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ABSTRACT

The Upper Cretaceous exposures in southeastern Sinai are represented by Carbonate - dominat-

ed successions  interbedded with a few sandstone, chert and marl horizons. The examined  rock

units  in  Taba  area  include  Matulla  Formation  and  Sudr  Chalk  were  studied lithostratigraph-

ically and mineralogically. On the other, the major and trace elements as well as δ18O & δ13C  iso-

topes were focused on the studied rock units to interpret their depositional conditions. 

Lithostratigraphically the Matulla Formation conformably overlies the upper carbonate beds of

the Wata Formation and underlies the lower Markha Chalk Member (50m thick) of the Sudr Chalk.

Mineralogically the non-clay minerals determined by X-ray analysis include calcite, dolomite, an-

kerite,  gypsum, anhydrite, quartz and feldspars that mainly reflect the oscillating regressive trans-

gressive conditions during sedimentation. The present clay minerals show concentration of illite,

smectite and palygorskite in the upper Sudr Chalk. Chlorite, while kaolinite is encountered in the

Matulla Formation. Most of these  minerals are of detrital origin. 

Chemically, the variation in the contents of major elements within the studied rock units is at-

tributed to the nature of parent rocks in addition to the physicochemical conditions during weather-

ing and transportation and deposition. Moreover, the horizons contain high contents of trace ele-

ments reflecting that these sediments have good accumulator’s minerals, which represent the main

host of trace elements.

The low values of δ18O suggest that the primary signals has been diagenetically altered by

more 18O depleted meteoric ground water or by dissolution and recrystallization at higher tempera-

ture during burial diagenesis (Sakai & Kano, 2001). The encountered positive δ18O values in the

Matulla Formation may be attributed to dry climate intervals with some evaporation process. The

more positive values of δ13C encountered in the Sudr Chalk and the lower part of the Matulla For-

mation could be attributed to high productivity and the increase of Photo synthetic effects in a shal-

low marine environment. The δ13C depletion recorded in the dolostone of the Matulla Formation

achived a more diagenetic process.
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mous sedimentary cover in southern Sinai.

The Cretaceous rocks are widely distributed

on the surface and subsurface at several

INTRODUCTION
The Pre-rifting rocks along the western side

of the Gulf of Aqaba constitute one of the fa-
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and Quaternary tectonism. This is corroborat-

ed by the presence of rocks of Cretaceous age

as large clasts in the Miocene conglomerates

in southern Sinai. 

The thickness variations are expression of

long wave length oscillations of the Arabo-

African platform. Based on the study of the

trend surface analysis of the thickness data,

Bartov and Steinitz (1977) concluded that a

continuous tilting of the basement underlying

the shelf existed from the Cenomanian to ear-

ly Senonian. Also, Abu Khadrah et al., (1987),

described the Thelmet and the Sudr Chalk

formations at Galala Plateau which are equiv-

alent to the Markha and the Abu Zenima

members in Sinai Peninsula. 

The field study indicated that the Upper

Cretaceous rocks are well exposed at Wadi

Tuweiba - Wadi Taba area (Fig.1) and are di-

vided into five rock units. They are from base

to top the Raha Formation, the Abu Qada For-

mation, the Wata Formation, the Matulla For-

mation and the Sudr Chalk. The Matulla For-

mation consists of Carbonates in the lower

part and sandstone in the Upper part with

few claystone beds. Sudr Chalk consists of

snow white chalky limestone with intercala-

tions of claystone, marl and chert bands. 

The studied section represents the most

Upper Cretaceous succession exposed in the

Taba area stretching in a distance of about

3Km to the south of the Sonestta Hotel be-

tween Wadi Tuweiba and Wadi Taba (Fig.1).

In the Taba area, the chert beds in the Cam-

panian - Maastrichtian Sudr Chalk are asso-

ciated with phosphatic horizons (El Assy,

1992) that are rich in open marine fauna in-

parts of Sinai (Said, 1990). The Lower Creta-

ceous rocks are represented by continental

clastic sediments in the central Sinai and the

Gulf of Suez, while the Upper Cretaceous

rocks are represented by carbonates with a

few clastics (Abdallah and Adindani, 1963;

Kora and Genedi, 1995; Abu El-Enain and

Morsi, 1999). 

According to Ghorab (1961), the Creta-

ceous rocks in Sinai and the Gulf of Suez re-

gion are classified into five formations, namely

from base to top; the Raha and the Abu Qada

Formations (Cenomanian), the Wata Forma-

tion (Turonian), the Matulla Formation (Coni-

acian-Santonian) and the Sudr Chalk (Cam-

panian-Maastrichtian). According to Kora and

Genedi (1995), the pre-rifting sedimentary

cover was deposited on a stable shelf plat-

form. This stratified succession includes a

lower sandy Early Paleozoic rocks, which were

partly eroded during the late Paleozoic. These

Paleozoic rocks were later overlain by Creta-

ceous - Eocene marine carbonate - dominated

rocks. 

Structurally, the upper Cretaceous  rocks

are dissected by a common faults oriented in

two major directions, N 15° E. (Gulf of Aqaba

trend) and N 60° W, along the Tih Scarp (Se-

him, 1990 and Qdah et al. 1997). The Upper

Cretaceous strata are nearly horizontal, but

tend to be inclined towards the Gulf of Aqaba

(mostly 30° - 40° NE). Garfunkel and Bartov

(1977) and Wilson et al. (2009) discussed the

tectonics of the Suez rift and reported that the

rocks of the Late Cretaceous extend all over

southern Sinai without abrupt facies changes

and that their present distribution was result-

ed by erosion phase following the Neogene
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studies of the Upper Cretaceous rocks of Sinai

are encountered, (e.g: Kora and Hamama,

1987; Malchus, 1990; Abdel Gawad and Zalat

1992; Kora et al., 1994; Kora and Genedi,

1995; Gameil, 1997; Genedi,1998; ElMansy

and Barakat, 1998; Issawi et al., 1998; Samu-

el et al., 1998; Hegab et al., 2001; Mansour et

al., 2001; Kora et al., 2001 a, b; Kora et al.,

2002; Abd ElAziz 2002; Genedi, 2003 & 2005;

El-Fawal, 2005 and Samuel et al., 2009).

However, detailed chemical and mineralogical

studies on these Upper Cretaceous rocks are

a few (Khalil et al., 1992; Gadallah et al.,

2003; Bishay, 2004; Genedi et al., 2006 and

El-Hariri et al., 2007). 

cluding heteromorph ammonites (Abdel Gaw-

ad, 1990). After the deposition of the Maas-

trichtian sediments, the area had been sub-

jected to uplift and subsequent erosion

leading to the removal of a great part of the

Senonian deposits from the southern locali-

ties in eastern Sinai (Shahin & Kora, 1991).

The erosional unconformity between the Cre-

taceous and the Tertiary in this area is related

to syndepositional tectonics associated with

the folding of the northeast- trending Syrian

Arc deformational phase. 

Many detailed lithostratigraphy biostratig-

raphy, sedimentary history and microfacies
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Fig. 1: Geological map of Taba area (after Bishay, 2004). 
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in the study area consists of five formations.

They are namely from base to top; Raha, Abu

Qada,Wata, Matulla and Sudr Chalk (El-Deeb

and El-Baz, 2002). The latter is further subdi-

vided into a lower Markha Chalk Member and

an Upper Abu Zenima Chalk Member as sug-

gested by Ghorab (1961). The following is the

characteristics of the examined (Coniancian-

Maastrichtian) rock units in Taba area. 

1- Matulla Formation

The studied relatively soft  slop forming de-

posits of the Matulla Formation are underlain

by the hard fossiliferous cliff forming dolo-

stones and limestones of the Wata Formation

and are overlain by hard brown chert bands

and white chalky limestones of the Sudr

Chalk (Fig.2). The contact with Sudr Chalk is

either sharp or with many swellings and load

cast structures creating an irregular surface.

In the studied section, no definite paleontolog-

ical boundary between the Matulla Formation

and the Wata Formation can be recognized

but the boundary is based on the basis of lith-

ological characteristics. The Matulla Forma-

tion is composed of green sandstone at the

base followed by shales, marls, dolostones

and fossiliferous cliff-forming limestones and

is topped by phosphatic fossiliferous sand-

stones and dolostones (Fig. 2). A measured

thickness of the Matulla Formation up to 22m

thick in Wadi Taba area (Fig. 2) is of Coniaci-

an-Santonian age according to the presence of

Heterotissotia neoceratites PERON, Plicatula

ferryi COQUANAD, and Crassostrea heinzi

(PERON & THOMAS) at Wadi El Ghaib and

Sheikh Attia (Kora and Genedi, 1995). The

Matulla Formation was assigned tentatively to

an Early Senonian age according to the occur-

rence of the Discorbis turonicus assemblage

The main aim of the present work is to de-

termine the  nature of the depositional condi-

tions  of  the  studied  Matulla Formation  and

Sudr Chalk in the Taba area that influencing

the nature of the different minerals and the

geochemical behaviour. The geochemical in-

vestigation include both major, trace elements

as well as oxygen and carbon isotopes. 

MATERIAL AND METHODS
Twenty five (25) samples were collected to

represent the different rock types of the stud-

ied  Matulla  Formation  and  Sudr  Chalk

(Fig. 2). A lithistratigraphic section was con-

structed for the studied Matulla Formation

and Sudr Chalk (Fig. 2). These  samples were

mineralogically and chemically analyzed. The

major and trace elements were determined by

XRF at the laboratories of the Nuclear Materi-

als Authority in Cairo. The mineralogical com-

position of bulk samples was identified using

X-ray diffractometer with Ni filtered, Cu K  ra-

diation at 40Kv and 25mA and a scanning

speed of 1° perminute. The clay fraction (<2)

were prepared by the sedimentation tech-

niques described by Thorez (1976). Isotopic

analyses of δ13C and δ18O were performed on

whole rock samples which are carried at the

Petrography Institute, Karlsruhe University,

Germany. The δ13C and δ18O are given rela-

tive  to  the  Peedee  Belmanite  Standard de-

viation  better than +0.15%  PDB. The data

obtained from the mineralogical and geochem-

ical analyses, integrated with stratigraphic ev-

idence, are used for depicting the depositional

environments. 

RESULTS AND DISCUSSION
Lithostratigraphy: 

The exposed Upper Cretaceous succession
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Fig.2. Lithostratigraphic description of the studied Coniacian-Maastrichtian 

rock units, Wadi Taba area, southeastern Sinai, Egypt. 
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from the clastic facies of the Matulla Forma-

tion to the snow white carbonates of the lower

member of the Sudr Chalk. This accompanied

by the first appearance of large sized Pycno-

donte vesicularis (LAMARK) at the base of the

Chalk.  

At Wadi Sudr area in west central Sinai

where it denotes to carbonate sequence com-

posed of snow-white chalky limestones at the

base and argillaceous limestones at the top;

with an estimated total thickness ranging be-

tween 110 and 140 m (Kora et al., 2003). The

Sudr Chalk is characterized by its snow white

colour. It can be subdivided into its two mem-

bers as suggested by Ghorab (1961) in the

study area. The lower Markha Chalk Member

(about 50m thick) is composed of snow white

partly silicified and partly phosphatic chalk

intercalated by grey and brown chert bands,

with some marl, dolostone and argillaceous

limestone streaks. The Upper Abu Zenima

Chalk Member (about 20m thick) consists of

grey, argillaceous and thin bedded soft lime-

stones. Its upper limit is marked by lithologi-

cal variation from the overlying Esna shale.

Cherif et al. (1989) mentioned that both mem-

bers of the Sudr Chalk in the region of Abu

Rudeis in west centeral Sinai are very similar

and are composed of white chalks. According

to Kora and Genedi (1995) & Eweda and El

Sorogy (1999) the lower Markha Chalk Mem-

ber is highly fossiliferous with Pycnodonte ves-

icularis (LAMARCK) which indicates a Compa-

nian age.  The Abu Zenima Chalk Member is

of Maastrichtian age according to the pres-

ence of the planktonic foraminifera (Kora and

Genedi, 1995), such as Globotruncana aegyp-

tiaca NAKKADY and Gansserina gansseri

(BOLLI). 

(Ghorab, 1961; & Shahin and Kora, 1991).

Similarly, an undifferentiated Coniacian -

Santonian age was given to the Formation ac-

cording  to  the  presence  of  echinoids  and

bivalves including Plicatula ferri, Pycnodonte

costei, Nicaisolopha nicaisei, Oscillopha dishot-

oma and Flemingostrea boucheroni (Ziko et al.,

1993; Eweda and El-Sorogy, 1999; and El-

Shazly, 1999). Accordingly, an Coniacian-

Santonian age is accepted herein.

The great abundance of dolostones in the

Matulla Formation is indicative to the stable

sea margin environment (Lewy, 1975).  The

studied Matulla Formation is equivalent to

the Themed Formation as described by Abdel-

Gawad and Zalat (1992) and Ziko et al. (1993)

from central west and central east Sinai, re-

spectively.

The concentration of chert bands in the

Coniacian-Santonian deposits is probably re-

lated to the nearness of the Arabo-Nubian

Massif rich in silica sources (Flexer, 1968).

Also, the close association of chert with dolo-

mites suggests that the condition on a wide

shelf fluctuated between normal marine and

intertidal regimes (Steinitz, 1977). 

2- Sudr Chalk  :

The   Sudr  Chalk  conformably  overlies

the  Matulla  Formation  and  is  overlain by

the Esna Shale of Paleocene age. It is as-

signed to be of Campanian - Maastrichtian

age  (Ghorab,  1961;  Metwalli et al., 1987;

and  Eweda, 1992). The contact between the

Sudr  Chalk  and   the   Matulla   Formation

in  the  field is established  on  the  basis  of

lithological  and  paleontological grounds.

Lithologically, there is a sharp facies change
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Sudr Chalk facies and the Esna Formation fa-

cies is graditional. 

Mineralogical composition:

The data of the relative percentages of the

mineral compositions of the examined sam-

ples from Taba area are given in Table (1).

Three carbonate minerals were identified in

the studied samples; namely calcite, dolomite

and ankerite. The carbonate minerals in the

examined sandstones of the Matulla Forma-

tion do not exceed 3%, are authigenic as post

depositional minerals. 

Dolostones and limestones are the main

carbonate rocks of the Matulla Formation and

the Sudr Chalk. The mineralogical composi-

tion is mainly dominated by calcite with an

average value of 5.0% and 50.5%; respective-

ly. It is followed by ankerite with an average

values 40.0% and 2.9%; respectively. Ankerite

is more enriched(up to 86%) in the rocks of

the Matulla Formation (Fig. 3).

Gypsum, anhydrite and halite are the main

evaporite minerals  encountered in the stud-

ied rock units (Fig. 3). The occurrence of these

evaporites within the sediments are consid-

ered as post depositional phase that mainly

reflects the oscillating regressive -  transgres-

sive conditions during sedimentation. 

Francolite is the main phosphate mineral

encountered in a few samples, with maximum

concentration associated with the coarse -

grained fossiliferous, completely silicified

chalk representing the upper most bed of the

Markha Chalk Member (Sudr Chalk) with an

average value of 5.0%. Also, a considerable

amount of the mineral is found within the

The Thelmet Formation and the Sudr

Chalk described by Abu Khadrah et al.

(1987); Kerdany and Cherif (1990); and Refaat

(1993) in the western side of the Gulf of Suez

are equivalent to the present Markha Chalk

Member and Abu Zenima Chalk Member, re-

spectively. Several micropaleontological stud-

ies carried out recently utilizing planktonic fo-

raminifera, as well as calcareous nanofossil,

biozonation schemes concluded that the Sudr

Chalk in Sinai ranges from the Campanian in

the lower part to the Maastrichtian in the

upper part (e.g. Cherif et al., 1989; and Ayyad

et al., 1996). According to Shahin and Kora

(1999), the uppermost Maastrichtian biozone

was eroded from east central Sinai. Moreover,

Abdel-Gawad (1990) described heteromorph

ammonites from the upper part of the Sudr

Chalk in southern Sinai and assigned them to

the upper most Campanian. However, some

workers including Kerdany and Cherif (1990)

and Issawi et al. (1999) reported that the Sudr

Chalk belongs to the Maastrichtian in Sinai

and terminates the Cretaceous history in the

northeast Egypt.       

El-Assy (1992) divided the Sudr Chalk in

Sinai into three members and reported that

the phosphate rocks of the middle member

are of Campanian - Maastrichtian age. El-

Sheikh (1995) assigned Late Campanian to

Late Maastrichtian age for the Sudr Chalk in

Wadi Taba. The lower boundary of the Sudr

Chalk is defined either at the lowermost

chalky limestone bed or at the high irregular

sharp erosional sandy phosphatic chalky

limestone bed. Its upper boundary is defined

at the base of the lowermost clastic bed or ter-

rigenous limestone bed of the Esna Forma-

tion. Generally, the transition between the
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able (1): M

ineralogical com
position in percent of the studied C

oniacian-M
aastrichtian rock units,  W

adi Taba area, southeastern 
Sinai, Egypt  

Sample No 

Age 

Rock unit 

Gypsum  

Anhydrite 

Halite 

Calcite 

Dolomite 

Ankerite 

Phosphate 

Quartz 

Feldspars 

S19 
---- 

20.0 
----- 

78.0 
----- 

----- 
----- 

1.0 
----- 

S18 
14.0 

----- 
----- 

85.0 
----- 

----- 
----- 

----- 
----- 

S17 
----- 

----- 
6.0 

87.0 
----- 

----- 
----- 

6.0 
----- 

S16 
----- 

----- 
----- 

93.0 
----- 

1.0 
----- 

3.0 
1.0 

S15 
10.0 

----- 
----- 

12.0 
----- 

----- 
15.0 

59.0 
----- 

S14 
-----

 
-----

 
3.5 

22.0 
----- 

----- 
----- 

70.0 
----- 

S13  
-----

 
-----

 
----- 

11.0 
----- 

----- 
----- 

85.0 
----- 

S12 
-----

 
-----

 
10.0 

32.0 
----- 

----- 
3.0 

49.0 
----- 

S11 
-----

 
-----

 
30.0 

25.0 
----- 

----- 
1.0 

34.0 
6.0 

S10 
-----

 
-----

 
----- 

73.0 
2.0 

----- 
2.0 

20.0 
----- 

S9 
-----

 
-----

 
----- 

93.0 
----- 

----- 
----- 

6.0 
----- 

S8 
-----

 
-----

 
----- 

4.0 
----- 

----- 
----- 

93.0 
----- 

S7 
-----

 
-----

 
----- 

91.0 
3.0 

----- 
1.0 

5.0 
----- 

S6 
-----

 
-----

 
8.0 

65.0 
----- 

12.0 
----- 

13.0 
----- 

S5 
-----

 
17.0 

----- 
42.0 

----- 
34.0 

----- 
7.0 

----- 
S4 

20.0 
----- 

----- 
56.0 

----- 
9.0 

7.0 
8.0 

2.0 
S3 

28.0 
----- 

----- 
----- 

----- 
----- 

64.0 
----- 

----- 
S2 

15.0 
----- 

----- 
----- 

----- 
----- 

----- 
75.0 

4.0 
S1 

Campanian – Maastrichtian 

Sudr Chalk 

-----
 

----- 
----- 

92.0 
----- 

----- 
----- 

7.0 
----- 

A
verage 

4.5
 

2.0 
3.0 

50.5 
0.3 

2.9 
5.0 

28.5 
0.7 

M
6 

10.0 
22.0 

----- 
----- 

-----
 

----- 
----- 

66.0 
1.0 

M
5 

-----
 

----- 
----- 

2.0 
-----

 
---- 

9.0 
86.0 

1.0 
M

4 
-----

 
----- 

----- 
3.0 

-----
 

87.0 
----- 

8.0 
2.0 

M
3 

-----
 

----- 
----- 

13.0 
-----

 
60.0 

----- 
26.0 

1.0 
M

2 
-----

 
----- 

----- 
8.0 

-----
 

68.0 
----- 

21.0 
1.0 

M
1 

Caniacian  
Santonian 

Matulla 
Formation 

-----
 

----- 
5.0 

5.0 
-----

 
27.0 

----- 
62.0 

1.0 
A

verage 
1.7

 
3.7 

0.8 
5.2 

- 
40.3 

1.5 
44.8 

1.2 
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Fig. 3

 

 
 Fig.3. V

ertical distribution of the bulk m
inerals in the studied C

oniacian-M
aastrichtian rock units, W

adi Taba area, 
southeastern Sinai, Egypt. 
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feldspar content (6%) is recorded from the

middle part of Sudr Chalk (Fig. 3). 

The clay minerals composition of the Ma-

tulla Formation and Sudr Chalk are shown in

Fig (4). The identified clay minerals of these

formations consist mainly of smectite, chlorite

and mixed layer minerals with illite, Kaolinite

upper phosphatic sandstone bed of the Matul-

la Formation (9.0%).

Quartz is the most frequent constituent in

the studied section (up to 92.5%) where its

percentage is directly proportional to the sand

content. Feldspars are recorded in minor

amounts in the studied section. The highest

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 : Representative X- ray diffractograms of clay minerals from the studied 

samples 
 
 
 
 

 
 

     
 
 
 
 
 
 
  

 
Fig.5. SEM micrograph of palygorskite in limestone bed (S.N.S17), Sudr Chalk, 

Wadi Taba area, southeastern Sinai, Egypt.  
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the Sudr Chalk in camparison with that of the

Matulla Formation. It is authigenic in origin

as it crystallized from smectite in k+-rich

transitional marine area of intertidal facies.

Whitney (1990), stated that K+ is increased

with subsequent evaporation leading to the

conversion of smectite to illite in intertidal fa-

cies. Chlorite is concentrated in argillaceous

carbonate rocks of the Sudr Chalk. It origi-

nates diagenetically from smectite (Ghetti and

Brigatti, 1991).

The mixed layer chlorite / smectite are re-

corded in the clay fraction of most samples in

the studied Formations and enriched in the

carbonate beds. They are authigenic in origin

formed by the reaction of the associated illite

and smectite with Mg2
+- rich fluids and from

the reaction of smectite with concentrated

kaolinite of k-feldspars .

Palygorskite is recorded in the studied for-

mations (Fig. 5) and it is less common in the

lower limestone beds than the upper beds of

the Sudr Chalk. The palygorskite is authigen-

ic in origin, formed according to the Mg, Si

and Al activities in the liquor. It occurs in

near shore platform facies associated with

some  shell  fragments and precipitates as

and palygorskite. The occurrence of clay min-

erals is generally controlled by the source ma-

terials, environments of deposition and deep

burial digenesis (Millot, 1970). The relative

frequency distribution of kaolinite in the sam-

ples of the Matulla Formation is 2.7%. It is

rarely encountered in the sediments of the

Sudr Chalk. Thus it may be concluded that

the sediments of the Matulla Formation was

possibly deposited in a shallow subtidal to in-

tertidal conditions, while those of the Sudr

Chalk was formed in slightly deep marine

conditions. 

Smectite is detected in most of the studied

samples with a very local concentration in

phosphatic sandstone. The higher content of

smectite is recorded in the phosphatic marl,

shale and sandstone beds compared to the

carbonate horizones. The sedimentation of

smectite may have caused a significant drop

of the Mg content in the marine water which

favoured the deposition of phosphates (Esling-

er and Sellars, 1981). This may indicate that

most smectites in the studied samples are au-

thigenic in origin and especially present in an

environment with low hydrodynamics. 

Illite is concentrated in the sediments of

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

     
 
 
 
 
 
 
  

 
Fig.5. SEM micrograph of palygorskite in limestone bed (S.N.S17), Sudr Chalk, 

Wadi Taba area, southeastern Sinai, Egypt.  
 



170

Shams El-Din, M. Shaheen

Geochemistry

The results of the chemical analysis of both

major and trace element constituents in the

studied carbonate lithofacies, marls, chert

and sandstones are given in Table (2) and the

mutual distribution of some elements in the

studied carbonates at Taba area is illustrated

in Figs (6 & 7).

crystals in shallow basin during anoxic peri-

ods (Deconinck and Accarie, 1990). It is asso-

ciated with and altered to dolomite (Zili et al.

1990). An oscillanting wet and dry periods of

water table with transformation mechanism

from pre- existing clay minerals in Mg-rich so-

lutions  is  refered  to  as  an origin of this

mineral. 

 

 
 

  

 
Fig.6. Vertical distribution of major oxides encountered in the studied 

Coniacian-Maastrichtian rock units, Wadi Taba area, southeastern Sinai, 
Egypt. 

 
 

 
Fig.7. Vertical distribution of the trace elements encountered in the studied 

Coniacian-Maastrichtian rock units, Wadi Taba area, southeastern Sinai, 
Egypt 
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able (2): C

hem
ical com

position of the studied C
oniacian-M

aastrichtian rock units, W
adi T

aba area, southeastern  
Sinai, E

gypt   
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O
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0.24 

0.07 
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40 
37 
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18 

- 
- 
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17 
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ly. So that under most environmental condi-

tions Al3+ and Ti4+ in solution would precipi-

tate as hydroxides or oxides or would be in-

corporated in clay minerals. Ti is closely

related to Al, (Fig. 8) as indicated by high pos-

itive correlation (0.82; Table 3). This suggests

that Ti associated in clay fraction. Emelyanov

and Shimkuss (1986) suggest that the distri-

bution of Ti shows as maximum correspond-

ing to  the fine silty muds (0.001- 0.01 mm

fraction). The increase of Ti/Al in some sam-

ples of the studied rock units can be inter-

preted to the presence of detrital Ti-bearing

minerals such as ilmenite or rutile. Mohamed

et al. (1986) and El-Sherbini and Genedi

(1989) observed that when the clay and other

silicate minerals increase, TiO2 becomes ex-

ceedingly high and is observed on the clay

minerals. 

Na2O and K2O

Sodium content in the studied sediments

exceeds potassium (Table.2). The average

Na2O contents in the sediments of the Matul-

la Formation (0.74%) are lower than that of

the  Sudr  Chalk (1.86%). It is suggested that

the original  sediments  were so Na2O- rich,

being derived almost exclusively from soda-

rich source rocks, while contemporaneously

the finer materials, products of decomposi-

tion,  being  Na2O  poor  due  to  normal

leaching  during   weathering.  El-Kammar  et

al. (1988) attributed  the  high  Na2O  content

for the limestone of the lower part of the

Thebes Formation to the presence of halite

superficial encrustation which is probably de-

rived  by  capillary  action  from  underlying

the  Esna Shale and precipitated at the

weathering zone. The high K2O and Al2O3
contents,  and thus high positive (r=0.84;

1- Major oxides: 

SiO2, Fe2O3, Al2O3 and TiO2
Most of the chemical results of sandstones

indicate that SiO2 is related antipathetically

with the clay mineral content. In the present

study the results of the major oxides indicate

that the high values of SiO2 (53.45%) in the

Matulla Formation probably refers to the

presence of more detrital sands and  argilla-

ceous material in the Sudr Chalk. Silica is so

far, the   most dominant in all rocks studied.

The average content of silica in the Matulla

Formation (53.45%) and the Sudr Chalk

(39.05%) are  lower than the average crustal

composition (61.5%) of Wedepohl (1995). The

average content of Al2O3% is relatively high

(3.93% and 2.9%); respectively in the Matulla

Formation and the Sudr Chalk, while the av-

erages of Fe2O3% are 2.88% and 1.83%; re-

spectively. The distribution of Al2O3 content

is consistent with Fe2O3, indicating their ori-

gin from argillaceous material. The relative

high amount of the detected iron suggests

weathering and oxidation of sulphides precur-

sor which were probably embedded in argilla-

ceous material. From the vertical distribution

(Fig. 6), there is concomitant similar behavi-

our for both Al and Fe indicating that the

bulk of iron is detrital and is brought to the

basin of deposition in association with terrige-

nous material. The deposition of Fe2O3 in ma-

rine environment requires a lower Eh and pH

values (Magaritz and Berner, 1979).

TiO2 and Al2O3 are generally ranked

among the more immobile elements during

weathering and diagenesis (Nesbitt and Wil-

son, 1992). According to Young and Nesbitt

(1998), Al and Ti hydroxides are in soluble

under pH ranges of 4-10 and 2-14; respective-
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Fig. 8. Variation diagrams showing the relations between some major and trace 

elements in the studied Coniacian-Maastrichtian rock units, Wadi Taba area, 
southeastern Sinai, Egypt. 
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orrelation coefficient m
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ents for the studied rocks in T

aba area
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mineral composition of the detrital fraction of

the parent rocks and the physicochemical

conditions prevailing during transportation

and deposition. The variation of the trace ele-

ments with respect to lithology and the con-

centrations of Sr, Ba, V, Zn , Ga, Pb, Rb and

Zr (ppm) in the samples are illustrated in Ta-

ble (2). The vertical distribution (Fig.6) indi-

cates that the enrichment of Sr element up to

1100 ppm is located at phosphatic limestone

bed in the Sudr Chalk. Sr enters the basin of

deposition largely combined mainly with cal-

cite. This fact is further supported by the pos-

itive correlation (Table.3) between Sr and CaO

in the studied carbonate rocks (r=0.54). Com-

paring the Sr contents with their average val-

ue in carbonates given by Turkian and Wede-

pohl (1961), the studied carbonates of the

Sudr Chalk is relatively similar. The studied

Upper Cretaceous carbonates are lower in Sr

content relative to the recent carbonates

(2800 ppm of Land Hopps, 1973). This is due

to the stabilization of the carbonate minerals

during diagenetic process. 

The average contents of Ba in the studied

carbonates are (68 ppm and 40 ppm) in the

Matulla Formation and the Sudr Chalk; re-

spectively (Table. 2). The average of Ba con-

tents are much lower compared with that of

Bellanca et al.(1999) in carbonate (147 ppm).

It is know that Ba enrichment in sedimentary

deposits can be considered as indicators of

high flux of biogenic material to the sediments

and therefore of high surface - water produc-

tivity (Van Os et al, 1994). Also it is strongly

adsorped with clay minerals, reflecting posi-

tive correlation with Al2O3 MgO and K2O

(r=0.49, 0.55 and 0.51; respectively, Table 3).

The enrichment of barium in the Sudr Chalk

Fig.8) may suggest more illitic compositional

clays.

The K2O average contents in the studied

rocks of the Matulla Formation (Table.2) are

higher than those of the Sudr Chalk, and the

K2O average contents are much lower com-

pared with the value 2.45% reported by Wede-

pohl (1978). The obtained positive correlation

(Table.3 and Fig.8) between K2O and Al2O3
and TiO2 (r=0.84 and 0.95; respectively) ex-

plains the fact that k is mainly present in the

clay fraction in carbonate rocks. 

CaO and MgO 

In the Matulla Formation the CaO content

ranges from 5.04% to 7.18%, with an average

of 12.5%. In contrary CaO content in the Sudr

Chalk (0.46% to 38.81%) shows higher aver-

age (22.68%), reflecting the presence of lime-

stone. In the studied carbonates of the Sudr

Chalk MgO does not show great variations in

the studied rocks (Table. 2). 

The MgO released by the breakdown of

high - Mg - calcite makes a significant contri-

bution of Mg to dolomitization ground waters.

The studied MgO and CaO averages are much

lower than those reported by Turekian and

Wedepohl (1961) and Wedepohl (1978). It

worth to mention that the high average MgO

content in limestones is partly related to the

high contents of palygorskite clay mineral

present. This reflects that the presence of

such clay mineral depends on the more diage-

netic environment. 

2- Trace elements :

The distribution of trace elements in the

studied rocks is largely determined by the
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in the Matulla Formation and the Sudr Chalk

respectively; (Table. 2) The average Rb con-

tents in the examined carbonates are 21 ppm

and 12 ppm.  The obtained Ga contents are

higher than that reported by Wedepohl

(1978), while the average Rb value in the

studied carbonates are very lower than the

average value 79 ppm reported by Wedepohl

(1978). The high positive correlation between

Ga and Rb with Al2O3 in the examined sedi-

ments (Table.3 and Fig.8; r=0.84 and 0.92),

reflects that the clay minerals represent the

main host of Rb and Ga. Similarly the correla-

tions between Ga and Rb with K2O in the ex-

amined sediments (Table. 3 and Fig. 8) are

highly significant (r=0.72 and 0.81; respec-

tively). This suggests that the main bulk of Ga

and Rb is associated with k- bearing miner-

als. 

The  average  value  for the Zr for the stud-

ied carbonates in the Sudr Chalk is much

lower than the content (80 ppm) proposed by

Wedepohl (1978), while in the Matulla Forma-

tion, the average value reachs about (75

ppm). The high Zr content (0.75 ppm) in the

investigated sandstones of the Matulla Forma-

tion reflects the high Zr source of  these sedi-

ments.  

3- Isotopic composition

The paleoenvironmental conditions of the

Upper Cretaceous sediments are evaluated by

using the obtained stable isotopic composi-

tion. Many authors have investigated the ap-

plication of stable carbon and oxygen isotopes

to the determination of paleosalinity as Ander-

son and Arthur (1983) Further, isotopic data

provide information on the mixing of marine

and  fresh  waters.  This is possible because

and Esna Shale formations may be related to

high biological productivity in the surface wa-

ter of the open marine environment (Kora and

Genedi, 1995). 

Vanadium concentration ranges from 22

ppm to 82 ppm with an average 42 ppm in

the Sudr Chalk (Table.2). The vanadium con-

tent of the examined limestone is much high-

er than the corresponding V Value for the av-

erage limestone reported by Wedepohl (1978).

This may related to the clay content, which

reflecting positive correlation with Al2O3
(r=0.78) and K2O (r=0.67) as in table (3).  

The contents of Zn and Pb in the studied

sediments are relatively high in comparison

with carbonate values given by Wedepohl

(1978). Pb content varies from 13 ppm to 23

ppm with an average values (19 ppm and 16

ppm)  in  the  Matulla  Formation and the

Sudr Chalk; respectively, while Zn content is

also present in relatively high concentration

in comparison (58ppm and 100ppm respec-

tively) with the data given by Wedepohl

(1978). The increase in Pb reveals that the

studied carbonates were probably deposited

under alkaline reducing conditions (Kraus-

kopf  1979). Most of Pb and Zn could be at-

tributed to the presence of clay minerals on

which they can be adsorbed. The high content

of these elements correlates with Al2O3 in

most of the studied sediments, which reflect-

ing positive correlation with Al2O3 (r=0.5 and

r= 0.26; respectively (Table.3). This suggests

that the clay minerals represent the main

host of Pb and Zn which are inherited from

the land. Gallium and Rubidium do not vary

greatly in the studied rock units, where the

average Ga contents are 14 ppm and 12 ppm
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lysed  samples.  This  could be attributed to

the fact that during recrystallization, the δ18O

changes towards the lighter values, while the

δ13C retains its original value more easily

(Lëtolle, 1979). In contrast to these light  δ18O

data,   three   heavier   values   are   recorded

in  the  studied  rock  units.   This  figure

show that nearly all samples are found in the

field located between the field (1) of Israeli

Upper Cretaceous limestone (Bogoch et al,

1994) and that of the Recent hypersaline dolo-

mites (field 3) of Taxas (Behrens and Land,

1972). Also these plotted samples coincide

with the base of the field (2) of the Mediterra-

nian Upper Cretaceous pelagic limestone

(Scholle and Arthur, 1980) and Israeli Dolo-

stone (Bogoch etal., 1994). The δ18O values of

the dolostone samples of Matulla Formation

are shifted on the plot  towards the recent hy-

persaline zone (field 3). This may be attribut-

ed to the evaporation in shallow marine con-

ditions and /or post depositional evaporate

content. 

Many workers have shown that δ18O is

concentrated in Mg - calcite relative to pure

calcite. Therefore, the heavier values may be

attributed in part to dolomitization and main-

ly to a higher salinity, because during the

evaporation, δ18O is preferential concentrated

in the vapour phase (Hoefs, 1980). The low

values of δ18O suggest that the primary sig-

nals have been diagenetically altered by more

δ18O depleted meteoric ground water or by

dissolution and recrystallization at higher

temperature during burial diagenesis (Sakai &

Kano, 2001). The encountered positive δ18O

values in the Matulla Formation may be at-

tributed to dry climate intervals with some

evaporation process. 

values of both  δ18O and  δ13C are lower in

lake and river water than in the ocean. 

Generally, the samples with δ13C and δ18O

values heavier than - 2 % and -5%; respec-

tively are of marine origin (Keith and Weber,

1964). The bulk δ18O values show a wide

range  of  low  negative  values  (Table.2 and

Fig .9),  which  shows  substantial variability

of the studied section from + 1.62 ‰ to

4.82%. The positive values are generally re-

corded in the siltstone where an negative val-

ues are recorded in the dolostone samples of

the Matulla Formation. The Sudr Chalk sam-

ples have more negative δ18O values. The av-

erage δ18O in the studied rock units is strik-

ingly shifted towards lighter values averaging

- 0.02 and -2.33 for the Matulla Formation

and the Sudr Chalk; respectively (Table.2).

This suggests that diagenetic controlling phe-

nomena may have played a dominant role in

changing the original oxygen isotopic compo-

sition of the analysed marine deposits. Keith

and Weber (1964) gave the following discrimi-

nant equation to differentiate between marine

and fresh water carbonates.

Z= 2.048 ( δ13C+50) + 0.498 (δ18O+50)

If Z (the fractionation factor) is above 120,

the carbonate rocks are classified as marine

and if it is below 120, it is classified as fresh

water carbonates. All calculated Z values of

the studied samples are above 120 which

means that the samples in concern were

mainly deposited in marine water environ-

ment.

It is observed  from the scatter diagram

(Fig.10), that there is no proper correlation

between δ18O and  δ13C in most of the ana-
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Fig.9. Vertical distribution of the stable isotopes (δ18O and δ13 C) encountered in 

the studied Coniacian-Maastrichtian rock units, Wadi Taba area, 
southeastern Sinai, Egypt 
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ter as postulated by Duplessy (1972). Such

higher δ13C values in the Abu Qada Forma-

tion  were  detected  in Gabal Nezzazat (Sha-

hin, 1991) as a result of the presence of or-

ganic carbon. The δ13C depletion of the

Pleistocene limestones has been emphasized

by  Allen  and  Mathews (1982) with increas-

ing diagenesis. The post depositional ex-

change between  the original carbonates and

the higher δ18O and  δ13C derived from the

fresh ground  water is a main factor in lower-

ing the δ18O values in most of the succession.

Diagenetic alteration can take place during

burial, and the increased temperatures asso-

ciated  with this burial also cause a lowering

of δ18O.

CONCLUSION
1- The studied Upper Cretaceous rock

units at Wadi Taba including Coniacian -

Santonian Mataulla Formation followed by

Compainan - Maatrichtian Sudr Chalk. The

Matulla Formation overlies the hard cliff form-

ing carbonates of the Wata Formation and

conformably underlies the snow white Sudr

Chalk. The later includes sequences of lower

Markha Chalk Member and Upper Abu Zeni-

ma Member. It is overlain by the Esna Shale

of Paleocene age. 

2- The Coniacian - Santonian rocks of the

Matulla Formation indicating the depositional

environments of shallow subtidal to intertidal

conditions. This is well indicated by the pres-

ence of shark teeth, oysters and ammonites.

During most of the Campanian - Maastrich-

tian age marly and chalky limestones of the

Sudr Chalk represent a gradual rising of the

sea level, where the sedimentation was domi-

nated by open - marine conditions. These

The nearly constant δ18O values in the

Sudr Chalk sediments are fluctuate around

the normal marine limits. The high negative

values of δ18O followed by another positive

excursion crossing the Cenomanian / Turani-

an boundary of order 6.32% ranges from 4.2%

to +2.12% reflect dry periods with marine in-

cursions at times of rising sea level (Genedi,

2005). El-Hinnawi et al. (1990) indicated that

with increase in diagenesis δ18O becomes

more negative. The more negative δ18O values

are the higher temperature during deposition.

It is found that the depletion in δ18O with a

mean of -0.02 and -2.33% PDB for the stud-

ied rock units may have resulted from dolo-

mitization diagenetic process with the co-

operation of fresh water as meteoric water di-

agenesis (Genedi 2005). Moreover the open

marine conditions of deposition together with

the  presence  of  lower  oxygen isotopic val-

ues (-3.5 to - 4.1 δ18O% PDB) are good indica-

tor that the dolomites were formed by early

replacement of marine carbonates in a mete-

oric marine diagenetic setting (Holail et al.,

1997). 

The measured  δ13C values grade from the

heavier values (2.18%) in the Campanian-

Maastrichtian to the lighter ones (-1.62%) in

the Coniacian-Santanion (Fig.10). Clearly,

these values exhibit only small variability in

δ13C around the normal marine salinity val-

ues. However, heavier δ13C values are record-

ed in some samples analysed from the Matul-

la Formation and the Sudr Chalk (Fig.10).

Here, the more positive values of δ13C en-

countered could be attributed to high produc-

tivity and the increase of photosynthetic ef-

fects in a shallow marine environment, which

preferentially removed the δ13C from the wa-
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Fig.10: Cross plot of carbon versus Oxygen stable isotope composition of the studied   
             Coniacian-Maastrichtian rock units of Taba area, southeastern Sinai, Egypt. 
 
-solid circles = rock units of Sudr Formation 
- white circles = rock units of Matulla Formation 
1- Filed of Turonian limestone from Israel (Bogoch et al., 1994)  
2-Field of Cenomanin Mediterranean Pelagic limestones (Scholle and Arthur, 1980) 

and dolostone from Israel(Bogoch et al., 1994) 
3- Filed of Recent hypersaline (Behrens and Land, 1972) 
4- Field of the studied samples    
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