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ABSTRACT 

The Microfacies associ arions of Mokanam Formarion ar 
Gebel El-Alalma and Gebel ffornrer Shaiborrn locared in rhe 
area lying easr of Beni Suef can be classified as Globigerina 
biomicrire, foramin$eral biomicrire, foraminifera! dolorniric 
biomicrire and bivalve pelmicrosparire. Alteration of calcire ro 
microsparire is mer wirh in borh locaiiries whereas doiomire 
crystals are developed only in Gebe! Hornrer Shaiboca secrion. 
These facies indicare rhar r.ke environment prevailing during the 
deposirion of this formarion was marine. The lirnesrones of 
Gebel El-Alalma were deposired irz deep marirze environment 
while ;he section of ~GeEel Homrer Shaiborrn was mosr 
probably deposited in comparsrivefy stzallower wurer condirions 
(near shoreline) as evide.-,cea by rhe re/ativdy higher amormrs of 
iron oxide, sodium and soluble chlorides as we!! as sulphares ir 
some beds. Precipitation (2-f halire and gypurn and the 
deficienq ojc!mric prollision frgm land suggesr rhar arid climate 
was prevailing &ring rhe Sqwsition of these beds. 

The exposed Eocene rocks at the east of ihe Nile Valley werc the subject of 

several geological studies. Published investigations conce.r;;ing the 

lirhosuatigraphy and bi?strati,mphy of Eocene st-.,u dong zhe Nilg Valley are 

numerous as e.g. ATsax-y and Isnaii (19561, Said 11963), Bishay (1966'1, 
\ 

Boukhary (1970), Zaghloul (1974), Hassan er. d., (1?78), erc. 'On the other 

hand, petro,pphicd studies were carried out by several authors ks e.g Faris and 

Solirnan (1952), ~hora'63and I s 4  (1957), Hassan (1966), Akxid and Nnggsr 

(i967), Khadr (1973, Hanna (19771, El-Gindi (1978). Abd El-Wahab (19791, 

Solirnan and Korany (1980); erc. The previous geochemical studies include the 

work of Kabesh and Hamada (1953), El-Hinnawi and Loukinn (1972), Kame1 
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er. al., (198.2), Abd El-Mapid (1984), etc. 

The main objective of this work is to cany our detailed petrographical and 

geochmical studies on some Eocene rocks collected from rwo srratigraphical 

.;p,ctioks locared ar Gebel El-Alalma and Gebel Hoinret Shaiboun in  the area 

-yiTIg to the easi of Beni Suef (Fig. 1). Tne exposed Eocene ioclcs in the area of 

srudy (Hassan er. al., 1978) fall into three stiatipaphic units namely Mokattam 

Formation, the Qurn Formation and Wadi Hof Formation. These u~liis belong 
2 

to Middle and Upper Eocene. The studied rocks are related primarily to Mokatram 

Formation of Middle h e n e  age. 

For the puipose of the present investigation, rwo sections are described, 

measured and sampled A to& of 17 samples were collected from the indurared 

rocks. The petrographic characteristics and the microfacies associations are 

identified by microscopic examination of thin sections. The mineral contents are 

quantitatively determined by X-ray difhctometry. The gochemical study includes 

complete chemical analysis of bulk rock samples using complexometric, 

gravimetric, colorimetric, fiame photometric and atomic absorption 

spectrophorometric techniques. Tie foliowing consdtuents have been determined: 

So2, A.I.R.' (acid insoluble residue), A17 - 03, Fe., - 03, MgO, MnO, Na7 - 0, 

P2 05, H2 0-, L.O.I. (Loss on ignirionj, SO3--, CI-, and Sr. The precision 

and the accuracy of the obained data are found satisfactory and therefore applicable 

in the present geochemical invesrigation. 

The results of these interrelated studies are used to interpret the 

environmental conditions prevailed during the deposition of ine rocks under 

consideration. 
=% -. 

4 

-. -. PETROGRAPHY 

The lithologic succession of Mokanarn Formarion ar Gebel El-Alalma 

section (about 13.5 rn thick) and at Gebet Homret Shaiboun secrion (about 37.5 

m thick) are presented in Figs. (2) and (3) respectively. The section of Gebel El- 

Alalma includes 5 beds which are composed mainly of yellowish white chalky 
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limestones. At Gebel Hornet Shaiboun, the section is composed of yellowish to 

brownish white hard limestone with ocasional clap, gypsum and sand 

imercalations. . 

(A) Microfacies Associations 

The classification of Folk (1959) for carbonate rocks is followed in the 

present study. The limestones of .Mokattam Formation in the investigated 

Iocalides can be classified as Globigerina biomicrite, Bivalve Pel-microsparire, 

Foraminifera1 biomicrite.and foramhiferal dolomitic biomicrite facies. 

3. - Globigel-ina Biomicrite Facies : 

The microfacies was recorded'in all samples examined representing beds 

No. 1, 2, 4 and 5 in Gebel El-Alma. In thin section, the rock consists mainly 

of very fine calcite ooze enclosing very small shells of Globigerina, Nodosaria 

and well preserved fragmented shells. Some opaque and femginous materials are 

dismbuted haphazardly in the ~rntrix. The shells are crystallized to spany calcite in 

few parts and also some of the groundmass is crystallized to sparire showing a 

mosaic texture (Fig. 4 and 5). 

. 2  .- Bivalve Pel-microsparite facies : 

This microfacies was recorded in bed No. 2 in the lowesr part of GebeI 

Homret Shiboun. The rock consists mostly of microcrystalline calcite mamx with 

occasional rounded pellets of carbonate matenial (Fig. 6). These rounded pellers 

are found as dust. Bivalves ai the only fra,smented shells observed and 

Ttallized partially to s & . r y  calcite. The microcrystalline calcite matrix shows 

aggrading recrj~stallization to sparr~r calcite in'few parrs characterized by well 

defired mosaic texture (Fig. -7). The rock contains finely disseminated clayey 
*C 

materials and few spots of iron oxides. 

3 - Foraminifera1 Biomicrite Facies : 

This microfacies was detected i n  beds No. 4, 8, 10 and 11 at Gebel 

Homret Shaiboun succession. The~ock consists mainly of shells of foraminifera1 
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species such as Globigerina, Textularia, Operculina, Kotalia, Miliolides and 

Orbiwlires embedded in yellow microcrystalline calcite mamx (Fig '8). Aggrading 

~ecrystallization to spany calcite is observed in some shell walls. The allochems 

are non-oriented. Minor amounts of subangular to subrounded ill sorted quartz 

grains are scattered (Fig. 9). 

4 - Formainiferal Dolomitic Biomicrite Facies : 

This microfacies is detected in bed No. 6 in.the section of Gebel Homret 

Shaiboun. This rock is composed mainly of fine microcrystalline calcite associated 

with dolomite rhombs. The dolomite rhombs are zoned with cloudy centres and 

clear fims and occasionally locked some quanz grains. The microfauna are rare 

and represented by Globigerina and Bolivina species. 

(B) Mineralogical investigation using 

X -*- ray Data 

The variations in the non-clay minerals in the collected samples from 

Mokattam Fomanon at Gebel El-Alalrna and Gebel Homret Shaiboun sections 

and clay minerals in the latter section are discussed here using the results of X -ray 

analysis. The vertical dismburion of the detected minerals is presented on 

Figs. (10) and (11). 

From the obtained data, it is evident that Mokattam Formation at Gebel El- 

Alalma and Gebel Homret ShBi'mun is characterized by the presence of calcite as 

a major constituent The vertical dismburion of calcite indicates that mineral in the 

section of Gebel El-Alalma increases gradually from the lowest part, with the 

exception of bed No. 4 which shows a decrease in its content. - =% - 
4 

-- On the other hand, the vemcai disnibution of minerals in the analyzed rock 

samples from Gebel Homret Shhboun reveals that the amourit of calcite is very * 

low in the lowest part of the section represented by bed No. I then its values 

show a remarkable fluctuation in the other successive beds. The notable decrease 

in calcite content in bed No. 6 is due to the presence of appreciable amounts of 

dolomite content which replaced calcite partially. This reflects-that dolomitization 
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affected calcite in nearly the middle part of $e section. The section of Homret 

~haiboun is characterized also by the presence of quartz, halite and gypsum as 

minor consi ments in the different beds, though bed No. 3 contains a consderable 

amount of halite. 

The data obtained from the examination of sample No. I from Geb Homret 

Shaiboun section indicates that the clay minerals present are mainly kaolinite with 

subordinate Ute.  This sample was selected because of its high amount of A1203. 

GEOCHEMISTRY 

The results of chemical analysis of Mokattam Formation at Gebel Ei-Alalma 

and Gebel Homret Shaiboun are shown in Tables 1 and 2. The minimum, 

maximum and avenge values of the obtained chemical data are given in Table 3. 

The dismbution ofithe major components is presented as histograms on Fig. 12. 

B e  geochemical characteristics of Mokattarn Formation at Gebd EI-Alalma 

and Gebel Homer Shaiboun can be summarized in the following : - 

CaO and L.O.I. are remarkably high in the samples of Gebel El-Alalma 

and Gekl Homret Shaiboun which indicates that calcite constitutes the main bulk 

of both sections. However, the secrion of Gebel Homret Shaiboun shows a 

relatively lower amounts of CaO and L.O.I. The high abundance of MgO in 

some samples of the latter section reflects that domite is more pronounced in this 

section. . 

Te demtal materids are abundant in some beds of Gebel Homret Shaiboun 

as evidenced by the relatively higher content of SO2, A.I.R., 
I - 

and & 0: 

The triangular &amgram illllslrating the correlarion of the rock samples on the 

basis of CaC03, MgC03 (Fig. 13) indicates that all samples of 

Gebel El-Maha section and most samples of Gebel H o r n -  Shaiboun secdon 

are bcalizedrowards the CaC03 end whereas few samples from the laner section 



Petrography and gochemisby of some middle eocene limestones ......... 

are scattered between CaC03 end and A.I.R. end. This reflects that the rocks of 

Mokattam Formation vary between pure limestone and impure limestone rich in 

temgneous materiiil. 

On the other hand, the ternary plot of SO,, (CaO + MgO) and A1203 of 
d 

~ e b e ~  Homret Shaiboun samples (Fig. 14) indicates that most of the rock 

samples are related to the category of limestone and dolostone where diagenetic 

modificationsare possible and only one sample is related to sandy shale category. 

Also, calcium forms a moderate negative correlation with the acid insoluble 

residue (Fig. 15) in Gebel El-Alalma (r=0.45) and suong negative correlation in 

Gebel Homret Shaiboun samples which indicates that most calcium is present in 

the carbonate phasa as evidenced from its intimate relationship with L.O.I. 

The scatter diagram between the total iron expressed as Fe203 and acid 

insoluble residue in Mokattam Formation (Fg. 16) shows a strong positive 

correlation in samples of Gebel E F A I ~ ~ ~  (r = + 0.79) and Gebel ~ & e t  

Shaiboun (r = + 0.70) which &dicates that most iron is intimately attributed to the 

acid insoluble residue. 

The concentrations of sulphates and soluble chlorides are considerabIy 

higher in the section of Gebel Homret Shaiboun. The sulphates are most 

probably occurring in ,wsum because CaO content n some samples is relatively . 
higher than the corresponding loss on ignition and thus the excess CaO is present 

as sulphates. As a gemal rule, the soluble chlorides are concordant with the 

amounts of sodium which points our to the presence of halite. 

The high mncenrradonr ofmanganese and phosphorous in Gebel Hornet- 

Shaiboun relative to those in Gebel El-Alalma may be an indication to it; 4 

adsorpti6i.1 on clay minerals (Turekian and Wedepohl, 1961; Bencini and Turi, 
I 

1974). i 

The strenrium abundance ranges from 922 ppm to 1016 ppm in Gebel El- 

Alalma section with an avmge of 962 ppm whereas its content in Gebel Hornret 

Shaiboun varies between 275 ppm and 1125 ppm with an average of 727 pprn. 
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Tt is noted that the anomalously high or low contents of Sr are mainly confined to 

Gebel Homret Shaiboun section. The average values of both sections are 

comparable with the average of carbonate rocks as reported by Turekian and 

Wedepohl(1961) being 610 ppm. The relationship between Sr and Ca. (Fig. 17) 

shows a strong positive correlation in Gebel El-Alalma samples (r = 0.67) and in 

Gebel Homret Shaiboun samples (r = 0.79). 

DISCUSSION OF RESULTS 

The main characteristic features of Mokattam Formation limesrones as well 

as syntheses of environmental conditions that originally prevailed during their 

deposition will be discussed in the following : 

1 - Biomicritl limestone varieties constitute the main bulk of Mokattam 

Formation. Only Globigerina biomicrite is reported in Gebel El-Alalma section, 

while in Gebel Homret Shaiboun, the limestone varieties include form inferal 

biomicrite, Bivalve pel-microsparite and Foraminifera1 dolomitic biomicrite. 

These microfacies associations provide a strong evidence that during the Middle 

Eocene, the facies of Mokattam Formation at the studied area were deposited 

under open marine conditions and the section of Gebel El-Aldma of this 

formation was most probably deposited in relativelydeeper conditions suitable for 

the planktonic species such as Globigerina. 

2 - Terrigenous matter as represented by quartz and clay are only present in 

small amounts in the section of Gebel Homret Shaiboun. This relecrs deficiency 

in the'clastic provision from land to the environment of deposition which may be 

attributed to the scarcity of inflowing snearns to the enviromnent. 

- Clay minerds as-identified by X - ray examinadon inclde kaolinitp and illite. 

'C Kaolinite develops through continental chemical weathering of silicates mainly 

feldspars. Kaolinite can be transformed to ilIiie by the nctios of salt water 

(Kulbicki and Millot, 1963). Also, illite can be fomedby combination of excess 

silica and alumina in marine depositional basins. Keller (1970) regarded that both 

potassium and hydrogen are needed for the formation of illite. mite is detected in 

sample No. 1 at Gebel Hornet Shaiboun section where its potassium~contenr 
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reaches 0.77%. 

3 - The carhonap~ocks were subjected to certain diagenenc alterations such 

as :- 

(a) Recrysrallization. Ir is noted in both sections of Gebel El-Alalma and 

Gebel Homret Shaiboun. Recxysrallization process is belonging to the S - phase 

in which grain growth of an original cryptocrystdline to microcrystaline caleite 

altered into micros$arite. It is mainly of the aggrading recrystallization type of 

Folk (1959). 

(b) ,Dolomitization. It is detected onIy in  the section of Gebel Homret 

Shaiboun. Dolomite cyrstals which are commonly zoned were developed early 

diagenetically, related to interstitial 'solutions and process of remobilization of 

magnesia incorporated in the sediments (Soliman and Korany, 1980). According 

to Folk and Land (1975), the salinity as well as Mg / Ca ration may consol 

dolomiti Ation. 

4 - The environmental significance of he  obtained geochemical data cab be 

elucidated in the following aspects :- 

(a) The presence of calcite as the most predominating mineral in most beds 

of Mokanam Formation points out to an alkaline medium of the environment of 

depositio~~ ( pH more than 7.8). 

(b) The shallower marine environment (near shoreline) at Gebel Homret 

Shaiboun section is evidenced by the relatively higher iron oxide in most beds. 

The evaporation effect due to the prevailing arid climate during the deposition of 

these beds as well as the semirestricted marine environment are evidenced by the -. 
contents of sods, sduble chlorides, lime and sulphates which are precipitated as 4 

halite anid ,T&rn. I 

(c) AIthough the iron oxide content is high reachng up ta 8.22% Fe2 Og, 

manganese content is low in the section of Gebel Homret Shaiboun. Cantagal 

and Landergren (1969) pointed out that variations in the depositional environment 

such as xcdox potential, pH and the m u n t  of demtus are the principal factors 
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affecting the concentration of manganese in marine sediments. Regarding the 

small ionic potential of manganese, it is highly leached even in  very weakly acidic 

medium (Goldschmidt, 1954). Because of its high pH (more than 9.0), the 

different valences of manganese cause its transformation from one form to another 

and its migration with marine water fh from iron. This is again a reflection for the 

shallow marine environment of deposition. 

CONCLUSIONS 

The lemestones of mokattam Formationat Gebel El-Alalma and Gebel . 

Homret Shaiboun are distinguished by the abundance of Globigerina biomicrite, 

foraminiferal biomicrite, foraminiferal dolomitic biomicrite and bivalve 

pelmicrosparite facies whic are depesited under deep marine to comparatively 

shallow marhie environment of deposition. They are mostly formed of cale re with 

some dolomite, hdite, gypsum quartz and clay as revealed by X - ray analysis. 

From the geochemical point of view, this formation is characterized by high 

abundance of CaO and loss on ignition and low abundance of A.I.R., SO3, - 
A12 03, MgO, MnO and f(20 indicating impoverishments of clastic provision. 
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Table 3: Average, Minimu~n and Maxinlom contents of the major and trace 
constituen~~ in the studied rocks of Mokattam Formation 

Constituents Gebel El-Ahlma 'Gebel Ho~nret Shailwutt 
N = 5 N =  12 

-- 10.68 
SO2% 

A1203% 

%.G3 

CzO% 

M g O I  

MnOQ 

N a 2 0 5  

K 2 0 6  

p2054; 

H20- '3 

L.O.I. % 

SO3--% 

CI-% -. 
A.1.R: Z 

~ r ' + ~ ~ r n  



Fig (1) : Location Map of the srudy area. 
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M ' I  D D  L E E O C E N E  S t a g e  

L U T E T  I A N i Age 
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M O K A T T  A M F O  R M A T I O N ~ F "  

n 
ffi 
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g r ~ t n e d  c o n r a l n i n q  

tiststane " f o r a w f n i f e r a l  fliodcrite" B r e r ~ s h  >roun ,  very knrd 

f i n e  g r a z n ~ d  c o n t a t n l n q  I@ramxnl fera .  

mLtrc i i m e s x o n e  " F o r a n i n i f o , n l  ,"Ior t l t l c  

L i m e s t o n e ,  g e l l o w i s h  brown. n a r d ,  c o v f a l n i n q  m r r  

and gypsum vcxnlets.aandy la few p a r r s .  

L imes tone  ' ~ o r n m f n i f c r a l  O l o m l e r i r e ~ ,  y e J  l o u ~ s h  b r o w n .  $ a r d ,  

p i c t e d  and Eraccured i n  some perrs.  

I 

L imescone  with gypsum i n c e i c n l e t l o n .  sandy I n  some p n r r s .  

v e l l o v j s h  brown. hard a n d  r n n t a i n i n g  n i c r o C o s s x l s .  

1t1.m 
k.ez 1 !!-*="=lclavs w i t h  aypsvm : n t e r c ~ l o c l a n .  d a r k .  i -- 



Fig. 

. . : h O ~ ' i k ~ ~ z p p b  '21 G l ~ b l g e n n ~  Siriijxite showing CBIo5igz5aa 

sp.ucies embedded &I mic-tic p ~ ~ n d m a s s  ":Sani~le No. 2 G c S ~  51- 

Mdmk Mokarram Formation". 
P .L. 

Phoromicrograph of ~lob&rina Biomicriie shewing rekystallization to 

sparrymicrite, sample No. 4 "Gebel El Alalma; Mokanam Formarion. 



Fig. (6) : photomicrograph of Bivalve Pel-minosparite showing well defined 

mosaic .texture associated with pellets of carbonate. Sample No. 2, 

G&el Homrei Shaiboun "Mokattam Formixion". 
P.L. 

Fig. (7) : Fn~iomicropaph of Bivalve Pel-mimrpkte showing rounded pellets 
of carbonatr, Sampic No. 2, Gebcl Homer Shaiboun "Mokattam 

Formanon". 
P.L. 
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Eig. (8) : Photomimbpph of Foraminiferal Biomicrite showing small varieties of 

foraminifera1 species embedded in micritic groundmass. Sample No. 

4a, Gebel Homret Shaiboun "Mokattam Formation." 

P.L. 

Fig. (9) : Phoromicro,pph of Foramidferal Biomicrie showing foraminiferal 

associated specieswith suban,@ar quarrz-grains embedded in micritic 

groundmass. Sample No. 10, Gebel Horn-et Shaiboun "Mokartam 

Formation". P.L. 
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Molzamed H. Hallzour, el. al., 

Fig. (10) : Vertical disniburion of Calcite and Halite in the rock samples of 

Mokattam Formation at Gek l  El-Alalma 



Fig. (11) : Vertical &ismbudon of Calcitee; Dolomite, Dolo&, Q u m ,  Halite and 
-1 Hornet Gypsum " the rock samples of Mokaaan: Formation at Geb- 

Shaiboun. 



Fg. (12) : Tnanguiu- diagam illusrrzthg the coirelanon of rock samples on the 

basis . . of CaC03, hlgCOg and A.I.R. in  the rock sampies of 

Mokattam Formation. 

+ Gekl  El-,4lalma 

4 Gebel Hornet Shaiboi-ln 



Perography and gochernisrry ofsoine middle eocene limestonm .-.&.... 

Fig. (13) : Ternary dia,m of SiO?, A1303 and (CaO + MgO) in the rock - 4 

ksmples of Mokanm Formadon at GehdHcmer Sh&oun. 



A.1.R =254.91 -4.76 Ca 0 , i =-0.' 
U . R =  38.79 -C.69 C a O  , r =  -0. 

Pg. (14j : The relationship between Acid 1nsol~:r.k ~esidue (A.1.R) and CaO 

contents in the rock smples of Mohttzun Eormaricn. 



Petrography and gochsnisny ofsornemiddre eocene limestones& ...-- 

e Gebel 

B G e h e l  

El - A  la lma A . I . R  = 0.75 -13.29 F ~ Z O ~  , r =  *0.7! 
i-lornret Shalboun k.i.2 ~ 1 . 6 2  2.38 Fe203 , r=*0.7( 

Fig. (15) :. Thc relationship between total iron (expressed as Fe703 j and add 

insoluble residue contents (A-1.R) in the rock ksamples of Mokattzlm 

Formation. 



Mohamed H.  Hathout, et. al., 

Regression equations : 

0 Gebel E l - A l a l m a  Ca ~19.77 + 0.02 S r  , r = +0-67 

B Geoel Homret Shaiboun Ca = 6.9 *0.03 Sr , r = . 0 . 7 9  

Fig. (16) : The relationship bemeen st-onticm cor~zent mu c-aidum,content in the 

mck samples of M o k a m  Foxmaxion. 



Petrography and gochemistry of some middle eocene limestones ........ 


