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Vi1, Summary and Conclusions

The present work deals with the integrated Iitho-and
biostratigraphy, microfacies associations, depositional
enviromments, sequence siratigraphy and the geological history of
the Upper Cretaceous-Lower Eocene succession in the Farafra
Qasis.

The Farafra Oasis is one of the most characteristic
depressions present in the Western Desert of Egypt. It is located
about 560 km southwest of Cairo and about 300km west of Assiut.
The floor of the oasis is occupied by the Maastrichtian chalk,
while the Lower Paleocene-Lower Eocene clastic/carbonate
sediments characterize its scarp faces and plateau surfaces. The
Upper Cretaceous-Lower Eocene succession of the Farafra Oasis
is invoked by a variety of shallow and deep marine sediments with
many distinct lateral variations in facies and thickness. Few
studies were published on the eastern and western parts of the
Farafra Oasis.

Fourteen surface stratigraphic sections have been measured
and sampled in east and west Farafra Oasis. These sections are
chosen to represent the whole lateral and vertical facies and
thickness changes in the Farafra Oasis. Different lithologies of the
same age can be recognized in and around the Farafra Oasis. The
age assignment, sequence boundaries and the environmental
interpretations of the different sediment types give a clear picture
about the aerial distribution of various facies and help in solving
the stratigraphic problems in the study area.

The succession cropping out in the Farafra Oasis ranges in
age from Santonian to Early Eocene. It is classified into seven
rock units; these are from older to younger: Ei-Hefhuf, Khoman,
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Dakhla, Tarawan, Esna and its lateral coeval Ain Dalla, and
Farafra formations, respectively.

El-Hefhuf Formation is well developed in Wadi Hennis and
east Bir EI-Obeiyid. It has an exposed thickness ranges from 11-
35m thick. El-Hefhuf Formation represents the oldest exposed
rocks in the Farafra Oasis. It is composed of two rock units with a
sharp contact inbetween. The lower unit is composed of clastic
sequence of shale, cross-bedded sandstone, massive sandstone,
and siltstone, partly glauconitic. The upper unit starts with oyster
bank which is followed by phosphatic sandy dolostone with
common shark teeth and burrows. The latter have different
straight, bifurcated and flask shapes. The contact between El-
Hefhuf Formation and the overlying Khoman Formation is a
sharp unconformable contact between the hard dolostone and the
chalk of Early Maastrichtian age.

Five dominant facies associations are recognized in El~Hefhuf
Formation. These are:

1. Upper deep subtidal shale/mudstone.

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

3. Lower intertidal phosphatic sandy lime-mudstone.

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

5. Upper intertidal sandy dolostone.

El-Hethuf Formation seems to have been deposited in a
shallow marine environment with oscillations from upper
intertidal to upper deep subtidal. The clastic facies of El-Hethuf
Formation represents the first depositional sequence SQI1. The
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base of this sequence is not exposed while its top is marked at the
base of a Pycrnodonte vesicularis vich bed with many reworked

Cenomanian fossils. The upper boundary defines the base of the
Campanian and separates between the lower clastic and upper
carbonate units by a sharp erossional contact. It is consists of
progradational parasequence sets of alternating upper deep
subtidal shale/mudstone, subtidal lower shoreface massive-bedded
sandstone and subtidal upper shoreface cross-bedded sandstone
that define its highstand systems tract. The carbonate facies of El-
Hefhuf Formation represents the second depositional sequence
S$Q2. This depositional sequence includes a lower transgressive
deposit of shallow/deep subtidal oyster mdstone, lower intertidal
sandy phosphatic dolostone and sandy argillaceous limestone.

The Khoman Formation is widely distributed thronghout the
floor of the northern Farafra Oasis. It reaches its maximum
thickness in the northern escarpment of the Farafra Qasis {50m
thick) and is made up mainly of snow-white chalk; moderately
hard, massive and fine-grained, While at Qur Hadida, the chalk is
topped by dolostone intercalated with mudstone and algal
stromatolites especially near top. The Khoman Formation
comprises the following four facies associations:

1. Deep middle to upper continental slope foraminiferal
wackestone

2. Shallow inner shelf mudstone
3. Lower intertidal lime-mudstone
4. Upper intertidal dolostone
The basal part of the Khoman Formation indicates deposition

in a deeper middle shelf environment, whereas the overlying
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sediments of the upper part of the Rugoglobigerina hexacamerata
CF8b Zone has been deposited in a relatively deeper sea
oscillating between outer shelf and upper continental slope depth.
Shallower conditions of deep middle shelf start with the upper part
of the Gansserina gansseri CF7 Zone and the base of the
overlying Contusotruncana contuse CF6 Zone. Very shallow
conditions of shallow inner shelf dominated in the top part of the
Khoman Formation.

The Khoman chalk is highly fossiliferous with planktics and
benthics which belong to three planktic foraminiferal zones,
namely: Rugoglobigerina hexacamerata Interval Zone CF8b and
Gansserina gansseri Partial Range Zone CF7 which form the
lower-middle part of the Khoman Formation and the
Contusotruncana  contusa/  Pseudotextularia  intermedial
Racemiguembelina  fructicosal Pseudoguembelina  hariaensis
Interval Zone {CF6-CF5-CF4-CF3 Undifferentiated Zone), which
belongs to the upper part of Khoman Formation

The Khoman Formation represents the third depositional
sequence SQ3. The lower boundary of this sequence 1s an
unconformity surface separating between the Campanian part of
El-Hefhuf Formation and the Khoman Formation, the upper
boundary is a paraconformity surface at the top of the formation
due to the missing of the Latest Maastrichtian and the lower part
of the Danian. The SQ3 consist of retrogradational parasequence
sets of deep middie/outer shelf foraminiferal wackestone with a
shallow middie shelf foraminiferal wackestone at the base that
belong to the transgressive deposits and progradational
parasequence of middle shelf foraminiferal wackestone at the base
and lower intertidal lime-mudstone at the top of the highstand
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deposits.

The Dakhla Formatton is widely distributed in the central and
southern parts of the Western Desert. It is represented in the
Farafra Qasis by its uppermost part of its upper Kharga Shale
Member. The formation ranges in thickness from 1-10m. It is
missing in south Qaret Sheikh Abd Alla; this perhaps reflects
uplift of this area during deposition of the Dakhla Formation, This
Formation consists of two informal units; a lower argillaceous
chalk wunit with many reworked foraminiferal fossils of
Maastrichtian age at the base, which maintain its basal
unconformity surface. While, the upper unit is formed of
foraminiferal calcareous shale with many gypsum veiniets.

The formation includes the following three facies
associations.

1. Deep middle shelf foraminiferal wackestone
2. Deep middle/outer shelf pelagic shale
3. Shallow inner shelf foraminiferal lime-mudstone

The facies associations and faunal content of the Dakhla
Formation indicate a transgressive event of the sea level, which
increases upward with the increasing of the planktic foraminifers.
The formation however, has been deposited in middle/outer shelf,
inner shelf environment,

The Dakhla Formation is fossiliferous with abundant
planktics and benthics which belong to the Globanomalina
compressa-Praemurica  wncinata  Interval  Subzone Plc,
Praemurica uncinata—Morozovella angulata Interval Zone P2 and

Morozovella angulata-Globanomalina pseudomenardii Interval
Zone P3.
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The Dakhla Formation represents the fourth recorded
depositional sequence SQ4, The Ilower boundary is a
disconformity surface separating the top part of the Khoman
Formation from the basal part of the Dakhla Formation. While, the
upper boundary is an erossional unconformity surface due to the
missing of the Praemurica uncinata-Morozovella angulata P2
Zone and Morozovella angulata-Globanomalina pseudomenardii
P3 Zone (northwest Ain Magfi), which represents a time gap of
from about 61.2Ma to about 57.1Ma. In Bir Murr and Shakhs El-
Obeiyid, this hiatus is recorded due to the missing of the P3 Zone,
while in Ain Maqfi, this hiatus recorded due to the missing of the
P3b Subzone. In the extreme northern part of the Farafra Oasts at
south Qaret Sheikh Abd Alla, the whole Dakhla Formation is
missing which equivalent to about 9.0 Ma. This contact (SB4} is
conformable in the Bir Bidni due to continuous sedimentation.

The Tarawan Formation is well exhibited in the Farafra Qasis.
It is characterized by a marked change in thickness from im in Bir
Murr to 23m in northwest Ain Magfi. This formation is composed
of chalk and argillaceous limestone with calcareous claystone
interbeds at the middle part of E] Quss Abu Said; it belongs to the
Globanomalina psewdomenardii Zone (P4). The top part of the
Tarawan Formation is composed of calcareous shale at northwest
Farafra-Ain Dalla passage. It is intensively burrowed with
Thalassinoides in its upper part especially toward the paleohigh
areas. The Tarawan Formation includes the following facies
associations:

1. Quter shelf pelagic foraminiferal packstone
2. Outer shallow middle shelf pelagic shale
3. Lower shallow subtidal bioclastic foraminiferal packstone
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4. Lower intertidal forami;l_if‘eral lime-mudstone

The Tarawan Formation ts characterized by gradual upward
shallowing conditions as evidenced from the rapid vertical
variation in the facies associations and decrease upward in
planktic/benthic ratio ratios. These shallowing conditions most
probably are connected with an episode of tectonic activity in the
Egyptian Paleocene called the Velascoensis Event by Strougo
(1986).

The Tarawan Formation represents the fifth recorded
depositional sequence SQ5. Its upper boundary is a sharp
erossional surface due to the missing of the Latest Paleocene
Morozovella velascoensis PS5 Zone especially along the eastern
part of the Farafra QOasis. The SQ5 is formed of transgressive
systems tract and highstand systems tract. The transgressive
deposits are followed by the maximum flooding surface, which
represents the change from pelagic facies to shallower facies of
the overlying highstand systems tract at northwest Bir Bidni,
Shakhs El-Obeiyid and northwest Ain Magfi. The latter is
composed of aggradational to progradational paraseguence sets of
shallow middle shelf foraminiferal wackestone and calcareous
shale, lower shallow subtidal bioclastic forammiferal packstone
and lower intertidal foraminiferal lime-mudstone

The Esna Formation is widely distribution in the scarp face of
the Farafra Oasis. It is locally absent in south Qaret Sheikh Abd
Alla. It exhibits marked lateral facies and thickness changes in the
studied area depending on the basin paleotopographic setting, It
ranges in thickness from 20-1506m and is composed of green shale
and mudstone intercalated in its upper part with argillaceous
limestone. In the eastern and northern parts of the Farafra Oasis,
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the Esna Formation starts at the base with the Magfi Member,
while in southeast Qur Hadida the basal part of the Esna
Formation consists of evaporite, shale and sandstone which are
capped by limestone with algal stromatolites. The formation
unconformably overlies the Tarawan Formation.

The Esna Formation is fossiliferous with abundant planktics
and benthics especially in its lower part which belong to the
Morozovella  velascoensis Zone PS5b-c and Morozovella
subbotinae Zone P6a in the central and western parts of the
Farafra Oasis, while the middle and upper parts of the formation
ascribe to the Morozovella aragonesis/M. formosa Zone P7 and
lower part of the Morozovella aragonesis/Acarinina aspensis-
Hantkenina nuttalli Zone (P8-P9 undifferentiated)

The Esna Formation includes the following six facies
associations:

1. Deep middle/outer shelf pelagic shale
2. Shallow inner shelf calcareous shale

3. Lower shallow subtidal miliolids alveolinid bioclastic
packstone

4. Lower shallow subtidal foraminiferal packstone
5. Supratidal sabkha
6. Lower shoreface calcareous quartz arenite

The faunal and lithologic characteristics of the basal Magfi
Member suggest deposition in a lower shallow subtidal
environment, while in the paleo-low areas, the basal part of the
Esna Formation indicates deposition in a deep middle/outer shelf
environment. The overlying sediments of the middle and upper
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parts of the Esna Formation are deposited under shallower
conditions between shallow subtidal to upper deep subtidal setting
(shallow inner shelf).

The Ain Dalla Formmation has a limited aenal distribution,
only found in Ain Dalla and Shakhs El-Obeiyid areas. It is
introduced to replace the Esna Formation in Ain Dalla and to
represent the well-bedded chalky limestone with chert bands at the
top. The formation is found to overlie unconformably the Tarawan
Formation and to underlie the Farafra Formation with a sharp
lithologic contact.

The formation contains the following microfacies
associations:

1. Deep middle/outer shelf foraminiferal wackestone

. Lower shallow subtidal alveolinid wackestone

2

3. Deep subtidal calcareous shale

4. Lower intertidal sandy silicified dolostone
5

. Lower intertidal lime-mudstone

The lower part of Ain Dalla Formation has been deposited in
a deep middle/outer shelf setting. It is interrupted by shallowing
conditions to deposit a lime-mudstone and sandy silicified
dolostone of lower intertidal regime, while the upper part of Ain
Dalla Formation is interpreted to be deposited in a lower shallow
subtidal environment. In the upper part of Ain Dalla Formation,
the planktics are nil, while the larger foraminifers are frequent
indicating a regressive event,

The depositional sequence SQ6 covers the lower part of the
Lower Eocene Esna and Ain Dalia formations. The base of this
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sequence is marked by the sequence boundary SB3 which
separated the Thanetian from Early Ypresian, while its top i3
characterized by the missing of the Morozovella formosa/M.
lensiformis-M. aragonensis Subzone P6b; this sequence boundary
SB6 is characterized by the presence of a thick evaporite bed in
southeast Qur Hadida, submarine break in the southern slope of El
Quss Abu Said or by intense dolomitization in Ain Dalla and
Shakhs El-Obeiyid. It separates between the Early and Middle
Ypresian.

Sequence 6 includes both transgressive and highstand
systems tracts. The transgressive deposits consist of outer shelf
pelagic shale and deep middle/outer shelf foraminiferal
wackestone. While, the highstand deposits are formed of shallow
middie shelf calcarecus shale and foraminiferal wackestone,
shallow inner shelf calcareous shale, lower intertidal lime-
mudstone and silicified dolostone. The depositional sequence SQ7
on the other hand, represents the main part of the Esna and Ain
Dalla formations as well as the lower part of the overlying Farafra
Limestone in the Farafra Qasis

The Farafra Limestone has a great extension, forming the cap
rock of El-Quss Abu Said Plateau as well as the northern and
eastern plateaus of the Farafra Oasis. It 1s composed of limestone
with argillaceous content at base and dolomitic limestone at the
top. In the northern reach of the Farafra basin, the Farafra
Limestone is composed of dolomitic limestone such as in Ain
Dalla and south Qaret Sheikh Abd Alla.

The Farafra Limestone vyields the following facies
associations:

1. Deep subtidal calcareous shale.
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2. Upper shallow subtidal nummulitic alveelinid packstone.

3. Lower shallow subtidal nummulitic wacke/packstone.
4. Lower interttdal lime-mudstone.
5. Lower intertidal dolomitic lime-mudstone.

In general, the lower part of the Farafra Limestone has been
deposited in a shallow subtidal environment which became
shallower in the upper part of the formation (lower intertidal flat).
The contact between the FEsna Formation and the Farafra

Limestone is gradational in eastern and western escatpments of
the Farafra Oasis.

The upper part of the Farafra Limestone corresponds to the
last recorded depositional sequence in the Farafra Oasis, the
depositional sequence SQ8, due to the detection of an
unconformity surface in the middle part of the Farafra Limestone.
This surface is characterized by an intensively bored hard ground
with Thalassinoides.,
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