
5656 
Journal of Applied Sciences Research, 9(11): 5656-5664, 2013 
ISSN 1819-544X 
This is a refereed journal and all articles are professionally screened and reviewed 
 
ORIGINAL ARTICLES 
 

Corresponding Author: Dr. Amr El-Gohary, Associate Professor, Geological Sciences Department, National Research  
Centre, Dokki, Giza. 

                                            E-mail: el_goharyma@yahoo.com 

Heavy Minerals Pattern and Indices as a Guide for Provenance and Transportation of 
Beach Sands along the Northern Sinai Coast, Egypt.  
 
Yousria Samy and Amr El-Gohary 
 
Geological Sciences Department, National Research Centre, Dokki, Giza 
 
ABSTRACT 
 

The beach sediments at El-Arish and surrounding on both eastern and western sides along the northern 
Sinai coast are characterized by the presence of extensive black sand placer deposits. The present study concerns 
with the distribution patterns of non-opaque heavy mineral assemblages and heavy mineral indices in the area 
between Port Said to Bir El-Kharoba, east of El-Arish (along the northern Sinai coast).  The non-opaque heavy 
minerals in the investigated coastal sands include, amphiboles, pyroxenes, epidotes, zircon, rutile, tourmaline 
and garnet (not necessarily in this order of abundance), they constitute together more than 85% of the total 
mineral assemblages. Other minerals such as staurolite, biotite and monazite occur as minor components. The 
maximum, minimum and averages of the relative frequency percentage of the identified non-opaque heavy 
minerals lead to establish three well defined non-opaque heavy mineral provinces in the studied coast. Both the 
IPyr and IAmph indices of the studied coastal sands were determined. The heavy mineral patterns in a direction 
away from the main Delta point sources toward distal end depositional sites are irregular along transport ways. 
Therefore, it is necessary to consider the possibility that sediments from other sources rather than Nile derivative 
(non-Neoltic) are contributed along transport ways between the Nile Delta and northern Sinai coast. 
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Introduction 

 
The Mediterranean coast of Egypt extends from Salum on the western boundary to Rafah on the eastern 

boundary, it extends between longitude 25º 12' E and 34º 10' E and in most parts above the latitude 31º N. The 
coast reaches about 900 kilometers in length, and cut by two branches of the Nile River, one at Rosetta and the 
other at Dameitta, enclosing a wide alluvial Delta in between. The Mediterranean coast of Egypt can be divided 
arbitrary into three parts: a-western part which extends from Dekhila to Alamin, b- middle part, Nile Delta 
coast, which extends from west of Abu Qir to the east of Port Said and c- the eastern part (northern Sinai coast). 

The River Nile is the sole source of quartz rich sediments and sand grade heavy minerals on the continental 
shelf and along the Mediterranean coast of Egypt till the construction of the High Dam at Aswan in 1964. Most 
sands were transported by the main Nile and then across the Nile delta to the northern coast through the present 
day Rosetta and Dameitta tributaries and the former Nile branches that were active during the Late Holocene 
(Neev et al, 1987). The sudden cut off of the sand derived by the River Nile as a result of the High Dam 
construction, a substantial volumes of sediments eroded from the Nile delta have continued to be supplied 
eastward to the Egyptian northern Sinai coast.  

Although numerous studies were carried out concerning both the western and the Nile delta coast, however, 
the eastern coast has received relatively less attention. The eastern coast studies dealt mainly with its 
sedimentological and geomorphological characteristics especially the processes of erosions and accretions along 
the coast and they were also interested in recording and determining the coastal changes and their environmental 
effects (Misak and Attia, 1983, Zaghloul et al, 1984, Fanos et al, 1993, Frihy and Lotfy, 1997, Ahmed et al, 
2003, Shaheen and El-Fawal, 2005). 

Most of the mineralogical investigations carried out on the Mediterranean coastal plain of Sinai are focused 
only on the black sand deposits especially at El-Arish area and around it. Most workers were interested on 
studying the radioactivity, physical dressing and economic importance of such black deposits (El Shazly et al, 
1986; Morsy et al, 1989; Dabous et al, 1992; Dabour et al, 2005; Osman et al, 2008).  However, Stanley 1989, 
studied in detail the distribution of the heavy mineral suites on margins of northeastern Egypt, Sinai, Gaza and 
Israel to better assess the source and major dispersal paths of sand between El-Omeiyid on the north-central 
Egyptian coast and northern Israel.   
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Fig. 1: Location map of the study area. 
 
The present study concerns with the distribution patterns of non-opaque heavy mineral assemblages and 

heavy mineral indices in the area between Port Said to Bir El-Kharoba on the eastern coast of the Mediterranean 
Sea (northern Sinai coast) and attempt to use them as a tool to detect the origin and dispersal paths of the beach 
sands. The study area extends along beach in a west-east direction between longitude 32°18'-34°00'E and 
latitude 31°00'-31°18'N (Fig. 1). 

The climate of the area under study is characterized by semi-arid condition, with very low rain fall. The 
main directions of the wind are NW-SE and WNW during most of the year. The predominant long shore current 
direction is toward the east with maximum measured velocities ranging from 80 to 90 cm/sec (Fanos and 
Khafagy, 1992). 

Geologically, the study area has been affected by faults running ENE and NE related to Pelusium shear 
since the Cretaceous or even earlier (Neev and Friedman, 1968). The sediments on the beach are considered as 
Quaternary sediments (Said, 1990). A series of coastal sand dunes are running parallel to the Mediterranean 
coast and extending from El-Tinah bay till Bir El-Kharoba east of El-Arish. Such dunes represent the northern 
extremity of the sand sea of northwest Sinai. 

At El-Arish and the area around it from both eastern and western sides the beach sediments are 
characterized by containing a huge amount of black sand deposits, which in turn contains a number of heavy 
economic minerals (Osman et al, 2008).  
 
Sampling and Methodology: 

 
Forty surface samples (10 to 20 cm deep) are collected by forcing a cylindrical tube down into the sands, 

along the eastern coast of the Mediterranean Sea of Egypt, in the area between Port Said and Bir El-Kharoba 
east of El-Arish. The samples are collected from both the foreshore and the backshore area, then mixed together 
and quartered to ensure that all mineral species are represented. The swash waves on the beach preferentially 
entrain and transport away the coarse grains of low density, tending to leave the dense and fine grains as a lag 
(El-Fishawi and Molner, 1985). So the dense and fine grains like garnet, zircon, rutile and tourmaline are 
tending to settle as lag deposits (on the foreshore zone) while less dense grains such as pyroxenes, amphiboles 
and epidotes are preferentially transported at the backshore zone. 

The very fine sand fraction (0.125-0.063 mm) was chosen for heavy mineral separation. This fraction 
contains the bulk of heavy minerals in the examined samples. The samples were washed to remove soluble salts, 
treated by HCl (10%) to remove carbonates and then dried. The heavy minerals were separated from each 
samples using bromoform following the standard laboratory techniques (Lewis and McConchie, 1994). Grain 
mounting in Canada balsam was made for detailed microscopic examination. The relative proportions of the 
different non-opaque heavy minerals were determined using a mechanical stage mounted on a polarizing 
microscope. The counting is done on several lateral runs at nearly equal distances apart to ensure that nearly the 
whole slide is covered. The SEM technique was also applied for further mineralogical investigations. 

The percentages of dense opaque and iron oxide minerals are excluded and not considered as part of counts, 
the proportion of the transparent heavy minerals are considered only and were recalculated to 100%. The 
percentage of opaque minerals, in most cases, is found to be varied extremely from sample to another even 
within the same area. This variation can’t be considered as a function for determining the provenance but it 
seems to be caused by selective deposition and local transport processes which result in accumulation of the 
dense opaque species and the winnowing of less dense transparent mineral species (El-Fishawi and Molnar, 
1985). 
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Distribution Pattern of Heavy Minerals along Northern Sinai Coast: 

 
Table 1 and Figure 2 show the distribution of the non-opaque heavy minerals in the investigated coastal 

sands. The identified non-opaque heavy minerals include, amphiboles, pyroxenes, epidotes, zircon, rutile, 
tourmaline and garnet (not necessarily in this order of abundance), they constitute together more than 85% of 
the total non-opaque heavy minerals. Other minerals such as staurolite, biotite and monazite occur as minor 
components. Minerals having sporadic existence are ignored. 
 
Table 1: Frequency distribution of non-opaque heavy minerals in the studied coastal sands. 

Location Freq. % Pyrox. Amph. Epi. Zir. Rut. Tour. Gar. Biot. Staur. Mona. 

Western part (1-14) Port 
Said to Rommana 

Max. 46 30 13.8 15.9 12 4 6 3.5 3.5 3.7 
Min. 26 19.2 8.7 4.1 1.9 1.4 1.9 1.4 0.5 1.4 
Average 37.01 22.92 11.1 9.38 6.7 2.68 3.97 2.16 1.59 2.39 

Middle part (15-27) 
Rommana to El-Arish 

Max. 21.8 20.4 13.6 26.1 21 14.8 10 3.9 5 2.7 
Min. 6.5 14.3 6.2 16.4 12 4.7 6.8 2.1 3.6 0 
Average 11.05 17.08 8.49 20 17 10.5 8.18 2.94 4.25 0.95 

Eastern part (28-40) El-
Arish to east of Bir El-
Kharoba 

Max. 8 26.1 18.5 15.5 14 4.1 16.8 5.9 6.7 4.5 
Min. 5.1 20.3 14.4 10.5 8.2 1.3 10.8 3.7 4.7 0.5 
Average 7.19 22.84 16.6 13.3 11 2.7 13.9 4.53 5.69 2.28 

 
Fig. 2: Percentage distribution of non-opaque heavy minerals in the studied coastal sands. 

 
Pyroxenes are the most abundant non-opaque heavy minerals in the investigated samples in the western part 

of the coast. However, its values tend to show a general drop eastward. The lowest values were recorded from 
the samples of the eastern part of the coast.  Pyroxenes  (Plate 1A) are represented by both clinopyroxenes and 
less commonly orthopyroxenes. The former occur as brownish violet and pale green angular to sub-angular 
grains of augite and as colourless sub-angular grains of diopside with characteristic prismatic cleavage. 
Orthopyrocenes, on the other hand, are represented by yellowish green to grayish green sub-angular grains of 
hyperthene. Both diopside and hyperthene are rarely observed in the western part of the coast, they frequently 
recorded at the middle and eastern part of the study area.  

Amphiboles show a considerable enrichment along the coast in both the western and eastern parts. 
However, relatively lower values are recorded from samples of the middle part of the coast.  Amphiboles are 
represented mainly by hornblende (Plate 1B and C) which varies from green to bottle green. The grains are 
mostly prismatic in shape, however, sub-rounded grains are commonly observed eastward. Brownish pleochroic 
grains of oxyhornblende with teeth marks are frequently observed.  

Epidotes are represented mainly by greenish yellow pistachite and cliozoisite, the former is the most 
abundant type. The grains are varying between the sub-angular grains at the western part to sub-rounded and 
rounded grains eastward. Epidotes generally have noticeable values along the coast. However, they reach their 
highest frequency at El-Arish and eastward. Samples from the middle part of the coast record the lowest values 
of Epidotes. 

Along the coast, zircon, rutile and tourmaline tend to have more or less the same pattern of distribution; 
they attain their maximum values in the middle part of the coast (Fig. 3). Their appearance in the heavy fraction 
is always interrelated, they constitute the main component of the non-opaque heavy minerals content in the 
middle part of the coast. Although the relative frequencies of zircon, rutile and tourmaline vary from place to 
place, zircon is always the most abundant and rutile (Plate 1D) is generally more abundant than tourmaline. 
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Both zircon and rutile tend to have the same pattern of distribution which may be related more or less to their 
similarity in grain size and close specific gravity. 
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Plate 1: A- SEM photomicrograph showing sub-angular grains of pyroxenes and rod-shaped biotite (western 

part). B- Hornblende (western part). C- Hornblende (western part). D- Elbo like rutile (middle part). 
E- Dodecahedral garnet (Eastern part). F- Oval rounded garnet (middle part).  
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Fig. 3: Percentage distribution of Z+T+R along the northern coast of Sinai. 

 
Zircon occurs mainly as water clear and colourless particles, however, some purple, pink and smoky 

particles are also frequently observed. The presence of inclusions is a common feature. Mineralogically, the 
inclusions are of iron oxides, zircon and apatite. Zoning is frequently observed especially in the smoky type, it 
occurs as thin bands parallel to the border of the grains. The majority of zircon occurs as elongate rounded 
crystals; however, the tetragonal prismatic bi-pyramidal grains are frequently observed. Rutile occurs as oval or 
prismatic grains with well-rounded terminations. Its colour varies from black, brown, red, orange to yellow. 
Some of the grains showed zircon and opaque inclusions. Tourmaline is represented mainly by rounded to well-
rounded pleochroic brown type. Prisms with angular to sub-angular terminations are uncommon. Inclusions 
occur in some of the grains as tiny mineral grains of rutile and zircon. 

Garnet (Plate 1E and F) is a common mineral recorded in all the study samples. The frequency of garnet 
tends to increase gradually eastward, where it reaches its maximum values at El-Arish and further east; whereas, 
the lowest values are recorded from the western part.  Garnet is present as pale pink and/or colourless rounded 
and sub-rounded grains. Highly rounded grains are also frequently observed especially at El-Arish and eastward. 
Grains without inclusions are the most abundant type.  

Biotite (Plate 1A) occurs as brown to blackish brown irregular flakes containing inclusions of opaque 
minerals. The green variety is rarely observed. Biotite generally has smaller values along the coast; however, it 
tends to be more frequent eastward. The lowest values of staurolite was recorded from the western part, 
however, it shows a marked increase toward the east, the highest value recorded from the extreme eastern part 
of the coast. Staurolite is recorded as golden yellow and yellowish brown varities. It occurs as sub-angular, 
irregular grains with rugged ends. Monazite commonly occurs as well-rounded, oval grains, with weak 
dispersion. It is yellowish green to honey yellow in colour.  Monazite is either completely absent or present as a 
minor component along most of the coast.  In some samples especially at the extreme eastern part, it becomes 
more abundant.  
 
Heavy Minerals Provinces along Northern Sinai Coast: 

 
A mineralogical province is best defined when it contains minerals that don’t occur in significant amounts 

in any other provinces in the same region. Each province is characterized by a heavy mineral association and is 
separated according to the differences in the relative frequencies of minerals. Therefore, mineralogical provinces 
are defined in semi-quantitative concept. There are normally transitional zones of mixing between adjacent 
provinces. The maximum, minimum and averages of the relative frequency percentages of the identified non-
opaque heavy minerals lead to establish three well defined non-opaque heavy mineral provinces along the 
northern Sinai coast; they are: 

1- The area between Port Said and east of El-Tinah bay, Rommana, (samples 1-14). The beach sands of this 
area are characterized by the predominance of pyroxenes, amphiboles, epidotes, zircon and reduced amounts of 
rutile, tourmaline and garnet. The average quantities of pyroxenes are 37.01%, amphiboles, 22.92%, epidotes, 
11.11%, zircon, 9.38, rutile, 6.7%. Associated minerals are tourmaline, 2.68%, garnet, 3.97 %, monazite, 2.39%,   
biotite, 2.16% and staurolite, 1.59%. The distribution of pyroxenes, amphiboles and epidotes in this 
mineralogical province is markedly similar to that characteristic of modern Nile sediments (Phillip and Yussri, 
1964, Hassan, 1976, Stanley, 1989 and El-Shahat et al., 2005 and 2009). The authors point to their derivation 
from the Nile sediments contributed at El-Tinah bay by the old extinct Pelusaic Nile branch which poured its 
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sediments at Tel El-Farma, to be drifted eastward by the Mediterranean long shore currents. Moreover, the 
marked abundance of pyroxenes especially (brownish violet augite) reflects the major influence of the extensive 
basaltic volcanics of the Ethiopian highlands which contributed distinct clinopyroxenes as proved by many 
authors (Shukri, 1950, Hassan, 1976, El-Kammar et al., 1992 and El-Shahat et al., 2005). 

2- The area from Rommana to El-Arish (samples 15-27). The beach sands in this area were characterized by 
the high frequency of the ultra stable minerals (zircon, rutile and tourmaline) with considerable amounts of 
amphiboles, garnet and epidotes and obvious lower values of pyroxenes. The beach sands in this area are 
characterized by the following average quantities of non-opaque heavy minerals: zircon + rutile + tourmaline 
are 47.50%,   amphiboles, 17.08%, garnet, 8.18 %, epidotes, 8.49%, pyroxenes, 11.05%. Associated minerals 
are staurolite, 4.25% and biotite, 2.94%. Less common is monazite, 0.95%. The enrichment of this 
mineralogical assemblage by the well-rounded, ultra-stable minerals (zircon, rutile and tourmaline), reflects its 
derivation from pre-existing sediments. The sands in this province are most probably derived from the 
neighboring sand dunes by the northwesterly winds prevailing in the area. Misak and Attia, 1983 mentioned that 
the sand dunes which are running parallel to the Mediterranean coast from El-Tinah bay to El-Arish are enriched 
with the ultra-stable minerals (zircon, rutile and tourmaline).   

3- The area between El-Arish and east of Bir El-Kharoba (samples 28-40). The beach sands present in this 
area are characterized by the enrichment of amphiboles, epidotes, garnet, staurolite with considerable amounts 
of zircon, rutile and tourmaline. The reduced amounts of pyroxenes are also a distinctive feature of this 
assemblage. The average content of the non-opaque heavy minerals are: amphiboles, 22.84%, epidotes, 16.62%, 
garnet, 13.85%, zircon + tourmaline + rutile, 27%, pyroxenes, 7.19%, staurolite, 5.69%, and biotite, 4.53 %. 
Monazite is more frequently observed in this assemblage, ranging from 0.5-4.5%. The main source of these 
sands is Wadi El-Arish which drains big quantities of fluvial sediments from both northern and central Sinai; 
they reach the Mediterranean coast at El-Arish and characterized by their low content of pyroxenes, equivalent 
amounts of metamorphic minerals, and substantially higher contents of amphiboles, epidotes, zircon + 
tourmaline + rutile, and monazite (Shukri and Philip, 1961). 

 
Distribution of heavy mineral indices along Northern Sinai Coast: 

 
To standardize and evaluate accurately the magnitude of variability of the different suites of samples, ratios 

and indices are very helpful tool. In the present study two indices, IPyr and IAmph, are used to study the 
variation in the collected samples along the investigated area. The two indices are very helpful in such a way 
that they illustrate the variability of all these dominant transparent heavy mineral groups (Pyroxenes, 
amphiboles and epidotes) which occur in noticeable amounts throughout the study area. The two indices were 
defined by Hassan (1976) as follow:  

• IPyr index = (frequency of pyroxenes / frequency of pyroxenes + epidotes) X 100 
• IAmph index = (frequency of amphiboles / frequency of amphiboles + pyroxenes) X 100 
Table 2 and Figure 4A show that the samples of the western part of the coast from Port Said to Rommana 

(samples 1-14) are characterized by a marked high IPyr values, ranging from 69.4% to 83.58% averaging 
76.40%.  However, the values of IPyr tend to decrease gradually in eastward direction. Samples from the middle 
part  (from Rommana to El-Arish) of the study coast (samples 15-27)  have IPyr values  ranging  from 35.55% 
to 68.99% with an average of 54.72%, while those of the eastern part (from El-Arish to east of Bir El-Kharoba) 
(samples 28-40) are characterized by their lowest IPyr values, varying from 22.08% to 34.84%  with an average 
of 30.23%. 

 In contrast to IPyr, IAmph values have their maximum in the eastern part of the study coast (samples 28-
40) ranging from 73.20% to 82.59% and averaging 75.99%. On the other hand, the IAmp values (Fig. 4B) show 
a marked decrease westward (samples 15-27) where the samples are characterized by the lowest values of 
IAmp, varying between 32.57% and 44.90% with an average of 38.51%. For the middle part of the coast 
(samples 15-27), IAmp values are ranging from 48.34 to 73.05% averaging 62.39%. 

 
Table 2: Heavy mineral indices for the study coastal sands. 

Location Frequency % Max. Min. Average 

Western part (1-14) Port Said to Rommana Ipyr. 83.58 69.4 76.4 
Iamph. 44.9 32.57 38.51 

Middle part (15-27) Rommana to El-Arish Ipyr. 68.99 35.55 54.72 
Iamph. 73.03 48.34 62.39 

Eastern part (28-40) El-Arish to east of Bir El-Kharoba Ipyr. 34.84 22.08 30.23 
Iamph. 82.59 73.2 75.99 

 
Ipyr index is considered as the most useful marker of the River Nile source and is also very helpful to detect 

and trace the transportation trends away from both sides of the Nile Delta (Hasssan, 1976). The markedly high 
IAmp and low IPyr values recorded on the coast immediately at El-Arish and further east is most probably due 
to the influence of the locally supplied sediments sources rather than Nile derived sediment. The Nile derived 
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sediments are limited in their transportation along the coast except for the western part. On the other hand, the 
marked high values of IPyr  reported from the western part is due to the proximity of the present Rosetta and 
Dameitta mouths as well as the  former Pelusaic branch of the Nile.  
 

 
Fig. 4: Distribution of the heavy mineral indices along the northern Sinai coast.  

 
This pattern of concentration is significant where the sands carried by the Nile River are not distributed 

along the beach farther east of Rommana. A great part of the solid material carried in suspension by the River 
Nile has been dumped along the Mediterranean coast close to the mouth of the River. Through the action of sea 
waves and currents the rest of the solid materials has been distributed along the length of the coast further east, 
shores away from the mouth are likely to get lesser contributions from the Nile sediments than those close to it.  

Comparing the results obtained from the distribution pattern  of Ipyr and  IAmph  with those  calculated for  
different Neolitic provenance (Table 3), it is  found that  the values obtained from the western part of the coast 
are very close to  those  given by  Hassan (1976)  for the Main Nile  and it is also greatly matched  with those 
calculated for different Neolitic provenances  indicating that  the western part of the coast is  derived mainly  
from Neolitic sources, Ethiopian Plateau. In contrast, the recorded values of IPyr and IAmp for both the middle 
and eastern parts of the coast are highly deviated from those characterizing the Neolitic sediments reflecting the 
diminished influence of the River Nile further eastward along the coast. 

 
Table 3: Comparison between the heavy mineral indices of the study beach sands and those of different provenances. 

Location IPyr IAmph Author 
Western part (1-14) Port Said to Rommana 76.4 38.51 The present work 
Middle part (15-27) Rommana to El-Arish 54.72 62.39 

Eastern part (28-40) El-Arish to east of Bir El-
Kharoba 

30.23 75.99 

Domeitta to Port Said 82.56 39.76 Hasaneen (2005) 
Rosetta mouth 71 50 Inman and Jenkins (1984) 

Burullus 78 42 
Rosetta to Domeitta 82 56 El-Fishawi and Molnar (1985) 

Domeitta mouth 67 50 Shukri (1950) 
North central Delta 84 46 Stanley (1989) 

Manzala lagoon 61 44 Stanley (1989) 
Sinai coast 45.2 55.4 Shukri and Philip ( 1961) 
White Nile 5 97 Hassan (1976) 
Blue Nile 58 79 

Atbara River 99 8 
Blue Nile + Atbara River 88 41 
Main Nile (North Atbara) 83 52 

 
Unfortunately, we cannot compare our results with those obtained by Stanley, 1989 because the author used 

published mineral analysis data which made on samples collected prior to closure of the High Dam at Aswan in 
1964. The lower size limit of the sand fraction in these studies, however, is variable, ranging from 50 to 90µ. 
The author used heavy mineral data for surface and core samples which are listed more specifically for different 
environments at coastal sites such as breaker zone, backshore and sand dunes.         

The results obtained in the present work are in contrast to many workers, most of them   consider the beach 
sediments along the northern Sinai coast till Rafah are derived mainly from the Nile sediments through the 
Rosetta, Dameitta and the old Pelusiac branch. All authors affirm that non-neolitic contributions account for a 
relatively minor to small proportions of the total coastal sand budget. However, If this is the case we must 
expect to found consistent mineralogical changes in a direction away from the main Delta point sources and 
toward distal end depositional sites, but irregular heavy mineral patterns are recorded along transport ways, so it 
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becomes necessary to consider the possibility that sediments from other sources are contributed along transport 
ways between the Nile Delta and northern Sinai coast. 

Loizeau and Stanley, 1993 mentioned that closure of the high Dam at Aswan in 1964 and subsequent 
control of downstream Nile flow induced an obvious effect on the volume, nature and even the processes of 
transport of the sediment carried by the river between Upper Egypt and Mediterranean sea. The amount of the 
fine sand and coarse silt has been greatly reduced since closure of the High Dam, and only a small amount of silt 
and clay presently bypass the Nile Delta lagoons to the sea. The dam affects not only the Nile Valley and Delta, 
but also the sedimentation in areas to the east along the coast is largely affected.  

Increasing the number of harbors, constructed coastal protection and other man-made structures have been 
established along the coast, such as at Dameitta and El-Arish directly affect the near shore processes and modify 
the volume of laterally transported sediments. The amount of sediments derived from the Delta most probably 
has been reduced somewhat in comparison with the volume of the sediments supplied along the coastal transport 
path by beach erosion so that the heavy minerals pattern recorded from eastern Sinai coast greatly differ from 
those recorded from the Nile Delta assemblages.  
 
Conclusions: 

 
The area between Port Said to east of Bir El-Kharoba on the northern Sinai coast is characterized by beach 

sediments containing a huge amount of black sands. The distribution patterns of non-opaque heavy mineral 
assemblages and heavy mineral indices in the study area were studied in details. The non-opaque heavy minerals 
in the investigated coastal sands include, amphiboles, pyroxenes, epidotes, zircon, rutile, tourmaline and garnet 
(not necessarily in this order of abundance), they constitute together more than 85% of the total assemblages. 
Other minerals such as staurolite, biotite and monazite occur as minor components. 

The maximum, minimum and averages of the relative frequency percentage of the identified non-opaque 
heavy minerals lead to establish three well defined non-opaque heavy mineral provinces: 

• The area between Port Said and east of El-Tinah bay, Rommana. The beach sands of this area are 
characterized by the predominance of pyroxenes, amphiboles, epidotes, zircon and reduced amounts of rutile, 
tourmaline and garnet. The great similarity between the distribution of pyroxenes, amphiboles and epidotes in 
this mineralogical assemblage and those of the main Nile sediments indicates their derivation from the Nile 
sediments contributed at El-Tinah bay by the old extinct Pelusaic Nile branch which poured its sediments at Tel 
El-Farma, to be drifted eastward by the Mediterranean long shore currents.  

• The area from Rommana to El-Arish. The beach sands in this area were characterized by the high 
frequency of the ultra stable minerals (zircon, rutile and tourmaline) with considerable amounts of amphiboles, 
garnet and epidotes and obvious lower values of pyroxenes. The sands in this province are most probably 
derived from the neighboring sand dune by the northwesterly winds prevailing in the area. 

• The area between El-Arish and east of Bir El-Kharoba. The beach sands present in this area are 
characterized by the enrichment of amphiboles, epidotes, garnet, staurolite with considerable amounts of zircon, 
rutile and tourmaline. The reduced amounts of pyroxenes are also a distinctive feature of this assemblage. The 
main source of these sands is Wadi El-Arish which drains big quantities of fluvial sediments from both northern 
and central Sinai. 

The markedly high IAmp and low IPyr values recorded on the coast immediately at El-Arish and further 
east most probably are due to the influence of the locally supplied sediments sources rather than Nile derived 
sediment. On the other hand, the marked high values of  IPyr  reported from the western part is due to the 
proximity of the present Rosetta and Dameitta mouths as well as the  former Pelusiac branch of the Nile. The 
Nile derived sediments are limited in their transportation along the coast except for the western part. So, it 
becomes necessary to consider the possibility that sediments from other sources should be transported to the 
area between the Nile Delta and northern Sinai coast. 
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