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Abstract 

Purpose. This paper aims to understand the genesis and nature of the manganese ore deposits associated with the Ras Sam-

ra Member of the Um Bogma Formation in the southwest of Sinai. 

Methods. Mineralogical and geochemical studies of 50 selected samples of manganese ores and host shale have been con-

ducted. These samples have been taken from different sites representing the Ras Samra Member. 

Findings. The dominant manganese minerals are pyrolusite and hausmannite. In most samples, helvite and hematite are 

noted in association with pyrolusite. In the investigated manganese ores, wide ranges of MnO (17.70-81.90 wt. %) and Fe2O3 

(1.16-65.49 wt. %) concentrations are observed. Based on their Mn/Fe ratio, they can be classified into high-Mn ore content 

(76.94-6.46%), medium-Mn ore content (4.87-2.58%), and low-Mn ore content (1.51-0.30%). 

Originality. The compositions of major and trace elements in Ras Samra manganese ores, together with their textures and 

mineralogical compositions, suggest an epigenetic hydrothermal contribution for high-Mn ores, as well as syngenetic sedimen-

tary precipitation for medium- Mn and low-Mn ores. The epigenetic nature of the high-Mn samples may be related to a young-

er phase of hydrothermal activity associated with Tertiary basalt flows. Ore-bearing hypogene solutions, which penetrate the 

bedding planes, have impregnated and cemented non-diagenetic terrigenous sandstones and shale. 

Practical implications. In contrast to low-Mn ores, high-Mn and medium-Mn ores of Um Bogma are preferable for obtai-

ning a significant economic effect in the production of ferromanganese alloys. However, low-Mn ores need to be processed 

appropriately to achieve the desired quality in order to meet the present level of manganese demand in Egypt. 

Keywords: manganese ores, Um-Bogma Formation, geochemistry, genesis, X-ray diffraction, X-ray fluorescence analysis 

 

1. Introduction 

The manganese ore deposits are diverse in occurrence, 

mineralogical and geochemical composition. They occur in a 

great diversity of host rocks such as carbonate, siliciclastic, 

volcanic and metamorphic rocks, as well as range in age 

throughout geologic history. These variations reflect differ-

ences in the formation processes and depositional environ-

ments, which in turn, are a response to changes in the land-

ocean-atmosphere system over geologic time [1]. These 

deposits can be formed by one or more of four processes: 

1) hydrogenetic precipitation from cold ambient seawater; 

2) precipitation from hydrothermal fluids; 

3) diagenetic precipitation from sediment pore waters; 

4) replacement of rocks and sediments [2]. 

In addition, two mixed processes are assigned: 

5) hydrogenetic and hydrothermal precipitation;  

6) hydrogenetic and diagenetic precipitation. 

These six processes can produce five morphological 

types of Fe-Mn deposits: 

1) nodules and micronodules; 

2) crusts and pavements; 

3) cement and fracture-filling veins; 

4) mounds and chimneys; 

5) sediment-hosted strata-bound layers and lenses  

(Table 1). 

The vast majority of land-based manganese resources oc-

cur as extensive layers of manganese-rich sedimentary rocks, 

some of which were formed as long as 2.5 billion years ago. 

These rocks were formed on the ancient seabed and became 

part of the continents during the tectonic processes of uplift-

ing and continental accretion. They may have high enough 

manganese content to constitute the ores themselves, or they 

may be protores in which additional natural concentrating 

mechanisms have increased the manganese content enough 

to form commercial ores. A recent compilation of the chemi-

cal composition of the world’s sedimentary manganese de-

posits indicates that the average manganese content is about 

24%, and the iron content is 4.3% [3].  
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Table 1. Forms of emplacement, processes of formation, and depositional/precipitation environment of the manganese ore deposits in the 

Um Bogma region 

 Hydrogenetic Hydrothermal Diagenetic Replacement 
Hydrogenetic 

& hydrothermal 

Hydrogenetic 

& diagenetic 

Nodules 

Abyssal plains, 

oceanic plateaus, 

seamounts1 

Submerged 

calderas and 

fracture zones 

Abyssal plains, 

oceanic plateaus 

All areas 

(nodule nuclei) 

Submerged 

calderas 

Abyssal plains, 

oceanic plateaus1 

Crusts 
Midplate  

volcanic edifices2 

Active spreading 

axes, volcanic 

arcs, fracture 

zones, midplate 

edifices 

– 

Midplate edifices 

(crust substrate 

rock) 

Active volcanic 

arcs, spreading 

axes, off axis 

seamounts, 

fracture zones 

Abyssal hills 

Sediment-

hosted strata-

bound layers 

and lenses 

– 

Active volcanic 

arcs, large 

midplate volcanic 

edifices, sedi-

ment-covered 

spreading-axes 

Continental  

margins3 

Continental 

margins, volcanic 

arcs, midplate 

edifices 

– – 

Cements 
Midplate volcanic 

edifices4 

Active volcanic 

arcs, large  

midplate volcanic 

edifices5 

Midplate volcanic 

edifices4 

Volcanic arcs, 

midplate edifices 
– 

Midplate volcanic 

edifices4 

Mounds and 

chimneys 
– 

Back-arc basins, 

spreading centers, 

volcanic arcs 

– – – – 

1Less common on ridge, continental slopes, and shelves. 
2Some seamounts, guyots, ridges, and plateaus are present. 
3Fe and Mn carbonate lenses and concretions. 
4Mostly fracture and vein fill, and cemented volcanic breccia. 
5Mostly cemented breccia, sandstone and siltstone.  

 

However, many of the currently mined manganese ores 

have been enriched in manganese to a greater extent by 

present land surface processes, although they were common-

ly formed in rocks that were already rich in manganese. 

These secondary enrichment types of deposits, or supergene 

deposits, are formed due to some chemical reactions occur-

ring at a depth of tens of meters below the surface, with the 

redistribution of manganese on a local scale and the leaching 

of non-manganese components, which leads to residual 

manganese enrichment [4]. 

In Egypt, the major Fe-Mn mineralization occurs in two 

areas: Um Bogma on the south-western coast of Sinai and 

Elba in the southern part of the Eastern Desert. Additional 

small occurrences of ferromanganese ore deposits have been 

recorded in Mialik, Kalahin (Gebel Duwi), Wadi Abu Tarief, 

and Wadi Abu Shar. 

The economic development of the Um Bogma region is 

mainly associated with the mining of manganese ores from 

Um Bogma Formation. The Um Bogma iron-manganese 

deposit is a large stratiform manganese-iron-oxide ore body 

occurring in carbonate rocks of marine origin. It occurs at 

different levels in the form of layers, sheets, lenses and poc-

kets in the lower and middle members of the Um Bogma 

Formation. The ores consist of a heterogeneous mixture of 

iron and manganese oxides in various proportions [5]. 

Commercial mining of the Um Bogma ore began in 1918 

and continued regularly until 1967. The total tonnage, 

shipped in 1955, was about of 3300000 tons. In 1956, about 

240000 tons/annum of a shipping mixture containing 21.5% 

Mn, and 36% Fe was produced. 

Despite numerous previous studies, the origin of the  

Mn-Fe ore deposits of Um Bogma is still controversial. The 

present study introduces new mineralogical and geochemical 

data on Mn-Fe ore deposits from the Ras Samra Member of 

the Um Bogma Formation, along with the geochemical com-

position of host rocks. The results are discussed to under-

stand the nature and genesis of these Mn-Fe ore deposits. 

2. Geology and lithostratigraphy  

The Um Bogma region is situated in the southwest of  

Sinai, 20 km east of the Gulf of Suez and 30 km southeast of 

Abu Zeniema. It is bounded by 33°13'-33°31' E longitude 

and 28°48'-29°03' N latitude. It can be reached by an asphalt 

road that runs between the city of Abu Zenima and the tourist 

area of Sarabit El Khadim (Fig. 1) [6]. 

The Um Bogma region is mostly dominated by Paleozoic 

outcrops that rest on Precambrian basement rocks with some 

Triassic basalt flows (Fig. 1). Dolerite dykes associated with 

Tertiary volcanism (24.8 ± 1.5 m.y.) are also noted, penetrat-

ing the area in the NW-SE direction [7]. The Paleozoic out-

crops in the Um Bogma region are subdivided into six rock 

units based on their lithological composition, fossil contents, 

and field relationships [8], [9]. These include from base to 

top: Sarabit El Khadim, Abu Hamata, Nasib, Adedia, Um 

Bogma, and Abu Thora formations (Fig. 2). 

The entire Paleozoic succession rests unconformably on 

Precambrian basement rocks (Fig. 3a) and unconformably 

underlies the Triassic basalt sheets (Fig. 3b). The basement 

rocks comprise highly deformed gneisses, schists, and migma-

tites, which are intruded by high masses of old granitoids, 

younger pink granites, and post-granitic dykes [10]. Pink gran-

ites cover the highlands of the southern part of the study area.  

The Sarabit El Khadim Formation (11-20 m thick) begins 

at the base with compact gravely sandstone interbedded with 

muddy brownish sandstone, which grades upward into fine-

grained brownish and friable sandstone, followed by brow-

nish laminated, fine-grained sandstone containing thin lenses 

of conglomerate and fine white gravel sandstone. 
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Figure 1. Geologic and structural map of the Um Bogma region [6] 

 

Figure 2. General lithostratigraphy of the Paleozoic succession in 

the Urn Bogma area, west-central Sinai [8], [9] 

The Abu Hamata Formation (40-62 m thick) is a fine-

laminated, thin-bedded, yellowish-white to grey, fine-

grained sandstone, stained with green copper carbonates, 

containing spots, patches and encrustations of manganese 

oxides. This sequence gradually changes into grey, fine 

laminated and fissile shaly sandstone, also stained with 

green copper carbonate minerals intruded along their fissile 

planes. The upper boundary is characterized by a gradual 

change from shale to sandstone. 

 

Figure 3. Photographs: (a)basement granitic rocks unconforma-

bly overlain by Paleozoic rocks; (b) basalt sheets uncon-

formably overlie the Paleozoic Abu Thora Formation; 

(c) general view of the Paleozoic succession in the Um 

Bogma area; (d) Mn-Fe lenses overlain by shale layer 

The Adedia/Nasib Formation (30-82 m) is composed of 

sandstone and siltstone, which conformably overlie the Abu 

Hamata Formation. They are fine-grained with varying  

colors from white to yellow, massive, cross-laminated, with 

numerous sedimentary structures, such as tabular planar and 

trough cross-bedding. 

The Um Bogma Formation (6-41 m) unconformably 

overlies the Adedia/Nasib Formation and is also unconform-

ably overlain by the Abu Thora Formation (Fig. 3c). It is 

assumed that these unconformities are associated with tec-

tonic instability, accompanied by block faults and changes in 

paleogeography during the Carboniferous period. 

The Um Bogma Formation is composed of hard crystal-

line dolomite with some layers of limestone and marl. Based 

on lithology, it is subdivided into three members, from base 

to top these are: Ras Samra Member, El-Qor Member and 

Urn Shebba Membe [11]-[14] (Fig. 4). 

 

 

Figure 4. Lithostratigraphic subdivisions of the Um Bogma 

Formation [15] 
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The basal unit of the Um Bogma Formation, the Ras 

Samra Member, unconformably overlies the sandstone of the 

Adedia Formation. The thickness of this member differs 

from place to place, but its maximum section is 17 m at the 

entrance of Wadi Baba [16]. It is composed of hard, thick-

bedded, pink-brown and coarse crystalline dolomite and 

shale containing manganese-iron concretions (Fig. 3d) and 

lenses, as well as secondary copper minerals that fill its frac-

tures. Upwards, the middle El-Qor Member is composed of 

intercalations of yellowish marl and brown very hard mas-

sive marl dolomite and dolomitic limestone. The Upper Um 

Shebba Member conformably overlies middle marly dolo-

mite; it is composed of hard thick dolostone with sandy dolo-

stone in its middle parts. 

The Abu Thora Formation (33-60 m, up to 170 m at its 

type section) is subdivided into three formations from base to 

top: El Hashash, Magharet El Maiah, and Abu Zarab [17]. 

This series is composed of shale, siltstone, sandstone, kaolin, 

clay, and carbonaceous shale. Triassic basalt sheets (60 m 

thick) usually overlie the Abu Thora Formation in the south-

western parts of Sinai (Fig. 3b). 

3. Structure 

The Um Bogma region belongs to the Gulf of Suez tectonic 

province, where faults play the main role in its structural con-

figuration. In the south and west of central Sinai, the Carboni-

ferous rocks are primarily affected by normal faults, which are 

noted everywhere and vary greatly along the strike in the 

NNE-SSW direction, as well as in the NNW-SSE direc-

tion [18]. The prevailing trends of fault and joint systems in 

the west-central Sinai are the NNE and NNW directions [19]. 

The Um Bogma mining area is highly tectonized and af-

fected by different faulting trends, namely N-S, NNW-SSE, 

NE-SW, and ENE-WSW [20], [21]. The N-S set acquires 

major faults of the greatest extent, extending up to 16 km. The 

faults of this trend are of the normal listric type [20]. This is 

almost the same trend as the eastern border fault of the Gulf of 

Suez rift. Some of the Carboniferous sedimentary rocks in the 

Um Bogma region are subjected to young rift tectonics in the 

Late Cenozoic, resulting in the formation of faults parallel to 

the Suez Rift, extending in the NNW-SSE and NW-SE direc-

tions of sinistral and dextral movements, respectively [22]. 

The Phanerozoic sedimentary cover and the underlying 

basement rocks of the Um Bogma region are dissected by a 

large number of rejuvenated strike-slips, as well as normal 

faults of different trends and conjugated patterns. Based on 

field relationships, [23] has identified the following tectonic 

phases in the studied area: 

1. Post- and Pre-Cambrian tectonic phases are responsible 

for uplifting the Precambrian basement rocks prior to the dep-

osition of fluvial deposits of the Sarabit El Khadim Formation. 

2. The Syn-Sedimentary phase of the Intra-Cambrian 

fault resulted in the faulting of the Cambrian Sarabit El Kha-

dim and Abu Hamata formations before the deposition of the 

subsequent Adedia Formation. 

3. Post-Cambrian to Pre-Carboniferous faulting phase, 

leading to uplifting of the Cambrian succession prior to de-

position of the Lower Carboniferous Um Bogma Formation. 

In some places, the Um Bogma Carboniferous carbonates 

rest directly on the Precambrian basement rocks or on very 

much reduced thickness of the Cambrian clastic rocks. 

4. Intra-Lower Carboniferous fault phase, continuing the 

development of the lower dolostone ore member (Ras Samra 

Member) of the Um Bogma Formation and the fossiliferous 

marly dolostone-siltstone member (El-Qor Member). This 

tectonic phase was probably responsible for uplifting the 

central part of the study area. During this tectonic phase, the 

uplifted areas are dominated by paleokarstification; while in 

the north-western corner of the Um Bogma region, Wadi 

Khaboba and Gebel Nukhul are dominated by continuous 

marine deposits. 

5. The Post-Carboniferous fault phase is responsible for 

uplifting of the entire Paleozoic strata. Probably, the volcanic 

eruptions occurred during this tectonic phase. 

6. A young fault phase is responsible for overlaying 

Paleozoic, Mesozoic, and Tertiary successions on each other 

and on Precambrian basement rocks. 

4. Mineralization 

Based on paleomagnetic studies [15], the Mn-Fe ore in 

the Um Bogma Formation and its host rocks are deposited 

during the Carboniferous. The manganese-iron deposits are 

more widespread in the Um Bogma region and are not li-

mited to only three members of the Urn Bogma Formation. It 

is noted at different stratigraphic levels of the area and usual-

ly has sharp contact with the host rocks. However, the main 

Mn mineralization is closely associated with Ras Samra 

Member of the Um Bogma Formation. In the south-eastern 

part of the Um Bogma area, where dolostones of the Urn 

Bogma Formation are absent, the Mn-Fe horizon of deposits 

occupies the stratigraphic level of the Ras Samra Member 

and becomes a marker separating the overlying and underly-

ing sandstone series. In this area, Mn-Fe ores are hosted in a 

thin ferruginous silty shale layer, conformable with lower 

and upper sandstones, with an average thickness of about 

0.8 m (Fig. 3d). Most of the host shale is deposited in the 

Pre-Carboniferous period on an erosion surface existing 

between the Adedia Formation and the Urn Bogma For-

mation [13], [24]. The change in the shale thickness is main-

ly attributed to its bending, contortion and soft flow under 

the overload pressures of the overlying massive dolostones 

and sandstone series. 

The manganese ores of the Ras Samra Member are mainly 

concentrated in the form of stratiform lenticular bodies. They 

occur as a series of disconnected lenses about 2-3 m thick. 

This main ore horizon occurrence is exploited in a strip ex-

tending from the SW to the NE. Manganese lenses are verti-

cally changed into more iron-rich ores or surrounded by iron 

ores. In many occurrences, manganese lenses are completely 

separated from the iron ore. 

Upwards, manganese-iron deposits are noted at several 

stratigraphic levels within the El-Qor and the Urn Shebba 

members. These ore bodies have more regular sheet-like 

shapes with a transition to thin detrital facies. 

The vein-like type occurs in two places, namely Zobeir 

and Dakran areas. These ore deposits seem to be associated 

with fissures and faults. At Dakran, a fissure about 0.3 m 

wide cuts across the hard dolostones of the Ras Samra 

Member and is connected to the underlying ore pocket. The 

vein extends for about 4 m vertically. In the Zobier area, the 

vein thickness is about 0.4 m, and it extends for about 3 m 

normal to the bedding planes. The host rock is a mangani-

ferous mudstone replacing the lower dolostones of the Urn 

Bogma Formation. Disseminated ore bodies sometimes fill 

the network of fractures in the pink dolostones of the Ras 

Samra Member. 
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5. Analytical techniques 

More than 50 samples of Mn ores and host shale are col-

lected from different sites, which represent the Ras Samra 

Member of the Um Bogma Formation in its type section in 

the southwest Sinai. The compositions of manganese ores are 

determined by the X-ray diffraction (XRD) technique using a 

(PW 3710 Based) diffractometer with Cu-K radiation 

(λ = 1.78 Ǻ) at the Egyptian Mineral Resources Authority 

(EMRA) Central Laboratories. The main elemental analyzes 

of 39 rock samples of Mn ores and host shale are conducted 

in the Sinai manganese company (SMC) laboratories. Trace 

elements for 12 representative samples of high-Mn ores and 

their host shale are determined using the X-ray fluorescence 

(XRF) technique in the Central Laboratories of Nuclear Ma-

terials Authority of Egypt. Besides, ten representative pol-

ished samples of Mn ores are examined using a reflected 

light microscope to recognize their diagnostic textures. 

6. Results 

6.1. Ore mineralogy 

The XRD analyses of the studied samples reveal that the 

pyrolusite (MnO2) and hausmannite (Mn3O4) are the domi-

nant Mn-minerals (Fig. 5). 

 

 

Figure 5. X-ray charts for the mineralogy of some Um Bogma Mn-ore samples  

Minor amounts of helvite [Mn4(BeSiO4)3·S] associated 

with pyrolusite are also recorded. Hematite is usually asso-

ciated with pyrolusite and hausmannite in most of the studied 

ore samples. It can constitute the main component in some 

ore samples. Bobierrite [Mg3(PO4)2·8 H2O] and melilite 

[(Ca,Na)2 (Al, Mg, Fe2+)(Al, Si)SiO7] are integral minor 

gangue minerals. Petrographic studies reveal that pyrolusite 

occurs as massive white to light brown fine-grained aggre-

gates associated with gangue minerals. It usually has a cha-

racteristic colloform (crustiform bands) and radiant textures 

(Fig. 6a, b) sometimes including cavities. Late cross-cutting 

veinlets are also observed in most samples (Fig. 6b, c). 

Hausmannite occurs as coarse-grained massive crystals 

from light to dark grey in color. It usually represents either 

the primary phase, later corroded by hematite (Fig. 6d), or 

the second phase, formed at the expense of hematite 

(Fig. 6e). In some samples, hausmannite exhibits spherical 

core-shell clusters (Fig. 6f). 

6.2. Geochemistry 

Chemical analyses of manganese ores and host shale are 

listed in Table 2. 

According to [25], the studied manganese deposits can be 

chemically classified based on their Mn/Fe ratios into  

three types: high-Mn ore (6  Mn/Fe), medium-Mn ore 

(2 < Mn/Fe < 6) and low-Mn ore (Mn/Fe < 2). The high-Mn 

Um Bogma ores are characterized by elevated Mn/Fe ratios 

up to 76.94 (Table 2) with an average value of 22. They have 

elevated values of Zn (average = 2828 ppm), V (average = 

886 ppm), Pb (average = 774 ppm), Cu (average = 289 ppm), 

Co (average = 292 ppm), and Ni (average = 174 ppm). The 

medium-Mn and low-Mn ores have Mn/Fe ratios ranging 

from 2.2 to 4.4 and 0.3-1.5, respectively. Statistically, Mn % 

in the analyzed Mn-ores shows a strong negative correlation 

with Fe % (Fig. 7a). 

On the other hand, it exhibits positive correlations with 

Pb % in the high-Mn ores (Fig. 7b). Samples with high, me-

dium, and low manganese content are distinguished on the 

ternary plot (10·MgO-Fe2O3-MnO2) that has been introduced 

by [26] (Fig. 8a). The high-Mn samples predominantly plot 

in the field identified as terrestrial hydrothermal (I), while the 

low- and medium-Mn ores fall within and near the hydroge-

netic marine zone (III and IV). However, all the present 

samples are outside the weathering zone (II, Fig. 8a). In 

Figure 8a, zones I, II, III, and IV are hydrothermal terrestrial, 

supergene terrestrial, hydrogenetic marine, and hydrogenetic 

freshwater zones, respectively. 

The plot of Co + Ni values versus (Zn + V + Cu + Pb + Mo) 

values indicates that high-Mn-ores are located in the hydro-

thermal zone (Fig. 8b). 

https://en.wikipedia.org/wiki/Calcium
https://en.wikipedia.org/wiki/Sodium
https://en.wikipedia.org/wiki/Aluminium
https://en.wikipedia.org/wiki/Magnesium
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Aluminium
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Silicon
https://en.wikipedia.org/wiki/Oxygen
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Table 2. Major and trace element analyses of the manganese ores and the hosting shales 

Area Um Rinna   Zobeir mountain   Abu Zarab 

Ore type High- Mn ore  High-Mn ore  Low-Mn ore   Medium-Mn ore 

S. No. S1 S2 S3 S4 S5  S6 S7 S8 S9 S10  S11 S12 S13 S14  S15 S16 S17 

MnO 67.50 65.86 62.40 69.09 67.40  62.67 68.55 68.37 80.60 76.70  31.98 43.89 17.70 45.93  54.30 54.42 54.36 

Fe2O3 5.71 6.01 10.70 8.72 7.87  8.58 6.86 7.48 1.16 1.84  46.48 37.75 65.35 33.82  23.34 20.95 19.59 

CaO 6.55 5.06 6.01 4.41 4.91  4.95 4.95 6.14 4.86 4.51  3.73 4.39 2.96 4.25  4.34 5.14 4.33 

MgO 1.93 1.70 2.35 1.41 1.51  1.56 1.40 1.88 1.46 1.32  1.11 1.48 1.08 1.25  1.30 1.69 1.31 

SiO2 6.40 4.16 6.31 7.14 4.42  7.11 5.89 4.22 4.94 5.80  4.70 4.95 3.07 9.06  10.33 9.84 8.72 

Al2O3 6.59 7.81 6.56 5.28 6.29  7.05 4.85 5.16 5.31 4.76  4.47 4.46 3.09 4.21  4.39 5.59 5.58 

K2O 0.53 0.62 0.45 0.36 0.41  0.41 0.41 0.39 0.41 0.38  0.33 0.45 0.24 0.35  0.34 0.38 0.42 

P2O5 0.99 0.73 0.88 0.70 0.85  0.79 0.81 0.85 0.80 0.74  0.61 0.80 0.52 0.69  0.67 0.68 0.70 

Na2O 0.56 0.50 0.56 0.43 0.52  0.53 0.53 0.44 0.45 0.42  0.34 0.43 0.27 0.43  0.46 0.46 0.39 

Total 96.76 92.44 96.21 97.54 94.17  93.66 94.25 94.93 99.99 96.47  93.76 98.60 94.29 100.0  99.48 99.15 95.40 

Mn % 52.28 51.01 48.33 53.51 52.19  48.54 53.09 52.95 62.42 59.40  24.77 33.99 13.71 36.35  42.06 42.15 42.10 

Fe % 3.99 4.20 7.48 6.10 5.50  6.00 4.80 5.23 0.81 1.29  32.51 26.40 45.71 24.00  16.32 14.65 13.70 

Mn/Fe 13.09 12.14 6.46 8.77 9.49  8.09 11.06 10.12 76.94 46.16  0.76 1.29 0.30 1.51  2.58 2.88 3.07 

Zn 4400 – 4176 – –  – – – 2472 2856  – – – –  – – – 

V 1635 – n.d – –  – – – 100.7 319.0  – – – –  – – – 

Cu 540.0 – 117.6 – –  – – – 257.6 92.80  – – – –  – – – 

Co 335.0 – 797.9 – –  – – – 286.0 185.7  – – – –  – – – 

Pb 340.5 – 275.5 – –  – – – 1310 1106  – – – –  – – – 

Ni 167.5 – 119.3 – –  – – – 245.7 135.1  – – – –  – – – 

Cr n.d – n.d – –  – – – n.d n.d  – – – –  – – – 

Mo n.d – n.d – –  – – – n.d n.d  – – – –  – – – 

Co/Zn 0.08 – 0.19 – –  – – – 0.12 0.07   – – – –  – – – 

Table 2. Continued 

Area Abu Hamata  No. 10  Abu Hamata  No.10 

Ore type High-Mn ore  Medium- 

Mn ore 
 High- 

Mn ore 
 Medium-Mn  

ore 
 Low-Mn  

ore 
 Shale 

S. No. S18 S19 S20 S21 S22 S23  S24 S25  S26 S27  S30 S31 S33  S29 S28 S32  H3 H4  H5 H6 

MnO 69.88 75.96 81.90 72.52 80.70 66.54  66.09 65.02  67.02 71.74  54.92 62.99 55.08  42.02 21.10 24.23  0.27 0.54  1.05 0.22 

Fe2O3 5.15 4.29 1.95 5.69 1.33 9.37  15.02 18.30  7.58 6.01  13.79 16.16 27.31  42.90 65.49 60.06  15.00 14.70  19.40 15.60 

CaO 6.84 5.05 3.87 5.23 4.50 4.22  4.38 4.21  5.16 5.95  4.92 6.64 5.65  4.62 3.19 3.38  3.32 3.48  5.10 8.48 

MgO 1.45 1.41 1.06 1.48 1.26 1.29  1.58 1.50  1.47 1.66  2.81 1.90 1.89  1.36 0.90 0.97  2.00 2.57  1.63 3.62 

SiO2 6.41 5.29 5.53 4.63 3.81 8.17  8.67 6.45  5.88 0.57  8.52 3.41 0.19  0.16 0.92 1.27  64.38 60.89  55.31 53.44 

Al2O3 5.31 5.37 3.87 5.87 4.84 4.94  2.27 2.50  5.71 6.11  5.93 5.42 4.88  4.33 3.15 4.95  13.72 16.98  17.02 18.13 

K2O 0.43 0.61 0.31 0.43 0.37 0.38  0.39 0.44  0.47 0.55  0.38 0.38 0.42  0.37 0.27 0.29  0.56 0.38  0.46 0.28 

P2O5 0.65 0.42 0.31 0.45 0.43 0.40  0.45 0.48  0.87 0.93  0.68 0.72 0.79  0.81 0.53 0.56  0.54 0.62  0.66 0.43 

Na2O 0.41 0.44 0.32 0.86 0.39 0.48  0.48 0.42  0.51 0.82  0.53 0.37 0.69  0.57 0.27 0.35  0.37 0.34  0.33 0.28 

Total 96.52 98.84 99.13 97.18 97.62 95.79  99.34 99.33  94.66 94.35  92.46 97.98 96.90  97.14 95.83 96.05  100.2 100.5  101.0 100.5 

Mn % 54.12 58.83 63.43 56.17 62.50 51.54  51.18 50.36  51.90 55.56  42.53 48.78 42.65  32.54 16.34 18.77  – –  – – 

Fe % 3.60 3.00 1.36 3.98 0.93 6.55  10.50 12.80  5.30 4.20  9.64 11.30 19.10  30.01 45.81 42.01  – –  – – 

Mn/Fe 15.03 19.61 46.51 14.11 67.19 7.87  4.87 3.93  9.79 13.23  4.41 4.32 2.23  1.08 0.36 0.45  – –  – – 

Zn – – 1720 – 1344 –  – –  – –  – – –  – – –  336.0 285.6  538.4 403.2 

V – – 1452 – 1812 –  – –  – –  – – –  – – –  306.2 762.5  310.5 185.4 

Cu – – 352.0 – 376.8 –  – –  – –  – – –  – – –  58.2 460.0  77.6 88.0 

Co – – 150.9 – 120.0 –  – –  – –  – – –  – – –  317.6 402.1  384.7 321.5 

Pb – – 505.4 – 1106 –  – –  – –  – – –  – – –  137.7 142.6  165.9 109.6 

Ni – – 247.3 – 128.0 –  – –  – –  – – –  – – –  89.3 106.7  154.8 150.9 

Cr – – n.d – n.d –  – –  – –  – – –  – – –  534.5 436.6  1122 151.6 

Mo – – n.d – n.d –  – –  – –  – – –  – – –  n.d n.d  n.d n.d 

Co/Zn – – 0.09 – 0.09 –  – –  – –  – – –  – – –  – –  – – 

 

The host shale samples show high concentrations of Cr 

(152-1122 ppm), Co (318-402 ppm), Zn (286-538 ppm), Pb 

(110-166 ppm), and Cu (58-460 ppm) (Table 2). Average values 

of high-manganese ores and their associated shales were nor-

malized to average crustal values (North American Shale Com-

posite, NASC) from [27] (Fig. 8c). The presentation of normal-

ized major and trace elements (Sample/NASC) of the studied 

samples indicates a strong enrichment of high-manganese ores 

and host shale in some elements such as Mn, Zn, V, Co and Pb. 

7. General discussion 

7.1. Ore genesis 

The Um Bogma manganese deposits were discovered 

by [28] and since then, they have been studied and  

described by many geologists. Two main theories have 

been put forward to explain its origin, these are the hydro-

thermal activity [5], [24], [29]-[32] and the sedimentary 

marine deposition [11], [15], [33]-[38]. 
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Figure 6. Photomicrographs: (a) colloform pyrolusite in high-Mn 

ore; (b) radiant pyrolusite intersected by pyrolusite vein-

lets in high-Mn ore; (c) different paragenetic phases of 

pyrolusite; (d) coarse-grained hausmannite replaced 

later by hematite; (e) hausmannite replaces the pre-

existing hematite from cores and rims; (f) spherical 

hausmannite aggregates with core-shell structure. Note: 

Py is pyrolusite, Bob is Bobierrite, Haus is Haus-

mannite, and Hm is hematite 

The former is based on two factors: 

1) the close spatial relationship of Mn-Fe ore with the 

crosscutting dykes and faults, as well as the thickening of the 

ore body near these faults; 

2) the presence of hausmannite and manganite as an in-

dicator of hydrothermal activity. The latter, sedimentary 

origin, is attributed to the occurrence of penecontempora-

neous dolomite, geochemical differentiation between Mn 

and Fe, stratigraphic control of ore bodies, and distribution 

of trace elements. 

According to [39] the Mn/Fe ratio in hydrothermal  

deposits is higher than 10 or less than 0.1, while in hydro-

genetic deposits it is almost equal to 1. Higher or lower 

values of Mn/Fe ratios are indicators of intense differentia-

tion and segregation of these two elements in sedimentary 

environments and therefore reflect the hydrothermal origin 

of these deposits [5], [40]. The Mn/Fe ratios of the studied 

Mn-ores vary over a wide range (0.3-1.51 of average 

equals to 0.8 for low-Mn ore, 2.23-4.87 of average value of 

3.5 for medium-Mn ore, and 8.09 to 77 of average value of 

23 for high-Mn ore). Such wide ranges indicate that  

the mineralization is hydrogenetic in origin for both  

low- and medium-Mn samples and may be hydrothermal 

for high-Mn samples. 

The Co/Zn ratio in the analyzed samples can be used to 

distinguish between the deposits of hydrothermal and hydro-

genetic types [41], where the Co/Zn ratio of 0.15 indicates a 

deposit of hydrothermal type, while the ratio of 2.5 indicates 

the deposits of hydrogenetic type. The Co/Zn ratios of the 

studied high-Mn samples range from 0.01 to 0.19 with an 

average value of 0.09, which is close to the Co/Zn ratio for 

hydrothermal manganese deposits.  

        (a)          (b)        (c) 

 

Figure 7. Variation diagrams for: (a) Mn % versus Fe % in Mn ores of the Ras Samra Member; (b) Mn % versus Pb in high-Mn ores of 

the Ras Samra Member; (c) Mn % versus Ni in high-Mn ores of the Ras Samra Member 

  (a)                (b)      (c) 

 

Figure 8. Classification diagrams: (a) (10·MgO-Fe2O3-MnO2) ternary plot of Mn-ore deposits of the Ras Samra Member [26]; (b) Co + Ni 

versus (Cu + Mo + Pb + V + Zn) binary diagram for high-Mn ore deposits [42]; (c) NASC-normalized major and trace element 

patterns for high-Mn ore deposits and their host shales [27]  
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This is compatible with petrographic studies of  

high Mn-ores, which indicate that pyrolusite commonly 

displays primary hydrothermal colloform and radiant  

textures (Fig. 6a, b). 

The presence of hausmannite (Fig. 6d-f) also suggests a 

hydrothermal origin for these manganese oxides [43]. Fur-

thermore, the enrichment of the studied Mn-ores and host 

shale in Zn, Cu, V and Pb reflects the composition of the 

Mn-bearing hydrothermal fluids [43]-[45]. In addition, a 

strong negative correlation between the percentages of Mn 

and Fe (r = -0.98) suggests their precipitation under different 

environmental conditions, where fractionation occurs be-

tween these two elements during their formation [46]. Alt-

hough the behavior of Fe and Mn is very similar, Mn is more 

mobile than Fe, especially in sedimentary environments [47]. 

Accordingly, Fe precipitates earlier than Mn, so they are 

differentiated and segregated from each other [5]. However, 

the regional occurrence of the scattered lenses of manganese 

and iron oxides in the same stratigraphic horizon of the Ras 

Samra Member of the Um Bogma Formation suggests con-

temporaneous formation of oxides in response to one com-

mon set of sedimentary conditions [48]. Moreover, the pres-

ence of manganese deposits in the form of well-defined 

lenses of considerable lateral continuity, parallel to bedding, 

suggests its formation as sediment. This interpretation is 

supported by high Co concentrations (120-798 ppm) in  

Mn-rich samples, which are considered an indicator of  

marine sedimentary environments [42]. This evidence points 

to a syngenetic sedimentary formation of the Ras Samra 

manganese deposits with a later epigenetic hydrothermal 

supply of most of its components followed by diagenetic 

recrystallization of the ore and gangue minerals [48]. This 

hydrothermal replacement and impregnation can be ex-

plained by the extensive activity of hypogenetic solutions 

associated with Tertiary basalt [49]. 

The elevated Ni, Cu, Zn and Pb content in the high-Mn 

ore suggests the presence of sulphides in the source  

area [50]. This is consistent with the presence of helvite in 

the Um Bogma Mn-ores. Subsequent leaching of these sul-

phides will affect the composition of manganese-bearing 

hydrothermal fluids [43]. 

7.2. Economic potentiality 

The world reserves of manganese ores are about 630 mil-

lion metric tons, and the annual global consumption is about 

16 million metric tons. The rapid expansion in the world and 

Egyptian steel industry in recent years has increased the 

demand for the important ferromanganese alloy, necessitat-

ing an increase in the domestic reserves of these Mn-Fe ores. 

The total reserve of manganese ores in Um Bogma has been 

estimated at about 1.7 million tons [5]. 

Manganese is an essential metal for the production of 

most types of steel, where it increases its strength, toughness, 

hardness, and hardenability. It is added to steel or cast iron in 

the form of ferromanganese alloy [51]. Although the required 

amount of manganese to produce a ton of steel is small, rang-

ing from 6 to 9 kg/ton, it is an indispensable component in 

the production of this fundamental material [52]. Manganese 

is also important in the production of cast iron [53]-[56]. 

Non-metallurgical applications of manganese include dyes, 

paints, battery cells, glass, and the textile industry. The man-

ganese oxide has also been used for environmental purposes 

such as water and wastewater treatment [57]. 

The manganese oxides in manganese ores can be reduced 

to ferromanganese with carbon using heat supplied from 

carbon combustion in a Blast Furnace and electric power 

from Submerged Electric Arc Furnaces [58]. The reduction 

of manganese ore occurs in two successive stages. At the 

first stage, a gaseous reduction of iron and manganese oxides 

to FeO and MnO by CO is carried out in the solid state. At 

the second stage, direct reduction of MnO and FeO is per-

formed by carbon to obtain metallic Mn and Fe. The com-

pleteness of the gaseous reduction affects directly the eco-

nomics of the production process by increasing the efficiency 

of the carbonaceous reducer and decreasing the electric pow-

er consumption [51], [54]. It has been revealed that the re-

duction rates for high- and medium-Mn ores are higher com-

pared to low-Mn ores. The authors attributed this to higher 

porosity and higher available oxygen compared to other low-

Mn ore samples. The iron content of manganese ore decreas-

es as its manganese content increases, and consequently 

oxygen available for its pre-reduction increases. The high 

oxygen available for the pre-reduction stage can lead to an 

important exothermic effect in the pre-reduction zone of the 

furnace, resulting in lower electric power consumption. 

Moreover, the higher ore porosity may be due to more com-

plete reactions between manganese oxides and CO gas. 

The present geochemical analyses indicate that surface 

Mn-deposits, associated with the Ras Samra Member of the 

Um Bogma Formation typically, consist of high-, medium, 

and low-Mn ores. Accordingly, high- and medium- Mn ores 

can be economically promising deposits. 

New investment in Um Bogma Mn-ores can be stimulated 

by upgrading the low-Mn ores using magnetic separation and 

acid bleaching as a method for beneficiation [53], [59]. It is 

also important to know the sub-surface nature of the ore to 

assess its potential [60]. The Ras Samra Mn-ores are described 

as stratiform deposits of variable thickness extending to great 

depths. Thus, deep vertical boreholes can be drilled in the ore 

body to assess its subsurface extension and potential [60]. 

The iron associated with Um Bogma manganese also is 

also of economic importance as a by-product of manganese 

extraction. 

8. Conclusions 

The main Mn-Fe ore deposits in the Um Bogma region 

primarily belong to the Ras Samra Member of the Um Bogma 

Formation. Mineralization occurs primarily in the form of 

stratiform lenticular ore bodies of lateral strike, enclosed in 

shale. In addition, ore bodies are present in the form of no-

dules, lenses, mounds, and chimneys at different lithostrati-

graphic levels of the Um Bogma section and overlying for-

mations. Manganese ores generally have high-, medium-, and 

low-Mn concentrations with relatively high, medium, and low 

Mn/Fe ratios (6.46-76-94, 2.2-4.4, and 0.3-1.5, respectively). 

The data on major and trace elements have revealed that 

high-manganese ores in the study area were probably formed 

from hydrothermal solutions, while medium- and low-Mn ores 

are predominantly of hydrogenetic-marine origin. Tertiary 

volcanic activity is a possible source of these hydrothermal 

Mn-ores. The high-and medium-Mn ore deposits in Ras Samra 

Member have potential as a raw material for the steel industry. 

On the other side, appropriate processing of low-Mn ores is 

necessary to achieve the desired quality, corresponding to the 

current level of manganese consumption in Egypt. 
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Геологія, мінералогія та геохімія родовищ марганцевої руди формації Ум-Богма 

в південно-західному Синаї, Єгипет: можливі наслідки генезису 

Ш. Ель-Шафей, Ф. Рамадан, М. Есаві, А. Хенайш, Б. Набаві 

Мета. Вивчення генезису та природи родовищ марганцевої руди, пов’язаних із пачкою Рас-Самра формації Ум-Богма на пів-

денному заході Синаю на основі комплексу мінералого-геохімічних досліджень. 

Методика. Проведено мінералого-геохімічні дослідження 50 відібраних проб марганцевих руд і вміщуючих сланців. Ці зразки 

були взяті з різних ділянок, що становлять пачку Рас Самра. Використані методи рентгенівської дифракції (XRD) та рентгенофлуо-

ресцентного аналізу (XRF). 

Результати. Встановлено, що домінуючими марганцевими мінералами є піролюзит і гаусманніт. Виявлено, що у більшості 

проб відзначаються гельвіт та гематит у поєднанні з піролюзитом. Встановлено, що у досліджуваних марганцевих рудах спостері-

гаються широкі діапазони концентрацій MnO (17.70-81.90 мас. %) і Fe2O3 (1.16-65.49 мас. %). Рекомендовано за співвідношенням 

Mn/Fe їх можна класифікувати на руди з високим вмістом марганцю (76.94-6.46%), руди із середнім вмістом марганцю (4.87-2.58%) 

і руди з низьким вмістом марганцю (1.51-0.30%). 

Наукова новизна. Вперше виявлено, що склади основних елементів і мікроелементів у марганцевих рудах Рас-Самра разом із 

їх структурою та мінералогічним складом припускають епігенетичний гідротермальний внесок до руд з високим вмістом марган-

цю, а також сингенетичні осадові відкладення до руд із середнім і низьким вмістом марганцю. 

Практична значимість. Для отримання значного економічного ефекту при виробництві феромарганцевих сплавів перевагу на-

дають високомарганцевим і середньомарганцевим рудам Ум-Богми на відміну від низькомарганцевих руд. Проте руди з низьким 

вмістом марганцю необхідно обробляти відповідним чином для досягнення бажаної якості, щоб задовольнити поточний рівень 

попиту на марганець у Єгипті. 

Ключові слова: марганцеві руди, формація Ум-Богма, геохімія, генезис, рентгенівська дифракція, рентгенофлуоресцентний аналіз 


