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ABSTRACT 
The penography, mineralogy and geochemistry of clasitic sediments con- 

slitiuring the txposed section of lower Cenonlanian age and located at Naqb 
El-Buharia. Bahario Oasis, were audred. Three main ruck gpes haw been rec- 
ognized: quartz arenite, argillaceous sandrrone and shale. 

The quartz arenites are the m s r  common rocks. It is enriched in silica 
and relarively impoverished in the other consriruents. X-ray d~flractometry 
revealed that these samples ore nwstly composed of quartz with minor cal- 
cire, halite and Kaolinite. 

The argillaceous sunstones and shales are distit~guished by relatively less 
frquent silica contettt and an increase in Alto3,, K20 and Fe203 contents. 
The minerals determined blclude quartz, Koolrnite and illire, Appreciable 
amounts of halite is detected particularly in the upper beds of the studied 
section. 

It is suggested (ha1 the invesli~ufed calstic sediments were essentially 
formed by intense weathering of quarI; bearing pplutonic rocks. The pare- 
oenvironmintal conditions of deposition as well as the diagenetic history of 
the sediments are discussed. 

INTRODUCTION 
The Baharia oasis is located in the central plateau of the 

Western Desert, about 380 Km southwest of Cairo. It lies betweev 
Latitudes 27" 48' and 28" 30'N and Longitudes 28K 35' and 29K 10' 
E. Its northern edge is located along the contact between the stable 
and unstable shelves (Said, 1962). The sedimentary succession ot 
area ranges in age between lower Cenornanian to Quaternary. 

The four Cretaceous formations (Baharia, Heiz, Hefhuf and 
"Chalk" in the Baharia Oasis represent a varied sequence of litho- 
topes. Lateral and vertical changes in the tectonic framework of 
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sedinlentation accompanied with four successive tectonic cycles of 

uplifting and subsidence were reponed by SolinIan and El-Badry. 

(1980). According these authors, the oldest outcropping sediment in 

the area is the Baharia Forniation which is of Lower Cenomanian 

age. It fonns the floor of the Oasis and the base of the surrounding 

escarpment. Stratigraphically, the sediments were studied by Ball 

and Beadnell (1903), Stromer (I 914). Lebling(l919). ELAkaad and 

lssawi (1963), Soliman et a1 . (1970) and others. 

The  Baliaria Formation is a clastic section substantially 
9 

composed of bedded claystones and argillaceous sandstones, 

intercalated by anl~ydri te ,  gypsum and calcareous bands. 

Carbonaceous matter and ferruginated bands also predominate at the 

lower pan of this fonixition (El-Akaad and Issawi. 1963). 

According to Solirnitn arid El-Birdry (1980). the Ballaria 

Forrnitrion was nli~inly developed in i t  complex prodelta and delta 

pl;t~form environnient. Its con~rihuting provcllilnce was n deeply 

w c i ~ ~ l ~ c ~ ~ c c l  Ixtsernct~t con~plex Inirss lociltcd 10 tllc S E  and S of the 

~ ~ i l l l i l ~ ~ ~ l  IIrCil. 

T h e  prcsent work is concerned with the petrography, n~ineralogy 

and geochelnistry of sandstone and other clastic rocks representing a 

stratigraphic section in the Ballaria Formation exposed at Naqb 

El-Baharia (Fig. 1 )  in order to  decipher their conditions of 

sedimentation and diagenetic history. 

METHODS OF STUDY 

For the purpose of study, a lithostratigraphic section at Naqb 

El-Baharia was described, measured and sampled. The lithologic 

succession of Baharia Fonnation at this locality is illustrated in Fig. 

2. From this section, 24, samples were collected representing 20 

beds. 

Mineralogical cornposiilon of the bulk rock samples was studied 

using petrogi-aphic microscope and X-ray diffracrorner~y. The fabric 

and textura: relationships were determined using microscopic point 

countes (20 thin sections from 26 rock sampies). Examination by 





Fig. 2 .  Stratigraphic columnar section of El-Baharia Formation at 

Noqb El-Baharia , Bahar ia  Oasis - 200 cm- 
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X-ray diffraction was done by using Schirnadzo XD-3 diffrxtometer 

with Ni-filtered Cu radiation at 40 K v  and 20 n3A. Scanning started 

from 2 8= 2' to 2 8= 70' in all samples. The clay fraction was 

also X-rayed after separation by the sedimentation technique and 

preparation of three slides for each (untreated, glycolated and 

heated). 

Co~nple te  chemical analysis were carried out by  he standard 

analytical methods  of silicare rocks (Easton, 1972; Hurchuson, 

1974). CaO,  MgO,  A1103 - and total iron were dr tern~incd by EDTA 

titration. Soluble ctilorides were oblained by titriition against 

s tandard A g N 0 3  solurion. S i 0 7  - and SO3--  were  estimated 

gravimetrically.  N a 7 0  - and h'?O - were d c ~ e r n i i n e d  by flame 

plmometry.  Mn, Sr,  Cu ,  C o  imcl Ni werc dctern~itled using atomic 

absorption sj->ectl.o]~hotometer. P205  was cstirn;ited colorirnetrically 

by [he v;~nat ion~olybdi~te  n ~ t l l o d .  I'lccisiori and ilcctlritcy of t k  

results werc of thc ordcr 2 - 5 %. 

X-ray and chemical analyses have txxn ci~~rictf  out i l l  t l x  Central 

Labori~tory and in t l ~ c  lal~oratol-y of the Gcology Ikpiirtment at El- 

Menoufia University respectively. 

The  main sedimentary rock types recorded within the succession 

in the studied area includes sandstone o f  a renxeous  and nrgillaceous 

types and claystone (shaly rocks). 

The  sandstone facies of Naqb El-Baharia section is predominant 

and represented by most samples. It occurs as beds of variable 

thickness intercalated with argillaceous and shaly beds. They are 

white t o  brownish yellow in colour, f ine t o  mcduim grained, 

sometimes laminated, ferruginous and calcareous. In the lower p a n  

of the section as  indicated by samples No. 3 a ,  b, 4 and 7 a,  b the 

sandstone occurs intercalated the yellowish brown ciaystone and 

fermginous t o  calcareous varieties. 

T h e  microscop ic  point counts  of twenty thin sect ions  

representing the  sandstone rock samples (Table 1)  according to  
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Figure : 3 . 



Pettijohn (1975) rrve:rletl the presence of comtnon detrital fralnework 

components formed of subanguiar and less cornrnon corroded, 

angular and rounded crystalline quartz grains. The grain size. as 

measured in thin section for their long axes, ranges from 0.12 to 

0.15 mm with a mean of 0.13 mm for the lower beds of the section 

under study (samples No. 1 a, 3 a,  7u und 8) und from 0.15 to 0.19 

nim with a mean of 0.18 mn] for the middle and upper beds of the 

section (samples No. 16, 17, 18 and 19). These results denote that 

the fine-grained sandstone is most common in the lower part of the 

studied section (Figs 3 a,  b) and i t  becomes less fine in the upper 

part (Figs. 3 c, d). v 

Quartz urenite th in  sections indicate a mud supported and grain supported 

closely packed ~errigrnous fine to tnediuni (average size 0.15 nint), subangular 

qu;irtz grains. Few gritins of feldspar group (awmge 0.90 %), i n  addition lo some 

opique gruitis und sontr rcsis~nte riiirterais such as zircon nnd rouni~uli~ie are 

ri~tidon~ly scattered tlirouglwut the sandstone n~;ttriccs. 'Il~e rtxk thin sections are 

dcvoid of itny ~ncti~~t~)rj)ltic niineri~ls or a n y  organic rcttt:iins. This f;tcies is 

consrituting rrtost tltc sccli~nrttts of El- f3al1i1ria Fonlii~tion. 

The interparticle \jolunie (including niinus-cenient porosity) 

ranges between 19.25 7% and 4 1 .SO%. The minor corrosion of some 

of the detrital quartz grrtins as well as minor dissolu~ion of thc calcite 

cement resulted in the initation of minor secondary porosity and 

minor fracture that were observed in some of the sandstone thin 

sections (Figs. 3 b, d). 

The ciiagenetic constituents recorded within the sandstones 

include halite, iron oxides, clays, calcite and anhydrite cementation, 

minor silica overgrowths as well as minor infilteration. The iron 

oxides were proved to be pigmenting most of the studied samples. 

They occur as coating on some of the calcite cement, occasionally 

replacing the detrital framework quartz grains and as a cement filling 

some of the pore spaces. 

On the other hand, the clay constituents are the most abundant 

intergranular pore filling cement between detrital quartz framework 

grairis or coating on some of the quartz and associated with halite in 

150 
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the argillnceous sandstone snniples. The calcite is the less nhundant, 

it occurs us poikilotopic netwo~k that is higl~ly cementing tile quartz 

franleu>ork grains. 

The essential clay minerals consriruting the bulk rock samples of 

the studied slmly rocks and also detected in the argillaceous 

sandstones (Samples No. 3 a. 4, 7n, 17 and 19) are koalinitc and 

illite. It is also found that kaolinite and illite nrc the characteristic 

mineral assemblages determined in the clay fraction separated from 

samples No. 3 a, 17 and 19. 

Mineralogy 

The average t11ickr.-zss of the studied section at ~ a 4 b  El Ballaria 

is - 26 111. It is mostly composed of sandstont: W I I ~  occasional 

intercalation o i  clay. Seniiquantitntivt: data of the constituent 

n~inr ra l s  derermined adopting the method' of Crirvcr (1971) for, 9 
selected rock samplcs as well us the rcsulu of identification of clay 

~ninziirls in the clap fn~ction of 3 s;~lnplcs tile pivcn in Ti~ble 2 .  Fig. 4 

sllows part of tlie the corrcspui~ding X- my diffraction chnns for 

bulk rock siunplcs and Fig. 5 for tile scpi~rsilrd clay ftilction froni the 

I s r 1 c  Gerlcri~lly. tllr ~ l l i n e ~ . i \ l ~  crmlprise qu;lrtz, halite. 

u~~hydr i t c .  gypsum, dolomite cr~lcitc. krir~lir~itc. illite, l~ncnxtlitc, 

siclcritc and ilrnenite. 11 is nlso found tllat knolinitc arid illite arc the 

chari~cteristic mineral assemblitgcs dcterrnincd in the clay fraction 

separated from 3 samples with rclativcly higher content of AI203. - 
The X-ray diffrilction data supported b), ~ ~ e i ~ o g r a p h i c  studies 

show that the lowest part of the studied succession as ~cpresented by 

sample l a  is nlainly composed of quartz, halite, anhydrite, dolomite 

with minor amounts of calcite, gypsun1 and illite. T h i s  is an 

indication that the deposition process of such sediments was complex 

to give chance for accumulation of nearly a possible source of sand 

and evaporites. Higher up in the investigated section as represented 

by sample 2,it is noted that quartz content increases, while the other 

minerals detected in the base of the section are nearly diminished 

with the exception of minor amounts of illite and calcite. In sample 

(3 a) the amount of kaolinite is nearly equal to the amount of quartz. 



2 8 
Fig.4. X-roy diffractton patterns of selected bulk samples 

from Naqb E l -  Bohorio , Bahorio Oasis . 
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Sntnple 7 ii is mostly colnposed of qu;irtz a t d  illite w*ith lesser 

amount of kaolinite.The predominance of illite over kaolinite might 

indicate alkaline, poorly drained nornial marine environments. The 

main bulk of samples ( I  I b) and (14) is formed of quartz with minor 

aniount of kaolinire. 

The upper pan of the studied section as represented by samples 

16. 17 and 19 is distinguisl~ed by its notable increase jn halite and 

kaolinite content. hqinor amounts of haematite, siderite and gypsum 

are also detected. 

Geochemistry 

The results of cl~e~nic:il nni~lysis of 26 representatve samples of 

the studied sucoession of Ballaria formation at Nnqb El- Baharia are 

included in Tabit: 3.  From the obti~inecl di~tii, the following 

geochemic;il cIia~~;~cteristics of tlic invesrigi~tcd rocks citrl be dztluced. 

( A )  Rlnjor Co~ls t i f t tc .~~!~  

Tile n~;!iority of sr~ndstc>rlc s:in~plcs from tlic studied succession 

:tie cliilractcrizcrl by the considerably high cnrichmcnt in silica 

ranging between 90-9996 S i 0 2  and tile distirict impoverishments in 

the other constituents. Plotting of the data obtained in tile triarigular 

diagram of Fig.6 indicates that quanz arenite (quartzose) is the most 

dominant rock type. This is confirnled by comparing the chen~ical 

composition of the analyzed saniples with the average quanz arenite 

as given by Pe1tijohn(l96.3). 

The lo\v concentration of A1203, Fe203,CaO. K20.Na2 0,Cl-, 

SO3 and L.O.1 as well as the deficiency in feldspars as revealed by 

X-ray diffraction analysis in the studied quartz arenite samples 

ifidicatc that minerals such as clay, iron oxides, calcite, sulphates 

and hdit-,  occur in variable anlounts and they are most probably 

aciing as 3 cement to the arenites as detected by the microscopic 

studies. 

Sarnpl~r with lesser concentration of silica content ranging 

hstween 3 5 4 5  % Si02, show considerable diversity in composition : 
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A1203  sixtns the range 1.28-23.05%. f;eZO3 spans the  range 

0.18-0.63%,CaO spans the range 0.39- 18.76 %J MgB spans the rmge 

0.01-0.39%, N a 2 , 0  sp:ins the range 0.62-13.52 70 and K 2 0  s w  

the range 0.07- 2.24%. Accordingly these sedin~ents vary betwan 

calc- shales-sandstones- assemblage, affected by post depos i t iml  

activities (Ef- Kan;rnar ;ind Mansey, 1983). On the other hand. ttPe= 

samples mostly fall within the arkosic to subarkosic fields in the 

triangular diagram cf Fig.6. Follo\ving D ~ t t  (1964) and Pettijohn er 

a/. (1973) the term " wacke" is applied to substirute for quartz 

arenite wirer: the sandstone has more than clay 15% matrix. Thus 
'i 

wacke is n synonym for argi1l;lceous sandstone which is applied in 

this work for such a group of  s;~mpies. S;inlples 3a.4 and 7a s h w  

the highest concentration o f  alumina nrnorlg these sanlplei; and rbus 

rhey rue considered as shde rocks. This  is ccrniinned by the X'-ny 

data iind the ;xtrogr;lphic studies. 

2. 1-l~c c<,ntcrlt of A1203 which c m  be considcrcd ns n dim1 

measure of the clay admixture of the sediments, tCllc]s to be 

concentrated in tile lower lreds rather than the upper ones. 

3. @ a 0  is correlated with E.O.1 which reflects its presmce 

mainly as calcite with a notable trend of being decreased i n  a m n t  

going from the base of the succession upwards. Samples containing 

more C a O  t h m  the requirements of calcite is nlostly alloted with 

S03-- as gypsum 

4. Dolomite is nearly absent since these samples analyzed are 

generally p o s i  in MgO. 

5. C1- is strongly correlated with Na2O(Fig. 7) which pints  
out to  its occurrence as halite. With the exception of samples (8,16, 
17, 18 and 19) in which the content of halite shows a t endenq  to 

increase. The excessive amounts of halite were previously detected 



Fig. 7 . The retotionship between N q O  c m h n t  ond 

CC content in the rock solraspies u 

Fig. 
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in the clastics o f  Baharia Formalion by El-Kamn~ar  and El-hfansy 

(1983) where its content may reach about 40 % of [lie whole rock. 

Halite is believed lo be introduced into tiir sediments as superiacial 

encrustation during a late diagenetic stage. This argumenl was 

confinned ~ t rograph ica l ly  ( El-Kamrnar and El-Mansy, 1983). Also, 
the upper beds are markedly enriched in Fe2O3. Such enrichnremt in 

halite and iron oxides appears to be at the expense of tht clily 

minerals in rliese rocks. 
% 

6 .  I t  is noted 111:11 the highe~t concen~ra~ien of K 2 0  is piesent 

in samples wiih 1~e1:lnivcly high c I-tents of alumina v.shich is most 

prchlhly ;~ttt.ibuted to clay minerills (e.g illite). This is suppon+d by 

X- ray tliffration data. 

Generally, the concc~ltr;ltion of Ti,Sr,h-Irl,Ni.Cn and Cu ;Ire very 

low it] qu:tr(z i~~t ' l~ i t~s . . l . lw ;t~.gilI;~~tfoi~.'; silntls~onc ant! sllaly rocks are 

rcrnarkii1)Iy 11jgl1c1 in cor~ceiltrntiorl of 111cse clcriierlts. This is 

ixc;iusc t ~ x - c  clcrix-~~ts ;ire Iar-gcly a c c c ~ ~ i ~ ~ t ; l t c c l  irl clay ~nincrals due 
t o  t l i t . i r  rc;~ctivity. v:triability CIS S~I.LIC!II~C and very srni1II grain size. 

A strong positive cnrrc lnt ic~~ has been observed h c t r s ~ e n  Ni versus 

A1203 arid F e z 0 3  st~ggcsting ~ h : i t  Ni is concent~.ated in clity minerils 

(Figs 8 and 9 )  Sr  and Ti may also be adsorbed on the clap fraction 

of the sediments (Bareher.1974). Compared with average values for 

shale by Krauskoph (1967) (Sr-420, Ni-95, Co-20, Cu-57ppm), the 

studied argillaceous sandstone and shale rocks show normal values 

and thus these sedi~nerlts may not be affected by  late hydrothermal 

activity. However the hydrotl~ern~al activity of the Ballaria Oasis 

have been discussed by several authors and seemed to have 

contributed in the formation of the iron deposits of the area ( Basta 

and Alner, 1969). 

DISCUSSION 

The results of the present study throw more light on the 

paleoenvironmental conditions of sedimentation as well as the 
diagenetic alteration of the difierent facies constituting the 
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Fig. 8 . The relotionship between AI2O3 content and 

Ni (ppm) in the rock samples understudy. 

Fig. 9 . The relationship between Fez O3 content ond 

Ni (ppm) in the rock somples understudy- 
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succession of Naqb El-Baharia; Baharia Forn~ation. 

The main rock type represented in Baharia Formation at  the 

studied locality are quartz arenite, intercalated with argillaceous 

sandstone m d  shaky  rocks. 

It is noted that the quartz arenites are the most differentiated and 

enriched in silica and the most impovirished in the other  

constituents. These rocks are mostly composed of quartz as revealed 
petrographically and by X- ray diffraction analysis. Normal quartz 

and undulose quartz related mainly to  igneous and metamorphic 

sources respectively were recorded in the Nubian type sandstone of 

um Bogma area (Soliman and EI-Fetouh, 1969). The general 

abundance of normal quartz over the undulose variety in the arenites 

of Baharin Formation indicates a general igneous provenance with 
I 

subordinate metamorphic suite ( Soliman and El-Badry,l980). I 
Zaghloul et al., (1984) are inclined to consider, the quartz 

arenite of the Gulf of Suez as first cyclic sandstones formed by 

decomposition of quartz bearing plutonic rocks under severe climatic 

conditions. The  intensity of weathering is affected by the 

physicochemical condition in the source area directly o r  indirectly 
dependent on the climate (Ronov er al., 1966). Extensive chemical 

weathering and leaching of source rocks took place under warm and 

humid climate that prevailed during Cretaceous time (Said et al., 

1976). ! 

The petrographic characteristics and geochemical data of fine 

grained, unfossiliferous, sometimes laminated ferruginous and 

calcareous sandstones reflect their sedimentation under shallow tidal 

flat conditions, where continous reworking by waves and currents 

resulted in removal of most of the feldspar or  clays. 

Compaction, minor silica overgrowths, common carbonatization 
and ferrugination are the main diagenetic alteritions reported within 

sandstone facies of  El-Baharia Formation. This  con~pac t ion  

destroyed an average of 26.76 % of the primary intergranular I 

porosity (Table. 1)  probably during low burial as estimated by the 
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equations of Houseknecht (1987). 

Cementation common by clays, sulphates and carbonate 

minerals, resulted in the destruction of 73.23 % of the primary 
intergranular porosity. 

Ferrugination with iron oxides is also a common diagenetic 

alteration, which occurred, more likely, Iater to carbonatization as  

evidenced by iron coating and iron replacing the calcite cement. The 

ferruginous nmterials might have originated as siderite, and iron 
P 

oxides crystallization from possible pre-existing weathered sources 

and / or reduction of iron component leached from soil and its 

precipitation under reducing diagenetic conditions. 

The iron oxide co~nyonent,  pigmenting the claystone most 

probably originated from interstratal dissolution of Fe-cemented 

sources (Turner, 1980) and mixed wit l l  clay component during 

erosion ;tnd transportation. The ;ibscnce of fitunnl remains (washed 
sornpk proved to 1% ttcvcrid o f  ~nicrofnuna)' and the above mentioned 

c1l:lracleristics of ~ni!jor itlld trace elerner~ts of these clay cornpoiients 

favour that the comyonet~ts of these claystones were transported by 

fresh water streams (fluvial) and that their sedimentation were 

occvrred under fluviomarine conditions, precceding it next following 

shallcrw marine invasion. 

On the other hand. the argillaceous sandstones and shales are 
second in abundance to quartz arenites in the investigated 
succession. Besides quartz, which is abundantly present, the clay 

tninenls are predominant iy identified. 

X-my analysis shows t l int  kaolinile and illite are the most 

common clay minerals in these sediments. Knolinite might have 

originated through erosion of preexisting nearly acidic sourees. 

under high rainfall and good drainage conditions (Grim, 1968). 

Millot (1970) nieritioned that kaolinite develops through continental 

weathering under strong leaching acid conditions favoured by humid 

and warn1 climate. He also indicated that during Early Cretaceous, in 

Africa. areas that were emergent during the great regression were 
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supplied with continental deposits reworked from latentes formed 

under tropical humid climate. Erosion distributes the products of I 

lateritic weathered mantle rich in kaolinite into sedimentary basin. I 
Illite is fornled by leaching of micas and feldspars during weathering 

in almost any environment containing potassium (Schultz, 1963). 
Keller (1970) regarded that both potassuim and hydrogen are needed 
for illite formation. The presence of potassuim in the examined 

samples is in favour with such origin for illite. 

Concfusion 

The petrography, X- ray diffraction analysis and chemical 

studies on the Baharia Fona t ion  in  Naqb El-Baharia section have 
revealed that there are three rock types; quartz arenile, argillaceous 
sandstone and sha1e.X-ray diiirnctometery has revealed that quartz, 
kaoliniae, illite, halite, ca!cite and gypsum are the chief mineral 

constituents in the argilluceous sandstone and shale in 
co~~trndis~i t ic t ior~ wit11 qi~irrtz urenite wMch is n~os t ly  composed of 

quartz. The analyzed rocks are characteristically devoid in faunal 

content. The  recorded difference in mineral contents lends to a 

notable difference in clleriiicnl conlpositiorr. The distribution of the 

trace elements Sr, Ni, Co and Cu shows normal values of the same 

cornnlon rock types. 

The  examined sediments possibly deposited under continental, 

fluvia1 to fluvio-marine conditions. 
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