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Abstract

The United Arab Emirates (UAE) is dependent on desalinated water and shallow aquifers to satisfy its freshwater
requirements. Despite the paramount importance of understanding the depth and spatial extent of these aquifers,
comprehensive investigations into the properties of these aquifers, as well as the underlying subsurface structures
and stratigraphy, have been conspicuously lacking. This study presents the findings of integrated geophysical

and borehole investigations conducted in the Al Jaww Plain, southeastern Al Ain, UAE, focusing on the properties

of groundwater aquifers, the Semail ophiolite contact, and subsurface structures and stratigraphy. Through the analy-
sis of groundwater borehole data, three interconnected types of groundwater aquifers have been identified, and char-
acterized by their hydrogeological properties. The near-surface Quaternary unconfined aquifer, with an average
thickness of 25 m, represents a fresh groundwater aquifer. The second aquifer, with an average thickness of 110 m,

is connected to the upper Quaternary freshwater aquifer and is interpreted as part of the surficial aquifer system. The
third aquifer has an average thickness of 200 m. By employing electrical resistivity tomography, the depth of the water
table and groundwater potential in the shallow unconfined Quaternary aquifer near Jabal Mundassa have been
estimated, aligning with the properties observed in the unconfined Quaternary aquifer across the entire Al Jaww

Plain as depicted in the groundwater borehole cross section. In addition, this study provides insights into subsurface
structures and stratigraphic features, revealing the westward extension of the Hawasina thrust sheet within the plain.
Gravity and magnetic data analyses in the southeastern region of the Al Jaww Plain delineate the extent of the Semail
ophiolite. Notably, magnetic data reveals the presence of an NW-SE-oriented magnetic anomaly detached

from the main ophiolite thrust, which corresponds to the interpretation of the Semail ophiolite contact with sedimen-
tary carbonate rocks on the Bouguer gravity map.
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Introduction
Geophysical investigation techniques have been widely
employed to characterize subsurface structures and stra-
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est ophiolite, known as the Semail ophiolite, which was
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obducted during the Late Cretaceous (Ali et al. 2020).
The emplacement of the Semail ophiolite, along with the
collision between the Arabian and Eurasian plates in the
late Oligocene—Miocene, resulted in the formation of a
complex fold and thrust belt on the western flank of the
Oman-UAE mountains (Ali et al. 2020; Noweir 2000;
Searle 1988).

Numerous geological and geophysical studies have
been conducted in this region to comprehend the defor-
mation style of this intricate fold and thrust belt (Abdel-
maksoud et al. 2022; Ali et al. 2009, 2020, 2008; Cooper
et al. 2014; Noweir 2000; Rabu et al. 1993; Searle 1988;
Searle and Ali 2009; Styles et al. 2006; Woodward 1994).
Al Ain City, situated in the eastern UAE, is part of the
fold and thrust belt of the Oman—-UAE mountains that
experienced significant structural deformation between
the Late Cretaceous and Neogene (Searle and Ali 2009).
Within the vicinity of Al Ain City, Al Jaww Plain, and
Jabal Hafit anticline represent prominent features, where
limited geophysical investigations have been conducted
to understand subsurface stratigraphy, structural styles,
and groundwater characteristics. Al Jaww Plain is bor-
dered by the Oman—UAE mountains on the eastern side
and the Jabal Hafit anticline on the western side (Fig. 1).
It plays a crucial role in groundwater extraction for Al
Ain City and its surrounding areas (EI-Mahmoudi et al.
2004).

The Quaternary aquifers serve as the primary source of
groundwater in Al Ain City and its surrounding regions,
including the Al Jaww Plain (Kress 2017), serving the
purposes of irrigation and fulfilling other groundwater
consumption needs. Woodward (1994) utilized seismic
sections covering the Al Jaww Plain and other areas of Al
Ain to delineate the major structural elements influenc-
ing the Quaternary aquifers. El-Mahmoudi et al. (2004);
El-Mahmoudi (2007) employed electric resistivity imag-
ing techniques to map the hydro-stratigraphic units of
the Quaternary aquifers in Al Jaww Plain. Ali et al. (2008)
conducted a geophysical investigation using gravity,
magnetic, and seismic reflection in the plain, elucidat-
ing the deformation style and stratigraphy of the Upper
Cretaceous to Cenozoic sequences, the occurrence of the
Semail ophiolite in the eastern part, and the extension of
the Hawasina complex in the northwest part of the plain.
Bruno and Vesnaver (2021) focused their investigation on
groundwater characterization within the Al Jaww Plain,
primarily through the examination of a 6 km seismic
reflection profile. They highlighted the imperative need
for supplementary key parameters derived from petro-
physical logs and electric resistivity data to enhance the
hydrological characterization of the subsurface, particu-
larly for the purposes of groundwater exploration. Abdel-
maksoud et al. (2023) oriented their research efforts
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toward elucidating the basement morphology and tec-
tonostratigraphic evolution of the fold-and-thrust belt.
Their study included an interpretation of the Al Jaww
thrust, situated on the eastern periphery of the plain,
which intersects the Cenozoic sequence and culminates
within the Upper Cretaceous sequence. These studies
failed to determine the thickness, extent, and hydrologi-
cal properties of both unconfined and confined aquifers
within the Quaternary and Miocene formations situated
amidst the Jabal Hafit and Oman—UAE mountains within
Al Jaww Plain. Furthermore, these investigations did not
provide a definitive cartographic representation of the
subterranean interface delineating the contact between
the Semail ophiolite and the sedimentary strata.

In this study, we employed integrated seismic reflec-
tion profiles and groundwater borehole data across Al
Jaww Plain, as well as gravity, magnetic, and electrical
resistivity tomography (ERT) data in the southeastern
part near Jabal Mundassa (Fig. 1), to gain further insights
into the structures and stratigraphy of the Al Jaww Plain.
The study also aimed to determine the depths, thick-
nesses, and hydrological properties of the aquifers within
the plain. Our findings revealed the orientation and
nature of the contact between the ultramafic rocks of the
Semail ophiolite and the carbonate rocks. Furthermore,
magnetic data identified an NW-SE-oriented, thin (75—
150 m) Semail ophiolite thrust detached from the main
thrust sheet. In addition, the study observed the water
table and various aquifers with distinct properties within
the Al Jaww Plain.

Geological setting

The Oman-UAE mountains, situated on the north-
eastern margin of the Arabian Plate, were formed as a
result of two distinct compressional events that occurred
during the Late Cretaceous and Late Oligocene—Mio-
cene (Fig. 2). The initial compressional event led to the
emplacement of thrust sheets as the Neo-Tethys Ocean
closed during the Late Cretaceous. These allochthonous
thrust sheets include the Sumeini Group, which com-
prises carbonate sediments from the shelf edge and slope;
the Hawasina thrust complex, composed of distal-slope
and deep-sea Tethyan sediments; the Haybi complex,
consisting of exotic limestone, volcanic, and sub-ophi-
olitic metamorphic rocks; and the Semail ophiolite, a
thick slab of oceanic crust and upper mantle rocks (Ali
et al. 2008; Noweir 2000; Searle 1988, 2007; Searle and
Cox 1999).

The obduction of the Semail ophiolite and allochtho-
nous thrust sheets in the northeastern Arabian margin
resulted in the Oman—-UAE mountains downward flex-
ure of the underlying autochthonous Mesozoic shelf
carbonates, giving rise to the Aruma foreland basin
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Fig. 1 aTopographic map of the United Arab Emirates (UAE) and surrounding region illustrating the study area (red box). b Geological map

with subsurface structures of Al Jaww Plain and surrounding areas after Ali et al. (2008) showing the Location of the survey area. Locations
of GWP boreholes and two seismic lines are also shown. MD-1 illustrates the location of the hydrocarbon exploration well used to depth convert

the seismic profiles

and a flexural bulge on the western side of the UAE and
Oman mountains. The obducted allochthonous units
underwent significant deformation and caused regional
uplift, leading to the partial erosion of the shelf carbon-
ates of the Wasia Group. The Fiqa and Juwaiza forma-
tions subsequently filled the foreland basin during the
Late Cretaceous, characterized mainly by mud, marl, and

conglomerate lithologies. These foreland sequences are
overlain by shallow-marine limestone of the Maastrich-
tian age, known as the Simsima Formation (Abd-Allah
et al. 2013; Boote et al. 1990; Glennie 1974; Searle 1988;
Warburton et al. 1990).

During the Late Oligocene—Miocene, a subsequent
compressional event took place as a result of the
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Fig. 2 Generalized tectono-stratigraphy of the northern Oman mountains showing the stratigraphic relationship of the Cenozoic and Upper
Mesozoic groups (modified from Abdelmaksoud et al. 2022)
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collision between the Arabian and Eurasian plates.
This collision led to the formation of the Zagros fold
and thrust belt on the Iranian side, the eastern fold
and thrust belt in the Makran zone, and a complex fold
and thrust belt adjacent to the Oman—-UAE foreland
basin. The collision also caused the uplift of sedimen-
tary successions in the western part of the Oman—-UAE
mountains (Ali et al. 2008; Boote et al. 1990; Dunne
et al. 1990; Searle et al. 1990). The uplifted sedimentary
rocks underwent subsequent erosion, resulting in the
removal of Neogene sequences. However, thick Upper
Cretaceous and Cenozoic sections are still preserved in
the eastern part of the UAE. Notable folded structures
of Oligocene—Miocene age in the Al Ain region, trend-
ing in an NN'W-SSE direction, include Jabal Hafit, Jabal
Auha, Jabal Zarub, Jabal Malaqat, and Jabal Mundassa
(Fig. 1).

The Al Jaww Plain is situated on the western foot-
hills of the Oman-UAE mountains and lies on the
southeastern side of Al Ain City. The exposed strata
on the eastern side of the plain consist of the Upper
Cretaceous to Lower Eocene age units of the Qahlah,
Simsima, Umm Er Radhuma, Rus, and Dammam for-
mations (Abd-Allah et al. 2013). The Qahlah and Sim-
sima formations exhibit an unconformable contact
with the Semail ophiolite and the folded thrust sheets
of the Hawasina and Haybi complexes, which range
from the Permian to Late Cretaceous in age (Glennie
1974; Wilson 2000) (Fig. 2). The Semail ophiolite pri-
marily comprises serpentinite mantle rocks, which
are predominantly exposed on the western side of the
Jabal Malaqat and Jabal Mundassa outcrops. Within
these outcrops, the Maastrichtian Simsima Formation
is sandwiched between the serpentinite ophiolite at the
bottom and the Umm Er Radhuma (Muthaymimah)
Formation at the top. The upper and lower contacts of
the Simsima Formation represent erosional surfaces
and signify regional unconformities (Abd-Allah et al.
2013; Abdelghany 2003). On the summits of the Jabal
Malaqat and Jabal Mundassa outcrops, the Eocene Rus
and Dammam formations are exposed (Fig. 1). Jabal
Hafit, located to the west of Al Jaww Plain, is a doubly
plunging anticlinal structure, where Eocene-to-Mio-
cene carbonate rocks are exposed. These rock units
include the Dammam and Rus formations, the Oligo-
cene Asmari Formation, and the Miocene Fars Forma-
tion (Abd-Allah et al. 2013; Searle and Ali 2009).

The Al Jaww Plain is bordered by Jabal Hafit to the
west and Jabal Zarub, Jabal Malaqat, and Jabal Mun-
dassa outcrop to the east, marking the border between
the UAE and the Sultanate of Oman. It is a low-relief
alluvial piedmont that slopes westward towards Jabal
Hafit. The plain covers an area of approximately 550
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km?, with dimensions of 20 km wide in the east—west
direction and 25 km long in the north—south direction
(Ali et al. 2008; EI-Mahmoudi et al. 2004; EI-Mahmoudi
2007). The main subsurface structures in Al Jaww Plain
trend almost parallel to Jabal Hafit (Ali et al. 2008;
Woodward 1994).

The fillings of Al Jaww Plain primarily consist of Qua-
ternary deposits derived from the surrounding moun-
tains on the eastern side, transported into the plain
through wadis (El-Mahmoudi 2007). During the rainy
seasons, water channels originating from the eastern limb
of the Jabal Hafit anticline also contribute to recharging
the western part of the plain. The plain exhibits various
types of near-surface sediments, including alluvial depos-
its, desert plain deposits, mixed deposits, sabkha depos-
its, and aeolian sands. These sediments are distributed
in wadis with varying flow patterns and display complex
braided channel morphologies (Menges et al. 1993). The
alluvium in the plain consists of sand and gravel with
interbeds of silt, marl, and clay at deeper levels. The
coarse clastic units often contain a clay-rich matrix, typi-
cally calcareous (ElI-Mahmoudi et al. 2004; El-Mahmoudi
2007). The average thickness of the Quaternary alluvium
deposits in Al Jaww Plain is around 30 m but can vary
from 10 to 50 m due to subsurface structural conditions
(Eggleston et al. 2020). Groundwater in the plain exhib-
its salinity ranging from fresh to slightly saline, with total
dissolved solids (TDS) concentrations ranging from < 500
to 6500 mg/L (EI-Mahmoudi 2007).

A specific area of approximately 3 km? was selected for
high-resolution gravity, magnetic, and electrical resistiv-
ity tomography (ERT) investigations on the western edge
of Jabal Mundassa in Al Jaww Plain. This survey area is
located approximately 20 km east of Jabal Hafit, at the
border between Oman and the UAE (Fig. 1). The sur-
veyed area slopes southwest, and the exposed rocks on
the eastern side comprise the Semail ophiolite, Simsima
Formation, and Umm Er Radhuma Formation. The sur-
face geology of the survey area consists of unconsolidated
materials such as boulders, sand, and gravels eroded from
nearby Jabal Mundassa and deposited here, along with
small water channels originating from Jabal Mundassa.
These water channels contribute to recharging the plain
during rainy seasons.

Data and methodology

Groundwater well data

The Groundwater Research Program (GRP), conducted
between 1988 and 2013 in the UAE, was a collabora-
tive effort between the National Drilling Company and
the US Geological Survey. Initially, the program focused
on exploring the groundwater resources in the Abu
Dhabi Emirate, but later transitioned into groundwater
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monitoring (Kress 2017). As part of this program, bore-
hole data from eleven groundwater wells were collected
and used to construct a geological cross section. The
cross section extends from the southwest near Jabal
Hafit to the northeast near Jabal Malaqat in Al Jaww
Plain (Figs. 1 and 3). The cross section provides valuable
insights into the geological formations and hydrogeologi-
cal characteristics of the region, contributing to a better
understanding of the groundwater resources in Al Jaww
Plain.

Seismic profiles

The seismic profiles IQS11 and IQS12 were part of a
comprehensive seismic survey conducted in the 1980s
and 1990s for hydrocarbon exploration in the Al Ain
area. These profiles were utilized to investigate the struc-
ture and stratigraphy of Al Jaww Plain (Figs. 1, 4, and 5).
Each profile extends approximately 20 km and traverses
across the Al Jaww Plain with a WSW-ENE orientation.
The seismic data were recorded using Vibroseis as a seis-
mic source, with a two-way-travel time (TWT) of up to
5 s and a sample interval of 4 ms.

In 2007, WesternGeco reprocessed both seismic pro-
files (Figs. 4 and 5) using standard seismic data processing
techniques. The processing steps involved in the repro-
cessing included geometry assignment, field static cor-
rections, trace editing, FK filtering to attenuate coherent
noise, amplitude balancing, deconvolution filtering with
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an operator length of 160 ms, initial velocity analysis,
pre-stack time migration, post-stack migration velocity
analysis, and common mid-point stacking. By subject-
ing the seismic data to these processing sequences, the
quality and clarity of the seismic profiles were enhanced,
allowing for a more detailed analysis of the subsurface
structures and stratigraphy of Al Jaww Plain.

The seismic profiles were depth-converted using
velocity data obtained from velocity data of a nearby
hydrocarbon exploration well MD-1 (Fig. 6), situated
approximately 9 km from the commencement point of
seismic profile IQS11 (Fig. 1) and the P-velocity tomo-
graphic inversion conducted by Bruno and Vesnaver
(2021). In addition, we relied on lithological information
and properties from the layers intersected by the ground-
water borehole data to interpret the seismic profiles.

Gravity data

The survey area is delimited by the Jabal Mundassa out-
crop on the eastern side and a road connecting to the
Border Force Camp on the northwestern part (Figs. 1
and 7a). To analyze the gravity data in this area, a Digi-
tal Elevation Model (DEM) map was constructed using
30 m resolution SRTM (Shuttle Radar Topography Mis-
sion) data (Fig. 7b). The DEM map provides information
about the elevation variations in the survey area, ranging
from 390 m above mean sea level (amsl) to over 430 m
amsl. The highest point is located at the top of the Jabal
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Fig. 4 a Un-interpreted seismic profile IQS11 across Al Jaww Plain (for location see Fig. 1). b Interpreted seismic profile IQS11 showing a series

of folds and a high-angle thrust fault. The profile also illustrates the stratigraphic correlation of Cenozoic, Upper Cretaceous Simsima, Figa, Juwaiza,
Hawasina thrust Allochthon, and Mesozoic shelf carbonates. The seismic profile was depth converted based on a velocity profile obtained

from a nearby hydrocarbon exploration well MD-1 (Fig. 1) and the P-velocity tomographic inversion conducted by Bruno and Vesnaver (2021). TWT

stands for two-way travel time

Mundassa structure, with an elevation exceeding 550 m
amsl. The DEM map is utilized to calculate the terrain
correction for the gravity data in this region.

A total of 911 gravity stations were acquired in the sur-
vey area using a Scintrex CG5 gravimeter (Fig. 8). Ini-
tially, a station interval of 200 m was selected to cover the
entire survey area, but it was later reduced to fill in the
gaps. The spacing between gravity stations ranges from
approximately 30 to 100 m in the central part of the sur-
vey area. A base station was established at the southeast-
ern corner of the survey area (Fig. 8a).

The processing workflow for the gravity data reduc-
tion included corrections for instrument drift, latitude,

elevation, Bouguer, and terrain. The gravity data were
then reduced to Bouguer anomaly using an average
crustal density value of 2670 kg/m3. The gravity data
were tied to an absolute base station established by
Ali et al. (2008) in Al Jaww Plain. Finally, terrain cor-
rection was applied within a local correction distance
of 1.5 km, which accounts for the gravitational effects
caused by the varying topography in the surround-
ing gravity survey area. Terrain correction corrects for
irregularities in gravity measurements due to the ter-
rain variations (Kane 1962; Nagy 1966).

The processed gravity data yielded a Bouguer anom-
aly map, which was then used to generate the regional
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Fig. 5 a Un-interpreted seismic profile IQS12 across Al Jaww Plain (for location see Fig. 1). b Interpreted seismic profile IQS12 showing a series
of folds and a high-angle thrust fault. The seismic profile was depth converted based on a velocity profile obtained from a nearby hydrocarbon
exploration well MD-1 (Fig. 1) and the P-velocity tomographic inversion conducted by Bruno and Vesnaver (2021)

Bouguer anomaly at an elevation of 200 m using an
upward continuation filtering technique (Fig. 8b). The
residual Bouguer anomaly map (Fig. 8c) was obtained
by subtracting the regional Bouguer anomaly (Fig. 8b)
from the Bouguer anomaly grid (Fig. 8a).

Magnetic data

The magnetic data in the survey area were collected con-
tinuously at a 1-s time interval using two Geometrics
G-858 magnetometers (Fig. 9). One of the magnetome-
ters served as a base station to monitor diurnal variations
resulting from magnetic storms during the survey period,
while the other magnetometer with two sensors was
used to acquire the data. Prior to each magnetic survey,

both magnetometers’ time was synchronized. Initially, a
line interval of 200 m was planned to cover the survey
grid in both the north-to-south and east-to-west direc-
tions. However, to fill in the gaps within the survey grid, a
100 m interval was utilized in both directions. Additional
data were acquired on the middle eastern side of the sur-
vey area to determine the precise location of an anomaly
observed in the area.

The processing of the magnetic data involved a diur-
nal correction to eliminate the influence of short-term
variations caused by daily changes in the geomag-
netic field. Subsequently, the magnetic data were grid-
ded using the minimum curvature gridding method to
generate a map of the total magnetic intensity (TMI).
Finally, the International Geomagnetic Reference Field
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Fig. 8 a Bouguer anomaly map of the survey area near Jabal
Mundassa. b Regional Bouguer anomaly map of the survey area

near Jabal Mundassa. ¢ Residual Bouguer Anomaly map of the survey
area. The black dashed line shows the interpreted contact

of the Semail ophiolite and sediments

and reduction to the pole (RTP) were applied to the
TMI data. The RTP filter was applied to remove the
effect of the magnetic inclination. The RTP operation
transforms a magnetic anomaly caused by a source into
an anomaly that would be produced by the same source
if it were located at the pole and magnetized solely by
an induced magnetization (Luo et al. 2010).

Electrical resistivity tomography data

The ERT data in the survey area were collected using
an ABEM Terrameter LS instrument. Six ERT lines
were established with varying lengths and orienta-
tions (Figs. 7 and 10). Each ERT line except for line 2
had a length of 400 m, while line 2 had a total length of
480 m. The data acquisition for each line involved the
use of four resistivity-imaging cables, with each cable
containing 21 take-outs and an electrode spacing of
5m.

To differentiate the subsurface imaging results in the
survey area, different electrode configurations were
employed along the survey lines. It is worth noting that
all the lines were approximately close to each other,
contributing to a comprehensive understanding of the
subsurface resistivity distribution. The specific data
acquisition geometry and parameters for the ERT lines
can be found in Table 1.

In the processing of the ERT data, the first step
involved the removal of noisy data points from each ERT
line. The noisy values, characterized by negative and very
high resistivity, were attributed to high contact resistance
at certain electrode locations. Despite using salty water
to reduce contact resistance, some electrodes still exhib-
ited noisy data due to the challenging surface geology
comprising dry gravel and sand materials.

After editing each ERT data set to remove the noisy
values, the apparent resistivity values were inverted to
obtain the true resistivity values along the survey lines.
Considering the dry surface conditions, a higher ini-
tial damping factor was applied. The inversion process
consisted of seven iterations, with the Jacobian matrix
updated after each iteration. The inversion was per-
formed using a finite-element method with a robust
data constraint, ensuring accurate determination of the
subsurface resistivity distribution (Loke 2004). To solve
the least square equation in the inversion process, the
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feature.

incomplete Gauss—Newton method was utilized. This
approach enables the estimation of the true resistivity
values by iteratively updating the model parameters to
minimize the difference between observed and predicted
apparent resistivity values (Loke 2004; Loke and Dahlin
2002).

Results

Groundwater boreholes cross section

The borehole cross section (Fig. 3) provides a com-
prehensive representation of the near-surface geology,
hydro-stratigraphy, and lithological characteristics. It
reveals the presence of Quaternary alluvium deposits
consisting of sand and gravel, with thickness varying
approximately between 10 and 75 m in the boreholes.
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Borehole GWP-464 exhibits the highest thickness of
75 m, while borehole GWP-246A demonstrates the
lowest thickness of approximately 10 m.

Beneath the Quaternary alluvium lie the post-Fars
Formation unit of the Pliocene age, consisting of poorly
consolidated sand, gravel, and clay. The thickness of
this unit varies among the boreholes and is more pro-
nounced in the southwestern part of the cross sec-
tion, coinciding with the formation of a syncline fold.
The Miocene Upper Fars Formation, characterized by
mudstone, slightly marl, and limestone rocks, is situ-
ated below the Pliocene deposits. The thickness of this
unit varies along the cross section, with lesser thick-
ness observed in the northeast and greater thickness
in the southwest, particularly in the syncline struc-
tural position. Notably, borehole GWP-007 records a
remarkable thickness exceeding 400 m for the Upper
Fars Formation. The Lower Fars Formation comprises
marine sequences, including interbedded shales, mud-
stones, and evaporate rocks. It is encountered at depths
exceeding 200 m, particularly in the southwestern part
of the cross section near Jabal Hafit, as evidenced by
borehole GWP-010.

The Oligocene Asmari Formation consists of mainly
limestone rocks. This formation occurs at a shallow
depth immediately following the alluvium section on the
southwest side, near the eastern edge of the Jabal Hafit
anticline. In the middle portion of Al Jaww Plain, bore-
holes GPW-006 and GPW-009 reveal the Asmari Forma-
tion at greater depths.

In the eastern part of the Al Jaww Plain, near Jabal
Malaqat, the cross section illustrates the presence of
pre-Asmari limestone rocks with chert derived from the
Eocene Rus and Dammam formations. These formations
are thrusted and are observed in boreholes GWP-246A
and GWP-247A towards the end of the cross section
(Fig. 3). The borehole cross section provides valuable
insights into the geological composition and structural
characteristics of the subsurface, playing a crucial role
in understanding the hydrogeological framework and
groundwater resources of the region.

Seismic reflection profiles IQS11 and 1QS12

The interpretation of seismic profiles IQS11 and 1QS12
(Figs. 4 and 5) relies on the lithology and properties of the
layers encountered by the adjacent hydrocarbon explo-
ration well MD-1 (Fig. 6) and the shallow groundwater
boreholes (Fig. 3). The seismic profiles provide insights
into the near-surface geological structures, exhibiting
continuous reflectivity sequences and distinct geometri-
cal features. However, the bottom area and eastern side
of both seismic profiles exhibit lower resolution and
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Table 1 Acquisition geometry and parameters used for the ERT data
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Line No Electrode array Electrode spacing (m) Total length (m) Total depth (m) Line orientation
1 Wenner 5 400 65 SW-NE

2 Dipole-Dipole 5 480 85 SW-NE

3 Schlumberger 5 400 80 SW-NE

4 Dipole-Dipole 5 400 85 NW-SE

5 GradientPlus 5 400 75 SW-NE

6 GradientPlus 5 400 75 S-N

more complex seismic features compared to other parts
of the profiles.

The interpretation of stratigraphic and tectonic fea-
tures is primarily based on the seismic characteristics
and reflection patterns, including the presence of promi-
nent reflectors, reflector terminations, continuity, and
amplitude. Existing publications in the area, such as
Woodward (1994); Ali et al. (2008); Searle and Ali (2009);
Ali et al. (2009); Cooper et al. (2014) and Bruno and Ves-
naver (2021), have been utilized as references for the
interpretation of the two seismic profiles.

The overall interpretation of the two seismic pro-
files reveals the presence of three distinct zones. The
upper part corresponds to the Upper Cretaceous Sim-
sima Formation and Cenozoic sequences. The middle
part represents the Aruma foreland basin sequence and
allochthonous thrust sheets. Finally, the lower part is
interpreted as autochthonous Mesozoic shelf carbonates
belonging to the Wasia and Thamama groups.

Gravity data

The gravity data obtained from the survey area in the
southeastern part of Al Jaww Plain reveals distinct pat-
terns in the Bouguer anomaly values. Near Jabal Mun-
dassa, the region exhibits high-frequency Bouguer
anomaly values, surpassing — 52 mGal. Conversely, the
southwest side of the area displays low-frequency anom-
aly values, measuring less than — 57 mGal (Fig. 8a). Fur-
thermore, a significant Bouguer anomaly feature with
values exceeding — 48 mGal is observed to the north of
the survey area, which can be attributed to the surface
exposure of Semail ophiolite rock, as confirmed during
the field survey.

The Bouguer anomaly values exhibit a smooth varia-
tion from the southwest to the northeast direction, with
an average value of — 55 mG@al observed in the central
region of the map. The regional Bouguer anomaly map
(Fig. 8b) presents a gradual change in values, ranging
from — 59 mGal to — 47 mQGal, along the southwest to
northeast axis. This map is generated using the upward
continuation filter technique, considering the limited
extent of the survey area, with an upward continuation

distance of 200 m. The residual Bouguer anomaly map
(Fig. 8c) displays anomalies characterized by shorter
wavelengths and higher frequencies. These anomalies can
be attributed to the density variations in different near-
surface materials within the survey area. The magnitude
of the residual Bouguer anomaly ranges from — 0.95
m@Gal to 0.95 mGal, indicating the presence of localized
density variations in the study region.

Magnetic data

The TMI map of the survey area reveals a distinct spa-
tial pattern, with variations in magnetic field strength
ranging from lower values (<89 nT) to higher values
(>763 nT) in the southeast to the northeast direction
(Fig. 9a). Notably, a prominent linear NW-SE feature
exhibiting high TMI values (>500 nT) is observed in
the central region of the map. This feature follows a
northwest-to-southeast trend and exhibits a slight
inclination on the upper part. Importantly, it runs par-
allel to Jabal Mundassa, which is a prominent geologi-
cal feature of the Oman-UAE mountains.

The RTP map provides further insights into the mag-
netic variations within the survey area (Fig. 9b). The
NW-SE-oriented anomaly observed in the TMI map is
more pronounced in the RTP map, particularly at the
500 nT and 750 nT contour levels. In addition, the tilt
effect observed on the northwest side in the TMI map
is removed in the RTP map, presenting a clearer repre-
sentation of the magnetic anomalies in the region.

Electrical resistivity tomography (ERT) data

The results of the ERT inversion provide valuable
insights into the hydro-stratigraphic properties of the
near-surface Quaternary aquifer within the surveyed
area (Fig. 10). The inverted ERT sections exhibit lateral
and vertical variations in true resistivity across three
distinct layers. In the near-surface layer, the first layer
displays high resistivity values exceeding 115 Qm. The
second layer, located below the first layer, exhibits com-
paratively lower resistivity ranging from 15 to 115 QOm.
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Finally, the third layer, situated at the bottom of all ERT
sections, demonstrates low resistivity values of less
than 10 Qm.

The total depth of all ERT sections is approximately
uniform, reaching a depth of around 80 m, with the
exception of Line 1, which has a depth of 70 m. Moreo-
ver, the inverted sections indicate that the water table
varies between 10 and 15 m from the surface across all
ERT sections (Fig. 10).

Discussion

Stratigraphy of Al Jaww Plain

The stratigraphy of the seismic profiles can be cat-
egorized into three primary sections: the lower, middle,
and upper sections. The lower section is interpreted as
autochthonous rocks composed of Mesozoic shelf car-
bonates, specifically the Wasia and Thamama groups.
The Wasia Group, belonging to the middle Cretaceous,
displays thrust faults at the boundary between the shelf
carbonates and the Lower Figa Formation, which exhibits
an unconformable contact (Figs. 4b and 5b).

The middle section is further divided into two parts:
the Aruma foreland basin sequence and the allochtho-
nous Hawasina thrust sheet. The Aruma foreland basin
sequence comprises the Upper Cretaceous Figa and
Juwaiza formations. Among these formations, the Figa
Formation is the thickest, varying in thickness along the
profiles. It can be further subdivided into Upper and
Lower Fiqa formations. The Upper Fiqa Formation exhib-
its a continuous reflector sequence on the top, charac-
terized by medium to high reflection features. However,
the lower part of the formation shows complex seismic
features. Varying configurations of high to low frequency,
high amplitude, and internal reflectivity, ranging from
parallel to sigmoid features are observed between the
Lower and Upper Figa formations on the central-east-
ern part of the profiles. These features are interpreted
as sandstone and conglomerate of the Juwaiza Forma-
tion (Figs. 4b and 5b). The Juwaiza Formation thins out
on the eastern side of both seismic profiles. The Juwaiza
Formation appears to be thinner in seismic profile IQS11
compared to IQS12. The Fiqa Formation represents the
deposition of eroded material from allochthonous rocks,
including the Hawasina-Hayabi thrust sheets and the
Semail ophiolite. It primarily consists of marls, calcar-
eous shales, and inter-bedded argillaceous limestone
(Abd-Allah et al. 2013). The Qahlah Formation, a thin
layer measuring 1-3 m, is exposed at Jabal Mundassa and
Jabal Malaqat; hence, it is not interpreted in the seismic
profiles.

In the eastern-central part of both seismic profiles,
the seismic signals exhibit a composite nature and cha-
otic patterns, indicating the presence of a distinct rock
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unit. This rock unit is interpreted as the Hawasina thrust,
which is part of the allochthonous rock sequence in this
region. The Hawasina thrust demonstrates an uncon-
formable contact with the surrounding rock units in both
seismic profiles (Figs. 4 and 5). At the base, the Hawasina
thrust exhibits an unconformable contact with the Lower
Figa Formation, while it shows a similar contact with the
Simsima Formation at the top, as observed in the end
portions of both seismic profiles. The western edge of
the Hawasina thrust sheet exhibits non-uniform charac-
teristics in terms of seismic signals and is interpreted as
pinching down at the base of the Juwaiza Formation.

The uppermost section in both seismic profiles corre-
sponds to the Upper Cretaceous Simsima Formation and
subsequent Cenozoic sequences. The seismic character-
istics of this upper section exhibit pronounced reflection
continuity, high frequencies, and strong amplitudes. The
reflector sequences display parallel patterns and allow
for differentiation of the Cenozoic sequences. The Sim-
sima Formation, considered the basal unit of the Aruma
Group, is confirmed to have contact with the underly-
ing Fiqa Formation. Towards the southeastern side, the
lower contact of the Simsima Formation is observed
to be unconformable with the Hawasina thrust sheet
(Figs. 4b and 5b). In the shallower parts of both seismic
profiles, the stratigraphic units are interpreted to repre-
sent the Cenozoic sequences, owing to well-defined seis-
mic sequence boundaries. The Cenozoic stratigraphic
units identified include the Paleocene Umm Er Radhuma
Formation and Eocene Rus and Dammam formations,
the Oligocene Asmari Formation, and the Miocene Fars
Group (Figs. 4b and 5b). The lithological characteristics
of the Neogene units, such as the Asmari and Fars forma-
tions, align well with the data obtained from boreholes
(Fig. 3).

Structures in Al Jaww Plain

The seismic profiles (Figs. 4b and 5b) exhibit various fold
and thrust fault structures within Al Jaww Plain. Starting
from the southwest side of the seismic profiles and pro-
gressing towards the northeast, a syncline fold is evident
in the Cenozoic sequences, extending up to the Upper
Cretaceous Figa Formation. The axis of this syncline fold
is approximately 6 km east of the Jabal Hafit anticline
structure. In the middle of the seismic profiles, an anti-
cline structure with gentle slopes on both sides can be
observed, corroborating the findings of the shallow bore-
hole cross section (Fig. 3). This anticline leads to another
syncline fold, characterized by a significant thrust fault
on the eastern limb of the syncline. The thrust fault
exhibits an eastward dip on both seismic profiles (Figs. 4b
and 5b) and is also evident in the borehole cross sec-
tion (Fig. 3). However, the dip angle of the thrust fault
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is steeper in profile IQS12 compared to the IQS11 pro-
file. Moreover, towards the end of both seismic profiles,
thrusting resulted in the erosion of the Miocene Fars For-
mation near the Oman—-UAE mountains. The orientation
of anticlines and synclines in both seismic profiles and
shallow borehole cross section within Al Jaww Plain par-
allels the axis of exposed Jabal Hafit, Jabal Mundassa, and
Jabal Malaqat. This axis exhibits a north—northwest-to-
south—southeast direction. The subsurface structures and
stratigraphy interpreted from the seismic profiles closely
align with previous studies conducted in Al Jaww Plain
and the surrounding regions (Abdelmaksoud et al. 2022,
2023; Ali et al. 2008; Bruno and Vesnaver 2021; Wood-
ward 1994).

In addition, the borehole cross section (Fig. 3) reveals
a thrust fault east of GWP-09, indicating the upward
thrusting of pre-Asmari Formation rocks. Following the
thrust fault, deposits of the Miocene Fars Formation and
Oligocene Asmari Formation are absent in boreholes
GWP-246A and GWP-247A. This thrust fault is also dis-
cernible in the interpreted seismic profiles (Figs. 4b and
5b). In the middle of the borehole cross section, two folds
are apparent—a synclinal fold at positions GWP-010 and
GWP-007, and an anticlinal fold at positions GPW-011
and GPW-006. Both of these folds have been reported
in previous studies of the plain by Abdelmaksoud et al.
(2023); Ali et al. (2008); Bruno and Vesnaver (2021);
Woodward (1994). These two folds can also be observed
in the interpreted seismic profiles (Figs. 4b and 5b). The
existence of these three structural features—syncline,
anticline, and thrust fault—on the borehole cross section
(Fig. 3) and the interpreted seismic profiles is consistent
with the information presented on the surface geological
map (Fig. 1), which provides an overview of the surface
and subsurface geological features.

The Bouguer anomaly map (Fig. 8a) provides insight
into the lateral density variations with increasing val-
ues towards Jabal Mundassa on the northeast side of the
study area. Jabal Mundassa is exposed to the Semail ophi-
olite, which was obducted during the Late Cretaceous
period. Ali et al. (2008) interpreted the high positive
residual gravity anomaly in the easternmost part of Al
Jaww Plain as being related to the Semail ophiolite. The
higher values in the map can be attributed to the pres-
ence of the ophiolite in the survey area, as ophiolites have
higher density values compared to sedimentary rocks
(Ali et al. 2020). The map delineates higher and lower
Bouguer anomalies, approximately at the contour value
of — 52 m@Gal, which can be interpreted as the contact
of the Semail ophiolite in the survey area (Fig. 8a). The
regional Bouguer anomaly exhibits a similar trend to the
Bouguer anomaly (Fig. 8b).
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The residual Bouguer anomaly map (Fig. 8c) reveals
three zones within the survey area. A lower-density
material zone is situated in the middle and is bounded
by two higher-density zones. Field survey observa-
tions indicate that the higher residual anomaly zones in
the northeast direction at Jabal Mundassa correspond
to exposed Semail ophiolite rocks, whereas the higher
residual Bouguer anomaly values on the southwest side
may be attributed to a back thrust fault in the subsur-
face of the survey area. The residual Bouguer anomaly
map also displays a small zone of low residual anomaly
(<—0.80 mGal) in the north—south part of the survey
area, which could be associated with an aquifer charac-
terized by the accumulation of less dense sediment. The
extent of the Semail ophiolite on Quaternary alluvium
deposits, from the southeast to the northwest side near
the —0.13 mGal contour value, is interpreted as the con-
tact between the Semail ophiolite and sedimentary car-
bonate rocks (Fig. 8c).

The TMI map (Fig. 9a) indicates high values (> 500 nT)
on the northeast side, where the Semail ophiolite is
exposed at Jabal Mundassa. An NW-SE-oriented feature
with 75-150 m in thickness in the middle of the survey
area exhibits the same TMI values as the features on the
northeast side, suggesting that this feature could be a part
of the Semail ophiolite that is not exposed on the sur-
face. This feature is interpreted as a thin sheet of Semail
ophiolite located at a distance from the exposed ophi-
olite at Jabal Mundassa (Fig. 9a). The RTP map enhances
the N'W-SE-oriented anomaly, which exhibits similar
strength and characteristics to the eastern side, where
the Semail ophiolite is exposed (Fig. 9b). The distance
between the anomaly and the nearby exposed Semail
ophiolite on the eastern side is approximately 500 m
throughout the map (Fig. 9b). The anomaly closely corre-
sponds to the Semail ophiolite contact interpreted from
the residual Bouguer anomaly map (Fig. 8c).

The estimation of source body depths in potential field
methods relies on the analysis of the power spectrum.
Specifically, the radially averaged power spectrum is
employed to determine the depths of both shallow and
deep sources using gravity and magnetic data grids. This
power spectrum, which depends on the wavenumber, is
computed by averaging the energy across all directions
for a given wavenumber (Grandis 2014). In the sur-
vey area, the radially averaged power spectrum of the
Bouguer gravity data exhibits distinct features indicat-
ing both shallow and deep geological structures (Fig. 11).
Shallow features are identified at an estimated depth of
approximately 80 m, characterized by a gentle slope on
the power spectrum window. Conversely, deep features
exhibit a steeper slope on the power spectrum window,
suggesting an approximate depth of 150 m. Based on the
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Fig. 11 a Radially average power spectrum and b depth estimate results of Bouguer anomaly of the survey area showing the shallow and deeper

geological features

power spectrum analysis, the shallow geological features
correspond to the Semail ophiolite, which is exposed
in the northeast portion of the survey area, while the
deeper geological features are indicative of allochthonous
Hawasina thrust sheet or Cenozoic carbonate rocks in
the western side (Fig. 11).

Furthermore, the radially averaged power spectrum
applied to the TMI data provides insights into the depths
of deep and shallow magnetic source bodies (Fig. 12).
Deep magnetic sources exhibit high-angle slopes and
lower wavenumbers on the power spectrum window,
indicating an estimated depth of approximately 130 m.
Conversely, shallow magnetic sources are characterized
by low-angle slopes, suggesting an approximate depth of
70 m. The shallow source bodies identified in the radially
averaged power spectrum can be attributed to the Semail
ophiolite, given its high magnetic susceptibility values
(Fig. 12). In addition, the N'W-SE-oriented magnetic
anomaly observed aligns with a shallow depth anomaly,
corresponding to a depth of approximately 70 m from the
surface (Figs. 11 and 12). The deep magnetic bodies, on

the other hand, may originate from carbonate rocks and
Hawasina thrust sheets, as their magnetic susceptibility
values are lower compared to the Semail ophiolite.

Aquifers in Al Jaww Plain

Based on the borehole cross section (Fig. 3), the hydroge-
ological conditions in Al Jaww Plain indicate the presence
of three interconnected groundwater aquifers, as sum-
marized in Table 2. The first aquifer is the Quaternary
unconfined aquifer, located in the near-surface alluvium
deposits, which directly receives recharge from nearby
mountains during the rainy season. This aquifer serves
as the primary source of fresh groundwater in the south-
eastern part of Al Ain City (El-Mahmoudi et al. 2004).
It consists of permeable sand and gravel deposits, with
thickness ranging from 10 to 75 m, gradually increas-
ing from the northeast to the southwest. On average, the
Quaternary aquifer is approximately 25 m thick, although
at borehole GWP-464, it reaches up to 75 m due to sub-
surface structural conditions. The hydraulic conductiv-
ity of this aquifer is relatively high due to its porous and
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Table 2 Hydrogeological interpreted from groundwater borehole data in Al Jaww Plain

Hydrogeologic unit Relative permeability (lithology)

Average aquifer Aquifer type
thickness (m)

Quaternary Alluvium High-permeability (unconsolidated gravel and sand deposits) 25 Unconfined surficial system
Pliocene post-Fars Formation Moderate permeability (gravel, silt, and calcareous sandstone) 110 Confined surficial system
Miocene Upper Fars Formation ~ Moderate permeability (mudstones and marls with limestone) 200 Confined surficial system

Miocene Lower Fars Formation

Low permeability (interbedded shales, mudstones, and evaporites)

>200 Basal confining system

permeable nature, consistent with previous studies (Egg-
leston et al. 2020; EI-Mahmoudi 2007).

The second aquifer is the Pliocene post-Fars aqui-
fer, which is interconnected with the upper Quaternary
freshwater aquifer. It comprises interbedded gravel, silt,
calcareous sandstone, and clay. The thickness of the
post-Fars aquifer varies from 40 to 200 m, with greater
thickness observed in the southwest part of the borehole
cross section, where a syncline fold is present at bore-
hole GWP-010. On average, this aquifer is approximately
110 m thick and is considered part of the surficial aquifer

system. However, it is not reported in the eastern part of
the plain beyond the thrust fault. The Quaternary and
Pliocene post-Fars aquifers are regarded as a single major
aquifer unit with an average thickness of 60 m in Al Jaww
Plain.

The third aquifer in Al Jaww Plain belongs to the Upper
Fars Formation and is interconnected with the second
Pliocene post-Fars aquifer. It consists of intercalated
marine to terrestrial mudstones, marl, and limestone.
This aquifer has an average thickness of approximately
200 m and is predominantly located in the southwestern
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part of the borehole cross section, near Jabal Hafit. It is
absent in the eastern part of the plain. Due to the mud-
stone nature of the rocks, the permeability of this aquifer
is moderate to low, and it exhibits higher salinity content
(Al Nuaimi 2003). The Miocene Lower Fars Formation,
composed of marine sequence rocks, has very low per-
meability due to its lithological properties and does not
qualify as an aquifer. It is interpreted as a basal confining
system within the hydrologic unit of Al Jaww Plain (Al
Nuaimi 2003).

The hydrogeological characteristics identified in the
survey area align with the properties of the unconfined
Quaternary aquifers reported in Table 2. Moreover, the
interpretation of the ERT inverted sections is based on
data from borehole GWP-251, located approximately
2.3 km south of the survey area (Fig. 1). The lithologi-
cal description of borehole GWP-251 indicates that the
lithology from the surface to a depth of 24 m consists of
gravel, sand, and clay. From 24 to 100 m depth, the rock
units are characterized by interbedded claystone and
limestone formations.

A prominent high resistivity layer with values exceed-
ing 115 Om was observed near the surface along all ERT
inverted sections (Fig. 10). This zone corresponds to
unsaturated sand and gravel material. The approximate
thickness of the near-surface high resistive layer is 15 m
along Lines 1 and 2, while it decreases to approximately
10 m along Line 5 (Fig. 10). The water table is interpreted
to be at a depth approximately equal to the thickness
of the first layer. Notably, Line 6 demonstrates variable
resistivity values near the surface. This line was acquired
on an exposed ophiolite surface, oriented from south
to north. The surface position between 220 and 340 m
exhibits very high resistivity values exceeding 250 Qm,
which corresponds to the location of the exposed
unsaturated ophiolite. A moderately resistive section is
observed beneath this zone, which extends to a depth of
approximately 50 m. This portion is interpreted as the
saturated zone of the ophiolite.

The second layer, characterized by moderate resistiv-
ity values ranging from 15 to 115 Qm, is interpreted as
saturated sand and gravel deposits. This layer is identi-
fied as part of the unconfined Quaternary aquifer in Al
Jaww Plain, as its resistivity values align with those of
fresh groundwater. Its approximate thickness is 20-25 m,
with slight variations observed across the ERT sections.
The water table acts as a boundary between the first and
second layers, delineated by a change in resistivity values
within the same type of material. The aquifer receives
direct recharge from small water channels originating
from nearby Jabal Mundassa during the rainy season.

The third layer exhibits very low resistivity values
(<10 Qm) and consists of marl, clay, and mudstone
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materials, rendering it conductive. This layer sometimes
intermixes with the lower part of the second layer due
to variations in lithological units. These variations are
clearly visible through changes in resistivity values across
all the ERT sections. The presence of very low resistivity
values (<5 Qm) within the third layer can likely be attrib-
uted to an increase in salinity content within the mud-
stone layer (Fig. 10).

It is worth noting that determining precise uncertain-
ties for our estimated values is challenging. However, it
is important to note that there are inherent uncertainties
in our hydrogeological property estimates. These uncer-
tainties arise from a combination of factors, including
the limited availability of groundwater borehole data,
reliance on existing literature, and interpretation of geo-
physical data. In addition, boreholes, such as MD-1 and
groundwater boreholes, did not penetrate all strata, such
as the Hawasna thrust, which introduces uncertainty
regarding the thickness of specific units.

Conclusions
The integrated geophysical groundwater borehole find-
ings in this study provide comprehensive insights into the
shallow and deep characteristics of groundwater aqui-
fers, ophiolite contact, and tectonic structures in Al Jaww
Plain. Analysis of groundwater borehole data reveals the
existence of three interconnected types of aquifers with
distinct hydrogeological properties. The Quaternary
unconfined aquifer, predominantly composed of sand
and gravel deposits in the near-surface alluvium, exhib-
its an average thickness of approximately 25 m and dem-
onstrates higher hydraulic conductivity due to its porous
and permeable nature. The second aquifer, associated
with the upper Quaternary freshwater aquifer, consists
of gravel, silt, calcareous sandstone, and interbedded clay
rocks, with a thickness ranging from 40 to 200 m, peak-
ing on the southwest side of the plain. This aquifer, with
an average thickness of about 110 m, is considered part
of the surficial aquifer system. The third aquifer, attrib-
uted to the Upper Fars Formation, comprises intercalated
marine to terrestrial mudstones, marls, and limestone,
with an average thickness of approximately 200 m, pre-
dominantly located in the southwest region of the plain.
This aquifer demonstrates moderate to low permeability
and higher salinity. The Miocene Lower Far Formation,
consisting of marine sequence rocks, acts as a basal con-
fining system. The relative porosity and permeability of
the aquifers vary from high to low with increasing depth
in Al Jaww Plain.

The inversion results of ERT data aid in elucidating the
hydro-stratigraphic properties of the near-surface Qua-
ternary aquifer within the survey area. The ERT inverted
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sections consistently depict lateral and vertical variations
in true resistivity, representing a three-layer scenario. The
estimated water table lies at a depth of 10-15 m below
the surface in all ERT sections. A freshwater unconfined
aquifer is identified within the saturated sand and gravel
deposits, replenished directly by water channels originat-
ing from Jabal Mundassa. The average thickness of the
Quaternary alluvium, approximately 30 m, corresponds
to the properties of the shallow unconfined aquifer
throughout Al Jaww Plain.

Within the southeastern survey area of Al Jaww Plain,
the Bouguer anomaly map delineates higher and lower
Bouguer anomalies, indicative of the Semail ophiolite con-
tact. The residual Bouguer anomalies map reveals three
distinct zones within the survey area. A lower-density zone
occupies the middle region, bounded by two higher-density
zones, while a very low-density area in the north—south
direction of the survey area exhibits potential for ground-
water extraction. The thrusting of the Semail ophiolite
over the Quaternary alluvium deposits on the northeast
side corresponds to the contact between the Semail ophi-
olite and sedimentary carbonate rocks. The power spec-
trum analysis of gravity and magnetic data indicates the
approximate depths of shallow to deep geological features
and source bodies at 70—-80 m and 130—150 m, respectively,
within the survey area.

An NW-SE-oriented linear feature observed in the mid-
dle of the magnetic maps within the survey area is inter-
preted as a thin (75-150 m) mantle thrust sheet beneath
the surface, which becomes apparent at a distance from the
Semail ophiolite exposure at Jabal Mundassa. The location
of the magnetic anomaly aligns with the interpretation of
the Semail ophiolite contact on the residual Bouguer grav-
ity map, thus confirming the ophiolite contact location.
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