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Abstract 

For ages, archaeologists had used shovel test grids and excavation to determine the most likely places 
to dig, this procedure requires a lot of work and time. In seismic hazard assessment studies, it is 
important to identify subsurface faults and to constrain seismic deformation parameters near surface. 
Ground penetrating radar (GPR) method is a nondestructive, noninvasive high-resolution 
geophysical mapping method favorable to picture the buried archaeological remains and delineation 
subsurface possible shallow walls effected by tectonic process like faults within altered 
environments. Processed two-dimensional radargrams were used to identify the location of some 
anomalies related to ancient walls. The three-dimensional model shows that the GPR anomalies are 
typically simpler to spot and isolate in order to make the depth and position more clear and delineate 
the extension of buried archaeological walls at both surveyed sites. The GPR method was able trace 
a possible 0.5 m deep left lateral strike slip fault affected ancient buried wall at site 2 which was 
impossible to mapped by 2D profiles. The inferred faultʹs direction and displacement match an 
exposed fault that has been mapped in the northwest corner of the western wall of the Nabataean-
Roman age reservoir. 

Keywords: ground penetrating radar; three-dimensional model; ancient walls; left-lateral strike fault; 
Qasr el Tila 

1. Introduction

In archaeological inspections, it is important to pinpoint the extent, shape, depth, and position
of subsurface targets and associated stratigraphy without destructively intervening with the buried 
materials, with the development of technology and the need for the protection of subsurface culture 
heritage [9]. 

In addition to being exhausting and time-consuming, especially during excessively hot or cold 
temperatures, drilling and coring to assess wall thickness can permanently ruin older buildings [36]. 
Ground Penetrating Radar (GPR) is an indirect, safe, non-destructive, economical and 
environmentally friendly geophysical technique that offer accurate measurements for shallow 
subsurface site description without causing structural damage [6,24,32]. 

The technique provides comprehensive information on inner structures, fissures, voids, and 
deterioration and can locate old buried archeological sites remotely without physical disturbance 
[11,12,20]. 

The most straightforward way to unravel subsurface difficulties in the field of archaeology is by 
categorizing and correlating significant reflections within 2D profile (B-scans), between a few tens of 
centimeters and five meters below the surface [10]. 
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Moreover, a series of 2D profiles can make up of a 3D volume (C-scans), and the data can be 
analyzed and visualized in time slice, in which radar reflections are mapped horizontally for 
archaeological applications [17,37]. 

The primary goal of this research is to map the locations and depth of ancient residual walls and 
other archaeological features. In additional GPR, survey could help to assess any evidence of buried 
tectonic structures like active faults have impacted the buried ancient ruins of Qasr el Tila. 

1.1. Study Area 

Qasrel Tila is situated about 30 km south of the Dead Sea between longitude of 35° 24’ 36” to 35° 
24’ 45” east, and latitude of 30° 49’ 44” to 30° 49’ 50” west, in northern Wadi Arabah valley about 8 
km south of the escarpment to Dead Sea Ghawr [3,31] (Figure 1a). Qasr el Tilah archaeological site is 
constructed across the seismically active Wadi Araba fault on mid-Holocene alluvial fans sediments 
that were deposited from Wadi el Tila approximately 6500 years ago, paleoseismological studies 
confirmed the existence of an active fault [15,19,31]. 

 

Figure 1. a) Location map of the study area include site plan map of some structures at of Qasr et Tila site 
(reservoir (Birkah), Roman fort and Wadi Araba Fault [31]. b) Location of GPR profiles at site 1. c) Location of 
GPR profiles at site 2. 

The location has a water reservoir with aqueducts connecting it to the nearby Wadi el Tilah and 
the Birkah reservoir, as well as the remnants of a fort (Caravanserai) [31] (Figure 1a). 

The age of the ruins at Qasr el Tila was estimated to be predominantly Nabataean-Roman, with 
minor Late Byzantine occupation [22,26]. 
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After the Roman-Byzantine era, the reservoir was no longer in use, most likely as a result of 
faulting brought on by a strong earthquake which may be responsible for the wide destruction in the 
region and in the nearby city Petra [15,35] in the year 363 AD (M>6.5, the epicenter situated in central-
northern Wadi Araba [2]. 

Historic structures that were constructed directly on top of faults are seldom offset by one or 
more previous earthquakes [13,23,27,29,30]. The historical records proposed that there may have been 
more than one earthquake during 659/660 [18,19,35]. 

A significant fracture with a 1.5–2 m left-lateral offset in the northwest corner of the reservoir 
(Birkah) western wall is indicative of faulting after seismic rupture. [15,16,19,23,31] (Figure 1a). 

In the study area because of the dry climate and slow rates of sedimentation, archaeological 
features are exceptionally well-maintained and near the surface, making it possible to map those 
using GPR and get subsurface archaeological and paleoseismic data. 

Due to the presence of some Bedouin residents, land cultivation, vandalism, weathering, and 
earthquakes activity many of subsurface archaeological features like walls, aqueducts were severely 
damaged, and their locations are now unclear. 

1.2. Methodology 

Ground penetrating radar (GPR) is a sensing equipment that creates high-resolution pictures of 
an objectʹs inside and subsurface using low-power electromagnetic waves. [5,7,10]. In order to locate 
the reflected waves, a GPR usually sends brief electromagnetic (EM) energy pulses in the frequency 
range of 100 MHz to 4 GHz into the structure being tested. 

The distinguishing qualities of amplitude, continuity, configuration, and reflection patterns are 
essential for identifying archeological features. All of these consequences should be incorporated into 
the geometrical faces generated from different buried targets along the profiles being studied [11]. 

To display travel time against EM wave amplitude. A GPR systemʹs receiving antenna captured 
the reflected energy. as an A-scan, which is a vertical 1D amplitude trace. (Figure 2a) [5,8]. Contiguous 
1D amplitude traces are stitched together to provide a 2D vertical profile identified as a (B-scan) 
(Figure 2b), and assembling 2D profiles at a specific two-way travel time generates a 2D horizontal 
time-slice map identified as a C-scan (Figure 2c). 

 

Figure 2. Principles of ground penetrating radar (GPR). (a) A-scans displayed varying amplitude with depth 
(vertical) or time. (b) B-scan, commonly referred to as ʺtransectsʺ or ʺplan view,ʺ represents a vertical 2D cross-
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section of stitched together A-scans [28]. (c) scan, often referred to as ̋ depth slicesʺ or ̋ time slices,ʺ is a horizontal 
2D cross-section of interpolated B-scans, which is subtracted from a 3D section [28]. 

When using the GPR frequency range, the resolution and penetration depth are mostly 
controlled by the underlying water and clay presence, and the technique works best in regions with 
minimal electrical loss material [21,25]. 

The parameters of the soil are the dielectric constant εr and the electrical conductivity σ, the 
larger the dielectric contrast between the object and the host material, the higher GPR energy that 
reflects and therefore the easier the object is to sense [25]. Objects that have similar dielectric 
properties to the soil are more difficult to be distinguished. 

The amount of energy is reflected at the interface between two materials with different dielectric 
characteristics is known as the reflection coefficient [7,34]. 

Equation 1 is usually used to calculate the reflected energy, also known as the Reflection 
Coefficient (R), which is considered as a ʺloss. (1) [34] 𝑅 = √𝜀௥ଵ − √𝜀௥ଶ√𝜀௥ଵ + √𝜀௥ଶ (1)

Where εr1 and εr2 the dielectric value of material 1 and material 2 respectively. 

1.3. GPR Instrumentations and Data Acquisition 

The GPR survey was carried out with the GSSI SIR-20 equipped with bow-tie shielded 900 and 
400 MHz monostatic antennas (Geophysical Survey Systems Inc., GSSI, Nashua, NH, USA) were 
applied to data acquisition in the two field sites. To precisely measure distance along survey profiles, 
a survey wheel is attached to the 400 MHz and 900 MHz antennas [4]. Most data were recorded at a 
transmit rate of 50 scan/s, 512 samples/s with a 16 A/D conversion. 

The investigation area is located on the outer archaeological remains of the Birkah and fort wall 
remains, where the ground is flat and there are no evidences for any archaeological features on the 
surface (Figure 1a). 

A reconnaissance GPR The survey was conducted using both 900 and 400 MHz antenna to 
calibrate the survey wheel within the study area. 

A total of eleven GPR survey lines with a total length of 175 m were set up in two sites at the 
study area. Both 900 and 400 MHz antennae were used at the first survey site which is located to the 
west of the reservoir (Birkah) where parallel unidirectional northeast-southwest profiles were 
collected at 2m intervals (Figure 1b). Bushes and plowing an agricultural field control the location 
and position of the profiles at this site. 

The second site situated to the south of the Roman fort, six unidirectional east-west profiles with 
a total length of 30 m were collected at 1m intervals using 900MHz antenna (Figure 1c). 

1.4. Data Processing 

The RADAN 7 software was utilized to enhance the quality of the initial data and enable more 
accurate interpretation. The following is a summary of the primary processing steps: automatic gain 
control (AGC) is used to offset the decrease in power of the electromagnetic waves as they penetrate 
to depth, time-zero correction, background removal to eliminate direct air and vertical high-pass 
filter, low-pass filter and background removal filter. 

Figure 3 a shows unfiltered radargram along profile Fort 9004 with 900 MHz. antenna. Figure 3 
b depicted a recorded GPR profiles after the primary processing. The profile shows one coherent 
shallow reflections. 
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Figure 3. a) A 900MHz antenna unfiltered radargram along profile Fort 9004. b) The processed GPR profile Fort 
9004 radargram after applying vertical high-pass filter, low-pass filter and background removal filters. The 
strong amplitude change between 2m and 4.5m, depth 0.45 m can be identified as the buried ancient wall. 

Using RADAN 7 software tools, 2D processed radargrams, depth slices (c-scans), and 3D cubes 
were produced for further field data evaluation and analysis. These methods create a three-
dimensional cube of the surveyed area by joining all of the unique data lines that were gathered using 
the given coordinates [14]. 

By splitting certain depths, horizontal slices may reveal the soil layers, identify feature 
structures, and look into lateral connections. 

The top of the extracted pipe close to the research region was used to calibrate the velocity 
according to the known depth. The calculated average near-surface velocity was 0.12 mns-1 [1]. 
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2. Results 

Firstly, an experimental 24 m length north-south GPR profile TALA14002 carried out at site 1 
situated about 120 m to the west of reservoir (Birkah) and about 35 m northwest the fort 
(caravanserai) using 900MHz and a 400MHz antennae’s (Figure 1b). 

Seven additional unidirectional 2m spaced with different lengths profiles were conducted at site 
1 using both 400 and 900 MHz antennas (Figure 1c). 

The 2D profile TALA14002 show a relatively uniform data at three discontinuous linear anomaly 
at distances 2-6, 13-18 and 20-21 with an approximate depth 0.5 m. These anomaliesʹ depths and 
expansions most likely suggest a possibility of buried ancient structures. 

The two hyperbolic shape shallow anomalies, the first one at distance 8 which shows high 
reflection may represents recent metallic object (pipe), and the second one at a distance 22.5 m which 
may cause by a boulder (Figure 4). 

 

Figure 4. A 400MHz antenna along profile TALA14002. The profile shows three discontinuous linear anomaly 
at distances 2-6, 13-18 and 20-21 at an estimated depth of 0.5 m that are may be buried ancient wall (white 
rectangles). The diffraction hyperbolic-shaped anomalies at distance 8 and 22.5 m may be produced by shallow 
metallic objectives and a boulder respectively (white rectangles). 

Six parallel unidirectional radar profiles using 900 MHz antenna conducted at site 2 which are 
located about 2 m south of the fort (caravanserai) (Figure 1c). 

The main anomaly located between horizontal distance 2 and 4.5 m with approximate depth 0.45 
m along Fort 9004 (Figure 5). This anomaly may represent the ancient buried city wall. 
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Figure 5. Radar profile (900 MHz antenna) along Fort9004. An ancient wall may be the source for the main high 
reflection, which is denoted by the white rectangle and is located between horizontal distances of 2 and 4.5 m 
with a depth of around 0.45 m. 

Same anomalies at the similar depth but different extensions and shifts were identified in 
Fort9002, Fort9003, Fort 9004 and Fort9005 profiles at site 2 (Figure 1c). 

2.1. Three Dimension GPR 

In order to map the scope and the general distribution of the GPR anomalies a multiple of 2D 
profiles can create a 3D volume (C-scans) of radar data, which can be analyzed and visualized in 
depth slice, in which radar reflections are mapped horizontally for archaeological applications [17,37] 
(Figure 6). 

 

Figure 6. 3D Radar model with C-Scans molded from radargrams conducted with 900-MHz at site 2. 

Horizontal depth slices with 13 cm thickness were extracted from both C-Scans, equivalent to 
different depths achieved via RADAN 7 [33]. 
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Figure 7 depict depth slices at depth 0, 0.5, 0.75, and 1m at site 2, displaying both vertical and 
lateral variations of possible linear feature with high amplitude may characterize possible remains of 
buried walls signatures. 

 

Figure 7. Depth slices created from multiple 2D reflection profiles of site 1 at depths 0.5, 0.75 and 1m. 

The inspection of the depth slices at depth 0, 0.4, 0.7, and 1m at site 2 revealed the presence of 
possible discrete ancient wall at a depth of 0.45 m, maybe there is subsurface signatures of strike slip 
left later fault affects the wall (Figure 8). 

 
Figure 8. Depth slices from multiple 2D reflection profiles of site 1 at depths 0, 0.4, 0.7 and 1m. 

Figure 9 shows the 3D section (cutout cube) using distance (x) 4.5, distance (y) 0.4.0, and distance 
(z) 0.5 m shows clearly the extension and depth of the possible wall, the black dashed line may present 
left lateral fault. 
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Figure 9. 3D section (cutout cube) using distance (x) 4.5, distance (y) 0.4.0, and distance (z) 0.5 m shows the depth 
and extension of the possible wall, the black dashed line may present lift lateral fault. 

The energy attribute depicted on the 0.5 m slice exposes certain possible lateral discontinuous 
structures that are not easily visible in the vertical section amplitude data analysis. There are 
significant lateral and vertical fluctuations visible in the 3D GPR sub-volume. 

3. Discussion 

The flat terrain of the study area with the lack of clay deposits within the dry unconsolidated 
eolian sand sediments allowed us to image the archaeological features at a high resolution, so both 
antennas give good results, but the 400MHz antenna provide less resolution and more penetration 
compared with 900 MHz antenna. 

The 900 MHz antenna data used the mainstream of the majority of the interpretation results. 
Nonetheless, the 400 MHz data were very suitable to check the presence of anomalies in the study 
area up to 3 m of depth [33]. 

At both site, all of the data was obtained in unidirectional way along the northeast-southwest 
and west-east directions, respectively, at a distance of two meters. Archeological features must be 
identified using the distinctive qualities of reflection patterns, amplitude, continuity and 
configuration. The geometrical aspects created from numerous buried material throughout the 
profiles under examination should be combined in light of all these implications [12]. 

Several 0.5 meter deep GPR anomalies like possible buried ancient walls expected archaeological 
sources and manmade recent objects like pipe were mapped at site 1 located north-west the Roman 
fort. Other isolated hyperbolas along some profiles at site 1 may be stones from the destruction of the 
ancient walls. 

According to the GPR data, the tectonic activity and the presence of several Bedouin groups that 
plow and farm this land throughout specific seasons of the year are the reasons why the wall remains 
are not well-preserved. 

4. Conclusion 

Among all the modern geophysical techniques, ground-penetrating radar (GPR) is particularly 
helpful for remotely and non-destructively assessing archaeological sites. 

The presence of sand and the good electrical property differences between stone walls and host 
material helps to detect anomalous zones. 
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Under challenging subsurface environments, GPR processing can improve the imaging and 
characterization of archeological structures.  Archeological features must be mapped using the 
distinctive qualities of reflection and diffractions patterns, continuity, amplitude and configuration 

GPR gives detailed information about diffraction patterns in the shallow stratigraphy with a 
high resolution. The results of geophysical surveys of archaeological sites are generally present 
graphically. Hyperbolic with irregular in site 1 may be from scattered stones while the hyperbolic 
with regular high reflections may be due to the manmade metal pipe. 

The results provided an image of the subsurface structure with precise location and depth of 
targets like metallic pipe, boulders and buried walls.  

A strike slip fault signature could be difficult to be interpreted in B-scan (2D) GPR profiles, the 
C-scan (3D) 3D profiles produced from two dimensions provide more ample view of the deformation 
zones and better images of possible shallow lift lateral strike subsurface fault mainly trend in the 
south west-north east direction hit existing wall at site 2. 

Horizontal depth slices are able to separate specific depths to depict the soil layers and examine 
the real feature forms and lateral connections. 
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