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Introduction. The Late Tertiary volcanism is represented by different basaltic 
occurrences and the activity of thermal springs (Fig. 1). The K/Ar ages indicate that 
volcanicity started towards the Late Oligocene: 24 Ma, and have continued through 
the Lower Miocene: 16 Ma (M eneisy and A bdel A al, 1984). This is similar to the 
onset of volcanism around the Red Sea margins.

Ascending mineralized hydrothermal solutions or thermal waters have developed 
through replacement and cavity filling some important Fe—Nn deposits in Egypt. 
The common relation between the sites of these deposits and those of Tertiary basalts, 
and the marked silisification of the country rocks present additional criteria that most 
of these mineralized solutions are related to the Tertiary volcanism. The epigenetic 
Fe —Mn ores (Bahariya Oasis), Mn-veins (Elba) and modified sedimentary M n—Fe 
deposits (Urn Bogma) are chosen to carry out extensive studies on them.

Iron—manganese ores of Bahariya Oasis

The Bahariya Oasis lies in the central plateau of the Western Desert (Fig. 1). 
It represents a large oval-shaped depression characterized by a bounding escarpment 
and a large number of separated conical hills within the depression. The exposed 
sediments forming the floor of the depression and the scarpment walls are ranging 
in age between Lower Cenomanian and Quaternary.

The Fe —Mn ores occur in the northern and north-eastern parts of the oasis in 
the form of bed-like or lenticular bodies. They consist mainly of goethite, hematite, 
hydrogoethite, quartz, halite, chalcedony, psilomelane—cryptomelane and barite. 
Siderite, pyrolusite, manganite, chamosite, calcite and aragonite are less commonly 
encountered. K amel (1971), mentioned that the ores could be genetically classified to

a) massive pisolitic and oolitic hydrogoethite of Lower—Middle Eocene age and
b) hydrothermal—metasomatic hematite, goethite and goethite —hematite.
Geochemistry. The average chemical analyses and trace elements of the Fe—Mn

ores of the Bahariya Oasis after M ahgoub and A mer (1964), Sherif (1969), K amel 
(1971) and N iazy (1975) are given in Table 1. It is clear that the Fe —Mn ratio varies 
widely in the ores and no clear relationship between Fe and Mn can be observed. 
A positive correlation has been noticed between Ba and Mn (Fig. 2). which is similar 
to that of Bonatti et al. (1972a) for the hydrothermal Mn-deposits of the Afar Rift, 
although the line is shifted lower, due to the Mn-content encountered. Furthermore 
Berger (1968) indicated that psilomelane is more abundant in hypogene deposits 
than cryptomelane and that these deposits are enriched in Ge and Ba than in supergene 
deposits.
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Fig. 1. Location map
a Basaltic occurrences, b Fe—Mn mineralization, c basement complex.—1 Abu Zaabal, 2 Cairo—Suez district, 3 South 

El-Quseir, 4 Quatrani, 5 Bahnasa, 6 Bahariya oasis, 7 Naqb Siwa, 8 Gebei Siri, 9 Gebei El-Fantas

Fig. 2. Variation diagram of Ba versus Mn in Bahariya Fe—Mn ores
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Chemical composition of Bahariya iron manganese-ores
Table 1

1 Hematite-goethite ores, El-Gedida (M ahgoub and A mer, 1964; K amel, 1971), 2 pisolitic limo- 
nite ore, Gebei Ghorabi (N akhla and Shehata, 1967; K amel, 1971), 3** average of different Fe- 
deposits (Sherif, 1969), 4 Mn-rich ores, average of 15 analyses (N iazy, 1975), 5 average of 
Aswan sedimentary Fe-ores (G heith, 1955), 6 amorphous goethite facies, Red Sea brine deposist 
(Bischoff, 1969), 7 Fe-rich deposits, Afar Rift (Bonatti et al., 1972a). * K amel (1971)

Therefore, the present authors believe that Mn was introduced into the Bahariya 
iron ores by sources related to volcanism, most probably by solution of low-tempera
ture. The determined values of Mn content are distinctly higher than the values given 
for the oolitic limonite ironstone, hematite rich sedimentary rocks and even the 
chamositic ironstones (James, 1966). Similarly, the values of A120 3 Mg and P are 
quite lower than the typical sedimentary Fe-ores. In addition, the hematite-goethite 
ores are marked by higher values of Ba, Cl-1 and S04“2. It seems quite possible to 
correlate the association of these elements to certain waters of volcanic activity 
(White et al., 1963).
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The contents of trace elements are generally low, much lower than the Aswan 
Fe-ores of shallow marine environment, which are characterized by the presence of 
Cu, V and As. The Bahariya pisolitic—oolitic ores are characterized by the presence 
of V and possibly Ni similar to the minette sedimentary ores of Lorraine (James, 
1966). The hematite —goethite ores, however, are similar to the goethite facies of 
Red Sea brine deposits which are characterized by noticeable concentration of Ba, 
Zn, As, Ge and possibly Cu, Pb and Sr. G ermann (1973) mentioned that a Mn/Co 
ratio greater than 300 is indicative of volcanogenic origin which is the case with the 
“Mn rich” ores. Therefore, it is suggested that these elements have been concentrated 
during the development of the hematite—goethite ores by the action of epigenetic 
solutions similar in composition to the Red Sea brines, after the deposition of the 
pisolitic—oolitic hydrogoethite bed. In addition, As is a characteristic trace element 
for volcanogenic sedimentary Fe-oxides of Mexico (Zantop, 1981).

Manganese ores of Elba

The Mn-ores are located in the southeastern Desert (Fig. 1), in the form of veins. 
More than twenty-four occurrences are known, distributed in a narrow belt trending 
for more than 70 km. They occur within the Red Sea coastal plain which consists 
mainly of Quaternary (sands, gravels and coral limestone) and Miocene (lime-grits 
and evaporites) sediments. These rocks unconformably overlie the Precambrian 
Basement Complex which are well exposed in the western portion of the area. The 
Mn-veins, in most localities, cut through the Middle Miocene rocks. They are variable 
in length, ranging from 300 to 1500 m with a maximum observed downward extension 
of 10 m.

N iazy (1975) mentioned that the ores consists essentially of pyrolusite (ß-Mn02), 
psilomelane—cryptomelane (a-M n02), ramsdellite (y-MnO^, manganite (disordered 
form of a-M n02-H20), goethite (a-Fe20 3*H20) and hematite (a-Fe20 3). The main 
gangue minerals are black calcite (Mn-bearing), quartz, barite and celestite.

Geochemistry. The average chemical analyses and trace elements of Elba Mn-veins 
after Basta and Saleeb (1971), N iazy (1975) together with some data for other 
Mn-deposits are given in Table 2. The Fe/Mn ratio varies from 0.008 to 0.019, a fact 
which makes a sedimentary origin of such veins a far possibility. Normal sedimentary 
Fe/Mn mineralization have Fe/Mn ratio close to 1 (Bonatti et al., 1972). Extreme 
separation of Fe from Mn with Fe/Mn ratio between 0.002—0.14 characterize 
encrustations of hydrothermal origin from Fe—Mn modules of hydrogenous origin 
(R ona, 1978).

The abundance of transitional elements Ni, Co, Cu, Cr, Zn etc are low. Similar 
concentration of these elements and such Fe/Mn ratio were also recorded from the 
hydrothermal Mn rich deposits of the Afar Rift (Bonatti et al., 1972a). Such low 
values are in contrast to the deep marine sedimentary Mn nodules where the con
centration of these elements is generally high (M anheim, 1965). The manganite facies 
deposited from the Red Sea brines (Bischoff, 1969) are also characterized by the 
presence of Zn, Pb, Cu, Ba and Sr. These elements are present in the Mn-veins of 
Elba but with lower concentration except for Ba. Many authors (Bonatti et al., 
1972a; R ona , 1978) have pointed out the role of rapid deposition in hydrothermal 
solutions, which most probably prevents any extensive “scavening”. Therefore, low 
concentrations of trace metals are encountered in the hydrothermal deposits.
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Chemical composition of manganese veins of Elba
Table 2

1 Mn-veins (Basta and Saleeb, 1971), 2 Mn-veins (Niazy, 1975), 3 black calcite (ibid.), 4 deep 
ocean Mn-concretions (Manheim, 1965), 5 Mn-facies, Red Sea brine deposits (Bischoff, 1969), 
6 Mn-rich deposits, Afar Rift, (Bonatti et al., 1972a), 7 volcanogenic Mn-oxides, Mexico (Zantop,
1981)

The concentration of Ba in sea-waters is such that they are undersaturated with 
respect to BaS04 (H anor, 1966). Ba is found to be concentrated in Fe —Mn deposits 
along oceanic ridges, where it is probably supplied by hydrothermal activity. Ba tends 
to concentrate with Mn rather than with Fe. The relation between Ba and Mn in the 
Elba deposits, Afar region and in Mn-nodules is illustrated on Fig. 3. It shows the 
difference between the fields of hydrothermal and sedimentary Mn-deposits. Bonatti 
et al. (1972a), concluded that the barite mineralization associated with Fe —Mn de
posits of Afar indicates an association with active ocean rift. In other words, the

36
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Fig. 3. Variation diagram of Ba versus Mn in Elba A/fl-veins
-f =Elba: after Basta and Saleeb (1971), and present work, 0  =  Mn nodules: after Cronan(1972), O =  Afar: after Bonatti

et al. (1972b)

source of hydrothermal solutions that led to the formation of Elba M n—Fe—Ba 
deposits is most probably linked with the Red Sea Rift activity.

The circulating hot waters are able to perform high-temperature leacing and 
mass transfer of transitional elements (including Fe, Mn) from sediments and basalts 
which leads to the formation of hydrothermal solutions. R óna (1978) also mentioned 
the possible addition of Ba, transported in volatile phases from the mantle and in
jected through the hydrothermal system.

Manganese—iron ores of Um Bogma

The Mn —Fe ores of Urn Bogma area, lie in west-central Sinai (Fig. 1). The geo
logic section of the area consists mainly of Carboniferous rocks (sandstones, silt- 
stones, shales and dolomite), overlying igneous and metamorphic basement of Pre- 
cambrian age. The ores form lenses in the dolomite member which vary from 1 to 
220 m in diameter, and from 0.2 to 6 m in thickness.

The stratigraphic sequence of west-central Sinai includes two volcanic episodes
1 Permo—Triassic episode compa rising basaltic sills at the top of the Palaeozoic 

section,
2 Post-Miocene episode which produced dolerite and basalt dykes.
The ores consist of the following minerals in a decreasing order of abundance; 

manganite, psilomelane, goethite, quartz, pyrolusite, cryptomelane, hematite, calcite 
and barite (N iazy, 1975).

Geochemistry: The average chemical analyses and trace elements of the Urn 
Bogma Mn —Fe ores after G ill and F ord (1956), N akhla and Shehata (1963), 
N iazy (1975), together with the data of other deposits of different geological environ
ments are given in Table 3. The analyses show that the Fe/Mn ratio varies markedly 
in the ores (1.68 — 2.33), it is highest in the Fe rich samples which occur at the peri
pheries of the lenses. The silica is mainly attributed to free quartz and/or clay par
ticles Fe rich varieties contain a higher amount of quartz than the Mn rich varieties 
which are admixed with clay. It is clear, that 1% P20 5 can be considered as common, 
especially when shallow marine concretions are associated with semi-stagnent or 
stagnent sediments.
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Chemical composition of Urn Bogma manganese deposits
Table 3

1 Average shipping ore ( G ill and F o r d , 1956), 2 average of different deposits ( N a k h l a  and 
S h e h a t a , 1963), 3 average of Mn-rich deposits ( N ia z y , 1975), 4 average of Fe-rich deposits 
(ibid.), 5 Mn—Fe concretinos (M a n h e im , 1965), 6 manganite facies, Red Sea brine deposits 
(B isc h o f f , 1969), 7 deep ocean Mn-concretinos ( M a n h e im , 1965)

The relative large amount of Ba may come partly from the stagnent sediments 
around which the concretions form, as in the case of Gotland region, Baltic Sea 
(M anheim, 1965). However, the large part of the sulphate had persisted reduction. 
The amount of trace elements encountered is rather comparable to the average given 
for shallow-water Fe —Mn concentrations, but is much lower than that in Mn nodules 
of the deep-ocean. Tha amount of transitional elements is somewhat higher than that 
normally encountered in hydrothermal deposits (N ~10, Co~15, C u^lO O  ppm, 
Bonatti et al., 1972b). Most probably, this indicates that the trace elements found 
in Urn Bogma ores were not only syngenetic with the ore but other amounts parti
cularly of Cu, Pb and Sr were added later during an epigenetic or diagenetic process.

Ni, Cu, Zn and Pb are more enriched in the Mn rich samples, while Co and V are 
more enriched in Fe-bearing samples. Burns and F uerstenan (1966). mentioned 
that there is a distinct correlation between Fe, Co and Ca in the Mn nodules (Fig. 4).

3 6 *
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Fig. 4.
Variation diagram of Co and CaO versus 

Fe20 3% in Um Bogna Mn-Fe ores

Fig. 5.
Variation diagram of Zn, Cu and N i versus 

M n,0%  in Um Bogma Mn—Fe ores

Similarely, there is a pronounced element coherence between Ni, Cu, Zn and Mn 
(Fig. 5, notice that one sample is excluded as it is “pure” pyrolusite). These interele
ment relationships suggest that isomorphic substitution may play an important role 
in the distribution of these elements. Ni2+, Cu2+, Zn2+ can substitute for Mn2+ in 
the manganite phase and Co3+ for Fe3+ in the hydrated Fe-oxide phase.

The Um Bogma Mn —Fe ores are characterized by sharp differentiation of Mn 
and Fe that has been started mostly during the early processes of chemical weathering 
and sedimentation. It is suggested that the authigenic minerals, ore textures and 
advanced concentration of Mn and other trace elements as Ba, Ni, Cu and Zn in the 
Mn lenses were formed during diagenesis. In later stage of epigenesis, some of the 
trace elements as Cu, Pb, Sr and partly Ba were introduced to the ores by the effect 
of thermal solutions related to the Tertiary volcanism.

Late Tertiary volcanism

The Late Tertiary volcanism in Egypt is represented mainly by basaltic occurren
ces in the form of sheets, dykes, plugs, mounds and small ridges. The hydrothermal 
activities that accompaned the volcanicity seem to have long survived it.

The average chemical composition for major and trace elements of forty basaltic 
samples collected from ten occurrences (Fig. 1) are given in Table 4. The world aver
ages of basalts as quoted from different authors are cited in the same table for the 
sake of comparison.

The distribution of transitional and some other elements in the different basaltic 
rocks of Egypt show relative concentration above their abundance figures of the 
world averages. The elemental composition of the different three basaltic varieties 
(Abdel A al, 1981) can be briefly outlined as follows:
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Chemical composition of tertiary basaltic rocks of Egypt

Table 4

1 N ockholds (1954), and Turekian and Wedepohl (1961) 2 N ockholds (1954), 
and Vinogradov (1962)

1 Tholeiitic basalts show relative high concentration of Fe, Mn, Ti and V. This 
variety mainly occur along Cairo —Suez district, and in Gebei Qatrani.

2 Sodic transitional basalts with relatively high concentrations of Fe, Mn, Ti, 
V, possibly S. These rocks are exposed along Cairo—Suez district, south El-Quseir 
and Bahnasa.

3 Alkali basalts, having relatively high concentrations of P, Cr, Ti, Co, Ni, Mo, 
Ba and Sr and are differentiated into:
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dj Hawaiites, represented by Mandisha, Maesera and Basalt Hill in the Bahariya
Oasis and north Uweinate. . . .

b) Sodic basalt, represented by El-Hefuf in the Bahariya Oasis and Naqb Siwa.
c) Potassic basalts, represented by Gebei Siri and Gebei El-Fantas.
The effect of the Tertiary volcanic thermal waters have been recorded in several 

regions. The occurrences of ferruginous tubes in the Oligocene sandstones and 
quartzites of Gebei Ahmer near Cairo, are attributed to the uprising fluids carrying 
Fe and Mn (S h u k r i, 1953). K olbe (1957), reported that the thermal springs of Ba
hariya Oasis contain up to 69% Fe and Al-oxides. Solim an  (1961) described the 
occurrence of a dolerite dyke in Wadi Feiran, southern Sinai, where the Lower Eocene 
limestones are silicified and coloured black due to introduction of Mn-oxides.

Partial chemical analysis of altered tertiary basaltic rocks of Egypt 

A ttia,1979

1 Fresh basalt, 2 slightly altered basalt, 3 aftered basalt
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Alteration o f Tertiary Basalts. Some basaltic occurrences of Late Tertiary had 
suffered alteration. In most cases, the alteration is essentially active on their upper 
parts. However, in Gebei Mandisha, Bahariya Oasis, a reverse situation is observed 
and the alteration is particularly active on lower parts. The chemical alteration of the 
basalts is primarily related to their hydrolysis, oxidation and leaching, with devel
opment of montmorillonite, chlorite, illite and goethite (A bdel A a l , 1975).

Chemical analysis for twenty-five samples representing fresh, slightly altered and 
altered basalts (A ttia , 1979), are given in Table 5. From the data it is quite evident 
that Fe and Mn are depleted from the different fresh basaltic occurrences during the 
process of alteration. A fact which may represent a possible source for these elements 
in the waters affecting the alteration of basalts. R ona  (1978), has also pointed out the 
role of depleted Fe, Mn and other transitional elements during the formation of hydro- 
thermal mineral deposits in oceanic crusts.

Conclusions

1 The tholeiitic and transitional basalts are characterized by relative concentra
tion of some trasitional and other elements above their abundance figures: Fe, Mn, 
Ti, V possibly and S. The alkali basalts are relatively enriched with P, Cr, Ti, Co, Ni, 
Mo, Ba and Sr except for potassic basalts which show normal distribution of Co 
and Ni.

2 The chemical alteration of the basaltic rocks, caused their marked depletion in 
Fe, Mn and some other elements. The alteration resulted in lateral disolution of 
depleted elements in the active thermal solutions.

3 The epigenetic Fe—Mn deposits of Bahariya Oasis are characterized by high 
contents of Fe, Mn and relative concentration of Ba, Zn, As, Ge, low Al-content, and 
high Fe/Mn ratios (27.23 —51.02), similar to metalliferous sediments of predominant 
hydrothermal origin. The concentration of Mn, Ba, Cl, SO^~2 might be correlated 
with thermal waters of the volcanic activity.

4 The Mn-veins of Elba display extreme chemical fractionation of Fe from Mn, 
while the Fe/Mn ratios are between 0.008 and 0.019. They are also characterized by 
their low trace-metal content, and distinct correlation between Ba and Mn, and bet
ween Ba and Fe/Mn ratio, indicating their similarity with the hydrothermal Mn- 
deposits of Afar, Red Sea region.

5 The M n—Fe ores of Urn Bogma, exhibit Fe/Mn ratios of the order of 1.68 — 
2.33, with relative concentration of the trace-metal content (Ni, Co, Cu, Zn), charac
teristic for hydrogenous sediments. However, the deposits display diagenetic frac
tionation of Fe from Mn. It is suggested that the replacement phenomena above the 
Mn-horizon, as well as the leaching effects and recrystallization have took place as a 
result of the epigenetic modification of the ores. Thermal waters along faults, have 
probably introduced additional amounts of Cu, Pb, Sr, parity and Ba.
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