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Client: English Heritage 
EH Inspector: Emerick K 
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Personnel: 

Solid Geology: Namurian ("Millstone Grit Series") 
Drift Geology: 

Purpose of Survey 

The aim of the survey was to provide information conceming the sub-surface features of possible 
archaeological or historic garden interest prior to the proposed re-planting of the former gardens in 
this area. 

Report Details 

Title GOEPHYSICAL SURVEYS OF THE COCKPIT, RICHMOND CASTLE, NORTH 
YORKSHIRE. 
Author: Hale, D N; Noel, M J 
Date: 27 April 1999 
Number: 
Series GEOQUEST ASSOCIATES 
Held by GEOQUEST ASSOCIATES 

Summary 

A programme of geophysical investigation has been carried out in the Cockpit area at Richmond 
Castle in North Yorkshire in order to try to identify features of likely archaeological or historic 
garden interest prior to the possible reinstatement of earlier gardens. Both geomagnetic and 
electrical resistivity methods have been employed in this investigation. Several features have been 
identified, including possible wall footings and a series of probable paths. Two ferrous pipes which 
terminate under the Cockpit lawn have also been detected. One of these appears to head towards a 
possible tank in the eastem comer of the Cockpit. An electrical resistivity sounding test suggests 
that the site may be suitable for ground penetrating radar profiling, particularly during the summer 
or autumn months. 

Monuments Covered 

• RICHMOND CASTLE, NORTH YORKSHIRE 
RSMNo: 13277 

• RICHMOND CASTLE, NORTH YORKSHIRE 
RSMNo: 13277 

Archaeological Feature Classifications Covered 

http://www.eng-h.gov.uk/sdb-cgi/wow/sdb.visitdetails7v.../NTHeng.html?418359,49957 08/05/2000 
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• CASTLE - Medieval 
previously known 

Geopliysical Techniques Used 

• M A G N E T O M E T E R RECORDED GRID 
o Area Surveyed: 0.3 Ha 
o Traverse Separation: 0.5m 
o Reading Interval: 0.25m 
o Instrument Type: FLUXGATE GRADIOMETER 
o Land Use: LAWN 

. RESISTIYITY, RECORDED GRID 
o Area Surveyed: 0.3 Ha 
o Traverse Separation: O.Sm 
o Reading Interval: 0.5vs\ 
o Instrument Type: RESISTIVITY METER 
o Electrode Configuration: TWIN-PROBE 
o Electrode Separation: 0.5m 
o Land Use: LAWN 

• RESISTTVITY, RECORDED GRID 
o Area Surveyed: 0.3 Ha 
o Traverse Separation: Q.Sm 
o Reading Interval: 1.0m 
o Instrument Type: RESISTIVITY METER 
o Electrode Configuration: TWIN-PROBE 
o Electrode Separation: Im 
o Land Use: LAWN 

• RESISTIYTTY PROFILE, SPOT SAMPLES 
Inter-electrode spacings were increased in Im steps from 1.0m to 4.0m. An additional 
reading was also taken with probe spacings of 0.5m. 

o Area Surveyed: 
o Traverse Separation: 
o Reading Interval: Im 
o Instrument Type: RESISTIVITY METER 
o Land Use: LAWN 

Return To: 
Previous Page ̂ ^ ^ p H Database Home I AML Home 

This page was produced by Wow version 1.0 at 13:29 08/05/00  
Paul Linford (P.Linford@eng-h. gov.uk) 
Copyright © 1995 Historic Buildings & Monuments Commission for England. 

http://www.eng-h.gov.uk/sdb-cgi/wow/sdb.visitdetaas7v.../NTHeng.html?418359,49957 08/05/2000 



The Barbican, Richmond Castle, N Yorks. 2 

• 1 INTRODUCTION 

1.1 This report presents the results of geophysical surveys which haye been carried out in 
^ the barbican area of Richmond Castle in North Yorkshire (NZ 171007). The aim of the 

study was to provide information concerning sub-surface features of possible 
archaeological interest prior to the proposed development of a new shop and 

, interpretative facilities adjacent to the castle keep (Figure 1). 

1.2 The research was carried out by GeoQuest Associates on behalf of English Heritage 
(EH) according to instructions supplied by Mr Keith Emerick of EH. 

1.3 Richmond Castle is situated high above the River Swale to the south of the market 
place in the town of Richmond. The castle is owned by the Duke of Richmond and 
was taken into Guardianship in 1910. The guardianship area contains the castle 
enclosure including the barbican; earthworks northeast of the curtain wall and Castle 
Bank to the south. Richmond Castle is also a Scheduled Ancient Monument (SAM 
13277); the scheduled area is the same as the guardianship area. 

1.4 English Heritage granted consent for both fluxgate gradiometer and electrical resistivity 
surveys of the barbican area by virtue of powers contained in Section 42 of the 1979 
Ancient Monuments and Archaeological Areas Act, as amended by the National 
Heritage Act 1983 (licence no. AA/10342/5). 

2 LANDUSE, TOPOGRAPHY AND GEOLOGY 

2.1 Figure 1 shows the location of the study area immediately north of the castle keep. 
The maximum dimensions of the area investigated measured approximately 20x28m. 

2.2 At the time of survey (19/1/99) the area comprised a level lawn with the exception of 
a path and driveway. Metal railings were present in the eastern part of the study area 
and a floodlight was situated near a wall forming the northern limit of the survey. 

2.3 Information provided by the British Geological Survey indicates that the solid geology 
beneath Richmond compises Namurian 'Millstone Grit Series' rock. No outcrops of rock 
were present in the study area. 

3 THE GEOPHYSICAL SURVEYS 

3.1 Field Methods 

3.1.1 Measurements of vertical geomagnetic field gradient were recorded using a Geoscan 
FM36 fluxgate gradiometer fitted with an ST l sample trigger. A zig-zag traverse 
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scheme was employed and data were logged in grid units of 20x20m at 0.5x0.25m 
intervals, thus providing 3200 measurements per grid. Appendix A provides further 
information about the technique. 

3.1.2 Soil electrical resistance data were also recorded in order to provide additional 
evidence from which archaeological features might be located. These readings were 
made using a Geoscan RM15 resistance meter in 'twin-electrode' configuration, with 
0.5m and 1.0m spacings of the mobile electrodes. The different spacings of the mobile 
electrodes enabled measurements to be taken at nominal depths of 0.75m and 1.5m 
respectively. A zig-zag traverse scheme was again used with measurements logged at 
0.5x0.5m gridded intervals. Appendix B provides further information about the 
technique. 

3.1.3 Each survey grid was fixed in relation to a baseline running along the base of the north 
wall of the keep. 

3.1.4 Data were downloaded on-site into a Toshiba Satellite l lOCT laptop computer for 
processing, printing and storage. These data were subsequenfly transferred to a 
laboratory computer for further processing, interpretafion and archiving. 

3.2 Data Processing 

3.2.1 The GeoQuest InSite® Windows software was used to process the geophysical data 
and to produce confinuous tone grey-scale images of both raw and filtered data at a 
scale of 1:250. These results are shown in Figures 2-6 on a plan that has been 
digitised from a map supplied by EH. A convenfion is used in Figure 2 that shows 
posifive magnetic anomalies as dark grey and negafive magnefic anomalies as light 
grey. Similarly, in Figures 3 and 4 a convenfion is used that shows high resistance 
anomalies as dark grey and low resistance anomalies as light grey. Figures 2-4 include 
keys which relates the grey-scale intensifies to anomaly values in nano Tesla per metre 
and ohms. Figures 5 and 6 show grey-scale images of the resistivity data after a north-
south directional filter has been applied. This has enhanced some of the subtle 
resisfivity anomalies. 

3.2.2 The following basic processing steps were applied to the data: 

Remoual of striping artifacts in the geomagnefic image caused by alternafing changes in 
level between zig-zag traverses. 

Remoual of Random 'Spikes' present in the geomagnetic and resistance data due to 
small ferrous objects (magnetic) or poor electrical contact (resistance) on the 
ground surface. This process replaces spikes with the mean of near-neighbours. 

Correction for drift in magnetometer calibrafion with fime. 
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Adjustment of grid mean values to achieve an opfimum match along the lines of 
contact between data grids (both data sets) 

Interpolation of the data, using a bilinear function, to generate a regular mesh of 
values at 0.25 X 0.25m intervals (both data sets). 

Filtering of the resisfivity data, using a north-south directional filter, in order to 
enhance the more subtle resistivity anomalies. The results of these opcrafions are 
printed as above and presented at a scale of 1:250 in Figures 5 and 6. 

3.2.3 The geophysical images were printed on a Hewlett Packard HP650C Designjet plotter 
with 256 grey shades and 600 dpi resolution. A sigmoid function was used to map the 
data to printed grey tones since this provides a measure of contrast equalisafion. 
Appendix C provides more informafion about data processing and itemises the 
algorithms that were applied to produce the grey-scale images in Figures 2-6. 

4 INTERPRETATION 

4.1 Key to Figures 

4.1.1 The area contains several significant geomagnefic and resistivity anomalies and these 
are presented on a 1:250 geophysical interpretafion plan using coded colours and 
patterns (Figure 7). The following types of anomaly have been disfinguished: 

Green Significant regions of anomalously high magnefic field gradient which might 
be associated with high susceptibility, soil-filled structures such as pits and 
ditches. 

Blue Areas of anomalously low magnefic fleld gradient, corresponding to features 
of low magnefic susceptibility, such as concentrafions of sedimentary rock 
rubble . 

Red Strong dipolar magnetic anomalies (paired negafive-posifive) which may 
reflect dumps of material with very high susceptibility. In this context most 
anomalies of this class probably represent items of near-surface ferrous litter. 

Brown Areas of high electrical resistivity which may reflect deposits of stoney 
material such as paths or wall footings. 

Orange Regions of anomalously low electrical resistivity. In archaeological contexts 
such anomalies often reflect the relatively moist infilling of pits and ditches. 
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4.1.2 A 1:250 archaeological interpretation plan is presented in Figure 8. 

4.2 Discussion 

4.2.1 A disconfinuous chain of small intense magnefic anomalies has been detected running 
from the floodlight to the eastern corner of the keep. This anomaly almost certainly 
reflects the locafion of the buried electrical supply for the floodlight. 

4.2.2 Similar magnefic anomalies have been detected traversing the grassed area from east to 
west, terminafing at the west end in a cluster of small dipolar magnefic anomalies. The 
locafion of these anomalies corresponds to a band of low electrical resistance, which 
almost certainly reflects a soil-filled ditch feature. In this instance the geomagnefic 
anomalies probably reflect ferrous litter within the ditch flll. The low resistance anomaly 
has been detected more clearly with the 1.0m spacing of the mobile electrodes 
indicafing that the feature could extend to ca. 1.5m in depth below the present ground 
surface. 

4.2.3 The orientafion of a discrete dipolar magnefic anomaly which has been detected in the 
southwestern part of the survey area indicates that the target may have acquired its 
magnetisation In situ. Although the anomaly is probably too small (ca. Im in diameter) 
to reflect the presence of a kiln it could nevertheless indicate an episode of intense 
burning at this locafion. 

4.2.4 An intense posifive magnefic anomaly has been detected near the northern corner of 
the keep. This anomaly could reflect the locafion of a pit filled by humic-rich deposits, 
although it is barely discernible in the resistivity data. 

4.2.5 A narrow band of high resistance data has been recorded running around the northern 
and western sides of the keep, from the current tarmac driveway to a small fenced 
compound. This type of anomaly almost certainly reflects stone or rubble material, or 
particularly compacted ground, which in this instance is considered more likely to 
indicate a path rather than a wall-foofing. The locafion of this anomaly suggests that it 
may reflect a relatively modern access route into the works compound. 

4.2.6 Three areas of relafively high resisfivity have been detected near the centre of the 
study area. These anomalies are thought to reflect concentrafions of stone rubble. 

4.2.7 No further geophysical anomalies of likely archaeological interest have been detected in 
the area invesfigated. 

5 SUMMARY AND CONCLUSIONS 

5.1 A programme of geophysical investigafion has been carried out in the barbican area at 
Richmond Castle in North Yorkshire in order to try to identify features of possible 
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r 

archaeological interest prior to the proposed development of the area. Both 
geomagnetic and electrical resisfivity methods have been employed in this investigafion. 

5.2 A probable ditch feature containing some ferrous litter has been detected crossing the 
survey area east to west. Other anomalies may indicate the presence of a pit and areas 
of stone concentrafion and intense burning. 

5.3 More recent features include an electrical cable and a probable path into a small works 
compound. 

r 
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APPENDIX A 
PRINCIPLES OF GEOMAGNETIC SURVEYING 

Geomagnetic prospecting detects subsurface features in terms of the perturbations or 
'anomalies' that they induce in the Earth's magnetic field. In contrast to resistivity, 
seismic or electromagnetic surveying, no energy is injected into the subsoil and hence 
this is one of a class of passiye geophysical techniques that includes gravity and 
thermal surveying. Two types of magnetic anomalies can be distinguished: 

1 Anomalies arising from variations in magnetic susceptibi/ity which will modulate the 
component of magnetisation induced in the subsurface by the Earth's magnetic 
field. For most archaeological sites, this is the dominant factor giving rise to 
geomagnetic anomalies. In general, susceptibility is relatively weak in sediments, 
such as sandstones and enhanced in igneous rocks and soils, especially those 
which have been burnt or stratified with organic material. 

2 Anomalies due to large, permanently magnetised structures. Such permanent 
magnetisation or 'remanence' arises when earth materials are heated to above 
~600oC and cooled in the geomagnetic field. Thus kilns and hearths are often 
detected as strong permanent magnets causing highly localised anomalies that 
dominate effects due to background susceptibility variations. Remanence can result 
from other physical and chemical processes but these give rise to anomalies that 
are usually unimportant for geophysical prospecting. 

There are several approaches towards the practical measurement of geomagnetic 
anomalies. In this study measurements were made using a Geoscan FM36 fluxgate 
gradiometer which records the change with height in the vertical component of the 
Earth's magnetic field, as shown overleaf. This method has the advantage of being 
insensitive to diurnal variations while the Geoscan instrument also benefits from an 
integrated data logger. Note that in mid northern latitudes the magnetic anomaly will 
be asymmetric with the main peak displaced to the south of the archaeological feature. 
Thus, a ditch filled with a soil of enhanced susceptibility, for example, will generate a 
positive anomaly to the south, mirrored by a weak negative anomaly north of the 
feature. When portrayed as an area map of grey tones this gives rise to a 'shadowing' 
or pseudo relief effect which must be borne in mind when making an archaeological 
interpretation. 

Two techniques can be used to survey gridded areas using the fluxgate magnetometer. 
In the parallel method the instrument is used to scan the area along traverses which 
are always in the same direction. This method minimises 'heading errors' due to 
operator and instrument magnetisation but is time consuming. The alternative zig-zag 
method is significantly faster and suitable for areas where anomalies are large 
compared to these and other sources of error. 
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APPENDIX B 
PRINCIPLES OF ELECTRICAL RESISTIVITY SURVEYING 

This is an actiue geophysical prospecting technique which detects subsurface features in 
terms of the resistance they present to the passage of an artificially induced electric 
current. In the dry state, most soils and rocks are insulators but, when they become 
moist, electric currents are able to flow through the movement of ions which are 
always dissolved in the porewater. As the soil or rock absorbs more water the 
conductivity increases since more ions become available for conduction and their 
mobility is enhanced. Hence electrical resistivity surveying primarily maps the volume 
concentration of ground moisture which varies according to lithology, porosity and 
time of year. Temperature fluctuations can also be important although in mid-latitudes 
this effect is insignificant. 

To record the soil electrical resistivity an alternating current is injected into the ground 
through a pair of metal electrodes and the surface potential detected between a 
second pair. This arrangement is needed to minimise errors arising from contact 
effects, earth currents (usually of mains origin) and polarisation potentials. Several 
configurations have been evaluated for archaeological use but the 'twin electrode' 
scheme shown overleaf has proved popular for this purpose. A mobile frame is used 
to carry one potential and one current electrode {p2 and c2) which are connected, via 
the meter, to their respective p i and c l soil electrodes. Alternating current is passed 
between c l and c2 and the potential measured between p i and p2. The presence of a 
zone of anomalous resistivity modifies the distribution of current flow (dotted 
streamlines) and also the contours of constant potential (curved solid lines) and is 
depicted for the case of a high resistivity structure such as a wall. The instrument thus 
senses a maximum (or minimum) in the apparent soil resistance which is centred over 
the feature. 

Through good instrument design, resistivity surveying is now a rapid technique 
although the need for soil contact and cables makes this a slower method than 
magnetometry. Our surveys employed a Geoscan RM15 instrument with variable 
spacing between the mobile electrodes which enables the sensing depth to be 
optimised. 

Measurements are generally taken at regular intervals on a grid. Both parallel and zig
zag traverse schemes are used; the first method is slower but minimises systematic 
errors in the resulting data. 
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APPENDIX C 
DATA PROCESSING 

PROCESSING THE SURVEY DATA 
The geophysical images contained in this report were prepared within Microsoft 
Windows® using the InSite® software published by GeoQuest Associates. Geophysical 
images were then placed onto a map which was digitised from the Ordnance Survey, 
edited and then plotted using a computer aided drafting (CAD) system and colour 
Inkjet printer. 

Data were downloaded from the meter to a portable computer in the field for storage, 
visualisation and quality control (QC) assessment. These data were then transferred to 
a laboratory computer for final processing, printing and archiving. 

A number of process steps have been applied to the geophysical data obtained during 
the survey and those which have been used are linked to the main flow path by 
arrows. Steps were applied in the order shown and are designed to reduce artifacts in 
the data and enhance geophysical features of archaeological interest. The following 
sections describe each step in more detail. 

REMOVE STRIPING 
Reduces a data artifact comprising alternating changes in level in readings logged along 
zig-zag traverses. This artifact is common in fluxgate magnetometer data. InSite uses a 
proprietary algorithm to reduce this error. 

INFILL SMALL BLANK AREAS 
Fills isolated blank data cells with the mean of near-neighbours or a suitable 
approximation entered manually. Small blank areas will have been logged if it was not 
possible to obtain a geophysical reading over, for example, a manhole cover in the 
case of a resistivity survey. 

REMOVE SPIKES 
Replaces isolated, anomalously high or low values with the mean of near neighbours 
or a suitable approximation entered manually. 'Spike' readings are commonly 
associated with ferrous litter or poor electrical contact in the case of geomagnetic and 
resistivity data, respectively. 

REDUCE WALK HARMONICS 
Reduces a regular oscillation in traverse data caused by walking movements of the 
operator during a geomagnetic survey. InSite employs a fast Fourier transform to 
determine the optimum amplitude and phase of the walk-induced harmonic which is 
then subtracted from each traverse. 



REDUCE SHEAR ARTIFACTS 
Corrects for apparent shear in geomagnetic anomalies surveyed by zig-zag traversing in 
a geomagnetic survey. The shearing effect arises from the interaction of the 
operator 4-magnetometer with the geomagnetic field and also from the lag in the 
instrument response to changes in the field. InSite uses a proprietary algorithm to 
reduce this error. 

CORRECT FOR METER DRIFT 
Corrects for a linear drift in the meter calibration with time. Such drift is a common 
problem with fluxgate magnetometers, particularly during periods of rapid air 
temperature change. InSite uses least-squares regression on the mean of data along 
each traverse to estimate the change in calibration level across each grid. This gradient 
is then removed from the data. 

ADJUST GRID MEAN LEVELS 
Adjusts for differences in the mean level in data grids due to changes in instrument 
calibration (fluxgate magnetometer survey) or alteration in remote electrode spacing 
(resistivity survey). 

INTERPOLATE AND COMBINE 
Combines grids to form an array of regularly-spaced data on a square mesh. InSite 
uses bilinear interpolation to accomplish this. 

LOW PASS FILTER 
If this process task is indicated then a 3x3 or 5x5 boxcar filter has been used to 
smooth the data and reduce noise or 'speckle' seen in the original image. 

HIGH PASS FILTER 
If this process task is indicated then a 3x3 or 5x5 filter, with appropriate coefficients, 
has been used to pass short-wavelength information into the resulting image. 

EDGE DETECT FILTER 
Signifies that a Sobel, Laplace or other specialised filter has been applied to enhance 
significant lateral transitions in the geophysical image. 

DIRECTIONAL FILTER 
This filter is equivalent to illuminating the data from one direction to produce a 
pseudo-relief image. Directional filtering is usually employed to aid the identification of 
subtle anomalies in resistivity data. This filter highlights features trending at right angles 
to the direction of illumination. 

NOTE 
GeoQuest Associates can supply the geophysical images presented in this report in a 
variety of digital formats for visualisation on microcomputers running Microsoft 
Windows. These formats include the TIFF, BMP and PCX standards. Please complete 
the request form at the rear of this report if you would like to receive such image files. 
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