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Abstract
The report describes results of extra measurements added to spectacular and extensive
magnetometry and resistance surveys at a Roman villa site within the parish of
Boxford, Berkshire. The principal technique tried in this report was groundpenetrating radar, over the area of the main building complex. A smaller portion of
this area was also subject to more intensive radar coverage. It was possible to see the
outline of the villa, and in the case of the more detailed survey, walls within the east
wing, but only at depths around one metre. In addition, three resistivity pseudosection
profiles explored portions of the west, north and east ranges of the building, and
provided further information on the depth of the various structures.

i

Three-Dimensional Geophysics at Boxford, Berkshire, August 2014.
John Oswin
Bath and Camerton Archaeological Society © 2014
Version 2, minor amendments and corrections (acknowledgements, Sections 1.1, 1.3
and 2.5), December 2014.

ii

Table of Contents
Abstract

i

Table of Contents

iii

List of Figures

iv

Acknowledgements

v

1

1

2

3

Introduction
1.1

Location

1

1.2

Date

1

1.3

Resources

1

1.4

Previous work

1

1.5

Scope

1

Method

2

2.1

Radar – 250 MHz

2

2.2

Radar – 500 MHz.

3

2.3

Profiler

4

2.4

Software

5

2.5

Constraints

6

Radar Results

7

3.1

Radar, 250 MHz

7

3.2

Radar, 500 MHz

9

4

Resistivity Profiling Results

11

5

Comment

14

iii

List of Figures
Figure 2.1. The 250 MHZ radar under tow. The rear wheel measures distance.

2

Figure 2.2 Areas surveyed by radar. The blue box is the area covered by the 250
MHz radar, the brown box, that covered by the 500 MHz radar.

3
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1

Introduction

1.1

Location

The villa lies in a field within the parish of Boxford in West Berkshire, some 10 km
north-east of Hungerford. The exact location is withheld for security.
The field was on a south-facing slope, with the Lambourn stream at the bottom.
The crop had been taken, leaving a light stubble on a slightly undulating earth surface,
although this was disrupted by a number of large flint blocks.
The field had been gridded out in 20 m squares for the geophysics.
The underlying geology is chalk.

1.2

Date

The geophysical work described in this report was undertaken on Saturday 30th
August, 2014.

1.3

Resources

The radar and profiling equipment used in the work described here was the property
of the Bath and Camerton Archaeological Society (bacas). This work was directed by
John Oswin MA PhD CSci of bacas. The profiling was carried out by ms Gillian
Vickery, also of bacas. The radar was operated by Dr Paul Harris and Nick Harris of
the Boxford History Project (BHP). The magnetometry and resistance surveys were
continued at the same time by members of the Berkshire Archaeology Research
Group (BARG), led by Dr Steve Clarke and Mrs Lindsey Bedford.

1.4

Previous work

The resistance plot obtained by BHP and BARG was of very high quality and very
distinct, and it is shown in figure 1.1, and will be used in chapter 3 as the basis for
comparing radar and profiler results.

1.5

Scope

This report describes only the results of the radar and profiling surveys, those
providing a third dimension to the geophysics. Magnetometry and resistance results
are not included in this report, except where they are needed to put these results into
their context.
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Method

2.1

Radar – 250 MHz

The radar used was a MALA X3M device, towed as a sled, with control unit, monitor
and battery unit mounted above it. Distance travelled was measured by an odometer
wheel. For the purposes of the survey, the wave speed had been estimated as 0.1 m/ns.
The control unit had been set with an initial blanking period to stop overload from
near-surface reflections. Pulses were sent every 0.08 m in distance. Time-varying gain
could be set on the monitor to adjust the clarity of the display, but this did not impose
any constraints on gain in subsequent processing. The radar could be towed
comfortably by two people over this terrain, although large flint blocks had to be
cleared from its path.
The radar is illustrated in figure 2.1.

Figure 2.1. The 250 MHZ radar under tow. The rear wheel measures distance.

58 lines of 45 m length, each 1 m apart were surveyed, following a zig-zag path. The
area covered by the survey in relation to the building is shown in figure 2.2.

2

Figure 2.2 Areas surveyed by radar. The blue box is the area covered by the 250
MHz radar, the brown box, that covered by the 500 MHz radar.

2.2

Radar – 500 MHz.

This also used the MALA X3M, towed as a sled, with electronics mounted above and
odometer wheel behind. The 500 MHz head was only about half the width and half
the length of the 250 MHz head, so was much lighter and could be towed by a single
person. However, the electronics packages made it top-heavy, and a second operator
was required to guard it against toppling.
This radar is shown in figure 2.3.
42 lines of 17 m length, each 0.5 m apart were surveyed, following a zig-zag path,
with pulses sent every 0.05 m. The area covered by the 500 MHz survey is also shown
in figure 2.2.
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Figure 2.3. The 500 MHz radar. The antenna is much smaller, but it is more difficult
to keep it level.

2.3

Profiler

Figure 2.4. The profiler comprises a line
of probes connected to the YR resistance
meter via cable looms and a distribution
box.
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The resistivity pseudosection profiler (abbreviated to ‘profiler’) was based on the
TR/CIA resistance meter, using a line of 32 probes each spaced 1 m apart. Meter and
probes were connected via a bacas-proprietary distribution box and cable looms. Six
lines of data were taken for each profile, giving an overall envelope of 31 m
maximum by 3 m depth.
The profiler is illustrated in figure 2.4, and the positions of the profile lines are shown
in figure 2.5.

Figure 2.5. Plan showing the location of the profiles relative to grid and villa plan.

2.4

Software

The radar data were extracted from the control unit via a memory stick and transferred
to a laptop computer for processing using REFLEXW software. This allowed for the
reverse direction of alternate traces and allowed gain to be varied and filtering applied
to obtain the best view. The results could be displayed as a cube or as a plan at
varying depth. Individual traces could also be displayed. Wave speed could be
estimated by parabolic curve fitting to targets in the traces, and was found to be close
to the 0.1 m/ns assumed in the initial setting.
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The profiler data were downloaded to laptop using TR proprietary software and
converted to a file format suitable for input to the finite difference processing
program. The processing was done by RES2DINV freeware, which assumed a flat
surface. Resistivity levels at each calculated point were colour coded and displayed on
a linear scale.
The radar and profiler results were compared to the original resistance plot by
overlaying them using Photoshop.

2.5

Constraints

The nature of the field surface caused some problems with the 250 MHz radar, but
maintaining motional stability proved a larger problem with the 500 MHz radar.
The line density, 1/m with the 250 MHz and 2/m with the 500 MHz radar were less
than optimal, but the number of lines measured was limited by available manpower,
limitations of battery charge and time available. Given the known extent of the villa,
the emphasis was put on area coverage, rather than line density.
As in all geophysics processing, obtaining a result depends on pattern recognition,
particularly where features are faint, so various processing ploys have to be tried in
order to obtain the clearest picture for interpretation. The results presented here are
the best static pictures the author could obtain from the data. Often with radar, objects
are best seen dynamically as the depth slice moves through them, but these cannot be
incorporated into written reports.
Location of the resistivity profiles and radar areas were controlled by the need to
avoid the radar having to cross the profile line. This particularly affected the length of
line surveyed with the 500 MHz radar, and also affected the number of profiles, as the
first line could not be set out until its length had been covered by the radar.
Lines 17 and 50 of the 250 MHz radar set appeared to contain less data than the
others, particularly at shallow depths. The reason for this is not understood.
The plot depth was limited to 3 m in radar cube displays, assuming a wave speed of
0.1 m/ns. This assumption had been checked with a parabola fit to the twodimensional data, and appeared to be a close fit.
Some radar near-surface data may have been lost by restricting the receiver start,
thereby removing the first 150 mm of response. However, the back-scatter of energy
at such very short ranges usually causes excessive receive levels and provides no
processable data.
No account of the hill slope was taken in plotting radar or profiler responses.
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3

Radar Results

3.1

Radar, 250 MHz

There appeared to be no features near the surface, but an image of the villa plan was
obtained at depths of 1 metre and greater. The pattern could best be seen in white
against a grey-black background of low-level scatter (‘gray3’ in the menu of available
colour codes). This produced a negative-like picture, but this appeared clearer than
could be obtained using a multi-colour display or one in which dark shades
represented high signal. It is not clear whether the white represented high levels of
positive- or negative phase return. It may be the latter, representing the base of the
foundations, at their interface with the natural.
Figure 3.1 shows the response obtained at a nominal 1.6 m depth. It is presented here
as a ‘cube’ of earth, with a particular depth slice shown. The outline of the buildings
can be seen as white lines on dark. The picture of the structure had started to develop
at approximately 1 m depth and faded to nothing a little after the 1.6 m depth,
suggesting that this represented the base of the foundations, where they sat on the
natural soil.

Figure 3.1. Radar depth slice in cube at 1.6 m nominal. The villa outline is visible in
white on a mottled dark background.
Figure 3.2 shows the same data, but presented in plan, so that dimensions can be seen.
The two lines of faulty data can be seen in black, but these do not degrade the display
greatly. The outline can be seen in white but not with great clarity. The radar does
seem to show the west wing as a rectangular structure, rather more clearly than does
the resistance plot. Figure 3.3 shows an overlay of this image on the excellent
resistance plot already obtained by BHG. Note that two parallel white lines in the
south-west corner of the radar plot do seem to overly lines seen faintly in the
resistance plot, well to the south of the main villa range.
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Figure 3.2. Depth slice at 1.6 m nominal. This is the same data as shown in figure 3.1,
but displayed in plan.

Figure 3.3. 250 MHz radar plot overlaid on resistance plot. The villa appears as a
dark shadow, while the outline in radar appears as light dots.
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3.2

Radar, 500 MHz

The area covered by the 500 MHz radar was much smaller, although it was done at
higher density, with lines 0.5 m apart. The line length of 17 m ensured that its
coverage did not impinge on profile 2, and sufficient width was covered to encompass
the east wing. Good, detailed pictures of the walls were obtained at depths around 0.9
m but these started to fade below 1.0 m. This is less than the depth indicated by the
250 MHz radar. The reason for this discrepancy is not fully understood, although this
may represent a limitation on depth penetration caused by the higher absorption at the
higher frequency.
Figure 3.4 shows the radar return at 0.89 m nominal depth, and figure 3.5 shows the
plot at 1.0 m nominal depth, showing how the response is fading.

Figure 3.4. 500 MHz radar return at 0.89 m nominal depth.

Figure 3.5. 500 MHz radar return at 1.0 m nominal depth.
9

Figure 3.6 shows the 0.89 m radar depth slice overlying the 250 MHz radar and figure
3.7 shows this depth slice overlaying the resistance plot. The radar matches it very
well at the southern end, but has less detail at the northern end.

Figure 3.6. 500 MHz radar at 0.89 m nominal overlaid on 250 MHz radar plot.

Figure 3.7. 500 MHz radar at 0.89 m nominal overlaid on resistance plot.
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4

Resistivity Profiling Results

The three profiles taken are shown below as figures 4.1, 4.2 and 4.3 respectively.
Note that, of the three pictures shown in each, it is the lowest of the three which
shows the results of the inversion calculations. The top picture represents the raw
electrical data and the middle picture is the computer image of the finite-difference
model constructed to solve the resistivities at the various locations sampled. Note that
the lowest graph does not have a linear depth scale with the freeware version of the
software used. Note also that the profiles were set to correspond with locations on the
grid rather than specific features shown for the villa.
The use of probe spacings from 1 m to 6 m gave a resolution of 1 m along the line and
0.5 m in depth, and depth information down to 3 m. The 32 probes gave a line length
of 31 m, but as measurements are calculated between the inner two probes of any
four, the line is 3 m shorter at the surface and 16 m shorter at full depth.
The first profile followed the line of the apparent west wing but started well to its
south. This wing had not showed clearly in the resistance plot. Note that this has a
different resistance scale from plots 2 and 3 in order to maximise detail. There are
possible wall lines or features at 3, 6.5 and 12 m. The deep feature at 15 to 20 m may
be related to the villa as it is vertical-sided. There then appears to be low resistivity
until almost the end of the plot, although there is a high resistivity feature at depth.

Figure 4.1. First profile – through the west wing.
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Comparing this with the overlay on resistance in figure 4.4, it would appear that
features at 3, 6.5 and 12 m are likely to be isolated stones as they are outside the villa
compound. The deep feature at 15-20 m corresponds with a large faint resistance
image. The low near-surface resistivity at higher lengths along the line should be
within the wing but perhaps miss wall lines. The final high resistance end corresponds
to the junction of north and west wings.

Figure 4.2. Second profile – along the north wing.
The second profile shows possible masonry features from 0 to 8 m and from 20 m
onwards with a low-resistivity gap between. High resistivity features below about 1 m
depth are more likely to be geological than related to the villa.
Comparing this with the resistance plot in figure 4.4, the low resistivity feature would
correspond well with the apparent gap in structures in the north wing of the villa, with
masonry features at either end.
The third profile shows no features for the first 15 m, and then a series of wall lines
up to 28 m. There is much high resistivity geology at depth.
Comparing this with the resistance in figure 4.4, the wall lines show excellent
correspondence with the east wing of the villa, and these lines were also well
replicated in the 500 MHz radar. To the west, the feature at 15-20 m also matches the
resistance well, before going off into the villa courtyard, with low resistivity.
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Figure 4.3. Third profile – through courtyard and east wing.

Figure 4.4. The three profiles overlaid on the resistance plot.
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5

Comment

The 250 MHz radar results, which covered the whole of the villa precinct, were
somewhat noisy and did not replicate the beautiful clarity of the resistance plot.
However, after some processing, they did show the outline of the villa clearly at
depth, probably the depth of the footings. The west wing could be seen more clearly
in outline than it showed in resistance. It also showed the beginning of structure
further to the south-west, suggesting that this area could benefit further from more
detailed survey. There are features there which show faintly in resistance which may
be too deep to show clearly.
The 500 MHz radar results did show part of the east wing very clearly, with definition
as good as the resistance plot, although at apparently less depth than the 250 MHz
radar indicated. This was helped by the extra data line density. Ideally, the whole villa
compound should have been covered at this density, but that would have overstretched time, effort and batteries. The radar did not however, show structures at the
north end of the east wing. Possibly these were shallower and were within the high
noise part of the radar returns.
The profiler provided extra confirmatory data, particularly to the north and east wings
of the villa, although the plot for the west wing was less convincing. The profiles
extended down to 3 m, although below approximately 1 m, most of the detail looked
to be geological rather than archaeological.
It is possible to obtain more resolution and reduce the depth coverage by reducing the
spacing between probes, usually to 0.5 m. However, this halves the length of each
profile, so it would require longer time to provide the same coverage. This would not
have been compatible with the limited time available for this exercise.
The methods used here suggest that the villa structure extends down about 1 m or
slightly more below the surface. They have not generally added details beyond those
visible in resistance, but they have provided confirmatory evidence in the study of this
extraordinarily well-defined villa.
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