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ABSTRACT
This study aims to incorporate the analysis and interpretation of aeromagnetic data with the results of
vertical electrical sounding to investigate the horizontal and vertical extensions of subsurface
contaminant plume caused by the wastewater dumpsite at the downstream of Wadi Uranah. It is also
the aim of this study to investigate the subsurface geological and structural elements controlling the
flow and accumulation of contamination. The results show that the contamination flow and accumulation
are controlled mainly by the subsurface faults and basement topography. Subsurface faults form
pathways for the contamination, while subsided basement blocks form basins with thick sedimentary
cover, suitable for accumulation of the contamination. The southwestern part of the area, close to the
Red Sea, is probably affected by seawater intrusion.

INTRODUCTION
Sewage disposal is one of the major environmental problems that is faced by most cities of the world. In fact, the
disposal of sewage water threatens human life, marine life,
wildlife and microorganisms in the soil and groundwater.
The dumping and discharging of the sewage water into open
and unprotected channels, which may extend to several tens
of kilometres, form a large-scale diffuse contamination
source. Depending on topography and subsurface structure
conditions of the area and the rate of the discharge, this may
form accumulation of pools of wastewater around the sewage channel.
The above environmental problem was noticed from the
discharge of the wastewater into the downstream section of
Wadi Uranah, Makkah Al-Mukaramah, Saudi Arabia,
creating an artificial wastewater lake. This lake is located at
distance of 25 km southwest of Makkah Al-Mukaramah
(Fig. 1).
The preliminary environmental assessment for the downstream of Wadi Uranah was carried out by Al-Rehaili &
Banakher (1998). The results of microbiological analysis
show that the groundwater is polluted and, hence, it is not
suited for human consumption. Other studies have been
carried out by Al-Harthi (2003) and Bahabri (2011) in order

to evaluate the environmental influence created by the disposal of sewage water into Wadi Uranah. The comparison
between the chemical and biological analysis results from
previous suites and the permissible values suggested by
SASO (1991) and WHO (1993) for drinking water and FAO
(1985), MAW (1988) and MEPA (1989) for irrigation water
reveal that the stream wastewater of Wadi Uranah cannot be
used for human consumption or irrigation purposes. Previous
studies were based on a shallow subsurface water and soil
sampling. This environmental procedure represents an
environmental investigation at small scale.
In order to delineate sewage water pollution areas, it is
important to detect the general surface and subsurface trend
of sewage water spreading. In such circumstances, the integration of geophysical methods form a vital tool in the evaluation and characterization of contaminants generated by
dumping and discharging the sewage water into the subsurface alluvium deposits. The contamination plume can influence electrical resistivity/conductivity of the subsurface
soil. The electrical resistivity of the material is a function of
the concentration and the mobility of the dissolved ions
that are existing or contained within the subsurface pore
fluid (Telford et al. 1990). Therefore, The vertical electrical
sounding (VES) which is one of the main geoelectrical methods is used widely to identify and delineate the contami-
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Fig. 1: Location map of the study area.

nant extension leachate plume and its migration below the
surface around wastewater dumping sites (Ogungbe et al.
2012, Sirwa 2014, Ojo 2015).
Due to the existence of high magnetic susceptibility contrast between the alluvium deposits and the underlying basement rocks, the magnetic method is used extensively to delineate the basement structure such as faults, dykes and
lithological contacts that control the distribution and the
movement of groundwater or contaminated plume within the
alluvium deposits (Al-Garni 2005, Amigun & Adelusi 2013).
The main target of this research work is to characterize
the subsurface geological configuration that controls the
general trend of the subsurface movement of the sewage
water. It is also the aim of this work to estimate the horizontal
and vertical extensions of sewage water that penetrate
through the alluvium deposits of the downstream of Wadi
Uranah. The former object can be achieved from analysing
the aeromagnetic data and the later can be defined using the
VES survey.

Fig. 2: Geological map of the study area
(Moore & Al-Rehaili 1989).

GEOLOGY OF THE STUDY AREA
The study area is located within Makkah quadrangle.
Therefore, the geological content of the current work is
mainly summarized from the explanatory notes associated
with geological map of the Makkah quadrangle (Moore &
Al-Rehaili 1989). The geology of the study area reveals
three outcrops, the layered precambrian rocks, tertiary
sedimentary rocks and unconsolidated sediments. At the
study area, the layered precambrian rocks are represented
by unassigned amphibolite, Bahrah and Kashab formations,
which are part of Samran group (Fig. 2).
The layered precambrian rocks are intruded by igneous
intrusive rocks, such as metagabbro and gabbro (xgb),
amphibolite (xam), Milh complex (mdq), Sharqah complex
Vol. 17, No. 2, 2018

(rdg), Ju’ranah complex, and Hashafat complex (hgm and
hgd). In general, these intrusives are represented by andesite,
porphyritic andesite and rhyolite, microgranite, diorite,
quartz diorite, gabbro, and quartz gabbro.
The tertiary rocks are represented by layered sedimentary rock called Ash Shumaysi formation. They overlie the
precambrian rocks with a major unconformity contact. The
recent quaternary deposits in the study area can be classified
into alluvial and aeolian deposits. The alluvial sediments
comprise of the valley stream deposits, which are mainly
silt, sand, gravels, and pebbles. At the study area, the quaternary deposits uncomfortably overlie the irregular erosional surface of the granitic basement rocks.
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the wastewater channel and covers a surface area of approximately 40 km2 (Fig. 3). The VES survey was accomplished
at 23 soundings to determine the subsurface sewage
contamination distribution. The distribution of the VES
soundings in the study area aims to detect the extension of
the contamination plume around the sewage pond in the
vertical and in the horizontal direction (Fig. 3). The AB/2
spacing ranges between 600-1000 m, which gives a suitable
penetration depth of investigation in the study area. In areas
of high contamination or high subsurface conductivity, a
great portion of the injected electrical current is lost, which
may not reveal good penetration or image of the contaminated layer. Then, the raw VES data sets were processed
using the IP2WIN to invert the apparent resistivity data into
true resistivity model.
Fig. 3: Aeromagnetic data and VES location map of the study area.

The geological structures at the study area are related to
the Red Sea fault system. The faults form three main fault
systems trending northwest-southeast, northeast-southwest,
and north-south. The northwest-southeast faults are normal
faults that dip steeply to the southwest. The northeastsouthwest faults produce downthrown displacement for the
precambrian rocks. The north-south trending faults are shear
faults that cause horizontal right lateral displacement for
Fatimah fault and Suqah groups. The northwest-southeast
faults may be related to several precambrian phases of
deformations, while, the northeast-southwest fault systems
are related to the tertiary rifting of the Red Sea (Al-Shanti
1966, Johnson 2006).
DATA ACQUISITION AND PROCESSING
The magnetic survey includes analysis of aeromagnetic data
that lies between latitudes 20.98° and 21.35°N and
longitudes 39.31° to 39.85°E (Fig. 3). The aeromagnetic
survey data were collected by Aero-Service Corporation in
the period 1965-1966. The aeromagnetic survey for the
study area was conducted with 300 m of terrain clearance
and flight line spacing of 800 m. The main magnetic inclination in the area is 30.35° and the declination is 2.55°
(Aero-Service 1965-1966). The total magnetic intensity
(TMI) data are reduced to the north magnetic pole (RTP) in
order to reduce the effects of the inclination. The magnetic
data processing was achieved by applying band pass filtering to reduce undesired noise and to separate regional and
local anomalies. Euler Deconvolution using SI=1.0 and 0.5
for dikes and fault, respectively, are used for quantitative
(position and source depth) interpretation.
The land surveying work in this study involves carrying
out field measurements of vertical electrical soundings
(VES) (Fig. 3). The VES surveying area is located close to

RESULTS
Fig. 4 shows the Total Magnetic Intensity (TMI) of the
aeromagnetic map of the study area. According to the
amplitude and the frequency of the magnetic anomalies,
three main magnetic zones can be distinguished, Z1, Z2,
and Z3. They are separated from each other by steep gradient
and high magnetic relief.
The first zone, Z1, is characterized by a high magnetic
anomaly of positive polarity (27-172.9 nT). It occupies the
northeast and central parts of the study area. The second
zone, Z2, is low magnetic amplitude ranging between -192
and -283 nT and occupies the southwestern part of the study
area. The third zone, Z3, covers most of the western part of
the study area and the transition zone between Z1 and Z2 in
the south and central parts. Its magnetic field intensity ranges
from 27 to -145.66 nT. It can also be classified as a quite
area with low magnetic field values showing no distinctive
pattern of contour lines.
Examination of the RTP map shows, in general, the same
distribution in terms of the amplitude and the frequency of
the magnetic anomalies (Fig. 5). Due to the RTP technique,
low and magnetic intensity are more independent in their
appearance (Fig. 5). The predominant trends of the major
positive and negative, that may be drawn from both TMI
and RTP maps, are NE-SW, NW-SE, NWW-SEE and NNESSW (Fig. 4 and Fig. 5).
The regional anomaly map produced by low pass filter,
displays the same three zones that appear in the TMI and
RTP (Fig. 6). Z1 and Z3 occupy similar locations, while Z2
form circular shape in the central part and elongated shape
in the western part of the study area. The general trends of
the lineaments of the magnetic contours that represent the
boundary between the magnetic zones exhibit three main
trends, NE-SW, NW-SE and NNE directions. In addition,
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Fig. 4: Total magnetic intensity (TMI) of the aeromagnetic
map of the study area.
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Fig. 5: Reduced to the pole (RTP) aeromagnetic map.

two minor trends of E-W and N-S directions can be depicted
(Fig. 6).
Euler deconvolution technique was applied to the TMI
aeromagnetic data grid of the study area. According to Reid
et al. (1990), the lower structural indices ranging from 0 to 1
are better depth estimators. Two structural indices (SI) have
been selected as 1.0 and 0.5 characterizing contacts; dike or
sill and faults, respectively. The dominant trends of the
structure elongations using SI=1.0, within the study area,
are NE-SW, NW-SE, NWW-SEE and NNE-SSW directions
(Fig. 7). The solutions of depth estimation of the sources
which are mainly clustered in the southwestern part have a
large range varied between 812 and 1389 m depth. At parts
such as northeastern and eastern part of the study area, the
Euler plots show a relatively uniform depth distribution
ranges of 711- 856 m.
The Euler deconvolution technique also was applied
with SI =0.5 to indicate the probable contacts, e.g. faults
that distinguish between different rock units characterizing
the down-faulted and uplifted blocks. The close observation of the Euler map (Fig. 8) shows that the circle symbols
Vol. 17, No. 2, 2018

Fig. 6: Regional magnetic field ofthe RTP map.

cluster themselves on linear trend to the NEE, E-W and NNW
directions. Also, the cluster of the symbols occurred on the
contact of the ellipsoid and curved shapes at southwestern
and eastern region of the study area. In the eastern part, the
linear cluster segments present shallow depths range of 212392 m. The depth of the linear segments increases to more
than 392 m and may reach to more than 982 m at the western
and southwestern parts of the study area.
Rose diagrams which have been constructed for the
interpreted structural lineaments are specified to assist in
defining the principal structural trends in the study area
(Fig. 9). The Rose diagrams represent the main trends of the
lineaments in proportion to their lengths and numbers. The
lineaments have been deduced from the geologic, TMI, RTP
and regional magnetic anomaly (Figs. 2, 4, 5, 6).
The structural analysis of the lineament at the structural
geology reveals that the predominant trends of the fault
systems derived from Rose diagrams of the study area involve
the NW and NEE directions. The secondary trends are
directed to N-S and NNW direction (Fig. 9a). The structural
analysis of TMI map reveals that the fault systems take EW
and NE as predominant trends and N-S, NNE, NNW as
secondary trends for TMI map (Fig. 9b). The main trend for
the fault system from the RTP maps is NNE, and NW and NE
as secondary trends (Fig. 9c). For the regional magnetic
anomaly, the trend of fault systems shows NNE as the main
trend, while the trends of NE, NNW and NW are less common (Fig. 9d).
The 23 VES’s indicate the existence of a variety of
geoelectric layers models. They range between two, three
and four layer models. The deep interpretation of the VES
data is carried out mainly using the comprehensive picture
of the data analysis provided by the subsurface resistivity
contour slices instead of using the data of the individual
sounding (Fig. 10). Accordingly, six geoelectrical resistivity contour slices are constructed from resistivity data. The
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Fig. 7: Euler deconvolution solutions with structural index (SI=1)
of the RTP aeromagnetic map of downstream of Wadi Uranah,
Makkah region, Saudi Arabia.

Fig. 8: Euler deconvolution solutions with structural index (SI=0.5)
of the RTP aeromagnetic map of downstream of Wadi Uranah,
Makkah region, Saudi Arabia.

first slice shows the areal distribution of the electrical resistivity at depth of 5 meter, which indicates nonexistence of
any trace of pollution (Fig. 10a). The resistivity range at
this depth is synonymous with dry surface layer. General
surface layer of the study area contains fine sand, mediumgrain sand and coarse sand (Bahabri 2011).

size of the magnetic anomalies. The deep magnetic sources
exhibit the low and broad magnetic anomalies. On the other
hand, the shallower magnetic sources exhibit the high,
sharper and narrower resulting magnetic anomalies. The
magnetic anomalies of positive polarity are created by basic
and ultrabasic intrusive rocks, while the magnetic anomalies
of negative polarity are created by acidic intrusive and
sedimentary rocks. The fault that is separated between two
zones of different magnetization is represented by steep
gradients of high magnetic relief (Parasnis 1997).

Fig. 10b illustrates the resistivity contour slice at 10 m
depth. Low resistivity values (<10 Ωm) are concentrated at
the end of the surface sewage water pond, which is an
indication of the existence of subsurface contamination.
The electrical resistivity values show an elongated low
resistivity zone, moving to the southwest from the surface
pond. The low resistivity is confined in the central and
southwestern parts of the study area. The southwest
subsurface contamination distribution is controlled by higher
resistivity boundaries, which are most likely basement rocks.
High basement relief shows less contamination penetration
at the northeast of the surface pond.
The resistivity map for the study area at the depth 20 m
(Fig. 10c) shows a gradual change in resistivity from high
resistivity values at eastern and northeastern part of the study
area to moderate and very low resistivity values as oriented
towards the south and southwest. Figs. 10d, 10e and 10f
illustrate the resistivity depth slices at 30, 70 and 100 m,
respectively. The three images show similar resistivity
distribution behaviour to that of Fig. 10c, which is merged
into low resistivity at the west and northwest area. High
resistivity values appear in the south and southwest of the
70 and 100 m slices, indicating deeper basement rocks.
DISCUSSION
The depth, thickness, and size of the magnetic bodies are
reflected in the inverse proportion with the intensity and

The high magnetic reliefs of positive polarity that display
in TMI, RTP and regional magnetic maps and occupy the
northeast of the study area are associated with tectonic
intrusive rocks of precambrian age. According to Moor &
Al-Rehaili (1989), these rocks are represented by metagabbro
and gabbro units, diorite to gabbro and diorite to quartz
diorite (Milh complex), tonalite and granodiorit (Juranah
complex) and monzogranite and granodiorite (Hashafat
complex).
The variations of the magnetic contours of low magnetic
relief are normally smooth and small, reflecting the basement lithology variation basement features rather than its
topography (Dobrin & Savit 1988, Telford et al. 1990). The
TMI, RTP and regional maps show acute variations in the
magnetic intensity between the three zones Z1, Z2 and Z3
indicating variations in basement topography. Often, lineament features in the magnetic contours that occur between
these zones with appreciably different degrees of magnetic
relief can indicate the presence of a major basement fault.
The NW-SE, NE-SW and NNE-SSW lineaments are correlated with faults that are associated with the development
of the Red Sea. The occurrence of the NE-SW normal faults
(F3, F4 and F5, Fig. 11a) coincides with the place of the
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Fig. 10: VES depth slices at 5m, 10m, 20m, 30m, 70 and 100m at
the downstream of Wadi Uranah.

trols the development of the tertiary depositional trough
that dip to the southwest.

Fig. 9: Rose diagrams showing the main structural lineaments as
deduced from geological and aeromagnetic maps (a: from satellite
images; b: from total magnetic intensity; c: from reduction to the
pole, and d: from regional magnetic anomalies).

sewage pond enforcing the subsurface spreading direction
of the contamination plume towards the southwest direction. However, the NE-SW normal faults create subsided
blocks (graben) bound by uplifted blocks (F4 and F5 in Fig.
11a). This conclusion is confirmed by the behaviour of electrical resistivity distribution at depth 10 m. This fault is
parallel to the Fatima fault that has downthrown the Fatima
group at the northwest of the study area (Moore & Al-Rhaili
1989, Johnson 2006). The graben structure probably conVol. 17, No. 2, 2018

The distribution of resistivity values indicates that the
sewage contamination plume occupies the southwestern part
of the study area and is marked by the low resistivity value
(<10 Ωm). These geological structures act as barriers to the
progress of the sewage contamination plume. However, an
alternative scenario of this part of the study area that the
very low resistivity values (<5 Ωm) are caused by seawater
intrusion.
CONCLUSIONS
The analyses of the results of VES measurements and
aeromagnetic surveying have been specifically used to characterize the subsurface extension of the sewage contamination plume created by wastewater dumping at the downstream of Wadi Uranah and to understand the structural and
geological factors that control in subsurface movement of
contamination plume.
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uted to the presence of a fault trending parallel to the Red
Sea. This geological structure provides as a barrier to the
progress of the sewage contamination plume. Another scarce
possibility is that the very low resistivity values (<5 Ωm)
may be caused by seawater intrusion.

(a)

V

397

II
IV

REFERENCES

VIII
Aero-Service Corporation, Hunting Geology and Geophysics Limited and Lockwood Survey Corporation Limited. Under the Burau
De Researches Geophysics Et Minieres, 1965-1966, Airborne
Magnetometer-Scintilation Counter Survey Map, Scale 1:50,000,
VII
sheet DD
III
Al-Garni, M.A. 2005. Investigating the groundwater occurrence in
Wadi Rahjan and its potential contribution to AinZubaida using
VI
magnetic and electric methods, KSA. Journal of King Abdul Aziz
Univeristy: Earth Sciences, 18: 23-47.
Al-Harthi, A.A. 2003. Preliminary environmental assessment of the
pollution of soil and water at Wadi Uranah, Makkah AlMukarramah, Saudi Arabia. Journal of King Abdul Aziz
Log (resistivity [Ohm.m])
University: Earth Sciences, 13: 123-150.
Resistivity Variation at Depth 10 m
Al-Rehaili, M.H. and Bankhar, K.A. 1998. Environmental impacts of
(b)
liquid waste disposal at Makkah Al-Mukaramah region. Saudi
Geological Survey, Internal Report, pp. 10.
Al-Shanti, A.M.S. 1966. Oolitic iron ore deposits in Wadi Fatima
between Jeddah and Mecca, Saudi Arabia. Saudi Arabian
I
Directorate General of Mineral Resources, 2: 51.
II
Amigun, J.O. and Adelusi, A.O. 2013. Ground magnetic mapping of
III
V
subsurface structures beneath obanla, federal university of
technology, akure Nigeria: implication for hydrogeological study.
IV
FUTA Journal of Research in Sciences, 2: 225-234.
Bahabri, A.A. 2011. Geoenvironmental assessments of polluted water
VIII
and soil due to sewage water at Wadi Uranah, south-west of
VI
VII
Makkah, Saudi Arabia. Ph.D. Thesis, King Abdul Aziz University,
pp. 255.
Dobrin, M.B. and Savit C.H. 1988. Introduction to Geophysical
Prospecting. Fourth Edition, McGraw-Hill Book Company, New
Figure 11.The visual geological structure of Wadi Uranah as inferred from interpreting
York, pp. 867.
Fig. 11: The visual geological structure of Wadi Uranah as inferred
Food and Agricultural Organization (FAO) 1985. Water quality for
from interpreting VES data. a) The general trends of the normal
agriculture. FAO Irrigationnd Drainage Paper No. 29.
faults (solid lines) and (b) The 3D visual interpretation of the
Johnson, P. 2006. Explanatory notes to the map of proterozoic geology
subsurface faulted blocks.
of western Saudi Arabia. Technical Report, SGS-TR-2006-4, Saudi
Geological Survey.
The geological structure as inferred from the Ministry of Agriculture and Water (MAW) 1988. Water atlas of Saudi
Arabia. Department of Water Resources Development, Ministry
aeromagnetic and resistivity distribution maps reveals the
of Agriculture and Water, Riyadh, Saudi Arabia.
existence of two general trends of normal faults. The normal Meteorology
and Environmental Protection Administration (MEPA)
faults that trend parallel to the Red Sea in the NW direction
1989. Environmental standards. Saudi Arabia Document, pp.
1409-1410.
represent the vertical movement for the basement rocks forming sedimentary basins controlling the accumulation of the Moore, T.A. and Al-Rehaili, M.H. 1989. Geologic map of the Makkah
Quadrangle. Sheet 21D, Kingdom of Saudi Arabia: Saudi Arabian
contaminant plumes at the downstream of Wadi Uranah.
Directorate General of Mineral Resources Geoscience Map GMThis scenario justifies the flow direction and the SW spread107, Scale 1:250,000, pp. 62.
ing of pollution at this part of the study area. The effect of Ogungbe, A.S., Onori, E.O. and Olaoye, M.A. 2012. Application of
electrical resistivity techniques in the investigation of groundwater
the sewage pollution is generally scarce in the northeast,
contamination: A case study of Ile-Epo Dumpsite, Lagos, Ninorth and southeast of the sewage pond as indicated by the
geria. International Journal of Geomatics and Geosciences, 3(1):
high resistivity values. This can be attributed to the fact
30-41.
that the sewage pond is bounded by uplifted basement Ojo, O.A. 2015. Detection of leachate plumes migration depth using
vertical electrical sounding method. The African Review of Physblocks due to the occurrence of normal faults that are assoics, 10: 0034
ciated with the Red Sea development. At the southwestern Parasnis,
D.S. 1996. Mining Geophysics. Elservier Publishing Co.,
part of the study area, low resistivity values may be attribAmesterdam, London, New York.

I

Nature Environment and Pollution Technology

 Vol. 17, No. 2, 2018

398

N. Alandoonisi et al.

Reid, A.B., Allsop, J.M., Granser, H., Millett, A.J. and Somerton, I.W.
1990. Magnetic interpretation in three dimensions using Eulerde
convolution. Geophysics, 55: 80-91.
Saudi Arabian Standards Organization (SASO) 1991. Standards for
Drinking Water.
Sirwa, Q.S. 2014. 2D electrical resistivity tomography survey for
shallow environmental study at wastewater valley of southwest-

Vol. 17, No. 2, 2018

ern Erbil city, Iraqi Kurdistan Region. Research Journal of
Environmental and Earth Sciences, 6(5): 266-277.
Telford, W.M. and Sheriff, R.E. 1990. Applied Geophysics. Cambridge University Press.
World Health Organization (WHO) 1993. Guidelines for Drinking-Water Quality, Recommendations. 2nd Edition, Geneva,
Vol. 1.

 Nature Environment and Pollution Technology

