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Abstract 

The bottom sediments of the Eastern Harbor (EH) of Alexandria are subjected 

to comprehensive sedimentological and petrophysical investigations. Five core 

samples distributed at the border of the harbor were collected. They ranged in 

thickness between 77.5 and 95cm. Mechanical analysis; porosity and density 

of the sediment and the pore fluid were measured. Different sedimentation and 

water circulation patterns were detected. The Eastern Harbor, which is one of 

the most important sub-water archaeological sites in Alexandria, was exposed 

to different modes of sedimentation. The first one extending along the N-S 

trend and comprising the cores I and II with identical upper section, but the 

lower part was characterized by the presence of coarse grain size sediments. 

The eastern side of the harbor near El-Silsila cores III and V was characterized 

by haphazard mode of deposition, where detritus dominated. Its lower part 

was characterized by its homogeneous feature. The western part of the harbor 

core IV was completely different, where thin laminations were successively 

distributed. Mostly, the sediments of all sites were of poor sorted type, with 

some exceptions. The grain coarseness played a considerable role in capturing 

the organic matter, and the poor sorting of sediments affected the porosity 

values. The low density values are attributed to the richness of organic matter 

in the bottom sediments. Man made effect played a considerable role in such a 

situation. 
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STUDY AREA 

The EH is a shallow semi circular basin, covering an area of about 2.8 km2 with a 

water volume of 15 X 106 m3. The harbor is also sheltered from the sea by a middle 

breakwater leaving two openings, where the exchange of seawater between the harbor 
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and the sea takes place; the western inlet (El-Boughaz), and the eastern inlet (El-

Silsila) [1]. The continuous release of a considerable volume of municipal wastewater 

into the EH since the seventh decades of the last century has affected its bottom 

sediments. The EH of Alexandria lies between longitudes 29° 88, and 29º 90, 50,, E 

and Latitudes 31° 20, and 31º 21, 30,, N (Fig. 1b).  It lies near Ras El-Tin district, 

(Fig.1a) and plays important role in both commercial activities for the economic 

development of Alexandria [2]. 

 

 

 

Fig.1b. Eastern Harbor and position of cores. 
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INTRODUCTION 

Most of the works done on the EH were mainly concerned with its hydrographical, 

hydrobiological, geological and chemical characteristics. El-Sayed et al. [3], El-Sayed 

and El-Sayed [4], El-Nady [5] and El-Rayis et al. [6] studied level of some heavy 

metals in the water and surficial sediments of the harbor. Aboul-Kassim [7] studied 

the level of nitrogen and phosphorus forms and plankton biomass in the water 

column, of the EH  without payment attention to the pore water or to early diagenesis 

of organic remains of the bottom sediments and the role of its contribution to the 

productivity of the overlying water of the EH. El-Sayed [8] investigated the chemical 

speciation of copper in the EH. Nessim [9] studied the level of some trace metals and, 

total carbohydrates and phosphorus in the sediments collected from the Eastern and 

Western Harbors of Alexandria. 

The results obtained El-Nady [5], El-Rayis et al. [6]  and Zaghloul and Halim [10]  

showed the following remarks: a) topographically, the bottom of the harbor was 

increasing in depth away from the coasts towards the center and at the area lying 

behind the main opening (El-Boughaz). Generally, the elevation of the bottom under 

sea surface was between 2 m near the inner margin and 12 m just behind the main 

opening, with an average depth of 6 m;  b) during most of the year, calm sea 

conditions prevailed, with intermittent gales mainly in winter; c) the bottom water of 

the harbor varied between oxic (oxygenated) to nearly anoxic (depletion of dissolved 

oxygen) conditions; and d) over 80% of the underlying sediments were black in color 

with H2S odor, especially at the areas close to the coast (close to the outfall sites). 

Obviously, such bottom water was at different conditions of oxidation-reduction 

potentials. 

Faragallah [11] studied the concentration of  nitrogenous and phosphorus ions, as well 

as dissolved iron in both sediment and pore water at different sites in the EH during 

four successive seasonal cruises of 1986. Ismael and Khadr [12] studied in the core 

sediment from the EH the sedimentation rate, as well as the continuous erosion of the 

bottom sediments, which was not related to sediment texture. Saad and Badr [2] 

studied metal pollution in the EH sediments. Schwarz [13] compared the electronic 

remote sensing survey with remote viewing. He concluded that the detritus of almost 

two and half millennia of commerce has accumulated on the floor of the EH. Due to 

subsidence of the shoreline to depth as great as eight meters, a considerable number of 

the Ancient City's most famous buildings are now lie submerged. 

The purpose of this study is to determine grain size and some petrophysical 

parameters of the collected sediment samples, to analyze the trends and patterns 

distinguished from the parameters and to discuss the processes involved in the 

sedimentation of the studied area. 

 

MATERIAL AND METHODS 

Grain size is the most fundamental property of the sediment particles, affecting their 

entrainment, transport and deposition. Such type of analysis provides important clues 
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to the sediment provenance, transport history and depositional conditions [14]. 

Comparison between the different sediments can be done, using grain size 

distribution, which deviates from a prescribed ideal distribution. Computations 

performed assuming a normal or Gaussian distribution, with an arithmetic grain size 

scale, are seldom used in sedimentlogy, since too much emphasis is placed on coarse 

sediment and too little on fine particles [15]. Consequently, geometric scaling is 

usually employed to place equal emphasis on small differences in fine particles and 

large differences in coarse particles. 

Friedman and Sanders [16] adopted the relation between grain size (phi) and the 

descriptive terminology. Also, Folk and Ward [17] showed the relation between 

sorting values and the related terminology (Table 1). 

 

Table (1): Grain size scale and sorting related to the descriptive Terminology 

Mean Grain size (phi) Terminology 

                      [16] 

Sorting Terminology (phi) 

                  [17] 

0 Coarse sand <0.35 Very well sorted 

1 Medium sand 0.35-0.5 Well sorted 

2 Fine sand 0.5-0.7 Moderately well  sorted 

3 Very fine sand 0.7-1 Moderately sorted 

4 Very coarse silt 1-2 Poorly sorted 

5 Coarse silt 2-4 Very poorly sorted 

6 Medium silt <4 Extremely poor sorted 

7 Fine silt   

8 Very fine silt   

<9 clays   
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Table (2): Grain size and sorting summary of the studied core samples 

Cores Depth (cm) Sand type Sorting Density Porosity 

I 0-18 

18-35 

35-70 

70-85 

85-90 

90-95 

M.S. 

F.S. 

M.S. 

C.S. 

M.S. 

F.S. 

 

M. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

1.4-1.5 

1.4-1.5 

1.1-1.3 

1.1-1.2 

1.1-1.2 

1.4 

4.6-5 

4.8-5 

4.7-5.7 

5.5-6 

5.4-6 

4.8 

II 0-32.5 

32.5-47.5 

47.5-57.5 

57.5-65 

65-75 

75-80 

M.S. 

C.S. 

M.S. 

C.S. 

M.S. 

C.S. 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

1.5-1.7 

1.6-1.7 

1.5-1.7 

1.7-1.8 

1.5-1.7 

1.8 

6.3-8.2 

7.5-8.3 

7-8 

8.2-8.6 

6.3-8 

8.6-9 

III 0-16 

16-18 

18-32 

32-80 

C.S. 

V.C.S. 

C.S. 

F.S. 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

 

1.1-1.4 

1.1-1.2 

1.1-1.5 

1.4-2.1 

7.3-7.5 

7.5-7.9 

7.3-8 

6.8-7.4 

IV 0-2.5 

2.5-7.5 

7.5-10 

10-12.5 

12.5-15 

15-17.5 

17.5-20 

20-22.5 

22.5-27.5 

27.5-30 

30-35 

F.S. 

M.S. 

F.S. 

M.S. 

F.S. 

M.S. 

F.S. 

M.S. 

F.S. 

M.S. 

F.S. 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

1.4 

1.2 

1.2-1.5 

1.4 

1.4 

1.3 

1.4 

1.3 

1.2-1.5 

1.3 

1.3-1.5 

8.2 

5.2-5.7 

5.2-9.5 

7.8 

9 

7 

8.7 

6.5 

6.5-8.8 

7.3 

7.2-9.3 
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35-45 

45-50 

50-52.5 

52.5-55 

55-65 

65-70 

70-82.5 

M.S. 

F.S. 

M.S. 

F.S. 

M.S. 

F.S. 

M.S. 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

1.2-1.4 

1.3-1.4 

1.3-1.4 

1.3-1.4 

1.2-1.5 

1.3 

1.2-1.4 

6.5-8.7 

7-8.1 

7.5-8 

7.5-9 

7.2-9 

7.7-9 

5.3-8.4 

V 0-50 

50-55 

55-60 

60-65 

65-67.5 

67.5-70 

70-75 

75-77.5 

F.S. 

M.S. 

F.S. 

M.S. 

F.S 

M.S. 

F.S. 

M.S. 

V.P. sorted 

M. sorted 

M. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

P. sorted 

1.2-1.4 

1.3 

1.3 

1.3-1.5 

1.3-1.4 

1.3-1.4 

1.2-1.4 

1.2-1.4 

5.3-5.5 

5.3 

5.3 

5.1-5.3 

5.1-5.4 

5.1-5.4 

5.1-5.5 

5.2-5.5 

N.B.: MS= medium sand, FS: fine sand, CS: coarse sand. 

 

The samples densities and resistivities were measured using the traditional techniques. 

The resistivity of a clean water-bearing formation (Ro) not containing clays and 

hydrocarbons is proportional to the resistivity of the brine, with which it is fully 

saturated (Rw), i.e. Roα Rw . The constant of proportionality is called the formation 

factor (F) and the relation becomes: 

F = Ro/ Rw…………………………………(1) 

For a given porosity, the ratio Ro/ Rw remains nearly constant for all values of (Rw) 

below the values less than 1 Ohm-m. For a given saturating brine water, the greater 

the porosity of a formation, the lower the resistivity of the formation (Ro), and the 

lower the formation factor (F). Therefore, the formation factor is inversely related to 

porosity (Φ). It is also a function of pore structure and pore size distribution [18]. 

Based on laboratory observations, a formula relating porosity (Ф) and formation 

factor (F) is given as follows: 

F= a/ (Ф)m       [19]………………….(2) 

Where m is the cement factor and (a) is another factor determined empirically from 

the experimental results. In the current study, values of 2 and 1 are taken for m and (a) 

respectively, and equation (2) takes the form: 

F= 1/ (Ф)2……………………………(3) 
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Representative five sediment cores were collected from the area of study. The cores 

were obtained by introducing manually, PVC tubes into the bottom. It was evident 

that the depth of penetration of the tube varied very much at various locations owing 

to the presence of subsurface hard substratum. Core length varied between 77 cm and 

95 cm. The cores were cut from 2 to 5 cm interval according to their litho logical 

features. The samples were air dried, then splinted to ensure that representative 

portions of the samples will be examined. 

The locations of the core sediment samples are shown in Fig.1b. The sediments, that 

were almost sand, were analyzed for grain size using the method described by Folk 

[20]. Supportive investigations applying Scanning Electron Microscopy were 

performed on some sediment samples and/or size fractions. 

 

RESULTS AND DISCUSSION 

The mean (phi) and sorting of the five sedimentary core samples collected from the 

bottom of the EH are determined through mechanical analysis. Table 2 shows the 

results of this analysis. Regarding core I, collected at the opening between the EH and 

the open sea (Fig. 1b), it was characterized by its medium sand at its upper part, 

followed by successive relative thin medium, fine and coarse sand at the base, Fig. 2a. 

The upper part of this core (0-70 cm) was characterized by relative thick 

homogeneous sand type, where three main depositional epochs prevailed. This core 

was mostly poor sorted. 

             Core II, lying on-line south of core I and located near the shore (Fig.1b) 

showed various grain size characteristics. The upper part of this core was formed of 

successive medium and coarse sand (Table 2 and Fig. 3a), followed at the base by thin 

bands of coarse and medium sand. This core was mostly poor sorted.     

Core III, collected from the eastern part of the EH near El-Silsila (Fig.1b), was 

characterized by coarse sand at its upper part (0-32 cm) and fine sand at its base (48 

cm). Also, fractions of transported material were observed. It was poorly sorted at all 

intervals. 

Core IV, located at the western side of the EH (Fig.1b), was characterized by its 

successive relative thin laminations of fine and medium sand and it was poorly sorted. 

Core V, selected at the southeastern part of the EH, ( Fig.1b), showed thick fine sand 

interval at the top 50 cm. The base of this core was formed of successive laminations 

of fine and medium sand. The upper part of this core was very poorly sorted, while 

the base was poorly sorted ( Figs. 7a, b, c). 

Density and porosity were determined for each core at the same grain size analysis 

depth interval. The density values of core I ranged between 1.1 and 1.5 gm/c.c., while 

porosity values varied from 4.6 and 6 %. Figures (2b and 2c) show the depth/ porosity 

and depth /density of this core. Inspection of these figures show that the mean values 

faces the intervals of low density and relative high porosity at the topmost part of the 

core (0-18 cm), which was formed of medium sand. The interval from 18-35 cm had 
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minimum porosity, high mean (fine sand) and high density. The porosity/ density 

relation as normal was inversely, which means that no abnormal depositional 

conditions prevailed during the sedimentation of this core. The relation between mean 

and density was proportional. Coarse sand had relative low density, due to the 

presence of shell fragments and the richness in organic matter in the sediments.  

Figures (3b and c) show the depth / porosity and depth/density relation of core II. The 

topmost part had high porosity and high density, which was not the normal case. This 

might be attributed to some detritus and stones, from the near shore ( Fig. 1b).  

Depth/porosity and depth/density relations of core III (Figs 4a, b and c) was inversely 

proportional as normal. The mean / density relation was directly proportional.  

Regarding core IV the mean, porosity and density were all directly proportional. 

Many successive alternative thin laminations were noticed. The porosity / density 

direct relation might be attributed to the accumulation of large amount of detritus in 

this core. Figs. 5a, b and c show the depth / mean, porosity and density of this core 

Porosity / density relation was again normal, which means normal depositional 

conditions. The mean was directly proportional to porosity and inversely to density.  

Concerning core V, located at the southeastern part of the EH, the mean was directly 

proportional with porosity and inversely proportional with the density. Porosity and 

density were inversely related, which again was against the normal (Figs 6a, b and c). 

This might be attributed to the man made impact on this part of the EH, through 

accumulation of remains and garbage.  

 

CONCLUSIONS 

Sedimentological and petrophysical studies were carried out in order to identify the 

mode of sedimentation of the recent bottom sediments of the EH. The study revealed 

the following concluding remarks: 

- The bottom sediment types ranged from fine, medium to coarse sand. They 

varied from one location to another. They were mostly of the poorly sorted 

type. 

- The N-S trend comprising cores I and II online with connection to the 

Mediterranean Sea had nearly the same mode of sedimentation especially in 

the upper most part of the cores. 

- The area near El-Silsila had different types of sediments, which might be 

attributed to its archaeological character. 

- The porosity values ranged between 4.6 and 9% while density values varied 

form      

1.1 to 1.8 gm/c.c.. The porosity and density distribution of each core 

sample showed different sediment distribution pattern as indicated by the 

results of mechanical analysis. Such a pattern of sediment distribution shows 

various mode of deposition in the different parts of the EH. This pattern was 
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strongly related to the man-made impact, which strongly affected this small 

semi-enclosed area of the Mediterranean Sea. 
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