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ABSTRACT 

 

 Physicochemical properties of the white sandstone deposits along the Nuweiba-SantKatherine road, 

southern Sinai region were evaluated for probable utilization in industrial applicationssuch as solar cells, sheet 

glass, oil production process  (catalyst ceramic and in building materials). To evaluate the present white 

sandstone, seventy five samples from five sections were collected and analyzed mineralogically, physically and 

chemically. Physically they are fine to medium in size, well- sorted. Mineralogically, the sandstones are quartz 

arenite (more than 85%), about 90% of the grains fall in the range of 0.125 to 1.00 mm.chemically, and the most 

studied sandstones samples have averages, Al2O3 range from (0.55-1.67%), Fe2O3 range from (0.41-1.66%) and 

SiO2range from (91.17-95.99%). Preliminary investigation on the white sand deposits of Nuweiba -Sant 

Katherine region shows that they are of well-sorted grain size, considerable purity, with quality ranges 

compatible with7
th

 -9
th

 according to U.S specifications and grade (E,F and G) as a British Standard.They might 

be suitable for art and domestic glassmaking. 
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Introduction 

 

 Sinai Peninsula, occupying a portion of the arid belt of North Africa. Shata, 1992 subdivided Sinai into 

seven provinces from north to south (1- Mediterranean foreshore, 2- Mobile platform, 3- northern stable 

platform, 4- southern stable platform, 5-southern mountain, 6- Suez Rift, and 7- Aqaba Rift. The study area 

locates within the fourth province (Fig. 1).        

 It is well known that the production of the glass industries in Egypt are still below the domestic needs. 

Much of glass components (deposits) are still imported. Increase in productive capacity will result in the certain 

wealth and drastically reduce the unemployment problem in Egypt. Accordingly, comprehensive investigation 

to look for these deposits in Sinai took place in last few years. Kamelet al., 1997 showed that the Egyptian glass 

industries need more than 1500 tons per year of silica sands.     

 There are two main locations in Egypt having high quality of silica sand, the first location lies at  Zaafrana 

area – Red Sea and the second one locates at north and south Sinai . The reserves at the mentioned areas are 

over thousands million ton of high quality silica sand, which used in the glass industries, paints , foundries, 

chemicals and ceramics. 

 The chemical, mechanical and physical properties of the white sand attract the attention of many authors for 

industrial applications (eg. Khalid, 1993, El-Fawal, 1994, Kamelet al., 1997, Howard, 2008, Alnawafleh 2009, 

Awadh, 2010, Odewaleet al., 2013 and others. 

 The main aim of the present work is to study the physicochemical characteristics of the white sand deposits 

along the Nuweiba-Sant Katherine road, and to give a brief description of their chemical composition, grain size 

and heavy mineral contents. Also, to achieve their suitability for glass industry and/or other industrial 

application. 

 The study area lies between Latitudes 28 
0
 40

/
   and   28 

0
 50 

/
 N and Longitudes 33 

0
 45

/
   and 34 

0
 28 

/
E. 

(Fig. 2). It is located along the Nuweiba-SantKatherine road from the sign of km. 85 to the sign of km 40, 

southern Sinai. The white sand deposits belong to the Naqus Formation of Early Paleozoic age. Hassan,1967, 

Said,1971, Omara, 1972, and Issawi&Jux, 1982 classified the Early Paleozoic section in Abu Durba of Sinai 

from base to top into Araba Formation and Naqus Formation (Early Paleozoic age),  unconformaby  overlain by 

Mallha Formation of Lower Cretaceous. The term Naqus Formation was introduced by Hassan (1967) and 

adopted by Said (1971) describing a thick siliciclastic sequence. It unconformably overlies the Araba Formation 

and is overlainedunconformably by the Malha Formation. 

 Naqus Formation at the study area consists mainly of a thick sandstone sequence measuring 200m thick 

(Fig. 3). Generally, the lower 30 m are white and massive sandstone beds with minor ferruginous clayey and 

kaoliniticinterbeds. The rest of the sequence is formed of cross-bedded and varicoloured sandstone ranging in 

colour from white to pale brownish and contains abundant quartz pebbles (Fig.3). It is almost devoid of organic 

remains.Termites (Awadh, 2010) could borrow and penetrate the sand glass giving the appearance which called 

Mashrabia or Fenestra structure (Abdel-Rahman,2002)as showing figure 4. 

 



101 
Middle East J. Appl. Sci., 4(1): 100-108, 2014 

 

FIG. (1): THE STUDY AREA SHOWING LOCATIONS OF CRUSTAL MODELING 
               PROFILES (A-A',.....  F-F')   AND DEEP SEISMIC PROFILES 1,2,3 & 4  
                                         (AFTER GINZBURG ET AL., 1979)

33  00 ' 35  00 '

29
00'

31
00'

20      0      20      40      60 Km
  I             I             I             I             I

SUEZ

D                                                    D'

A                                          A'

B

B'

C'

C
1

2

3

4M E D I T E R R A N E A N   S E A

E

E'

EASTERN 
DESERT

R E D    S E A

S I N A I

STUDY AREA 

FIG. (2): GEOMORPHIC UNITS OF SINAI
                    (after Shata, 1992)
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Fig. 1: Geomorphic units of Sinai (Shata, 1992). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: The location map showing sites of the studied five sections (I,II.III,IV and V) along Nuweiba - Sant 

Katherine-road. 
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Fig. 3: Composite Lithostratigraphic columnar section of Naqus Formation in the studied area. 
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Fig. 4: Naqus Formation at Sant Katherine area (section no.V), showing Mashrabia structure (Fenestra 

structure). Termites may borrow and penetrate the white sand.  The arrows pointed to the remnant trace 

of termite trenches. 

 

 For the present study seventyfive samples representing five sections named as  (I,II.III,IV and V) were 

collected. Thirty five samples from section I, nine samples from section II, eight samples from section III, 

fourteen samples from section IV and nine samples  from section V along Nuweiba- SantKatherineroad. For 

evaluating the present white sandstonethe collected samples were analysedmineralogically, physically and 

chemically.  

 

Types and grades of silica sand used for glassmaking: 

 

Types of silica sand: 

 

 For a particular source of sand to be suitable for glassmaking, it must not only contain a very high 

proportion of silica but also other components may include alumina, feldspar and ironbearing minerals. Silica 

sand is also normally required to be well sorted, having grains of an approximately uniform size.  

 

Grades of silica sand: 

 

 The glass industry has established different standard specifications for the silica sand intended for seven 

types of glass. The requirements for these grades of silica sand are set out in BS 2975:1988, British standard 

methods for sampling and analysis of glassmaking sand (BS 2975) which cover the following applications: 

 Optical and ophthalmic glass                      Grade A 

 Tableware and lead crystal glass                Grade B 

 Borosilicate glass                                        Grade C 

 Colourless (or clear) container glass           Grade D 

 Clear flat glass                                             Grade E 

 Coloured container glass                             Grade F 

 Glass for insulating fibres                           Grade G 

 

 The general specifications and the standards for glass sand are graded according to the silica and the 

alumina contents. The percentage contents of lime, magnesia may also take into consideration. Specifications 

vary within certain limits from one glass manufactures to another (Table 1). 
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Table 1: Specifications for chemical composition for the glasssand** 

 
  ** Recommended by the American Ceramic Society and National Bureau of standard (Norton, 1957) 

S/N   System Number 

 

 To meet these tight specifications, the sand often has to be subjected to extensive physical and chemical 

processing. This involves crushing, screening and further adjusting the grain-size distribution, together with 

removing the contaminated impurities in the sand and from the surface of the individual quartz grains. 

 Presence of metallic oxides in the glassmaking sands usually produce coloured glass. If iron is present, the 

resulting glass is coloured green or brown. The iron level is consequently the most critical parameter in 

determining whether particular sand can be used to make clear glass. Sands used to manufacture colourless glass 

are therefore likely to be processed further by certain methods such as acid leaching, froth flotation or gravity 

separation. Figure (5) illustrates the range of iron level permitted in each of the grades of silica sand. 

 

 
 

Fig. 5: Ranges of acceptable iron content in silica sand (BC 2957). 

 

Methods and Results: 

 

Sieve Analysis (Grain-size Distribution): 

 

 A representative of the dry sample of 200gm was transferred into the top sieve of the arranged set of 

sieves,the weighted amount is sieved for 15 minutes through a set of sieves with opening diameters of 2.0, 1.0, 

0.5, 0.250, 0.125, and 0.063 mm; using Raw Tap Shaker sieve. Each sieve (one after the other) was carefully 

removed and the quantity of the sand grains retained in each was calculated after pouring it on a clean white 

paper (with known weight). A brush was used to remove all sand particles retained in each sieve. The weight 

was determined using chemical balance and was tabulated. The grains of the silica sands are well-sorted. More 

than 88% of the grains fall in the range of 0.125 to 1.00 mm; (fine to coarse sand) . More than 22% of the grains 

fall in the range of 0.25 to 1.00 mm; (medium to coarse sand, Table 2). Average results of twenty seven samples 

from the studied five sections are plotted on histograms shown in figure 6. 

 

Mineralogical Composition: 

   

 The obtained sand fractions were examined under the binocular microscope to achieve their mineralogical 

composition (Table 2).The fractions are composed essentially of monocrystalline quartz grains, with few 

polycrystalline grains and small amounts of heavy minerals. The coarse grains (0.5 mm) are usually rounded to 

sub-round, whereas the finer-grains (0.125 mm) are subangular to angular. 
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Table 2: Physical and mineralogical properties of the studied sand fractions. 

Section no./ 

Sieve diameter 

I II III IV V Description 

2-1 mm 0 0 1.2 0 0 White, sub-rounded quartz grains mainly monocrystalline 

with few polycrystalline grains. 

1-0.5mm 0.3 0 13.7 0.2 0 White, sub-rounded to rounded quartz grains,  
monocrystalline quartz grainsand a few polycrystalline  

grains. 

0.5-0.25mm 21.2 0.5 3.3 20.8 5.1 White quartz grains sub-rounded, A trace of grey to 

brownish polycrystalline grains. 

0.25-0.125mm 70.7 86.1 73 71.4 76.9 White, grains sub-rounded to sub-angular quartz, a few 

grains white grayish in color. 

0.125-0.063mm 6.9 9.8 6.1 5.6 13.3 White quartz grains sub-rounded to sub-angular, trace 

amounts of heavy minerals. 

<0.063 mm 0.8 3.5 2.6 1.7 4.5 Brownish, Angular quartz grains, heavy minerals and 

iron oxides. 

 

 
Fig. 6: Grain size distribution in 27 samples of silica sands. 

 

Heavy Mineral Analysis: 

 

 Bulk samples are subjected to heavy mineral separation using Bromoform solution. The obtained heavy 

fractions were washed and dried and their percentage were calculated. They range from trace to about 0.5% of 

bulk samples. The percentages of the heavy mineralsof the two fractions(0.25- 0.125 mm and 0.125- 0.063 mm) 

of the fine and the very fine grains were estimated and the averages percentages of each mineral in both two 

fractions were also calculated. Theheavy mineral analysis reveals the presence of opaques and non – opaque 

minerals. Opaque minerals are represented by euhedral to subhedral grains. They are composed essentially of 

iron oxides (e.g., magnetite, hematite, ilmenite, limonite and goethite). They constitute the main bulk of the 

heavy mineral suite as they reach in abundance more than 70% in most samples (Table 3). According to the 

density, the heavy minerals can be classified into two groups; the first group consists mainly of staurolite, while 

the second group consistsof tourmaline, rutile, garnet, zircon and opaques. The minerals of the second group 

have higher densities than the minerals of the first group and are also smaller in size than the first group. The 

minerals of the second group (higher densities) are difficult to transport by currents, waves and winds, while the 

minerals of the first group (lower densities) are easy transported by currents, waves and winds. It is noticed that 

the second group heavy minerals (higher densities) are concentrated in the very fine fraction (Table. 3). The 

average of the non-opaque minerals such as zircon, tourmaline and rutile are enriched in the very fine fractions 

than in the fine ones, in the five studied sections.Also, the average garnet minerals are enriched in the fine 

fractions than in the very fine one except for section III. 
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Table 3: Averages of the heavy minerals percentagesof the studied fine and very fine sand fractions. 

Section Fraction Opaques% Garnet% Zircon% Tourmaline% Rutile% Sturolite% 

 Fine sand 57.8 22.13 10.53 5.69 2.58 1.4 

I 

(N=8)* 

V. Fine sand 51.88 18.16 15.49 7.94 4.08 1.97 

II 

(N=4) 

Fine sand 60.38 2.98 22.6 11.7 1.4 0.68 

 V. Fine sand 56.45 2.9 24.3 12.63 2.58 0.85 

III 

(N=5) 

Fine sand 89.76 3.04 3.12 1.98 0.94 1.04 

 V. Fine sand 85.16 3.46 4.68 3.56 2.16 1.02 

IV 
(N=5) 

Fine sand 66.94 13.06 12.2 4.59 1.22 0.72 

 V. Fine sand 60.7 10.84 15.26 5.56 4.3 2.3 

V 

(N=5) 

Fine sand 68,9 11.28 12.3 5 3.62 0.82 

 V. Fine sand 57.1 10.4 17.56 7.26 5.88 1.6 

* Number of Samples 

 

 The mineralogy of heavy fraction has been used as a guide to provenance (Blatt et al., 1980 and Fo1k, 

1974) this may give precise information about the types of rock from which the sediment was eroded (Hibbard, 

2002). Epidote; zircon and rutile indicate acid to intermediate igneous rocks (Friedman and Sanders, 1978). 

staurolite and garnet indicate metamorphic rocks (Pettijohn, 1984), rutile derived from granite. 

 

Chemical Analysis: 

 

 The sandstones of the Naqus Formation are commonly termed as the silica sand deposits (white sand) of 

southern Sinai Abdel Rahman (2002). Detail chemical analysis of these sands was necessary to compare with 

the known composition of sand used glssmaking. Normally, the glass sands have mineralogical and 

texturalcomposition which depends largely upon the nature of depositional regime and the source area. 

Therefore, twenty four samples representing the white sandstone of the investigated five sections were 

chemically analyzed for their major oxides (Table 4) then compared with the composition standards of glass 

sands to define the system(s) and grade(s) having the sand suitable for this purpose.  

 
Table 4: Chemical analysis data of the studied samples. 

Section Sample No. L.O.I % SiO2 % Fe2O3 % Al2O3 % CaO+MgO% 

I 1 0.63 97.3 0.32 0.32 0.41 

8 0.38 93.8 0.62 0.26 0.4 

10 0.17 96.1 0.44 0.51 0.45 

12 0.37 96.2 0.38 0.52 0.41 

15 0.49 95.9 0.39 1.14 0.49 

19 0.62 95.3 0.31 0.32 0.47 

21 0.71 96.18 0.42 0.57 0.51 

30 0.36 96.5 0.41 0.52 0.47 

35 0.68 95.62 0.41 0.84 0.39 

 Average 0.49 95.88 0.41 0.55 0.44 

II 1 0.4 93.1 1.5 2.19 0.47 

3 0.34 87.8 2.5 0.83 0.62 

6 0.65 88.6 2.57 0.52 0.69 

10 0.7 95.2 0.08 0.51 0.48 

 Average 0.52 91.17 1.66 1.01 2.26 

III 2 0.59 95.0 0.64 0.64 0.7 

7 0.66 94.8 1.21 0.63 0.59 

9 0.56 95.2 0.9 0.42 0.62 

 Average 0.6 95.00 0.92 0.56 0.64 

IV 1 0.36 95.9 0.45 0.42 0.51 

5 0.37 95.1 0.4 0.94 0.5 

6 0.57 96.8 0.56 0.52 0.42 

10 0.34 96.15 0.44 0.53 0.49 

 Average 0.41 95.99 0.46 0.6 0.48 

V 1 0.43 96.5 0.35 1.25 0.5 

4 1.47 93.8 1.33 1.14 0.7 

8 0.58 95,8 0.45 0.62 1.95 

11 5.35 94.9 1.84 3.73 14.12 

 Average 1.96 95.25 0.99 1.67 4.32 

 

 Generally, the glass sands should have high silica content (95-99.85 %, Kuzvart, 1984). The alumina should 

be less than 4 % for ordinary glass and less than 1% for optical glass (Jensen and Bateman, 1979). Fe2O3 is 



107 
Middle East J. Appl. Sci., 4(1): 100-108, 2014 

 

generally, undesired. It must not exceed 0.04% for ordinary glass but 0.013% for colourless glass and 0.008% 

for optical glass (Srivastava, 1978). Traces of lime, magnesia and alkalis are desired for all common types. The 

glass sands should lie well sorted and their grain sizes range between 0.25 to 2.75 (20-100 mesh; Srivastava, 

1978; Jensen and Bateman; 1979). 

 The chemical analysis (Table 4) shows that the white sands of the studied five sections attain average 

percentages of silica (95.88, 91.17, 95.00, 95.99 and 95.25% respectively), alumina (0.55, 1.01, 0.56, 0.6 and 

1.67 respectively) and iron (0.41, 1.66, 0.92, 0.43 and 0.99 respectively), contents that are suitable for glass 

manufacture. They are generally pure white, less consolidated   medium, fine to very fine grain in size, well- 

sorted. Generally Aeolian deposition results in clean, well-sorted arenites with high quartz content relative to 

any other environment (Folk, 1980). 

 The chemical analysis (Table 4) of the studied white sands match to great extent to the specification of the 

system Numbers 7
th

 and 9
th

according to U.S specifications (Norton, 1957) and grade (E, F and G) of British 

Standards, 1988. They are do not possess high silica necessary for optical purposes (98.00 - 95.00 %). Also,  

Fe2O3 (0.08 – 2.57 %) although rather high, it can serve for ordinary glass types (clear flat glass , coloured 

container glass, Glass for insulating fibres, etc ) which require Fe2O3 ranges from (0.3 to 1.0 %) see Figure 3. 

Preliminary treatments for lowering iron content in the sands may be necessary. The present study refers that the 

white sandstone of the Naqus Formation of the southern Sinai are generally, suitable for certain types of 

glassmaking, such as green glass and amber glass, coloured container glass and insulating fibres. 

 

Conclusions: 

 

 Heavy mineral content, physical properties and chemical composition of  Naqus Formation silica sand 

deposits (white sands) indicate that: 

1-The grains of the white sand deposits are well sorted, and more than 90 % (for the major samples) of the 

grains lie between coarse, medium to fine sand size range. They consist mainly of white and clean mono-

crystalline, sub-rounded to angular quartz grains with few polycrystalline grains and small amounts of heavy 

minerals. 

2- The heavy minerals assemblage includes opaque minerals, zircon, rutile, tourmaline garnet and staurolite. In 

general, the ultra-stable heavy minerals (zircon, rutile and tourmaline) confirm that the granitic rocks of the 

southern Sinai massif (shield) were the main source while the moderate stable heavy minerals (Garnet and 

staurolite) point to a metamorphic source.  

3- The average sand silica contents have more than 95% in all sections except for site II (91.17%). Therefore, 

sands of sectionI, III, IV and V are suitable for glassmaking.   

 In sum most of the silica sand deposits of the southern Sinai region (Nuweiba -Sant Katherine area) 

correlated well with system no  of 7
th

  and 9
th

 according to the U.S. Specification (Norton, 1957); grade (E,F and 

G) ofBS 2975:1988, British standards. They can be suitable for the making green glass and amber glass, 

coloured container glass and insulating fibres. 

 

References 
 

Abdel-Rahman, I.F., 2002. Physical and chemical characteristics of silica sand deposits (white sand) of 

WadiWatir region, Sinai. Acta Mineralogical- Petrographica, Szeged, 43: 79-83. 

Abu-Shabana, M., 1998. Glass sands of Abu-Thora formation west-central Sinai: lithostratigraphy, 

geochemistry, suitability, and reserve estimation (abstract). 5
th

 Conference on geology of Sinai for 

development. Oct. 27-30, Saint Catherine, South Sinai. 

Akarish, A.I.M. and A.M. El-Gohary, 2008. Petrography and geochemistry of lower Paleozoic sandstones, East 

Sinai, Egypt: Implications for provenance and tectonic setting. Journal of African Earth Sciences, 52: 43-

54. 

Alnawafleh, M.A., 2009. Mechanical and Physical Properties of Silica Bricks Produced from Local Materials 

Australian Journal of Basic and Applied Sciences, 3(2): 418-423. 

Awadh,  S.M., 2010. Geochemistry of Termite Hills as a Tool for Geochemical Exploration of Glass Sand in the 

Iraqi Western Desert International Journal of Geosciences, 1: 130-138. 

Blatt, H., G. Middleton and R. Murray, 1980. Origin of Sedimentary Rocks: Prentice-Hall, New Jersey, 362 p. 

BS 2975, 1988. British standard methods for sampling and analyze of glassmaking sand, British Standards. 

Ceramic Industry Magazine, 1966. Materials for ceramic processing, 87: 137-140. 

Development Project of South Sinai Water Resources, 1995. Geological studies at Wadi Watir and its 

tributaries, report no. 1. 

El-Fawal, F.M., 1994. Abu Thora Formation, west-central Sinai, facies analysis and depositional environment. 

Egyptian Journal of Egypt, 38 p. 



108 
Middle East J. Appl. Sci., 4(1): 100-108, 2014 

 

Fathi, I., E. Hertelendi, J. Haas, 1997. Geochemistry and dolomitization of Pleistocene coral reefs, in the Gulf of 

Aqaba region, South Sinai, Egypt. ActaMineralogica-Petrographica, 38: 73-94. 

Folk, R.L., 1974. Petrology of Sedimentary Rocks. Hemphill Publication Co., Austin. Texas, 182 p. 

Folk, R., 1980. Petrology of sedimentary rocks. Hemphill Pub. Co., 182p. 

Friedman, G.M. and J.E. Sander, 1978. Principals of Sedimentologv. John Wiley. New York, 792 p. 

Hassan, A.A., 1967. A new Carboniferous occurrence in the Abu Durba, Sinai, Egypt. 6
th 

Arab. Petroleum 

Conference, Baghdad, 2, 8p. 

Hibbard, M.J., 2002. Mineralogy. A View Point of Geology, McGraw-Hill. 

Howard, K.T., 2008. Geochemistry of Darwin glass and target rocks from Darwin crater, Tasmania, Australia 

Meteoritics & Planetary Science, 43(3): 479-496.  

Issawi, B. and U. Jux, 1982. Contribution on the stratigraphy of the Paleozoic rocks in Egypt. Geological 

Survey of Egypt, 64: 28. 

Jensen, M. and A. Bateman, 1979. Economic mineral deposits . 3
rd

 Ed. John-Wiley & Sons., pp: 545-547.  

Kamel, O.A., F.H. Abdou-Soliman, M.H.M. Abd El-Maaboud, 1997. Sinai Carboniferous white sands: their 

heavy mineral assemblages, fabric, geochemistry, and suitability for glass industry. 3
rd 

conference on 

geochemistry. Alexandria, Egypt. 

Khalid, A.M., 1993. Geology and geochemistry of Nuweiba area, South Sinai, Egypt. Ph.D. Thesis. Suez Canal 

University, Ismailia, Egypt. 

Kuzvart, M., 1984. Industrial minerals and rocks. Develop, Econom. Geol., 18. Elsevier Pub. Co., pp: 300-304. 

Norton, F.H., 1957. Elements of Ceramics. Addision-Wesley Publishing Co. Inc. Reading, Massachusetts. 

Odewale, I.O., L.O. Ajala and D.T. Tse, 2013. Characterizaton of Unwana beach silica sand and its industrial 

applications. International Journal of Science Innovations and Discoveries, 3(1): 93-100. 

Omara, S., 1972. An early Cambrian outcrop in Southwestern Sinai, Egypt. N.Jb. Geol. Palaeontol., 5: 306-314. 

Pettijhon, F.J., 1984. Sedimentary rocks. 3
rd

 India CBS Publ. and Dist., 628 p.  

Said, R., 1971. Explanatory notes to accompany the Geological Map of Egypt. Geological Survey of Egypt, 56: 

123p. 

Shata, A.A., 1992. Watershed management, development of potential water resources and desertification control 

in Sinai. Proc. 3
rd

 Conf. Geol. Sinai Develop. Ismailia. (Invited Talk), pp: 273-280. 

Srivastava, J., 1978. Glass sand deposits and sandstones suitable for glass manufacture in Morena, Grid 

(Gwalior) and Shivpuri Districts, Madhya Pradish.   Indian Miner. (Calcutta), 32: 12-19.  


