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Abstract

 The present work is mainly concerned with the Mineralogical and geochemical studies on the Eocene 
rocks exposed at East El- Minia Ggovernorate. The study area is located on the eastern side of the Nile Valley 
between Maghagha City and Mallawi City. It is located between lat. 27°42'7"N and 28°41'30"N and long. 
30°43'15"E and 31°30'E. The study areas, are represented by five formations namely; Minia (Lower Eocene), 
Samalut, Maghagha and Qarara (Middle Eocene) and El Fashn (Middle – Late Eocene) Formations. The 
mineral component shows that the Eocene carbonates were deposited in an alkaline environment that was 
close to a landmass that provided quartz and clay to the environment. Limestone chemical characters reveals 
that; Eocene limestones were mostly deposited under relatively warm alkaline conditions.  However the pH 
degree of alkalinity during the Minia, Samalut and Maghagha formations (less in SiO   content) was higher 2

than that prevailed during the El Fashn Formation times.
Keywords: Eocene, Minia, Samalut, Maghagha, Qarara, El Fashn.

1.  Introduction       
    
 Calcium carbonate (Limestone), as a 
sedimentary calcareous rock, mostly composed 
of calcite with some gangue minerals such as 
quartz, feldspar, iron oxides and mica. 
Limestones ore considered as a very important 
industrial mineral. The constituents of 
Limestone ore as a raw material for different 
industrial uses play a significant role in the cost 
effectiveness. The most significant constituents 
of limestones as above mentioned are calcium 
oxide (CaO), alumina (Al O ), iron oxide 2 3

(Fe O ), magnesium (MgO), and silica (SiO ).  2 3 2

Calcium carbonate (Limestone) rocks cover 
wide areas throughout Egypt map forming 
ridges and plateaus.  Limestone purity was 
classified according to the weight percentage of 
CaCO , CaO, MgO, SiO  and Fe O . Deposits of 3 2 2 3

limestone in the Nile Valley extent nearly from 
north to south along the Valley comprising five 
formations namely; Minia (Lower Eocene), 
Samalut, Maghagha and Qarara (Middle 
Eocene) and El Fashn (Middle – Late Eocene) 
Formations. The work here deals with the 
calcium carbonate mineral exploration for 
different industrial uses. The study area 

occupies eastern parts of the Nile bank at El 
Mania Governorate. It is located between lat. 
27°42'7"N and 28°41'30"N and long. 
30°43'15"E and 31°30'E (Fig. 1). 
 Limestone deposits, specifically calcium 
carbonate rocks, are widespread across Egypt, 
giving rise to extensive ridges and plateaus on 
the country's landscape. The Eocene succession 
in these areas has garnered the attention of 
numerous researchers over the years. Notable 
contributors to the study of this geological 
formation include Said (1960 & 1962), Bishay 
(1961 & 1966), Omara et al. (1977), Keheila 
(1978), Cronin and Khalifa. (1979), Strougo 
and Azab (1982), Boukhary and Abdallah 
(1982), Keheila (1983), Mansour and 
Philobbos (1983), Strougo (1986), Philobbos 
and Keheila (1991), Strougo and Azab (1991), 
Elewa (1994), AbdEl Tawab (1994), Tolba et al 
.(1999), El Ghar and Hussein (2005), Wahab et 
al. (2010), AbdEl Wahed (2013), Serry et al. 
(2015), Hegab et al (2015), Hegab et al .(2016), 
and Gaber (2017).

1.  Methodology     
    
 The current work aims to provide rapid 
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geochemical and mineral component studies of 
Eocene carbonate rocks in the research area.   
The samples were prepared and measured in the 
Egyptian Geologic Survey and the Nuclear 
Materials Authority in the following manner:

2.1 Fourteen specimens were chosen for 
examination, and an X-ray diffraction (XRD) 
analysis was conducted using a Phillips PW 
3710 diffractometer, which utilized Ni-filter 
and Cu radiation. The analysis was performed 
under specific conditions, with X-ray emission 
set at 40KV and 55mA, at the Nuclear Materials 
Authority.

2.2 Eleven samples were selected for 
geochemical study to determine the major and 
trace elements. The major wet chemical 
analyses have been done following the methods 
of Shapiro and Brannock (1962). Three 
solutions were prepared from the powdered 
samples (200 mesh size). The first solution 
(acid mixture solution) was used to measure 
CaO, MgO, Na O, K O, TiO , P O  and Fe O .  2 2 2 2 5 2 3

The second solution (fused by NaOH) was used 
to measure SiO  and Al O .  The third solution 2 2 3

was used to measure SO  and Cl. The SiO , 4 2

A l O ,  T i O  w e r e  m e a s u r e d  u s i n g 2 3 2

spectrophotometric techniques; the Fe O , 2 3

CaO, MgO, SO  and Cl were measured using 4

gravimetric techniques whereas the Na O and 2

K O were measured using flame photometer 2

technique. On the other hand, the trace elements 
Cr, Ni, Cu, Zn, Zr, Rb, Y, Ba, Pb, Sr, Ga, V and 
Nb were measured using XRF technique 
(model Phillips X̀ Unique II, PW1510 with 
automatic sample changer) using fused pellets. 
All the analyses were measured at the Egyptian 
Geologic Survey and the Nuclear Materials 
Authority.

3.  Lithostratigraphy    
    
 The study area is primarily composed of 
Eocene rocks and Quaternary sediments (Fig. 
2).    The Eocene strata consist primarily of 
limestone and chalk, with occasional layers of 
sandy,  cherty,  and clayey l imestones 
interspersed (Bishay, 1961, Ullah et al., 2023).   
The formation can be categorized into five 
primary units: Minia (Lower Eocene), Samalut, 
Maghagha, and Qarara (Middle Eocene), and 
El Fashn (Middle – Late Eocene) Formations 

(Said, 1962). 

3.1 Minia Formation occupies southern 
portion of the study area. It consists of pale 
white, cavernous, fossiliferous, limestone rich 
in Nummulites and containing dolomitic 
nodules, followed upward by fossiliferous and 
coquina limestone. It attains an average 
thickness of 37 meters. 

3.2 The Samalut  Format ion over l ies 
conformably Minia Formation. It is formed of 
coquina, chalky, argillaceous, fossiliferous, 
Nummulitic limestones, which are pale white, 
pale grey, pinkish white, medium to hard, 
cavernous and containing dolomitic nodules 
(40cm diameter) in the lower part of the 
formation. It attains an average thickness of 72 
meters.

3.3 Maghagha Formation; occupies the low 
lands to the north of the study area. It overlies 
Samalut Formation and it consists of creamy, 
yellow to pale white,  hard, fractured 
argillaceous limestone in the lower and middle 
parts of the formation, following upward by 
brown calcareous clay and limestone. It attains 
an average thickness of 89.5 meters.

3.4 Qarara Formation overlies conformably 
Maghagha Formation. The Qarara Formation is 
considered as one of the thickest Middle 
Eocene sequence along the Eastern side of the 
Nile valley between Cairo and Minia. This 
formation is composed of claystone, shally 
claystone and calcareous siltstone at its base, 
going upward to marl and argillaceous 
limestone at the top. It attains an average 
thickness of 100 meters. 

3.5 El Fashn Formation overlies conformably 
Qarara Formation. It is composed mainly of 
snow-white crystall ine l imestone and 
fossiliferous limestone ended by reworked 
limestone beds with chert nodules. It attains an 
average thickness of 58.5 meters. 

4.  Carbonate Mineralogical Composition
    
 The x-ray diffraction analysis has 
garnered significant attention due to its 
prominent position in the fields of mineralogy 
and petrography.  Chillingar and Bissell (1963) 
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noted that x-ray diffraction analysis allowed for 
the distinction not only between formations of 
the same age, but also between carbonate rocks 
belonging to two different eras. This was 
demonstrated in (Figs 3, 4, 5, and 6).  

 The objective of this research is to 
investigate the discrepancies and distinctions in 
the mineral composition of various Eocene 
carbonate sediments within the examined 
r e g i o n s  a n d  t h e i r  i m p l i c a t i o n s  f o r 
environmental interpretation. Analysis of the 
bulk limestone samples through X-ray 
diffraction revealed a prevalence of calcite as 
the primary carbonate mineral, alongside non-
carbonate minerals like gypsum, halite, 
muscovite, and clays in varying quantities. The 
identification of these minerals was conducted 
according to the ASTM standards of 1960.
The X-ray diffraction analysis recorded at 
Minia Formation are characterized by calcite as 
a predominance mineral with gypsum, apatite, 
halite then pyrite, dolomite and kaolinite in the 
middle, and muscovite and illite in the upper 
part of the Formation. This mineral assemblage 
reflecting that the Minia Formation is deposited 
in an inner neritic marine environment with 

alkaline. 
 Samalut Formation x-ray diffraction 
analysis reveals the predominance of calcite 
then pyrite with muscovite, anhydrite and 
stevensite in the upper part of the formation. 
This mineral assemblage reflecting that 
Samalut Formation is deposited in a warm, 
reefal shallow neritic marine environment with 
relatively calm water conditions with alkaline. 
The X-ray diffractograms of the bulk samples 
of the Maghagha formation reveal the 
predominance of calcite then halite, pyrite and 
gypsum followed by predominance of chlorite 
then calcite and muscovite. Maghagha 
Formation is deposited in quiet water of weak 
short-lived currents of outer neritic zone in the 
marine environment. The fore-mentioned 
associations reveal the prevealing of marine 
condition followed upward by a regressive 
phase (presence of halite and clay mimerals).

 The X-ray diffractograms of the bulk 
samples of El Fashn formation reveal the 
predominance of calcite with halite. This 
mineral association indicates deposition in an 
inner neritic marine environment with alkaline, 
normal salinity and calm water characters.

34

Fig. 1. Location and geological maps of the study area, After Conoco, 1987 
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Fig. 2. Columnar Lithic Log verus geochemical characters of the 
Eocene Formations recorded at the study area



Fig. 4. X-ray diffraction pattern of Middle Eocene Carbonate bulk samples 
at Samalut Formation
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Fig. 3. X-ray diffraction pattern of Early Eocene Carbonate bulk samples at Minia Formation.



Fig. 6. X-ray diffraction pattern of Late Eocene Carbonate bulk samples at El Fashn Formation.
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Fig. 5. X-ray diffraction pattern of Middle Eocene Carbonate bulk samples at Maghagha Formation.



5.  Geochemical  characterization of 
Limestone 
    
 In this study, the Early Eocene Minia 
Formation was represented by two limestone 
samples, while the Middle Eocene was 
examined through eight samples from the 
Sama lu t  and  Maghagha  fo rma t ions . 
Additionally, one sample from the late Eocene 
El Fashn Formation was included in the 
analysis. These samples were utilized to 
categorize the Eocene limestones under 
investigation, establish connections between 
facies variations, and gain insights into the 
distribution and prevalence of both major and 

trace components. Krauskopf (1979) proposed 
a definition of weathering as the process of 
approaching equilibrium in a system involving 
rocks, air, water, and the agents of chemical 
weathering, which include moisture, free 
oxygen, carbon dioxide, organic acids, and 
nitrogen acids. He further introduced a 
weathering index for comparing the degree of 
deterioration among different rock types. 
According to this index, as weathered material 
loses elements like calcium, magnesium, 
sodium, and potassium while gaining 
aluminum and iron, the index for that material 
will inevitably decrease.

38

Weathering index  =
CaO+ MgO + Na  O + K  O2 2

SiO  +Al  O  +Fe  O  +CaO+MgO+Na  O+K O2 2 3 2 3 2 2 

 The weathering index for the Eocene 
carbonate sediments has been calculated and is 
presented in (Table 1).    The weathering index 
values indicate a significant degree of 
weathering in all samples, showing that the 

examined rocks have been mildly impacted by 
weathering agents. Additionally, the clastic 
elements in the samples have a low content of 
SiO , Al O , and Fe O . 2 2 3 2 3



6. Abundance and Distribution of Major Components
    
Tables (2) display the range and average composition of the key oxides in the various formations of 
the examined area.  The behavior and distribution of the primary oxides in relation to lithology are 
illustrated in (Fig.2).

39

Silica

 The Eocene limestone samples analyzed 
in this study exhibit notably low levels of 
silicate mineral oxides. Generally, a higher SiO  2

concentration in limestone signifies the 
influence of terrigenous input during 
deposition, while a low SiO  value suggests a 2

deepening of the basin with limited delivery of 
terrigenous clastic sediment. The variation 
diagrams illustrating the relationship between 
SiO  and CaO oxides for these limestones can 2

be found in (Fig 7). The SiO  concentration 2

demonstrates a strong inverse correlation with 
CaO across all limestone categories, indicating 
a gradual reduction in detrital quartz and a 
subsequent increase in calcite content.
Corbel (1959) demonstrated an increase in SiO  2

content in regions with warmer climates, while 

Dekimpe et al. (1961) observed that higher pH 
levels corresponded to a decrease in silica 
content. Consequently, the Eocene limestones 
were predominantly deposited under relatively 
warm and alkaline conditions. However, the pH 
degree of alkalinity during the Minia and 
Samalut formations, characterized by lower 
SiO  content, was higher than that which 2

prevailed during the Maghagha and El Fashn 
formations.

Alumina

 Aluminium is not normally substituted as 
a carbonate mineral. The measure of aluminum 
is directly linked with the influx of detrital 
sediments to the depositional site (Botz et al 
1988). Buckley and Cranston (1991) inferred 
that the variations of Al O  in sediments might2 3
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 be associated with changes in clay mineral 
content or with the content of feldspars in the 
sediment. The Al O  vs CaO plot shows an 2 3

inverse correlation limestone. As alumina is 
considered to be the detrital influence, the 
precipitation product of CaCO  must have been 3

greatly reduced at the sites of terrigenous 
sediment deposition. (Fig. 8)

Sodium oxides

 The reduced levels of Na O in the 2

limestone could be attributed to sporadic 
freshwater inflow into the deposition basin and 
an extended diagenesis process in an 
environment less saline than typical seawater. 
The limited presence of Na O in these 2

limestones may suggest they were initially 
formed from a solution with low Na O 2

concentration, as suggested by Land (1973), or 
it could indicate recrystallization of the 
limestone, as proposed by Kinsman (1969) 
(Fig. 9). Generally, sodium content diminishes 
significantly over time and with increasing 
levels  of  carbonate  d iagenes is .  This 
phenomenon has most profoundly impacted 
ancient carbonates, and even recent carbonates 
have experienced changes in sodium content 
due to diagenetic alterations such as 
replacement and neomorphism, as noted by 
Veizer et al. in 1977. The concentrations 
indicate a noteworthy reduction in sodium 
across most of the samples compared to recent 
marine carbonate sediments, which typically 
have a higher overall sodium content, as 
reported by Land and Hoops in 1973.

Potassium oxides

 Potassium levels are influenced by the 
initial chemical composition of the interstitial 
water and are subject to secondary enrichment 
during diagenesis, primarily through the 
process of carbonate neomorphism, as 
discussed by Morton in 1985. The carbonate 
minerals themselves contain only trace 
amounts of potassium. The potassium content 
is relatively stable and less affected by the 
diagenesis of carbonate minerals; however, it 
does decrease with prolonged diagenetic 
processes. The inverse relationship observed 
between K O and Al O  suggests that these 2 2 3

limestones were not linked to detrital 

compounds (Fig. 10).

Iron oxides
 The presence of iron in carbonate rocks 
can be attributed to two factors: a) Iron 
becoming incorporated within calcite during 
the precipitation of calcite in reducing 
conditions of diagenetic environments, and b) 
The result of the input and sedimentation rate of 
detrital material into the depositional 
environment (Brand, 1989). A small amount of 

2+iron may also substitute for Ca  in calcite or for 
2+Mg  in magnesian calcite, resulting in ferroan 

calcite (Fe calcite). In the current study, the 
Fe2O3 values range from 0.01-0.08% for 
limestone. The low content indicates the 
depletion of iron in the pore fluid during the 
precipitation of calcite, which is caused by a 
decrease in the supply of detrital materials 
(Brand, 1989).

Calcium Oxides

 In his 1971 study, Kukal observed that the 
presence of  natural  sa l ts  and higher 
temperatures lead to a decrease in the solubility 
of CaCO . Additionally, an increase in the 3

2+concentration of Ca  ions from other sources 
also contributes to the reduced solubility of 
CaCO . In the spatial distribution pattern, the 3

higher concentrations of CaO are seen in all 
samples.  the higher CaCO  content seems to be 3

due to the fact that the depth of water during 
deposition of all formations was not deep 
enough to cause a great variation in temperature 
and to increase the solubility of CaCO  or the 3

amounts of the argillaceous materials derived to 
the site of deposition were inconsiderable 
leading to the relative increase in the CaCO  at 3

the expense of SiO  and Al O  contents. 2 2 3

 Magnesium oxides

 Magnesium, originally deposited within 
the skeletons of living organisms, commonly 
remains within the rock throughout the process 
of lithification and uplift. The magnesium 
values, varying by the diagenetic equilibration 
of CaCO  with meteoric water, depend on 3

mineralogy and other factors causing either 
addition or depletion of magnesium (Morrisson 
and Brand 1988). The Mg values are very low, 
indicating the prevalence of less saline and/or
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 freshwater diagenesis by which extensive 
leaching can take place (Wilkinson and Given 
1986), possibly during later stages of 
diagenesis (Given et al., 1990). 

 Chave, (1954) suggested that there is a 
direct relation between the content of MgO and 
temperature. Chilingar, G.V (1963) stated that 
the MgO content increases with salinity but is 
simultaneously affected by so many other 
factors that it cannot serve as an adequate 
indicator" He also noted that in carbonate 
sediments the Ca/ Mg ratio increases seawards 

with depth.

 Chilingar, et al. (1967) stated that “in as 
mush as shallow near -shore waters are 
systematically warmer  as  a  rule  than  deep  
off -shore  waters;  the  gross  Ca/Mg  ratio  
reflects  temperature -depth- distance  from  
shore”.  The  computed  Ca/Mg  ratio  for  the  
studied  Eocene  limestone  areas  are  as 
follows Table ( 3 ) and (Fig. 11), reflecting  that 
Minia and Samalut formations more deeper and 
far  from shore than Maghagha and El Fashn 
formations.

Fig. 7. SiO  / CaO diagram of the studied rocks 2



Fig. 8. Al O versus CaO diagram of the studied rocks.2 3
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Fig. 9. Distribution curve of average CaO oxides and Na O oxides of samples. 2
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Fig. 10. Distribution curve of average Al2O3oxides and K2O oxides of samples. 

Fig. 11. Variation of Ca/ Mg average ratio in the Eocene Carbonate rocks



7. Abundance and Distribution of Trace 
Elements
    
 Stumm, Baccini, Nriagu, et al., and 
Galloway (1979) state that trace elements can 
originate from the weathering of rocks or be 
introduced into the hydrosphere through 
alternative mechanisms.   Weathering can 
cause a particular trace element to dissolve, 
depending on the mineral it is found in and the 
extent of chemical weathering.   The studies 
conducted by Kronberg et al. in 1979 and Harris 
& Adams in 1966.   Adsorption is negligible at 
extremely low pH levels, while all cations are 
heavily adsorbed at high pH levels.   James and 
Healy (1972b) conducted the study.   Suarez 
and Longmuir (1976) found that copper (Cu), 
titanium (Ti), chromium (Cr), strontium (Sr), 
nickel (Ni), zinc (Zn), manganese (Mn), 
vanadium (V), barium (Ba), phosphorus (P), 

and lead (Pb) in Pennsylvania soil were 
primarily present in manganese and iron oxide 
phases.   Additional mechanisms that 
contribute to the distribution of elements in 
sediments include precipitation subsequent to 
oxidation or reduction, as described by Garrels 
and Christ (1965), as well as different 
interactions involving organic matter.   
Sholkovitz conducted research in 1967 and 

1973.

 Typically, the occurrence of trace element 
concentrations solely generated by sedimentary 
processes is uncommon.   Krauskopf's work in 
1979.    The migration and deposition of 
elements in the Eocene carbonate sediments of 
the examined area result in varying abundance 
and behaviour for each element. This 
information can be found in (Tables 4 and 

Fig.12) .

44

Table 4 Trace elements (ppm) of some representative samples from section
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Fig. 12. Trace elements varition diagram of the studied rocks in the study area.

Chow and Goldberg (1960) noted that the 
concentration of barium is influenced by 
pressure and temperature in the environment 
where it is deposited. The rise in barium 
concentration can be partially attributed to the 
generation of sulphate ions through biological 

processes. Kukal (1971) asserted that the 
correlation between strontium and barium, as 
well as their relationship to salinity, has been 
extensively debated. The Ba/Sr ratio of the 
analysed carbonate was calculated and depicted 
in (Fig. 13), as commonly accepted.

Fig. 13. Ba-Sr elements variation diagram of the studied rocks in the study area.
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Strontium

 Typically, it is well accepted that the Sr 
concentration of a carbonate rock falls as the 
degree of modification by continental water 
increases. The average strontium concentration 
in ancient marine limestone ranges from 400 to 
700 parts per million (ppm) (Bausch 1965) .

 The calcite that formed in balance with 
s e a w a t e r  c o n t a i n s  a n  a p p r o x i m a t e 
concentration of thousands of parts per million 
of strontium (Kinsman 1969). In contemporary 
settings, the calcium carbonate varieties that 
precipitate directly from seawater and high-Mg 
calcite exhibit strontium (Sr) concentrations 
ranging from 400-1000 ppm (Land and Goreau 
1970) to 5000 ppm, while aragonite typically 
c o n t a i n s  a n  a v e r a g e  S r  c o n t e n t  o f 
approximately 9800 ppm (Kinsman 1969).   
Brand and Veizer (1980) state that the final 
concentration of Sr in a carbonate rock, which 
has undergone diagenesis with meteoric waters, 
is influenced by various factors including the 
initial mineral composition of the carbonate, 
the ratio of water to rock, and the chemical 
composition of the infiltrating meteoric water .
Therefore, the low concentration of Sr observed 
in this study suggests that diagenesis has 
influenced the formation of these limestones, 
whereas high Sr levels indicate minimal 
change.   The Sr content in all limestone 
samples varies from 159 to 440 parts per 
million (ppm). Morrow and Mayers (1978) 
proposed that multiple instances of solution-
reprecipitation can originate from early 
diagenesis. Nevertheless, they suggested that 
Sr values below 400 ppm are improbable to be 
attained during the initial diagenetic phase

 .
 Strontium is selectively retained in the 
solution, which initially has a strontium to 
calcite ratio that is equivalent to that of 
aragonite. Within a closed diagenetic system, 
the ratio of strontium to calcium in the solution 
increases as the process of dissolution-
reprecipitation advances, and simultaneously, 
the ratio in the calcite also increases. Over time, 
the concentration of strontium to calcium in the 
solution increases to the point where the calcite 
being formed has the same ratio as the aragonite 
being dissolved.  Conversely, in an open 
system, strontium has the potential to be 

released from the site of transformation, 
resulting in calcites that may have lower levels 
of strontium compared to calcites in closed 
s y s t e m s  ( P i n g i t o r e  1 9 7 8 ) .   T h e  S r 
concentration in marine carbonates diminishes 
progressively as modification intensifies.
  
Barium

 Barium concentration ranges from 10 to 
37 ppm in limestones. Its content in marine 
limestones is lower (<60 ppm) but is higher in 
the fresh water limestone (Rao and Naqvi 
1977). The Ba concentration of the samples in 
the study area is much lower (<60 ppm) 
concentration suggested for marine carbonates. 
The presence of high content of Ba is due to the 
presence of clay minerals which play a role in 
the distribution of Ba. The bulk of this barium is 
present either adsorbed on to detrital clay or as 
BaSo4 precipitated during diagenesis.

7. Conclusions

 B a s e d  o n  t h e  X R F  a n d  X R D 
investigations, it is evident that the calcite 
mineral is the most abundant mineral in the 
limestone ore.   The results of this investigation 
can be succinctly described as follows:

1. The study area contains a significant 
outcrop of high purity CaCO3 (99.65%), 
making it suitable for mining and various 
industrial uses. They can be utilized in a variety 
of chemical plants, including paper, paint, and 
the manufacturing of lime, which is used for a 
variety of chemical purposes.

2. Most Minia Formation samples, as well as 
some Maghagha and Qarara Formation 
samples, are used in building.

3. Calcium carbonate is a good filler for 
paper pigment because it has a brightness 
reading that ranges from 91 to 93.5% and is 
ground into an incredibly fine powder with a 
particle size range of 2 to 10 m for use in the 
paper filler and coating industries. Gaber 
(2017).

4.  Geotechnical studies carried out after 
Abed Tawab (1994) indicate that the area 
covered by the Samlut formation is unsuitable
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 for use as a foundation or for building.
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