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Project Summary

A ground penetrating radar (GPR) survey was conducted as part of the archaeologcal
investigations at Culzean Castle during August 2004. The GPR survey focused on 3
main objectives: 1. To map the pah of the known culvert back into thecave, 2. To
attempt to identify geological and archaeologca anomdies, and 3. To gain
information on the possible location of a“ secret” passageway from therear of the
main chamber into the castle.

M ethodology

GPR Survey

The GPR survey areawas established adjacent to the excavation unit centre over the
culvert openingtoward the front of the cave. GPR transects were oriented to pass
pependicular to the culvert and spaced a 0.5 mintervas. A tota of 23 transects
were coll ected rangngbetween 4 and 8 min length. Theradar survey followed the
contour of the cave floor.

GPR Background

The SR3000 ground penetrating radar unit with a400 M Hz antennawith asurvey
whed was used a Culzean. 70 scans were col lected per meter dong 0.5 m spaced
transects. Paost processing software used for dataandysis and interpretation is
RADAN 5.0.0.6.

Figure 1 SIR3000 GPR with 400 MHzantenna and survey whed.

GPR mapstheform of contrastingelectrica properties (dieectric permitivity and
conductivity) of asoil or other materids below the ground surface. The stronger the
difference between the electrical properties of two materids, the stronger the reflected
signal in the GPR profile. The conductivity of soils and buried features has the
primary control onthe attenuation, or loss, of the GPR signal that impacts the
effectiveness of GPR survey. Though ahighly conductive materid will attenuate the
GPR signd, it can aso be an effective mappingtool contributinginformation 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 antennain addition to the energy propagation, scattering
and reflection off of subsurface features. Unlike resistance or other archaeologcal-



based geophysica methods, GPR dataare coll ected as 2D vertica profiles into the
earth. The 2D profiles are made up of anumber of traces (or scans) a aparticular
location (X, y) that record the reponse of sub-surface propertiestotheradar’s
electromagnetic wave a discrete points at aparticular time (or depth) in the earth. The
horizonta axis represents surface distance dongthe transect with the vertica axis
recordingtime (often referred to as two-way trave time.) Thetimeis recorded in
nanoseconds (ns). Time can be easily converted to depth intwo ways: thefirst is by
havingaknown dielectric permitivity vauefor the material in the survey ares, the
second through having aknown depthto afeaturethat gopears in theradar profile.
The more accur ate of these two methods isthe latter but this requires diggngor
coring. It must be kept in mind that earth properties are not constant and can change
drasticaly over an area Depth conversion should be checked at intervas across asite
if possible.

GPR dataare collected donga grid as vertical slices into theground. Grid lines
(transects) are collected in pardld lines typicaly spaced 0.5 to 1m gpat. Duetothe
form of the beam of radar wave propagation into the earth, survey transects are most
effectiveif oriented perpendicular to known archaeology .

Initial datareview is conducted on these verticd profiles. Anomalies can be
identified in individua profiles and are best defined and interpreted through time
slicing

Figure2 GPR data are collected as vertical profilesintothe earth. Vertical profiles can be
stacked together to createa 3D cube o information for usein data imagingand analysis

Timeslicing is when the vertica slices are stacked next to each other and interpolated
to form acube of data. This cubeis then sliced on the horizonta planeto creste plan
views of thearea. As GPR datarecords the nature of the subsurfaceto acertain
depth, anumber of time slices can be created that depict the nature of the subsurface
a gven depths. Further assigancein festure mapping can be achieved in displaying



al three axes of the GPR cubex, y, and z. This heps define feature shape and
volume,
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Figure 3 GPR data can be diplayed as 2D vertical profiles (greyscale at the bottom of thefigure),
or sliced alongthex, y, and zaxes

It must be gatedthat the depth tothispoint is assumed based on theinput dielectric
vauefor theareasoils. Excavatingdown to anoticesble anomaly in aGPR profile
then ameasurement to tha surface can be taken can do adepth cdibration. A simple
equation or software can quickly convert al datafor appropriate depth.



GPR Survey Results

Area 1: The Culvert and cave floor

The cave floor surface was very rough for GPR survey. Problemstha areintroduced

as aresult include poor signa couplingthat leads to inaccur ate depth caculaions and

jagged-looking profiles. Despitethis issue, data collected reveded information on the
position of the culvert and the stratigraphy of the cave.

The GPR survey did not identify any specific archaeological anomadlies 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 onetransect collected 1m beyond the open
culvert excavation trench.
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Figure4 GPR profile over the culvert void adjacent to excavation trench.

The culvert featurein this radar profile can be identified as avoid because: 1. The
transect passed over the culvert in an areathat is free from rubble and avisible void,
2. The GPR signd defines aclassic void feature with anegative positive negetive (or
in this case, black white bl ack) wave form.
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Figure5 GPR profiledefiningthe void nature of the culvert feature

Thisparticular transect best mappedthe culvert feature. Not dl transects had this
feature in them as aresult of the uneven floor and cave walls of thesurvey area. At



times, the GPR antenna could not be pulled tothe very edge of the survey area (that
the culvert ran under) because of the cave walls. Despite not mgoping the culvert
festurein every single profile, enough similar anomdies were identified in the data
that present the highest likelihood of the culvert path.

Front of Cave

Back of Cave

Figure 6 GPR data cubewith culvert anomalies identified.

Oncethe culvert anomalies areidentified, aline can be drawn connectingthem to
depict thepath of the culvert back into the cave.

Figure 7 GPR data cubewith culvert path autlined.

In addition to mapping the culvert, GPR identified what appear to be geologca
anomalies that may represent the bedrock or perhgpspag caveroof collgpses. This
feature gppears as aregular surface beginning at gpproximately 1m deep at the front
of the cave and gently slopingto adepth of goproximately 1.5-2m deep toward the
back edge of the survey grid in the middleto back end of the cave.



Area 2: The main cave rear wall

GPR profiles were coll ected dongthe slopingwall at therear of themain cave. Data
were collected by aclimber basicaly abselingdown the wal slope holding the 200
MHz artenna. Asthisis an unconventiona manner of collecting data, the survey
whedl was not used; instead data collection was based on time sampling.

GPR survey was doneinthis areain an attempt to gain additional information on the
rumour of a*“ secret” passage that may have collected the caveto the castle. Based on
the geological formation of the cave, this areawas the most likely to have anatura
opening.

The 200 M Hz antennawas used in this ingance because the scree slope between the
probable rear wdl of the cave and the antennawas estimated to be at least 2-10 m
thick. 1n essence, thetrue nature of the areawas not known and the GPR
investigation was an effort to gain some mor e information on this areaif possible.

Dataresults show ardatively constant grongreflector that represents acontrast in
properties, it may berubbleinterface beneath the mud/clay surface, or in fact the
bedrock of the cave itself. Beneath thislayer is classic signal attenuation that is
typicd in highly conductive materials. This represents another change in properties
that may besauration. If the bedrock has aslightly conductive nature, additional
water will greatly increase the conductivity of the materid, thus atenuating the radar

signal.

Figure8 GPR profilefrom back wall o cave




Figure9 GPR profilefrom back wall interpreted. The lines trace different stratigraphy,
probableday/mud layers. Thered linetraces a probable bedrock interface with subsequent
signal attenuation. Thepurplelinestracea possiblerock collapse, or different material.

The GPR profiles imaged above do not account for the slope of the survey surface.
The slope was nat mapped thus accurate eevation adjustment of the datais not
possible. A better ideahowever, of the GPR results can be seen with arbitrary image
adjustment attemptingto mimic the slope of the survey surface. Thisis not an
accurate rendering, but included to gvean ideaof how GPR profiles can provide
accurate information if properly viewed and comprehended.

Figure 10 When the doped nature of the GPR survey area is auggested, theradar data ismore
easily understood. Inthiscase thepurplelines gopear to bean cutcropping, or rodf collapse
material that appears paralld to cavefloor.

Preliminary GPR investigations on the back scree wall of the main cave a Culzean
castle do not positively identify apassageway or openinginthecavewal. Infact,
though two different straaare identified in the GPR data, the data do not conclusively
map therear wal of the cave. Excavation is necessary for positive festure
identification and for accurate estimation of depth measurements. GPR was
conducted in this areain order to gain abasic ideaof the screewa | and GPR
effectiveness.



Conclusions

The GPR survey at Culzean castle successfully identified and mapped the known
culvert fromits opening a 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. Genera conclusions
suggest that no significant archaeological features exist in the cave, such as
continuous trenches or strudural foundations that have the gppropriate materia
propertiesto be detected through GPR survey.

The GPR survey dongthe back wall of the cave suggests that no detectable opening
or passageway exists behind the scree slope. This however, isonly aninitia
investigation of this area and one technique of non-invasive survey does not
conclusively staethis feature cannot exist.
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