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Project Summary
Geophysicd survey was conducted over two specific areas at Pembrokeshire. The
first areainvestigated was over and around the footpath & the diff’s edge where stone
lined graves were eroding from the surface. GPR survey in this areafocused on two
objectives:
1. Toidentify any additional graves that may berdated to, or not related to,
the graves eroding from the cliff face.
2. Evidenceof anumber graves and ther distribution in this areawill help
further define the nature of the site from possible individua gravesto an
entire gaveyard that may have an associated church.

The second areainvestigated was based on the linear and circular features that
gppeared as crop marks in the aerial photographs (APs)of this site. 20 m GPR,
resistance and magnetic survey grids were centred over alinear featurethat formed a
corner that appeared in the site APs. The god of this survey wasto identify the nature
of the crop marks.

M ethodology

GPR Background

The SR3000 ground penetrating radar unit with a400 M Hz antennawith asurvey
whed was used a Pembroke. 70 scans were collected 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 contrastingeectrica properties (dieectric permitivity and
conductivity) of asoil or other materias below the ground surface. The stronger the
difference between the eectrica 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 dso 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 geophysicad 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 response of sub-surface properties totheradar’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
drastically over an area. Depth conversion should be checked at intervas across asite
if possible.

GPR dataare collected donga grid as vertical slices into the ground. Grid lines
(transects) are collected in pardld lines typically 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
glicing.

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 vertical 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 feature mapping can be achieved in displaying
al three axes of the GPR cubex, y, and z. This helps 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 the input didlectric
vauefor theareasoils. Excavatingdown to anoticesble anomaly in aGPR profile
then ameasurement to tha surface can betaken can do adepth cdibration. A simple
equation or software can quickly convert al datafor appropriate depth.

Resistance Survey

Resistance survey measures the change in the resistance of the earth. The“ Twin
Probe” array is used in this case where acurrent and potertia probe are paired on a
roving frame that measures the variaion in resistance across agrid. A second pair of
current and potertid probesis fixed a acertain distance from the areabeing
surveyed. With afixed separation distance of 0.5 m, the roving probes map an
effective volume of resistanceto adepth of approximately 0.75 m, measured in Ohms.

Resistance effectively looks at the suration level of the materialsin the survey ares,
thus is sensitive to soil compaction, soil type, geological features and objects that may
be buried with in the soil. Resistance survey can map features that include pits,
trenches, foundations, compacted or disturbed surfaces, and changes in soil ty pe.
(Clark 1996)



Figure4 RM15 resistance meter with 0.5 m spaced probes.
Magnetometry:

M agnetic survey measures the variation of the magnetic fields of the earth and buried
festures across asite. Different soils and features can be mapped through ther
contrasting magnetic values. Examples of features that can be detected through this
process include ferrous materials; soil aff ected by human occupation (rubbish pits and
middens with organic materials), fired materids such as kilns and hearths, tiles,
bricks, and concentrations of ceramics. Differences in soil type or soil perturbaion
are dso detected through magnetic survey enablingidentification of ditches, pits,
foundations, graves and other excavated features. (Clark 1996)




When interpreting datafor archaeological purposes welook at the gradient of the
magnetic field that best reveds archaeolog cal features. M agnetometry collects two
tota fidds from two segparate magnetometer sensors in the FM 256. T hese sensors
measure the total magnetic field at ther respective distance above the earth. The
gadient is cd culated from the two totd fields and effectively removes broader scale
back ground noise. This back ground noise includes larger geolog ca trends and
diurnd eff ects.

M agnetometry daaare coll ected as a series of regularly spaced points dong a grid.
Typical datacol lection for this survey is4 — 8 pointsper meter with 0.5to 1 m paced
transect lines. Dataare viewed, processed and interpreted in aplan view map that
representsthe variation of the magnetic field vaues across the survey area



Survey Results

Area l: GPR

GPR survey was conducted over a28 x 10 m grid pardlel to the cliff edge. GPR
transects were paced 0.5m gpart and penetraed to goproximately 3 m. Initia
expectations for the effectiveness of the GPR survey in this areawerelow. The
survey areacovered apublic footpath tha was very compacted and deeply rutted by
tiretracks. Therest of the survey areawas in atree nursery, very disurbed soil, many
pits dug for planting and harvesting of trees. The survey areawas dso covered in
saplings making GPR survey difficult.

Theresults of the GPR survey were very good and mapped goproximately 20 possible
burials. Astheeroding graves were stone-lined, an initial expectation of their
signature in the GPR profiles was developed. Thefirst few transects over the foatpath
were gpproximately 1-2 m from the cliff edge. Stronganomadlies appeared closeto
the position tothe eroded burias. These anomalies were excavated and confirmed as
stone-lined burias.
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Figure 6 GPR anomaly o astonelined grave
It isinterestingto note, the signature of the burial suggests avoid. This can be seen
by the negative-positive-negative (or bl ack-white-black) form of the radar wav eet
over thefeeature, Figure7.



Figure7 Thewavdet that defines theburial suggests avoid.

Oncethe grave anomay signature was identified, review of the GPR survey datawas
more intuitive. By looking at plan views of the site (time slices) and the vertica
profiles, probable graves can be identified.

meters

Figure8 GPR timedlice o Area 1, gopraximatdy 1- 1.5m deep.

Review of the GPR dataidentified gpproximately 20 anomdies that had asimilar
signatureto the excavated graves.



Figure9 3D cubed GPR data with locations of possibleburials Thegreen anomaly isthe
stonelined grave discussed and excavated in Figures6& 7. Theblue anomaly isdiscussed
be ow.

One additiond anomaly, approximately 10m from the cliff face was selected for
excavation (the blue anomaly highlighted in Figure 9). This resulted in an additiona
stone-lined buria. The position and distribution of the excavated burids and the
additional GPR anomalies that may be the same feature suggests this areawas a
gaveyad.

Area 2 GPR:

The 20 m GPR survey conducted over the AP crgpmark location did not map any
conclusive archaeolog ca anomalies.

Figure 10 GPR plan view of Area 2.



Theonly anomalies that appear in the GPR datamay be geologca or related to
present land use (farming).

Area 2 Magnetic Survey:

Theresults of the magnetometry survey present probable ferrous anomalies and
geologcd pattern. No conclusive archaeolog ca anomalies were mapped.

Figure 11 magnetometry survey results from Area 2.

Area 2 Resistance Survey:

Theresults of the resistance survey present did nat map any conclusive archaeological
anomalies. Aress of high and low resistance can be seen in the map that may be
related to the underlying geology of the site.

Figure 12 Resistance survey results for Area 2.



Conclusions

Despite bad ground conditions, the GPR survey successfully mapped adistribution of
buriasin Areal. 5 buria anomalies were excavated to reved stone-lined graves.
Based on this information and the distinctive anomaly signaturefor thegrave, it is
possiblethat approximately 20 burids exist in the 28 x 10 m area survey ed.

GPR, magnetic and resistance survey s conducted over an AP cropmark featurefailed
to map any archaeolog ca features.



Bibliography

Clark, A. J., 1996. Seeing Beneath the Soil: Prospecting Methods in Archaeology
(New Edition). Revised Edition. B. T. Batsford Ltd., London.

Conyers, L.B. and D. Goodman. (1997). Ground-Penetrating Radar: An introduction
for Archaeologists. AltamiraPress, Wanut Creek, California

Scollar, 1., A. Tabbagh, A. Hesse, and |. Herzog. (1990). Archaeological Prospecting
and Remote Sensing. Cambridge University Press, Cambridge.

Danids, D. J. (1996). Surface-Penetrating Radar. Institution of Electrical Engneers
Radar Series no. 6.



