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Chapter V Sequence Stratigraphy

V. Sequence Stratigraphy
V.1 Review

Sequence stratigraphy is the most recent and revolutionary
paradigm in the field of sedimentary geology. It completely
revamps the geological thinking and the methods of stratigraphic
analysis (Catuneanu, 2002). Sequence stratigraphy 1s used to
provide a chronostratigraphic framework for the correlation and
mapping of the sedimentary facies and for the stratigraphic
prediction.

A stratigraphic unit composed of a relatively conformable
succession of genetically related strata bounded at its top and base
by unconformities or their correlative conformities is defined as
sequence (Mitchum, 1977). The term unconformity in this
definition was an initial cause of confusion, because the precise
usage of the term can vary. Mitchum (op. cit.) initially included
marine hiatuses and condensed intervals in the term
“unconformity”, but as models of cyclic deposition driven by sea
level variation developed, it became clear that basin-margin
subaerial unconformities need to be distinguished from basin-
centre marine hiatuses.

Sequence stratigraphy is often regarded as a relatively new
science, evolving in the 1970s from seismic stratigraphy. It was
first applied in a comprehensive way to the Lower Paleozoic of
Montana. The term sequence was originally introduced by Sloss ef
al. {1949) to designate a stratigraphic unit bounded by subaerial
unconformities. Sloss {1963) also emphasized the importance of
tectonism in the generation of sequences and bounding
unconformities, an idea which is widely accepted today, but was
targely overlooked in the early days of seismic stratigraphy.
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The sequence stratigraphic model depends on the quahty and
variety of the input data. Therefore, integrated disciplines of
sedimentology, stratigraphy, geophysics, geomorphology, isotope
geochemistry and basin analysis and mutual calibration of many
data sets as possible are recommended. The most common data
sources for a sequence stratigraphic amalysis include outcrops,
modern analogues, drifled cores, well logs and seismic data
(Catuneanu ef al., 2003).

The main controls which effected on the sequence
stratigraphic interpretation are sea level change, subsidence, uplift,
climate, sediment supply, basin physiography and environmental
energy. The interpretations of the sequence stratigraphy in the
present-study are based on integration of lithostratigraphy,
biostratigraphy, facies  characteristics and  depositional
environments.

The chronostratigraphic resolution obtainable from fossil
markers depends on the geological period, the number of fossil
groups used and the type of depositional environments. The
resolution of a fossil group .is calculated by dividing the
geological period by the number of biozones in a particular global
scheme. All fossils have potential application to the sequence
stratigraphy, although to date sequence boundaries and maximum
flooding surfaces accurately a  high frequency of
chronostratigraphically significant fossil events is required. This
is best obtained through the integration of marker taxa from
several different fossil groups. The most useful group in the
present study includes foraminifers which exhibited distinet and
rapid morphological change o0 as to be unequivocally identifiable.
It is also important that they are distributed widely and therefore
correlatable within and between basins, and occur in sufficient

230



Chapter V Sequence Stratigraphy

abundance that their presence is a statistically viable event. If
significant erosion has occurred at the sequence boundary, a
biostratigraphic hiatus may be resolved by the juxtaposition of
younger fossil assemblages on older ones and the negative
evidence of absent fossil markers. The age and
palacoenvironmental contrast indicated by the fossil assemblages
from above and below the boundary, are both a function of the
magnitude of relative sea-level fall (McNeil et al, 1990).
Lithostratigraphy is very important to maintain the traditional
descriptive stratigraphic units, particularly the lithostratigraphic
units during the sequence stratigraphic studies. The vertical
boundaries of the lithostratigraphic units are likely to correspond
to sequence boundaries.

The lateral changes into coeval rock units express equivalent
systems tracts. Allostratigraphic factors assisted in defimng the
sedimentary cycles and sequence boundaries. The good match
between the lithostratigraphic units and the sedimentary cycles
suggests genetic variations. Correlating the suggested sequence
stratigraphic sedimentary cycles with geomagnetic chrones
strongly points out to a probable universal control which is mostly
global tectonics,

V.2 Terminology of sequence stratigraphy

The following is a brief description of the widely used terms
in sequence stratigraphy based on the works of Mitchum (1977),
Jervey (1988) and Van Wagoner ef af (1988).

— Sequence boundary: A sequence boundary is a
chronostratigraphically significant surface produced as a
consequence of a fall in relative sea-level.

— Systems tract: The systems tract is associated stratigraphic
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units that were deposited during spectfic phases of the relative sea
level cycle. It is defined on the basis of boundary surface, position
within a sequence, and parasequence stacking pattems. It is easy
to become lost in the complexities of systems tract terminology,
and it is always worth remembering the purpose of stratigraphic
division into systems tract. The systems tract represents the

fundamental mapping unit for stratigraphic prediction, because it
contains a set of depositional systems with consistent
palacogeography and depositional polarity, and for which a single
palaecogeographic map can be drawn.

— Lowstand systems tract: The basal (stratigraphically oldest)
systems tract in a type ! depositional sequence is called the
lowstand systems tract.

— Transgressive systems tract: The transgressive systems tract
is the middle systems tract of both type 1 and 2 sequences and
deposited during that part a relative sea-ievel rise cycle when
topset accommodation volume is increasing faster than the rate of
sediment supply

— Highstand systems tract: The highstand systems tract is the
youngest systems tract in either a type 1 or type 2 sequences and
represents the progradagional topset-clinoform system deposited
after maxtmum transgression and before a sequence boundary,
when the rate of creation of accommodation is less than the rate of
sediment supply.

— Transgressive surfaces: The transgressive surface is the first
significant marine-flooding surface across the shelf within a
sequence.

— Maximum flooding surface: The maximum flooding surface
separates the transgressive systems tract from the highstand
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systems tract and represents the maximum landward extent of the
marine conditions.

— Parasequences: parasequences is representied by a transttion
from shallower to significantly deeper water facies. Often the
upward-deepening component and only by a hardground or
omission surface marking and can be recognized in logs, cores
and outcrops as shallowing-upwards depositional units separated
by surfaces of abrupt deepening (i.e. marine flooding surfaces).
Parasequence boundaries form the lowest-order partical
chronostrigraphic framework for correlation and mapping.

- Accommodation space: The concept of accommodation
describes the amount of space that is available for sediments to
fill. It is being measured by the distance between base level and
the depositional surface. Accommodation is controlled by base
level because in order for sediments to accumulate, there must be
space available below base level. The base level datum varies
according to depositional setting. The contrast between the rates
of change in accommodation and the sedimentation rates in
localities placed in the vicinity of the shoreline may shift either
landward or seaward during time of base level rise {Catuneanu et
al., 2005).

The identification of large scale vertical and correlation of
sequence boundaries and other characteristic surfaces enables a
better understanding and interpretation of a large scale vertical
and lateral facies relationships in a depositional system.

Although all sequences originating from relative sea level
changes show principally the same succession of systems tracts,
but their lithologic and stratigraphic expressions very enormously
from the near shore to deep water settings. In coastal setting, the
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sequence boundaries are represented by erosional unconformities
and the sequence is composed of fluvial and shallow marine
sands. While, in deeper water domain the same transgressive-
regressive cycle may be bounded at the base by a submarine fan
and its top by an inconspicuous conformable surface with a hems-
pelagic unit representing an increasing sedimentation rate.

In deep-water sequences, pelagic organisms and occasional
volcanic ash layers are used to date the cycle. In shallow water
sequences, relics of benthonic life commonly predominant and
transgressive and regressive erosional larger deposits mostly
contain mixed faunas from reworked sediments of various ages.
Therefore, an exact dating of sequence boundaryes is frequently
problematic (Einsele, 1991).

Such basics are of prime importance in sequence
stratigraphical concepts. They help to re-evaluate the record of
relative sea level changes and re-build the sedimentary history of
the Upper Cretaceous—Lower Eocene succession in the Faraira
Qasis. Relative sea level fluctuations have left their impact on the
studied Upper Cretaceous-Lower Tertiary depositional sequences
in the Farafra Oasis. It resulted in a variety of shallow and deep
marine sediments with many distinct lateral and vertical variations
in facies and thickness. The Farafra Oasis has been subjected to
several tectonic movements (LeRoy, 1933; Said and Kerdany,
1961, Barthel and Hermann-Degen, 1981 and Hermina, 1990),
which accompanied with the pronounced sea-level changes
through the Late Cretaceous-Early Eocene times.

The Upper Cretaceous-Lower Eocene succession is classified
into eight well-defined, third-order depositional sequences which
are separated by obvious sequence boundaries as a result of drastic
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falls in relative sea-level. These boundaries typify evidence for
sub-aerial exposure such as erossional surface with reworked
fauna, intense dolomitization and evaporite formation, and
submarine breaks and non-deposition marked by faunal break and
extensive bored hardground. They also display a sudden upward
change in facies and stacking patterns of parasequence sets.

V.3 Sequence boundaries

Seven unconformities or sequence boundaries are detected in
the Upper Cretaceous-Lower Eocene succession of the Farafra
Qasis (Fig. 5.1). The distinguished sequence boundaries are from
old to young as follows:

Santonian/Campanian sequence boundary (SB1)

This sequence boundary is established between the Santonian
lower clastic and the Campanian upper carbonate unites of El-
Hethuf Formation (SB1, Fig. 5.1); it has a sharp erossional contact
in Wadi Hennis and East Shakhs EI-Obeiyid area. This contact is
characterized by subareial exposure and erosion associated with
reworking of some Cenomanian fauna such as flymatogyra
(Afrogyra) africana (Lamarck) and Ceratostreon flabellatum
(Goldfuss) in the overlying fossil bank at Wadi Hennis area. (Figs
2.6 & 2.7). The reworked fauna, however, shows that the source
area was probably subaerially exposed at the time of the
deposition of the overlying fossil bank sediments.

In east Shakhs El-Obeiyid section, the sequence boundary
(SB1) is traced at the top of a phosphatic sandy dolostone bed. It
is delineated by the presence of intensive bioturbation of flask and
bifurcated types with iron nodules. The present author agrees with
Hermina (1990) who considered the clastic unit at Wadi Hennis to
lie unconformably below the carbonate unit of El-Hefhuf
Formation.
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Fig. 5.1 Correlation chart of the exposed Upper Cretaceous-Lower
Eocene succession in the Farafra Oasis showing its distinct
lateral and vertical facies and thickness variations as well as
the detected sequence boundaries and depositional sequences
(horizontal distance not to scale).
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Campanian /Lower Maastrichtian sequence boundary (SB2)

This sequence boundary is established between the
Campanian dolostone bed of El-Hefhuf Formation and the
overlying Maastrichtian Chalk of the Khoman Formation, it is a
sharp irregular contact. This sequence boundary corresponds to
the first sequence boundary SB1 of El-Azabi and El-Araby
(2000), which separates between the Latest Campanian and
continued until the beginning of the Gansserina gansseri Zone of
Maastichtian age. Hermina (1990) also considered the Khoman
Chalk lying unconformably over the Upper Campanian sediments
of El-Hefthuf Formation.

Upper Maastrichtian/Danian sequence boundary (SB3)

This major sequence boundary, which represents the
Cretaceous-Tertiary contact in the Farafra Oasis, separates the
Khoman from the Dakhla formations. It coincides with the major
extinction of the Cretaceous planktic species at the K/T boundary.
The sequence boundary SB3 denotes the missing of the Latest
Maastrichtian and lower part of the Danian record. It is
characterized by a bioturbated erosional surface, partly with some
reworked Late Cretaceous fauna and denotes the faunal break of
the  Pseudoguembelina  palpebra  (CF2),  Plummerita
hantkeninoides (CF1) in the Cretaceous period and
Parvularugoglobigerina eugubina (P0), P. eugubina-Subbotina
triculinoides {Pla) and Subbotina triculinoides-Globanomalina
compressa Subzones (P1b). This faunal break represents time laps
of about 2.5 Ma (Table 5.1).

In fact, an unconformity of different magnitudes occurs in the
Farafra Oasis, at the Late Cretaceous-Early Tertiary boundary (Le
Roy 1953; Said & Kerdany 196! and Said & Sabry 1964).
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Table 5.1 Correlation chart showing the age assignments of the depositional sequences and their bounding surfaces as detected

from the planktic foraminiferal zones of the different measured stratigraphic sections in the Farafra Oasis.

sige [age] S |rmmel oo (Mg | Som | vl brcicosei o coms ‘g | it | i | omce | e, | e
I P 0 LT ANNANNNAANANN
C 1523 . ot - \ . ;
1 PR NN A NARRA R R AN RANNARNY N IR
E > M,_éa 54% ;:_ [_____l . N \ V
o I o B SN RSN ES *§ NN
§ Joas \E\\ PSs  NOSONORUOUOMNSINNSNINSNNINANN LSRN
s E ::: EE ":;:‘ _ __,{:\ \Ex\:\\: ' ;‘ng\ﬁ
HEAL iR -\§k§‘ TN
] P P Plc - A, | - |
NN NN NN
am-\ i _\ N N N
N\ B NN\ NNY —— e
T l

Mot exposed

NN Hiatus

[ Rocorded

N\ | Undifferantiated

Atgdvasipgg axianbag 4 saideeg
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The major K/T boundary is also present in the type section of
the Dakhla Formation, Gabal Gifata at the base of a 1m thick,
calcareous siltstone and sandy limestone that marks the base of the
Abu Mingar Horizon (Tantawy et al. 2001). At Gabal
Edmonstone, El-Azabi and El-Araby (2000) recorded the K/T
boundary within the lower part of the Kharga Shale Member of
the Dakhia Formation. This hiatus is represented by a submarine
hardground. It is detected also by a marked thin conglomerate bed,
20-30 cm thick, with reworked Late Cretaceous fauna in west
Mawhoob area (Abbass and Habib, 1971, El-Dawoody and Zidan,
1976) and in Qur El Malik {Hermina, 1990).

Danian/Thanetian sequence boundary (SB4)

This sequence boundary is detected at the contact between
the Dakhla Formation and the overlying Tarawan Formation. It is
characterized by a faunal break with hematite-stained along matrix
due to the absences of the Morozovella angulata-Globanomalina
pseudomenardii (P3) and the basal part of the Globanomalina
pseudomenardii (P4a-b) Zones in Bir Murr which represent a time
gap of about 4.5 m.y. This oxidized bored hardground records a
break in marine sedimentation associated with sea level fall and
subaerial exposure. The sequence boundary SB4 is traced also at
Shakhs El-Obeiyid due to the absence of the P3 Zone
accompanied with reworking of older foraminiferal fauna along
the unconformity surface.

The time tapse of this hiatus varies from place to place,
(Table 5.1). At Ain Magfi, it is characterized by the absence of the
Igorina albeari/Globanomalina pseudomenardii P3b Subzone and
the basal part of Globanomalina pseudomenardii (P4a-b) Zone to
represent a time gap ranging from 60.0 Ma to about 56.5Ma. This
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hiatus increases northward to represent a time gap from 61.2 Ma
to about 56.5 in extreme northwest Ain Maqfi. Further north in
south Qaret Sheikh Abd Alla, both SB3 and SB4 are
superimposed due to the absence of the whole Dakhla Formation,
recording a major hiatus of about 9.0 Ma (Table 5.1). This
sequence boundary (SB4) is conformable in northwest Bir Bidni
and Gunna North inselbergs as a result of continuous
sedimentation. Intra-Paleocene gaps involving the absence of
Zone P3 and Zone NP5 which recorded by Strougo (1986) and
also mentioned that they are related to a large-scale
syndepositional tectonic disturbance, including faulting, which
resulted into marked changes in depositional patterns. El-Azabi
and El-Araby (2000) observed the effected of this sequence
boundary at Gunna North inselbergs and mentioned that the
boundary is established at the top of the planktic foraminiferal
Igorina pusilla P3b Zone between the Dakhla and Tarawan
formations by the occurrence of horizontal branched burrows.
This unconformable contact is traced also throughout the whole
north Kharga area and at several localities in Dakhla, west Dakhla
and Farafra (Hermina, 1990); where the coeval calcarcous
mudstone rocks recorded between the Khoman Chalk and the

Tarawan Formation represent a condensed section (Loutit et al.,
1988).

Thanetian/Earliest Ypresian Sequence boundary (SBS)

This type 1 sequence boundary represents the contact
between the Late Thanetian and Earliest Ypresian and delineates
the top of the Tarawan Formatton in the Farafra Casis (Fig. 2.25).
The Tarawan Formation is succeeded by the Magfi Member of the
Esna Formation with a clear unconformity surface along the
eastern part of the Farafra QOasis due to the lack of the whole
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Latest Paleocene P35 Zone. Along this boundary there is iron-oxide
statning in the lime mud matrix. In the northern slope of El Quss
Abu Said this boundary is detected due to the absence of
Globanomalina pseudomenardii/Acarinina  sibaiyaensis Pba
Subzone which represents a time gap from about 55.9 Ma to about
55.0 Ma (Table 5.1). While, in other localities of the Farafra Oasis
the paleontologic break extends to include the Globanomalina
pseudomenardil/ Acarinina sibaiyaensis PSa and Acarining
sibaiyaensis/ Pseudohastigerina wilcoxensis P5b Subzones to
represent a time gap from about 55.9 Ma to about 54.9 Ma (Table
5.1) in northwest Bir Bidni.

In northwest Bir Bidni, the sequence boundary separates
between a Sm thick shale of the Tarawan Formation of
Globanomalina pseudomenardii P4 Zone and the carbonate facies
of the Magfi Member of the Esna Formation. The remarkable
variations in lithology and thickness during the Late Paleocene
Globanomalina pseudomenardii Zone are recorded in the studied
sections (Fig. 5.1). These variations suggest an uneven bottom
topography resulting from tectonic disturbances during Late
Paleacene. This conclusion is in accordance with Strougo (1986).
In the extreme northern part of the Farafra Oasis at Qaret Sheikh
Abd Alla, this sequence boundary has great time gab and defines
the contact between the Tarawan Formation and the Farafra
Limestone, where the Esna Formation is completely missing.

The erosional surface of the SBS is recorded by some authors
in the Farafra Qasis which represents a stratigraphic gap that
includes greater parts of the Zones PS5 and NP9 as well as the
lower part of Zone NP10 (Tantawy, 1998). Ouda (2003) in the
Paleocene/Eocene boundary of Egypt also mentioned that the
uppermost part of Subzone P4c and the lower part of Zone P3 is
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marked by a stratigraphic gap comesponding to the lower part of
Zone NP9a in the Farafra Oasis. The same stratigraphic interval 1s
also missing at Gabal Um Ghanayem, Kharga Oasis. The short
overlap of the Morozovella velascoensis, as noted by Berggren
(1969), Toumarkine and Luterbacher (1985), and Berggren and
Miller (1988), is also recognized in the Farafra Oasis, where the
P5b zonal boundary lies immediately above the top of the
Tarawan Formation of P4c. The P3b Zone is considerably much
reduced in thickness (about 2m thick) in El Quss Abu Said
Plateau. An erosional surface accompanied with a major
paleontologic break has been also recognized by Issawi er al.
(1999) at the top of the Tarawan Formation.

Early/Middle Ypresian sequence boundary (SB6)

This type 1 sequence boundary is traced near the base of the
Esna Formation between the Early and Middle Ypresian age due
to the absence of the Morozovella formosa/M. lensiformis-M.
aragonensis Subzone (P6b) in the Farafra Oasis (Table 5.1).

This remarkable sequence boundary is detected in the lower
part of the Esna Formation of southeast Qur Hadida area at the
base of a 1m thick evaporite bed (Fig. 2.30). In addition, a
reworking fauna is common underlain the evaporate bed. This
reworked fauna is also recorded at the same stratigraphic position
in the northern part of El Quss Abu Said which is followed
upward by a highly fragmented dolostone bed of about 30cm to
separate the Early and Middle Ypresian sequences. This sequence
boundary is delinecated at the base of a ledge-forming carbonate
unit packed with nummulitids and discocyclinids (Nummulites
luterbacheri bank) lying about 20m above the base of Esna
Formation in the southern slope of El Quss Abu Said. This bank
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disconformably overlies grey shale with a sharp erosional base
and cm-thick iron stained hardground. The sequence boundary
SB6 is also traced at the top of a sandy siliceous dolostone bed in
Ain Dalla Formation to separate between the Péa and P7 Zones
(Fig 2.26).

Hewaidy and Strougo (2001} mentioned that the exact
biostratigraphic level of the Nummulites luterbacheri bank is not
fixed yet, which Boukhary et al. (1995) assigned it to the basal
Herdian sensu Schaub (1981). Wielandt (1999) restricted the range
of the Nummulites luterbacheri bank to the upper Zone NP9 and
to middle Zone P5 sensu Berggren ef al. (1995). She correlated
the Nummulites bank with the shallow benthic Zone SBZ6 of
Serra-Kiel ef al. (1998). Calcareous nanncofossils, recently
obtained from the Nummulites luterbacheri bank in the western
hillock of the Twin Spikes, suggest that this bank can not be older
than the uppermost Zone NP10 relying on the presence of
Tribrachiatus orthostylus among the identified assemblage
(Strougo and Faris 2000). Furthermore, the Zone NPIO is
recognized a couple of meters below the Nummulites luterbacheri
bank are correlatable with the Morozovella formosa and/or
Morozovella lensiformis (P6a) in the present study. Therefore, the
present author agrees with Strougo and Hewaidy (1999) in
considering the disconformity at the base of the Nummulites
luterbacheri bank of the Twin Spikes and that at the base of the
Magfi Member in the eastern part of the Farafra Oasis are not
representing the same stratigraphic hiatuses. The Maqfi Member
lies directly above the Tarawan Formation forming the hiatus of
the Paleocene/Eocene sequence boundary (P5/P6), while the
disconformity at the base of the Nummulites luterbacheri bank
separates between the P6b and P7 biozones.
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This unconformable surface is recorded by Abdel-Kireem
and Samir (1995). Ouda (2003) mentioned that a hiatus can be
recognized at about 25m above the base of the Esna Formation in
El Quss Abu Said due to the Morozovella formosa, M. lensiformis
and M. aragonensis appear together. He pointed out to the
reduction of the Subzone P6b in the Farafra Oasis as compared
with other Lower Eocene sections in the Nile Valley, e.g.
Dababiya which represents the stratofype for the
Paleocene/Eocene boundary in the World.

Intra-Lower Eocene sequence boundary (SB7)

This sequence boundary is locally defined in the upper part of
the Farafra Limestone in El Quss Abu Said Plateau and Ain Magfi
area (Fig 5.1). 1t is marked by Im broached burrow system of
thick Thalassinoides which denotes a break in marine
sedimentation. This sequence boundary is not recorded in Ain
Dalla where the maximum thickness of the formation is exposed
due to intense dolomitiaztion which obliterated the original
textural and structures of the rock.

In conirary to the present work, Khalil and El-Younsy
(2003) recorded a sequence boundary (SB-II) near the base of the
Farafra Limestone due to the presence intraformational
conglomerate in E! Quss Abu Said. Their interaformational
conglomerates are in fact a nodular limestone formed due to
differential weathering of alternating soft argillaceous limestone
and hard limestone interbeds.

To summarize, the common occurrence of the sequence
boundaries suggests that the Farafra Oasis was tectonicalily active
area during the deposited of the Upper Cretaceous-Lower Eocene
succession.
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V.4 Depositional sequences

A depositional sequence represents a complete transgressive-
regressive  cycle bounded above and below by erosional
unconformities or their correlative conformities. The study of the
sedimentary facies characteristics, paleoecology, paleobathymetry
and sequence boundaries leads to the recognition of eight
depositional sequences which denote third-order relative sea level
cyclicity. The recorded depositional sequence and their systems
tracts as well as parasequence stacking patterns are will be
discussed, from old to young hereunder:

- The first depositional sequence (SQ1)

This is the oldest depositional sequence In the Farafra Oasis.
it comprises the clastic sediments of El-Hefhuf Formation in Wadi
Hennis and east Shakhs El-Obeiyid area. The base of this
sequence is not exposed while its top is marked at the base by a
Pycnodonte vesicularis—rich bed in Wadi Hennis or at the top of a
phosphatic sandy dolostone bed at Shakhs El-Obeiyid area (Fig.
5.2 & 5.3). The upper contact denotes the Santonian/Campanian
sequence boundary SB1.

Highstand systems tract

The Highstand systems tract constitutes the Santonian beds
which are characterized by a progradational parasequence sets of
alternating upper deep subtidal shale/mudstone, subtidal lower
shoreface massive-bedded sandstone and subtidal upper shoreface
cross-bedded sandstone deposits. These highstand deposits are
marked by the presence of rare dinocysts with fresh water algae
and abundant of terrestrial planoflora (Abdel Mohsen 2002).

Prograding highstand systems tract occurs when the rate of
sediment supply is more than the amount of accommaodation space
being created by rising relative sea-level. They are characterized
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by thick accumulations containing stacked inner shelf deposits
with abundant terrestrial fossil assemblages with overall
shallowing-up nature. The highstand deposits are interpreted to be
deposited during the late part of the eustatic rise, the eustatic
stillstand and during the early part of the eustatic fall (Van
Wagoner ef al., 1988).

- The second depositional seqitence (8Q2)

The second depositional sequence includes the top carbonate
sediments of El-Hefhuf Formation which are recorded at Wadt
Hennis and east Shakhs El-Obeiyid area. It is characterized by a
reduced thickness including lower transgressive and upper
highstand deposits. Each of these deposits is associated with a
specific part of the eustatic curve. The top of this sequence is
marked at the base of the Khoman Formation (Figs. 5.2 & 5.3).

- Transgressive systems tract

The base of this systems tract marks the type 1 sequence
boundary SB1. This boundary is delineated by an obvious
erossional surface associated with lithologic change from clastic
sediments below to carbonate above. It also denotes the
transgressive surface (TS) at the base of the transgressive systems
tract. This system tract is made up of a retrogradational
parasequence set of shallow/upper deep subtidal oyster rudstone
with Pycnodonte vesicularis and reworking evidence in Wadi
Hennis (Fig. 5.2} or sets of shallow subtidal sandy argillaceous
limestone and upper deep subtidal fissile shale capped by
shallow/deep subtidal oyster rudstone shale at east Shaichs El-
Obeiyid (Fig. 5.3).

Indeed, the reworked fossils are often the commonest
palaeontologic component present in rapidly deposited sediments.
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Their presence, together with the abrupt intlux into deep marine
basins of terrestrial fossils such as pollen, spores and plant debris,
may be used to identify the sequence boundary.
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Fig. 5.3 Representative stratigraphic section showing the facies

characteristics, depositional environments and sequence
stratigraphic interpretation of the exposed Santonian-
Campanian El-Hefhuf Formation in Shakhs EI-Obeiyid, west
Farafra Oasis.

Highstand systems tract

The highstand systems tract is usually formed during the late
part of the eustatic rise, eustatic stillstand and the early part of the
eustatic fall. This systems tract includes the topmost part of El-
Hethuf Formation. It consists of upper intertidal sandy dolostone
due to a marked fall in relative sea level. The presence of
dolostone bed at the end of the depositional sequence SB2
indicates a long period of emergence associated with intense
dolomitization process which replaced an original sandy lime-
mudstone rock when the sea level fall at the end of the
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depositional cycle.
- The third depositional sequence (SQ3)

The third depositional sequence belongs to the Khoman
Formation of Early/Late Maastrichtian age in the Farafra Oasis. It
is bounded by clear and sharp unconformity surfaces (sequence
boundaries). The lower boundary is an unconformity surface
separating between the Campanian part of El-Hethuf Formation
and the chaik of the Khoman Formation, while upper boundary is
a paraconformity surface due to the missing of the Latest
Maastrichtian and the lower part of the Danian sediments. It
includes the following two system tracts (Fig. 5.4).

Transgressive systems tract

This systems tract is composed of retrogradational
parasequence sets of deep middle/outer shelf foraminiferal
wackestone with a shallow middle shelf foraminiferal wackestone
at the base (Fig. 5.4). It forms the lower and middle parts of the
Khoman Formation in the Farafra QOasis. The transgressive
deposits are bracketed at the base by the transgressive surface (Ts)
which points to a rapid increase in accommodation space. This
surface is marked by conspicuous environmental changes from
upper intertidal to shallow middle shelf indicating a rapid
deepening in the depositional regime. This supports the
retrogradation of the facies belts. This systems tract is also
bracketed at the top by the maximum flooding surface (MFRS),
where the change in planktic/benthic ratio indicates the beginning
of the progradation parasequence. Hence, this surface separates
retrograding strata below from prograding strata above. It
represents the change to overlying protruding strata of the
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highstand systems tract. The MFS marks the ultimate marine
invasion after which a gradual sea level begins.
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Fig. 5.4 Representative stratigraphic section showing the facies
characteristics, depositional environments and sequence
stratigraphic interpretation of the exposed Maastrichtian-
Lower Eocene succession in northwest Ain Magqfi, Farafra

(asis.

Highstand system tract

This systems tract constitutes the upper part of the Khoman
Formation which belongs to the Late Maastrichtian in the Farafra
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Oasis. It delineates at the base by the maximum flooding surface
of the underlying transgressive systems tract (Fig. 5.4) and at the
top by the depositional sequence SB3. This systems tract exhibits
typical upward shoaling parasequences owing to a gradual
decreasing in relative sea level fall. Sediments of the HST are
composed of progradational parasequence of middle shelf
foraminiferal wackestone at the base and lower intertidal lime-
mudstone at the top (Fig 5.4). In Qur Hadida, these deposits are
replaced by aggradational trend sets of alternating shallow inner
shelf mudstone and upper intertidal dolostone (Fig. 5.5).
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Fig. 5.5 Representative stratigraphic section showing the facies
characteristics, depositional environments and seguence
stratigraphic  interpretation of the exposed Upper
Maastrichtian Khoman Formation at Our Hadida, east
Farafra Oacic

- The fourth depositional sequence (SQ4)

The Dakhla Formation represents the fourth recorded
depositional sequence (SQ4). The base of this depositional
sequence is defined at the contact between the Khoman and
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Dakhla formations due to a submarine break, while the top of the
depositional sequence SQ4 marks unconformably contact between
the Dakhla and Tarawan formations in the Bir Murr, Ain Magfi,
and northwest Ain Magqfi. Depositional sequence SQ4 includes the
following two systems tracts.

Transgressive systems tract

This systems tract demarcates the lower part of the Dakhla
Formation in the Farafra Oasis. The shallow conditions which had
started by the beginning of the Early Maastrichtian are prevailed
again in the Early Paleocene, where the sediments have been
deposited under shallower water conditions of deep middle shelf
(Fig. 5.6). These transgressive deposits are followed by a
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Fig. 5.6 Representative stratigraphic section showing the facies
characteristics, depositional environments and sequence
stratigraphic interpretation of the exposed Upper
Maastrichtian-Lower Eocene succession in Bir Murr, east
Farafra Oasis.
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retrogradational parasequence of deep middle/outer shelf pelagic
shale due to rapid rise in relative sea level. Samples from the
lower part of the Dakhla Formation gave a typical Danian fauna
with several derived Maastrichtian fauna such as Globotruncana
species in the basal part of the formation. The maximum flooding,
surface typifies the top of the deep middle/outer pelagic shale
(Fig. 5.0).

Highstand systems tract

This systems tract constitutes the upper part of the Dakhia
Formation in Bir Murr and Shakhs Ei-Obeiyid of Praemurica
uncinata—Morozovella  angulata P2 Zone or Morozovelia
angulata-Igorina atbeari P3a Subzone in Ain Maqfi (Table 5.1).
The highstand systems tract is characterized by marked drop in the
P/b ratios with the increase of the benthic species in the Bir Murr.
It is dominated by a shallow middle shelf shale parasequence set
(Fig. 5.6). The highstand deposits are not traced in northwest Bir
Bidni and Shakhs El-Obeiyid most probably eroded a way during
the subsequent sea-level fall and subaerial exposure (Figs. 5.7 &
5.8). Over there, the overlying sequence boundary SB4 is marked
by reworked fossils of the Morozovella angulata-Globanomalina
pseudomenardii (P3) Zone.

- The fifth depositional sequence (8Q5)

This depositional sequence comprises the Tarawan Formation
and is bounded above and below by unconformity surfaces of SB5
and SB4 respectively (Figs. 54, 5.7 & 5.8). A rapid spread of
pelagic carbonates marks the beginning of the depositional
sequence SQ3. These pelagic facies of the transgression systems
tract is followed by shallower facies of the overlying highstand
systems tract (HST) as shown below:
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Fig. 5.7 Representative stratigraphic section showing the facies
characteristics, depositional environments and seguence
stratigraphic  interpretation of the exposed Upper
Maastrichtian-Lower Eocene succession in northwest Bir
Bidni (about 30km. in Farafra Ain Dalla road), west Farafra
Oasis.

1ransgressive systems tract

This systems tract marks the lower part of the Tarawan
Formation. The base of the transgressive systems tract is a
transgressive surface (TS) which also coincides with the sequence
boundary SB4 (Figs. 5.4, 5.7 & 5.8). This systems tract is
represented by retrogradational parasequence sets of outer shelf
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_————e -
pelagic foraminiferal packstone (Fig. 5.4) with pelagic shale at the

base in Shakhs EI-Obeiyid (Fig. 5.8).
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Fig. 5.8 Representative stratigraphic section showing the facies
characteristics, depositional environments and sequence
stratigraphic  interpretation  of the exposed Upper
Maastrichtian-Lower Eocene rocks at Shakhs EI-Obeiyid,
northwest Farafra Oasis.
This systems tract has been deposited during a rapid rise in
relative sea level (Jervey, 1988). The maximum flooding depth
was obtained during the deposition of this pelagic facies. In

northwest Bir Bidni and Shakhs EIl-Obeiyid, the maximum
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flooding surtace is detected near the upper part of the larawan
Formation to separate between the lower pelagic facies and the
overlying calcareous shale facies with a sharp lithoiogical contact
(Figs 2.20, 2.7 & 5.8).

Highstand systems tract

This systems tract covers the upper part of the Tarawan
Formation in the Farafra Qasis. It is bounded below by a
maximum flooding surface and above by an erossional surface of
the sequence boundary SB5. The maximum flooding surface is
identified by the change from the homogeneous ratio
aggradational carbonate deposits to interbedded progradational
deposits. This highstand systems tract consists of aggradational to
progradational parasequence sets of shallow middle shelf
foraminiferal wackestone and calcareous shale, lower shallow
subtidal bioclastic foraminiferal packstone and lower intertidal
foraminiferal lime-mudstone (Figs. 5.4, 5.8 &5.9). In northwest
Bir Bidni, the highstand systems tract is represented by deep
middle shelf calcareous shale which is capped by lower intertidai
lime-mud facie of the Magfi Member (Figs 2.20 & 5.7), while in
south Qaret Sheikh Abd Alla it is represented by deep middle
shelf foraminiferal packstone.

- The six depositional sequence (SQ6)

This depositional sequence covers the lower part of the
Lower Eocene Esna and Ain Dalla formations in the Farafra
Qasis. The base of this sequence is marked by the sequence
boundary SB35, while its top is characterized by the presence of a
thick evaporate bed in southeast Qur Hadida (Figs. 2.31, 2.32 &
5.11), submarine break in El-Quss Abu Said (Fig. 5.12} or by
intense dolomitization at Shakhs El-Obeiyid and Ain Dalla area
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(Figs. 5.8 & 5.13) due to the missing of P6b Subzone. The
depositional sequence SB6 is not recorded at Qaret Sheikh Abd
All (Fig. 5. 10) due to the missing of the whole Esna Formation.
This sequence includes the following systems tracts:
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Fig. 5.9 Representative stratigraphic section showing the facies
characteristics, depositional environments and seguence
stratigraphic interpretation of the exposed Upper Paleocene-
Lower Eocene succession in northern slopes of El Quss Abu
Said. Farafra QOasis.
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Fig. 5.10 Representative stratigraphic section showing the facies
characteristics, depositional environments and sequence

stratigraphic

interpretation

of

exposed Upper

Maastrichtian-Lower Eocene succession in south Qaret

Sheikh Abd Alla. north Farafra Qasis.

I'ransgressive systems tract

The transgressive systems tract of the depositional sequences
SQ6 forms the basal part of the Esna Formation (i.e. Magqfi
Member) and its lateral coeval Ain Dalla Formation in the Farafra
Oasis. It 1s bounded at the base by the sequence boundary SBS
and is topped by a maximum flooding surface that represents a
change from open marine facies below to deep inner shelf facies
(Figs. 5.9 & 5.12). This system tract is composed of a thick,
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Fig. 5.11 Representative stratigraphic section showing the facies
characteristics, depositional environments and seguence
stratigraphic interpretation of the exposed Lower Eocene
Esna Formation at southeast Our Hadida, east Farafra
Naxis

retrogradationally stacked parasequence of outer shelf pelagic

shale. In El Quss Abu Said (Figs. 5.9 & 5.12) and deep

middle/outer shelf foraminiferal wackestone in Shakhs El-Obeiyid
and Ain Dalla (Figs. 5.8 & 5.13) due to an obvious rapid increase
in sea level. This caused deposition of pelagic facies enriched in
well preserved planktics and benthics. In southeast Qur Hadida,
the transgressive systems tract is built of retrogradational
parasequence sets of deep subtidal calcareous shale with many
reworked planktic foraminiferal (Fig. 11). The transgressive
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deposits are not traced in Bir Murr, Ain Magfi and northwest Ain
Magqfi, (Figs. 5.6, 5.15 & 5.4) is most probably due to their uplift
during the deposition of the Transgressive systems tract.
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Fig. 5.12 Representative stratigraphic section showing the facies
characteristics, depositional environments and sequence
stratigraphic interpretation of the exposed Upper
Paleocene-Lower Eocene rocks at the southern slope of El
Quss Abu Said, Farafra Oasis.
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Highstand systems tract

This systems tract includes the top basal part of the Esna
Formation and is bounded below by the maximum flooding
surface, which marks the top of the transgressive systems tract,
and above by the sequence boundary SB6. It is built of a
progradational stacked parasequence of shallow middle shelf
calcareous shale and foraminiferal wackestone, shallow mnner
shelf calcareous shale, lower intertidal lime-mudstone and
silicified dolostone due to continuous uplift and relative sea level
(Figs. 5.4, 5.6, 5.7, 5.8, 5.9, 5.11, 5.12 & 5.13). These deposits
exhibit an overall shallowing-upward tendency. Reworked fauna
in this systems tract indicates that the increased rate of
accommodation begins to decline just above the maximum
flooding surface.

- The seventh depositional sequence (SQ7)

This depositional sequence covers 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. It is bounded at
the base by the sequence boundary SB6 due to the absence of the
P6b Subzone, while its top is marked by the sequence boundary
SB7. This sequence includes the following two systems tracts.

Transgressive systems tract

This systems tract demarcates the middie part of the Esna and
Ain Dalla formations. It is bounded at the base by the sequence
boundary SB6 and at the top by the maximum flooding surface,
which delineates the base of the overlying highstand systems tract.
The transgressive systems tract is composed of retrogradational
parasequence sets of deep middle/outer shelf pelagic shale in the
Farafra Qasis and pelagic shallow middle/outer shelf foraminiferal
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wackestone in Shakhs El-Obeiyid and Ain Dalla (Figs. 5.8 &
5.13). It starts with an obvious rapid increase the planktic and
benthic percentages. The maximum flooding surface that defines
the upper boundary of this systems tract is marked by an abrupt
decrease in the planktic percentage and the appearance of larger

foraminifers.
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Fig. 5.13 Representative stratigraphic section showing the facies
characteristics, depositional environments and sequence
stratigraphic interpretation of the exposed Lower Eocene
succession in northeast Ain Dalla, west Farafra Oasis.
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Highstand systems fract

The highstand systems tract represents the upper part of the
Esna/Ain Dalla formations and the lower part of the Farafra
Limestone in the Farafra Oasis. It is characterized by gradual
progradation of the facies patterns depositing thick regressive
facies due to a marked relative sea level fall. The plankiic
percentage is nil in this facies, due to shallowing conditions. The
regressive facies are dominated by strongly aggradational to
progradational parasequence sets of shallow/deep inner shelf
shale, lower shallow subtidal alveolinid wackestone, upper
shallow subtidal nummulitic alveolinid packstone and lower
intertidal lime-mudstone. The upper highstand deposits are
marked by carbonate facies of the Farafra Limestone allover the
study area. In southeast Qur Hadida, the highstand deposits are
represented by lower shoreface sandstone and upper intertidal
algal stromatolites (Fig. 5.11).

- The eighth depositional sequence (5Q8)

The last depositional sequence in the Farafra Oasis
corresponds to the upper part of the lower Eocene Farafra
Limestone. The upper part of the Farafra Limestone is locally
detected in B! Quss Abu Said, Gabal Sofra and Ain Maqfi (Figs.
5.9, 5.12, 5.14 & 5.15). The base of the sequence SQ8 is marked
by an intensively bored hardground. Sequence SQ8 is composed
of shallow-marine carbonate facies enriched in larger
foraminifera, while its top s characterized by dolomitic lime-mud,
forming the plateau surface of in the Faraira Oasis. It 15
characterized by the presence of both transgressive and highstand
systems tract (Figs. 5.14 & 5.13).
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Fig. 5.14 Representative stratigraphic section showing the facies

characteristics, depositional environments and sequence
stratigraphic interpretation of the exposed Lower Eocene

succession in Gabal Sofra, West Farafra Oasis.

Transgressive systems tract

The transgressive systems tract of the depositional sequence

27T

SQ8 is bounded at the base by the sequence boundary SB7 and is
topped by the maximum flooding surface. It is composed of a
retrogradational upper deep subtidal shale parasequence set (Figs.
5.12, 5.14, & 5.15) due to a slight rise in relative sea level. In the
northern slope of El Quss Abu Said, the transgressive systems
tract is not traced, most probably eroded away.
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Highstand systems tract

This systems tract represents the upper most part of the
Farafra Limestone carbonate dominated facies. It is dominated by
lower shallow subtidal alveolinid wackestone and/ lower intertidal
lime-mudstone due to a slight fall in relative sea level (Figs. 5.12
& 5.15). To summarizes the combined effects of the tectonics,
basin morphology, sediment eustatic sea-level fluctuations and
sedimentation rate control the depositional sequences, their
internal systems tracts and facies associations.
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Chapter V1 Geological History

V1 Geological History

It is known that the Bahariva Oasis is pushed up after the
deposition of the Early Senonian sediments to form a distinct NE-
trending structural high aligned parallel to the Syrian Arc fold
system; the Bahariya swell of Moustafa ef al. (2003). It is throught
that the northeastern margin of the Farafra Basin was the southern
most end of the Bahariva swell. This is evidenced from the
marked decrease in thickness of the Upper Cretaceous-Lower
Eocene sediments toward the northeast Farafra Oasis. A major
ENE-oriented deep-seated fault is deformed by Moustafa ef al.
(op. Cit.) in the plateau between Bahariya and Farafra which
extends southwest word to the northern margin of El Quss Abu
said. The present author believes that the tectonic pulses along this
major fault have strongly affected the sedimentation patterns in
the Farafra Basin during the Late Cretaceous-Early Eocene time
(Fig. 6.A.1).

During the Santonian time a shallow marine environment
prevailed in the Farafra Oasis which resulted in the deposition of
thick clastic sediments of El-Hethuf Formation. In fact, the
Cretaceous period witnessed four transgressive cycles in Egypt,
these are the Aptian, Cenomanian, Coniacian and Campanian-
Maastrichtian transgressive cycles (Said, 1990). The Late
Cretaceous transgression was the widest encroachment of the sea
over the continents during the Phanerozoic time. This extensive
distribution of the Late Cretacecus Sea seems to correspond to a
major world-wide rise in relative sea level. During the
Campanian, the first marine transgression took place which
caused the deposition shallow/deep oyster rudstone with
Pycnodonte vesicularis followed by lower intertidal phosphatic
sandy dolostone due to a rapid sea level fall; the upper unit of El-
Hefhuf Formation, These sediments exhibit a marked facies
change southwards into a succession of hard siliceous
semicrystalline limestone, shale and phosphatic bed of the Duwi
Formation.
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Fig. 6.1 (opposite and above) Tectono-stratigraphic evolution of the Upper
Cretaceous-Lower Eocene sequences in the Farafra Basin (not to
scale).

During the Latest Campanian, regional tectonic movement
took place caused a widespread hiatus between El-Hefhuf
Formation and the overlying Khoman Chalk (Fig. 6.B.1) This
unconformity is also observed by Barthel and Hermann-Dagen
(1981), whereas the upper limestone beds of the Campanian
Duwi Formation at Qur El-Malik Member have not been
deposited.

At the Early-Late Maastrichtian, a major marine ingression
flooded southern Egypt and extended further south, forming an
embayment in northern Sudan (Klitzsch and Wycisk, 1987).
During the Early Maastrichtian Rugoglobigerina hexacamerata
CF8b and Gansserina gansseri CF7 zones the Farafra Basin
became more deeper due to a rapid sea level rise. This led to the
deposition of deep middle/outer shelf foraminiferal wackstone.
The absence of any clastic supply provides suitable conditions for
a growing platform carbonate succession. The carbonate facies
represents the lateral equivalent of the clastic-dominated facies of
the Dakhla Formation prevailed southward of the Farafra Basin.
This change in facies seems to be a regional feature nearly at
latitude 27° North. Khalifa and Zaghloul (1989) believed that this
area might represent the shelf edge, which separates between the
shallow water clastic facies in the south and the deeper facies in
the north. They added that the shelf edge conditions prevailed
south of Ain El Sheikh Marzouk, while shelf slope conditions
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prevailed north of this locality. However, the thick sedimentary
cover recorded in the subsurface and surface of the Farafra Oasis
with respect to Bahariya Oasis might indicate deepening basin
toward the Farafra Oasis {Fig. 6.B.1}.

During the Late Maastrichtian Contusotruncana contusa/
Pseudotextularia intermedial Racemiguembelina  fructicosal
Pseudoguembelina hariaensis CF6-CF3 Zones, a regressive phase
prevailed over the Farafra Oasis as evidenced from the depesition
of middle shelf foraminiferal wackestone, lower intertidal lime-
mudstone and upper intertidal dolostone. It s followed by a
tectonic uplift with the formation of an unconformity between the
Late Cretaceous and Early Paleocene (e.g. Barthe! and Hermann-
Degen, 1981, Hermina, 1990, Abdel-Kirrem & Samir 1995 and
Tantawy 2001} at the top of the Khoman Formation.

A prominent rise in relative sea level took place during the
Late Danian Globanomalina compressa/Praemurica inconstans-
Praemurica uwncinata Plc Subzone and Praemurica uncinata—
Morozovella angulata P2 Zone over the Farafra Oasis causing
deposition of deep middle-outer shelf feraminiferal wackestone
and pelagic calcareous shale. A minor hiatus with the formation of
unconformity surface is recorded in the eastern and western parts
of the Farafra Qasis due to the missing of the Morozovella
angulata-Globanomalinag pseudomenardii Interval Zone P3).

The whote sediments of the Dakhla Formation are absent
in the extreme northern part of the Farafra Oasis. In the central
part of the Farafra Oasis especially in Gunna North and nerthwest
Bir Bidni, this zone is recorded as a result of continuous
sedimentation (Fig. 6.C.1).

During the Late Paleocene Globanomalina pseudomenardii
P4 Zone deep water conditions prevailed once again resulted
the deposition of outer shelf pelagic foraminiferal packstone and
shale. This graded upward into shallow middle shelf foramintferal
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wackestone, shale, shallow subtidal bioclastic foraminiferal
packstone and lower intertida! lime-mudstone due to gradual sea
level drop. This regressive phase ended with subaerial exposure
over the Farafra Basin with the formation of unconformity surface
during the Late Thanetian and Earliest Ypresian (Fig. 6.D.1).

A prominent rise in sea level took place during the Earliest
Ypresian P5c Subzone in the Farafra central basin and continued
throughout the basal part of the Morozovella formosa and/or
Morozovella lensiformis P6a Subzone. This resulted  in
accumulation of deep middle/outer shelf pelagic shale and
wackestone; basal part of the Esna Formation with abundant large
morozovelliods, (about 72%) and less abundant subbotinids (50%
to 6%). The immigration of these warm, low-latitude indices (L.e.
morozovelliods) marks the warmest period throughout the Earliest
Ypresian. While in the uplifted area, the whole P5 Zone has not
been deposited as in the central basin, At the marginal or
structural high areas, the miliolids alveolinid packstone of the
Magfi Member deposited directly over the Tarawan Formation
during the P6b Zone. The Magfi Member is of local distribution
along the eastemn and northeastern parts of the Farafra Qasis (Fig,.
6.E.1).

The maximum thickness is about 8-10m in northwest Ain
Maqfi. The thickness wedges out toward the southeastem part at
Bir Murr and northwest Bir Bidni to about tm thick. It disappears
in the extreme northem part of the Farafra Qasis, where the Esna
Formation is completely missing in Qaret ElI-Sheikh Abd Alla and
the Farafra Limestone overlies the Paleocene Tarawan Formation.
The time coeval is Ain Dalla Formation also overlies the Tarawan
Formation in the western part of the Farafra Qasis (Fig. 6.E.1). In
fact, the Esna Formation reaches its maximum thickness in the
Farafra central basin and decreases gradually in thickness toward
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the basin margin in the present-day eastern and western reaches of
the Farafra Qasis.

At the end of the Morozovella formosa andlor Morozovella
lensiformis P6a Subzene, minor tectontc uphft took place
accompanied with subaerial exposure which level fall extended
over the Farafra Basin during the Morozovella formeosa/M.
lensiformis-M. aragorensis P6b Subzone. This unconformity
recorded within the lower part of the Esna Formation.

During the basal part of the Middle Ypresian Morozovelia
aragonesis/M. formosa Zone P7, a sudden deepening of the basin
accompanied with a warming trend tock place, causing the
deposition of shallow middle to outer shelf pelagic shale and
foramintferal wackestone; the middle part of the Esna Formation
to outer shelf depth. This followed by regressive phase at the top
part of Morozovella aragonesis/M. formosa Zone prevailed over
the Farafra Oasis with the abundance of larger foramtinifers and
macrofossil fauna rich sediments. These shallowing conditions of
the sea continued throughout the Late Ypresian Morozovella
aragonesis/Acarinine aspensis-Hantkenina nuttalli (P8/P9}
undifferentiated Zone; the upper part of the Esna Formation as
well as the Farafra Limestone and the lateral facies change.

The Farafra Limestone represents the counterpart and the
lateral facies changes of the Lower Eocene Thebes Formation
exposed further eastward at the Nile Valley area. The facies
change may be largely controlled by the tectonic movement that
affected Egypt during the Late Cretaceous and before the
deposition of the Lower Eocene sediments (Fig. 6.F.1). Zaghloul
(1983} subdivided the Farafra Limestone into three
subenvironments namely: 1) Ain Dalla-Qur Hamra and Magfi-
Karawin bank margin, 2) El Quss Abu Said bank intertor (shelf
lagoon) and 3} Gabal Sofra and Nagb El-Romi off bank facies.
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VIIL. Summary and Conclusions

The present work deals with the integrated iitho-and
biostratigraphy, microfacies associations, depositional
environments, sequence stratigraphy 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 1s 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 Qasis. 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-Hethuf, Khoman,
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Dakhla, Tarawan, Esna and its lateral coeval Ain Dalla, and
Farafra formations, respectively.

El-Hethuf 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 siitstone, 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-Hefhuf Formation seems to have been deposiied 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 Pycrodonte vesicularis rich 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
SQ2. This depositional sequence includes a lower transgressive
deposit of shallow/deep subtidal oyster rudstone, lower intertidal
sandy phosphatic dolostone and sandy argillaceous limestone.

The Khoman Formation is widely distributed thronghout the
floor of the northern Farafra Qasis. It reaches its maximum
thickness in the northern escarpment of the Farafra QOasis (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

284



Chapter VIl Summary and Conclusions

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  contusal  Pseudotextularia  intermedial
Racemiguembelina  fructicosal Pseudoguembelinag  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 is 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 middle/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 Formation 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 t-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 umit is formed of
foraminiferal calcareous shale with many gypsum veinlets,

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 fime-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-Praemyrica  uncinata  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 1s
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 E1 Quss Abu Said; it belongs to the
Globanomalina pseudomenardii Zone (P4). The top part of the
Tarawan Formation i{s 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 intertid;l__forami;l_if'eral lin;e—mudstﬂne B

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
Morozovellu 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 parasequence sets of
shallow middle shelf foraminiferal wackestone and calcareous
shale, lower shallow subtidal bioclastic foraminiferal packstone
and [ower 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 PSb-c and Morozovella
subbotinae Zone Péa 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 Fommation 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

. Deep subtidal calcareous shale

. Lower intertidal sandy silicified dolostone

. 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 is
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 foramniferal
wackestone. While, the highstand deposits are formed of shallow
middie shelf calcareous 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 is 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 yields 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-mudsione.
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 tntertidal flat).
The contact between the Esna Formation and the Farafra
Limestone is gradational in eastern and western escarpments of
the Farafra Qasis.

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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. Deep middle to upper continental slope foraminiferal

wiackestone
Shallow inner shelf mudstone
Lower intertidal lime-mudstone

Upper intertidal dolostone
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Globanomalina compressa-Praemurica uncinata Inierval
Subzone (Plc)

Praemurica wncinata—Morozovella angulata Interval Zone
(F2)

Morozovella  angulata-Globanomalina  pseudomenardii
Interval Zone (P3).
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4. Lower intertidal foraminiferal lime-mudstone
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1. Deep middle/outer shelf pelagic shale

2. Shallow inner shelf calicareous shale

3. Lower shallow subtidal miliolids alveolinid bioclastic
packstone

4. Lower shallow subtidal foraminiferal packstone
5. Supratidal sabkha
6. Lower shoreface calcareous quartz arenite
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Deep middle/outer shelf foramimferal wackestone
Lower shallow subtidal alveolinid wackesione
Deep subtidal calcareous shale
Lower intertidal sandy silicified dolostone
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Lower intertida! lime-mudstone
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Deep subtidal calcareous shale.
Upper shallow subtidal nummulitic alveolinid packstone.
Lower shallow subtidal nummulitic wacke-/ packstone.

Lower intertidal ime-mudstene.
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Lower intertidal dolomitic lime-mudstone.
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