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Cuarrer SEVEN

DISCUSSION A.ND CONCLUSIONS

he mineral and petrographic characteristics, the diagenetic

history, as well as the hydrocarbon reservoir quality of the

Naqus Formation (Upper Cambrian) and the uppermost part of
Araba Formation (Lower Cambrian) at Gebel Naqus, southwestern Sinai,
together with some subsurface core samples are the main subjects treated
in this work. A sedimentary section at Gebel Naqus to the north of El Tor
was selected for this study. The section is about 370 m thick and is made
up of the entire Naqus Formation underlain by the uppermost part of the
underlying Araba Formation. One hundred and fourteen rock samples
representing all the possible varieties were collected. Lithological
variations and color changes of strata were taken into consideration
during sampling. Observations were also focused on sedimentary
textures, structures and facies changes.

Subsurface data from Ras Budran oil field were provided by Suez Oil
Company. The field is located in the northern offshore area, 4 km west of
the eastern coast of the Gulf of Suez. It has three main blocks A, B and C
separated by two main faults. Six key wells were selected for this study:
two wells from block A (RB-A1 and RB-A5); three wells from block B
(RB-B3, RB-B4 and RB-B7) and one well from block C (RB-C2). Data
provided included representative Paleozoic core samples (60 samples),
core photographs, core analysis data and electric logs.

One hundred and fifty rock samples were selected to represent the
studied sandstones. Petrographic and mineral examinations were

considered using the conventional polarizing microscope, X-ray
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diffraction (XRD) analysis, heavy mineral analysis, scanning electron
microscopy (SEM) supplemented by X-ray energy dispersive analysis
(EDAX). Some important petrophysical parameters were also measured.

Different types of sedimentary structures are recognized in the studied
sandstones. They include: erosional surfaces, channel-fill structures,
massive bedding, graded bedding, flat bedding and planar lamination,
cross-bedding (tabular and trough) and cross-lamination, deformed
structures (convolute bedding and recumbent foresets), chemical
structures (differential coloration, liesegang bands, mottling, calcite and
gypsum veinlets, and silica-filled fractures), mechanical structures
(differential weathering, joints, open fractures) and biogenic structures
(burrowing organisms, mainly Skolithos tubes). Deformed structures are
widely recorded in Naqus Formation and its subsurface equivalents,
whereas biogenic structures characterize Araba Formation and its
subsurface equivalents.

Textural analysis indicates that the studied sandstones are very fine to
medium-grained, occasionally coarse-grained, and poorly sorted to
moderately well sorted, but the majority are moderately sorted. Grain
shape varies from angular to well rounded, but the majority of the sand-
size grains are subangular to subrounded.

Microscopic investigation of the studied sandstone samples showed
that they are composed mainly of three architectural components;
framework grains (F), cement (C) and porosity (P). Detrital matrix is very
rare and constitutes a negligible proportion of the sandstone composition.
Although infiltrated clay minerals are present in some samples, they are
mostly of diagenetic origin. In this concern, Naqus Sandstone ranges in
composition of the three components from Fs75Cy50P0g to

F7925Ca2.50P27.75 with an average of Fg9.49C1294P17.57. Sandstone of Araba
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Formation ranges in composition of the three components from
Fs5125C1925P0.0 t0 F7575C4g75P11.50 with an average of Fg220C3427P3.45. On
the other hand, the three components in the subsurface sandstone range
from F7525C2.00P0.0 to Fgg25C2475P14.75 with an average of Fg; 03C13.12P4 g6-
Differences observed among the studied units, and in samples from the
same unit, are primarily due to variations in diagenetic processes.

Because clay matrix is nearly absent, and quartz comprises the only
framework mineral, the studied sandstones are considered as quartz
arenites. Concerning mineral composition, they are mature to
supermature, Texturally speaking, they are submature to mature as
evidenced by the abundance of subrounded and rounded grains, and the
moderate-to-high degree sorting. The scarcity of detrital clay minerals,
rock fragments and feldspars may, however, be a compositional maturity
obtained by dissolution during diagenesis (diagenetic maturation), thus,
the studied sandstones may be described as diagenetic quartz arenites.

Quartz is the most abundant detrital component in the studied
sandstones. The average values for quartz in the Naqus, Araba and
subsurface rocks are 99.58, 99.42 and 99.60 %, respectively. Some of the
studied samples have polymodal grain size distributions. Coarse sand
grains are mixed together with very fine sand grains with some fragments
in the intermediate size ranges. Such a texture may result from mixing of
sediment from two different environments, storm mixing of material in a
high-energy environment, multiple sources of sand supply or, in some
cases, may be produced by burrowing or other in situ mixing processes.
Banding on the scale of a thin section is locally observed.

Quartz grains are either monocrystalline or polycrystalline; the former
are the most abundant; averaging 88.13, 97.02 and 96.34 % of the total

quartz in the Naqus, Araba and subsurface sandstones, respectively.
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Monocrystalline quartz with straight extinction (nonundulose) is the most
common (averages 91.23, 96.58 and 95.31 %; respectively). The average
values of undulose quartz are 8.77, 3.42 and 4.69 % in the Naqus, Araba
and subsurface sandstones, respectively. The average ratios of the
undulose to nonundulose types are 0.10, 0.04 and 0.05.

The average values of polycrystalline quartz in total quartz are 11.87,
298 and 3.66 % in the Naqus, Araba and subsurface sandstones;
respectively. The average ratios of polycrystalline to monocrystalline
types are 0.14, 0.03 and 0.04.

The complete spectrum of quartz types present in the studied
sandstones is: common, volcanic, recrystallized metamorphic, stretched
metamorphic and quartz vein. Petrographic observations indicate that
common quartz, typical of plutonic and some metamorphic rocks, is by
far the most abundant.

The predominance of quartz in the studied sandstones may indicate
that parts of the source region had low relief and underwent deep
weathering and the sediment is at least partly multi-cyclic or that transport
distances were long. Furthermore, the assemblage of ultrastable heavy
minerals indicates high degree of reworking during a multi-cyclic origin
of these sands. Moreover, the presence of rounded detrital quartz grains,
rounded sedimentary lithic fragments, and rounded grains of zircon and
tourmaline suggest that a major component of the provenance is older
(pre-existing) sedimentary rocks.

Feldspar minerals are essentially absent in the studied sandstones,
except a few extensively altered to completely dissolved grains on the
scale of a thin section. The scarcity of feldspar may have resulted from
one or more of the following: 1) deposition in a high-energy regime

which selectively destroyed feldspar grains; 2) poverty of source rock-
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bearing feldspars; 3) low topography of the source area associated with
the predominance of a warm, humid climate; and 4) extensive diagenetic
modification due to intrastratal solution. In the present study, it is
believed that the original feldspar minerals were lost due to grain
dissolution by ground water in an active hydrologic regime and/or due to
excessive alteration during burial diagenesis. Many feldspar grains were
completely dissolved leaving behind skeletal remnants or showing no
evidence of their former presence. In the later case, the dissolved grains
left only oversized pores that indicate their original presence. The
proportions of feldspars lost by the effect of these processes were
determined assuming that 80 % of the oversized pores and of grains
pseudomorphed by kaolinite were originally feldspars. The volume of
feldspars lost averages 6.69, 4.64 and 0.77 % in the Naqus, Araba and
subsurface sandstones, respectively.

Rock fragments are a minor constituent in the studied sandstones.
Their average values in the Naqus, Araba and subsurface rocks are 0.22,
0.18 and 0.14 %; respectively. The recorded rock fragments are
sedimentary and, much less commonly, metamorphic and volcanic.

Sedimentary rock fragments consist mainly of chert, fine-grained
siliceous and ferruginous sandstones, siltstones and mudstones. Chert
fragments are mostly made up of subrounded to well-rounded
microcrystalline quartz suggestive of a polycyclic origin. They were
generally mechanically and chemically stable during diagenesis.
However, some chert fragments have undergone partial dissolution that
resulted in microporosity development. Some chert fragments are
embayed by quartz grains indicating a higher stability of quartz relative to
chert. Silica-cemented siltstone and sandstone clasts are present locally.

Hematite-cemented sandstone fragments are occasionally observed.
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Metamorphic rock fragments are mainly represented by quartz mica
schist and quartz gneiss. Different ductile grains, represented mainly by
mica - flakes are also recorded. These grains are relatively stable
chemically, but they are easily deformed during compaction. Muscovite
flakes are by far more common than biotite flakes, due to their abundance
in source rocks and greater resistance to chemical weathering. Gypsum
flakes are also recorded.

The petrographic data indicate that the source terrane or terranes for
the studied sandstones include volcanic, plutonic, metamorphic, and
sedimentary rocks. The quartz-rich character of the sandstones, together
with the general scarcity of volcanic rock fragments, appears to rule out
quartz-poor volcanic rocks as major source rocks. Neither plutonic nor
metamorphic source rocks were major sediment contributors to most of
the studied sandstones. Further, because much evidence of recycling was
observed, quartz-rich sedimentary rocks are supposed to be the major
source rocks. Analysis of quartz types further indicates that plutonic rocks
were more important than metamorphic rocks as sources for the studied
sandstones. However, scant evidences, based on relative rock-fragment
abundance and polycrystalline quartz grains characteristics, suggest that
metamorphic rocks may have been more tmportant sediment sources than
plutonic rocks. Volcanic rocks are the least.

Detrital clays are essentially absent in the studied sandstones except as
a few claystone clasts. The average values of detrital clays in the Naqus,
Araba and subsurface sandstones are 0.05, 0.4 and 0.23 %, respectively.

Heavy minerals may reach up to 1.45 % (average of 0.15 %) of the
framework composition of Naqus Formation, whereas, they constitute a
minor proportion of those of Araba Sandstone. On the other hand, heavy
minerals in the subsurface sandstone may comprise up to 0.33 % with an

average of 0.03 % of the framework composition.
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Opaque minerals averages 54.18 and 52.49 % of the total heavies of
Naqus and Araba sandstones, respectively. Opaques seem to be size-
dependent, constituting the great proportion of the total heavy minerals
(averaging 63.24 %) of the very fine sand fraction. This may be attributed
to selective sorting during transport and deposition. In the studied
sandstones, opaques are mainly represented by hematite, goethite,
hydrogoethite and Fe-T1 oxides.

Non-opaque minerals averages 45.82 and 47.51 % of the total heavies
of Naqus and Araba sandstones, respectively. Non-opaques also seem to
be size-dependent showing percentages which are minimum (average
36.76 %) in the very fine sand fraction and maximum (average 49.01 %)
in both the fine and medium sand fraction. Ten non-opaque, ultrastable
(zircon, tourmaline and rutile) and metastable (garnet, sphene, epidote,
staurolite, sillimanite, monazite and hornblende) heavy minerals were
identified. Micas were excluded from the heavy mineral assemblage
because of their extremely platy shape, which results in anomalous
behavior during transport. The ultrastable minerals are the most abundant
nonopaques in the studied sandstones. They were recorded in all the
examined samples with a relatively high frequencies. These minerals can
survive prolonged transport and were mostly recycled from older
sedimentary rocks. The lack of other heavies may be attributed to their
rarity in the source rocks and/or their relatively low stability during
transport and burial.

Ternary diagrams of quartz, feldspars and rock fragments (QFR)
illustrate average present-day composition of Qog78FooRo22 for Naqus
Sandstone, Qoo 82F0.0R0.18 for Araba Sandstone and Qg9 g6F(.0Ro.14 for the
subsurface sandstone. The present composition of the studied sandstones

is different- of course- from their composition at the time of deposition,
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because these sandstones were progressively subjected to diagenetic
processes and weathering. The restored average original composition is
Qs9.54F522R224 for Naqus Sandstone, Qo121Fs9R139 for Araba Sandstone
and Qog 70F¢.93R0 37 for the subsurface sandstone.

Cements and replacement minerals in the studied sandstones vary in
abundance. They average 12.94, 34.27 and 13.12 % of the whole rock
volume in the Naqus, Araba and subsurface sandstones, respectively.
Authigenic cements include quartz, K-feldspars, clay minerals (mainly
kaolinite), iron minerals (mostly hematite), calcite, gypsum and halite.
Allogenic cement was also recorded and is represented mainly by
infiltrated clays.

Quartz cement averages 1.33, 0.53 and 0.78 % of the whole rock
volume in the Naqus, Araba and subsurface sandstones, respectively. It is
represented mainly by syntaxial overgrowths. Microcrystalline quartz is
another type that was recognized in few samples. It occurs as either
mosaic cement or isopachous drusy coatings.

Authigenic K-feldspars constitute a negligible amount in the studied
sandstones. Commonly they are found as coarse crystals cementing quartz
grains. These crystals are not connected to detrital feldspar cores, but
occur as isolated crystals partially filling pore spaces. Such feature is
known to develop when the pore water becomes supersaturated with
respect to K, Al and Si. Dissolution and alteration of authigenic K-
feldspars in the studied sandstones have been locally recorded.

Allogenic clay minerals are present in minor proportions. They
average 1.21, 1.80 and 4.42 % of the whole rock volume in the Naqus
Araba and subsurface sandstones, respectively.

Authigenic clays in the studied sandstones are represented by kaolinite

together with traces to minor proportions of illite, smectite, illite-smectite
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mixed layer and chlorite as indicated by XRD and SEM examinations.
They occur as pore-filling and pore-lining cements, and as
pseudomorphous replacements. Kaolinite averages 7.73, 14.20 and 1.29
% of the whole rock volume in the Naqus, Araba and subsurface
sandstones, respectively.

Iron minerals (mainly hematite) are abundant and ubiquitous cement in
the studied sandstones. They vary largely in abundance among the studied
sandstone units, and in samples from the same unit. They may comprise
up to 6.50 % of the whole rock volume of Naqus Sandstone and up to
32.25 % of those of Araba Sandstone. The average values of iron
minerals cement in the two formations are 1.55 and 17.22 %, respectively.
On the other hand, iron minerals cement in the subsurface sandstone may
reach 13.50 % with an average of 4.04 % of the whole rock volume.
Some subsurface sandstone samples may have up to 70 % by volume of
iron minerals cement (mainly hematite); these samples were not included
in the point counting.

Calcite is the main carbonate mineral present as a cement in the
studied sandstones. It averages 0.12, 0.10 and 0.17 % of the whole rock
volume in the Naqus, Araba and subsurface rocks respectively.

The average values of halite in the Naqus, Araba and subsurface
sandstones are 1.01, 0.52 and 2.3 %, respectively. However, halite is
presently undergoing dissolution, and hence, its original extent is
unknown.

Gypsum forms scattered patches of cement in few samples. Most
patches are at the millimeter scale, but locally, they may be at the
centimeter scale.

The detailed and comprehensive petrographic studies conducted on

more than 150 thin sections and 100 samples examined by scanning
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electron microscope showed that the studied sandstones exhibit a variety
of diagenetic features that include: 1) mechanical infiltration of clay
minerals, 2) dissolution of unstable detrital silicate grains (such as
feldspars and ferromagnesian minerals) and the consequent development
of secondary porosity, 3) development of an authigenic mineral suite that
includes quartz, calcite, iron minerals (mostly hematite) and clays (mainly
kaolinite), 4) compaction features such as closer packing, mechanical
fracturing, deformation and bending of ductile and cleavable grains, 5)
dissolution of early-formed carbonate cement followed by fracturing and
secondary porosity initialization and 6} development of late stage cements
made up of quartz, K-feldspars, kaolinite, iron minerals, calcite, gypsum
and halite.

The paragenetic sequence of the diagenetic processes began shortly
after deposition of the sediment by a limited infiltration of clays. A phase
of precipitation of quartz cement cccurred soon after deposition at
shallow depths before the commence of real burial compaction.
Cementation with iron minerals occurred early in the burial history and
continued for a long time. However, recent studies revealed that iron
minerals in sandstones may be introduced at any stage, viz, burial
compaction, cementation or at any stage in diagenetic events, therefore
the existence of iron minerals is valueless for any diagenetic sequence
interpretation. The major part of cementation by calcite preceded
significant mechanical compaction and followed quartz cementation.
Dissolutions of feldspars and rock fragments probably occurred after\the
main episode of calcite cementation. Kaolinite, K-feldspars and late stage
iron minerals cement were deposited following the dissolution process at
late mesodiagenesis. Kaolinite commonly breaches secondary pore spaces

and is mainly interpreted as a late diagenetic cement. Based on their
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textural relationships with other cements and their fresh surfaces, halite
and gypsum are interpreted to be formed very late in the paragenetic
sequence.

In spite of their age and the large volumes of ground water that
probably passed through them, the studied sandstones retain, with a few
exceptions, sufficient porosity and permeability to possess a good
reservoir quality. In the present study, porosity was measured
petrophysically by using a helium porosimeter and in thin sections by
point counting. Naqus Sandstone has helium porosity that averages 23.1
%. About 84 % of Naqus samples have porosity greater than 20 %.
Sandstone of this porosity magnitude makes it as an excellent reservoir
rock. In Araba Sandstone, helium porosity averages 17.8 %. This
sandstone has a high kaolinite content and its porosity is usually
intercrystalline. On the other hand, helium porosity in the subsurface
sandstone averages 10.4 %.

Thin section porosity in Naqus Sandstone has a mean value of 17.7 %,
while in Araba Sandstone it averages 3.6 %. On the other hand, thin
section porosity in the subsurface sandstone averages 4.9 %. Of the total
present thin section porosity, primary porosity averages 75.06, 54.75 and
95.70 %, and secondary porosity averages 24.94, 45.25 and 4.3 % in the
Naqus, Araba and subsurface sandstones, respectively.

In Naqus Sandstone, permeability ranges from 1 md to 19526 md with
an average of 2818 md. About 46 % of Naqus samples have permeability
greater than 1000 md. Sandstone having this permeability magnitude
makes an excellent reservoir characters. On the other hand, in Araba
Sandstone, permeability ranges from 3 md to 162 md with an average of
50 md. 50 % of Araba samples have permeability values between 10 and

50 md, indicating a moderate reservoir quality. The subsurface sandstone
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has a horizontal permeability ranging from 0.0 md to 1270 md and
averaging 92 md. On the other hand, its vertical permeability varies from
0.0 md to 1340 md with an average of 100 md. This slight difference in
permeability magnitude is attributed to the presence of small-scale open
vertical fractures, which enhance vertical permeability. These fractures
are sometimes only detectable in thin sections (hairline fractures).
Sandstone having this permeability magnitude makes a good reservoir
characters.

The reservoir quality of the studied sandstones was controlled mainly
by compaction and secondarily by the degree of cementation (except in
Araba Sandstone where cementation was more effective than compaction
in reducing porosity).-From an estimated initial porosity of 45 %, thin
section porosity in Naqus, Araba and subsurface sandstones is reduced to
the present value of 17.7, 3.6 and 4.9 %, respectively. The average Naqus,
Araba and subsurface sandstones lost 31.69, 19.03 and 33.66 % porosity,
respectively, by compaction and 5.45, 24.16 and 8.33 % porosity,
respectively, by cementation.

Development of secondary porosity (about 4.39, 1.54 and 0.21 % total
rock volume in Naqus, Araba and subsurface sandstones, respectively)
locally enhanced the reservoir quality of the studied sandstones. This
porosity resulted mainly from the dissolution of feldspars, rock fragments
and calcite cement. Minor proportion of secondary porosity was also
created by fracturing due to tectonic stresses or overpressure
(hydrofracturing).

The sandstones of Naqus Formation are believed to have a non-marine
mode of deposition. The numerous quartz pebbles that are either
randomly distributed in Naqus Sandstone or preferentially oriented along

cross-bedding planes may suggest a high-energy shallow agent of
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transportation, probably a meandering fluvial system. The streams were
probably very erratic and intermittent with coarse load at the bottom
followed by the finer sediments with the diminishing of the flood. The
proposed fluvial origin for Naqus Sandstone is strengthened by the
presence of convolute bedding and recumbent foresets.

The presence of cross-bedding, fossil tracks of Cruziana and Skolithos,
as well as traces of burrowing organisms in Araba Formation may support
a shallow marine depositional environment. The Skolithos ichnofacies
clearly indicates clean, well-sorted near-shore sands with high levels of
wave and current energy (intertidal zone). The varicoloration of the
sandstone beds could be the result of oxidation processes due to the wind
activation of oxygen dissolved in the seawater or the alteration of iron
bearing minerals such as mica and feldspars. Biotite and hornblende may
have been altered by weathering to hematite and goethite, which give the
red coloration. The dominant sedimentary structure in the varicolored
sandstones is conventional horizontal bedding, which also suggests a
quite water agent. The observed small-scale cross-beds with horizontal
planes in between could be due to an abrupt decrease in the current

velocity and increase of the water depth.
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Abbreviations used in the Tables 4.1-4.4

Na

Ar

Q

MCQ
MCQU
MCQN
MCQT
PCQ

PCQ 2-3
PCQ 3-5
PCQ >5
U/N Ratio
P/M Ratio
Feld.

R.F.

H.M.

Det. Clay
Qtz. Over.
Mic. Qtz.
Kao. P.F.
Kao. Rep.
Kao. Total
Gyp.

Inter

Intra
OVSP
Frac.

1¥ Por.
2M por.
PCP

PLOSS-Comp
PLOSS-Cement
Comp Index

Samples from Naqus Formation
Samples from Araba Formation
Quartz

Monocrystalline quartz

Undulose monocrystalline quartz
Nonundulose monocrystalline quartz
Total monocrystalline quartz
Polycrystalline quartz
Polycrystalline quartz of two to three crystals
Polycrystalline quartz of four to five crystals
Polycrystalline quartz of more than five crystals
Undulose/Nonundulose ratio
Polycrystalline/Monocrystalline ratio
Feldspar

Rock fragments

Heavy Minerals

Detrital clay

Quartz overgrowth

Microcrystalline quartz

Pore-filling kaolinite

Replacement kaolinite

Total kaolinite

Gypsum

Intergranular porosity

Intragranular porosity

Oversized pores

Fracture porosity

Primary porosity

Secondary porosity

Pre-cement porosity

Porosity loss due to compaction
Porosity loss due to cementation
Compaction Index



iiim |
—
v |
iy,

Ji |

z 7 § .




CH AN B lES g Ca il dny Lo culidas g A 5 Sibiad 2

*MMQAM‘ it g dadaal) Gl Uil
raa e sl S gda Ll gl (glaliall g

(e dadia Al )
Haa e aa Ji g
A goouall g ot ASlaall - palnall p J 5 sl 268 Al Aadlan — Lin gl g (8 slall (A sl
Y441

Jail &gy dgar 3elue dualy

e Jgaall
Q@jg#!uéeghiiuéwl o) 58 da o

il &) s

- (/f‘}:) v » 4
Gl gl A Cpall Cwad Badla ) gisall SN
i

sads (e drala - o glell S Lin glgadl o - siall  (abeall S

il adl ) tana sl pgiSalt Wil Glagh ae e e ) giSal Sy
LIS Al — Ay guo M Len gl gand Sl g il A0S - Dy gyl Lo gl pund) S

L s S sens ///t# sl S Aadla

poladl A - L ol gl aucd
uad (e Aaala



In The Name Of Allah
The Most Merciful
The Most Gracious



O giadl Aada
sha ot Jil g s )
Lia sl gl 8 apladl 8 ADCEY o) ) g3Sa ; Apatel Ay
aglall : Al aud
Cuadi (e 3 dadlal
VAAS ;g Al di

*unV:G‘A‘&H



Laglsall B o ghall 8 i o) ) gi€8 Al

Oarad i JAT) 5p LS 5 Cuacu il Ay Lo ciladas g dupou 55 il 3o 3 Aeull o gie
Boslaalt (abliall y ascSly dbhia 0 dadacd) ciady dadacd cileUall
woaa ¢ sl qi S Gigia o Lgd

Jha Ao s Bl g s caltlal) ad

’ %’ Gl gl A ol aad Badla ) Al ALl -8

oradi (e dadla pglell 43S L glgal) auiy ) gaall g Golaall Sl

4\% gl ye e jlie gicall it .Y
Zell

0 s A8 LIS A0 U slpand 35

) FPr = coiiall a5 dana adt) pd ) giSal KL I
Soidl Cigay dgan CHLISENY pudy Ay g 3l L o gaal S04

[ ]
siadeql il
B%) (EEPEWP AR I PPY P PEUR WA s S Glua daaa 3 0 il
Ol sta Axala o slall LIS Lo o gl a9 5 Cuar Sada Gall Jlan 3 41 -¥

el e Aads pstel A0S U slpind 6l A gl 48 il peadd il 8 Y

Ladedl il Al
Yoo, ] e Al sl By aid

veov/ )z dadladl (ulaa 438 5 veov/ /o ASh (udaa 48D ga



gL
s ab g Gl AL ) sald Cpdll B LU Baluddl S

Gl gl e all (e B8la | g3CaN MEi - Y
ot (e daala o glall G Lo ol gl andy ) shaall g oaleall

Glagh we o jiie ) gusall dul Y
Gadll S Aaalas 4y 5 A0K0 A gua sl Lis o guad) S

roniadl auh) pd dada aabl pd gasal) M -y

+ A el XS

Louads (6 daala - pglal) A0S L ol guall o - Y

ol & gas dgaae - abASIUN! fwﬁ-f

Josll & gag 3gaa - (¥ 198 s i) Apsdeall Jlladl) Jara ¥
(S5 5ma) a3 (g gl AS )i - ¢



GloUabl (anad o JAN BolEC g Cas il day La lilas § dupu 3 il
¢ L B glaadl (alaliall #MM&@W| a9 dgadal
Haa o ol @ qigda

Q.Aa.nﬁa:ﬂh.u

sha Ao S Jil g

= Jpaall
L sl gsad) 8 a glall b ARulil) of 5 5363 & 2

Ayl dalil Al ) (edla

Oshaall e glall Cildaall g 4l g g5 g diamae bl j0 Al jl 028 el
,djjgl! UASAS Alag e (59 u‘};.“ 5 <) LA.:N& L&‘Jﬂ\ eu:a'i S (4‘-‘-\;}-&&
myﬁuguipw\dnﬁabw\Qcé\.im!_).:c\ﬁ}u.édn\.g.“ e
core LQLLFT~)JA&L¢_§§§QL“UAI\3QM\MJH\)_SH
(S54) S0l G ) 48 55 (e (samples
MJJ‘EAJ‘JMLM‘LMY‘JSJML@GMJ&Q)#\ X
Ll g st cleUasl sda jad Al 4y jdiall dawiY g bl Led Juadilly
Dsiaall ) 3 5 il COlbaal aaais Lind Caaldl Al 5 Avid) 2 3 gun s
asaall a i s sae Al oy manadl Jodadl Y Aila) (gl
.JM‘DSA@J:&Q\.@:\)A\&AJ

O3S 1Lan (1555 g o g Bl 5 Al )yl Aum sl Al
Q‘}m.“ gdaw‘jjjkﬁw‘cbu‘ JPJ“'J:.’S‘)T‘“JQMW‘%M\
Gl g adaliial) 3abaill g il pillandly g aiall Gulill g LB 3kl
o i) A o b o g oo (ale Oabad e ) g il 0 o
Adliaal Ay ol o 9ils A g jaddl ) saual ;Lsﬂtﬁuenssygsﬁs&y@js:
JJ.'EJ ,d'..\..:.,\l\é.lauﬂgu;ﬁjd;_m@ﬂ\:\_ﬁ\ga‘j\aw\@bdwéﬁﬁj
O 2 s gaa Ld b Jlaal Ll Hsaialloda o jal ) il yal



Adale 9S8 all ey o8 L) Candl) Aa gie ) Yo Gl A58
S L 0S8 o (A da g elases Ay 2 DS apil
3830 L psiall sded Lelana (g Juadl Gany (A3 ol A i
(s AN (A s O WSS 2 Ahle ed b s Ll ddau g
Aale Aoy 4y o dpd Y gl 5 4sd o Liad

Co Lty (0 55 g paall Japt ol o Adaiill 480 5o 5 ll A ol Jsi
OSag Aall Aoy At (5553 631 (AU Jawa gl 5 Apalinall 5 JaBlall 5 Cilyund
Jualall gales 352y (e e g dgle M ) stuall o arudli die Lelles)
e s (Laas L) L5l amy ) 8 Leloal (W) ectilipall jiany B Alalasial
Caal du g aall [ ghiall 8 A5 S A dall g diamall b Sl s el
Gsd Olaa (Y a8 Aaaali A iame psay ailg ecuiy 5551 S A e
CSard oS aa Y Agaaall il leally jgaiatoda lal) ylay da sl
."kﬁ'l"-."-‘“":-‘:‘lﬁji,}j,)‘,jsn pans

i o an g ad 5 sSH il o A8 a5 il g Dutaeal) Al ol s S8
J_...\éji C}-JMQLAEJ\ CA\JU}SEAEJJ}J..M‘BHJQ Ji J}l}ﬁ‘ BJ_).J:AC'_I\_)J.L!
8 6 s Uil Sadial ga le sl 58U gl T 081 7 g e
Z sl

ady Ly 3 ) el lld () 08y g el gl Ladill (palaa B 500 Jas ol
b il e (A (e o Aapill A gy gl 55500 8 im0 oLyl
AN (pag dug el Jlal paall jeaia 83 Al el Jal sl
o) gun anall Lpaliiall o padll 3 ga g laadill abas 3 pa 55 a5 2 Sl A agall
O et 5l S Gl ISl o i anl ey ke A0 o Dally Be slae il
Jualially IV 5 (s20udSH 5 350 580 (pbns Lo sl g
o a5y M Cpu Y Gana SlIAS 5 cuaadl 5 Canllel 5 Cufi ol y Cutilaedl
Oolee 2o g3 SIS 3LEY H<a Uada o 38 il (e (55K0 38 3 g & gadly
ol L 580 (5 paall i) Qe Al Al a8 (ST culi sl laldl
Laiy ¢ Ao OpSial %05 A ¢ u gl O Sial 944, YY i Y Ay g 5udl
5 mall il %0, € Y Al Juad dpadanedl Cond cile Ul
cdsaie dial 0o § 50 S gy dual (10 058 2 Alana

Ada ) saiall 8 asa ol 5 0l awd U Jadt el Jlaaliall (itae aai g
Lebay 0a U § 0Sa  siaal Mg dbaadl (e % V50 10580 Led Cum Ry 3l
A g3 (dpdandl ol ClelUall AL 06Y,AT 580 iAo )5S 8
o0, VY Ldama Ay 58N Jua 3 Jlabiall olaa



Ol g3 5 5553 ol (o8 JEaH A iana dpaia ALEN (alrall (585
oy Yl ge 5 Caribaless Sl s s 5 g 5 Gpbnan s S a5 Jip 5l
‘ ikl ) 98

?‘J&t\—u‘_ﬂ ;‘-‘}_‘u Jhalall Ol 4._»:\).)] C.'.L_.:&);‘ ‘_?_’l“ C'.JL_JJA]‘ d-\—:‘j
Aponall Ll (O Al Aa YV 3 gm g enilall (35 S o g g 5S0al
AL e 3 5a 5 e (Al Aiay) il S 320 e 0585 Jlabiall (aleal
O baay 5 Aalise dflalia dak ¢ iSan - Culll 5 CoriSan 5 Calll (alas (3
‘ Sy e
ol (o a8 a8 A g paddl Al N ) el Analiia A 53 () Al
dacbiua Jame O 23 g9 ¢ A58 50 el e ciia dualy ) Y alea g Silils
L i il (e %Y, 80 ¢ 00V V, 0V dg e 5l (A 5S0e (A ) shall
Gy yal (il Sl el sy adanh eat el Uadl 048,49 Al Casly
O gL (35S b shaal) dpdbiae Jame O Apebindll Gaaad Sl plasiuly
caad cilelladl 06+, € Cila o Laiy e A e 95V V,A XY, Y A e
48 Jama f LIAT et e alasiuly cu el Al cilad jall Caigy g pedasd
e D (o 00 ¢ (e YAVA Ay je g a B (550 () sl
LS""’J“JGJ‘“ Y. ~J(4..msl§u.:\s;) &..s“"")hLS'l" Y Ln‘).ln Q.‘a.u\..u_pc#_)ﬂ‘
Dgdaall 8,3 588 Aaay Lo ol 3 sa g e Al cald all Jui g
d\..saLaB u.}ué:u\.s.:}.d} c_w)“ . C.:‘.,glv.“ Y MJJ-}*S-\;L;!,\ :L\.n_jJJAJ‘
OS5 Ay saaall fpelie 3aly 3 () ol AN ASED e paladl g3
Gl ge I alae Glisd g aSulal g aall Jailiat Luad 5 Ll 441K (polace
21531 02555 Lngon bl 028 S 1y 3 Ribos ) o o 2035 0
A ) ahalie 8 Lo ) yasl jedaa kel Lae caed oy Ll 4330
Lo (31l 3 s g5 s g

The present-day sandstone (ol 4xa gy Lol yaal



