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I٢ Microyfacies and bepositiomai EmvirommeRts

٢V. Mierofacies and Bepositional Environments
This chapter deals with the microfacies associations and

environmental interpretations of the Upper Cretaceous-Lower
Eocene succession exposed in the Farafra Oasis. This
irterpretation is based on detailed litho- and mierofacies
descriptions as well as macr- and microfaunal types, abundance
and diversity.

To achieve this target, more than 70 thin sections are
prepared for representative rock samnples of the fourteen measured
stratigraphic sections. The thin sections are investigated for their
litho- and biofacies characters to determine the different
microfacies types relying on their skeletal and non-skeleta!
particles, texture, grain size and cementing material.

The planktic/benthic ratio, abundance, and diversity of the
planktic and benthic foraminiferal assemblages are used to assort
and interpret the palaeoenvironments of the studied microfacies
associations. Carefu consideration is given to the benthie
foraminifers and macrofossils. The benthic foraminifers are most
sensitive to the ecological factors whereas any mnarked change in
the environmental conditions causes an abrupt change in the
whole assemblages. The studies on iiving benthic foraminifers
have shown that they Tlourish over a wide range of salinity from
almost fresh water to hypersaline water (Boltovskoy and Wright,
1976). Since the solubility of the CaCo, increases with depth, the
ratio of calcareous to agglutinated forms will be used as
approximate index of water depth.

Most mollusks give reliabke information about their mode of
life, habits and habitat. Several morphoecological categories have
been distinguished by Stanley (1972) including, infaunal shallow
and deep burrowers, borers; eifaunal byssally attached and
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cemerted fomms, free-lying and even swimming bivalves. The
interior of the shells, shell shape and genemal morphologic featres
are usually directly related to the behavioral characteristics of the
animal.

In fact, the macro- and microfaunal ecology helps much in
understanding some biotic environmental parameters (e.g .
.emperature, salinity, paleodepth and dissolved oxygen
availability) which assist, in-tur, to determine the environmental
changes thought the Late Cretaceous-Early Tertiary time span.

In the present study, the paleodepth determination has been
constructed based on well-established faunal relationships which
include planktic species diversity, planktic/benthie ratio,
keeled/non-keeled ratio and ratio of the present heterohelicids.
The quantitative foraminiferal analyses have been calculated for
about 500 rock sampkes, selected as representatives for the
different exposed rock units occurring in the Farafra Oasis.

THe identified planktic foraminiferal taxa include three
grOups, according to their morphological and taxonomie
similarities. They are the heterohelicids, keeled and non-keeled
planktic foraminiferas (Boersma and Premoli-Silva, 1983).
Generally, many authors noticed that the abundance of
heterohelicids group indicates shallow marine environments,
while the keeled planktic foraminifers float in deeper water
environnents than the non-keeled forams. Their presence (i.e.
keeled forams) may indicate deeper and/or warmer waters during
deposition of the sediments containing them (Douglas and Sliter,
1966; Hart and Bailey, 1979; Hart, 1980; Boersma and Premoli­
Silva, 1983; Caron, 1985).

The heterohelicids forms include Gembelitria cretacea
Cushman, Globoconusa dbiergensis (Brnnimann),
Chilogumbelina Morsei (Kline). Ch Midwayensis (Cushman),
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Heterohelix globulosa (Ehrenberg), H. mavaroensis Loeblich, H.
stricta (Ehrenberg), Planoglobwlina carseyae (Plummer), P.
gkabrata (Cushman), Pseudotextwlaria elegas (Rzehak),
Racemiguembelima frwcticosa (Egger}, Rsewogwembelina
costlata (Cushman), P. ercolata (Cushman), P. hariaensis and P,
palpebra (Brbmneimnn and Brow).

The keeled forams include Globamomalina pseudomemaradii
(Bolli Contusofrwncana sp., Globotruncanu sp., Globotruncanita
sp., Rugotrwncana Sp., Gtobotruncarella sp., fgorina albeari
(Cushman and Bermudez) and Morozovella sp. While, the non­
keeled forms include Globanomalima compressa (Plummer},
Psewdohastigerina sp., fugoglobigerina sp., Praemurica Sp.,
lgorina pusiha (Bolhi), Acarinina sp., Raraswbbotina sp. and
Subbotina sp.

The species richness (diversity) is represented by the total
mumber of foraminiferal species in any sample. Generally, the
diversity increases away from the shore up to middle and outer
shelf depths and then decreases in deeper marine (Bandy and
Amnal, 1960; Thiede, 1972; Olsson and Nyong, 1987). Thiede
(1972) pointed out that species diversity and species dominance
(the highest percentage occurrence of a species in a sample) of the
planktic foraminifErs change across the continental margins and in
semi-land-locked seas, partLy due to shoaling, which progressively
eliminates deeper dwelling species. He noticed that diversity is
higher in deep than in shallow waters, whereas dominance is
higher in shallow waters.

The ratio of planktic to benthic species is kowest in the
shallow marine waters and generaly increases with depth until the
Carbonate Compensation Depth (CCD). The planktic:benthic ratio
is used in the present study to determine the depositional
environments, which adopted after Muray (1976) and Olsson and
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Nyong (1984) calculate the absolute depth values (D) by sing the
equation of Van der Zwann et al. (1990) as follows; D- ٥ (3.587١٥+

Where (P) is the planktic percentage disregarding in%003534«3 ,إة)
faual benthic taxa, He also mentioned that the productivity of
planktics is higher i open pelagic waters and that of benthic ones
is higher in shallower neritic environment.

Murray (1976) mentioned that the productivity of planktics
is useful tool in understanding the circulation pattem and current
intensities of marginal seas to open ocean. He classified the
depositional environments according to planktic:bentHic ratio as
follows:

lnner Shelf

Shallow inner shelf: planktic:benthic ratio <5:95 (rare
planktie tests).
Deep inner sheff: planktic:benthic ratio 5-<20.95-80.

Middle Shehf

Shallow middle shelf: planktic: benthic ratio 20-<30:80-70.

Deep middle shelf: planktic: benthic ratio 30-<40:70-60.

Outer continental slope (upper bathyal zone): planktic: benthic
rati0 <70.30.

While, Olsson and Nyong (1984) pointed out that the inner
shelf(10-50 m depth) is characterized by low planktic percentages
with low species diversity and high benthic percentages, whereas
the middle shelf depth (50-100m) is characterized by 8-25%
planktic foraminifera and higher diversity. They added that the
outer shelf depth (100200m) is marked by 30-70% planktic
foraminiferal assemblage; whereas the continental slopes (200-
800m) is characterized by 90% planktic foraminifera and a slight
increase in benthic diversity.
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Conceming the microfacies nomenckature, the limestone
rocks are classified according to the nomenclature scheme of
Dunham (1962) which is based on the original depositional
texture of the carbonate rocks. Based on the abundance of the
grains, two temms "mud-supported" and "grain supported" are
introduced. Dunham (op. cit.) subdivided the carbonate rocks into
the following six types:

1. Mudstone: Muddy carbonate rocks containing less than
10% grains. This temm is synonymous with the micrite of
FolK (1959 & 1962).

2. Wackestone: Mud-supported carbonate rocks containing
more than 10% grains.

3. Packstone: Grain-supported muddy carbonate rocks.

4. Grainstone: Mud-free carbonate rocks.

5. Boundstone: Carbonate rocks showing signs of being
organically bound during deposition.

6. Crystalline carbonate: Rocks which retaining too little of
their depositional texture (crystalline dolomite, crystalline
limestone}.

The petrographic terminology and description of the dolostone
rocks followed in the present study are those used by Friedman
(1968) and Folk and Land (1975). Cn the other hand, the
classification given by Ckada (1971) for the sandstone is adopted
here.

The Upper CretaceouIs-Lower Bocene facies associations of
the Farafra Oasis encompass a wide range of deposiional
environments, ineluding the tidal flat to outer shelf slope (Table
4.1).
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Table 4.1 The facies charActeristtcs of the sfudied Upper Cretaeeous-LOwer Eoeene sediments 8nd their depositioMal environments in
the FarafrA Oasis.

Roek wnits Lithology SedimeDtary Mierofacies Rossil types and Fossll Major tAxs Depositional
$truetures t7De5 Abundance iversitv enwironetts

٠ ج Shale, Fissile shale, Fissile shale, quartz Fossiliferous with Pycnodomte Upper iteruidA1-El-Hefhuf'Fm. mudstone, cross-beddcd
(11-34mthick) sandston¢, and massive ,reniLe, oystet ndstoneة macrofauna in top lر ow wesicwhuris and uppcr deep

dolostote sAndstone dolostone part, lOw shark teeth subtidal

Chalk, party Foram. wackestone, algAl Shallow innet
Khoman Fm. Maasive to Hlanktics and Gtobotrwttcata to deEpdolostone and bindstonc, lime.mudston¢, High(5-55m thick) mudstOne stretified dolostone, mudstore bemhics, very high and Heterohelir middleouter

shelf
ArgillaceoUs Calcareous shale, Planktics and Parastbborina, Shallow inner toDakhla Fm. chalk and Maasive and Bodenate

{1-10m thick) celcareoUs fissile foram. wackestone, berthics, mncdium to bigh raemtricu andم middle/outer

shAle foram. lime-mudstone to high orozovelter helfع 

Pelagic foram. High withTarawan Fn Calky Tiek-bedded packstone, foram. Plgnkties, low to dwarf orotcela andر ShAllow inner to
(1-23m tick) limnestone and massive bioclastic packstone, very high fana Acarinihd outer shelf

fbram. lime-mudstore
Pelagie shale, Planktics, berthics, Mforozcwelda, Shلa low inner to

Esna Fm. Shale with Fissile and .e, foramل careousshaلaت larget fotams and Abveoliha, middle/outer
{20-10 thick) argilaceous massive patkstone, SandstOnE, macrofossils, low High Mو mmutites and sheif, rarelylimcstonc ,lgel stromatolitesة to high plecypods supretidalanhydrite

ForaminiferAl 1ower interidal
Ain Dalla Fm. Chalky Well-beddcd, wackestone, alveolinid Planktics annd Acarinira and to deepnodular, wackestone, sandy larger forams, low Moderate(70-80 thick) iimestoTe massive silieified doldstone to high Ahveotina middleouler

line-mudstone shelf

Foraminifera}

Farafra LimcstOne, Thiek bedded packstone, Bumm. Largcr bcnthics Assiiiha, Lower intericalWacke-packstone, lime- hveolina,Eimestoe ا chalk and and massive, mudstone, dolomitic and macrofossils, L٥w Nummutites ad to deep inrer
(13-50 tick) dolostnc partly nodular imne-rudstone, low to high miliolids sheif

 ءط
calcareous shale
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The following is a detailed description and interpretation of the
detected microfacies associations in each the studied formations,
arranged fromn older to younger:

17.1 El-hefhuf Formation

Five dominant facies associations are recognized in E!-Hefhuf
Fommation. These are:

1. Upper deep subtidal shale/mudstone.

2. Shallow subtidal massive/cross-bedded
(ferTuginous quartz arenite).

3. Lower intertidal phosphatic sandy lime-mudstone.

4. Shallow/deep subtidal oyster rudstone with Pycnodonte
vesicwlaris.

5. Upper intertidal sandy dolostone.

The following is a detailed description of the recognized
facies.

1. Upper deep subtidal shale/mwdstone
This lithofacies is predominant throughout the measured part

ofEl-Hefhuf Fommation in the Farafra Oasis, intercalating with the
sandstone (Fig. 4.1). It has a cumulative exposed thickness of
about 17m at Wadi Hennis, while it reaches about 2m thick at Bir
E1-Obeiyid. The shale is fissile, slope-forming, calcareous, sticky,
soppy, gypsiferous, sandy, unfossiliferous and varicolored;
grayish gray, yellowish gray and reddish brown. They are also
highly ferruginated and partly glauconitic, The shale/mudstone
sediments represent shallow water lagoona] facies deposited from
suspension in a low energy environment, most probably in upper
subtidal setting. The scarcity of faunal assemblages suggestS
abnormal conditions. Abdel Mohsen (2002) rentioned that the
association of rare marine palynofossils with freshwater algae and
abundance of the land-derived nicroflora suggests deposition in a

sandstone
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Representative stratigraphie seetion of the eposed Santonian­
ampamian EH-Iefhuf Formation in Wadi Hennis, northeast
arafra 0asis, showing their microfaeies types and sedimentary

nvironmenfS.
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coastal to shallow marine conditions with strong influx of fresh
water and and-derived material. A shallow-water, Swampy
environment is interpreted by Fbrahim and Abdel-Kireem (1997)
to be prevailed during the deposition of El-Hefhuf Formation.

2, Shallow subtida] ferruginous quartzarenite

This microfacies type Is widely distributed throughout El­
Fefhuf Fommation cropping out in Wadi Hennis area (Fig. 4.1).
The sandstone is yellowish brown, moderately hard, massive,
cross-bedded in part and barren in fauna.

Petrographically, the sandstone is composed of more than
95% quartz grains (quartz arenite). The quartz grains Fange in size
from fine to very fine sand. They are well sorted, angular to
subangular and monocrystalline showing a straight extinction (Fig
4.3). The quartz grains exhibit straight, curved and concava­
convex contacts and have low sphericity. Very few badly
preserved shel fragments of pelecyopod are present. lron-oxides
are sporadically occurred in the quartz. arenite as fine disseminated
spots and patches filling the intergranular pore spaces and coating
on some quartz grains. Glauconitic pellets, pyrite and heavy
minerals (e.g. biotite) are present in a few percentages as
accessory minerals. Cementing materials are mostly iron-oxides.

The sandstone ofEl-Hefhuh Foration has been deposited in
a prograding siliciclastic coast. The cross-bedded sandstone
represents marine upper shallow subtidal sediments fommed on a
wide coast in areas of high wave energy and a steady supply of
sands to the shoreline brought by rivers. While, the massive­
bedded sandstone is interpreted to have been deposited in a lower
shallow subtidal setting.

1%٩
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osplatic sandy lime-mudstoneLo3.
THis microfacies is Iecorded in east Shaks El-Obeiyid. The

lime-mudstone is yellowish brown, massive, moderatey hard­
argillaceous, partly dolomitic and highly fractured. It consists ofa
dense lime mud matrix which is partly recrystallized into
microspar. Abundant fne sands are widely scattered throughout
the matrix. THe lime-mudstone is almost barren of any fauna. lt
has been deposited in a protected guiet-water lower intertidal
setting.

-
Barren fssile shaie[و 

-g, 4.2 Fepresentative stratigraphic section of the expose7 ز
ampanian El-lefhuf Rormation in east Shalls '

west Farafra Csis, showing their microfacies types amd
edierta

4. &hallowldeep subtidal oyster rudstone

This facies is characterized by the abundance of larب 
pelecypod packed in psdospar; and dolomite rhombs that resulted
from aggrading neomorphism and dolomitization of a foer
ime-mud matrix. Cuartz grains of fine to medium size are also

scattered within the rock.
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The oyster rudstone that occurs near the top of El-Hefhuf
Fommation is marked by the presence of a low diversity
assemblage of Pycmodote vesicularis (Lamarck) forming a
fossil bank with some scatter reworked fossils of Cenomanian age
such as lbymatogru (Afrogra) africana (Lamarck) and
Ceratostreon fabellatm (Goldfss) (Figs. 2.6 & 2.7). This
indicates that Wadi Hennis was an ancient topographic low and
received the reworked 1auna from the surrounding Cenomanian
sediments in Bahariya Oasis by rivers during deposition of the
Pycnodonte vesicwlaris (Lamnarck). The good preservation of the
two valves in the Pycmodomte vesicwlaris (Lamarck) indicates that
these species were not transported from their environment after
death.

The Pycnodonte vesicwlaris (Lamarck), with their vesicular
shells, are predominantly deep water oysters and are common i
the shelf environment greater than 20m. The gryph shape of the
Pycnodonte vesicwlaris (Lamarck) and small fixation area are
adaptation to a free adult life on a muddy substrate and in calm
water away from any fresh water influence and strong Currents.

5. Upper intertidal phosphatic sandy dolostore

The dolostone facies is recorded in the top part of E]-Hefhuf
Fommation at Wadi Hennis and East Shakhs El-Obeiyid areas
(Figs. 4.1 & 4.2). Microscopically, the rock is made up of well­
defined fine dolomite rhombs (60-80%), detrital quartz grains (8-
10%), phosphatic grains (8-15%) and some skeletal particles less
than 5% of the rock. The fine dolomite rhombs range in size from
20-40 micron. They are mainly idotopie to hypidotopic,
equigranular and with dark clayey cores, occasionally zoned (Fig.
4.4). Sometimes, the pore spaces between the dolomite rhombs are
completely filled with fine to medium-grained quartz sands. The
size and fabric of the dolomite rhombs suggest early diagenetic

1٩7
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dolomitization of a clastic-rich carbonate sediment (sandy lime­
mudstone) in an upper intertidal setting. High sand content most
probably formed from wind action (wind blown sand).

This indicates that the dolostone was formed soon afer
deposition due to the almost complete dolomitization of the lime
mud. The position of the dolostone at the end of a depositional
cycle maintains this early diagenitic dolomitization. The
sporadically occured quartz grains are usually monocrystalline,
sub-angular to sub rounded and shows a straight extinction. Some
quartz grains exhibit calcite-quartz replacement. Relics of
microcrystalline calcite (lime mud) and microsparite are
sometimes present between the dolomite rhombs. Phosphatic
grains are represented by rounded to angular, yellowish brown to
pale brown vertebrate remains of bones and shark teeth ranging in
size from 0.2 to 0.4 mm. The phosphate-bearing carbonate facies
at the top gives evidence for depositional in a shallow marine
regime, formed under a slightly reducing and restricted
environment,

Fo summarize, the facies characteristics of E]-Hefhuf
Fommation indicate deposition in a shallow marine environment
with oscillations from intertidaI to upper deep subtidal during the
Santonian-Campanian time. Deeper conditions seem to have
prevaied at the beginning of Campanian time, resulting in
depositior of' the oyster rudstone with Pycnodomte vesicularis
(Lamarck).

[V.2 Khoman Formatior

1n the studied sections of the Farafra Oasis, the Khoman
Formation is composed of monotorous massive to stratified white
chalk (Fig 4.5). In Our Hadida, the chalk is topped by interbeded
mudstone and dolostone with algal stromatolites at the top most

1%9
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part. The Khoman Foration compresses the following four facies
associations:

1. Deep middle shelf to upper continental slope fomaminiferal
wackestone

2. Shallow inner shelf mudstone

3. Lower intertidal lime-mudstone

4. Upper intertidal dolostone

The following is a detailed description of the recognized
facies in the Khoman Formation.

1. Deep middle shelf to upper continental slope foraminiferal
wackestoDe

The foraminiferal wackestone occupies the main part of the
Khoman Fommation (Fig. 4.5). Wackestone are mud-supported
rocks with varying amount of skeletal particles, usualy less than
40% of the rock content.

Petrographically, the foraminiferal wackestone is mainly
made up of foraminiferal tests mainly of planktics with some
smaller benthics which form together about 40% of the rock
constituents. Additionلa ly, very few phosphatic fiagments are
recorded. The foraminifEral tests are embedded in a dense grey
lime mud matrix (Fig. 4.6). These tests are present in a complete
form and in a fiagmented manner. They are variable in size
ranging fiom very fine to medium sand size with thin welled
shells. Foraminifemal wells are often sufTered ftom
recrystallization, while their chamber lets are filled with granular
spary calcite, partially filled with recrystallized lime mud. The
most common planktic species are Heterohelit sp-,
Rwgoglobigerina sp. and Globotrncama sp. The foraminiferal

١9٨
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A great number of foraminiferal species is recorded in the
wackestone representing the richest part of the Khoman
Formation. The foraminiferal content in the [ower part of the
Khoman Formation exposed in northwest Ain Maqfi starts with a
relatively low Prb ratio (Fig. 4.5). The values of planktic % (P%)
are about 4} which according to Van der Zwann et al. (1990)
represent an absohute depth of 153m, Upwards, the sediments are
characterized by somewhat raised values of the P/b ratios. They
are characterized by high abundance and diversification of the
high latitude group of the globotruncanids. Such globotruneanids
Suggests deep water under overall cooling
climate. The obtained values of planktic% are about 67 which
according to Van der Zwann et al. (op. cit.) denote an absolute
depth of 386m.

Further additional evidence for the upper continental slope
setting is exhibited from the recorded benthic foraminiferal
assemblage which contains relatively abundant genera of deep
water fomms such as Spiroplectammina, Gaudryina, Dorothia,
Clavulinoides, Neoflabellima and Coryphostomma.

In fact, the upper continental slope depositional environment
is indicated to parts of the foraminiferal wackestone due to the
presenee of the following criteria: 1) The presence of abundant
planktic foraminifers with high species diversity, 2) The low
species diversity of the benthic foramninifers, 3) The relatively
small size of the planktics and benthics, ) Very high planktic:
benthic ratio and 5) The relative dominance ofsome index benthic
foramninifers, wHich are restricted to the outer shelf-upper
continental slope domain such as Botivinoides. The latter is found
in the Khoman Formation of the Rugoglobigerina hexacamercta
and Contsotrwmncana contuse Zones. Hewaidy, (1996) recorded
the Bolivimodes from the norther Bgypt in the middle to outer
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neritic or deeper environments. While, lsmail (2002) mentioned
that the Bolivinodes (draco draco and draco miliaris} tend to
occupy the outer neritic environment and may exterd to a few
meters toward the bathyal one.

The depositional environment starts to shallow again in the
upper level of the Khoman foramniniferal wackestone (Fig. 4.5)
because of the increase in the percentage of the rgoglobigerinids
and the heterohelicids which can be regarded as a climatic
warming pulse. Douglas and Savin ([978) and Doersma and
Shackleton (1981) found that during the Cretaceous the lowest

values (warmest temperature) is registered in the tests of٤ اها
rugoglobigernids and globigerinelloides, whereas highest values
(cold temperatre) signify the globotruncanids. Eicher and
Worstell (1970) documented that during transgression
heterohelicids are the first to appear, whereas they are the last to
disappear in regression. The abrupt increase in the heterohelicids
in the upper part of the Khoman foraminiferal wackestone reflects
falling in the sea-kevel which may be due to a local tectonic event.
The shallowing conditions are also indicated by the sharp increase
in the non-keeled planktic percentages.

The greater part of the Khoman Formation is dominated by
one pectinid species of Lyropecten (Aegwipecten) myereymari
(Nilsson). This is found ir great aburdance almost everywhere,
fiom the northern descent of the Farafa Oasis to Bir Murr
eastward and westward along Ain Dalla road. lt also occurs in
profusion at Caret El Sheikh Abdalla. Pectinid bivalves are
recorded from the outer shelf environment by Bottjer (198[). The
mnode of life of pectinids is an active swimmer. However, the
presence of a cenolium indicates that the species, like most
pectinids, was byssaly attached in the young. Ln addition, the
Khoman Fomation includes Pycnodonte vesicularis (Lamarck),
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٨ger'Ostrea wgwlate (Schlotheim), and the small-sized brachiopod
Terebratltima gracilis Schlotheim, The bivalve fauna is of lo

rsrty and composed totally of epifaunal elemnents. Kassa±»
1990) referred that the Pycmrodonte assemblage is an outter shel

.auna. The generic diversity of the macrofauna is much mor
pronounced in the Maastrichtian part of the Dakhla Fornation
than in the Maastrichtian Khoman Fonnation. The Maastrichtian
part of the Dakhla Formation contains population ofExogyra, Arc
and Nwculmma. This population lives in a shallow water regime.

inrer shelf mudstonu
This lithofacies occurs in the upper part of the Khomء 

..adida, intercalating with dolostone (Fig. 4.T).
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Fig 4.7

The mudstone is calcareous, gypsiferous, yellowish gray and
slope-forming. The fauna is badly-preserved and includes
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benthics and planktics (Heterohelix and Rugoglobigerina). This
fauna is crshed due to the action of the derived waves and
currents. The very poor planktics and benthics and the crshed
fauna indicate that the depositional environment was a shallow
inner shelf(upper deep subtidal setting).

3. L werم intertida} Limemwdstone

The fonaminiferal lime-mudstone rocks are occasionally
recorded in the Late Maastrichtian. They occupy the topmost part
of the Khoman Fommation in northwest Ain Magf (Fig, 4.5).
Pterographically, the lime-mudstone is fommed of a dense lime
mud matrix, which appears as cloudy microcrystalline and
cryptocrystalline calcite. The rock is almost barren of ay fauna.
It has been deposited in a protected, quiet-water lower imtertidal
setting.

4. Upper intertidal Dolostone

The dolostone rock is not a common facies in the studied
Maastrichtian Khoman Formation, only recorded in the upper part
of the fommation at Cur Hadida (Fig. 4.7). Petrographically, the
dolostone consists of interlocked coarse crystalhine diagenetic
dolomite rhombs (65-70%) and neomorphic spar. The dolomite
rhombs are characterized by their idotopic to hypidotopic fabric,
equigranular texture and the almost absence of any Zoning, most
of them with dark clayey cores and clear outer rims. Some
dolomite rhombs are stained with iron-oxides which are also
filling the inter-granular pore spaces. Ferruginous material post­
dates dolomite fommation. Porosity may reach up to 10% of the
total rock. In some cases, 4he dolomite rhombs show clear intense
dedolomitization (calcitization) with perfect rhombohedral
cleavage (Fig. 4.8). The calcite crystals still retain the size and
shape of the dolomite rhombs. Traces of the dolomite rhombs may
be present. The complete almost distortion of the original
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depositional iabric suggesTs lare diagenetic dolomitizaLion, which
1ater affected by calcilization with the fornation of calcite.

To sumnmarize, the basal part of the Khoman Fommation
indicates deposition in a deep middle shelf environment (Fig. 4.5),
whereas the overlying sediments of the upper part of the
Fwgoglobigerina heacamerata CF8b Zone, have been deposited
in a relatively deeper sea oscillating between outer shelf and upper
continental slope depth. Shallower conditions of deep middle shelf
water depth statt with the upper part of the Gansserira gansseri
CF7 Zone and the base of the overlying Comrusotruncana contse
CF6 Zone. Very shallow conditions of shallow inner shelf
dominated in the top part of the Khoman Formation due to the
presence of the following criteria: 1) The abRupt decrease in
abundance of planktic foraminifers, 2) abrupt increase in the
heterohelicids and 3) The presence of the dolostone at Our Fadida
and lime-mudstone at the contact between the Maastrichtian
KhomanPaleocene Dakhla formations in northwest Ain Maqfi
section (Fig. 4.5).

1V.3 Dakhla Formation

The Dakhla Fomation is composed oftwo infomal units; an
argillaceous chalk at the base and a fomaminiferal calcareous shale
at the top. The fommation includes the following thee facies
associations (Figs. 4.9 & 4.10).

H. Deep middle shelf foraminiferal wackestone

2. Deep middlefouter shelf pelagic shale

3. Shallow inner shelf foraminiferal iime-mudstone

The following is a detailed description of the recognized
facies.
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·.Deep middle shel foraminieral wackestone

The foraminiferal wackestone occurs in thne lower part ofthe
Dakhla Formation {Fig. 4.9). Petrographically، this facIes 1s
essentially made up of skeletal particles loosely packed in a dar.

nd )ت dense iime mud matrix. Skeletal particles are representedه 
complete and fragmented fine foraImiNifEral tests as well as rre
molluscan shell, phosphatie teeth and echinoid spines (Fig. 4.l1.
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Fig. 4.9

Sometimes iron-oxides and green glauconitic grains occuL
filling the foraminiferal tests. Foraminiferal tests, representing
mainly by planktics with rare benthics, are moderately sorted
oring about 30% of the rock. The binding material is a lime

mud matrix which is partially recrystallized into microspaI. The
106
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wnconformable relationships at the Cretaceous/Paleocene
boundary (i.e. base of the Dakhla Fommation) indicate the presence
of shallowing ard regression in sa-level during this interval. The
towemmost bed in the Dakhla the foraminiferal wackestone gave a
typical Danian fauna with many derived Maastrichtian fauna. This
maintains the unconformity surface at the base of foraminiferal
wackestone which is recorded in Shakhs El-Obeiyid, Bir Murr and
Ain Maqfi sections @Fig 4.16, 4.9& 4.19). The re-establishment of
a new planktic foraminiferal association apparently took place
under changing environmental conditions that contimued above the
K/P boundary event. After the sea-level fall during the interval of
the KP boundary, the stdied area was invaced by a major marine
flooding in the Early Danian. The planktic foraminiferal
percentage increased gradually and attained more than 80% of the
faunal contert. ٩

In fact, the rapid replacement of one bio-assemblage by
another is indicative of major changes in the depositional
environment due to the changing of physical/chemical factors in
the marine environment or due to some complex interaction
between elements of the biological system. The foraminiferal
wackestone has been deposited in a deep middle shelf setting due
to its high Pb ratio.

2. Deep middle/outer shelf pelagic shale

This lithofacies marks the upper part of the Dakhla
Fomation. Tt is yeliowish gray, slope foming, fissile, calcareous
and highly fossilifErous with abundant planktics and some
benthics. The lithologic characteristics and faunal content of this
pelagic shale indicate deposition in a deep middlelouter shelf
environment under quite water conditions. The lamination which
is an essential structure in this shale supports deposition i quite
water conditions. ln some sections such as in northwest Bir Bidni,
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the planktic percentage Ieaches wp to 60% of the rock {Fig. 4.10,
1he associated bentlic assemmblage includes some species of the
·.enera Tertulcria, Cibicidoides, and Cyroidinodes. In the northern

fEl Ouss Abu said, the planktic percentage in the top part
-t the upper calcareous shale of the Dakhla Formhation is low to
nil. The benthic species are the dominant foramniniferal typا .
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.oward the end of the P2 ZonE, a marked drop in the
planktic percemtage (fiom 65% to 38%) took place near the top
par of the calcareous shale in Bir Murr (Fig. 4.9), whicb indicat
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clear shallowing conditions in the eastem part of the Farafa Oasis.
These changes in planktic percentage indicate a drop in relative
sea level from outer shelf to shallow middle shelf.

3. Shallow iuner shelf foraminiferal lime-mwdstone

The foraminiferal lime-mudstone is not a common
microfacies type in the Dakhla Fommation. It marks the lower unit
of the Dakhla Formation i northwest Bir Bidni (Fig. 4.10).

Petrographically, the foraminiferal iime-mudstone is
composed of small amounts of skeletal particles floting in a dense
1ime mud matrix (Fig. 4.12). Foraminiferal tests, representing the
main component of these skeletal particles, are fagmented and
badly preserved. Fine glauconitic grains are also recorded
randomly disseminating in the lime mud matrix. The matrix is
partially recrystallized into pseudospar. The foraminiferal lime­
mudstone deposits in a shallow inner shelf regime. Haq et al.
(1977) mentioned that a relatively warm climate had prevailed
between 63 and 60 Ma (a time span correspording to the
Gtobanomalina conwpressa-Praemurica wmcinata Plc Subzone,
Praemurica wncinataMorozowella angwlata P2 Zone and part of
the Morozovella angulata-Globanomalina psewdomenardii P3
Zone). Dring this time interval, the warmning trend beginning
from Plc to P3, except for the interval which contains common
assemblage of the planktic foraminiferal assemblage such as
Subbotina and Globamomalina that consistently recording the
coolest water masses among Raleogene species.

To summarize, the facies characteristics and the vertical
distribution of the studied fauna in the Dakhla Formation idicate
a transgressive event of the sea leve] which increases at the top
with the increasing of the planktic foraminifErs.
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4TArawan Formationل. 

The 1arawan Fommation is composed of white wo yellowish
white, moderately hard chalky himestone with shale interbeds. It
includes the following facies associations:

1. Outer shelf pelagic foraminiferal packstone

2. Outer shaliow middle shelf pelagic shale

3. Lower shallow subtidal bioclastic foraminiferal packstone

4. Lower intertidal foraminiferal lime-mudstone

f. Outer shelf pelagie foraminferal packstone

The foramniniferal packstone is recorded at the top part of the
Tarawan Formation in the northem slope of E] Ouss Abu Said
Plateau and in the main part of the formation in Oaret SSheikh Abd
AIla (Fig. 4.13 & 4.14). Packstone is a grain-supported rock with
small amounts of lime mud matrix, usualy not exceeds 15% of
the rock content. The skeletal particles are the most distinctive
constituents of the packstone rock. Petrographically, the packstone
is made up of tightly-packed foraminiferal tests embedded in a
dense lime mud matrix (Fig 4.15). The foraminiferal tests are
represented by planktics, arely benthics. The tests are mostly
recrystallized into microspar, while their chamber lets are filled
with clear spary calcite cement. Few thin-walled oyster shells and
dwarf gastropods are recorded. The planktics are characterized by
their high frequency (more than 90%), high diversity and the
abundance of Morozovella and Acarinina species. The keeled
planktic species exceed largely both the non-keeled and
heterohelicids species. They attain more than 60% of the planktic
foraminiferal assemblages, while the non-keeled species attains
kess than 30% of this assemblage. The low benthic content (less
than 10%) in the forariniferal packstone rock is mostly
calcareous type.
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The abrupt increase in the planktie foramniniferal spe "
the Tarawan Fommation is essentially attributed to a sudden
flooding of the Tetbyan water masses during the upper part  ا
Gtobamomatina pseuaomenardii P4. The pelagic foraminiferal
packstone has been deposited under deep water conditions in an
outer shelf setting at waterdepth between 150 and 200m,
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3. Lower shallow subtidal bioclastie foraminiferal packstone

observed Inis onlThe bioclastic foraminiferal packston-
the upper part of the Tarawan Formation measured in northwest
Ain Maqfi (Fig 4.5) Petrographically, the bioclastic foraminiferal
packstone is composed of fossil debris, originally derived from
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dwarFمdو, FomosRacجaآآ wوموصم Rآ arerfraninFeMaًا 
gastropcdls, echinoid spines and plates, together with a few algal
fragments (Fig. 4.17). Some complete large benthics are also
observed. Larger benthics are ofen recrystalized into pseudospar,
rarely dense micritized. The skeleton debris is agglutinated in
spry calcite with a small amount of lime mud. The presence of
shallow marine larger benthic foraminiferal assemblage, indicate
deposition in a kower shalkow subtidal (shallow inner shelf)
setting. ln such shallow depth, the wave irpact or the sea floor
causes fragmentation of the faunal conten.

4. LOwer intertidal foraminifera} lime-mwdstone

The foraminifera} iime-mudstone is recorded in Bir Mur
with a thickness of lm thick (fig. 4.9}. It contains a few amounts
of badly preserved planktics such as sbbotina sp., it also occurS
in northwest Ain Mafi (Fig. 4.5) and in Shakhs El-Oteiyid (Fig.
4.16) The lime-mudstone consists of a dense and dark grey lime
mud matrix (more than 95%) with rare baly preserve1 panktic
foraminiferal tests (Fig. 4.18). The kime mud is partky affected by
aggrading neomorphism into micrOspar. 1rn-oxides may partially
fihl some of the foraminiferal chambers. The iron-oxides are also
present as spos and patches dissemminating in the hime mud matrix.
The voids and microfractures within the matrix are almost
compketely filed with sparry calcite andor iron-oxide cements.

The liremudstone represents protected lower intertidal fat
sediment commonly deposited shoreward of a low-energy,
shallow-marine lagoon. The low faunal content suggests high
salinity conditions restricted circulation with the open sea.

To summarize, the Late Paleocene Globanomahina
psewdomenardii Zone of the Tarawan Formation is marked by a
gradual upward shallowing conditions as evidence from the rapid
vertical variation in the facies associations and Upwar decrease
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in planktic/benthic ratio ( Figs. 4.5 & 4.16). These shallowing
most probably are connected with an episode of tectonic activity
in the Egyptian Paleocene called the Felascoemsis Event by
Strougo (1986).

Ha9 et al. (1977) pointed out that by the beginning of the
Late Paleocene, there was a cooling trend because the kow spired
subbotinid assemblage invaded the low latitudes and the high
latitudes nannofloral Prinsius martinii assemblage spread to the
low latitdes. Samir (1995) mentioned that through the Latest
Paleocene (Globaromatina pseudomemardii and Morozovella
velascoensis zones), a faunal turnover took place indicating an
oceanie cooling. This is indicated by: 1) The decrease in
abundance of the warm water indices (i.e. morozoveLliods), from
48% to range between 31% to 26%, and 2) The increase in
abundance of the cool water indices {i.e. the subbotinids) from
24% to range between 34% and 50%.

IV.5 Esna Formation

The base of the Esna Formation in the eastern and
northeastern parts of the Farafra Oasis is composed of alveolinid
himestone of the Maqfi Member followed by shale intercalated
with argillaceous limestone especially in the upper part of the
formation (Fig. 4.19). While in the westem escarpment of the
oasis, the Esna Fomation consists of calcareous shale which is
intercalated with argillaceous limestone in the upper part.

The Esna Formation includes the following sx facies
associations:

1. Deep middle/outer shelf pelagic shale

2. Shallow inner shelf calcareous shale

3. Lower shallow subtidal miliolids alveolinid bioclastic
packstone
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4. Lower shallow subtidal foraminferal packstone

5. Supratidal sabkha

6. lower shoreface calcareous quartz arenite

The following is a detai! description and interpretation of the
detected microfacies associations.

1. Deep middletouter shelf pelagic shale

The pelagic shale is a common facies in the lower par of the
Esna Formation. Ht is yellowish gray, dark gray, Iight olive gray in
color, cakcareous, fissile and fossiliferous with abundant and
diverse foraminifers. The basal part of the Esna Fommation is
marked by a dominance of non-keeled planktic forms such as
Acarinina and Sbbotina (attains about 80%) and the warm-water
species of Morozovella (single keeked forms) which increase
rapidIy upward. The occurrence of high diversity planktics
munitions their deposition in a deep middle/outer shelf setting.

This calcareous shale contains many dwarf fauna especially
at the base of the Esna Formation measured in southeast Our
Hadida and the northern slope of EI Ouss Abu Said (Fig 4.13).
Whether the dwarf fauna represents a real phenomenon of stunting
or not was one of the main themes discussed by Abdellatif([990).
Analyzing all the factors conducive to stunting (food supply,
salinity, temperature, oxygen content, turbidity, exposure to
waves, population, density and other factors) declared that many
of the fossils of the dwarf fauna were small because they belong t0
naturally small species.

At about 15m, the base of the Esna Formation in the northemn
slope of EI Ouss Abu Said, the dwarf fauna are recorded in
calcareous shale containing about 70% planktic and reworking
fauna such as Globanomalina sp. as well as abundant benthic such
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as Bathysipkon arenacews Cushman which indicate shallower
environment condition toward the top part of Morozovetla
formosa formosa and/or Morozowella lensiformis (P6a) Subzone
(Fig. 4. 13). The foraminiferal tests are well preserved and not
affected by any oxidation, except the reworked fauna. ln this
interval, the Subbotinids and Acarininids increase with low
mOrozovelliods, in additior to, abunance of benthic forams such
as Lenticulina pomdi (Cushman), Margimulina wetherelli Jones,
Bulimina qwadrata Pkummer, B. pupoides d Orbigny, Caudryina
soldadoensis Cushman & Renz, Nonionella africana LeRoy and
Anomalinoides granosws (Hantken). Towards the middle part of
the Esna Fommation (P7 Zone), the morozovellids markedly
decrease again while the subbotinids increase. This clearly
indicates the beginning of a cooling episode towards the middle
and upper parts of the Esna Formation.

Most of the Cenozoic oxygen isotope palaeotemperature
curves show a marked wamming during the Early Eocene, which
1ay have been the most uniformly warm episode of' the Paleogene
(Ha9 et al., 1977; Savin, 1977, Wolfe, 1979).

Haq (1981) reviewed the gobal oceanic temperature
conditions during the Paleogene based on the palaeobiogeographic
migrations of the planktic organisms and on the oxygen-isotop
data. He concluded that a number of warm and cool pulses
occurred during the Early and Middle Paleocene, followed by a
sustained wamm and cool pulses occurred during the Latest
Paleocene and extended into the Middle Eocene. However, there
is considerable evidence indicating that the Early Eocene was the
warmest interval of the Cenozoic (Frakes, 1979; Haq, 1981 and
Kennett, 1982).
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2. Shallow inner shelf calcareous shale

This calcareous shale is a dominant facies in the middle­
upper part of the Esna Formation. It is intercalated with thin
limestone interbeds. The shale facies is yellowish gray, compact,
slope-forming, fissile and highy fossiliferous with 1arger
foraminifErs such as Nummwlites, Operculina as well as molluscan
shells and echinoids. The progressive shallowing of the sea in the
middle-upper part of the Esna Formation is indicated by the
constant occurrence of the bivalves, corais, echinoids and
gastropods at different levels. These macro-invertebrates are
characterized by high diversity especially in El Ouss Abu Said
Plateau (Fig. 4.20). The presence of such types of fossils proves
that the calcareous shale have been deposited under upper deep
subtidal shelf conditions.

3. Lower shallow subtidaآ miliolids alveolinid biocalstie
packstone

The miliolids alveolinid biocalstic packstone is a common
mierofacies type in the alveolinid Limestone of the Maafi Member
(Fig. 4.5). Petrographically, the rock is essentially made up of
closely packed skeletal particles, which form about 7080% of the
rock content. The skeletal components are mainly of alveolines,
rare nummulitids, echinoids spines, coralline algea and many
dense micritized bioclasts. They agghutinated in sparry calcite
cement with some subangular quartz grains (Fig. 4.21 & 4.22).
The alveolinid are present in complete circular and well-rounded
forms. Eary isopachous cakcite cement is often developed
vertically on the bioclasts. The Nummulites are often recrystalized
with relics of their fbrous well structures. The bioclasts are
coarse-grained, moderately sorted and usually varied in shape
from sphericلa to elongated fors. They undergo intense
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TREمacksioerepresensagiiaREd-warerIowcrsآ aiiow
subtida shoal sediments that commonly develop in the marine
inner shelf under high current and wave activity. This
interpretation is documented fiom: l) 'The predomninance of larger
berthic foraminifers such as Alveolina sp. and Nwmmulites sp. 2)
the practical absence of the planktic foraminiferal species and 3)
The relative dominance of shallow marine fauna such as coralline
algae and echinoids. '1he extensive broken and abraded shells as
well as the rarity of lime mud matrix indicate the strong
winnowing currents.

Murray (1973) pointed out that the larger foraminifers, which
hive in a subtropical-tropical environment, are occurring in the
upper part of the continental shelf, within a relatively limited
sector. The abundance of larger foraminifers indicates a drastic
fall in relative sea level and the prevalence of nommal salinity,
which existed for a long time, providing favorable conditions for
the rapid evolution of Nummlites and Alveolina (TecskemEti,
1989).

4. 1ower shallow subtidal of foraminiferal peckstone

The foraminiferal packstone has a wide occurrence in the
upper part ofthe Esna Fommation in the Farafra Oasis. The rock is
grain-Supported with some 1ime mud matrix. Petrographically, the
packstone is made up of skeletal particles (70%) embedded in a
dark gray microcrystalline calcite. The skeletal particles are
mainly represented by 1arger benthics (operculinids, alveolinid
and nummnulitids), echinoid spines, molluscan shehl fiagments and
algal debris (Figs. 4.23 & 4.24). Caleitic bivalve shell fragments
with foliated structure and aragonitic shell debris with dissolve
moulds are the common molluscans. Most of the foraminiferal
tests are badly preserved due to intense micritization. Some of' the
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Nummwhites tests are recrystaliized into pseudospar with relics of
their internal microstRcture.

The karger foraminifers appear in repetitive banks, and their
appearances are associated with a marked decrease in the
abundance ofthe planktic and the diversity of the benthic species.
Miliolids and rotaliids become important components in the
[imestone irterbeds of the upper part of the Esna Formation,
especially guingweloculina gwssensis Schwager, Spiroloculina
esnaensis LeRoy, bpomides totus (Schwager), carcris auricular
(Fichtel & Moll), Rotalia calcariformis (Scbwager) and
Nonionella insecta (Schwager), in addition to cibicidids and
aromalinids.

In fact, the planktic foraminifers are absent in te upper part
of the Esna Fomation. The benthic fauna is very few, dominating
by Paralabamnina aegyptiaca (LeRoy) and Rotalia calcariformis
(Schwager), suggesting a marginal shallow inner shelf
emvironment. The bivalves, on the other hand, are abundant and
the most common species are Pcnodomte aviculina (Oppenheim),
Spondyts aegptiacus Newton, Euphenar zitteli (Mayer-Eymar},
Gryphaeostrea eversa (Melleville), Ostrea malticostata Desh and
Ostrea (Ostea) aviola Newton especialy in E] Ouss Abu Said
Plateau. Recent oyster seems to restrict to the near shore habitats.
According to Kauffman (1967), those oysters that range out onto
the shelf are predominantly small, delicate species. ln most
situations, oyster prefers brackish waters and only the brackish­
water species from persistent buildups. Therefore, the upper part
of the Esna Formation with its successive packages of oyster
banks has been deposited in a shallow inner shelf setting, most
probably intemittently subjected to lowering salinities.
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5. SupratidAl sabkhA
The evaporite is ony recorded in the Esna Formation of

,,utheast Our Hadid, measuring about lm tick (Fig.  ر4.25
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Petrographically, the evaporite is formed
coarse granular and prismatic anhydrite crystals (Fig. 4.26). The
individuلa anhydrite crystals wary in length from 0.3-1mm. Clayey

aterial and a few auartz grains are disseminated between theء 
-nhydrite crystals. Fibrous anhydrite aggregates are alsofound in
the form of radiating rosettes (Fig. 4.27). They are emnbedded in a
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materials. The evaporite facies represents very shallow salina
deposits developed on a supratidal flat setting during arid climatic
and hypersaline conditions. This salina resulted in the deposition
of the subaqueous thin-laminated and upward prismatic gypsum
which later pseudomorphously replaced by anhydrite due to
diagenetic dewatering.

6. Lower shoreface calcareous quartz arenite

The calcareous quartz. arenite is recorded in the upper part
of the Esna Formation exposed at southeast Our Hadida. Ft
measure about Im thick (Pig. 4.25). The rock consists of quartz
grains (95%) cemented by microcrystalline calcite with some silty
clayey matrix which fillig completely the intergranular pore
spaces. The quartz grains are very fine to coarse-grained, ranging
in size from 100 to 900m, poorly sorted and subangular to
rounded. Most of the quartz grains are of monocrystalhine type
and exhibit straight to slightly undulose extinction. Calcite-quartz
replacement is comman aong the grain boundaries. lron-oxides
may be recorded as secondary cementing material. The sandstone
facies represents a shallow subtidal deposit (lower shorefacie) of a
silicaclastic beach.

To summarize, the faunal and lithologic characteristics of the
Maqfi Member suggest deposition in a iower shallow subtidal
environment. While, in the paleo-low areas, the basal part of the
Esna Fornation indicates deposition in a deep middle/outer shelf
environment. Whereas, the overlying sediments of the middle and
upper part of the Esna Fommation is have been deposited under
shallower conditions between shallow subtidal to upper deep
subtidal setting (shallow inner shelf).
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fi٤. 4.26

#7ig. 4.27 Fihrous anlydrite aggreRates in tle form of radiating ro­
emledded in a fine cquant sRhydrite. Supratidal sabkla fagfs
-hwest Cur" Hsdids, bedl 78. I0.
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IV. 6 Ain Dalla Formnation

The Ain Dalla Foration is composed of chalky limestone
with dolostone interbeds in the lower part and thin-laminated chert
at the top (Figs 4.29). The fommation contains the following
microfacies associations:

1. Deep middlelouter shelf foraminiferal wackestone

2. Lower shallow subtidal alveolinid wackestone

3. Deep subtidal calcareous shAke

4. Lower intertidal sandy silicified dolostone

5. Lower intertidal lime-mudstone

The detailed facies descripuion and interpretation of Ain
Dakla microfacies types are given below:

1.Deep middfe/outer shelf foramimiferal wackestone

The foraminiferal wackestone is recorded in the lower part of
Ain Dalla Fommation (Fig. 429) The rock is white to yelkowish
gnay, massive to well-bedded and argillaceous. Ft is characterized
by high abundance of subbotinids and morozovelliods fauna,
which are loosely packed in a lime mud matrix. The common
occurrence of planktics in the wackestone facies indicates
deposition in a quiet-water, deep middle/outer shelf environmnent
under open marine circulation.

2, Mower shallow subtidal alveolinid wackestone

The alveolinid wackestone is recorded as rock interbeds in
the middle part of Ain Dalla Formation (Fig. 4.29). It is also
recorded in the upper part of the formation, measuring about 25m
thick. The rock is yellowish white, massive and comnpact chalky
limestone.
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Petrographically, thE alveolinid wackestone is made up o
well sorted larger foraminiferal and macrofaunal assemblages
emnbedded in a partially recrystallized lime mud matrix (Fig.
4.30), these faunal assemblages fomn about 35% of the roc.
constitent. They are present in complete and fragmented manner

he bioclasts are rounded and oval in shape, variable in size and
mostly derived fom alveolinid, echinods, bivalves, textlaria
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rotallina and ostracods. The alveolines are the most comon
faunal contemt. They appear as well preserved, oval to cyiindrical
complete sheil tests. The presence of abundant karger foraminifers
in the wackestone suggests deposition under warm conditions in a
iower shallow subtidal setting.

3. Teep swbtidal calcareous shale

The calcareous shale is not a common facies in Ain Dahla
Fommation. lt is found in the transitional between proper Esna and
Ain Dalla fommations such as in tbe top part of Ain Dalha
Fommation at Shakhs El-Obeiyid (Fig. 4.16) and at its base in Bir
E]-Obeiyid. The shale at the top of Ain Dalla Fommation is
yellowish gray, slope-fomming and often associates with larger
foraminifers such as mummulitids and operculinids as welF as
molluscan shells and echinoids. The presence of such types of
fossiis proves that this shale has been deposited in a deep shallow
subtidal shelf setting. While, the shale recorded at the base of Ain
Dalla Fommation in Bir El-Obeiyid is fossiliferous with a high
planktic foraminiferal content such as 4carinina and
Rseuctohastigerina species which suggest deposition in a middle
outer shelf.

4. Lower intertidal sandy silicifed dolostone

The sandy silicified dolostone is not a common microfacies
type in Ain Dalla Formation, measuring about 1m thick in
northeast Ain Dalla (Fig. 4.29). The rock is pale brown, hard and
consolidated with chert nodules. lt is consists of dolomnite rhombs
(70-75%) agglulinated in a pore-filling microquartz (15-20%)
with some sparry calcite (<10%). lt contains very small amounts
of Operculina. The dolomite rhombs are coarse-crystalline, 150-
200pm in grain size, hypidiotopic occasionally idiotopic and
equigranular (Fig 4.31). Most of the rhombs contain dark clayey
material in their cores surrounded by clear outer rims.
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Some of the dolomite rhombs are replaced by calcite, but stiEl
retaining their crystal shapes. The micro quartz is formed of fine
amnount quartz grains, about 10-20m in size. Some sparry calcite
is observed and acts as cemnent between the dolomnite rhombs.
Vugs in the rock are also partially fIlled by fine amount quartz
grains. The size and fabric of the dolomite rhombs, in addition to
the complete distorion of te depositional fabric suggest late
diagenetic dolomitization of an earlier lime-mudstone rock. The
silicifcation and calcitization post-date dolomitization.

5. Lower intertidal limemudstone

The lime-mudstone rock is only recorded in the lower part of
Ain Dalla Fommation (Fig. 4.29). The rock is massive, fine­
crystalline, argillacous limestone with Thalassinoides burrows.

Petrographically, the lime-mudstone is formed of a dense
cloudy lime mud matrix, partially recrystallized into micro- and
pseudospar. lt is almost barren of any faunal content. The absence
of any faunal content in the lime-mudstone strongly suggests its
deposition in a protected lower intertidal environment.

1n general, Ain Dalla Fommation has been deposited under
two main conditions:

a- Deep water conditions resulted in the deposition of its
lower part (deep middle/outer shelf foraminifEral wackestone).
This situation was interTupted by shallower conditions to deposit a
hime-mudstone and sandy silicified dolostone of lower intertida]
environment.

b- Shallow water conditions resulted in the deposition of its
upper part (ower shallow subtidal alveolinid wackestone). In the
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upper part of Ain Dalla Fommation, the planktics are ni, where as
the larger oraminifers dominate indicating a regressive event.

[W.7 Farafra Limestone

THe Farafia Limestone is composed of yellowish gray,
massive to thick-bedced limestone enriched in lager foraminifers
(Fig. 4.32). It is intercalated with minor amount of calcareous
shale. In Ain Dalla, the formation is represented by highly
consoidated, massive dolomitic limestone (Fig. 4.29). The Farafra
Limnestone yields the following facies associations:

1. Deep subtidal calcareous shale.

2. Upper shallow subtidal nummulitic alveolinid packstone.

3. Lower shallow subtidal nummulitic wacke/packstone.

4. Lower intertidal lime-mudstone.

5. Lower intertidal dolomitic lime-mudstone.

The detailed description and interpretation of the recognized
microfacies associations are given below:

1. Deep subtidal cafcareous shale

The calcareous shale is not a common facies type in the
Farafra Formation. The individual bed ranges in thickness fiom
0.5-2m. The shales are calcareous, slope-forming, compact,
calcareoys and fossiliferous with larger foraminifers. The faunal
and Lithqlgic characteristics of the calcareous shale suggest
deposition adeep subtidal environment (inner shelf).

2. Upper shallow subtidal mummulitie alveolinid foraminiferak
packstone mierofaeies

The nummulitic alveolinid packstone is a common facies in
the lower part of the Farafra Limestone (Figs. 4.13, 4.20 &4.32).
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A rich bivalve assemblage is recorded in life position within
the lower part of the Farafra Limestone, especially at El Cuss Abu
-aid Plateau. This assemblage inclues Rseudomitha mokbahensi:
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(Oppenheim), which is characterized by its very large size and
seems to be restricted to the Farafra Oasis. Other bivalves are
"Lcina" edita Oppenheim and Lucina (Lucina) qwrnaensis
Oppenheim, this in addition to echinoids and nautilida. The great
maiority of living lucinids preferentially inhabit an intertidal to
shallow subtidal environment. They are deep burrowers in muddy
sediments, and communicate with the water column via an
anterior inhalant tube construed ofsediment grains (Allen 1958).

Larger foraminiferal especially alveolinid species appear
massively in repetitive banks. These probably represent shoals and
bars, accumulated by waves and curents in the upper shallow
subtidal regime. These reefal facies refer to moderately agitated
clear water conditions with clear effect of the wave action that
caused piling up of larger foraminifers foring fossil bank.

3. Lower slallow subtidal nummulitie wacke-/packstone

The nummulitic wacke-packstone is recorded in the lower
part of the Farafra Limestoneat south Oaret Sheik Abd Alla (Fig.
4.14). The rock is pale orange, hard, compact limestone with
many small-sized Nummulites sp.

The wacke-/packstone is fommed of slightly packed coarse
skeletal particles, which constitte about of 50-65% of the rock
content, and lime mud matrix (35-50%.). The nummulites,
operculines, miliolids and echinoid spines are the predominant
skeletal particles (Fig. 4.34). Larger benthics are present in
complete and fragmented foms. They 'are either affected by
micritization or aggrading neomorphism. The nummulites and
operculines tests are globular in shape and mostly well preserved.
The chamberlets' are mostly filled iith granular sparry calcite.
Echinoid spines ، often show syntaxial calcite overgrowths.
miliolids may reach up to 5-8%- of the rock constitent and are
often filked with lime mud matrix. Also, glauconitic pellets with
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between the particles is partially recrystallized lime md. The
wacke-/packstone {acies represents a lower shahlow subtidal
deposit, Tt is known that nummulites live in tropical and
subtropical shelves where the temperatre ranges between 18 and
27"C. Within this range, greater amounts ofCaCo; are available to
the larger foraminifera for building their tests (Blondean, 1972;
Ungaro, 1994).

4. Lower intertidal lime-mudstone

The lime-mudstone is a common microfacies type in the
upper part of the Farafra Limestone (Figs. 4.13, 4.19, 4.20 &
4.32). lt is only recorded in the basal part ofthe Farafia Limestone
at Cabal Sofra measuring about llm thick (Fig. 4.32). The rock is
moderately consolidated, massive and partly fossiliferous.

The lime-mudstore is completely built up of dense
microcrystalline calcite with grain size less than 4 pm. It contains
a fEw randomly floating skeletal particles embedded in the lime
mud matrix. The skeletal particles are mainly represented by badly
preserved fauna of some ostracods, nummlites an echinoid
spines (Fig. 4.35).

1he coral fragments are present in some noticeable amouns
in Ain Maafi (Fig. 4.36). The well structure and septa of the corals
are almost highly obliterated into microspar partly filled with
granular sparry calcite due to leaching. THe interseptقl spaces, on
the other hand, are filled with dense lime mud matrix, partly
recrystallized into pseudospar (Fig. 4.37). The coral fragments
account for about 2-5% of the rock content. The aggrading
neomorphism is partialy affected the lime mud matrix leading to
partial change into microspar and psudospar.
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The neomorphic spars have commonly clear rounded calcite
crystals with more or kess uniform size. Most of them, if not ali,
show dark grey color on their outer borders, probably due to
impurities originally associated with the iime mud. Such
impurities were expelled outwards from the micrite during
recrystallization. The 1imne-mudstone is interpreted to have been
deposited in a regressive iower intertidal environmnent.

5. Lower intertidal dolomitic lime-mtdstone

The dolomitic lime-mudstone is recorded in the upper part
of the Farafra Limestone measured in Gabal Sofra and El Ouss
Abu Said (Figs. 4.20 and 4. 32). It forms the main part of the
Farafta Limestone i Ain Dalla (Figs. 4.20 & 4.29). The rock
consists of a dense cloudy lime mud matrix with abundant,
randomly scattered fine diagenetic dolomite rhombs and rare
benthic foraminifers. The dolomite rhombs are containing dark
clayey cores and clear outer rimns. They are commonly zenotopic
to hypidiotopic in fabric and equigramular in texture (Fig. 4.38).
The rhombs range in size fiom 10-20 .m ر They do not show any
zona] arrangememt but contai, in most cases, very fine black
minerals giving them cloudy appearance. The fabric, equigranular
texture and unzoned habit of the dolomite rhombs are closely
similar to the early diagenetic dolomite. The few benthics are
present badly preserved due to aggrading neomorphism.

The virtual absence of bivalves in the Farafra Limestone of
Ain Dalla suggests that this area was inhospitable to a luxuriant
life; probably, it was a sheltered bay or lagoon with poor bottom
circulation. This interpretation is consistent with the occurrence of
alveolines, which believed to have preferentialHy lived in restricted
shelf areas of carbonate deposition (Fottinger, 1973, Sartorio and
Venturini, 1988).
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