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Abstract
Magnetic gradiometry was undertaken over approximately one
hectare of the hillfort interior (approximately 20% of the total interior
area). A ground resistivity survey was undertaken over a lesser area
of approximately 0.25 hectares. Most of the resistivity survey was
undertaken by school pupils from three local high schools; the
remainder largely by visitors to the open day.
The surveys provide strong evidence against the suggestion that a
slight concentric earthwork within the hillfort was from an early stage
in its development- but that it is most likely to be a post-medieval field
boundary. Several ditches, mostly cutting the hilltop in a NS direction,
were identified. These appear to be early, for they have no extant
topographic expression and appear to predate ridge and furrow
cultivation, but their relationship to the hillfort defences was not
determined.
No clear evidence for other internal features was found, but the
general character of the magnetic data suggested that the occupied
areas of the hillfort may have lain just to the east of the area
surveyed.

Contents
Abstract

Methods
.............................................. 1

Methods
..............................................
Surveying .............................................
Magnetic gradiometry ..............................
Ground resistivity .....................................
Data presentation ....................................

1
1
2
2
2

Results
.............................................. 2
Ground resistivity survey ......................... 2
Magnetic gradiometer survey ................... 2
Interpretation

.............................................. 3

Acknowledgements ........................................... 3
Figure Captions

.............................................. 4

Surveying
The surveys were laid-out using a Trimble 4700/5700
survey grade RTK GPS system. An ad-hoc arbitrary
location was chosen for the Trimble 4700 base station.
Surveys were laid out from pre-planned “roundnumber” 20m intervals of National Grid, uploaded to
the GPS system, with the stakeout undertaken using a
Trimble 5700 RTK rover unit. The 20m grids were
marked by survey paint and temporary canes, to avoid
leaving a trip hazard. The marked grids are illustrated
in Figure 1. The base- station coordinates were
established subsequently by post-processing using
RINEX corrections from the closest five Ordnance
Survey active stations. The grid peg locations were
then post-processed to final coordinates.
In practice, the difference between the initial setup and
the post-processed coordinates is very small –
allowing the survey plan to be followed closely without
the need to establish a base-station in advance of the
commencement of survey. In this instance the asstaked locations were 0.60m east of the designed
location and 0.22m south.
The grid pegs were positioned to within 30mm of the
correct location reported by the GPS, which should
mean they have an accuracy to within approximately
50mm of National Grid.
The survey was planned and processed within Trimble
Geomatics Office.
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Magnetic gradiometry
The data were collected with a Bartington Grad 601
Dual fluxgate gradiometer. Data were collected at
0.125m intervals on traverses 0.5m apart. Data were
downloaded from the instrument, assembled and
cleaned using DW Consulting’s ‘Archeosurveyor 2’
software. The grids were assembled, the data clipped
and the destriping function employed for data in which
there was an imbalance between the two
gradiometers. The data were exported from
Archeosurveyor and interpolated using Golden
Software’s Surfer package to reduce pixilation. Surfer
produced a surface-fitted grid using kriging to a node
spacing of 0.125m x 0.125m. For the regularly-spaced
data the kriging ensured conservation of all measured
points. No data have been filtered or otherwise
‘enhanced’.

presented in Figure 2 – as a greyscale image in Figure
2a and as shaded relief images in Figures 2b and 2c.
The area within the ‘early hillfort’ boundary shows a
markedly higher background resistivity from the area
outside. This difference in the areas is also reflected in
a difference in the ‘texture’ of the resistivity –
particularly as seen in the shaded relief images. This
difference can be interpreted as the western end of the
patch of boulder clay mapped by the BGS on the
hilltop; to the west of this patch the Triassic bedrock of
the Triassic Blue Anchor Formation crops out.
To the west of this boundary the resistivity data are
dominated by NW-SE resistivity lows, with a spacing of
3.8m. Such a spacing is narrow, but not unknown, for
medieval ridge and furrow.
The tail of the rampart on the northern side of the hill is
marked by a strong positive resistivity anomaly.

Ground Resistivity
The ground resistivity surveys were undertaken with a
Geoscan RM15 resistivity meter, with 3 mobile probes
operating as two pairs of mobile electrodes (with 0.5m
probe spacing - giving the main component of the
response from 0.5-0.7m depth) on a PA5 frame, via an
MPX15 multiplexer. In this configuration, the mobile
electrode pairs had a 0.5m centre spacing, giving a
0.5m effective traverse interval with a 1.0m actual
walked traverse interval.

The shaded relief images show the furrows
reappearing to the east of the central section of the
‘early hillfort’ boundary. Their amplitude decreases
towards the middle of the ditch, where they were not
imaged.
To the east of the visible furrows, the resistivity is
typically much higher, and marked by some faint NESW striations, suggestive of ploughing, with a 2.4m
average spacing. This is almost parallel to a NE-SW
field boundary marked on late 19th century OS
mapping (1st edition, 1st revision).

For the surveys undertaken by the school pupils
(pupils from Mary Immaculate, Glyn Derw and Fitzalan
Schools on 20th-22nd March 2012 respectively) data
were collected on 10m grids with a parallel walking
pattern. For the surveys conducted with volunteers on
the open-day, data were collected on 20m grids,
walked in parallel pattern. In both cases data were
collected at a 0.5m sample interval (i.e. the raw data
grid has 0.5 x 0.5m node spacing). Data processing in
Geoplot was limited to edge matching grids and
removal of any minor data spikes (due to poor
electrode contact). Data were exported from Geoplot
for both of the survey styles and imported to(and
merged together in) Golden Software’s Surfer. The
merged data were gridded by kriging to a node spacing
of 0.125m for production of the final image. No data
have been filtered or otherwise ‘enhanced’.

The ‘early hillfort’ ditch is marked by a broad,
somewhat diffuse negative resistivity anomaly in the
central part of the hill, but the anomaly becomes much
narrower, although still rather irregular, on the southern
side of the hill. The width of this anomaly is
everywhere less than 2m.
Close to the eastern side of the survey a NNWdirected strong, but intermittent, positive resistivity
anomaly corresponds to the line of a positive magnetic
anomaly (Figure 4 and see below).
To the south of this a lower amplitude, narrower,
positive resistivity anomaly shows a right-angled turn
and again may be equivalent to a feature with a
positive magnetic anomaly to the east.

Data presentation
All geophysical data are presented following imaging in
Golden Software’s Surfer software, unless otherwise
stated. The standard resolution of fitted surfaces was
0.125m x 0.125m. Site plans have prepared in
CorelDraw. Where data are shown presented on a
basemap derived from Ordnance Survey mapping, the
OS data is from Mastermap data provided for
academic use via the Edina Service. All such base
mapping is therefore © Crown Copyright/database
right 2012 (an Ordnance Survey/EDINA supplied
service).

Magnetic gradiometer survey:
The magnetic gradiometer survey is everywhere, but
particularly in the western and central parts of the
survey, marked by significant numbers of pieces of
ferrous debris.
The supposed ‘early hillfort’ ditch is marked on the
southern side of the hill by sinuous narrow negative
magnetic anomalies, which locally appear multiple. A
rather similar magnetic character is displayed by the
NNE-SSW field boundary (preserved as a topographic
feature) close to the eastern margin of the survey (the
anomaly of which is about 2.2m wide). The supposed
‘early hillfort’ ditch of the area of the resistivity survey is
barely visible in the magnetic survey, corresponding to
a very slight, almost imperceptible, decrease in
magnetic gradient.

The surveys were conducted between 20th and 24th
March 2012, under hot, dry conditions, with the field as
short pasture. This project was conducted on behalf of
the CAER project, organised by Dr Olly Davis.

Results

The survey is dominated by four broadly N-S sigmoidal
positive linear anomalies. The westernmost of these
forms a very strong anomaly across the southern half
of the hilltop. In this area the anomaly is 1.5 to 2.0m
wide and has its most intense section approximately

Ground resistivity survey:
The resistivity survey straddles the western end of the
proposed ‘early hillfort’. The resistivity results are
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The four sinuous anomalies in the central part of the
area can be interpreted as ditches, with a more
magnetically susceptible fill than the surrounding
subsoil. The western example was observed to have a
positive resistivity anomaly, suggesting it is freer
draining than the surrounding boulder clay.

20m from the southern side of the hilltop. At its
southern end it curves westwards immediately north of
the break of slope above the steep drop to the south;
there is no topographic expression of a hillfort ‘rampart’
in this area. In the northern part of the hilltop the
anomaly decreases markedly and becomes
intermittent. The anomaly does however appear to
curve westwards. This part of the anomaly
corresponds to the strong, intermittent positive
resistivity anomaly described above.

The central two ditches of this group appear to merge
into a broader area of higher magnetic gradient to their
north – and one possible interpretation of this is that
they delimit a trackway which becomes somewhat
sunken towards the north. This group of ditches does
not form an easily interpretable plan within the context
of the hillfort interior – so whether they are
contemporary with the defences remains to be
determined.

The central two anomalies are similar to each other
and much less well-marked than the western example.
They are parallel, 1-1.5m wide and 5-5.5m apart. For
the southern half of the hilltop, they run parallel to the
western anomaly (and about 12m to its east), but on
the northern side of the hill they appear to take an
angular turn to run towards the NE. In this area they
disappear as discrete features however, and the zone
between them becomes a rather noisy area of elevated
magnetic gradient.

The easternmost ditch of the group appears to show
some variability in its width where crossed by the
possible medieval plough furrows. If the furrows are
indeed medieval, this would indicate the ditch is earlier.
The NW-SE ditch in the east of the area (and its
possible continuation in the west) shows a possible
(but not entirely certain) offset across one of the
sinuous ditches – so may possibly be partially
contemporary with that group of features.

The easternmost of this set of anomalies is almost
parallel to the two just described (5 – 8m to their east,
but converging in the NE of the surveyed area), but is
a well-developed anomaly, 1.5-1.8m in width.
These features are intersected by a narrow positive
NW-SE magnetic anomaly which crosses the eastern
NS feature, but appears offset by the eastern anomaly
of the central pair. Although this magnetic anomaly
disappears further west, it is on the same alignment as
the right-angled resistivity anomaly described above –
which may therefore form the western end of the same
feature.

A possible relative chronology would therefore be:
1. the ditches with associated positive magnetic
anomalies (earliest).
2. the narrow ridge and furrow ploughing.
3. the ditches with the negative magnetic anomalies
4. the mapped late 19th century division in the western
part of the area (youngest).

In general the background to the major anomalies
shows more irregular patches of elevated magnetic
gradient in the eastern part of the survey – suggesting
an increased level of occupation material in this
direction.
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Interpretation
The evidence described above strongly suggests that
an ‘early hillfort’ is not the correct interpretation of the
concentric shallow feature in the interior of the hillfort.
The positive magnetic anomaly associated with this
feature suggests that the topsoil has been removed
(leaving the natural closer to the surface), but that
there is no ‘fill’ to this ditch (any fill would generate a
positive magnetic anomaly). The topographicallyprominent ditch that bisects the hilltop has a similar
geophysical expression and appears to terminate on
broadly the line of the concentric ‘ditch’.
The ridge and furrow was persistent on either side of
the concentric ditch in the west, but that was not
imaged by the resistivity survey on the actual line of
the ditch; this is suggestive of the ditch being a
younger feature than the ridge and furrow. The close
similarity of the line of the concentric ditch and the
mapped outcrop of the boulder clay hints that the ditch
may be an agricultural boundary following the margins
of the drier ground.
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Figure Captions
Figure 1. Grid layout and relationship to National Grid.
Base mapping is © Crown Copyright/database right
2012 (an Ordnance Survey/EDINA supplied service).

Figure 2. Ground resistivity survey results.
a. Greyscale image of data kriged in Surfer. Greyscale
15 ohm measured resistance (black) to 60 ohm
measured resistance (white).
b. Shaded relief image of data kriged in Surfer. Virtual
illumination from NE.
c. Shaded relief image of data kriged in Surfer. Virtual
illumination from NW.
Figure 3. Magnetic gradiometer survey results.
Greyscale image of data kriged in Surfer. Greyscale 4nT nT (black) to +4 nT (white).

Figure 4. Ground resistivity results overlaid on
magnetic gradiometer results. Resisitvity data as
Figure 2a; magnetic gradiometer data as Figure 3.

Figure 5. Summary interpretation.
Brown – positive magnetic anomalies
Pink – negative magnetic anomalies
Purple – positive resistivity anomalies
Green – negative resistivity anomalies
Black – plough furrows- negative resistivity anomalies
and/or positive magnetic anomalies.
Pecked line – western limit of high resistivity zone

Figure 6 Bitmapped greyscale plots. For locations see
main figures.
a. ground resistivity survey. Image from Geoplot.
Greyscale 15 ohm measured resistance (black) to 55
ohm measured resistance (white).
b. magnetic gradiometer. Image from Archeosurveyor.
Greyscale -4nT nT (black) to +4 nT (white).
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