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1. Introduction – The unconsolidated and sedimentary rocks cover the centre portion of the Kingdom of

Saudi Arabia. Most of rocks in this part are of carbonate nature including limestone, dolomite and

evaporites . Those rocks are affected by the existence of karstic features such as sinkholes, karrens,

domepits, [1] grottos or deeply-incised canyon-like valleys. Physiographic features like cliffs, geologic

boundaries, faults or fault-bounded graben play an important role in developing the karstic features. The

city of Riyadh is characterized by the presence of these features along Tuwayq plateau and further east

toward Al Kharj in the Ar-Riyadh area. Dangerous geohazards problems can affect environment and

infrastructures due to the existence of underground cavities and voids in the near subsurface limestone

[2]. The risk of unexpected development of sinkholes in karst areas has negative results and repercussions

on foundations and land used for agriculture [3] .  For many years ago, karst geohazards such as cavities,

weathered zones and sinkholes have been investigated using several geophysical tools. The obvious

contrast between the cavities filled with air or sediment from one hand and the host rock from the other

hand has helped the geophysical techniques to be applied successfully in karst landforms. The tools used

for studding karst hazards mapping contain magnetometry, ground penetrating radar [4], seismic

reflection and DC resistivity tomography.

The present work has been achieved to study the subsurface sinkholes configuration in the eastern part of

Rufa Graben (Figure 1) and their continuous extension underneath fractures and then evaluate their

dangers affecting people and land use. The importance of this study lies in detecting the locations of

subsurface sinkholes in the study area where this area considered an extension to the urban ones in which

many prominent projects are going to be done as

mentioned in the introduction of this chapter.

Figure 1. Geological map of the Central Arabian 

Graben System

Figure 2 : A sketch shows the ERT and GPR 

profiles locations in the study area. 
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2. Methodology - The application of geophysical techniques in karst zones has been of high importance

in the last two decades due to the rapidly growth in technology in addition to decreasing in the cost of

data acquisition, processing and interpretation. The importance of mapping the near surface karst features

like voids, cavities, tunnels and sinkholes has a strong relationship with engineering and environmental

works [5].

A number of six ERT profiles were carried out in the study area (Figure 2). Each profile has a total length

of 360 meter. The six profiles was carried out in different direction in a trial to cover most of the study

area taking into consideration the accessibility to carry out the data acquisition. The 2-D ERT data have

been picked up through the six profiles using multi-electrode system of SYSCAL Pro instrument which

was equipped with external battery and multi-electrode cable with 72 electrodes. The resistivity data

collected along the six electrical resistivity tomography (ERT) profiles were processed according to the

following steps, data transfer, editing and modelling. A number of six GPR profiles were carried out in

the study area. Each profile has a total length 360 meter. The position of these profiles is nearly in the

same place of ERT profiles. The GPR technique is applied at the study area, East of Rufa graben for

detecting of the subsurface sinkholes karst features. The GPR SIR-3000 system was used equipped with

400MHz to image the subsurface with an expected depth to 3 m. The data were collected using the survey

wheel, which enables distance measuring mode for the GPR system. The collected data was with a trace

spacing 2 cm and 512 samples per trace. The GPR data were collected at a sampling rate of 50 scan per

meter. During the data acquisition, the data were filtered to weaken the noise and remove the effects of

electromagnetic interference.

3. Results and Discussion

3.1 ERT Data

After all the six ERT lines were processed and modeled, these lines are going to be analyzed taking into

consideration the available geological data.

Rufa-1 profile:

Figure 3 shows the interpreted section of this profile. A layer of limestone (bordered with black dash line)

with resistivity value range from nearly 1000 ohm.m to 1700 ohm.m could be delineated in the first

fifteenth meters containing different features of karsts. In the western part between offset 45m and 63m

with a depth between 6 to 12 m, an anomaly with high resistivity value interpreted as an air-filled cavity

is determined. Between offset 80m and 120m, three interconnected cavities with a resistivity value more

than 1700 ohm.m reflects air-filled cavities with a depth range from 3m to 12m. To the east of the centre

of the profile, three high resistivity anomalies are delineated referring also air-filled cavities existence.

Under this layer comes a new layer with a lower resistivity range representing a fractured limestone

saturated with water especially in the lower western part of the profile.

Rufa-2 profile: 

This profile (figure 4) is measured in the direction south west to north east nearly parallel to line one. The 

upper northern west part of the profile is covered by very moist fractured limestone distinguished with 

low resistivity value as shown in figure 4. In this profile, a zone of the limestone formation marked by 

black dash line, high resistive different size cavities with a depth range from two meters to ten   meters 

are recognized. In the first part of the section between offset 65 to 85 meters and offset 117 to 147 meters, 

two air-filled cavities with maximum depth to 4 and 8 meters respectively could be determined. A high 

third resistivity anomaly referring air-filled cavity is located between offset 215 and 228 meters. 

 Figure 3: Interpretation of Rufa 1 profile. Figure 4: Interpretation of Rufa 2 profile. 
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Rufa-3 profile: 

The ERT data in this profile were collected along the SW-SE trending line with total profile length of 360 

meter (figure 5). A thick zone of the limestone formation with a depth range from 35 meter in the SW part 

of the profile decreasing gradually to the end part of the profile is recognized with low resistivity value. 

This zone reflects the much fractured limestone saturated with water. A highly resistive zone exceeds 400 

ohm.m comes after this one and representing the bedrock limestone. Through the last zone, an offset 

placed or located between 138and 165 m could be determined. This feature may refer the existence of 

karst development related to the role of the penetrating groundwater in the process of rock solution. 

Rufa-4 profile: 

This line (figure 6) was measured along SW-NE trending. Two different zones in this line could easily be 

delineated by the black dash line shown in figure 9. The first zone is distinguished by a low resistivity 

value and characterizes the SW part of the profile. This part reflects the fractured limestone saturated with 

water as this part can be compared with the end part of profile two where they intersect. The second zone 

has a higher resistivity value indicating the non-saturated fractured limestone.  

Rufa-5 profile: 

It takes direction from north nearly from the centre of the first line to south ending next to the centre of 

profile three (figure 7). The centre of this ERT profile can easily be correlated with the middle part of 

profile two as it crosses through it. The northern part of the profile is characterized by existence numerous 

anomalies within the limestone formation. Between the depths from two to five meters exists three high 

resistivity anomalies between offset 13 – 18m, 27-34m and 75-85m respectively. As a rule of thumb, 

those anomalies reflect air-filled cavities existence. The northern part of the profile is characterized by 

existence numerous anomalies within the limestone formation. Between the depths from two to five 

meters exists three high resistivity anomalies between offset 13 – 18m, 27-34m and 75-85m respectively. 

As a rule of thumb, those anomalies reflect air-filled cavities existence. The most upper southern end of 

the profile approaches the centre of profile 3 as the two parts have the same range of the resistivity values 

indicating the fractured limestone saturated with water. 

Rufa-6 profile 

This ER line is measured from west neighbour the end of profile five to east direction. A shallow layer of 

fractured limestone saturated with water in the western part and decreasing in thickness and percentage of 

saturation as moving to the eastern part (figure 8). A compacted hard limestone layer is placed under the 

shallower one. This layer is affected by existence two sub-vertical and vertical fractures located between 

offset 115-155m and 265-290m respectively. Those two fractures may clarify the presence of the high 

fractured the limestone saturated with water zone located in between them. They can play as channels for 

the penetrating surface water into the subsurface. 

3.2 GPR data 

Figure 7: Interpretation of Rufa 5 profile. Figure 8: Interpretation of Rufa 6 profile. 

Figure 5: Interpretation of Rufa 3 profile. Figure 6: Interpretation of Rufa 4 profile. 
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After the GPR data processing procedures applied as mentioned previously, the interpretations of the 400 

MHz profiles were carried out on the basis of horizontal variations and appearance of reflections. These 

variations and changes include: strength, continuousness, and attenuation and lateral relations. Each 

feature of the above-mentioned refers a special case. For example, the existence of a conductive zone 

such as sediment-filled cavity or water-saturated formation will be reflected as an attenuated area on the 

georadar section. The air-field cavities can be characterized on the georadar sections through following or 

tracing the laterally restricted series associated with large-amplitude pulses (Ulriksen 1982; Reynolds 

2011). Losing of coherency or continuity, bending and scattering of reflections are also considered 

indicators for existence of karstic features. The vertical and sub-vertical fractured can be seen on the 

georadar sections as discontinuities or displacements of reflection events in the horizontal direction 

(Grandjean G and Gourry J-C 1996; Grasmueck 1996). 

GPR profile Rufa 1  

This profile (figure 9) was conducted along the ERT profile Rufa 1 taking the same direction from west to 

east. In this section, different karst features could be determined at different depths. A very clear uplift 

and break or cut off in reflection actions is detected between 110 and 125 m horizontal distance and 

extends to about 1.3 m in depth. This action refers to existence of a cavity. At about 90 m horizontal 

distance, a small diffraction hyperbola is detected and it may reveal the existence of a cavity. The same 

diffraction hyperbola is repeated at about 198 m horizontal distance but with increasing depth to about 

8m. Distortion and absence of coherency which are index for existence karstic features such cavities or 

sinkholes could be mapped at a depth between 1 and 2 m along 325 and 348 m horizontal distance 

respectively. The intensity of strong reflection events is very clear in the section (black dashed 

rectangular). This zone of intensity is associated with a fracture (the black vertical dashed line) indicated 

from discontinuity and displacement of horizontal reflections. In addition to this, a another anomaly 

associated with a vertical open fracture is located between 1 and 2 m vertical depth and 150 to 160 m 

horizontal distance. 

GPR profile Rufa 2 

This profile was carried out along the same path of the ERT profile rufa 2 taking direction from south-

west to north-east. This radiograms (figure 10) contains numerous karst features. In the first part (figure 

10) of this section, a small diffraction hyperbola (its apex located at 68m horizontal distance) could be

delineated begins at a depth more than 3 m and extend deeper to the end of the section. Another

diffraction hyperbola could also be mapped in the shallow part of this section between 170 and 180 m

horizontal distance and its apex starts at .3 m depth. Distortion, discontinuity and intensity of the

reflection signal could be seen in this section between 1 and 2 m vertical depth at a horizontal distance

18-24, 45-52 and 64-74 m respectively. All these events can refer karst features occurrence. The

heterogeneity of the subsurface in this profile can be inferred from the dipping reflections plotted as a

solid line in the graph. In the other part of this radiogram at a horizontal distance of 250m, a small

diffraction hyperbola could be interpreted as a small cavity placed near the surface. Another anomaly

with nearly the same characteristics is located at a 252 m   horizontal distance.

GPR profile Rufa 3 

This radiogram is measured along the ERT profile Rufa 3 (figure 11). Generally speaking, this section is 

characterized with high amplitude reflection as it. The vertical and sub-vertical fractures are spread along 

the section. They can be delineated by tracing the discontinuity and displacement of reflection in the 

vertical and horizontal direction as it is shown in a black dashed line in the horizontal distances 18, 30, 

157 m and 262 m. respectively. All these fractures are located very near from the surface and play as 

channels for water contributing finally in forming and developing the subsurface cavities. 

Figure 9: Part of GPR profile Rufa 1. Figure 10: Part of GPR profile Rufa 2. 
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GPR profile Rufa 4 

This profile (figure 12) was conducted along the ERT profile Rufa4 but in an opposite direction. In this 

section, the karstic features can be noticed from discontinuity and lateral variations in reflection events. In 

the horizontal distance 10 m a depth ranges from 1 to 2.2 m, an uplift and lateral discontinuity could be 

interpreted as a cavity. The same feature is repeated within the horizontal distance 25-64 m and a depth 

extends from 1.2 to 2.3 m figure 18. Another karstic feature can be inferred from the intensity of the 

strong signal of the reflections located between 250-260 m and a depth extension equal to 1.2 m.  

GPR profile Rufa 5 

This GPR data section (figure 13) was measured in the same direction of resistivity line RUFA5 Figure 

20 and 21. Most of the karstic features in this radiogram are in relation with the intensity of the strong 

signal of the reflection events as it can be seen in the horizontal distances 18-24, 46-62, and 95-108 m 

which agreed in depth between 0.9-1.6, 0.6-1.8, and 1-2.8 m respectively. A discontinuity in the 

horizontal direction associated with a displacement is mapped in the horizontal distance 80 m at depth 

starts at 1 m and extends to the end of the section. This may be interpreted as a fracture zone figure 20. 

After the horizontal distance 110 m, the section seems to be attenuated as a result of the high moisture in 

this part of the section which weakens the radar signal. 

GPR profile Rufa 6 

This profile (figure 14) was measured in the direction from west to east in agreement with ERT Rufa6. 

The karstic features in this profile appear nearly in the first two meters of the subsurface while the other 

part is attenuated. At the beginning of this radiogram, definitely at horizontal distance 9 m depth 1-1.8 m, 

hyperbola diffraction is located referring to a cavity occurrence. Intensity in reflection amplitude is 

located along the horizontal distance 24-54 and 65-80 m in a depth range from 0.6 to 1.8 m. In the second 

part of the section, two sub-vertical parallel fracture zones are delineated at 214 and 236 m horizontal 

distance respectively. A distinct uplift and discontinuity zone could be documented in horizontal distance 

320 m starting at 0.9m depth and extends to nearly 2 m down. 

 

4. Conclusions - Electrical resistivity tomography and ground penetrating radar used in this work could

be applied successfully to delineate and map the subsurface karstic features like cavities and fractured

zones over the Sulaiy Formation in the Eastern Rufa Graben. Those karstic features show various sizes

and located generally in the shallower part of the profiles sections. The air-filled cavities could be

detected and delineated in the interpreted profiles sections were characterized with high resistive values in

consideration to the whole profile. On the other hand, the non-air-filled cavities which were rare and

encountered in Rufa-1 profile and Rufa-5 profile have a low resistivity value. These distinctive high and

low resistive values referring to the air-filled and water-filled cavities respectively spreading through the

study area agreed with relative resistivity values of many published studies around the world such as the

studies achieved by [6, 7, 8]. The cavities and fractures which were appeared as a hyperbola in all the six

GPR data sections or as amplification associated with uplift or discontinuity of reflection events and

linear interface are similar to those documented by [8, 9].
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