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Abstract

Recently, the area located within the Unfinished Obelisk (UO) archeological
site showed numerous seepages and accumulations of groundwater in a small
pond located a few meters from the Unfinished Obelisk. The Supreme Coun-
cil of Antiques sponsored integrated geological, geophysical, and hydrogeo-
logical studies to identify the possible sources of groundwater and the opti-
mum technique to manage the groundwater flow system that may jeopardize
this invaluable sculpture. The geological units and the prevailing structure
have been studied in detail using Landsat imagery and field work over two
consecutive seasons. The field studies indicated the development of several
fault/joint systems oriented mainly ENE-WSW with clear indications of mi-
neralization and intensive weathering effects along these fabrics. Several re-
sistivity (vertical seismic profile and resistivity imaging) measurements ex-
tending down to at least 20 m depth and Radar imaging down to 10 m depth
are gathered to investigate the extension of outcrop units and the dominant
structures prevailing the near subsurface. Geophysical data indicated the de-
velopment of at least three hydrostratigraphic units arranged from top to
bottom as valley fill, fractured/weathered granite, and slightly fractured to
massive granitic unit. In addition, the major faults mapped by resistivity im-
ages helped to locate several observation wells and a production well to test
the transmissivity across the groundwater system. The results of a pumping
test indicated very low aquifer conductivity and the development of an aqui-
tard with preferential vertical flow at the study area. This enforces a local in-
terference through a shallow underground drainage system with sump and
pump to maintain low groundwater level at the UO-archeological site.
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1. Introduction

Fractured crystalline basement typically develops extremely heterogeneous aquifer
systems with significant anisotropy, especially where weathering effect prevails [1]
[2] [3]. The capacity of fractures to groundwater flow changes over several orders
of magnitude [4] [5] with flow paths normally vary between less than a meter and
several kilometers long, while some fractured aquifers could be controlled by few
fractures or faults [6] [7]. Such anisotropy results in a complex flow pattern that
may involve a combination of preferential flow and diffuse piston flow [8] [9].
These aquifers are, therefore, known with vertical flow uncertainty [10], connec-
tivity dependent to water level [9], and horizontal/vertical preferential flow paths
[2]. Such a complexity naturally associates a rapid decrease in groundwater yield
and storage with depth [11] [12]. Many studies have investigated fractured
basement aquifers to appraise groundwater structure and functionality [13] [14]
[15] [16], understand groundwater recharge [17] [18], evaluate the hydrogeo-
chemical evolution of groundwater [19] [20], and place production water wells
[21]. Regional scale hydraulic properties are preferably interpreted using nu-
merical simulation of long-term groundwater fluxes and records of hydraulic
heads distributed throughout the aquifer [22] [23]. Alternatively, well tests at
small scale and upscaling the interpreted hydraulic properties are commonly ap-
plied as a substitute to the simulation studies, e.g. [24], but the consistency of the
results is strongly dependent on the aquifer complexity [5]. Several hydraulic
testing techniques have been developed to determine the hydraulic properties of
fractured reservoirs using the responses induced by the precise perturbations
within the aquifer [25]. These tests can assess a particular zone to determine the
transmissivity of individual/closely spaced fractures [26] or evaluate the entire
penetrated aquifer section to measure the effective transmissivity of all fractures
[27]. In addition, well tests may resolve the vertical hydraulic properties testing
the entire aquifer zone [28], or identifying the spatial connectivity of fractures
in three dimensions if a particular zone within the aquifer is isolated by packers
[6].

The Unfinished Obelisk (UO) archeological site represents a genuine quarry
that enables invaluable scientific opportunity to know the techniques and frac-
ture mechanics applied for obelisks production in ancient Egypt [29]. Obelisks
represent the ancient skyscrapers that were created as a glory for the sun [30]
and the majority of obelisks are made of red granite, especially the larger pieces.
The UO has failed to complete because of the development of an unexpected
fissures, not related to human mistakes, and therefore remained at the Aswan
quarry connected only at its lower side [29]. It extends over 41.75 m length with

a maximum width of 4.2 m at the base and the weight of approximately 1168
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ton. The site has attracted many researchers starting with [31] [32], who first
excavated the UO-quarry [33]. A recent comprehensive geological and archaeo-
logical survey to the granite quarries of ancient Egypt is introduced by [34] [35]
and identified many features including ancient inscriptions and fortifications.
Despite the invaluable importance of this site, the extensive expansion in land
development and urbanization associating the increase in population usually
impose substantial adverse changes in groundwater regime that may jeopardize
such important archeological sites [36] [37] [38]. These changes might be re-
vealed, as represented at the UO-site, in form of rising in groundwater level and
the development of local problems such as groundwater mounds, groundwater
ponds/water-logging, and the reversal of flow direction [39]. Several geophysical
techniques, especially resistivity and Radar imaging are applied to characterize
the subsurface architecture and the prevailing groundwater system, e.g. [40] [41]
[42]. The present study aims at integrating geological, geophysical, and hydro-
geological studies to help understanding the groundwater dynamics and describe
flow patterns in the fractured/weathered granite aquifer at the vicinity of the
UO-archeological site. This includes detailed field work with satellite image
analysis, resistivity and Radar data acquisition, drilling test holes and lithological
description, and conducting a pumping test with geochemical analysis of
groundwater samples. The results of this analysis helped selecting the optimum
scenario for controlling the groundwater system at the proximity of the

UO-archeological site.

2. Methods

The present study encompasses integration of geological, geophysical, and hy-
drogeological investigations to evaluate the near-surface groundwater system at
the proximity of the UO.

2.1. Geological Study

The geological studies involve a detailed fieldwork to the granitic bodies exposed
at the UO-site and continued south to the Aswan reservoir (Khazan Aswan), east
to the Nile River and west to the Kima drain. This encompasses mapping the
dominant rock units and the structural features particularly those prevailed As-
wan granite and the other basement rocks. A Landsat image of the study area is
used for mapping geological and structural features. Both linear and planar fa-
bric elements are described and mapped in details to outline the possible flow
path of groundwater system. Alternatively, the structural analysis of the field
measurements constructed an Ellipsoid Stress Model on 3D Stereonet using

Geoorient-Dips 5.6 software.

2.2. Geophysical Investigations

Geophysical studies are applied to reveal the prevailing subsurface architecture,

determine the depth to groundwater level, and map the possible structural fea-
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tures concealed below the soil zone. All geophysical measurements are located at
the proximity of the UO and involve Vertical Electrical Sounding (VES), Resis-
tivity imaging, and Radar imaging survey. Figure 1 shows the location of the
geophysical measurements at the investigated site. The data of three VESs are
acquired using Schlumberger configuration with SYSCAL-PRO unit (IRIS) and a
maximum cable length of 100 m to enable a depth of investigation within 20 - 30
m. Datum levels are determined using a series of consecutive increase to elec-
trode separation [43], starting with a small electrode spacing (2, 3, 5, and 10 m),
followed by gradual increase in spacing for the subsequent measurements. The
measurement geometry is designed similar to the configuration described by
reference [41] and [44]. To maintain an acceptable contact with minimal soil ef-
fect that keep the contact resistance below 2000 €, a saline solution is prepared
for dispense around individual electrodes. A lithium battery reserved the power
supply to the measurement system and field data acquisition is accomplished
using armored insulated cables.

The geographic location of VESs and other ground control points (GCP) are
precisely determined with a hand held GPS unit, Garmin e-Trex that achieved a
horizontal accuracy within 0.5 m. Alternatively, the altitudes and coordinates
of the mid-point for each VES survey-line are confirmed, for accuracy and data
consistency, with the available topographic maps, Google-earth maps, and a total
station survey conducted at the study area using a local datum. Similarly, a 2D
resistivity image of 72 m long is compiled using a series of CVES measurements
with dipole-dipole electrode configuration and electrode spacing of 3 m to
maintain a minimum depth of investigation within 20 m. The acquired data of
both VES and CVES are reviewed and filtered to omit noisy measurements be-
fore applying 1D and 2D inversion to convert the apparent resistivity measure-
ments into true resistivity, bed thickness and depth of alternating layers. With
inversion, a 2D model with large number of cells of definite resistivity values is

initiated and the apparent resistivity to this model is calculated and subsequently
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Figure 1. Location map of the Unfinished Obelisk area showing the sites of geophysical
survey, the yellow line indicates the location of resistivity image.
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compared to the measured resistivity. The RMS-Error technique is applied to
evaluate the match of each calculated resistivity to the corresponding measured
value. Then, the resistivity cells are changed recursively and each time the
RMS-Error is calculated. These processes continued until the calculated RMS-Error
approaches a predefined threshold that defines the best fit between apparent and
measured resistivity. This match identifies a representative distribution of resis-

tivity in subsurface that characterize rock unit distribution. Figure 2 shows the
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Figure 2. The inversion stages applied to the 1D-resistivity data (a) and the resistivity image (b) acquired at
the UO-site.
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inversion results (RMS-Error = 2.0%) that developed 1D resistivity data (a) and
2D image (b) of subsurface true resistivity distribution. Resistivity inversion is
completed using RES2DINV software (Locke, 2006). Six Radar lines (Figure 1)
have been acquired using X3M-Radar System with 100 MHz antenna to reveal
the important geologic features down to 10 m depth. REFLEXW software has
been applied to the raw field data to remove noisy signals, recover signal deteri-
oration with depth, and apply several data averaging to improve reflectors con-
tinuity and the overall quality of the radar image. Figure 3 presents the Radar
section at line 5 (Figure 1) before (left) and after (right) data processing, as an

example for data quality improvement using REFLEXW package.

2.3. Hydrogeological Study

The hydrogeological study involves detailed site investigation and changes in
landuse/landcover at the nearby regions, particularly those located up dip. Sev-
eral seepage sites and the water body located at the study area are visited and
evaluated using Landsat data and local inhabitants’ interview. Based on geologi-
cal and geophysical investigations, six test holes are drilled using rotary drilling
techniques and completed as piezometers. These boreholes helped confirming
the subsurface architecture delineated by geological and geophysical investiga-
tions and also monitoring the groundwater system. In addition, a production
well (Asn-P) is drilled at the main fault gouge to sample groundwater for geo-
chemical analysis and test a possible local drainage to the exposed seepage
through pumping and aquifer stress. A pumping test over more than 7 hours is
completed with a pumping rate of 10 m*/h and the aquifer stress is monitored at
the nearby piezometers Asn-1, Asn-2, and Asn-3. Groundwater sampling for la-
boratory analyses is accomplished after pumping the stagnant water out and the

produced water is filtered through 0.45 pm filters and subsequently preserved in
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Figure 3. An example to Radar data (line 5 before “left” and after “right”) processing to improve the data quality using

REFLEXW package.
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clean high-density polyethylene (HDPE) bottles. The samples are separated into
two aliquots, the first is kept in the original chemical condition and the second
aliquot is stabilized with ultra-pure HNO, to a pH less than 2. Major cations
(Na*, K*, Ca*, and Mg*) and some trace elements (e.g. Fe**, Mn*, Pb**, Cu™,
and Zn*") are geochemically analyzed using the filtered/acidified aliquot. The
other filtered/un-acidified aliquot is used for the analysis of major anions (CI,
SO;, HCO;, and CO; ). The accuracy of the chemical analysis is evaluated
using cation-anion charge balance and has fallen within the allowable errors. All
chemical analyses are performed at the Soil, Water and Environment Research
Institute (SWERI), Agricultural Research Center, Ministry of Agriculture and

Land Reclamation, Giza.

3. Results and Discussion

3.1. Structural Analysis

The UO-area is affected by a group of faults and joints cutting each other and
oriented to numerous directions (ENE-WSW, NW-SE, N-S, and E-W) with
ENE-WSW representing the dominant direction that goes parallel to the elonga-
tion of the UO (Figure 4). The fault/joint intersections might not appear at the
surface and most fault plains/intersections are filled with mineralization of peg-
matites or quartz resulting in impermeable media. This mineralization appeared
intact to ancient Egyptians, and inconsequence started cutting the UO parallel to
ENE-WSW direction despite the presence of the N-S joints filled with quartz
mineralization. Isolation/engraving of the UO from the main granite body is
ceased due to the displacement induced by a WSW dipping joint initiated below
the obelisk that led to few centimeters gravity settlement to the southern part of
the obelisk along an N-S fracture. The ENE-WSW fault and joint systems pre-
vailed the granitic intrusion of the study area with roughly vertical and inclined
striations and slickensides dominated the granitic blocks, indicating relatively
dextral-slip along the oblique displacements (Figure 5). Such a movement expe-
rienced structural inversion to a transpression movement that resulted in a
pop-up structure at some granitic blocks, such as the UO-area, and qualified the
core of these blocks as a good site to quarry obelisks and other sculptures. How-
ever, the surrounding areas to the north, northwest and southeast are strongly
affected by many faults of different directions resulting in lower topographic
features with strong weathered sections of important local seepages as presented
at the Fatimid Cemetery (Figure 1). Field observation confirmed the excessive
engravings at the pop-up granitic block that resulted in topographic lows and
overtime formed a surface and groundwater drainage basin with growing bushes
and swamps plants.

Generally, the strike-slip tectonics in the study area induced dextral displace-
ments at the NW-SE and E-W faults and sinistral displacements at the N-S and
NE-SW faults. Alternatively, the intersection of the dominant ENE-WSW faults
with both N-S and NW-SE faults (gray areas in Figure 4) formulated topographic
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Figure 4. A physiographic map showing the main land-cover and geological features to-
gether with the location of the drilled boreholes.

lows such as those located to the west of the UO-granitic block that act as the
main discharge basin to the surrounding topographically highlands. The NW
part of the study area is mainly affected by intersection of NNE-SSW and N-§
with ENE-WSW and NW-SE fault/joint systems that obviously resulted in
crushing the granitic body and the development of sparse seepages at this area.
The structural analysis confirmed by field observation indicated dextral
strike-slip movements along the NW-SE fault and its branches resulting in the
static equilibrium of the granitic blocks at this area. Similarly, the southwestern
part is affected by a NW-SE fault that delineates the boundary of the granite in-
trusion (Figure 4). The fault/joint measurements from the field work and satel-
lite images are analyzed and projected to the stereonet using Geoorient-6 ver-

sion-5. Figure 6(a) shows data frequency-azimuth diagram that confirmed the
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Figure 5. Striations and slickensides dominated the granitic blocks nearby the UO-site.
(a) The vertical striations developed along the fault plain indicating vertical displacement
asscoiating a normal fault; (b) The inclined striations and slickensides indicate relatively
dextral strike-slip displacements along the ENE-WSW faults; (c) Several strike slip faults
oriented NW-SW (yellow arrow) together with the ENE-WSW strike slip to oblique faults
(green arrows); (d) The association of slickensides and striations features along the plain
of an oblique fault.

field observations on directions and dominant structural features. Figure 6(b)
presents the plot of the fault and joint measurements on the stereonet, which in-
dicated that ENE-WSW faults strike N60°E with average dip of 75° dominantly
towards NNW. On the contrary, the NW-SE features strike N51°W with average
dip angle of 78° to the NE, while the NNE-SSW features strike N5°E with domi-
nant dip angle of 78° towards WNW. Finally, the E-W features are dominantly
dipping at 82° towards the North direction but sometimes show steeper angles
(~87°) to the South. The principle stress in the study (o1) can be identified by
plotting the shearing stresses along the principle fault (M) oriented ENE-WSW,
and the secondary directions-oriented NNE-SSW (R’) and NW-SE (R) (Figure
6(c)). Field observation and the structural analysis indicate that ol is approx-
imately oriented N23°W-S32°E as presented on ellipsoid stress model (Figure
6(c)).

3.2. Geophysical Data Interpretation

Three VESs have been acquired using Schlumberger configuration to target a
total depth of 25 - 30 m, and the inversion result of the apparent data to true re-
sistivity subsurface model is presented in Table 1. Generally, five resistivity
zones have been identified in the inverted VESs that could be lumped into four
zones as interpreted in VES-1. The surface layer is relatively thin (0.4 - 1.5 m)
with low resistivity that fall between 4.7 - 11.9 Ohm-m and coincides with the
soil zone of wet rubble and heap. The underlying layer is also thin (0.5 - 1.2 m)
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Figure 6. The structural analysis of the measured data showing the frequency-azimuth
diagram “(a)”, the stereonet projection “(b)”, and the ellipsoid stress model “(c)”.

but shows relatively high resistivity (42.5 - 147.3 Ohm-m) and typically represents
the dry rubble and breaking stones (Table 1). The third resistivity layer is signifi-
cantly resistive (1210 - 1870 Ohm-m) and appears to extend through the study
area with thick profile (3.0 - 4.9 m) representing the fractured to weathered gra-
nite. This layer is generally dry, but where the resistivity significantly falls be-
tween 7 and 15.5 Ohm-m changes into a water-saturated interval (typically 3.5 m
thick, Table 1). The basal resistivity unit showed high resistivity (789 and 1287
Ohm-m) character that represents the weakly fractured to massive granite and
extends deeper than the investigation depth of the present study (Table 1). This

indicates a total weathered section of approximately 7.5 m thick and an apparent
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Table 1. The true resistivity model interpreted from the VES data acquired near the
UO-archeological site in Aswan.

Depth (m)
Layer No. Resistivity (Ohm-m) Thickness (m)
From To

Aswan-VES-1 (Approx. Ground Level: 113 m)

1 4.7 0 0.6 0.6
2 47.6 0.6 1.1 0.5
3 1868.4 1.1 7 5.9
4 15.5 7 - -

Aswan-VES-2 (Approx. Ground Level: 124 m)

1 8.1 0 0.4 0.4
2 140.9 0.4 1 0.6
3 1213.1 1 4 3
4 12.1 4 7.4 34
5 1287.2 7.4 -

Aswan-VES-3 (Approx. Ground Level: 113 m)

1 11.9 0 1.5 1.5
2 42.4 1.5 2.3 0.8
3 147.3 2.3 2.7 0.4
4 7.8 2.7 6.6 3.9
5 789.2 6.6 - -

water-saturated section detected by VES between 6.6 and 7.4 m thick.

A 2D resistivity profile of 72 m length and extending SE-NW, is acquired us-
ing dipole-dipole configuration with 3m spacing to explore for groundwater ac-
cumulation and the prevailing geologic structures down to 20 m depth. Figure 7
presents the vertical and horizontal distribution of resistivity units along the re-
sistivity profile acquired perpendicular to the dominant ENE-WSW structures,
which represents the expected main flow path for groundwater movement. Fig-
ure 7 indicates the development of three resistivity units; the upper low resistiv-
ity unit followed by an intermediate resistivity unit and underlined by a relative-
ly high resistivity unit. The upper resistivity unit represents the valley deposits of
sand mixed with silt and clay with resistivity between 3 and 20 Ohm-m. This unit
increases in thickness towards the NW that follows the direction of the step
fault-throws developed in this area. The intermediate unit showed a resistivity of
60 - 184 Ohm-m that varies in thickness between 2 m and 5 m and corresponds to
the strongly weathered/fractures granite of partial or total water saturation. The
lower unit represents the granite of moderate to minor weathering/fracturing ef-
fects and typically reports a resistivity over 184 Ohm-m. This unit is characte-
rized by an obvious subsurface irregularity as a result of the development of nu-

merous normal faults of step patterns. These faults occur near surface at the SE,
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Figure 7. The vertical and horizontal distribution of resistivity along the resistivity image
acquired perpendicular to the dominant ENE-WSW structures.

increase gradually in depth to 12 m at the mid profile, and fall below 16 m at the
NW part of the profile (Figure 7). The fault-throw typically falls between 3 m
and 6 m but may exceed 8 m as anticipated at the NW part of the resistivity pro-
file. Such subsurface architecture suggests that the NW part of the resistivity
profile is likely marking the development of a major groundwater drainage sys-
tem following a major fault concealed under the asphaltic road bounding the
UO-site to the west. Generally, this fault displaced the bulk granitic intrusion
into two main parts; the UO-block and the Fatimid Cemetery block that con-
temporaneously displaced along a dextral slip movement that support the struc-
tural analysis of the area.

The Radar images (Figure 8) showed excellent signals at the surface of all im-
ages that typically extend down to 2 m depth and generally represent the valley
deposits of sand and silt. These signals deteriorate with depth to moderate or
weak signals depending on the predominant water saturation and intensity of
weathering/fracturing of bed rock. But, in all cases the depth of penetration
rarely exceeds 9 m. The GPR-1 line indicates the presence of alluvial cover of 0.7
m thick at the SW that progressively increases to 5 m thick at the middle and NE
parts. Generally, massive granitic bodies and thick sedimentary cover are
represented by the continuous reflections while fractured and weathered granites
are likely existing where weak reflections prevailed (Figure 8). All Radar images
indicate a possible groundwater level at 1.0 - 1.25 m depth as represented by a
common reflection pattern of dark tone that may rebound near surface at see-
page sites (Figure 8). Comparing GPR-2 to GPR-1 profiles, the strong signals
characterize the development of massive granitic bodies at the middle part while
the terminal parts show significantly fractured units that extend down to the bot-
tom of the section and characterize the fractures associating the major faults. The
GPR-3 profile is gathered parallel to the main fault line separating the granitic

pluton into two masses and most likely presents a thick local sedimentary-fill
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Figure 8. The final Radar images acquired along the profiles shown in Figure 1.
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saturated with groundwater. The dominant texture prevailing this profile re-
mains consistent except for some spurious artifacts introduced as the antenna
becomes closer to the metal fence of the site (Figure 8). The GPR-4 and GPR-5
profiles are gathered at the central part of the preserved site and appear predo-
minated with the sedimentary-fill over fractured granite that appears highly
weathered in GPR-4 as indicated by the severe signal attenuation. Finally, the
GPR-6 profile presents a thin shallow sedimentary cover that hardly exceeds 1 m
thick followed by highly weathered granitic section with important attenuations

attributed to the municipal utilities running parallel to this profile (Figure 8).

3.3. Hydrogeological Setting

Geological and geophysical investigations indicated the presence of a small water
pond covered by intensive vegetation at the proximity of the UO. This pond in-
itiated in 2002 and the water level increases over time, but oscillates annually
with high level in summer and low level or complete disappearance in winter.
Over two-winter site visits, the water level of the pond raised almost 50 cm. In
addition, numerous irregular seepages within and around the UO-site have been
observed and are topographically located above and below the level of the water
pond such as the excessive seepage prevailing the Fatimid Cemetery. Such water
accumulations are probably related to the northern and eastern urbanization lo-
cated up-dip the important archeological site. Other possible sources include the
Kima drainage channel that cuts directly in the granitic masses of the main in-
trusion, the unattended flood irrigation to the neighboring vegetation cover
(Figure 9(a)), and the seldom rainfall that rarely formulates a storm (Figure
9(b)). Another important, but indirect, source is the Nile River water, as the wa-
ter pond at the trough disappears and reappears with low and high Nile seasons
respectively, indicating a direct relationship. Based on geological and geophysi-
cal studies, six observation wells (Asn-1 to Asn-6) and a production well (Asn-P)
are drilled, and the well details presented in Table 2 with the hydrostratigraphic
units of these wells compiled in Figure 10. Generally, the drilled sections indi-
cated the presence of a land fill layer that is dominantly less than 1 m thick but
reported over 15 m in Asn-6 well (confirms VES-3 measurements, Figure 8) that
is not completed to the target depth due to severe drilling fluid losses. This layer
overlies a layer of weathered/fractured granite of relatively medium hardness
and extends down between 5 m and 10 m depth as depicted in wells Asn-2 and
Asn-5 (Figure 10) and confirms the resistivity and radar data interpretation at
this area. The slightly fractured to massive granite progressively appears near
surface on approaching the intrusive block as reported in Asn-1, Asn-4, and
Asn-5 well. Massive granitic boulders could be also found embedded in the val-
ley fill or fractured granite unit as those seen in Asn-3 well and imaged in GPR-2
section (Figure 8 and Figure 10).

The groundwater level (measured relative to the sea level) around the

UO-archeological site falls close to 90 m at the eastern part as reported in Asn-4
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Figure 9. Some important surface features influencing the hydrogeological regime in the
study area; “(a)” unattended flood irrigation, “(b)” the seldom rainfall effects along a fault
with developed pegmatite mineralization, and “(c)” a small pit in the valley fill with
perched water level.

Table 2. The basic well information for the test boreholes drilled at the proximity of the
UO site.

Piezometers Asn-1 Asn-2 Asn-3 Asn-4 Asn-5 Asn-6 Asn-P
Ground level (m) 84.1 84.19 84.2 93.5 100 106 84.28
Depth to water (m) 2.4 2.85 1.6 4.02 9.5 - 2.83
Groundwater level (m) 81.7 81.34 82.6 89.4 90.8 - 81.45
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Figure 10. The hydrostratigraphic units and the groundwater level observed in the drilled boreholes shown in Figure 4.

and Asn-5 piezometers and falls steeply over less than 200 m distance to ~80.0 m
following the dominant topography of the area (Table 2). Alternatively, at the
south western part the groundwater level reported 81.34 m (Asn-2) and increas-
es northward to 82.5 m as measured at (Asn-3), Table 2. Based on the data in-
terpretation of the resistivity image (Figure 7), a water production well (Asn-P)
is drilled to target the main fault gouge-oriented ENE-WSW to a total depth of
19.5 m. The site selection was successful to penetrate the fault gouge down to
approximately 17.0 m depth as confirmed by the highly pulverized clay mixed
with the highly weathered granitic catalysts recovered from drilling cuttings. The
pumping test continued over more than 7 hours at well Asn-P with a disconti-
nuous discharge rate of 10 m’/h to keep the groundwater level above the sub-
mersible pump and the stress rhythms are shown in Figure 11. Over 2 minutes’
time from the start of pumping, the groundwater level has fallen from a depth of
2.83 m to 18.00 m. Monitoring the aquifer perturbations at Asn-1, Asn-2, and
Asn-3 piezometers showed no response at all indicating that the main
ENE-WSW fault acts as a perfect impermeable zone to groundwater as well as
the other faults cutting across it (Figure 11). The chemical analysis of the water
sample collected from well Asn-P (Table 3) also showed brackish water with
TDS of 2163 ppm and significant sulphate (23.56 mEqv) and nitrates (49.8
ppm). This clearly indicates that this percolated water is biologically contami-
nated and most likely attributed to leakage from the improbably constructed se-
wage system at the urban communities nearby the UO-site. Based on the available
investigations and field observations, the prevailing groundwater flow system fol-

lows an intricate pattern of low conductive faults and joints-oriented ENE-WSW,
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Figure 11. The aquifer stress and perturbation monitoring in piezometers Asn-1, Asn-2, and Asn-3 reported in a pumping test
completed over seven hours period in the study area.

Table 3. The chemical composition (major and trace elements) of a water sample col-
lected from the Asn-P well.

Physical properties Trace elements (ppm)
EC NH** 0.14

TDS 2163 ppm NO; 49.8
pH 7.4 B 0.251
Anions (mEqv/1) Fe 0.161
cor - Mn 0.18
HCO; 2.08 Co 0.006
Cl 5 Pb 0.028
SO> 23.56 Cr 0.003

Cations mEqv/1) P 0

Ca 7.94 Zn 0

Mg 3.42 Cu 0

Na 18.86 Cd 0

K 0.42 Ni 0
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NW-SE, N-§, and E-W. In addition, the weathered/fractured granite unit represents
the main aquitard to which all hydrogeological responses and behaviors can be
explained. This aquitard is characterized by a thick profile of fractured granite
with intensively weathered zone, especially at the shallow depth, that furnishes
high capacity for groundwater storage but limited in conductance. Generally,
fractures control the flow regime and preferential weathering accelerates over
time that ultimately results in thick weathered mantle stripping the main flow
paths. Surface water is typically gathered to percolate through the significantly
conductive valley fill sand and silt to the weathered/fractured granite aquitard.
This aquitard is characterized by fair to medium vertical hydraulic conductivity
but dominantly lacks horizontal conductivity due to the well-developed wea-
thering and mineralization along the fault planes and/or fractures (Figure 9(b)).
This may explain the preferential vertical flow and the relationship of water level
in the pond to the seasonal variations in the Nile water. In addition, the dead re-
sponse to the pumping stress observed in the neighboring piezometers (Figure 11)
of the pumping test and the presence of separate spots of dispersed seepage also
support the negligible horizontal conductivity in the fractured/weather granite
aquitard. Figure 9(c) shows a good clue to this interpretation as the salt crystals
are developed around a perched water accumulation within the valley fill unit
overlying the massive granite at a graveyard located up dip of the UO-site from
the sewage system of the neighboring communities. In addition, the large water
ponds developed over years to the north of the Aswan reservoir where large quan-
tities of sand are quarried for the High Dam construction support this interpreta-
tion as well. Accordingly, the complex pattern of impermeable fault and fracture
system hinders the use of pumping scenarios to manage the developed surface
water pond or seepage, and mandates using local interactions to individual prob-
lems. Therefore, the developed water pond at the UO-site can be managed using a
French trench with sump and pump to maintain the groundwater level below
the ground surface and prevent further surface water accumulations or the de-

velopment of seepage.

4. Conclusion

The present study indicated the development of a fractured granite aquitard that
is dominated with ENE-WSW, NW-SE, N-S, and E-W fault/fracture systems.
These systems associate fault gouges and fractures with well-developed weather-
ing and/or mineralization along these planar fabrics. Geophysical investigations
confirmed by drilling of test holes indicated the development of three main units
arranged from top to bottom as: valley fill unit (1.0 - 15 m thick), medium frac-
tured to weathered unit (2.5 - 10 m thick), and massive to slightly fractured gra-
nite of 2.5 - 10.0 m thick. The aquifer test monitored at three observation wells
reported no responses to the aquifer stress during 7 hours pumping at the near-
by production well (5 - 10 m away), indicating very limited transmissivity with

an irregular preferential vertical flow system. Such observations indicate tight

DOI: 10.4236/0jg.2019.911094

856 Open Journal of Geology


https://doi.org/10.4236/ojg.2019.911094

A. M. Abdulaziz

groundwater system with negligible hydraulic conductivity, which hinders ap-
plications of aquifer stress or pumping scenarios. Alternatively, the application
of local covered drainage system with sump and pump presents the optimum
technique to control the local groundwater accumulations and seepage near the
UO-site.
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