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Abstract. Hydrocarbon contamination in Sharm El-Maya Bay forms 

an eminent threat to the flourishing tourism industry in Sharm El-

Sheikh area. Chemical analyses of seawater, seabed sediments and 

surface soil samples indicate anomalously high level of hydrocarbon 

contamination in Sharm El-Maya Bay area. Integrated geophysical 

survey using magnetic and gravity methods was conducted on the 

suspected area in order to delineate the source(s) of contamination. 

The magnetic survey results revealed the presence of four possible 

sites of subsurface storage facilities. Three of them have been 

confirmed by the gravity survey results. Moreover, the gravity survey 

revealed the presence of north-south trending fault on the eastern side 

of the study area. Detailed investigations using high-resolution 

geophysical tool, such as ground penetrating radar, are needed to get 

better imaging of the vertical and horizontal distribution of the 

subsurface objects in the study area before the excavation. 
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Introduction 

During the past two decades, Sharm El-Sheikh area has evolved into an 

international resort visited by millions of tourists from all over the world 

every year. The main reason of attraction of Sharm El-Sheikh area is its 

virgin nature and hygienic beaches. Sharm El-Maya Bay is a small 

semicircular bay located in the southern suburb of Sharm El-Sheikh City 
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(Fig. 1). In 1999, the bay was devastated by the spilling of huge amounts 

of oil into its waters. These unfortunate oil spills in Sharm El-Maya Bay 

formed a direct threat to the blooming tourism industry in the entire area. 

 

Fig. 1. Location map of Sharm El-Maya Bay area and its surroundings. 

Although, immediate remedy procedures were applied to contain the 

spilling and mitigate the damage, the source of the spill is still a 

controversial issue till today. Some think that the spill was caused by the 

inappropriate dismantling of the old power plant and its surface fuel 

storage tanks (Suez Canal University Report, 1999; Cairo University 

Report, 2001). This power plant was located on the shoe-shaped 

headland defining the southwestern border of the bay and was dismantled 

few months before the spilling incident (Fig. 1). Others, however, 

suggested that oil contamination could be ascribed to spilled crude oil, 

dumped oil wastes, and leaked fuel from boats (Khattab et al., 2006). 

Some concluded that the source of oil polluting the waters of the bay is 

buried within the subsurface of the southwestern headland and that the 

area is still under great threat from a persistent source of oil 

contamination (Morsy et al., 2010). 

The southwestern headland forms a shoe-shaped promontory 

projecting into the Red Sea and separates Sharm El-Maya Bay from the 

neighboring Sharm El-Sheikh Bay. The bay is located very close to the 
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intersection of the Aqaba–Dead Sea rift with the Gulf of Suez and the 

Red Sea rifts (Fig. 1). The study area covers the northwestern corner of 

the headland on the periphery of Sharm El-Maya Bay and its mouth to 

the Red Sea. The study was focused on this part of the headland because 

of the high concentration of surface contamination and because of 

accessibility. 

The headland forms an elevated tract of near-flat-land surface 

bounded seaward by prominent sea cliffs, which border the southern 

margin of the bay as well as the waterway to its mouth (Fig. 1). The sea 

cliffs around the headland are distinguished into steeply sloping cliffs, 

composed of alternating beds of clastic sedimentary rocks and coralline 

limestone, and crumbling slopes, composed of unconsolidated sediments 

and slumped blocks of clastic sedimentary rocks and coralline limestone. 

Chemical analyses conducted on samples collected from the 

headland soil, seabed sediments and bay water showed high level of 

hydrocarbon contamination in all samples. The analysis results showed 

that the average concentration of the total hydrocarbons was 

661.7±383.16 µg/g in the headland soil, 170±128.59 µg/g in the seabed, 

and 37.99±17.45 mg/L in the seawater (Morsy et al., 2010). The results 

also suggested a land-based source of pollution. 

Gravity and Magnetic methods were proved successful in detecting 

and delineating underground cavities and foreign objects buried in 

different environments (Allred et al., 2004; Debeglia and Dupont, 2002; 

Gilkeson et al., 1986; Hinze, 1990 andMochales et al., 2008). The 

magnetic method gives a well-distinguished response to buried artificial 

objects with different magnetic properties from the surrounding material, 

while gravity method precisely maps the variation in subsurface 

densities. A combination of both methods can be very successful in 

distinguishing buried source(s) of contamination such as underground 

hydrocarbon storage facilities. Accordingly, an integrated gravity and 

magnetic survey was conducted in the study area to delineate possible 

source(s) of hydrocarbon contamination buried under the southwestern 

headland of Sharm El-Maya Bay area. 

Magnetic Survey 

The goal of magnetic survey in an area is to investigate the 

subsurface on the basis of the variations in the Earth’s magnetic field 
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resulting from the magnetic properties of subsurface material. Many 

examples of successfully detecting buried ferromagnetic objects by 

magnetic survey are cited in the literatures (Furness, 2002; Horton et al., 

1993, Horton, 2003, Marchetti et al., 2002 and Missiaen and Feller, 

2008). 

In Sharm El-Maya area, the magnetic survey was planned to cover 

the study area with enough measurements to detect and delineate any 

subsurface, natural or artificial, magnetically anomalous objects. A 

SCINTREX Fluxgate magnetometer (MFD-4) was used to collect field 

data. Vertical magnetic field strength was measured over 139 field 

stations (Fig. 2). At every station, measurements were conducted at two 

sensor heights, which are 45 and 90 cm above the ground surface. A base 

station was established in the central part of the study area and was 

regularly revisited during data collection. Base station measurements 

were later used to correct the magnetic survey data for diurnal variations 

in the Earth's magnetic field. Station interval and profile separation 

varied between 5 and 25 meters based on ground surface conditions. 

Field station locations were selected to cover most of the suspected sites, 

particularly those stained with oily spots. 

 

Fig. 2. A map showing the locations of magnetic field stations (black dotes) and the base 

station (white star) in the study area. 

Horizontal and vertical controls of the field stations were conducted 

using a couple of Garmin’s GPSMAP® 60cs receivers. One GPS 
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receiver was left over at the base station position to record satellite data 

every one second and store it on an attached portable computer. While 

the other GPS receiver was moving with the magnetometer operator. 

Data from both GPS devices were subjected to differential processing to 

correct any changes in GPS data that could be caused by errors in the 

satellite path. The differential processing resulted in position solutions 

with a standard deviation less than one meter in X, Y, and Z directions. 

The corrected GPS data were then used to set the positioning of the field 

stations. 

The study area is almost a perfect flat-topped tract of land with 

negligible latitude variations. Therefore, no elevation correction was 

needed for the collected data. Latitude correction was not also required 

because the study area is relatively small. However, magnetic field 

measurements were corrected for diurnal variations because they were 

collected over a long span of time. The drift correction was conducted 

using the base station readings assuming linear interpolation between 

successive base station readings. The corrected vertical magnetic field 

strength readings at sensor heights 45 and 90 cm above the ground 

surface as well as the vertical magnetic gradient data were then presented 

as contour maps using Surfer® 8.0 provided by Golden Software Inc., 

2002 (Fig. 3, 4, and 5). 

Interpretation of magnetic anomalies is a complex process because 

of the several factors involved in shaping a magnetic anomaly such as the 

magnetic susceptibility of the causing subsurface body and the strength 

and orientation of the Earth’s magnetic field at the survey location 

(Dobrin and Savit, 1988). However, five anomalies can be confidently 

recognized in all magnetic maps (Fig. 3, 4, and 5). The first anomaly is 

located in the western part of the study area and shows as two sets of 

elliptical-shaped concentric contour lines. The long axis of the anomaly 

trends northwest–southeast and is about 28 meters, whereas the short axis 

trends east-northeast–west-southwest and is about 18 meters. 

The second anomaly lies to the east of the first anomaly and is also 

depicted in all magnetic maps (Fig. 3, 4, and 5). The center of this 

anomaly lies at about 40 meters to the east of the center of anomaly 

number (1). The resemblance between the 2 anomalies may indicate that 

theymay be caused by two subsurface objects similar in dimensions and 
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is buried at approximately the same depth. The depth to the top of the 

buried body, as calculated from the magnetic anomaly, is 3.3 meters. 

 

Fig. 3. Vertical magnetic field strength contour map of the study area (Sensor height: 90cm 

and contour interval: 200 nT). 

 

Fig. 4. Vertical magnetic field strength contour map of the study area (Sensor height: 45cm 

and contour interval: 200 nT). 
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Fig. 5. Vertical magnetic gradient contour map of the study area (Contour interval: 

100nT/m). 

The third anomaly lies about 140 meters to the northeast of the 

second anomaly and is aligned with the first and the second anomalies on 

a north northeast-south southwest trend. The average depth to the buried 

body, as estimated from magnetic maps, is about 4.2 meters. 

The fourth anomaly lies at about 270 meters to the northeast of the 

center of the first anomaly and is aligned with the previously depicted 

anomalies. From the shape of the magnetic gradient anomaly. This 

subsurface body may have the same dimensions of the unearthed bodies 

depicted from previous anomalies. The depth to this body is 5.6 meters. 

The shape and character of the abovementioned anomalies, as well 

as the observed surface structures in the field, may indicate that they are 

caused by either empty or filled reinforced-concrete tanks. 

The fifth anomaly is a strong anomaly that can be easily recognized 

on the 45 and 90 cm-height vertical magnetic field strength contour maps 

(Fig. 3, 4, and 5). It lies at about 75 meters to the south of the fourth 

anomaly and shows two sets of concentric contour lines separated by 

evenly spaced parallel contour lines. This anomaly is considered, 

however, as insignificant, because it was mainly caused by a surface 

reinforced-concrete foundation left behind after dismantling the electric 

power plant (Fig. 2). 
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In this study, field magnetic survey was used to investigate the 

presence of buried objects of different magnetic properties than their 

surroundings. In general, the magnetic survey was successful in 

delineating four areas of interest where similar reinforced concrete tanks 

may be present in the underground. The quality of the magnetic survey 

data, however, were highly affected by the presence of surface reinforced 

concrete structures that are widespread in the study area and represent a 

major source of noise. The fifth anomaly is a good example of such a 

surface noise. Moreover, the survey revealed a number of suspicious 

anomalies next to the wall, which delimits the southern border of the 

study area. These anomalies may represent significant subsurface 

structures of yet unknown nature that could be related to the pollution 

afflicting the study area. Therefore, it was necessary to conduct further 

geophysical studies using a different surveying technique that is less 

affected by surface sources of noise to confirm and define the nature of 

the buried subsurface structures in the study area. 

Gravity Survey 

A gravity survey investigates the differences in the Earth’s 

gravitational field within an area. These differences in the gravitational 

field are attributed to differences in subsurface densities. In recent 

decades, gravity survey has been widely used to tackle different 

environmental and engineering problems such as detecting buried 

cavities, tanks, infrastructures, and landfills (Butler, 1984; Butler, 2001; 

Hare et al., 1999; Roberts et al., 1990; Rybakov et al., 2001 and Yule et 

al., 1998). In this study, gravity measurements were collected over 107 

field stations, with station spacing varying between 5 and 15 meters, to 

further investigate the interesting sites revealed by the magnetic survey 

(Fig. 6). 

Gravity data were collected using a Worden gravimeter 

manufactured by Houston Technical Laboratories (HTL). A base station 

was established in the central part of the study area and was revisited 

approximately every one hour. Data collected over the base station were 

used later to correct gravity survey data for temporal variations in the 

Earth’s gravitational field. Horizontal and vertical controls of field 

stations were conducted using the same procedure described earlier 

during the magnetic survey. 
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Fig. 6. A map showing the locations of gravity field stations (black dots) and the base 

station (white star) in the study area. 

As mentioned earlier, the study area is almost a perfect small flat-

topped tract of land with almost no altitude variations; hence, no latitude, 

free air, Bouguer, and terrain corrections were needed for the collected 

data. However, the collected gravitational acceleration field 

measurements were corrected for temporal variations, such as 

instrumental drift and tidal effects. After data correction, the resultant 

Bouguer gravity data,should correlate only with lateral variations in the 

density of the upper crust. These were obtained by subtracting all the 

corrected gravity data from a definite base station value (Reynolds, 1997) 

and representing them on a contour map (Fig. 7). 

The western and the central parts of the Bouguer anomaly map are 

characterized by widely spaced sub-parallel contour lines, which are 

superimposed by small concentric contour lines at some sites (Fig. 7). 

The eastern part of the map, however, is characterized by very closely 

spaced parallel contour lines, trending north-south. It is obvious that the 

Bouguer anomaly map is a combination of short wavelength anomalies 

superimposed on a long wavelength anomaly. The short wavelength, or 

residual, anomalies are resulted from small shallow objects buried in the 

study area, whereas the long wavelength, or regional, anomaly is related 

to a large-scale geological structure, which dominates the area and 

greatly masks the short wavelength anomalies. 
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Fig. 7.  Bouguer anomaly map of the study area (Contour interval: 0.2mGal). 

There are various techniques to obtain the regional gravity anomaly 

and the residual gravity anomalies from a Bouguer gravity map. Some of 

these techniques are graphical and others are analytical. Commonly used 

analytical techniques include surface fitting, frequency filtering, and 

downward continuation (NJDEP, 2005). A computer-based filtering 

method was applied to the collected data to isolate regional and residual 

anomalies (Fig. 8 and 9). The filtering algorithm calculates the difference 

between the real value of a point in a grid and the hypothetical value of 

the same point as calculated from the interpolation of the surrounding 

points. This is the same principle of Griffin (1949) method that can be 

summarized in the following equation: 

gregional = (g1 + g2 + … + gn)/n 

Where (gregional) is the regional gravity of a point, and (g1+g2+…+gn) 

are the (g) values of a number of points surrounding this point, and (n) is 

the number of these points. The residual gravity can be then calculated by 

subtracting the regional gravity value from the Bouguer gravity value. 

The gravity survey did not only confirm the results of the magnetic 

survey, but also unexpectedly revealed the existence of a large-scale 

geological structure dominating the study area. The gravity survey also 

indicated the presence of small-scale subsurface artificial structures, 

which were unnoticed during the magnetic survey. 
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Fig. 8.  Regional gravity anomaly map of the study area (Contour interval: 0.2mGal). 

 

Fig. 9.  Residual gravity anomaly map of the study area (Contour interval: 0.05 mGal). 

The regional anomaly map clearly shows a north-south trending, 

steeply dipping fault F-F
\ 
(Fig. 8). This fault was defined as an oblique 

slip fault, which has a dip slip component in which the down-faulted 

block plunged northward. A careful inspection of the location of the fault 

shows that it has a left-lateral strike slip component as well. The regional 
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gravity map also shows that the up-thrown block of the fault slightly tilts 

to the north direction. 

The residual anomaly map clearly defines a number of local 

anomalies (Fig. 9), which are largely consistent with those depicted 

earlier by the magnetic survey. The two anomalies located at the western 

part of the residual gravity anomaly map coincide with the first and 

second anomalies on the magnetic maps. Both show four sets of 

semicircular closed contour lines. The contour line values of the central 

set decreases drastically inward, while the surrounding sets show inward 

increase in contour values. The shapes of these anomalies are correlated 

with that of a buried tank made of dense material and is empty or filled 

with low density material. The central part of the empty tank has 

certainly a very low density, whereas its walls are made of a high density 

material, such as reinforced concrete, which laterally changes to friable 

sedimentary rocks characterized by comparatively lower densities. 

The third anomaly on the residual gravity map is located in the 

central part of the study area at about 137 meters to the northeast of the 

second anomaly. It corresponds to the third anomaly on the magnetic 

maps. This anomaly is characterized by its elliptical closed contour lines, 

which decrease in value towards the center. Its long axis is about 20 

meters and trends in the northwest-southeast direction. It is surrounded 

from north and south by smaller circular anomalies that increase in value 

inwards. The shape of this anomaly and the perception of the nature of 

the buried structures in the study area may suggest the presence of yet 

another buried reinforced-concrete tank. The dimensions of this tank are 

similar to those of the first tank. The depth estimated from the residual 

gravity data is about 4.2 meters. 

In the southwestern part of the study area, three small anomalies can 

be seen at about 20 meters to the south of the first and second anomalies. 

These three anomalies are characterized by elliptical closed contour lines, 

which increase in value towards their respective centers. The similarity in 

shape and the position of the anomalies on the residual gravity anomaly 

maps indicate that these anomalies refer to a buried pipeline extending to 

the south of the depicted tanks. The length of this pipeline is about 36 

meters while its depth of burial is about 2.5 meters. 

Another group of six similar anomalies are located parallel to the 

wall delimiting the southern border of the study area. These anomalies 
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are generally characterized on the residual gravity map by their elliptical 

closed contour lines, in which gravity values increase inward, which 

indicate the presence of high density objects. These six anomalies appear 

in all gravity profiles conducted perpendicular to the wall and at few 

meters away from it. The similarity in shape and the position of this set 

of anomalies very close to the wall, as shown in the residual gravity 

anomaly map (Fig. 9), are rather indicative of the presence of a long 

buried non-metallic pipeline and can be an extension of the previously 

depicted pipeline. The length of this pipeline is about 250 meters and its 

depth of burial is about 3 meters. 

The gravity survey conducted on the study area revealed two 

different types of subsurface structures. They were distinguished into 

naturally occurring subsurface structures, or regional structures, and a 

group of artificial subsurface structures, or local structures. Regional 

structures in the study area are dominated by an oblique slip north-south 

trending fault located at the eastern part of the study area (Fig. 8). The 

impact of this fault on the spatial distribution of the polluting 

hydrocarbons in Sharm El-Maya Bay area is not quite clear. Local 

structures were divided into two main groups. The first group, which was 

also identified by the magnetic method, represents a number of buried 

storage tanks. They include three either empty or partially filled 

reinforced-concrete tanks. The second group represents a part of buried 

pipeline network that extends from near the first and second tanks and 

along the southern border of the study area. 

Summary and Conclusion 

A combined gravity and magnetic surveys were conducted on the 

Sharm El-Maya headland in order to investigate the source(s) of 

hydrocarbon contamination that devastated the Sharm El-Maya Bay more 

than a decade ago.  

Field magnetic survey determined the locations of two main groups 

of buried oil-storage tanks. The first group included two adjacent 

reinforced-concrete tanks buried in the western section of the headland. 

The second group comprised two reinforced-concrete tanks with different 

characteristics. They are buried at the central and the eastern sections of 

the headland and are about 140 meters to the east of the first group. 
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These two tanks are similar in dimensions to those of the first group but 

they are buried at a greater depth of about 5 meters. 

Gravity survey revealed two different types of subsurface structures, 

namely regional structures and local structures. Regional structures are 

dominated by an oblique-slip north-south-trending fault located at the 

eastern part of the study area. Local structures were subdivided into two 

main groups. The first group includes three reinforced-concrete tanks. 

These tanks are either empty or filled of a material of lower density such 

as hydrocarbons. The second group of local structures comprises two 

sub-parallel pipelines. These pipelines are possibly made of concrete, or 

asbestos, as they were not detected during the magnetic survey. 

Integrating the abovementioned conclusions, which were based on 

the interpretation of geophysical data, the spatial distribution of total 

hydrocarbons, and other field observations, it is evident that there are 

three buried reinforced-concrete tanks and a buried pipeline beneath the 

headland (Fig. 10). These buried tanks may be empty or partially filled 

with hydrocarbons. These three tanks may represent the source of 

contamination occurred in the study area. These tanks still represent an 

imminent threat to Sharm El-Maya Bay area, in general, and to the 

northern beach of the headland and its fringing coral reefs, in particular.  

 

Fig. 10. Locations of buried subsurface structures as inferred from the interpretation of 

the magnetic and gravity data (Red circles refer to buried tanks, dashed black line 

refers to fault, and the dashed white lines refer to buried pipelines). 
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Therefore, the study recommends that the buried tanks in the 

headland should be immediately excavated and evacuated from any 

stored oil products using appropriate techniques without bringing further 

damage to the environment. The three tanks should then be cleaned from 

any traces of petroleum products until an appropriate engineering 

solution is found to safely remove them from the area. A high-resolution 

geophysical survey tool, such as ground penetrating radar, can be used to 

survey depicted anomalous regions to precisely image the locations, 

depths, and dimensions of these tanks before the excavation process.  
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