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Abstract
The geophysical survey was undertaken as the first part of archaeological work in the
vaults to the south of the Great Bath in the Roman Baths at Bath. There were two
areas under the vaults to be surveyed, and these were separated by a single wall. The
west area, also known as ‘caldarium’ had a floor heavily disrupted by previous
excavations and modern drains, and much of it was covered by impervious covering.
This meant that it was only possible to do two resistivity profiles within the area. It
was possible to deduce areas of masonry within this area from the profiles, although
most features appeared to be shallow.
The east area, known as the ‘palaestrum’ was also interrupted by excavation trenches
and modern drainage cuts, but the eastern, upper end of this was tolerably even,
sufficient for twin-probe resistance survey to map archaeology below the floor
surface. It also proved possible to map archaeology but in a more restricted manner in
the lower (western) end of this area.
Resistivity profiles to a depth of 2 m proved the most useful technique, and in the
upper area, these could be done in parallel and combined to produce ‘depth slices’.
Most features were observed at approximately 1 m depth. These included a number of
probable drains running to the centre line of the area, but not beyond, although there
was no evidence of a continuous drain running eastward along the length of the vault.
It is possible that such a drain has partially collapsed. Between this central line and
the wall of the Great Bath, there was another substantial feature from 1 m depth
downwards, midway along this area, not previously identified.
Other techniques tried included thermal imaging and ground-penetrating radar.
Thermal mapping suggested the presence of a heat source along a line through the
middle of this area, but thermal variation was only slight.
Radar proved of limited use as continuous areas for mapping with a moving detector
were so limited. Some static measurements with the radar held on its side pointing
into undisturbed ground to the south of the vaults suggested the presence of structures
within that space.
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Preface
This archaeological geophysical survey was undertaken as part of the Archway
Project at the Roman Baths in Bath. The project involved converting under-street
vaults previously used for storage into presentation and interpretation space, but there
was a requirement to complete existing archaeological investigations within this area.
This included the opportunity to use geophysical techniques to search for structures
below the known levels of archaeology.
Working in a covered area was a novelty, although this was not a completely
waterproof space. The major problem came not from the relatively small area to be
investigated, but from the large number of interruptions in the ground area which we
had to work round, such as previous excavation trenches and test pits, planking and
impervious floor coverings.
Nonetheless, with cooperation from the staff of the Roman Baths, and from Cotswold
Archaeology, the Bath and Camerton Archaeological Society Geophysics Team were
able make a number of measurements using various types of instrument to provide
extra insight into what lies below the floors below the vaults to the south of the baths.
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Introduction

1.1

Location

The survey site was immediately south of the Great Bath in the Roman Baths at Bath,
England, general grid reference, ST 751 645. The area under survey was under the
vaults of the road to the south, but communicated with the baths via staff-access-only
doors. Access for geophysics operatives was via a street-level entrance in Swallow
Street, to the south.
The survey area was divided into two by a wall. The western end was referred to as
‘Caldarium’. The eastern end was referred to as ‘Palaestrum’ or ‘Exercise Yard’ and
this was sub-divided into two by a shallow step approximately half way along. The
western end was approximately 12 m by 12 m, but was of somewhat irregular floor
area, much intercut with modern drains. The eastern area was approximately 30 m
east-west by 6 m north-south.
In this text, the areas may be called ‘west’ and ‘east’. Where required, the east area
will be called under sub-divisions ‘upper east’, which is the eastern half above the
step, and ‘lower east’ which is the western half below the step.
The general location within Bath is shown in figure 1.1, the location of the survey site
within the baths complex is shown in figure 1.2.

Figure 1.1
Location map.
Acknowledgements to Cotswold
Archaeology.
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Figure 1.2
Location within the baths complex. Red rectangle indicates area subject to
survey. Acknowledgements to Cotswold Archaeology.

The layout of east and west areas is shown in figure 1.3. This also shows the baseline
set up in the upper east area to locate the geophysics plans, and the temporary bench
mark location.

1.2

Dates

The survey was conducted between Monday 15th and Friday 19th of January, 2018. On
Thursday 18th January, Cotswold Archaeology visited, and a crew from IMMIX
filmed operations.

1.3

Personnel

Overall project archaeological direction was by Cotswold Archaeology for the
Archway Project, geophysics contact Michael Walsh. The geophysical survey was led
by John Oswin MA PhD CSci FGS of the Bath and Camerton Archaeological Society
(BACAS), with project support for the BACAS team provided by Robin Holley, Bob
Whitaker and Henry Lowe. The geophysics team comprised John Richards, John
Samways, John Knapper, Terri Bell, Gillian Vickery, Elpitha Lemos, Janet Pryke,
Fiona Medland, Rick Buettner, Will Todd and Lawrie Scott.
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Figure 1.3. Plan showing west area and east areas, temporary benchmark location and also
baseline used for locating geophysics. Acknowledgements for base map to Cotswold Archaeology.

1.4

Contractual

The work was undertaken by BACAS for Cotswold Archaeology under the terms of
the Archway Project, funded by Heritage Lottery Funding Grant and other private
benefactors.
The work was carried out under Historic England Section Licence, with supervision
by the Roman Baths, and Bath&NES Archaeologist.
The aim of the project was to open up this vaulted space beside the Great Bath to
provide improved access, new interpretation and learning space and to provide for a
World Heritage Centre to expound on the special nature of Bath.

1.5

Constraints

Only the one week was available for geophysical survey before the start of excavation
and recording work.
The floors were very much broken up, with service and exploratory trenches cut in,
and many of them not backfilled. A number of these were planked over. There were
also traces of previous test pitting, with small, part-filled depressions and areas with
hardboard, Terram or equivalent covering protruding through the top soil. The floor
was generally dry, although there were patches where water leaked through from the
surface. The west area had a curved line of modern ceramic drains and metal manhole
covers too. A line of masonry pillars through the east area divided this into two
unequal areas. The lower east area was subdivided into three sections by ancient cross
walls at about equal intervals along its length. A small brick step separated the upper
and lower east areas.
The amount of iron, whether girder, acro-prop, conduit or cover was large and
widespread, making magnetometry techniques impossible.
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Only one area was of sufficiently consistent open flooring to allow geophysics
techniques to be used in their conventional manner, so this area was explored first. All
other floor areas needed much ingenuity to investigate.
A general impression of the east area is given in figure 1.4 and of the west area in
figure 1.5.
Figure 1.4. East area
during profiler
surveys, looking west
from the upper part.

Figure 1.5. West area,
looking north-west
towards the baths
complex, during
profiler survey.
Doorway visible leads
through to the main
baths complex.
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2

Method

2.1

General

The normal methods of passive magnetometry were not suitable for use here because
of the large amount of ironwork all around the site.
Magnetic susceptibility methods were considered, but the very shallow operating
depth would not have provided any benefit.
Resistance and resistivity methods were considered most fruitful. Ground-penetrating
radar was also tried, but the broken-up floor proved very restrictive.

2.2 Height measurement
The dumpy level was considered sufficient to provide such heights as were needed. A
temporary bench mark (tbm1) had been marked by the door frame between the baths
complex and the west area at 20.25 m OD. This was carried through the dividing wall
to a nail on a pillar (figure 2.1) in the east area to provide tbm2 of 20.06 m OD. Figure
1.3 shows the location of the pillar with the nail.

Figure 2.1. Pillar in east
area with tbm2. Refer to
figure 1.3 for location.

The upper east area was found to have floor levels of about 19.5 m OD, consistent
within ± 0.05 m. The lower east floor, where intact, was consistent at typically 19.2 m
OD. The west area sloped up slightly to south and to east, and covered from 19.2 to
19.9 m OD.
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2.3

Twin-probe resistance

A baseline was set up along the line of the south side of the pillars dividing the upper
east area, and a right angle was constructed to it at the top edge of the step. This line
went over the step. The upper area was then laid out with standard 0.5 m marked
walking lines. The area was then surveyed using the RM15 with 0.5 m probe
separation, starting on the line 0.5 m south of the baseline and taking readings every
0.5 m on lines 0.5 m apart. Lines were typically 15 m long. The final line went to the
south of the peristyle wall, up a line raised about 0.3 m above the general floor area of
the upper area. The area to the north of the pillars was then surveyed as a separate
grid, ending on the baseline. This area was much more irregular, with gaps in where
pillars, trenches and other obstructions were.
Values were recorded on the data logger of the machine so a strict line sequence had
to be followed, but values were also recorded on paper and transcribed into
spreadsheet.
The 0.5 m bar was then swapped for the 1 m bar. This allows for a deeper penetration,
but it was unwieldy, particularly in this irregular, cluttered space, and it was not
possible to include the line behind the peristyle. Neither was it possible to survey the
lower east area with the 1 m bar. These results were also written down as well as datalogged.
Problems occurred in the download of the RM15 meter, so the lower east area was
surveyed using the alternative (TR/CIA) device. The logged RM15 data were
recovered for satisfactory use. The floor area here was badly broken up, so only 0.5 m
probe separation could be used. The results were data-logged and also written down.
Data logged and downloaded were processed using INSITE. Full details are given in
Appendix A. Hand-written data were transcribed to XL spreadsheet for analysis.
Figure 2.2 shows the RM15 meter in operation with 1 m probe separation, which
would give greater depth penetration below the surface. However, it proved too
unwieldy for measurement in the constricted areas under the vaults.

Figure 2.2. Twin-probe resistance
using the one metre bar.
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2.4 Resistivity profiles
The profile represents a cross-section through the ground along the line of probes set
up. Indeed, they are sometimes referred to as ‘pseudosections’. The way they are
constructed means that they are V-shaped. In order to get good depth analysis, the line
has to be of good length. The aim in this case was to use the 30 or 32 probes at half
metre spacing, making a line of 14.5 or 15.5 m respectively. Use of eight increasing
electrical spacings could provide depth coverage to two metres. Note that 32 probes
produce a section of 14 m length at the surface, but only 5.5 m length at 2 m depth. 12
m length coverage was obtained at 1 m depth.
Profiling proved successful in the space, helped by the static nature of its
measurements. However, it was restricted to those parts of the floor where a straight
line of sufficient length could be obtained.
The line of probes was connected to the TR/CIA resistance meter via a large cable
loom and a distribution panel which enabled different probes to be attached to
different inputs of the meter. The probes are usually driven some 50 mm into the
ground in order to support their own weight, and that of the cable loom connector.
The rule in this project was one of minimal earth penetration. This meant that each
probe was only allowed to touch the surface, so it had to be supported mechanically,
and the end wetted so that good electrical contact could be made. The probe set-up
and the wetting process are shown in figure 2.3, and the meter and distribution panel
can also be seen. The cable loom was a significant trip hazard and called for care.

Figure 2.3. The profiler in operation, showing probes and supports, cable loom, instrument and
distribution panel. One of the probes is being wetted to give good electrical contact.

The minimum probe number meant that full lines could only be established along the
length of the upper east area. One profile only could be managed diagonally across
the area, between two pillars.
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One of the team (JS) had his own resistivity profile kit (R M Frobisher TAR 3) and
this was tried for two profiles in the lower east area. The first followed the only
complete line through that area between holes, just north of the base line,
corresponding with the second profile of the upper east area, Q2. The second was a
traverse diagonal line which started against the wall to the baths and went through to
the far side of an alcove, under a curious brick and steel bar construction into the far
corner of the alcove.
In the west area, two profiles were managed, using only 30 probes. The first was
directly across, from the door to the baths complex to the entrance from the vaults
corridor. Indeed, the last few probes rested on the concrete floor of the corridor. A
number of probes were placed on the rotting board floor, but with a good wetting,
reliable electrical contact was established.
The second profile here ranged from the corner of the hot bath diagonally to a drain
cover just inside the door to the corridor.
The layout of the profiles within the two areas is shown in figure 2.4. BACAS has the
full version of the analysis program RES2DINV, which allows heights to be assigned
to the probes so that the topographical section can also be displayed. This was used on
the two profiles in the west area, and the profile which went into the raised soil space
behind the stylobate wall in the upper east area. In this latter profile, there was a slight
kink between 7 and 8 metres length in order to take the line behind the wall.

Figure 2.4. Positions of the profiles. For Q1 to Q8, the zero position was at the western end. For
line 2 and Q11, Q12, the zero was at the northern end.

2.5

Ground-penetrating radar

The MALA X3M had a choice of antennae. Initially, the 500 MHz head was used,
This was towed behind a trolley which held the computer which controlled the radar
unit using MALA Ground Vision v1.5.1. This also provided the display. Distance was
measured by means of a wheel. Only three straight lines of about 13 m length, 0.5 m
apart, could be established, along the upper east area to the south of the pillars. This
made for a very limited data set for three-dimensional analysis.
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An attempt was also made to look into the virgin archaeological soil through the
arches on the south side of the upper east area. This was done by holding the 250
MHz antenna on its side, about 50 mm away from the soil surface, while firing the
radar manually. This is shown in figure 2.5. Four positions were tried:- bottom right
(west); bottom left (east); mid height right and mid height left. All four provided
different traces, suggesting that some solid items were being encountered in the soil.

Figure 2.5. Preparing the 250 MHz radar
for horizontal projection through the
archway.

The 250 MHz head was then placed flat on the floor, and a series of readings were
taken at 0.5 m intervals along two north-south traverses across the upper east area,
one at 7 m along the base line, one at 5 m along the base line. These seemed to show
the presence of a reflective element below the surface between the pillars, and also in
other patches. When the 250 MHz head was used, either on its side or flat on the
floor, the distance wheel was not attached and the radar was triggered manually
The computer controlling and recording radar data failed catastrophically shortly after
the survey, before the data could be transferred off for analysis on other machines.
However, it subsequently proved possible to extract the files and process the data.
The areas subject to radar survey, and also the area subject to thermal measurement
are all shown on figure 2.6.

Figure 2.6. Areas subject to radar survey at both frequencies, and also thermal survey area.
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2.6

Thermal imaging

An infra-red sensor with laser pointer (Powerfix IAN291541) was procured to see if
in this environment, thermal measurement could be used as a proxy for hot water
conduit. In work some years ago, there was a suggestion that a hot water drain from
the baths ran under the line of pillars through the eastern area, and this was based on
detecting a significant rise in temperature some distance along a buried drain. It was
considered that there might be a small but sufficient rise in temperature of the floor,
which could be detected, even if the drain was buried under a metre or so of
overburden. The meter could read to a precision of 0.1 ⁰ C, so a consistent rise of, say,
1 ⁰ C in a particular area might represent the presence beneath of a hot water conduit.
The meter is shown in use in figure 2.7. The area covered was shown in in figure 2.6.
The floor was scanned randomly at first, but there were no obvious hot spots in the
upper east area. The only area where a consistent rise could be seen was at the very
western end of the lower east area, and temperatures were plotted here using a halfmetre grid pattern. In the western area, on just the other side of the dividing wall, the
floor that remained was so disturbed that a regular scan here could not be done.

Figure 2.7. Using the thermal sensor to
measure temperatures in the lower east
area.
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3

Results

In this section, the results from each instrument type will be discussed individually.
Any synthesis of results will be left until Section 4.

3.1

Twin probe resistance

Initial work was with probe separation of 0.5 metre, so this will be considered first.
The results are shown for the whole east area, plotted greyscale, logarithmic
resistance scale, in figure 3.1a. As readings were also recorded manually for data
security, results could also be analysed in Microsoft XL and there were plotted in
colour, linear resistance scale, as shown in figure 3.1b. The horizontal line is the
location of the steps, the junction of upper and lower areas.

(a)

(b)

Figure 3.1. Twin probe resistance results, east area, 0.5 m probe separation. (a) left. From
INSITE, logarithmic scale. Line across marks upper/lower division. (b) right. Colour plot from
XL, linear scale.

11

Although a few details may be picked up in the upper end, towards the top of the plot,
measurements are dominated by significant stonework at the bottom of the plot, the
far part of the lower eastern area. There has been some corruption of the INSITE plot
in that values in the line beyond the peristyle have been lost in mending the faulty
download from the RM15, but as these were recorded manually, the line of high
resistance here can be seen in the colour plot.
With the 1 m probe separation, only the upper east area was surveyed. Figure 3.2
shows the plot of the upper area in both formats.
The 1 m bar looks deeper (nominally down to 1 m depth) but includes the surface
material too. The 0.5 m bar looks only at the top 0.5 m depth. Comparing figures 3.1
and 3.2 suggests that although there may be some near-surface structure, archaeology
is more likely to be found lower down, and that there may be some depth to deposits.
There may have been advantages in trying the 1 m bar on the lower area had that area
been less disturbed.
The 1 m plots suggest a wet patch bottom right (south-west), possibly with moisture
leaking from the banks of virgin soil visible through the archways here. There do
seem to be signs of structure showing along the north edge, at the western and eastern
ends, and possible in the centre of the area. These appear to be linear features running
west-east.

Figure 3.2. Resistance plot of upper east area using 1 m probe separation. (a) left. Greyscale
logarithmic plot by INSITE. (b) right. Colour linear resistance scale from XL.
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3.2

Resistivity profiles – general observations

The first two profiles showed sufficient contrast to provide good information on the
archaeology, that they were given precedence through the week. Apart from the
problem of supporting the probes without deep penetration of the surface, the major
concern was that a continuous line of about 15 m was required to obtain sufficient
coverage at depths of interest.
It did prove possible to do a number of parallel profiles along the upper east area and
comparison of these provided the best results. Ideally, profiles should have been taken
across the area, but it was too narrow. One profile was taken diagonally so as to cross
through the line of pillars, but this was the only line which could be fitted.
Two profiles were taken in the lower east area and two were taken in the west area,
giving 12 in all. These are described below. Note that the two from the lower east area
were measured on a different machine, and their labelling does not match that of the
others.
The profiles will be shown later in discussing each area, and are given individually in
sequence in appendix B.
Q1
Through the middle of the main portion of the upper area, approximately 1 m
south of the baseline. Direction east, starting 1 m along baseline.
Q2
Through the middle portion of the restricted area to the north of the pillars,
approximately 1 m north of the baseline. Direction east, starting 1 m along baseline.
Q3
Diagonally across upper area, starting 2 m south of baseline, and crossing
baseline (10 m along) at 6.5 m along its length and continuing to the far north-eastern
corner of the upper area. Direction east north-east, starting 4 m along baseline.
Q4
Directly along baseline, as near to the pillars as possible on their south side
Direction east, starting 1 m along baseline.
Q5
Along the line of the northern wall (the wall of the baths) as close to the wall
as possible, approximately 2 m north of the baseline. Direction east, starting 1 m
along the baseline. Note that at 8 m, a probe had to be displaced 300 mm to the south
to avoid a deep trench, so there is some inaccuracy just at this point.
Q7
Along the southern edge of the open part of the upper east area, as close as
possible to the north edge of the peristyle wall. Direction east, starting 1 m along
baseline. Only 30 probes useable.
Q8
As tight as possible against the southern edge of the upper area, with a slight
kink south at 7 m so that the line passed up the southern side of the peristyle wall.
Between 8 m and its end, the line rose in height by 300 m and this was included in the
profile. Direction east, starting 1 m along the baseline.
Line 1 Starting by the western wall of the lower east area and heading through the
only uninterrupted part of the floor toward the step up to the upper area, but stopping
13

about 1 m short. The profile lined up with Q2, so was about 1 m north of the baseline.
It did not overlap Q2. Note that the resistivity scale had to be reduced to quarter
values to provide detail. Direction east.
Line 2 Starting against the north wall of the lower east area, against the edge of the
western cross wall, 2.5 m east of the wall dividing east from west areas. Direction
south south-west, heading across area and into alcove, going under brick and steel
girder structure and finishing against south wall of alcove. Note the short length of the
plot, and that the resistivity scale had to be reduced to quarter values to provide detail.
Q11 In west area, starting on doorstep of doorway into baths complex on east side
of door, and heading up to a through the door into the corridor. The last three probes
of the 30 probe length were resting on the concrete on the west side of the corridor.
Direction south.
Q12 In the west area, heading diagonally across the area from the corner of
caldarium against the wall to the baths complex, up into the corner by a drain cover
just short of the door to the corridor. The 30 probe line crossed Q11 on 13 m along
Q12, 12 m along Q11. Direction south-east.
The positions of these profiles were shown in figure 2.4. The location of the profiles
in the east area are shown magnified in figure 3.3, those in the west area are shown in
figure 3.4.
Figure 3.3.
Locations of
profiles in the
eastern area
(Palaestrum)

Figure 3.4. Locations of profiles in the
western area (Laconicum)
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3.3

Resistivity profiles, upper east area

The profiles taken along the length of the upper east area are shown lined up and in
order from north to south, so that continuity of features across the area can be
observed. This is shown in figure 3.5.

(a)

Figure 3.5. Sequence of
profiles along the upper
eastern area, from north to
south. (a) shows the three
profiles to the north of the line
of pillars, (b) shows the four
profiles to the south of the line
of pillars.

(b)
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It can be seen that a number of features run through some, but not necessarily all of
the profiles, and also that most of these features are typically 1 m deep, so they may
not have shown in the twin-probe resistance plots.
In order to get a clearer idea of continuity, depth slices can be taken through these
plots at specific depths. Those provided are at 0.637 m, 0.927 m and 1.244 m as the
data can be readily extracted from the calculation outputs at those depths. Note how
the lesser depths produce longer sections. The graphs have been given the same
colour resistance scales as the profiles in order to help read-across. To make up the
graphs, the profiles have been assumed to be 0.5 m apart. As there were no profiles
between Q1 and the line against the pillars, Q4, and between Q1 and the south line
Q7, Q4 has been repeated and Q1 has been repeated to produce a north-south scale in
0.5 m steps. The three depth slices are shown in figure 3.6.

(a)

(b)

(c)

Figure 3.6. Depth slices derived from profiles taken in the upper east area. North to left. (a) .637
m, (b) .926 m, (c) 1.244 m. Note how the slices reduce in length as the depth increases.

Strong features can be seen to the north of the line of pillars at 5 m and at 9.5 m. Note
that the grid origin is 1 m west of 0 m on the X axis. There is also a strong feature in
the far north-west at greater depth. There may also be a linear feature heading east
around 1 m south, but there are indications that it is interrupted.
These should not be compared directly with the twin-probe resistance plots as those
represent aggregate resistance of the complete volume of earth between the mobile
probes rather than the resistance of a fixed volume of earth at a specific depth.
However, there is some comparison with the 1 m twin-probe resistance (figure 3.2).
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The diagonal profile Q3 also needs to be observed in the sequence. These are done at
0.926 and 1.244 m depths below in figure 3.7.

(a)

(b)

Figure 3.7. Overlay of Q3, diagonal profile, over parallel depth slices of upper east area. (a) 0.926
m depth slice, (b) 1.244 m depth slice. North to left.

There is some discrepancy at the centre of Q3 profile with the general area, but the
diagonal profile appears to have just missed the strong feature at 8 m on the area plot.
The strong feature at 12 m on the area plot corresponds well, and there appears to be
an area of medium high resistivity extending to the north-east, beyond that strong
feature.
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3.4

Resistivity profiles in the lower east area.

Only one profile could be taken along the length of the lower east area. This met
obstructions: it had to cross to walls; but over other parts of the area, there were so
many test pits or boards, that it was not possible to make a continuous line near 15 m
in length. This profile (Line 1) is roughly continuous with profile Q2, to the north of
the line of pillars, but was not quite long enough to join to it. It is shown in figure 3.8.
Note that its resistivity scale is only a quarter that of the rest of the series. This
reduction in scale was needed to obtain any contrast in the plot. Note also, that these
two plots were measured using a different meter, although the data were processed
using the same software.

Figure 3.8. Line 1, the profile along the east-west length of the lower east area. Note that the
resistivity scale is only a quarter that of other profiles.

The first probe (0 m) was almost touching the western wall of the area. The probe line
had to cross a Roman wall at 3 m and a sub-roman wall at 12 m. Note that there is
only one deep-going feature, at 4 m. This may be a drain or may relate to the Roman
wall. There is a lot of stone work, and this was seen in the twin-probe resistance plot,
but it is only shallow, so may be rubble. However, there is a regular trench at 8 m.
Figure 3.9 shows the profile, Line 2, taken across the lower area. This was only 12 m
in length, and was only possible because there was a flat alcove next to the area. It
was possible to insert a line on a diagonal from a point against the north wall (that
shared with the main baths complex) into the west side of the alcove, against its south
wall. It crossed a modern filled-in trench but avoided a trench cut to observe a culvert.

Figure 3.9. Profile Line 2, across the lower east area, heading approximately north-south. Length
is shorter, and the distance scale has been set to match that of figure 3.8. Note that the resistivity
scale is, as with Line 1, a quarter that of the generally used setting.
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Note that Line 1 and Line 2 crossed each other approximately 3 m along each line,
within the area considered to be rubble. See figure 3.4 for the directions and
intersection of these profiles. Line 2 crossed the modern cut at 5 - 6 m along its
length. The profile here appears to be the wettest portion, including a bight nearly to
the surface. This may suggest some leakage from the nearby conduit exposed in a
deep trench just to the east. The profile entered the alcove at 6 – 7 m. At 7 m, it
appeared to cross a foundation, sunk a little deeper. Thereafter, there appeared to be a
very hard floor below any earth surface.

3.5

Resistivity profiles in the west area.

The west area was not only criss-crossed with modern drains, but it also had rubber
matting and hardboard sheeting across much of the floor. Fortunately, the rubber
matting was pierced, so the earth was accessible through it at irregular points. The
hardboard was rotting well with dampness, and probe contact to the ground could be
obtained by wetting the points of contact with the probes very thoroughly.
Two line lengths of 14.5 m (30 probes) could just be squeezed in: one from the door
communicating to the baths complex to the door to the corridor (Q11); the other, Q12,
went diagonally from the edge of the hot bath to the corner by a drain cover just in
from the door to the corridor. The two lines crossed at about 12 m along on each of
them.
Figure 3.10 shows the first line, Q11. Note that the first probe (probe 0) was on the
door step coming in from the baths complex, and the last three probes were on the
concrete floor of the passage. The profile line sloped up significantly, and this is
included in the output.

Figure 3.10. Profile Q11 in west area running south from entrance to baths complex up to the
corridor, relative heights shown.

Two wet gullies at 4 m and 11 m could represent leaking modern services as they are
both shallow features. The most obvious signal is from 7 to 10 m, but this again is
shallow, so more likely to be rubble, with moisture below it. It is possible that there is
masonry out to 6 m, but 1 m below the surface. However, it just possible that this is
an effect caused by the very hard dry step under the first probe.

19

Figure 3.11 shows the second line, Q12. Relative height data has also been added to
this plot. The lines cross at about 12 m along the line of each, so in this case, the 0 m
starts higher than that for Q11. 0 m is directly next to the caldarium.
There appear to be wet drain features at the surface at 2, 4, 6, 8 and 13 m along the
profile length. There is possibly some sub-surface structure at 4 m and this might be a
culvert. Otherwise, there are high surface resistivity signals from 8 to 12 m, and
possible deep structure at 9 m, although this is rather narrow, and would not be loadbearing. Given the very disturbed surface of the west area, it would be wise not to
read too much into resistivity variations at surface level.

Figure 3.11. Profile Q12, running south-east across the west area. Relative heights shown.

3.6

Ground-penetrating radar. 500 MHz

The depth slices obtained from the three scans using the 500 MHz radar along the
floor of the upper east area are shown in figure 3.12. The plots to the left represent
relatively shallow slices down to 1.5 m, assuming a wave speed of 0.06 m/ns. Depths
of slices assuming this speed are shown at the right of each slice. Those to the right
are for the greater depths. Less reliance should be placed on these deep-going data.
Note that yellow represents ‘no target’ while deeper blues and purples show strong
returns. Blue and purple represent opposite phases of the return signal. Positive phase
returns (purple) were the most common. No attempt has been made to use the phase
information.
Note that the depths have not been chosen at regular spacing, but where significant
change occurs, and it can be seen that there are significant targets at various of the
depths. These results can bear some comparison with the depth slices derived from
resistivity profiles shown in figure 3.6, at about midway along their width. They are
not scaled for direct comparison. Below 2.8 m, there is no further return, but this is a
good response from 500 MHz radar, and is comparable with the resistivity profiles.
Strong responses are seen over a relatively narrow depth range around 0.8 m, but then
not again until 1.8 m. Note that these all depend on assumption of the wavespeed as
0.06 m/ns. A higher wavespeed would increase all apparent depths proportionately.
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Figure 3.12. Depth slices from 500 MHz radar scans. Note each scan represents 13 m long, 1.5 m
wide. North to top. Target strength scale is shown to the right, with purple representing strong
return; yellow, zero return. Assumed wavespeed 0.06 m/ns.

3.7

Radar results, 250 MHz

The first trial with the 250 MHz radar head was to turn it on its side and aim it into the
soil exposed in the easternmost archway in the southern wall, as indicated in figure
2.5. Of the three archways, only this offered uncluttered access. It was only possible
without building any support structure to take four readings without overlap. These
were two at a level just above the stylobate, and two about half a metre above each of
these. In each case, the radar was triggered manually, and plenty of readings were
taken at each position to provide an observable length of trace, which is shown in
figure 3.13.

Figure 3.13, Radar traces at 250 MHz directed through the easternmost
archway in the south wall. First trace is lower west, then lower east, then
upper west then upper east. 200 ns is equivalent to 6 m penetration.
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There seem to be returns up to 200 ns, equivalent to 6 m travel at the assumed
wavespeed of .06 m/ns. This would normally be the most that could be expected at
these frequencies. There are strong returns at around 3.5 m and 5 m. These do not line
up exactly from measurement to measurement but are close enough to be linked,
especially given that the antenna was hand-held approximately 100 mm from the earth
face, but not consistently so. The top left trace (trace 3) is somewhat disrupted by
noise, but there still seem to be signs of these returns.
Given that this space cannot be excavated and has not been previously explored, it is
quite exciting to have a first view of possible structure within this space. Gaining any
further view of this by radar would mean ensuring that all archways were free from
obstruction and that some form of framework be devised to support the radar on its
side at various heights.
An alternative view is shown in figure 3.14, where the traces are shown at the
locations where they were taken. Note that the traces should be going into the
material, but can only be shown hanging down. Each trace represents 6 m penetration.
The 250 MHz radar was also used in a more normal aspect, facing down into the
earth. Two traverses of the upper east area were done, the first at 9 m along the
baseline, giving a maximal 6 m traverse; the second at 6 m along the baseline, giving
only a 4.5 m traverse. In this case, the baseline was crossed at 2 m along the traverse.
In the first case, the scan had crossed the baseline at 3.5 m along the traverse.

Figure 3.14. View into
earth in archway,
showing the four radar
traces at their
locations. Each trace
represents penetration
into the earth up to 6
m, Possible targets
show as dark patches,
at approximately 3.5
and 5 m on each trace.

22

The traverse radar scan at 9 m along the baseline is shown in figure 3.15.
There are some objects showing, particularly around 100 ns (3 m) depth in the first 3
m and at 60 ns (2 m) depth 2 m along the traverse. The depths assume a wavespeed of
0.06 m/ns. Note that from 3 m to 5 m along the traverse, the traces are disrupted by
‘fathometer’ reverberation. This usually means that there is something highly
reflective a short way under the surface, which causes energy to bounce back and
forth between antenna and object rather than continue on down below the object. Note
that this happens in the area of the baseline, so there is no penetration to targets here.

0.5 1.0

1.5

2.0

2.5

3.0

3.5
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4.5

5.0

5.5

6.0

Figure 3.15. 250 MHz radar first traverse scan at 9 m along baseline. Figures in the box show
distance along the traverse. Depths are to 5.5 m at estimated wavespeed of 0.06 m/ns.

Figure 3.16 shows the second, shorter traverse at 6 m along the baseline. Again, there
are signs of fathometer reverberation in the vicinity of 2 m along the traverse.
There are signs of objects, particularly in the first 1.5 m of the traverse, these at 2.5 to
3 m depth. There are also targets at similar depths in the region of 4 m along the
traverse.
In both figures 3.15 and 3.16, very little shows in the first half metre of depth. This
blank period is a function of radar control settings to prevent input overload from the
first returns.
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Figure 3.16. 250 MHz radar,
Second traverse at 6 m along
baseline, crosses baseline at 2 m
along traverse. Depth to 5.5 m
assuming a wavespeed of 0.06
m/ns.
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Thermal measurement

The digital thermometer measured the temperature of a spot illuminated by a red laser
beam. It was thought that a consistent raised temperature could be used as a proxy for
the presence of hot water from the baths or from a spring. It was used at first at
random on the floor of the upper east area, but the floor temperature was found to be
very even. Only one piece of floor in the east area was found to show a consistent rise
in temperature and this was at the far west end of the lower area, next to the wall with
the west area, and east up to the westernmost cross wall. The temperature rise was
only a degree or two, but with 0.1 degree precision, that would be sufficient if seen in
a systematic pattern.
In the western area, the floor was either covered with matting or boarding, or
disrupted to the point where measurements would be meaningless.
Temperature measurements were taken at half-metre intervals west-east and northsouth over the area of undisturbed floor to form a grid (figure 3.17). Note, the haloed
white spots represent obstructed points which could not be measured.
The warmest areas are next to the west wall, reaching their peak about 4 m south from
the north wall adjoining the baths complex. There is also a rise in temperature
noticeable next to the cross wall, also about 4 m south from the north wall. It is likely
that the masonry walls provide better conduction, and the earthen floors tend to
disperse the heat more.
Ideally, temperature measurements should be taken at lower levels, nearer to the
source. However, that was not possible at the time of the survey, and an uneven floor
would not provide a coherent basis for measurement.
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Figure 3.17. Temperature measurement grid at western portion of lower east area. North to left.
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4

Discussion

This was a very irregular area for geophysical survey, in both meanings of the word:
unusual, in that it was under cover, and rather smaller than areas normally surveyed
by our instruments; also in the sense that the floor areas were uneven and did not
provide a rectangular shape. Resistivity profiling proved particularly valuable once a
method had been devised to ensure good probe contact to the floor, but this was
limited by the need to provide a straight line of typically 15 m length. A number of
shorter lines could be found, but the ‘V’ shape profile resulting from the very
mechanics of the technique would have drastically reduced coverage at depth. Results
using conventional resistance, thermal and radar techniques added to this picture.
While a number of good lines could be found in the east area (although only two were
possible in the lower east area), the west area was very cluttered and only two lines
could be made. However, these were the only means which could be employed in this
area at all.
The excavation work which followed the geophysical surveys was mainly concerned
with cleaning soil from surfaces and digging out previously dug pits and trenches. It
helped to have the soil present during the surveys as it made electrical contact easier,
but it obscured features which became more plain post excavation. Visible features
could then be reconciled with geophysical observations and this gives greater
confidence. However, geophysics detected a number of deep features, below any
surfaces exposed, and therefore added knowledge not otherwise available.
Geophysics cannot date features. A number of those detected may well relate to
modern drainage rather than to Roman features.
It is easiest to start with the upper east area, as this was able to provide the most
coherent set of results. Twin-probe resistance (figure 3.1) produced a rather uniform
plot of the area, but with higher readings around the edge, and a possible rectangular
feature. No feature was evident once the floor soil had been cleared off. A visibly
obvious modern cut through the Roman floor on the south side, about 8 m east of the
step shows as slightly raised resistance, which is surprising. However, readings were
generally lower than might be expected from a rubble floor, so it suggests a lot of
moisture in this material.
Behind the stylobate wall, very high resistance was observed at the eastern end, but
this recorded a stone feature previously excavated.
The resistance readings with the 1 m bar (figure 3.2) show more variation, indicating
an area of lower resistance at greater depth below the floor at the eastern end of the
upper area, with higher resistance features against the north wall opposite.
The resistivity profiles can be used to produce three-dimensional coverage below the
floor. This can be viewed as a series of sections in Figure 3.5 or as a series of depth
slices in figure 3.6. The general indication of these plots is that the main
archaeological features are more than 0.5 m below the earth surface prior to cleaning.
Note that all the parallel profiles started at zero, one metre east of the origin of the
twin-probe resistance. There is some variation near the surface, particularly on the
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north portion of the area, where areas of low resistance are interspersed between high
resistance, but with signs of masonry at 6 m east of the origin.
Below this, at depths greater than 1 m, is a large masonry feature, extending from the
west up to 6 m. These merge to a single feature 1 m south of the north wall and extend
a total of 2.5 m south of the wall before ending abruptly. The ‘V’ shaped nature of
profiles means that the deep feature cannot be seen for the first 2 m of the profile, that
is, 3 m east of the step, but the feature was not observed in the Line 1 profile taken in
the lower east area. If it had shown, this would be 4.5 m west of the origin. The abrupt
ending of this feature does suggest it is man-made, so an early structure on a level of
the base of the Great Bath.
There is a feature at 9 m along the profile (10 m east of the step), but which only
extends out 2 m from the wall to the Great Bath at its southernmost. This continues
further north into the recess of the wall as a modern trench with inserted drain. This
shows as a possible conduit 1 m cross section. This may be part of an ancient drain,
but it has certainly been adapted and used in modern times.
Further to the east, from 12 m on the profiles (13 m east of the step) is a third deep
masonry feature but this is curtailed by the ‘V’ shape of the profile. It may be another
conduit or a wall. The one diagonal profile, Q3, shows it to be limited in width to no
more than 2 m at most as a high resistance feature, but it appears to continue another
2.5 m to east-north-east as some form of regular structure.
There are slight signs of a conduit on the south side of the area, 9 m along the profile
(10 m east of the step), but it is a little shallower. This lines up with the conduit
discussed above, but water would have to flow northward along it, not south, given
the height differential. To the south of the possible structure, resistivity levels drop
very low from 1 m depth downwards to 2m, suggesting a very wet space.
The area immediately to the west of the step is part of the lower east area. This
showed slightly higher readings in twin-probe resistance. Subsequent cleaning
showed it to be generally similar to the flooring of the upper area, although the
thickness of overburden may have been different. There appeared to be a genuine rise
in floor level at the origin, even if the currently visible step is probably Georgian in
origin.
Heading west, the late/post-Roman wall, resistance values rose further to the principal
cross wall. Beyond that, up to the wall dividing east and west areas, resistance rose to
very high but irregular levels, suggesting a very stony area, but rubble rather than
ordered structure. Observation of the Line 1 profile (figure 3.8) tends to confirm this,
showing that the stone is relatively shallow, but with a deep-going feature three to
four metres from the dividing wall. This does not align with the principal cross wall,
which is visible at 6 m, and has shallow foundations. The deep-going feature may be a
wall from an earlier, deeper structure or possibly a conduit, although its form is more
wall-like. The stony area includes an area of paving, now visible after cleaning, and to
the south of this, resistance levels become much reduced suggesting only soil.
It was over the paving and rubble to the north, and east up to the principal cross wall,
that the thermal measurements were made. These suggested a thermal source 4 m
27

south of the wall with the Great Bath, but effects were not detectable east of the
principal cross wall. The north-south streak of lower temperatures interrupting the
plot can be identified post-excavation as a modern trench cut through.
The Line 2 profile (figure 3.9), though slightly short, provided a north-south cross
section between principal cross wall and late/post-Roman wall. Note, however, it was
not at right angles to axis of the east area. The northern portion (0 to 4 m) showed
shallow stones, probably rubble, followed by a wet space, indicated now by the trench
cut through mentioned above. To the south of this, heading into the alcove was a
surface area of high resistivity. Excavation has revealed this to be modern concrete.
Profile Q11 (figure 3.10) in the western area is approximately parallel to this. Both
start with high resistance, but in the west area, this was known to be on a concrete
step. The far south of this plot is also known to be on concrete so its evidence may be
discounted. Both Q11 and Line 2 show a wet area around 4 m south of the wall to the
Great Bath, although details are different. Note that the two lines are not exactly
parallel, as they had to fit where they could, so there cannot be exact correspondence.
In the west, there are signs of deep structure, which could be a culvert, with low
resistance above. In the east, there is just a large, deep low resistance area. South of
these areas, both show a stony area, which in the west could represent walling.
Masonry is exposed a little to its east, next to the dividing wall. In the west area, this
is followed by a wet area, but this may just be related to the complex of modern drains
which criss-cross the west area.
The comparison of these two profiles is shown in figure 4.1.
The second profile in the west area, Q12 (figure 3.11) started by the caldarium, so its
northern end cannot be compared with the first few metres of either of the plots
above. There are structures within it, and where these have right angles, they may
appear twice, as this profile ran diagonally. It is now known from excavation that the
features at 3 to 5 m comprise masonry which meets at a right angle. Indeed, the
mosaic fragment found comes within the strong resistance feature at 4 m. Further
along the profile, the high resistivity at 9 to 11 m may also represent the corner of a
structure. This may correspond to the structures seen around 10 m in profile Q11. The
top part of this profile is almost certainly modern drainage, where sewer pipes were
still evident on the surface.
The deep narrow feature at 9 m may be an early wall. It looks too narrow to be a
culvert. The deep area around is all very wet, probably the natural subsoil.
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Figure 4.1. Comparison of the two north-south profiles line2 and Q11.

Use of the radar, even in the upper east area, was limited. In order to produce good
images, a good rectangular area is needed, and there were enough obstructions to
ensure that the maximum dimensions available while handling the radar as a mobile
unit was only 13 m long and three rows at half metre spacing wide. The radar plots
showed activity below the floor level but could not add anything that the profiles did
not.
The one part of the radar use that proved particularly successful was the operation of
the 250 MHz radar antenna horizontally in to the volume of untouched soil to the
south of the upper east area, through the arches. See figures 2.5 and 3.14. The four
readings obtained suggested that there was something substantial in there. However,
only one archway was sufficiently uncluttered to gain access.
A specialist radar operator with appropriate software could probably work out a way
of surveying the space through these apertures, and also use the west-facing apertures
in the approach vault and construct an image of what is in there. However, this would
be an expensive operation as it would require high levels of expertise and support in
the planning and mechanical arrangements for such an operation as well as the
measurement and also the analysis and display.

29

A question raised several times during the survey was whether a conduit from the
Hetling spring passes under the area surveyed. There was no unambiguous evidence
for such a conduit, but there were partial signs.
Figure 4.2 shows a possible alignment of features which could indicate the presence
of hot water flowing in a channel (as indicated by the blue arrow), but only by
assuming that the masonry of any conduit is no longer continuous, and it is fractured.
It is also notable that a number of strong features (at least one known to be a drain)
come from the north, from the direction of the Great Bath, and go no further than the
projected line of conduit. This provides supporting, but not definitive, evidence.

Figure 4.2. Conjectural line of conduit from Hetling Spring.

The geophysics results are therefore inconclusive on the presence of the conduit, even
though there was coverage down to two metres depth.
Given the limitations in unhindered floor space, the geophysics has managed to
confirm the existence of a number of drains at depth below the floors, particularly in
the east area. It is not able to distinguish between drains of Roman or modern origin.
It has also shown masonry and rubble at shallow depths below the floors in all of the
area, generally confirming observations from earlier excavations.
There are also signs of structures previously unknown on the north side of the eastern
area, around the location of the step midway along its length and also possibly at the
far eastern end. These are about a metre deep, so on a level with the base of the Great
Bath, or deeper. This is new information provided by this survey.
Use of the radar has also suggested the presence of structure in the volume of
untouched earth to the south of the area, at the same level. Mapping the volume by
radar should therefore be feasible, but would require resources well beyond those
available in this project.
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Appendix A

Grid Layout

Where twin-probe resistance data has been processed using INSITE software, the grid
data are given below. This is shown first in figure A1 using the RM15 device with 1
m bar fitted, and comprises just two grids, each set to 20 by 20 m with readings taken
at half metre intervals along lines 0.5 m apart, giving 1600 readings per complete
grid. The first grid started at line 1 point 1, but the start of the second had to be
calculated to end that grid at line 40, point 40, but to match to grid 1. The crossed red
arrow indicates the starting point and direction and that the data are in zig-zag
configuration.

Figure A1. Upper East Area. Grid layout for processing 1 m bar data.

Identical arrangements were used with the RM15 when fitted with the half metre bar.
However, there were problems downloading the RM device, so the TR device was
used to explore the lower east area. And this area was so complex, it was decided that
it was easiest to start both grids from the origin line at the division of upper and lower
east areas, and start both from the first point of the first line, whether heading north or
south. Grid dimensions were the same as those recorded above, but the TR device
sorted the data to parallel. The blue arrows in figure A2 show the starting positions
and directions for the TR device as well as for the RM device (crossed red arrows).

Figure A2. Upper and lower east area. Grid layout for processing 0.5 m bar.
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Alternatively, the full numerical data for the two settings can be supplied entered on
XL spreadsheets.
The numerical data for each of the resistivity profiles can also be provided as
spreadsheets. Where taken, the relative height data can also be supplied.
Data are also available for the 500 MHz radar work. However, only screen shots
survive for the 250 MHz radar work.
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Appendix B. Resistivity Profiles
The twelve resistivity profiles discussed in section 3 are shown here in order. Data
files for these can be made available if requested.

Figure B1. Profile Q1.

Figure B2. Profile Q2.

Figure B3. Profile Q3, the diagonal profile.
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Figure B4. Profile Q4.

Figure B5. Profile Q5

Figure B6. Profile Q6.

Figure B7. Profile Q7. Note that this plot was 1 m shorter than others in this series.
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Figure B8. Profile Q8. Note eastern end is raised behind stylobate wall.

Figure B9. Line 1 (along lower east area). Note resistivity scale is quarter that of Q series plots.

Figure B10. Line 2 (across lower east area). Note resistivity scale is quarter that of Q series plots
and line is shorter.

Figure B11. Q11, line sloping across west area. Note that the line is shorter by 1 m.
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Figure B12. Q12, line sloping diagonally across west area. Note line is shorter by 1 m.

Their descriptions are given in section 3.2, but are repeated here for convenience.
Q1
Through the middle of the main portion of the upper area, approximately 1 m
south of the baseline. Direction east, starting 1 m along baseline.
Q2
Through the middle portion of the restricted area to the north of the pillars,
approximately 1 m north of the baseline. Direction east, starting 1 m along baseline.
Q3
Diagonally across upper area, starting 2 m south of baseline, and crossing
baseline (10 m along) at 6.5 m along its length and continuing to the far north-eastern
corner of the upper area. Direction east north-east, starting 4 m along baseline.
Q4
Directly along baseline, as near to the pillars as possible on their south side
Direction east, starting 1 m along baseline.
Q5
Along the line of the northern wall (the wall of the baths) as close to the wall
as possible, approximately 2 m north of the baseline. Direction east, starting 1 m
along the baseline. Note that at 8 m, a probe had to be displaced 300 mm to the south
to avoid a deep trench, so there is some inaccuracy just at this point.
Q7
Along the southern edge of the open part of the upper east area, as close as
possible to the north edge of the peristyle wall. Direction east, starting 1 m along
baseline. Only 30 probes useable.
Q8
As tight as possible against the southern edge of the upper area, with a slight
kink south at 7 m so that the line passed up the southern side of the peristyle wall.
Between 8 m and its end, the line rose in height by 300 m and this was included in the
profile. Direction east, starting 1 m along the baseline.
Line 1 Starting by the western wall of the lower east area and heading through the
only uninterrupted part of the floor toward the step up to the upper area, but stopping
about 1 m short. The profile lined up with q2, so was about 1 m north of the baseline.
Note that the resistivity scale had to be reduced to quarter values to provide detail.
Direction east.
Line 2 Starting against the north wall of the lower area, against the edge of the
western cross wall, 2.5 m east of the wall dividing east from west areas. Direction
south south-west, heading across area and into alcove, going under brick and steel
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girder structure and finishing against south wall of alcove. Note the short length of the
plot, and that the resistivity scale had to be reduced to quarter values to provide detail.
Q11 In west area, starting on doorstep of doorway into baths complex on east side
of door, and heading up to a through the door into the corridor. The last three probes
of the 30 probe length were resting on the concrete on the west side of the corridor.
Direction south.
Q12 In the west area, heading diagonally across the area from the corner of
caldarium against the wall to the baths complex, up into the corner by a drain cover
just short of the door to the corridor. The 30 probe line crossed q11 on 13 m along
q12, 12 m along q11. Direction south-east.
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