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Abstract 

   Ground penetrating radar (GPR) is a research tool that has many different applications to 

answer all sorts of questions ranging from the amount of rebar in a bridge to the depth until the 

water table. One such application is in the investigation of fractures in earth’s crust called a fault. 

GPR can be a much more cost effective and less invasive process than other traditional methods 

of fault exploration such as trenching. GPR uses electromagnetic frequencies ranging from 25-

1000 MHz that are sent from a transmitter into the ground and reflected back to a receiver unit to 

create a reflection profile showing the internal stratigraphy of the imaged area. Results of GPR 

profiles, enhanced using the GPR unit’s software, must be interpreted accurately in order to 

properly asses any feature of study. Background knowledge of the study area is also of critical 

importance to final interpretation. While GPR is a great tool, it does not come without its 

downfalls. Ground composition, electromagnetic noise in the area, depth of a feature, and 

resolution are all factors that determine the effectiveness of GPR profiling.  

Introduction 

   When investigating the research methodology used in the earth sciences, there are vast array of 

tools to assist in answering any of a multitude of different questions or problems. It was within 

only hundreds of years ago that a map, compass and a shovel were the most advanced pieces of 

equipment in a field researcher’s arsenal. In the last few decades that has changed a great deal, 

there have been many great technological advances that contribute to the ease and effectiveness 

of research. In today’s world, methods of investigation like satellite imagery and global 

positioning systems (GPS) are integrated into everyday use. New technologies stem from a 

scientific need for quicker, more extensive, and more accurate results. The more tools that are 
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available, the more options a researcher has in order to choose the right one for their application. 

The main focus for this paper is the advent of another technology called ground penetrating radar 

(GPR).  

   GPR is a technology that allows for the non-invasive study of subsurface stratigraphy 

(layering) and underground phenomena, among other uses. Similar to the technologies of GPS 

and satellite imagery, GPR provides yet another effective method of exploration. Though GPR as 

a technique is used far less than GPS and satellite imaging, its advantages are becoming more 

widely known with each new application. An example is the research Dr. Harry Jol has done in 

the field of archeology in Israel investigating ancient bath houses, an application many would not 

have thought of but can now learn from. Different means of applying the use GPR to better 

understand a given research situation are being discovered all the time. Each new application of 

GPR technology use brings with it more potential users for its future application. As ways in 

which GPR is used advances so, too, does the hardware and software used in the collection and 

interpretation of the data. New GPR systems and new software programs have been developed 

and are being developed for the future. These advances make GPR easier and more effective to 

use, thus more appealing. GPR basics, its application specifically to fault systems, its 

significance to the scientific world, and its potential shortcomings will all be discussed in this 

paper. 

GPR Basics 

   GPR uses electromagnetic (EM) radio waves. These EM waves are essentially the same as the 

radio waves that a car antenna receives from a broadcasting radio station. The EM waves are 

radiated from a transmitter that pulses a signal into the ground. From there the waves are 
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diffracted, refracted, and most importantly reflected. The reflected signals are sent back to the 

surface where they are measured by a receiver unit, amplified, and digitized by the computer unit 

that is used to record the measurements (Figure 1) (Meyers et al., 1996).  

 

Figure 1: A diagram of how the electromagnetic wave is transmitted and reflected by a GPR unit. 

Reflection of the wave is due to the subsurface materials having different dielectric properties 

(Davis and Annan, 1989). When the types of properties of one material are different than that of 

another above it, a reflected wave will be produced. Each material has its own conductivity level, 

which produces a certain velocity for the traveling EM waves. Using the reflections and the two-

way elapsed time of the EM pulse’s travel, a cross-sectional reflection profile is created. The 

profile is often able to be viewed in real time from a computer where the collection of the 

reflected EM data is taking place. The real time viewing of results allows for possible changes to 

any parameters that may be adversely affecting the results, including location and equipment 

settings. Upon further visual interpretation of the results on paper or on a computer screen, a 

reflection showing continuity throughout the profile may be evidence of a feature of interest. The 
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reflection profile is only part of the puzzle to understanding subsurface phenomena. A further 

understanding of the geomorphological background of the study area is necessary to complete it. 

Data collection, while following the same principles, can be achieved in different fashions. The 

transmitter and receiver are moved along a specified transect in either a stepped or continuous 

fashion. A step mode of data collection involves both the transmitter and receiver being moved 

separately at a fixed distance from one another. Continuous data collection is when the 

transmitter and receiver are fixed to each other at a given distance and slowly dragged across the 

transect (Figure 2). 

 

Step mode is the preferred method because of the higher level of accuracy. This higher level of 

accuracy is achieved due to the nature of each antenna meeting solidly with the ground and a 

pause while the pulse is being sent and received. Continuous collection can lead to ‘smearing’ of 

the data because the antennae are moving as the data is collected (Bristow and Jol, 2003) 

Figure 2: Ground penetrating radar, moving the transmitter (left) 
and receiver (right) in a continuous method. 
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   There are many factors other than stepped or continuous collection that must be considered 

before using GPR at a study site. First, one must establish the objectives of the study; what, if 

any, feature is one attempting to find or subsurface information is one trying to be obtained. The 

desired results will tell a researcher where to look, or the desired depth of study. The preferred 

depth of the information in question is crucial to deciding what antennae to use along with the 

correct transmitter/receiver voltage (Bristow and Jol 2003). In order to achieve the proper 

sampling depth, or being able to image at a depth useful for a particular study, multiple factors 

come into play. First is the physical composition, or what sort of stuff the ground is made of, of 

the area being shot with GPR. Certain materials are conducive to a better or worse setting for 

GPR sampling. Dry sands and gravels provide a good opportunity for data collection, while 

saturated clay is one of the worst scenarios. The saturated clay is highly electrically conductive 

causing the GPR signal to attenuate (lose energy) whereas the sand and gravel has a high 

resistivity that will allow profile imaging for tens of meters (Smith and Jol, 1995). The next 

factor in determining the depth of GPR waves is the frequency of the antennae used. In general, 

the lower the frequency is the deeper it will penetrate. There is a give and take involved with 

frequency selection though. While the lower frequency (around 10 to 50 MHz) can travel further, 

it also provides less resolution than a higher frequency (400 to 1000 MHz). A compromise 

between depth and resolution must be found for a good result that best shows the nature of what 

is being imaged. Step size also plays an important role in the horizontal resolution of the GPR 

profile. The maximum effective step size is determined dividing the wavelength by 4; any 

smaller will make no difference. Time involved in imaging an area is a factor that must also be 

considered. A smaller step size, when using a stepped mode of data collection, will take the user 
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much longer to complete a transect. Larger step sizes can be used for areas having continuous 

horizontal layers where small variations are not as likely to occur (Bristow and Jol, 2003). 

   Before any data has been collected in a study area, it is important to convert the incoming data 

to be useable. The reflection profiles taken with the GPR unit are shown on a two dimensional 

Cartesian plane. The x-axis shows distance, which should be properly calculated from the 

settings input before the start of collection. What the y-axis shows is the time it takes for the 

pulsed EM wave to travel to the reflected area and back (shown in nanoseconds) (Figure 3). 

 

Figure 3: Reflection profile produced by a GPR system.  

(http://www.joeinfo.com/gpr/bethtunnel_graphic_lg.gif) 

As there is not much tangible use for travel time, the data must be converted in a way that helps 

to better understand the real world meanings of the profile. To achieve a better understanding of 

the profile and subsequently the subsurface, time must be converted to depth. For time to be 

converted to depth, the propagation velocity of EM energy through the profiled sediment has to 

be determined. A common way to find sediment’s velocity is to use common midpoint (CMP) 

soundings. CMP surveys are done by setting up a transect in the area of study that is on a 
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horizontal surface. The transmitter and receiver start as close together as possible and are moved 

in opposing directions in successive intervals, the smaller the interval the more precise. The 

antennae are moved in opposite directions for as far as the user sees fit or until the cables will not 

allow any further separation. A resulting reflection profile will allow for the calculation of 

velocity where the slope of the dipping lines is inversely proportional to the velocity. For a more 

extensive understanding of CMP see (Bristow and Jol, 2003). The velocity is then applied to the 

time interval to determine depth. The depth will be nonlinear due to changes in the velocity of 

the material being imaged. 

Investigating Faults with GPR 

   Studying the locations and characteristics of active fault zones is highly important to the 

further the studies of future seismological activity of a region to determine the potential for 

earthquakes. GPR as a methodology has been found to be a useful tool in a variety of situations 

ranging from searching through graveyards to find lost family members to the imaging of ancient 

sand dune stratigraphy. An application of GPR that has not seen as much widespread attention as 

maybe some others are faulted areas. Faults can be a difficult area to study due to the nature of a 

fault itself. Most of the activity in terms of fault processes happens beneath the surface and this is 

where GPR can be used to make the process of fault research much easier. The type of 

information that can be gained with the use of GPR on a fault depends on the question that is 

trying to be answered.  

   The most common way to use GPR on a fault is to use the equipment to locate the fault. In 

some areas finding a fault is very simple, with scarp faces or fractures in the earth’s surface 

being quite obvious to the trained eye. In other instances locating a fault may be more difficult, 
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requiring the use of a map or aerial photographs to interpret its presence. Even if a fault is active, 

deformation processes visible on the surface could be tens to hundreds of years old or older. 

During that time geomorphic processes can be actively eroding or burying expressions of active 

faulting on the landscape (McClymont et al., 2008). A GPR transect run perpendicular across a 

suspected fault line gives the opportunity of narrowing the search area or may even provide 

strong enough evidence to directly locate the fault. Further exploration of a faulted area could 

produce evidence for new unknown subsidiary faults caused by or related to the original fault in 

question. 

   Once a fault is located, GPR can provide additional information as well. When a fault is being 

imaged by a GPR system, it is usually not the direct reflections from the fault plane itself that 

show its position. Rather the position of fault strands can be located from offsets in stratigraphy, 

which can be difficult to locate (Cai et al., 1996) (Figure 4). 

 

Figure 4: A GPR reflection profile (top). Letters K, L, R, S, T show offsets in stratigraphy signaling possible faulting 
(bottom). (Cai et al., 1996) 
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A sharp, relatively vertical change in the continuity of stratigraphic layering can indicate the 

lateral displacement of a strike-slip fault. Instead of the same materials continuing uninterrupted, 

the fault will cause a displacement that leads to the layering becoming discontinuous from one 

point to the next and in the right set of conditions, with enough displacement and vertical change 

in layering, can be imaged with GPR (Christie et al., 2008). Many times heavily faulted areas 

will show evidence of multiple fractures across the same GPR transect. Scarp facies can be 

buried over time by sediments filling it in so that the ground looks relatively flat. GPR evidence 

of these facies are indicators of normal faults where one side has slipped downward relative to 

the other creating the scarp facie. With proper calculation of the velocity of the material being 

shot with GPR it is possible to calculate the vertical displacement that has affected a faulted area.  

Significance of GPR  

   Due to the nature of GPR being a low cost convenient method of research, it is a tool that can 

improve the quantity, quality, and relative ease of research as compared to other more invasive 

methods of research such as trenching or extensive digging. For instance, an area that may have 

once required the digging of many small pits or extensive coring to determine the depth of 

bedrock underneath the surface can now be accomplished by simply and quickly applying GPR 

while the data can be interpreted later. In this instance GPR not only would save a large amount 

of time, but it would most likely also save a large amount of money. Funding is a highly 

important aspect of research and can potentially make or break a given project. Saving money in 

one area allows for that money to be applied elsewhere. The resulting money saved can be 

applied to more research, ultimately getting more research done for the same amount of money 

required in the use of traditional methods. GPR systems are also fully mobile allowing them to 

be taken into remote, hard to access areas other equipment could not (Figure 4). 
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   Using GPR as a standalone method may not be a feasible option or be quite as precise as 

needed for some types of research requiring very detailed information. But in many instances 

GPR can be used as a complement to other methods to significantly improve the chances for 

efficient, effective research. When using GPR for fault investigation it can be coupled with 

traditional trenching methods. A trench is expensive, time consuming, and it disturbs the area. If 

a trench is put in a position that is later found to be undesirable it can have adverse effects on the 

study that are far reaching if there are not sufficient funds for additional trenches. GPR surveys 

throughout an area can be very useful in narrowing down a suitable location for the trench. This 

will either save money over digging a new trench, or providing valuable information that would 

have been unobtainable using a trench in a less suitable location when another could not be 

funded. GPR data can also be used to extend the information gained from an open trench 

laterally, and in many instances can travel to much greater depths, to create a more 

comprehensive model of the faulted area (Cai et al., 1996). 

Conclusion 

   GPR, while very useful, has its shortcoming just as all things do. Very populated regions tend 

to pose problems to proper GPR data collection. Populous areas contain things like power lines, 

buildings and highways that can have high amounts of EM ‘noise’, which is any EM signature 

that the receiver unit of the GPR may pick up during data collection, can interfere and influence 

data collection (Smith and Jol, 1995). GPR failing to operate at a high level of efficiency in cities 

can be a detriment, in that cities can often benefit the most from its use where there are many 

buried utilities such as power lines and sewage piping. 
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   This paper has shown that GPR can be a valuable asset to aid in the research of faulted areas. 

The basics of GPR methodology and application were discussed to give a better understanding of 

the way in which it works and the some of the ways it can be used. The significance of GPR and 

the possibilities that come with its use was touched upon as well. GPR is a convenient, non-

destructive, and cost-effective tool that researchers can benefit from in many areas of study.  
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