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Abstract 
 
A geophysical survey was conducted over the ‘Lower Courtyard’ area 
SW of the furnace at Gunn’s Mill, employing both ground resistivity 
and ground penetrating radar techniques. 
 
Five main features were imaged:  
- a positive resistivity high (possibly a wall footing) extending in line 
with the SW side of the blast furnace and interpreted as the SW wall 
of the casting house. This was also resolved by the radar. 
 
- a feature, possibly a wall footing, extending the line of the SW wall 
of the Bellows House across the courtyard. The feature appears to 
be shallow, and is not necessarily of the blast furnace phase. 
 
- a zone of features extending 3-4m from the SW wall of the 
courtyard. This corresponds to the area including the visible trough in 
the SW and a brick feature just S of the Bellows House. 
 
- a broad linear feature imaged by resistivity extending across the 
survey area, from the direction of the recent pump house towards the 
W corner of the courtyard. The orientation continues the line of the 
boundary wall adjacent to the pump house. This may follow an 
original valley side – and that therefore this anomaly may represent 
the limit of incision of the lower courtyard into the southern valley 
side. 
 
- a shallow area of high resistivity in the centre of the survey area, 
also imaged as a shallow reflector in the radar data. This is likely to 
be building debris at a shallow depth of burial and is probably not 
indicative of an in-situ feature. Its SE margin is straight and may 
indicate an in-situ structure extending NE outside the area of the 
casting house. 
 
The radar profiles suggest that a buried surface lies at a depth not 
significantly exceeding 0.7m below surface. This is likely to be the 
truncated natural. Much of the deposit above this horizon shows 
pervasive NS lineation in the geophysical data. The origin of this is 
unclear. It may represent structure within a levelling deposit, but is 
perhaps more likely to be structure within an abandonment or 
demolition deposit. 
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Methods 
 

Survey rationale and background 
The survey area was undertaken in the ‘Lower 
Courtyard’ area to the SW of the blast furnace at 
Gunn’s Mill (Gloucestershire Scheduled Monument 
479, and Listed Building grade II* 1002080 and 
1186479), an area centred on [367510,215940]. 
 
The ground resistivity survey was conducted by Tim 
Yioung (GeoArch) on 17th August 2015 and the ground 
penetrating radar on the 19th August by Jim Whiteley 
(Terradat UK). Weather conditions were good on both 
occasions. 
 
The survey was commissioned by Ian Standing of the 
Forest of Dean Buildings Heritage Trust. 
 
 

Survey layout 
Because a high resolution topographic survey of the 
structures was available, the survey was laid out using 
fixed points on the existing survey. A temporary survey 
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baseline was located 1.4m to the NE of the Lower 
Courtyard wall to the SW of the site. The survey origin 
was 1.2m from the face of the SW-NE stone wall 
bounding the lower courtyard to the NW in this area. 
The ground resistivity survey grid had its actual 
baseline 1m SW of the survey line (i.e. 0.4m to the NE 
of the bounding wall), whereas the ground penetrating 
radar employed the survey line as its baseline (to 
accommodate the size of the 100MHz antenna). This 
means the actual baselines of the two surveys were 
offset by 1m. The direction of the geophysical 
traverses was perpendicular to the baseline, with a 
direction 046.1° with respect to grid north. 
 

 
Ground resistivity 
The ground resistivity survey was undertaken with a 
Geoscan RM15 resistivity meter, operating a ‘parallel 
twin electrode’ configuration, employing three 
electrodes with 0.5m probe spacing on a PA5 frame, 
via an MPX15 multiplexer. 
 
In this configuration, the adjacent mobile electrode 
pairs had a 0.5m spacing (giving the main component 
of the response from 0.5-0.7m depth), with 0.5m 
between centres, to give a 0.5m effective traverse 
interval. The outer probes therefore had a 1.0m 
spacing (giving the main component of the response 
from 1.0-1.5m depth), with a 1.0m traverse interval. 
 
Data were collected as a series of three 
measurements (left 0.5m-, right 0.5m-, 1.0m-spaced). 
Data were collected with a 0.5m sample interval (i.e. 
the raw 0.5m-spaced data has 0.5 x 0.5m node 
spacing and the 1.0m-spaced data has a 0.5 x 1.0m 
node spacing). Grids were walked on South to North 
traverses. 
 
Data were downloaded from the instrument and 
collated using Geoscan Research’s ‘Geoplot’ software. 
The left and right datasets at 0.5m mobile probe 
spacing were merged into a single composite. Minor 
grid matching was required to fit the first grid collected 
into the rest of the survey. 
 
Data processing was limited two passes of the 
‘despike’ function in Geoplot, with radius set to 1 and a 
threshold of 3 std. dev. before replacement by the 
mean of adjacent points. Data were then exported from 
Geoplot and imported to Golden Software’s ‘Surfer’. 
The data were gridded by kriging to a node-spacing of 
0.125m for production of the final, less pixelated, 
image. 
 
Datasets with any interpolation, but after cleaning are 
illustrated in Figure 3a (0.5m-spaced data) and Figure 
3b (1.0m-spaced data). The georeferenced 
interpolated data are illustrated in Figure 5a (0.5m-
spaced data) and Figure 5b (1.0m-spaced data). 
 
 

Ground Penetrating Radar 
The survey was carried out using a Mala RAMAC GPR 
system with 0.5m spaced lines using 500 and 250 MHz 
centre frequency antennae and with 1.0m spaced lines 
using a 100MHz antenna. Higher frequency antennae 
may potentially produce higher resolution images, but 
with a lower depth of penetration than lower frequency 
ones. 
 
The survey lines were oriented approximately SW-NE, 
perpendicular to the base line. The recording 
commenced at the SW end of each line, on the survey 
base line. The profiles collected are illustrated in the 
radargrams of Figures 4 to 6. 

The data were reviewed during acquisition on the 
monitor of the RAMAC unit. Processing was carried 
out using GPR-SLICE software. The first stage 
involved the filtering and editing of the data to remove 
low-frequency signal and ensure a zero-time set. 
Various gain functions were then applied to enhance 
features of interest, and the section is converted to 
depth using a nominal velocity correction. A 
background signal removal and bandpass filter were 
applied to improve the coherency of the reflection 
events and remove any multiple reflections and 
diffractions. The end product for each survey line is a 
depth corrected radar section that displays various 
radar features that represent material boundaries or 
buried structures within the sub-surface.  
 
Once the individual profiles were compiled 
geographically, the software can take horizontal 'slices' 
through the data showing radar responses at various 
depths below the ground surface. The resulting slices 
were exported to CorelDRAW for final annotation. 
Selected slices are presented in Figures 7 to 9. The 
selected slices are also presented on the site plan in 
Figures 12-20. 
 
 
 

Results 
 

Ground Resistivity 
The raw data are illustrated in Figure 1a (0.5m-spaced 
data) and Figure 1b (1.0m-spaced data), both with a 
greyscale, black to white, 0 to 60 ohm measured 
resistance. Both datasets show a large number of 
‘spikes’, caused by poor probe contact with the 
aggregate recently spread over the central part of the 
‘courtyard’. Figures 2a and 2b show the same data 
following ‘despiking’. Figure 3 shows the final 
interpolated datasets. Figures 10 and 11 display the 
0.5m and 1.0m-spaced surveys on the site plan. 
 
Despite the probe contact issues, both probe-spacings 
have produced useful surveys. 
 
The 0.5m-spaced survey shows a strong positive area 
anomaly around (7,11) that is not visible on the 1.0m-
spaced survey (coordinates quoted in this section are 
with respect to the grid as illustrated in Figure 3). This 
suggests the material generating the anomaly is 
relatively shallow and perhaps of limited thickness. The 
SE edge of this area is sharp, and parallel to the 
bounding wall and so may possibly be in-situ structure. 
 
Both surveys show a positive linear anomaly from 
approximately (0,13) to (7,14). This anomaly is of 
slightly less than 1m in width. It occurs along the 
anticipated line of the W wall of the putative casting 
house. Any eastward return of the wall must be less 
clearly featured in the resistivity data. The 0.5m-
spaced data show slight elevation along the line of 
x=6, whereas the 1.0m data show a positive elevation 
along x=8. 
 
The 1.0m-spaced data show a negative linear anomaly 
oriented approximately NS from (10,17) to (7,20). Such 
an anomaly might, tentatively, be suggested to 
possibly be drain. It should also be noted however, that 
there are multiple anomalies of similar orientation in 
the shallow radar data (yellow lines on Figure 21), and 
these have been interpreted below as an internal 
structure within the demolition/abandonment deposits. 
 
In the western part of the survey area, both probe 
spacings show a strong positive anomaly from (0,2) 
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directly into the survey area for less than 2m. This 
corresponds to the location of some brickwork (of 
uncertain interpretation) visible on the surface. 
 
Both probe spacings show a subtle, broad, positive 
anomaly extending EW across the survey area from 
(0,0) to (10,20). This anomaly is particularly well 
marked in the 1.0m-spaced data towards the W of the 
survey area, but is less-well imaged towards the E. 
This suggests that the originating feature may be 
deepening towards the W. This line is approximately 
the continuation of the line of the southern bounding 
wall of the site to the east of the survey area. 
 
The 0.5mspaced data also show parallel linear 
anomalies running N from (10,2) to (4,8) and less 
certainly towards (0,11).  
 
 

Ground Penetrating Radar 
The radargrams collected are presented in Figures 4 to 
7 (100MHz, 250MHz and 500MHz antennae 
respectively), and some picked features are indicated 
on these. Selected timesliced data are presented on 
the site plan in Figures 12 to 20. 
 
100 MHz: the 100MHz dataset shows a strong reflector 
at, typically, 80cm below surface (Figure 5). The 
timeslice (43-67cm) representing data from above this 
level (Figure 12) shows negative features running 
northwards from the SW corner of the survey. These 
have a similar location and orientation to the minor 
linear anomalies observed in the 0.5m-spaced 
resistivity data (with a signal likely to have been 
produced from similar depths in the profile). Somewhat 
similarly a marked energy low occurs in the area of the 
strong positive anomaly in the 0.5m spaced resistivity 
data. Deeper in the section, the 100MHz dataset 
shows very little coherent signal and appears very 
noisy; there is no evidence for the suspected deep 
tailrace culvert. The only feature which may show in 
the deeper data is an energy low in the 137-167cm 
slice, along a NW-SE line approximately 4.5m from the 
baseline of the survey: a line that is close to that of the 
SW wall of the bellows house. 
 
250MHz: the 250MHz dataset shows a complex 
structure for the first 3m of the profiles from the 
baseline (blue boxes on Figure 5). This suggests a 
reflector at approximately 2m in front of the baseline 
for the first 5m from the NW end of the baseline. This 
is the same distance in front of the baseline as the 
brickwork visible at the NW side of the survey 
(discussed above in the 0.5m-spaced resistivity 
section). For almost all of the width of the survey, the 
first 3m of the profiles show a structure distinct form 
the remainder of the lines.  
 
The profiles show a second distinct reflector at 
approximately 4m in front of the baseline (red box on 
Figure 5). This is visible through parabola deeper than 
0.7m, suggesting the source lies at about 0.7m depth. 
This feature approximately corresponds in location to 
the linear energy low recorded in the deeper parts of 
the 100Mhz dataset (see above). 
 
A third persistent feature (yellow boxes on Figure 5) 
crossing the lines lies at about 12-13m from the 
baseline. This appears to be very shallow (some 
profiles show parabola starting at a depth of c60cms, 
but others show shallower disturbance. This feature is 
parallel to, but apparently just to the SW of, the 
resistivity anomaly interpreted as suggesting the SW 
wall of the casting house. 
 

The timeslices of the 250MHz data show rather little 
coherent pattern. For data above the 70cm surface 
suggested above (e.g. the 31-51cm data, shown in 
Figure 16) the dominant featuring is approximately NS 
(as in the resistivity data). For data from below that 
depth (e.g. the 109-128cm timeslice shown in Figure 
17) there is little coherent pattern at all. 
 
500MHz: the profiles of the 500MHz data show a 
similar distribution of features to the 250MHz data. 
These have been colour coded on the profiles (Figure 
6) using the same colours as on Figure 5. 
 
For the shallowest data (e.g. the 0-7cm timeslice in 
Figure 18) the influence of the distribution of the 
recently distributed aggregate spread is visible. For 
slightly deeper data, there is a strong return of energy 
from the central area. This might be returned by the 
buried surface below the aggregate, but is probably 
from below that layer and may be from the same 
feature producing the resistivity anomaly in the centre 
of the surveyed area. Whilst little can be observed in 
the deeper slices, there does seem be a general 
difference in character between areas NE and SW of 
y=13. 
 
 
 

Interpretation 
 
The datasets described above show few clear 
features. This is likely to suggest that the southern part 
of the ‘Lower Courtyard’ is largely devoid of substantial 
remains of major structures.  
 
The radar data tentatively suggest that there is a major 
interface at approximately 0.7m below surface. It is 
possible that this presents the top of the local natural, 
but other interpretations are possible. The oblique 
resistivity anomaly (pale purple tone on Figure 21) 
running right across the survey area is aligned with the 
bounding wall to the E of the survey area, raising the 
possibility that this represents some aspect of the pre-
courtyard topography, possibly the line to the S of 
which the courtyard is incised into the southern side of 
the valley. 
 
The upper deposits in the survey area frequently show 
geophysical indicators of NS lineations (some 
examples are given as yellow lines on Figure 21). 
These might be associated either with this level of 
incision, or more likely (given their extension into very 
shallow depths) be some aspect of structure within the 
demolition and abandonment deposits. 
 
Rather more significant is the recognition of a zone of 
shallow featuring extending 3-4m to the NE of the SW 
bounding wall of the courtyard (pale grey tone on 
Figure 21). This cannot be resolved in detail, but 
corresponds to an area including the basin in the SW 
of the courtyard, the culvert extending NW from the 
basin, and the area of brickwork exposed to the S of 
the bellows house. Such features are likely to be late in 
the history of the site. 
 
There is evidence from the radar data for a further 
structure approximately 5m in front of the SW wall of 
the courtyard (dashed green line on Figure 21). A wall 
in this position would be in approximate continuity with 
the SW wall of the Bellows House. The 250MHz radar 
profiles suggest that this structure might be as shallow 
as 0.3m below surface. It was not imaged by ground 
resistivity survey - which might also suggest it could be 
shallow. 
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NE of this possible wall, the radar data are less 
complex (particularly for lines 10-16), until a line 13m 
from the baseline, when again there are reflectors 
suggestive of a wall. Towards the NW edge of the 
survey this possible feature is particularly shallow, but 
maybe deeper towards the middle of the survey. This 
is likely to be the same feature as that imaged by the 
resistivity at 13-14m from the baseline (solid green line 
on Figure 21). The resistivity anomaly suggests a 
significant feature (with a width of between 0.5m and 
1.0m) that may be the SW wall of the casting house. 
 
There is no certain evidence for a SE wall to the 
casting house (in part because the concrete blocks lie 
close to its probable limit), although an outer edge 
approximately 9m from the front of the furnace would 
be compatible with the results of both techniques. 
 
Within the centre of the area, a strong positive 
resistivity anomaly (dark grey tone on figure 21) has a 
marked SE margin. Although tentatively interpreted as 
shallow debris, the eastern margin might represent a 
wall (dashed green line on Figure 21), which may 
extend NE, beyond the line of the SW casting house 
wall. 
 
The data returned from depth by the radar surveys 
showed no coherent structure; there was no evidence 
for the line of the tail-race culvert. The culvert itself 
might have been too deep to be imaged, and any cut 
containing the culvert would not necessarily be able to 
be imaged by radar. The absence of evidence for the 
culvert cannot therefore be taken as evidence that it 
does not extend into the surveyed area. 
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Figure Captions 
 

 

Figure 1: raw ground resistivity survey data. 
Bitmapped images from Geoplot. 
N to right, 20m square. 
a. 0.5m spaced mobile probes.  

Greyscale: 0Ω (black) to 60Ω (white) 
b. 1.0m spaced mobile probes.  

Greyscale: 0Ω (black) to 60Ω (white) 
 
 
Figure 2: despiked ground resistivity survey data. 
Bitmapped images from Geoplot. 
N to right, 20m square. 
a. 0.5m spaced mobile probes.  

Greyscale: 20Ω (black) to 55Ω (white) 
b. 1.0m spaced mobile probes.  

Greyscale: 15Ω (black) to 30Ω (white) 
 
 
Figure 3: interpolated ground resistivity survey data. 
Images from Surfer 
a. 0.5m spaced mobile probes. 
b. 1.0m spaced mobile probes.  
 
 
Figure 4: 100MHZ radargrams 
Lines 1-3 in column 1 (line 1 split into two), lines 4-7 in 
column 2 and 5-8 in column 3 
 
 
Figure 5: 250MHz radargrams 
Lines 1-5 in column 1, 6-10 in column 2, 11-15 in 
column 3, 16-20 in column 4 and line 21 in column 5. 
Coloured boxes indicate picks of possible features. 
 
 
Figure 6: 500MHz radargrams 
Lines 1-5 in column 1, 6-10 in column 2, 11-15 in 
column 3, 16-20 in column 4 and line 21 in column 5. 
Coloured boxes indicate picks of possible features. 
 
 
Figure 7: selected 100 MHZ timeslices. 
 
 
Figure 8: selected 250 MHz timeslices. 
 
 
Figure 9: selected 500 MHz timeslices. 
 
 
Figure 10: ground resistivity survey. 
0.5m mobile probe spacing. 

Greyscale: 22Ω (black) to 48Ω (white) 
Base mapping: AD Horner Ltd, Drawing No. 3913-
06JUN14-01, Surveyed June 2014. 
 
 
Figure 11: ground resistivity survey. 
1.0m mobile probe spacing. 

Greyscale: 18Ω (black) to 26Ω (white) 
Base mapping: AD Horner Ltd, Drawing No. 3913-
06JUN14-01, Surveyed June 2014. 
 
 
Figure 12: ground penetrating radar survey 
100MHz antenna, 43-67cm timeslice. 
Base mapping: AD Horner Ltd, Drawing No. 3913-
06JUN14-01, Surveyed June 2014. 
 
 

Figure 13: ground penetrating radar survey 
100MHz antenna, 55-79cm timeslice. 
Base mapping: AD Horner Ltd, Drawing No. 3913-
06JUN14-01, Surveyed June 2014. 
 
 
Figure 14: ground penetrating radar survey 
100MHz antenna, 137-161cm timeslice. 
Base mapping: AD Horner Ltd, Drawing No. 3913-
06JUN14-01, Surveyed June 2014. 
 
 
Figure 15: ground penetrating radar survey 
100MHz antenna, 207-231cm timeslice. 
Base mapping: AD Horner Ltd, Drawing No. 3913-
06JUN14-01, Surveyed June 2014. 
 
 
Figure 16: ground penetrating radar survey 
250MHz antenna, 31-51cm timeslice. 
Base mapping: AD Horner Ltd, Drawing No. 3913-
06JUN14-01, Surveyed June 2014. 
 
 
Figure 17: ground penetrating radar survey 
250MHz antenna, 109-128cm timeslice. 
Base mapping: AD Horner Ltd, Drawing No. 3913-
06JUN14-01, Surveyed June 2014. 
 
 
Figure 18: ground penetrating radar survey 
500MHz antenna, 0-7cm timeslice. 
Base mapping: AD Horner Ltd, Drawing No. 3913-
06JUN14-01, Surveyed June 2014. 
 
 
Figure 19: ground penetrating radar survey 
500MHz antenna, 29-36cm timeslice. 
Base mapping: AD Horner Ltd, Drawing No. 3913-
06JUN14-01, Surveyed June 2014. 
 
 
Figure 20: ground penetrating radar survey 
500MHz antenna, 58-65cm timeslice. 
Base mapping: AD Horner Ltd, Drawing No. 3913-
06JUN14-01, Surveyed June 2014. 
 
 
Figure 21: summary of interpretation. 
green - walls (dashed where tentative);  dark tone - 
rubble?;  pale tone - featured area;  purple tone - 
resistivity anomaly, possibly on edge of incision;  
yellow - examples of NS linears. 
Base mapping: AD Horner Ltd, Drawing No. 3913-
06JUN14-01, Surveyed June 2014. 
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a) 100 Mhz (43 - 67cm bgl depth slice) b) 100 Mhz (55 - 79cm bgl depth slice)

c) 100 Mhz (137 - 161cm bgl depth slice) d) 100 Mhz (207 - 231cm bgl depth slice)
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Survey Results
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Increasing response
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a) 500 Mhz (0 - 7cm bgl depth slice) b) 500 Mhz (29 - 36cm bgl depth slice)

c) 500 Mhz (58 - 65cm bgl depth slice)

Scale: Date:1:250 at A3

Gunns Mill Furnace,
Forest of Dean

500MHz Ground Penetrating
Survey Results

Title:

Project:

September 2015

Increasing response

Figure 9
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Base mapping:
AD Horner Ltd,
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Surveyed June 2014
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Fig10: Ground resistivity survey
0.5m mobile probe spacing

greyscale: 22 (black) to 48 (white)W W
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Base mapping:
AD Horner Ltd,
Drawing No. 3913-06JUN14-01
Surveyed June 2014

5 metres

Fig11: Ground resistivity survey
1.0m mobile probe spacing

greyscale: 18 (black) to 26 (white)W W
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Base mapping:
AD Horner Ltd,
Drawing No. 3913-06JUN14-01
Surveyed June 2014

5 metres

Fig12: Ground Penetrating Radar survey
100MHz antenna
43-67cm timeslice
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Base mapping:
AD Horner Ltd,
Drawing No. 3913-06JUN14-01
Surveyed June 2014

5 metres

Fig13: Ground Penetrating Radar survey
100Mhz antenna
55-79cm timeslice
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Base mapping:
AD Horner Ltd,
Drawing No. 3913-06JUN14-01
Surveyed June 2014

5 metres

Fig14: Ground Penetrating Radar survey
100MHz antenna
137-161cm timeslice
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Base mapping:
AD Horner Ltd,
Drawing No. 3913-06JUN14-01
Surveyed June 2014

5 metres

Fig15: Ground Penetrating Radar survey
100MHz antenna
207-231cm timeslice
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Base mapping:
AD Horner Ltd,
Drawing No. 3913-06JUN14-01
Surveyed June 2014

5 metres

Fig16: Ground Penetrating Radar survey
antenna

31-51cm timeslice
250MHz
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Base mapping:
AD Horner Ltd,
Drawing No. 3913-06JUN14-01
Surveyed June 2014

5 metres

Fig17: Ground Penetrating Radar survey
antenna

109-128cm timeslice
250Mhz
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Base mapping:
AD Horner Ltd,
Drawing No. 3913-06JUN14-01
Surveyed June 2014

5 metres

Fig18: Ground Penetrating Radar survey
antenna

0-7cm timeslice
500MHz
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Base mapping:
AD Horner Ltd,
Drawing No. 3913-06JUN14-01
Surveyed June 2014

5 metres

Fig19: Ground Penetrating Radar survey
antenna

29-36cm timeslice
500MHz
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Base mapping:
AD Horner Ltd,
Drawing No. 3913-06JUN14-01
Surveyed June 2014

5 metres

Fig20: Ground Penetrating Radar survey
antenna

58-65cm timeslice
500 MHz
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Base mapping:
AD Horner Ltd,
Drawing No. 3913-06JUN14-01
Surveyed June 2014

5 metres

Fig21: summary of interpretation
green - walls (dashed where tentative); dark tone - rubble?;
pale tone - featured area; purple tone - resistivity anomaly,
possibly on edge of incision; yellow - examples of NS linears
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