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Abstract: During the orogeny stage (Pan-African orogeny) in southern Sinai a pronounced phase of cal-

alkaline magmatic activity, represented by the emplacement of G-2 and G-3 granites and the eruption of 

their volcanic equivalents (Dokhan – Hammamat series). The eruption of the calc-alkaline Dokhan 

volcanics and the belief that these volcanic rocks represent the surface expression of the clac-alkaline 

granite represent an ideal environment for the genesis of the porphyry deposits, this idea was supported by 

the prevailing minerals assemblages (1) Chalcopyrite-pyrite (2) Chalcopyrite-pyrite-bornite with minor 

molybdenite (3) pyrite-energite-marcasite-chalcocite (4) calcocite-covellite-bornite, (5) malachite-azurite-

cuprite- chrysocolla, (6) sphalerite-galena-tetrahedrite±silver. The porphyry ore mineralization transition to 

epithermal type mineralization characterized by mineral assemblages of, (1) Pyrite-quartz; (2) chalcopyrite-

covellite-bornite and (3) Galena-sphalerite-chalcopyrite. 

Later swarm dykes were deformed and the basic to intermediate composition dykes were fractured and 

veined in to the country rocks. The dykes swarm has disseminated sulphide and copper mineralization. This 

model is similar to that commonly put forward for the development of porphyry copper deposits.  

 
Keywords: Pan-African orogeny, southern Sinai, Dokhan – Hammamat series, minerals assemblages, porphyry 

deposits and epithermal mineralization.  

 
INTRODUCTION 
The  past  decade  of  research  in  magma-hydrothermal systems in volcano-plutonic arcs has focused  on  

active  geothermal  systems  as  analogs for  ore-forming  systems  and  on  the  potential genetic  links  

between  relatively  deep-seated porphyry  Cu-(Au)  deposits  and  volcanic-hosted epithermal  precious  

metal  deposits.  These  and other  deposit-types,  such  as  base-  and  precious-metal  skarns,  replacement  

bodies,  and  veins  form part  of  large  magma-hydrothermal  systems  that occur in the upper 5 km of the 

Earth's crust.   

The Kid Metamorphic Complex (KMC; Eliwa et al., 2008) represents a volcano-sedimentary succession of 

island-arc character (Shimron, 1980) that underwent polyphase deformation and low pressure 

metamorphism, ranging in grade from greenschist facies in the south to amphibolite facies in the centre and 

the north (Shimron, 1980; Furnes et al., 1985; Blasband et al., 1997, 2000; Brooijmans et al., 2003). El 

Samra area constitutes the southern part of the KMC. El Samra area of the late Proterozoic Kid belt in 

Southeastern Sinai is  a  metallogenic  province  enclosing  important types  of  the  copper  and  gold  

reserves  of  the Egyptian  continent,  and  hosting  important porphyry  Cu-Au,  epithermal  Cu-Au  

deposits. Mineralization of El Samra  area were studied by many authors; 

El Shazly et al. (1955) reported that the staff of mines department and the geological survey encountered Cu 

mineralization at several localities in Sinai. The most promising are Regeita, Samra, Abu Nimran, and 

Sarabit followed by Suweira, Bathat, Um Rebei, Feiran, Rhaba, and others. The Cu deposits in Sinai can be 

distributed into two groups: firstly, those occur in the sedimentary rocks and secondly in pre-Cambrian 

basement rocks.  Soliman and Dardir (1990) described briefly the copper mineralization at Tarr area in the 

southern part of Wadi Kid, Southern Sinai, and mentioned that secondary copper occurrences with 

malachite and chrysocolla are known in the area. Copper values range from 1.6% up to 3.8%, Cu in Gabal 

Tarr, Wadi Ghurabi extended to Gabal Sabbagh, El Hatamiya, and Wadi Samra.  
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Khalifa et al. (2011) the base metal sulphide mineralization in the metavolcanics of Samra-Tarr area is 

epigenetic, formed by hydrothermal solutions associated with subduction-related volcanic activity. Soliman 

et., al. (1996) similar to that of Um Samiuki type mineralization occurring in the Eastern Desert of Egypt. 

Hegazi et. al. 1998 the investigation of Sulphide mineralization at Khashm El-Fakh area represented by 

epigenetic hydrothermal origin.   

This contribution aims to study the poorly documented the mineralogy character of El Samra area 

mineralization, and to document the salient petrological and minerals assemblage features of these 

Neoproterozoic mineralization. The genetic interpretation of the examination results, used to clarify genetic 

questions.  

REGIONAL GEOLOGY 

The (Meta) sediments and (Meta) volcanics of the Wadi Kid area have been assembled into four broadly 

accepted stratigraphic units: the Malhaq Formation, the Um Zariq Formation, the Heib Formation and the 

Tarr Complex Fig (1). 

The Malhaq Formation. comprises a series of volcanic of silicic, intermediate and minor basic 

composition. These include vesicular lavas, breccias, coarse pyroclastics and finely bedded tuffs, and 

sediments derived from them, mainly conglomerates, pebbly greywackes and pelites. Less common are 

graphitic metapelites and impure carbonates and limy mudstones.  

Um Zariq Formation. The Um Zariq metasediments composed of graphitic phyllites and mica schists with 

porphyroblasts of biotite, garnet, cordierite, staurolite and andalusite. These originally quartz-rich aluminous 

metapelites and metapsammites are interbedded with plagioclase-rich lithic metagreywackes, related 

metatuffs and minor lavas of silicic and intermediate composition that are similar to units in the Malhaq 

Formation.  

Heib Formation. This is a thick sequence of subaerial silicic to intermediate porphyritic volcanics. Silicic 

volcanics (typically rhyolites) dominate and include lavas, ignimbrites and lapilli tuffs.  

Beda Turbidites and Kid Conglomerate. Beda Turbidites is a conspicuous member within the Heib 

Formation constitutes a thick sequence of turbiditic slate with graded tuff or greywacke interbeds. They 

form a NE trending belt that divides the Heib Formation into two parts. Kid Conglomerate form a 

continuous NE-trending thick belt ( ̰ 800 m) crossing the mapped area, and are polymictic is thick lenses of 

cobble and boulder conglomerate with coarse volcanogenic sandstone intervals. The gravels of the 

conglomerates are derived particularly from the silicic volcanites of the Heib Formation, though there are 

some granitoid clasts with well rounded to flattened metavolcanic and metasedimentary clasts (up to 1 m 

length) embedded in a finer grained tuffeceous matrix. 

GEOLOGY OF EL SAMRA AREA 

According to El Gaby et a1 (1991), the area of El Samra is occupied by Dokhan volcanic and Hammamat 

sediments intruded by younger granites and albitite.  

The Dokhan volcanic in the area under consideration are separated into (a) older Dokhan volcanic of 

intermediate compositions, and (b) younger Dokhan volcanic of rhyolitic composition. 

The two subunits are separated by a time interval of considerable magnitude during which deposition of the 

Hammamat sediments.  

The older Dokhan volcanic:-  The older Dokhan volcanics constitute a thick and well bedded succession of 

pyroclastics interbedded with volcanic sheets attaining about 2000 m in thickness. The pyroclastics include 

crystal-tuffs, crystal-lithic tuffs, and lapilli tuffs. The volcanic sheets are less abundant than the pyroclastics 

and are represented by prophyritic andesite and less abundant porphyritic dacite.  

Pyroclastics. This part is showing dark grey, gray, light grey, bluish grey and grayish green color. The hand 

specimens are hrad and massive, sometimes foliated.  

Crystal tuffs comprise the- dacitic crystal tuffs: they are composed of hypidiomorphic plagioclase and quartz 

crystals and crystal fragments and glass shards, rock fragments are rarely observed. b- rhyolitic crystal tuffs: 
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they are composed of crystal and crystal fragments of plagioclase, quartz and less abundant potash-

feldspars. 

Crystal lithic tuffs comprises the a- andesite crystal-lithic tuffs: They are composed of angular to sub-

angular andesite, basalt and dacite fragments together with variable amounts of plagioclase and quartz 

crystal fragments. b- basaltic crystal-lithic tuffs: They are composed of angular to sub-angular basalt and 

andesite fragments together with variable amount of plagioclase crystal and crystal fragments. 

lapilli tuffs Under the microscope, they are formed of angular to sub-angular chips (2-64 mm long) of 

accessory volcanic rocks of fine tuffs, andesite, dacite and volcanics glass , siltstone and chert. The rock 

fragments are scattered in a fine-grained groundmass formed of volcanics dust, iron oxide granules, sericite 

and chlorite. 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Geological map of the Kid Island arc area in South Sinai (after A. Fowler 2010). 
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The volcanic rocks. They are differentiated petrographically into the following rock types. Basalitic 

andesite:- They are fine to medium-grained and of greenish grey and grey colour. In thin section, the 

interserttal variesties are built of plagioclase laths, while plagioclase phenocrysts are rarely present.  

Actinolite, dark glass and iron oxides occupied the interstices between the plagioclase laths, as interstitial 

irregular pools. Andesite:-  are fine to medium-grained, and of grey, greenish grey colours. Composed of 

euhedral to subhedral plagioclase phenocrysts set in a hyalopilitic and pilotaxitic groundmass. Quartz may 

occur as microporphyritic crystals in the varieties transitional to dacite. Dacite:- They are fine to medium-

grained and of light green, yellowish green, and grey colour. In thin section, dacite are mainly constructed of 

plagioclase and quartz, phenocrysts disposed in a felsitic groundmass of quartz and feldspar. 

The Hammamat sediments:- The greywackes comprise lithic greywackes, subgreywackes, and fledspathic 

greywackes. They occur as beds 2-5m thick, lacking internal stratification, and interlayered with siltstone 

and silty mudstone beds. They are ill-sorted grey or grayish green in color and commonly contain lithic 

fragments. The siltstones and the less abundant silty mudstones are composed mainly of subangular fine 

Sand and silt-size clastic grains embedded in chlorite and sericite-rich paste. They occur as variably, thick 

beds 5-10 m thick, interbedded with the predominating greywacke. The conglomerate is quite abundant in 

the lower part of the succession closed to the contact with the underlying older Dokhan volcanic. They 

composed of pebbles and cobbles up to 15 cm long, of dacite, andesite, quartz and tuffs, embedded in a 

greywacke matrix.  

Younger Dokhan volcanics:- Petrographical studies reveals that the younger Dokhan volcanics are 

unmetamorphosed, and comprise a-  the rhyolite:- are fine-grained with well developed porphyritic texture. 

They are pink, buff, cream, reddish brown, grey, and light grey in colour. Microscopically, they are 

composed of potash-feldspar, quartz and very limited amount of albite phenocrysts, in a microcrystalline 

groundmass. b- the rhyodacite:- are fine-grained, porphyritic, and of buff, cream and grey colour. 

Microcopically, they are composed of oligolcase –feldspar and quartz phenocrysts, embedded in a 

cryptocrystalline to felsitic groundmass. c- the alkali-rhyolite:- is fine-grained with well developed 

porphyritic texture, and of pink, buff, and reddish brown colour. Microscopically, they are composed of 

potash-feldspar, quartz and rarely albite. The phenocrysts are embedded in a felsitic groundmass. 

MATERIAL AND METHODS 

Samples from the different mineralized sites collected from the alteration outcrops, shear zones and quartz 

veins, polished and thin sections were prepared for petrographical and mineralogical studies using 

transmitted light microscope and reflected light microscope. The mineralogical data were analyzed to 

different mineral assemblages and used to identify the different types of mineralization in the study area. 

Samples collected from the alteration outcrops, shear zones and quartz veins were analyzed for Au, Ag, Cu, 

Zn and Pb elements using atomic absorption analysis.  

RESULTS AND DISCUSSION 

Geochemistry investigation  

Samples collected from the alteration zones and associated quartz veins of Wadi El Samra, Ghorabi-El 

Hatemeia and Wadi Khashm El Fahk areas were analyzed for gold, silver, and other trace elements. The 

obtained results of the geochemical recorded presence contents of Au, Ag, Cu, Pb, Zn elements Fig. (2).  

The analyzed samples from Wadi El Samra shows  the gold (Au) values are range from  0.2 to 0.3 g/t, silver 

(Ag) from 0.4 to 6, lead (Pb) from 53.4 to 327 ppm, zinc (Zn) from 540 to 2616 ppm and copper (Cu) from 

67 to 2626 ppm. The distribution of trace elements in the mineralized rock units at Wadi El Samra area 

reveals that stockwork location is copper bearing associated with high values of Zinc. The gold and silver 

are not detected in the most of collected samples. At sulphide location, the distribution of trace elements 

shows that gold represents the main element in these locations. The highest value of gold is recorded in iron 

oxides bearing quartz veinlets . The silver is detected in all collected samples, while Cu and Zn show values 

lesser than those in the stockwork location. 
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The analyzed samples from these alteration zones at Wadi Ghorabi-El Hatemeia are range from < 0.3 to 0.6 

g/t, silver (Ag) from 0.4 to 3.3 lead (Pb) from 39.1 to 660 ppm, zinc (Zn) from 36.7 to 6.34 ppm and copper 

(Cu) from 1110 to 8720 ppm. The distribution of trace elements in the alteration zones in Wadi Ghorabi-El 

Hatemeia area reveals that the copper represent the main elements with to some extent high values of gold.  

The analyzed samples from Wadi Khashm El Fahk revels the gold (Au) values are range from < 0.3 to 0.5 

g/t, silver (Ag) from 0.2 to 6.3 ppm, lead (Pb) from 22.9 to 931 ppm, zinc (Zn) from  113.4 to 2661ppm and 

copper (Cu) from 37.1 ppm to 5094 ppm. At Khashm El Fakh location the frequency distribution of trace 

elements clearly indicates that both Au and Cu are the main elements with associated high values of Zn. 

From the above analysis we can found that Wadi El Samra is dominated by Au-Zn-Cu- dominant, Wadi 

Ghorabi-El Hatemeia dominated by Cu-Au dominated mineralization while Wadi Khashm El Fahk 

dominated by Cu-Au-Zn.  

MINERALIZATION IN SAMRA AREA 

Wadi Samra mineralization  

Sulphide area:- the main largest area for the mineralization, in this locality  is pyrite-bearing rhyolite- 

ignimbrite sheets, which carry appreciable amount of pyrite, the pyrite  bearing rhyloite-ignimbrite sheet 

vary in length from 2 to 3 km and up to 1m in thickness. Pyrite occurs as irregular patches in a random 

distribution account from 20% to 40 % by volume Fig. (3A). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2:  Histogram showing distribution and abundant of Au, Ag, Zn, Pb and Cu elements in the mineralized sites 

(Wadi El Samra, Ghorabi-El Hatemeia and Wadi Khashm El Fahk) areas. 

 

II. Stockwork area: - the most important occurrences of the sulphide mineralization in Wadi Samra area. It 

occur as a system of intersecting randomly oriented quartz veins (few centimeters thick) forming Stockwork 

Fig. (3B), copying area of about 0.15 km2. The trend of the quartz veins within the Stockwork are diverse 

and include NNW-SSW, E-W and NW-SE directions. Generally the quartz veins and veinlets are stained by 

iron oxides and malachite. The mineralized Stockwork at Wadi El Samra containing low dissemination of 

chalcopyrite and pyrite, as well as small pockets of (1-5 centimeters) of galena, chalcopyrite sometimes 

occurs as coarse grained subhedral crystals forming massive pockets. The quartz Stockwork in Wadi El 
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Samra cutting cross the crystal lithic tuff that belong to Dokhan volcanics, on the other hand, they rarely 

cutting cross the Hammamat sediments.  

Wadi Ghorabi-El Hatemeia  

Wadi Ghorabi-El Hatemeia copper mine is located in the upper stream of Wadi Ghorabi-El Hatemeia, in 

which the mineralization occurs in two large mineralized alteration outcrops Fig. (3C). The mineralized 

zone extend in an N45oE direction in which the mineralized bodies controlled mainly by NNW-SSE 

fractures trend. The alteration bodies characterized by blue and green malachite and azurite. The largest one 

is thick oxidized zone containing green and blue azurite staining. The alteration body rang in thickness from 

2.5 m to 18.5 m (Noor et al 2008) and extends along strike for about 195 m, with an oxidized quartz vein. 

The mineralization at wadi Ghorabi-El Hatemeia  represented by sphalerite , galena and  chalcopyrite  in 

which sphalerite occur usually as aggregates of coarse grained subhedral crystals associated with small 

chalcopyrite crystals. Ghanite occur as massive aggregates which fill the microfracture in the Dokhan 

volcanics (Hegazi A. et al 1998). Galena is common sulphide mineral in the Wadi Ghorabi-El Hatemeia 

area form massive bodies in the Dokhan volcanic rocks Fig (4A). Chalcopyrite minerals occur associated 

with sphalerite in which partially altered at the grain boundaries to chalcocite and covellite. The alteration 

zone at Wadi Ghorabi-El Hatemeia represented by fracture filling deposits cutting in granitic intrusion 

within the Dokhan volcanic Fig (3E).  

Wadi Khashm El Fahk mineralization area   

The mineralization at Wadi Khashm El Fakh represent by three alteration zone mainly along shear zones 

trending NW-SE and dipping 80o to the NE. The mineralization characterized by bright green and red color 

due to the oxidation of the sulphide minerals forming malachite and iron oxide Fig (3D). The alteration 

process is representing by kaolinitization, carbonitiztion, chloritization and sericitization.  The sulphide 

mineralizations of Wadi Khashm El Fakh contain sphalerite, galena and littlie chalcopyrite. Sphalerite is the 

most widespread mineral and represent by massive bodies in the shallow shafts at Wadi Khashm El Fakh, 

galena is usually occur as fracture- filling and isolated fine to medium grained anhedral, which occasionally 

contain inclusion of chalcopyrite. Chalcopyrite is the least widespread mineral occur as coarse anhedral 

grains and partially altered at the grain boundaries to chalcocite and covellite. The alteration zones at Wadi 

Khashm El Fakh occur mainly in the Beda turbidities    which composed of slat and greywacke (Fowler A. 

et al. 2010).  

Wadi Tarr mineralization  

The mineralizations are more or less linear in shape gossans extends in NE-SW direction for several 

hundreds of meters length and width. The gossans bodies vary in character from strongly massive hematite 

to merely iron-stained rocks associated with copper carbonate staining. silicification of the volcanic rocks 

especially the dacitic verities is frequently observed. The linear shape of the mineralized body and its strike 

parallel to the foliation suggest the influence of structural elements on controlling its localization. The 

sulphide minerals identified in the volcanic rocks of the Wadi Tarr mineralized zone are chalcopyrite, 

chalcocite, covellite, bornite, galena and sphalerite. 

Dyke swarm 
The Swarm daykes represented by the pegmatite rock and both felsic and mafic dykes Fig. (3F), the 

pegmatite rock occurs as fracture filling veins and pockets invading metasediments and granitite rocks. The 

large pockets (up to 2×5m) are mainly composed of coarse grained alkali feldspar and quartz invaded 

monzogranites at southeastern corner of the mapped area. The pegmatite pockets hosted in monzogranites 

are aligned in N-S trend and are characterized by visible black uranium-bearing multi-oxides and sulphide 

mineralization as well. The felsic and mafic dykes. The felsic dykes are rhyolites and granitic in 

composition; the main predominant trend of the dykes N-S to NNE-SSW. At Wdai Kid, felsic dykes swarm 

has disseminated sulphide minerals. Some felsic dykes of N-S trend have anomalous radioactive elements. 

The mafic dykes are mainly basaltic to dolerites in composition. The mafic dykes has general NE-SW and  
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Fig. (3) A. disseminated pyrite in rhyolite sheets B- Stockwork quartz wadi Samra, C. alteration zone Wadi Ghorabi-El 

Hatemeia, D. Copper mineralization along shear zones Wadi Khashm El Fahh, E. intrusive granitic rocks in Dokhan-

Hammamat succession showing copper mineralization,Wadi Ghorabi-El Hatemeia F. Swarm dykes traversed the 

country rocks Wadi El Samra area. 

N-S trend, they traversed the metasediments and have characterized onion structure and copper 

mineralization. The field relationship revealed that the felsic dykes are older than the mafic ones.  

MINERALOGY  

The Sulphide area mineralization is pyrite-bearing rhyolite- ignimbrite sheets represent mainly by pyrite 

mineral. Pyrite occurs as irregular patches in a random distribution account from 20% to 40 % by volume. 

Pyrite minerals occur is coarse cube embedded if felsitic ground mass. It also occurs as fine- to medium-

grained subhedral to euhedral crystals disseminated in host silicate matrix Fig. (4C). It shows yellowish 

white color, weak anisotropism and very high reflectance and is spongy and pitted in some instances.  
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The mineralized Stockwork at wadi El Samra containing low dissemination of chalcopyrite and pyrite,  as 

well as disseminated to massive sphalerite and galena as primary sulphide minerals and covellite, chalcocite 

and malachite as alteration products Fig (4B). Chalcopyrite occurs mainly either as subhedral to anhedral 

fine-grained crystals, occasionally intergrown with pyrite, or sub-rounded and irregular grains showing 

distinct twinning lamellae disseminated in the regular and stockwork quartz veins respectively. In some 

quartz viens, it forms patches of course-grained aggregates embedded within chrysocola-filled fractures. 

Chalcopyrite also occurs as inclusions within sphalerite and magnetite. Chalcopyrite crystals are seldom 

found intact, and in turn are frequently partially altered along grain boundaries to chalcocite and covellite. 

Bornite is occasionally recorded, as elongated crystals of subhedral form, intergrown with exsolved lamellar 

and bleb-like chalcopyrite. It also occurs as inclusions within galena.  

Pyrite occurs as fine-grained (<50-μm diam), subhedral grains forming aggregates up to 3.5 mm wide, 

followed by a later, more coarse-grained (up to 300-μm diam), anhedral to euhedral pyrite. Some pyrite is 

finely intergrown within chalcopyrite aggregates locally reaching several centimeters in length.  

Sphalerite occurs as anhedral crystalline masses and characterized by its low reflectivity and dark grey 

colour. It also occurs as subhedral fine grained crystal sometimes associated with chalcopyrite and 

occasionally altered at the grain boundaries.  

Galena occurs as medium to coarse anhedral crystalline masses and makes sharp contacts by several minute 

intrusions into the sphalerite. 

The mineralization at Wadi Ghorabi-El Hatemeia Old Copper mined represented by chalcopyrite, pyrite 

Fig. (4E), sphalerite and galena. The sulphide minerals at the footwall of the volcanic rocks at the same 

location are completely altered to malachite and azurite. Pyrite is a common sulphide mineral in many 

quartz veins. It occurs as fine- to medium-grained subhedral to euhedral crystals disseminated in oxidized 

quartz veins. It is commonly associated with chalcopyrite. It shows yellowish white color, weak 

anisotropism and very high reflectance and is spongy and pitted in some instances. Pyrite crystals are 

commonly highly deformed and corroded especially in the mineralized samples, and are sometimes altered 

to limonite and/or hematite. Chalcopyrite in the mineralized zone occurs as fine-grained crystals associated 

mainly with sphalerite and sometimes occurs as inclusions within galena. In some quartz viens, it forms 

patches of course-grained aggregates embedded within chrysocola-filled fractures. Chalcopyrite frequently 

partially altered along grain boundaries to chalcocite and covellite. Bornite is occasionally recorded, as 

elongated crystals of subhedral form, intergrown with exsolved lamellar and bleb-like chalcopyrite. 

Sphalerite usually forms aggregates of coarse-grained. It also occurs as subhedral crystals intermingled with 

minute chalcopyrite crystals. Sometimes, sphalerite is enveloped by secondary covellite rim. In some 

samples, minute exsolved chalcopyrite blebs are found intergrown with sphalerite, a texture known as 

“chalcopyrite disease” texture. Galena is a common, where it forms massive bodies in the volcanic rocks, it 

usually occurs as massive pockets microfracture-filling, and as isolated fine to medium-grained anhedral 

and subhedral crystals. It occasionally contains inclusions of chalcopyrite.  Galena forms filling the groves 

in quartz veins, and occurs also as disseminated fine- to medium-grained anhedral to subhedral. Straight 

cleavage and curved grain boundaries imply that neither conspicuous deformation nor annealing has 

affected galena. Galena crystals are occasionally associated with the secondary copper minerals covellite 

and chalcocite. The quartz veins of NE-SW and E-W directions in addition to the sulphide minerals contains 

minor to trace amount of bornite. The alteration products of the primary copper minerals are Chalcocite, 

covellite and chrysocola are the main alteration products of the primary chalcopyrite. They occur as thin 

irregular veins and encircling rims replacing primary chalcopyrite and sometimes bornite. The most 

widespread of them is chalcocite, which is the main copper sulphide mineral in the silicified volcanic rocks 

and quartz veins. 

Wadi Khashm El Fahk mineralization contain sphalerite, galena and littlie chalcopyrite and less amount of 

bornite. 
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Galena forms massive bodies and filled the microfracture and as fine to medium grained anhedral to 

subhedral crystal in the sheared zones. Galena is white to cream white color, without pleochroism and  

 

 

 

 

Fig (4). A. Massive galena and sphalerite in alteration zone Wadi Ghorabi-El Hatemeia, B. sulphide mineralization 

(pyrite and chalcopyrite) and their supergene enrichment (alteration products (malachite and azurite) Wadi Ghorabi-

El Hatemeia, C. disseminated pyrite minerals within rhyolite sheets Wadi El Samra, D. Chalcopyrite grains of different 

sizes associated with galena Wadi Khashm El Fahk mineralization, E. Chalcopyrite grain corroded the pyrite in  

alteration zone El Samra old copper mine, F. Bornite and covellite wadi Tarr mineralization zone. 

 
anisotropic.  Sphalerite usually forms aggregates of coarse-grained subhedral crystal. Sphalerite is usually 

found exhibiting light grey to dark grey color, when viewed under petrographic polarizing light microscope. 

Chalcopyrite occurs as anhedral medium-grained crystal and sometimes displays myrmekitic textures with 

bornite. Chalcopyrite contains inclusion of pyrite, chalcopyrite mineral yellow-gold or brassy yellow under 
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reflected light microscope Fig. (4D). It also weakly anisotropic minerals when evaluated between crossed 

nicols of polarizing light microscope. Bornite occurs as fine to medium-grained which generally occurs as 

anhedral to subhedral crystals, sometimes displays myrmekitic textures with Chalcopyrite, and is an 

anisotropic mineral. Interference colors are commonly found brown and pinkish when viewed between 

crossed nicols. It commonly shows weak but noticeable pleochroism.   

Wadi Tarr mineralization are chalcopyrite, chalcocite, covellite, bornite, galena and sphalerite. 

Chalcopyrite occurs as small anhedral grains partially altered to chalcocite and covellite along grains 

boundaries. However it is extensively altered to to chalcocite and covellite in the strongly sheared silicified 

volcanic rocks. Chalcocite occurs as alteration products of the primary chalcopyrite and bornite. It also 

occurs as inclusion in galena mineral. Chalcocite occurs in rare amounts. The chalcocite is present only in 

the small interstitial blebs that contain intergrown bornite and chalcopyrite. Chalcocite also occurs as either 

thin stringers or cracks that cross-cut the intergrown bornite chalcopyrite; and as thin partial rinds on the 

periphery of the interstitial sulfide bleb. The chalcocite minerals altered to covellite specially along the 

grains boundaries. Covellite is commonly found showing deep metallic indigo blue color, strongly 

anisotropic Fig. (4F), Covellite is pleochroic and commonly found exhibiting marked deep blue to white 

blue colors when it is viewed in plane light of polarized microscope. Bornite occurs within small interstitial 

sulfide blebs rather than coarser sulfides. Bornite is associated with chalcopyrite in these small interstitial 

blebs. Bornite and chalcopyrite are complexly intergrown within the interstitial sulfide blebs. Both coarse 

intergrowths and an extremely fine net-like intergrowth are often present in the same bleb. bornite also 

occurs as massive, which replaces  chalcopyrite and contains minor intergrown with chalcopyrite. Galena 

occurs as very small grains disseminated in the host silicate minerals. Galena forms anhedral to subhedral 

grains. It sometimes contains inclusions of chalcocite. Sphalerite occurs as subhedral fine grains associated 

with chalcopyrite and occasionally altered at the grain boundaries.  

MINERALS ASSEMBLAGES  

The identification mineral assemblage is on the basis of the opaque mineral assemblage. For the last 70 

years the gold-bearing mineral assemblages and mineralization processes of the porphyry and epithermal 

deposits now established in the subject of the paper have been studied by many researchers (Dimitrov 1960, 

Tsonev 1974, Bogdanov 1980, 1987, Bogdanov et al. 1997, Strashimirov & Popov 2000, Kouzmanov 2001, 

Bogdanov & Popov 2003, Elkhan A. Mamedov et al 2012 and many others). 

                        The parageneses of mineralization at Wadi Ghorabi-El Hatemeia could be related to the 

following mineral assemblages: Chalcopyrite-pyrite, Chalcopyrite-pyrite-bornite-with minor molybdenite, 

pyrite-energite-marcasite-chalcocite and calcocite-covellite-bornite Fig. (5A). Based on the data presented 

above, ore district are characterized by rather simple ore mineralogy. Primary, unoxidized and supergene-

enriched ores, the most common ore-sulfide assemblages are chalcopyrite+pyrite ± bornite, with pyrite and 

minor amounts of molybdenite, chalcopyrite-pyrite, and sphalerite-galena-tetrahedrite ± silver assemblages. 

In some deposits, there is an advanced argillic alteration that overprints near-neutral pH alteration and 

mineralization, the advanced argillic ore-sulfide assemblages are pyrite + marcasite + chalcocite. In 

supergene enriched ores, typical assemblages might be chalcocite + covellite ± bornite. In oxide ores, a 

typical assemblage might include malachite + azurite + cuprite + chrysocolla. Abundant and characteristic 

of the above minerals assemblage for individual ore bodies refers to porphyritic type ore mineralization. 

At Wadi El Samra, Wadi Khashm El Fahk and Wadi El Tarr mineralization upward and outward from the 

core of economic mineralization alteration zones the pervasive minerals assemblage grades to minerals 

assemblage which contains specific mineral associations, that is mainly characteristic for the epithermal ore 

mineralization these abundant assemblage variably represented by Pyrite-quartz assemblage; chalcopyrite-

covellite-bornite and Galena-sphalerite-chalcopyrite Fig. (5B).  
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Fig. (5). Main and late mineral assemblages associated with porphyry and epithermal mineralization in El Samra 

area. 

 

ORE TYPE AND GENESIS  

The main mineralization of El Samra area southeastern Sinai are interpreted as Porphyry-Epithermal type 

mineralization. We consider deep porphyry copper environments as transitional ultimately near the surface 

into epithermal gold-copper deposits (Sillitoe, 1973; Sillitoe, 1983; Hedenquist et al., 1998; Muntean and 

Einaudi, 2001).  

Based on existing data, the formation of the Cu-Au porphyry-epithermal deposits could be integrated into a 

single broad event of contemporaneous formation of porphyry and epithermal systems related to and 

surrounding magmatic centres, including: 1. Formation of early massive pyrite ores towards the end of the 

dacite volcanism. 2. Formation of the porphyry deposits by the eruption of Dokhan volcanic due to the 

intrusion of granitic rocks. 3. Contemporaneous formation of the epithermal Cu-Au mineralization in the 

upper parts of the porphyry systems.  

There is another sub-economic type of mineralization identified in El Samra area, it is the mineralization 

associated with the Swarm dykes. A model is proposed for the evolution of the deposit associated with the 

swarm dykes. Later dykes were deformed and the basic to intermediate composition dykes were fractured 

and veined in to the country rocks. Hydrothermal fluids of probable magmatic origin are associated with 

dykes swarm. His fluid altered associated dyke rocks and, responsible for the precipitation of copper and 

iron sulphides. This model is similar to that commonly put forward for the development of porphyry copper 

deposits. 

CONCLUSION  

The Gold-sulphide mineralizations widely distributed in El Samra area Southeastern Sinai. These 

mineralizations, according to the model that implies collision of arc-inferred continent, through subduction 

and obduction of oceanic lithosphere (Botros 2004). It is clear that gold-sulphide deposits in area are Non-
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stratabound deposits were formed during the Pan-African orogeny and post cratonization period. They are 

housed in different lithologies in the study area. During the orogenic stage (Pan-African orogeny) a 

pronounced phase of cal-alkaline magmatic activity, represented by the emplacement of G-2 and G-3 

granites (Hussein et al., 1982) and the eruption of their volcanic equivalents (Dokhan volcanics) took place 

(El Gaby et al., 1988, 1990). The eruption of Dokhan volcanic leads to the formation of early massive pyrite 

ores towards the end of the dacite volcanism. 

In fact the eruption of the calc-alkaline Dokhan volcanics and the belief that these volcanic rocks represent 

the surface expression of the clac-alkaline granite (El Gaby et al. 1988). Let us probably be justified in 

stating that an ideal environment for the genesis of the porphyry deposits, this idea was supported by the 

prevailing minerals assemblages (1-Chalcopyrite-pyrite, 2- Chalcopyrite-pyrite-bornite-with minor 

molybdenite, 3-pyrite-energite-marcasite-chalcocite and 4- calcocite-covellite-bornite). It was suggested that 

magma forming the granite porphyry at El Samar area provided both heat and chemical constituents 

including copper, potassium, and gold (Botros and Wetait, 1997, Botros 1991 ). 

When the magmatic hydrothermal solutions mixed with the convection meteoric solutions, the manifestation 

of the epithermal stage in the evolution of the porphyry copper system began Fig. (6); this led to the 

deposition of minerals assemblage characterized by the formation of quartz and pyrite as well as small veins 

of fine- to coarse-grained, often idiomorphic pyrite which actually marked the formation of the quartz-pyrite 

ore assemblage. There are two typical sequences of mineral deposition in epithermal deposits. In one, 

chalcopyrite-covellite-bornite is early, followed by the second sequence, as exemplified in the Galena-

sphalerite-chalcopyrite. Later swarm dykes were deformed and the basic to intermediate composition dykes 

were fractured and veined in to the country rocks. The dykes swarm has disseminated sulphide and copper 

mineralization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (6). Simplified porphyry-epithermal - system in El Samra area southeastern Sinai. 
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