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Abstract 
Makhrag El-Ebl area is located in the north Eastern Desert of Egypt. The study area is 

covered by Pan-African basement rocks which include granodiorites, Dokhan volcanics 
(dacite), syenogranites and alkali granites. Auriferous quartz veins cut through the granitic 
and dacitic rocks with development of alteration zones. The quartz veins display two main 
trends, NW-SE. and NE-SW. They vary in length from few meters to more than 100 m and 
in thickness from very thin veinlets to more than 20 cm. The quartz veins are massive, white 
and occasionally stained by iron and copper minerals. They consist mainly of quartz which 
carries variable amounts of gold, pyrite, native silver, hematite, goethite and barite. The 
altered granitic and dacitic rocks in the study area were examined using microscopic 
investigations, XRD, SEM-EDX analyses and whole chemical analyses of major and trace 
elements. The mineralogical studies accompanied by geochemical analyses for the different 
alteration zones revealed the existence of eight main facies include: silicification, 
ferrugination, chloritization, sericitization, argellic, propylitic, carbonatization and 
muscovite alteration. 
 
Keywords:  Hydrothermal alteration, mineralogy, petrography, geochemistry, Makhrag El-
Ebl area, North Eastern Desert, Egypt 

1. INTRODUCTION 

Makhrag El-Ebl area is located in the north Eastern Desert of Egypt between Latitudes 27° 
49' 20'' - 27° 48' N and longitudes 33° 03' - 33° 05' 30" E (Fig. 1). The study area is a part of 
the Egyptian Nubian shield rocks which in turn a part of the Arabo-Nubian Shield (ANS). 
 More than 95 gold occurrences are widely distributed in the Eastern Desert of Egypt and 
are mostly confined to Precambrian basement rocks (El-Ramly et al, 1970). At the beginning of 
the Twentieth century, the majorities of the gold deposits were reopened and exploited for gold 
extraction by many international mining companies. Auriferous quartz veins and stockworkes 
of quartz veinlets cut both granodiorite and dacite rocks  have been excavated for gold since 
ancient times. A zone of alteration usually develops along the contacts between the quartz veins 
and the wall rocks. The alteration may cause a change in colour, textural, mineralogical and 
chemical changes. The wall rock alterations are governed by i- the nature of the host rock, ii- 
the character of the hydrothermal solutions and iii- the temperature and pressure at which the 
reactions take place. 
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 The present study deals with the detailed petrography and geochemical characteristics of the 
unaltered granodiorite and dacite rocks as well as the auriferous quartz veins and alteration zones. 
The study involves a detailed petrographic description of the hydrothermal alteration assemblages 
and their chemical analyses in order to elucidate the possible reactions that occurred between the 
original rocks and the hydrothermal fluid. The studies also determine the ore mineralogy, gold 
content in both quartz veins and altered rocks  

 

2. Geologic Setting 
 Makhrag El-Ebl area is covered by Pan-African basement rocks. It is dominated by 
granodiorites,Dokhan volcanics, syenogranites, alkali granites, dykes and quartz veins. 
Granodiorite rocks intrude the Dokhan volcanics with clear contact. Some enclaves from Dokhan 
volcanic rocks occur within the granodiorite. In some places, they show boulder appearance and 
exfoliated due to being highly weathered  

 Many old working as trenches and shafts are present in the granodiorite (Fig. 2A). The Dokhan 
volcanics occupy the northern and north western part of the mapped area. They form moderate to 
high relief and dacitic in composition. The Dokhan volcanics are intruded by younger granites with 
sharp contact. These volcanics are sheared in NE-SW and NW-SE-directions. Hydrothermal 
alterations are recorded along these shear zones. 

 The younger granites are represented by syenogranites and alkali granites. The syenogranites 
occupy the southwestern and eastern parts of the mapped area. They are massive, equigranular 
and form moderate to high relief. The alkali granites occur as small bodies in the northern and 
western parts of the mapped area. They are of reddish colour, coarse grained and stained with 
malachite along fractures.  
 Auriferous quartz veins and stockworks of quartz veinlets are recorded in these rocks. Quartz 
veins cutting the granodiorite and alkali granite rocks (Figures, 2B and 2C). The majority of these 
veins are white and some of them are stained by iron and copper minerals along fractured quartz 
veins. These auriferous veins trend in two main directions namely NW-SE and NE-SW. These 
veins are ranging in length from few meters to more than l00 m. and in thickness from very thin 

veinlets to more than 20 cm. 
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3. Methodology 

About 58 samples from fresh country rocks, alteration zones and quartz vein samples in 
Wadi Makhrag El Ebl area were petrographically examined to determine their mineral 
assemblages, textures and microstructures. Back-scattered imaging and energy Dispersive X-
ray (EDX) analyses were carried out using Scanning Electron Microscope (SEM), Model 
Quanta 250 FEG at the Central Laboratories of the Egyptian Mineral Resources Authority 
(EMRA). SEM has accelerating voltage of 30 keV, magnification range (14x-1000000x) and 
resolution 1 nm. SEM was used on carefully selected spots to confirm the existence of ore and 
gangue minerals. Twenty country rock samples were chemically analyzed for the major oxides 
and trace elements. The whole-rock chemical analyses were made using Philips X-ray 
fluorescence (XRF) spectrometer Model PW/2404 equipped with Rh radiation tube and eight 
analyzing crystals. Powder pellets for trace elements and fused beads for major oxides were 
prepared and measured at Central Laboratories of EMRA. Eight samples from both quartz veins 
and the different alteration types were analyzed for gold content, using the fire assay method. 
X-ray diffraction analyses (XRD) of six samples were used to distinguish between the different 
mineral found within the different alteration zones. This technique was done at Central 
Laboratories of EMRA. 

Fig.2 A: Panoramic view of old working in granodiorites. B: Field photograph showing network of quartz 
veinlets cutting across granodiorite. C: Field photograph showing quartz veinlets cutting across alkali 

granites. 

a. Petrography of the country rocks 

Granodiorites are massive, medium to coarse grained of grey to pinkish grey colour. 
Microscopically, granodiorites (Fig. 3A) showing equigranular, hypidiomorphic, perthitic, 
graphic and poikilitic textures. They are composed mainly of plagioclase, microcline, quartz 
associated with minor biotite and hornblende. Iron oxides and sphene are the main accessory 
minerals. Secondary minerals are represented by sericite (Fig. 3B) carbonates, chlorite and 
epidote.  

Dacite rocks are fine to medium grained, unequigranular displaying amygdaloidal and 
porphyritic textures. Microscopically dacites (Fig. 3C) are composed mainly of phenocrysts of 
plagioclase and quartz embedded in groundmass composed of fine-grained aggregates of 
plagioclase, quartz, alkali feldspar, biotite and muscovite. Secondary minerals are represented 
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by carbonates, sericite and iron oxides. Some voidal amygdales filled by calcite, chlorite and 
epidote (Fig. 3D). 

Syenogranites are coarse grained of light pink to Pink colour. Microscopically, 
syenogranites (Fig. 3E) are equigranular hypidiomorphic texture and composed essentially of 
quartz, alkali feldspar (perthite) (Fig. 3F), plagioclase and biotite. Secondary minerals are 
represented by chlorite, sericite and carbonates. Iron oxides, apatite and sphene are the 
accessory minerals. 

Alkali granites are medium to coarse grained of red colour. They showing equigranular 
hypidiomorphic and myrmekitic textures (Fig. 3G). They are composed essentially of quartz, 
alkali feldspar (orthoclase), plagioclase, hornblende (Fig. 3H) and biotite. The accessories are 
zircon, sphene and apatite. Secondary minerals are chlorite, carbonate, sericite and epidote. 

b. Geochemistry of the Host rocks 
The geochemical studies were carried out on twenty samples (5 from granodiorites (older 

granites), 5 from dacites and 10 from younger granites). The results of major oxide, trace 
elements as well as CIPW norm are given in tables (1 and 2). P 

Plotting the samples on (Na2O +K2O) - Si2O diagram of (Cox et. al. 1979) show that the 
older granites plotted within the granodiorite field, whereas the younger granites plotted in the 
alkali granite and syenogranite (Fig. 4). On the normative composition Ab - Or - An ternary 
diagram of Streckeisen (1976), the studied older granites fall in the granodiorite field, while the 
younger granites plotted within the syenogranite and alkali granite fields (Fig. 5).  

The magma type from which the older and younger granites were originated can be 
recognized using the following geochemical variation diagram.  

On the ANK versus ACNK (Maniar and Piccoli, 1989), the studied older and younger 
granites plot in the peraluminous field (Fig.6). On the alkalinity ratio diagram (Wright 1969), 
the studied granodiorites, plot within the calc-alkaline field, whereas the syenogranites and 
alkaligranites plot within the alkaline field (Fig.7). 

The tectonic setting of the studied older and younger granites can be interpreted using 
Pearce et al (1984) diagram (Fig.8), the studied older granites plot in the field of volcanic arc 
granites (VAG), but the younger granites plot in the fields of within plate. 

The depth, at which the studied granitoid magmatism was crystallized at depth > 30 km 
(Fig.9), can be obtained by plotting the studied samples on the Rb- Sr binary diagram after 
Condi, 1973. 

The water vapour pressure and temperature at which the studied granites were generated 
are estimated as given by (Tuttle and Bowen 1958) and (Luth et al, 1964). It is clear that the 
studied granites fall in relatively from 1 to 10 k-bar and temperature ranging from 700 to 800°C, 
indicating that they were probably formed at moderate levels (Figures.10 and 11).  

The geochemical studies of Dokhan volcanic (dacite) in the study area were carried out on 
five representative samples. The rocks were chemically analyzed for their major oxides and 
trace elements as shown in Table 3. The studied volcanics are plotted on SiO2 vs. Na2O +K2O 
diagrams (Fig.12) of Cox et al, 1979. Where the petrographic name was confirmed, which is 
dacite. On the basis of the alkalis vs.  SiO2 (Fig.13) of Irvine and Baragar, (1971), all samples 
are subalkaline.  
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Fig.3. A: Photomicrograph of granodiorite showing flakes of biotite and altered plagioclase. (C.N). 
B: Photomicrograph of granodiorite showing highly altered plagioclase crystal to sericite (C.N). C: 
Photomicrograph of dacite showing phenocryst of plagioclase and some amygdales filled with 
carbonates (C.N.). D: Photomicrograph of dacite showing some rounded and irregular shape of 
volcanic lithic fragment embedded in fine ground mass (C.N).  E: Photomicrograph of syenogranite 
showing biotite is highly to completely altered to chlorite and iron oxides. (C.N.)  F: Photomicrograph 
of syenogranite showing large euhedral crystals of perthite alkali feldspar (C.N). G: 
Photomicrograph of alkali granite showing quartz vermicules associating plagioclase giving the 
myrmekitic texture. (C.N.). H: Photomicrograph of alkali granite showing alteration of hornblende 
to chlorite and iron oxide (C.N). 

Fig.4.Total alkali versus SiO2 Diagram for the 
studied older granites, younger granites rocks of 
(Cox et al.1979) adapted by Wilson (1989) for 
plutonic rocks. 

Fig.5.Ab-Or-An normative diagram (Streckeisen, 
1979) of the studied granitic rocks. 
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Fig.6.Al2O3/Na2O+K2O versus 
Al2O3/CaO+Na2O+K2O diagram (Maniar and 
Piccoli. 1989) of the studied granitic rocks. 

Fig.8.Y-Nb diagram (Pearce et al. 1984) of the 
studied of granitic rocks. 

Fig.7.Alkalinity ratio (A.R)-SiO2 diagram (Wright, 
1969) of the studied granitic rocks. 

Fig.9.Rb-Sr variation diagram according to 
Condie (1973) for the studied granitic rocks. 

Fig.12.Chemical classification of the Dokhan 
Volcanics using the total alkalis versus silica (TAS) 
diagram of Cox et al. (1979). 

Fig.10.Q-Ab-Or ternary diagram of Tuttle and 
Bowen (1958) for the studied granitic rocks. 

Fig.11.Q-Ab-Or ternary diagram of Tuttle and 
Bowen (1958) for the studied granitic rocks. 

Fig.13. (TAS)Variation diagram of Irvine and 
Baragar (1971). 
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On the AFM diagram (Fig.14) of Irvine and Baragar, (1971), the dacites fall within the calc-
alkaline field. On the SiO2 vs. Nb (Fig.15) of Pearce and Gale (1977), the dacite samples fall 
in the overlap zone between the volcanic arc and within plate. On the Y vs. Nb diagram (Fig.16) 
of Pearce et al (1984), the samples fall in the volcanic arc granite. 

 

 

Fig.14. AFM diagram after (Irvine and Baragar, 
1971) 

Fig.15. SiO2 versus Nb diagram (Pearce and Gale, 
1977) 

Fig. 16.  Nb – Y tectonic discrimination diagram for 
the studied Dokhan volcanic, Syn-collision (Syn- 
COLG), volcanic arc granites (VAG), within plate 
granites (WPG) and ocean ridge granites (ORG), 
after Pearce et al. (1984). 
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1. Hydrothermal alteration 
The alteration zones in Wadi Makhrag El-Ebl area were mapped (Fig.17). The most prominent 

features indicating alteration in nature is a colour change, textures, mineralogy and chemical 
changes. The observed types of alteration can be formed as a result of hydrothermal solution attack 
on the granitic and dacitic rocks. Close to the faults, fractures and shear zones, the altered rocks 
are highly deformed. 

In the present study, the petrographic studies accompanied by geochemical analysis (Table 3) 
for the different alteration zones revealed the existence of eight alteration types includes, 
silicification, ferrugination, chloritization, sericitization, argellic, propylitic, carbonatization and 
muscovite alteration. 

The degree of sericitization index according to SI (Fig. 18) can be estimated by a plot of 
K2O+Na2O against K2O /K2O+Na2O (Myers and Maclean, 1983). It shows that all sample fall in 
the hydrothermal alterations. 

Silicification is an intensive alteration process affecting the dacitic and granitic host rocks. 
Quartz is the common minerals associated with minor amounts of alkali feldspar, plagioclase and 
opaque minerals (Fig. 19A). Porphyroclast texture is observed where porphyroclast of quartz 
imbedded in fine crystals of quartz and iron oxides (Fig. 19B). Silicification is enriched in SiO2 
(av. 96.24%) and depleted in Ti, Al, Fe, Mn, Mg, Co, Na, k and P. These minerals have been 
confirmed with their relative abundance by XRD technique as following: quartz (100 %) 
(Fig.27A). 

Ferrugination zone is manifested by a network of iron oxide veinlets of brownish red 
colouration (Fig. 20A). Microscopically, the altered ferruginated is composed mainly of quartz, 
altered plagioclase associated with clay and chlorite minerals. These minerals are coasted by iron 
oxides (Fig. 20B). The ferruginated rocks exhibit enrichment in FeO (14.3%) and Fe2O3 (27.5 %.). 
The iron minerals are represented by hematite and goethite. The X-Ray diffraction (XRD) 
confirmed the presence of previously described minerals with relative of semi-quantitative 
estimation quartz, chlorite, hematite and kaolinite (Fig. 27B). 

Argillic alterations are wide spread along the fractures in both granodiorite and dacite rocks 
(Figures. 21A and 21B). Mineralogically, the alkali feldspars are partially altered to Kaolinite and 
biotite is completely altered to chlorite with expelling of iron oxides. XRD analysis indicates that 
the dominant clay mineral is kaolinite and accompanied by chlorite (Fig. 27C). The argilic altered 
rocks show some Al2O3 enrichment (36.1%), FeO (2.14%), Fe2O3 (6. 11%), MgO (4.11%), CaO 
(4.9%), Na2O (7.12%) and K2O (5.6%), while SiO2 (29.36%) is depleted. 

Propylitic alteration is characterized by the development of secondary green minerals such as 
chlorite and epidote (Figures. 22A and 22B). It is commonly associated with quartz, albite 
plagioclase, kaolinite, calcite and muscovite, as indicated from XRD analysis (Fig. 27D). The 
propylitic altered rocks are enriched in SiO2 (50.11%), Al2O3 (13.3 %), FeO (3.1%), Fe2O3 (5.5%), 
Na2O (2.95%) and K2O and L.O.I (15.85%), but depleted MgO (0.954%) and Cao (0.82%). 

Carbonatization is determined by the development of calcite (Figures. 23A and 23B). It is 
concentrated along joints and fissures planes. The formation of calcite can be produced by the 
reaction of the oxidizing meteoric waters containing abundant dissolved Co2 with Cao was leached 
from the granodiorites by hydrothermal solutions. The carbonatization altered rocks are enriched 
in SiO2 (av.57.71%), CaO (av.11.42 %.), Al2O3 (av. 8.6%), K20 (av. 3.5%), Na2O (av. 3.2%), FeO, 
(av. 2.8%) and Fe2O3 (av.4.57%). XRD analyses indicate that the carbonate mineral is calcite and 
accompanied by chlorite and kaolinite (Fig. 27E). 

Sericitization is spread over a wide area with granodiorites, dacites, syenogranites and alkali 
granites. Sericite is most abundant with all kinds of rocks (Figures. 24A and 24B) with some 
quartz, chlorite and epidote. Sericite occurs as a secondary alteration product of plagioclase (Que 
and Allen, 1996). 
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Muscovite alteration is characterized by secondary muscovite with minor amounts of quartz, 
anorthite plagioclase and Kaolinite (Figures. 25A and 25B). The presence of these minerals have 
been confirmed with their relative abundance by XRD: muscovite (83%), quartz (10%), anorthite 
(5 %.) and Kaolinite (2 %.) (Fig. 27F). The muscovite alteration is enriched in SiO2 (55.64 %.), 
Al2O3 (20.34%), K2O (12.64 %.) and Na2O (3.61%) but depleted in MgO, CaO and L.O.I. 

Chloritization as replacements of mafic minerals. Chlorites mostly formed after hornblende 
and biotite. Chloritization consist of chlorite, biotite, epidote and sericite. Epidote and clay 
minerals as accessory minerals (Fig. 26A). The micas are commonly bent or kinked and feldspar 
is highly altered to sericite, biotite altered to chlorite, epidote as accessory minerals (Fig. 26B). 
The chloritization rocks exhibit enrichment in SiO2 (51.3%), Al2O3 (10.8%), MgO (9.12%), FeO 
(7.4%), Fe2O3 (10.6%), while slight depletion in CaO (1.64%), Na2O (2.94%) and K2O (3.12%).     

Fig.17. Geologic map showing the distribution of the alteration zones around Wadi Makhrag El Ebl area 
(modified after Botros and Wateit, 1997). 

  

Fig.18. /K2O+Na2O sericitization index 
(SI) diagram after (Myers and Maclean, 
1983). igneous fields are for calc-
alkaline (C – A) and tholeiitic (TH) 
rocks. B=basalt.  R= rhyolite. 
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A

Fig. 19. A) Photomicrograph showing quartz as a major constituent associated with minor alkali-feldspar, 
plagioclase and iron oxides with sericite, epidote and clay minerals (C.N).  B) Photomicrograph of silicification 
showing Porphyroclast of quartz embedded in fine crystals of quartz (C.N).. 

200 µm A 

A 

Fig. 20.   A) Hand-specimen of the studied ferrugination showing reddish alteration  with veinlets of quartz. B): 
Photomicrograph showing clay minerals are coated with iron oxides plate and alteration biotite to chlorite. (C.N).  
(Hm=hematite, Chl =chlorite, Mgn=magnetite, and clay = clay minerals). 

Fig. 21. A) Alkali feldspar partially to highly altered to clay minerals, biotite is highly altered to chlorite with 
liberation of iron oxides and pyrite crystal in altered granodiorites (C.N). B) Clay minerals, pyrite, several 
microveinlets filled by secondary minerals in altered dacite rocks (C.N). (Chl =chlorite, Ms= muscovite, Bt= biotite, 
clay = clay minerals, Ser= sericite Pla=plagioclase, Py= pyrite and Zr= zircon). 

Fig.22.  A) Photomicrograph of the Propylitic showing epidote, chlorite, calcite, clay minerals, actinolite and pyrite 
in altered granodiorite rocks (C.N). B) Photomicrograph showing epidote, muscovite, calcite, clay minerals and 
pyrite in altered dacite rocks (C.N). (Epi=epidote, Chl =chlorite, Act=actinolite, Mus= Muscovite, Cal= Calcite, clay 
= clay minerals, Ser= sericite and Pla=plagioclase, Py= Pyrite). 
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.

 

A 

Fig.23. A) Photomicrograph of the carbonatization showing calcite that has filled an amygdule in a highly altered dacite 
rocks (C.N).  B) Photomicrograph of the carbonatization showing orthoclase is highly altered to calcite, biotite is highly 
altered to muscovite in a highly altered alkali granite rock.  (Cal= Calcite, Bt = Bioti, Ser= sericite). 

A 

Fig.24. A) Photomicrograph showing sericite is spread widely with opaque minerals in the dacite rocks (C.N).  B) 
Photomicrograph showing phenocrysts of altered plagioclase to sericite and clay minerals in the alkali granite rocks 
(C.N). 

Fig. .25 A) Photomicrograph of the muscovite alteration showing large plagioclase feldspar crystal altered to muscovite in 
the dacite rocks (C.N).  B) Photomicrograph showing feldspar crystal altered to muscovite in the altered syenogranite rocks.  
(Ms= Muscovite, clay = clay minerals, Ser= sericite). 

B 

Fig.26 A) Photomicrograph of chloritization alteration showing biotite, chlorite, epidote and sericite (C.N). B) 
Photomicrograph of chloritization alteration showing flakes of altered biotite to chlorite, associating with altered 
plagioclase. (C.N.). (Ser=sericite, Chl=chlorite, clay= clay minerals, Bt= Biotite, and Pla=plagioclase 
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2. Ore mineralogy of auriferous quartz veins 

Some selected samples from the quartz veins were examined by a reflected microscope and 
scanning Electron microscope (SEM/EDX) at the Central Laboratories of the Egyptian Mineral 
Resources Authority to identify the different ore minerals. The main ore minerals are represented 
by gold, pyrite, silver, barite, hematite and goethite. 

Gold occurs as isolated native disseminated grains in pure state (Fig. 28) and has bright 
golden yellow colour. Pyrite occurs as fine to medium grained, disseminated subhedral to enhedral 
crystals (Fig. 29) and is frequently replaced by goethite. Silver occurs as fine discrete grains 
associated with copper (Fig. 30). Hematite occurs as euhedral to subhedral flake crystals, mostly 
as a primary mineral (Fig. 31). Barite occurs as euhedral to subhedral crystals with two sets of 
cleavage (Fig. 32). 

3. Paragenetic sequence 
The mineral paragenesis of the auriferous quartz veins is based on the data obtained from 

transmitted and reflected microscope as well as scanning electron microscope. The mutual texture, 
structural relations and replacement features revealed two main stages of ore mineralization in 
Makhrag El Ebl gold deposit as shown in (Table 4). The ore mineral stage was started by the 
formation of oxide minerals (hematite) followed by the formation of primary sulphide minerals 
(pyrite) and barite at the early stage of hydrothermal phase. Gold and silver native minerals belong 
to the late stage of hydrothermal Phase. Additionally, pyrite replaced by goethite as a result of 
metasomatic replacement process. Goethite is the common oxidation products of iron sulphide 
4. Quality of the gold ore in the quartz veins and altered rocks 

Gold grade refer to the quality of the gold ore. A high quality of gold deposit has gold ore 
concentration between 8 and 10 g/ton, while a low quality of gold deposit has gold ore 
concentration between 1 and 4 g/ton. 

Eight samples of quartz veins were analyzed for gold content, using the fire assay method. 
The results showed that gold content in these samples ranges from 0.19 to 12.68 g/t. (Table 5A). 
Accordingly, the present auriferous quartz veins is retaining to low grad (av. 2.51 g/t). 

Eight samples from the different alteration types were analyzed for gold content using fire 
assay method. The results showed that gold content in these altered samples ranges from 0. 18 to 
1.23 g/t (Table 5B). Accordingly, the gold concentration in the altered rocks pertaining to the 
extremely low grade (ave. 0.53 g/t).  
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Table 3: Chemical analysis of major oxides (wt. %) and trace 
elements (ppm) for the altered types in the Wadi Makhrag El Ebl 
area  

Fig.27. A) Silicification, B) Ferrugination, C) Argillic, D) 
Propylitic alteration, E) Carbonatization and F) Muscovite alteration.  



Ibrahim A. Salem, Abdelsalam M. Abo El Ela, Sayed Ahmed Abu Elabn and Abdou M. Zeina 

15 

 

Fig. 28. SEM image and EDX analysis data of 
gold crystal. 

 

 

Fig. 29. SEM image and EDX analysis data of 
Pyrite crystal. 

 

 

 

Fig. 30. SEM image and EDX analysis data of 
Silver  

 

Fig. 31. SEM image and EDX analysis data of 
hematite. 

 

 

 

 

Fig. 32. SEM image and EDX analysis data of 
barite and hematite crystal 
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Table 4: paragenetic sequence of the ore minerals at Makhrag El-Ebl. 

 

Table (5A and 5B): Gold fire assay data for the quartz vein samples and alteration 
samples from Wadi Makhrag El Ebl area.  

 

5. SUMMARY AND CONCLUSION 
The present study deals with geology, petrography, geochemistry, alteration zones, and gold 

bearing quartz veins mineralizations of Wadi Makhrag El Ebl area, North Eastern Desert, Egypt.  
Geologically, the study area is covered mainly by Neoproterozoic Pan-African basement rocks. 

These rocks are classified according to their relative age relations into the following rock unit’s 
granodiorite rocks, Dokhan volcanics, syenogranites, alkali granites, dykes and veins. 

Petrographically, granodiorites showing equigranular, hypidiomorphic, perthitic, graphic and 
piokilitic textures. It is composed mainly of plagioclase, alkali feldspar and quartz associated with 
minor biotite and hornblende. Dokhan volcanic is unequigranular, displaying several amygdaloidal 
and porphyritic textures. Dacite is composed mainly of phenocrysts of plagioclase and quartz 
embedded in groundmass composed of very fine-grained aggregates of plagioclase, quartz, alkali 
feldspar, and biotite associated with minor amount of muscovite in addition to rare opaque minerals 
and iron oxides. Amygdales are filled with chlorite, carbonates (mainly calcite), secondary quartz 
and epidote. Syenogranite is equigranular hypidiomorphic texture. It is composed mainly of quartz, 
alkali-feldspar, plagioclase and rare biotite. Alkali granites are characterized by equigranular 
hypidiomorphic texture. It is essentially composed of plagioclase, alkali feldspar, quartz, 
hornblende and biotite. 

Geochemically, granodiorites rocks are of calc-alkaline magma type, formed of compressional 
environment and emplaced in an island arc tectonic environment. The Dokhan volcanics are mainly 
of dacites and have calc-alkaline magma type and formed at transitional tectonic setting between 
island arc and within plate. Younger granites revealed that they are of syenogranite and alkali 
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granites. They have alkaline magma type and formed in within plate tectonic setting (extensional 
environments). The studied younger granites were crystalized at depth > 30 km fall in relatively 
from 1 to 5 k-bar and temperature ranging between 700 and 800oC indicating that they were 
probably formed at moderate levels in the crust. Several source rocks have been postulated to 
explain the generation of granitic magmas by partial melting mechanism. Partial melting under 
variable conditions of various source rocks produces granitic melts of different 
composition.Petrographical studies accompanied by XRD and geochemical analysis for the altered 
rocks revealed eight main facies including: Silicification, Ferrugination, Chloritization, 
Sericitization, Propylitization, Argillization, Muscovite alteration and Carbonatization. 

Two main stages of ore mineralization in Makhrag El Ebl gold deposit can be identified. The early 
stage caused the formation of oxide (Hematite), sulphide (pyrite) minerals and barite.  The late 
stage of hydrothermal phase caused the formation of gold and silver native minerals. This 
paragenetic sequence mineral originated from the hydrothermal signals that produce the epigenetic 
ore- filled veins and fissures to the supergene enrichment process that occurred and the surface 
weathering conditions. 

Gold grade in the auriferous quartz veins pertaining to low grade (av. 2.51 g/t.) while the gold 
grade in the altered rocks pertaining to extremely low grade (av. 0.53 g/t.) 
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