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Abstract
The Campanaian — Maastrichtian Sudr Chalk of Gabal El Bruk subdivided into two
members, the lower Markha and the upper Abu Zemina members. Nine
biostratigraphic zones (CF13-CF2) have been identified from the planktonic
foraminiferal content. The qualitative and semi-quantitative analysis of the
foraminiferal parameters revealed the predominance of Midway type fauna over the
Velasco type fauna in the Campanian indicating that the Sudr Chalk was deposited on
the continental shelf. The benthonic fauna show an intermediate value between
Velasco-type fauna and Midway type fauna indicating an increase in water depth
from the continental shelf during the Campanian to lower slope during the
Maastrichtian time. Two microfacies associations have been identified from the
petrographic analysis of the Sudr Chalk in the study area. Foraminiferal micrite
(wackstone) and fossiliferous mudstone (mudstone) revealing the deepening upward
from Markha to Abu zenima member.The study area was affected by both sea level
fluctuations as well as tectonic instability due to the Syrian arc system from Middle
Keywords Campanian upward. The total organic carbon (TOC) ranges between 0 to 3.8 %. This
variation is controlled by lithology, faunal content, sedimentation rate as well as

Sudr Chalk; Upper Cretaceous; . . L. . .
PP depositional environmental conditions. There are three intervals of maximum TOC

North Sinai; Planktonic;

Benthonic; Total Organic within the studied Sudr Chalk which indicates a fair to good source rock (CF2,
Carbon (TOC); Source Rock. CF5+CF6 and CF12).
Introduction have been intensively studied and analyzed, very
little

The Upper Cretaceous sea level encroachment work has been published concerning the
over North Sinai was marked by shallow marine to hydrocarbon potential of these rocks in the northern
basin sediments. Among these sediments is the Sudr Sinai. However, the tectonic history of northern Sinai
Chalk which deposited generally within deep marine provides favorable conditions for deposition of
conditions due to the presence of synclines formed several seals, source and reservoir rocks as well as
as a result of the Syrian-arc system of Krenkel [1]. It is different types of structural traps [23]. The general
consequently represented by persisting facies almost hydrocarbon potential of different rock units in
all over North Sinai such as chalk, chalky limestone or North Sinai has been studied by several authors [24-
even argillaceous limestone. It is dated Campanian- 26]. However, attention to hydrocarbon potential of
Maastrichtian as well documented and accepted by the abundant upper Cretaceous rocks is a must to
many authors [2-11]. develop a complete petroleum system scheme in the

Numerous papers in the literature have dealt northern Sinai.
with the Sudr Chalk in many aspects among them, The purpose of this work is to establish the
12-20.Cherif et al. [21] suggested continuous open depositional model of the Sudr Chalk using lithology,
marine sedimentation prevailed from the Late microfacies and biostratigraphy. An additional
Campanian to the Late Maastrichtian based upon the purpose is to evaluate the total organic carbon (TOC)
foraminiferal content, and Shahin [22] assigned a richness of the Sudr Chalk that may contribute to the
middle neritic environment to the Sudr Chalk. potential of subsurface petroleum system at both

Although the Upper Cretaceous source and onshore and offshore north Sinai.

reservoir rocks of the Western Desert and Nile Delta
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Figure 1 Geological map and Satellite image of the studied Sudr chalk of Gabal EI-Burk, North Sinai (modified

after the geological survey of Egypt, 1993)

Gabal EI-Bruk is located in the southern part of
North Sinai at latitude 30° 12’N and longitude 33°
44’E (Fig. 1). It is accessible through the main paved
road from El-Hasana to Nakhl in North Sinai. The
studied section gently dips (=5°) toward the NE and
displays conformable relations between the
underlying Matulla Formation and the overlying Esna
Shale. It attains a total thickness of 50.8m as
investigated through two profiles 1 and 2, Fig. 1.

Materials and Methods

In order to pursue these objectives, the G. El Bruk
surface section has been studied, measured and
sampled in detail. Eighty two samples representing
the Sudr Chalk were collected from two different
locations (Fig. 1) and subjected to
micropaleontological analysis for their faunal
content, biostratigraphic zonation and
paleobathymetry. About 10 grams from the chalk,
chalky limestone and argillaceous limestone were
soaked in hydrogen peroxide HREO2 (10%), washed
and then sieved through a 0.63mm sieve. The
residue was fractionated into three grades by sets of
sieves 60, 120 and 320 meshes for easier handling.
The foraminifera are picked up by a special needle
and brushes, then examined using a standard
binocular microscope (Table 1).

The microfacies analysis was studied through 12
thin sections representing the different bed
geometry and lithology.The classification of
carbonate rocks according to depositional textures
[27] is adopted here in addition to the encountered
Standard Microfacies (SMF) types of Wilson [28] and
Flugel [29].

Forty four samples were selected for TOC
measuring by the ignition loss method, an
inexpensive and reliable technique [30].Following the

technique adopted by Ben-Dor & Banin [31]
which is summarized as follows. The rock samples
were ground to pass a 0.2 mm sieve (Table 1).Five
grams of air dried samples were kept in 30ml
crucibles and dried at 105°C overnight, cooled in a
desiccator, and weighted. The samples were then
ignited at 400°C for 4 hours in a muffle furnace.
Samples were transferred after 4 hrs ignition period
to a desiccator until it is cooled down and again
weighted. The loss on ignition was then calculated
using the following formula.

TOC= (W;-W,)/W;X100

Where W;= Oven dry rock weight (gm) dried at

105°C
W,=rock weight after ignition at 400°C

The total carbon measured was assumed to

equate the organic carbon

= N

B To Bl o -

Figure 2 a) Field photo a) Field photo shows the Sudr Chalk at G.
El-Bruk overlain by Paleocene Esna Shale. B) Field photo shows
the massively bedded, brown dirty argillaceous chalky limestone
of Markha member. C) 'Pycnodonta (Phygraea) vesicularis
(Lamarck) a distinct index macrofossils representing the Sudr
Chalk. D) Field photo shows thinly well bedded snow chalk of
Abu Zenima Member, G. EI-Bruk.
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Lithostratigraphy

The Sudr Chalk recognized by Ghorab [32, 2] is a
sequence of snow-white chalk, chalky limestone and
argillaceous limestone (100-130 m thick), which
sometimes vyield small pectinids with intermittent
chert bands. Cherif et al. [21] determined a late
Campanian—Maastrichtian age, whereas Kerdany and
Cherif [33] assigned it to the Maastrichtian. On the
other hand, the Sudr Chalk is coeval with the upper
part of the Sayyarim and Ghareb Formations in the
Israeli nomenclature. They were originally attributed
to the Campanian—Maastrichtian [18].

In the study area, a sequence of chalky limestone
overlain by purely chalk facies and argillaceous
limestone is characteristic of the Sudr Chalk in Gabal
El Bruk area. It is mainly distributed in the lowlands
around the anticlinal structures of Gabal El Bruk with
sub-horizontal attitude (Fig. 2a).

Ghorab 32] subdivided the Sudr Chalk into two
members, the Markha Member and the Abu Zenima
Member. This subdivision will be followed in this
work.
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Figure 3 Lithostratigraphic section of the Sudr Chalk at
Gabal El-Bruk area, North Sinai, Egypt.

A. Markha Member

In it‘s type section at Wadi Markha, this member
consists of massive, poorly-bedded, brown, cherty,
chalky limestones with numerous banks of Phygraea
vesicularis (Lamarck), Ghorab [2] gave a Campanian
age to this member.

In the study area, the Markha Member is
composed of snow white, massive chalk with calcite
veins which grade into brown, dirty, argillaceous
chalky limestones at the top part (Fig. 2b), and are
characterized by Phygraea vesicularis (Fig. 2c) in the

middle part. The horizon containing Phygraea
vesicularis is a good marker in the field to distinguish
the Markha Member of Campanian age from the
overlying Abu Zenima Member. However, it should
not be used to determine the contacts between the
Markha and overlying Abu Zenima members. This
was pointed out by [34, 35 and 20] who did not
regard Phygraea vesicularis as providing avaluable
biostratigraphic tool to distinguish between
Campanian and Maastrichtian, as misinterpreted by
many authors [e.g. 36 and 37].

The Markha member conformably overlies the
Matulla Formation. It has 20 m thickness at G. El-
Bruk (Fig. 3).

Abu Zenima Member

The Abu Zenima Member consists of well-
bedded,
becoming argillaceous in the upper part. In its type
locality, Ghorab[2] assigned a Maastrichtian age to
this member.

In the study area, the Abu Zenima Member
consists mainly of thinly well-bedded chalk and
chalky limestones, gradually changing into
argillaceous limestones at the top and turned into
shale (Fig. 2d). It measures 30.8 m at Gabal El Bruk.
The Abu Zenima Member conformably overlies the
Markha Member and is conformably overlain by the
Paleocene Esna Shale (Fig. 3).

Microfacies

yellowish  white chalky limestones,

The microscopic investigation of 12 thin sections
representing the Sudr Chalk at Gabal El Bruk revealed
the presence of two microfacies association:-
Foraminiferal micrite (wackstone)

This microfacies association is recorded in the
upper part of the Abu- Zenima member, it is
represented by chalky limestone. Petrographically, it
is composed essentially of foraminiferal tests which
make 30-40 % of the total rock content, and few
scattered fragments of foraminiferal tests as well as
few shell fragments of ostracods (Fig. 4a).

All the above mentioned components are
embedded in a micritic matrix(Fig. 4a). The
foraminiferal tests are mainly planktonic represented
by globotruncanids and heterohelicids (Fig. 4b). Small
numbers of benthonic foraminifera are also
encountered. The foraminiferal tests are filled with
sparite while the wall structure is still micrite (Fig.
4b). The  micritic matrix is homogenous
microcrystalline partially recrystallized into
microsparite due to aggrading neomorphism [38].
This microfacies is proper of pelagic wackstones
deposited in basin margin or deep shelf margin,
SMF3 and FZ1 [28 and 29]. The planktonic
foraminiferal content as well as the less abundance
of benthonic species indicates that the sediments of
this microfacies were commonly deposited below the
wave base at depths ranging between 200 to 300 m.
Fossiliferous mudstone (Mudstone)

This  microfacies is determined by the
petrographic analysis of thin sections representing
the lower and middle part of the Markha member.
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Figure 4 a) Photomicrograph shows benthic foraminiferal tests (arrowl) embedded in micrite groundmass (Foraminiferal
micrite microfacies, P.P.L. X 50). B) Several tests of planktonic foraminifera (Globotruncana, arrow 1 and Heterohelix,
arrow 2) in addition benthic form (arrow 2) filled with neomorphosed sparite, (Foraminiferal micrite microfacies, P.P.L. X
50).C) Rare fossils scattered in mud-lime matrix globotruncanids (arrow 1) and rugoglobigerina (arrow 2); Fossiliferous
mudstone microfacies, C.N X 30. D) Globotruncanids (arrow 1) as well as ostracod carapace (arrow 2) filled with
neomorphosed sparite and embedded in green mud-lime matrix (arrow 3), Fossiliferous mudstone microfacies, C.N X 35.

Petrographically; it consists of traces of
foraminiferal tests less than 10% of the rock content
and patches of microsparite scattered in
microcrystalline calcitic matrix “micrite” (Fig. 4c). The
chambers of the foraminiferal tests are partially filled
with sparite.The presence of scattered microsparite
patches and partial filling of chambers of
foraminiferal tests with sparite (Fig. 4d) indictes
neomorphic recrystallization as diagenetic process.

This microfacies is similar to the pelagic
wackstone microfacies which probably deposited in
the basin margin SMF3 and FZ1[28 and 29] but due
to the scarcity of their fauna (benthonic and
planktonic) it is most probably deposited shallower
than the precedding microfacies (foraminiferal
micrite) in the middle neritic environment (100-
50m).

Biostratigraphy

The biostratigraphic analysis of the current work
is based mainly on planktonic foraminifera where the
Campanian-Maastrichtian Sudr Chalk sediments yield
rich and diversified species. In this context, our
biostratigraphic zonation is relying mainly on the
latest classification scheme of Li & Keller [39-41].

Identification of forty-five planktonic species and
subspecies in regards to the FO (First Occurrence)

and LO (Last Occurrence) of the species, lead to
identification of ten biostratigraphic zones (Table 2)
as studied before by Hassan & Nassif [42].

The planktonic biozones CF13 and CF12 were
established to define the Campanian based upon the
FO of Golobotruncanita elevata and Contusotruncana
patelliformis respectively. Whereas the
Maastrichtian biozones begin with CF8 with notable
discontinuity in regarding to the Campanian biozones
and continued up to the late Maastrichtian CF2
zones, based upon the nominate taxa as defined
according to Li & Keller [39-40] and Li et al. [41]. As
indicated in table (2) it is observed that the biozones
thicknesses decrease upward from CF13 up to CF2
which represent a complete evolutionary lineage
from Campanian up to Maastrichtian, except for the
absence of late Campanian biozones (CF11 to CF9).
This gap indicates that after the deposition of CF8
the Sudr Chalk was subaerially exposed as a paleo-
structural high due to the tectonic uplift of the Syrian
arc fold system. The same conclusion was reached by
Farouk & Faris [43] in the area around G. Libni, North
Sinai.

It is important to denote that evidences of
tectonic uplift are also recorded in several localities
in Sinai and it falls within the foraminiferal zones G.
ventricosa and Gansserina gansseri zone (CF8) as
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recorded by Liniing et al. [20]. In Gabal Somar, west
central Sinai, uplift may have begun earlier as

Table 1 Biostratigraphic zonation of the Campanian-
Maastrichtian Sudr Chalk based upon planktonic
foraminifera (Hassan & Nassif, 2010)

: E Planktonic
- E=3
A ith = |Biostratigraphic zonation
ge e Lithology 2 | Hassan & Nassif (2010) foraminiferal
i € P hd“l:um dj
i | F hantkeninolags
™ 44| palpebra (CF2] | Gn. gansseri
20|  brazoensis (CF3) | p hairaensis
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s gl 21| intermedia (CF5) gpe
E |5 Gi. linneina
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3 b g 68 G aegyptiaca
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& E g C. patelliformis (CF12)
o8 |3 .
g E C. patelliformig
7|8
s G elevata (CF13)
Gt. elevatg __a

| |

indicated by the absence of the entire Campanian
succession [10], where the magnitude of hiatus was
greater as indicated by the absence of the Upper
Campanian up to Early Eocene (Ypresian) succession
[44].

Planktonic Foraminiferal Analysis

Using the foraminiferal assemblages as
paleoenvironmental proxies follows basically three
main approaches: direct comparison with recent
microfaunas 45-47], morphofunctional analysis or
morphogroups [48-51]. The last one is concerned
with the comparison of the distribution of
foraminifera in different ancient models. Several
models for the distribution of the microfaunal
assemblages have been established [52-60]. In some
of these models, the foraminiferal assemblage zones
are attributed to specific paleobathymetric levels.
Qualitative and semiquantitative analysis

Qualitative and semiquantitative analyses of the
Upper Cretaceous foraminiferal assemblages in Egypt
had been undertaken by several authors [8, 22, 47,
61-64].

The paleoecological and paleobathymetrical
reconstruction of the Campanian- Maastrichtian Sudr
Chalk is based essentially on qualitative
(foraminiferal groups, Midway and Velasco-type
fauna). The term velasco-type "fauna" (VF) was
suggested by Berggren and Aubert (1975) for a
lower continental slope and abyssal plain fauna,
which counterpart the Midway-Type "fauna" (MF)
typically represent the continental shelf .According
to distribution models of microfauna and semi-
guantitative analysis (% of Planktics (Pl %) and Pl./b
ratio) of the foraminiferal assemblages (Fig. 6).The
following is a detailed discussion of the
paleoecological interpretation and the depositional

environments of the studied Sudr Chalk based upon
foraminiferal data.
Markha Member

The Campanian Markha member consists only of
two biozones; CF13 and CF12.The lithology of this
member is essentially chalk to chalky limestone that
gradually changed upward to argillaceous limestone
close to the Campanian/ Maastrichtian (Zones
related to Middle Campanian ?) boundary. The
abundance of Midway type fauna is diagnostically
higher than Velasco type fauna indicating that the
Campanian Sudr Chalk was deposited most probably
on the continental shelf (Fig. 5). On the other hand,
the statistical parameters (Table 1) show that, the
average Pl.% ranges from 32.1 to 60.3% in CF13
whereas the P:B ratio ranges from 0.4 to 1.5%.
However, the CF12 zone shows higher Pl. % than
CF13, which reaches 76.9%. The intermediate ratio of
planktonic foraminifera (Table 2) in this member
characterizes the middle neritic (50-100m depth)
zone [65, 66 and 67] and reflects a shallow middle
shelf environment.

Abu Zenima Member

Biostratigraphically, the Maastrichtian zones
overlie disconformably the Campanian zones as
indicated by the absence of latest Campanian zones
CF11-CF9, although no evidences of a break occur in
the lithological succession.

The whole Abu Zenima member consists of chalk,
chalky limestone, and argillaceous limestone.
Interestingly, the uppermost zone (CF1) of
Maastrichtian age is extended upwards into the
Paleocene Esna shale. The benthonic fauna show an
intermediate value between Velasco-type fauna and
Midway type fauna (Fig. 5), indicating an increase in
water depth from continental shelf during the
Campanian to lower slope during the Maastrichtian
time.

The statistical data of the Pl. % varies from 25%
(lowest value) at CF7 to 86.5% (highest value) at CF2
indicating a progressively water depth's deepening
upward (Fig. 6). It is also obvious that the P:B ratio
varies in accordance with Pl. %, both in CF3 and CF2,
which reflect higher ratios than any other zones.

Depositional Environment and
Paleobathymetry

The depositional environments of the studied
Sudr chalk remains open to discussion due to the
widespread occurrences of the Upper Cretaceous
sediments all over Egypt. These sediments are
characterized by different microfacies associations
from one place to another as well as the great
diversity of both the benthonic and planktonic
foraminiferal proportion. One of the most helpful
approaches to understand the depositional
environment and paleobathymetryis the
development of the facies model based upon
microfacies association, coupled with statistical data
derived from foraminifera. The first approach has
been introduced and described by many authors,
(e.g. 28, 68-71, and others). The microscopic
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investigation of the microfacies revealed the
presence of two microfacies each one characteristic
and of common occurrence in each of the two
members.

The Campanian microfacies reveal the dominance
of the fossiliferous  mudstone
association, that somewhat resemble pelagic
wackstone and was most probably deposited in the
deep basin margin. On the other hand, the
Maastrichtian sediments are characterized here by
the presence of foraminiferal micrite (wackstone),

microfacies

The deep water planktonic habitats are
dominated by keeled globotruncanids [72]. In the
studied material, the planoconvex morphotypes of
Globotruncanita spp., Gansserina gansseri,
Globotruncana spp. dominate the Maastrichtian
faunas.

The agglutinated benthonic foraminifera are low
in abundance and dominated by large-sized
Gaudryina, Tritaxia, and Dorothia. The presence of
the genus Bolivinoides indicates warm water and
open marine condition [73-75]. The dominance of

Time Unit | Rock Unit Sargple Plaogkt. Beopth. r';{% Paleodepth (m) \-,rv?&)
0
41 86.5 135 6.40 776.23 3.9
40 80.6 194 4.15 631.64 3.1
39 70.7 29.3 241 447.53 23
38 68.8 31.2 2.20 418.99 21
Table 2 Statistical data representi’rrg the quar?tcit;tive analfs’i)sﬂof Sudr Ch;II:ri‘n G. El Bruk, I’\)lg;tﬁcsmai. o
34 20.9 40.1 1.10 £40.14 1.0
33 66.4 33.6 1.97 383.57 1.8
] 32 64.9 35.1 1.84 364.07 1.7
§ 31 70.4 29.6 2.37 442.89 23
= 30 75.3 24.7 3.04 525.12 26
g 29 79.5 20.5 3.87 607.86 29
E 28 77.9 22.1 3.52 574.89 28
_é 27 65.8 34.2 1.92 375.64 1.8
< 26 25.1 74.9 0.33 93.72 03
- 25 29.1 70.9 0.41 107.04 0.4
" :_—‘_E 24 32.7 67.3 0.48 120.75 0.5
§ g X 23 65 35 1.85 365.34 0.8
8 § % 22 54.3 45.7 1.18 252.19 0.9
8 = (@) 21 39 61 0.63 149.37 1.1
5| 5§ | 5 20 60 40 15 307.14 13
£ 5|3 19 48.1 51.9 0.9 203.75 1.4
g 18 50.9 49.1 1.03 224.32 1.40
© 17 635 365 1.73 346.79 1.70
16 76.9 23.1 3.32 555.20 250
15 67.5 325 2.07 398.53 2.10
14 63.1 36.9 1.71 342.00 1.90
13 36.1 63.9 0.56 135.40 1.40
12 62.1 37.9 1.63 330.34 0.90
5 11 33.1 66.9 0.49 122.38 0.50
= 10 45.2 54.8 0.82 184.49 0.75
§ 9 47.9 52.1 0.91 202.36 0.80
= 8 53.1 46.9 1.13 241.97 1.10
= 7 50.1 49.9 1.00 218.23 0.90
= 6 35.8 64.2 0.55 134.04 0.50
5 32.1 67.9 0.47 118.34 0.40
4 49.9 50.1 0.99 216.74 0.90
3 44.7 55.3 0.80 181.36 0.80
2 56.8 43.2 1.31 274.94 1.80
1 60.3 39.7 1.51 310.35 1.60
similar to pelagic wackstones deposited in basin Coryphostoma incrassata (Reuss) this

margin or deep shelf margin but respectively deeper
than fossiliferous mudstone (Fig. 7).
inspection of the foraminiferal parameters revealed
the following clues.

A close

indicates an middle neritic environment [58].

for

Abdel Kireem [76] suggested an outer-shelf depth
the middle part of the Chalk Formation
(Maastrichtian) of the Bahariya Oasis. EI-Nady [64]
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suggested middle to outer shelf (100-200m depth)
for the Abu Zenima Member of the Sudr Chalk, in
northeastern Sinai. Abdel Kireem et al. [47]
considered that the upper part of the Khoman
Formation (Sudr Chalk equivalent) of the Northern
Western Desert to be deposited in the middle slope
(>600m depth).

The faunal group in the studied sections is
correlated with both the Midway fauna type (MF)
and Velasco fauna type (VF) of the gulf coastal plain
of Texas and upper lizard spring of Mexico
respectively [55]. The Upper Cretaceous sediments in
the study area exhibit a close affinity with the
Midway-Velasco fauna. Therefore, the calculated
ratios between both allow a full calibration of the
faunas among these provinces. It is observed that the
Campanian Sudr Chalk (Markha member) mostly
exhibits Midwayan-type fauna such as
Anomalinoides acutus, Cibicidoides alleni, Lenticulina
isidis and Cibicides beamountianus, whereas most of
Velasco-type fauna sporadically occurred with low
diversity. Among the recorded Velascoan-fauna are:
Bolivinoides draco doreeni, Gavelinella clementiana,
Stensioena excolata and Eponides plummerae. The
Maastrichtian Abu- Zenima member shows a
different relationship between the two groups, while
the dominance of Midway is noticed in the
Campanian, The Maastrichtian shows the mixed
nature of Midwayan-Velascoan fauna which exhibit
depth range from ca. 500m [77]. It is believed that
the tectonic and depositional setting of the Velasco
fauna type may produce a mixed faunal assemblage
[78]. This is observed here for the late Maastrichtian,
where the sea level underwent progressive
transgression from the later part of CF4a up to CF2.

It is standard procedure in many regional studies
to compare the interpreted regional sea-level cycles
with the eustatic model published by Haq et al. [81].
However, today many stratigraphic intervals covered

the concept of a single global eustatic curve it may
be better in most cases to consider several regional
curves [85].

The construction of paleobathymetry in the study
area is calculated using the empirical equation of De
Rijk et al. [86] and depends upon Pl %

D=e{(% pl +81.9/24)}

The resultant sea level curve (Fig.6) matched with
the global sea level of Haq et al. [81] and the sea
level curve of Liining et al. [85] in G. Arief el- Naga. It
is observed that, some intervals correspond with the
global one spanning from CF6 and the early part of
CF4 in addition to full CF2 Zone. The rest of curve
might be biased by the higher resolution of the
current biostratigraphic zonation, in addition to sea
level fluctuations from tectonic instability due to the
Syrian arc system from Middle Campanian and
upward.

Hydrocarbon Potential

Although the richness of organic carbon is usually
associated with shale or silty shale, the upper
Cretaceous carbonate deposits have been identified
for a long time as a source rock? for the overlying
petroleum and gas reservoirs in the petroliferous
Gulf of Suez area [87] as well as the Northern Sinai,
Nile Delta and Mediterranean offshore areas [23 and
88].

Total organic carbon represents the weight
percent of organic matter fraction contaminated
within the rock during sedimentation processes that
is ultimately being influenced by both initial biomass
production and subsequent degree of preservation.
Organic matter appears to accumulate significantly in
the mudstone and laminated or thin-bedded
limestone. Total organic carbon concentration often
varies through the sedimentary sequence, indicating
changes in sedimentary conditions [89]. A value of

by the Exxon-curve, especially for the Late
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Cretaceous, are questioned to some degree (see 82,
83 and 84]. Because of the apparent restrictions of

approximately 0.5% total organic carbon by weight
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Chalk, G. El Bruk, North Sinai.



Journal of Petroleum and Mining Engineering 18(1)2016

=
‘Q
Age EE. Sed. Rate sea level Global sea level change  present work
2 g mm/Ka : Luning et al., 1998) (Haq et al., 1987) (Paleodepth estimation)
S Lntholog,\,:om Bioz. oo w0 ;’l/h{aun‘ l‘P‘I'.;o‘ v $II' 2 o oom A ‘PP " |.;oom
(CF2) |
. (CF3) | . )
§ (CF4b)
g |E 40
g 8 (CF4a)
sl g3 3 ¥
§ ~N (CF5) | §CFs
= — i
W= B 30 |(CF6) FFﬁ
2 | (CF7) | 4CF7
sl |3 14
8| 16 .
S| |5 (CF8)| Herg
g’_‘g‘_‘ __‘l""U 20 vy ] D e
D [ ~
. 12 CF12
8| (8 I e
g |5 w2 10
g 5 4=
]
o| 3 ] .
s (CF13) {cri3
¥ o

percent is considered the minimum for an effective
source rock,

3-There are three intervals of maximum TOC
within the studied Sudr Chalk which indicates a fair
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In this study, the complete data analysis of TOC
measurements that have been done on forty-one

to good source rock: CF2, CF5+CF6 and CF12. These
intervals are characterized by abundance of

Figure 6 Schematic diagram showing the depositional environment suggested for Sudr Chalk according to the findings of
current work and semi-quantitative foraminiferal analyses versus the lithostratigraphic and biostratigraphic section of the

Upper Cretaceous Sudr Chalk in Gabal EI-Bruk, North Sinai

sample shows a wide variation of TOC content
ranging between 0 and 4.5 weight % (Table 1). The
features of this variation can be summarized as
follows:

1-The TOC of Markha Member ranges between
0.4% and 2.1% with 1.18%average for the whole
member, whereas the TOC for Abu-Zenima Member
ranges between 0.3% and 4.5% weight, with an
average 1.99% for the whole member (Figure 8).

2-The TOC appears to accumulate significantly
within the well laminated Abu Zenima Member than
within the massive chalk of Markha Member. Thus,
the bed thickness of Sudr Chalk reveals an inverse
proportion to the TOC content, where by the thinner
the bed thickness of Sudr Chalk, the higher the TOC
content (Figure 8).

planktonic foraminifera as well as the Pl/b ratio.

The TOC content shows a remarkable increase in
the outer shelf chalky limestone of the Abu Zenima
Member
depositional
Campanian Markha Member.

rather than the shallow middle shelf

environment suggested for the

The TOC richness depends mainly on the organic
matter productivity and preservation processes. The
productivity processes are closely related to the
bloom of micro-organisms [90] that alternatively
controlled by nutrition inputs, depositional energy
conditions, and ecological environment. The
relationship between organic carbon content and
sedimentation rate has been used to get rough
estimates of paleoproductivity where the low-
productivity environments are characterized by low
organic carbon contents (< 0.4%) and low
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sedimentation rates (0.2-1cm/1000 years) (Fig. 6),
whereas the high-productivity upwelling
environments are characterized by very high organic
carbon contents (up to 20%) and very high
sedimentation rates (up to some 100 cm/1000 vy.). In
the current work, sedimentation rate has been
calculated by dividing the thickness of sediments
defined by its biozone on the time consumed in
deposition. Sedimentation rate (SR) of the Sudr chalk
reveals an expected low value that varies between
1.4 to 5.4mm/100Ky with an exceptional interval of
high SR (40mm/100ky) associated with the biozone
CF2 that has higher TOC content. These sediments
were accumulated in a highly productive upwelling
regime that dominated the southern Tethys margin
from the Santonian to Late Maastrichtian [91, 92, 93,
94 and 20].

On the other hand, the preservation process is
controlled by sedimentation rate, oxic to anoxic
conditions, and diagenesis [95]. In the studied Sudr
Chalk, the role of the productivity process in TOC
richness is highly evidenced by the abundance of
planktonic foraminifera species and the high P:B
ratio. On the other hand, the preservation process of
organic matter in Sudr Chalk is more likely to be
affected by the lithological variation from the Chalk
of Markha member to the argillaceous chalky
limestone of the Abu Zenima Member. The redox
condition of the deeper, low energy depositional
environment of Abu Zenima resulted clearly in
richness of TOC. Accordingly, the low TOC intervals of
Sudr Chalk are interpreted as zones of relatively
shallower, high energy and oxic conditions of
shallow-middle shelf environments, where the clastic
dilution of organic matter is very common as well as
the higher influence of biodegradation processes.
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