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ABSTRACT

Carbonate sediments in the northern Nile Valley were subjected to 
stratigraphical and sedimentological studies which led to a complete 
basinal analysis. Initiation of this basin occurred in the early 
Late Eocene at 40 MY.
A workable lithostratigraphy is developed to group the various Formations 
(Beni Suef, Bilrket Qarun, Saqqara, the Qurn,and the Wadi Hof) under one 
regional rock unit; the Middle Mokattam Unit. Biostratigraphical 
zonations were adapted, by means of nannoplankton and (both micro and 
larger) foraminifera, to date the strata as closely as possible and to 
achieve chronostratigraphical correlations. Onlap-offlap and facies 
interfingering relationships are recorded and discussed. The 
stratigraphical investigation has shown the presence of a depositional 
basin (Middle Mokattam basin) and detected its outline.
Sedimentological studies and detailed modal analysis of carbonate grains 
have identified 12 major facies and 36 microfacies associations. These 
have clarified the depositional environments which occupied the basin.
Careful basinal analysis, for both stratigraphical and sedimentological 
investigations, together with paleoecological determination of carbonate 
grains and communities, were used to reveal the basin configuration.
Soft sediment deformation is also recorded and used to interpret the 
pattern of syndepositional subsidance which was controlled by rejuvenated 
deep-seated faults. Recurring uplift of the external northwestern block 
shaped the basin and controlled the depositional processes. This was 
responsible for an influx of residemented deposits derived either from 
nearby shelves or from adjacent paleohighs. The resedimented deposits 
formed deeply channelled fans and clastic barriers. The basin exhibits 
abundant evidence of synchronous tectonic uplift and sedimentation.
Features such as growth faults, syn-sedimentary and syn-tectonic unconformities, 
debris and mass gravity flow deposits demonstrate a direct link between 
sedimentation and tectonism, and highlight the episodic nature of uplift 
in the external parts of the basin. This uplift resulted in the syn-sedimentary 
southward shifting of the depositional axis.
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1 - This thesis comes in one volume and occurs in nine
chapters plus Appendix and references .

2 - Geographic coordinates for all locality names
mentioned in the text are in Appendix "A" .

3 - Locations of logged sections are in Fig 2-1, and
their numbers are referred to through the thesis 
figures numerically on top of their log lines .
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CHAPTER OWE

1. INTRODUCTION
1. 1 Preamble

The sedimentology of the Eocene carbonate rocks of 
Egypt is not yet understood. There have been few attempts 
to elucidate depositional environments and their 
sedimentary processes and the evolutionary history of the 
Middle-Late Eocene carbonates. However, a research
project has been carried out on some of the exposed
carbonate sequences along the Vile Valley banks by the 
sedimentology sections of Assiut and Minia Universities in 
Egypt, Yet the stratigraphlcal relationships between the 
rock units in many parts of the Nile Valley - and between 
this region and other parts of the country - has not been 
studied in detail.
1.2 Problem culmination

In the last 30 years, much has been written about the 
Middle-Late Eocene rock units, although from different 
localities. In this respect, there have been two main
working research groups on the surrounding limestones 
which border the Nile Valley. One group, the Upper Egypt
geologists, started research in their home adjacent
deserts extending their work from the far south to the 
north CBishay <1961,1966), Boukhary <1973), Omara et al, , 
<1972, fit, & tOD. The second group, the Capital



geologists, started their rock investigations around Cairo 
and extended these studies southwards [Farag and Ismail 
<1959), Said <1962, 1971), Strougo <1979) and Abdel-Kireem
<1985)3. At the same time, a third group of researchers 
were interested in the rocks which surround the Fayum 
[Said <1962, 1971), Bishay <1966),Abdou and Abdel-Kireem
<1972), Strougo <1977; 1979) Shama <1976) and Shama et

al. , <1982)3. They all published a large number of
iinformal formational names but reached a point where now 
it is very difficult to match their formation schemes and 
to correlate these even within one unit of a long exposed 
section <Table 1-1). Moreover, neither the rock units 
names nor their ages were stable even within most 
subsequent works by the same authors. As a result, the 
misleading correlations paralysed the research on the Mid- 
Late Eocene stratigraphical column of Egypt. This 
confusion in correlation has increased through time as 
each author developed individual stratigraphical sections 
for different localities. To tie up the results of the 
three groups became a major problem and offered a question 
of comparing the incomparable. The result was that the 
overall view of deposltional history and of regional 
events throughout the basin became obscured.
1.3 Research Approach

When the author was studying the carbonates of the 
Beni Suef area [ Abdou-SolimAt\, 19803, the key point which
aroused his interest for further research was to study the 
Middle-Late Eocene with the view of understanding the



deposi tional basin and its history. So the term 
"sedimentary basin" is in constant use in this work. 
Using this term, we imply a basin that comprises a 
sequence of layers of sedimentary rocks which occupies an 
area that is more or less oval to trough-shaped. Also, 
the sequence thins considerably or pinches out completely 
along the edge of this area tConybeare, 19793.

Consequently, the theme of this work has been to 
choose and locate a suitable sedimentary basin, detect its 
configuration and then analyse the main elements of the 
basin. In order to achieve this, our principal aim was to 
depict the solid geometry, structural, and stratigraphical 
framework of a basin as it is at present. For this 
purpose, the northern Nile Valley and the Fayum basin were 
chosen for the present project since the boundary between 
the Middle-Late Eocene is well represented in these 
localities. We believe that the detailed carbonate 
sedlmentology and environmental study will certainly help 
in clarifying these relationships and will throw more 
light upon the history of the Middle and Late Eocene in 
the Nile Valley and the Fayum basin. It is also hoped 
that elucidation of the depositional environments and the 
basinal analysis would lead to better understanding of the 
sedlmentology and stratigraphy of the Middle-Late Eocene 
throughout Egypt, especialy by investigating the effect of 
their syndepositional tectonism.
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1.4 General Location

The main region pertinent to this study is included 
within the northern Nile Valley and the Fayum area in both 
the Eastern and Western Deserts of Egypt. This region may 
be defined as that part of the Nile Valley borders which 
lies to the north of Maghagha. The area of concern, in 
this study, covers approximately 15.375 square kilometers 
and lies between longitudes 30*30' and 32*00' east and 
latitudes 28*40' and 30*10' north (Fig. 1-1).
1.5 Topographic and Geological Setting

The Eocene rocks form a major topographic feature 
across the Nile Valley of Egypt. The studied area, as
indicated in the general topographic map <Fig. 1-2), 6hows
excellent exposure from 60% to 80% in many places. 
Physically, much of the area is inaccessible except by 
camel or on foot. The topographic elevation of the area 
indicates a general topographic slope towards the west- 
northwest. The relief ranges from 2920 'feet (above sea 
level) to 141 feet (below the sea level). The topographic 
relief features of the area consist mainly of plateaux, 
scarps, plains, and ridges. The area is dissected by a 
number of main valleys or drainage lines (Fig. 1-3) which 
represent the principal drainage patterns in the area of 
study.

The generalised geological setting of the field area 
is indicated in Fig. 1-4. The Kiddle-Late Eocene rocks 
are encountered in the northern parte of the Eocene rocks



32*00

5**

Fayua

Beni-Suef

•1-Fashn

iSamalut

Fig. (1-2): General topographic map of the northern Nile Valley and

Fayum, Egypt (heights in feet).



Cairo

fghagha

Fig. (1-3): Principal drainage patterns for the studied area of N. Nile 
Valley.



s

Mediterranean Sea

[•'' -J Quaternary 

Pliocene 

fe =  Miocene 

1X 1 T e rtia ry  Volcanics

fV ]  Oligocene 

i—1j-j Eocene
( 1 Palaeocene

Cretaceous

•Jurassic
U ndifferentiated Palaeozoic
Carboniferous

Basement

Fig. (1-4): Sketch map showing major geologic units of Northern Nile 
Valley, Egypt (Survey Department, Cairo, 1981).



in the country. Most of these rocks are represented by 
limestones of monotonous appearance, marls and calcareous 
elastics. However, Said <1971, p.22) mentioned that 
attempts to map or zone the Eocene in a satisfactory and 
reasonably natural way had not sq far been successful. 
The mapping is difficult because the detailed stratigraphy 
is poorly known and faults are not easy to trace [Said, 
1971, p.223.
1.6 History of Previous Research

The history of geological research in Egypt has been 
revealed in quite extensive published and unpublished 
literature. The most distinguished of these are: Sherborn 
<1910), Hume <1925), Keldani <1939), Said and Bl-Shazly 
<1957), Said <1962) and the publication list of the 
Geological Survey of Egypt <Anon., 1981). The geology of
the area lying between Cairo and Minia in the Northern 
Nile Valley and Fayum has received only little detailed 
attention. However, the area was included in more
regional as well as limited separately local studies 
carried out by Zittel <1883), Schweinfurth <1883), Fourtau 
<1897, 1912, and 1916), Blanckenhorn <1900), Oppenheim
<1903), Beadnell <1905), Barron <1907), Boussac <1910),
Hume <1911, 1912, and 1925), (Cuvillier <1924, 1930),
Little <1936), Barker <1945), Ansary <1955), Ghorab and 
Ismail <1957), Ismail and Farag <1957), Nakkady <1958),
Farag and Ismail <1959), Said <1961, 1962, 1963 and 1971),
Said and Martin <1964), Krasheninnikov and Ponikarov 
<1964), Bishay <1966), Furon <1968), Tadros <1968),
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Beckmann et al. , <1969), Boukhary <1970, 1973), El-Naggar
<1970), Ismail and Abdel-Kireem <1971), Abdou and Abdel- 
Kireem <1972), Bassiouni et al. , <1974), Hanna <1974),
Fahmy <1975), Salem <1976), Strougo <1977, 1979), Hassan 
et al. , <1978), Kenawy et al. , <1978), Omara et al. ,
<1978), El-Dawoody <1979), Abdou-Soliman <1980), Aigner 
<1982, 1983), Bown <1982), Boukhary et al. , <1982, 1983)., 
Shamah et al., <1982), Strougo et al. , <1982), Philobboe
<1984) and Abdel-Kireem <1985).

1.6.1 Stratigraphy

A detailed review of the stratigraphic history of the 
area under consideration and its surroundings is given by 
Said <1962), Bishay <1966), Boukhary <1970, 1973), Hassan
et al. , <1978) and Abdou-Soliman <1980). A short review
of some salient stratigraphic studies <Table 1-1) of the 
Xiddle and Late Eocene on the rocks of the studied area 
and its surroundings is given in this chapter.

1.6.1.1 Lithostratigraphic studies

The history of lithostratigraphic research on the 
Palaeogene sections of the Nile Valley dates back to the 
end of the nineteenth century. The Nile Valley cliffs and 
the Fayum depression surrounding plateaux have attracted 
the attention of many workers either for their 
accessibility or for the fame of some localities as 
archeological sites. The work during this period up until 
the present time, somehow, reflects the development of the 
geology of the area as a whole. The history of research, 
in the studied area, may be divided into two stages.



The first stage is the interval from 1883 onwards, up 
until 1929. This can be considered as the regional 
descriptive period. This stage was closely associated 
with the foundation of the Geological Survey of Egypt in 
1896, The pioneer systematic study of the Palaeogene 
sections of the Nile Valley started by IZittle <1883) who, 
in the east of Cairo, referred the "Mokattam Stufe" for 
all the rock sequences of the Mokattam area to the Middle 
Eocene. The strata at the Mokattam area are, however, 
differentiated into a lower two thirds consisting of white 
limestones, and an upper grayish to reddish brown sequence 
that is characterised by numerous beds of clastic rocks. 
This marked llthological separation led Schweinfurth 
<1883) to subdivide these strata to "Unter" and " i/ber" 
Mokattam. He dated them as Middle Eocene. Blanckenhorn 
<1900), subdivided the Middle Eocene Mokattam rocks into 
Lower Mokattam with N. gizehensls beds, and Upper Mokattam 
with Carolia beds. The status of the ,area within the 
Middle Eocene was reconsidered by Hume <1911), but at that 
time a third term, the "Middle Mokattam" was defined - for 
the first time - for the beds with Exogyrat which form the 
lower part of the Carolia beds. Later on, Boussac <1916) 
recognized the equivalent of the Priabonian of Europe 
within the Upper Mokattam and that was also proved by
Fourtau <1916) when she recorded Late Eocene echlnoidal
faunas from the Upper Mokattam. In 1924, Cuvillier
updated the whole Upper Mokattam to be of Late Eocene



describing it as of brown beds with Carol ia. He (op.

cit. > added a new point by referring to the Middle 
Mokattam of Hume, as the limestone with Operculina 

pyramidum and bryozoa of Lutetian age, representing the 
top part of the Lower Mokattam.

The Helwan and Beni Suef areas were included within 
the Lower Mokattam on Hume's map <1911, Table VI), and 
remained during this period without lithologic
classification.

In the Fayum area, Beadnell <1905) divided the Eocene 
rocks into Qasr El Sagha series, at the top, Birket Qarun 
series, Ravine beds, and Wadi' El Rayan series, at the 
base. He (op. cit.') reported the Birket Qarun and Qasr El 
sagha series as belonging to the Late Eocene. That 
classification has been considered as a very important 
reference in most subsequent work up to the present. In 
his work, Hume <1911) correlated Beadnell's <1905) 
divisions with his Mokattam classifications. He compared
his Lower Mokattam with the Vadi El Rayan beds, the Middle
Mokattam with the Birket Qarun beds, and the Upper 
Mokattam with the Qasr El Sagha beds.

By 1925, Hume culminated this period by the 
publication of his "Geology of Egypt", After that, the 
foundations of the regional geology of Egypt were firmly 
laid down during this first period which ended by the 
publication of the Geological Map of the Geological Survey 
of Egypt in 1928.



The second stage extended from 1930 until the present 
time and is closely associated with the extensive work of 
petroleum exploration and with the establishment of the 
Egyptian universities. During this period, detailed and 
elaborate studies have been carried out. Cuvillier <1930) 
was the first to lead the way in this stage by his 
publication about "Revision du nummulitique EgyptienM. His 
work was a real encyclopedia for the Eocene stratigraphy 
of Egypt. The Mokattam unit occupied the major part of 
Cuvillier's <1930) work. He (op. cit.) mentioned that the 
Middle and Upper Mokattam, in the Cairo area, belonged to 
the Lower Bartonian <Late Eocene in his sense). The 
relationship between the Late Eocene and the underlaying 
Middle Eocene was described and the geographic 
distribution of that boundary, according to Cuvillier 
<1930), was found to occur in Gabal Qibli el Ahram (South 
Giza Pyramids), Gabal Glushi of Mokattam, and in east 
Maadi. Fakkady <1958) included the Eocene stratigraphy 
within his teaching book of 'Geology of Egypt' without 
substantial division.

Around the 1960's, another stage of different rock 
unit naming started and thus the stratigraphical 
correlation seemed to be lost through the generosity of 
the used unit names. Said <1962) tried to make use of 
collecting all the efforts of his staff of geologists, as 
the director of the Egyptian survey, and launched his book



"The Geology of Egypt", which is considered as the bible 
of Egyptian geology. In that book, Said <1962),
subdivided the Eocene succession of the Mokattam area and 
southwards to the Beni Mazar area into two main divisions; 
the Mokattam Formation (Middle to Late Eocene) and the 
Maadi Formation (Late Eocene). According to Said (1962), 
his Mokattam and Maadi Formations are equivalent to both 
the Lower and Upper Mokattam of Schweinfurth (1883). Said 
and Martin (1964) subdivided the Mokattam Formation of 
Said (1962) into 4 rock members starting from the base 
upwards as (1) Lower building-stone Member, (2) Gizehensis 
Member, (3) Upper building-stone Member, and (4) Giushi 
Member. The lower three members are dated Upper Lutetian 
(Middle Eocene), whereas the uppermost member (Giushi 
Member) is dated Bartonian (Late Eocene). Tadros (1968) 
followed the previous divisions in Gabal Mokattam but he 
subdivided the Mokattam formation into new member names 
starting from below by (A) Kait-Bay limestone Member, <B> 
Khalifa building-stone Member, and (C) Giushi Member. 
Said (1971) changed his view and subdivided the Mokattam 
Formation of Said (1962) into Gabal Hof Member, at the 
base, and Bull ding-St one member at the top. He (op. cit., 
table III), in the same work, stated that the Late Eocene 
was subdivided into two rock formations: the Giushi
Formation (base), and the Maadi Formation (top). Strougo 
(1977) was not contented with Said's (1962-1971) 
classifications. He employed Hume's (1911) divisions as



Lower, Middle and Upper Mokattam. The Middle Mokattam is 
used by Strougo <1977) in Gabal Mokattam in a different 
sense to include both of Hume <1911) and Cuvillier <1930). 
That means Strougo's Middle Mokattam extends downwards to 
lump the Bryozoan limestone (Giushi Formation of Said) 
together with the marly horizons which underlie the 
Carolia placunoldes beds. In 1979, Strougo suggested that 
the Middle Mokattam corresponded with the "Biarritzian" 
(uppermost middle Eocene) age.

Abdel-Kireem (1985), in the Gabal Mokattam area, 
preferred applying the divisions of the Lower and Upper
Mokattam Formations and adopted 3 subdivisions for the 
Lower Mokattam Formation (a) Glzehensis Member (base), (b) 
Building Stone Member, and (c) Giushi Member.

The Late Eocene boundary, according to Abdel-Kireem
(op. cit.), coincides with the upper part of the Giushi 
Member.

In the Helwan area, as early as ,1930, Cuvillier
recorded the Late Eocene (boundary of undifferentiated rocks 
In Vadl Hof, but no details of this sequence were given. 
The only piece of previous detailed work is given by Farag 
and Ismail (1959) in the Helwan area, where the Eocene 
succession is divided into 5 rock series. The first older 
unit is the Gabal Hof Series which is overlain by the
Observatory Series (Middle Eocene age). The latter is 
overlain by the Qurn Series, the Wadi Garawi Series and 
the Wadi Hof series (Late Eocene age). Said (1971) used



the terminology of Farag and Ismail <1959) in formal 
names. He (op. cit.) correlated his Giushi Formation, in 
the Mokattam area, with the Qurn Formation and the Maadi 
Formation with the Vadi Garawi Formation only. That 
latter relationship contradicts what he himself admitted 
before in 1962 (p. 137) when he mentioned that the Maadi
Formation was equivalent to both the Vadi Garawi and the 
Vadi Hof Formations.

In the Beni Suef area, during this second stage, 
Cuvillier <1930) described a lithological section from the 
northern side of Gabal Shaibun (east of Beni Suef). He 
(op. cit.') indicated that the approximate limit of the 
Late Eocene rocks was found east of Biba in the Vadi 
Sannure, El Fashn, Beni Suef, El-Vasta areas. The first 
differentiated trail, in this period, started by Barker 
(1945) when he included the area from El-Fashn and 
northwards to El-Vasta within his Eocene studies. He 
subdivided the Eocene rocks in the previpus area into 3 
formations of cartographic value, to which he gave the 
following names: Formations D, E (Middle Eocene), and F
(Late Eocene). Bishay (1966) identified those of Barker 
(1945) and subdivided the succession into: Late Eocene,
represented by the Fayum Formation, and Middle Eocene, 
represented by El Fashn and the Beni Suef Formations. 
Said (1971) included the Beni Suef and its surrounding 
area on his map as undifferentiated Eocene rocks.



Boukhary (1973) related the Eocene succession of the 
Beni Suef area to the Mokattam Formation and subdivided it 
from the top downwards into (a) Shaibun Member (lower Late 
Eocene), Upper Building stone Member, which he believed to 
be equivalent to the Beni Suef Member, and (c) Upper 
Gizehensis Member (Middle Eocene).

Hassan et al. , (1978) gave the following
classification for the Eocene of the area east of Beni 
Suef.

3. Vadi Hof Formation
^ ^ ^ L a t e  Eocene

(Upper part 
Lower part

Middle Eocene
1. Mokattam formation

Strougo (1977, p. 60) divided the succession of Gabal 
Hamret Shaibun into two divisions:

/
2. Upper Mokattam (Shaibun Member)\

Upper part (Priabonian)

1. Middle Mokattam
X

Lower base (Late Eocene) 
Beni Suef Member Biarritzien

El Fashn Member (M.E.)



He (op. cit., p. 89) added that the Shaibun Member 
extended northwards to the east and west Cairo areas.

Abdou-Soliman <1980) divided the Late Eocene
succession of the northeast Beni Suef area to:

i

3. Maadi Formation
_ Tarbul Member

2. Beni Suef Formation
Qurn Member

In the Fayum area, Cuvillier (1930) recorded the lower 
boundary of the Bartonian (Late Eocene) in the top of Wadi 
Moela, Gabal Gehannam and Birket Qarum. Little (1936) 
mapped an lndifferentlated Eocene rocks of the Fayum 
depression. Bishay (1966) described the Birket Qarum 
section as the type section for the Fayum Formation. Said 
(1962) used Beadnell's (1905) classification, but in a 
formal sense. He referred to the Middle . Eocene rocks as 
the Vadi Rayan Formation which is overlain by the Ravine 
Formation, and the Late Eocene succession as the Birket 
Qarum Formation overlain by the Qasr El-Sagha Formation. 
In 1971, Said changed his view and used the Gar Gehannam 
Formation instead of the Ravine Formation.

In 1972, Abdou and Abdel-Kireem and Abdel-Kireem 
(1985) divided the Late Eocene of the Fayum sections from 
top to base into two formations: the Qasr El Sagha
Formation, and the Gehannam Formation. The latter



formation is subdivided into two members; the Gehannam 
shale Member (top) and the Gehannam marl Member (base),

Strougo (1977) indicated that the Middle Mokattam can 
be correlated with the Fayum area to include both the 
Gehanham and the Birket Qarum Formations, whereas the 
Upper Mokattam will be equivalent to the Qasr El sagha 
Formation. Strougo (1977, 1979) painted out that the
counterparts of the Middle Mokattam in the Fayum area were 
of Middle Eocene "Biarritzian" age.

1.6.1.2 Biostratigraphy

Hume (1911) considered the Late Eocene of Egypt to be 
characterised by Nummulites fabianii, A and B forms (but 
respectively under the names N. fichtelii Mich. , and AT. 
intermedius, D'Arch. ), and N . cbavannesi De La Harpe.

Cuvillier (1930) separated the Late Eocene succession 
of Egypt into two main divisions; the Upper Bartonian, 
which includes the beds with Nummulites fabianii, and N. 

chavennesi, represented by the Qasr El Sagha series of 
Fayum. The Lower Bartonian, represented by the limestone 
with Nummulites oontortus-striatus and bryozoa, 
corresponds to the Upper Mokattam and the terminal beds of 
the Lower Mokattam stage.

Ansary (1955) and Ansarry and Ismail (1956) studied 
the microforaminiferal contents of different stratigraphic 
sections measured in the Late Eocene at Wadi Tayiba 
(Sinai), Fayum, the Maadi and east of Helwan areas. 
Ansary (1955) recorded two foraminifera zones; (1) 
Robulus-Bol ivina-Nonion Zone, and (2) Bol ivina-Nonion



Zone. He Cop. cit.') in the Fayum area distinguished 
another two biozones; <1) Gyroidina cibaoensis Zone and, 
(2) Haplophragmoides emaciatus Zone. The age assigned by 
Ansary <1955) for these biozones is Late Eocene age.

Ansary and Ismail <1956) attempted to define the 
Middle-Late Eocene boundary of the succession east of 
Helwan based on its microbenthonic foraminiferal content. 
They drew their boundary line between the two epochs at 
the contact between their Observatory Series and their 
Qurn Series.

Bishay <1966) gave regional larger foraminiferal 
zonatlons for the Middle-Late Eocene of the Nile Valley 
and southwest Sinai. According to his view, the Middle- 
Late Eocene boundary can be revealed through the following 
zones:

1. Nummulites gizehensis

2. N. beaumonti

3. N. striatus

Tadros <1968) studies the Middle and Late Eocene rocks 
of Gabal Mokattam and gave the following biosratigraphic 
zonation for the Late Eocene succession:

Zone

Zone
Zone

<jttlddle Eocene)

(Late Eocene)



Base 1 Bulimina Jacksonensis - Uvigerina mediterranea
Zone

(i) Chilogumblina cubensis Subzone
(ii) Anomalina afinis Subzone
(ill) Bulimina jarvisi misrensis Subzone

2. Cancris cocasensis - Kassilina decorata Zone
3. Pyrgo subspharica Zone

Boukhary <1970) defined the following biozones from 
Minia to Beni Suef adjacent to the Nile Valley area:-

Top 4. Nummulites contortus/Sphaerogypsina globulus Zone

3. Truncorotaloides rohri Zone = Nummulites beaumonti 
/ Gypsina carteri Zone

2. Nummulites gizehensis Zone
1. Alveolina frumentiformis Zone

The uppermost zone <No. 4) is considered to be of the 
Late Eocene and the underlying two zones (Nos. 3 and 2) 
belong to the upper Middle Eocene. The lowermost zone, 
however, is represented at the Minia area and considered 
as lower Middle Eocene age.

Abdou and Abdel-Kireem <1972) identified the following 
planKtonic foraminiferal zones:



Top 1. Globigerinatheka semiinvoluta Zone
2. Truncorotaloides rohri Zone
3. Globorotalia lehneri Zone
4, G1 obigerapsi s kugl eri Zone

The upper zones (Noe. 1 and top of 2) are assigned to 
the Late Eocene, while the rest is of the Middle Eocene.

Fahmy <1975) divided the Eocene of the Nile Valley 
into:
1. Bolivina ventricosa Zone as a Late Eocene. This zone 

comprises the Fayum Formation and the top part of the 
Beni Suef Formation.

2. Truncorotaloides rohri Zone, as Lutetian (Middle
Eocene) age. This zone yields the lower part of the
Beni Suef Formation.
Bassiouni et al. , (1974) were able to define two

blozones in the Minia-Beni Suef area:
1. Nummulites striatus (Sphaerogysina globulosa zone of

Late Eocene).
2. Truncorotaloides rohri (Late Lutetian).

Strougo (1977) reported the following biozones on
Bivalve bases from the Middle - Late Eocene of Egypt:- 
Top 1. Nicaisolopha clotbeyi/Felaniella CZemysia ) 

cycloidea Zone.
2. Plicatula <Darteplicatula) polymorpha Zone
3. Carolia placunoides Zone
4. Cossmannella fajumensis Zone



The boundary between the Middle-Late Eocene is placed 
between zone No. 3 and zone No. 4.

Omara et al. , (1978b) in the area south west of Beni
Suef, reported the following biozones, arranged from base 
to top.

1. Nummulites gizehensis Zone (Late Lutetian)
2. N. beaumonti Zone (Late Lutetian)
3. Truncorotaloides rohri Zone

(uppermost Middle Eocene)
Strougo (1979) has the opinion that the beds of the 

Mokattam, with Nummulites striatus, belong to Biarritzian 
(uppermost Middle Eocene). On the other hand, the upper 
beds of the Mokattam, with Carol ia placunoides and 
Nummulites fabianii, belong to the Priabonian (Late 
Eocene). He Cop. cit.) emphasized that the occurrence of 
the bivalves Carolia placunoides was essential to define 
the Late Eocene in Egypt.

Kenaway (1978) recorded some new species of 
foraminifera from the early Late Eocene of the Fayum area.

Abdou-Soliman (1980) recorded the following biozones 
from the area northeast of Beni Suef:
8. Nummulites striatus Zone 
7. Operculina pyramidum Zone
6. Cancris cocaensis/Kassilina decorata Zone
5. Bulimina Jacksonensis/Uvigerina mediterranea Zone
4. Truncorotalolides rohri Zone 
3. Mesophyl 1 um/Li thothamni umm Zone



2. Orbitolites complanatus Zone
1. Nummulites gizehensis zone
Zones 1-4 are of Middle Eocene, while zones 5-8 are of 
Late Eocene.

Omara and Kenawy 1 <1984) identified new species 
Nummulites rohlfi, from the early Late Eocene of the Nile 
Valley.

Abdel-Kireem (1985) recorded the following biozones 
from the Eocene of Gabal Mokattam:

1. Globigerina corpulenta Zone
(Late Eocene)

2. Globigerinatheka semi involute Zone'

3. Truncorotaloides rohri Zone (Middle Eocene)

1.6.2. Sedimentological studies

The sedlmentology of the upper Middle and Late Eocene 
carbonate of the northern Nile Valley and' the Fayum area, 
north of the latitude of El Fashn, has received very 
little attention. Most of the work done has been either 
patchy and localized, or may be categorized as general 
jfaunal paleoecology. Starting with Ball (1939), he
generally believed in a gradual rise in the land and a 
northward retreat in the sea during the later times of the 
Late Eocene epoch.
An early primitive attempt to study microfacies 
associations was carried out byjGhorab and Ismail (1957) in 
the east Helwan area. They argued that it was not



possible to establish proper microfacies, at least not 
before more studies for similar Eocene microfacies were 
done and a proper correlation was established. According 
to their point of view, the Gabal Hof and the Observatory 
Series indicated shallow neritic and warm conditions, and 
shallow neritic to littoral sea conditions during the 
deposition of the Qurn series. The Vadi Garawi series 
indicated littoral shoreline and the same with the Vadi 
Hof series, but with much shallower conditions.

Said (1962) mentioned that regression must have 
started at least by Lower Eocene time and must have 
continued probably to the end of the Oligocene time. This 
indicates shallower conditions of deposition and nearness 
to a slow-rising landmass and a fast regressing and 
disappearing sea.

Hassan et al. , <1978) believed that a regressive phase 
was dominating over the area during the Middle-Late Eocene 
times which probably continued to early stages of the Late 
Eocene.

Salem <1976) on the sedimentation patterns of the 
Eocene in the north Western Desert, indicated that the 
Late Eocene marked the first phase of terrigenous 
deposition. He proposed a depositional model for the Late 
Eocene time, ranging from deltaic sediments to prodelta 
and basinal muds and passing through marginal and basinal 
marls as well as through shoreline or paralic sediments.



The only piece of detailed work was done locally in 
the area northeast of Beni Suef by the author Abdou- 
Soliman <1980). He studied the carbonate microfacies and 
their depositional environments. He iap. cit.') believed 
that the Middle Eocene ended by fancies reflecting a gentle 
slope on a bank and open shelf facies for the observatory 
member. The Late Eocene started by shelf marginal
followed by the sheltered fore slope facies of the Beni 
Suef formation. The Maadi formation was, then, deposited 
in a platform subenvironment.

Aigner <1983, 1984) Indicated that the top of the
Middle Eocene carbonate, around the Giza pyramids, 
represented back-bank facies, while the Late Eocene was of 
1ittoral-lagoonal facies. Aigner <1983, Figs. 10-11) 
believed that the paleo6lope in the pyramids area was 
towards the south and southeast. He <1984, Figs. 1, 2)
contradicted himself when he mentioned that the paleoslope 
was towards the northeast direction. His fore-bank slope 
<Fig. 1) indicated southwest direction.

Philobbos <1984), in the Beni Mazar to Cairo area, 
believed that the Middle Eocene shore was migrating 
towards the west and northwest. He also believed that a 
carbonatejsiliciclasticwas deposited in deltaic cones which 
were swinging towards the north and giving rise to a 
shallow marine and fluviomarine Late Eocene silicilastic 
carbonate. However, no details about the | lateral and 
vertical distribution of the carbonate associations or



microfacies and sedimentary environments were given by any 
of the above-mentioned authors except Abdou-Soliman 
<1980), The detailed regional view of sedimentology on a 
basinal basis has also never been discussed.
1. 7 Scope of the present work

The review of the literature, as given in the previous 
section and table <1-1), has shown the urgent need for 
further detailed study of the area of the northern Nile 
Valley and Fayum, north of latitude of Maghagha, 
especially from the stratigraphical and sedimentological 
points of view. The absence of a basinal approach to the 
study of the Middle-Late Eocene rocks created confusion. 
The exact relationships between the Middle and Late Eocene 
and their accurate correlation throughout the basin also 
need further investigation. This issue was previously 
discussed from different points of view by Hume <1911), 
Cuvillier <1930). Barker <1945), Farag and Ismail <1959), 
Said <1962, 1971), Strougo <1977, 1979).

Following a detailed discussion of the previously 
proposed classifications of the stratigraphic succession, 
a new classification is proposed in this study. 
Correlation of the proposed rock units is attempted in 
cross-section [Fig. 4.2].

A biostratigraphic zonatlon based on smaller and 
larger foraminifera, and also on nannoplanktons, has been 
attempted and a correlation charts with the |faunal 
distribution are also given [Fig. 4.1 and tables 4-1 to 
4-33. Moreover, the nannoplankton of the Middle-Late



Eocene are identified for the first time in the studied 
area. The micro-benthonic and planktonic formainifera, 
besides the Nummulites, are also identified and used in 
providing a perfect correlation and age assignments.

The use of the stratigraphic analysis to detect the 
basin of deposition is also discussed. For a detailed 
sedimentological study, the data from 82 columnar sections 
covering the different rock units were measured. Careful 
counting of all the carbonate components and facies study 
were carried out. The vertical and lateral distribution of 
the different limestone components are presented. The 
variation in the water energy index is also calculated and 
used. The lateral distribution of the main microfacies 
associations identified has led to study the slope 
Influence and the related depositional environments.

New approach for basinal configuration is discussed 
and soft sediment features are studied. Basinal analysis 
is also carried out.

The tectonic influences are also detected and studied. 
Paleogeographic maps and models were constructed. The 
possible sedimentological history of the Kiddle Xokattam 
Unit is discussed. The involved depositional basin is 
identified and its controlling factors are elucidated.

In this work, rocks are Jdealt with in their primary 
state of deposition. Thus all diagenetic processes have 
been avoided as possible j however these have only been considered 
where they may affect recognition! of depositional features . These

diagenetic processes , as believed , are I recomended for further research





C H A P T E R  T W O

S .  M E T H O D O L O G Y  A  1ST 3D T E C H N I Q U E S  

During the course of this project a number of research 
methods and/or techniques have been employed for studying 
the sedimentology and stratigraphy of the Middle and Late 
Eocene carbonates both in the field and in the laboratory. 
The aim of this Chapter is to outline the most important 
of these methods.
2. 1 Methods Of Collecting Field Data

A total of 82 vertical sections |has been studied,
some of which were measured and/or sampled in details.
Twenty three of the total number of sections, which lie
within the Middle-Late Eocene, were studied in detail.
The rest <59 sections) were measured outside the studied
time range in order to understand the development of the
basin. Only a few of these <3 sections) were studied for
the sake of stratigraphical correlation. Because of the
nature of the outcrop pattern, some of the studied
sections do not cover the whole sequence.

Due to the nature of the exposure and the difficulty
of access, the selection of all localities, on the basis
of a strict grid plan, was not possible. However, it is
believed that an accurate picture of facies changes and
modal analysis has been built up wherever exposure and
access permitted. The actual locations of the studied

sections permit correlations in four different directions-^ 
indicated in Fig. (2-1) .
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G. El Galala El Bahariya

61 ̂ *̂oun,9>**12 / u 
6 1 ''.  13

El Rayan
Bem-Suef

f ' 4  1l'4

*3f ^ - * 2 3  \  ^ ^ ^ a s i W u - ^ x *  26 58 2>21,74G*24
♦7* 27**2̂*'/1 • 70*'_G.Abyf̂ 9

Mingar Shinnara
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Field logging has involved bed-by-bed measurement of 
sections and the recording of visible parameters such as 
lithology, texture, fossil content, bedding, sedimentary 
structures, and the geometry of individual beds of each 
exposure. Generally, samples have been taken at visible 
lithological or facies changes. However, when dealing 
with thick sequence of similar lithologies, additional 
intermediate samples have been collected. The pattern of 
collecting several representative samples per facies, in 
addition to anything unusual, was followed. The samples 
were then shipped to University College of Swansea for 
laboratory investigations.

Field data have been supplemented by petrographical 
and palaeontological information from laboratory studies 
of these samples. Data from the most Important sections 
are presented on the log sheets (Appendix, B).
2.2 Laboratory Techniques

In this section, some of the laboratory techniques 
which were used are described.

2.2.1 Sedimentological techniques

2.2.1.1 Stained acetate peels of carbonate rocks.

Fliigel <1982) has reviewed some techniques for 
preparing stained acetate peels. The method of
preparation used in this work was an adaptation (with some 
modification) of the methods described by Bissel <1957), 
Friedman (1959), Varne (1962), Ayan (1965), Dickson 
(1965), Katz and Friedman (1965), Dickson (1966) and Davis



and Till <1968). Most staining processes use Alizarin 
red-S and Potassium ferricyanide in acid solutions. A 
prepared transparent acetate sheet, with a solvent 
solution on the stained specimen surface, is used in this 
study to obtain the peel.

For the preparation of peels, the following method was 
used:-
<a) Highly friable and porous limestones were hardened by 

impregnation. A mixture of araldite <not soluble in 
acetone) and a hardener was used to fill any holes in 
the rock sample using the method of Muller (1967).

(b) The rock samples were cut using the rock-cutting
machine to obtain a fresh surface.

(c) The cut surface of the specimen was prepared by
grinding with 400 and then 800 grade carborundum 
powder. The use of 1000 grade white Aluminium oxide 
powder for polishing in the final stage proved to be 
highly successful. It also helps remove any
contamination by carborundum powder from inside the 
porous rock surface or even from fossil and other
cavities.

<d) The prepared sample was left to soak in distilled 
water for some time until air bubbles cease to appear. 

<e> The polished slabs were etched in Hydrochloric acid
(HC1) solution. The strength of the solution was 
varied according to the lithology, for most 
lithologies a 1.5% solution was adequate, but in
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micrite samples, a solution of 0.5% produced the best 
results. Host samples were etched for 30 seconds, 
dolomitic or crystalline limestone were etched for 40 
seconds. The etched samples were rinsed in distilled 
water. \

<f> The samples were first stained in a mixture of two
i solutions: Potassium ferricyanide and Alizarin red-S
I with a ratio of 2:3, respectively. The former
i

I solution was prepared using 2. 0 grammes of Potassium
[| ferricyanide dissolved in a 100 ml of 1.5% HC1
| solution. The latter was prepared similarly, but using

only 0.2 grammes of Alizarin red-S,
| The staining lasted for 30 seconds. Softer and/or 

finer samples, however, need a shorter staining time. 
The mixing of solutions should be made shortly before 
use as the stains would become stale rather rapidly.

<g> The surface was then rinsed thoroughly in distilled
water.

<h> The second staining, for 10 to 15 seconds, in a
solution of 0.2 g Alizarin red-S dissolved in a 100 ml 
of 1.5% HC1 was followed by gentle rinsing in 
distilled water.

<i> The sample was again immersed in a bath of distilled
water for at least 10 seconds to stop the etching and 
staining effect of the previous stages.

<j> The sample was removed from water and left in air to
let any excess water on the surface to evaporate.



Care was taken, however, to keep it wet and not to 
allow any part of the etched and stained face to dry. 

(k> The stained surface was flooded with acetone to remove 
all traces of water and excess stain.

<1> An acetate film (recommended thickness 0.01mm) was 
carefully rolled onto the wet surface and left to dry 
for 20 to 30 minutes.

<m) On drying, the film was peeled off carefully, cut to 
size, and mounted between glass plates using adhesive 
tape.
As a result of this staining, the different carbonate 

grains and cement, spar and neomorphic spar can be 
distinguished. Calcite stains pink to red and ferroan 
calcite stains blue to mauve. Dolomite remains unstained 
if it is iron-free, and stains pale-deep turquoise if it 
is iron-rich. The acetate peel method for studying 
carbonates is considered here to be the fastest and 
simplest. A total of about 514 samples | has been prepared 
in this way and the technique is highly recommended for 
the good results obtained. Above all, the method enables 
the examination of larger areas from the rock surface. 
This would Increase the possibility of including large and 
coarse grains on the cut plane.

2.2.1.2. Thin Sections

To supplement acetate peels, thin sections were 
prepared. More than 427 thin sections, each up to 70 
microns thick, were used. Ve had to use thin sections



where the staining of some samples was difficult to 
perform properly or for a mineralogical check of some 
facies.

We have used a plastic spray to cover the thin 
sections. This gave excellent results for microscopic 
examination. For this purpose, a coating spray of 
MMerckoglas" liquid coverglass for microscopy (Art. 3972) 
was chosen. This is a product of BDH Diagnostics 
Chemicals Ltd. Stores.

The spraying process started by placing all slides, 
side by side, leaning 45* against the wall of a laboratory 
bench (covered by sheets of paper to protect it from the 
spray). The spray was used under a fume hood. The slides 
were moistened by xylene and sprayed with the "Merckoglas" 
spray. This took only a matter of minutes. The spray was 
left to dry at room temperature for 10-15 minutes. The 
slides were then ready for examlntion. The resulting film 
can be easily removed by wiping it off with a tissue 
dampened with xylene.

Care was taken to make only a very thin layer of 
coating by spraying the slides only once. We have found 
that applying the plastic coating did not take any 
considerable time.

2.2.1.3 Point-Counting

Point-counting, as a quantitative method of studying 
thin sections or peels in petrology, has long been used 
for the determination of various rock minerals or



carbonate grains. This technique has long been applied in 
research and is summarised in Galehouse <1971). The most 
widely used method (Sander, 1951; and Muller, 1967) to 
count grains along linear equadistantly-spaced traverses 
by moving the section automatically using a mechanical 
stage. A stereo-microscope "Wild Heerbrugg M5A" is
recommended. Also a "Swift" automatic point-counter, 
model F.415C, has been used in the final stage of this
research, when it was available. This counter provides 
practical facilities for the presentation of the 
percentage of the total count for each of its channels 
throughout the counting procedure. However, in the early 
stages of counting, both "swift" ordinary microscope and 
point counter were used but found to be of no practical 
use. They are time-consuming and Inconvenient when a 
large number of Samples are involved. A Nikon profile 
projector (Model V-16D) was also used with the help of a 
proposed grid of squares on a transparent sheet. This
seemed to produce good results, particularly with respect 
to the representation of smaller components in a point 
count.

In all studied cases, at least 1000 points of counting 
were carried out for each sample. All methods for 
avoiding counting errors, as described by Dryden (1931),
Dennison and Shea (1966), and Jaanusson (1972), have been
followed,



2.2.1.4 Facies Analysis

The rock types observed in the study area, were 
assigned to facies "F". The usage of the term "facies" is 
on the basis of the description of the rocks according to 
their lithology, rock colour, bedding and lamination, 
sedimentary structures, grain size biogenic content, 
geometry, and stratigraphic relationships.
Microscopically, all collected samples were divided into 
microfacies "MF" and given symbols as M,F, , M^F, , . . , etc. 
to facilitate their description. In this study,
microfacies are considered as the total of all the 
palaeontological and sedimentological criteria, observed 
in peels, thin sections, and/or polished slabs. In naming 
the microfacies, we have taken the following into 
consideration:
<1> Carbonate grain types (as counted in percentage and

arranged in a descending order for the highest two or 
sometimes three essential components), were used to
form the first syllables of the name of the 
microfacies, and 

(2) Their depositional texture, using the names given by
Dunham (1962), was used to form the remaining
syllables.
The word "lime", as a lithological sense for limestone 
(which can be replaced by marl or sand), is introduced 
between both previous syllables to form the 
microfacies name. For example, the carbonate may
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contain 40% skeletal grains, 30% oolitic grains, 5% 
detrital grains, 25% micrite jmatrix and all having 
packstone: depositional texture; this would be termed
skeletal oolitic lime jpackstone •

The water energy for the carbonate facies, is 
calculated using the energy index (El) and the grain 
matrix ratio (GMR) of Bissel and Chilingar (1967). That 
helps to indicate the amount of physical (mechanical) 
energy necessary to transport and deposit the carbonate 
sediment. The vertical and lateral variation of the 
energy index (El) are used to interpretate the change of 
depositional environment throughout the studied area.

Correlation diagrams (Appendix B and Figs. 7-1 to 7-4) 
were constructed to study the vertical and lateral 
distribution of the different carbonate textures, 
components and microfacies.

2.2.1.5 Carbonate rock classification

A number of important suggestions . for systems of 
classification are presented* by Ham (1962). A review for 
the most important of these suggestions is found in Fltlgel 
(1982). In this study, the classification used is that of 
Dunham (1962) together with suggested modifications by 
Embry and Klovan (1972). This was chosen for the
following reasons:-
(a) The classification has a wide application in thin 

section or hand specimen and in the field. Thus a 
rapid ’'spot” identification in the field can be 
achieved.



(b) It is believed to have environmental significance in 
that the textural features which form the basis of the 
classification were presumably strongly influenced by 
depositional processes.

(c> The Dunham classification was used by other workers, 
Philobbs (1984), and Abdou-Soliman (1980) in the 
southern parts of the Eocene basin. So the use of the 
same classification in this work allows an easy and 
convenient comparison and correlation between the 
results of this study and earlier studies.
A slight modification of Dunham's nomenclature is used 

to define finer textures.
In describing mixed siliciclastlc carbonates, the 

method of Mount (1985) is sometimes fallowed with modifications •
2.2.2 Stratigraphical techniques

The stratigraphical divisions, as well as the biozones 
within the studied basin, depend on the rock dating. For 
chronological studies in the basin, both ‘the microfacies,
i.e. lithostratigraphy and the palaeontological data have 
been used. Mannoplanktons, microforams, as well as
macrofossils, have been identified. There is no detailed 
palaeontology in this study since the fossils were used 
only for generating a biostratigraphical framework within 
which the sedimentology could be studied.



2.2.2.1 Calcareous nannofossils

In order to study the calcareous nannoplankton in the 
basin, the following methods have been followed:
A. Normal smearing method

\

(1) The samples to be studied have been collected with 
extreme care in the field.

<2) In the laboratory, a reasonable degree of cleanliness, 
to avoid contamination of the sediments, was taken. 
Everything used has been cleaned between stages in a 
10% HC1 solution.

<3> A sample was taken and snapped to produce a fresh 
surface, and using a small blade, a pinch of sediment 
from its centre was taken and mounted on a fresh 
slide.

(4) The sediment was wetted with a blob of water using a 
glass rod.

<5) Then, the sediment was crushed and smeared across the 
slide, dried in an oven and left to cool.

(6) A blob of balsam followed by another of xylene was 
dropped onto the smeared slide.

<7> Finally, the slide was cooked in an oven for 5 to 7 
hours at 100*C.
A total of 198 samples have been prepared in this way.

B. Concentration method

Preparation of samples was done with extreme care to 
avoid contamination. A pinch of sample was carefully 
taken from a fresh surface and crushed using a clean small 
spatula. Each sample of sediment was placed in a long 
<10cm> glass vial and soaked overnight in a neutralized



liquid of distilled water after adding a drop or two of 
ammonia. When the sediment was completely disaggregated 
and totally dispersed, the suspension was vigorously 
shaken. It was then allowed to settle for four minutes 
and the decanted suspension was transferred to another 
<6cm) tube. In this process, the coarse residue was 
removed. Clay particles were removed later from the 
suspension by resettling for 8 hours and decanting the 
liquid and suspended clays. The use of an ultrasonic bath 
to disaggregate sediments was avoided, as it may harm the 
state of preservation of the nannofossil species. No 
attempt was made to remove either the salt or the organic 
material from the samples. Fortunately, ammonia was a 
reasonably good dispersant to overcome most of the 
suspension problems. A drop or two of the suspension was 
placed and smeared over the slide. The samples were 
permitted to dry. They were then mounted and cooked in 
the same way as mentioned in steps 6 and 7. of the previous 
method. A total of 46 samples were prepared this way in 
order to check whether or not barren samples from critical 
horizons were really unfossilferous.

All the slides have been inspected under a high- 
powered light microscope.

2.2.2.2 Micro and Larger Foraminifers

Fresh uncontaminated samples were carefully collected. 
Most of these were friable marls or shales, and marly 
limestones. A small portion of each sample was soaked in 
water for a few days, then washed in a very fine mesh.



The residue was then dried, picked up, using a fine brush 
and a binocular microscope, and mounted on a slide using 
gum tragacanth. Most species were related to both 
microbenthonic and planktonic foraminifera. In the case of 
large f ormainifera, a number of thin sections Were 
prepared in different planes. Free specimens of
Nummul ites were used when tests recovered from a loose 
matrix. All samples have been identified and checked by 
the Palaentology Department of the British Museum <(C.G. 
Adams, p.c.).

2.2.2.3 Macro-fossils

The macrofossils recognized in the field were 
collected. Most of them were found to belong to bivalves, 
gastropods, echinoderms, and coral6. They were identified 
using the published data and catalogues for the area. All 
identified samples were used for the sake of 
stratigraphical dating.





CHAPTER THREE 

(3 . JL ITHOSTRAT I ORARH I C ANALYSIS

In this chapter, we will discuss the 1ithostratigraphy 
of the Middle and Late Eocene rocks, in the northern Nile 
Valley and the Fayum area of Egypt, in detail with their 
age dating.

The detailed field and laboratory work of the Northern 
Nile Valley and the Fayum basin have shown that the main 
exposed rock units are of Middle and Late Eocene and 
younger rocks. The previously proposed lithostratigraphic 
units are given in Table (3-1). The more recent
classifications are adapted and modified, when necessary, 
in order to reach a lithostratigraphic classification that 
can be used in the area of the Northern Nile Valley and 
the Fayum basin.
3.1 The term Mokattam.

As mentioned in Chapter One, the name *"Mokattam Stufe" 
was first introduced by Zittle (1883) to describe the
limestone and clastic beds of Gabal Mokattam east of 
Cairo. Schweinfurth (1883) subdivided the same section
exposed at Gabal Mokattam into "lower Mokattam", 
comprising the limestone beds at the base of the hill
making the main scarp face, while to the upper limestone 
and clastic intercalations were designated the term "Upper 
Mokattam". Hume (1911) was able to subdivide the Mokattam
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of Zlttle to the "Lower Mokattam", "Middle Mokattam" and 
"Upper Mokattam" series. In this study, and because of 
the law of priority in naming a lithostratigraphic unit 
following the stratigraphic code of nomenclature (Article 
5.4, Hedberg, 1972, 1976; and Article 5 of Holland et ai. ,
1978), the terminology used in this work is that of Zittle 
(1883) and the subdivisions of Hume (1911) with some 
modification under Unit hierarchy. Accordingly, the 
Middle Eocene and Late Eocene rocks, of the area of study, 
are found to include the following rock units, proceeding 
from top to bottom:

3. Upper Mokattam Unit (dirty, yellowish clastic sand 
and limestone)

2. Middle Mokattam Unit (gray to greenish marls)
1. Lower Mokattam Unit (white limestones)
Since the theme of this study is to concentrate on the 

Middle-Late Eocene transitional event and follow it along 
the studied basin, only the Middle Mokattam rock unit has 
been studied in detail. A general outline, for both older 
(Lower Mokattam) and younger (Upper Mokattam), is also 
included, however, briefly:
3.2 The Lower Mokattam Unit

The "Lower Mokattam" of Schweinfurth (1883) is 
restricted and replaced by two rock formations, the 
Mokattam formation at the base and the Giushi formation at 
the top., [Said, 19713.
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Generally, the "Lower Mokattam" unit is characterized 
by its light colour, soft to hard limestones, which change 
to chalky or marly, to marls and sandy shales in some 
places. The unit can be distinguished into three different 
rock divisions. The base of that unit is characterised by 
the presence of the larger Nummulilte gizehensis shells. 
These gizehensis beds, as described by Said (1962) form a 
basal uniform sequence of beds in the studied basin. 
Whether this statement is true or not, the gizehensis zone 
was useful in the field to a great extent as a 
coordination datum throughout the studied basin. This zone 
consists of limestone, |packed with the large shells of 
Nummulites (up to 4cm in diameter) interbedded with shales 
or replaced by marly shales in the southern (Maghagha) and 
western (Vadi El-Rayan) provinces of the basin. The 
second division of the Lower Mokattam is known as the 
"Observatory" series [Farag and Ismail, 19563 or "Building 
Stone or Observatory" Member [Said, 19713.. These facies 
are composed of hard, well-bedded fine grained limestones 
with white to yellowish white colours. The larger 
Nummulites shells are rarely present. In some places, 
these facies change laterally to marly or arenaceous 
limestone (El-Fashn area) and marly limestone with marl 
intercalation (Gehannam Formation of Fayum).

The third or top division of the Lower Mokattam unit 
is the "Giushi Formation" [Said, 19713. That division 
(Plate 3-1) is the only member of the Lower Mokattam which
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PLATE ( 3 - 1 )

Middle & Upper Mokattam Units

Wm

Plate (3-1) :  Glushi Formation , top division of the Lower Mokattam Unit , 

East of Cairo . Both the Middle and Upper Mokattam overlie 

on right top of photo .



is considered to be of some interest and dealt with in 
some detail in this study, since it underlies the Middle 
Mokattam. It is mainly composed of thinly bedded,
yellowish white fossil iferous limestones. The limestones 
are flooded with small size NuOaaulites. In the Mokattam 
section, there are some shaley marl! intercalations (up to 
40cm thick) which were found to be increasing laterally 
southwards throughout the basin in east Helwan and up to 
Beni Suef. These marls are of some importance and divide 
the "giushi formation” in the Gabal Mokattam section into 
two distinct parts. The lower part is characterized by 
the abundance of bryozoa and serpulid tubes. This part 
can be traced southwards in Vadi Hof (East Helwan), Vadi 
El-Baum (east of Beni Suef), Gabal El-^Abyad (east El- 
Fashn) and in north of Gabal El-Rayan (Fayum). The upper 
part is distinguished by the presence of Operculina 
pyramidium. It i6 only represented in the Gabal Mokattam 
section and replaced southwards by the qverlying Middle 
Mokattam Unit. In east Maadi the Giushi division changes 
laterally to coralline facies, while in Abou-Salleh (east 
of Beni Suef),)tis composed of formainiferal fine grained 
limestone. The thickness of this division varies from 
place to place. In Gabal Giushi (east of Cairo), the 
Giushi beds are about 30m thick, in Helwan, nearly 60m in 
Vadi Hof and 24.8m in Vadi Abou Moliyssatt, and in east 
Beni Suef, 29.20m in Abou Saleh section and 21.4m in El 
Allalma section. In some places, the Giushi beds are not



represented as in the pyramids plateau and the outer 
borders of the studied basin. This suggests an uplifting 
trend in these regions.

The Giushi type unit reflects an environmental change 
from facies formed on shallow to open shelf environment 
(Chapter 6). The faunal content of the Giushi beds 
indicates that it includes some planktonic and micro- 
benthonic foraminifera, operculines abundant nummulites, 
bryozoa, serpiolid worms tubes at the base, some algae, 
gastropods, and bivalves. It is important to point out 
that, though the blofacles of the upper part of the Giushi 
type in Gabal Mokattam are more similar to those of the 
Middle Mokattam in the middle and south of the basin, they 
occur in completely different lithologies. This,phenomenon 
could rather reflect chronstratigraphic relation than any 
lithostratigraphic tracability and relativity.
3.3 The Middle Mokattam Unit

The "Middle Mokattam" was introduced by Hume (1911) to 
describe the pale-grayish green marls with small 
Nummulites and Exogyra fraasi bands in Gabal Mokattam. 
Hume (op. cit. ) pointed out (Table 3.1) that his "Middle 
Mokattam" type overlies the white limestones of the "Lower 
Mokattam" and underlies the brown beds with Carolia 

placunoides of the "Upper Mokattam". Cuvillier (1924, 
1930), in the same type of locality of Mokattam used the 
same term of "Middle Mokattam" to completely different 
underlying beds. Cuvillier used his term to coincide with



the "Giushi" type (top of the "Lower Mokattam") and he 
considered all the upper clasticS as of "Upper Mokattam" 
unit. This confusion has led Strougo (1977, 1979) to use
the name "Middle Mokattam" for the combined areas of Hume 
(1911) and Cuvilier (1924, 1930). The prestent author does
not agree with either the Cuvillier or Strougo 
subdivisions, which have created misleading boundary 
stratotype and prefers to follow Hume's subdivision.

Vhat both Cuvillier and Strougo said about confirming 
the Middle Mokattam was somehow true, but the problem is 
rather more complex than they thought. In the Gabal 
Mokattam section, it is difficult to separate the top of 
the "Lower Mokattam" for any but all in one unit. 
Therefore, the lower boundary of Cuvillier and Strougo, 
"Middle Mokattam" contact, was not clearly marked. On the 
other hand, Hume's (1911) subdivision has priority. So, 
the term "Middle Mokattam", in this chapter, isjadopted as 
used by Hume (1911).

In our study, the "Middle Mokattam" is found to exist 
throughout the northern Nile Valley and the Fayum basin 
under different stratigraphic names. It extends from 
Cairo to east Helwan, El-Saff - Beni Suef, and the Fayum 
areas. The following is a description for the "Middle 
Mokattam" in each of the above-mentioned areas.

3.3.1 The Cairo Area
The true "Middle Mokattam Unit" described so far in 

Gabal Mokattam, East Cairo, is that of Hume (1911).
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PLATE (3 -2 )

A -  The Middle Mokattam Unit (M) underlies the Upper Mokattam (U) in 

Gabal Mokattam , east of Cairo . Looking East . Scale bar Is 5 

meters .

■>

B -  Top of the Middle Mokattam Unit , where the man stands , in Gabal 

Mokattam east of Cairo . Looking East .



However, it is included within the upper horizon of 
Strougo <1977,1979) at its type locality near the Citadel. 
It is distinguished by the pale greenish-gray to grayish- 
green marl rocks (Plate 3-2) overlying the white 
limestones of the "Lower Mokattam" and underlying the 
dirty yellowish elastics of the "Upper Mokattam". The 
Middle Mokattam Unit is well exposed all along the 
Mokattam scarp and can be traced from north of the citadel 
and southerly to east Maadi area, with a lense-shape 
facies. The thickness of the Middle Mokattam facies 
varies (Figs 3-1 & 3-2) where it reaches 9m in north of 
the Citadel (Section 66), 14m at El Mokattam Casino
(Section 77), 14.75m at the Mokattam Hotel (Section 45),
32.7m at one Km south of the Hotel section (Section 65) 
and thinning again down to 10m in East Maadi; Kattamia 
Road (Section 56). The Middle Mokattam in these areas 
comprises soft to moderately hard marls, crossed with 
gypsum veinlets and interbedded with more hard marly 
limestone facies. These facies change laterally to 
clastic sandy shales northwards and with thin gypsum bands 
southwards (East Maadi). The recorded fauna included some 
bivalves, gastropods and clastic shell debris.

In the south pyramids area, at Gabal Qibli El-Ahram 
(Section 40) , the Middle Mokattam facies become up to 
17.70m thick (Plate 3-4,A). The facies are composed of 
yellowish gray greenish marl limestone, highly bioclastic, 
bioturbated, and crossed with gypsum. These beds are
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interbedded with hard cross laminated limestones. The 
upper surface is well indicated by a conglomerate band, 
3,5m thick, which succeeds the marly facies (Plate 3-4,A) 
and precedes: younger Pliocene shore elastics. The facies
exist in Gabal Qibli El-Ahram and are more restricted than 
in Mokattam. The Middle Mokattam unit extends southwards 
to the western Nile bank in Saggara comprising most of the 
Saggara limestones of Hume (1911) and up to below the 
Carolia bed. The fauna recorded with Middle Mokattam in 
the Cario area belong to articulated bivalves, gastropods, 
ostracods, formainifera, and bryozoa.

3.3.2 East Helwan Area
The MMiddle Mokattam” Unit in east Helwan (Plate 3-3> 

is represented by both the Qurn series, at the base, and 
the Vadi Garawi" series at the top CFarag & Ismail, 1959). 
In this study, and according to field observations, the 
same rock unit names of Farag and Ismail (1959) are used 
but with a reduced formational rank (TabJ.e 3.1), Such 
formal names have been documented on the same area of 
Helwan by Said (1971) in a different sense of correlation 
(Table 3.1).

The Qurn Formation succeeds the Giushi Division of the 
Lower Mokattam Unit and precedes the Vadi Garawi 
Formation. The thickness of this formation reaches up to 
96m in its type locality in the Qurn heights, where it is 
composed of chalky and nodular marly limestone alternating 
with sandy marls (section 48). The base of this section



PLATE ( 3 - 3 )

Middle Mokattam Unit in Wadi Hof , east of the Helwan area .The Qurn 

Formation (Q)  at the base and the Wadi Garawi  Formation (W) on the  

top . Looking North .



includes clastic limestone, with sandy size fragmented 
shells, which changes upwards to nummulitic nodular marly 
limestone with clastic content. The maximum recorded 
thickness for those facies was up to 128.5m in Vadi Hof 
(section 48, ) which is thinning rapidly northwards. The 
Qurn formation facies has laterally changed southwards to 
marly limestone, marls and sandy marls, at Gabal El 
Maskhara (section 49,plate 3-4,B); beginning of Abou 
Serriaa-Suez Road, reflecting 30. lm thick carbonate 
facies. These latter facies extend farther south of the 
Helwan to El-Saff areas exhibiting softer marls, weathered 
shaley appearance, interbedded with more hard benches of 
marly nummulitic limestone bands. These nummulitic 
limestone bands are full of small nummulites and changing 
southerly to brownish dolomitic facies. The thickness of 
the Qurn Formation facies is generally reduced south of 
the Helwan area and can be traced for long distances. The 
same phenomenon is recorded eastwards with an increase of 
clastic content covering all over the eastern parts of the 
Helwan area along Abou Serriaa-Suez Road in east-northerly 
trends from 18km to 50km deeper than Helwan and 
increasing again easterly to reach a thickness of up to 
60m in section 64 (80km deep). The fauna recorded were
mainly small nummulites, gastropods, bivalves, bryozoa and 
echinoderms.

The "Vadi Garawi" formation in east Helwaan overlies 
the Qurn Formation and underlies the "Vadi Hof" Formation
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PLATE (3 -4 )

A -  The Middle Mokattam facies at Gabal Qlbli El-Ahram ; south of the Giza 

Pyramids (M) .precedes younger Pliocene sediments (P) . Looking south . 

Scale is 3 meters long .

B

B -  The Middle Mokattam Unit at Gabal E l -M askara  , east of the Helwan 

area . Looking south-west  .



CFarag and Ismail, 1959 and amended by Said, 1962, 19711.
The Vadi Garawi Formation, as mentioned by the above 
authors, is used to describe the limestone, marls and 
sandy shales in the Vadi Garawi area reaching a thickness 
of 25m. This rock type, in the desert of the east Helwan 
area (section 49) is characterized by yellowish to 
brownish colour, bedded stuff of marls crossed with gypsum 
(started from the base) nodular hard sandy limestones and 
soft calcareous sandstones. The previous strata are 
overlain by a well distinguished conglomeratic carbonate of 
about 3.0 to 4.0 meters in thickness. This conglomerate 
bed is composed of hard limestone nodules ranging from 7cm 
to 15cm and even to 30cm in diameter in northwards 
(section 48) and westwards and also with subrounded shaped 
thfin fining and rounded southwards (section 49). These 
nodules in the Helwan area are embedded in nummulitic, 
echinadermal or fragmented shelly matrix. The section 
passing vertically to white grey clast.ic bedded with 
echinoderms and bivalves, bioturbated and cross laminated 
eastwards with dolomite bands and dolometic| boulders capped 
by highly cross bedded bivalve beds. The upper horizon of 
the Vadi Garaw: formation is of marls to marly limestone
and clastic nummulitic limestone, bioturbated with 
Turritella bivalves, nummulites and bryoza. This
horizon becomes softer in places and erodes away 
completely in others. The Vadi Garawi formation facies 
are represented by up to 56 meters thick carbonate which



thin to the east and south where they are represented by a 
yellowish to brownish clastic limestone facies. 
Southwards, in the area between Helwan and EL-Saff, the
facies become more bedded with a fine \clastic content andi
contains nummulites, operculines and bryozoa.

The Wadi Garawi facies change laterally to a fine 
crosslaminated chalky limestone at 80 Km deeper from Abou 
Serria - Suez Road (S e c t i o n . .) .

Field observations in deeper parts of Wadi Garawi and 
Vadi Sisaba have shown that the above mentioned formations 
of the Middle Mokattam merge together and decrease in
thickness eastwards forming one distinguishable unit only.

3.3.3 El Saff - Beni Suef Areas.

The southern counterpart of the Middle Mokattam Unit 
in the studied basin is represented by the Beni Suef 
Formation of Bishay (1966) and Abdou-Sotliman (1980) (Table 
3.1). The term Beni Suef Formation was first introduced 
by Bishay (1966), who described it as uniformly overlying 
his El Fashn Formation (top of the Lower Mokattam Unit of 
this study) and underlying his Fayum Formation (the Maadi 
Formation of Abdou-Soliman, 1980). Barker (1945)
described this unit as (E) Formation. Bishay (1966)
considered its type section as lying northwest of Beni 
Suef, where it reaches a thickness of 100 meters.
Boukhary (1973), considered the same sequence as a member 
of the Lower Mokattam Unit and as the lateral variation of 
the Observatory Member.

In the area northeast of Beni Suef, the Middle 
Mokattam Unit (Plate, 3-5) is distinguished by its grey 
greenish grey colour which overlies the white limestones



PLATE (3 -5 )

Plate ( 3 - 5 ) :  The Beni-Suef  Formation ; Middle Mokattam Unit , with the Qurn 

Member (A) at its lower part , and the Tarbul Member (B) at the 

top [Gabal Tarbul] .



of the lower Mokattam and underlies the yellowish clastic 
of the Maadi Formation (Abdou-Soliman, 1980) .

Lithologically the Middle Mokattam (Beni Suef 
Formation) is formed of a highly fossiliferous succession 
of marl and calcareous shale with clastic dolomitic 
limestone intercalations. This is overlain by well
bedded, clastic, marly micritic limestones with Operculina 
which enclose some sandy shale and marl intercalations. 
The succession is capped by nummulitic limestone very rich 
nummulites, bryozoa, Turritello (gastropods), bivalves, 
and micro foraminifera. The field investigation of this 
study has shown that the Beni Suef Formation is considered 
as having the widest area distribution where its facies 
cover up to two thirds of the studied basin area of the 
Middle Mokattam Unit.

The Middle Mokattam, Beni Suef Formation, is 
represented in the area of El Saff-Beni Suef in the north, 
at north and the east of El saff, Gabal. Hamarai, Gabal 
Tarbul, Tarbul Abu Khashirat, Hamret Shaibun, El-Mashash, 
Vadi El-Aghbig, Vadi El Arhab, at the top of Gabal B1 
Abyad, north-western top of Gabal El Merair, and other 
patchy hillocks scattered over the Lower Mokattam. In the 
west Mile bank, the formation is well developed in the 
desert stretch separating the Fayum from the Mile Valley 
and fringing westward with the Birket Qurun facies.

The fossil content of the Beni Suef Formation dates it 
as of Priabonian (late Eocene) age. Bishay (1966) and



Boukhary <1970,1973), however, considered it as of Upper 
Lutetian (Middle Eocene) age depending upon the nummulitic 
content of the underlying Observatory Member, of the Lower 
Mokattam Unit, which they were confused in considering it 
as its lateral counterpart. Later on, Hassan et al, 
(1978), considered its lower part as of Middle Eocene age, 
whereas its upper part as of Late Eocene age.

In the east Beni Suef area, the author (Abdou-Soliman,
1980) was able to subdivide the succession of the Beni 
Suef Formation into two mappable units of member status, 
namely the Qurn Member at its base and the Tarbul Member 
at its upper part,

A. The Qurn Member

The term Qurn Series is retained after Farag and 
Ismail (1959), and is reduced in rank as a member of the 
Beni Suef Formation by Abdou-Soliman (1980). The Qurn 
Member (Plate 3-5,A) in the area from El Saff to Beni Suef 
and southwards, is formed of marls, * shales, sandy 
argillaceous marl with a grey to greenish or brownish grey 
colours. jRhythmic bands of creamy white clastic micritic 
limestone, sometimes dolamltlc which weather reddish 
brown, occur within the sequence of marly beds. These 
facies may change laterally to greyish green sandy shale 
and thins rapidly towards the south and southeast where 
they are sometimes absent. The thickness of this unit at 
its type locality (Gabal Tarbul) reaches about 50 meters. 

The Qurn Member is well represented in the low 
escarpments of Gabal Tarbul, Tarbul Abu Kashirat, Hamret



Shaibun, and Hamrai. It is also found as isolated patches 
or large hillocks, at Gabal El Mashash, and at the top of 
Gabal El Abyad, Gabal Hadid and the north western part of 
Gabal El Merair. This member extends northwards to El 
Vasta and El Saff forming the lower part of El Saff-Helwan

f

area on the eastern side of the Nile. In east El Saff 
area, the marl facies thin and interbed with more
dolomitic bands and the fauna is more restricted. Nowhere 
has such a basal dolomitic unit been seen at the base of
the Middle Mokattam from northwards. The implication is
that the Qurn limestone and marls were deposited across 
this region on an subduedi relief which was acting as 
paleo high probably during the deposition of the Giushi
facies. On the western Nile bank the Qurn Member extends 
westwards covering the Nile Valley - Fayum district with 
more clastic facies.

The Qurn Facies, in Gabal Hamret Shaibun, was included 
within a section described by Cuvillier <1930, P.198-202) 
as of late Eocene, whereas considered elnce that as of 
Middle Eocene by relatively more recent workers as Bishay 
<1961, 1966), Said <1962, 1971), Boukhary <1970, 1973) and
all of the unpublished work of the Geological Survey of 
Egypt. Hassan et al <1978, P. 131 and P. 136) in the Beni 
Suef area, gave this rock unit a Late Eocene age. Inspite 
of their statement, Hassan et al, <1978), contradict 
themselves in the same work <1978, P.142 and P.143), 
stating that it is not wholly of upper Eocene, but it
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extends downward to the Middle Eocene. Abdou-Soliman 
<1980) reassigned the Qurn Member, on faunal aspects, to 
the Late Eocene. The faunal content of the Qurn Member in 
the Beni Suef area contains mainly pelecypods, gastropods, 
ostracods and rich bottom dwelling' benthonic foraminifera.

The faunal content of this unit is re-examined, An 
this study, using nanoplanktons and a Late Eocene 
(Priabonian) age is confirmed for the Qurn Member 
(Biostratigraphic analysis, Chapter 4).

B. Tarbul Member

The Tarbul Member (Plate, 3-5,B) represents the upper 
part of the Beni Suef Formation and is introduced by 
Abdou-Soliman (1980), from Gabal Tarbul, east of El Vasta, 
to describe the yellowish white, well bedded, lime 
arenaceous limestone with Operculina pyramedium. The 
Tarbul facies are sometimes nodular and greyish yellow 
marls and sandy marl. Sandy micritic limestone
Intercalations rich in bivalves and small Nummulites 

striatus tops the succession and is Interbedded with 
dolomitic bands of 1 to 1.5 meters in diameter. These 
sandy micritic limestone beds increase in thickness 
northward at the expense of the underlying beds, of El 
Qurn Member, and reach their maximun in Helwan area to 
merge with the Vadi Garawi Formation east El iTebbin - The 
thickness of the Tarbul Member, in its type locality 
Gabal Tarbul, reaches up to 60 meters. To the south at



Gabal Hamret Shaibun, this unit thins out and reaches 5 
meters southeast at Gabal El Mashash, /and is absent
further south. It conformably overlies the Qurn Member 
with an abrupt contact and precedes the Maadi Formation of 
the Upper Mokattam with a sharp lithological contact. 
However, this contradicts what Hassan et al, (1978),
believed (Table 3-1) about the occurrence of unconformity; 
conglomeratic zone, through the upper contact of the Qurn 
unit. Such phenomenon does not exist in the field of his 
studied areas and cannot be deduced from biostratigraphy.

The Tarbul Member is composed of sandy limestones rich 
in Operculina pyramedium, Nummulites striatus, Lucina

pharaonls, Ostrea reilit Ostrea fraasl, Turritella

desert ica, T. angulata, and Cerithium lamellosum.

Accordingly, the Tarbul Member, is considered by Abdou- 
Soliman (1980) as of Late Eocene age. It is also 
reconsidered in this study on a jnahnoplanktonic basis 
(Chapter 4k), to be of Priabonian (Late Eocene) age.

It is found that the eastern parts of the Tarbul 
Member merge with the underlying Qurn Member and decrease 
in thickness with increasing in size of the clastic 
content. In east El Saff area, the size and number of 
Operculina pyramidum tend to increase. On the other hand, 
in the west of the Nile bank, the fauna suffered more 
restricted (environments and the facies become marly and or 
calcareous shale.



As mentioned above, the Tarbul Member facies in Beni 
Suef area (Gabal Hamret Shaibun) passes upwards to 
dolomitic bands and a bank bed of bivalves of up to 5 
meters then gradually changed upwards to nummulitic fine 
grained beds full of small sized Nummulites striatus.
This variation marks the top of this unit which could 
reflect more or less similar depositional conditions to 
those of the top Vadi Garawi Formation in Vadi Hof area 
(as mentioned in the case of the Helwan area). This 
similarity in conditions indicates the end of the 
depositional story of this rock unit throughout the 
studied basin.

3.3.4 The Fayum Area.
In the west side of the Fayum area, the Middle 

Mokattam Unit is represented by the Birket Qarun 
Formation. The use of Birket Qarun beds (or series), as a 
term, i6 back as early as 1905 when it was used by 
Beadnell to describe a unit of 500 meters thick in Gabal 
Gehannam, composed of sandstones and shales with a few 
bands of limestone. Said (1962) used the same term but in 
a formal meaning as "The Birket Qarun Formation". The 
Birket Qarun Formation (Table 3.1) overlies the Favine
beds of Beadnell (1905), which was called the Gehannam 
Formation by Said (1962), and underlies the Qasr El-Sagha 
Formation of Said (1962). For being difficult to
identify, the lower boundary of the Birket Qarun Formation
in Gabal Gehannam (Gar Gehannam), has led aj research group



such as Abdou and Abdel-Kireem (1972) and Abdel-Kireem 
<1985) to include that formation within the underlying 
Gehannam Formation. This lower boundary problem, however, 
could be solved differently by considering the boundary to 
extend down to reach the hard limestone cap of the 
'underlying (Gehannam) formation. Thus, the boundary in 
this new situation will underlie well defined calcareous 
sandy shale horizons. In doing so, the term "Birket Qarun 
Formation" will survive and the formation itself will be 
considered as a complete separate and mappable unit with 
two well defined boundaries.

The above shale horizons, 8 meters thick, change
upwards to calcareous fine sands and marly sandstone (50 
meters thick). The last beds are overlain by 5 meters of 
calcareous shales followed by up to 18 meters thick sandy 
marls.

In the north of Birket (lake) Qarun, the lower part of 
the formation becomes sandy marls while the upper part 
changes to sandy calcareous shale and fine marly sands 
occasionally intercalated by harder sandy clastic 
limestones. In both north and west of Birket Qarun, the 
rock unit \ S^Qdually buried as if dips beneath 
the overlaying Qasr El-Sagha Formation.

The Middle Mokattam (Birket Qarun Formation) facies in 
the Fayum area are well developed in the area fringing the 
northern boundary of the Fayum cultivation and Birket 
Qarun and the hill mass of Gabal (Gar) Gehannam.
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The facies are also recorded as a siliceous carbonates 
with marls near the base of the rock unit, at southeast 
Kalamcha of Fayum and north of Birket Qarun.

The faunal content of the Birket Qarun Formation 
includes Nummulites striatus, Operculina cf. discoidea, 

Ostrea reili, O. fraasi, Carolia placunoides, and some
gastropod species.

The age of the Middle Mokattam (Birket Qarun) 
according to the studied faunal biozones is found to be of 
Late Eocene (Priabonian)age. This is also considered and 
recorded in most of the previous work starting with
Cuvillier (1930), Ansary (1955), Said <1962, 1971),
Krasheninnikov and Ponikarov (1964), Beckmann et al 

(1969), Ismail and Abdel-Kireem (1971), Abdou and Abdel- 
Kireem (1972), Boukhary and Abdelmalik (1983), and most
unpublished and subsequent work.

In regional sense, the fauna identified from the
"Middle Mokattam" facies include; Nummulites striatus

Bruguiere, Nummulites fayumensis Bishay, Operculina 

priabonica Bishay, Operculina pyramidurn Schw. , 
Sphaerogypsina globulus Reuss, Echinolampas crameri De 
Ler, Echinolampas protaeus Fourt, Lucina sinuosa Bell, 
Lucina cf. qurnaensis Oppenheim, Saxolucina metableta

Cossmann, Saxolucina rai Oppenheim, Arcopagia

(Macaliopsis) plicatulla Mayer-Eymar, Turritella

polytoeniata Cossmann, Turritella pharaonica Cossmann, and 
Cerithium lamellosum Brug.
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It is also important to point out here that the Middle 
Mokattam facies contains various types of reworked fossils 
from older rocks ranging in age from Middle Eocene to 
Paleocene or even older. These are eliminated during 
biostratigraphic analysis (Chapter 4) -jto avoid age mixing.
3.4 The Upper Mokattam Unit.

In brief, the Upper Mokattam of Hume (1911), is 
characterized by its dirty yellowish brown clastic 
limestone, sand and shales with abundant shells of Carolia

| placunoides Cantr, These beds, forming the upper part of
ii| Gabal Mokattam to the east of Cairo, are known in the

literature as the Maadi Formation,[
following Said (1962). The Maadi Formation in the 
Mokattam area extends southt^to the east of the Maadi City 
and farther south to Helwan provinces to be known under a 
different name (Table 3.1). In the east Helwan area, the
Upper Mokattam is represented by the HVadi Hof" series 
(Farag and Ismail, 1959), where it is characterized by 
shales and sandstones with a clastic limestone. The Upper 
Mokattam extends southwards to Beni Suef area forming the 
Maadi Formation, Abdou-Soliman (1980), a unit which was 
described in the southern parts of the studied basin as 
Formation "F”; Barker (1945), the Fayum Formation; Bishay 
(1966), Shaibun Member; Boukhary (1970, 1973), and Vadi
Hof Formation; Hassan et al, (1978).

In the Fayum area the Upper Mokattam is represented by 
the Qasr El-Sagha or Carolia beds, Beadnell (1905). The



same unit in the Fayum area has been reported in the 
literature under different rock unit names; Qasr El-Sagha 
Formation; Said (1962) and also the Fayum Formation; 
Bishay (1966), which lumps both the Birket Qarun and Qasr 
El-Sagha series together. The Upper Mokattam Unit,
throughout the studied basin is formed from different 
facies, mostly elastics with a brownish yellow colour and 
started from the base by shales or clastic sandy shales 
which generally overlay harder light coloured clastic 
limestones; top of the Middle Mokattam Unit. That field 
phenomenon with its regional area distribution makes the 
lower boundary of the Upper Mokattam easily 
distinguishable at the top of the Middle Mokattam.

It is important to point out that we have discussed 
the Upper Mokattam Unit in this study only briefly. More 
detailed work is jneeded * Also whether or not the term 
"unit" for Upper Mokattam could exist, still needs more 
research.





C H A P T E R  F O U R

4 -  B  I O S T R A T  I G R A B B  I O  A N A L Y S I S  

A N D  C H R O N O S T K A T  I G R  A 3 P R  I G  

C O R R E L A T I O N S  

In the previous chapter we discussed the 
1ithostratigraphy of the northern Nile Valley and the 
Fayum area while in this chapter we will discuss the 
biostratigraphy and the chronostratigraphic correlation 
for the rock units of the studied area.

In order to throw more light on the accurate time 
lines framework of the Middle - Late Eocene in Egypt, the 
area of the present study is chosen as an ideal basin for 
having most of the Middle and Late Eocene carbonates 
conformably represented, Although, through time new data 
are constantly accumulating on the blozones (Table 4.1), 
the establishment of correlations between the biozones has 
become more and more difficult because of using mixed, 
reworked fauna and ignoring the nature of the basin on a 
regional basis. Therefore, in this chapter, the faunal 
contents were identified and considered for both 
calcareous nannoplankton and foraminiferida. The latter 
are based upon micro planktonic foraminifera, larger 
benthonic foraminifera; mainly nummulites, and to some 
extent on the distribution of micro-benthonic 
foraminifera. Proposed range distributions for the faunal 
species a n d  a  sequence of biozones are shown inTabs. 4-2 to



Table <*-l>: Biostratlgraphic correlation of the upper Middle and Late
Eocene sequences in Egypt.
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4.-8. The author has, also, attempted <in Table 4-8), to
present correlations between the biozones established by 
means of foraminifera and calcareous nannoplankton with 
the rock units studied.

The classification of each stratotype of the upper and 
Late Eocene stages is considered following those of 
Western Europe (Cavelier and Pomerol, 1986) and Palaeogene
time scale of Harland et al. , 1982.

The age assignment of the studied rock units and the 
Middle - Late Eocene boundary in the studied area are
discussed separately.

The following is a discussion for the calcareous
nannoplanktonic and foraminiferal biozones of the Eocene of 
the northern Mile Valley and the Fayum basin.
4.1 Calcareous Nannoplankton Zonation.

Calcareous nannoplankton assemblages were found and 
studied, for the first time, in the rocks of the northern 
part of Egypt. The analysed samples wer^ collected from 
the carbonate sections of the Nile Valley basin exposed 
between Minia and Cairo. The nannoplankton species are 
assigned in this work to biozones (Fig. 4.1) which
correlate with the standard nannoplankton zonations of 
Martini, 1971; and Cavelier and Pomerol, 1985(Tables .

Discoaster tani nodifer Zone (NP16).

This zone is firstly introduced by Hay et al, , (1967),
and amended later by Martini (1970,a). The proposed age
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for this zone, in the studied area, is considered to be of 
Middle Eocene.

Definition: As defined by the author, it coincides
with the last occurrences of Rhobdolithus gladius, and 
besides that, in the studied area, with the first 
occurrence of Reticulofenestra umbilica. The upper limit 
is defined by the last occurrences of Chiasmolithus 
sol i tus.

Reference localities: Samples 24, 27, 32 and 33 in
the shale beds and carbonates of Gabal El-Abyad and Diya, 
Gabal El-Rayan of Fayum, lower part of the Pyramids 
section and in Gabal El-Mokattam.

Common assemblage: Discoaster tani nodlfer,

D. barbadiensis, Chiasmolithus soli tus, C. grandis,

C. consueta, Reticulofenestra umbilica, Zygolithus dubius, 

and Sphenolithus radians.
Correlation: This zone is correlated with the

standard zone (NP16). The zone has been recorded in 
Belgium, Denmark, Bairritz of France, the Helmstedt-Treue 
of Germany, Mexico and west of the English Channel 
(Martini, 1971).

Discoaster saipanensis Zone (NP17).

Definition: Interval from the last occurrence of
Chiasmolithus solitus (Bramlette and Sullivan) to the last 
occurrence of C. staurion.



m u l e  \+-x). calcareous nannoplankton zonatlon of the studied basin 
sequences in the Northern Nile Valley, Egypt.
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Table (4-3): Distribution chart of the nannoplankton!c species in the studied area.
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Author: Martini, 1970a.
Reference locality: In the middle plateau of Gabal-

E1 Abyad (East of Fashn), basal beds of El-Allalma section 
(East of Beni Suef); samples numbers 25, 26 and 37,

Common species: Braarudosphaera bigelowi,

Chiasmolithus consueta, C. grandis, Discoaster

barbadiensis, D. sublodoensis, D. cf. Lodensis, D. cf.
tani, D. tani nodifer, D. saipanensis, D. strictus, D. 

gemmifer, D. cf. diastypus, D. martinii,

Helicopontosphaera lophota, Sphenolithus radians and 
Reticulofenestra umbilica.

Correlation: It can be traced all over the Nile
Valley scarp from East Fashn to Mokattam (East Cairo). 
The zone has a similar flora to that of zone (NP17) of 
Germany, France, Hungary, U.S.A., Atlantic and Pacific
Oceans.

Chaismolithus oamaruensis Zone (NP18)

Definition: From the first occurrence of C.
oamaruensis (Deflandre) to the first occurrence of
Isthmolithus recurvus (Delflandre).

Author: Martini, 1970a.
Age: All of the zone occurs in the Late Eocene

except the lower base which is of the Middle Eocene.
Reference locality: Along the chalky limestone scarp

east of Beni Suef in Abou-Salih and Allalma top beds; 
samples "HM" (1-3 to 1-12), "ALL" from samples (1-2 to
1-19), (and with thickness of up to 26.4m). The zone also 
occurs in E. El-Saff; sample 107, Helwan area (Gabal Hof);



sample 125, Gabal Qibll El Ahram; sample 98 and Gabal El 
Giushi, sample "MG"1.

Common species: Braarudosphaera bigelowi,

Chaiasmolithus oamaruensis, C. grandis, C. solitus, 

Discoaster tani, D . saipanensis, D. tani nodifer, D. 

barbadiensis, Reticulofenestra umbilica and Zygolithus 

dubius.
Correlation: This zone is correlated with France,

Germany, Hungary and the U.S.S.R. Locally it coincides 
with the top part of the Lower Mokattam Unit.

Isthmolithus recurvus Zone (NP19)

Definition: From the first occurrence of
Isthmolithus recurvus Deflandre to the first occurrence of 
Helicopontosphaera reticulata (Bramlette and Wilcoxon).

Authors: Hay, Moher and Vade <1966), amended by
Martini, 1970a.

Reference locality: The top beds of Gabal El Abyad
(E. El Fashn); samples "Ab" 4 to 10 (80 to 84), Gabal El 
Mashash in Vadi Sannur; samples nMhH 1 and 2, and in Gabal 
Shaibun; samples "H.S." 1 to 3-2 (1 to 4).

Common species: Braarudosphaera bigelowi,

Chaiasmolithus oamaruensis, C. grandis, Discoaster tani, 

D. saipanensis, D. barbadiensis, Reticulofenestra 

umbilica, Isthmolithus recurvus, and Erlcsonia

subdlsticha.

Correlation: This zone attains maximum thickness in the
south of the studied area. It can be correlated with



<NP19> in Germany, Hungary, Italy, U.S.S.R., Atlantic and 
Pacific Oceans, Martini,1971.

Sphenolithus pseudoradins Zone <NP20)

Definition: Started from the first occurrence of
Helicosphaera reticulata and upwards.

Author: Martini, 1970a.
Reference locality: This zone forms the highest zone

in the studied sections. All species assemblage highly 
occured in peculiar samples "Mh"3, and 4 <86 and 87), and 
in Gabal Shaibun East of Beni Suef; sample 3-3 <90>.

Common species: Helicosphaera reticulata, H.

Lophota, Discoaster tani, D. tani nodifer, D. saipanensis,

D. barbadiensis, Reticulofenestra umbilica,

Jficrontholithus attenuatus, Zygolithus dubins and 
Isthmol i thus recurvus.

Correlation: This zone has been recorded in Belgium,
Germany, U.S.S.R., Atlantic and Pacific Oceans. <Haq, 1971 
and Martini, 1971).
4.2. Foraminiferal zonation.

The Middle Late Eocene foraminifera of Egypt have 
recently been described by Ansary (1955), and Abdel-Kireem 
(1985).

Ve examined the foraminiferid collections housed in 
the British Museum (Natural History). These include the 
Ansary collections. Many of the holotypes of species 
mentioned in this work, together with those of equivalent



regional planktonic and larger foraminifera, were examined 
and compared with our investigated material. For
briefness, each named species is listed with the original 
name, author and date. This provides all the information 
necessary to find the species in th4 Catalogue of index 
Foraminifera (Ellis and Messina, 1966, et al.,1969), 
JTummulites and Assilines of the (Tethys palaeogen (Shaub,
1981), and all available up to date publications.

The scope of this work, does not entail detailed 
taxonomic or systematic descriptions and the reader is 
referred to Ellis and Messina, 1966, et al., 1969), Shaub
(1981), Abdel-Kireem (1985), and Ansary (1955) for 
illustrations and descriptions of these species.

4.2.1 Planktonic Foraminlferal Zones.

Most species names are updated following Bolli, et 
al. , 1985. The blozones used in this study are referred
to in the works by Berggren et al., 1985, Cavelier and 
Pomerol, 1986, and these are correlated with the 
description of zones by Abdou and Abdel-Kireem (1972), and 
Abdel-Kireem (1985).

Five biozones were recognised: (Tables 4-4.&1).
Marozovella lehneri Zone (P12)
Age: Middle Eocene.
Type reference: Globorotalia lehneri Cushman and

Jervis, 1929.



sequences of the Middle-Late Eocene Basin in Northern 
Egypt- _______________

/ Rock Units Planktonic biozones, modified from 
Abdel-Kireem (1985)
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Table (4-5) Distribution Chart of the Upper Mid and Late Eocene Planktonic 
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This zone was first described by Cushman and Jervis 
<1929). In the area of study, this zone is found to be 
the oldest ̂ assemblage represented. The base of the zone is 
not determined, but the top is well defined by the first 
occurrence of Orbulinoid.es bekmani Saito, 1962.

Turborotallia cerroazulensis pomeroli (Toumarkine and 
Bolli, 1970), and Truncorotaloides Libyaensis El-Khoudary, 
1977, started near the top of this zone. The common 
species assemblage in this zone are Acarinina 

spinuloinflata Bandy, 1949, Globigerinatheka mexicana 

kugleri (Bolli, Loeblich and Tappan, 1957), Korozovella 

spinulosa Cushman, 1927, M. lehneri Cushman and Jervis, 
1929, Truncorotaloides rohri Bronnimann and Bermudez, 
1953.

The Korozovella lehneri zone is found with the base 
member of the Lower Mokattam Unit alonge the Nile Valley 
Basin. It is also recorded in the Beni Mazar area, EL- 
Medawara and Vadi El-Rayan in the Fayum .area. The zone 
has been reported in the Fayum area by Abdou and Abdel- 
Kireem (1972) under the old name of Globorotalia lehneri.

For correlation, this zone is found to correspond to 
the standard P12 zone (Toumarkine and Bolli, 1970, Harland 
et al. , 1982, Berggren et al., 1985 and Cavelier and
Pomerol, 1986).



Orbul1noides beckmanni Zone (P13).
Age: Middle Eocene.
This was first named by Bolli (1957) and renamed by 

Cordey (1968) and Blou and Saito (1968), As defined by 
them it is found to have the total range of Orbulinoides 

beckmanni Saito, 1962. The common assemblage of the zone 
contains Orbulinoides beckmanni Saito, 1962,
Globigerinatheka mexicana kugleri (Bolli, Loeblich and 
Tappan, 1957) G. m. barri Bronniman, 1952, Acarina 

spinuloinflata, Bandy, 1949, Turborotallia cerroazuensis 

pomeroli (Toumarkine and Bolli, 1970), Morozovella 
spinulosa Cushman, 1927, M. lehneri Cushman and Jervis, 
1929, Truncorotaloides rohri Bronnimann and Bermudez, 
1953, r. haynesi Samanta, 1970, Pseudohastigerina mi era 

Cole, 1927, Globigerina linaperta Bolli, 1957, G. eocaena 

Guembel, 1968, G. yeguaensis Veinzierl and Applin, 1929.
The zone is widely distributed in the area of study in 

the El-Midawara section and base of El-Mfshigeiga Member 
of Adbou and Abdel-Kireem (1972) in Vadi El-Rayan, Qaret 
Gehannan of Fayum, Qarara and Shinnara shales, Vadi Sannur 
and base of building stone Member in the Cairo area (Said, 
1962) and base of the Observatory Member in both the 
Helwan (Farag and Ismail,1959) and Beni Suef areas (Abdou- 
Soliman,1980) .

The Orbulinoides beckmanni zone is correlated with the 
standard P13 zone by Blow, 1979, Harland et al. , 1982,



Bergreen et al. , 1985, Toumarkine and Luterbacher, 1985
and Cavelier and Pomerol, 1986, all over the world.

Truncorotaloides rohri Zone <P14)
Age: Middle Eocene.
This zone was first defined by Bolli, 1957b. Its top 

is defined by the extinction of Truncorotaloides rohri and 
appearance of Globigerinatheka seminvoluta Keijzer. This 
is found to be more or less sharply defined in the studied 
area. The common recognized assemblage, besides the zonal 
marker Truncorotaloides rohri Bronnimann and Bermudez, 
1953, contain T. haynesi Samanta, 1970, Turborotalia 

cerroazulensis pomeroli (Toumarkine and Bolli, 1970), 
Globoguadrina venezulensis Hedberg, 1937, Globerinatheka 

index index Finlay, 1939, G. mexicana barri Bronnimann, 
1952, Globigerina eocaena Guembel, 1868, G. linaperta 

Bolli, 1957, G. yeguaensis Veinzierl and Applln, 1929, 
Globigerinita africana Blow and Banner, 1962 and 
Globorotaloides suteri Bolli, 1957.. Acarlnina

spinuloinflata Bandy, 1949, iMorczovella spinulosa Cushman, 
1927, and M. lehneri Cushman and Jervis, 1929, all of 
which end at the top of this zone. Globigerina corpulenta 

Subbotina, 1953, is noticed to be met with frequently in 
this zone, however, it may be delicate and of less 
quantity in the previous Orbulinoides beckmanni zone. 
Also associated to the zone is Catapsydrax dissimilis 

Cushman and Bermudez, 1937.



The Truncorotaloides rohri zone is distributed over a 
very wide area in the studied basin. The second member of 
the Lower Mokattam Unit; Observatory or Building stone 
division up to the lower part of the Giushi Formation in 
Cairo-Helwan areas are assigned to thib zone. In the Beni 
Suef area, the zone can be found in the base of El Allalma 
and Abou-Saleh sections. In Gabal El-Abyed and Gabal El- 
Merier; east of El-Fashn, it occurs within the lower third 
of the middle plateau beds and top of Qatara section. In 
the Fayum area it occupies El Mishigeiga, Ravine beds of 
Qaret Gehannam and base of the marl Member.

The Truncorotaloides rohri zone corresponds with the 
standard P14 zone of Berggren et al., 1985, Toumarkine and
Luterbacher, 1985, and Cavelier and Pomerol, 1986. The 
extinction of mostly all splnose planktonic foramlnlfera 
(Acarina, Morozovella, Truncorotaloides) of the Middle 
Eocene marks the boundary between the Middle and Late 
Eocene in the studied area in Egypt (Omara et al. , 1978b)
and throughout the world (Bolli, 1957, and Haak and 
Postuma, 1975).

The Truncorotaloides rohri zone was previously 
reported by El-Boukhary (1973), from the Nile Valley and 
by Abdel-Kireem, 1985, in Gabal Mokattam, but these 
workers exaggerated the limits of this zone.



Glabigerinatheka semiLry.qLu.ia.Zone (P15>
Age: Late Eocene,
Firstly named by Bolli, 1957, and modified by Proto, 

Decima and Bolli, 1970. It is considered as a range zone. 
The lower limit starts at the extinction of T. rohri zone 
and ends at the extinction of Globigerinatheka 

semiinvoluta Keijzer, 1945.
The common assemblage of this zone, besides the zonal 

marker, contains Turborotallia cerroazulensis pomeroli 

(Toumarkine and Bolli, 1970, T. C. cerroazulensis Cole, 
1928, Globoguadrina venezuelana Hedberg, 1937,
Globigerinatheka index index Finlay, 1939, traces of G. 

mexicana barri Bronnimann, 1952, Globigerina gravelli 

Bronnimann, 1952, G. linaperta Bolli, 1957, G. yeguaensis 

Veinzierl and Applin, 1929, G. corpulenta Subbotina, 1953, 
G. azerbadjanica Chalilov, 1956, G. galavisi Bermudez, 
1961, G. eescaena Guembel, 1868, Globorotaloides suteri 

Bolli, 1957, Pseudohastigerina mi era. Cloe, 1927, 
Catapsydrax dissimilis Cushman and Bermudez, 1937.

This zone is commonly distributed in nearly the upper 
two thirds of the Giushi limestones in the Mokattam area 
and the overlying marl6 of the Middle Mokattam in the east 
He 1 wan area and Wadi Hof, Vadi Garawi and El-Saff. It
extends south to Beni Suef area where the white limestone
top of Allalma and Abou Saleh sections are assigned to the 
zone. Also related to this zone are Gabal El-Abyed,
towards the hard top and the shaley cap and the top of



Gabal El-Merier east El-Fashn area. In the Fayum area, 
the zone is found within the top shales of the Qaret 
Gehannam shales and the Birket Qarun shales and marls.

The Globigerinatheka semiinvoluta zone corresponds to 
the standard Zone P15 (Blow, 1979 and Cavelier and 
Pomerol, 1986). However, it was considered in other 
studies to be equivalent to Zone P15 and to part of Zone 
P16 (Harland et al. , 1982, Berggren, 1985 and Bolli et
al., 1985).

In the area of study, it is considered to correspond 
to Zone P15. Abdel-Kireem (1985) also referred to the 
zone in the Mokattam section as Zone P15 and recorded the 
same zone to occur in the Fayum section.

In all cases, Zone P15 is considered to be of 
Priabonian age. (Toumarkine and Luterbacher, 1985,
Berggren et al., 1985, Cavelier and Pomerol, 1986, and
Pomerol and Premoli-Silva, 1986).

lurbarotalia cerrozulensis Zone
This zone is assigned to the Late Eocene and is of 

Priabonian age. The Turborotalia cerrozulensis Zone was 
firstly described by Bolli (1957) and renamed by Bolli 
(1966, 1972). The zone is defined from the last
occurrence of Globigerinatheka semiinvoluta to the last 
occurrence of Turborotalia cerrozulensis. In the area of 
study, the normal assemblage occuring in this zone 
includes Turborotalia cocoaensis Cushman, 1928 and T. C. 

cerroazulensis, Cole, 1928.



Also as a common species Globigerina corpulenta 

Subbotina, 1953, G. galavlsi Bermudez, 1961, G. 

azerbadjanica Chalilov, 1956, G. angiporoides Hornibrook, 
1965, G. yeguaensis Veinzierland Applin, 1929, G. 
linaperta Bolli, 1957, G. gravelli Bronnimann, 1952, G. 

eocaena Guembel, 1868, GlQborotaloides suteri Bolli, 1957,
and Pseudohastigerina micra Cole, 1927, Turborotallia 

cerrozulensis pomeroli Toumarkine and Bolli, 1970; 
Globoguadrina venezuelana Hedberg, 1937; and
Globigerinatheka index Finlay, 1939, all of which occur in 
the lower part of the zone. However, Globigerina

ampliapertura Bolli, 1957, is characteristic of the top 
part of this zone at the Hamret |shaibun section, east Beni 
Suef. In the Nile Basin carbonates, the Turborotalia 

cerrozulensis Zone is met with the Upper Mokattam Unit in 
£1 Maadi; in Gabal Mokattam, at the beginning of the 
Cairo-Fayum Road, in the Hamret Sba'bun section, and at 
50km from £1 Kurrimat to Zaafarana Road east of Beni Suef. 
It represents the last stage of the Late Eocene of Egypt. 
For local correlation, the zone has been assigned in the 
Mokattam section to the Globigerina corpulenta zone 
(Abdel-Kireem, 1985). This assignment creates confusion 
for the following reasons: Firstly G. corpulenta ranges
downwards into the Middle Eocene. Secondly, the worker, 
also, reported the species markers of the Turborotalia 

cerrozulensis within his newly named zone, but chose to 
ignore the law of priority when naming the zone. Thirdly,



all of the species he recorded within his zone, i.e. G. 

corpulenta, were only a typical assemblage to the 
Turborotalla cerrozulensis Zone.

Regionally, the Turborotalia cerrozulensis Zone 
corresponds to both the standard P16 and PI7 Zones 
(Berggren et al., 1985, and Cavelier and Pomerol, 1986), 

4.2.2 Larger Foram (Nummulitic) ZonationSt
The widely spread, recorded larger foraminifera in the 

Mid-Late Eocene carbonates was Nummulities. They were 
highly diversed with large shell size, especially those 
within the Middle Eocene age (Tables 4-6&7) .

The northern Nile Valley carbonate basin has been 
divided in this work into the following Nummulitles zones: 
Nummulities gizehensis Zone.

Author: Forskal, 1775.
The oldest zone in the area of study is found to be 

represented by N. gizehensis of Lutetian, Middle Eocene 
age. This zone is defined as a total range zone for the 
marker species of Nummulities gizehensis both micro and 
megalospheric forms.

The top of the zone is well known by the last 
occurrence of the very big sized (up to 4cm diameter) 
Nummulities gizehensis species. The normal assemblage of 
this zone, besides to the zonal marker, includes 
Nummulities miliecaput and N. discorbinus. Nummulities 

beaumonti, N. perforatus and N. biaritzensis appeared with 
the top part of that zone. The zone is associated with



Table (4-6;. Large foraminiferal (Nummul1tes) Zones in the studied 
sequences ot the Northern Nile Valley Basin.
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some larger foraminifera such as alviolines, discocyclines 

and orbi toloides.
The thickness of the zone reaches up to 80 metres but 

its distribution is rather localized. This zone is well 
represented in the foot scarp of the Giza pyramids, in the 
base of the Mokattam section, in the Beni Suef area; east 
and west of the Nile, in east Biba, in Qarara and Diya 
sections, El Gabal, El-Ahmar, Samalout to Minia, west of 
Beni Mazar, Wadi Mowillah and Gabal El-Rayan.

The N. gizehensis zone in this study is confined to 
the lower division of the lower Mokattam unit, the 
Gizehensis limestones.

The Nummulities gizehensis zone was previously 
described in the Nile Valley, Egypt, by Said, 1963; 
Bishay, 1966; Boukhary, 1970 and Omara et al, , 1978, from
the Midddle Eocene, Lutetian, succession. It is
considered as an index fossil for the Late Lutetian 
sections in and outside Egypt (Bi6hay, 1966; Kenaway et 
al. , 1978; Omara et al., 1978). It has been reported by
Haak and Postuma, 1975 from the Far East, the Middle-Late 
Lutetian rocks, upper Middle and Late Lutetian (Schaub, 
1981).
Nummulities beaumonti Zone

Author; d*Archiac and Haime, 1853.
This zone overlies the previous one with its 

relatively smaller sized shells.



It is defined as the interval which commences at the last 
occurrence of Nummulities gizehensis and ends at the first 
appearance of Nummulities striatus. The common species 
which are found in’ this zone assemblage are N . beaumonti, 

N. perforatus, N. biaritzen, and N. Kokatamensis. This 
zone is associated with Orbitolites complanatus, 

Discocyclina granulata, D. taramellii, D. varicestata, 

Operculina schwageri, O. orientala, Gypsina carteri, 
Dictoyoconous aegyptiensis, and Alveolina aff. 
delicatissima. Also an abundance of miliollds coincide 
with the top of this zone in some places and calcareous 
algae intermix with the zone in other environments [Abdou- 
Soliman, 19803 .

The average thickness of this zone ranges from about 
57-69m.

In the present study, the Nummulites beaumonti zone is 
confined to the Observatory division of the Lower Mokattam 
unit or its equivalent: lateral counterparts, all along
the Northern Nile basin.

This zone was first introduced by Bishay (1966) from 
the Upper Middle Eocene <Late Lutetian) succession of the 
Nile Valley. Nummulites beaumonti is considered, in 
Egypt, as an index fossil for the uppermost Lutetian 
CKenawy et al., 19783.

Regionally, this species has a wide distribution and 
occurs throughout the Mediterranean Province, Aquitaine,



Europe, Somalia, India, Senegal and Madagascar, CBlondeau, 
19723, Syrte Basin of Libya CSchaub, 19813, where it is 
believed to have late Lutetian and Biarritzian age.

In many parts of the studied basin, it is observed 
that the Nuamulites beaumonti zone coincides with the 
Truncorotaloides rohri zone. This zone, in this work, is 
considered to be of later Middle Eocene, Bartonian age. 
Eummulites striatus zone

Author: Bruguiere, 1792
This zone is of Middle Eocene in its lower part but 

most of it is of Late Eocene.
It is considered, more or less, as a total range zone 

defined by the first appearance of Nummulites striatus', A 
and B forms, up to its extinction.

A very helpful assemblage is used to, carefully, 
define the range limits of that zone. Thi6 assemblage 
commences in contemporaneous to Nummulites striatus and 
ends with the proper top line of that zone*. Rare|forams of 
Nummulites beaumonti \ i exist in the lower part of the 
zone. Their complete disappearance delineates the Middle- 
Late Eocene boundary in the studied area. Nummulites 

fabianii is recorded as scattered asemblage species. The 
abundant occurrence of Operculina pyramidum Schw and O. 
priabonica [Bishay, 19661 define certain horizons within 

this zone. Bryozoa also is found to be associated with 

different levels in the Nummulites striatus zone. 
Generally, in the field, it is a very good reference zone,



well recognized by its large numbers of small sized 
nummulitic shells.

The thickness of this zone is variable. On average it 
is about 80m. The top of the Observatory limestones and 
its lateral counterparts are ‘assigned to this zone. The 
Giushi limestones (or the top division of the Lower 
Mokattam Unit), and the Middle Mokattam Unit are also 
encountered within this zone.

The Nummulites striatus zone was introduced to the 
Egyptian stratigraphy by Said, 1963; Bishay, 1966; El- 
Boukhary, 1970; Abdou-soliman, 1980 and El-Boukhary and 
Abdelmalik, 1983. It is considered by Said <1962, 1963),
Bishay <1966) and Abdou-Soliman <1980) to be of Late 
Eocene. Along the Mediterranean basin, Atlantic Ocean and 
Alpes, Nummulites striatus is considered to be of Late 
Eocene IBlondeau, 19723. However, Strougo <1979) has 
given a Middle Eocene age to the beds with Nummulites 

striatus in the Gabal Mokattam section.
The fossil associations and chronological correlation 

in the studied Nile basin, indicate that this zone is of 
Middle Eocene <Bartonian) age in its basal part while the 
rest of the zone is of Late Eocene <Priabonian) age. This 
age range, for the Nummulites striatus zone has already 
been recorded by Curry et al. , <1978) and Schaub <1981)
throughout the world.
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Nummulites fabiani i Zone

The name of Nummulites fabianii was first introduced
by Prever in Fabiani (1905) as Bruguieria fabianii. 

Prever |t hen under Nummulites fabianii Prever in Fabiani by Boussac{W(/7?)‘
This zone is considered in this work as an interval 

zone. The lower limit is characterized by the last
appearance of the Nummulites striatus zone, while the 
upper is indicated by the last occurrence of Nummulites 

fabianii. In the studied area, besides the marker species, 
an abundant assemablage of tiny nummulitic species shells 
are observed,of which, Nummulites fayumensis £ Bishay,
19663 is the only identified species.

Commonly associated macrofossils are represented by 
Osteria clot-beyi, Turritella spp., Miliola prisca, 

Carolia placunoides, corals, some green algae, millolids, 
Anisaste gibberulus, Bchinolamps crameria, B. ovalis, and 
E. globulus, mostly occur in a lower horizon.

It is important to mention that some alveollnes 
species are recorded in a 10cm thick horizon in the Maadi 
Formation (Upper Mokattam) of the Gabal Mokattam section. 
Alveolina bands up to 80cm thick are recorded at three 
levels in the Upper Mokattam of the Beni Suef area. 
Unfortunately, we were unable to confirm whether or not 
they could be assigned to the "Neoalveolina" of Hottinger 
(I960).

The distribution of this zone is rather patchy and 
many areas are recorded to be barren of any foraminifera.
The only recorded areas with this zone were Hamret Shalbun
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section (as a type locality) and the Mokattam Hotel 
section, for the zone assemblage.

The Nummulites fabianii is included within the 
Nummulites striatus/ N. chavannesi/ N . fabianii zone from 
the Late Eocene of Egypt by Boukhary and Abdelmalik 
(1983). However, Zittel (1883) was the first researcher 
who has recorded Nummulites fabianii from the Priabonian 
of Siwa Oasis, Aradj and Sittra, all in the North Western 
Desert of Egypt.

Nummulites fabianii is considered as an index fossil 
for the Priibonian throughout the world. It is known as one 
of the assemblage zone from the type section of the 
Priabonian stage ERoveda, 19613. The Nummulites fabianii 

zone is also recorded from the Late Eocene of the Western 
English Channel and southern Europe ECurry et al., 19783. 
It is also considered as marker fauna for the Priabonian 
(Late Eocene) of Georgia CKacharava, 19803, Italy, Swiss 
Alps, French Alps, Spain and Somalia ESchaub, 19813.

In the Northern Nile Valley Basin, the general 
chronological correlation indicates a Late K. ocene; 
Priabonian, age for the Nummulites fabianii zone in the 
area of study.

4.2.3 Micro-Benthonic foraminiferal zonation

The micro-benthonic foraminiferal distribution in the 
upper Middle-Late Eocene of the Nile Valley and Fayum 
Basin is rather variable. The Maadi sections have a



limited microfaunal associations while these associations 
are abundant in the Beni-Suef area. In the Fayum area, 
the type of assemblage, as well as the abundance, are 
found to be different from those of Beni-Suef. It is 
believed that these differences are probably due to 
changing in environments and consequently the ecological 
conditions all along the studied basin.

The micro-benthonic forams recorded are compared with 
those studied before by Ansary <1955) from the Upper 
Eocene of Egypt. The author has examined the type of 
species of Ansary (1955) which are deposited in the 
British Museum and carefully compared them with those of 
the studied basin. The result was that there is a 
complete similarity between them. This similarity could 
provide another piece of evidence on the exi6tance of Late 
Eocene assemblage on the basis of micro-benthonic 
forminifera.

The microforaminiferal association is found to 
include, Ammobaculites cubensis Cushman and Bermudez, 
Anomalina fayomensis Ansary, Bolivina modysensis Cushamn 
& Todd, bolivian obiiqua Barbat & Johnson, Bulim^ina 

Jacksonensis Cushman, Bulimina inflata Sequenza, Cancris 

cf. amplus Finlay, Cancris cf. turgidus Cushman & Todd, 
Cibicides fletcheri Galloway & Wisler, Cibicides lobatulus 

Walker & Jacob, Cibicides mississippiensis, var. ocalamus, 
Cushman, Cibicies mabahethi Said, Eponldes ellisorae 

Garrett, Eponldes praeclnotus Karrer, Guttulina communis
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d'Orbigny, Guttulina yamazatii Cushman, Gyroidina 

aegyptiaca Ansary Gyroidina cibaoensis Bermudez, 
Haplophragmoides emaciatus Brady, Haplophragmoides 

subglobosum Sars, Lagena hexagona Williamson, Lagena 

laevis Montagu, Lagena sulcata Walker & Jacob, Karginulina 

pediformis Bornemann, X. costatus Batsch, X. similis 

d'Orbigny, Xassilina decoratat Cushman, Nonion

acutidorsatum ten-Dam, N. belridgensis Barbat & Johnson, 
N. fnaadiensis Ansary, M. microumbilicatus Le Roy, N. 

scarphum Fichtel & Moll, N. trompit Ansary, 
Quinqueloculina semlnulum Lime, Robulus alabamensis 

Cushman, J?. chitanii, Yade & Asano, H. mayi cushman & 
Parlor, Sigmoilina tenuis Gzjzek, Textularia communis 

d'Orbigny, T. halkyardi Lalicker, T. concava Karrer, 
Uvigerina mediterranea Hofker, XJ * squamos d'Orbigny, and 
Virgulina squamosa d'Orbigny.

The distribution range of species is found to be non- 
uniform. Thus, a general zonation scheme is found to be 
impossible. These formaminifera, however, correlate very 
well with those described before either by Ansary <1955) 
from the Late Eocene of Egypt, or Tadros, 1968, from Gabal 
Mokattam, and Abdou-Soliman, 1980, from the Late Eocene 
of E. Beni Suef ; Egypt and also recorded by Gregory & Barret (1931) 

and Cushman (1933 , 1940) from definite Late Eocene sections in 

America and Europe ,

The localities for which those forams have been 
collected were from the rocks of Gabal Giushi, top of 
Lower Mokattam, and both of Middle and Upper Mokattam and 
their correspondings in Helwan, El-Saff, Beni Suef, top of



Gabal El-Abyad, and Fayum areas. Since those areas are 
found to be characterized by those previously indexed Late 
Eocene benthonic |foraminiferal species, therefore, the 
above-mentioned setions are considered to be of the Late 
Eocene.
4.3 CHRQNQCQRRELATIQN AFP AGE ASSIGNMENT

The standard chronostratigraphic stratotypes followed 
in this study are those of Harland et al. , (1982);
Berggren et al. , (1985) Cavelier and Pomerol (1986) and
Pomerol and Premoli-Silva (1986) for the Middle-Late 
Eocene stages. The ’Bartonian , of Egypt, is herein
updated and reduced in rank to constitute a later stage 
for the Middle Eocene. That is well observed from the 
correspondence of the studied nannoplanktonic zones, and 
also by the geochronological correlation of the Nile 
Valley Bartonian with both the French Auversian-Marinesian 
of the Paris Basin CChateauneuf (1980); Pomerol (1980 a, 
b) and Aubry (1983)3 and revision of the English Bartonian 
[Curry (1981) and amended by Cavelier and Pomerol (1986)3.

The above described biozones, in the Northern Nile 
Valley and the.Fayum basin, have clarified the Middle-Late 
Eocene biostratigraphic relationship(Tabw4»8)They are now 
confined to well defined lithologic units (Fig. 4.-2) .The 
oldest unit in the studied area is the Lower Mokattam 
Unit, which is divided into the Gizehensis limestones at 
the base, the Observatory limestones in the middle, and 
the Giushi limestones at the top. The lower Gizehensis
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limestones comprises the Nummulites gizehensis zone and
most of both Morozovella lehneri and Discoaster tani 

nodifer zones. Those represent the top part of the Late 
lutetian age either in Egypt [Said, 1963; Kenawy et al., 

1976; Omara et al. , 1978b; and Shama et al., 1982] or
throughout the world [Haak and Postuma, 1975; Schaub, 
1981; Harland et al., 1982; and Cavelier and Pomerol, 
19863.

The Observatory limetones are stratigraphically 
parallel to the Nummulites beaumonti zone and the base of 
Nummulites striatus zone. It also includes the top part
of P12, P13 and most of P14 planktonic zones. In the
meantime the upper part of NP 16 and NP 17 of the
nannoplanktonic zones are found to occupy this rock 
member. Accordingly, the Observatory limestones are 
considered, for the first time, as of Bartonian age, which 
represents the top stage for the Middle Eocene. The upper 
part of the Lower Mokattam Unit, the Giushd limestone, has 
yielded the nannoplankton of most \chasolithus oamaruensis 
zone <NP18>, and the lower half of Nummulites striatus 

zone. In terms of planktonic forminifera, their base is 
at the top of Truncorotaloides robri zone (P14) and the 
top two thirds are equivalent to part of Globigerinatheka 

semiinvoluta zone (P15). Accordingly, the Middle-Late 
Eocene boundary is indicted by the contact between the P14 
and P15 planktonic zones and in terms of nannoplankton 
passing through the base part of NP18 zone [Murray et al.,
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1981; Harland et al. , 1982; Berggren et al. ; 1985; Bolli

et al. , 1985; Cavalier and Pomerol, 1985; and Pomerol and
Premoli-Silva, 1986]. For the above reasons, the Giushi 
limestone, in this study, is beleived to have Middle 
Eocene age <of about one fourth) from its base, while the 
remaining upper part is truly of Late Eocene (Priabonian) 
age. Nearly similar conclusions were reached by Abdel- 
Kireem (1986) around the Gabal-Mokattam area. Said (1962, 
1971) considered all of the Giushi limestone belonging to 
the Late Eocene, however, Strougo (1977, 1979) included
it, within the overlying unit, into the Middle Eocene. It 
does seem, however, that some faunal mixing, through 
reworking, has caused confusion.

The Middle Mokattam Unit in the studied area comprises 
the top half of (P15) Globigerinatheka semiinvoluta zone 

and Nummulites striatus zone. It also yeilds both the top 
Chaseolithus o^amaruensis. zone (P18) and a large part of 
Isthmolithus recurvus zone (NP19). These biozones are 
known to coincide with a verifiable Priabonian (Late 
Eocene) either in Egypt CAnsary, 1955; Said, 1962, 1971;
and Abdel-Kireem, 19863 or also outside Egypt [Ramsay, 
1971; Harland et al., 1982; Murray et al. , 1981; Haq,
1983; Bolli et al., 1985 and Cavelier and Pomerol, 19863.

Thus, in this work, we consider the age of the Middle 
Mokattam as of Late Eocene (Priabonian) age. The top unit 
is the Upper Mokattam which comprises the Nummulites 

fabianii, P16 and P17 planktonic zones, and NP20
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nannoplankton zones, which were dated Late Eocene
(Priabonian) by Blondeau (1972), Curry et al. , (1978),
Kapellos and Schaub (1975), Schaub (1981), Bigg (1982) 
Cavelier and Pomerol (1986). That age was previously
described in the area of study^ by Cuvillier (1930), Said 
(1962, 1963) Bishay (1966) and Beckmann et al., (1969) /

and updated with the standard workable biozones (Tabs.4-1&9).
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C H A P T E R  F I V E

5 .  S T R A T  I C R  A R  IT I C  R E L -  A T  I O N S  

A N D  B A S I N  C O N C E R T  

5, 1 INTRODUCTION

The main objective of the previous stratigraphic 
chapters is directed towards basin analysis, whereas the 
aim of this chapter is to show how the development of the 
basin has influenced its stratigraphic record <i.e. to link 
stratigraphy and basin analysis). This involves some 
circular argument because;
1. The stratigraphy is needed to study the basin.
2. Meanwhile, stratigraphy is a consequence of the history 
of the basin.

In this chapter, an attempt is made to shed light on 
the most important stratigraphic relationships. The
approach followed to select a marker datum, to be used as a 
reference in this study and to enable correlations to be 
made, will be discussed. The stratigraphical analysis 
revealed in previous chapters, will be also used to detect 
the basin of deposition.
5.2 THE ONLAP-OFFLAP RELATIONSHIPS

Many examples of onlap-offlap relationships are 
recorded from the outer margins of the study area. In this 
chapter, emphasis is laid on the two large southeastern and 
northwestern areas. <Figs 5-1 and 5-2). Each of the onlap 
and offlap relationships in both localities will be
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Upper MoKattan U nit

Middle MoKattan Unit 

Giushi Fom ation

Observatory fac ies Lower
MoKattan

UnitNunroulite Gizehensis facies

(A) Conformable sequence of the studied rock units.

(NW)(so

(B) Onlap relationship occurred until the early stages 
of deposition of the Middle MoKattam facies.

(NW)(SE)

K m. ° O  o

(C) Offlap relationship, by the end of the Late Eocene.

Fig. (5-1): StratiRraphical sequential relationships, in the
southeastern part of the studied Nile Valley basin, 
Egypt.
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(A) Offlap relationship by the end of 
the Giushi (3) depositional phase .

(NW)

(NW)

41 40 48
(SE)

(B) Onlap relationship during the early stages 
of the Middle MoKattam (4) depositional phase

41 40 48

Pyramids 
p lateau 0 0

Towards

(C) Offlapping relationship of unit 5 (Upper MoKattam), 
by the end of the Late Eocene •

Fig.(5-2): Stratigraphic sequential relationships, in the 
north-western parts of the studied Nile Valley 
Eocene basin, in Egypt. Rock Units numbers can be 
followed from Fig. 5-1,A.



discussed.
5.2(A) The Onlapping Relationship

The conformable sequence of the studied rock units is 
shown in Fig. 5-1, A'.. Facies onlap relationships are 
observed around both of the east Beni-Suef (sections 61, 
26, Fig. 5-1,B) and Giza Pyramids Plateau (sections 40,41, 
Fig. 5-2,B) areas. This stratigraphic relationship occurs 
at the facies base of the Middle Mokattam Unit. In the 
south-eastern part of the study area (Fig. 5-1, B), the 
middle Mokattam Unit may overlie the Nummulitic gizehensis 
facies and the Giushi facies (section 61> or it may overlie 
the gizehensis facies alone (section 26). In this case, a 
complete absence of either the Observatory facies (section 
61) or both the Observatory and the Giushi facies (section 
26) is recorded. Meanwhile, all of the stratigraphic units 
conformably overlie each other (section 61) in a basin-ward 
direction. The best example of this relationship is
noticed in the eastern parts of Wadi El-ArKab through Gabal 
Hamret Shaibun (in a S.E.-N.W. direction).

The other example (Fig. 5-2,B) of onlap relationship 
occurs in the north-western part of the study area, from 
the Giza Pyramids plateau (section. 41) along both the 
Gabal Mokattam (N.E.) direction and the Wadi Hof (S.E.) 
direction. In this locality, the Middle Mokattam Unit
overlies the Observatory facies in Gabal Qibli El-Ahram 
(south of the Sphinx; section 40). Meanwhile, the Giushi



Formation is represented by thick sequence in the Wadi Hof 
area (section 48).
5.2(B) The Off lapping Relationship

The off lap stratigraphic relationship occurs in both
Ithe previously mentioned localities; north-western (Figs 5- 

2, A and C) and south-eastern (Fig. 5-l,C), parts of the 
study area.

In the north-western part of the study area (Fig. 5- 
2), around the Giza Pyramids in a N.W. - S.E. direction, 
the offlapping relationship occurs in two stages (Figs 5-2, 
A and B).

The early stage took place during the deposition of 
the Giushi facies (Fig. 5-2,A). This facies is completely 
absent to the N.W. (section 40) but occurs as a thick 
sequence towards the S.E. direction (section 48).

By the end of Eocene, a latter offlapping stage was 
developed during the deposition of the younger members of 
the Middle Mokattam Unit (sections 26 and 61) throughout 
the study area (fig 5-2,C). This regression of facies 
continued even during the deposition of the Upper Mokattam 
Unit (section 61). So the upper part of the Middle 
Mokattam and the Upper Mokattam Units indicate basin-ward 
facies migration.

On the other hand, towards the south-eastern part of 
the study area only the late stages and products of off lap 
are recorded (Fig, 5-l,C). The upper members of the Middle



l ie

Mokattam and the Upper Mokattam Units exist in section 61 
and die out towards section 26 in a S.E. direction.
5.2(C) Interpretation,

The above described onlap-offlap relationships can be 
easily distinguished at the shallow peripheries of the 
basin of study. The early offlap relationship occurred 
during the deposition of the Giushi Facies. This was 
followed by a sequence of onlapping and offlapping units 
through the deposition of the Middle Mokattam formation and 
until the end of the Eocene.

The early offlapping relationship is recorded only in 
the Pyramids area (fig. 5-2,A). This phenomenon may 
account for the absence of the typical Giushi facies from 
the Pyramids area due to a progressive migration of that 
facies seawards. This facies migration is believed to have 
formed due to an abrupt change in the shelf slope which 
forced the sediments to slump and advance seaward. Such a 
change in the shelf gradient may be the result of drastic 
syndepositional subsidence in the basinal area. 
Alternatively, the increase in the shelf slope may be due 
to pulses of syndepositional uplifting in the Abou-Rawash 
massif, which may have been a positive feature during 
deposition. Such movements have been suspected by, Said 
(1962), and Strougo (1979).

The latter onlap-offlap relationships, which are 
believed to have formed during the deposition of the Middle
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Mokattam and younger sediments, could have resulted from 
marine transgression and regression. These are commonly 
local phenomena that have nothing to do with absolute 
changes in sea level. They are believed to be formed due 
to the progradation of tlie coastal areas. Syn-tec tonic 
pulses could cause a regional tilting to the basin margins. 
Consequently, the shelf gradient could possibly be changed. 
The sea then flooded low-lying areas, resulting in the 
deposition of a transgressive sequence. This might have 
occurred in the early depositional stages of the Middle 
Mokattam facies (Figs. 5— 1,B and 5-2,B). On the other 
hand, in the areas of rapid sedimentation near the mouth of 
a deep channel distributary, the fan advances seaward and a 
regressive sequence is deposited. This may also explain 
the last depositional stages of the Middle Mokattam and up 
to the end of Eocene sequences (Fig. 5-l,C).

In Fig. (5-2,C), the onlap occurs towards the 
northwest direction during the deposition of the Middle 
Mokattam facies is separated from the underlying 
sedimentary wedge by an angular unconformity. This type of 
unconformity has been termed angular syntectonic 
unconformity (Riba, 1976). Riba (1976) and Anadon et al 

(1985) defined this type of unconformity as one that forms 
adjacent to an uplifting structure and associates with 
onlap-offlap stratal units. Accordingly, the onlap
relation observed in Fig. (5-2,C) is beleived to be 
developed during intervals of decreased uplift of the
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adjacent Abou-Rawash complex. On the other hand, the 
offlaped strata (top of Middle and the Upper Mokattam 
Units) are beleived to be formed during intervals of 
accelerated uplift of the same adjacent Abou-Rawash 
unstable shelf of Said, 1962. Several examples of that 
onlap-offlap relationship which associated with syn- 
tectonic unconformity, are observed with the outside zonal 
margins of the studied area. Occurrence of these relations 
with the sediments of the Northern Nile Valley basin, is 
considered as stratigraphic evidence for a diachronous
tectonic event. These episodes have taken place at the end 
of Middle Eocene and continued during Late Eocene times.
5.3 BASIN OUTLINE

To outline the basin of deposition and detect its 
configuration with respect to the topography of the sea 
bed, a combination of three factors have to be considered.
These are; the thickness of the 1ithostratigraphic units,
the nature and distribution of the individual facies and
their depositional environment. The thickness distribution 
of the units studied reveals the shape (or outline) of the 
sedimentary basin (fig. 5-3). However, this factor alone 
provides insufficient evidence of the nature of the sea 
floor topography. Therefore, we have to consider all of 
the above three factors (see Chapter 7) and relate them to 
a stratigraphic datum.

The procedure of cross-sectioning the studied basin,
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is based on establishing a datum which is assumed to be 
horizontal across the basin at the time of deposition (see

I 5-4&6)• However, the depositional surface represented by 
this datum may have sloped or undulated. The shape of a 
datum plane may depend, to some extend, on the purpose for 
which it is employed. Where, only the correlation of beds 
is required, the profile of the datum may not be critical 
and it is usually regarded as horizontal. However, it is 
essential to know the slope of the datum, at the time of 
deposition, to define the palaeotopography of the basin 
floor (Conybeare, 1979). The areal depositional province, 
throughout the datum will be discussed later (Chapter 6 and 
7). The distribution of the abundant carbonate component 
will also be considered (Chapter 7>. A calibration of the 
chosen datum and the tested factors will result in an 
understanding of the topography of the basin floor (see 
Chapter 7>,
5.4 DATUM OF CORRELATION

The chosen datum marks the lithological contact 
between two major rock units, the Lower Mokattam Unit and 
the overlying Middle Mokattam Unit. This datum has been 
chosen because it can be easily identified in and followed 
through most of the field area. It permits a tentative 
correlation between all the profiles of the northern Nile 
Valley and the Fayum basin.

Field recognition of that datum in the trough parts of



the study basin around Wadi Hof area, is impractical. 
Therefore, palaeontological identification was required. 
That datum is characterized by the occurrence of 
microbenthonic foraminifera; especially Bulimina

Jacksonensis and Uvigerina mediterranea. This datum also 
marks the top of the lower half of the Globlger inatheka 

semiinvoluta (P. 15), planktonic foraminifera zone. 
Furthermore, calcareous nannoplaktonics study confirms that 
the datum occurs shortly before the top part of the 
Chaismolithus oamaruensis, NP19, zone.
5.5 STRATIGRAPHIC CORRELATIONS

In this section an attempt is made to correlate the 
different facies of the Middle Mokattam Unit in the 
northern Nile Valley and the Fayum basin. Weller <1960) 
defined the correlation of the succession as the 
establishment of the mutual relationships between various 
rock units with respect to time. This is necessary before 
an environmental or basinal synthesis can be carried out.

The stratigraphlcal correlation scheme for the Middle 
Mokattam Unit in this study is shown in Fig. 5-4. Profiles 
are established for the horizontally assumed, chosen datum. 
The distribution of the different formations which 
represent the Middle Mokattam Unit throughout the studied 
basin is given in Fig. 5-5. Correlation is made, for the 
Middle Mokattam facies, along four different directions 
(Fig. 5-6). The locations of these directions were
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carefully chosen to permit an overall correlation and to 
reflect the basinal aspects of the analysis in the 
preceding chapters, s|ee Figs. 5-3 and 2-1. The
main direction (A-A) represents the basin axis which runs 
approximately south-north (see Fig. 2-1 for locatioh). The

xsecond trend (B-B) represents approximately the middle part
of the studied basin in a SE-NW direction. The third

\correlation is reflected through a SE-NW direction (C-C) 
for the northern part of the studied basin. The last 
direction is <D-D> which figures out the southern limb of 
the basin.

At the northern part of the basin, the Saqqara 
limestone formation (Hume, 1911 and Said, 1962), of the 
Middle Mokattam of this study, extends from the western 
Nile through south of the Giza Pyramids to Gabal Mokattam 
and the top of East El Maadi sections. In Wadi Hof-east 
Helwan areas, the Middle Mokattam facies is represented by 
both the El-Qurn and the Wadi Garawi formal ions. Both can 
be distinguished around the Wadi Hof to the east of the El- 
Tebbin areas, but they mix in one unit farther east.

At the southern parts of the study basin (Figs. 5.5 
and 5.6), the Middle Mokattam facies is represented by the 
Beni Suef formation in the eastern side and around the Nile 
Valley. The Beni Suef formation extends westwards almost 
to the Fayum area, where 1ithologically changes to the 
Birket Qarun formation. Facies inter— fingering observed on 
the northern side of wadi Abu Sera area, east El Tebbin,
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where the marl facies of the Beni Suef Formations 
Intercalates the El-Qurn facies and wedges out northwards. 
The Beni Suef Formation thins southwards and is represented 
(as the Qurn Member only) on top of the Gabal El-Abyad, 
northern top of Gabal El-Merier, and the top of Wadi El- 
Aghbag section.

Therefore, from the stratigraphic correlations of the 
Middle Mokattam Unit it seems likely that the different 
mentioned formations represent accurate records of 
contemporaneous chronological facies variations. The
isopach map <Fig. 5,7) indicates a marked facies thickening 
in the central locality of the northern part of the basin. 
The facies thins again towards the basin perimeter.

In the light of the biostratigraphic zonation, 
mentioned in the last chapter, it has been suggested that 
the Middle Mokattam Unit covers a span of the upper part of 
NP16 to the upper part of NP19 nannoplankton zones <Table
4.-8)* On this assumption, the total length .of time for the 
deposition of the Middle Mokattam Unit may have been about 
1 to 2 million years (following Harland et al, 1982;
Berggren et ai, 1985; and Cavelier and Pomerol, 1986).
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C H A P T E R  SI>C

6* E A G I E S  A N D  M I G  R O E  A O  I E S  
A N A L Y S I S  & T H E I R  DEF*OS I T  I O N  AI_

E N  \T I R O N  M E N  Y S
INTRODUCTION

It is common knowledge that most, if not all, strata 
vary laterally. These variations are used to define 
facies. The concept of lateral variation in bodies of 
rock is the facies concept. The Eocene rocks of the 
northern Nile Valley and the fayum basin, Egypt, are 
characterised by distinct facies changes.

To understand more clearly the development of the 
basin and the distribution of the different depositional 
environments, in the area of study, the carbonate facies 
and microfacies are studied in detail in this chapter. The 
facies were defined, in the field, on the basis of colour, 
bedding, composition, texture, fossils, sedimentary 
structures and geometry. Each facies is subdivided into 
subfacies associations or microfacies. Microfacies were 
defined on the basis of all of the palaeontological and 
sedimentological criteria which could be distinguished in 
thin sections, peels and polished slabs. This study 
involved the detailed point-counting of 941 peels and thin 
sections representing 23 columnar sections. The
percentages of the different grains and matrix components, 
derived from the point count analysis, were calculated



(Appendix C) plotted on diagrams with the help of a 
computer program to show their vertical variation
(Appendix D). The general approach used in the
preparation of these figures has been to keep the 
individual logs as factual as possible so that they, in 
effect, serve as basic data summary sheets. The carbonate 
grain types are, then, assigned to microfacies following 
the technique mentioned before (Article 2.2.1.4). To name 
and classify the carbonate microfacies, in this study, the 
Dunham scheme (1962), as amended by Embry and Klovan
(1972) classifications, was used. The classification 
schemes of Barth et. al. (1939) and Mount (1985) were 
sometimes used for the cl ay-lime and the mixed
si 1iciclastic carbonate lithologies. The vertical
variations of the energy index "El", of Chilingar et- al 

(1967) were calculated and also used.
The carbonate types observed in the study area, were 

assigned (Fig. 6.1) to the following 12 major facies (Fl- 
F12). These facies, in turn, were subdivided into 36 
subfacies on the basis of the microfacies analysis (M1F1- 
M36F12). The aim of this chapter is to outline the
description and distribution of these facies and the 
associated microfacies. One of the main objectives of 
this study is to interpret the origin of sedimentary 
facies in terms of sediment supply, sedimentary processes, 
and depositional environments.
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6.1 The Marl Faciesl<Fl) ( Plate 3-5, A )

6. 1. 1 DescriptlonlThe Marl (as a field definition or term)has a 
distinctive light grey colour. The average thickness of 
this facies is up to 30 meters thick. It is represented
by a cyclic sequence of (3-7 meters) thick segregated
soft marl, capped by (relatively thin 0.4-0.8 meters) hard 
bank of limestone (Fig. 6.2). Above the base of each 
cycle, grain size decreases upwards, typically from medium 
sand to fine mud, resulting in a graded bedding. However, 
due to the well-sorted nature of beds, this grading is
often difficult to detect. The marly beds contain 
bioclastics and are occasionally fossi1iferous and highly 
gypsiferous in places. These have a distinctive surface 
due to spherical weathering, and fine cross lamination
structures are recorded.

The hard limestone bands are of fine grained mudstone 
with very faint fine-lamination. These beds exhibit soft 
sediment deformation of a boudinage-1 ike nature, and 
contain rare fossils. Pelagic bivalval casts, micro-shell 
debris and plant remains are recorded.

The important carbonate grains, or allochemical 
constituents which characterize the major marl facies are 
mainly foraminifera, some bivalves, gastropods, ostracods 
of both smooth and ornamented types, miliolids, sponge 
spicules and other unidentified shell fragments. Most of 
the fauna is of open marine type but some contain a mixed
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reworked population from older sediments. The bioclastic 
content of the marl facies, show grain size variation from 
fine sand to very coarse gravel. A few detrital quartz 
grains of fine silty and sandy sizes are present 
disseminated within the allochems. These become coarser 
and more angular in the upper cycles. Lime mudstone and 
wackestone are the dominant depositional textures for this 
facies. Geometrically it is represented by a sheet-like 
body with wedge shaped segregated beds. This marl facies, 
also, has very sharp conformable contacts with other 
facies towards the basin centre, whereas it unconformably 
overlies older sediments in the inner parts (outer frame) 
of the studied basin.
6.1.2 Distribution

The marl facies comprises most of the lower part of 
both the Qurn Member of the Beni-Suef Formation and the 
Birket Qarun Formation of Fayum area. It is recorded 
mainly in sections, 69, 81, 61, 60, 51, * 49, 65, 45, 77,
40, and 82 (Fig. 6.2). At Gabal Tarbul Abu Khashirat, the 
facies is well represented where it increases in thickness 
towards the northern and western parts of the studied 
area. It thins towards the west and northwest in Fayum 
and Gabal Qibli El-Ahram. The facies also decreases in 
thickness towards the south and south-east in Gabal El 
Mashash and Gabal Abyad where It is represented by a small 
tongue. Towards the east, these facies thin again east
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Gabal Tarboul Abou-Khashirat then disappeared completely 
along Wadi El-Aghbig.
6.1.3 Microfacies Associations

The following microfacies associations (Plate 6-1) are 
recognized in the studied basin:
1. Marly lime mudstone microfacies (M1F1)
2. Marl microforaminiferal 1ime-mudstone microfacies

(M2F1)
3. Marl miliolid bioclastic 1ime-wackestone microfacies 

(M3F1)
4. Marly foraminiferal molluscan 1ime-wackestone

microfacies (M4F1)
5. Marly ostracod-microforam 1ime-wackestone microfacies 

(M5F1)
6. Marl splculltic 1ime-wackestone microfacies (M6F1)
6.1.3.1 Marly lime mudstone microfacies (M1F1)

This microfacies (Plate 6-1A) is very distinctive. 
It appears in Gabal Hamret Shaibun and is represented by a 
unit 80cm thick. It is also represented at the base of
Gabal Tarbul Abu-Khashirat (up to 60cm thick). This 
microfacies extends northwards to El-Saff and Wadi Hoff 
areas. In the Fayum area, the microfacies reaches up to 
150cm in thickness. Geometrically, it occurs as very 
hard, yellowish white, massive thin beds interbedded with 
pale greyish green sheets of thinly laminated marls. The 
main constituents are Ireworked Globigerina species (1-3%)



Plate (6-1) : (Marl microofacies associations"^”)
A - Marly lime mudstone microfacies (Ml) X20.

B - Marl microforaminiferal mudstone microfacies 
( M2 ).
(l- with Hantaknina sp., Late Eocene 

planktonic foraminifera, X50.
2- with microforam tests, X20.)

C - Marl miliolid bioclastic wackeston 
microfacies ( M3 ) X 8Q.

D - Marly f oraminif eral mollusean wackestone 
microfacies ( M4- )
(l- with Bivalves,
2- with microforaminifera and molluscan depri' 

both 1&2 are X20.)
E - Marly ostracod-microforam wackestone 

microfacies ( M5 ) X80.
F - Marl spiculitic wackeston microfacies (M6)., 

siliceous( bi & triaxons ) sponge spicules.X80
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biserial benthonic foraminifera <1-3%), bivalves (up to 
2%), besides rare detrital quartz grains (up to 1.3%), 
embedded in marly micrite (Over 90%).

The main diagenetic features are the staining of the 
ground mass by iPon oxides and the partial 
recrystallization of the micrite matrix into sparite. The 
marly mudstone microfacies probably reflects gently 
agitated water with an energy index of (EI)=1. The 
absence abraded fine debris in this microfacies (M1F1) 
could indicate the winnowing by bottom turbulence. The 
nature of this microfacies suggests deep depositional 
environment (Fig. 6-3).

This microfacies may have sharp or gradational 
boundaries with M2F1 and M4F1 microfacies.
6.1.3.2 Marl microforaminiferal mudstone microfacies 

(M2F1)

This microfacies (Plate 6-1B) is mainly exposed at 
Wadi Bayad, Wadi Abu Treifi, Wadi Lishyab, Wadi Matin and 
Wadi Abu Khashirat. Geometrically, this microfacies is 
represented by thiny laminated or well segregated beds. 
The main constituents are very fine grained marl matrix 
(more than 90%), benthonic foraminifera (1-6%) of well 
preserved forms mainly Bulimina, Bol ivima, Uvigerina, 

Robulus and Textularia species, reworked ill-preserved 
planktonics (1-4%) besides few bivalves, black organic 
remains, and some ostracods (up to 1%). The foraminiferal
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content suggests a deep depositional environment (Hendrix, 
1958 and Moore, 1964). The components of this microfacies 
are affected by some silica replacement. The microfacies 
reflects deposition in gently agitated water with an 
energy index of <EI)=1. this could also be demonstrated by 
the fine marl matrix and the presence of thin lamination. 
The occurrence of the bioclastic debris reflects a 
decrease in turbulence of bottom waters with depth, which 
is believed to be the likely controlling factor in 
deposition of this microfacies.

Laterally this microfacies (M2F1)' changes to marly 
lime mudstone microfacies (M1F1). It is believed to have 
a gradational boundary with this microfacies. The above 
characters suggest a probable deep basinal subenvironment 
(Fig. 6-3).
6.1.3.3 Marly mlllolid bioclastic 1ime-wackestone 

microfacies (M3F1)

This microfacies (Plate 6-1C) is well represented at 
Gabal Hamret Shaibun, Tarbul,. Tarbul Abu Khashirate and 
Gabal Abyad sections, as a sheet 3m thick which increases 
in thickness towards the south western parts of the 
studied basin. In the southeastern part it is represented 
by tongues wedging out towards the northeast and north 
direct ion.

The main constituents are planktonic foraminifera 
(2%), benthonic foraminifera (3%), miliolids (2-3%),



137

ostracods <1-2%), a few bivalves and gastropods (2%), and 
a few molluscan fragments <1-2%) besides a few detrital 
quartz grains, all are embedded in a marl matrix.

This microfacies reflects deposition in gently
agitated water with an energy index of <EI)=1. The grain-
matrix characters point to a quiet, landwards
subenvironment. Such depositional conditions initially 
prevailed over the whole outer deep shelf and predominated 
throughout carbonate deposition in the southern landward 
area <Fig. 6.3). The microfacies has a gradational, upper 
and lower boundaries.
6.1.3.4 Marly formainiferal molluscan 1ime-wackestone 

microfacies CM4F1)

This microfacies (Plate 6-ID) occurs in beds that are 
traceable for hundreds of meters. It is met within 
sections 69, 81, 61, 60, 51, 49, 45, 77 and 82. It occurs 
as yellowish brown or greyish brown, thinly cross­
laminated highly gypsiPerous and bioturbated beds. The
main constituents are molluscan shells (bivalves up to 6%, 
gastropods up to 3%), molluscan debris (6-10%), benthonic 
foraminifera (3-6%), planktonic formainifera (2-4%), fine 
detrital quartz grains (about 3%) and all are embedded in 
marl (20-80%). Ferrugination is a major, possibly early, 
diagenetic feature which characterizes this microfacies. 
The occurrence of ferric oxides and the red colouration 
and the abundant benthos, indicates an oxygenated



environment. Gastropods, some bivalves and molluscan 
debris are derived from near shore environments.

The microfacies reflects deposition in water with 
energies ranging between gently agitated and 
intermittently agitated with an energy index <EI) of 1-2. 
That could lead us to assume that a lowering in the sea 
level was responsible for the deposition of this 
microfacies <Fig. 6-3).

The rocks of this microfacies are overlain by the 
marly miliolid bioclastic wackestone microfacies. Both 
are associated in a cyclic pattern.
6.1.3,5 Marly ostracod microforam 1ime-wackestone 

microfacies <M5F1)

This microfacies (Plate 6-1, E) is characterized by 
its greyish green colour. This colour changes upwards to 
grey in some sections and has a range of weathered 
colours. It is well represented at sections 61, 60, 49,
and 51 as sheets of greyish green, laminated calcareous 
beds having a shaley appearance on the weathered surfaces. 
Its thickness reaches up to 5.5 meters and units of this 
microfacies intercalate with harder massive tongues of the 
marly foraminiferal molluscan wackestone microfacies 
(M4F1). The microfacies thickness generally decreases 
towards section 61 (southwards), where it is represented 
by only 0.5 meters. The main components are: benthonic
forams (20%), planktonic forams (7%), ostracods are
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represented by smooth types of deeper, calmer water (Gall, 
1983). The main diagenetic feature is represented by the 
partial replacement of the groundmass and ostracod tests 
by silica. The microfacies is highly bioturbated. The 
faunal content reflects an intermittently agitated 
depositional environment with an energy index (El) of 2. 
The microfacies characters reveal a transitional phase 
betwen the outer (seaward) and inner (landward) 
subenvironments of the marly facies recorded throughout 
the studied area (Fig. 6-3).
6.1.3.6 Marl spiculitic 1ime-wackestone microfacies 

(M6F1)

This microfacies (Plate 6-1F) is represented at Gabal 
Tarbul and Tarbul Abu Khashirat by a thickness of about 3 
meters. The microfacies extends north to El-Saff area, 
where it is represented by beds of 1.2 metre which are 
repeated twice at different levels. It is interbedded 
with the microformaimiferal marl mudstone microfacies 
(M2F1) and is capped by marly lime mudstone microfacies 
(M1F1) or massive cross laminated marls. The main 
constituents are calcareous sponge spicules (up to 4%) 
containing mono and biaxonal very fine spicules, shell 
fragments (up to 4.5%), very small nummulites (about 2%), 
and very fine detrital quartz (up to 4%). These 
components are embedded in marly lime-mud (up to 85%).

The microfacies reflects deposition in gently
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agitated to slightly agitated water with an energy index 
of <EI)= 1-3. Spicules accummulated below wave base in
quiet water and occur in conditions of normal marine 
salinity, as is also believed by Wilson (1975). The 
microfacies could reveal that their spicules were a 
product of a reworked pelagic accummulation in the deeper 
troughs of the shelf margin (fig. 6-3). This deep water 
probably had sufficient current to orient the spicules but 
not enough to] winnow he micrite and calcisiltite.
6.1.4 Depositional Environment of the Marl Facies

The above data and its associated microfacies suggest 
rapid deposition by suspended sediment fall-out on a deep 
wide shelf marginal to a deeper basin, as that described 
by Wilson (1975). Smith (1974) attributes similar facies 
to deposition within a normal marine environment. This 
environment (Fig 6-3) could be formed at the top of a 
carbonate producing homoclinal ramp (as suggested by Read, 
1985).

The unconformable occurrence of the marl facies 
observed in the basin-outflanking successions, suggests 
deposition in a transgress!ve sea conditions. These 
conditions likely, demonstrate the facies divergent 
recorded in the lower part of the facies sediments (Fig.
6. 4A).

The thin lamination and the small scale cross 
lamination suggest that this marl facies deposited in an
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Marl miliolid bioclastic wackestone microfacies (M3F1)
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Marl spiculitic wackestone microfacies (M5F-|)

F2 Marly clay facies

Fig. (6-3): Schematic representation of sediment microfacies 

distribution of facies (F̂) on the deep shelf 

margin of northern Nile Valley basin.



environment with a quiet water energy. This is also 
demonstrated from the calculated energy indices of the
associated microfacies and from the occurrence of the fine 
marl matrix. The producing environment is generally below 
wave base and barely at! or just above oxygen level 
(Wilson, 1975). The fining-upwards sequence is
interpreted to reflect waning flow velocities (Reineck and 
Singh, 1980). Sediment was derived from nearshore
environments, as indicated by the presence of a
transported benthonic macrofauna and plant remains. All 
the fine bioclastic detritus, associated with this facies, 
are believed to have been derived from adjacent shallow 
shelves. These fine debris were probably provided as a 
result of abrasion and grain breakage (Bathurst, 1970).
Winnowing by bottom turbulence is demonstrated by the 
absence of abraded fine debris. Microbenthonic
foraminifera, ostracods, and some bivalves, are 
outochthonous with this facies. The abundance occurrence 
of Bullimina, Bolivina, Uvigerinat and smooth ostracods 
within the faunal community reflect deeper water, probably 
more than 150 meters, as has been recorded by Murray
(1973), The distribution of the different recorded 
microfacies associations on the ramp itself (Fig. 6-3) is 
believed to represent subenvironmental phases. The
sequental occurrence of microfacies, within this 
depositional environment, may suggest an oscillation in 
the sea level during the time of deposition of the major



New shore

Old shore
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Central Basin

Fig. (6-M): Diagrams tic representation of the marl facies (F*j) 
shore line:-
A. Divergent start of the Marl Facies sea to flood

landward over new areas.

B. Convergent end of the Marl facies shore line.
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facies. This oscillation may explain the cyclic pattern 
of the marl limestone observed (Fig. 6-2). However, the 
rate of oscillation is not likely to fluctuate rapidly 
over the generally relatively short time represented by 
this fadies, and would also contradict the global rising 
of the sea through the Late Eocene <Vail et al, 1977). 
Seismically-triggered pulses are a second possibility. 
The marl beds could, then, represent the deepening 
episodes of the basin while the limestone is the product 
of the quiescent intervals of these pulses. The soft 
sediment deformation and the boudinage-nature of the hard 
limestone beds within the marl facies, appears to be the 
result of a temporary non-completed slumping of 
unconsolidated sediments. The fact that this facies has 
the following characters: <1) it occurs on top of both a
slump-scarred horizon (in the outer shelf) and 
unconformity surface (in the inner shelf), and (2) it 
exists as a lateral equivalent to . basinal facies 
(northwards) full of gravity slump and glide blocks. All 
of which are convincing evidence of tectonic instability. 
Therefore, this evidence may suggest that seismically- 
triggered pulses are the more likely origin of cyclicity. 
Consequently a periodic high clay input into the 
carbonate-dominated environment probably is the most 
common mechanism to explain the occurrence of thin 
limestone layers alternating with thick marl beds 
(Einsele, 1982). Similar mar1-1imestone sequences were
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thought to be formed through high-energy tectonic events 
in the Albian of France (Gebhard, 1982).

The marl facies may record a regressional event 
during the deposition of the upper part of the sequence. 
This could be demonstrated from the angularity and 
coarsening of the detrital quartz in the upper layers of 
the facies. This regression could arouse the shore facies 
convergence recorded <Fig. 6-4, B) in the top part of the 
marl facies and the upper sequences.

It is important to mention here, that local sediments 
belong to this marl facies, east of Beni Suef area, were 
described as basinal marginal marls (Abdou-Soliman, 1980).

6.2 Marly Clay Facies (F2)

6.2.1 Descrlpt ion: This facies is characterized by rocks
with a grey greenish or olive grey yellowish colour and 
has a range of weathered colours (Plate 6-2,E). The 
thickness of this major facies is about *20 meters thick. 
It also has a distinctive blocky character both in 
weathered and fresh exposures. The facies is often silty 
and very rarely contains thin siltstone interbeds. It is 
highly burrowed and locally possesses a mottled appearance 
perhaps due to bioturbation. This facies contains
terrigenous clastic constituents ranging in size from 
silty to sandy size and even more (up to 7cm long). The 
biogenic contents of this facies are mainly ostracods,



microbenthonic foraminifera, miliolids and molluscs. The 
facies also contains nannoplankton. The beds of this 
facies wedge out northwards. The facies sometimes has 
gradational or sharp boundaries with the marl facies <F1> 
and the si 1iciclastic carbonate facies (F3).
6.2.2 Distribution

The marly clay facies is well represented in sections 
69, 81, 26, 61 and 61. The main occurrence of the
carbonates of this facies is recorded in the southern 
parts of the studied basin. It grades laterally in the 
northern sections with the previous marl facies <F1). It, 
also, forms most of the Qurn member of the Beni Suef 
Formation, in the southern and southeastern parts of the 
studied basin. In the Cairo area, the rocks of this 
facies occur in one or two levels in sections 45, 44, 65
and top of section 56, all of which belong to the Saqqara 
f ormat ion.
6.2.3 Microfacies Associations

The following sub facies (Plate 6-2>, are recognized 
as associations within the marly clay facies:
1. Marly clay microforam 1Ime-wackestone microfacies 

(M7F2 >.
2. Marly clay molluscan 1ime-wackestone microfacies 

(M8F2).
3. Marly clay clastic 1ime-wackestone microfacies (M9F2).
4. Calcareous shale microfacies (M10F2).



Plat (6-2) : (Marly clay microfaciesnF2M)
A - Marly clay microforam wackestonemicrofacies 

(M7) X80.
B - Marly clay molluscan wackestone microfacies 

(M8) X25.
C - Marly clay clastic wackestone microfacies(M9)X32.
D - Calcareous shale microfacies (M10) X20.
E - Photograph of the marly clay facies outcrop 

at Gabal El Maskara, East of the Helwan area.
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Plat (6-2) : (Marly clay microfaciesMF2M)
A - Marly clay microforam wackestonemicrofacies 

(M7) X80.
B - Marly clay molluscan wackestone microfacies

(M8) X25.
C - Marly clay clastic wackestone microfacies(M9)X32.
D - Calcareous shale microfacies (M10) X20.
E - Photograph of the marly clay facies outcrop 

at Gabal El Maskara, East of the Helwan area.
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6.2.3.1 Marly Clay Mlcroforam Llme-Wackestone Microfacies 

<M7F2)

The foraminiferal marly clay wackestone microfacies 
(Plate 6-2A) is represented at Gabal Hamret Shaibun, GabalI
Tarbul, Gabal-El-Masha;sh ̂ along Wadi El-Arhab, and as sheets 
as well as tongues capping Gabal Abyad. It is represented 
by moderate hardness (fresh surface) to soft (weathered 
surface), fine grained succession of about 50 to 60cm 
thick. The main constituents are micro-benthonic forams 
(11-20%), reworked planktonic formainifera (up to 8%) and 
pelecypods of pelagic type (2 to 3%), of low diversity. 
All are embedded in a marly clay matrix (about 72-85%). 
Very rare silt sized detrital quartz grains are 
represented. The main diagenetic features affecting the 
ground mass are furrugination, pyritization, and 
gypsi f icat ion.

This microfacies reflects deposition in intermittently 
agitated to slightly agitated water with energy index of 
(EI)=2-3. The characteristic oxidized colour, and generaly 
lower fossil diversity are believed to characterize lower 
platform margin subenvironment to this microfacies. The 
micro-pelagic (floating) bivalves and the reworked faunal 
assemblage could be a useful environmental indicator. As 
Van Straaten (1971) indicates that the previous phenomenon 
could be originated during gales, where the water rises 
well above the mean high tide level and consequently all of



these floated shells were washed over the shallow surfaces. 
This assumption is highly supported by the high occurrence 
of broken shells associated with that kind of facies, and 
also from their occurrence in a landward wedging-out beds 
over a distance of only a few meters. That mode of 
formation seems to be in concord with the observed onlap or 
the transgress!ve accummultion nature of that microfacies 
(Fig. 6-5).
6.2.3.2 Marly Clay Molluscan Lime-Wackestone Microfacies 

(M8F2)

This microfacies (Plate 6-2B) is shale like when 
weathered, and is olive grey in colour. This may change 
upward to grey or tan and red. The thickness of the 
carbonate assigned to this microfacies reaches up to 1.6 
meters. It is well represented in Gabal Hamret Shaibun, 
Gabal Tarbul, Gabal Tarbul Abu-Khashirat, Wadi El-Aghbig, 
Wadi El-Arhab, small hillocks along Wadi Sannure, top of 
Gabal Abyad (east Fashn) and Gabal Qibli El-Ahram.

The microfacies is often silty and very rarely 
contains thin siltstone interbeds. The main components of 
this microfacies are bivalves (5-8%), benthonic 
microforaminifera (2-3%) ostracods (1-2%) and bloclastis 
(up to 4%). The constituents of this microfacies are 
surrounded by a marly clay matrix. The upper and lower 
boundaries of this microfacies are gradational with the 
other microfacies.
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The above carbonate assemblage probably reflect a 
gently agitated depositional environment as indicated from 
the calculated energy index of (EI)=1. The lack of primary 
sedimentary structures and the homogenized state of the 
microfacies may be due to bioturbat ion. As suggested by 
Ziegler (1972), the faunal content of this microfacies 
indicates a probable water depth from 70-80 meters. The 
sheet-like (large scale) geometery of that microfacies, 
suggets a flat sub-depositional basin of wide areal extent. 
It is therefore suggested that the microfacies could be 
formed in a moderately deep platform subenvironment (Fig. 
6-5) .
6.2.3.3. Marly Clay Clastic Lime-Wackestone Microfacies 

(M9F2)

This microfacies (Plate 6-2,C) forms beds changing in 
thickness from 6 meters at Gabal Abyad to 28 meters at 
Gabal Um-Rakaba in Wadi Sannure. The colour of this 
microfacies is light grey or yellowish green to grey green. 
It has a distinctive blocky character both in weathered and 
fresh exposures with a generally shaley appearance. Cross 
lamination is common, and locally the microfacies appears 
mottled. The main constituents are benthonic
microforaminifera (up to 2%), fossil fragments (about 4%), 
micro-molluscans (3%) and some transported planktonic 
foraminifera. The components also include about 9 % of 
sandy clastic detritus and are embedded in a calcisiltite 
matrix mixed with argillaceous components. The benthonic
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foramlnifera are represented in this microfacies by species 
of Nodosaria, Marginulina together with the arenaceous 
forams. All these foraminiferal assemblage may suggest 
shallow depositional environment (Moore et al, 1952, 
Hendrix, 1958 and Moore, 1964). The benthonic forams at 
Gabal El Mashash samples are found coated with iron oxides, 
which are possibly due to the continuous solution and 
precipitaion process within the chemical gradient that 
exists near the sediment-water interfaced (Price, 1967; 
Garrison and Fischer, 1969; and Morgenstein, 1973). At 
Gabal El-Ahram, the microfacies has a nodular character, 
which may indicate a near shore transported source.

The microfacies usually has a gradational upper 
contact with the calcareous shale microfacies (M10F2) and a 
sharp lower contact with the marl Facies (FI). The 
sediment of this microfacies is believed to be formed in 
gently agitated water with an energy index of (EI)=1. 
Therefore the nature of this microfacies suggests 
deposition within an upper platform margin-slope 
subenvironment (Fig. 6-5).
6.2.3.4 Calcareous shale microfacies (M10F2)

This microfacies (0.3-6.0m thick) is the most common 
microfacies within the Qurn facies in both the southern and 
north western corners of the studied basin. The
microfacies (Plate 6-2,D) changes colour upward from 
greyish green to dirty green and has a range of weathered



colours. It is blocky and contains cross-laming ion. In 
places, there are interbedded dolomicrites. The
microfacies is usually unfossi11iferous but very rarely has 
traces of bioclastic shell fragments. It occurs in beds 
that are traceable for hundreds of1 meters and in some 
places grades laterally into the si 1iciclastic carbonate 
facies (F3) . It is represented in the East Fashn area, 
along Wadi El-Arhab, Gabal El-Hadid, East Biba, East Beni 
Suef, south of the Sphinx, Birket Qarun, eastern parts of 
the East Helwan area, and El-Saff basal facies.

The microfacies is believed to be formed in moderately 
to strongly agitated water with an energy index of (EI)=4-
5. The carbonate of this microfacies are interpreted as 
shallow upper platform margin deposits (Fig. 6-5).

6.2.4. Depositional Environment of the Marly Clay Facies

The different associations within this marly clay 
facies were probably deposited on a wide' platform margin 
slope (Fig. 6-5). This \interpretation is supported by the 
highly bioturbated and mottled appearance recorded. The 
multiple generation of burrows, suggest that the dominant 
organisms in the marly clay facies were soft-bodied deposit 
feeders. The lack of primary sedimentary structures and 
the homogenized nature of this facies may be due to a 
strong burrowing effect. The bioclastic wackestone
(Dunham, 1962) or bioclastic micrite (FlQgel, 1972)
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Lower platform 
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Gabal Abyad (landward)

^Dolomite

Gabal Tarbul 
(seaward)

Marly c lay  m icroforan 
wackestone m icro facies (HyF̂ )

[ - j  Calcareous shale 
LuJ m icro fac ies (M^qK2>

Marly c lay  molluscan 
wackestone m icro fac ies
(M8F2)

Dolomite

Upper platform 
margin slope

Marty Clay Clastic  
Wackestone Microfacies
(M9F2)

Fig. (6-5): A. Suggested stratigraphic and sedimentological model 
for the occurrence and interfingering of the 
different microfacies associations, with facies (F2), 
on the shelf platform.

B. Inferred seaward directions of the located 
platform margin slope facies (F2).



154

invariably contains a low diversity of fauna and shell
debris which are believed to be jumbled and homogenized 
through burrowing. Bioturbation may be, also, responsible 
for the absence of bedding in the upper part of the 
sequence. Using the features described above, a fine 
grained lower and coarser grained upper shelf-slope
depositional environment can be recognized. These are 
comparable with the shallow and outer barrier foreslope
environments recognized in association with rudist reefs of 
the Caribbean area (Kauffman and Sohl, 1974). Similar
facies in middle eastern Cretaceous|carbonates were believed 
to be formed in a matching depositional environment
(Burchette and Britton, 1985). The rocks of the upper
marginal slope microfacies (M10F2) are found to occur in 
three different parts of the studied basin (Figure 6-5|B>. 
The lower platform margin microfacies (M7F2, M8F2 and
M9F2), on the other hand, are found to occur in a belt
seaward to the upper platform margin* deposits. The 
microfacies associated with this facies, are intercalated 
with each other in a combination of onlap and off lap
features (Fig. 6-5,A>. This probably formed during a
transgress!ve flooding phase which was followed by a later 
regres^tion or might represent sea level fluctuations on a 
prograding carbonate platform slope environment. The best 
examples for this facies are recorded at Gabal El-Hadid, 
Wadi El-Arhab, Gabal Qibll El Ahram, the Birket Qarun and
the lower part of the Middle Mokattam Unit in Gabal
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Mokattam sections. The southern parts of the studied basin 
represents the major wide part (nearly 80 kms long) of the 
deposits of this facies.

6.3 The Wavy Bedded1 Carbonte Facies (F3)

6.3. 1 Descript 1 on
Rocks assigned to this facies are greyish green and 

occur in massive 20 to 100cm thick beds with wavy nodular 
boundaries. These are intercalated with more softer 
mudstone or marl partings (20-30 cm thick) (Fig. 6-6). The 
facies changes upward to yellowish grey, massive beds, but 
with local friable lintercalations • The total thickness of 
this facies ranges from 6.0 to up to 32 meters. The least 
recorded thicknesses (south-east direction) are 
conglomeratic with 20-30 cm dlamter clasts. There is also 
a significant total thickness increase in north-northwest 
direction where layer thinning and fining becomes abundant. 
Thickening and thinning-upward are recorded. The facies is 
characterised by horizontal to inclined burrowing, which 
becomes vertical towards the top. Ripples, cross
lamination, convolute bedding, gravity slide, slump, block 
rotation and growth faults are also recorded. The biotic 
content is mainly bioclastic and is represented by 
fragmented bryozoa, echinoderms, operculines and nummulitic 
foraminifera, few bivalves and gastropods and reworked 
plant remains. These reworked biota are mixed with
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planktonic forams and nannoplanktons. The depositional
texture of this facies is represented by 1ime-mudstone and
wackestone. Grain supported texture also occurred. The
facies reflects deposition in gently agitated to slightly
agitated waters with an energy index <EI) of 1-3.
Geometrically this facies is represented by a large scale
wedge, lobes and ribbons. Towards the north direction the
facies grades laterally with pelagic and pelleted facies.
Clastic turbidites deposits, commonly, intercalate with
this facies. The lower and upper boundaries of this facies
consist of sharp contacts with the marly clay facies <F2)

l°below and the sandy clay above <F4). B rosmal surfaces\occur in 
i N. W. sections 10 & 68. In east the Beni Suef area, this facies 
was described as the product of sheltered fore-slope 
environments, (Abdou-Soliman, 1980).
6.3.2 Distribution

This facies forms the lower part of the Tarbul Member 
in the Beni Suef area and top of the Wadi 'Garawi Formation 
in the Wadi Hof area. It is represented by a few meters or 
more in Gabal Hamret Shaibun and up to 26 meters in Gabal 
Tarbul and Gabal Tarbul Abu Khashirat. In the El-Saff 
area, this facies is represented by thicker sequences of 
the mudstone microfacies. The facies is also represented 
by coarse bioclastic wackestones in Gabal Qibll El-Ahram 
and the hard top of the Wadi Hof facies.
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6.3,3 Microfacies Associations

This facies can be divided into the following micro 
facies (Plates 6-3 and 6-4).
1. Echinoderm-bryozoan lime - mudstone wackestone

imicrofacies (M11F3)
2. Nummulitic bioclastic 1ime-mudstone microfacies 

(M12F3)
3. Spiculitic bryozoan, 1ime-mudstone microfacies (M13F3)
4. Arenaceous bioclastic 1ime-wackestone to grainstone 

microfacies (M14F3)
5. Nummulitic bioclastic 1ime-wackestone microfacies 

(M15F3)
6. Operculinid, arenaceous 1ime-wackestone microfacies 

(M16F3)
7. Mullascan sandy 1ime-wackestone microfacies (M17F3)
6.3.3.1 Echinodermal bryozoan 1ime-mudstone wackestone

microfacies (M11F3)

The microfacies (Plate 6-3,A) is well represented 
(Fig, 6-6) by moderately friable, wavy pale-yellow, 
laminated, locally bioturbated beds which are interbedded 
with massive wackestone beds. The microfacies is met 
within Gabal's Tarbul, Tarbul Abou Khashirat, Qibli El- 
Ahram, Gibbo, and Saqqara, with thickness reaching up to 
100cm. The maximum thickness (3 meters) is recorded in the 
El-Saff area. The main coarse constituents are fine 
detrital quartz grains (1-2%), shell fragments (2%),
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Fig. (6-6): Diagram illustrating the sequence of the wavy bedded 
facies (F3)with its associated microfacies (Ml 1—MIT). 
Note the decreasing and increasing in thickness of the 
hard wavy beds upwards (indicated by the line to the right of diagram).



echinoderms (2.5%), bryozoans (2.7-8%) and nummulites (up 
to 1%), embedded in a marly 1ime-mudstone matrix (up to 
90%). Bryozoan contents increase in places |are embedded
in micrite matrix with wackestone texture , These carbonate grains 
show evidence of reworking which could be due to current 
transportation. The microfacies occurs as lobes which are 
either rounded or elongated. Some of these lobes have a 
higher sand grains content (up to 9%) which is believed to 
have developed parallel to depositional strike. This 
indicates that the transporting current suspended the shelf 
sediment which might be also enhanced by a north-west 
flowing discharge. This discharge displaced the sediment 
component from the lnnex— shelf, to wash down slope, towards 
the outer shelf. Such slope wash (a term used by McGowen 
and Garner, 1970, Fig. 3, p. 81) sediments were transported 
across the shelf slope, as lobes, to alternate with wavy 
sediments of the proximal microfacies (Fig, 6.8). These 
lobes seem to be formed in relatively deep, water, which is 
supported from the calculated energy index of (EI)=1 and 
the microfacies deposition in gently agitated water. 
Reactivation surfaces are very abundant, Indicating 
interruption of continuous bedform movement. The resultant 
slope wash lobes were most dense, probably during maximum 
sea discharge.



(Wavy bedded carbonate facies ”F3n )
Echinoderm-bryozoan lime-mudston wackeston 
microfacies ( Mil ) X20.
Nummulitic bioclastic lime mudstone microfacies 
( Ml2 ) X20.

Spiculitic bryozoan lime-mudstone microfacies 
( Ml3 ). Both Cl £ C2 are X80 .

Nummulitic bioclastic wackestone microfacies 
( Ml5 )• (l & 2 are tow different Nummulite 
species , both X20 .

Operculina arenacious wackestone microfacies 
( Ml6 ), X20 ( 1 jlongitidunal section# 2; 

equatorial or tungetional section )
Molluscan sandy wackestone microfacies ( M17 )
, X20 .
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6.3.3.2 Nummulitic bioclastic 1ime-mudstone microfacies 

(M12F3)

This is distributed as wavy sheets or lenses (Fig. 
6.6) in Gabal Hamret Shaibun and in Gabal Tarbul, has a 
thickness of up to 100cm and extends northwards to El-Saff, 
Helwan, Gabal Qibli El-Ahram, Saqqara, and Birket Qarun. 
The microfacies (Plate 6-3,B) is represented by greyish 
green sheets with cross lamination and vertical to Inclined 
burrowing. These may grade upwards becoming hard massive 
nodular lense like in shape. The soft and hard beds are 
repeated 13 times in cyclic fashion in Gabal Hamret 
Shaibun. In Gabal Tarbul, this microfacies changes
laterally a spiculite 1ime-mudstone microfacies
(M13F3). The softer microfacies is crossed with vertical, 
very fine veinlets of gypsum which is a secondary 
diagenetic phenomenon.

The main constituents are very fine nummulites (up to 
3%), shell debris (4-5%), benthonic forams (1-2%), fine 
detrital quartz (3%) and gastropod fragments (1%), embedded 
in a micrite matrix (90-92%). The microfacies reflects 
deposition in intermittently agitated water with an energy 
index of (EI)=2. The characteristic shape and nature of 
this micro facies leads to interpret it as mid-fan or 
proximal association (Fig. 6.8). The thinning-up sequence, 
recognized in the eastern parts of the microfacies (Fig. 6- 
6) is interpreted as the upper part (distributing channel)
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of a mid fan. The upwards thickening sequences (Fig. 6-6) 
which dominate in the lower parts were the product of the 
prograding depositional lobes (Mutti & Ricei-Lucchi, 1972;
Reading, 1978; Walker, 1978 and Reineck 8t Singh, 1980).
6. 3. 3. 3 Spiculitic bryo'zoan 1 ime-mudstone microfacies

(M13F3)

This microfacies (Plate 6-3,C) is represented by two 
lenses of friable, laminated marly mudstones, each of up to 
60 cm in Gabal Tarbul and interbedded with more hard grey 
fossi1iferrous beds (50-80cm thick). The microfacies is 
abundant in East El-Saff sections. It is characterized by

I fine assymetrical ripples and small scale cross lamination.
I The bed thickness increases upwards in most of the studied
i[ sections. The boundary between this microfacies and the
[

| previous microfacies (M12F3) is indistinct, however itiIj merges at the north of Gabal Tarbul, to micro-laminated
i  mud, silt, and sandy facies of turbidite origin (Rupke,
I - 1978; Reineck and Singh, 1980, and Stow, 1986).

The main constituents are sponge spicules (2-4%), 
shell fragments (4-6%), bryozoa (1-2%), and detrital quartz 
(1-3%), embedded in a lime-mud matrix (92-97%).

The microfacies reflects deposition in gently agitated 
water with an energy index of (EI) = 1. In the Birket Qarun 
area of Fayum, the microfacies is also recorded in a bed 
with an average thickness of 75 cm.

The fine to medium grained components, the thickening-
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up sequences and the lateral merging with a basinal 
turbidite facies, demonstrate for an outer (distal) fan 
(Figs. 6-7 and 6-8) subenvironment (Walker and Mutti, 
1973; Nelson and Nilsen, 1974-; and Mutti, 1977). This is 
supported by the indistinct boundary between this 
microfacies and the mid fan microfacies (M12F3). Meanwhile, 
the later microfacies (M12F3) overlies M13F3 which is 
interpreted as fan prograding deposition.
6.3.3.4 Arenaceous Bioclastic Lime-Wackestone to

Grainstone Microfacies (M14F3)

This is represented by sheets or lenses which are 
locally nodular and conglomeratic (Plate 6-4). In the 
borders of Wadi El-Arhab, Hamret Shaibun, Gabal Tarbul, 
East El-Saff and the Helwan area, Qibli El-Ahram and in 
Birket Qarun, thickness ranges between 20cm and 250cm. 
This thickness increases in places to 14 meters thick 
(Plate 6-4,A). This later sediment occurs as elongate 
ribbons or shoestring (Tucker, 1982) bodies with widths 
ranging from a few meters to 150 meters of and upfe to 5 
kilometers long. The sediments are of disorganized
polymictic rubble with synsedimentary growth structures 
block rotation and slumps. These deposits are
characterized by massive bedding, sharp top and bottom 
surfaces and the presence of reverse grading at the base. 
It is formed of grain supported calcrudite. This lithotype 
pattern attributed to debris flow deposition (Middleton,



Plate (6-4)i A - Upper body of polymictic disorganised
conglomerate is recorded in east Beni Suef 
area. Resedimented grain supported, calcirudite 
turbidite is the main facies type. Clastic 
rotation, growth faults,and slump structures 
also occur . The lower layers are of 
proximal levee deposits .

B - Migrating of the upper fan deposits to a new 
active prograding channel is predicted in 
this photograph from the same previous locality,
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1970; Stow, 1986). The process of gravity flow is believed 
to be initiated by slumping and sliding. The lower surface 
is erosional and has a channel form with the underlying 
thin laminated carbonate siltstone and sandstone beds. 
These beds are intercalated by cdnglomer&tic tongues or 
pockets and sandy lenses. Cross-lamination and small scale 
cross bedding occur within the fine sandy beds. These are 
inter— laminated with muddy layers. Convolute bedding also 
occurs with a fine sandy bed near the top of this lower 
sequence. In a cross section <Fig. 6-7,B), the width of 
this lower bed is about 30 meters with maximum thickness of 
up to 10 meters in the north wedging and dipping southerly. 
Flow direction in these lower layers was from north to 
south <Fig. 6-7,B).

The main constituents of this microfacies are a 
mixture of benthonic foraminifera (0.9-7%) with shell 
debris <2.3-4.1%), and stained reworked planktonic 
foraminifera (1-3%), all are embedded in a micritic muddy 
matrix (50-80%). At Gabal Tarbul Abu Khashirat, the 
groundmass of this microfacies is affected by gypsumi
replacement jand the overall texture is rudstone *

This microfacies reflects deposition in intermittently 
to slightly agitated water with an energy index of (EI)=1- 
2 .

The above characters and nature of this microfacies 
are interpreted as the product of sediment flow operating 
in a deep submarine upper fan subenvironment (Fig. 6-8).
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The main flow direction of these sediments was towards the 
northwest <Fig. 6-7,B, locality 1).

The lower thinly bedded sequence is interpreted as the 
proximal levee deposits of an old channel. Flow velocity 
declined away from the channel, giving rise to the thinning 
and wedging trend described. The alternation of thin sandy 
and muddy turbidite sequences were formed when flow 
overlapped the channel bank. This deep turbulent flow and 
its associated 1 iquification were the reason for convolute 
bedding disturbance (Coleman, 1969; Reineck and Singh, 
1980). Conglomerate pockets and sandy lenses associated 
with the lower part of this microfacies might be formed as 
deep crevasse-splay deposits which cut across the levee 
deposits. There crevasse channels diverted the main upper 
fan discharge southwards (Fig. 6-7b, Plate 6-4,A) and 
changed its course. So, the upper fan deposits prograded 
over the levee deposits towards a new active (southwest) 
grain flow distributary (Plate 6-4,B and Fig 6-7B,3).
6.3.3.5 Nummulitic bloclastic 1ime-wackestone microfacies

<M15F5> t (Plate 6-3,D) •

This microfacies is represented by massive beds
which form widely extending sheets. These sheets cap Gabal 
El-Mashash, Gabal Hamret Shaibun, G. Tarbul, G.T.Abu 
Khashirat, El Saff, deeper parts of Abou Serria-Suez Road, 
Gabal Qibli El-Ahram, Gabal El-Giushi and Birket Qarun 
sections. The lower beds of this microfacies sequence
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thickening upwards from 60 to 150cm, then thinning near the 
top of a 10.6 meter succession.

The main constituents are small Nummulite sp. <1-9%), 
shell fragments (2-13%), well preserved echinoderms <0.4- 
3%), operculines (1%), benthonic foraminifera (2-3%) and 
angular to subangular fine detritial quartz grains (5-7%). 
All are embedded in a micritic muddy matrix (72-89%). In 
very rare cases the micrite matrix grades to marl.

The microfacies reflects deposition in intermittently 
agitated water with an energy index of <EI)=2. This 
microfacies has a sandy nature with medium to fine sandy 
grain size. The beds have a sharp hummocky surfaces and 
grades southwest and northwest to fine grained lobe 
geometry.

The microfacies reflects deposition in intermittently 
agitated water with an energy index of (El>=2.

The above characters of this microfacies suggest rapid 
deposition. The occurrence of an upward , thickening lower 
sequences is interpreted as prograding depositional lobes 
while the upward thinning up sequences are considered to 
represent distributary channel (Stow, 1986). The assemblage 
of these depositional characters is analogous to that 
described from turbidity current deposits (Komar, 1969; 
Nelson and Kulm, 1973; Stow and Bowen, 1980; and Piper et 

ai. , 1984). The features of this microfacies suggest
relatively proximal deposition on a deep clastic fan (Fig. 
6. 8) .
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6.3.3.6 OperctiUinid arenaceous wackestone microfacies 

<M16F3)

This microfacies (Plate 6-3, E and Fig. 6-6) is
represented in both Gabal Hamret Shaibun and Gabal Tarbul 
Abu Khashirat by hard massive nodular sheets. The maximum 
sheet thickness is up to 100cm. This thickness increases 
and decreases in an upward sequence. The main constituents 
are Operculines (2-4%), shell fragments (1-6%) replaced by 
calcite, very fine detrital quartz (6-26%), benthonic 
foraminifera (2.6-5%), ostracods (0.2%) and with very rare 
nummulites, bivalves and echinoderms (0.4-3%). All are 
embedded in a muddy micritic matrix (70.4-77.7%).

Generally this micrfacies reflects deposition in
gentle to intermittently agitated water with an energy 
index of <EI>=2. The grain size is medium to find sand.

This microfacies is interpreted in the same way as 
M15F3 as proximal facies (Fig. 6.8) but with more finer, 
deeper, middle fan elastics.
6.3.3.7 iMolluscan sandy 1ime-wackestone microfacies (M17F3)

This microfacies (Plate 6-3,F) is represented by
rubbly lenses of 80cm thick in Gabal Hamret Shaibun, G. 
Tarbul, El-Saf, and Gabal El-Maskara.

The main constituents are bivalves (2%) mainly Luclnat 
gastropods (Turrittella) up to 2.5%, detrital quartz <5- 
10%), bioclasts (2-3%), embedded in a muddy matrix. The 
fauna is reworked and concentrated in the matrix around the
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debris which are of the same source. These are subrounded 
to angular cobbles, poorly sorted and grain supported. The 
lower and upper boundaries are very sharp erosinal 
surfaces. Soft sediment slumps occur. The occurrence of 
this microfacies is discontinuous and it is overlain by 
upper channel deposits.

The above constituents reflect intermittently agitated 
deposition with an energy index of <EI>=2. The angularity 
of clasts reflects a nearby source of upper shelf break 
deposits. The sharp contacts and the grain sorting suggest 
rapid accummulation. The bed geometry and soft sedimentary 
deformation structures suggest upper fan lag deposits. 
This is supported by the occurrence of the overlaying upper 
channel facies. The discontinuity of these sediments 
reflects the complex nature of this microfacies.

6.3.4 Submarine Fans and their Microfacies:

An Interpretation (Fig. 6-8).

Both the hard bioclastic wackestone and the softer 
mudtone beds contain ripple marks. These are asymmetrical 
with gentle slopes for both the stoss and the lee sides. 
The crests are generally undulatory. Their ripple index 
ranges between 3 and 7. They are believed to be formed by 
currents moving in a uniform direction over a surface of 
shelf margin in a shallow shelf front (Figs, 6-7 and 6-8).

Cross lamination is also relatively common and is
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observed In the upper surfaces of the softer marly 
mudstones. It Is of small scale trough cross strata with 
angles of dip less than 10*. These small scale cross
laminations could originate from periodic currents at the 
interface between water and granular materials of the sea 
floor. They are basically current-formed, below wave base 
(Shrock, 1948; Pettijohn and Potter, 1964 and Wilson, 
1975). The occurrence of this type of primary structure is 
a measure of quietness of the waters in which the sediments 
accummulated below wave base (Pettijohn, 1975). Wilson 
(1975) grouped it as a recognizable sedimentary structure 
of slope and basin carbonate strata.

The softer beds also contain some plant remains 
parallely oriented with the sediment which might reflect an 
upper current oriented, upper shelf debris.

Variation in microfacies and carbonate grains could be 
due to a fluctuating sediment supply from different parts 
of the upper shelf.

The presence of the coarse material suggests transport 
mechanisms of sufficient competency to transport coarse 
sediment over great distances. Most of the coarser grained 
intercalations are coarsening-up sequences. This feature 
can be considered to indicate that currents carrying 
particles in suspension have progressively deposited their 
load according to decreasing particle size with diminishing 
current energy. This explains the type of grading which 
shows a transition to fine sediments at the top of the bed.
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Sometimes, however, a normally graded unit displays a sharp 
boundary with the overlaying clayey sediment. This could 
be explained by considering that, occasionally , towards 
the end of the graded sedimentation, the rate of deposition 
decreases abruptly. In this case, tiraction transport of 
the sedimentary particles along the bottom becomes more 
important, and the graded unit ends abruptly. The
occurrence of the above mentioned trough cross lamination 
at the sharp upper contacts of some such graded units would 
appear to support this interpretation.

Taking all this, mentioned, information into account, 
together with the previous characters recorded with the 
facies and microfacies description, it is almost certain 
that the wavy bedded carbonate facies accumulated as a fan 
facies on a wide deep shelf. The increasing of facies 
thickness, northwards <Fig. 6.7,B) is believed to occur in 
a basinward direction. Also, the increase in grain size of 
the terrigenous content in southeast, could reflect the 
source from which these deposits have entered the basin. 
Meanwhile, a southwest clastic source was detected.

As demonstrated before, it seems that the shelf break 
reworked debris, were the main fount for these fan 
deposits. The rapid, freefall events could be occurred in 
steep cliffs of faulted slopes. Initiation of these 
phenomena might be started by undercutting and erosion by 
earthquake shocks (Stow, 1986). These debris could be 
transported basinwards as deep channel elastics. Some of
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Fig. (6-8): Reconstruction model of fan and lobes environments of 
the nodular bedded carbonate facies and the 
distribution of its microfacies.
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these elastics were deposited close to the sediment source 
as channel lag microfacies (M17). Most of the debris 
bounced and rolled downslope for tens or hundreds of meters 
before coming to rest (Abbate, et al., 1970, Johns, 1978).
These debris flows eroded and constructed a driftway along 
the basin shelf. On the upper shelf the coarse debris 
deposited as upper fan microfacies (M14, Fig. 6.7,A,B, St 

6.8) with its own leve, deposits (Fig. 6.7,B).
These clastic sand-made turbidites are closely similar 

to Bouma C division, describedjby Hesse (1975) and Enos 
(1977). Fan progradation was responsible for the upper fan 
deposit migration to stablish new distributaries over the 
shelf plane (Fig. 6.7,B). On the Middle shelf, proximal 
facies (M12 and M16) deposits accumulated as middle fan 
microfacies. Most of the upper shelf fauna reworked then 
washed down slope and deposited as slope wash-lobes, to mix 
with the middle fan facies producing both Mil and M15 
microfacies (Fig. 6.8). The medium to finer elastics 
travelled deeper and accumulated as thicker mudstone (Fig. 
6.7,A) microfacies (M13). These mudstones have thinner 
beds with parallel sided and regularly bedded succession. 
The sand/mud ratio of these mudstone microfacies is lower 
than the above mentioned proximal microfacies. These 
mudstones are well graded with fine lamination and currrent 
ripples. These carbonate facies are interpreted as distal 
facies. However, the sediments of these facies are
interupted by a (20 cm. thick) bed of pelagic facies in the
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east El-Saff area (section 51). The pelagic sedimentation 
was probably taking place continuously during the 
development of the distal mudstones, but they were highly 
diluted by the large input of terrigenous sediments. Even 
during bloom periods, it would be difficult for the 
biogenic ooze component to surpass the rate of terrigenous 
input. The occurrence of the previous mentioned pelagic 
material, in the northern sections, could mean that they 
have accumulated during temporary restriction in the 
sediment supply (possibly related to tectonic events) or 
during periods of differing climatic and / or physical 
conditions which restricted the major processes of the fan 
clastic deposition.

In short, this type of fan deposit (Fig. 6.7, A) is 
believed to be brought in through long channels. The 
valley length of these buried channels and their pattern

iwere not easily detected or measured, in field. The 
analysed characters of this facies reveal the following:-

1. From the channel cross section (Fig. 6.7,B), both 
the channel banks gradient were different. The southern 
bank is steep concave and the northern is gently sloping 
towards the axis of the channel. That could be explained 
respectively as the result of maximum and weaker flow 
velocities mechanism (Bridge, 1985).

2. The different flow direction recorded (Fig. 6.7,B) 
could reflect a channel splitting point (Schumm, 1985).

3. The occurrence of levee deposits recorded with
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microfacies M14 <Fig. 6.7,A & B>, is generally developed on 
the concave sides of the channels. (Reineck and Singh, 
1980).

4. The major length of these channels (more than 5 Km. 
recorded within the study area) suggest they were not 
straight channels,3S straight channels only exist over short 
distances /iReineck and Singh, 1980).

5. The length of these channels is more than 33 times 
the width. But as demonstrated by Leopold et al. , (1964) 
that straight channels length never exceeded 10 times their 
width. Therefore, that could suggest, also, that they are 
not admitted to straight channels.

6. The gentle slope of the studied shelf (<1*, ch. 7) 
would have stimulated the formation of meandering rather 
than braided channels which develop on steeper slopes 
(Loepold and Wolman, 1957; Bridge, 1985).

All of the above points suggest a meander channel 
pattern for this deep channel facies. However, a change 
from meandering to braided channels is expected due to 
changes in the discharge sediment load, sea level and 
climate , as cited by Coleman (1969) and Schumm (1977). 
Similar examples of ancient deep-submarine channels were 
described by (Whitaker, 1974; Wimm and Dott, 1979).
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6.4 Mixed Sandy Clay Carbonate Facies (F4)

6.4.1 Description

The mixed sandy clay facies (Fig. 6-9) is represented 
by a hard to medium calcareous sandstone, friable fine 
muddy sands, and calcareous sandy shales or silts. It is 
generally yellowish in colour with occasional yellowish 
grey, pale grey green, and brownish yellow units. The
thickness of this facies is variable and ranges from 3.5 to 
18 meters thick. It occurs as thick friable beds (up to 6m 
thick) or in a wavy bedded succession of 50cm thick units. 
Cross bedding is present sometimes especially with the 
massive facies, where both vertical and horizontal 
burrowing are encountered.

The bedded facies are characterized by cross 
lamination .(Normal and reverse graded units are recorded
which range from coarse to very fine sand and mud grain
sizes. Biogenically the muddy or shaley intervals have 
vertical to inclined burrowings, near the facies base, and 
Some foraminifera. The sandy layers are often
unfossi1iferous with bioclastic debris. This facies is 
represented by large extended wedges or lenses and repeated 
at different levels. It changes laterally to more finer 
and silty or marly shales, and northwards,|changes laterally 
and vertically to a conglomeratic facies. The facies also 
has sharp boundaries.
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Fig. (6-9): Fining-up and coarsening-up sequence of mixed 
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6.4.2 Distribution

The type section for this facies is at Gabal Hamret 
Shaibun, in east Beni Suef, where the beds of this facies 
reach up to 12.3m jthick . They wedge to the northeast in 
Gabal Tarbul Abu-Khashirat to reach 3.50m thick and also in 
the north, in Gabal Tarbul, where the facies is represented 
by up to 8 meters of fine friable yellowish muds or sandy 
muds. The facies reappears in east El-jTebbin as wavy or 
undulated beds interbedded with highly bioturbated units 
where it is up to 18 meters thick. The facies occurs
near the top of most sections throughout the studied area 
and represents the final mixed marine phase of basin fill.
6.4.3 Microfacies Associations

The following microfacies associations <Plate 6-5) are 
recorded with this facies:-
1. jMuddy allochem foraminiferal 1 ime-wackestone microfacies

(M18F4)
2. Allochemic sands 1 ime-wackestone microfacies

<M19F4)
3. ;Micritic sand 1ime-packstone microfacies CM20F4)
4 . ! Allochemic mud 1 ime-wackestone microfacies (M21F4)
5. Shale microfacies (M22F4)
6.4.3. 1 \ Muddy allochem foraminiferal 1 ime-wackestone

microfacies CM18F4)

This microfacies (Plate 6-5,A) is well represented by 
a hard, 2.0 meters thick bed with a greyish green colour.



Plate ( 6 - 5 ) : (Mixed sandy-clay facies associations H FXn )
A Muddy allochemjf oraminif eral wackestone microfacies 

( M18 ) 120 .

B - Allochemic| sands wacketone microfacies
( Ml9 ) X20 .

C - Micriticj sand packstonemicrofacies ( M20 )X20.
D - Allochemic mud;; wajckestcnêifiicrd'fafiies 

(  M 2 1  )  X 4 0  .

E - Sfcale microfacies ( M22 ) X20. Note 
occunfence of bioclastic debris .

F - Shale microfacies ( M22 with occurrence 
of miliolid foraminifera . X4-0 .
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It occurs at the base of the whole facies <F4) and may 
indicate a transitional zone from the si1icic1astic 
carbonate facies <F3> to the mixed sandy clay facies <F4) . 
The microfacies has a sandy appearance on weathered 
surfaces. It is recorded within the Gabal Hamret Shaibun, 
Gabal Tarbul, and in the Wadi Hof sections. The main 
constituents are few operculines <0.5-1%), Nummulites (up 
to 0.3%), ostracodes (1%), quartz detrital (grains (up to 
12%), bioclast ic debris (up to 40%), embedded in a mud 
ma t r i x.

This microfacies changes laterally in the Beni Suef 
area to fine sandy silts and to the north in Wadi Hof is 
replaced by another arenaceous silty sand microfacies 
(M21F4). The microfacies has vertical burrowing and sharp 
boundaries and reflects deposition in slightly agitated 
water with an energy index of 3.
6.4.3.2 j Allochemic sands wackestone microfacies

(M19F4)

This is represented by sheet like deposits (3 meters) 
which are repeated twice in Gabal Shaibun. The sediments 
are more friable and crossed with gypsum and show cross 
bedding. The main constituents (Plate 6-5,B) are sandy 
sized shell fragments (24%), silt detritals (31%) and 
detrital sands (45%). Sometimes the groundmass of this 
microfacies is affected by gypsum replacement. The
microfacies fines upwards from medium to fine sands and
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changes laterally to more muddy microfacies. It overlies 
the shale microfacies (M22F4) and underlies the calcareous 
sand packstone microfacies (M20F4) . The main body of the 
sediment has a wedge shape and thins towards Gabal Tarbul, 
Tarbul Abu Khashirat, and Birket Qarun of the Fayum, area. 
This microfacies reappears at the top of most sections and 
defines the top of the Middle Mokattam Unit. The grain 
content of this microfacies reflects deposition in a 
strongly agitated water with an energy index (EI> of 5.
6.4.3.3 Micritic sand 1ime-packstone microfacies (M20F4)

The calcareous sand packstone microfacies (Plate 6- 
5,C) is locally recognized in the east Beni Suef area, 
towards the western scarp of gabal Hamret Shaibun. It is 
represented as a brownish band of coarse grained sands (10 
cm thick). The grains have a well packed texture.
Microscopically, the microfacies includes detrital sand 
grains (55%), mud matrix (17%), with iron-oxide and 
ferriginous micrite in places and a few sand sized 
intraclasts. In the field, it is found to have sharp 
contacts with the underlying bioclastic silty sands 
wackestone microfacies (M19F4) and a gradational contact 
with the overlying arenaceous silty wackestone microfacies 
(M21F4) .

Geometrically, this microfacies is a wedge like 
deposit which increases in thickness towards the south and 
east (up to 3 meters) forming elongated bodies.
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This microfacies reflects deposition in . moderately 
agitated water with an energy index (EI> of 4. This is 
also demonstrated from the cross bedding which occurs with 
the inner microfacies bodies which are interpreted as 
linear barrier deposits (Fig. 6-9). The outer sequences Gf 
the microfacies are bioturbated with parallel (seaward 
dipping laminations and correlated with those described as 
barrier islands deposits by Howard and Reneck, (l98l).
6.4.3.4 Allochemic mud 1ime-wacketone microfacies (M21F4)

This microfacies (Plate 6-5,D) is widespread in the 
studied basin of the Nile Valley and the Fayum areas. It is 
represented in Gabal Tarbul, Tarbul Abu Khashirat, Gabal
Shaibun (of the Beni Suef area), Birket Qarun (of the Fayum 
area), Gabal Qibli El-Ahram (of the Giza Pyraminds area), 
and in Gabal El-Maskara (of the Helwan area) . The total 
thickness of these microfacies ranges from 3 meters (in the 
south) to 18 meters (the Helwan area). The main
constituents are detrital quartz grains of* sand sizes (12-
30%), shell fragments (10-15%), scattered in a lime silty
matrix (60-78%). Laterally this microfacies changes to a 
sequence of thinly interbedded hard and soft beds. This
microfacies reflects deposition in a gently to
intermittently agitated water with an energy index of
(EI) = l-2. The grains normally grade and end with a muddy
fine sandy top^highly bioturbated .parallely laminated.V



6.4.3.5 Shale microfacies (M22F4)

The best example for this microfacies (Plate 6-5,E and 
F) is in Gabal Hamret Shaibun where it is 1.6 meters thick. 
It is also encountered in Birkjet Qarun, Gabal Tarbul and 
Gabal Gibli El-Ahram. It is characterized by horizontal 
burrowing and bioturbation. The components of this
microfacies are mainly some foraminifera and shell 
fragments. The microfacies has plant remains and bivalve 
casts. Miliolid also occurs with some horizons of this 
microfacies (Plate 6-5,F). It has a sharp lower and upper 
surface. The weathered surface is yellowish grey in 
colour. Towards the south of the basin, contamination with 
muds and fine sands is recorded together with abundant 
miliolids and a high gypsum content. It could have been 
deposited in a gently agitated water with an energy index 
(El) of 1.
6.4.4 Deposltional environment of the mixed sandy clay 

carbonate

Sequences of this association are interpreted as 
emergent barrier Islands or emergent channel-margin linear 
bar complexes which formed through the coalescence of 
landward-migrating swash bars. These sequences therefore 
represent a combination of off-shore swash bars and beach 
foreshore deposits. The major additional facies components 
are those deposits that form as a result of current 
activity through tidal inlets which pass through the
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barrier into the back barrier lagoon.
The planar bedforms that characterize modern carbonate 

and si1iciclastic beach deposits are discussed by Imbrie 
and Buchanan <1965) and Clifton et aJ <1971). Reineck and 
Singh <1980) attribute low angle seaward-dipping pebble 
imbrication to wave propogation along a beach. Fitzgerald 
<1976) described the formation of si 1 iciclastic swash bax—  

channel-margin linear bar complexes along flanks of ajSouth 
Carolina ebb-tidal delta. These can form emergent sand 
bodies which are associated with beaches and aeolian dunes 
(Hubbard and Barwis, 1976; Fitzgerald, 1976).

The observed features of these carbonate and clastic 
complexes started on a hard base or plain of an offshore 
microfacies (M18F4) which formed at the seaward mouth of 
tidal inlets. On top of that, the inlet sequence itself 
(M21F4) is bounded by a basal scour surface which has a 
coarse associated intraclast and fossil lag immediately 
above it. The characteristic lenticular, channel shaped 
isolated occurrence of these carbonate sands in the barrier 
islands, and their maximum dimension normal to the 
shoreline, all suggest a close similarity to the deep, wide 
shelf, inlets of Georgia, U.S.A. (Hubbard, Oertal and 
Nummedal, 1979). The parallel laminated sandy top is 
interpreted as a product of deposition in the swash zone 
(Reddering, 1983). The extensive thickness of this
microfacies could be due to high migration rates of these 
tidal inlets as reported from the Fire Island, New York
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Fig. (6-10): The inferred barrier complex through the 
deposition of the siliciclastic carbonate 
facies (F 2 4), within the upper member 
facies of the Beni Suef formation.



(Kumar and Sander, 1974).
These deep inlets are overlain by large and medium 

scale tabular cross bedded lime wackestone (M19F4) . The 
later microfacies, could be (deposited as an emergent swash 
bar subenvironment. The predominance of wave proceses 
along the margins resulted in the formation of landward- 
migrating swash bars. These coalesced to form emergent 
swash bai— channel margin linear bar complexes (Fig. 6-10). 
The sequence is capped abruptly by a thinly bedded (10 
centimeters thick) sandstone which represents a coarsening 
upward shoreface (M20F4) microfacies. The top of the 
sequence progressively fines upward into offshore lagoonal 
microfacies (M22F4). In the Beni Suef area, the whole 
facies occur in an upward fining unit which might reflect a 
local prograding shore line. At the mean time, in East 
Helwan area, the shallow marine s11iciclastic sequence 
occurs in a winnowed coarsening up sequence (M20F4) which 
could be the product of a (prograding barrier shoreline. 
These fining and coarsening upwards, could also be due to 
changing in flow velocities (Reineck and Singh, 1980). All 
the above features have analogues in the ancient carbonate and 
clastic barrier complexes (Boutte, 1969; Hayes, 1976; 
Hubbard et al, 1979). The sporadic occurrence of this
facies, within the middle part of the Tarbul Member of Beni 
Suef Formation, and the base of the Wadi Garawi formation, 
could suggest that these emerged carbonate and 
si 1 iciclastic barriers were migrating either during storms
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or during seasonal changes in the wind circulation pattern.
6.5 Bivalve Carbonate Facies <F5)

6.5.1 Description

The bivalve facies (Fig. 6-11) is represented by
greyish white to greenish grey limestone bed of 5 meters
thick in section 61 (Gabal Shaibun). Farther north, in
section 16 of the east Helwan area, the facies is thicker
<10 meters thick) and is represented by white limestone,
which is cross-bedded and contains dolomitic boulders 1 to 
3 meters long and up to one meter thick. These are arranged 
horizontally at the base of the facies. The dolomite 
boulders contain fine nummulites and some* pockets of
bivalves and gastropods. The bivalve shells are found to 
be concentrated towards the facies base and decrease in 
abundance upwards. The size of the shelIs varies from up to 
4cm long (section 61) to up to 10cm long (section 16).
Some horizontal burrowing and bioturbation is also 
characteristic of the facies. The facies beds are normally 
graded. Gastropods and small nummulites are also found 
associated with this facies. This facies changes near the 
top to boulders of hard calcaraeous sandstone (1 to 1.5 
meters long) and Hthoclast ic (up to 12 cm long). The main 
geometry of this facies consists of lenses and wedge shaped 
units which pass' laterally into the clastic nummulite facies 
(F6). The boundaries of the bivalve facies have very sharp 
contacts.
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B

P,W TM

P W  M

l 0 I Articulated 
Bivalves

| V  | Shell debris 

J (31 Gastropods

Numnulites f «■ I Intraclasts

Bryozoa Ictf Boulders

Marl \utt Cross-bedded
facies

Sands l = l fine bedded facies

Fig. (6-11): The Molluscan facies (F5 ) in the southern (A) and 
northern (B) parts of the studied basin of northern 
Nile Valley, Egypt.



191

6.5.2 Distribution

The bivalve facies is recorded in sections 61, 60 in
the southern parts of the studied area, while it occurs in 
sections 44, 16, 17, 18, 4, 49 and 48 in the northern parts
of the studied basin. The type section for the facies in 
the south is Gabal Hamret Shaibun, where the facies is 
represented by the dense facies of Lucina cf. qurnaensis. 

The thickness of the facies decreases towards the north and 
south and almost disappears in east and west directions. In 
the East Helwan area the thickness of the facies increases 
and attains a thickness of up to 10 meters in section 16. 
It decreases to a thickness of 1.20 meters in section 49. 
In the latter localities, the bivalve shells are 
represented by Arcopagla grand is% and Macrosolen 

uniradiatus.
6.5.3 Microfacies, Association of facies <F5)

The following microfacies associations (Plates 6-6 and 
6-7) were recorded:
1. Bivalve Lime-Packstone Microfacies (M23F5)
2. Bivalve Bryozoan Lime-Packestone Microfacies (M24F5)
3. Bivalve Lithoclastic Lime-Wackestone Microfacies 

(M25F5)
4. Bivalve Dolomitic Lime-Wackestone Microfacies (M26F5)
6.5.3.1 Bivalve Lime-Packstone Microfacies (M23F5)

The microfacies (Plate 6-6,A) forms massive lenses 
occurring in section 61, with a thickness reaching up to 8



Plate (6-6 ) : The bivalval facies ( F5 )

A - Bivalve packstone microfacies ( M23 ) X20 .
B - Bivalve bryozoan packstone microfacies ( M2X).

B1, X20, bivalve shells with minor bryozoa.
B2, X20, associated with bryozoan growth .

C - Hard bed of bivalvanl bryozoan packstone
microfacies ( M24 ) in Gabal El Maskara,
east of El Tebbin area .

D - Elongate bivalves characterises the bivalve
bryozoan packstons microfaces,at top of Wadi Hof
section (16) east of the Helwan area .

E - Large conical gastropods associated with the 
bivalve bryozoan microfacies (M2X)» at the 
same locality section (l6 ), as above.(Scale 
in mm. ) .



PLATE 6 - 6
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meters. It is interbedded in a cyclic manner with other 
microfacies. At Gabal Tarbul and Tarbul Abu Khashirat, the 
microfacies forms tongues within other microfacies units. 
The bivalves are found horizontally jalignedi at the base of 
the beds, but gradually change upwards to vertical 
orientations which could be due toj insitut preservation .The 
vertically oriented valves might be produced on intertidal 
flats with flood and ebb currents (Reineck and Singh, 1980, 
p. 157.) or by tidal currents (Grinnel, 1974). The 
bivalves are represented by Lucina cf. qurnaensis type.

The main constituents are, well preserved bivalve (up 
to 12%), benthonic foraminifera (up to 4%), shell fragments 
(up to 7%), detrital quartz (up to 9%), miliolids (up to 
1%) . All are embedded in a micritic lime-mud matrix (up to 
68%). The beds are disturbed by vertical gypsum veinlets.

The microfacies probably reflects deposition in 
intermittently agitated water with an energy index of 
(EI)=2.
6.5.3.2 Bivalve Bryozoan Lime-Packstone Microfacies (M24F5)

This microfacies (Plate 6-6,B) consists of white 
limestone with an abundance of elongate bivalve shells of
the Arcopagia grandis type. The thickness of this
microfacies reaches up to 6 meters thick near the top of 
section 16. This thickness decreases in all directions and 
is reduced to 1.6 meters thick in section 49 where the
microfacies is represented by a hard bed (Plate 6-6,C).



Plate (6-7): ( Bivalval facies association"F5" )
A - Bivalve lithoclastic wackestone microfacies 

( M25 ) X20.The matrix is composed of fine 
intraclastics with some bioclastics . The 
whole|microfacies has large lithoclastic 
nodules .

B - Bivalve dolomitic wackestone microfacies (M26). 
The bivalve shells remaine unstained with some 
parts of the matrix due to dolomitization .

C - Coarsing-up throughout the bivalve lithoclastic 
wackestone microfacies ( M25 ) at Wadi Hof 
area .

D - Boulder of bivalve dolomitic wackestone
microfacies (M26) . Dark colours are due to 
dolomitization which replaced the bivalve 
shells, of higher prosity , more than the 
matrix .
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The microfacies is characterized by its highly cross-bedded 
stratified strata. The bivalve shells range in size <Plate 
6-6,D) from 12-15cm long and up to 5cm width and decrease 
in abundance vertically. The main components of this 
microfacies are bivalve shells 10-30%, conical large 
gastropods 2% (Plate 6-6,E), fine nummulites 5%, Bryozoa 
5%, shell debris 20%, marly micrite matrix 14%, and micrite 
cement up to 35% with some rare echinoid shells. The 
energy index is estimated at (EI> = 3, which reflects
slightly agitated water.
6.5.3.3 Bivalve Lithoclastic Lime-Wackestone Microfacies 

(M25F5)

This microfacies (Plate 6-7,A & O  attains a thickness 
of up to 1.20 meters and is represented by white limestone 
at section 16. This microfacies occurs beneath the 
previous bivalve packstone microfacies and also reappears 
above this microfacies but with coarser lithoclasts. The 
lithoclasts consist of reworked subrounded to well rounded 
nodules which range in length from 5-17cm. Within the 
lithoclast nodules, the microfacies contains some rare 
bivalves and abundant shell fragments with some fine 
nummulites . The microfacies also shows reverse grading 
(Plate 6-7,0. This microfacies seems to decrease in 
thickness westwards in the East Helwan area, and has 
disappeared completely southwards in section 49. The 
microfacies has a sharp contact with the lower and upper
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microfacies. It is believed that the microfacies has been 
formed by deposition in moderately agitated to strongly 
agitated water with an energy index (Ei) around 4-5.
6.5.3.4 Molluscan dolomitic 1ime-wackestone microfacies

<M26F5 1

This microfacies (plate 6-7,B & D) forms boulders of 
one to 3 meters long and up to 1 meter thick, arranged in 
horizons at Gabal Hamret shaibun and the east Helwan area 
in sections 16, 17, 18, 48 and 49. The main constituents
are mainly molluscan debris 15%, other shell fragments 21% 
and some small nummulites 6%, rock fragments 2%, embedded 
in diagenetic dolomicrosparite (matrix • The components 
withinjthe boulders (Plate 6- show the same horizontal 
orientation as the components of the matrix between the 
boulders which consist mainly of nummulites and bivalves. 
The boulders also have sharp irregular contacts and weather 
brown. This microfacies can be traced at three different 
levels in the above mentionedlocalities in sections 49, 17,
18, and 48 of the east Helwan area.

In the Beni Suef area (section*^ > the same 
microfacies seems to take another form (Fig. 6-10) and has 
detrital quartz (20-3>%> with shell fragments up to 2%, 
bivalves 4% embedded in a diagenetic dolomicrosparite 
cement. The quartz grains are fine to medium sand size. 
They are, also, angular to subangular, and the components 
are stained by iron oxide. The microfacies, in particular
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section 61, has boulders shaped with very hard brownish 
colour. It is overlain by unfossi1iferous, very fine marly
sands. An intermittently agitated environment, is
believed, with an energy index (EI) of 2, for the 
deposition of this microfacies.
6.5.4 Depositional environment for the Bivalve facies 

(Fig. 6-12)

This association probably formed on a shallow wide 
platform (Fig, 6-12) or flat, behind the inner 
si 1iciclastic carbonate barriers (F4) with open circulation 
and very diverse fauna. The common occurrence of molluscs 
and foraminifera reflect water depth of a few meters to 
tens of meters (Fltlgel, 1982). Nummul ite jmud facies (F6) 
was the main component of this carbonate platform or flat. 
Distributary channel feeders (F3) were cut through. Exotic 
blocks of (one meter thick and 3 meters across) boulders 
form (M26F5) form the base of the major facies. These 
boulders were thought to be formed during block sliding and 
erosion of the inner uplifted bivalval beds. That uplift 
is believed to be caused by tectonic effect on the upper 
shelf of the studied basin. This is demonstrated from the 
similarity of the boulders content and the host 
microfacies. That leads to the conclusion that the
lithified substrata of the upper nummulitic bivalval
microfacies, had been uplifted to the intertidal zone, 
where they were dolomltized, then reworked and carried
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seaward as synsedimentary boulders. Renewal of the
tectonic pulses was responsible for the upwards 
reappearance of this microfacies. The wide nature of the 
platform and the abundant occurrence of the bivalve fauna 
has contributed to the accummulation of wide patchy bivalve 
packstone build-ups (M23F5) . These build-ups | contain
infauna bivalves and reflect intermittently to slightly 
agitated water energy. The molluscan framework of these 
buildups sometimes contain bryozoans which encouraged 
trapping of nummulites and other gastropod shells (M24F5), 
<Fig. 6-11). In section 16, a lithoclast and bivalve 
rubble wackestone (M25F5) which accummulated at the base of 
the build-up has acted as an initial thicket for the growth 
of the build-up. A similar accummulation of molluscan 
build-ups was recorded by Sander, 1936; Schwarzacher, 1948;
Banerjee, 1959; Illing et al, 1965; Wilson, 1975 and 
Scholle et al, 1983.

In the East Helwan area, the build»-ups are topped 
<Fig. 6-11) by the bivalve lithoclast wackestone rubble 
which could represent the subaerial exposure of these 
particular areas. However, the unfossi1iferous marl in the 
Beni Suef area which occurs above the bivalve build-up 
might reflect the progradation of the shore sediments.
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6.6 Nummulitic Facies <F6)

6.6.1 Description

This facies (Fig. 6-13) is yellowish to white on fresh 
surfaces (Plate 6-8,A) and has a pale greyish green or 
brownish colour on weathered surfaces (Plate 6-8,B). The 
thickness ranges from 1.7 to 7 meters and can be repeated 
in different horizons within a vertical succession. The 
facies is represented by dense beds of nummulites with a 
detrital quartz content. The southern sections of the 
studied basin show an upward increase in grain size, while 
the northern sequences are normally graded (Plate 6-8,C). 
The facies is sometimes overlain by the bivlave 
lithoclastic wackestone microfacies which also contains 
some bioclastic sandy pockets. The biotic content inlcudes 
operculines (large foraminifera), bryozoa, echinoderms, 
serpulid worms, occasional molluscs, and microforaminifera. 
Pellets commonly occur in this facies. The depositional 
texture for this facies ranges from wackestone to 
packstone. This texture may reflect deposition in
intermittently to slightly agitated water conditions. This 
facies is represented by massive and large wedged beds 
which have a sharp contact with the underlying Bivalve 
Facies (F5) and the overlying Facies.
6.6.2 Distribution

The facies is encountered in section 61, 60, 51 and
10, within the upper part of the Tarbul Member in Beni Suef
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Fig.(6-13): Graphic log of the sequence of nunmulitic facies ( F6) 

and facies associations in section 61.



( Nummulitefacies ,if61' )
Nummulite facies (F6 ) in fresh surface with 
dense shells of nummulites and few bivalves,
Nummulite facies (F6 ) with pale-grayish green 
to brownish colour on weathered surface .
Normally graded nummulitic sequences at east 
of El-Tebbin area , ( northern part of the
studied basin ) .
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River Nile

MoKattam

Gabal Qiblfl \
£1 Ahram

Helwan

El-Saff

Fig. C6—14): Distribution of nunmulitic facies throughout the northern 
part of the studied basin.



to the El Saf f area. It also extends westward in section 
82 of Birket Qarun and Gar Gehannam sections. The maximum 
recorded thickness of that facies is at Gabal Hamret Shibun 
(Section 61), This thickness decreases away towards the 
south; east; and the north-western directions. In the
northern parts of the studied basin, the facies is 
concentrated towards the periphery of the basin in thick 
wedges which thin towards the inner parts of the studied
basin, where it is repeated in different beds. The facies
occurs in sections 44, 56, 48, 4, 49, 16, 17, 18, 64 and
40. Thus this forms an almost arch-shaped body (from south 
Mokattam through Gabal Giushi, south east Helman and the El 
Saff areas) which spills out in different tongues towards 
the basin centre (Fig• 6-1/.) *The microfacies is represented 
also in the central part of the basin by a very thick 
sequence. This is characterized by deformational slump 
structures which are noticed in very wide areas.
6.6.3 Microfacies associations

The following microfacies (Plate 6-9) have been 
recorded which are associated with thejnumhmli t ic facies 
(F6):-
1. Nummul1 tic arenaceous 1ime-wackestone to packstone 

microfacies (M27F6)
2. Nummulitic echinodermal bryozoan 1ime-packstone 

microfacies (M28F6)
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6.6.3.1 Nummulitic arenaceous 1ime-wackestone-to-packstone 

microfacies (M27F6)

The microfacies (Plate 6-9,A) is represented by 
massive lenses and tongues in section 61, 60, 10 and 62.I
It reaches about 6.2 meters thick and its thickness 
decreases upwards. The main constituents are Nummulites 

striatus (4-20%), operculines (1-4%), gastropods (up to 
15%), pelecypods (2-4%), bioclastic debris (20-25%) and 
detrital quartz (7-25%). These components are embedded in 
a lime mud matrix (about 19-57%), The shell fragments are 
replaced by sparry calcite. The detrital quartz grains are 
angular to subangular, of medium to fine sand sizes. The 
Nummulites and quartz detritus increase upwards in grain 
size. Miliolid rich nummulitic submicrofacies is also 
recorded in places (Plate 6-9,D). The microfacies is 
highly bioturbated with inclined burrowing. It reflects 
probably deposition in slightly agitated water with an 
energy index of (EI)=3.
6.6.3.2 Nummulitic echinodermal bryozoan 1ime-wackestone- 

packstone microfacies (M26F6)

This microfacies (Plate 6-9,B) is well represented in 
the northern part of the studied jbasin • It forms hard 
massive lenses or sheets (1-5 meters thick) at Gabal 
Giushi, section 56, 48, 4, 49, 51, 16, 17, 16, 51 and 40.
In the east Helwan area, it forms a very thick repeated 
succession with slump structures. The main constituents



Plate (6-9) » ( Nummulitic microfacies association MF6H )
Al - N.arenaceous lime-wackestone packstone

microfacies (M27). the matrix around the 
nummulite shells is made of quartz sandy 
detritals . X20 .

A2 - Normal grading in thin section of nummuliti 
facies composed of nummulite and bioclasts 
( echinoderms spines and molluscs ) . X12 .

B - N .echionodermal bryozoan lime wackestone-
packstone microfacies (M28), X20. Bl,with 
nummulite (larger) and oprculina (smaller), 
shells . B2, with echinodermes spine. B3, 
with bryozoa and bryozoan coated nummulites

C - Algal pigments within the nummulitic shell 
chambers appear as dark rounded spots. X80.

D - Miliolid rich subnummulitic microfacies 
occurs towards the shallow parts of the 
nummulitic shelf . X30 .
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are nummulites <9-50%), detrital quartz <5-7%), echinoderms 
<3-12%), Bryozoa <5-10%), shell fragments <3-8%), benthonic 
foraminifera <up to 2%), and rare miliolids. The
components are embedded in a lime-mud matrix <up to 60%). 
The nummulite shells are always represented by small sized 
<0. 2-10. 4 .cm) shells. The nummulites recorded in the Wadi 
Hof area are found to have micro algal pigments (Plate 6— 
9,C) within their shell chambers. This pigment allows use 
of the more penetrating light rays. As photosynthetic 
organisms are susceptible to destruction by intense light, 
this could reflect a deeper depositional environment for 
this particular locality (Tappan and Loeblich, 197/l). In 
the same area, the percentage of nummulite shells is 
noticed to increase upward in a vertical section which may 
reflect upward coarsening of the sediment. The microfacies 
is generally bioturbated and has more gravel size, 
terrigenous material near the top. The microfacies
indicates deposition in a slightly agitated water with an 
energy index (EI) of 3.
6.6.4 Depositional environment of the Nummulitic facies 

<F6)

The occurrence of small shell nummulites with bryozoa 
molluscan shells, and some benthonic foraminifera within 
the deposits of this facies as well as the above mentioned 
^characters for the microfacies association, may represent 
a shelf or upper platform for this facies, Pokorny, 1963,
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Fig. (6-15): Distribution of nummulites according to their 
size variation in the neritic zone.

A - Middle size N. * facies.
B - Small size N. facies.
C - Larger (or bigger)N. facies

(after Nemkov, 1962).
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Fig. (6-16): Distribution of small nummulites around nummulitic 
banks.
1.Large shells of N. bank facies
2*Facies of small nummulites
3 -facies of thin-shells of nimmulites
4. Lagoonal facies with Orbitolites and Alviolines
5-Miliolid facies
6. Evaporite and Dolomites
7 - Facies with Operculina (after Arn^, 1965)
8 . Micro-benthonic foraminifera facies
9. Pelagic Globigerines facies
10.Peneroplidae facies
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stated that the family Nummulitidae is limited to shallower 
parts of the neritic zone and to the bathyal facies.
Houbolt, 1957, and Tlell, 1972, reported nummulites rich
limestone in water depths ranging from 14 to 20 meters. 
Arni, 1965, recorded <Fig. 6-16) the small thin nummulites 
behind the bank’s edge, and if mixed with opercul ina, to 
occur in the off bank facies. The same phenomenon was
recorded by Nemkov, 1962; Bignot, 1972 and Decrouez and 
Lanterno, 1979 <Fig. 6-15). The facies characters of the 
Nile Valley Egypt strongly support the distribution concept 
of this facies from the inner shelf, with the nummulitic 
arenaceous wackestone <M27F6> microfacies, through the 
outer shelf, with the nummulitic echinodermal bryozoan 
wackestone-packstone CM28F6) microfacies CFig. 6-17).

The shallow part of the shelf is characterized by the 
mlliolld rich submicrofacies CPlate 6-9,D). In the
Atlantic and Pacific borders of North America, it is found 
that miliolid forams occur in shallow water zones CO-5 
meters) with a temperature ranging from 0*C to 27*C (Moore 
et al, 1952 and Moore, 1964). Miliolid facies, also, 
occurs in the landward areas of the shallower parts of the 
shelf, when they associate nummulitic banks CArni, 1963; 
Fig. 6-16) and represents the restricted platform 
environment CFlligel, 1982).

In the studied area, a warm restricted shallow shelf 
subenvironment is therefore assumed to form a nummulitic 
miliolid sub-microfacies. This offshore subenvironment
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M2 8* F6

Inner shelf 
platform

Outer shelf 
platform

Fig. (6-17): Inferred diagrammatic representation of the
nummulitic microfacies through the shelf.

Mixed Sand and Mud Carbonates

Mud Carbonates

Fig. (6-18): Schematic representation of Carbonate matrix 
distribution in contemporaneous to the 
nummulitic shelf facies deposition.
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occurs in patchy areas outflanking the Middle Mokattam 
basin. The abundant occurrence of that recorded
submicrofacies offered a very distinctive field (phenomenon
which 1 is used to detect the landward shore.

The occurrence of si 1iciclastic detritus with these 
nummulitic facies may reflect storm wave sedimentation 
which aff ected these facies. This can be demonstrated by the 
mass accumulation of the foraminifera (reported in Giushi 
by Abdel-Kireem, 1985) bryozoans, molluscans, echinoderms, 
and mud pebbles. The beds of this facies exhibit sharp or
erosional boundaries. The sediment, also, contains
bioclasts which may be derived from various ecological 
environments. Sometimes these shells occur as lag deposits.

The shelf nummulitic facies seems to have two types of 
matrix, both storm derived: the mixed sand and mud, and the
mud, carbonate matrix (Fig. 6-18). The distribution of 
these types of matrix, as reported by Kulm et alt 1975, is 
mainly controlled by sediment supply and physical and 
organic reworking. Mud carbonate is found to occur on the 
middle and outer shelf (Fig. 6-18) and the mixed sand and 
mud carbonate , are located on the inner and outer shelf. 
The distribution of the recorded microfacies was found 
closely related to the shelf floor ground matrix. The 
first microfacies (M27F6) is formed on the mixed sand and 
mud, carbonate shelf while the other (M28F6) microfacies 
characterized a mud carbonate flat subenvironment. The 
Westphalia limestone (Pennsylvanian) of Kansas was
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formed in the same way (Ball, 1971), and also the Oregon- 
Washington shelf (Kulm et al, 1975). Similar 
interpretations are also mentioned by Wilson, 1975; 
Johnson, 1978; Sprecht and Brenner, 1979 and Flugel, 1982.

In a palaeoecocogical assessment, Liebau 1980, 
recognized that water agitation can produce storm wave base 
at depths ranging from 40 to 80 and up to 200 meters in 
marine platform slopes.

The studied nummulitic shelf was probably sometimes 
affected by syndepositional tectonics which might have 
increased the shelf gradient. This could be demonstrated 
from the occurrence of slumped nummulitic facies, debris 
flow deposits and growth faults, associated with the deeper 
nummulitic facies in the deeper areas of the studied shelf.
6.7 Pelletal Facies (F7)

6.7.1 Description

The pelletal facies has a yellowish grey colour and is 
represented as a bedded succession of hard (30-50cm thick) 
and medium hardness (20-30cm) beds. The average thickness 
of this facies is about 20-25 meters, repeated several 
times in the same localilty. Cross lamination and burrowing 
(inclined types) increase upwards. Both normal and reverse 
grading are recorded. The main components of this facies 
are the pellets mixed with some fine nummulite shells and 
microforaminifera, somtimes molluscs, reworked miliolids 
and shell fragments. The depositional texture which
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characterizes this facies is mainly packstone. The facies 
has sharp contacts with other facies and occurs as thick 
lobes or sheets.
6.7.2 Distribution

The occurrence of the pelletal facies, in the studied 
area, is found restricted to the main central part of the 
studied basin. It extends from east of the El Tebbin area 
throughout the Wadi Hof area and northwards to Kattamia 
Road (sections 2, 4, 5, 16, 17, 18, 48, 49, 59, 62 and 63).
In these areas the pelletal facies form the majority of the 
Giushi Formation of the Lower Mokattam and the Qurn 
Formation of the Middle Mokattam Units. The facies
sediments are also represented in some tongues, in sections 
51, 60 and 40, raditing towards the |outsid areas of the
studied basin.
6.7.3 The Microfacies Association

This facies is represented by one microfacies only: - 
1. Pelletal nummulitic 1ime-packstone microfacies (M29F7)
6.7.3.1 The pelletal nummulitic packstone microfacies

(M29F7)

This microfacies (Plate 6-10) occurs in abundance from 
the area between the Wadi Hof and Gabal El Maskara. This 
pelletal bearing facies belongs to the Qurn Formation. The 
microfacies also occurs with the Giushi nummulitic facies.



Plate (6-10) : ( Pelletal microfacies associations "F7n )
A-- Pelletal nummulitic lime packstone

microfacies (M29). Note internal structure 
of the original grains (mostly micro-forams) 
within the micritic outlines of the pellets 
themselv.es. X20 .

B - Pelletal microfacies, at Wadi Hof area,highly 
densed packstone. X4.0 .

C - Pelletal nummulitic packstone with bryozoa. 
Gabal El-Maskara, east of the El-Tebbin area. 
1A 0 .

D -• Pelletal nummulitic packstone (M29). Note 
recrystalization of the original micritic
matrix. X4-0.

E - Organized turbidite submicrofacies show some 
degree of stratification . The disturbed 
beds have residemented intraclastic 
carbonates. These could be originated from 
long distance transporte process ( Stow,1986, 
Mutti & Normark,1987 ). It intercalate the 
pelletal microfacies at east El-Tebbin area.

F - Dish structure associated with the turbidite 
sediments. The lower part shows residemented 
clastic carbonate and disturbed slumps . The 
upper part of the photo indicates faint dish 
structures . These structures are believed to 
be formed as a result of liquefied flow 
mechanism ( Stow,1986 ). Wadi Hof area.
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It is represented by a well bedded coarsening-up carbonate 
sequence of thick and medium beds <25 meters thick) where 
the appearance of the nummulites increases towards the top 
of strata. This succession is followed by another fining 
up sequence of strata (20 meters thick) of hard (up to 70cm 
thick) and softer beds (up to 25cm thick). The microfacies 
reappears in different levels in 2 cycles when overlain by 
the fine bioclastic intraclastic turbidite sub-microfacies 
(Plate 6-10,E & F).

The main constituents of this microfacies are 
nummulites (1-8%), microforaminifera (3-15%), mollusean <3- 
10%), rare bryozoa (up to 5%), ostracods (1-3%), pellets 
(25-40%), and very fine shell debris (20-50%). The 
microfacies, also, contains lithoclasts and reworked 
miliolids. These grains are embedded in a micrite matrix.

The nummulite chambers contain green algae. The size 
of all grain components, associated with this facies, is 
relatively smaller than the the size of the same grain 
types described with any other facies, in different 
localities. In the area of study, it was noticed,
sometimes, that the internal structure of the original 
grains can be seen within the micrite outlines of the 
pellets themselves. That could lead us to believe that 
these pellets might have formed as a result of a primary 
stage of micritization of other particles or grains such as 
bioclastic grains, microforaminifera, and silty
intraclasts. A similar conclusion was reached for



carbonates of different ages from different localities by 
Taylor and Illing 1969; Bathurst, 1971; and Blatt et al,
1972. Meanwhile, most of the recorded pellets are
structureless, which could be produced as faecal materials 
(Leighton and Pendexter, 1962).

The grain components reflect deposition in water with 
energies ranging between slightly agitated and strongly 
agitated with an energy index (El) of 3-5.
6.7.4 Depositional Environment of the Pelletal Facies

The microfacies association of this facies was 
probably deposited within a restricted shallow platform 
facies on a low energy nummulitic shelf (Fig. 6-19). Recent 
analogies are recorded from the Bahamas (Stockman et alt

1967; Shinn et alt 1969; and Ginsburg and Hardie, 1975) and 
the Persian gulf (Purser, 1973). Purdy, 1963 (a and b), 
records pelletal mud facies with the shelf lagoonal mud 
belt of the Bahama Bank. These pellets, in the modern 
shelf and lagoon carbonate j are thought to’be formed under 
approximate limits of, neai— surface, temperature from 30 C 
to 40 C, and salinity of 25 to 35% (Lees, 1975),

The restricted platform of the Giushi Formtion, 
pelletal facies probably formed landwards of the shelf 
platform (Fig. 6-19) which lay to the north and east
directions of the basin of deposition and was composed of 
miliolid and bioclastic, highly porous deposits. Sometimes, 
this pelletal facies is found to be mixed with the



Shelf Build - up Open Restricted
Nummulitic Coral platform platform pelletal
mud belt belt Nummulitic mud belt

sand belt

Fig. (6-19): Depositional model and distribution of the
pelletal, nummulitic and coral facies along the 
late Eocene carbonate shelf of the Giushi 
formation, Nile Valley, Egypt.

P e lle ta l s i l t y  carbonate 
lobe

s a l in e  A ren ite - lu t i t e )
N unnu litic  p e lle ta l 

lobe j
(A re n ite -ru d ite

P e lle ta l
packstone

Fine c la s t ic  
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Fig. (6-20): Model of growth (A) and lateral a v u l s i o n  (B) of the 
peletal fan lobes, and sequence characteristic of 
inactive pelletal lobe of deep water plain facies.
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nummulitic, open platform facies. This could be
interpreted as the product of storm washover which 
introduced sheets of these sediments into the open sandy 
nummulitic platform. Such storm peltoidal deposits were 
described by Ball, 1967 in Florida and the ^Bahamas.

The concept of the restricted platform deposition of 
the pelletal facies, appeals in its overall treatment of 
the sedimentation processes of the Giushi pelletal facies 
in the Mokattam area, but fails to explain the occurrence 
of thick beds or succession of pelletal materials, having 
been transported primarily in suspension, in the Wadi Hof 
area. These thick deposits are believed to be formed in a 
deeper environment for some reason. Of these, the pelletal 
beds, in some places, Intercalate with pelagic facies, 
slumped nummulitic, and spiculitic calcisiltite facies, 
which are all of deep deposition. The common occurrence of 
Intraclasts and absence of extraclasts within that 
microfacies, could suggest deep water with no or only 
sluggish bottom currents (Wilson, 1969, 1975). The
association of the pseudoplankton serpiolid may also 
indicate deeper water (Gall, 1983). j Moreover , this could
be supported c from the preservation of some algal pigments 
of deeper water within the associated nummulitic shells 
(Tappan & Loeblich, 1971). Furthermore, this pelletal 
facies merges with turbidite deposits which reflect deeper 
environment (Plate 6-10,E & F).

The above mentioned facts with the facies characters,



suggest that the pelletal facies, in that particular area, 
must have been deposited in a deeper basin. However, the 
occurrence of intraclasts and reworked miliolid shells, 
with this pelletal facies, retains their shallower 
identity. That might lead to the belief that these pellets 
were derived from upslope shelves which flanked the
deeper areas. This is clearly supported from analogous 
facies described by Bishop <1968) and Wilson <1975).

The intercalation of pelletal facies and both slumped 
and pelagic facies, may reflect accummultion during phases 
of tectonic activity. These phases might have disturbed 
the upper pelletal platform and increased the shelf 
gradient causing the suspended pelletal sediment spill over 
into the basin. That, presumably, could mean a fine reflux 
coming through deep fans (Fig. 6-20, B) at that time, to 
form this type of pelletal facies.

Isolated recorded'sequences! as inactive quiet lobes (Fig. 6-20 B 
of completely pelletal facies and fine *silty carbonate 
might represent a more distal phase of deep water plain 
deposits. A further possibility is a lateral shift in the 
locus of the fan sediments, leaving these thick. These 
inactive lobes could be demonstrated from the occurrence of 
finei— grained and poorly sorted pelletal deposits adjacent 
to more coarse pelletal ones. The finer lobes are 
interpreted as quite isolatd suspended load deposition. 
However, active deposition shows more coarse material 
contribution due to connecting with the supplying fan
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source (Rupke, 1978). These alternations of active and 
inactive deep fan lobes might be the result of the same 
tectonic activity (Moore et al, 1974).
6.8 The Conglomerate Debris Facies (F8)

6.8.1 Description (Fig. 6-21, Plate 6-11)

This is composed of limestone debris of thickness of 
up to 3-4 meters. The debris consists of subrounded to 
rounded clasts and the size of each clast ranges from 7 to 
30cm in diameter. The debris consists of nummulitic or 
bioclastic limestones. The matrix contains abundant 
nummulite, bryzoan^ echinorderms and with some molluscs. 
The facies is highly bioturbated with inclined burrows and 
cross lamination. The facies has a wedge shaped geometry. 
The maximum thickness is recorded in the north western 
sections, and decreased in a south and south easterly 
direction. The size and angularity of the debris decreases 
in a southeast direction.
6.8.2 Distribution

This facies is very distinctive in the area studied 
especially in the central part of the basin, Wadi Hof to 
south El-?ebbin area. It also occurs in sections 48, 4, 59, 
5, 18, 17 and 49. The facies is up to 4.5 meters thick at
section 48 and is approximately 3.5 meters in section 49. 
The facies extends also farther south, but decreases in 
thickness and grain size, towards the El-Saff to Beni-Suef 
areas.
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Fig. (6-21): Upward coarsening sequences of facies F2, F4 and 
Fg in East ! Hel'wan ; area (section 49).



6.8.3 Microfacies association

The facies is represented by only one subfacies.
6.8.3.1 The conglomerate nummulitic 1ime-packstone

microfacies (M30F8)

This microfacies (Plate 6-11) is well recorded, as 
mentioned, in the Helwan area. It can be described as a 
matrix supported facies, where all the debris is embedded 
in a matrix of nummulites (up to 50%), operculines (up to 
3%), shell fragments (up to 10%), microforaminifera (up to 
2%), bivalves (1%), gastropods (2%), echinoderms (up to 
1%), bryozoa (1%), silty matrials (4%), embedded in micrite 
matrix (up to 26%). The grains of the matrix have a well 
packed fabric with grain sizes ranging from very coarse 
sand to fine gravel. That fabric texture changes to 
wackestone in a south-east direction.

The debris themselves, contain pellets (up to 5%), 
operculines (up to 10%), microformainifera (20%), bivalves 
(up to 5%), gastropods (up to 2%), ostracods (up to 2%), 
bioclasts (up to 15%), marly matrix (6%), and sparitic 
cememt (up to 20%). Some debris has well washed grains. 
These grains are of coarse silty to fine sandy size with a 
grainstone texture.

The angularity and coarsening of debris increase in 
north west direction, which could suggest a north west 
source for all these facies . The biotic content of the 
debris could prove that all are derived from a unit not



( Conglomerate facies MF 8,T )
Field photograph for the conglomerate 
nummulitic packstone microfacies (M30). Note 
the coarsing-up sequences of this microfacies 
Section n4-8n Wadi Hof area.
Close-up field photograph for the conglomerat 
facies at Beni Suef area. Debris are more 
rounded and smaller in size than in the 
previous ( A photo ) locality . Matrix is 
supporting the facies debris.
Thin section for the nummulitic conglomerate 
packstone microfacies. Note occurrence of 
intraclasts and rare nummulites. X20 .
Acetate peel, for the nummulitic conglomerate 
microfacies (M30) with nummulites, bryozoa, 
and shell fragments. X40 .
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older than the Giushi Formation. The microfacies seems to 
be monomictic in places, but a close microscopic analysis, 
reveals a variety of clasts. Thus the clasts are
polymictic but may have still been derived from several 
beds of one formation. '

The facies reflects (Fig. 6-21) a general upward 
coarsening sequence. It overlies (Fig. 6-22,A) a slumped 
nummulitic and pelletal facies in the northern sections (5, 
48 and 59), and marly clay with mixed sandy clastic facies, 
in section <49). It also underlies another coarsening up 
nummulitic facies <in section 49) and non-graded nummulites 
with slump scars in section 5 (Fig, 6-22,B). The facies 
also, merges with turbidite deposits in the deeper plains.

The components of this facies reflect deposition in 
water with energy ranging between moderately to strongly 
agitated and with an energy index (El) of deposition from 4 
to 5.
6,8.4 Depositional Environment of the Debris Facies (F8)

The facies characters (Fig. 6-22) and associations of 
the conglomerate debris facies, may represent lower (S.E.) 
to upper slope deposits, towards the north-west direction 
(Fig. 6-22,A). The lower slope sequence starts with the 
slumped nummulites facies and is followed by pelletal fine 
clastic facies, and the conglomerate debris. This debris 
is formed as debris flow deposits where clasts are 
supported by matrix. The debris is formed on the slope
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which seems to be tectonically affected. The muddy
nummulitic matrix helped to reduce the shear stress between 
the debris and grains. The slumped and debris flow facies 
probably formed in response to subsidence in the northern 
part of the studied area. The fact that there is no 
evidence of the Giushi Formation at the Giza pyramids 
supports the slumping and mass flow completely towards the 
southeast direction (deeper parts) on a steeper slope. The 
result is the formation of the thicker deposits in the new 
formed basin which accummulated rapidly from all the 
sediment brought in from all the surrounding shelves or 
slopes. These debris flows are capable of travelling over 
nearly flat slopes as low as 0.1* degree for a distance of 
several hundred kilometers (Embley, 1976 & Stow, 1986).
Similar submarine debris flow deposits are known from the 
Mezozoic and Tertiary flysch in the Apennines (Italy) or 
from the Paleozoic of Morocco (Padgett et alt 1977). Dott, 
1963, El ter and Trevisan, 1973 and Middleton and Hampton, 
1976, all reviewed these kind of gravity flow deposits.

The occurrence of slump-scarred nummulitic facies 
overlying the debris flow deposits, indicates an upper 
slope facies.

Towards section (49), up to 20 kilometers southeast, 
the conglomerate debris intercalate with middle fan 
deposits (Fig. 6-21,B).
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6.9 The Corral line Facies (F9)

6.9.1 Description

The corral line facies (Plate 6-12) is represented by a
1.5 meters thick bed of hard limestone with an abundance of 
corals tubes (uP 60%). These corral line colonies have 
a dendroid form and grow vertically. They are represented 
by the branched colonial type. The corallium is composed 
of nearly cylindrical corrallites which branch irregularly 
in a tree-like manner. Other encrusting bryozoa,
nummulites and bioclastics are represented. This facies 
may occur in lense or wedge shape units. The
characteristic depositional texture is a boundstone. The 
lower surface of the facies is bored which suggests that 
the coral of the facies colonised a hard substrate. The 
facies represents deposition in moderately agitated water 
with an energy Index (El) of 4.

The facies overlies a siliclastic carbonate facies 
(F3) and underlies the nummulitic clastic facies (F6). It 
has sharp contact with both.
6.9.2 Distribution

The facies is well represented in section 56 where it
extends throughout the Kattamia Road, east of Maadi. The
coral unit disappears towards the south and north, but
extends along strike in an east-west direction. The
western limits of the facies are not known. However, it 
extends eastwards to the vicinity of Gabal Ataqa.



Plate (6-12): (Coral facies associations MF9” )
A - An outcrop photograph of the corralline

nummulitic facies (F9) composed of a branching 
colonized corals buildup in.the Cairo Kattamia 
road .

B - Acetate peel photomicrograph of corralline 
nummulitic boundstone to bafflestone 
microfacies (M31). Nummulite, bryozoa, 
microforaminifera, and shell debris are found to 
form most of the matrix components. B1 is X15> 
GSnferal:' view s B2. is X20 , Close up .

C - Hand spcimen from the same previous (A) coral 
bed indicates coral branches incrusted by 
bryozoan growth .

D - Close-up microphotograph indicates that the 
rock is a bafflestone where baffles occur
between intergrown branches of the corals. X20.
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6.9.3 Microfacies association

The coral facies is represented by only one subfacies 
(Plate 6-12).

Corral ine nummulitic 1 ime-boundstone to bafflestone
microfacies (M31F9)

This microfacies (Plate 6-12,A & B),is characterised 
by a white grey coloured limestone bed. It contains beside 
branching corals, nummulites (up to 15%), bryozoa (3-7%), 
microforaminifera 5%, bioclasts 16-30%, serpiolid worms (up 
to 3.5%) embedded' in a micrite matrix. Some pellets are 
also associated but have a low abundance. Bryozoa are of 
the encrusting type (Plate 6-12,C). This facies is highly 
bioturbated and coral baffles are recorded (Plate 6-12,D). 
This microfacies of coral occurs in the upper part of the 
Lower Mokattam Unit (Giushi Formation). Generally the
coral microfacies is believed to represent an elongate 
build up which started to form along the \sil iciclast ic 
carbonte margin (Fig. 6-23). The microfacies has sharp 
contacts with the underlying and overlying facies.

The delicate, branching growth form of the studied 
corals Indicates low wave energy and high sedimentation 
(James, 1983). It is believed that slightly agitated water 
was responsible for the deposition of this microfacies with
an energy index (El) of 3.



6.9.4 Depositional Environment of the Coral Facies

The northern platform edge of the Upper Eocene 
carbonate of the Nile Valley contains a coral facies which 
is interpreted as a build-up. Two possibilities for this 
facies are believed. First hypothesis is that the
formation of such build-ups in the studied area occurs in 
four stages <Fig. 6-23). The first stage is the unaffected 
platform, primary stage, with a gentle slope. The
nummulitic and mixed sandy facies are abundant. The second 
stage is indicated by the occurrence of slump structures. 
This stage commenced with the uplift of the upper shelf and 
consequently increased the shelf gradient. As a result of 
uplift and tilting, the shelf sediments started to move and 
slump basinward. In the third stage, some of the slumped 
sediments accummulate on the shelf edge forming an elongate 
submarine ridge normal to the direction of slumping. These 
ridges might have had a south-west north-east orientation. 
In the last stage, coral and encrusting organisms started 
to grow on the newly formed submarine ridge or bank.

The second hypothesis is that these corals flourished 
over a submarine paleohigh. This palaeo-ridge could be 
tectonically controlled. So syndepositional tectonic
movement had caused that part of the shelf to be uplifted, 
then inhabited by corals. Confirmation of either of both 
hypotheses needs geophysical data which is not available.

The absence of cross-bedding and the occurrence of
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carbonate platform edge of the Eocene Nile Valley, 
Egypt.
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lime mud with the facies matrix might indicate that these 
coral build-ups are formed in relatively deep water 
conditions. These are also demonstrated from the recorded 
bafflestone textures which originate in local quiet water 
environments 1 (FlUgel, 1982, p.373). Generally recent
branched deeper— water corals form lm high, living colonies, 
in depths of 200-400m, as in \Rockall Bank , Northeast 
Atlantic (Scoff in et alt 1980). These corals form an 
annular zone around the bank margin (Teichert, 1958). 
There is no evidence for flourishing coral build-up 
anywhere else in the studied area, and it is possible that 
they were restricted in their distribution.
6.10 The Serpulid Facies (F10)

6.10.1 Description

The serpulid worm facies <Plate&13) is represented at 
Gabal Giushi in a very hard basal bed of about 160cm. It 
is repeated vertically by three beds but of less widespread 
occurrence. The lower surface of the facies Is undulating 
and the serpulid tubes form a very dense net. The serpulid 
facies bed has some infauna of bivalval shells. The shells 
seem to have j encrusted to the bed surface with
serpulids and bryozoa . The original facies which was
inhabited by serpulid, contains small nummulites and 
microforaminifera. Most of the biotic content is of the 
endobiontic mode of life. The facies is also characterized 
by wedges which thin towards the south.



234

6.10.2 Distribution

The serpulid facies is best represented in the Gabal 
El-Giushi (section 44) with a maximum vertical thickness of
5.6 meters. It extends southward in the studied basin 
until it nearly disappears at south El Maadi. Owing to 
lack of exposure it was not possible to follow this facies 
eastwards.
6.10.3 Microfacies association

The following microfacies is represented:- 
1. Serpulid foramlniferal 1lme-packstone microfacies 
(M32F10)

The microfacies (Plate 6-13) is represented by hard 
bored limestone beds. The boring is very concentrated in 
the lower bed (base of Giushi Formation) then began to 
decrease upwards in another two horizons each of nearly 
1.6-2.50 meters thick. The microfacies contains (Plate 6- 
13, C & D), Nummulites (up to 10%), operculines (8%),
microforaminifera (up to 10%), milliolid (3%), bivalve (up 
to 5%), gastropods (2%), bryozoa (up to 2%), echinoderms 
(3%), serpulid worm (5-50%), quartz detrital grains (up to 
10%), bioclastic debris (up to 23%), micrite matrix (30%).

Within the lower horizon the serpulid worms become 
more dense upward with a reduction in the bivalve shell 
sizes.

In the studied area although these serpulid facies 
have a very limited distribution, they were found to be



Plate (6-13) : ( Serpulid facies associations "F10n )
A - Highly bored limestone outcrop with dense

serpulid worms of straight to slightly curved 
tubes. Gabal El-Giushi, east of Cairo.

B - Frfish outcrop surface indicate the dense 
serpulid tubes of both longitidunal and 
transverse sections. Same locality as above 
( Coin is 2 cm. diameter ) .

C - Photomicrograph for the serpiolid forminiferal 
lime packstone microfacies (M32). Transverse 
section of serpulid worm-1; nummulites -2; 
operculina-3; and shell fragments-4; are shown 
X20.

D - Photomicrograph of serpulid shell,with_spirally 
coiled or screw like shape ..Note.the way of 
living sheltered under bivalve shell . X30 .

E - Photomicropraph of a screw like serpulid lives 
infaunally in a separate tube . X20.
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very important for stratigraphic correlation. They
indicate the base of the Giushi formation in Gabal El- 
Giushi and the Wadi Hof areas.

The serpulids recorded in section 48 are of the 
sessile type while the ones in section 48 are of the 
pseudopl ank ton ic type. This is believed to be a very 
important criterion for documenting the sea bed topography 
of the studied basin (see next chapter).
6.10.4 Deposition Environment of Serpulid Facies

The nature and mode of occurrence of the serpulid 
microfacies in section (44) suggets a hard bottom 
depositional subenvironment. This is probably formed on 
shelves with coarse surface layer. It is found that
serpulid lived either asjfixed jepibiontic or endobionticjforams. TKiS 
hardground bottom which seems to affect the Giushi 
limestones formed during the deposition of the nummulitic 
facies. It formed during a long period of interruption of 
sedimentation. This results in the celhentation of the 
sediment. The bottom surface was encrusted by colonial 
organisms such as bryozoa, bivalves and serpulids and bored 
into by lithophagous animals. Two types of calcareous worm
shells are recorded. The first type of shell is typically
straight to slightly curved tubes. These worm shells were 
about 8 cm long and 0,4 cm in diameter. This type of worm 
preferred a colonial mode of existence (Plate 6-13, A) in
turbulent waters. The basal bed of this facies at the
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Giushi area of the Gabal Mokattam is inhabited by this type 
of serpulid worm. The second type of worm shell appears in 
the higher levels of the facies. This type is relatively 
small of up to 2cm long and 0. 1cm diameter. The shell 
shape is spirally coiled or screw like (Plate 6-13, D & E). 
That type of delicate serpulid worm lives infaunally in
separate sheltered tubes (Plate 6-13, D & E) and also in
calm water (Cheetham, 1971).

A similar conclusion for the ecology of serpulid worms 
was drawn by Gall, 1983. Heckel, 1972, also mentioned that 
serpulid worms preferred depths ranging from neritic (20
meters) to continental slope (up to 2,000 meters) depth.

The main importance of this facies is the reflection 
of a long period of non or poor sedimentation when this 
shallow shelf was uplifted to very shallow depths and
bored. In the meantime, to the south (20-25 kilometers) 
thick accummulations of sediment filled another subsiding 
basin.
6.11 Planktonic foraminiferal Facies (Fll)

6.11.1 Description

The planktonic facies is composed of pale greyish 
green calcareous marls, to greyish white limestone. The 
bedded successions are formed of hard to medium beds with 
thickness ranges of 20 to 80cm. The strata become whiter 
towards the north and north west. The bedded strata are 
very fine cross laminated and bioturbated. Burrowing is



represented by inclined or vertical fine tubes. This 
•planktonic foraminiferal facies contains an abundance of 
planktonic foraminifera and microbenthonic| foraminifera 
Bivalves are also recorded in different localities# 
Tongues of small .nummulitic facies intercalate with the 
planktonic facies near its top. Some sponge spicules are 
also recorded. The facies is normally graded with an 
increase in the calcareous matrix towards the northwest. 
In the southern sections of the studied basin, the facies 
becomes more marly in nature. The facies yields a rich 

Coccolith flora. It underlies the marly facies (FI) and 
represents the older formed facies in most of the southern 
part of the studied basin.
6.11.2 Distribution

The facies occurs at the base of section 60, 61, in
the Beni Suef-El Wasta area. It is believed that the 
facies extends northward to the El-Saff area. In the west, 
the facies extends beneath the middle Mokattam facies. It 
forms the top facies of the Lower Mokattam Unit. The 
planktonic foraminiferal facies extends southwards to 
section 81.
6.11.3 Microfacies Association

The planktonic foraminifera are represented by the 
following microfacies (Plate 6-14):-
1. Foraminiferal 1ime-mudstone-wackestone microfacies 

(M33F11)



Plate (6-14-): ( Foraminiferal microfacies associations MF11M)
A,B&C - Foraminiferal lime mudstone-wackestone microfacies(M33) 

with planktonic and few micro-benthonic shells. The 
middle part of the open shelf. All fiqures are X80 .

East of Biba to El-VJasta areas .
D - Foraminiferal lime mudstone-wakestone microfacies(M33),

with inflated micro-benthonicshells, from the upper part of
the open shelf facies. El-Alalma s-ection(6l), east of
Beni-Suef area . X20 .

E&F - Photomicrograph of the pelagic wackestone microfacies
(M34) with calcispheres. These spheres,probably derived 
from planktonic algae, are distinctly larger than 
cocoliths. E,is X200 and f_iaX500 .

G - Pelagic lime wackestone microfacies (M24-) with very
fine planktonic foraminifera and pelagic shells. X80 .

H - Radiolarian * pelagic lime wackestone(M2X). Radiolaria 
appears at the photo-center with some pelagic 
foraminifera. X80 .
( Figs . E-H represent the lower part of the open shelf).
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2. Pelagic 1ime-wackestone microfacies (M34F11)

6.11.3.1 Foraminiferal 1ime-mudstone-wackestone

microfacies (M33F11)

The microfacies is represented by hard, greyish white, 
to greenish yellow, bioturbated fine grained limestone. 
This limestone is exposed in Wadi Lishyab and Wadi Mfitin 
and extends towards the northwest. At the periphery of the 
basin, this microfacies is intermixed with the nummulitic 
facies. The thickness of each bed of these facies ranges 
from 30 to 60cm and even 80cm thick. The total thickness 
of the whole facies reaches up to 32 meters.

The main constituents (Plate 6-14, A to D> are 
planktonic foraminifera (2-10%), benthonic foraminifera (1- 
8%), shell bioclastics (from 2-3%), echinoderms (up to 4%), 
bivalves (2-3%) and gastropods (up to 5%), all embedded in 
a micritic matrix (40-90%). The matrix is disturbed by 
gypsum or silica veinlets. The microfacies reflects a 
gently agitated to intermittently agitated depositional 
environment with an energy index (El) ranging from 1 to 2.

The microfacies includes well preserved species of 
Globigerina, Globorotalia and Truncorotaloides.

6.11.3.2 Pelagic 1ime-wackestone microfacies (M34F11)

The pelagic wackestone microfacies (Plate 6-14, E-H) 
is represented by marly to micritic limestone grey to 
greyish green in colour. These limestones occur in a 
rhythmically bedded 5 to 10cm thick beds. The thickness of
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the whole facies reaches up to 6 meters. The pelagic 
facies is represented in the east El-Saff area and extends 
northerly to the East Helwan area. In the El-Saff area, 
the pelagic facies intercalate some pelletal facies with 
very fine bioclastic. In the east Helwan area, the pelagic 
facies is found to intercalate with pelletal facies and

tslumped nummulitic facies. The main components of this 
facies are mainly pelagic organisms <up to 15%), radiolaria 
2%, calcispheres (up to 2%), and fine silty bioclastic (up 
to 7%). These components are embedded in a micrite matrix.

The pelagic facies reflects deposition in quiet or 
gently agitated water with an energy index (El) of 1.
6.11,4 Depositional Environments of the Planktonic

Foramini f era

The two microfacies associations recorded here are 
found to be related for specific regions from the studied 
basin. The foraminiferal mudstone-wackestone microfacies 
is recorded to include the southern areas from south El- 
Saff to the Gabal El-Abyad section. The pelagic facies, on 
the other hand is represented in east El-Saff to east of 
the Helwan area.

The foraminiferal microfacies is believed to have been 
deposited on an open marine shelf on the basis of their 
characters. This subenvironment is equivalent to belt 2 of 
Wilson, 1975. Such shelves are generally wide and
sedimentation is quite uniform. The water depth of these
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shelves ranges from ten meters to a hundred meters deep 
(Wilson, 1975). The facies on that shelf is of open 
circulation (FlUgel, 1972). That wide open marine shelf is 
the basal unit on which most of the southern, formed facies 
accumulated. The carbonate characters with the shelf 
facies indicate that the basin was situated towards the 
northwest.

The occurrence of the pelagic microfacies intercalated 
with * the turb<idite facies, slumped fine nummulitic 
sediments, deep pelletal facies and occurrence of lime mud 
all suggest deep lower basinal deposits. These pelagic 
deposits were diluted by the clastic reflux or input to the 
basin. Similar planktonic open shelf facies is described 
by Lowman, 1949, Pokorny, 1963, Blondeau, 1972 and 
Mil liman, 1974.
6.12 Calcareous evaporitic shale facies (F12)

6.12.1 Description

The calcareous evaporitic shale facies <F12) 
represents the top capping deposits of the whole Middle 
Mokattam facies, in the studied basin of the Nile Valley, 
Egypt. It includes greenish to variegated colour shale, 
grey to yellowish calcareous mudstone and sandstone, and 
interbedded with gypsum and salty deposits. The thickness 
of this facies varies from 1-6 meters. The maximum 
thickness is recorded towards the centre of the basin. 
Dense bioturbation is observed in places. Turritteloid
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gastropods of reduced size and operculina foraminifera are 
also concentrated in the central patches. Milliolid and 
arenaceous foraminifera are hardly recorded. The fauna as 
a whole are'j of very low diversity , Plant remains are also 
recorded. However, most of the outside zone of this 'facies 
are unfossi1iferous. The facies is generally friable, 
highly weathered and very difficult to distinguish any 
bedding. It extends as tabular bed, on the central part, 
thins rapdily towards the outside zone. The facies 
overlies the si 1Iciclastic and mixed sandy barrier 
complexes <F4) . At the same time the facies underlies the 
Upper Mokattam facies with a sharp contact.
6.12.2 Distribution

This facies occurs at sections 39, 40, 45, 48, 56, 60,
61, 77 and 82. All of these localities represent the top
facies of the studied basin. However, there was no record 
to this facies in the outei— frames of the basin.
6.12.3 Microfacies Associations

Two microfacies (Plate 6-15) are recorded with this 
facies. Both of these microfacies are very hard to 
distinguish from each other In the field:
1. Unfossi1iferous shale 1 ime-mudstone wackestone 
microfacies (M35F12)
2. operculina shale 1ime-wackestone microfacies (M36F12)



Plate (6-15) : ( Lagoonal microfacies associations ’F121 )
A- Outcrop photograph for the highly gypsfcferous 

yellow shale , microfacies (M35)» top of the 
Gabal Kattamia , East Maadi, Cairo .

B- Photomicrograph of the uMossiliferous shale 
mudstone - wackestone microfacies (M35), Uote 
occurence of laminar fenestral fabric normal to 
bedding and with low detritals . X20. Gabal 
Shaiboun, east of Beni Suef area.

C- The operculina shale lime - wackestone
microfacies (M36) contains a mixed components 
of miliolids , plant remains, some 
microforaminiferas and bioclasts debris . X30 . 
Gabal Tarbafc^,east of El-Wasta area .

D- Photomicrograph of the operculina shale lime- 
wackestone microfacies (M36) at El-Saff area. 
The thin rewarked operculines foraminifera 
are abundant as the main grains within the 
debris matrix . X20.

E- Close-up photomicrograph for the previous 
(D) sample to show the dark micritic film 
around the operculina shell due to rew®rking 
processes. X25 .
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6.12.3.1 The unfossi11ferous shale 1ime-mudstone

microfacies (M35F12)

The microfacies occurs in a semi-circular nature 
towards the outside frames of the major facies (Fig. 6-22).
The microfacies is green to variegated colour or yellow
unfossi1ferous shale. It is interbedded with laminae and 
thin beds of gypsum. This gypsum and also halite cross 
hatch the original beds as veinlets. Even irregular 
laminations are hardly recorded. Fpnestralfabric seems to 
be thd main characteristic features for this microfacies. 
Desiccation mud polygons are sometimes preserved. Tongues 
of pelletal friable carbonate intercalate these deposits 
towards the basin centre. Calcareous sands occur and
increase towards the outer periphery of the basin. On top 
of section 56 (Gabal Kattamia) (Plate 6-15,A), the 
microfacies changes completely to high gyps*iferous yellow
shale. The microfacies is believed to be deposited in a 
gently agitated water.
6.12.3.2 The operculina shale 1ime-wac ke stone microfacies 

(M36F12)

This microfacies (Fig. 6-2 ip is concentrated towards 
the middle part of the basin and diminishes westwards 
cutting the western limit of the basin (Fig. 6-2g). In this 
latter locality, the microfacies is fossi1iferous and 
contains miliolids, plant remains and shell debris (Plate 
6-15,C). Thin operculines increase in the central parts of
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the basin in a completely friable shale wackestone matrix 
(Plate 6-15, D & E) . This opercul in& shel 1 has reworking 
features. Turretiloid gastropods, of relatively small 
size, are rarely found in the eastern parts of this 
microfacies. The microfacies is highly bioturbated. Some 
friable beds of pelletal deposits are intercalated with this 
microfacies. Gypsum laminas are sometimes interbedded with 
the microfacies and the whole sequence crossed by gypsum and 
halite veinlets. Some gypsum crystals are also embedded 
with facies fabric in the upper part of the microfacies. 
The energy index of this microfacies reflects 
intermittently agitated depositional water. Primary
structures were very difficult to be distinguished.
6.12.4 Depositional interpretation of the calcareous

evaporitic shale facies <F12>

The absence of this facies from the outer frames of 
the studied area, could reflect retreat in the depositional 
environment towards basin centre. The difficulty in facies 
differentiation suggest widely distributed very shallow 
restricted environment. The depleted nature of the biotic 
content could reflect the restriction of the host
environment. The few number of biota recorded (with 
reduced sizes) were adapted to life in a /hostile
environment. The high content of evaporites and the facies 
characters all suggest a restricted lagoonal environment 
(Fig. 6-26).
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Operculina shale, 
open lagoon facies

Gypsiferous shale

Fossiliferous 
shale

Hypersaline lagoonal \ 
facies

/ Turretiloid 
/ Gastropods

Unfossiliferous shale

Fig. (6-25): Restricted lagoonal phase with a tear-drop pattern of 
Operculina. Shale facies imposed by the positioning 
of the sea-water (top of the studied Middle Mokattam 
facies, Egypt)
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The unfossi1iferous microfacies <M35) is believed to 
be deposited in a hypersaline lagoonal facies. Salinitiy 
in this part of the environment might be responsible for 
their biotic destitu Restriction of shelf water with
slow wateh circulation are believed to cause abnormal 
salinity and temperature extremes. Deposition of
evaporites were a direct product in that case. Mud cracks 
suggest a subaerial drying event. The occurrence of patchy 
gypsiferous shale in the northern part of this microfacies 
could be interpreted as marsh deposits, probably developed 
on a palaeo high.

The fossi1iferous microfacies <M36> is believed to 
reflect the open part of the lagoon. Most of the 
operculina shells could be washed in to accumulate in 
patchy localities. The occurrence of the survived
turretiloid gastropods at the far (east) end of this facies 
could suggest algae-eatlng feeders at the back of the 
lagoon (Schreiber, 1986). Meanwhile the fossi1ferous, 
western, neck of this microfacies could reflect the tidal 
part, connected with the shelf water. The soft pelletal 
mud could be formed on the high restricted areas, while the 
basal shelly lag could be formed in the basins and periodic 
storm waves. The broad expanses of this part of the lagoon 
was believed to damp out tidal and wave energy and 
consequently poor primary structures. This case looks like 
the facies of the epeiric seas (Enos, 1983).

Generally that lagoonal phase was believed to
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represent deposition in the last stages of the basin 
throughout the studied area (Fig.6-26). The central part 
of the lagoon might be open for the biota to /accumulate 
(Top section 51),

Attaching of that type of teara-drop pattern to the 
sea was towards the west. Restriction of the lagoon might 
be caused by physical barriers complex (F4). Increasing of 
these barriers around the lagoon mouth is believed to be 
the reason for the complete restriction which happened at 
the top of the facies producing mud cracks and erosinal 
surface top of the studied facies.
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C H A P T E R  S E V E N  
~7 —  BAS I N A N A L Y S  I S

In the first part of this chapter we will

discuss basin configurations. The approach used here depends upon 

analysis for the jcarbonate [grains I* microfacies , and the

Istratigraphic !thi cknessj^he second part of the chapter contains analysis of the 

syn-depositiona1 deformations recorded with the Middle Mokattam 

facies. In the last part, the tectonism which affected the basin 

as well as the source of sediments which filled it are discussed.

7 A BASIN C O N F I G U R A T I O N  OF THE M I D D L E  H O K A T T A H  FACIES

The ultimate objective of this section is to depict the solid 

geometry and framework control of the sedimentary basin under 

consideration. Therefore, we will rely on analising the 

available geological informations reflected from the carbonate 

grains, stratigraphy and facies studies. The data will be 

investigated in four different orientations; and one axial and 

three across directions (see Figs. 2-1 and 5-3 for locations).

7A-1 ANALYSIS OF C A R B O N A T E  GRAINS AND C O M M U N I T I E S

The highest percentages of the counted carbonate grains 

throughout the studied basin are analysed (Figs 7-1 to 7-4) to 

examine their lateral variations along the four different 

directions. The carbonate grain types in general include the 

skeletal carbonate grains, the non-skeletal carbonate grains and 

the terrigenous content.
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The skeletal carbonate grains of the facies filled the basin, 

are represented mainly by I bioclasts (shell debris), large 

benthonic forams (nummu1ites, |operculines and gypsinids), 

micro-benthonic forams, planktonic foraminifers, ostracods, 

bivalves, gastropods, bryozoans, echinoderms, corals, sponge 

spicules, calcareous green and red algae, vertebrate remains and 

serpulid worms. Bioclasts or shell debris which are derived from 

the fragmentation of many varieties of fossils form the bulk of 

the recognised skeletal grains. The highest percentages of the 

bioclastic debris (60-80%) are concentrated in sections 17, 48, 

49 and 51. The occurrance of these fragmented shell skeletals is 

believed to be brought into the basin by channel wash. Nummulites 

are the second highest components (up to 40-50%) of the counted 

carbonate grains in the basin sediment. These flourished on the 

outside shelf and were carried in sediment tongues to the inner 

basin. Corals, also, are represented by 30-50% of the carbonate 

grains and are concentrated in one locality (section 56) as coral 

build-ups (see also section 6-9 of chapter 6). Bivalves, 

microforaminifers and operculines are represented by 10-20% of 

the sediment carbonate grains (as higher counted percentages) and 

distributed in variable areas all over the studies basin. Bryozoa 

and echinoderms occur, as high counted percentage of 6-12%, with 

the shelf sediments of the studied basin. However the highest 

percentage of the remainder skeletal grains are represented by 

less than 5% of the counted carbonate constituents and documented 

in patchy areas throughout the basin.
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The non-skelatal carbonate grains, recorded in the facies of 

the studied basin of the Northern Nile Valley and the Fayum

areas, are represented by pellets, lithoclasts and terrigenous

contents. The highest percentage of pellets reaches up to 40% and

is found to be restricted to the main central part of the studied
I

basin. The lithoclasts (Folk, 1962), which include both

intraclasts and extraclasts, are represented by a high

percentages value of 10-60%. Intraclasts are found in section 49 

and increase eastwards towards section 50. Extraclasts are

recorded in sections 49, 48, 16, 17, 18 and as small lenses in

the Beni suef and Pyramids areas. Generally, the size and

angularity of the particles decrease towards the basin centre.

Terrigenous content in the study area consists mainly of quartz. 

The highest percentages reach about 25-30% in the southern parts 

of the studied area (Fig. 7.1). It is also noticed that the

terrigenous content increased upwards in section 61 and 49. The

size and roundness of the detrital grains decrease towards the 

centre of the studied basin from rounded larger quartz grains (of 

reworked beach sand) to silty-size angular quartz grains 

(represent a windblown dust from storms). This latter suggestion

is also supported by other workers like Porter and Fuller, 1959;

Krumbein and Sloss, 1963; Shinn, 1973; Kukal and Saadallah, 

1973 and Wilson, 1975.

Generally, very little can be gained from the lateral and 

vertical distribution of the high percentages of the carbonate 

grains in the studied area. However, correlation is made using

similarities in certain zones. These correlations are shown in 

Figs. 7.1-7.4. Therefore, i t i s  noticed that the matching of the
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upper zone in almost all correlated directions (Figs 7-i to 7.4) 

reflects a very closely similar depositional conditions.

In the meantime, by studying the distribution of the 

different carbonate grains throughout the datum plane will lead 

to detect or trace the regional topography of the basin floor at 

its time of deposition. This is achieved by dealing with these 

carbonate grains as communities. The term community is used here 

for a group of organisms living together, and linked by their 

effect on one another and response to the environment they share 

(Whittaker, 1970 and McKerrow, 1978). No previous attempts have 

been made to reconstruct the Middle Mokattan basin floor of the 

northern Nile Valley and the Fayum areas from the carbonate grain 

communities. The purpose of this section is to present data on 

both the presence and relative frequencies of the carbonate 

grains, on that particular plane, at the base of the Middle 

Mokattam basin and to derive auteco1o g ica1 and s y n e c o 1o g i c a 1

information from these data. The abundance of the different

carbonate grains throughout the datum plane of the studied basin 

permits a reasonable construction for the bottom communities.

The data show a serial change in the abundance of the 

carbonate grains that reflects different sea floor conditions 

during the life of the datum plane. The resulting carbonate 

grains from different localities throughout the studied datum 

will then be treated as a single assemblage as though it reflects 

different communitites, and a set of environmental factors that 

existed simultaneously. On the basis of the previous

consideration, the studied carbonate grains assemblage,

throughout the studied datum of the basin, are found to be
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Ginsburg & Schroeder, 1973; Ziegler, et.al., 1973 and McKerrow,

1978) .

b) The Coral Community (Fig.7 - 6 . 2 )

The coral community is unknown outside of elongated sector of 

the Kattamia road through Wadi Digla (east of the Maadi areJt) 

spreading eastwards. It is presumably grade laterally into 

shallow platform (northwards) and microbenthonic communities 

(southwards). The principal and characteristic elements of the 

community are: Hornera (Bryozoa, erect colony); Smittina

(Bryozoa, encrusting colony); and dendroid and phaceloid corals, 

as a main component. This community seems to prefer to flourish 

on a carbonate build-up relief. The size and distribution of 

that coral community suggest that their formation was favoured by 

slightly deep water, away from sea level. Similar examples for 

coral communites were described by Valentine, 1973; Frost, 1977 

and McKerrow, 1978.

c) B i o c 1 astic-Mud Community

The bioclastic mud community (Fig. 7-6.3) is restricted to 

the area laying between the Wadi Hof and El-Tebbin, east of 

Helwan. It is composed of silty-size types of fossil skeletons 

and shell debris. Very fine nummulites and operculines are quite 

common but are always of small sizes. Serpulids functioned as 

pseudoplankton annelids, which were probably attached to weed or 

to floating objects during life are also present suggeting that 

they sank to the deeper substrate where they rested undisturbed. 

The bottom was formed of carbonate mud. The occurrence of 

slumped muds, limy sediments and conglomerate suggest that the 

topography of the submarine surrounding slopes favoured



Fig.(7 -6 ):  Communities of the important carbonate 
skeietals on the studied datum plane .

1- Lucina cf. aurnaensis (Bivalves) .
2 -  Arcooagia qrandis (Bivalves) .
3 -  Macrosolen uniradlatus (Bivalves) .
4 -  Mimachlamys solariolum (Bivalves) .
5 -  Turriteila desrtica (Gastropoda) .
6 -  Turritelia imbricataria (Gastropoda) .
7 -  Serpulids (Sessile Annelids) .
8 -  Hornera (Bryozoa , erect colony ) .
9 -  Smittina (Bryozoa .encrusting colony ) .

10- Flustra (Bryozoa) .
11- Echlnolampas ovalis (Echinodermata) .
12- Anisaster gibberulus (Echinodermata) .
13- Serpulids (Pseudoplankton Annelids) .
14- Nummulites striatus (Foraminifera) .
15- Bulimina , Bolivina , Uvigerina , Robulus (Micro- 

benthonic Foraminifera) .
16- Rassllina (Milliolid Foraminifera) .
17- Hantkenlna (Planktonic Foraminifera) .
18- Giobigerinatheka semlnvoluta (Planktonic 

Foraminifera) .
19- Endobiontic Worms (Annelida) .
2 0 -  Peiletal bioclastic debris .
21- Corals (Dendroid and phaceloid corals) .
2 2 -  Boring Worm U-shape tralles .
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bot tom , in terms of skeletal  grain  
Communit ies . The numbers on this Fig. refer  
to community numbers of F ig .7 - 6  .



gravitational slumping. All of the above characters suggest a

basinal environment for that community. Nowhere else in the

studied basin is the bioclastic-mud community recorded. A 

basinal environment for such a community was also suggested by 

McKerrow, 1978 from the Late Devonian deposits of Saltern Cove in 

South Devon and supported by the work of Gray et.al., 1981.

d) Planktonic Foraminifera Community

The planktonic foraminifera community is concentrated in the 

Beni-Suef to El-Saff area. It is the lateral continuation of the 

bioclastic-mud community (Fig. 7. 6-4). The community consists

of Hantkenina sp. and other forms of planktonic foraminifera

shells. The substratum formed of carbonate mud. Some

sponge-spicules are present with the skeletons of that community. 

It is believed from the above characters that the planktonic 

population generally predominant in the outer shelf

subenvironment. This interpretation for planktonic foraminifera 

community is also suggested by Pokorny, 1963, Mil liman, 1974 and 

Gall, 1983.

e) Mi cro-Benthoni c Foraminifera Community ("Fig. 7. 6 - 5 )

This community occurs in the southern parts of the studied 

area and the eastern parts of the pyramids plateau. The 

community is distinguished into two populations, the mid and the 

shallow shelf subcommunities. The mid shelf subcommunity (Fig. 

7. 6-5A) contains Bulimina, Bolivina, Uvigerina, Robulus,

Lenticulina and Dentalina species. All living benthos occur 

in shallow waters with maximum depths of 35M. except species of 

Bolivina which are related to shelf zones with depths ranging 

from zero to 200M.



(Murray, 1973). Nodosaria characterizes the inner shelf and is 

replaced by upper continental slope assemblage of buliminids 

(Lowman, 1949 and Pokorny, 1963).

The shallow shelf subcommunity (Fig. 7. 6-5B) occurs towards

the outside periphery of the basin. It is composed of 

Rassilina and other milliolid benthonic foraminifera. The 

miliolid subcommunity are common in the restricted shallow shelf 

environment (Coogan, 1972; Mil liman 1974 and Wilson, 1975). The 

pyramids area, eastern, and south-eastern corners of the studied 

area were occupied by this miliolid population.

The micro-benthonic foraminifera community, in general, is 

most productive in near shore and in mid-shelf areas (Mil liman, 

1974).

As most of the marine biologists have long recognized a high 

degree of association occurs between the distribution of species 

and the substrate (e.g. see Jones, 1952; Pratt, 1953; Southward, 

1957; Stickney and Stringer, 1957; Sanders, 1958 and Gray et. 

al., 1981). Therefore, the above mentioned communities were used 

to construct the datum plane, sea bottom, topography (Fig. 7.7). 

The inferred basin floor relief, as based on the distribution of 

assemblage communites, will be compared with the results of the 

sections discussed below.



264

7A-2 Basin De tection  From Microf acies

In this section, we will base our models on the facies 

association revealed on the datum plane. Consequently, these 

models will emphasize their environments. The visual models of 

environments will help us to determine their relationships of 

environments with each other and to picture the idealized nature 

of the basin floor (datum plane).

The establishment of simplified models has contributed 

greatly to the sedimento1ogy of the studied basin of the northern 

Nile Valley and the Fayum areas. On the investigated plane, a 

limited number of facies models has been developed; each 

represents a particular environment. Five facies a n d •microfacies 

are recorded (Fig. 7.8A). These are: the nummulitic arenaceous

wackestone microfacies (M27 F6); the nummulitic echinodermal

bryozoan microfacies (M28 F6); the coralline facies (F^); the 

planktonic foraminifera 1 mud-wackeston£ microfacies (M33 Fll) and 

the pelagic foraminifera 1 wackestone microfacies (M34 Fll). These 

facies and microfacies were presumably associated at the time of 

deposition of the datum plane.

As has been argued in the previous chapters (ch.6), the above 

mentioned facies and microfacies are found to represent six 

environments and sub-environments (Fig.7.8,B). The relationship 

between these environments reflect a reasonable understanding of 

the complex nature of the studied datum. Fig. 7-9 summarizes the 

inferred depositional model of the basin bottom topography at the 

time of deposition of the datum plane. The southern part of the 

basin can be described as a ramp which dipped gently towards the 

basin. It is a wide floor (up to 12Km. long) with very gradual,
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B

M27F6

M28F6

M3 4 F 11

M27F6

M3 3 F 11

Inner shelf

Basin

Inner shelf x

Fig. (7-8): Areal distribution of the studied facies and 
microfacies (A), and their depositions! 
environments (B) throughout the datum plane of 
the basin.
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Fig. (7-10): Diagrammatic representation for the depositional
environments responsible for the formation of the 
datum plane along B-B’, c-C1 and D-D’ directions.
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hardly recognized, facies changes probably due to its regular 

gentle slope. The northern part of the basin, as reflected from 

Fig. 7.9 along the main axial direction (A-A), represents a 

platform with a distinctive platform edge (coral build-up) and a 

moderately steep slope. Facies changes occur sharply within
i

relatively narrow zones. Along the C-C direction (Fig.7.10) the 

basin slope is very steep and no build-ups exist. Meanwhile, 

farther to the northwest direction the inner shelf grades to a 

land area (Abou-Rawash). It seems obvious that the studied basin 

was opening to the sea in approximately western to north-western 

direction (Fig.7.8) along the B-B trend (Fig.7-10).

7A -3 Strati graphic Thickness and Basin Configuration

In this section, basin configuration and the attitude of the 

datum plane will be discussed, with reference to stratigraphy. 

In this respect we will try to use a higher marker as a new

datum. This higher marker is assumed to be approximately

horizontal so that the underlying main datum and the associated 

beds become warped (Conybeare, 1979,p.162). The new datum is 

selected as a chronostratigraphic marker which tops the Middle 

Mokattam Unit facies.

The results obtained are abridged in figures 7-11,a,b,c and 

d. These figures reflect the basse topography of both the Ginshi 

and the Middle Mokattam basin. This is carried out using a 

carefully pre-chosen stratigraphic logs. The data were plotted 

to the new datum marker and correlation figures were constructed 

(Fig. 7-11). Using these figures it is found that the

stratigraphic thickness of the Middle Mokattam Unit increase in 

deeper sections than shallow. This fact is used to calculate the
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dip angles of the basin floor in different localities. As the 

Middle Mokattam sediments cross from section 61 to section 60, 

the facies thicken from an average of about 62 to nearly 81 

metres; in one transection over a distance of 23.5Km.

Accordingly, the southern part of the studied basin was believed

to be nearly wide regular shelf (Fig. 7-11,A) dipping northwards

(basinward). This dip could be of a very gentle (about 0.04 ) 

gradient for a distance of about lOOKm. long, as reflected from 

the axial section Fig. 7-11,A. The nature of this southern shelf 

indicated that it may have been formed as a small gulf or inlet 

farther south (Fig.7-11,D) and subsequently widened, in shape, 

northwards to reach a maximum of about 132 Km. (section B-B, Fig. 

7-11,B ) .

The eastern and western peripheries of the shelf may have had
•o

an original dip of 0.02 which increased in the eastern side to 
o

0.8.This broad and gentle nature of this part of the studied 

basin has led us to believe in a ramp form for that southern

shelf. This view is supported by the gradual changes in facies

and the difficulty in developing a pronounced contrast between 

shelf facies at base of the studied facies. For this nature of 

the southern seaward sloping surface, it is believed that there 

was no sharp shelf edge. Instead there may have been a gradual 

and probably regular increase in the water depth.

The topography of the previous shelf breaks northwards, at 

lower latitudes, with a relative increase in dip (0.12 ) forming 

a basin leading slope (Fig. 7-11,2). The eastern slope of the 

basin was dipping (about 0.2 ) seaward (F i g .7-11,C ). The ancient 

rimmed western and northern margins were probably more relatively
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steeper (0,68 to 0.7 basinward dip).
A sub-sea pa 1eotopographic high is recognized from the 

inferred base-line of the studied basin forming the northern 

margin. That margin leads to platform extending landwards to

cover the far ends of the western, northern and eastern parts of
ithe studied area (Figs.7-11, a and c). The north-western basin 

slope seemed to have had a more or less regular gradient up till 

it met with the ground surface at section 39 (Fig. 7-ll,C). This 

could suggest a paleo-high and land area in that direction during 

the deposition of the studied Middle Mokattam facies.

7.A-4 Evaluation of the Used Methods in Estimating Basin 

Conf i gurat ion

One of the objectives of this chapter is to provide an 

accurate construction for the depositional basin paleo-slope of 

the studied Middle Mokattan facies in northern Nile Valley, 

Egypt. This has been argued in the previous sections (7.1-7.3) 

using three representative methods or models concluded in figures 

7.5, 7.7, 7.9, 7.10 and 7.11. Here we can discuss these results

to evaluate their use and to look for th‘e right approach to 

understand the basin configuration.

The shallow restricted parts of the platform were ideally 

reflected in the grain-community scheme (as miliolid 

sub-community) whereas both the facies and thickness models were 

less accurate or nearly failed.
pAll of the used methods were able to depict both the supjarial 

and submarine paleo-highs; in Abou-Rawash and the coral buildup 

base, respectively.
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Both of the facies and thickness models had the platform

slope (Figs.7.9, 7.10 and 7.11) identify represented where this

slope was only inferred from the data proceeding from the

grain-community model.

The deeper trough part of the studied basin was confirmed and 

detected from all of the used, three, methods. The general 

nature of the shelf as a regular ramp had been figured out from 

either the facies or the stratigraphic studies. Meanwhile, a 

gentle change in the sea bottom topography level (or base levels) 

of shelf plates throughout the same ramp can be noticed from the 

grain-community model (Figs. 7.5 and 7.7). This is expressed in 

the existence of two different communities in a presumably 

regular shelf; the microbenthonic and the planktonic 

foraminifera 1 communities (Fig. 7.5).

The connection between the inferred shoreline trend with the 

open ocean is well evidenced, using both the grain, to be 

approximately towards the west direction community (Fig.7.5) and 

the facies (Fig s .7.10,B - B ) models.

However, this opening, at the same trend (7.10,B-B), had been 

obscured throughout the model of strati graphic thickness 

(Fig.7.11,C ) . Thus the apparent occurrence of a down curved 

basin floor (which dips towards the S.E. in its northwestern part 

and towards N.W. in the southeastern parts) is taken as an 

evidence of the existence of an outerbasinal discrete high. The 

highs, therefore, appear to have been unstable during the time 

interval covered by the Middle Mokattam facies. This

relationship provides evidence of syn-sedimentary uplifting which 

cause upwarping of the basin floor (Fig.11-3). The angles of
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Fig. (7-12): Inferred palaeogradients of the basin floor, 
extracted from Fig.(7-11)*



the basin floor gradient (Fig.7-12) can be r e a 1isitica11y 

estimated from the stratigraphic representation of the basin 

floor shape (Fig.7.11).

A significant problem arises from the stratigraphic model 

interpretation of basin shape (Fig.7.11). This problem 

originates from the gaps of the unsampled areas between logs. 

This could mean any positive or negative topographic events, 

which could have occurred between these sections throughout the 

studied area. However, this could be answered from the lateral 

extension and variation of both grains and facies on either the 

grain-community or the facies models (Figs. 7.7 and 7.9).

From the above arguments, it seems obvious that each of the 

proposed methods of basin configuration depends completely on the 

other two models and could be vital and supportive to each other. 

This is unlike what most basin analysts are accustomed to, i.e. 

using only one method to shape any basin for exploration (see 

Conybeare, 1978 and Miall, 1984). Therefore, the author would 

like to commend the use of all of the three mentioned models (in 

7-1, 7-2 and 7-3), to minimize any obscured events during

restoring the basin shape. The objective of using the three 

models is to detect and construct the paleo-shape and nature of 

the basin of deposition. Consequently, a better understanding to 

the basin framework will be achieved. This could be a useful 

approach to give a realistic preliminary prediction for 

exploration and reservoir assessments especially before drilling 

comm i tments.
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7B SYN-DEPQSITIONAL DEFORMATION STRUCTURES FROM THE MIDDLE 
MOKATTAM OF EGYPT
Various types of syn-depositiona1-deformation structures have 

been observed within the sedimentary sequences described from the 

northern Nile Valley and the Fayum Basin of Egypt (for the first
t

time in this work). These deformation structures include various 

types of slumps, gravity block sliding, gravity grain and debris 

flow, syn-depositiona1 unconformity, growth faults and fluidized 

flow-escape pipes. They vary considerably in scale and their 

significance in affecting the depositional characteristics of 

the basin vary from being localized to regional in extent.

7B-1 Slump Structures

Slumping is the movement of semi-consolidated deposits, as 

sedimentary mass, by gravity. This movement occured along a 

basal shear surface while retaining some internal structures,

i.e. bedding (Flugel, 1982). It emphasizes the internal 

disturbance and folded shear planes (Stow, 1986).

The slumped beds occur in the northern part of the study 

basin at the east Helwan area. There are three main slump 

sequences which are traceable for a number of kilometers. They 

consist of fine bioclastic carbonate mud and small size 

nummulitic facies. Slumping in these horizons has disaggregated 

and partially homogenized the sediments. Each slumped horizon 

occur* as a deformed zone between undisturbed beds (Plate 7-1). 

These are varied and include pelagic facies, fine grained 

turbidites, and pellatal lobes. A glide plane, which may 

correspond with a bedding plane for much of its length, separates



Plate (7-1): Slumped beds occur as deformed horizons between undisturbed 

beds f east of the Wadi Hof area (looking towards the south 

direction ) .
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Plate (7-2): Slump deformation styles Inside one meter thick bed , with 

vertical dislocated and convoluted beds ( right side of the 

hummer ) . Folded and distorted structures are also shown in 

the left side of the photo . Flow direction was towards the 

right side of photo .
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slumping beds from underlying stable deposits. The upper surface 

of the slumped zone displays irregular topography. This overlain by

planar erosion surface. The deformationa1 style within each 

single slump varies from simple sliding of intact sets of layers, 

to intensive slumped folds; dislocated beds; convoluted,

distorted beds (plate 7-2); slumped balls (plate 7-3); jboudinage 

and rolled up structures (Fig.7-13). Individual slumps vary in 

thickness from less than 10cm to many meters. The slumped

horizons described above comprise about 50% of the Qurn formation 

deposits (in the deeper parts of the basin). Meanwhile, slumps

occur in centimetric scale to a few metres on the southern and

eastern shelves.

Downslope slumping of sediment is now well documented 'from, 

recent sequences (e.g. Saxov and Nieuwenhuis, 1982) and 

occurrences in ancient sequences have been reviewed by Allen 

(1982). These syn-sedimentary disturbances of sediment are 

relatively common in the stratigraph!c record and occur in all 

depositional environments (Farrell, 1984). However, slumps and 

disturbed zones are often described from ancient deep-water 

deposits (Woodcock, 1976; Pickering, 1982; Macdonald & Tanner, 

1983). The alternation of slumped and undisturbed zones implies 

intermittent instability of the sediment pile in an area of 

turbidite and pelagic sedimentation. Slumping may have been 

initiated by earthquake activity that accompanied movement on the 

basin-bounding faults and the propagation of extensional planes 

to the northwest of the basin.



Plate (7 -3): A - Slump balls and distorted styles In muddy matrix rich In

small (2 -3  mm.) nummulites . Base of the Qurn Formation , 

east of the Helwan area .

B - Soft sediment deformations have been initiated on a

basal palaeoslope dipping basinwards (where man stands ) .  

Field photograph at the basin plane in Wadi Hof area .



PLATE (7-3)
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Fig. (7-13): Slumped horizon in a nunnulitic facies. These 
structures show signs of disaggregation. 
Slumped folds, distorted, and rolled-up 
deformation occur. Beneath the slump is a basal
gliding surface and above it a planar erosion 
surface upon which sediment was deposited.

S im pHead

East Helwan 
area

Tensiona1 
depression

)oopressional( 
e leva tion  I

Fig. (7-W: Idealised cross-section of the submarine failure 
in the Middle MoKattam basin, Egypt (simplified 
after Lewis,1971).
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Evidence from ancient rocks, that slumping of soft sediments 

occurs on gentle slopes is supported by continuous seismic 

profiles from the gently dipping upper continental slope east of 

North Island, New Zealand (Lewis, 1971). Since slumping

increases the thickness of the soft sediments basinwards (Lewis,i
1971), that could demonstrate the recorded thickening of the Qurn 

formation in the deeper areas of the basin, at the toe of the 

slump. Meanwhile, thinning and partly missing of the Giushi 

facies around the Giza pyramids area may point towards the head 

of the slump (Fig.7-14) at this area. The movement direction of 

the slump sheets is assumed to have been perpendicular to the 

mean axis of slump folds (Jones, 1940; Woodcock, 1979). The mean 

direction of the palaeoslope strike around the deeper area of the 

studied basin is estimated (Fig.7-15) using the movement 

direction of slumps. This result is supported by the 

pa 1aeo-reconstruction of the basin configuration (Section 7,A). 

7B-2 Gravity Block Sliding

Sliding means the downslope displacement of a 

semi-conso 1 i dateJL sed i ment mass along a basal shear plane while 

retaining some internal (bedding) coherence. It emphasizes the 

lateral displacement along simple or slightly rotational shear 

planes with little internal disturbance (Saxov and Nieuwenhuis, 

1982; Stow, 1986).

Gravity block sliding occurs twice in the vertical sequences 

of the studied basin. The lower sliding zone associated the 

basal beds of the Wadi Hof section. It is represented by very 

large slided blocks, some of which (Plate 7-4) reach up to one 

kilometre wide, 40 metres thick and extends to about 5 kilometres
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Deeper \ » \
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Fig. (7-15): The mean direction of slump and gravity block slide, 
movement,indicates the palaeoslope strike trend around 
the deeper areas of the Middle MoKattam basin, Egypt.



Plate (7 -4 ): Gravity block slide characterized by lower steep , mega

slide , carbonate mass (S) overlaid by horizontal sequence 

(H) . Both are separated by syndepositional unconformity 

(U .C ) .
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long in a N.W, direction. The basal sliding rotational plane is 

dipping 20 degree basinward (at the basin plane, plate 7-3). The

rocks of this sliding block reflects a nummulitic facies

components. The internal beds are characterized by some

deformations such as thrust faults . overfolding, slumping and
!

over-riding of beds. These could be formed as compressiona1 

structures which normally associate the toe area (Fig.7-14) in a 

basinword direction (Lewis, 1971). The produced compressiona1 

elevation (Fig.7-14) might represent an active factor which 

demonstrates for thickening of basinal deposits recorded.

The upper gravity sliding zone occurs as horizons of blocks 

or elongate boulders of dolomite bivalval facies. These slided 

blocks are relatively smaller (nearly up to 4 metres long; 3 

metres wide and 1 metre thick) compared with the lower sliding

zone. The best example of this zone is the middle part of the

Wadi Garawi facies in the deeper, basinal areas.

These gravity block sliding and slumping processes are found 

to be occured on the basin slope of low gradient. This gradient 

of the slope some time before the flow was up to 6 vertical to 

500 horizontal, i.e. an angle of about 0.68 degree (as estimated 

in the previous part of this chapter or by restoring the slumped 

sequenCO. However, these processes were described as very 

widespread on slopes of all gradients starting from 0.0022 

(recorded by Komar, 1972) to greater then 0.5 (Stow, 1986).

7B-3 Gravity Grain and Debris Flow

Those terms mean the gravity or mass flows of mixtures of 

sediment and fluid in which bedding coherence is destroyed and 

the individual grains' move in a fluid medium (Dott, 1963;



Plate (7 -5 ): Grain flow deposits moving down submarine slope . Basal 

rotational shear Indicates flow direction towards the right 

side of plate . (Deposits are up to 20m. thick ) .
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Middleton and Hampton, 1976). Grain flow caused by grain to 

grain interactions, while debris flow is characterized by matrix 

supports of the clasts (Crevello & Schlager, 1980; Naylor, 1981; 

Flugel, 1982; Stow, 1986 and Cas & Landis, 1987).

Grain flow deposits, in the study area, are represented byi
(up to 20M) thick massive beds outcrop at Wadi Hof area (plate 

7-5). They are composed erf a complete clasts supported mass of 

nummulitic and pelletal facies. Grains are poorly sorted (few 

millimetres up to 50cm. diameter). Orientation of grains are 

parallel to flow direction. That flow was towards the basin 

centre as indicated from the basal rotational shear and slump 

directions (plate 7-5). The base of the grain flow deposits is 

generally flat with scours and injection structures. Reverse 

grading also occurs near the base. F 1uidizationescape-cavites 

and faint dish-shaped laminae occur on the top half of the flow 

deposit. These could indicate that the excess pore pressure is 

dissipated and the flow came to sudden halt or freezed (Stow, 

1986). Debris flow deposits are represented by highly

concentrated thick deposits (up to 50 metres) of matrix supported 

clasts (plate 7-6). These clasts are varied in size (few 

centimetres up to 0.7 metres) and are of nummulitic facies 

origin. Beds are generally massive and vertically characterized 

to 3 horizons which reflect successive flow planes. Slump 

deposits are usually associated with these sediments. Flow 

direction is believed to be towards deeper localities. These 

debris flow deposits are well exposed in the studied basin at 

Wadi Hof east of the Helwan area and in north east of the 

Beni-Suef.



Plate (7 -6 ): A - Debris flow deposits with matrix supported clasts . Gabal 

Tarbul northeast of the Beni-Suef area .

B - Debris flow sequences In deeper Wadi Hof area east of 

Helwan , Cairo . Note the formation of highly concentrated 

thick deposits with matrix supported debris .



PLATE (7 -6 ) :;8f?



The thick recorded gravity grain and debris flow deposits 

indicate that the flows were formed on more gentle slopes 

(Watkins and Kraft, 1978). These gravity flows were capable of 

travelling for long distances over those very low angles basin 

slopes of 0.5 to 2 degrees (Flugel, 1982). They might probably 

initiated by seismic shock, slumping and as a result of rapid 

sedimentation (Stow, 1986).

7B-4 SyndepositionaI Unconformities

This type of deformation was formed during the deposition of 

the Middle Mokattam facies in the studied area. It occurs within 

the sequence of the basinal as well as the shelf deposits. Both 

the angular unconformity and disconformity are represented.

Angular unconformity is represented by a surface of 

syndepositiona1 erosion of soft sediment deformation. The 

underlying beds of the unconformity surface had been tilted or 

folded due to soft deformations. Examples of that type of 

syndepositiona1 unconformity are found in the basinal facies at 

Wadi Hof and east of El-Tebbin areas. In these localities, the 

lower beds were tilted and folded due to gravity block slide thin 

overlied by another horizontal strata (see plate 7-4). Such that 

unconformity occurred when the shelf floor, soft beds, had slided 

due to gravity towards the basin. Contemporaneous 1y ; an upper 

horizontal beds were deposited. In East of the Beni Suef area at 

the basal beds of Gabal Tarbul Abou-Khashirat, another example of 

the angular unconformity is recorded.

The disconformity type is represented in the deeper facies of 

the studied basin, east of the Helwan area, in different levels. 

In this example, the shelf sediments were brought in to
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intercalate horizontally the basinal facies either by slumping or 

by flow as debrite and grain flow facies. Age mixing is usually 

recorded with these levels of syndepositiona1 disconformity.

Generally both of the unconformity types change to each other 

throughout the basin.
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-7.B-5 Grow t h  Faults

Growth faults are important syn-sedimentary faults which 

have been widely recognised in the studied area (plate 7-7). They 

are listric normal faults which were active sometimes during 

sediment deposition.

The faults occur in the basal facies of the Middle Mokattam 

Unit of the Nile Valley of Egypt. They are exposed at Wadi Hof 

and Wadi Abu Selley areas of the east of Heiwan. This succession 

comprises of up to 204m of carbonates. Growth faults have been 

detected at the lower part of this succession between El-Maadi 

Kattammia Road and east El-Tebbin area. The majority of these 

examples have a general northwest - southeast direction. Some few 

examples were directed nearly east west. These faults affect an 

50-80m interval, and the overlying strata can be seen unaffected 

by the faulting (plate 7-7). They are considered as listric 

faults. These listric faults (plate 7-10) flatten from about 60 

into bedding plane faults. These faults were interpreted as 

gravity slide growth faults. Greater thickness of carbonates 

occurs on the downthrown side basinward of the synthetic faults 

(plate 7-7). At the top of the faulted interval the dipping 

faulted beds are truncated in the distal parts of each fault 

block and some of the material eroded from these sites appears to 

have been redeposited in depressions immediately ad iacent to the 

fault on the downthrown side. The localized carbonate dominated 
facies on the downthrown side of each fault , suggests that 
movements along the fault created a localized depression in the 

depositional slope which became a prime site for the accumulation 

of clastic carbonate sediment. Differential sedimentation of this



Plate (7 -7) :  Syndepositional growth faults with the basinal carbonate 

deposits at Wadi Hof area . Faults are of the listric type . 

The upper horizontal bed Indicate end of the growth 

deformation event .
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nature may have perpetuated the fault movements for sometime 

causing the fault to grow until the locus of sedimentation 

shifted away from this area. Repetition of these growth faults 

downs lope create deepening in the trough area of the basin. 

Evidence for the sedimentation during faulting is clear for the 

larger scale faults.

It is believed that these growth faults were formed du€ to 

rejuvenation of the deep seated faults during deposition of the 

Middle Mokat'tam facies. The recognition of growth faults in the 

northern Nile Valley basin has considerable potential 

significance for the lateral extent and thickness of the 

carbonate sediment. Although the recorded faults are limited to 

the central area, they clearly influenced sedimentation and the 

resultant facies patterns.

7.B-6 Fluidized FlowEscape Features

These types of structures are represented, within the basin 

sediments, in form of flow escape pipes, liquified scape cavities 

(plates 7-8 & 9) and dish structures (plate 6-10,F). These are

associated with both G i u s h a n d  the Middle Mokattam facies. Dish 

structure occurs at Wadi Abou Serria-Suez road (section 49) and 

described previously in chapter 6 (article 6-7) associated with 

the pell eta 1 facies (?7).



Plate (7-8): Fluldlzedescape pipes associated with the grain flow deposits 
formed at the deeper edge of a gravity block slide . These 
soft sedement deformations were formed at the sediment water 
interface In Wadi Hof basinal carbonates .
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Plate ( 7-9): Close up of the fluid escape pipes at the same locality 
of the previous plate (7-8) .EScape cavities are also 
shown on the upper left of photograph .
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Flowcscape pipes and 1iquifiedEscape cavities are abundantly 

formed in medium to very coarse debris and grain flow deposits. 

Examples of these structures are recorded at Wadi Hof and east of 

Helwan areas (plate 6-9). Fluidized escape flow structures are 

post-depositiona1 structures which formed in unconsolidated 

sediments as a resultof pore-waterescape. (Re i neck & Singh, I960, P. 92) .

This occured when the fluid of the loosely packed framework of the 

flow grain and debris deposits is displaced upward with more 

tightly packed grains and intruded as pipes into the adjacent

soft debris. Liquified escape cavities are usually recorded near 

the top of the grain flow deposits (plate 7-5) and associated 

w i the flow pipes (plate 7-0 & 9).

These types of f 1uidized escapes features are believed to be 

formed due to highest discharge rates at the water sediment 

contact (Lowe, 1975 & 1976; an Reineck & Singh, i960, P.94).

Also, recording of these structures in the Middle Mokattam 

deposits demonstrate for a quick rate of deposition.

7-C TECTOHIC INFLUENCE AMD BASIM SEDIMENTATION

As reported in all literatures on the structural framework of 

Egypt, the area of study is included within the Eocene structural 

stage of Sigaev (1959). It is also located entirely in stable 

shelf zone of Egypt (Henson, 1951; Said, 1961 and 1962) while the 

northwestern borders of the area occur along the stable-unstable 

ihelf contact of Said (1961 and 1962). The stable shelf
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sediments are believed to be deposited on a peneplaned basement 

complex (Shukri and Said, 1944). The (stable - unstable) shelf 

was covered by northwestern shallow sea spreading out from 

elements of the pa 1eo-Tethyan geosynclinal system. The general 

dip of the depositional shelf was believed to be towards the 

northwest direction (Said, 1962, and El-Shazly, 1977).

The detailed investigations carried out in this study

indicate synchronous events of uplift and subsidence during the

deposition of the Middle Mokattam facies. The basin exhibits

abundant evidence of synchronous tectonic uplift and

sedimentation. Features such as: growth faults, syn-tectonic

unconformities, debris and mass gravity flow deposits, testify to

a direct link between sedimentation and tectonism. This is also

demonstrated (chapter 6) from: (1) the nature of the tectonically

controlled marginal marl (Fl) and channel fan (F3) facies: (2)

The occurjnce of submerged paleohigh underneath the coral buildup

facies; the slumping and disappearance of the Giushi facies from 
4a
^uplifted (pyramids; N.W.) area towards the deeper subsided 

(Helwan; S.E.) locality and (3) the accumulation of a huge 

thickness of sediments in the subsided basin while thinned or 

disappeared towards the uplifted blocks. Repetition of soft 

sediment deformations at different leveis hi gh 1 i ghtr t he episodic 

nature of uplift in the external parts of the basin.
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Fig.(7-l6): Inferred major block faulted units "A" and
framework of the deep seated subblocks nBn ,which 
constructed the Middle Mokattam basin in the 
Northern Nile Valley Egypt .
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The uplift and subsidence were behind the unstable conditions

which particulated the basin shelf into four principal faulted

blocks (Fig 7-16,A) • The northern block (Mokattam) was

submergently uplifted and detatched as isolated platform. The

second block was the northwestern part (Abou Rawash complex) 

which succeeds older deposits with compressive northwestern 

folds. These folds are known as the Syrian arc system (Shukri, 

1954) and have a steeper dip in the southern flanks (Said, 1962), 

which form the northwestern slope margin of the Middle Mokattam 

basin. This slope margin accelerated the slumping and block 

sliding proceses of the predeposited soft sediments of the Giushi 

facies in that area to either redeposited slope facies or glided 

deeply basinward. This block is believed to be plunged 

southwesterly where a clastic channels stablished. The most 

uplifted northwestern corner of the Abou Rawash remained eroded 

1 a n d .

The southern block (Beni Suef - El S a f ) was a wide shelf 

gently dipping northwards. This was affected by seismically 

triggered pulses due to the uplift andsubsidence in the adjacent 

b 1ock s .

The central block subsided and deepened as trough then 

received rapid resedimentation of gravity flow deposits and fan 

1 obes.



Plate (7-10): Llstric fault ( A -  Close view & B- General appearance ) which 

occurs during the deposition of the Middle Mokattam (light) 

facies along the basin floor of the Lower Mokattam (dark) 

facies . Wadi Abou Serrfaa -  Suez Road , east of the Helwan 

area .
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Plate (7-11): Rotational fault In the deeper Wadi Hof Area . The fault plane 
has a NW-SE direction and Its down throw of about 8 meters
towards the NE direction . ( A- General view & B- Close view 
to show the soft sediment deformations in the down throw 
side ) .



PLATE (7-11)
3 0 2



Plate (7-12): Panoramatlc view to show deep seated 'Blind structures”, 
Wadi Hof area .
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These subsidences and uplifts are believed to be controlled 

by the reiuvfnation of deep-seated faults (Said, 1962 and Salem, 

1976) during the deposition of the Middle Mokattam unit. Such 

rejuvenation of old structural elements has culiminated in the 

subsiding depositional area. Evidence of this syndepositiona1

faults are recorded in the basinal area of east Helwan and Wadi

Hof (plates 7-10 to 7-12). Two types of structures are

recognised j visible and blind structures. The visible deep

structures are those reflected on the facies surface either as

listric (plate 7-10) or rotational (pl.7-ll) faults. The blind

structures (plate 7-12) are produced above deep seated structures 

and are predicted by sinking of the overlying facies. The major 

trends of these types of structures are NW-SE and SW-NE 

directions. Mechanism of such structures is explained by Gibbs 

(1984) and is believed to be formed due to the extensional 

tectonism. Migration of these faults towards the deeper areas 

increased the depostional axis in the trough area of the basin. 

Therefore the basin is fragmented into large numbers of smaller 

tilted blocks. The relative displacement of the deep seated 

blocks (Fig 7-16, B) was responsible for creating the basin 

slope. Consequenty the dip of the northern and northwestern parts 

of the basin have changed towards the south and southwestern 

directions. Recurring uplift of the northwestern (Abou Rawash) 

block has steepened the adjacent marginal slope basinwards and 

readjusted the bottom subblocks which in turn constructed the 

basin framework. This is supported from the following selected

subsurface and geophysical data (Fig 7-17): (1) Salem (1976)

around the Fayum area, southwest part of the basin; (2) Awad
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i. 1954) across the central part of the basin, section X - X ’ which 

can be followed in Fig 2-1; and from (3) Bentz & Gutman (1977) 

and Bentz & Hughes (1981), around the northern limb of the basin 

nor th of Cai r o .

It is suggested that the gradual uplift of the Adou Rawash and 

the northern blocks was responsible for the depostional 

depocentre migration towards the south and south-west and swinged 

the shore line to west of the Fayum area.

Finally the studied extensional basin is no longer considered a 

stable shelf as thought (Henson, 1951, Said, 1962); however the 

above syn-tectonic evidence could demonstrate for unstable 

ep isodes.

7-D THE MIDDLE MOKATTAM BASIN AND SOURCE OF SEDIMENTS

The broad geographical framework of sediment supply and 

environment is dependent on tectonics. The movement that affected 

Africa were epeirogenic, giving a structural pattern of broad 

basins separated by irregular swells. The plateaus and swells 

were intermittently uplifted denuded, with the result that they 

now consist largely of old rocks which were formerly deep 

seated. The basins were the receptacles of thick continental 

deposits representing the material eroded from the uplifted 

swells (Said, 1981, P.526).
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The Middle Mokattam basin supply of sediments is completely 

depended on the affected tectonism. As it was argued (7-C) that 

the basin was formed as a result of syschronous subsidence and 

uplift tectonism. By analysing the basin production of facies, it 

is found that the sediment is supplied, to the Mijddle Mokattam 

basin, from two sources: (i) Intrabasinal, and (ii) Extra basinal

sources.

(i) Intrabasina1 Source of Sediment:

This intrabasinal source in the Middle Mokattam basin is mainly 

formed by erosion of materials previously deposited within the 

basin. Most of these materials were of the gravity - displaced 

type. This was tectonically controlled as demonstrated before. 

The basin recevied a huge amount of the gravity displaced

sediments from the surrounding shelves. The main source of these 

sediments was from the northwestern block which was mostly

tectonically tilted basinward. Therefore the soft sediments of 

the Giushi facies south and southwest of the Giza pyramids were 

completely displaced under gravity towards the subsided basin.

Subaqueous slumping, grain and debris flow ; and gravity block 

sliding, are a strong evidence for this gravity displaced 

sediments. Moreover that, the drastic movement which caused the 

uplifting and subsidence along rejuvenated deep-seated faults, 

has contributed, as a generous source for deformed materials, by 

debris and broken blocks from the inner shelf break.
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Resedimentation of these deposits in the basinal area produced 

the Qurn facies in the Helwan-Wadi Hof area.

Additional deposits formed also from intrabasinal source, are 

demonstrated in chapter 6. The pelletal facies (F7) which washed 

from the upslope shelves and flanked to the deeper areas, was a 

remarkable of basin redeposits. Also the upper shelf deposits, 

F3 Mil and F3 M'ISjwhich rewarked and washed down slope as slope 

wash lobes in the outer shelf deposits, were another source for 

the basin fill sediments.

(ii) Extrabasinal Source of Sediment

The contemporaneous uplifting tectonism which associated the 

Mokattam facies has much influence on the sediment supply to the 

basin. The basin study highlighted the presence of four

distinctive paleohighs in the external parts of the basin (Fig

7-18). These are: (1) The Wadi Araba in the southeast borders;

(2) The G a b a 1 Ataqa and northern Galala plateau in the ME corner 

of the basin; (3) The Abou Rawash paieohigh in the northwestern 

part of the basin; and (4) The Wadi El Rayan paieohigh in the 

southwestern part of the basin. Some of these blocks are of 

s i z e e b l e  dimensions and have been active ■ for long . . time. The

blocks were especially active during Late Eocene (Said, 1962, 

P . 185). The geological sequences of all these paleohighs 

indicate that they were submerged until the end of Middle 

Eocene, then uplifted before the deposition of the Middle
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Fig.(7-18): Reconstruction of the'pai$Eo-provenance and source 
areas for the Middle Mokattam. basin , sediments. 
Note the occurrence .iof deep channel system 
as the main sediment input (arrows) to the basin.
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Mokattam facies and continued to rise synchronously with it. 

Erosion of these uplifted blocks caused the development of the 

s i 1icic1 astic-carbonate of the studied basin. Some of the 

paleohighs were block faulted and suffered an epeirogenic

upheaval. Severe erosion has left these blocks with olderI
sediments on the ground surface; Upper Cretaceous in Abou Rawash 

and even Carboniferous in Wadi Araba (Fig 1-4). Hugh amounts of 

this eroded sediments were delivered to the Middle Mokattam 

bas in.

Wadi Araba paieohigh was one of the most important sources 

for the basin deposits. This paieohigh covers an area of 2950 

square kilometre, and uplifted by early Late Eocene block 

faulting tectonism (Said, 1962). The eroded Eocene to Cretaceous 

sediments was about 1060 metres thick (upto 600m. thick of 

middle-lower Eocene and 460 of \Paleocene and Cretaceous 

deposits). That is excluding an unaccounted Jurassic and Triassic 

sequence of upto 653m. thick (only recorded in Gabal Ataqa, Said, 

1963, P . 165) due to unavailability of local subsurface data. 

Therefore, the sediment contribution from the erosion of Middle 

Eocene to Cretaceous cover rocks of the Wadi Araba paieohigh is 

given as 3127 cubic kilometre. This calculation suggests that 

sediment supply to the Middle Mokattam basin may have been 

derived from the erosion of Cretaceous - Middle Eocene cover 

rocks or older.
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The possible sediment supply pathways to the shelf and trough 

environments were a deep channel system summarised in fig. 7-i8. 

The preservation of the Middle Mokattam upper channel sediments 

on the south-east margin of the studied basin (plate 6-4) suggest 

that channel systems existed at least I during the earlier late 

stages of basin fill. Detailed discussion about the nature of 

these channels was given in chapter 6 (article 6-3-4). It is 

believed that transportation of the eroded materials from the 

four different paleohighs through the deep channel systems and 

redeposition in the basin, was responsible for creating different 

synchronous rock formations (Beni Suef, Birket Qarun, Saqqara, 

and Uadi Garawi formations). As suggested in chapter 6 it is 

believed that s i 1icic1 astic detritals were deposited into the 

nummulitic shelf by means of storm wave sedimentation (article 

6-6-4). Also, emergent barrier islands or linear barrier complex 

with offshore, swash bars, and beach fore shore deposits were 

acting to supply basin sediments during the late stages of 

filling the Middle Mokattam basin in the northern Nile Valley, 

Egypt.





312

CHAPTER E I GHT 

&  —  DEF»OS I T I OIMAL EVOEUT I ONI O E

THE M I DBEE MOKATTAM BAS I 1M

The aim of this chapter is to conclude the development

history of the Middle Mokattam Basin from the time of its origin 

to the present.

The analysis of the marine carbonate sequence of the 

Middle-Late Eocene boundary and early Late Eocene rocks in the 

northern Nile Valley Basin, lead to the identification of 12 

major facies (Figs. 8-1, A, B, C, and D). These are:

1. The Marly Basin margin facies (FI).

2. The Upper platform Marly clay facies (F2).

3. The Wavy nodular carbonate fan facies (F3).

4. The mixed s i 1icic1 astic carbonate of the Barrier complex 

fac i es (F 4 ).

5. The Bivalval Build-up carbonate facies (F5).

6. The Inner and Outer shelf- Nummulitic facies (F6).

7. The fan lobes pelletal facies (F7).

8. The conglomerate debris of slope flow facies (F8).

9. The Coral build-up facies (F9).

10. The serpulid rich hard-ground bottom facies (F10).

11. The open shelf planktonic, and basinal pelagic, 

foraminifera 1 facies (Fll).

12. The lagoonal shale facies (F12).

By the end of the Middle Eocene and beginning of Late Eocene 

times, a shelf carbonate basin prevailed to produce the basal 

part of the Giushi Formation. This shelf was distinguished by a
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central depression surrounded by a semi-enclosed shallow 

platform. On the shallow platform a Nummulitic facies (F6)

accumulated in both its inner and outer shelf microfacies (Fig.

8.2A) producing most of the external limbs of the Giushi facies.

The deeper parts was characterized by the deposition of
iplanktonic and pelagic facies (Fll) towards the central part of 

the studied basin. These facies reflect quite undisturbed 

depositional conditions at the early stages of the Giushi 

formati o n .

During the early Late Eocene (Fig.8.2B), the studied basin 

was affected by syn-tectonic movements. These movements resulted 

in uplifting the north-western parts of the area of study and

deepening the basinal parts (probably by rejuvfnating older

structures). This deepening, in the central part of the study 

areas, was caused by a series of syn-depositiona1 listric and 

antithetic faults followed by a drastic disturbance to the shelf 

nummulitic facies. This disturbance was reflected in a huge 

sliding and slumping or even flow of the unconsolidated sediments 

to fill the new formed basin. That gave rise to the thick Giushi 

facies a c c u m m u 1 ation, now observed in Wadi Hof area. The 

uplifted northern and north-western parts overruled the 

deposition of nummulitic facies on the northern platform. The 

main effect was a complete shallowing in the inner shelf area 

(top of the upper platform) with increasing the mud feeding 

populations producing an intensive amounts of pelletal deposits 

(F7) which mixed with nummulitic facies in Gabal El-Giushi. The 

more shallower parts were also inhabited by miliolid forams and 

encrusting organisms as a hard substrata. This new formed
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Fig. (8-2): Depositjonal model indicating the depositional
history and developing of the Middle MoKattam 
Unit A and B, top of Giushi Formationt C, lower 
members of Middle MoKattam phase, D-I, the upper 
members of the Middle MiKattam.
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environment was ideal for serpulid colonies (Facies 10) to grow 

as fixed to the hard substrata while the endobiontic serpulid 

forms bored into it. The north-western part of the area of study 

(Abou-Rawash - Giza Pyramids area) were uplifted as a land area. 

Moreover, a reflux of storm deposits interruped the deposition of 

the shelf nummulitic facies and mixed with it. Finally the

deposition ended with accumulation of sandy nummulitic deposits

on the intra shelf break of slope to form a topographically 

elevated submarine sheets. These sheets acted as a basal 

substrata on which coral facies (F9) developed on near the end of 

that stage. However, the southern part of the basin (From 

El-Saff to south of the Beni Suef areas) was still covered by the 

open shelf sea developing an excess of the nummulitic and 

planktonic facies, with a remarkable tectonically scarred base. 

That phase of deposition marked the end of the Giushi facied 

development in most of the studied basin while deposition of this 

unit was still (taking place) building up in the northern parts 

(from Maadi to Gaba 1 MoKattam area) of the upper platform.

In the Priabonian times, a more extensive tectonic phase was 

possibly renewed marking the beginning of the Middle Mokattam 

facies. This movement is recorded by some depositional events 

within the consequent facies of the northern Nile Valley basin 

(Fig. 8-2C). Uplifting of the northern parts continued and new 

subsidence for the central basinal axis caused the sea water to 

flood over producing local transgression in many parts of the 

southern, south-eastern, south-western and western 1imbs of the 

Middle Mokattam basin. Sediments on the southern part of the

ramp shelf were only stirred on and redeposited producing a



320

basinal marginal marl facies (FI). The upper parts of shelf were 

occupied by an upper platform on which the mar 1y - c 1ayfacies (F2) 

was developed. The new basinal area was covered by a pelagic 

facies (Fll). In these mentioned areas, the Qurn Member of the

Beni Suef-Formation and the Birket Q6run Formation were
i

developed.

The northern parts of the platform in the Mokattam (Giushi) 

area were uplifted and slightly tilted (towards the south) 

basinwards. This syn-depositiona1 disturbance caused the shelf 

unconsolidated sediment to wash over towards the new deeper 

basin. Most of the pelletal sediments and suspended. shelf 

materials were also swept from the inner shelf pouring into a 

shelf slope fans to fill in the deeper basin. Deposition of the 

ske If pelletal reflux as sheets over the p 1atform-edge caused 

abandonment of the coral facies. The inner shelf nummulitic 

facies was left inhabited by serpulid and boring organisms.

The subsiding, deeper areas were filled by intercalated 

cycles of reworked pelletal lobes together with outer shelf 

nummulitic facies which slumped southwards. Different 

syn-depositiona1 tectonic pulses were believed to account for the 

repeated cycles of these pelletal fan lobes and slumped stages. 

The supplying of basinal-fill sediments from the surrounding 

uplifted areas gave rise to a rapid accumulation of the Qurn 

Formation facies in the Helwan-Wadi Hof area.

A third syn-depositiona1 tectonic phase resulted in 

syn-depositiona1 tilting of the depositional surface, and 

development of localised syn-tectonic unconformities at the inner 

basin- margin, observed at the eastern side of Gabal Hof.
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Deepening of the basinal area results in infill of the marine

basin. This infilling phase resulted from the supply of

submarine coarse rock fragments as syn-cong1omratic debris flows 

(F8) to the deeper basin, and the progradation of the shore-line 

facies as s i 1icic1 astic fans (F3) produced from the uplifted 

surroundings of the basin (Fig. 8-2,D).

Intensive regression of the shore line produced barrier 

complex sandy facies (F4) which migrated to fill and flatten most 

of the depositional basin (Fig. 8-2,E). Since global sea-level 

is interpreted to be rising through the Priabonian (Vail and

Hardenbol, 1979), these prograditiona1 sedimentary systems

suggests that sediment supply rates, by that time, exceeded the 

subsidence rate.

Flourishing of the nummulitic facies (F6) to survive upon the 

new formed shallow, nearly flat, shelf depositional surface

reflects that the basinal depths apparently remained relatively 

constant for a short time. This implies an overall balance 

between sedimentation and subsidence rates. That environmental 

cond itions seemed to be appet i zing for bivalval facies (F5) to 

accumulate on the flat inner margins (Fig. 8-2,E), as observed in 

both Gabal Shaibun of the Beni Suef and Gabal Giushi of the 

Mokattam areas. The introduction of both locally-derived and 

exotic large dolomite boulders and clasts as block sliding (Fig.

8-2 , F), signals renewed uplifting and reworked deformation 

pulses. These seismic shocks resulted in a submarine brecciation 

terminating the Giushi facies in both Gabal Giushi and Kattamia. 

This deformation episode which was of short duration was followed 

by a tectonically quiescent interval. Deposition during this
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interval took place on an outer-flat surface, rich with large 

dolomitic boulders as cores or nuclei on which bivalval buildups 

accumulated (F5), in a shoaling-up basin (Fig. 8-2,G). On the 

northern inner parts (Mokattam and Kattamia areas) bivalves only 

accumulated as pockets between the brecciated surface for being 

relatively shallower than the basin central parts.

The last stage of deposition of the Middle Mokattam basin was 

caused by an increase of the rate of sediments supply which 

exceeded the rate of subsidence and resulted in the infill of the 

marine basin. This infilling phase ultimately results in 

completing of the progradation of the shoreline barrier sandy 

complex facies (F4) (Fig. 8-2,H). This prograd<51 i on might also 

be related to renewed uplifting episodes, generating extensive 

coarse clastic reflux. The uplifting, that time, generated from 

the north-western corner (Abou-Rawash Massive). This uplifting 

resulted in syn-sedimentary shifting of the axia1-depositiona1 

centre southwards to El-Saff-El-Kurrimat areas. Barrier 

complexes prograded around the basin mouth area in the Fayum 

area, caused partial closing to basin of deposition from the open 

sea. This final closing of the sea water on the last time of the 

Mokattam facies deposition developed a restricted lake producing

lagoonal facies (F12), (Fig. 8-2,1).

Increase of uplifting rate caused the \subaerial erosion of the

north-western part and regression of the sea from South Pyramids

area producing sheets of conglomerate c hane1s towards the 

uplifting centre. This followed by more advancing of the shore 

barriers probably due to farther uplifting and temporary retreat 

of the sea shore,- causing restricting of the late basin lake and
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developed of restricted lagoonal facies (F12), (Fig. 8-2,1). By 

that stage the last sediments of the Middle Mokattam Unit have 

been (deposited . Then the filling-up history and depositional 

story of the Egyptian Middle Mokattan basin, in the northern Nile 

Valley and the Fayum province, were jended and completed.

# # # #
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9 - GENERAL SUMMARY^ Reco m m e n d a t i o n s

1 . GENERAL. SUMMARY &c CONCLUSIONS
In order to study in detail the Middle - Late Eocene

carbonates of the Nile Valley in northern Egypt, an area of about

15,375 square kilometers, lying north of Maghagha (between
o  °  o  Q

longitudes 30 30* and 32 00* East and latitudes 28 40* and 30 10f

North) has been chosen. The area was subjected to basinal 

analysis including its stratigraphy and sedimento1o g y .

1ithostratigraphica11y , the Middle - Late Eocene succession was

subdivided from base to top into the Lower Mokattam Unit, the

Middle Mokattam Unit, and the Upper Mokattam Unit, the Middle 

Mokattam Unit only was studied in detail, and was further 

subdivided into Five rock formations, namely; the Beni-Suef 

Formation, the Qurn Formation, the Wadi Garawi Formation, Birket 

Qarun Formation and Saqqara Formation. The Beni-Suef Formation 

(includes the Qurn Member at base and the Tarbul Member at top) 

was found to cover the southern parts of the studied area. The 

Birket Qarun Formation covers the western parts while Saqqara

Formation extends throughout the north-western and northern parts 

of the studied area. Both the Qurn and the Wadi Garawi

Formations were found to cover the central and north-eastern 

parts. These rock units were correlated throughout the studied 

area. The biostratigraphy is based on the calcareous

n a n n o p 1anktons and both micro and larger Foraminifera. Range

distributions for species of these groups were investigated. The

fjunal contents of the northern Nile Valley
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and the Fayum areas, were assigned to biozones and correlated 

with the standard known biozones. Five n a n n o p 1anktons zones were 

recognised. These are the Discoaster tani nodifer Zone

(Middle Eocene), Discoaster saipanensis Zone (Middle - Eocene), 

ChaismoJithus oamaruensis Zone (Middle - Late Eocene), 

1sthmoJithub recurvus Zone (Late Eocene), and Sphenolithus 

pseudoradins Zone (Late Eocene). Five biozones based on

planktonic foraminifera were recognised; Morozovella Jehneri 

Zone (Middle Eocene), OrbuJinoides beckmanni Zone (Middle 

Eocene), Truncorota1oides rohri Zone (Middle Eocene),

GI obi ger inatheka semiinvoJuta Zone (Late Eocene) and 

Turborotalia cerrozu1ensis Zone (Late Eocene). Four Nummulitic 

Zonations were also established. These are :-

Nummulites gizehensis Zone (Middle Eocene),

NummuJites beaumonti Zone (Middle Eocene), Nummulites 

striatus Zone (Middle - Late Eocene) and Nummulites fabianii 

Zone (Late Eocene). Accordingly the age of the Lower Mokattam

Unit in the studied area is considered to range from Middle to

early Late Eocene. The whole succession, identified in this

thesis as the Middle Mokattam Unit is considered to be of Late 

Eocene (Priabonian) age. The Upper Mokattam Unit is also

believed to be of Late Eocene age. The Bartonian, of Egypt, is 

also re-evaluated and reduced in rank to constitute a later stage 

of the Middle Eocene. Onlap - offlap relationships are recorded 

also from the outer margins of the studied basin and discussed 

for the extensive south-eastern and north-western areas of the 

basin. The different rock Formations of the Middle Mokattam Unit 

were correlated, using the unit lower boundary as a datum,
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throughout the studied area of the northern Nile Valley, Egypt. 

An isopach map for the Middle Mokattam Unit facies is constructed 

and the outline shape of the basin of deposition is also 

detected. For the detailed sedimento1o g i c a 1 study, 82 columnar 

sections covering the different rock units were measured, 24 of 

these were sampled and studied. Careful counting of all the 

carbonate components was carried out and the different 

percentages of the different carbonate grains were calculated. 

The vertical variations, in percentages of the different 

components, were traced for each collected section (Appendix E). 

The carbonate analysis revealed the occurrence of 12 major 

carbonates facies. These are marl (FI), marly clay (F2), the 

wavy bedded carbonate (F3), mixed sandy clay (F4), the bivalve 

carbonate (F5), the nummulitic carbonate (F6), the pelletal 

carbonate (F7), the conglomerate debris (F8), the coralline 

carbonate (F9), the serpulid (F10), the planktonic foraminifera 1 

carbonate (Fll) and the calcareous evajsoritic shale (F12), 

facies. In addition to these,36 microfacies associations were 

identified and used to interpret the depos i*t i ona 1 evironments and 

construct models for the deposition of the Middle Mokattam 

facies.

New approach for the interpretation of the basin 

configuration is proposed based on carbonate grain communities, 

facies and microfacies, and the stratigraphica1 thickness of rock 

un its.

Syndepositiona1 soft sediment deformation features are 

recorded and described from the studied basin. These include 

gravity block slides, slumps, debris and grain flows, fluid - 

fscape structures, syn-depositional unconformities, and growth 

fault structures. These features have been used to interpret the
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pattern of syndepositiona1 subsidences in the deeper zones of the 

basinal area. This if is suggested was controlled by the 

rejuv£nation of deep-seated faults during the deposition of the 

Middle Mokattam Unit, due to extensional tectonics. Recurring 

uplift of north-western, Abou-Rawash, block had steepened the 

adjacent marginal slbpe basinwards and readjusted the bottom 

sub-blocks which in turn constructed the basin framework and 

hence controlled the depositional processes.

The sedimento1ogica1 history of the carbonate succession in 

the studied area has been discussed briefly (Fig. 8-2). It is 

believed that by the end of the Middle Eocene and the starting of 

early Late Eocene a wide and relatively quiet shelf environment 

in nummulitic sea prevailed. The central parts of that shelf 

were gently concave and were receiving pelagic facies deposition. 

Under these conditions a part of the Giushi Formation was 

deposited.

Later, the area of study was subjected to unstable conditions 

which particulated the basin into four distinctive blocks. The 

northern block was uplifted and detached as isolated platform 

with nummulitic shelf on top and coral buildup on the platform 

edge. Later, also on the shallow parts of the platform shelf 

serpiolid worms and bivalves flourished. Under these conditions 

the northern parts of the Giushi Formation was completed. The 

second block was the north-western part which steeply inclined 

south-easterly forming slope margin and drifting most of its 

predeposited soft sediments of the Giushi Formation which either 

redeposited as slope facies or glided deeply basinward. Plunging 

of that block south-westerly was suitable for deep clastic
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channel fan deposition of Saqqara Formation, while the most 

uplifted north-western corner (Abou Rawash) remained eroded

1 a n d .

The central block subsided and deepened as trough, then

received rapid resedimentation of soft sediments, drifted and 

glided from the upper margins. Debris and grain flow also

accumulated. Shelf wash lobes and land-derived, clastic, 

pro-graded ay fans and barrier complex. This subenvironment

produced the Qurn Formation. The nummulitic sea has also 

pro-graded and followed by another tectonic instability which was 

responsible for gravity sliding phase to cover most of the basin 

areas. This was followed by bivalval buildup, channel fans, 

barrier complex and lagoonal facies. This condition leads to the 

deposition of the Wadi Garawi Formation.

The southern block was a wide shelf gently dipping

northwards. The surrounding inner part of the shelf was still 

nummulitic sea with bivalves which produced the Giushi Formation 

in this area. Divergent of a deep shelf margin marls landward has 

occurred due to basin instability and uplifting of the northern 

and north-western blocks. This produced marls and marly clay 

facies of the Qurn Member of the Beni-Suef Formation. Deep 

clastic channel fans from the (Wadi El-Rayan and Wadi-Araba) 

paleohighs, followed by convergent shore line and barrier complex 

pro-graded from the paleohighs. Then shelf, conditions with 

nummulite and bivalve buildups, environment prevailed. These 

shallowing sea environments Invaded by another barrier 

progradation phase ended with restricted lagoonal environment and 

the upper member of the Beni-Suef Formation was developed. This
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later condition marked the end of the Middle Mokattam facies

throughout the studied area.

£3 - 2 - Recommendations for For t he r 
Research

(i) Geophysical investigations are needed to confirm the

basin configuration described and also to detect the 

position of postulated deep seated faults. Therefore a 

detailed study for the geometries of these faults may lead 

to identify the actual affected tectonism during

depos i t i on.

(ii) Also a detailed analysis of the Lower and Upper

Mokattam basins is also necessary.

(iii) The requisition of subsurface borehole data would also

provide invaluable information concerning the history of 

basin development in northern Egypt. A more vigorous 

analysis of the subsidence history of Tertiary basins in 

Egypt Is required to test some of the hypotheses resulting 

from this study.

(iv) Regional Hydro-dynamic studies and vector analysis

may lead to a full understanding to the paleo Eocene sea, 

and will help to construct pa 1eogeographic maps. The 

channel systems which were invloved in filling the Eocene 

basins in Nothern Egypt, also need more detailed studies.
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( V)

( vi )

Diagenetic study for the northern Nile Valley basin 

may provide information of the effects on diagenesis of 

burial history for the basin components. This may clarify 

the different diagenetic stages which deposits have passed 

through on their journey from land to basin.

It will also provide invaluable senses to understand 

the uplifting episodes and confirm basin evolution. The 

field sampling program would be required, although the 

database would be augmented by existing sample collections 

at the University of Minia in Egypt.

The application of magnetostratigraphica1

dating techniques may allow more accurate resolution of 

Intervals of tectonic activity and inactivity. These 

methods would be more refined than the biostratigraphica1 

dating techniques used herein, and may reveal gaps in the 

sedimentary records that have been overlooked in this 

study.
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Appendix ( A-l ): Approximate Geographic Co-ordinates for
the most important location names in the 
study area, cited in this thesis .

Location Latitude ( N ) 
© \

Longitudeo ( E ) 
\

Abou Rawash 30 02 31 06
Abou Salleh 29 11 31 12
Abou Serriaa 29 45 31 39
Beni Mazar 28 30 30 50
Beni Suef 29 05 31 06
Biba 28 56 30 59
Birket Qarun 29 27 30 40
El Alalma 29 07 31 10
El Fashn 28 52 30 56
El Gabal Ahmar 28 18 31 09
El Kurrimat 29 17 31 20
El Medawara 29 10 30 22
El Mishigeiga 29 08 30 29
El Saff 29 37 31 19
El Tebbin 29 41 31 20
El Wasta 29 20 31 12
Fayum 29 20 30 45
Gabal khashirat 29 12 31 22
Gabal Abyad 28 45 31 02
Gabal Ataga 29 59 32 18
Gabal Diya 28 38 30 58
Gabal El Maskara 29 44 31 34
Gabal El Merair 28 32 31 03
Gabal Gar Gehannam 29 18 30 07
Gabal Gibbo 29 51 31 33
Gabal Hamrai 29 26 31 23
Gabal Hof 29 54 31 20
Gabal Kattamia 29 58 31 24
Gabal Qibli El- 
Ahram 29 58 30 08
Gabal Shaibun 29 05 31 15
Gabal Tarbul 29 18 31 19

*Gabal Hadid 28 46 31 04
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Appendix (A-2): Approximate Geographic Co-ordinates (Cont.)

Location Latitude ( N ) 
• \

Logitude ( E ) « 
0 \ 1

Gabal Urn Rakaba
r

28 58 31 09 j
Giushi ( Gabal ) 30 01 31 17 |
Giza Pyramids 29 58 31 06 j
Helwan 29 51 31 20 ;
Kalamcha 29 10 30 5° j
Maadi 29 57 31 17 I
Maghagha 28 39 30 47 j
Mokattam 30 02 31 17 j
Northern Galala 29 16 32 00 !
Qasr El Sagha 29 36 30 50 j
Saggara 29 51 31 12 !
Southern Galala 28 45 32 20 j
The Citadil 30 02 31 16 !
Wadi Abou Moliyssatt 29 48 31 19 i
Wadi Abou Kashirat 29 10 31 22 !
Wadi Abou Treifi 29 02 31 14 i
Wadi Araba 29 08 32 32 !
Wadi Bayad 29 03 31 15 i
Wadi Digla 29 58 31 28 !
Wadi El Aghbig 29 13 31 25 ;
Wadi El Arhab 28 52 31. 20 !
Wadi El Rayan 29 09 30 22 j
Wadi Garawi 29 47 31 22
Wadi Hof 29 53 31 20 j
Wadi Lishyab 29 10 31 15 !
Wadi Matin 29 12 31 16 i
Wadi Mowillah 28 55 30 30 !
Wadi Sannure 28 48 31 25 j
Wadi Sisaba 29 47 31 34 !
Zaafarana 29 06 32 38 ii
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Appendix ( B-2 ) : Log section NO .f,40Mat Gabal Gibli El
Ahram ; South Giza Pyramids ( P ) .
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Appendix

i
!

B-3 ) * Log section No ."1*8" at Wadi Hof (WF).
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Appendix ( B-4 ) : Log section NO." 4-9" at Gabal El

Maskara , East of Helwan(H) .

v A
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Appendix ( B-5 ) ; Log Section No . ’"44" at Gabal El
Giushi , in Mokattam area, east 

of Cairo (MG) .
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Appendix ( B-6 ) : Log Section No. ”2" at Abou Seria

Road , East El Tebbin .
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Appendix

\

( B-7 ) : Log Section No. "4" at Gabal El 

Rokham , in Wadi Hof area.
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Appendix ( B-8 ) : Log section No."5" at Tabit Wadi
Hof , N . E . of Helwan .
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Appendix ( B-9 ) : Log Section No. M10M at Wadi El

Aghbage , east of Beni Suef .
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Appendix ( B-10 ) : Log graph for Section ”l6M at

Gabal Gibo, E.Helwan .
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Appendix (B-ll) : Log Section No "17" at deeper Wadi 
Hof , east of Helwan .
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Appendix (B-12) : Log Section No. ”18” N
the Helwan area .
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Appendix (B-13) : Log Section No"26H at Wadi El

Arhab , S.E of Beni Suef .
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Appendix (B-U) : Log Section No "36" at north

of Wadi El Rayan .
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Appendix (B-15) i Log Section No. 1̂.5̂  3-t east

El Saff area .
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Appendix ( B-l6) : Log Section No M56H at.: Kattamia 
Road .
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Appendix (B-17) : Log Section No "59" at east of Wadi

Hof area .
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Appendix (B-18) : Log Section NoM60n at Gabal Tarbul

east El Wasta ( T .) .
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Appendix (B-19) • Log Section H6ln at Gabal Shaibun(SH)
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Appendix (B-20) : Log Section No ”69” at Gabal

Abyad and Wadi Ridan entrance.
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Appendix ( B-21 ) ; Log Section No. "81" )

Gabal El Mashash, east of
\

Beni Suef ( MSH.) .
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Appendix (B-22) : Log Section No."82" at Birket Qarun, of 
the Fayum area .
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Appendix ( B-23 ) : Log Section "64” deeper Abou 

Serria , east of Helwan .
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Appendix (B-24) : Log section No. "79" El Maskara
Scarpe ,E. of El Tebbin .
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Appendix (B-25) : Log Section No."45" at El Mokattam 

Hotel , Gabal Mokattam .
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Appendix (P-0:Computer program used for graphic analysis of 
the different carbonate components from the 
point counting .

PROGRAM FATHY
M S I  ON X ( 5 < 3 ) , Y 1  ( 5 O ) / Y 2 ( 5 0 ) / Y 3 ( 5 0 ) f Y 4 ( 5 0 )
5 0 ) , Y 6 ( 5 0 ) / Y 7 ( 5 0 ) / Y 3 ( 5 0 ) / Y 9 ( 5 0  ) / y 1 0 ( 5 0 )  

( 5 0 ) / Y 1 2 ( 5  0 ) / Y 1 3 ( 5 0 ) / Y 1 4 ( 5 0 ) / Y 1 5 ( 5 Q ) / Y 1 6 ( 5 D >  

(  5 0  ) f Y1  8 < 5 D > / Y 1 9 ( 5 0 > / Y 2 Q ( 5 0 ) / Y 2 1  ( 5 O ) f Y 2  2 ( 5 0 )  

( 5 D ) / Y 2  4 ( 5  0 ) / Y 2 5 ( 5 0 ) f Y 2 6 ( 5 0 > / Y 2 7 ( 5 0 )  

P A 6 t ( 5 0 . 0 / 2 9 . D )

P I C S I Z ( 2 5 . 0 / 5 . 0 )

CVTYPE (3)
S C A L E S ( 0 . 0 / 1 0 . 0 / 1 / 0 . 0 / 1 0 - 0 f 1 )

AX F S  ( *  S A M P L E  L O C A T I O N * / 1 5 / ' P E R C E N T A G E * / 1 n )  

Y A X I S ( 0 . 0 / 1 0 . 0 / 1 0 . 0 / , P E R C c N T A 6 P , f 1 ^ )
( 5 / * >  N

( 5 / * ) ( X ( 1 ) / Y 1 ( I ) / Y 2 ( I ) / Y 3 ( I ) / Y 4 ( I ) / Y 5 ( I ) /  

) / Y 7 ( I ) / Y 8 ( I ) / Y 9 ( I ) / Y 1 0 ( I ) f Y 1 1  ( I ) /  

I ) / Y 1 3 ( I ) / Y U ( I ) / Y 1 5 ( I ) / Y 1 6 ( I ) / Y 1 7 ( I > /

I ) / Y1 9 ( I ) / Y 2 0 ( I ) f Y 2 1 ( I ) / Y 2 2 ( I ) / Y 2 3 C I ) /  

I ) / Y 2 5 ( I ) / Y 2 6 ( I ) /
I)/I* 1/N)
BRKM CV(X Y1/N/6)
BRKN CV(X Y2fN/%>
BRKN CV(X Y3/N/2
BR KM c vex Y4/N/1)
BRKM CV(X Y5/N/-1)
8RKM CV(X Y6/N/5
BR KM CV(X Y7/N/-1)
BRKM CV(X Y8/N/3)
BRKM CV(X Y9/N/-2)
BRKM CV(X Y10/N/-6)
BRKM C V(X Y11/M/-3)
BRKN CV(X Y12/N/6)
BRKM CV(X Y13/M/4A
BRKN C V(X Y1A/N/2)
BRKN CV(X Y15/M/1)
BRKM CV(X Y16/N/-1)
BRKN C V(X Y17/N/5)
BRKM CV(X Y18/N/-1)
BRKN CV(X Y19/M/3A
BRKN CV(X Y20/N/-2)
BRKN CV(X Y21/N/-0)
BRKN CV(X 22/N/-3)
BRKN CV(X Y23/N/6)
BRKN C V(X Y2A/N/A)
BRKN C V(X Y25/N/2)
BRKN C V(X Y26/M/1)
DR An CV(X Y27/N/0)
SET K Y (* L ,•*•,55,1)
EL NK KY
LINE K Y (6 #Y1 *,3)
b l n k < Y
LI ME K Y (A *Y2 ',3)
BLNK KY
LINE K Y (2 •Y3 */3)
BLNK KY
LINE KY( 1/ * Y A •/3)
BLNK KY
LI Nt KY(-1 /•Y5 */3)
BLNK KY
LINE KY( 5/*Y6 */3)
BLNK KY (Continued)



CD-1 C o n t i n u e )

CALL LINE KYC-1/'Y7 •r 3)
CALL BLNK KY
CALL LINE KYC 3r'Y8 • /3)
CALL BLNK KY
CALL LINE KYC* 2/* Y9 • / 3)
CALL BLNK KY
CALL LINE KYC -6,,Y1U%3)
CALL BLNK KY
CALL LINE KY(-3*bY11 ',3>
CALL BLNK KY
CALL LINE KYC6x ,Y12* ,3)
CALL BLNK KY
CALL LINE KY(4*1Yl3*✓ 3)
CALL BLNK KY
CALL LINE KY^'YlA* ✓ 3)
CALL BLNK KY
CALL LINE KY(1*9Y15§
CALL BLNK KY
CALL LINE KYC-1/*Y16 •,3>
CALL BLNK KY
CALL LINE KYC5* • Y1 7* ✓ 3)
CALL BLNK KY
CALL LINE KY(-1/#Y18 •,3>
CALL BLNK KY
CALL LINE KY(3* * Y19* ,3)
CALL BLNK KY
CALL LINE KYC-2#•Y23 */3)
CALL BLNK KY
CALL LINE KY(-6/* Y21 '✓3>
CALL BLNK KY
CALL LINE KY(-3/,Y22 V3>
CALL BLNK KY
CALL LINE K Y (6 ̂ * Y23' ,3)
CALL BLNK KY
CALL LINE KYCA,0 Y24* ,3)
CALL BLNK KY
CALL LINE KYC?*"Y?5* *3)
CALl BLNK KY
CALL LINE K Y Cl / * Y26* ,3)
CALL BLNK KY
CALL LINE KYC Q/* Y27 * * 3)
CALL BLNK KY
CALL
STOP
END

FNDPLT



graphic anai ysjs of the point pounted data

PROGRAM FATHYKY
DIMENSION X(5n )/Y^C5C')/Y2C5L-)/Y3C i j ) / Y «► C 3 J ) 

*/Y5C5f)/Y<3 (5 3) ,Y7(5C )/Y£ C3C)/Y9( i: )/Y1c (3 ))
*/Y11 C50/Yt?C5U) / Y lM5L)/YlA(i ,) /Y13C3l>/ Y16C50)
♦/Y17(5t)/Yt SC5C) /Yl 9C3L )/Y2u(3 /Y2 1 C5i)/ Y2? C 5 ,) 
*/r23l5C)/Y2^(5^)/Y2i(5*„'>/Y2o(3w») /Y27C5U/Y28C5L)
CALL PAGE(5ri;f3,?9-0)
CALL PICSIZCIS^/S^L)
CALL CVTYPc(3)
CALL S C a £ S ( l , - U / Z M / 1 / r  r -« J/ t)
CALL AX ESC*SAMPLE LU C A T I ON ' / 1 3 / 1 Pi KC t NTA G 2 1 / V' )
READ i5,+ )N
R £AD(5/*)(X(I)/Y1(I)/Y?(I)/ YMI)/YAU)/Y5(I)/ 

*Y£>(I)/Y7(I) / YPCT ) / Y9C I) /Y1 j CI; /Y 11(1)/
★ Yl2(I)/Y1 5<I)/Y4 4(Il,Yi b Cl )/Y^ o( U  / Y'.7(I J/ 
*Y18(I)/Y19(I)/Y?0(I>/Y21(I)/YZ2(I)/Y23(I)/ 
*Y24(I)/Y25(I)/Y?6(I>/
*Y27(I)/I=^/N)
CALL BRKN CVCX Y1 / N / 6 )
CALL BRKN CVCX Y2/N/4)
CALL BRKN CV(X Y3/ N/c.)
CALL BRKN CVCX Y 4 / N / 1 )
CALL BRKN CVCX Y5/N/-1)
CALL BRKN CVCX Y6,N/b)
CALL BRKN CVCX Y7/N/-1 )
CALL feRKN CVCX Y8/N/1)
CALL bRKN CVCX Y9/N/-2)
CALL BRKN CVCX Y13/N/-6)
CALL BRKN CVCX Y11/N/-3)
CALL BRKN CVCX Y1?/K/6)
CALL BRKN CVCX Y13/N/A)
CALL BRKN CVCX Y 1 4 ̂  N/ 2 )
CALL BRKN CVCX Y15/N/1)
CALL BRKN CVCX Y16/N/-1)
CALL BRKN CVCX Y17/N/3)
CALL BRKN CVCX Y18/N/-1)
CALL BRKN CVCX Y19/N/2)
CALL BRKN CVCX Y20/N/-2)
CALL BRKN CVCX Y21 /N/-fc>
CALL BRKN CVCX Y2?/N/-i)
CALL BRKN c v c x Y23/N/o)
CALL BRKN CVCX Y24/N/4)•
CALL BRKN c v c x Y25/N/2)
CALL BRKN c v c x Y26/N/1)
CALL BRKN CVCX Y27/N/6)
CALL SET C Y C L /'-d • / 5 3 / 2 t )
CALL BLNK KY
CALL LINE KY (6 1 MICKO-FORAMSt »/2r )
CALL BLNK KY
CALL LINE KY (A • MILLIOLIDF S '/2rO
CALL BLNK KY
CALL LINT KYC? 1NUMMULITES */c ')
CALL BLNK KY
CALL LINE KYC4 1OPt KCu LINm •/<^>
CALL BLNK KY
CALL LINE KY C-1 / ‘LuoLMnOl, 1 C f Jh Ai*t S* * / 2 L )
CALL BLNK KY
CALL LINE KYC 5 / 'BlvALVES */2t )
CALL BLNK KY
CALL LINE KY C-1 / •GASTKOPCuES
CALL BLNK KY

. .  * (Continued!



(D-2 Continue)

L L I N E K Y C  3 / -

L B L N K K Y

L L I N E K Y C - 2 ,

L B L N K K Y

L L I N E K Y C  - 6

L b L N K K Y

L L I N E K Y C - 3 / -

L B L N K K Y

L L I N E K Y C 6 / *

L B L N K K Y

L L I N E K Y C * , *

L B L N K K Y

L L I N E K Y C 2 , *

L B L N K K Y

L L I N E K Y C * , '

L B L N K K Y

L L I N E K Y C - W
L B L N K K Y

L L I N E K Y C 5 , •

L B L N K K Y

L L I N E K Y C - 1 /

L B L N K K Y

L L I N E K Y C 3 , •

L B L N K K Y

L L I N E K Y C - 2 /

L B L N K K Y

L L I N E
01>-

L B L N K K Y

L L I N E K Y C - 3 ,

L B L N K K Y

L L I N E K Y  C 6 , *

L B L N K K Y

L L I N E K Y C 4 , *

L B L N K K Y

L L I N E K Y  C 2 ,  1

L B L N K K Y

L L I N E K Y C 1 , *

L B L N K K Y

L L I N E K Y C 6 , 1

L B L N K K Y

L E N D P L T

S T O P  

E N 0

•3RrCZ0A
1 E C h l N O l / E R  M S

, * C O R A L S

•OSTRACODS

SPONGE SPICULES

C O R A L L I N E  A L G a E

G R E E N  A L G A E

A L G A L  C O A T E D  G R A I N S

• S C R P I O L I D  * 0 R P 1 S

P E L L E T S

• 3 I G C L A S T I S

M I C R I T E  E N V E L O P E S

• I N T R A C L A S T

• Q U A R T Z  D E T R I T A L S

• M A R L E Y / S I L T Y  M A T R I X

S P A R I T E

M I C R O S P A R I T E

D O L O M I T E

M I C R I T E

V E R T E d R A T E  R E M A I N S



Appendix ( D.3/): Computer program C1).
386

P R O G R A M  F A T H Y 1

D

*,
*/

M E N S 1 0 N  X ( 5 3 ) , Y 1 ( 5 G ) , Y 2 ( 5 0 ) , Y 3 ( 5 Q ) , Y 4 ( 5 0 )  

( 5 0 ) , V S ( 5 Q ) , Y 7 ( 5 3 > , Y 8 ( 5 Q ) , Y 9 ( 5 0 ) , Y 1 0 ( 5 3 )  

1 ( 5 D ) , Y 1 2 ( 5 G ) , Y 1 3 ( 5 0 ) , Y 1 4 ( 5 0 ) , Y 1 5 ( 5 0 ) , Y 1 6 C 5 G )  

7 (  5 3 ) ,  Y 1  8 ( 5 0 > , Y 1 9 ( 5 U > , Y 2 0 C 5 0 > , Y 2 1 ( 5 Q ) , Y 2 2 ( 5 3 >  

3 ( 5 0 ) , Y 2 4 ( 5 0 ) , Y 2 5 ( 5 U ) , Y 2 6 C 5 0 ) , Y 2 7 ( 5 0 )

P A G E  ( 5 0 * 0 , 2 9 . 0 )

P I C S I Z C 5 . 0 , 1 4 . 0 )

C V T V P E  ( 3  J.
S C A L E S C O . Q , 1 5 . 0 , 1 , 0 . 0 , 1 0 0 . 0 , 1 )

A X E S ( * S A M P L E  L O C A T I O N * , 1 5 , * P E R C E N T A G E * , 1 0 )  

Y A X I S ( 0 . 0 , 1 0 0 . 0 , 1 5 . 0 , * P E R C E N T A G E * , 1 0 )

D ( 5 , * ) N

D ( 5 , * ) ( X  ( I ) > Y 1 ( I ) , Y 3 ( I ) , Y 4 ( I ) , Y 6 ( I ) , Y 7 ( I ) , Y 8 ( I ) ,  

( I ) , Y f 4 ( I ) , Y 1 8 ( I ) , Y 2 1  ( X ) , Y 2 2 ( I > ,

( I  )  ,  1 * 1 ,  N )

B R K N

B R K N

B R K N

B R K N

B R K N

B R K N

B R K N

B R K N

8 R K N

B R K N

B R K N

D R A W
S E T

L I N E

L I N E

L I N E

L I N E

L I N E

L I N E

L I N E

L I N E

L I N E

L I N E

L I N E

L I N E

C V ( X , Y 1 , N , 6 )

C V ( X , Y 3 , N , 4 )

C V ( X , Y 4 , N , 2 )

C V ( X , Y 6 , N , 1 )

C V ( X , Y 7 , N , - 1 )

C V ( X , Y 8 , N , 5 >
C V ( X , Y 1 1 , N  

C V ( X , Y 1 4 / N  

C V ( X , Y 1 8 , N  

C V ( X , Y 2 1 , N  

C V ( X , Y 2 2 , N  

C V ( X , Y 2 6 , N  

Y ( - L # , * W - ,  

K V ( 6 , * Y 1  •  

K Y ( 4 , * Y 3  *  

K Y ( 2 , B Y 4  *  

K Y (  1 , * Y 6  

K Y ( - 1 , * Y 7  

K Y C  5 , # Y 8  

K Y C  3 , * Y 1 1  

K Y C - 2 , - Y 1 4  

K Y C  - 6 , * Y 1  

K Y C - 3 ,  * Y 2 1  

K Y ( 6 >  *  Y 2 2 *  

K Y C  0 , * Y 2 6

3 )  

-6) 
- 3 )  

6)
4 )

0)
2 , 3 )

3 )

3 )

3 )

, 3 )

, 3 )

, 3 )

, 3 )

, 3 )
* , 3 )

, 3 )

3 )

, 3 )

L  T I T L E C * B , , , C * , # 

M I C R O F A C I E S  O F  S E C T I O N  

L L  E N D P L T  

0?

F I  G ? ( )  V E R T I C A L  V A R I A T I O N  O F  C A R B O N A

4 0 «■ 7 6 )

E N D



Appendix ( d.4): Computer program C2).

3 8 7

PROGRAM FATHY2
DIMENSION X(53)/Y1(50)/Y2C50)/Y3(5C)/Y4(50) 

*/Y5(SC)/Y6(5Q)/Y7(53)/Y8(50)/Y9<5Q)/Yl0(50)
*/Yl1(53)/Yl2(5 0)/Y13(50)/Y14(5Q>/Y15(50)/Yl6(50) 
*/Yl7(50)/Y18(50)/Y19(5Q)/Y20(50)/Y21(5Q)/Y22C5D)
*/Y23(5D)/Y24C5 0)/Y25.(50)/Y26(5Q)/Y27(50)
CALL PAGE (105.0/29,0)
CALL PICSIZC99.65/25.0)
CALl CVTYPE (3).,
C A L L  S C A L E S  (U.'O/199^3/1/Q.'O/130. 0/1)
CALL AXESC* SAMPLE LOCATION•/15/•PERCENTAGEf 0)
CALL YAXIS<0.3/100.0/199.3/'PERCENTAGE',10)
R E  A D (5/ *) N
R E A D (5/*)(X (I)/Y1 (1)/Y3(1)/Y4(I)/Y6(1)/Y7(I)/Y$(I)/

*Y9(I)/Y1J (I)/Y12(I)/YU(I>/Y18(I)/Y21(I)/Y22(I)/
*Y26(I)/1*1/N)
CALL BRKN CVCX/Y1/N/6)
CALL BRKN CVCX/Y3/N/4)
CALL BRKN CVCX/Y4/N/2)
CALL BRKN CVCX/Y6/N/1)
CALL BRKN CVCX/Y7/N/-1)
CALL BRKN CV (X/Y8/N/5)
C A L L  B R K N  C VCX/Y9/N/-1)
CALL BRKN CVCX/Y11/N/3)
CALL BRKN CVCX/Y12/N/-2)
CALL BRKN CVCX/Y14/N/-6)
CALL BRKN CVCX/Y18/N/-3)
CALL BRKN CV(X/Y21/N/6)
CALL BRKN CVCX/Y22/N/4)
CALL D R  AV CVCX/Y26/N/0)
CALL SET KYCL'/'W/H/S)
CALL LINE KYC6/*Y1 */3)
CALL LINE KYC4/#Y3 1 /3)
CALL LINE KYC2/fY4 «/3)
CALL LINE KYC 1/#Y6 */3)
CALL LINE KYC-1/#Y7 */3)
CALL LINE KYC 5/'Y8 */3)
CALL LINE KYC-1/'Y9 */3)
CALL LINE KYC 3/'Yl1*/3)
C A L L  L I N E  KYC-2/* Y12*/3)
CALL LINE KYC -6/fYl4#/3)
CALL LINE KYC-3/'Yl8'/3)
C A L L  LINE KYCS/,Y21,/3>
CALL LINE KYC4/#Y22#/3)
C A L L  L I N E  KYC 0/#Y26'/3)
CALL TITLEC'B'/'C1/' FIG.C ) VERTICAL VARIATION OF CARBONA

*TE NICROFACIES OF SECTION M48"-/76)
C A L L  E N D P L T

S T O ?  ^

E N D  '



Appendix f D.5): Computer program (3)
3 8 8

P R O G R A M  FATHY3
DIMENSION X(50)/Y1C5&)/Y2(53)/Y3(5G)/Y4(50)

*/Y5(5 0)/Y6(5G)/Y7(50)/Y8(50)/Y9<50)/YlO(50) 
*/Yt1(50)/Y12(5Q)/Y13(50)/Yl4(5Q)/Y15C50)/Y16(50) 
*/Y17(50>/Y18(50)/Y19(50)/Y20(50>/Y2lC5G)/Y22(5Q) 
*/Y23C50)/Y24C£0)/Y25(5G)/Y26(5G)/Y27(50)
CALL PAGE (50.0/29.0)
CALL PICSIZC44.7/14.0)
CALL CVTYPEC3L „ „
CALL SCALES(G. 0/134.1/1/G.0/1OQ.O/1)
CALL AXESC'SAIMPLE LOCATION'/15/BPERCENTAGEB/10)
CALL YAXISO.0/100.0/134.1/'PERCENTAGE'/10)
READ(5/*)N
READ(5/*)(X(I)/Y1(I)/Y2(I)/Y3(I)/Y4(I)/Y5Cl)/ 

*Y6CI)/Y7(I)/Y8(I)/Y9CI)/Y11(I)/Y12CI)/Y18CI)/
*Y20(I)/Y21CI)/Y22(I)/Y26(I)/I*1/N)
CALL BRKN CVCX/Y1/N/6)
CALL BRKN CV(X/Y2/N/4)
CALL BRKN CVCX/Y3/N/2)
CALL BRKN CV(X/Y4/N/1)
CALL BRKN CVCX/Y5/N/-1)
CALL BRKN CVCX/Y6/N/5)
CALL BRKN CVCX/Y7/N/-1>
CALL BRKN CVCX/Y8/N/3)
CALL BRKN CVCX/Y9/N/-2)
CALL BRKN CVCX/Y11/N/-6)
CALL BRKN CVCX/Y12/N/-3)
CALL BRKN CVCX/Y18/N/6)
CALL BRKN CVCX/Y20/N/4)
CALL BRKN CVCX/Y21/N/2)
CALL BRKN CVCX/Y22/N/1)
CALL DR AN CVCX/Y26/N/0)
CALL SET KYC#L B>BV'/16/3)
CALL LINE KY(6/'Y1 #/3)
CALL LINE KYC4/•Y2 b/3)
CALL LINE KYC2/'Y3 #/3)
CALL LINE KYC 1/BY4 B/3)
CALL LINE KYC-1/'Y5 */3)
CALL LINE KYC 5/BY6 #/3)
CALL LINE KY(-1/BY7 */3)
CALL LINE KYC 3/'Y8 B/3>
CALL LINE KYC-2 BY9 '/3)
CALL LINE KYC -6/bY11b/3>
CALL LINE KY(-3/BY12'/3)
CALL LINE KYC6/bY18'/3)
CALL LINE KYC4/'Y20b/3)
CALL LINE KYC2/BY21B/3)
CALL LINE KYC1/'Y22'/3)
CALL LINE KYC 0/'Y26'/3>
CALL TITLEC'B'/'C'/' FIgTc ) VERTICAL VARIATION OF CARBONA

*TE MICROFACIES OF SECTION "49"'/76)
CALL FNDPLT
STOP
E N D



Appendix C o.e ): Computer program (4)
3 0 9

P R O S R A N  F A T H Y 4

D I M E N S I O N  X C 5 3 ) / Y 1 C 5 0 ) * Y 2 C 5 0 ) # Y 3 C 5  0 ) / Y 4 C 5 0 )  

* * Y 5 C 5 0 ) # Y 6 ( 5 Q ) # Y 7 ( 5 0 ) * Y 8 C 5 0 ) * Y 9 C 5 0 > * Y 1 0 C 5 0 )  

♦ ✓ Y t 1 ( 5 0 ) * Y l 2 C 5 Q ) * Y 1 3 ( 5 0 ) * Y 1 4 C 5 0 ) / Y l 5 C 5 0 ) / Y 1 6 C 5 3 )  

* , Y 1 7 C 5 D ) , Y 1 8 ( 5 0 > * Y 1 9 C 5 G > , Y 2 0 C 5 Q ) , Y 2 1 C 5 0 ) , Y 2 2 C 5 0 )  

* , Y 2 3 C 5 0 ) , Y 2 4 C 5 Q > # Y 2 5 C 5 0 ) * Y 2 6 C 5 0 > , Y 2 7 C 5 i ) >

C A L L  P A G E  ( 5 0 . 0 / 2 9 . 0 )

C A L L  P I C S I Z C 3 3 a 8 3 s 1 4 . 0 >

C A L L  C V T Y P E  C 3 ^

C A L L  S C A L E S ( 0 . 0 / 1 0 1 . 5 / 1 / U . O ^ t 0 0 . 0 / 1 )

C A L L  A X E S ( *  S A M P L E  L O C A T I O N * * 1 5 * * P E R C E N T A 6 E * * 1 0 >  

C A L L  Y A X I S CO.3 * 1 0 0 . 0 , 1 0 1 . 5 / * P E R C E N T A G E * , 1 D >

R E A D ( 5 * * ) N

R £ A D C 5 r * ) C X C I ) s Y l C l ) s Y 2 C l ) s Y 3 C l ) / Y 5 ( I ) s Y 6 ( I ) s  

* Y 7 C I ) * Y 8 C I > / Y 9 C I > * Y 1 Q ( I ) , Y 1 1 C I ) # Y 1 4 ( I ) / Y 1 7 C I ) ,  

* Y 1 8 C I > , Y 2  0 C I ) * Y 2 2 C I ) , Y 2 4 C I ) * Y 2 6 C I ) , I « 1 * N )

CALL BRKN C VCXs Y1 sNs6)
CALL BRKN CV(X,Y2,N,4>
CALL BRKN CV(X*Y3sNs2)
CALL BRKN CVCX*Y5sN?1)
CALL BRKN CV(X,Y6,N,-1>
CALL BRKN C VCX#Y7*N* 5 )

CALL BRKN CVCX#Y8#N#-1>
CALL BRKN CVCX#Y9#N# 3 )

CALL BRKN CVCX#YlO#N/-2>
CALL BRKN CVCX#Yl1#N#-6>
CALL BRKN CVCX#Y14#N#-3>
CALL BRKN CVCX#Y17#N#-5>
CALL BRKN CVCX#Y18#N#6>
CALL BRKN CVCX#Y20#N#4)
CALL BRKN CVCX#Y22#N#2)
CALL BRKN CVCX#Y24#N#1)
CALL DRAV C V < X V  Y 2 6# N # 0>
CALL SET KY(*L*^*fcfi#17^3)
CALL LINE KY (6# * Y1 »,3>
CALL 1*1 HE KYC4#*Y2 • #3)
CALL LINE KYC2#*Y3 •#3)
CALL LINE KYC 1/•Y5 f#3)
CALL LINE KYC-1#*Y6 *#3>CALL LINE KYC 5#•Y7 *#3)
CALL LINE KYC-1/*Y8 * # 3 )CALL LINE KYC 3 / *Y9 * * 3 )CALL LINE KYC-2#*Y13*#3>CALL LINE KYC - 6 , " Y U * , 3 )CALL LINE KYC-3##Y14*#3>CALL LINE KYC-5# * Y17  * # 3 )
CALL LINE KYC 6 #  * Y18* # 3 )
CALL LINE KYC 4 # *Y20* * 3 )
CALL LINE KYC2#*Y22*,3>CALL LINE KYC1#*Y24*#3)
CALL LINE KYC 0/* Y26 * * 3 )
CALL TITLEC*B*,*C*,* FIG.<

*TE MICROFACIES O F  SECTION m 5 0 m ' , 7 6 )
) VERTICAL VAR I A T I O N  OF CARBONA

C A L L

S T O P

E N D

E N D P L T



Appendix C0.7): Computer program (5)
3 9 0

PROSRAH FATHY5
DIMENSION X(53)/Y1(50)#Y2C50)/Y3C50)/Y4C50)

*/Y5(5 0)/Y6(5L>/Y7(50)/Y8(50)#Y9(50)/YlO(50> 
*#vm53>/Yt2(5Q)#Y13<50)#Y14(5Q>/Y15(5Q>#Y16(50)
*# Y17(50)# Y18(50)#Y19(50)/Y20(50)/Y21(50)#Y22(50>
*#Y23(53)/Y2 4(5 0)/Y25(50)#Y26(50)#Y27(50)
CALL PAGE (50.0/29.0)
CALL PICSIZC10.03/14.0)
CALL CVTYPEC3),
CALL SC ALES(0.0/30.1#1/0.0/100.0/1)
CALL AXES(* SAMPLE LOCATION*#15*BPERCENTA6EB/10)
CALL YAXIS(0.0/100.0/30.1/'PERCENTAGE*/10)
READ(5/*)N
READ(5/*)(X(I)#Y1(I)#Y2(I)/Y3(I)/Y4(I)#Y6(I)/ 

*Y7(I)/Y8(I)#Y9(I)/Y11(I)#Y16(I)/Y18(1)# 
*Y21(I)/Y22(I)/Y26(I)#I«1#N)
CALL BRKN CVCX/Yl/N/6)
CALL BRKN CVCX/Y2/N/4)
CALL BRKN CV(X#Y3/N/2>
CALL BRKN CV(X#Y4#N/1)
CALL BRKN CVCX/Y6/N/-1)
CALL BRKN CV(X#Y7/N/5>
CALL BRKN CVCX/Y8/N/-1)

1 CALL BRKN CVCX/Y9/N/3)
| CALL BRKN CVCX/Y11#N#-2>

CALL BRKN CVCX/Y16/N/-6)
CALL BRKN CVCX/Y18/N/-3)
CALL BRKN CVCX#Y21#N#6>
CALL BRKN CV(X#Y22#N#4)
CALL DR AN CV(X#Y26#N#0)
CALL SET <Y (-LB/BWB/14#3)
CALL LINE KYC6#• Y1 *#2)
CALL LINE KYC4#•Y2 B#3)
CALL LINE KYC2#• Y3 B#3)
CALL LINE KYC 1**Y4 B#3)
CALL LINE KYC-1#•Y6 B#3)
CALL LINE KYC-1#BY7 B#3)
CALL LINE KYC 3#BY8 B#3)
CALL LINE KYC-2#BY9 B#3)
CALL LINE KYC -6#BY11B#3)
CALL LINE KYC-3#BY16*#3)
CALL LINE KYC6#f Y18B #3)
CALL LINE KYC4#BY21B#3)
CALL LINE KYC2#BY22b #3)
CALL LINE KYC 0/BY26B#3)

ACTION - U - ' W , ’ VER” CAL OF.CA.80M
CALL ENDPLT
STOP
END



Appendix C D-8): Computer program (6)
3 9 1

PROGRAM fATHY6
DIMENSION X(53)/Y1(50)/Y2C50)/Y3(50)/Y4C59) 

*,Y5C50),Y6C50)/Y7(53)/Y8(50)/Y9(50),Y10(50)
*/Y 
* ri 
*/ Y 

A 
A 
A 
A 
A 
A 
E
E
2
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
E

U5D)/Y12(50)/Y13(50)/Y14(50)/Y15(50)/Y16(50) 
7<53>/Y18(50)/Y19(50)/Y20(50)/Y21 (50>/Y22(50) 
3(50)/Y24(5 0)/Y25(50)/Y26(50)/Y27(50)
L PAGE (50,0/29.0)
L PICSIZC8.6/14.0)
L CVTYPEC3),
L SC ALES (0.',0/25.8#1/0.0/1 03.0/1 )
L AXESC *SAMPLE LOCATION*#15/'PERCENTAGE*/10)
L YAXIS(0.3/1 GO.0/25.8/*PERCENTAGE*/10)
D(5/*)N
D (5/*) (X (I) / Y1 (I)/Y3(I)/Y8(I)/Y9(I)/Y17(I)/Y1 8(1)/ 
(I)/Y26(I)/I*1/N)

BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
DR AN
SET
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE

CVCX/Y1/N/6)
CVCX/Y3/N/4)
CV(X/Y8/N/2)
CVCX/Y9/N/1
CV(X/Y17/N/-1>
C V(X/Y18/N/5)
CV(X/Y22/N/-1) 
CV(X/Y26/N/0) 

KY (fL*/*M#/8/3) 
KY(6/*Y1 */3) 
KY(4/*Y3 */3) 
KY(2/*Y8 */3) 
KYC 1/*Y9 -/3>
KYC-1/* VI7 3)
KYC 5/*Y18 */3)
KYC-1/*Y22*/3)

L LINE KYC 0/*Y26*/3)
L TITLE C#B*/*Cf/# 
MICROFACIES OF SECTION 

ALL ENDPLT 
STOP 
END

f i gTc > VERTICAL VARIATION OF CARBONA76)



Appendix ( 0.9): Computer program (7)
3 9 2

P R O G R A M  F A T H Y 7

D I M E N S I O N  X(50)/Y1(50)/Y2(50)/Y3(5C)/Y4(50) 
*/Y5(5P)/f6(50)/Y7(50)/Y8(50)/Y9(50)/YlQ(53) 
*/YlH53),Y12(53)/Y13(5Q)/Yl4(50>/Yl5(50)/Yl6(50> 
*/Yl7(50)/Y18(50)/Y19(50)/Y20(5G)/Y2<(5Q)/Y22(5U> 
*/f25(50)/Y24(50)/Y25(50)/Y26(50)/Y27(50)
CALL PAGE(60.3/29*0)
C A L L  PICSIZ(53.33/14.0)
CALL CVTYPE(31 ,
CALL SC ALES(0.0/160.0/1/0.0/100.0/1)
C A L L  A X E S (# SAMPLE L0CATI0N9/15/9PERCENTA6E9/10) 
C A L L  YAXIS (0.0/100.0/160.0/*PERCENTAGE9/10)
R E A D  ( 5 / * ) N

R£AD(5/*)(X(I>/Y1(I)/Y2(I)/Y3(I)/Y4(I)/Y6(I)/
*Y7(I)/Y8(I)/Y9(I)/Y11(I)/Y15(I)/Y16(I)/
*Y17(I)*Y18(I)/Y19(I)/Y20(I)/Y22(I)/Y24(I)/
*Y26(I)/1*1/N)
CALL BRKN CVCX/Y1/N/6)
CALL B R K N  CVCX/Y2/N/4)
C A L L  B R K N  CV(X/Y3/N/2)
CALL BRKN CV(X/Y4/N/1)
CALL BRKN CVCX/Y6/N/-1)
CALL BRKN CV(X/Y7/N/5)
CALL BRKN CV(X/Y8/N/-1)
CALL BRKN CVCX/Y9/N/3)
C A L L  BRKN C V(X/Y11/N/-2)
CALL BRKN CV(X/Y15/N/-6)
CALL BRKN CV(X/Y16/N/-3)
CALL BRKN CV(X/Y16/N/6)
CALL BRKN CV(X/Y18/N/4)
CALL BRKN CV(X/Y19/N/2)
CALL BRKN CVCX/Y20/N/1)
CALL BRKN CV(X/Y22/N/-1)
CALL B R K N  CV(X/Y24/N/5)
CALL DRAW CV(X/Y26/N/0)
CALL SET KY (9L9/ 9 W9 /18/3)
CALL LINE KY(6/9Y1 9/3)
CALL LINE KY(4/9Y2 9/3)
CALL LINE KY(2/9Y3 9/3)
CALL LINE KY( 1/9Y4 9/3)
CALL LINE KY(-1/9Y6 9/3)
CALL LINE KY( 5/9 Y7 -/3)
CALL LINE KY(-1/9 Y8 9 /3)
CALL LINE KY( 3/9 Y9 9/3)
CALL LINE KY(-2/9Y11 9/3)
CALL LINE KY( -6/9Yl59/3>
CALL LINE KY(-3/9 Y169/3)
CALL LINE KY(6/9 Y17* /3)
CALL LINE KY(4/9Y189/3)
CALL LINE KY(2/9Y199/3)
CALL LINE KY(1 /9 Y209/3)
CALL LINE KY(-1/9Y22 9/3)
CALL LINE KY(5/9Y249/3)
CALL LINE KY( 0/9Y25 9/3)
CALL TITLE(9B#/9C9/9

#TE MICR0F4CIES OF SECTION M 4"9/76) 
CALL ENDPLT 
STOP 
END



Appendix Cd .ioJ: Computer program (8) 3 9 3

P R O G R A M  F A T H Y 8
DIMENSION X(53>/Y1(5C)/Y2(53)/Y3(5O)/Y4(50) 

*/Y5<5P)/Y6<5&)/Y7<50)/Y8C50)/Y9<5n),Yl0<59> 
*,Y11(5a>/Yl2(50)/Y13(50>/Y14(50)/Y15(50>/Yl6(5G)
*/Yl7(50)/Y1 8<50>/Yl9(50)/Y20(5U)/Y21(5Q)/Y22(50> 
*/Y23(5Q)/Y24(510)/Y25(5U)/Y26(50)/Y27(5D)
CALL PAGE (50«.0/29.0)
CALL PICSIZ(4.Q/14.0)
CALL CVTYPE(31
C A L b .  S C A L E S  (0.0/1 2.9/1/0.0/1 00*0/1 )
CALL AX ES(9 SAMPLE LOCATION9/15/9PERCENTAGE9/10)
CALL YAXIS(0.0/1 00.0/12.0/9PERCENTAGE9/1Q)
READ(5/*)N
READ(5/*)(X(I)/Y1(I)/Y3(I)/Y4(I)/Y6(I)/Y7(I)/

*Y8(I)/Y9(I)/Y11(I)/Y15(I)/Y17(I)/Y18(I)/Y19(I)/
*Y23(l)/Y22(I)/Y24(I)/I*1/N)
CALL BRKN CV(X/Y1/N/6>
CALL BRKN CV(X/Y3/N/4)
CALL BRKN CVCX/Y4/N/2)
CALL BRKN CV(X/Y6/N/1>
C A L L  BRKN C V ( X / Y7/N/-1)
CALL BRKN CV(X/Y8/N/5>
CALL BRKN CV(X/Y9/N/-1)
CALL BRKN CV(X/Y11/N/3)
CALL BRKN CV(X'Yl5/N/-2)
CALL BRKN CV(X/Y17/N/-6)
CALL BRKN CV(X/Y18/N/-3)
CALL BRKN CV(X/Yl9/N/6)
CALL BRKN CV(X/Y20/N/4)
CALL BRKN CV(X/Y22/N/2)
CALL DRAW CV(X/Y24/N/0)
CALL SET KY(,Li/9M9/15/3)
CALL LINE KY(6/9Y1 9/3)
CALL LINE KY(4/9Y3 9/3)
CALL LINE KY(2/9Y4 9/3)
CALL LINE KY( 1/9Y6 9/3)
CALL LINE KY(-1/9Y7 9/3)
CALL LINE KY( 5/9Y8 9/3)
CALL LINE KY(-1/9Y9 9/3)
CALL LINE KY( 3/9Y11 9/3)
CALL LINE KY(-2/9Y15 9/3>
CALL LINE KY( -6/9Yl79/3>
CALL LINE KY(-3/9Y189/3)
CALL LINE KY(6/9Yl99/3)
CALL LINE KY(4/9 Y?09/3)
CALL LINE KY(2/9Y229/3)
CALL LINE KY( 0/9Y249/3)
CALL TITLE(,B9/*C9/9 FIG.C ) VERTICAL VARIATION OF CARBONA

*TS MICROFACIES OF SECTION M 5"9/76)
CALL FNDPLT
STOP
E N D



Appendix(o.n): Computer program (9)
3 9  1

PROGRAM FATHY9
DIMENSION X(59)/Y1(5G>/Y2(53>/Y3(50)/Y4(53) 

*/Y5(5P)/Y6(5Q)/Y7(50)/V8(5a)/Y9(50)/Yl0(50) 
*,Y11(5D)/Y12(5Q)/Yl3(5a)/Yl4(50>/Y15(50>/Y16(5G> 
*,Y17(5D),Y18(5 0)/Y19(50>/Y20(50>/Y2l(50)/Y22(50)

Y 25(50)/Y2 4(5,0)/Y 25 (50)/Y26(5Q)/Y27(50)
CALL PAGE (50.0/29.£)
CALL PICSIZ(16.0/14.0)
CALL CVTYPEC3L
C A L L  S C A L E S (0.0/48.0/1/0.0/100.0/1)
CALL AXES(a SAMPLE L0CATI0N*/15/fPERCENTAGE1/10)
C A L L  Y A X I S ( 0 . 9 / 1 0 0 . 0 / 4 8 . 0 / 1 P E R C E N T A G E * / l 0 )READ(5/*)N
READ(5/*>(X(I)/Y1(I)/Y2(I)/Y3(I)/Y6(I)/Y7(I)/Y9(I)/ 

*Y11(I)/Y15(I)/Y17(I)/Y18(I)/Y22(I)/
*Y24(I)/I«1/N)
CALL BRKN CV(X/Y1/N/6>
CALL BRKN CV(X/Y2/N/4)
CALL BRKN CV(X/Y3/N/2)
CALL BRKN CVCX/Y6/N/1)
CALL BRKN CV(X/Y7/N/- )
CALL BRKN CV(X/Y9/N/5)
CALL BRKN CV(X/Y11/N/-1)
CALL BRKN CV(X/Y15/N/3)
CALL BRKN CV(X#Y17/N/-2)
CALL BRKN CV(X/Y18/N/-6)
CALL BRKN CVCX/Y22/N/-3)
CALL DR AN CV(X/Y24/N/0)
CALL SET KY(#L•/iW*/12/3)
CALL LINE KY(6/* Y1 * / 3)
CALL LINE KY(4/*Y2 f/3)
CALL LINE KY(2/#Y3 #/3)
CALL LINE KY( 1/9Y6 #/3)
CALL LINE KY(-1/■Y7 '/3)
CALL LINE KY( 5/*Y9 */3)
CALL LINE KY(-1/»Y11»/3)
CALL LINE KY( 3/*Yl5*/3)
CALL LINE KY(-2/iYl7i/3)
CALL LINE KY( -6/#Yl8*/3)
CALL LINE KY(-3/,Y22#/3)
CALL LINE KY( 0/iY24i/3)
CALL TITLE(*Bf/*C */*

*TE MICROFACIES OF SECTION 
CALL ENDPLT 
STOP 
END

FI 6. ( "1QW * 76)
) VERTICAL VARIATION OF CARBONA



Appendix (p.i3 ? Computer program (10)
3 9 5

PROGRAM FATHY10
DIMENSION X(50)/Y1(50)/Y2(50)/Y3(50)/Y4(50) 

*/Y5(5C)/Y6(5G>/Y7(50)/Y8(50)/Y9(50),YlO(50) 
*/Yl1(50)/Y12(50)/Y13(50)/Y14(50)/Y15(50)/Y16(50) 
*/Yl7(53)/Y18(50)/Y19<50)/Y20(50)/Y21(50>/Y22(5Q> 
*/Y23(50)/Y24(!j^G)/Y25(5G)/Y26(5Q)/Y27(50)
CALL PAGE (50.0/29.D)
CALL PICSIZ(21.33/14.0)
CALL CVTYPEC31
CALL SCALES (0.*G/64.0/1/0.0/1QP.0/1 )
CALL AXESC'SANPLE LOCATION* /15/* PERCENTAGE*/10) 
CALL YAXIS(0.0/100.0/64.0/*PERCENTAGE*/10)READ(5/*)N
READ (5/*)(X(I)/Y1(I)/Y2(I)/Y3(I)/Y4(I)/Y6(I)/ 

*Y7(I)/Y9(I)/Y13(I)/V14(I)/Y17(I)/Y18(I)/Y20(I)/ 
*Y22(I)/Y24(I)/Y25(I)/Y26(I)/I»1/N)
CALL BRKN CVU/Y1/N/6)

CV(X/Y2/N/4)
CV(X/Y3/N/2)
CV(X/Y4/N/1)
CV(X/Y6/N/-1)
C V(X/Y7/N/5)
CV(X/Y9/N/-1)
CV(X/Yl3/N/3)
C V(X/Y14/N/-2)
CV(X/Y17/N/-6)
CV(X/Y18/N/-3)
CV(X/Y20/N/6)
CV(X/Y22/N/4)
CV(X/Y24/N/2)
C V(X/Y25/N/1)
CV(X/Y26/N/0)

3)

BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
DRAW
SET

CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL

*TE MICROFACIES 
CALL ENDPLT 
STOP 
END

K Y O L ' / ^ ^ U / .
/3 ) 
*3) 
/3)

KY(6/9 Yi 
KY(4/•Y2 
KY(2/BY3 
KY( 1/•Y4 */3) 
KY(-1/BY6 */3) 
KY( 5/•Y7 */3) 
KY(-1/*Y9 */3) 
KY( 3/*YlS #/3) 

E KY(-2/* Yi 4 f/3) 
KY( -6/iYl7,/3) 
KY(-3/#Y18*/3)
KY(6/•Y20*/3)
KY(4/•Y22*/3)

LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LINE
T I T L E ( , B , / , C , / f

KY(2/9 Y24*/3)
3)

KY( 0/* Y26 */3)
OF SECTION

F I G ? (  

1 6M 1
) VERTICAL V A R IATION OF CAR80NA

76)



Appendix (d.13 ): Computer program (11)

PROSRAM FATHYl1
DIMENSION X(53)/Y1(5G)/Y2(53)/Y3<50)/Y4(50) 

*/Y5(5P)/Y6(5G)/Y7(50)/Y8(50)/Y9(50)/YlG(50) 
*/YlU50)/Yl2C5U)/Y13(50>/Y14(50)/Y15(50>/Y16(5D) 
*/Yl7(53)/Y18(5G)/Y19(50)/Y20(5G)/Y2l(50)/Y22(50) 
*/Y23(5C)/Y24<5O>/Y25(5G)/Y26(5U)/Y27<50>
TALL PAGE (50.0/29.0)

PICSIZ(32.66/14.0)
CVTYPE(3^

98.0/1/0.0/100.0/1)
E LOCATION*/15/#PERCENTA6E*/10) 
GO.0/98. 0/* PERCENT AGE*/10)

SCALES(G^D 
AXES(* SAMP 
YAXIS(0.0/ 

EAD(5/*)N 
EAD(5/*)(X (I)/

ALL
ALu
ALL
ALL
ALL

7(I)/Y8(I)/Y9( )/Yl7(I)/Y
20(1)/Y21(I)/Y 2(1) /Y25 (I
ALL BRKN CV(X/ 1/N/ 6)
ALL BRKN CV(X/ 2/N/ 4)
AL» BRKN CV(X/ 3/N/ 2)
ALL BRKN CV(X/ 4/ N/1)
ALL BRKN CV(X/ 6/N/ -1)
ALL BRKN CV(X/ 7/N/ 5)
ALL BRKN CV(X/ 8/N/ -1)
ALL BRKN CV( X/ 9/N/ 3 )
ALL BRKN CV(X/ 17/N -2)
ALL BRKN CV(X/ 18/N -6)ALL BRKN CV(X/ 19/N -3)
ALL BRKN CV(X/ 20/N 6)
ALL BRKN CV(X/ 21 /N 4)
ALL BRKN CVCX/ 22/N 2)
ALL BRKN CV(X/ 25/N 1)
ALL DRAW CV(X/ 26/N 0)
ALL SET (Y(*L* •W*/ 6/3)
ALL LINE K Y(6/ Y1 ■ 3)
ALL LINE KY(4/ Y2 * 3)
ALL LINE KY(2/ Y3 * 3)
ALL LINE KY( 1 • Y4 /3)
ALL LINE KY(-1 • Y6 /3)
ALL LINE KY( 5 * Y7 /3)
aLl LINE KY(-1 • Y8 /3)
ALL LINE KY( 3 * Y9 /3)
ALL LINE KY(-2 • Y17 /3)
ALL LINE KY( - / * Y1 8*/3)
ALL LINE KY(-3 * Y19 /3)
ALL LINE K Y(6/ Y20* 3)
AL- LINE K Y(4/ Y21 * 3)
ALL LINE KY(2/ Y22* 3)
ALL LINE KY (1 / Y25* 3)
ALL LINE KY< 0 •Y26 /3)
ALL TITL 5(*B# / C*/#

1 (I)/Y2(I)/Y3(I)/Y4(I>/Y6(I)/

E MICROFACIES 
ALL ENDPLT 

STOP 
END

FIG.( ) VERTICAL VARIATION OF CARBONA
OF SECTION M17"*/76)



Appendix Co. 14 ): Computer program (12)
3 9 7

PROGRAM FATHY12
DIMENSION X(50)/Y1(50)/Y2(50)/Y3(50)/Y4(50) 

*,Y5(50)/Y6(5Q>/ 7(50)/Y8(50)/Y9(50)/Y10(50) 
*/Y11(50)/Yl2(50)/Y13(5Q>/Y14(5Q>/Y15(50>/Y16(5G) 
*,Y17(53)/Y18(5 0)/Y19(5Q>/Y20(50)/Y21(5Q)/Y22(53> 
*,Y23(53)/Y24(50)/Y25(50)/Y26(50>/Y27(50>
CALL PAGE (50.0/29.0,)
CALL PICSIZC43.0/14.0)
CALL CVTYPE(3)
CALL SCALES(0.0/129.0/1/0.0/100.0/1)
CALL AXES(* SAMPLE LOCATION*/15/#PERCENTA6E•/10) 
CALL YAXIS(0.0/1 DO.0/129.0/* PERCENTAGE*/10)
READ(5/*)N
READ(5/*)(X(I)/Y1(I)/Y3(I)/Y4(I)/Y6(I)/Y7(I)/ 

*Yd(I)/Y9(I)/Yl4(I)/Y16(I)/Yl7(I)/Yl8(I)/ 
*Y19(I)/Y20(I)/Y22(I)/Y24(I)/Y25(I)/Y26(I)/I-1/N) 
CALL BRKN CV(X/Y1/N/6)

CV(X/Y3/N/4)
CV(X/Y4/N/2)
CV(X/Y6/N/1)
CVCX/Y7/N/-1)
CVCX/Y8/N/5)
CVCX/Y9/N/-1)
CVCX/Y14/N/3)
CV(X/Y16/N/-2>
CV(X/Yl7/N/-6)
CV(X/Y18/N/-3)
C V(X/Y19/N/6)
CV(X/Y20/N/4)
CV(X/Y22/N/2)
CV(X/Y24/N/1)
CV(X/Y25/M/-1)
CV(X/Y26/N/0)

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

BRKN
BRKN
BRKN
8RKN
BRKN
BRKN
8RKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
DRAW
SET
LI NE
LINE
LI NE
LINE
LINE
Line
LINE 
LINE 
LINE 
LINE 
LINE 
LINE 
LI NE 
LINE 
LINE 
LINE 
LINE

KY(*L,/*W*/17/3)
KY(S/#Y1 */3) 
KY(4/*Y3 •/3)
KY(2/•Y4 */3) 
KYC 1/*Y6 */3) 
KY(-1/*Y7 */3) 
KYC 5/*Y8 */3) 
KY(-1/*Y9 */3) 
KYC 3/*Y14 */3) 
KY(-2/*Y16*/3) 
KY( -6/* Yi7*/3) 
KYX-3/*Y18*/3> 
KY(6/*Yl9'/3) 
KY(4,*Y20*/3) 
KY(2/*Y22*/3)
KY(1/*Y24*/3)
KY(-1/* Y25 */3) 
KY( 0/*Y26*/3) 

TITLEC'B'/^C*/*
*TE MICROFACIES OF SECTION 
CALL ENDPLT 
STO»
END

f i gTc
“IS"" ) VE R T I C A L  VAR I A T I O N  OF CARBONA76)



Appendix (d.15): Computer program (13)
3 9 8

PROGRAM FATHY13
MENS!ON X(50)/Y1(5U)/Y2C50)/Y3(5 0)/Y4(53) 
5(50)/Y6(50)/Y7(50)/Y8(50)/Y9(50)/Y10(50) 
1K5D)/Y12(5&)/Y13(5G>/Y14C5O>/Y15(50>/Y16(5Q) 
7(5u)/Yl8(50)/Y19(50)/Y20(5G)/Y21(50)/Y22(5Q) 
3(50)/Y2 4(5G)/Y25(50)/Y26(50>/Y27(50)
L PAGE (50.0/29.3)
L PICSIZ(23.66/14.0)
L CVTYPE(3£.
L SCALES(OiO/7^.0/1/0.0/100.0/1 )
L AXES(•SAMPLE LOCATION#/15/,PERC£NTAGEi/10)
L YAXIS(0.0/100.0/71.G/'PERCENTAGE*/10) 
D(5/*)N
D(5/*>(X(I)/Yt(I)/Y2(I)/Y3(I)/Y4(I)/Y6(I)/ 
I)/Y8(I)/Y9(I)/Y11(1)/Y18(I)/Y20(I)/Y21(I)/ 
(I)/Y24(I)/Y26(I)/I*1/N)

BRKN CV(X/Y1/N/6)
BRKN CV(X/Y2/N/4) 
BRKN CV(X/Y3/N/2) 
BRKN CV(X/Y4/N/1> 
BRKN CV(X/Y6/N/-1) 
BRKN CVCX/Y7/N/5)

LL BRKM CV(X/Y8 /N/-1)
LL BRKN CV(X/Y9 /N/3)
LL BRKN CV(X/Y11/N/-2)
LL BRKN CV(X/Y18/N/-6>
LL BRKN CVCX/Y20/N/-3)
LL BRKN CV(X/Y21/N/6)
LL BRKN CV(X/Y22/N/4)
LL BRKN CV(X/Y24/N/2)
LL DRAM CV(X/Y26/N/0)
LL SET KY (# L • /9M#/15/3)
LL LINE KY (6/• 1 #/3)
LL LINS KY(4/V 2 f/3)
LL LINE KY(2/* 3 #/3)
LL LINE KYC 1/ Y4 -/3)
LL LINE KY(-1/ Y6 9/3)
LL LINE KYC 5/ Y7 */3)
LL LINE KYC-1/ Y8 #/3)
LL LINE KY( 3/ Y9 9/3)
LL LINE KYC-2/ Y11 •/3)
LL LINE KYC -6 •Yl8*/3)
LL LINE KY(-3/ Y 20 * / 3 )
LL LINE KYC6/* 21•/3)
LL LINE KY(4/* 22* /3)
LL LINE K Y (2 / ■ 24*/3)
LL LINE KY( 0/ Y26*/3)
LL TITLE(*8*/* •/•
MICROFACIES 0 SECTION

LL ENDPLT
FIG.( ) VERTICAL VARIATION OF CARBONA

•26Mi/76)
OP

END



Appendix C d .16 ): Computer program (14)
3 9 9

PROGRAM FATHY14
01 ME NSI ON X(53)/Y1(5C)/Y2(53)/Y3(5O)/Y4(50) 

*/Y5(5f')/Y6(5Q)/Y7(5O)/Y8(50)/Y9(5O)/YlO(53)
*/YH ( 5D)/Y1 2(5 0>/Y13(50)/Yl4(50)/Y15(50>/Yl6(5u)
*/Yl7(53)/Y18(50 3/Y19(50)/Y2D(50)/Y2l (50) ,Y2 2(50)
*/Y23(50>/Y24(5 0)/Y25(50)/Y26(5U)/Y27(50>
CALL PAGE (50*0/29.01)
CALL PICSIZC5.33/14.0 
CALL CVTYPE(31
CALL SC ALPS(0.0/16.3/1/0.0/1 OH.0/1)
CALL AXES(•SAMPLE LOCATION*/15/•PERCENTAGE*/13)
CALL YAXIS(0.3/100.0/16.0/*PERCENTAGE*/10)
READ(5/*)N
READ(5/*)(X(I)/Y1(I)/Y2(I)/Y3(I)/Y4(I)/Y6(I)/ 

*Y7(I)/Y8(I)/Y9(I)/Y11(I)/Y18(I)/Y20(I)/Y21(I)/
*Y22(I)/Y24(I)/Y26(I)/I*1/N)
CALL BRKN CVCX/Y1/N/6)
CALL BRKN CVCX/Y2/N/4)
CALL BRKN CV(X/Y3/N/2)
CALL BRKN CV(X/Y4/N/1)
CALL BRKN CV(X/Y6/N/-1)
CALL BRKN CV(X/Y7/N/5)
CALL BRKN CV(X/Y8/N/-1)
CALL 8RKN CV(X/Y9/N/3)
CALL BRKN CVCX/Y11/N/-2)
CALL BRKN CV(X/Y18/N/-6)
CALL BRKN CV(X/Y20/N/-3)
CALL BRKN CVCX/Y21/N/6)1 
CALL BRKN CVCX/Y22/N/4)
CALL BRKN CVCX/Y24/N/2)
CALL DRAW CVCX/Y26/N/0)
CALL SET KY(*L*/*W*/15/3)
CALL LINE KY(6/*Y1 */3)
CALL LINE KY(4/#Y2 */3)
CALL LINE KY(2/*Y3 */3)
CALL LINE KYC 1/*Y4 */3)
CALL LINE KYC-1/*Y6 */3)
CALL LINE KYC 5/*Y7 */3)
CALL LINE KY(-1/•Y8 */3)
CALL LINE KY( 3/*Y9 */3)
CALL LINE KYC-2/•YI1 */3)
CALL LINE KYC -6/*Yl8-/3)
CALL LINE KY(-3/*Y23*/3)
CALL LINE KY(6/#Y2l*/3)
CALL LINE KY(4/*Y22*/3)
CALL LINE KY(2/,Y24*/3)
CALL LINE KYC 0/*Y26*/3)
CALL TITLE(*B*/*C */* FIG.C ) VERTICAL VARIATION OF CARBONA

*TE MICROFACIES OF SECTION "S6"*/76)
CALL ENDPLT
STOP
END



Appendix (D.17): Computer program (15)
4 0 0

PROGRAM FATHY15
DIMENSION X(53)/Y1(50)/Y2(50)/Y3(5G),Y4(50> 

*/Y5(5 0)/Y6(50>/Y7(50)/Y8(50)/Y9(50>/YlO(50) 
♦,Y11C53>/Y12(5G>/Y13(50)/Y14(50)/Y15(5Q>,Y16(50> 
*/Y17(5))/Y18(50)/Yl9(50>/Y20(5 0)/Y21(50)/Y22(5G> 
*/Y25(5D)/Y24(5Q)/Y25<50)/Y26(50)/Y27(50)
CALL PAGE(50. 3 / 29.43>
CALL PICSIZ(34.46/1 4.0)
CALL CVTYPE(31
CALL SC ALES (Q.G/103. 4/1/0.0/100.0/1)
CALL AXES(9SAMPLE LDCATION9/15/9 PERCENTAGE9/10> 
CALL YAXIS(0.3/100.0/103.4/9PERCENTAGE9/10)
READ (5/*)N
READ (5/*)(X(I)/Y1(I)/Y3(I)/Y4(I)/ 

*Y6(I)/Y7(I)/Y8(I)/
*Y1 2( I ) / Y1 7 (I) /
*Y18(I)/Y20(I)/Y21(I)/Y22(I)/
*Y25(I)/Y26(I)/
*Y27(I)/1*1 /N)
CALL BRKN CV(X/ 1/N/ 6)
CALL BRKN CV(X/ 3/N/ 2)
CALL BRKN CV(X/ 4/N/ 1)
CALL BRKN CVCX/ 6/N/ 5)
CALL BRKN CV(X/ 7/N/ -1)
CALL BRKN CVCX/ 8/N/3)
CALL BRKN CV(X/ 12/N ,6)
CALL BRKN CV(X/ 17/N / >
CALL BRKN CVCX, 18/N /-D
CALL BRKN CV(X, 20/N ,-2)
CALL BRKN CV(X, 21/N /-6)
CALL BRKN CV(X, 22/N /-3>
CALL BRKN CV(X, 25/N /2)
CALL BRKN CVCX/ 26/N / )
CALL DRAW CV(X/ 27/N,0)
CALL SET KY (9L 9 9W9/15/3)
CALL LINE K Y(6/ Y1 9/3)
CALL LINE KY(2/ Y3 9/3)
CALL LINE KY( 1 9 Y4 9/3)
CALL LINE KY( 5 9 Y6 9 /3)
CALL LINE KY(-1 9 Y7 9/3)
CALL LINE KY( 3 9 Y8 9/3)
CALL LINE K Y (6/ Y129/3)
CALL LINE K Y(5/ Y179/3)
CALL LINE KY(-1 9 Y18#/3)
CALL LINE KY(-2 9Y20 9/3)
CALL LINE KY(-6 9 Y21 9/3)
CALL LINE KY(-3 9 Y22 9/3)
CALL LINE K Y (2/ Y259,3)
CALL LINE KY(1 / Y269/3)
CALL LINE KY( 0 9 Y27 9/3)
CALL TITLE (9B9/ C9/9 f i g7( ) VERTICAL VARIATION OF CARBONA

*TE MICROFACIES 
CALL ENDPLT 
STOP 
END

OF SECTION -5r9/76)



Appendix (d.18): Computer program (16)

PROGR Aft FATHYl6
DIME MSI ON X(50)*Y1 (5 0)*Y2(50)*Y3(5 0)*Y4C50) 

**Y5(50)*Y6(5D)*Y7C50)a Y8(5G)*Y9C50)*Y10(50>
**Y1I(5D)*Y12(50 )*Y13C5U)*Y14(50) *Y15(5G)*Y16(50) 
♦*Y17(53)*Y18C5G)*Y19C5Q)*Y20(5U)*Y21(5G)*Y22(5U) 
**Y23(5G)*Y24(^0)*Y25(5Q)*Y26(5Q)*Y27(50)
CALL PAGE (50.0*29.3)

PICSIZC20.33*14.0)
CVTYPE(3X
SCALES (0.0*61.0*1*0.0*100.0*1)
AXES(•SAMPLE L0CATI0N,*15*,PERCENTA6E#*10) 
YAXIS (O.’O 100.0*61.0*,PERCENTAGE#*10)

CALL 
CALL 
CALL 
CALL 
CALL 
READ(5**)N 
READ(5* *)(X(I)* 

*Y7(I)*Y8(I)*Y9( 
*Yl7(1)*Y18(1)*Y
CALL BRKN CV(X* 1 *N* 6)
CALL BRKN CV(X* 2*N* 4)
CALL BRKN CV(X* 3*N* 2)
CALL BRKN CV(K* 4*N* 1)
CALL BRKN CVCX* O* N*-1)
CALL BRKN CVCX* 7*N* 5)
CALL BRKN CVCX* 8*N* -1)
CALL BRKN CVCX* 9*N* 3)
CALL BRKN CV(X* 1D*N -2)
CALL BRKN CVCX* 14*N -6)
CALL BRKN CVCX* 1 6*N -3)
CALL BRKN CVCX* T|7*N 6)
CALL BRKN CVCX* 18*N 4)
CALL BRKN CVCX* 20*N 2)
CALL BRKN CVCX* 22*N 1)
CALL BRKN CVCX* 24*N 1)
CALL DRAW CVCX* 26*N 0)
CALL SET KY(f L * •w»* 7*3)
CALL LINE KYC6* Y1 • 3)
CALL LI NE KYC4* Y2 • 3)
CALL LINE KYC2* Y3 • 3)
CAL. Lt NE KYC 1 •Y4 *3)
CALL LINE KYC-1 •Y6 *3)
CALL LINE KYC 5 # Y7 *3)
CALL LINE KYC-1 •Y8 *3)
CALL LINE KYC 3 • Y9 *3)
CALL LINE KYC-2 • Y10 *3)
CALL LINE KYC - *f Y1 # *3)
CALL LINE KYC-3 • Y16 *3)
CALL LINE KYC6* Y17* 3)
CALL LINE KYU* Y18* 3)
CALL LINE KYC2* Y20* 3)
CALL LINE KYC1* Y22* 3)
CALL LINE KYC-1 • Y24 *3)
CALL LINE KYC 0 •Y26 ' *3)
CALL TITLE('B* * €•*•

*T£ ftlCROFACIES OF SE CTION
CALL ENDPLT

1(I)*Y2(I)*Y3(I)*Y4(I)*Y6(I)* 
)*Y10(I)*Y14(I)*Y16(1)* 
0CI)*Y22(I)*Y24CX)*Y26(I)*I*1*N)

FIG. (
M5 6"•*76)

) VE R T I C A L  VARIATION OF CAR80NA

STOP
END



4 0 2
Appendix (D. 19): Computer program (17)

PROGRAM FATHY17
DIMENSION X(53)*Y1(5 0)*Y2(50)*Y3(5Q)*Y4(50)

*/Y5(5 0),Y6(5C)*Y7(50)*Y8(50)*Y9(50)*YlO(50) 
**Y1U50>*Y12<50)*Y13(5Q>*Y14(5,G)*Y15(5&)*Y16(50)
**Y17(50)*Y18(50)*Y19(50)*Y2D(50)*Y21(50)*Y22(53) 
**Y23(5D)*Y24(50)*Y25(5G)*Y26(50)*Y27(50)
CALL PAGE(50.0*29.0)
CALL PICSIZC23.33*14.0)
CALL CVTYPE<3X
CALL SCALES(0.0*61.5*1*0.0*100.0*1)
CALL AXES(•SAMPLE LOCATION* *15*#PERCENTA6E**10)
CALL YAXI$(0.3*100.0*61 VO* *PER CENT AGE**10)
READ(5,*)N
READC5**)(X(I)*Y1(I)*Y2(I)*Y3(I)*Y4(I)*Y6(I)* 

*Y7(I)*Y8(I)*Y9(I)*Y1Q(I)*Y14(I)*Y15CI)* 
*Y16(I)sY!7(I)*Y18(I)*Y20(I)*Y22(I)*Y25(I)*
*Y26(I)*I-1*N)
CALL BRKN CV(X*Y1*N*6)
CALL BRKN CV(X*Y2*N*4)
CALL BRKN CV(X*Y3*N*2)
CALL BRKN CV(X*Y4*N*1)
CALL BRKN CV(X*Y6*N*-1)
CALL BRKN CV(X*Y7*N*5)
CALL BRKN CV(X*Y8*N*-1)
CALL BRKN CV(X*Y9*N*3)
CALL BRKN CVCX*YlO*N*-2)
CALL BRKN CV(X*Y14*N*-6)
CALL BRKN CVCX*Y15*N*-3)
CALL BRKN CV(X*Y16*N*6)
CALL BRKN CVCX*Yi7*N*4)
CALL BRKN CV(X*YI8*N*2)
CALl BRKN CV(X*Y20*N*1)
CALL BRKN CV(X*Y22*N*-1)
CALL BRKN CV(X*Y25*N*5)
CALL DRAN CV(X*Y26*N*0)
CALL SET KY(#L**#V,*18*3)
CALL LINE KY(6* * Y1 **3)
CALL LINE KY (4* ■ Y2 •*3)
CALL LINE KY(2*,Y3 •*3)
CALL LINE KY( 1 *•Y4 # *3)
CALL LINE KY(-1 • Y6 #*3)
CALL LINE KY( 5* *Y7 #*3)
CALL LINE KY(-1*•Y8 # *3)
CALL LINE KY( 3*•Y9 # *3)
CALL LINE KYC-2* * YtO * *3)
CALL LINE KYC -6*# Yi4* *3)
CALL LINE KY(-3*'Y15 #*3)
CALL LINE KY(6*,Y16* *3)
CALL LINE KY (4*f Y17* *3)
CALL LINE KY (2* • Yi 8* *3)
CALL LINE K Y(1 * • Y20B*3)
CALL LINE KY(-1*■Y22 #*3)
CALL LINE KY (5*# Y25" *3)
CALL LINE KYC 0*•Y26 # *3)CALL T I T L E ( * * C  ***

*TE NICROFACIES OF SECTION ,,59w,*76) 
CALL ENDPLT
STOP
END



Appendix (D.2Q): Computer program (18)
4 0 3

PROSR AM FATHY18
DIMENSION XC53), Y1 (5 0), Y2( 50)* Y3(50 , Y4C50) 

*,Y5(50),Y6(5C>,Y7(5D),Y8(5U),Y9(50),Y1Q(50)
*,Y11(5D),Y12(5 0),Y13(50),YI4(50),Y15(50),Y16(50) 
*,Y17(5D),Y18(50),Y19(50),Y20C50>,Y21(50),Y22(5G> 
*,Y23(50),Y24(50>,T25(50>,Y26(5G),Y27(50>
CALL PAGE(50.1x29.0)
CALL PICSIZ(33.43,14.0)
CALL CVTYPE(3)
CALL SC ALES<0.0,91.3,1,0.0,100.0,1)
CALL AXES < * SAMPLE LOCATION *,15,* PERCENTA6E#,10) 
CALL YAXISC 0.0,1 00.0/91.3/* PERCENT AGE"/10)
READ(5,*)N
READ(5,*)(X(I) ,YI (I),Y3(1),Y4(I), 
Y6(I)/Y7(I)/Y9(I)/

*Yl2(1),Yi7(1)/
*Y18(I)/Y20(I)/Y21(I) , Y22C.
*Y25CI),Y26(I>,
*1*1/N )
CALL BRKN CV(X, 1 ,N, 6)
CALL BRKN CV(X, 3,N, 2)
CALL BRKN CV(X, 4,N, 1)
CALL BRKN CV(X/ 6,N, 5)
CALL BRKN CVCX, 7,N, -1)
CALL BRKN CV(X, 9,N, -2)
CALL BRKN CVCX, 12,N 6)
CALL BRKN CVCX, 17,N 5)
CALL BRKN CVCX, 18, N -1)
CALL BRKN CV(X, 20,N -2)
CALL BRKN CVCX, 21,N -6)
CALL BRKN CVCX, 22, N -3)
CALL BRKN CVCX, 25,N 2)
CALL DR AN CVCX, 26,N 0)
CALL SET KY C*L# •w», 4,3)
CALL LINE KYC6, Y1 # 3)
CALL LINE KYC2, Y3 • 3)
CALL LINE KYC 1 • Y4 ,3)
CALL LINE KYC 5 • Y6 ,3)
CALL LINE KYC-1 • Y7 ,3)
CALL LINE KYC-2 • Y9 ,3)
CALL LINE KYC6, Y1 2* 3)
CALL LINE KYC5, Y17* 3)
CALL LINE KYC-1 • Y18 ,3)
CALL LINE KYC-2 #Y20 ,3)
CALL LINE KYC-6 •Y21 ,3)
CALL LINE KYC-3 •Y22 ,3)
CALL LINE KY (2, Y25* 3)
CALL LINE KY CO, Y26‘ 3)
CALl TITLE(«B-, Cf,#

*TE MI CROP ACIES OF SECTION
CALL ENDPLT
STOP
END

f i gTc 
"60"*

) VERTICAL VARIATION OF CARBONA
76)



Appendix (D.2t): Computer program (19) 4 0 4

PROGRAM FATHY19
DIMENSION XC53)/Y1C5L)/Y2C50)/Y3C50>/Y4C50) 

*/Y5C5D)/V6C5Q>/Y7C50)/Y8C5G>/Y9<50)/YlCX5')> 
*/Y1lC5D>/Y12(50>/Y13C5Q>/Y14C50)/Y15C5Q>/Y16C53) 
*/YirC53)/Y1 8<5 0>/Y19C5Q)/Y20C5 0)/Y21<50)/Y22I50> 
*/Y23C5D>/Y2 4C5 0>/Y25C5G>/Y26C50)/Y27C50>
CALL PAGE<50.:>/29.3),
CALL PICSIZC26. ̂ H ^ O )
CALL CVTYPE C3)t
CALL SCALES COJ'G/80.0/1 ,0.0,1 DO.0,1 )
CALL AXES(* SAMPLE LOCATION */I 5/«PERCENTAGE•/10) 
CALL YAXIS<0.3/100.3,80.G/fPERCENTAGE*/10>
READC5/*)N
READ(5/*)<X<I)/Y1(I)/Y2CI)/Y3(I)/Y4(I)/

*Y6CI)/Y7CI)/Y3CI)/Y9(I)/Y11CI 
*Yt2Cl)  ̂Y17 <I> ̂ 
*Y18CI)/Y29CI)/Y21<I>/Y22CI 
*Y24CI)/Y25CI)/Y26CI>/
*I»1/N)
CALL BRKN CVCX/Y1/N/ 6)
CALL BRKN CVCX/Y2/N/ 4)
CALL BRKN CV CX/Y3/N/ 2)
CALL BRKN C VCX/Y4/N/ 1)
CALL BRKN CVCX/Y6/N/ 5)
CALL BRKN CVCX/Y7/N/ -1)
CALL BRKN CVCX/Y8/N/ 3)
CALL BRKN CVCX/ W/N/ -2)
CALL BRKN C VCX/Y11/N -3)
CALL BRKN CVCX/Y12/N 6)
CALL BRKN CVCX/ YJ7/N 5)
CALL BRKN CVCX/Y18/N -1)
CALL BRKN CVCX/Y20/N -2)
CALL BRKN CVCX/Y21/N -6)
CALL BRKN CVCX/Y22/N -3)
CALL BRKN CVCX/Y24/N 4)
CALL BRKN CVCX/Y25/N 2)
CALL DRAW CVCX/Y26/N 0)
CALL SET KY C*L * /#W#/ 8/3)
CALL LINE KY (6/1Y1 • 3)
CALL LINE KY(4/*Y2 * 3)
CALL LINE KY (2/ ■ Y3 B 3)
CALL LINE KYC 1/•Y4 /3)
CALL LINE KYC 5/*Y6 /3)
CALL LINE KYC-1/*Y7 /3>
CALL LINE KYC 3/•Y8 /3)
CALL LINE KYC-2 /• Y9 /3>
CALL LINE KYC-3/* Y11 /3)
CALL LINE KYC6/1Y12* 3)
CALL LINE KYC5/•Yi7* 3)
CALL LINE KYC-1/# Yi8 /3)
CALL LINE KYC-2/• Y29 /3)
CALL LINE KYC-6/* Y21 /3)
CALL LINE KYC-3/* Y22 /3)
CALL LINE KY C4/•Y24* 3)
CALL LINE K Y C Z / ^ S 1 3)
CALL LINE K Y C3/ • Y2o* 3)
CALL TITL5CfB•/,C,/,

*TE MICROFACIES OF SECTION 
CALL ENDPLT 
STOP 
END

/

FIG?< ) VERTICAL VARIATION 0 
"61"*,76)

F CARBONA
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Appendix (D.23: Computer program (20)

P R O G R A M  F ATHY20
DIMENSION X<53)/Yi <5 0)/Y2<50)/Y3(5G>/Y4 (50) 

*/Y5(5C)/Y6<5G>/Y7<5D)/Y8(5O)/Y9(5O)/YlO<50) 
*/YnC50)/Y12<5 0)/Yl3<50>/YU<50)/Y15(50>/Y16<5G) 
*/Y12(50)/Y18(50)/Y19(50)/Y20(5 0)/Y21<50>/Y22(5D) 
*/Y23(5D)/Y2 4(50)/Y25(50)/Y26<50)/Y27<50)
CALl PA6E(50.0/29.0>
CALL PICSIZ(12.66/14.0)
CALL CVTYPEC3*,
CALL SCALES (D.’0/38.0/1/0.0/100.0/1 )
CALL AXES(B SAMPLE L0CAT^ON•/15/1 PERCENTAGE•/1H) 
CALL YAXIS<0.0/1 CO.0/38.0/BPERCENTAGEB/1Q)
READ <5/*)N
READ(5/*)<X(I)/Yl <I)/Y2<I)/Y3(I)/

*Y6(I)/Y7(I)/Y9(I)/Y11(I)/
*Y18(I)/Y20<I)/Y21(I)/Y22(I)/
*Y25(I)/Y26<I)/
♦I*1/N)
CALL BRKN CVCX/Y1/N/6)
CALL BRKN CV(X/Y2/N/4)
CALL BRKN CV(X/Y3/N/2)
CALL BRKN CV(X/Y6/N/S)
CALL BRKN CV(X/Y7/N/-1)
CALL BRKN CV(X/Y9/N/-2)
CALL BRKN CV(X/Yl1/N/-3)
CALL BRKN CV(X/Y18/N/-1)
CALL BRKN CV(X/Y20/N/-2)
CALL BRKN CV(X/Y21/N/-6)
CALL BRKN CVCX/Y22/N/-3)
CALL BRKN CV(X/Y25/N/2)
CALL DRAtf CV(X/Y26/N/0)
CALL SET KY<BL B/BWB/13/3)
CALL LINE KY(6/BY1 B/ )
CALL LINE KY(4/BY2 B/3)
CALL LINE KY(2/BY3 B/3)
CALL LINE KYC 5/BY6 B^3)
CALL LINE KY(-1/BY7 B/3)
CALL LINE KY(-2/BY9 B/3)
CALL LINE KY(-3/bY11b/3)
CALL LINE KY(-1/BY18B/3)
CALL LINE KY<-2/#Y20B/3)
CAL» LINE KY(-6/BY21B/3)
CALL LINE KY(-3/#Y22B/3)
CAL* LINE KY(2/BY25B/3)
CALL LINE KY(0/BY26B/3)
CALL TITLE(bBb/bCb/b

*TE MICROFACIES OF SECTION
CALL ENDPLT
STOP
END

IVFIG. ( 
'69-*

) VERTICAL VARIATION OF CAR80NA
76)



Appendix ( d.23): Computer program (21)
4 0 6

P R O G R A M  FATHY21
DIMENSION X(50)/Y1(50)/Y2(50)/Y3C50)/Y4<50) 

*'YS(5 0)/Y6(5Q)/Y7(50)/Y8(5G)/Y9<50)/Y1Q<50) 
*'Y11(5D)/Y12(50)/Y13(50)/Y14(5G)/Y15(5Q)/Y16(50) 
*/Y1F(50)/Y1 8(50)/Yl9(50)/Y20(50)/Y2l(50)/Y22(50) 
*/Y23(50)/Y24(50)/Y25<50)/Y26(5Q)/Y27(50)
CALL PAGE(50.0/29.0)
CALl PICSIZC18.(6/14.0)
CALL CVTYPE (3),
CALw S C A L E S (0.0/55.4/1/0.0/100.0/1 )
CALL AXES(* SAMPLE LOCATION•/15/*PERCENTAGE#/10) 
CALL YAXIS(0.0/100.0/55.4/'PERCENTAGE'/10)
READ(5/*)N
READ(5/*)<X(I)/Y1(I)/Y2(I)/Y3(I)/Y4(I)/ 
Y6(I)/Y7(I)/Y8( ])/Y9 (I)/ Yi 1 (I)/
Y1 7( I) /
Y18(I)/Y20(I)/Y21(I)/Y22(I)/
Y26CI)/
1*1/N)
CALl BRKN
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALw
CALL
CALw
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALw

BRKN 
BRKN 
BRKN 
BRKN 
BRKN 
BRKN 
BRKN 
BRKN 
BRKN 
BRKN 
BRKN 
BRKN 
BRKN 
DRAM 
SET <Y (*L * 
LINE KYC6/
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE

CV(X/Yl/N/6) 
CV(X/ 2/N/4) 
CV(X/Y3/N/2 
CV(X/Y4/N/1)
CV(X/Y6/N/5)
CV(X/Y7/N/-1)
C V(X/Y8/N/3)
CV(X/Y9/N/-2)
CV(X/Yl1/N/-3)
C V(X/Y17/N/5)
C V(X/YI8/N/-1)
CV(X/Y20/N/-2)
C V(X/Y21/N/-6) 
CV<X/ 122/N/-3)
CV(X/Y26/N/0) 

/•WB/15/3) 
#V1 #/3>
*Y2 */3) 

/3) 
/3)
/ 3)
/ 3) 
/3) 
/3) 
/3) 
3) 
/3) 
/3) 
/3) 
/3) 
3)

KY (4, 
KY(2/fY3
KY(
KY(

Y4
Y6

KY(-1/*Y7 
KY( 3 *Y8 
KY(-2/•Y9 
KY(-3/*Y11 
K Y (5 / • Y17* 
KY(-1/* Y18 
KY(-2/1Y20 
KY(-6 • Y21 
KY(-3/BY22 
K Y O / # Y26*

FIG? (TITLE(,B'/*CB/a 
*TE MICROFACIES OF SECTION "51"*/76> 
CALL ENOPLT 
STO*
END

) VE R T I C A L  VARIATION OF CARBONA



Appendix (D.24): Computer program C22)
4 0 7

PROGRAM F ATHY 22
DIMENSION X(50)/Y1<50)/Y2<50)/Y3(5C)/Y4(50) 

*/Y5(50)/Y6(50)/Y7(50)/Y8(50)/Y’9(50)/YlQ(50)
*/Yt 1 ( 53)/ Y12<5Q>/Y13(5Q)/Y14(50)/Y15(5&>/Y16(5 3> 
*/Y1PC5!)>/Y18(50>/Y19<50>/Y20(50>/Y21(50)/Y22(5&) 
*/Y23<50)/Y24(5Q)/y25(5G>/Y26(5Q)/Y27C50)
CALL PAGE(5 0.3/29.0)
CALL PICSIZ(24.0/14.0)
CALL CVTYPE (3),CALL SC ALES(0.0/57.0/1/0.0/100.0/1 )
CALL AXESC*SAMPLE LOCATJON */15/'PERCENTAGE•/10) 
CALL YAXIS(0.0/1 CO.0/57.0/'PER CENT AGE*/10)
READ(5/*)N
READ(5/*)(X(I)/Y1 (I)/Y3(I)/Y4(I)/ 

*Y6(I)/Y7(I)/Y8(I)/
*Y9<I)/Y11(I)/Y17(I)/
*Y18(I)/Y20(I)/Y21(D/Y22CI)/
*Y26( I)/
*I»1/N)
CALL BRKN CVCX/ 1/N/ 6)
CALL BRKN CV(X/ 3/N/ 2)
CALL BRKN CVCX/ 4/N/ 1)
CALL BRKN CVCX/ 6/N/5)
CALL BRKN CVCX/ 7/N/ -
CALL BRKN CVCX/ 8/N/ -2)
CALL BRKN CVCX/ 9/N/ 6)
CALL BRKN CVCX/ 11/N /5)
CALL BRKN CVCX/ 17/N /-4)
CALL BRKN CVCX/ 18/N /-1)
CALL BRKN CVCX/ 20/N /-2)
CALL BRKN CVCX/ 21 /N /-6)
CALL BRKN CVCX/ 22/N /-3)
CALL DRAM CV(X/ 26/N /O)
CALL SET KY (*L* •W*/ 14/3
CALL LINE KYC6/ Yi */3)
CALL LINE KYC2/ Y3 */3)
CALL LINE KYC 1 • Y4 */3)
CALL LINE KYC 5 * Y6 */3)
CALL LINE KYC-1 * Y7 */3)
CALL LINE KYC-2 • Y8 */3)
CALL LINE KYC6/ Y9*/ 3)
CALL LINE KYC5/ VII*-/3)
CALL LINE KYC-4 •Y17 */3)
CALL LINE KY(-1 * Y18 • /3)
CALL LINE KYC-2 • Y20 • /3)
CALL LINE KYC-6 * Y21 • /3)
CALl LINE KYC-3 * Y22 • /3)
CALL LINE KY(0/ Y26* /3)
CALL TITLEC^B*/* C*/* FIG’.C ) VERTICAL VARIATION OF CARBONA

*TE MICROFACIES 
CALL FNDPLT 
STOP 
END

OF SECTION M82-,/76)



Appendix (d.25); Computer program (23)
4 0 8

PROGRAM FATHY23
DIMENSION XC50)/Y1C5G)/Y2C53)/Y3C5G)/Y4(53) 

*/Y5C5P)/V6C5u)/Y7(50)/Y8C5G)/Y9<50)/YlO(50)
*/Y11(50)/Y12C50)/Y13C50)/Y14C5U)/Y15C50)/Y16C50) 
*/Ym50)/Yl8C50)/Yl9C5G)/Y20C50)/Y2lC50)/Y22C50) 
*/Y2S(50)/Y24C50)/Y25C5Q)/Y26C5Q)/Y27(5Q)/Y2 8(5C) 
CALL PAGE(50.D/29.3)
CALL PICSIZC23.66/14.0)
CALL CVTYPE C3L
CALL SCALES(0?0/71.0/1/0.0/100.0/1)
CALL AXES(•SAMPLE LOCATION'/IS/'PERCENTAGE*/1P> 
CALL YAXISCO.0/100.0/71.0/'PERCENTAGE•/1Q) 
READC5/*)N
READC5/*)CXtI)/YlCl)/Y2CD/Y6CI)/

*Y7CI)/Y8CI)/Y9CI)/
*Y11CI)/Y18CI)/
*Y20(I)/Y21CI)/Y22CI)/Y24CI)/
*Y25CI)/Y26CI)/
♦Y27CI)/1*1/N)
CALL BRKN CVCX/Y1/N/6)

CVCX/Y2/N/2)
CVCX/Y6/N/1)
CVCX/Y7/N/5)
C VCX/Y8/N/-1)
CVCX/Y9/N/3 
CVCX/Y11/N/6)
CVCX/Y18/N/5)
CVCX/Y20/N/-1)
CVCX/Y21/N/-2)
CVCX/Y22/N/-6)
CVCX/Y24/N/-3)
C VCX/Y25/N/2)
CVCX/Y26/N/1)
C VCX/Y27/N/0)

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CAL*
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
BRKN
DRAN
SET
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE
LINE

• /3)
KY(,L*/#Wi/15/3) 
KY(S/,Y1 •/ ) 
KYC2/* Y2 
KYC 1/•Y6 */3) 
KYC 5 /• Y7 */3) 
KYC-1/*Y8 #/3) 
KYC 3/#Y9 */3)
KYC6/•Yi1 */3) 
KYC5/fYl8*/3) 
KYC-1/#Y20*/3) 
KYC-2 Y21 */3)
KYC-6/* Y22•/3) 
KYC-3/#Y24*/3)
KY(2/•Y25*/3)
KYC1 / ' Y26* /3)
KYC 0/■Y27•/3)

TITLECB'/'C*/*
*TE MICROFACIES OF SECTION 
CALL ENDPLT 
STOP 
END

panFIG. C 
”64“ •

) VE R T I C A L  V A R I ATION OF CARBONA
76)



Appendix (d.26): Computer program (24) 4 0 9

PROGRAM FATHY24
DIMENSION X(50)/Y1(50)/Y2(5D>/Y3(50)/Y4(50) 

*/Y5(50)/Y6(50>/Y7(50)/Y8(50)/Y9(50)/Yl(K50>
*/Yl1(5D)/Y1 2C5Q)/Yl3(50)/Y14(5U)/Y15(5a)/Y16(50)
*/Ym5D)/Yl8(5 0)/Yl9(5Q)/Y20(5Q)/Y21(50)/Y22(50) 
*/Y2S(5Q)/Y24(50)/Y25(5Q)/ 126 (50), Y 27(50)
CALL PAGEC50.0/29.0),
CALL PICSIZ(35.6/14.0)
CALL CVTYPE (37
CALL SCALES(C.0/107.G/1/0«U/in0.U/1)
CALL AXESCSAMPLE LOCATION• /15/• PERCENTA6E* /10)
CALL YAXI$(0.0/100.0/107.0/'PERCENTAGE*/13)
READ(5/*)N
READ(5/*)(X(I)/Y1(I)/Y2(I)/Y3(I)/

*Y4(I)/Y6(I)/Y7(I)/
*Y8(I)/Y9(I)/
*Y17(I)/Y|8(I)/Y20(I)/Y21(I)/
*Y22(I)/Y26(I)/
*1*1/N)
CALL BRKN CVCX/Y1/N/6)
CALL BRKN CVCX/Y2/N/2)
CALL BRKN CV(X/Y3/N/1)
CALL BRKN CV(X/Y4/N/5)
CALL BRKN CVCX/Y6/N/-1)
CALL BRKN CVCX/Y7/N/3)
CALL BRKN CVCX/Y&/N/6)
CALL BRKN CVCX/Y9/N/5)
CALL BRKN CVCX/Y17/N/-1)
CALL BRKN CVCX/Y18/N/-2)
CALL BRKN CVCX/Y20/N/-6)
CALL BRKN CVCX/ >21/N/-3)
CALL BRKN CVCX/Y22/N/2)
CALL DRAW CVCX/Y26/N/0)
CALL SET <Y(*L*/*W*/14/3)
CALL LINE KYC6/*Y1 */3>
CALL LINE KYC2/*Y2 */3)
CALL LINE KYC 1/*Y3 */3)
CALL LINE KYC 5 *Y4 */3)
CALL LINE KYC-1/*Y6 */3)
CALL LINE KYC 3/*Y7 */3)
CALL LINE KY(6/ *Y8*/3)
CALL LINE KYC5/*Y9*/3)
CALL LINE KYC-1/•Y17*/3)
CALL LINE KYC-2/*Y18 */3)
CALL LINE KYC-6/*Y20*/3)
CALL LINE KYC-3/*Y2l*/3)
CALL LINE KY(2/*Y22*/3)
CALL LINE KYC 0/*Y26*/3)
CALL TITLE(*B*/*C*/* FIG.C ) VERTICAL VARIATION OF CARBONA

*TE MICROFACIES OF SECTION ”79"*/76)
CALL ENDPLT
STOP
END
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Appendix (E.1): Key used in the previous point counted data , computer 
programs and the following vertical variation diagrams of 
the differnt carbonate components [Appendixes C ,D &0.
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App e n d i x  CE.3): v e r t i c a l  v a r i a t i o n  of  t he  c a r b o n a t e
m i c r o f a c i e s  of  s e c t i o n  “4 8 ”.
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Appendi x  CE.4): V e r t i c a l  v a r i a t i o n  of  the c a r b o n t e
m i c r o f a c i c s  of sect i on  ‘ 49* .
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Appendi x  CE.5): Ve r t i c a l  v a r i a t i o n  of the c a r b o n t e
m i c r o f a c i e s  of  s e c t i o n  “50".

TOP
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ppendi x  (E.6): V e r t i c a l  v a r i a t i o n  of  t h e  c a r b o
m i c r o f a c i e s  of  s e c t i o n  ‘ 4 4 ’ .

TOP
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PERCENTAGE



A p p e n d i x  (E.73: V e r t i c a l  v a r i a t i o n  of  the c a r b o n t e
m i c r o f a c i e s  of  s e c t i o n  ‘ 2 \

TOP
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4 X
Appendix CE.a): Vertical variation of the carbonate

microfacies of section “4".
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SAMPLE 
LOCATION 

METERS

Appendix (E.9}: Vertical variation of the carbonate
microfacies of section *5*.
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Appendix £1<3: AVertical variation of the casbonate
microfacies of section “ 10*.
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Appendix fe.1t): vertical variation of the carbonate
microfacies of section “16*.
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Appendix (E.13: Vertical variation of the
microfacies of se tion *
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4 2 2Appendix (EJ4: Vertical varfation of the carbona-fe
microfacies of section *18*.
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Appendix £14: Vertical variation of the carbonate
microfacies of section “26".
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Appendix £.1$: Vertical variation of the carbonate
microfacies of section ‘36".
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Appendix feiflD: Vertical variation of the carbonate

microfacies of section ‘51*.00oltoOl olTOP
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Appendix fe.1t): Vertical variation of the carbonate
microfacies of section *56*.
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Appendix fcia): Vertical variation of the carbonate
microfacies of section “59’.
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*4^0Appendix CE*9): vertical variation of the carbonate
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Appendix fc.2f: Vertical variation of the carbonate
microfacies of section *69".
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microfacies of section *81".
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Appendix £2$: Vertical variation of the carbonate
microfacies of section *82".
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Appendix (£25): Vertical variation of the carbonte
microfacies of section ‘79*.
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