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ABSTRACT 
 

The heavy minerals are often useful guides to the source rock where the sediments came from. This paper 
discusses the spatial and temporal heavy mineral distributions and their relation to sediment sources. The 
studied sediments are composing the coastal plain of the central part of the Nile Delta and central part of north 
Sinai Peninsula. The study of the two segments shows different distribution of the heavy minerals concentration. 
The distribution pattern exhibited by opaques, rutile, zircon, tourmaline, epidote and garnet suggest that 
difference in specific gravity, settling velocity and differential transportation have played a major role in their 
distribution at micro environments under the study. Polarizing microscope analyses were used to study heavy 
and light mineral fractions. The study of the heavy minerals content revealed the predominance of ultrastable 
minerals derived originally from igneous and metamorphic rocks then affected by reworking. Additions may be 
come from new source areas, whereas subtractions may be made by a variety of processes. The ultrastable 
minerals are found in abundance due to their resistance to weathering. The depletion of metastable heavy 
minerals may be attributed to recycling. The recycling of these minerals is evidenced by the predominance of 
ultrastable minerals, their high specific gravity, the degree of grains roundness and their maturity. The highest 
percentage of heavy minerals (42%), shown at Baltim dunes may be due to hydrodynamic conditions, aeolian & 
marine actions and shape of coastal geomorphology. Cluster analyses, on heavy mineral variations give a good 
evidence for the tectonic setting which led to the definition of four main clusters. 
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Introduction 
 

Heavy minerals in sands have been used in petrogenetic and provenance studies (Krynine, 1946; Feo-
Codecido, 1956; Callender and Folk, 1958; Hubert, 1962; Gravenor, 1979; Pettijohn et al, 1987; Statteger, 
1987; Morton and Hallsworth 1999; Wong, 2002; Mange and Otvos 2005, Ramasamy and Karikalan 2010 and 
others). Some authors have used the relationship between certain heavy minerals or the presence of a particular 
assemblage of heavy minerals to indicate the original sources of the sands. Others used the characteristics of 
particular heavy minerals as provenance indicators. The word provenance means origin or birth, which deals 
with the source rock the mineral came from.  Pettijohn et al. (1987) used the heavy minerals to trace sediment 
transport paths and map sediment transport paths to outline sand bodies, as well as to find provenance. 

The Egyptian placer deposits extended for about 900 km along the Egyptian Mediterranean coastal plain 
from the Egyptian–Libyan frontier in the west to Rafah on the Egyptian-Palestinian frontier in the east.  

The studied area is divided into two segments Baltim- Gamasa and El Arish, the first one extended from El 
Burullus Lake opening to Gamasa Main Drain and the second segment extended from El Zaranique to El 
Massaied and Wadi El Arish estuary eastward to Rafah Town (Fig.1). Baltim- Gamasa sand dunes belt area was 
considered as two sectors due to some differences in the physical properties. The western sector of this Belt 
(Baltim) was represented by five serial samples collected from the crest of five sand dunes nearly parallel to the 
shore line with interval of about 3km. On the other hand, the eastern sector (Gamasa) was represented by eight 
samples, four from the beach and four from the sand dunes. 

El Arish area was considered as two stations during sampling operation, The first one is the coastal plain area 
extends from El Zaranique Village, at the eastern terminal of El Bardawiel Lake, to El Massaied Village, west El 
Arish City The second station is the coastal plain area extends from Wadi El Arish estuary eastward to Rafah 
Town, on the Egyptian-Palestinian border. The first station was covered by three beach samples and three sand 
dune samples and the second station was covered by four beach sand samples. 

The present work gives the characteristics and distributions of some heavy minerals that could be used as 
provenance indicators. 
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Fig. 1: Location map of the studied samples. 
 

2. Methodology: 
 
The studied sediment samples were collected during 2009-2010, the samples collection was carried out 

applying a special device suitable for the beach and the sand dunes deposits it is a steel spring, and whish is 
made from a steel rod that has 1.5cm diameter. The spring has about 50cm length and about 6cm outer diameter.   

Heavy minerals were separated from the fine and very fine sand fractions (0.25-0.063 mm) of 23 
representative sand samples (Fig.1). Transmitted-reflected polarizing microscope was used to identify 300 
heavy mineral counts including both non-opaque and opaque minerals. 

In order to delineate the mineral provenances, SPSS program was used to classify and cluster the degree of 
similarity and dissimilarity among the different samples as cases and variables.  

 
3. Geomorphological Features: 
 
3.1. Baltim-Gamasa Area: 

 
The main geomorphic units in Baltim-Gamasa area are the coastal plain sand dunes belt as described by 

Abu El Izz (1971). The mentioned sand dunes belt was differentiated by El Fishawy and El Askary (1981) into 
two sectors on the basis of type, strike and age. The western sector is Baltim sand dunes, extends from Burg El 
Burullus City eastwards and the second sector extends eastward to Gamasa Main Drain (Fig.1). 

In this work, the first sector extends for a distance of about 15km with an average width of about 0.5km and 
maximum height of its dune is about 32m (Fig., 2a).It includes barchans, longitudinal and star types. They are of 
the migrating type. The eastern terminal of El Burullus Lake has a concave shoreline. It comprises the protected 
lake opening with a width of about 100m (Fig. 2b). While the second one extends for a distance of about 45km 
with an average width of 2.5km and maximum height of 10m for the sand dunes (Fig.2c). It consists of dome, 
mud and yellowish brown sand dunes and is older than the first sector. They are small and stable. The North 
Africa International Highway crosses the two sectors of this belt.  

 
3.2. North Sinai Area: 

 
North Sinai area extended from Palouza Village, just east of El Tinah plain, eastward to Rafah City on the 

eastern Egyptian frontier. The area comprises eight geomorphic units; these are El Tinah Plain, El Bardawil 
Lake, the sand dunes, the sand bars, El Bardawil outlets, Wadi El Arish, the interdunal plain sabkhas and the 
beach. The shoreline in this area resembles the flattened “W” shape, like the Nile Delta shoreline. The shoreline 
strikes into two nearly opposite directions for four segments. The western and the third sectors strike NW-SE, 
while the eastern and the second ones strike NE-SW controlled by the tectonics formed El Bardawil Lake (Abu 
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El Izz, 1971). The Lake shoreline protruded due north in the middle part forming two bays (El Tinah Bay and El 
Arish Bay). 

Wadi El Arish and its two tributaries have a length of about 250km and 20,000 km2 drainage area. It flows 
from south to north. The sand dunes (Fig.2d) cover about 8,000 km2 on the northern part of Sinai Peninsula 
(Abu El Izz, 1971). It is described by Missak and Attia (1983) as a sand sea. The low land between these sand 
dunes sometimes exhibits sabkhas. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Photographs showing (a) Baltim sand dunes, (b) Protected outlet of El Burullus Lake  
            (c) Erosion of the foot of the sand dunes at Gamasa, and (d) El Arish sand dunes. 
 
Results And Discussion 

 
4.1. Heavy Mineral Analysis: 

  
Heavy minerals are minor, high-density, higher average of specific gravity than other minerals. These 

minerals are present in the parent rocks as either rock forming minerals, like mica, or as accessory minerals, 
such as zircon and tourmaline (Mange et al., 1992). The heavy minerals are often useful guides to the source 
rock where the sediments came from. 

Heavy minerals have great importance in studying the provenance of the sediments and geologic events. 
Some of them are good indicators for igneous sources; others are closely related to metamorphic rocks. Heavy 
minerals association is composed of opaque and non- opaque types. The following is a brief description of the 
light and heavy mineral fractions. 

 
4.1.1. The light fractions: 

 
Light fractions were examined microscopically .Quartz forms more than 60% of the light fraction. Other 

minerals such as feldspar, mica and clay minerals were identified with less abundance.   
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4 1.2.The heavy fractions: 
 
The heavy mineral residue of the studied samples is composed of opaque minerals and non-opaque minerals 

as a main component. The counting results of opaque and non- opaque heavy minerals are given in table (1). It 
is obvious that the opaque minerals form a considerable part of the separated heavy fraction (mainly as 
magnetite and ilmenite). The heavy minerals percentage of the studied localities is represented in figure (3). The 
heavy minerals of Baltim dunes are 42%, Gamasa dunes are 11%, Gamasa beach are 13%, El Arish dune and El 
Arish beach are 20 %and 14% respectively .The concentration of heavy minerals depends on the hydrodynamic 
conditions like sediment influx from the hinterland; wave energy and its velocity; long shore current and wind 
spread which control littoral transport; sorting and deposition of placer minerals in suitable locations (Rao et al., 
2001). Also, aeolian  & marine actions as well as shape of coastal geomorphology have played important role in 
the concentration of heavy minerals (Cheepurupalli, et al. 2012).  

The non-opaque mineral association is mainly composed of rutile, zircon, tourmaline, epidote, monazite, 
staurolite, garnet, amphiboles & pyroxene and biotite arranged in a decreasing order of their average content in 
addition to minor content of chlorite and kyanite (Table 1 & Fig 4). The minerals grains vary in shape from 
prismatic to spherical and are mainly subrounded to rounded (Fig. 5).  
 
Table 1: Heavy mineral frequencies,interrelations and indices of studied samples. 

 
 
Table 1: Continued 

 
O= opaques; NO= non-opaques; MF (common constituents of mafic magmatic rocks)  MT (common constituents of basic metamorphic 
rocks) ; GM (accessory minerals of granites and sialic metamorphic rocks) ; Ep= epidote; St = staurolite; Z = zircon;  G = garnet; R = rutile; 
T = tourmaline; ZRT = zircon + Rutile +tourmaline. 
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Fig. 3: 3-D Pie chart of heavy minerals percentage in different localities. 

 
Fig. 4: Heavy mineral composition of study sediments, illustrated by stacked pie diagrams. 
            Baltim Dune: Bl-D-1-5; Gamasa Dune: G-D-1-4; Gamasa Beach: G-B 1-4; El Arish 
           Dune: Ar- D 1-3 and El Arish Beach: Ar-B 1-7. 
 
4.2. Allogenic Minerals As A Guide To Source Rock, Climatic Conditions, Maturity And Degree Of 
Decomposition: 

 
In order to determine the original source rocks from which the studied sands were derived; reciprocal 

relationships between six minerals (zircon, rutile, tourmaline, garnet, staurolite and epidote) were calculated 
(Table 2). These relationships were used as stability and source index (Pettijohn, 1957). 

The ZTR index is commonly high in beach or littoral zone depositional environments due to the long 
transport distances from the source and the high energy environment. These minerals are found in abundance 
due to their high specific gravity and resistance to weathering. 

The ratio tourmaline/garnet and tourmaline/epidote (Table 2) reveal the predominance of ultrastable 
minerals over the metastable ones. This may be attributed to the source rock since tourmaline is mainly 
concentrated in low rank metamorphic and reworked sedimentary rocks. The predominance of ultrastable 
minerals can be also observed from table (3) and confirmed from figure (6) where the studied samples fall 
within the field of mature sediments (Baltim-Gamasa) with the exception of a few samples from Gamasa and 
most of El-Arish ones, which fall within the field of submature sediments. 
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Fig. 5: Images of heavy mineral varieties: 1 - 5Tourmaline; 6 - 9 Zircon ;  10 - 14 Rutile; 15- 16 Epidote; 17 

Monazite; 18-21 Staurolite; 22- Garnet; 23-24 Pyroxene; 25 –Amphibole; 26-27 Biotite ;28- Chlorite and   
29-30 Kyanite. 

 
Table 2: Reciprocal relationships(ratios)between six identified heavy minerals from studied samples. 

 
 
Table 3: Relationship between metastable and ultrastable heavy minerals recorded in studied sands. 

 
 

Diagram of Pettijohn, (1957) for the original source of detrital minerals according to their stability order 
was applied. It shows that the studied sands were mainly derived from older sediments, igneous and low rank 
metamorphic rocks.  

The maturity of sediments as indicated from the depletion of metastable heavy minerals may be attributed 
to recycling, transport-limited conditions (Johnsson, et al, 1991). 
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4.3. Heavy Mineral Assemblage And Continental Margin Activity: 
 
The integration between tectonic setting and sediment composition has been long recognized (Pettijohn, et 

al 1987). Nechaev and Isphording (1993) suggested a plate tectonic interpretation of heavy mineral data by 
comparing the configuration with the possible sources of clastic sediments resulting from different stages of the 
plate tectonic cycle. Nechaev and Isphording (Op.cit) constructed the right angle triangular diagram (MF, MT, 
and GM) linking plate tectonic setting and the heavy mineral assemblage where:  

(1) MF (common constituents of mafic magmatic rocks) = total contents of pyroxene, hornblende and 
olivine. 

(2) MT (common constituents of basic metamorphic rocks) = total content of pale-coloured and blue green 
amphiboles, epidote and garnet. 

(3) GM (accessory minerals of granites and sialic metamorphic rocks) = total content of zircon, tourmaline, 
staurolite, kyanite, andalusite, monazite and sillimanite. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Relationship between ultrastable minerals and metastable minerals of the studied sediments (after  
            Pettijohn, 1957). 

 
Plotting of the studied samples on this diagram (Fig. 7) indicates that these samples fall within the field of 

mature passive continental margins, which are characterized by a high percentage of minerals derived from 
granites and sialic metamorphic rocks as a result of sediment reworking and deep weathering in regions lacking 
active tectonic events (Nechaev and Isphording, 1993). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 7: Interrelationship of the MF- MT- GM suites in studied sediments (According Nechaev and Isphording, 

1993). 
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4.4. Factors Controlling Heavy Minerals Distribution: 
 
According to Flores and Shideler (1978); the heavy minerals percentages of the studied samples were used 

in calculating the shape fractionation index (epidote /pyroxene + tourmaline + zircon + rutile), hydraulic 
fractionation by density (opaques /non-opaques) and the stability index (zircon + tourmaline + rutile/pyroxene). 

The results of our study indicate that the hydraulic fractionation by shape played an insignificant role due to 
uniformly operating processes throughout the studied area. The fractionation by density is nearly equal among 
the studied localities due to their derivation from magmatic and metamorphic source rocks rich in opaque 
minerals. Finally; the selective decomposition (mineral stability) is regular as indicated by the relatively high 
values of ultra and metastable minerals. 

 
5. Results Of Statistical Analysis: 

 
Statistical analysis allows comparison of heavy mineral data from the two sets of sediments in a quantitative 

manner and enhances interpretation of results. Frequencies of the principal minerals (rutile, zircon, tourmaline, 
high grade metamorphic; epidote, staurolite and garnet, (Tables 1, and 4) were used for elementary statistics. 
Baltim sediments data are close to the igneous rocks source whereas data of Gamasa and El Arish sediments 
having provenance close to both igneous and metamorphic rocks.  
 
Table 4: Statistical analysis of heavy mineral data of the study sediments. 

 
Principle minerals used: Rutile, Zircon, Tourmaline, High-grade metamorphic group; epidote, sturolite, garnet. 

 
5.1. Cluster Analysis:  

 
Application of cluster analysis on the heavy minerals variations resulted in four main clusters (Figs. 8& 9) 

involving the following four mineral associations; ZRT association, amphiboles-pyroxene – opaque association, 
opaque – amphiboles-pyroxenes association and ZRT - opaque association. 

Cluster I; ZRT association, contains 5 samples (21.7% of the total samples), is characterized by the 
abundance of ZRT (60.4%), opaque (13.6%) and amphiboles and pyroxenes (4.2 %). The samples representing 
this association were collected mainly from Gamasa dunes locality with only one sample of El Arish beach.  

Cluster II; amphiboles-pyroxene – opaque association comprises 9 samples (39.2% of the total samples) 
and has the ZRT percentage (52.9%) and percentage of amphiboles and pyroxenes (4.6%). Also it comprises a 
high percentage of opaque (21%). The samples representing this association were collected mainly from Al 
Arish dune &beach locality with only two samples of Gamasa beach.  

Cluster III; opaque – amphiboles-pyroxenes association, includes 4 samples (17.4% of the total samples) 
and has the highest opaque’s percentage (26.25%) and   percentage of amphiboles and pyroxenes (4.75%). The 
samples representing this association were collected from different investigated localities; from Gamasa beach, 
and Al Arish beach. 
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Cluster IV; ZRT - opaque association, comprise 5 samples (21.7% of the total samples) and has the highest 
ZRT percentage (66.5%), percentage of opaque 23.4%. The samples representing this association were collected 
from Baltim dunes locality.                                                             

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 8: Dendogram from cluster analysis (Ward’s method) of the study sedim ents. 

 

 
 

Fig. 9: Distribution of clusters in the study area. 
 

6. Conclusions: 
 
The study of heavy mineral content in the sands of the two studied segments revealed the presence of 

opaque minerals besides an assemblage of non-opaque minerals which are dominated by ultrastable minerals. 
The composition of the heavy mineral assemblages found in the study sediments shows a dominance of non-
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opaque minerals; rutile, zircon, tourmaline, epidote, monazite, staurolite and garnet indicating derivation from 
mainly igneous and partly metamorphic sources. The sediments of west segment (Baltim –Gamasa) were 
derived from the Nile sediments which were derived from the igneous and metamorphic complex along the 
upper reaches of the Nile and then affected by reworking. Whereas east segment (El Arish locality) were mainly 
derived from neighbouring igneous, metamorphic and reworked sedimentary sources.  

The recycling of these minerals is evidenced by the predominance of ultrastable minerals, the degree of the 
grains roundness and the maturity index. Although the sediments are mature to sub-mature; the distribution of 
heavy minerals in  the studied coastal sub-environments show selective deposition of these minerals with respect 
to their densities, sorting and winnowing processes prior to their final deposition on the beach. The ratio 
between tourmaline/garnet and tourmaline/epidote may be attributed to the source rock; since tourmaline is 
mainly concentrated in low rank metamorphic and reworked sedimentary rocks.  The studied Gamasa and El 
Arish beach and dune sediments show relatively enrichment of epidote and staurolite, also indicating partially 
metamorphic source rocks.                                       

The distribution  of heavy minerals percentage of the studied localities at Baltim dunes are 42%, Gamasa 
dunes are 11%, Gamasa beach are 13%, El Arish dune and El Arish beach are 20 %and  14% respectively. The 
high concentration in the Baltim dune may depends on the hydrodynamic conditions; aeolian & marine actions 
and shape of coastal geomorphology which control littoral transport; sorting and deposition of placer minerals in 
suitable locations. 

Based on the abundance of ultrastable minerals (ZTR), amphibole& pyroxene  and opaque minerals, four 
clusters have been  identified that could be related to four provinces were distinguished in study sediments in 
relation to their source rocks namely; ZRT association province (mainly from Gamasa dunes), amphiboles-
pyroxene – opaque association province (from Al Arish locality), opaque – amphiboles-pyroxene associations 
province (mixed from Gamasa, and El Arish beachs) and ZRT–opaque association province(from Baltim 
locality). 
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