caleareous silt .. .. .. 02 m S
2 -~ Dark conglomeratic sandstone .. .. .. .. .. 1.0m e
1 . Reddish shn’htly calcareous, - ferruginous,. . '

» sundyclav R | B2
Base : :
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Section LXXXY
- Top .
2 — Buff dask yellowish limestone, havd, unfossi-
liferous .. .. ..
1 — Pale yellow hedded sandstane, fine- to me-
dium-grained, hard .. .. .. .. ..o oL

(Gebel Tl Qalamun Formation)

.

Base

Seetion LXXXYVY (Gebel Bl Qalamun Formation)
Top

—_ nystallme dolomitic hmestone. with wlnte

alteration .. . <. . oo vl s e

1 — Chalky crystalline llmestone Ve e e
Buse

Section LXXXVIL (Gebel Bl Qalamun Formation)
' Top

2 — Pale yellow dolomitic lmm:utone e e s
1——Softyellowlshsllt N

Base
Seetion LNV (Gebel Bl Qalamun Formation)
Top

10 — Hard dolomitic creamy limestone .. ..
-9 — Clayey and sandy dolomitic limestone, fer
ruginous in parts .. .. .., .
8 — Pale yellow and creamy hmestoue .
7 — Green dolomitie limestone .. .. .. .. .. .,
6 — Yellow and greyish fine-grained sandstone,
equigranular .. .. .. .0 .. .
5 — Hard dark yellow limestone alternutmg with
flesh-coloured limestone, salt found on joint
planes .. .. .. .. .. .
4 — Soft, ﬁne-wrmned eqm«rmnula.r sandstane.
limonitic alterations encountered in spots .
'3 — Fossiliferous light flesh-coloured hmestone
2 — Soft green silt, slightly ferruginous in pavts
1 -~ TFine-grained equigranular green ferruginous
sandstone .. ..o ol Ll ol ol i e
Base
Section LXNNIX (Probably on unconformity over
Lo _ Gebel Bl ‘Qalamun Formation)
Top

5 — Dark yellow calcareous conglomeratic sand-
: stong, sand grains fine to medium, -matrix
CalCar oS .. .. .. i ch h e e e e s

= o e S s e e s e e e e e e i P . e B et b e SEC YR L
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1.0 m

40 m

0.5 m
20 m

0.25m

1.0 m

1.0 m
0.5 m
0H m
08 m

10 m

0.2 .m

5.0 m

1Fm

30 m

15 m

0.2 m
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4 — Conglomerate, fine, medium to coarse grains

of quartz embedded in a calearsous matrix,

limonite alterations not wneommon .. .. ..

3 — Hard yellow limestone, containing knobs of
manganese and iron oxides .. .. .. .. .. ..

2 — Unconformity surface of white sandstone
found in irregular patches in limestone .. ..

1 — Alternation of dark grey clay and friable
fine-grained sandstone .. .. .. .. .. .

Base _ _
Sectmn XC (Plate XILT)
Top
21 — Ferruginous sandstone .. e

20 — Triable, yellow unequigranuiar sandstone,
grains are fine to medinm .. .. .. ., .. ..

19 — Black hard caleareous sandstone .. .. .

18 -~ Greenish marl, soft, sandy in parts .. ..

17 — Greenish sandy clay .. .. .. e

16 — Sandy limestone, hu.rd yel]owrsh

15 — Greenishmar! .. .. .. .. .0 o0 o0 o L.

14 — Friable medmmucrrmued sandstone ce e s

A3 - Conglomemte

12 — Grey clay .
11 — White marl .. e
10 — Fossiliferous wlute clayey hme:,tone RN
9 — Grey dolomiti¢ limestone .. ..
8§ .— Clay with molds and casts of crastx opods zmd

other fossils .. .. .. .. .. ..o ool
T — White dolomite containing microfossils ? .
6 — White to greyish marl .. .. .. .. .. ..

5 — Fossiliferous creamy limestone ..

4 — Greenish sandy clay .. .. .. .. .. oL s

3 — Pale yellow hmestone e N

2 — Slightly ferruginous sandstone . .

1 — Sandy, slightly ferruginous pale red hme-
stome .. ..ol ol L Ll Ll

Bage

Seotion XCI {Gebel Mokattam Formation)

" Nummulitic limestone with occasional thin laminae of

‘Seetion XCIX (Gehel Mokattam IMormation)
v Top . . | .
4 — Nummulitie limestone .. .. .. ..~

3 — Marl .. oLl

04 m

10 m

6.0 m

05 m

10m
70 m
10 m
15 m
1.0 m
20 m
20 m
056 m
20 m
S0 m
05 m
60 m

03 m

30 m
4.0 m
10 m

10.m.

10 m
06 m

25 m

xcla.y.

08 m

70m
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I! - 2 — Nummulitic limestone .. .. .. .. .. .. ... 0.2 m
'{ : ' I —Mazl.. .. .. .. o0 vl i i e eh ee e . 40 m
b ’ Base | |

_. 1 S _ ' Section XCIX (Lower horizons of Gebel

E' Mokattam Formation) )
: Top L
o | | B Mal .. e et i e e e e e .. 10m A

A 4 — Grey limestone .. .. .. .. .. .. .. .. .. .. 06 m | *
1 3 — Yellowish limestone .. .. .. .. oo .. .. .. 15m

2 Marl . e e e e e e e ei e e .. 20m
1 — Nummulitie limestone .. .. .. .. .. .. .. unknown
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LANDSAT Geotoge imterprotation tor the Qattaia Plagronaon ared, Egept N3]
Deseraption of Lithelogleally Studied Samyples

The loeations off the Tollewing individual samples, collested from the

investipated aren for the parpese of ltholugie deseription, are
shown in Mate V1L

Sample 701 White fessiliferous chally Hmestone with brownish
tarnish (Jaghbub Formation),

o h‘mhplz\ (IR ‘-.und angd m\ttm‘od pebbles of fossiliforous imestone,
'- coverityy wide plaing (Quaternary, bedroek Jaghbub Formation).

Sumple T80 ¢ Clayey ohalky limestone, in-an extensive bod, covering
_ the wadi and giving the ground surface o light appearance
P (Jaghbub Formation).

_ Sample 80 ¢ Brownish white limestone, stratigraphieally overlying : : : S
. the previous bed, The former bed is covered with growing small o !
natural vepotation tJaghbub Formation). P

1
Sumple 787 ¢ Seleeted gypsume samples, devived from 8 hovlon
gorresponding to the upper part of the previous bed, The 3
thickness of the hovison at this leeality iz 80 wm (Qaret 11 f.
Diby Formation), :
Snuple 788 1 Marl, veeasionally covered by small recont deltas of
clay. These deltas are enclreled by Quaternary loose culearoons :
sediments (Qaret ¥ Hinelmat Pormation),
: Sample @10 @ White Hmestone  dissecied by recent diy streams i
forming small elay deltas (Jaghbub Formstion). i
Sample 7411 Clay from the provious small deltas (Quaternacy).
sSample T Havd pavtially erpstalline limestone  Glaghbub Fos
mation),
! Bample Y09 ¢ Chalky  gypsvous  liniestone ((‘mwt 1 Db Foe
mationd,
Sample TG00 ¢ Quaternary white dust devived trom Miseene  lime-
i ?‘th\\!\l‘- : :
n Sample T61 0 Gypsoots lHmestone (Qarst 1 Dib - Formation).
samples 762 & 768 ¢ Gepreous Jimestones, I some locations they
ave overlain by elay (Qavet 10 Dib Poraation),
Snmple T3 ¢ dypseous Hinestone i wide plains {Quret 1BE Dib N
: Farmation), o : : : R
sample 832 1 Bmall outeropan of fine-peained calodveots sadstone, LRI
! buif in eolowr, The roek in Joluted into tvo mnin sestema 8800
Pl and  BEGE TR tGebel W Rhashnh  Formatlon,  sandstone
i memberd, »
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Sample 833 : Quaternary friable sandstone containing abundant

salty materials, The general appearance of the ground surface

is dark.

Sample 834 : Tine gravel, covering the ground surface (Quater-
“nary). -

Saumples 838 & 839 : Quaternary sands and gravels. Occasional
partially crystalline limestone is encountered in small bodies
belonging to the Jaghbub Formation.

Sample 840 : Quaternary surficial ill-sorted sand, fine to medium
and occasionally course. Recent ripple marks are found taking
a linear direction of S70"W. Occasionally rock salt and gypsum
are encountered.

SaimpIé 842 : Sand dunes of SS0'E direction, underlain by fine-
grained sand with abundant salt.

Sample 843 : Surficial fine-grained sandstone. The ground surface
has a general dark yellow colour,

Sample 845 : Recent equigranular friable fine-grained sandstone
covered by sand dunes assuming a NW-SE direction,

Sumple 846 : Calcareous sandstone (Gehe!l El Khashab Formation,
sandstone member). Small bodies of anhydrite with rock salt
and probably alunite are encowmtered.

Snample 854 : Limestone in small outerops (Maadi Formation).

Sample 858 : Petrified wood (Gebel Fl Khashab Formation).

Sample 859 : Soft weathered limestone, dark in colour containing
occasional caleite erystals (Gebel Mokattam Formation 7).

Samples 860 & 861 : Hard ferruginous fine-grained sandstone in
-small outerops containing ocecasional petrified wood (Gebel Il
Khashab Formation, sandstone member).

Snmple 911 : White limestone, slightly chalky (Gebel Serai For-
mation).

Sample 912 : White limestone (Gebel Serai Formation).

Sample 913 : Yellowish hard limestone, partially crystalline (Gebel
Serai Formation, crystalline limestone member).

Sample 914 : Yellowish green marl (Gebel Mokattam Formation,
marl member).

Sample 915 : Fossiliferous, yellowish white limestone (Gebel Mo-
kattam Formation, limestone member}.

Smnplé 916 : Pleistocene marl as small pockets in early Middle
Tocene rocks. The marl pockets show growing small natural
vegetation especially along the drainage lines.
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Hnmplo 017 I‘m‘tially eryqtalline limestone of early Middle Rocene

age (Qebel R Qalamun Formation, erystatline lmestone
member), ‘

Snmplt\' 910 : White iimeqtoné of Middle Eocene age,

Sumple 920 Clavey white Iime:.ttme of Middle Yocene age,
Sample 9211 Brow nish dolomitio limestune of Middle Hoocene age,
Sample 8922 ¢ Fossils collected from Hocene limestane.

Sanple 924 : Fossils callected from Facene limestone beds,
Snmple 925 : Fossiliferous limestone (Gebel Mokattam Formation).

Sample 926 ¢+ Nummulites collected fram light celoured wide plains

of Nummulitio limestone of late Middle Rocene age (Gebel
Mekattam Formation),

Sample 9237 3 Nummulitio hmestc\m of late Middle Eocene age (Gebel
- Mokattam Formation), - -

Sumplts 038 ¢ Pleistocene salty clay of brownish green ecolour,
Sample 938 : Pleistocene oaleareous salty silt,

Sanple 980 ¢+ Nummulitie Nmestone of late \iliddle Hocene (Gebel
Mokattam Formation),

Spmple 831 : Recent salts, filling a great depression,

Snmple 852 : Recent sodinnt chioride crystals in Eoeene limestone,

Stmple 088 ¢ Nummulites covered by thin erust of recent salts,

Snple 934+ Fossiliferous chalky limestone (Gebel El Qalamun
Formation, chalky limestone member),

Sample 938 1 Gypsum flakes found in marl beds (Gebel Bl Qalamun
I‘m~matiun, marl momber).

' .‘amnple 240 : Quaternary dust aceumulatmns derwed from Docone

~limestone,.

Sz\mpla 941 : Brownish limestone, covered with recent silt (Gebel
-l Qalamun Formation),

Sample 48 1 Weathered chalky fossiliferona limestone (Gebel El
Qulamun Formation, chalky limestone member).

Sample 848 @ Nummulites attached together hy oaleareous mate-

rials, covering wide ground surface ((iebel Mokattam Formation,
nummulitla limestone member),

~ Snmple 944 3 Hard brownish limestone bed covered in the field by

sands and gravels {Gebel Il Qalamun Formation),

~Sample 945 : Revcent fine-grained well sorted sand, in small pockets

‘along drainage lines tcovered with growing natural vegetation.
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Lithologic Desexiption of Chemically Analyzed Swmples

Sample 718 : Thick Quaternary loese culeareous deposits of dust
size. (Quaternary, derived from Miocene limestone).

| Sample 741 Grey to green clay, forming small deltas. (Qua-
ternary, bedrock litmestone from Jaghbub Formation).

Sample 764 : Red caleareous silt, extensively distributed in wide

plains, underlying Quaret El Dib Formation, (Jaghbub For-
mation},

Sample 779 1 Green clay covering wide and extensive plains, oe-
casionally forming small conieal hills, Qceasional vegetation is
grown on these plains. The clay is slightly ferruginous on the
fracture planes. This clay bed is overlain by a gypseous lime-
stone bed so that it is correlated with tlm loeation of snmple
T64. (Gebel Il Khashab Formation),

sample 830 : Roek salt, found in salty marshes in Qattara Depres-
sion. Sample talken from g location at the foot of Ras Bl Qaiiara
escarpment,  (Quaternary, bedvock Gebel Il Khashab Far.
mation, sandstone member).

Sample 881 : White gypsum with sand and rock salt, The general
feature of the ground surface is dark, however, white patches
ave encountered consisting of white salty clay. (Quaternary,
bedrock Quret Bl Himeimat Formation).

Sumple 886 : White rock salt with sand impurities, found in a
country of salty sand, of dark general appearance in the field.
The ground is hard enough for the passage of field vehicles.
(Quaternary, bedrock Gebel Bl Khashab Formation, sandstone
member},

“Sample 886 : Rock salt with sand, gypsum, clay and iron oxides.

(Quaternary, bedroek Jaghbub Formation).

Sample 837 : White salts, consisting of gypsum and rock salt.

(Quaternary, bedrock Gebel El Khashab Formation, sandstone
member),

Stmple 888 ¢ Caleareous (dolomite and caleite) fine-grained sand-
stone, containing soluble white salts. (Quaternary, at contact

of Gebel &l Khashab IFormation, sandstone member, and
Jaghbub Formation).

Sample 841 : White gypsum and rock salt, (Quaternary).

Sumple 8447 Taken from a plateau of colourless rock salt. The
roclk salt ground is covered with thin £ilm of sand. (Quaternary,
bedrock Qaret Bl Himeimat Formation).

Sample 847 : Anhydrite with rock salt and probably with Ilittle
alunite found on a line representing a NW-SE fault ? (Gebel
31 Khashab Formation, sandstone member),
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Sfuuple 848 Sand with calbona,tes, rock salt, sulphates and clay,
(Quaternary).

Sample 849 : Rock salt with sand, . (Quaterna.ry) _
Sample 885 : Clay marsh with white dissaminated rock ‘salt.
(Quaternary, bedrock Maadi Formation),

Sample 886 : Anhydrite with rack salt and probably with little
alunite, no definite fault detected. (Gebel+Mokattam For-
mation).

Sample 909 : Black recent clay containing white rock salt. (Qua-
ternary, bgdrock Maadi Formation).

Sample 910 : Fine-grained sand, with clay, rock salt, carbonates, _ o
gypsum, sulphates, ete. Samples taken from the lowest level RN
in Qattara Depressxon (Quaternary, hedrock Gebel Bl Qalamun e

Formation).
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; - h ' . _ TABLE 1. CHEMICAL ANALYSIS OF SAMPLES EXCEPT SALT. §
: ' o ' . _' T
Somple Na.' 718 741 764 779 831 836 838 847 848 - 849 4§85 836 909 910 A
Chemical : : . ' : : : F
constituenis o
(wt. %) >
1, SOy ........ 438 4657 4296 4555 1554 2533 5085 015 6945 2837 3152 140 3364 5996
f TO, .. .. . .. 008 155 0.33 155 008 0.33 037 003 0.40 022 095 0.03 075 0.3} "g"
AO, . ...... 040 1438 1.60 1611 0.24. 2.54 1.15 040 2.0 0.8 10.8 0.25 824 198 &
Fe,0y . .. .... 013  B76 - 1.34 876 1.09 3.6 030 003  1.88 .23 3.8 005 300 177 »
MaG .. .. .. .. 0063 009 0.05 0.96 0.03 0.41 013 0.0} 0.06 0.06 004 0.0 cos o008 °
MgC .. ... .. 1880 2.35 4,15 237 132 1.28 813 trace 293 1.63 396 toce 209 239§
CaO .. ...... 2870 120 1805 2.05 286 555  14.23 3690 5.02 453 095 3650 2.59 643 ‘2.
‘1 _ Me,O .. .. .... 030 1.43 046 - 026 022 0.6 0.40  trace 0,31 042 0.28 frace 0.29 054 g
1 . KO.... .... ~-040 355 071 - 28 019 046 072 030 055 024 10 014 100 035 ;
' POy 0.11 0.18 0.1} 017 0.07 0.14 0.14 002 0.3 009 017 0.03 0.15 0.1% z
i NeCl .. .. .... 105 2.90 0.28 277 1036 4459 170 483 358 5508 2161 7.08 2591 403 m
5 0, ........ 255 018 1132 042 3057 508 032 5280 3.0 222 106 5250 109 - 438 F
N HO ... 1.20 7.80 8,02 6.60 2.65 5.40 070 2.30 6.26 1.44  15.14 .00 . 1000 1290 <
LOJ .. ov oy .. 4190 880 1175 1060 B9 463 2040 3.20 546 335 1272 1.80  12.86 6.46
i ‘
%ﬂ a Chemical Analysis by Dr, M. A. Hothout, Faculty of Educatian, University of Menoufia.
i nd.: not detected. '
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SALT ORUST.

tation for the Qattara Depression area, Egypt.
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Sample Mo $30 835 837 841
Chemical
. cu_nstitucnts
(wt %)
Nat - 3810 3376 1276 6.93 38.68
K+ . ‘nd. n.d. n.d. nd nd.
Cat ve s 073 152 18.27 23,24 0.50
Mg+ 004 019 0.16 0.18 0.05
O vt e e e e 58.05 5108 20,09 10.67 59.06
8§05 .« o» a0 421 4500 57.65 2.04
$10, 019 1.40 1.96 0.29 nd.
Fe,Qp -« 0.09 020 009 0.09 0.04
HO oo e oo a0 110 1.80 0.80 0.30
I I
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Chapter 4

groundwaier conditions

 The Qattara Depression area is located within the arid belt of
Egypt. With the exception of the aquifers existing along the Me-
diterranean Sea coast, which depend for their water supply on loeal
precipitation, other aquifers are recharged from various sources, e.g.
sea water intrusion, seepage from the River Nile, recharge from the
deep-seated aquifers, ete. The groundwater conditions in the detected
aquifers ‘dre greatly affected by structural features especially
faulting; lithologie nature of the influencing rocks as well as their
topographie settings. For these reasons the construction of new
geological, struetural lineation and drainage maps from LANDSAT
-satellite images are of prime importance for deciphering ground-
- water problems on a regional basis in the Qattara Depression area.

According to their position in the stratigraphic eolumn,: the

groundwater aqquers of interest in the investigated Qattara Depres-
sion area 1nc1ude the mllowmrr :

~— Groundwater in Pleistocene detrital limestone, dommatmg in-

the coastal strip along the Mediterranean Sea.

— Groundwater in Pliocene reddish brcmm to creamy limestoné,

encountered in the syneclinal bas:n between DI Sira and Abu -

Samra monoclines,

— Groundwater in Middle Miocene limestones occcurring at El
Diffa Plateau and Siwa Oasis.

TP VR
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Pleistocene detrital

limestone
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— Groundwater in Early Miocene sands and sandstones, present
between Wadi E! Natrun and the Qattara Depression, and along
the northern rim of the depression.

~— Goundwater in Eocene limestones, encountered at El Arag, Fl
Bahrein, Sitra, ete. ‘

— Groundwater in Late Cretaceous limestones and dolomites,
detected in the environs of Siwa Oasis.

 — Groundwater in Early Cretaceous — Tarly Carboniferous sand-
stones, encountered in the deep wells drilled in the Qattara
Depression and in the environs of Siwa Oasis.

The groundwater in this aquifer depends mainly on local precipitation
and exists norimally as a thin layer of fresh to brackish water

floating on the main saline water body intruded inland from the
Mediterranean Sea,

In Kl Dabaa locality (Plate XIV) and its neighbourhood to the

east and to the west, the considered aguifer dominates in the coastal

- strip where it involves a great portion of the surface bedrock. It

exists at altitudes ranging from about sea level up to -+110 m, the

latter altitude is at Ras El Husan locality. In the subsurface, the

aquifer is encountered at depths which may reach 40 m. The detrital

limestone, which has an average thickness of about 50 m, exists

mostly in the form of successive elongated rirdges acting — in the

Mediterranean Sea coastal strip -— as water shed divides for the
surface runoff water,

"The limestone in question constitutes # main source of ground-
water in the coastal strip, and it exists either in exposed outcrops
or it may be overlain by a thin veneer of loamy deposits. Near the
shore of the Mediterranean Sea, the limestone is covered by & chain

- of dune sand accumulations which accelerate the rate of infiltration
of the surface runoff into the limestone aquifer. Generally, the lime-
stone is congtituted of carbonate grains with dispersed guartz grains
and fossil allochems. These constituents are cemented in various
degrees by carbonate cement. Liocally, the rock is interbedded with
sandy loam layers indicating the fluctuation of the eclimatic con-
ditions during the Pleistocene time. The detrital limestone is cross
bedded and jointed, and it possesses variable petrophysical prop-
erties which are related to the degree of compaction and the extent
of post depositional changes to which it has been exposed.

In Bl Dabaa locality, as elsewhere aiong the Mediterranean

Sean coast westwards of Alexandria, the limestone wedges out inland.
The upper boundary of the limestone is either generally above sea

. level or hidden below. the younger loamy deposits or the eolian sand.
The lower boundary, on the otherl hand, is of irregular nature and
extension, and it is marked by a conspicuous unconformity hetween
the limestone and the underlying Pliocene reddish brown or creamy




LANDSAT Geologic interpretaticn for the Qotlara Depression ares, Egypt. 43

limestone and/or the Middle Miccene limestone, hoth of ‘which are
water-kearing in the area of investigation.

The groundwater in the discussed aquifer exists under free
* \ watler table conditions at different depths from the ground surface.
i In most cases, the water table exists at depths of 10 to 1§ m from
the surface, hut close to the coast line where the ground surface
'[ comes near sea level as exemplified by Ras Bl Dabaa, where the
, _ grqundwater comes near to the surface. On the othér hand, the Y
! water table exiats at different absolute levels and it ranges usually e
from +5 m to —3 m with respeet to sea level. !

The regional movement of groundwater in the considered
aquifer is mostly in the northward direction towards.the Mediter-
' ranean Sea. It has been recorded in the eastern part of Kl Dabaa
: locality, that the constructed water table maps (Gindy, 1974;
i Korany, 1975) show the existence of at least three thin lenticular et
} water layers, and the groundwater movement is both in the north- ; f; -

ward and southward direction. This phenomenon is mainly attributed .
| . to the existence of the previously mentioned elongate ridges which
acl as water divides.

-
!

The limestone possesses different degrees of porosity and per- N
meability., Laboratory measurements of its porosity show that it !
ranges from 28% to 45% by volume, and its permeability is very- ‘
ing between 140 and 290 g/dft2. On the other hand, the field ex- L
periments for the determination of the hydraulic constants of the

aquifer also revealed variation from one locality to another as
given in Table 3.

The groundwater exhibits va.na.ble chemiecal salinity along the
vertical water column. Its salinity varies from 400 ppm TDS in the
top portion of the fresh water layer to 5,000 ppm TDS near the
interface of its lower portion with the main saline water body, below
which the salinity inereases to 15,000 ppm TDS. The chemical type
of the water varies also from the bicarbonate type 111 the top leveis
o the chioride cype in the deeper levels.

Sy,

TABLE 3: HYDRAULIC PARAMETERS AT BURG EL ARAB
AND RAS HEKMA. LOCALITIES.

Loeality Burg El Arab Ro; E! Hekma
‘ 1963) (Hassan -and El
{Sood ot ol., Ramly_, 1965}
-Hydi"auliri parameters < . I 195'3). ' o E ’

Transmiissibility

& 4 - coefficient _ G.35 m2/min . - 0.03 m2_/min .
" Permeability ' T N ' o
coefficient 7010) *m/min 1.5{10) ~*m/min

Storativity 5.7(10) 7 630107
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groundwater in
Pliocene reddish

to creamy limestone

groundiwater in
Middle Miocene
limestones

This aquifer is of secondary importance in the investigated area,
as it has so far been found to be restricted to the syneclinal basin
located between El Sira and Abu Samra minor monoclines. The
water exists in a free water table condition, it is almost brackish
with a salinity varying between 2,888 and 3,320 ppm TDS, and it
belongs chemiecally to the sodium-chloride type. The Pliocene red-
dish brown to creamy limestone is medium hard and its thickness
as reported in Galal Well is about 38 m.

The cavernous sandy limestone, which represents a good part of
the Middle Miocene Jaghbub Formation, constitutes a water-bearing
unit, which is developed into high escarpments and elevated plateaux
at a distance of 10 to 35 km from the Mediterranean Sea coast, and
extending southwards to the northern rim of the Qattara Depression
where it forms the white limestone cap rock. In the northern part
along the coast, this limestone is encountered in the subsurface
at various depths underneath Piiocene and/or Pleistocene rocks, as
well as Holocene deposits. The lower boundary of the limestone is
marked by a general slope in the northward direction where it is
underlain by the sandy and sandy shale facies of the Early Miocene.

The groundwater in the cavernous sandy limestone exists either
under unconfined or perched conditions. The latter is detected at XKl
Qutaf in El Dabaa loeality and at Fuka locality further to the
west. In the eastern part the free water table condition predominates.
The limestone in question is recharged from the direct percolation
of the rainfall, from the downward lealtuge from the Pleistocene
detrital limestone and via the Pliocene reddish brown or creamy

limestone aquifers, and from sea water with which it comes in
contact: in the north.

Under the normal free water table condition, the groundwater
level shows marked variations with respect to sea level. While it is
mostly at about sea level in the coastal strip at Kl Dabaa, it reaches
—10 m in Abu Subeiha to the south west of El Dabaa village.
Although the regional movement of the water in the discussed
aquifer seems to be in the northward or northwestward direction,
as illustrated by Qasaba 1X 8I, level -—1.8 m, Washaka 1X, SI, level
—7 m and Abu Subeiha 1X SI, level —10 m, this is not an indication
to the actual direction of the groundwater movement which is not
definitely controlled because of the changeable nature of the facies
of the limestone, the connection or nonconnection of the movement
routes within it, the variation of its upper and lower boundaries,
as well as the structural undulations superimopsed on it in the
whole area, The water obtained from the aquifer under the free
water table condition is generaily saline reaching to more than 14,500
ppm TDS and nossessing a chloride chemical type.

With regard to the perched water condition which oceurs in
the Middle Miocene strata at El Qutaf located 16 km west south
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west of El Dabra village and at Ras B! Husan situated 22 km south
west of the latter, and which is related to either stratigraphic con-
ditions or to structural features, the groundwater level exists at
+45 m and +42 m respectively.

The perched groundwater is of good quality as the salinity is
generally less than 1,000 ppm TDS and the aquifer is recharged
mainly from the surface runoff through percolation from the top.

To the west of the Qattara Depression as well as in Siwa Oasis,
the Middle Miocene limestones represent a main aquifer. The Middle
Miocene section has a thickness of about 125 m and is differentiated
mto three horizons, namely an upper limestone water-bearing
horizon of 30 m thickness, a middle shale and marl semiconfining
horizon of 45 m thickness, and & lower limestone water-bearing
horizon of 50 m thickness. The water-bearing limestones are char-
acterized by the occurrence of fissures and channels resulting from
solution action.

The groundwater sxplaited from the Middle Miocene limestones
in Siwa Ouasis is the only source of water utilized for domestic and
cultivation purpaeses. It is produced mainly through abundant arti-
ficinl and nstural springs dominating Siwa Oasis Depression, The
groundwater flows freely to the surface at locations of low altitudes
where it recharges the lakes covering an extensive surface of the
depression. In elevated locations along the peripheries of the depres-
sion, the groundwater exists at shallow depths from the surface.

The water in the Middle Miocene seems to belong to two sources,
namely the formation water circulating in the jointed fissured lime-
stone aquifer and the water leaking upwards from deeper aquifers
along important deep seated fractures and faults. Pumping tests
carried out on the considered aquifer indicate its low though variable
transmissivity, which has been found to be 433 m® d at Helbako
spring and 10 m2.d at Tagzarti spring. The wide variations in
transmissivity are characteristic features of hmestone aquifers.
however, it may also reflect in our case the two sources of ground-
water recharging the considered aquifer, especially as the move-
ment of water vertically along fractures and faults may vary
greatly between the fracture fault zones and the locations away
from them. This phenomenon is well illustrated by the variation
in the salinity of groundwater which is 1,440 ppm TDS in Tanaklish
spring, 7,830 ppm TDS in Qurishit spring and 25,000 ppm TDS in
Maaser spring. : o

The groundwater in Siwa Oasis is generally brackish and it be-
longs to the sodium-chloride type. The water accumulating in the
lakes spread in the Siwa Oasis Depression is brine and its salinity
may reach more than 300,000 ppm TDS. This excessive salinity is
mainly attributed to the successive evaporation processes to which
the lake water has been subjected.
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groundwater in
Early Miocene sands
and sandstones

This aquifer dominates in the area to the north and east of
the Qattara Depression. The Early Miocene rocks are differentiat-
ed into two formations namely Abu Subeiha Formation and Qaret
Rl Himeimat Formation. In the subsurface in the northern part
of the investigated area, Abu Subeiha Wormation dominates and is
formed of sandy shale beds with thin layers of sandstones and
sandy limestones of marine to fluviomarine origin. 'The sand/
shale ratio does not exceed 1/5. The top of this formation is en-
countered at —I15 m level in El Dabaa Well where it attains a
thickness of 590 m. Qaret EI Himeimat Formation dominates south-
wards in the investigated area and it is either outeropping or hidden
in the subsurface. It is constitnted of sandstone beds with thin lay-
ers of sandy shale, dolomite and limestone interbeds of fluviomarine
origin. The sand/shale ratio is 5/1. This formation is encountered
in the subsurface at different altitudes with respect to sea level
It exists at +15 m in Alam Bl Bueib Well, +9 m in Dahab Well
and —30 m in El Alamein Wells. Near the approach of the north-
ern rim of the Qattara Depression, the surface of Kl Himeimat
Formation is exposed at an absolute level of about +180 m. The
formation under discussion has a maximum thickness of about 957
m reported in El Dabaa Well,

The sandstones and sandy beds of the Barly Miocene are devel-
oped into an aguifer, the upper boundary of which is either hidden
beneath the previous ecavernous limestone of the Middle Miocene
or it may be exposed, whereas its lower boundary is developed
into an irregular surface due to thé& occurrence of alternating
positive and negative structural clements, underiain by the Oligocene
marine shale facies termed Tl Dabaa Formation.

The groundwater in the Harly Miocene aquifer, existing almost
under uneconfined condition, has heen tested in considerable number
of wells driiled by various petroleum companies. The detected water
levels in these wells reveal that the water exists below sea level
and that the water movement is controlled by the Qattara Depres-
sion. In the northern part, the movement of water iz regionally
directed from north to south, where the water level exists at —28
m in Dahab 1X SI located to the south west of Il Alamein and at
—41.8 m in Sanhur 1X SI situated further to the scuth near the
Qattara Depression. In this part, the aguifer is recharged from
two sources, namely the Mediterranean Sea water intruded inland
to the south, and the water leaking downwards from the overlying
cavernous sandy limestone where there is a hydraulic connection.
The water in this aquifer discharges naturally into the Qattara
Depression which acts in this case as a natural drain,

In the eastern part which i§ located bhetween Wadi El Natrun
and the Qattara Depression, the groundwater in the Early Mioccene
aquifer shows a regional movement directed from east to west, ie.
towards the Qattara Depression.. The water level in this part ranges
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LANDSAT Gealogic interpretation for the Qattara Depression arca, Egypt.

between —I12 m in Wadi 1l Nuatrun, —20.9 m in Zobeida Well No.
1, ~279 m in Tiba Well No. 2, and ahout —38 m to —50 i at
Il Moghra lake and spring. The aquifer heve is recharged from
the western fringes of the Nile Delta Basin.

This aquifer has been detected in El Arag Depression to the
south west of the Qattara Depression, as well as in the southern
part of the investigated aren between Bahariya Qasis and the Qat-

tara Depression. Groundwater from natural springs in El Arag.

Depression is produced from the porous and fissured limestones of
the Middle Rocene ul an absolute level of —80 m. These springs
are aligned on fractures and fault lines, thus leading to the visua-
lization of the fractures and faults traversing the Middle Eocene
limestones acting as chamnels of groundwater from the artesian
deep seated aquifers. A siriking example for this phenomenon is
illustrated by the ecase of the Ilnkes at Bl Bahrein (level —12 m)

Noweimsg (level —19 m) and Sitra (level —17 m) which are locat- -

ed on a major foult line attaining an ENE-WSW divection, This
systein of faults has heen delineated on the structural lineation map
(Plate IIT) constructed from LANDSAT satellite images. The water
derived from the Middle locene limestones is almost brackish be-
longing to the chloride-sodium chemical type with a remarkable

- content of potassium salts.

" This aquifer is constituted mainly of limestones with inter-
cualations of dolomites and shales, and attains o thickness of 132 m
reported in Siwa Well No. 1. It overlies the artesian sandstone
aquifers, and produces groundwater of salinities varying between
246 ppm TDS in Siwa Well No, 1, 186 ppm TDS in E! Bahrein
Well No. 1 and 129 ppm TDS in Dessouky Well No. 1.

The composite Early Cretaceous- Harly Carboniferous . suc-

~ cession in Stwa Oasis environs is constituted of sandstones inter-

calated with sand, shale and carbonate beds. The sandstone water-
bearing horizons constitute main aguifers which comprise a portion
of the extensive multilayered artesian reservoir dominating south-
wards, The groundwater from the Early Cretaccous sandstones
which are some 450 m thiek, is generally fresh to brackish in nature,
while that of the Early Carboniferous sandstones which are about
650 m thick is more saline., The TDS values in the groundwater
of the Ilarly Cretaceous sandstones are 620 ppm and 240 ppm in
Siwa Well No. 1 and Il Bahrein Well No. 1 respectivety. These
values increase with depth; in Siwa Well No. 1 near the base of
the Early Cretaccous aquifer at depth of 1,115 to 1,126 m the TDS
value reaches 1,564 ppm, rising to 2,985 ppm at the depth of 1,151
to 1,155 m, In the Barly Carboniferous aguifer at 1,770 to 1,775

m interval, the TDS value is 3,736 ppm.

" The Tarly Carboniferous aquifer is underlain by o thiek sedi-
mentary section of about 1,550 m in Siwa Ouasis environs, Such
soction is constituted of sands and sandstones with shale inter-
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calations and ranges in age from Silurian to Cambrian. The ground- -

water obtained from the depth 1,865 to 1,870 m is relatively saline
and the TDS value is 3,183 ppm.

The movement of groundwater in the investigated area, at least
in the Farly Cretaceous sandstone aguifer, follows the major trend
of the comparable aquifer in Bahariya Oasis further south, which
northward and SE-NW movements are
aiso expected. The static level of groundwater shows declination
in the SW-NR® direction from +134 m in Bahariya Oasis to +37 m
at Abu Senan due north, and to <73 m at Siwa Qasis due north west,
The movement of groundwater apparvently follows the major NE-

SW Bahariya Oasis folding which has been delineated on the LAND-
SAT satellite images.

From the previous discussion on the different hydrogeclogical
conditions prevailing at Qattara Depression and its neighbourhood,

there exists several possibilities for the recharge of groundwater

in the Qattara Depression area which inelude Cretaceous and older
sandstone aquifers, connate water, precipitation water, Nile water

and Mediterranean Sea water. The recharge will be dxscussed in

relation to the following geographic units.

Svuth and West of the Qattara Depression: Regarding the
piezometrie head of the Cretaceous sandstone aquifer in the drilled
deep wells in Agila, White Rock, El Bahrein and Siwa, there is an
upward deep seated pressure which increases with depth. The
static head decreases regionally to the north where it ranges from

-about +140 m to 475 m in the same direction. The natural springs

near the southern limit of the Qattara Depression at Il Arag, Tl
Bahrein, Sitra and Noweimsa Lakes are orinted along fault lines
as illustrated by the structural lineation map (Plate III). Moreover,

the lithologic characteristics of the thiek successive beds overlying .

the Cretaceous and older sandstone aquifers render the upward
leakage difficult. So the possibility of the upward leakage of

~ groundwater from the mentioned deep seated aquifers into the

Eocene limestones dominating in the southern part of the investigat-
ed area at Sitra, Bl Bahrein and El Arag, and the Miccene lime-
stone dominating in the western part in the environs of Siwa Oasis
is attained through channels created by structural disturbances.

On the other hand, there are numerous natural springs distri-
buted in this part along the peripheries of the tableland and at
its contact with the depressional slopes. The water flowing from
these springs is salty and it belongs to the sodium-chloride type.
This may lead to the thought that the groundwater of such springs
is derived from the water circulating in the limestone plateau, which

is partly formation water diluted with fresh water during pluvial .

times, however, the orientation, of these springs along fault lines and
fissures may give a special role to these lines as channels for bring-
The possibility of sea water intrusion and
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LANDSAT Gealogic interpretation for the Qattara Depression area, Egypt,

present Nile water infiltration into the southern and western parts

- of the investigated avea is excluded.

From the hydrogeochemical point of view, the water in the Cre-
taceous and older sandstone aquifers detected in the discussed
part is generally fresh where the salinity ranges between 240 ppm
TDS in El Bahrein Well and 800 ppm TDS in Siwa Well, while it
belongs to the bicarbonate-sodium and chloride-sodium chemical
types. Most of the water flowing from the natural springs in this

- part is highly saline, sometimes exceeding 8,000 ppm, and it

belongs to chloride, sulphate-sodinm type. Vertical chemical changes
and salt eoncentration in spring water resulting from leaching pro-
cesses might have taken place, but the effect of fault/fracture
systems as well as the lithology of the enclosing rocks should be
considered in evaluating the spring recharge.

It may be concluded that the Eocene and Miocene aquifers in
the southern and western parts of the Qattara Depression appear
to be mainly recharged from the upward leakage of the Cretaceous

- and older sandstone deep seated water especially along faults and

fracture lines,

However, additional contribution from Pleistocene
and Holocene precipitation should be also considered. For a more
precise evaluation of the groundwater in the discussed part a
number of shallow bore holes are recommended to be drilled for
piezometric observations and for studying the geochemical hehav-
jour of the groundwater and its more specific sources and move-
ments,

East of the Qattara Depression: In the part extending
from the Qattars Depression eastwards to Rosetta Nile Branch,
there exists natural water basins at Wadi Il Natrun and Bl Moghra
Depression. In this wide part, there is a gradual and regional piezo-

- metric slope from elast to west, i.e. from Rosetta Branch (absolute

level about -+10 m) to Wadi X1 Natrun {ahsolute level Approximate-
ly —12 m) to El Moghra Depression (absolute level about —38 m)
where the gr ound\va.ter percolates through permea.ble Neogene-
Quaternary sediments. :

The hydrochemical properties of the groundwater in the dis-

~cussed part changes from bicarbonate-caleium type in the shal-

low aquifer existing in Pleistocene and Holocene gravels to chloride-
sodivm and sulphate-sodium types in the Miocene aquifer in Wadi
El Natrun to chloride-sodium typa in the Miocene aquifer in ISl
Moghra,

The deep seated faunlts in the eastern parts are not very ef-
fective where the overlying sedimentary succession is relatively
thick and impermeable. Accordingly, the upward leakage from the
deep seated aquifers is doubted. Tt is visualized that the Nile water
seeping due west with some contribution from the Neogene connate
water and rain water are the sources of water 1echa1ge to the east
of the Qattara Depression.
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effect of Qattara
Project on
gr‘ozmdwater
conditions

North of the Qatiara Depression: From the physiographie
point of view, the part located between the Mediterranean Sea and
the Qaitara Depression is oceupied by an immense limestone plateau.
There is an altitude difference of more than 130 m hetween the
Mediterranean Sea water level and the bottom of the depression.
The plateau is built up to a’considerable extent of cavernous lime-
stone of Middle Miocene age overlying o thick sucecession of sandy
facies belonging to the Eamly‘Miocene. Northwards, this sandy
facies changes into clayey facies. - ‘

- The regional northward dip of the whole succession and the
presence of aquicludes of Paleogene sediments underlying the aqui-
fer limit the intrusion of the sen water towards the depression.
The main saline water table which is created as o resuit of the
sea water intrusion does not extend beyond 10 to 15 km and even

less inlands. This is followed laterally by a deeper water table,

the level of which is controlled by the low lying Quitara Depres-
sion, To the east of I8l Dahaa the groundwater level in the Mio-
cene aquifers is ranging between —1.8 m and —50 m, The water
flow in this lecality is in the southward divection and is not always
smooth, but showing some irregulavities which are controlled by
surface topography, local structure, thickness of the aguifer pene-
trated and lateral change of facies. In the part to the scuth of
Mersa Matruh, there is also a regional trend of water movement
in the southward direction towards the Qaitara Depression. The
groundwater level exists always above sea level in the area oceupi-
ed by Bl Diffa Platean beyond the coastal plain, It exisfs at a
level varying from 94 m in Mersa Matruh Well No. 2, to +72 m
in Khalda, 1 ST, to +66 m in NKSH 1 SI. This high absolute level

-of the groundwater is neither related to the sea water intrusion,

nar to the upward leakage from the deep seated aquifers equivalent
to the Cretaceous and older sandstone aquifers dominating in the
south, due to the great thiclkness of the overlying succession and
its development into impervious media. However, it is visualized

to be related in the first place to connate water with contributions

of precipitation water.

Pending the execution of detailed researeh work along the align-
ment L1 of the proposed canal connecting the Mediterranean Sen
at Bl Sira with the Qattara Depression at Salt Springs or the
Western Wadi (Qattara Project Authority, 1976), the following
conclusions are reached regarding the effect of this canal on the
‘groundwater conditions in its environs . '

The proposed.canal will come surely in coxitact with the Plei-

stocene detrital limestone aquifer, where the fresh to brackish

groundwater is floating on the sea water. If the canal is not lined
by an impermeable lining the groundwater will seep from the aqui-
fer into the canal along its northern 10 to 15 km. As the aquifer

is the one normally used for agrienlture and civil consumption on. -

the Mediterranean Sea coastal strip, the leakage has to be guanti-
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tatively estimated by further detailed studies. If the canal is lined
even as high as a level of about 150 em above sea level or in case
of application of nuelear explosives whereby a glazed layer is creat-
ed on the sides of the canal, this will prevent the water seepage
from the aquifer into the canal. In the latter case the effect of
the nuclear explosives on the quality of the part of the agquifer ad-
jacent to the canal is one of the important problems to he tackled
in the detailed investigations to be carried out along-the canal align-
ment. Another problem which should be evaluated at the same time
is the probable extension of the small perched aquifer at Bl Quiaf
in El Dabaa locality into the canal site and, accordingly, the pos-
sible seepage from the mentioned aquifer info the canal.

The scepage of the saline sea water from the canal into the
Middle Miocene cavernous limestone aquifer and the Harly Miocene
sandstone aquifer will he maintained until an equilibrium is reached.

~ The seepage is expected to cause the rise of the groundwater table
in the Miocene aquifers, however, this will not cause any particular
damage as these aquifers are not utilized. '

The water flowing from the hanging springs along the north-

ern rim of the Qattara Depression which is mostly-hrackish to salty

- in nature, will be more saline in general near the canal discharge
into the depression, ¥owever, as the water flowing from these
* springs is not utilized this salinization will not represent any damage
of particular significance. TFurthermore, filling the Qattara Depres-
sion with sea water up to the absolute level of —80 m, as expected
to oceur after the execution of the Qattara Project for. electrie.
power generation, does not appear to affect the groundwater con-
ditions in an adverse manner in the northern and eastern parts of
the depression. The latter will still act as a natural drain for
~ groundwater reaching K] Moghra at a level of about —38 m from
the east, and the northern rim of the depression at an absolute
level below —50 m from the north. Even if there is any change
in the groundwater level after the construction of the canal, the

tendency will be towards the rising of the water level in the
aquifers.

In the southern and western parts of the Qattara Depression,

‘the pattern of the major faults and fractures there points out to
the importance of conducting detailed investigations on the pos-
sible: interconnection between the southern part of the depression
and the utilized aquifers in Siwa Oasis Depression. There are small
depressions near to the southern part of the Qattara Depression
which include El Arag and others, however, the water in these
depressions is not utilized. The long distance which separates the
‘Qattara Depression from Siwa Oasis Depression makes the short
term effects of filling the Qattara Depression to the absolute level

 of —B0 m on the groundwater in the Siwa Qasis Depression highly
improkable, however, the long term effects represent a sub_‘;ect worth

- of further détailed studies.
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TABLE 4. Results of Chemicsl Analysis of Water Samples From Several Aquifers,

S ' 7D.5. Cations Anions
i . Aquifer Loecality pH .
i : ppm + o+ FE — e —
N kK Mg Ca cl S0, CO;  HCO;
Detrital EtDabaa . ... ..... -~ 360 8.1 110 i1 7 12 23 IO 15 174
Limestone Zaweit El Moneim . .. . . 1,380 6.4 380 18 117 54 265 128 3 406
(Pleistecene) Gemeima . ........ 4,800 7.5 855 38 276 138 2,085 190 20 179
Cavernous NMWElDabaa . . . ... . 16,000 7.7 5,650 430 417 77 9,135 210 406  1.302
Limestore El Qutaf, Bl Dabaa. . . . . 400 6.2 41 14 18 28 19 20 14 233
{(Middle . | ?
Miocene)
. Abu Shuruf, Siwa . . . . . 8 .985 7.2 2,500 70 32 28 3,336 2,300 15 o4
Limestone Zeitun, Siwa . . . ., . .. 2,120 6.9 520 2 62 114 785 450 18 126
{Middle Ain Ashtar, Qara . . . .. 8.148 6.8 1,960 52 336 434 3,067 2,200 i8 166
Miacene) Ain Qattara, Qara . . . . . 7,920 6.7 2,00 54 179 374 2,700 2,400 I 193
Washaka 1X Water Well — — — — — e 13,00C — — -
Sandstone Alamein Tieid Water Well e — — —— — - 11,000 - — o
(Early Mioccene) Abu Gharadig . . ... .. 18,120 6.9 5,000 73 598 792 8.566 3,050 1 121
Q% ) ElMoghra ., .. .. ... 2,915 6.9 800 24 76 162 1,350 425 I 123
C=2)
B . Maesra Well 1, Bahariya 166 6.4 % 17 1 10 39 5 - 92
%g Sandstone Bahariya Well T . . . ... 340 6.8 62 10 5 340 37 30 9 94
i (Cenomanijan) Siwa Well 1 . . . ... ., 6260 7 213 16 3 9 157 130 22 145
@ ot : Ghazalat Well . . . .. .. 4,830 6.3 1,550 49 37 123 1,478 1,400 35 303
gw
%m
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