J. No. 19 Al El-Nuga

The present study deals with the preparation and microscopic investigations lor 56

ditch samples (cuttings), provided from J No. 19 Arif El-Naga.  These samples

represent the interval from depth 10 o 901 m.

In the following, a short account is given for the results obtained for each of the

provided samples.

- mple L 10m

Residue

- mpl epth 20m

Residue

- mpl h 40m

Residue

- Sampl epth 50m

Residue

- Sampie . depth 70m

Residue

- Sample . depth 90m

Residuce

- Sample ., depth 110m

Residue

With rather common presence of plankionic. forams as

Globotruncana aegyptiaca Nakkady, G. arca (Cushman),

G. rosetta (Carsey), G. stuarti (de Lapparent),

Rugoglobigerina  macrocephala (Bronn.), some benthic
forams as : Neofladellina  sp., ITexiuairia sp., also with

prescoce of valves ol ostracoda.

With the same previously mentioned foraminiferal

asscmblage, but lfess in abundance.

With some pyrite, c¢hert  [ragments; almost non-

fossiliferous except for some micro-organic debris.

With some . gypsum dcbris, non-fossiliferous except for

some  shell fragments.

With some shell fragments. chert debris, no free forams,

With some shell remains, rarc ostracoda : Bairdia sp.,

abscnce of frec forams.

With rare  chert [fragments, absence of index
microlossils.
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“ 1” 120m

Residue

= Sample . depth 130m

Residue

- Sample , depth 140m

Residue

- Sample_, depth_150m

Residue

mpl depth_160m

1

Residue

- Sample , depth_170m

Residue

- mp! h 180m
Residue

- mpl h 190m
Residue

- 200m
Residue

-_Sample , depth 210m

Residue

Highly crystalline calcarcous residuc, absence of  free

micro-fossils.

Highly calcarcous, with some valves of ostracoda.

With some sheil remains, some valves of ostracoda, chert

fragments.

With presence ol rare benthic forams : Textualria sp.

With presence of somc shell {ragments, some valves of

ostracoda.

With chert, pyrite fragments, some valves of ostracoda,

rarc shell remiains,

With pyrite fragmenis, valves of ostracoda.

sandy with pyrite fragments, some valves of ostracoda,

some shel remains, dwarfed gastropoda.

With pyritc remains, no free forams.

Quartzitic, with presence of shell fragments, pyrite and
chert remains, rare valves of ositracoda, some reworked

forams.
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Residue

h 230m

Residue

-_Sampl

- Samp] 240m

Residue

-_Sample . depth 260m

Residue

- _Sampl h_280m

“Residue

- Sample , depth 300m

Residue

- Sample . depth 310m

Residuc

-_Sample , depth 320m

Residue

h_330m

Residue

- _Sampl

- _Sampl depth 340m

Residue

- mpl b _358m

Quartzitic, with shell remains, somc valves of ostracoda.

With pyrite Iragments, some valves of ostracoda, rare

reworked planktic  lorams.

With Hedbergellasp., Heterohelix sp., Globotruncana sp.,
valves of ostracoda : Planileberis sp., some other micro-

organic remains, pyritc fragments.

Some shell fragments, chert and pyrite remains, rare

benthic Torams : Textularia sp., some valves of ostracoda.

Cytherella cf.,, C.

austinensis Alex., Cythereis ¢f., C. rawashensis Van den

With presence ol some . ostracoda

Bold, pyrite fragmenis.

With rare reworked ostraoda, some pyrile remains.

With chert “and pyritc  debris, valves of ostracoda

Cytherella sp., Cythereis sp.

With rare ostracoda, Cythereis sp., rare pyrite fragments.

With  rarc ostracoda, Paracypris sp., no other free

microlossils.

With pyrite [ragments, rarc ostracoda, Cytherella §p., no

other free microfossils.
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Residuc

-_Sample . depth 360m

Residue
- Sample , depth 370m
Residue

- Sample . depth 390m

Residue

- Sampl th _408m

Residue

- Sampl h 430m

Residue
Age
- Sampl h 450m

Residue

- Sample . depth 468m

Residue

- Sampl h_480m

Residue

Non-fossiliferous.

With rarc arcnaccous forams, Pseudocyclammina sp., and

some other reworked tests,

Calcarcous, ~dolomitic, with ~some chert {fragments, some

pyrite remains, devoid of free microfossils.

Dolomitic limestone with some pyritc fragments, devoid

of index microfossils. -

Calcarcous dolomitic, with some chert. fragmenis, rare

macro-invericbrate  shell - remains, echineid ‘spines, no

inde forams.

Calcarcous, quarlizitic, with some chert, pyrile
{fragmeins, rare ~valves of ostraceda Planileberis sp.,
rarc planktic forams : Hedbergella sp.

Cenomanian  or late Turonian

Calcareous,  with presence of some reworked planktics,

rarc ostracoda, Cytherella sp.

Dolomitic, wilth some chert  fragments, rare pyrite

remains, devoid of index free microfossils.

Calcareous with some valves of ostracoda, Bythocypris
sp., Metacytheropteron berbericum (Bassoullet and
Damotie), Paracypris sp., Dolocytherida atlasica Bass. and

Dam., small gastopoda:
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- Sample . depth 495m

Residue

- Sample . _depth 510m

Residue

- mpi h 520m
Residue

- _Sample epth m

Residue

-_Sample . depth 540m

Residue

= Sample -, depth 552m

Rcéiduc
Age

- Sample , depth 715m

Residue
Age

- Sample . depth 780m

Residue

Calcarcous, with some pyrite fragments, valves of
ostracoda, Cytherella  ovata (Roemer), Dolocytherida

atlasica Bassoullel and Damotte.

Dolomitic, with pyrite ['ragmcnts,' valves of . ostracoda,
Bairdia sp., Metacytheropteron berbericum (Bassoullet &
Damotte), Cytherella sp., some small gastropoda, some

other shell remains.

Calcareous, with pyrite. fragments, some valves of

ostracoda, Paracypris so.

Dolomitic, with somc¢ pyrite fragments, and some shell

remains.,

Sandy, glauconitic, with calcarcous and  pylite
fragments, somec  small  gastropoda, some arenaceous

forams, Pyeudocyclammina sp.

Glauconitic, quarizitic, with some shell fragments, chert
rentains, pyrite  debris.

This horizon probably belongs to Early Cenomanian,

Sandy with iron oxides, pyrite and cherl remains.
Lower Jurassic may be assigend starting  from  this
sample and the following samples until depth, 901m, as

matched by the study presented by Allam & Khalil (1988).

Quartzitic, with somc pyrite Tragments, devoid of index

micro-organic  remains.
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- mpl fepth _790m

Residuce

- Sample . depth 803m

Residue

- Sample , depth 815m

Residue

- _Sample h 830

Residue

- Sample , depth 338m

Residuc

- Sample , depth 8435m

Residue

. Sample . depth 855m

Residue

b _867m

Residue

- Sampl

- Sample . depth 374m

Residue

-—Sample . depth 885m

Residue

th _895m

Quartzitic. with presence ol some  holothuroid 7 pyritic

remiing.

Shaley, silicificd, with somc gypsum and pyritc

fragments, absence of index microfossils.
Shaley, highly pyritic, sandy, non-fossililerous.

Shaley, quartzitic, with some small gastopoda, some chert
debris. '

Shaley, pyritic, with chert fragments, siighily sandy,

non-fossililfcrous.

Shaley, quartzitic with pyrite and other various rock

fragments, non-fossililerous.

Shaley, quartzitic, chert, pyrite and various rock

fragments,  slightly  sandy, with some macro-

inverichrale remains and small gastropoda.

Sandy, cherl {ragments, iron stained rock fragnients.

Sandy, rarc ecchinoid remains, some pyrite fragments.

Sai'ldy, wilh  chert  and pyrite fragments, non-

lossiliferous,
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Residue

- _Sample . depth ©01m

Residue

Sandy, carbonaccous with some pyrite  fragments, non-

fossiliferous.

Carbonacocous, quartzitic, with somec pyrite  fragments

non-fossiliferous.

The best possible figured determination for these stages could be summarized as

follows:

from

10

240
430

552
715

240m

430m

552m
T15m
901m

Maastrichtian - Santonian
Coniactan - Turonian
Cenomanian

Lowecr Cretaccous

Lower Jurassic
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INTRODUCTION

The Lower Crctaccous formation oulcrops in  south Sinai covering
considerable arcas overlain Palacozoic rocks. The formation extends
east and west on the scarp face of El Tih Platcau and are overlain by
Cenomanian limestone. It consisis - mainly of - quartzose sandstone of
different grain size, duc to the contental facics. This formation is about
200 to 300 meter thick and gently dips to north. The Lower Cretaccous
formation is overlain by Upper Crelaccous and Eocene sediments at the
E! Teh and Egma Plateau.

The Lower sandstonc occasionally appears in certain arcas in  north
Sinai due to the tectonic movcments.  Some outcrops of Lower Cretaceous

are observed at many domes and along faull structures.

Although some test wells were sunk to the Lower Cretaceous aquifer o
determine the physical properties, the number of the test wells is
limited considering the extension of the Lower Cretaceous over the

study area (Section 7-3-3, Technical Report I},

In - order to draw a general feature of continuity, homogeneity and
change in facies of the sandstone of the Lower Cretaceous, detailed
description of geologic columns were undertaken at 11 sites, and the
rock samples of these sandstones were obtained for grain size analysis.
The distribution of the grain size is a one of clues to estimate the

permeability of the strata.
It is intended to evaluate hydrogeological propertics of the Lower

Cretaceous aquifer by the comparison of the results of aquifer test and

grain size analysis.
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2 SAMPLING SITES

The location of the outcrops of the Lower Crelaceous in the study arca is

listed below;

Location Number of Sampling Sites
. Maghara (G. Maghara, G. Mafruth) 2
_Yclleq (G. Falig) 1
Halal _ i
Kherim , 1
Minshera 1
Giddi 1
Raha _ . 1
Arif Ei Naga 1
Nagb {(East to Wade Watir, G. Aladu) 2
Total : _ 11

According to the results of (he dctailed .géological ficld investigation of
these outcrops, eleven sampling sites arc sclected. The ouicrops at Raha
and Giddi are narrow and compact so that these samples are discarded
for the grain size analysis. Dectailed lithological columns are recorded.

Location of these outcrops is shown in Fig 2-1.
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[PORT saID

A : G. Minshera G : Arif El Naga
B : G, Alada H : G. Halal

C : East To Wadi Watir | : G. Kherim

D : G.Raha J 1 G. Mafruth

E : G. Giddy K : G. Falig

F : G. Maghara

FIG 2-1 SAMPLING SITES

I - 3




3-1

3-2

3-3

3-4

3-5

GEOLOGICAL DESCRIPTION OF SAMPLING SITES

Introduction

Although detailed geological descriptions are given in' the Chapter 6,
Geology of the Main Report, the geclogical spatial conditions are
summarized in the following parl of ihis section. ) '

Gebel Minshera .
Gebel Minshera is formed as an clongated dome structure with trend in

a N8O°E direction  disrupted by the fault at the northern side. The

sandstone of the Lower Cretaccous is observed in 300 m thick,

‘overlaying the rocks of the Jurassic land overlain by the limestone of

the Upper Crelaceous. The Jurassic consists of limestone, sandstone and

shale which are observed in the center of the dome’ structure,
Gebel Alada

Gebel Alada is localed at the northem side of the Ragalet El-Naam Fault,
In this area, the Lower and the Upper Cretaceous are gently tilting
toward NW direction. The outcrop ol about 100 meter thick Lower

Cretaceous is observed, however, the lower limit is unidentifiable.
East 1o Wadi Watir

This site is located al about 10 kmsouth-from the ‘Nagb Air Port where a
gently undulating plateaw on the Upper Crctaceous is steeply incised
toward the Gulf of Aqaba.  The sandsiones of the Lower and the Upper
Cretaceous are gently Uiliing toward NW 1o W direction unconformably

underlain by the Precambrian rocks.

Gebel Raha

This is a dome struclure ocated in the south west of Sadr El Heitan,
Different formations varying from .the Jurassic 10 the Tertiary arc
observed, however, the _E‘Iiicrkncss of the Lower Cretaccous is only 40 m

in the outcrop since the outcrop is dissected by many faults.
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3-6

3-17

3-8

3-9

Gebel Giddi

This site is located in the graben betwecen Gebel Ej Heitan and Gebel
Hamra at 20 km from Sadr El-Heitan 1o the northwest. The strata gently
tilt toward the cast lo north cast direction and formations from the
Lower Cretaceous to the Terltary are. observed, ‘although the Lower

Cretaceous encounters only the top 15 m at the outcrop.
Gebel Maghara

This site is located at the southern fringe of the dome structure 3 km
west from the outlet of the Wadi Hama at the Gebel Maghara.

The thickest Jurassic is observed in the center of the dome: under -the
outcrops of the Lower Crelaccous and limestone of the Upper Cretaceous
and ‘Eocene. However, the boundary between the Jurassic and the Lower

Cretaccous is covercd by the sand dunes and the Quaternary deposits.

-The Lower Cretaceous is obscived in 180 m thick at this site.

Gebel Aril El Naga

This site is located on the inner wall of the dome structure. The Triassic
and the Jurassic are observed in the core., The Lower and the Upper
Cretaceous outcrops arc observed in the inner wall of the dome.
Although the boundary between the Lower Cretaceous and the Jurassic
is covercd by the Quaternary deposits, a 300 m thick outcrop of the

Lower Cretaccous is exposed.

Gebel Halal
This site is located in the dome struciure of the Gebel Halal which is aiso
a largé dome structure as the Gebel Maghara. The central part of the
dome is heavily eroded and the Lowcr Cretaceous is cxposed. The

thickness of the Lowcr Crelaccous is estimated at more than 600 m. The

boundary with the Jurassic is under the deposits of debris.
Gebel Kherim

This site is located in the dome structure 6 km from Hasana to the

southeast. The central part ol the dome is hcavily croded and the Lower
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3-11

Cretaceous is exposed. On the croded wall of the donic, the lmestone of
the Upper Crelaccous is observed overlying the Lower Cretacecous. The
thickness of the Lower Cretaccous in the ouicrop is 250 m.  The bottom

is covered by the debris.
Gebel  Mafruth

This site is located on the inner c¢liff of the northern side of the dome.
On this cliff, the Lower Creiaccous and the Upper Cretaceous are
observed gently tilting toward the north.  The thickness of the Lower

Cretaceous is over 243 m.

Gebel Falig
This sitc is localed in the dome structure in the northwest of -the Gebel
Yelleq. In the core of the dome, about 30 m thick Lower Cretaceous is

exposed and overlain by the limestone of the Upper Cretaccous. The

bottom of the Lower Cretaccous is below the ground surface.
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4-2

GRAIN SIZE ANALYSIS

Introduction _

Prior to the collection of the rock samples, detailed litho-stratigraphic
columns are recorded at cach sampling site (see Attachment). It is
émpirically known that the grain size distribution gencrally correlate
with the permeability of the stratum, so that 20% value of the
accumulation curve of the grain sizc distribution (Dg9p) is obtained 10
estimate the permeability of cach sampled scction. Finally, above
mentioned litho-stratigraphic columns arc evaluated their nature as an
aquifer by interpreting by the grain size distribution and ecstimated

permeability.

Analysis
4-2-1 Samples

Prior to sampling rocks, the route map is constructed and the
true thickness is cstimated referring to the dip and strike.
Rock samples arc collected in cach 2 to 3 m intervals of the
true -thickness. A total of 1,400 rock samples arc collected at
720 sampling points in 11 sites including some duplicate

samples;

Table 4-1 Samples and Sampling Sites

Site Sitc name Thickness Number of
number observed | sampling point
A Gebel Minshera 327 m 162
B Gebel Alada 116 m 58
C Easet 10 Wadi Watir 192 m 62
D -1 Gebel Raha 42 m 22
E Gebel Giddi 14 m 6
F Gebel Maghara 178 m [ 57
G Gebel Arill El Naga 290 m 106
H Gebel Halal - 665 m 114
1 Gebel Kherim 239 m 114
J Gebel Mafruth 245 m 68
K Gebel Falig 30 m 11
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The sicve analysis is undertaken at the laboratory of the Suez

Canal

University

in order

for determination

the grain

size

distribution.

Table 4-2

over 4 mm

4 -2 mm

2 -1 mm
1-0.5 mm
0.5 - 0.25 mm

0.25 - 0.125 mm
0.125 - 0.063 mm

under 0.063 mm

Classification of  Grain Size

Gravel

Granule

- Very Coarse Sand
Coarse Sand
Medium  Sand
‘Fing Sand

Very Fine Sand
Clay and Silt

Bascd on the obtained Dgg, ihe permeability of cach samplc is

estimated according to the table shown below:

Table 4-3
Correlation of Djg with Pcrmeability
Do (mm) [k (cm/fsec)| Classification| Dap (mm) |k {cm/sec) | Classification
0.005 3.00E-06. clay 0.18 | 6.85E-03 '
0.01 1.05E-05 0.20 8.90E-03 fine sand
0.02 4.00E-05 sili 0.25 1.40E-02
0.03 8.50E-05 0.30 2.20E-02
0.04 1.75E-04 0.35 3.20E-02
0.05 2.80E-04 0.40 4. 50E-02 :
0.06 4.60E-04 0.45 5.80E-02 | medium sand
0.07 6.50E-04 very fing (.50 7.50E-02
0.08 9.00E-04 sand (.60 1.10E-01
0.09 1.40E-03 070 1.60E-01
0.10 1.75E-03 0.80 2.15E-01 coarse sand
0.12 2.60E-03 - 0.90 2.830E-01
0.14 3.80E-03 fine sand 1.00 3.60E-01
0.16 5.10E-03 2.00 1.80E+00 fine gravel
K : permeability coellicient  (cm/scc) -
D20 : 20% vaiuc of accumulation curve of grain size distribution (mm)
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4-2-2

Litho-stratigraphic  Column

The geological columns  were recorded on the site when

samples were collected, and were interpreted with the results

of the sicve analysis (o complete the litho-stratigraphic

column of each siie (Atlachment).

Description items given 1o the litho-stratigraphic column are:

1)
2)
3)
4)
3)

Thickness of each bed
Lithology

Grain size description
Passing Do

Pcrmcability
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GRAIN SIZE DISTRIRUTION

According to the results of the analysis, the gencral feature of the grain

size distribution of (he sandstonc of the Lower Cretaccous is summarized

:as described below:

1)

2)

Gebel Minshera(Column-A) (Page 111-21)

The sandstone ol the Lower Cretaccous consists of quartz sand

intercalated with limestonc. Sandstone facies in 80 m thickness

appears al the base of the Cenomanian.

Thin shale layer less than 10 m thickn is observed at some

places in the upper part of the Lower Cretaccous.

The sandstone consists mainly ol medium. sand and the matrix

hardly contains sill and clay.
Cross-bedding is commonly obscrved.

Very coarse sand and granule are predominating from 180 m 0

327 m from the top of the Lower Cretaceous.

Clay in the matrix tends o be accompanied by very fine and

fine sand rather than coarse sand.

Gebel Alada(Column-B) (Page 111-25)

The intercalation of limestone and sandslone is observed at the
base of the Cenomenian of the Upper Cretaccous. The thickness
is less than 10 m which is much thiner than thal observed at
Gebel Minshera.

The sandstonc consists of predominating medium and fine

sands.

Relatively thick silt is observed al the top 20 m, however silt is

hardly contained in the lower part of the top 20 m,

m - 10



Shale is rarcly obscived.

A 10 m lhick finc sand 'hcd cncounters between 40 m and 50 m

from the “top.

Cross bedding is commonly observed in the sandstone of the

Lower Cretaccous.
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3)

4)

Gebel Al Mostadul(Column-C)y (Page T11-27)

No intercalation of the limestone and sandstone is observed al

the basc of the Cenomanian of the Upper Crelaccous.

Down to 10 m from the top, medium to coarse sand predominate
intercalating with occasional granule and gravel.  The portion
of silt and clay increases from the depth of 120 m toward the
lower part. Cross beddings are also commonly observed in this

part.
Granule and gravel predominatc at 180 m from the top.

The Lower Cretaccous unconformably  overlays  the

Precambrian  rocks:

Gehel Raha (Column-D) (Page 111-29)

The sandsione consists of finc sand and coarse sand. The former
predominates in the  column. No interbed of thin shale is

abserved.

Samples of this site was so solid that no grain size analysis by
the sieve lcsi was carried out.  Therefore, the porosity was
measured by comparing the speeific gravities in moist and dry

samples;

Table 4-4 Porosity of Rock Samples

Sample  number Porosity (%)
D1 3.28
D3 13.38
D5 9.09
D7 10.22
D8 13.73
DY - 10.62
D10 7.53
D11 16.57
Di3 8.21
D15 14.75
D16 17.16
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5)

6)

7)

Gebel Giddi (Column-E) (Puge 111-30)

Sandstone consists of fine sand with occasional coarse sand.
This bed was consolidated so that the porosity was measured

instead of the sicve analysis;

Table 4-5 Porosity of Rock Sample

Sample number | porosity (%)

El 5.72
E3 4.48
E6 7.7171

Gebet Maghara(Column-F) (Page [1I-31)

A intercalation of shale and sandsionc -is observed at the top 110
m. The sandstone in this altcrnation consisis of fine sand and

smaller particles.

The proportion of thc sandstonc " in the aliernation increases
more than that in the above layer.. The sand increases in size to

coarse 1o medium  sand.

Cross bedding is commonly observed through the column.  Sand

larger than Imm diameter is hardly obsecrved.

- Gebel Arif El Naga(Column-G) (I11-33)

A inlercalation of sandsione and limesione is observed at the

base of the Cenomanian.

in general, fine sandstone predominates over the Lower

Cretaceous. Shale arc observed beiween 140 m and 180 m from

the top of the Lower Cretaceous.

Cross bedding is commonly observed.

Matrix composed ol silt and clay is obscrved in the [ine to

medium  sand rather than coarse sand.

i - 13



8)

‘Gebel Halal anIumn-H) (Page 111-36)

A morc than 600 m thick. Lower Cretaceous is identified at this
site. Intercalation of limestone and sandstonc is obscrved at the

base of the Cenomenian.

Medium to fine sands predominate with frequent shale of less

than 5 m thick in the upper 140 m from the top.

A thick shale encouniers between 145 m and 255 m from the top
parlly covered by the Quaternary..  Further down most of the
part is covered by the Quaternary deposit, however where it is

exposed frequently shale is observed,

Matrix of silt and clay is observed in the calcareous sandstone,

Gebel Kherim(Column-1) (Page 111-43)

Medium o coarse sands are predominating over the profile and
shale less than 10 m thick appcars at 80 m and 95 m from the

top.

Shale encounters occasionally in the upper 105 m from the top,

however: no shale appears further below.

All samples contzin coarse sands more than 1 mm of grain size

to a cerlain cxient.
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Gebel Malruth(Column-1y (Page 111-46)

The outcrop of ihe Lower Cretaccous is recognized down: 1o 250
m from the top, however the bottom s unidentiliable. Medium
and coarsec sands predominate over the section and malrix

hardly contains silt,

Intercalation of sandsstonc and limestonc is observed at the

base of the Uppcer Cretaccous.

Shale appears at the upper part in 30 m thick and occasionally a
thin shale with less than 10 thickness cncounters in the lower
part of the ouicrop and also limestone encountcrs. The

maximum thickness ol the limestone rcaches 10 m.

‘Granule and gravel arc commonly obscrved in the coarse sand.

Gebel Falig{Cotumn-K) (Page 111-49)

The Lower Cretaceous is identified for 30 m below the base of

the Cenomenian, the rest is covered by the Quaternary deposits.
The sandstone consists of very [inc to fine sands and

consolidated with silt and clay matrix.  Sands with more than

tmm diameter is hardly obscrved.
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6-1

EVALUATION OF SANDSTONE AQUIFER OF LOWER CRETACEOQUS
Geblogical Characteristics of Sandstonc of the Lower Cretaceous

Based on the above analysis, a general featurc of the sandstone of the
Lower Cretaceous is observed.

In general, the sandstone consists of predominating medium to coarse
sands of which grain sizc is between 0.25 mm and 1.0 mm. Crossbeds are

often observed in the sandstone especially in the fine sandstones.

The -whole sequence of the Lower Cretaceous is recognized at five sites;
Gebel Minshera, Aril El Naga, Kherim, Maghara and Mafruth.  The
thickness of the Lower Cretaccous at these sites varies from 200 m to 300
m. However, the thickness ol the Lower Crelaccous is more than 600 m

only at Gebel Halal

Al Gebel Halal a thick shale bed is observed ‘at the middlé (o lower part of
the sectiom, however the interbedded shale in the sands_tone is observed
only occasionally and their thickness rarcly reaches 10 m.

In the seouth of Nagb area silistone or claystone are oc'casionally

interbedded in the sandstonce instead of shale.

The continuity of the stratigraphic scquence among - these sampling
sites is not proofed, however a general feature of the Lower Cretaceous
is summarized that the sandstone is predominating throughout this
formation with occasional imcrbcds of lcnticular shale and the size of
the sand granule varics cven in a single bed.  However, this sandstone is

porous to a certain exienl.

The medium to coarse sands predominating in the sandstone hardly
contain matrix and cven very [ine to fine siands centain matrix only to a

certain extent.
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6-2

Hydrogeological Characteristics of Sandstonc of Lower Cretaccous

Majority of the GSl_in.la[Cd permeability cocff‘icicnts_ by the grain size
analysis is in a range between 10-2 cmfsec and 103 cm/sec which is
recognized as a favorable property  of the aquifer from a

hydrogeological point of view.

Each s'amplc is collected in 2 1w 3 m intervals so that thc cstimated
permeabilities are classified in the [lollowing criteria by each 50 m

thickness of the sequence;

1) The layer of which permeability coclficient is morc than 10-3
cm/sec, |

2) The layer of which permeability is less than 10-3 cm/sec,

3) The layer of which sample is not collected because it is so hard
and

4} The layer of which facies is shale or covered by debris.

The percentage of the total- thickness ol the above classified layers in
each 50 m thick column al cach sampling sitc is shown in Fig 6-1. The
percentage of the thickness of shale in cach 50 m thick column is also

shown on the lefl side of the diagram.

The top 100 m 10 150 m bed at Halal and Aril El-Naga consists of highly

permeable sandstonc.  The section lower than 150 m from the top is
occupied _by impcrmcab!c shalc at  Halal and there is an another

permeable bed between 200 m and 250 m [rom the top at Arif El-Naga.
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There is impermeable bed at the top 50 m at Mafrulh, however almost 50
% of the scction consists ol permeable sandstone. The permeable
sandsione  consists only 20 10 40 % of the scction and shale occupies
grealer part of the section at Maghara, These (wo sites may represcnt

the lithological sequence in the northern part of the study area.

Although  the observed thickness of the geological sequence is only 50
m at Falig, most of the geologic column sequence is occupicd by the
pcrmeablc sandstone at Falig, Minshcra and Kherim distributing in ihe
central part of the study area. The shale appcars in the upper part of

the section al these site, however il is a kind of a thin leaticular type.

In the southcastern arca of the study arca al Alada and East to Wadi
Watir the shale is hardly observed and aimost of whole section is

occupied by (he permeable sandstonc.

In conclusion, il would be summarized that the Lower Cretaceous
sandstone consists  mainly of a thick scquence of medium to coarse
quartzose -sandstone, sandy clay. interbedded with shale and clay beds in
study area. In the northern arca thick shale beds appears in a part of
the formation. In (he central arca the sandsione sequence is observed
through the whole section interbedded with thin shale, however these
are lenticular, discontinuous, In Nagb, the southeastern corner of the

study area, the Lower Cretaccous sandstonc consists of pure sandstone.
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70k ? 8.90x10™3
A 8.90x1073 | Pink
2.20x1072
I 44 8.90x107> |L.Brown
- : 8.90x10:g L.Gray
ool | 19 raone [Firple
g.90x10°3 | Pink
- a § 1.75x107% | WhiTe |
8.90x1073 | /Pink
sok 5.10x1073 |
64 [ 163 5.10x1073 purple
: G332 "1.75x1073
- é‘lé-——‘ -;,‘7%33 ?.490){10_; WhI'te
L % - G34 -40%10°
ool L2 F% "3l 639 6. 00x19-3 | L FUTHE
] ~ ’ LEGEHD
1/500 3) more than 0.5min . Coarse sand, Granute, Gravel
LITHO - STRATIGRAPH IC COLUM N“G » 025mm ~ 05mm  [77]  nedium sang
S ¢} 0.125mm ~ 0.25mm ; Fine sand
AT . ARAIF EL NAGA d) 0.063mm ~ 0.125mm » Very tve sand
Sampie : Undis.turbed G y 2 10{ 21 212 e} less than ©063mm - 511, shale, clay

343 3k —150 (52%38)

nr-32




100

HLIV

120

130

140

150

160

170

180

190

MNo.

PARTICLE  SIZE o _ _ .
THICK— LITHO.LOGY SAMPLING _DISTRIBUT!ON PASSING D 29 PERME AB~ REMAR—'
NESS NQ, Y R i X107 (ILITY - KS
hand ERTAN LT b 2“ 1 [{em/sec) |
) ‘ = fl_._r;o_xm“zs L.Brow|
3.80%107" :
K 2.60x10°3 [ Gray
8.90x1073
= 3.80x1073 [Whife | -
6.95x10°3 |/ Pink’
s.asklo“g
i 2,66x107 el
2.20%107% L'PUrP_ _
| 6.85%1073 | — ’jy -
o] .
[, Sl acKl
26081073 | :L'IaCK
i 8.90x1073 § Red ]
6.85x1073 |-~
. 2,60310‘3 -
. 3.80x10" o
3.80x10°3 |L- Rurple
i : 4.60x1073 § ]
6.85x1073
_ 15000073 | Pinkf
2.20x1072 [T
,3.30x10‘; Gray
B ' g.ooxt0™> [ . . .
T 1.40x1072 [Purple
i 16 Missing by ]
Quaternary Deposit
I - =]
¥ ﬂ \ eg g oo | hite
B 3.pox1073 | Puiple
i 2 12 : 8.90x1073 | Brown } 7
3 . ' Pin k
. - - 1.40x1072 § . .
4 - Brown
R - . 1.40x1072 |7 o]
Red |
318
cont |
Missing by
- Quaternary Deposit ]
1,500 I.EGED 7
2) more than 0.5mm : Coarse sand, Granule, Gravel
LlTHO" STRATIGRAPHIC COLUMN—G b} 0.25mm ~ 0.5mm : Hedjum sand
_ ¢} 0.125mm - 0.25mm : Flne sand

AT : ARAIF EL NAGA

&) 0.083mm - 0.125mm [

e5 less than 0.063mm § 3

. Very five sand

1 S, shale, Clay

a%3 1k —15D0 (32x%34)

HI-33



200

210

220

230

240

250

260

270

280

230

300

" . PARTICLE  SIZE
THICK~ SAMPLING DISTRIBUTION PASSING D20 |PERMEAB- REMAR-
) LlTHOLOGY ENLTE] TR ::'-::__‘A::k : x10-1 u_i Y KS .
NESS NO, sealir | -~ : 1
ye ol - 54321 |{cm/sec)
(<
-2 |.Biacs-.
i 2.20x10 Erown
. Red
s.10x10-3 | BIGGK"
i 3.80x107° |L_Brown
3.80x1073 ‘
B AT 2.20x10-2 | Purple
| Black,
N 8.90x10"§
2.60x10” S
8. 00x10-3 | -Furple
- 3.80x1073
1.40x1073 e
5.10x1073 -
1.80x1073 Wg:f‘; ck
2.60x10-3 |7 DI
- 8.90x1073.
1.40%1072 |
2.20x1072
3 1.75x1073 | L.Brown|
9.00x207™% |
- 1.40x1072 White
5.10x1 0‘3 /Red__
8.90x10™
3 2.20x1072 Purplfi
1.40x102 [TRET
i 5 (-FPurple
6.85x1073 |t
Yellow
i _ |/FPurple
B.90x107¥ |/ Red
s.10x1073 |1 PUrplé
) Furple
5.10x1073 .
s 1.40x10:§ {_Purple
1.40x10
2.20x1072 | ___
i Red
. LEGEND
1/500 ) ) ) 2} more than 0.3mm : Coarse sand, Granule, Gravel
LITHO - STRATIGRAPHIC  COLUMN-G » ozsom - 030m  [77] - et s
€} 8.125mm - 0 25mm : Flae sand

AT : ARAIF EL NAGA

d} D.O63Imm - §.125mm

#) less than D.06mra - :

: Very flve sand

SI1t, shale, clay

aA73 Ok —i5p (52 X348)

IIl- 34




No, 1.
' b PARTICLE - SIZE
THICK~ LITHOLOGY SAMPLING DlSTRIBUTION PASSING D 29 PERMEAB - {REMAR-
NESS NO. X IO PR IS 5 2"‘10 LIy KS
> . b AN K 54 3°2 1 Hem/
O"' W 1—l—r-LrJ--rl-—r[-‘|i;',T"E' . ~ .\ LY . : ! I - ( SGC)
o — H1 . ! .. oo T
- . |Brown
B 3.8x1073 i
6.85x10°3 | oK
1.40x1072
10} 3.20x1077 :
2.6x1073 11 Brown
R 1.75x10°
3.8x1077
o 1.40x1073
20 s.ooilo"q T.Brown
Brown
301
}
401
50
60
701
20
| 5.1x1073 -
§.85x1073
90} _ ( s.85x10°3 [White
> 5.1x1073
L [2057
I - .
3.1 " « | s.1x03 | Red
1004
1/500 - e
_ . : al more than 0.5mm : Coarse sand, Granﬁle. Gravel
L'THO STRATIGRAPH IC COLUM N - H b} 0.25mm ~ 0.5mm 1 Medlum sand
] €} 0.125mm ~ 0.25mm : Fine sand -
A T : G . HALAL | da o.oﬁ'xmm-o:zswr_u 5] - Very five sand
Sd {nDle : Undgturbpd H % 2 Tofal 56 e} less than 0,06]_l11rn : 510t shale, clay

243 2k —150 {52%38) ]
Inr-13s



N-:v.__2

PARTICLE  SIZE _
THICK~ \ SAMPLING DlSTRIBUTION | PASSING D20 PERME AB - [REMAR-
NESS L iTHOLOGY NO. b x107 LTy KS
100 e 54 321 |{cm/sec) 1
" 0483 ‘ L Brown
: ! ' N Red/Pyrile
- .’.'.Tég_”_ H20 h : N - )
QﬂfS )~ : \ . L.Brown
110 N fj;[r-g" - H 21 : !‘ . . \‘ 3 . HJ : .
07 - \ 3.8x107 rple
16 - H22 k ‘ / 6.85%1073 ) P, nk
|0 —~ H23 5.80x1072 |L.Brown|
LS e -~ H24 8.90x10-3 |L-Furple
N - H25 s.90x10-3 JLBrownp |
s H26. . | 8.90x1073 | Pk
H27 . 2.6x1073 1 .
R 3] -~ HZ8 : : PGray |+
R % -H29 -3 )
H30 8.90x10
i . 1.40x10° o
| 53 ﬂ“?’é ' ' 6.85x1073 --orple
W gt - o
140l AN H36 2.20x1072 | Pyrple|
32
e J L. Brown
: ::T;,;Gf;: - I’Hizg ; ~ U / 6.85x1073 | Red | -
e S8 ~~ 1 g8.90x1073 [Brown
T 2 ~ o somo2 1P -
|| 40 | R
19 :’:;41 5.1x1077 i Brown 7]
| 3 1.40x107% Putple
160 [755 - Ej% 1.40%1072 IE_VDLtl_Q, 1
e _ oy s.ax0-3  Llurple
i T s 8,90x1073 ) J
HIS - _ g.o0x10°3 | White
ok - s ; -8.90x10:§ —]
) -. S50 fLgrown
i - HA9 : 1.40x10-2 | Purple
“31 —H30 ' -g.90x10-3 |LBrown} 7]
ol- |0 - Hol | Black/Rec
- H5? o 2.20x1072 R‘%’H‘@
iy 6.85x1073 White | 1
2o g.oox10”3 | |
190 [ - H56 6.85x107 | Cregm | _
.3 3lack
i ) /Red §
129 H57 . . . 1.15x1073 | wWhite
200 535 f.Brown} |
1/500 LEGERD
3} mare than 0.5mm : Coare sand, Granule, Gravel
LITHO STRAT'GRAPH IC COLUM N"H b) 0.25mm ~ O.5mm :H!dll..lmsand
) o ¢} 0.125mMm ~ 0.25mm : Flne sand
AT G : HALAL ¢t 0.063mm ~ 0.425mm : Very five sand
Sample: Undisturbed Hx?2 Tolal 228 *} fessinan 003  SlIL shate, ciay

343 Ok —15D (52X36)
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200

210

220}

230

240

250

260

270

280

290

300

NO.L

PARTICLE  SIZE
THICK— - SAMPLING DISTRIBUTION PASSING D 20 |PERMEAB- REMAR-
NESS LlTHOLOGY NO. . a'-’ ..: "IE:-*: X10‘1 “_H-Y . KS
Tes iz s 4 3 21 Hemisec) |
n . white
3.8x1073 |7 T
i 1.40x1072
8.90x1073
8.90x10~3
T 5.1x10~3 | Cream
) 6.85x10™3.
: 8,90x1073
x::::; 5.1x1073
5,1x1073
20
Cream
i o 4,60x107% 1
| 49 | G.Groy
.8 G.Browr
L BJ; G.Gray -
19 G.Brown
ot Gliroy
i ) /white
Gypsum
- Included
LEGEND
1/500 3} more than 0.5mm : Coarse sand, Granule, Gravel
LITHO - STRAT!GRAPH‘C COLUMN—H ) 0.25mm - O Smm : Medium sand

AT :G. HALAL

¢} 0.125mm - 5.25mm :
) 0.063mm - 0.125men :
e} less than 0.063mm H

Fine sand
Yery five 3and

51it, shale, clay

243 k15D (52X36)

Ir-37




No. 4

300

310

320

340|-

350
360

370

380}

390

400

330

" | PARTICLE ~ SIZE | _
THICK= - SAMPLING| _ DISTRIBUTION PASSING D 20 [PERMEAB-|REMAR-
NESS LtTI'IOLOGY O T S P B = x10- LTy KS
i SR 54321 |(cm/sec)
GGray
N Missing by
f5927_ Quaternary Deposit| -
i C&%Q Pink.
}/'500 _ LEGEND
a) more than 0.5mm : Cozrse sand, Grﬁnule, Gravel
LITHO - STRATIGRAPHIC COLUMN~H b) 025mm - 0.5mm : Hadium sand
_ o : : €} 0.125mm ~ 0.25mm : FIne sand
A T : G . HAL/—\L d) 0.063mm - 0.125mm . Very five sand
¢) Tess than 0.063mm : SHU, shale, clay

343 Ak —15D (52x36)

II-38




No. —
PARTICLE  SIZE .
THICK- SAMPLING DISTRIBUTIO PAS SING D 20 [PERMEAB ~ |[REMAR-
ness |- HITHOROGY I no s S xoTILTY ks
soele iz 8 4 3 21 Hemssee)| o |
400__ ! 1 . . Whlte
. ! : Vo Purple |
5 1 3 “ ' D'Re_q
S T GGray.
b o Pink. | _
410 Co Lo :
T 1] L} -4
» SR ~
v v
] . \ 1 R
420} ' E Co
s | ) : ,‘ : G.Grlay
- Missing by ' : o /Wh:te. ]
: Quaternary Deposit : ; i
430F f 3 . |
} ; : Vi
8 . l ! ]
' : Ry
a40}- .’ : o i}
! ': B
i ) P 8.50x10-3 {LGray | |
6.85x107 |1 Brown
450 6.85x1072 |- — —|
3.8x10-3 | L.Purple]
- 3,8x1073 Pink 1
8.90x1073 { o m
2o 8-90x10“§ L.Brown . |
n 8.90x10673 |y
1.40%1072 )E)lrg:f_
: 1.50x1072 1 ] A
Red
470} i
| G.Gray
3 Brown| -
4901 -
42.8 .
L lcont. Missing by i
500} . N
LEGERD
1/500 ) a} roore than  0.5mm . : Loarse sand, Granule, Gravas
LITHO — STRATIGRAPHIC  COLUMN-—H oz - o [2] s tudon sne
c} 0.125mm -~ 0.25mm : Flna sand
AT : G . H/—\LAL &) 0.063mm - 0.525mm : Very five sany
e) teas than 0.063mm : 5L, shale, clay

343 Tk -15D (52%36)

-39



500

520
530
540
550
560
570
580
590

600

PARTICLE  SIZE |
THICK— SAMPLING DISTRIBUTION _: PASSING D 20|PERMEAB-|REMAR-
Ngsg | LiTHOLOGY NO, [reelnfrnles x107 LITY KS
_ 8 ? 4 3; ? 11 {cm/sec)
- ‘ ; N :
) 1
I !
X [ i
[ |
I' ‘
B Quaternary Deposit o i
i 1G.Gray { |
. 2.6x10-3 |LPurple
| White
i 9.00x10”% | W et.a 7
< 8.90x10™3 | Browh
_ 1.75x1073 | Luple |
Red
i /Black
« | o.00x10-4 |;EuCHle
5.1x1072 Y- White |
- K 5.1,_(_]_()?3 L.Browry -
2.6x1073
Missing by
| 446 Quaternary Deposil _
5| Red
- #.,90x10 MEE_
GGray | |
1/500 _ LEGELD
. J , _ a) mare Lthan O.Smm'. . Coarse sand, Granule, Graval
L‘THO — STRAT‘GRAPH |C COLUM N—- H b) 0.25mm ~ 05mm : Madiern sand
) c) ﬁ,t?Smm- 0.25mm : Fine éand
AT ‘ G i HALAL d1 0.063mm - 0.125mm . Very lve sand
e) iess Lhan G.063mm : S, shale, clay

a3 Db-150 (52%36)

iiI- 40



PARTICLE. SHIE ' _
THICK— DISTRIBUTION PASSING D 20 |PERME AB~|REMAR-
NEss | LITHOLOGY R L FF B x0Ty ks
bRdbd PIEAS LR ISR ie~] 5 4 3 2‘ 1i {cm/sec)
EOO“‘ p , \‘ ‘\ H 1 l- -
5 f’ ,' \‘\ ‘\ .
r’I 'J ‘\‘ ‘\‘ G.G ra )’
6‘]0»4- ;I r; \\\ \\\
o= TN '<| Somes o
o - BX DO
P fy A } 6.85x1073 | “HBrowit
620 | &7
U 6.85x1073 |- -
B > 3.ex10™3 | Pink
| 3.8x1073
6304
Missing by
[ | 244 (Quoternary Deposit
6401~
- - . 6.85x1073"
—5 . . 8.90x1073 ¢ P‘:‘I} e
esol | 1.40x1072 th, 6
7 2.20x1072 (. Brown
5.85x1 0‘3 1--Eink-
e 3.20x107%"
22 - \ 8.90x1073" L Brown
- " 2 1 ‘2 ' - N
eeof | 4 — 2 s | Purple.
670
6801
690}
7001
1/500 LEGEND
. 7 3) more Lthan D.Smm. : Coarse sand, Granule, Gravel
LITHO - STRAT!GRAPH [C COLUMN“"H b} 0.25mm ~ 0Smm : Hedtum sand
¢} 0.125mm - 0.25mm .; Fine sand
A T . G . HAE_AL @) 0.06Imm ~ 0.125mm [T : very rive sand
¢} less than 0.063mm H 5||.t, shate, clay

3493 3k 15D (52x%28)

Ifi- 41



No. |

) _ PARTICLE  SiZE
THICK— - SAMPLING DISTRIBUTION PASSING D20 PERMEAB— REMAR-
NESS LITHOLOGY NO. A, PR BREEET %1071 ILITY KS
oL ] L e A St I S 2 1 (cmfsecz)' 1
5.80x107 W
™~ 3,20x1072 Bro
R 5 Red
1.40x10" -
iy - 7PL |_n_[% -
ol- 8.90x10° g ] e ]
8.90x1073 Pink
2.200107% |l
| 2.20x1072 1
_ 8.90%1072 S
2ok 2.20%1073 L.Brown -
s.ooxi0e )
g.90x1073 | Purpie
N 6.85x107 § prk | ]
3.20x1073 EF—(—)&H
s} 3:300% | puepte |
: 1.50x1073 | Py T
i 3.80x1073 Pét(? 1
8.90x1 o‘g / Purple
8.90x1073 | " Tiak
40l- 1.40x1072. [;BFE%E‘T? .
1.40x1072
5 ).q0x1072 |LBrOwRp
3.20%1072 | . |
" loGray.
50 Omnge.| .|
.| White
_ 8.90x103 | Purple| |
8.90x1073
co . 6.85x10°3 | L.Brown
2.20%1072 [ i
1.10x10"1 | Red
| 1.40x1072. | / Pink |
i 1.46x1o_‘2 —Red -
70 2.20x1072 | R
1.40x1072 |RBrown
1.40){10"2 /'L_B(OWF! -4
1.40x1072
ach- 2,20x1072 . N
2.20x1072 poo
H Red
Purple
4,50x1072 | -
8.90x10™3 |{_Brown
- .3.80x107% |- y
Red
100}F _
1/500 | o e BT
) : . a more Lhan 0.5mm sasee : Coarse sand, Granule, Gravel
LITHO — STRAT'GRAPH IC COLUM N — I b) 0.25mm ~ 0.5mm - Medlum sand
B : €} 0.[25mm ~ 0.25mm : Fine $and
AT : G . KHER{M @) 5.06Imm - 0.125mm : Very tive sand
Sample :Undisturbed [ x 2 Total 300 o i sagen (] -

3453 Tk —15D (52X36)
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100

110

120

130

140

150

160

170

180

190

200

PARTICLE  SKE . )
THICK~ . SAMPLING DISTRIBUTION PASSING D 20Q[|PERMEAB- REMAR-
\ESS LITHOLOGY T O s S R Cxwimy (kS
. ceel T s ? 4! 3'! 2I 3 (cm/sec) |
- T 8 ~ T R - 5- 20x1 0‘,‘Ié L.BrONn
2 | | Purple
I R 1 > 6.85x1072 ¢ Pyrple
' : 1.75%10°7 | Pueple
%% ‘L\ <k : 5.10%107° K ]
- 08T )
e : ' 2.20%102 white _
<< § 5.10x1073
e g.50x1073
I s e
: ' Furpl
6.95x1073 UrD,e
i 8.3 6.85x1073 . 1
' 1.40x10"2 Wh‘-te
R 8.90x1073  |PiWiie | _
o R _ '2.20x1072
£ 8.9021073
s _ FilieaN et ) 1.40x1o-§ . R
13.6 |iasiiiils 2.20%10"
Lo4ses s e : , 8.90x1073 L_,Oralngc
- siffiiiid 2.20x1072 |/ WiHte ) 7
B 3.20x1072
g 5.4 2,20x1072
R — — . ) . 6.85%1073 f0.Gray-| |
28 Orange
76 ' 2.20x1072 |- Brot}{ﬂ ,
| a3 L / ll \ g.90x10™3 L Brownj -
T30  White
i . 8.90x1073 .
6.85x1073
126 4,50x1072 A4
- ' 3.20x1072 |Cream
2.20x1072 '
. . 1..401‘{10‘2 |
| ae \\- N / 1.40x1072 ]
2.8 o L.Brown
- ‘ 2.20%1072, ’
< 2.60x1073,
= 4,50x1073 | . .
15.2 '8.90x1073 .
. 3.20x1072 | White
- ' 8.90x1073 . 1
‘ 8,90x2073: 1 .
i -;1_2.20;(10:2'. _Qrange _
LEGEMD ‘
1/500 . a) more than  0.3mm _ : Coarse sand, Granule, Gravel
LITHO ~ STRATIGRAPHIC COLUMN- | v 0 - o [T - ot s
¢t ¢ 125mm - 0.25mm i - Fine sand
AT : G ' KHER'M 41 0.063mm - ¢ 125mm 1 Vary fve sand
.n less than 0063mm - 2270 . 5011, shate, clay

343 Jk—150 {52x36)
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200

210

220

230

240

250

260

270

280

290

300

N03

AT : G .KHERIM

LITHO - STRATIGRAPHIC COLUMN- |

¢} 0.425mm - 0.25mm

d} 0.063mm - 0.125mm

: Fine sand

SN, shale,

. PARTICLE SIZE _
THICK- ' SAMPLING DISTRIBUTIO PASSING D 20 |PERMEAB--IREMAR-
NESS |- LITHOLOGY NO, [eeaf sty X10"1 ILITY iKS
| Toafn 54 321 |(cm/sec)
it -1 96 . - 14.50x1072
, L1197 3,20x1072
I 198 L
B : 1.40x10
i THr !| ?g() 2.20x1072 |Cream
- L & EXEERNERETE = ?.50)(10_2 /O[ange
2.20x107?
| 2.20x1072
1.40x10‘2_
B 4.50x10~2
1.40x1072 ,f[?:cdf :
i 2.20x1072 | Pink
2.2001072 joo—
_ Brown
N 2.20%x1072 |
! 2.20x1072 | Red
8,9x1073 Brown
LEGEHD
. 1/500 ) more than G.5mm Eﬁa : Coarse sand, Granule, Gravel
b} 0.25mm ~ 0.5mm : Hedlum sand

: Very five sand

¢} tess than 9.063mm :

ciay

293 2k -—15D (52%38)
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No. Hlmrw—-nf

20

40

GO

70

80

50fF

100

30

' PARTICLE ~ SIZE o e an-[rean
_ MPLING|  DISTRIBUTION PASSING D201P - -
T“'C; Limology |28 S o o i T xwol iy [ks
NES : : vealils | ? 4l .‘: % 1! {cm/sec) _
” \ rowr/Blfick
/1‘/-1 % . i \,:‘f‘ﬂ -
3 o el A .5.10x1073 [;B,’%‘ﬁﬁ
%—\ \ ’ / 6.85x107% | Brown | -
GGray { -
B { Red
Gypsum | |
3 Included
S > PRl i o o 5 N R K N -] rown |
Y.8roan | ]
Brown |
- . H 4.sbx10i-§: fﬁ?ﬁéei ]
4.50310_2 Y_W@E_
- 5.80x10 .
7.50x10"% | Red
' s.2oxi02 | 1
- 4.50x10:§ White
| | : _ {GGry |
)///J ) \ . 2.20x10'§ L.Brown
2,20%107% Jomoome |
B . Cream
_3 _____
_‘6.85x10 " Red
| S ~—__} ' 2.60x1073 PinkZy |
-2
o | puroe
- ' 4,50x1072 | T 7
1.40x1072 | -White
- _ |5.80x1072 jeeqimiacd -
- R 5.80x1072 | T
| COfsiiG.’ —— // \ 2.20;‘10—2' Plﬂk g
LEGEND .
1/500 a) more than 9.5mm : Coarse 5and, Granuie, Gravel

LITHO - STRATIGRAPHIC COLUMN-J

Sample ;Undisturbed Jx 2 Total136

b ¢25mm -~ 05mm

e) fess than 0.063mm

RRP
¢) 0.125mm ~ 0.25mm
4} 0.0563mm - 0.125mm :

- Hedlum sand
: Fine sand
Very tive sand

1 S, shale, elay

373 Ok —15D {52X38)

Hi-45



Ne. 2

" . PARTICLE  SIZE
THICK-— - S |SAMPLING DISTRIBUTION - "PASSING D 20 |PERMEAB-[REMAR-
NESS L ”HOLOGY eve :_' RO _' _I'_'_:..: X10-1 IIvy KS
srefvarkigiia=E) 5 4 3 21 1 (em/sec)
100- RSS! N, A : . -
< = 3.20x10-2 | Fink
I : 6.85}-:10:; white
.4.50%10
3 2.20x1072 /P‘@'e
110k 4..50:419‘2 aaray | -
: 5.10x1073 "'R;O“'m
I . % s.xoa1073 | WRICT
) -2 :
iona? | oream
120 g.oox10™> | {7
: 6.85x1073 Pink
i _ . FBrewn 1 |
. . . . 5.10x1073 | Cream
¥Brown
1301 :Y.Gray:
| Gypsurn
Included
140} |
) R.Brown
150k | Brown|
-2
— v\ / ; :3:1 3_2 L.Gray
i L |88RY
- 2.20x10 Whlte
ok CBYOWR.| -
/ / /’ \ l.éDxlO:i‘ Pink
i 8.90x10 _*LiBLOM |
| BBl ack
170 ~ {Brown | |
3.20x1077
3.20x1072 h
1.40x1072
. | 2.20x1072 -
180 6.85x1073
8.90x1077 :
t.a0x10™3 | Creamj |
1.40x1073
8.90x1073 .
190 : \ \K / g.90x10°3
. vo-nuft_n:ﬂny: ;5,, - 3.20x1072
8l5 A : -0.-, e {o 1
200} ]
LEGEND
1/500 .. : . 3) more than 0.5mm m 1 Coarse sand, Granule, Gravel
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INTRODUCTION

~In order for preparation of a hydrogcological map' reliable  geological
columns and borehole profiles arc inevitable to determine lithology and
stratigraphy of the: objective afca. The borchole profiles prudently analyzed
by interprctation of geological loggi-n-g data and slime conditions are major

sources of the hydrogeological information.

However, most of water well profiles do not have age dectermination and
lithological descriptions somelimes do not correspond to the logging dala.
Also these data collected on some geological columas and profiles of seme
petroleum wells were not detailed cnough to refer to correlate with.,  As the

result it was difficult to identify rocks in which horizon form the aquifer.

For this reason, much of efforts wcre made lo produce detailed geological
maps at many key areas and to record detailed geological columns in the

second phase study (Geological Map, Porttolio).

At the same time, additional deciailed reliable petroleum well data were

obtained. :in cooperation with RIWR.

These -geological columns and dctailed peirolcum well data enabled us to
reanalyze lithology and siratigraphy of existing well dala for dectcrmination

of the composite columns.

The hydrogeoiosical siruclure, the basis of the hydrogeological maps, is
figured out by detailed analysis of these composite columns together with

results of the geophygical investigation (Section 6-3, Main Report).
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2. AVAILABLE DATA
A total of 311 of geological columns and lithological profiles were obtained
from wvarious sources.
Available Dala df‘ the Pre-Quaternary Scctions afe listed as below:
Type of data Number of No. of revised Logging Désc_riptibn
: data collected profiles Data Available
. R Y Agpe _Lithology |
1) Geologicai Column . '
JICA Study 13 13 o] o 13 13
Other sources 29 29 0 0 29 29
| 2) Springs 17 0 0 0 0 0
3) Petroleum Wells 63 37 0 0 | 37 37
4) Water Well
JICA 7 7 70 11 7 7
UNICEFR 15 [R] 3 7 1 7
RIWR 73 45 15 36 19 39
Others 94 8 L0 0 5 -
Total 311 149 25 | 50 111 140
Note : R :  Resistivity logging

v

Gamma

ray logging



DETERMINATION OF COMPOSITE COLUMNS

Based on a detailed analysis, 149 composite columns were determined out of

311 data collected. The remaining 162 data consist of springs (17), Petroleum
wells out side of the North Sinal (26), wells drilled by UNICEF (5) RIWR wells
cited in SDS (28) and dug wells (86) which have no geological description

except these of petroleum wells,  The composite columns (146) consist of the

following groups

3-1 Field Observation of OQOulcrops

(1)

(2)

JICA column (13 columns)

Detailed geological columns were described at 13 sites of outcrops during

- the second phase study. For detailed age determination, the geologica_l

column al Minsherah collected ‘by (Farag and Shata), 1954 and results of
micro fossil analysis oblained through cooperation with RIWR were also

referred.
Other sources (29 columns)

These are geological columns mainly cited in SDS. Descriptions of

‘geology is. rather approximate. However, the lithofacies and their

thickness at the Lower Cretaccous, at Wadi Giddi and the one in the
southern part of Maghara may require confirmation so that these parts

are deleted from the data. .

3.2 Well Logs

(1)

(2)

Petroleum Wells (37 columns)
These columns are treaied as reliable both in lithology and age.
Water Wells (70 columns)

Most of these well data are accompanied by gamma ray logging,
however resistivity curves are recorded cither incompletely or

improperly in many cases. Problems of there data are;

a) Lithology dosc not corrcspond to logging curves,
b} Description of . lithology is missing,
c) Ages are not delermined and

d) Logging curves arc 'inc()mpl'clc.
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Completion  of lithological deseriptions  arc uﬁdc_rlakcn. " Detailed
interpretation of the data is made comparing the description of lithology
with the logging data, however, these which do not have complete
.dcscription'of iilhology or are mistakenly described, are revised according to

the logging data availablc.

“In our experience in analysis of interrelationship between lithology of core
sampies and logging daia of wells of Mesozoic and Paleozoic, it is found that
the value of resistivity corresponds to the lithology. In many cases a certain
relationship among resistivities of different rocks is found. = In general  the
magnitude of resistivity values has significant influence of the water quality
in the aquifers, however, the resistivity of shales indEcﬁles a relatively low

resistivity value within a certain limited range.

Empirically it is knowﬁ that taking the value of resistivity of shale as an unit
value, a certain n}ulliplicd valuc of the unit value corresponds - to the
resistivity value of the - other ly.pc of rock with in--the complex in the
vicinity. Of course the value of resistivity ol the rock varies debending on
its solidity and contents of minerals so thal the uwnit value of the resistivity of

the shale has to be determined in cach complex and locality.

Taking the above in mind a detailed analysis has been made in comparison of
the lithological profiles and with of lodgings at the test hole of Minsherah,
Gifgafa, Halal, Nagb and Wadi Shcira relerring to occurrence  of the

lithological sequences of 13 geological columns coliected by the swudy team,
The conclusion of the above analysis is summarized as shown below;

1) Identification of lithology in sandstone and -shale —group in the

Cenomanian of the Upper Cretaccous and in the Lower Cretaceous.

a) When the low value of the resistivity of the shale is assumed as one
unit (it is preferable to take the short normal):
* 1.0 ~ 2.0 times of the unit corresponds 1o the resistivity of the

shale.

* 2.0 ~ 3.0 times ol the unit corresponds to the alicrnation of shale

and sandstone or sandstone with high content of mud or shale.

# The resistivity indicating more the 4.0 times of the unit

corresponds (o the sandstonc.
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b) When the low value of the gamma ray of the sandslone is assumed as

one unit:
* 1.0 ~ 1.5 times ol the unil corresponds to that of sandslone.

* 1.5 ~ 3.0 times of the unit corresponds to that of the intermediate

type of rocks belween shale and sandstone.

*  More then 3.0 timés of the unit indicate that of shale. It must be
mooted that the gamma ray oflen shows at nomihally high value

indifferent 1o the lithology so that il is casily mislcading.

2) Identification of lithology in the limestone and shale group of

Cenomanion and others in Upper Cretaccous.
a) When the low value of the resistivity of shale is taken as one unit:
* 1.0 ~ 2.0 umes of the unit corresponds to that of shale.
* 2.0 ~ 4.0 times of the unit corresponds to that of marl
* More than 4.0 times of the unit cnrr(:sponds. that of limestone.
b) When the low valuc of the gamma ray of limestone is onc uﬁil:
* 1.0 ~ 1.5 times of the unit corresponds to that of limestone.

* 1,5 ~ 2.0 times of the unit corresponds to that of limestone with

high content of mud.
* 2.0 ~ 3.0 times of the unit corresponds to that of marl
* More then 3.0 times of the unit corresponds that of shale.

However, dolomite usually indicates high gamma ray value so that
the occurrence of dolomite shall be carefully interpreted through
the detected resistivity values and geological c¢olumns in the
vicinity. Also attention has to be paicd to chalk. |

In this manner, 50 water well profiles out of 70 were carefully

interpreted referring o the relevant data.
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Thus litholagical descriptions of 70 borchole data have been
finalized and further analyzed to delerminc ages. The geological
columns obtained by field observation in the second stage of the
study and a publication of Farag & Shata (1954) were referred for

this purpose,

Major item of revision for composilc columns arc summarized in the

Attachment 1.

The finalized composite columns arc shown in the Attachment-2,

IV -6



- ATTACHMENT - 1

MAJOR ITEM OF REVISION






Well Name

Major Htem of Revision

Darag No.l

Considering the resisiivity value the muddy sandstone
in the Lower Cretaceous is revised as the sandstone,
The lithology is undiffcrcmialed between

782m - 800m,

Nakhi 1

The lower Cretaceous between 1,118m - 1,414m is
revised as the Jurassic.
The lithology is revised between 683m - 1,143m

according to the resistivity log.

Nakhl 2

Lithology is revised according to the resistivity log.
Shalc between 736m - 870m could be dolomite. _
The aquifer is assumed at the layer between 940m and
1,073 m.

The static water level is assumed lo be at ASL 190m in -

El Themed

stead of GL—I‘)Om:
Lilholégy is revised according 10 logging resulis and

the apes are determingd.

Bir Guraid
Nagbh 3 B

Lithology and ages arc determined.

Lithology is revised and age determination is made.

Nagb 2

Lithology was analized according to the log data and
age was dctermined. The low value of gamma ray log of
the pre-cambrian may indicate that it could be the

metamerphic_rocks rather than acidic igneous _rocks.

Bir E! Abd

The boundary between the Miocene and the Pliocene is

~determined.  There is “a  possibility that the Miocene

No.69
Wadi Umm _Zroub

between 192m 1o 306m_ might be the Plidccne.

The Qualcrnary: is specified.

No.70

Partly the lithology 1is revised and the ages are

determined.

Wadi Maleiz Well No. 1

Pl Gifgafa

The age determination is made. .

Gebel  Amrar

The Uppcf Senonian might be read as the Lower

Senonian.

Gebel Halal

The same as Gebel Libni above.

Gebel Arf

The Upper Cretaccous appears (o be Upper Senonian,

The Location shall be confirmed.
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Taict El Badan

* The Upper Crelacecous appears to be the Upper|

Gifgafa

Senonian. The location shall be confirmed.

There arc many questions: Is there dolomite in the

Turosian?: Is the Scnonian is only in this thickness?

and is there shale in the Palcocene?

Abi_Ghazala 1

No, 49
El Arish Well No. 14
{Bir Hasana Well No. 15)

The location shall be confirmed.

The lithology is revised and ages arc determined.

No. 50

The lithology is revised and ages are delermined.

El Arish Well No. 15
No. 57A '
El Arish Well No. 19

Ages arc revised referring to the geological column and

(Gebel Menshera Well)  }also the lithology was revised.
There is a possibﬁily that microfossils collected from 49 -
.SOm and 100 - 103m might drop from the upper part.

No. 62 Thé age determination is made.

El Bruk No. 2 '

No. 61 The 'agc is ~determined.

El Bruk No. 1

No. 65 The age is revised refeciring to the geological column.

El .Mcnshera 2. _ '

No, 66 The' age is revised rc'l‘crring to the geological column.

Umm Gholam No. 1

No. 67 ' The age is determined.

El Resha No. 1 -

No. 94 The lithology shall be confirmed.

El Hasana __| Ages are detcrmined. =

No. Pi8 The alternation of shale. and sandstone between 860m and

Egyptian Army Hasana

1,060m is revised as sandstone,

The ages are delermined.

Gebel Kherim

The thickness of the Turonian is identified to be 70m thick,

however, this column indicates 200m thick.

Gebel Umm Mafruth

The Lower Creiaceous belween 500m and 745m is revised as

the - Cenomanian.

Maghara El Maaza

The Lower Cretaceous belween 667m and 900m is revised as

ithe Cenomanian, '
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No. 8 The age was dctermined.

Coal mine

No. 47B The bascment of the Quaternary is assumed at 150m from
El Arish Well No. 12 the ground surface,

No. 51B The lithology is revised as well as the boundary of the age.
El Arish Well No. 16

No. 52A Ages arc determined, however, the part between 50m and

El Arish Well No. 17A

92m is subject to confirmation whether it is a part ‘of the

Quaternary _or_the Jurassic,

No. 53A Ages arc determined.
El Arish Well No. 18
No. 54A Ages are de[cr.mincd.
El Fath Well No. 4
No. 55 The lighology is reviscd and ages arc determined.
El Massaid Well No. 4
No. WX2 The age is delermined.
Coal_Mine
| The age is determined, ’_I‘hc part between 16m and 64m

El Hemma

mighi be the Paleocenc.

Risan Aneiza

The part between 400m and 630m is revised as the
Cenomanian.  Sandstone between 630m and 886m is subject

1o confirmation.

El Arish Weil No. 10

No. 63A Ages are delermirnrcd, however further confirmation is
Gebel Libni No. 1 required.

No. 41 _ Ages are deiermined.

El Arish Well No. 6 e )

No. 42 _ The lithology is determined according to the logging data
‘El Arish well No. 7 and ages are determined.

No. 45 According to the logging data marls beiween 2m - 15m, 32m

- 54m and 1l4m - 132m are revised as shale. The part

between 150m and 290m is revised as the Eocene.

No. 60' .

Gebel Halal Well No. |

Ages are determined.

No. 64
Libni No. 4

Ages arc deiermined and the lithology is revised referring

to_the lithology of No. 63A.

Baghdad No. 1

The lighology and ages are determined.
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El Girai Ages are  determined,

No. 58 The lighology and ages are delermined.

El Rawata !}

No. P16 The lithology is revised and ages are determined.
El Amro

No. 76A The lithology and the age are determined.

Wadi El Amro No. 2

No. 76B Ages are delermined.

Wadi El Amro No, 1
. Nq. 78
Wadi- El Hussciny

The lithology and ages are determined.

No. 79 The lilhology and ages are determined,

El Merterah

No. 80A Neither the lilhology. nor the agé are dillcrentiated due to
El Quseima poor quality ol the dala.

No. 81 The same as No. §0A,

El Gouderate, No. 82 El

Gorour

No. 82 The same as No. 80A.
Ei Gorour
No. 83 The lithology and ages- are delermined referring the result

El Mewaleh Well No. 1

of fossil analysis, however the thickness of the Paleocene

appears 1o be 100 thick.

No. 84 The lithology and ages arc determined.
El Ghifi ' o

No. 85 The lithology and ages are determined.
Abu_Raty

El Monbateh Well No. 2

Logging data are required (0 analyze.

El Barth (B)

The kurkar between Om and 24m described as the Recent is

revised as the Pleislocene.

El Khabra Ages are revised.

No. 55: Ages arc determined, however, no analysis of the lithology
Lehfein Well No.2 is made duc to incomplele logfz,ing daia.

El Goura The Pliocene between 60m and 84m is revised.

Well No. 1
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El Girai: The lithology is revised however, the location shall be

Well - 1 confirmed.

Kumil]a The lithology is partly revised and ages aic determined,
Sheira Well No. 1 The lithology and ages are revised.

Misri-1 (Water Well) The part betwcen Om and 16m is revised as the Pleistocene.
No. 72 The lithology is revised and ages are determined.

Wadi El Gady Well No. 1

IV - 11







ATTACHMENT - 2

COMPOSITE COLUMNS






e e | d
ol o « EEL
E b = E o
. & " | §
__qc-) Ug i 1l @ o
B wewoves | uEBiLOUssy SHOBOTIND J6MDT o
1k STSBITRI azp
. i 5 Bemy g
L : TR
[} g e "7 o« §:
st 8l3 o § sfg] &2 o £
o | " T 2 8
£ "1 ik IR opl T o
"E‘é ST F‘ ’ : -ﬂH 8 8-
> A T |! i _ ! .
S (8] Uewoues . uewoiny, © vewRwousn - ]snoaoaaxﬁml— 29
,E ' SN000RIE) G
>
..'- F:] o wle] = B EI')J
Q G IS ] < E
= ,:’ L g N g £ &
o ¥ (o] ; l g 8
o 5 2 i3 88E
mmqﬂ 20
Gz F
= 3 @
£ z T8
=] E
3 2
I 8
=2 8
- < .
Q 0§ . 3
<{ o 2
& 2ag e R
G2 o §
3e>

5 :l R CTER

P A ». : -

i :.\d% 4%{51 AT T

Il: F i:Ir'J__ F—j‘“_j' 2
—l ‘.-[' 1.1 | - 1. RS SR I R AL SN I L
eueooeeled ! “OUBS Uejuoin, t UBURWOUSY) snoeoelmo iBMOT |
o m e I
M?I'.Wl l, SHOBITIEID s|sseimnp sno.s|luogresy '

v-12




cwdd  A9Q T SOL
- TM
# o1 PHD

g

wdd -1 s01
sy - LTM
C e po

1 10dey BNy 32y

abeN SLONP

-114

wdd 0oLl 1 SAL
TSP 642 0 TTM

BH ¢ PUD
=
£
®
[2d
{2
B
K-
&
[ - Q
| . €
F O R
: g g
21w
g
8
f
5 i
roh
|
| e
0 ausased |
.,cmcsaac

(L 11om BIYS)
c IBM BIBG

wdd ¢s5'1 @ saL
VW 0zr L TM
© U EH ¢ pun

énoéaé{md oMoy |

SNOBIRIBID

| wed - iosaL
! svw =DM
®© : pup

VRURWOUA)

&
2
a
| g
e,
i r iy ~
Bl = £
o mcmocﬁ_mm\ f.
Aewerenn
L 15 BIIBUS pieingy ig

v-13



South Shohat.

Kati

Kuntilla

Nagb 3

mASL

B

:'J ]

auenaisield

Grid
WL

- |

3 %c

= £

=

'é .

g8 R

=

»

- D9

& ER=

; o

- 8] I fln 3

i

Bir El Abd

K I Liv)
. .l,.. =2 ¥
opyy Busj08g | BUSONIH .
[ SLIE R
Ao Areyay, o _j®
weoseld 6z Pk

¢
ceo] 23
5e

7

ma$bk

SNOBZEIRIY

m ASL

1 35,000 ~40,000 pom

T H4
T 290

Arégue 1 SNOBIRIAID -

Grid
Wl
TDS

V.14

ToOS

mASL
pem

i M4

Grid

Ww.L

TDS




wdd 9zl : SGL

asyw o 502 T TM

ML P
wdd  00051~0002F ¢ SCGL
Isvw §: M
. gr - pUO
Ludd - 184l .
evw S TTM .
IM 1 pUD RSB ATVEY
E L RE 0
1= . ( “ ) EIE ROl Uy A,_Qumdox MogL>
250 . | .%;Nvﬁ " L) s . E5
. (S0 gdponsim00.:
- Coonars 1y > Leyi ooswa ¥miy
2 oo g I8
- 586! (UISVQ UM N 00,5508
o 3 0o, po
00 0400 =
by
SLT ».II.W-JI. —
05T % _,_ T m
SeeLA £ od
Frer e B 2 w T -osal
o:H = |n.m m wdd - Ioetl m ISy s TM
1 e - TM Sr i pup
P o— T ; ] ar . puD
[ bk d m WL .
y ; Ty .
¢ suadisild T8 A4 oneoldxg 110 ¢ Ham uoreiordxg 1o
UBNSH (3 JpNS L-ByEg |13 IPEM -
. . +Z 'ON | -BUUEW I'ON [i@M BLRIND L-yoys

15

IV .-



SOl
T
pUD

wdd pay'g
IV BEC
F3
T+ e m.
' Ilulll.lur m.
el = =
L T w
T
e
A Il T

SNeOIRIBID

YT Y,

L-ZIDIBN |3 IPBM
0/ "ON

SalL

wdd P
v - T
M pup
£HT. lﬂ-‘y 1
FLT = W m.
o ElE
e
o me ap i R }m

qneoiz wwn IPepm 69 ON

[ o Yar g i) R——
gy 66878V BUBNSH

Bid

widd - sal

qsyw - TM

5] Pl
sy § |9
oy T3 j m ;

S Lk

o3 EF S'F

(B g el \_\.m

wp  LZIE ISV edecoisisd

qrebeH (3 89 ‘ON

widd - osdl
sYwW ol t TTMe
¥ pun

eeq ON

. up

BleZBYL) NAY

wdd oos's ¢ sal
Y W 6L 0 TTM

doy -

o P
o
@
24
T
5
38
&.
P s
ﬂ._..Ll =
M & e
i 2
T =
T i a——
T " m
3 @
fHE

-y
- 5
we 862 TSY Busooisieid

e |d

AV -16



wdd g/62 : SQL
Jevw g6l T TM
i pUD

wdd g/6'2 ©  SCL
ISVWE BBL I TTM
o P

1 uoday Tedmysa), ey

UBIBYSUIN ¢ 'ONP

wdd =t osal
sy S TTM
o 1 puo
=
al] [
)
/1 m u. m
mﬁH S| mv m
(F] m
IEE o w.
Vo G2oe 75y

ZEIBYSUBIN |3
G9 'ON

wdd - 8QL
sy - TTM
ZA - PUD
¥O!
= E o
==L TT - m m
=l
n.w“ E|&

i

¢’ON nig |3
c9 ON

I"ON ¥nig |3
L9 'ON

widd - osa
Jsvw 290 TTM
PO

I poday eotuyda], 1959y

Biied £1L°ONP

V- 17



wdd 002’2 | SaL
Tevw 0 D TTM
A B

Jomdy

UBIOUSS UMWy

snoaomaigi \ -

wp LT TS

¥1°ON 1O USUY |3
6 "ON

wdd =T osdL

Isyul S TTM

ol f PuUS
uxdd -1 os0l
Isvw - TIM
oA PUD

ShogoeIan)

g awmm.awhs A0

L'ON ByYSaY 3 }'ON Ysieysuon (3

wdd gzg's @ sdL
syw £22 ¢ TTM
21 puD

wdd gie'z @ sal
/YW g0 1 TTM
Y PSS

STOROEAIY JOMDT

UBlURWOUST
SN0A2EIIY

(1->rug 13 91 "ONPM)

g 15 21 ONP

wdd gig'z © sal
ISYW 802 1 TM
TS}

[ wodey feomyday, wyey

L-3nig (3 91ONP

IV-18



wad 00077 ¢ SQL

IYW BB T TM .
™D PuD

THT

It
26

o T T,
TR i

el

]

weays
WERUES *FWSI urgu:mi
sddn  {_#wo)
SNOGIEI0ID) '

[4

o
v N

™
% - e

158 !
Fr R
&Y s -

= £522 18Y

GLON [IepMm usiy I3
0% 'ON

wdd

wdd 005'L ¢ sALl
|YW 2R TM

e By
SeR
3
_mmm m_“v
loa 18
= H
1438 mm
L 1Bm 51
SRS SN
L
A, o
z
o
(=)
134
= |
- |E
ac
®g |
. D =
bo o
1) _M
2
2
-
09T AR P 1)
wpry —=Pm] u_u..“_um
R B« NES7
ey 1 2
i 2l ]
o ife e g
Ol 71 12
ng .
mcwwth_m

wdd oos'y T 8SAL
eV 09l ¢ TM
o P

=3

2|

o !

@D .

o i

i3

50T 5

ﬁ»
.
Ll
uég“imm 1

SROBEIBID

up wWIPF IS5y

gid -0

N

eueseH AWy uBenAds

wdd - salL
Isvw -0 TTM
2 PLD

UBLOUBS 040

SN0BITIBID

snoaoEe)) jeddn

T AL
L'ON Wejoysy wwf
99 ON

wdd opsz © Sal
YW B9 TM

o 0 PHD
B3] M amar
¥EY I
=4
&
&
©
]
=
o
RZY T i

610N [I9M Uslly |3
V.S ON

UBfUOURS 8

o

IV- 19



| wmyot

JamoT o1 PPN ¢ 7 91 TN SIoN

wdd 089l sqL
/v sk D M
™o P

rumeno] ssseinp

rdy T, S$52SY

cl-lleM usuy |3
g.i¥ "ON

wdd 009't © SAL
YW 0l C TM
VIR TS

H)1
i
- ofssemnp

807

L ERZ S med e

W0 0L TSY
L1 I9M UslyY |3
ot "ON

wdd 800 ¢ SQL
Jsyw. 65E ¢ TTM
Y PUD

1 noday restuyda], 1939

ebeN 13 juy
BL°ONP

wdd g2i'y © SAl
1evw £9 1 TTM

eH T PuY
o 0985 ¢ S0L
TSy gL - - TM g
£ 1 PUD 52
=&
159 s
[+
_ 9 &
L =2
5Eg  pemcs g m
=
.. - ,,.,.... W
”ﬁj\ .3... mlm_u .
2= 7]
BIE =
0z ¥
el g
Lt | m A
=" i
Prs % mn
wg =
: EY Voo
B
uepeg [3 19[el BUBSEH |4 Pd

IV-20



18107 0} BIPPIN T 0} ‘W 910N

wdd 00gz 1 SAL

IsvwW 2ok L TTMOL - | o
L P _ - wdd ogvie D sal
. wdd - SOl WYW LB TM
wad o'y @ sQl AIBY W L9 L TTM ™ D
WYW SE D TR v puD :
P P e -
592 5 — .
e I w widd - saQL
z £ P~ 1§ Isvw - 1TM
5lg & el :
W m ugit 5= M m o P
£ | & g
4 nm TS 1o uoneIofdxd [0
MO PEE 5y W Wkt TSV fpamne R _ms
BUIN [BOD G'ON  FON lIom piiessei |3 - I9M Wied |3 v/ 1~ IBM USUY i3 9L-eM UsuY i3
| _ gi9 ON

GG "ON VvS ON V25 ON

Iv - 21




1or0 O3 SIPRIN ¢ T 01 W 810N

wdd -t sGL

sy -0 TTM
Sy 1 PUD

1Lz P

SROBIRIONY

Lo SYW 262 1 TM

__ oot wod o1g'e ¢ SAL
| P L D

fengy isseinp

fowod

| - 8i- iIoM Usly |3
1"ON pepybeg VES 'ON

wadd 00227 © SAL
eV LS D TTM
PO PUD
‘ [TH s
il & 1o
2ozt "B
£LE
=TI R L &
or g e
E R Y S
B wldE 157 gumommg
aUIN [200)

SXMON

wdd gsp's 1 SAL
Ssy W - TRA
v PO

SISSBING "] O Iy
JssRINy

B EéTEISY

SUIN 80D 8'ON

H5TRINP

wp |, OEE IS¢

BUIN [BOD 9°ON

IV -22



wdd o0sy : sqal
syw 88 - TM

wdd - losQl S I pup
gy - M :
9l pUD

M= el
wg w9/ I3V BUBDDISIBIG

S'ON HieM ysuy |3 €'ON IIoM 1ugn
- ¥ 'ON JE9 'ON

£

twdd -7 osqy
ISYw S TM
S pug
=1
B W_ ]
oy

L'ON_lI°M Usuly |3

8 ON

Cowad poz's @ saL
SVW O Es - TTM

L e
06z [T
——|
A -
===
P L e m ]
. 2
S A ]
00T |  r— =
<6 e
.-_h
33 :
uwzz 57

w002 ISV

CLON lIoMm Usuy |3
V&r "ON

widd - sqL
Tevw =l TTM
S¥ 1 pun

Repusy

BWWaH 13

v .23



No. 63A No. 64
Gebel Libni No.1 Libni No.4

No. 60
Gebel Halal Well No.1

No. 42 _
El Arish Well No.7

No. 43
El Arish Well No.8

O

Bua003 ue!uoﬁgs 18dd,

dewel | uguewouss

Ora-

ASL 148"

SnRoaoRialDy

mASL
ppm

Grid

m ASL
. 4,800 ppm

K5
58

Grid
W.L

: K5

Grid

mASL
ppm

WL
105

TDS

mASL
ppm

w.L
TOS

IV -24




Ldd - Sal
it - TM
¥ PHD

Snoaselas)

AutessnH 3 1pepm
8L 'ON

wdd 00z's @ saL
ISVRE gL TTM
T puD
Yool
Bleq oN
,m
T ]

uy

clioM UoleGUOW |3

wdd oy i SOL
YW Y2 1 TTM
D PUD

oM nonezordxy [o

oM I8eIS| JefeH |3

wad - tos0L
SV TTTM
OB pud

Arey nqy

wdd -1 sal
ISYw L

. BUD
Trom, voneIoidxy 1O

uajyeT 8L 'ONM

v-25



wdd ovyl ¢ SQL
sy w M
o I PpuD

10wl SvBN

vwizsne ¥
NNMQD ARvESiIvELS -0HIN
|
EAEY
35
|8
* los1-
wdd -1 osad : & wdd - osai weld " osaL
Isvw TOTTM = m . PR L TOTM eve o - T
9 PED ] = & looid . U W puO S P
|4 L Hr Ll 1
B = mj =
62 | mm t_.mw_” m m, _
- Yo T ...uc ®1= o5 vez ‘ “ ol
: IJ@WPL ﬂﬂimwmﬂ wdd BRI <«  § ! i ﬁ = mA
wied On _ =8 SR ISYW < TM 1 EIRQON 3 Am
z S . : 9 @ pup | | 2%
T W,._...u. 0- ‘ | 5 3 _
LLITEY 5538 - 1 g1
SNHYHIU | 3ol AO0M0AINL S NV HHOS 3BV H 1 ? | i
_ 1 woday Teotuyra], 19759 g
wp

BWwesND 3 IN0JCY) {3 yeisusiy 13
V08 ‘ON jellepng uly ~ [efed ¥i'ONP ¢8 ON 6. 'ON

IV -20




widd - IosgL

ISYw ST
S 1 PuD wdd - sqL wdd - - os@L
. Isvw -lTM /YW 82 0 TM
H 1 . K
o puD . ™ D wdd -1 osQL
YR - TR
o 1 puD
z
=
5
TEYT § ] 1
rpiag ] i ; “
9 4 SEQ °N i
, &l b
wue

_ _ _ - [IBM UBjEMS
L USIA] Bl |13 YD |4 #8 ‘ON a \Scmm“w .022 _.u._ m“m‘_mv:omv_mwm.oz

Iv-27



wdd 0gog ° SOL
Isyw g- 1 TTm
9 1 PED

555TH g
.ﬂ wdd - o8l
mmE.,.r_._. Tsyw - TTM
sy | 9 1 PUD
Ak
| yay | snossmaly
. T19M, uopeIoldss 10

Z'ON OJUlY [3 IPEM

V9L ON Wweqg ejemey $oNp

wdd - LsQL
sy g *  TIM
@ 1 PND
£oeT
s
-1
Hi==== u;-.ql.w
. = 3
i B
ske | =
10 S
098 T
J m o
T
L ﬁ w
T #
1 m
. —r 5
RS s i
6L .
R
[828 e
. :
2 -t
mw.“. e, &
Lur¥ (=]
EVF  fr— 2.
i o m
X L}
T
e emun 53
L=
I =
Il
vz /= |
T T =
veif
Em——y ]
3 &
== 3
. =,
A B
LE .
8 %
E5) AN

|ues0]

UBUIUS W

wdd 0052
ey -
o9 -

Bl ON

eqgepbep |3

wald - osal
Sy =L TM
™ I pUD

:‘,mum
ire u..._._lﬂnﬂih)m.mm.w‘
O = .©
ﬁmﬁm‘wd i
FLT (et
T :.ﬁ:ﬁ.mﬁ.m

...ruﬁ.u..._ luwmm
96 pfegenn B

v o |

= |

lBjemeY |3 85 ON

1V -28



widd - 0osdl
sww - TR

oM 1 PUD
TIeM, uoneIoidxy 0

F-BIGEUM

widd - sqal
sy 0 TM
gy @ PUD

200l | 6U60T |

e

2
o
Iolmﬁoﬂl = m
e = ﬁ
ey e sl J
0T=
Wy

BICRYY 1T

wdd ozs8 ¢ sAl
I8y S 1OTM
S T PUD

261
B Pl ety %
Mn 011 ﬁﬂlﬂ S .m w
z b= |
& AR o ®
¥ ["OnETRig x
WG 7 1

(@) yueg 13

s

wdd oo0'y © SAL
/YW 5.0 TM
g ¢ PUD

Lrav

UBUBIICUBY)

SNOBRIAID

o
.
-
oL oy === _
| g S
1 an N T =
| Ez= 2}
[ -+
=
i
=g
Ex
c
=3
E:
(41
o
=
=
5,
g
Xl =
03 mﬁ
&

oJuy 3 91d

widd - oS
eV - TM
9y ¢ puD

e
AE==a
wg usasy 7

Aiselend

L'ON OIWY [ iPEM
g9/ ON

IvV-29



widd - 801
Jsyu - TM
. o - puD

1194 voneiodxs 110y

uoisniad

wdd -t osaL
Tsyw =L TTM
eN : PHD

T1eM toneodxd 110

|-zebnog

wdd -1 sal
Jsvw -5 TR
N PO

T1am uoneaoidxg IO

X | -BUBLIWOY

wad -1 osaL
Isyw - TM
9 PUD

[ uonerordxy o

YUEG | L'ONF

wdd 229t @ sS4l
qSYW $0L 1 TTM
g9 1 PUD

flom uomesordxg 1O

yueg 0L 'ONP

1V -30



widdd - osaL
sy S TTM
o B &)

1o uoResordys 110

}-USHY

wdd -1 osaL -
ISvw S TTM

o U -

192

I Ey
— 5]

e 2 |

71 }
O ]
oy ﬁ
ez Tretreest B heng |
Nz ALt |Lu_..o_
g

ZON i{oM uliys] -G 'ON

,Eaa .u..wa._.
Teyw -0 M
D T P

Amppa -

L'ON [IOA BINOY) (3

wdd - osaL

Sy S TTM

01 PUD

e uoneIoldxg IO
L-ABIS

wicid -1 osal

syw S LTM
o pun

M uoneIo[dxy JI0

|-12j09)

IV - 31



wdd - @ osgL
1Sy - TM
0 P

P4 uoniordxy 1

L-HANIRH

wdd ps2‘y : sql
Teww L8 1 TM -
£EO 1 puD

1 noday eomyoa) 195799

BGOJBYY |3 SONP

wdd 29s's @ Sdl
IsYW 08 1 TM
2O ¢ puO

[ uoday Testye], 100y

[imet (3 £°ONP

wdd -1 osai
syw - TR
: e0 - PHD

I ﬁoaum festuyaol Ry

mel 13 2ONP

widd - 8ab
TSYw - TTM
20 ¢ PUD

[ Hoday [eaMUya] JY

uepsiy [3 L'ONP

v -32 .



wdd ol¥y'e @ s0L
asyw L0 ¢ TTM
€O I PUD

1 woday 1enuyso] 105y

BIOSSE | 6°ONI"

wdd 2el'z @ sal
/YW 26 1 TM
£0 I pUD

] voday TEoyIRL, Ry

BJOSSEWN |3 8°ONI

wdd 0955 ° SAL
eyw % 1 TTM
g0 PO

1 woday Teotuyda] 3333y

pafemnz yxioys |3 L'ONP

wdd ogg'v @ 44
sV &% 1 T
Q0 1 PUD

[ odey eomyss ] 1919y

- pakemnz lIdUS 13 9ONP

vV -33



Gebel Umm Mafrouth

Wadi El Giddi

Gebel Giddi

Gebel Somar

Gebel Amrar

-.u_--——-—u_w._._‘ g __.‘
5 LoRgAN | TR
Pmﬂ?w;j

. B
2} =4 vy un E
L E P 3 £8
PP Ty Tevepraing ﬁ""”&'m .',' : g ..
UEIUBWOUB) .-
. o i»
L e e
G =

|

2
a E a
g T, .
] -
g 528
=

mASL
ppm

K1

Grid
WL
™S

IﬂT ~ 7 -t

[ . 23
- w

m
9

1231

SJ_PI;SBIJ%O ANd)sPWry ?3_7]5 ij 7-8? I OBy

RN ]
e b o _
vE an‘”"’s. "*’l.jﬁga‘ 7 UB|uOIn ] UBllrelwousy SNOBIRIDID 1A
SN0BoRIAID T -
@
El w - : ¢-
Gf m 3 . ‘ § E £ g
ety 2775 gz,
Al A - o7
- '-Lu:: gz-;m..-azswr:r? @:‘W‘r?; a . o
bt A . < P
8UBI00E| _dlunmuesn@ “"lm“‘?'.,_qmni' UBUBUIOUE)

Areust ; snogswialy ]
L :

Grid
Wi,
T0S

IvV-34




Gebel Arif El Naga

Gebel E! Mensﬁera

Gebel El Arf

Gebel El Maghara

30 21 85" N

34729 50"e

Gebel Yelleq

Cduopy | }T"“”\Jﬂ
. uo_wpxwajan N m:momros h
A TR AT K ﬁ:::f
—| - 1 El s aX :7 | 1 ! | | BB
, ookt it it L R B e " MR T AR MG 8
edoo03 | |uswousgueddn [ veuousgeme]  Ueluoing VBILRWOUDSD $MOaIRION) JAMO
Areipe), " e || ool l
e - X
oojed ojsseInp )
—
=3
3 .5
é._
TP 7545202 e WeprawTy ‘65{
k VBIUBWOUBD SnoBIE@) JoMe]
$10802191) |

435

veuIng

i

SNODORI0IY

i

UgirELoNeDy

W0IIRIBIT) FOMOT)

Qil Expioration Well

IvV-35 7



Risan Aneiza Makhtesh Ramon  Egst To Wadi Watir

Maghara El Maaza

Wadi Khareiza

Gebel Kherim

7
. <
> £ §
B
3
e % L] 1]
EROMBIRI JOM0T .
SNOBOEIBIY Ba@
538
+ vaqmmnf Jesmly umjvnmpoq:ly wopiyy oy
B huc 20 S womrwiao] ey 2 I vGipearef gy Y"Pﬂ »
B - g <8
£ £ 3
Fal
.| | B
. 5
E i S 3.
g \' we 0
2 o
5 osseinp 2d4R
%y 5z R

on

HHE

UBiuRIuoue) o ) SNOSIRIBI) 10MOT

a1

L

SNOGORIBIT) SOMGT|
snoe:ma:o
e e i W
sissRIND
?
-3
£
= snoeseiein g ..
180T -
o _j UE’
=
4
INEE e 3¢
o 2 - I =t E
sopseln %04 UG %02
: 0o BuGISBUI 918 pltojsewr) ,
g0 T vewewouo SMOGORSIY -
T addn jnm—; lmwang | ] J
—— 249
T a - 8z fF

v -36
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INTRODUCTION

- Landsat image analysis was-carricd. out for preparation of landform
classification map of 1/250,000 scale.  This analysis has been carried out in
the phase-1 stage of the study for the purpose of oblain.ing data required lo
comprchensively rcéog'nizc 'Ll:w geomorphological feawere of the study

arca.

The ground truth was carried oul based on the results of landform
classification obtained through the first stage study, in order for further

detailed classification of the distribution of cach landform unit,



SITE SURVEY

For North Sinai, monochrome acrial photographs in scale of 1/10,000 and
1/15,000 have been obtained and interpreted. In addition a_1/50,000 mosaic

photographs have also been prepared based on these aerial photographs.

On the occasion of the site survey, landform classification x%ras_ carried. out
using the acrial photographs, in addition to the Landsat images. Since
these aerial photographs are extremely  in large scale, the amount of
information was considered to be oo aboundant for this siudy.  Therefore,
site survey for this study was carricd oul based upon the Landsat image
data, while improving the reliability of landform classificaiion the aerial
photographs were interpreted.  Then, the final results were compiled into

the landform classification map in scale of 1/250,000.



PREPARATION OF LANDFORM CLASSIFICATION MAP

In the first stage study, the landl‘ofm in  North Sinai was classificd
prelimin_arily into the following cleven itcms;'Namte/. 13 Mountain, 2)
hilly upland, 3) Rock platform, 4) Diluvial upland, 5y Old fan, 6) Aluvial fan,
7 Wadi, 8) Sand dune, 9) Sand bar, 10) Lagoonal lowland, 11) Talus and 12)
Coastal lowland. As a result of this sile survey, the tableland and ltowland
were further subdivided, and the landform was classificd into seventeen
items in total. Therchy, .thc landform was summarized in a 1/250,000 scale
map,  The respective ilems of the Iandform classification are described

beiow.
(1) Mountain (M)

The distribution ol mountains has bcen dominated entirely by the
gcologica'l structure.  The mountains consist of those ranging over
the so-called Syrian Arc and are distributed in a block form in the
east-northeast and west-southeast directions. "The mountainsg
distributed in a block [lorm along the Syrian Arc have been formed
due to tectonic movements. Such mountains include the Gebel El
" Magara, Gebel EI Yelleq and Gebel El Halal. These mountains
consisting mainly ol limesione and other sedii’nemary rocks have
also been formed on the cast and west-south sides of the study area
along the border with lIsracl. The clevations of the mouniains range

from several hundreds to 1,000 meters.
(2) = Hilly upland (E)

Judging from the distribution of elevation, the hilly uplands are
distributed widely in the intermediaic zonc between the mountain
and desert zones. The base rocks of these hilly uplands consist of
chalk and limcstone of the Tertiary system with the elevation
rangiﬁg frbm 200 - 300m to 500 - 700m at high places. In view of
landform, the drainage syslem donlillaics where there are moderate
ups z.m'd. downs,  Although small scale cuesta landform and erosional
monadnock landform are distributed as a result of differential

crosion.



(3)

(4)

(5)

Platcau (PL)

The landform wherein & wide and flat arca is formed on a summit
surrounded by a - stecp ridge, is classified as plateau. The distribution
of the plateau is comparatively limited.  Regarding the causes of
formation, the strata of chalk, limestone, ctc. scdimented _:ro_ughly
horizontally arc prcsumed_ to have becen formed inio platcau as a

result of differential crosion.
Terrace (TR1 and TR2)

In the study arca, formation of clear terrace landforms are observed.
The terrace landforms. are formed particularly around Gebel EI
Maghara and Gebel El Yelleq, and also around the major tributaries
upstream of the Wadi El Arish.  Considering the fact that two slagé
terrace land_fbrm is obscrved in. (he study arca, the landform in the
fand classification map is classified into highéi‘ terrace (TR1) and a
lower Terrace (TR2). These terrace landforms are presumed to have
been affected largely by variation in climatic conditions in thc past.

In other words, there existed a distinct period  during - which the

- sedimentation  action played a major role, and another period during

which the erosion action played a major role.  Consequenily, such
landforms are considered o have been formed due to the change in

environment in the Quaternary period.

Basically, the terraces are comprised chiefly of sand and gravel
deposits. These deposits scem to be comparatively thin on the inland

side,
Fans (F1 and F2)

This fan landform has been formed due to the sedimentation action
of rivers in mb_umainous Areas. Under this siudy, the fan landform
is divided into two types, F1 and F2. The fan Fl refers to the summit
portion where the action of erosion has progressed to some extent in
the past but is not subjcclcd ziny erosion at present, while the fan F2
was nol virtually been subjected to any crosion in the past but is

subjected to considerable crosion at present.



(6)

(7)

(8)

(9)

Basically, such fans consist of sand and gravel.  On the inland side,
such fan scdiments are presumed to be comparatively thin due. to
ciposcd conditions of bedrock. On the other hand, under the sand
dune on the Mediterrancan sca side, a fan is p.rcsumcd to. have been
formed during the seca level reduction period (about 20,000 - 30,000
years ago), duc to the fluctuation of the sea level associated with the

change in climate during the Qi:atcrnary- period,
Pediment (P)

As a landform inherent 1o dry arca, the pcdinlcnl is a moderate
mountain slope formed due to the action of erosion chiefly on the
portion of pediment. _Wilhout any major ri_\;cr, only small scale
drainage systems have developed on the slope of the pediment. The

pediment is distribeted as if surrounding the mountain of a pediment

cof hilly upland.

Rock plain (RP)

The lowland with “smal ups and downs with mainly exposed rock is
classified as a rock plain. Itis distribution is comparatively limited

and observed at thc mnorthcasicrn parl of Hasane.
Gravel plain (GP)

This plain is a lowland with small ups and downs where sand and
gravels are mainly distributed on the - ground surface, with small
sand dune sediments. A part of the arca is also presumed to have
been affecied by flash [loods.  This plain is considercd to have been
formed due to the sedimcntalion action in the past corresponding to
the flow routc of wadis. At somc places, sand and gravels are

quarried and suppli'dd as aggregates for construction work.
Talus (TL)

This is a landform lormed duc 1o sedimentation of collapsed materials
under steep ridge by cxposure of bedrock.  The distribution of this

talus landform is rather Timited.



(10)

(1)

(12)

(13)

(14)

Sand dunc (SD)

The desert formed widely around the Sucz Canal on the west side of
the siu'dy arca that cxicnds towards the Medilerrancan side s

covered by this sand dune.
Coastal sand dune (CSD)

The coastal sand dunc is distributed along the coast from El Arish on
the northeast side of the study arca to Rafah. This area is entirely
whitish according to the Landsat images, and is clearly diffcrent
from the inland sand dunec of the dcs_crL The specific elevation of
the cééstal sand dunc ranges from 20 o 30m and even to about Skm at
places with a lafgg' width. As the rainfall is comparatively high (100
- 300mm .per year) in Lhe area from El Arish to Rafab, the rain
stored in the coastal sund dunc is utilized as groundwater source to

the farmiands in this arca.

“Coastlal plain (CP)

This coastal plain has been formcd on the Sucz Bay side, located

towards the west side of the study arca.
Lagoonal lowland (LL)

This coastal lowland lies along the Bardawil Lagoon of the coast
towards the north side of the study area, and is surrounded by sand

bar and inland sand duncs.
Sand bar (SB)

An extremely long sand bar has been formed at the northern part of

Sabkhet el Bardawil.



(15) WADI (W)

Tributaries of the Wadi E! Arish system which include their
respective floodplains.  With the scdiments mainly consisting of sand
and gravel, localized groundwaler is observed at times of floods. The
width of the foodplain is extremely large.  Although such sediments
could generally be potential aguifers, the siralum is so thin with no
significant potential for ground water development. A part of the
Wadi sand and gravel sediments are also quarricd as aggregates for

construction work,
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