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Project Summary 
A ground penetrating radar (GPR) survey was conducted as part of the archaeological 
investigations at Culzean Castle during August 2004.  The GPR survey focused on 3 
main objectives: 1.  To map the path of the known culvert back into the cave, 2.  To 
attempt to identify geological and archaeological anomal ies, and 3.  To gain 
information on the possible location of a “ secret” passageway from the rear of the 
main chamber into the castle. 
 
Methodology 

GPR Survey 
The GPR survey area was established adjacent to the excavation unit centre over the 
culvert opening toward the front of the cave.  GPR transects were oriented to pass 
perpendicular to the culvert and spaced at 0.5 m intervals.  A total of 23 transects 
were collected ranging between 4 and 8 m in length.  The radar survey followed the 
contour of the cave floor. 

GPR Background 
The SIR3000 ground penetrating radar unit with a 400 M Hz antenna with a survey 
wheel was used at Culzean.  70 scans were col lected per meter along 0.5 m spaced 
transects.  Post processing software used for data analysis and interpretation is 
RADAN 5.0.0.6.   
 

 
Figure 1 SIR3000 GPR with 400 MHz antenna and survey wheel. 

 
GPR maps the form of contrasting electrical properties (dielectric permitivity and 
conductivity) of a soil or other materials below the ground surface. The stronger the 
difference between the electrical properties of two materials, the stronger the reflected 
signal in the GPR profile. The conductivity of soils and buried features has the 
primary control on the attenuation, or loss, of the GPR signal that impacts the 
effectiveness of GPR survey.  Though a highly conductive material wi ll attenuate the 
GPR signal, it can also be an effective mapping tool contributing information to the 
nature of the subsurface and features within it.   (Daniels 1996, Conyers and 
Goodman 1997)  
 
GPR records information on the amplitude, phase and time related to the capture and 
induction properties of the antenna in addition to the energy propagation, scattering 
and reflection off of subsurface features. Unlike resistance or other archaeological-



based geophysical methods, GPR data are collected as 2D vertical profiles into the 
earth. The 2D profiles are made up of a number of traces (or scans) at a particular 
location (x, y) that record the response of sub-surface properties to the radar’s 
electromagnetic wave at discrete points at a particular time (or depth) in the earth. The 
horizontal axis represents surface distance along the transect with the vertical axis 
recording time (often ref erred to as two-way travel time.)  The time is recorded in 
nanoseconds (ns).  Time can be easily converted to depth in two ways: the first is by 
having a known dielectric permitivity value for the material in the survey area, the 
second through having a known depth to a feature that appears in the radar profile. 
The more accurate of these two methods is the latter but this requires digging or 
coring.  It must be kept in mind that earth properties are not constant and can change 
drastically over an area. Depth conversion should be checked at intervals across a site 
if possible. 
 
GPR data are collected along a grid as vertical slices into the ground.  Grid lines 
(transects) are collected in paral lel lines typically spaced 0.5 to 1m apart.  Due to the 
form of the beam of radar wave propagation into the earth, survey transects are most 
effective if oriented perpendicular to known archaeology. 
 
Initial data review is conducted on these vertical profiles.  Anomalies can be 
identified in individual profiles and are best defined and interpreted through time 
slicing.   
 

 
Figure 2 GPR data are collected as vertical prof i les into the earth.  Vertical prof i les can be 
stacked together to cr eate a 3D cube of  information for use in data imaging and analysis. 

 
Time slicing is when the vertical slices are stacked next to each other and interpolated 
to form a cube of data.  This cube is then sliced on the horizontal plane to create plan 
views of the area.  As GPR data records the nature of the subsurface to a certain 
depth, a number of time slices can be created that depict the nature of the subsurface 
at given depths.  Further assistance in feature mapping can be achieved in displaying 



all three axes of the GPR cube x, y, and z.  This helps define feature shape and 
volume.  
 

 
Figure 3 GPR data can be displayed as 2D vertical profi les (greyscale at the bottom of  the f igure), 

or sliced along the x, y, and z axes. 

 
It must be stated that the depth to this point is assumed based on the input dielectric 
value for the area soils.  Excavating down to a noticeable anomaly in a GPR profile 
then a measurement to that surface can be taken can do a depth calibration.  A simple 
equation or software can quickly convert all data for appropriate depth. 
 



GPR Survey Results 

Area 1: The Culvert and cave floor 
The cave floor surface was very rough for GPR survey.  Problems that are introduced 
as a result include poor signal coupling that leads to inaccurate depth calculations and 
jagged-looking profiles.  Despite this issue, data collected revealed information on the 
position of the culvert and the stratigraphy of the cave. 
 
The GPR survey did not identify any specific archaeological anomalies other than the 
known culvert feature.  The culvert was mapped clearly in the GPR data.  The best 
instance of this mapping can be seen on one transect col lected 1m beyond the open 
culvert excavation trench.  
 

 
Figure 4 GPR prof ile over the culvert void adjacent to excavation trench. 

The culvert feature in this radar profile can be identified as a void because: 1.  The 
transect passed over the culvert in an area that is free from rubble and a visible void, 
2.  The GPR signal defines a classic void feature with a negative positive negative (or 
in this case, black white black) wave form.  
 

 
Figure 5 GPR prof ile def ining the void nature of  the culvert feature. 

 
This particular transect best mapped the culvert feature.  Not all transects had this 
feature in them as a result of the uneven floor and cave walls of the survey area.  At 



times, the GPR antenna could not be pulled to the very edge of the survey area (that 
the culvert ran under) because of the cave walls.  Despite not mapping the culvert 
feature in every single profile, enough similar anomalies were identified in the data 
that present the highest likel ihood of the culvert path. 
 

 
Figure 6 GPR data cube with culvert anomalies identif ied. 

Once the culvert anomalies are identified, a l ine can be drawn connecting them to 
depict the path of the culvert back into the cave. 
 

 
Figure 7 GPR data cube with culvert path outlined. 

In addition to mapping the culvert, GPR identified what appear to be geological 
anomal ies that may represent the bedrock or perhaps past cave roof collapses.  This 
feature appears as a regular surface beginning at approximately 1m deep at the front 
of the cave and gently sloping to a depth of approximately 1.5-2m deep toward the 
back edge of the survey grid in the middle to back end of the cave. 
 

Back of Cave 

Front of Cave 



Area 2: The main cave rear wall 
GPR profiles were collected along the sloping wall at the rear of the main cave.  Data 
were collected by a climber basically abseil ing down the wall slope holding the 200 
MHz antenna.  As this is an unconventional manner of collecting data, the survey 
wheel was not used; instead data collection was based on time sampling. 
 
GPR survey was done in this area in an attempt to gain additional information on the 
rumour of a “ secret” passage that may have collected the cave to the castle.  Based on 
the geological formation of the cave, this area was the most likely to have a natural 
opening. 
 
The 200 M Hz antenna was used in this instance because the scree slope between the 
probable rear wall of the cave and the antenna was estimated to be at least 2-10 m 
thick.  In essence, the true nature of the area was not known and the GPR 
investigation was an effort to gain some more information on this area if possible. 
 
Data results show a relatively constant strong reflector that represents a contrast in 
properties, it may be rubble interface beneath the mud/clay surface, or in fact the 
bedrock of the cave itself.  Beneath this layer is classic signal attenuation that is 
typical in highly conductive materials.  This represents another change in properties 
that may be saturation.  If the bedrock has a slightly conductive nature, additional 
water will greatly increase the conductivity of the material, thus attenuating the radar 
signal. 
 

 
Figure 8 GPR prof ile f rom back wall of  cave. 

 

 



Figure 9 GPR prof ile f rom back wall interpreted. The yellow lines trace different stratigraphy, 
probable clay/mud layers.  The red line traces a probable bedrock interface with subsequent 

signal attenuation.  The purple lines trace a possible rock collapse, or dif ferent material. 

 
The GPR profiles imaged above do not account for the slope of the survey surface.  
The slope was not mapped thus accurate elevation adjustment of the data is not 
possible.  A better idea however, of the GPR results can be seen with arbitrary image 
adjustment attempting to mimic the slope of the survey surface.  This is not an 
accurate rendering, but included to give an idea of how GPR profiles can provide 
accurate information if properly viewed and comprehended. 
 

 
Figure 10  When the sloped nature of the GPR survey area is suggested, the radar data is more 
easily understood.  In this case, the purple l ines appear to be an outcropping, or roof  collapse 

material that appears parallel to cave floor. 

Preliminary GPR investigations on the back scree wall of the main cave at Culzean 
castle do not positively identify a passageway or opening in the cave wall.  In f act, 
though two different strata are identified in the GPR data, the data do not conclusively 
map the rear wall of the cave.  Excavation is necessary for positive feature 
identification and for accurate estimation of depth measurements.  GPR was 
conducted in this area in order to gain a basic idea of the scree wal l and GPR 
effectiveness. 
 



Conclusions 
The GPR survey at Culzean castle successfully identified and mapped the known 
culvert from its opening at the front of the cave back into the recess of the cave.  
Positive archaeological features, other than the culvert, were not mapped by the GPR 
survey, though it did map the geological nature of the cave.  General conclusions 
suggest that no significant archaeological features exist in the cave, such as 
continuous trenches or structural foundations that have the appropriate material 
properties to be detected through GPR survey. 
 
The GPR survey along the back wal l of the cave suggests that no detectable opening 
or passageway exists behind the scree slope.  This however, is only an initial 
investigation of this area and one technique of non-invasive survey does not 
conclusively state this feature cannot exist. 
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