
Arab Gulf 1. scienr . Res. 4 (2), pp. 529-548 (1986) 

Ancient Emerald Mines and Beryllium Mineralization 

Associated with Precambrian Stanniferous Granites 


in the Nugrus-Zabara Area, Southeastern Desert, Egypt 


Mostafa M. Soliman 

Geology Department, Faculty of Science , Zagazig University, 
_ Zagazig, Egypt. 

ABSTRACr. Geochemical rock sampling and panning of alluvium suggest the 
occurrence of a geochemical province of beryllium , in which beryl is the main 
beryllium mineral, in the Nugrus·Zabara area . The province lies in a NW·SE belt 
parallel to a deep-seated tectonic zone of the Red Sea trend and extends for about 40 
km from Urn Kabu in the SE to Zabara in the NW. The p,rovince is restricted to 
certain horizons of mica schists and quartz veins in contact with gre isenized and 
albitized stannife rous granites and is probably developed by pne umatolytic and 
hydrothermal Ouids (developed during the evolution of stanniferous granite magma) 
which moved along deep-seated tect onic zones . The province is also characterized by 
biotitization, tourmalinization and silicification of the schists and increased concen­
trat ions of Be, Sn, Nb , Pb , Y and Cu in the granites , schists, quartz veins and 
pegmatite dykes. The ancient eme rald mines are located within the boundaries of 
this province . 

The Nugrus-Zabara area is located in the south eastern Desert of Egypt (Fig . 1) 
and was long known as a mining district for emerald and gold. At present, there are 
no active mines in the district. Records of old mining and ruins of habitations, 
dumps of workings for emerald, workshops, gold grinding stones (crushers), 
taIcose and porcelain pots distributed over the district testify to the intensive and 
active mining operations carried out in the past. The ancient Egyptians ( > 4000 
B. C.) were the first to prospect for emerald and gold in the district. The last of 
mining operation for emerald was carried out bya French company during the 
1920's (Hume 1934) . The huge dumps near the old emerald mines usually contain 
rejected low grade crystals of beryl, and it is possible, especially after a rainfall, to 
collect broken green crystals of beryl up to 3 cm long. Judging the extensive mine 
excavations, the huge dumps , and the quantity of low grade beryl in the dumps it 
appears that the ancient mines yielded large quantities of emerald. 
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Fig. 1. Simplified geological map of Nugrus-Zabara area (from Hunting Geology and Geophysics 1%7, 
Lockwood Geophysical Corporation 1968 and Sa bet et aJ 1976) . 
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Bugrov (1972), Bugrov et al. (1973), United Nations (1974), and Soliman 
(1981, 1982, 1984a) believe that there is a clear spatial relationship between 
beryllium mineralization in Egypt and stanniferous granites. In the present work 
reconnaissance rock-sampling of the granites and panning of alluvium in the 
Nugrus-Zabara area have been carried out in order to study the beryllium 
mineralization and its relation to stanniferous granites in the district. 

General Geology and Tectonics 

Rocks of the Nugrus-Zabara area (about 1680 km2
) are late Precambrian in 

the age and include ophiolitic melange and associated sediments into which 
granodiorites and different granites have been intruded; all are traversed by dykes 
and quartz veins. The metasediments, which are the oldest rocks in the district 
(1200 - 850 Myrs., El Ramly 1972, in Saudi Arabia, the age reported for some 
ophiolites ranges between 800 and 600 Myr., Cleasson et al. 1984, Harris et al. 
1984) and include essentially muddy and sandy sediments, psammitic gneisses, 
schists, mudstones and amphibolites as the more common rock types. The 
ophiolites (which represent pieces of Precambrian oceanic crust, Bakor et al. 1976, 
Church 1979, El Sharkawi and El-Bayoumi 1979, El-Bayoumi 1980, Shackleton et 
al. 1980, Takla et al. 1982) comprise both volcanic and plutonic rocks. The volcanic 
rocks comprise calc-alkaline and tholeiitic varieties. The calc-alkaline varieties are 
dominant. Rock types present range in composition from basalts through andesites 
to dacites and rhyolites. Eruptive rocks occur as pillow lavas , tuffs , agglomerates 
and breccias. Metamorphism up to the amphibolite facies has taken place . 
Associated intrusive rock types include gabbros and serpentinites . The metasedi­
ments-ophiolite melange covers an area of about 500 km2 and forms an elongated 
NW-SE belt (Fig. 1). The general direction of foliation of the schists is nearly 
NW-SE. The metasediments and metavolcanics usually interdigitate and grade into 
each other. 

The granodiorite complex (987 - 830 m.y., Hashad, 1979 in Shackleton et al. 
1980) occupies about 1000 km2 (Fig. 1) and consists of several diorite and tonalite 

. masses. The rocks range about granodiorite in composition tending to be granite at 
Ithe core and more basic at the margins . There is no obvious relationships between 
these granodiorites and beryllium mineralization in the district. 

Several biotite and/or muscovite granite plutons pertaining to the younger 
granite suite of Egypt (640 - 480 m.y., El-Shazly 1964) intrude the granodiorite 
complex and the metasediment-ophiolite melange (Fig . 1). The biotite granites 
being the most abundant. They are usually intensively kaolinized and sericitized 
(Fig . 2) and sometimes associated with vein-type gold mineralization (e.g., 
Hangalia gold mine). Some biotite granites show gneissose texture. The muscovite 
granites are white or light grey, forming small bodies intruding schists and biotite 
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Fig. 2. Photomicrograph of biotite granite from Gabal Nugrus showing intensive alteration of feldspars 
(K) . c.P. X 75. 

granites . They consist of albite, quartz, K-feldspar and muscovite . The albite is 
usually fresh (Fig. 3) and sometimes replaces K-feldspar. The biotite granites and 
muscovite granites are greisenized in parts. At the contact of some gneissose biotite 
granites and schists there are abundant pockets of biotite-rich rock consisting of 
biotite , actinolite and talc-carbonate. These pockets are commonly cut by 
beryl-bearing quartz veins and pegmatite dykes. The majority of the ancient 
emerald mines are excavated in these pockets . 

The petrographic , mineralogical and geochemical characteristics (the geoche­
mical data from ZaghlouJ et al. 1976, and Hume et aJ. 1935) of the biotite and 
muscovite granites of Nugrus-Zabara area (Table 1) suggest that they were formed 
by solidification of magmas developed by partial melting of crustal 
(metasedimentary) material, i.e., S-type granites (ChappeU and White 1974) . 
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Fig. 3. Photomicrograph of albitized muscovite granite from Sikait area showing fresh albite crystals 
(A), muscovite (M) and altered K-feldspars (K). c.P. X 75. 

Propylitization is common in the granodiorite complex. Weak greisenization 
and albitization are recorded in some younger granite masses; silicification, 
biotitization; actinolitization and tourmalinization are common in the schists. Some 
schists are crowded with big rod-like crystals of dark brown tourmaline up to 6 cm 
long. Carbonatization and the development of talc-carbonates are common in the 
ultramafic ophiolites (serpentinites). 

The results of an aeromagnetic survey carried out by Lockwood Geophysical 
Corporation (1968) indicate that the Nugrus-Zabara area is traversed by three 
deep-seated tectonic zones have NW-SE (parallel to the length of the Red Sea) and 
WNW-ESE trends, while the block fault has a NE-SW trend (Fig. 1). The terms 
"deep-seated tectonic zones" and "block faults" refer to zones of deep faults in the 
earth's crust which are characterized by linear trends. They are possibly 
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Table 1. Chemical and mineralogical properties of typical S-type granites compared with those of the younger granites of Nugrus-Zabara area. 

S-type characteristics (Chappell and White 1974) Younger granites of Nugrus-Zabara area 

(I) Usually small intrusions. They form small plutons, sometimes less than one km z, c.g., the 
muscovite granite of wadi Sikait area . 

(2) Restricted range of composition: gabbro-diorite 2% , grano- They exhibit a very limited range of composition, always granites to 
diorite 18%, granite 80%. adamellites. 

(3) Relatively low sodium, NazO normally < 3.2% in rocks with NazO ranges from 3.01% to 4.72% in rocks ranging from 3.77% to 
approx. 5% KzO, decreasing to 2.2% in rocks with approx. 2% 5.18% KzO. 
KzO. 

(4) Mol. Al10y'(Na20 + K20 + CaO) > 1.1 Mol. AlzOy'(Nal0+ K20+CaO) ranges from 1.4 to 1.8. 

(5) SiOz > 65% SiOz ranges from 74.19 to 76.24% 

(6) Biotite dominant over hornblende , muscovite and two- The granites are biotite-and/or muscovite-bearing. 
mica granite common . 

(7) > 1 % CIPW normative corundum CIPW normative corundum generally ranges from 0.7 to 3.8% . 

(8) Accessory minerals include monazite, garnet, cordierite , and Zircon , monazite, fluorite and xenotime are common. 
andalusite. 

(9)Hornblende-bearing xenoliths are rare and metasedimentary No hornblende-bearing xenoliths found and metasedimentary xeno­
xenoliths are common. liths occur. 
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rejuvenated periodically over a long period of time; and are usually associated with 
metasomatic processes including greisenization, albitization, silicification and 
tourmalinization and Sn, Nb, Be, W, Mo, Bi. Band F mineralization (Garson and 
Krs 1976, Krs 1977, Soliman 1981). 

Mineralization 

Known mineralization in the Nugrus-Zabara area occurs as disseminated and 
vein-types of beryl, gold, talc and asbestos. Beryl (sometimes the gem variety) 
occurs in quartz veins and pegmatite dykes cutting mica schists, sometimes as 
crystals disseminated in the schist itself (Hume 1934, Basta and Zaki 1961, Hassan 
and El-Shatoury 1976). 

Beryl in quartz veins forms well-developed hexagonal crystals embedded in a 
fragmented quartz matrix with a mosaic texture (Fig. 4). In some cases beryl 

Fig. 4. Photomicrograph of berylliferous quartz vein from Urn Kabu showing well developed hexagonal 
crystal of beryl embedded in a fragmented quartz matrix. c.P. X 75. 
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crystals are fractured and replaced by quartz (Fig. 5) . These features suggested that 
beryl crystallized first followed by quartz. Beryl usually contains minute gas and 
fluid inclusions with irregular outlines (Fig. 5). 

A few small grains (up to 2 mm diameter) of datolite (reddish brown and 
almost like garnet in colour) are recorded in some pegmatite dykes associated with 
bluish green beryl and yellowish green lithium mica . 

Small quartz veins (about 2 cm in length and 2 cm thick) carrying cassiterite 
are recorded traversing the gneissose biotite granites of the Zabara area. Short 
fibrous anthophyllite asbestos together with vermiculite occurs along the peripher­
ies of some granite pegmatite dykes cutting mafic rocks at the Hafafeat area. These 
ore minerals are probably developed by the action of hydrothermal solutions on 
mafic rocks along fracture zones. Small scale talc and steatite bodies occur in shear 

Fig. 5. Photomicrograph of beryl (B) in quartz vein from Um Kabu area. The beryl ix cracked and 
replaced by quartz (Q). c.P. X 75. 
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zones In the serpentinites. A few small chromite lenses also occur in these 
serpentlmtes. Auriferous quartz veins cutting altered biotite granites in the 
northwestern parts of Gabal Nugrus were exploited by the ancient Egyptians (the 
area in known as the Hangalia gold mine). Some gneisses are radioactive and carry 
accessory columbite, zircon, thorite, monazite, fluorite and galena (Hassan 1973, 
EI-Shazly and Hassan 1972). These gneisses (e.g., at Wadi Abu Rusheid) which are 
probably psammitic in nature (Fig. 6) and are microcIinized in part. 

Heavy Mineral Survey 

Twenty-one alluvial samples (about 15 kg for each) were collected from the 
stream sediments fillings the dry streams (wadis) in the Nugrus-Zabara area . The 
sampling depth is about 30 cm below the surface. The heavy minerals of these 

Fig. 6. Photomicrograph of psammitic gneiss from wadi Abu Rusheid showing abundant quartz (Q) and 
K-feldspar (K). c.P . X 75. 
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samples were obtained by panning in the field (see Soliman 1981, 1984b). The 
heavy minerals were identified microscopically and checked by X-ray diffraction 
analysis and by the tinning test (Soliman 1984b). The major part of the heavy 
concentrates from the studied samples consists of magnetite, ilmenite and 
amphiboles. Identified minerals whose presence may indicate metallization (e .g. , 
beryl, cassiterite and columbite) or be an indicator of hydrothermal processes 
(e.g ., flourite and tourmaline) or regional metamorphism (e.g., garnet (Overstreet 
1963) are shown in Fig. 7. The data shows that beryl associated with tourmaline, 
fluorite and sometimes cassiterite or columbite occur in an elongated NW-SE belt 
extending for about 40 km from Urn Kabu in the SE to Zabara in the NW and may 
demarcate a beryllium geochemical province. The ancient emerald mines are 
located within the boundaries of this province. Field verifications show that the 
granites in this belt are usually greisenized and albitized and the schists are 
sometimes intensively tourmalinized, actinolized and silicifed and are cut by many 
quartz veins and pegmatite dykes carrying beryl, tourmaline and yellow-green 
mica. The altered schists are usually in contact with greisenized and albitized 
granites, suggesting that penumatolytic and hydrothermal processes were active in 
this district. 

Geochemical Rock-Sampling Survey 

A geochemical rock-sampling survey was carried out in the Nugrus-Zabara 
area. Four groups of rocks were sampled: the post-magmatically altered granitic 
rocks, schists, mineralized quartz veins and pegmatite dykes. The altered granitic 
rocks were from Wadi Abu Rushead, Zabara, Hangalia gold mine and Hafafeat 
areas . The altered schists were from the Zabara emerald mine area. Quartz veins 
and pegmatites were from the old emerald mines of Urn Kabu-Um Dfbaa, Nugrus, 
Sikait and Zabara area (Fig. 7). Barren and unaltered granitic rocks were also 
sampled to determine the regional background concentrations of the different ore 
elements in the district. The analysis of these samples was semi-quantitative for Sn, 
Be, Nb, Pb, W, Cu, Y and Ti using a Hilger and Watts large quartz-and-glass 
emission spectrograph in the laboratories of the Geological Survey of Egypt. The 
results of these analyses are discussed below. 

Ore Element Distribution in Altered Granites 

Mean values and standard deviations of the analysed trace elements in the 
altered granitic rocks of Nugrus-Zabara area, compared with data of geochemically 
similar and tin-mineralized Nigerian younger granites of Olade (1980) are given in 
Table 2 and the inter element relationships, in the form of coefficients of 
correlation, of these elements are given in Table 3. 
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Table 2. Mean values (X) and standard deviations (S) of trace elements (ppm) in the granitic rocks of the Nugrus·Zabara area, compared with 
Nigerian granites . (n = number of samples, (-) = not determined) . 

Locality 
Sn 

X S 
Nb 

X S 
Pb 

X S 
Y 

X S 
Zr 

X S X 
eu 

S X 
Ti 

S 

Abu Rushead (n = 120) 227 169 558 196 319 207 129 177 293 458 50 124 682 III 

Hangalia gold mine (n = 25) 

Hafafeat (n = 30) 

36 64 

34 28 

37 47 

39 32 

86 106 

50 40 

43 48 

87 46 

89 48 

4151 2953 

32 

14 

28 

8 

434 

1120 

120 

532 

Zabara (n = 55) 88 164 33 16 34 30 159 43 200 150 28 18 859 767 

Nigerian mineralized 
granites, Olade (1980) 

22 156 56 211 262 16 

s: a 
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Table 3. 	 Inter-element correlations in samples from the granitic rocks of Nugrus-Zabara area (values in 
coefficient of correlation). 

Locality 
Abu 

Rushead 
Hangalia 

gold mine 
Haraleat Zabara 

Sn-Pb +0.27 -0.05 +0 .02 - 0.04 
Sn-Nb +0.23 -0.35 -0.24 -0.09 
Sn-Cu +0.16 -0. 11 -0.18 -0.02 
Sn-Zr +0.28 -0.25 -0.08 -0.17 
Sn-Y -0.Q1 -0.14 -0.22 +0.11 
Nb-Cu +0.07 -0.11 -0.08 +0.15 
Nb-Zr +0 .14 -0.02 -0.03 +0.04 
Nb-Y -0.04 -0.26 - 0.08 +0 .23 
Cu-Zr +0.41 +0.07 +0.09 -0.03 
Cu-Y +0.02 +0 .34 -0.14 +0 .01 
Zr-Y +0.06 +0.03 -0.17 +0.72 
Pb-Nb +0.35 -0.02 -0.27 +0 .11 
Pb-Cu +0.14 +0.18 -0.16 +0.04 
Pb-Zr +0.22 +0.16 +0.08 -0.06 
Pb-Y -0.04 +0.25 +0 .29 +0.14 
Ti-Pb -0.26 -0.14 -0.21 -0 .27 
Ti-Sn -0.21 - 0.27 +0.37 +0.16 
Ti-Nb -0.31 -0.17 +0.17 -0.05 
Ti-Cu -0.20 -0.05 +0.17 +0.02 
Ti-Zr -0.50 +0.20 +0.12 +0.27 
Ti-Y -0.11 -0.19 -0.16 +0.13 

The data of Table 2 show that the altered gneisses of the Abu Rushead area 
contain distinct concentrations of Sn , Nb, Pb and eu relative to the Hafafeat , 
Zabara and Hangalia granites as well as to the tin-mineralized anorogenic Nigerian 
younger granites. High concentrations of Sn and Nb (> 3000 ppm for both) were 
detected in some samples from the Abu Rushead gneisses, suggesting the 
occurrence of discrete minerals of Sn and Nb in these gneisses. Trace amounts of 
cassiterite, columbite, zircon , galena, fluorite, pyrite, monazite, xenotime and 
thorite were identified in the heavy concentrates separated by heavy liquids from 
these rocks . 

The Hangaiia, Hafafeat and Zabara granites contain high Sn and low Nb and 
Y values relative to the Nigerian younger granites. High values of Be (up to 100 
ppm) were recorded in a few samples from the Zabara granite. The most striking 
feature is the remarkable Zr enrichment in the Hafafeat granites. 
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The enrichment of the Zabara, Hafafeat and Hangalia granites in Sn may be 
ascribed to their deriviation from stanniferous granitoid magmas formed by partial 
melting of metasedimentary source material. A large body of recent work (Tauson 
1968, Smirnov 1968, Tauson and Kozlov 1973 , White et al. 1977, Smith et al. 1982) 
shows that granitoid magmas suitable for the generation of tin mineralization are 
commonly formed by partial melting of metasedimentary material. 

Table 2 shows that the high tin values in the studied gneisses and granites are 
associated with the metasomatically altered gneisses of Abu Rushead and the 
metasomatically altered granites of Zabara areas, suggesting that the concentration 
of Sn is controlled in part by the evolution of a late stage aqueous fluid. Groves and 
McCarthy (1978) and Smith et al. (1982) attribute the tin mineralization to this 
aqueous fluid phase . 

The absence of large tin deposits in the Nugrus-Zabara area, although the 
evolution of some granite magma in the district involves the development of 
aqueous fluid phases , suggests either that these original stanniferous magmas did 
not contain sufficient tin to generate large deposits, or that there was a lack 
interaction between the rock , magmatic fluids and meteoric water, as claimed by 
Smith et al. (1982) . 

The frequency distributions of Sn, Nb , Pb, Y , Zr, Cu and Ti in the altered 
gneisses and granites of Nugrus-Zabara area are log normal and show positive 
skewness (Fig. 8) . 

Weak positive or negative correlation coefficient values are recorded as 
between pairs of elements in a particular environment as well as for an individual 
element as between gneisses and granitic rocks of Abu Rushead, Hangalia, 
Hafafeat and Zabara (Table 3) , suggesting differences in the geochemical 
behaviour and mobility of these elements as well as differences for an individual 
element under different geological environments, probably due to the occurrence 
of these elements in different mineral phases. 

Ore Element Distribution in Schists, 

Quartz Veins and Pegmatite Dykes 


Mean values of the analysed trace elements in quartz veins , pegmatite dykes 
and schists of the Nugrus-Zabara area (Table 4), show that the altered schists , 
quartz veins and pegmatite dykes contain high concentrations of Sn , Be, Nb , W , 
Pb, Y, Mo , Zr and Cu. The pegmatite dykes are enriched in Nb, Pb, Y and Zr 
whereas the quartz veins are more enriched in Sn , W, Be , Mo and Cu. These 
results indicate that Nb , Pb , Y and Zr are concentrated in the residual granitic 
liquids of S-type magmas crystallized as pegmatite dykes, and Sn , W , Be, Mo and 
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Table 4. Average trace elements (ppm) of quartz veins , pegmatite dikes and schists, Nugrus-Zabara 
area . (n = number of samples). 

Quartz 

veins 


(n = 10) 


Sn 1300 
W 180 
Nb 100 
Be 3000 
Mo 500 
Pb 50 
Y 30 
Zr 100 
Cu 180 
Ni 
Cr 

Pegmatite 
dykes 

(0 = 8) 
Schists 

(0 = 20) 

80 50 

500 
100 
20 

200 
100 
200 
30 
\0 
\0 

30 
350 

\0 
20 
30 

100 
100 
80 

2000 

Cu are associated with the quartz veins condensed from siliceous hydrothermal 
fluids derived from these magmas . This is probably related to differences in the 
mobility and stability of the complexes of these elements under different geological 
conditions. 

The schists are enriched in Cr and Ni suggesting that they are of basic 
magmatic origin. 

The metasomatism in gneisses ; the greisenization and albitization processes in 
the granites; the occurrence of fluorite, cassiterite, columbite, pyrite and galena in 
the gneisses and granites; and the development of tourmaline and beryl 
disseminated in the schists ; and quartz veins and pegmatite dykes cutting schists in 
contact with greisenized and albitized granites can be directly related to the 
formation of volatile-rich residual liquids during the evolution of S-type magmas in 
the district. 

Trace element distribution in barren granites 

The average values of trace elements in barren and unaltered granites and 
gneisses of the Nugrus-Zabara area (which may represent the regional background 
values of these elements in the district) compared with barren Nigerian younger 
granites of Olade (1980), are given in Table 5. The data show that the barren 
granites of the Nugrus-Zabara area comprise at least two phases: The stanniferous 
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granites (containing more than 10 ppm Sn, Smith et aI. 1982) and the 
non-stanniferous granites (carrying < 10 ppm Sn). The stanniferous granites are 
enriched in Sn , and the non-stanniferous granites are depleted in Sn relative to the 
barren stanniferous Nigerian granites. Both stanniferous and non-stanniferous 
granites of Nugrus-Zabara area are depleted in Nb, Pb, Y, Zr and Cu relative to 
the barren Nigerian granites. The Hafafeat granites are markedly enriched in Zr 
relative to other granites studied as well as the Nigerian granites (Table 5). 

Table 5. Average trace elements (ppm) of barren granites and gneisses of the Nugrus-Zabara area 
compared with barren stanniferous Nigerian granites of Olade (1980) . 

Abu GabaJ Goeissose+ Abu Nas1et Nigerian 
Rusbead Nugrus Hangalla Hafafeat Zabara granites Had Marfua stanniferous 

0 = 4 0=10 0= 5 0=7 0=5 0 = 3 0=3 0=3 granites 

Sn 20 10 20 30 50 5 5 10 
Nb 40 30 30 20 50 10 20 30 96 
Be 5 3 6 10 6 6 

Y 30 30 30 30 50 30 30 30 152 

Pb 20 10 30 20 20 10 10 20 29 

Cu 10 8 10 10 10 15 5 8 16 

Zr 100 100 80 4000 200 150 100 200 203 

(+) In the south western part of the area. 

Conclusions 

Available data suggest the existence of a geochemical province of beryllium in 
the Nugrus-Zabara area, lying in a NW-SE belt parallel to a deep-seated tectonic 
zone of the Red Sea trend. The province is probably formed by pneumatolytic­
hydrothermal processes associated with the emplacement of stanniferous S-type 
granites. It is characterized by greisenization and albitization of the granites, 
biotitization, actinolitization, tourmalinization and silicification of the schists and 
an increase in concentration of Sn, Be, Nb, Pb and Y in granites, gneisses , schists, 
quartz veins and pegmatite dykes. The ancient emerald mines are located within 
the boundaries of this province . 
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