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ABSTRACT  

Sinai Peninsula is characterized by superficial thermal 
manifestations represented by a cluster of hot springs with 
varied temperatures (30-72°C). These springs are mostly 
issue out of fractures and distributed along the Eastern 
shore of the Gulf of Suez. In this work, we present a 
reconnaissance study to elucidate the geothermal resources 
and delineate the structural setting of the area using 
available geophysical data; including heat flow, geothermal 
logs, geoelectrical resistivity and aeromagnetic data. The 
heat flow and geothermal well logging measurements 
showed that the eastern part of the peninsula is 
characterized by a high heat flow with an average value of 
70mW/m2. Geoelectrical resistivity surveys were conducted 
in terms of Vertical Electrical Soundings (VES) at some 
localities nearby the surface thermal manifestations. The 
resulted geoelectrical cross sections delineated the 
subsurface structure at the studied localities and gave an 
explanation for the hot water source. Interpretation of 
magnetic data indicated that the hot springs in the western 
side of the peninsula are structurally controlled. 
Additionally, the calculated depth to Curie point isotherm 
ranges between 6.2 and 19.7 Km. Generally, the results 
indicate that Sinai Peninsula is a promising for further 
geothermal exploration. 

1. INTRODUCTION: 

Sinai Peninsula is one of the main geographic units of 
Egypt and represents the Asiatic part of Egypt. Sinai 
Peninsula, covering an area of some 61000 km2, is 
triangular in shape and separated geographically from the 
Eastern Desert by the Gulf of Suez (Fig.1). It is considered 
as unstable shelf due to the frequent earthquake activities 
and its relation with the geologic setting of the area, which 
is controlled by the tectonic activity of the Red sea, Gulf of 
Suez and Gulf of Aqaba. Additionally, Sinai area is 
characterized by superficial thermal manifestations 
represented by a cluster of hot springs with varying 
temperatures (35-72ºC). These springs are mostly issue out 
of fractures and distributed along the eastern shore of the 
Gulf of Suez. Several studies addressed the geologic and 
tectonic setting of Sinai area (e.g. Said, 1962, Omara, 1972, 
and Said 1990). However the geothermal studies were not 
enough to elucidate the geothermal regime of Sinai. Most of 
these studies (e.g. Swanberg et al., 1983) are concentrated, 
mainly, on the groundwater geothermometry that was 
restricted only to the surface hot springs. Some other 
studies were based on oil well temperature data and its 
relevance to hydrocarbon exploration (e.g. Tewfic, 1975). 

In an attempt to study the possible geothermal sources in 
Sinai area and to help characterize the geothermal setting of 

Sinai Peninsula, we estimated the depths to the Curie-point 
isotherm based on spectral analysis of the aeromagnetic 
data. In addition, DC resistivity surveys were conducted at 
three localities in the vicinity of thermal hot springs, to 
elucidate the possible aquifer. Some available information 
from borehole temperatures is used to enhance the results of 
the geophysical interpretation. 

33°32° 34° 35°

31°

30°

29°

28°

Mediterranean Sea

Red Sea100 Km.0 50

Sinai Peninsula

G
ulf of Suez

G
ul

f 
of

 A
qa

baEastern D
esert

RED SEA

Cairo

EGYPT

GULF   O
F   SUEZ

MED. SEA

G
UL

F 
O

F 
A

Q
AB

A

Hot spring

40 C0

72 C0

35 C0

Geoelectrical survey  

Figure 1: Location map of Sinai area. Hot springs, its 
surface water temperature and the geoelectrical survey 

location are displayed. 

2. GEOLOGIC REGIME 

Sinai Peninsula is the most fascinating region from the 
geological stand points of view because it displays a variety 
of simple and complex structural forms, (Abu Al-Izz, 
1971). In general, Sinai reflects in miniature all geologic 
column of Egypt. 

Geomorphologically, Sinai Peninsula comprises seven 
geomorphologic districts. Among these seven districts, the 
southern elevated mountains district occupies the southern 
part of Sinai assuming a triangular shape with its apex at 
Ras Mohamed to the south. The central plateau district 
occupies the central part of Sinai Peninsula in the form of 
two main questas; El Egma to the southwest, and El Tieh to 
the north (Abu Al-Izz, 1971), while the Hilly district lies to 
the northeast of Sinai Peninsula. It is gently sloping towards 
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the northeast and is characterized by local isolated hills. In 
addition, a coastal district of gently undulated surface 
marked by sand ridges of thick sandstones. While muddy 
and marshy land district occupies the shorelines and some 
lakes (e.g. El Bardaweel, El Temsah and Bitter lakes) were 
established.  

Figure (2) shows the main surface geologic units at Sinai. 
For instant, the Paleozoic rocks were suggested for beds 
overlying the Precambrian basement in the southwestern 
Sinai (Omara, 1972, and Kora, 1995). The Mesozoic strata 
crops out in northern Sinai where an almost complete 
sequence from Triassic to Cretaceous is known, (Kerdany 
and Cherif, 1990), while it composes a subsurface section 
attaining a very huge thickness (955 m for Jurassic rocks 
only) at Ayun Musa. 

One of the most important Mesozoic rock units is the 
Nubian sandstone of lower cretaceous which represent the 
main water bearing unit in the region. It attains a maximum 
thickness of about 500 m, while at central Sinai it is made 
up of 70-130 m. (Kora, 1995) While among the Cenozoic 
rooks, we find that Oligocene is the most important from 
the geothermal point of view. The end of the Oligocene 
period witnessed the rifting movements that brought the 
Gulf of Suez to its modern shape. Along the numerous 
faults that crossed the region, simatic molten material 
climbed up and appears in the form of sporadic but frequent 
lava flows, sills, sheets and dike feeders chiefly of olivine 
basaltic and olivine diabase. 

1- Pre-cambrian Rocks               5-Upper cretaceous
2- Carboniferous                         6- Eocene
3- Lower Cretaceous                  7-Oligocene and Miocene
4-Triassic and Jurassic               8- Pliocene
                     9- Pliestocene and Holocene  

Figure 2: the main surface geologic units at Sinai 

Structurally, many workers (e.g. Ball, 1916; Moon and 
sadek, 1921; Shata, 1956 Abu Al-Izz, 1971 and El-
Shinnawi and Sultan, 1973,) had addressed the structure of 
Sinai, which falls into seven structural regions. Among of 
these and which is in our concern is the south Sinai shield 
area, which occupies the southern portion of Sinai and is 
composed essentially of igneous and metamorphic 
complex. Also, there is a group of small NE-SW folds each 

less than five kilometers long, cross the major folds. There 
is also an area of faults extends to the north of latitude 30° 
N for a distance of 200 Km from east to west. In addition, 
there is a narrow elongated plain extending along the 
western border of Sinai in NW-SE direction and is 
characterized by the presence of a series of normal faults of 
varying lengths and displacements. Almost all of these 
faults are oriented in the NW-SE direction parallel to the 
Gulf of Suez composing west Sinai rift area. 

3. GEOTHERMAL REGIME OF SINAI: 

The geothermal regime of Sinai is illustrated in this study 
by two means, thermal surface manifestations and heat flow 
patterns. The surface thermal manifestation in Sinai area is 
represented only in three hot springs, Ayun Musa, 
Hammam Pharaoun and Hammam Mousa at El Tor which 
are located on the eastern shore of the Gulf of Suez (Fig. 1). 
The surface water temperature in these springs varies from 
35 up to 72 ºC. These springs owe their existence to 
tectonic heating associated with the opening of the Red Sea 
/ Gulf of Suez rift (Boulos, 1990). However, it is an 
indication of a geothermal potentiality in the area.  

As for heat flow, there is a minor boreholes devoted mainly 
for heat flow studies (e.g. Fig. 3, at Ayun Musa area) where 
the heat flow patterns of Sinai is estimated, in addition to 
oil well. However, the eastern margin of the crystalline 
Sinai massif is characterized by the highest heat flow values 
of more than 90mW/m2 (Fig. 4). While for the western 
margin along the Gulf of Suez, assuming thermal 
conductivity of 2.3 W/mK as a minimum value, the heat 
flow was estimated to be 60-80mW/m2 but may attain as 
much as 100 mW/m2 (Morgan et al., 1977; Boulos et al., 
1990). Taking into account the presence of a thick 
evaporates section of high conductivity in the Gulf of Suez 
section; these values have to be multiplied. The thermo-
mechanics process controlling the tectonic evolution of the 
Gulf of Suez is still enigmatic. However, the anomalously 
large size of the rift flank for the amount of extension at the 
Gulf of Suez suggests a thermal uplift component (Stickler, 
1985; Feinstein et al., 1996). 
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Figure 3: Heat flow values (mw/m2) in Sinai and 
vicinity. 
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Figure 4: Temperature-depth plot for Ayun Musa BH-1 
well (Modified after Morgan et al., 1985). 

4. AEROMAGNETIC DATA: 

Sinai area was covered by an aeromagnetic survey with a 
flight elevation of 300 m above the sea level (see references 
in Ghazala, 1994). The northern part of the map area (Fig. 
5) is characterized by elongated magnetic anomalies 
trending in the E-W direction which could be related to the 
Ragabet El-Naam E-W shear zone (Ghazala, 1994). Other 
circular anomalies are observed and could be interpreted as 
uplifting basement or intrusion of dibasic dykes. The 
southern part of the map shows also several circular 
magnetic anomalies that could be related to strike-slip 
movements of the Gulf of Aqaba (Ben Avraham et al., 
1985). In this study, the magnetic data are interpreted using 
Euler method (Reid et al., 1990) and the depth to Curie 
point was estimated using spectral analysis approach 
(Salem, et al., 2000). 

 

Figure 5: Aeromagnetic map of Sinai area. 

4.1. Euler Deconvolution: 

The 3D form of Euler’s equation can be defined (Reid et 
al., 1990) as:  
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where x, y and z are the coordinates of a measuring point, 
xo, yo, and zo are the coordinates of the source location, b is 
a base level, and η is a structural index defining the 
anomaly attenuation rate at the observation location (e.g., η 
= 0 for a contact, η = 1 for the top of a vertical dike or the 
edge of a sill, η = 2 for the center of a horizontal or vertical 
cylinder, and η = 3 for the center of a magnetic sphere or a 
dipole, (Thompson, 1982; Reid et al., 1990). By 
considering four or more neighboring observations at a time 
(an operated window), source location (xo, yo, zo) and b can 
be computed by solving a linear system of equations 
generated from equation (1). In the present study, we have 
separated the magnetic data and the Euler approach is 
applied to both residual and regional components. A value 
of 0.5 was selected as a structural index to locate the 
possible magnetic contacts from the regional and residual 
magnetic data. Theoretically, a structural index of zero is an 
appropriate value for contact models. However, this value 
usually gives unstable results (Barbosa et al., 1999). Figures 
6 and 7 show the Euler solutions for the regional and 
residual data, respectively. Good clustering of the solutions 
was obtained and showing definite magnetic trends. The 
solutions show several trends (E-W, NW-SE, NE-SW, and 
N-S) and having a depths ranged between 2.5 and 8.0 km. 
Geologically, Sinai area is considered to be a major tectonic 
province controlled by trends of the Red Sea, Gulf of Suez 
and Gulf of Aqaba rifts (Abu El Izz, 1971). These major 
tectonic features could be observed on Figure 6.  The most 
dominant trend in Figure 7 is the E-W trend. Ben-Avraham 
(1971) has recognized that the E-W shear zone (Ragabat El-
Naam) acting as a front for the Syrian Arc structures. 

4.2 Spectral analysis  

The idea of using aeromagnetic data to estimate Curie-point 
isotherm depth is not new, many authors have addressed 
(e.g. Battacharyya and Leu, 1975; Byerly and Stolt, 1977; 
Shuey et al., 1977; Connard et al., 1983; Okuba et al., 1985 
and Salem et al., 2000). Estimates of the thickness of the 
magnetized portion of the earth’s crust suggest that there 
are two types of lower boundaries of the layer of the 
magnetized rocks. The first type of boundary corresponds 
to vertical changes in crustal composition. The second type 
is where high temperatures at depth cause the rocks to lose 
their ferromagnetic properties i.e., below the Curie-point 
isotherm depth (Connard et al., 1983). The studied area is 
believed to be consistent with the second type. In this work, 
we attempt to estimate the depth to Curie point based on 
spectral analysis using the same method as Salem et al. 
(2000). When a significant spectral maximum does occur, 
indicating that the source bottoms are detectable, the 
frequency fmax of the spectral peak, the mean depth h to the 
source tops and the mean depth d to the source bottom are 
related by 

                            ln
)( 2

1
max h

d

hd
f

−
=

π
   (2) 

We have divided the study area into 5 grids (Labeled A, B, 
C, D and E on Figure 5). For each grid, power spectrum 
was calculated and depth to the Curie point was estimated 
(Table 1). Figure 8 shows an example of radially power 
spectrum for the grid C. 
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Figure 6: Solutions of Euler method obtained from 
regional magnetic data. 

5. GEOELECTRICAL RESISTIVITY DATA: 

The geoelectrical resistivity survey described in this work 
has been carried out by DC resistivity sounding with 
Schlumberger array. Three areas had been surveyed to 
delineate the aquifer around the thermal hot springs (Fig.1). 
We preferably selected those three distinct areas due to the 
thermal surface manifestations represented by the hot 
springs at those areas. The surveys aimed at ascertaining the 
vertical distribution of water-bearing zones, constituting the 
aquifer bodies in the region.  

5.1. Ayun Musa area: 

At the first locality in the vicinity of Ayun Musa (Mousse’s 
springs), Fig. (9), a number of 19 VES stations were 
measured, using electrode spacing started from AB/2= 2 up 
to 1000 m, in a successive steps. The field sites were 
chosen on the basis of the accessibility and applicability of 
the Schlumberger method.  

The VES resistivity data were initially processed in an 
iterative 1-D modeling technique proposed by Zohdy 
(1989). The final model derived by Zohdy technique was 
then taken, in combination with a simple resistivity-depth 
transformation of the observed data, as an initial model for 
routine 1-D inversion (Meju, 1994). 

A selective example of this process (VES no. 12) is shown 
in Fig (10). The digitized field curve is given at Fig. (10-a), 
meanwhile, the final model from inversion and the geologic 
interpretation are portrayed in Figure (10-b). Inspection of 
the calculated VES’s curves reveals that, the number of the 
interpreted layers is varying from four to six layers through 
the study area. For better understanding of the 
hydrogeology of Ayun Musa area, VES data coupled with 

the available borehole inventory are carried out. It revealed 
that the resistivity values are mainly governed by the 
lithological units. This illustrated that the Miocene deposits 
(Marl, sandstone, and limestone) are distinguished by 
varying resistivity attaining a value up to 150 Ohm.m. 
Additionally, the main water aquifer is representing by 
Nubian sandstone at depth starts from 300 m. 

   0  to  0.5
   0.5  to  1
   1  to  1.5
   1.5  to  2.5

 

Figure 7: Solutions of Euler method obtained from 
residual magnetic data. 
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Figure 8: Example of average power spectrum of 
aeromagnetic anomaly map for the grid C. 
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Table (1) Results of spectral analysis and depth 
estimations for the grids A, B, C, D and E 

Shallow sources  

Grid 

Spectral peak 

(Cycle/km) 
Depth to 

the top 

(km) 

Depth to the 

bottom*(km) 

A 0.022 2 18 

B 0.020 2 20 

C 0.026 4 11 

D 0.025 2 14 

E 0.041 3 6 

     * Depth to Curie point 

5.2. Hammam Faraun area: 

At Hammam Faraun area, El-Qady et al, (2000) have 
described a geoelectrical resistivity survey compromised of 
17 VES using the same parameters of the survey at Ayun 
Musa area. They came to conclusion that, the 2-D 
resistivity interpretation of the VES data provides valuable 
information about the subsurface structure which is 
differentiated into two main faulting systems in NNW-SSE 
and E-W directions. That gives explanation for the origin of 
the hot water, which is deep circulation along the fault 
plain. Additionally, a huge thick aquifer (~100 m) in the 
vicinity of the hot spring was elucidated. A promising area 
for geothermal drilling around the Hammam Faraun hot 
spring was recommended. Fortunately, nowadays, a project 
for exploiting this hot water for medical purposes has been 
started. 
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Figure 9: Location map of DC resistivity survey at Ayun 
Musa hot springs. 

5.3. Hammam Mousa area: 

Far away to the south at the vicinity of El-Tor city, the 
capital town of Southern Sinai, Hammam Mousa spring 
was located (Fig.1). A DC resistivity survey was conducted 
in terms of 19 VES using the same parameters of the above 
two surveys. The survey was devoted to map the aquifer of 
the area as well as delineate the possible subsurface 
structure that may have a relation with the hot spring 
system. The VES data had been inverted into 2-D using 
ABIC dependent algorithm (El-Qady et al., 1999, and 
Uchida 1991). According to the results obtained through the 
inversion process, we could be able to construct the 2-D 

geoelectrical section for the surveyed area. Fig.(11) 
portrays the cross section of the inverted 2-D model after 
the fifth iteration for the profile (A-A’) running through the 
hot spring. The initial model is assumed to be 100 ohm.m 
homogenous earth and the topography is incorporated into 
the model. The number of the observed data used for the 
inversion process is 144 while the number of resistivity 
blocks is 88. At VES No.1, there is a thick low resistivity 
zone which might be correlated with the hot water saturated 
zone. Additionally, a fault system is affecting the section, 
which favoring the issuing of hot water in this place. 

6. CONCLUSION: 

The present study aimed to reconnoiter the geothermal 
setting at Sinai Peninsula using the available geophysical 
data, mainly magnetic and DC resistivity. Sinai Peninsula is 
characterized by high heat flow patterns that has values 
more than 100 mW/m2, specially the southern part and 
along Gulf of Aqaba. 
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Figure 10: Example One- dimensional modeling results 
for VES 12 at Ayun Musa area. (a) Observed data 

curve. (b) Interpretation using Meju technique 

Interpretation of aeromagnetic data was done using the 
Euler method for the regional and residual data. Good 
clustering of the solutions obtained show several trends 
which are trending in E-W, NW-SE, NE-SW, and N-S 
directions and depths range from 2.5 to 8.0 km. However, 
the most dominant trend is the E-W trend which acts as a 
front for the Syrian Arc structures at Sinai area. 

Additionally, the magnetic map of the study area has been 
divided into five grids to estimate the depth to Curie point 
isotherm. The depths of Curie point have values varying 
from 6.2 to 19.7 km. That means that the geothermal source 
is very shallow compared with other regions in Egypt, like 
Red Sea - the most high heat flow pattern. 
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Figure 11: the 2-D geoelectrical cross section along 
profile A-A’. 

Detailed geoelectrical survey at the three localities having 
thermal surface manifestations could elucidate the 
groundwater aquifer which is the main source of hot water 
in the vicinity of the hot springs. At Ayun Musa area, the 
water aquifer of Miocene is located around 300 meter 
depth, which is very reasonable for exploitation. 
Meanwhile, at Hammam Faraun hot spring, the aquifer is 
little deeper and more thick. At the three localities, the 2-D 
geoelectrical cross sections elucidates and give a reasonable 
explanation to the hypothesis of the origin of hot water 
sources at the hot springs. The hypothesis stated that, the 
hot water is deeply circulated and comes to the surface 
through the fault plains at the hot springs area. 

As a recommendation, deep geophysical surveys using 
electromagnetic techniques are highly recommended to 
elucidate the deep seated structure at the hot springs area. 
This also will enlighten more information about the real 
situation and subsurface follow of the hot water.  
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