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Report Contents: 
This document contains the results of the geophysical study conducted by the 
University of Birmingham (Birmingham Archaeology Unit and HP Vista Centre) as 
part of the Where Rivers Meet: Landscape, Ritual, Settlement and the Archaeology of 
River Gravels project (WRM).  
 
A short discussion of geophysical techniques and methods used in this project is 
followed by a presentation of all of the geophysical data collected during the first 
season.  Data are discussed and presented for each survey area with two main figures:  
1.  processed data without interpretations and 2.  processed data with interpretations.  
The Appendix contains selected images of maps at a larger scale than in the report 
body.   
 
All of the geophysical data and interpretations are integrated into the overall project 
GIS for the most comprehensive presentation of results. The ArcIMS site (see Chapter 
3, Volume 3 in this report) will enable easy access to the full GIS data set used for the 
geophysical interpretation.  Images and data presented in this report are representative 
of the information in the GIS.  The report ends with an overall assessment of the 
geophysical survey and recommendations for future work.  
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Introduction: 
Summary 
Magnetometry, Resistance and Ground penetrating radar (GPR) surveys were 
conducted at the Where Rivers Meet Focus area.  The Focus area is the location of the 
principle monuments of the Prehistoric Catholme Ceremonial Complex, the Catholme 
Saxon Settlement and the Wychnor Anglo-Saxon cemetery.  This location is of 
particular archaeological significance that not only because of the variety of 
archaeological features but also the geological nature of the area with complex river 
channel activity at the confluence of the Tame, Trent, and Mease Rivers. 
 
Archaeological features in the focus area have been generally described as a type not 
readily susceptible to detection by conventional archaeological prospection 
techniques. (Buteux et al. 2002, p. 11)  Building on past geophysical survey 
conducted in the focus area, the Where Rivers Meet survey goals are to better classify 
the geophysical survey methods that will or will not positively identify this particular 
type of archaeological feature within its surrounding environment. 

 
Figure 1 The ALSF Study Area with inset Focus Area (blue circle) for geophysical survey. 

Many factors must be taken into consideration when defining appropriate geophysical 
methods for one specific type of site.  Two main factors significantly effect the focus 
area: farming and gravel extraction.  In addition to investigating suitable geophysical 

 7



methods for feature identification, consideration of the impact from these two 
activities (farming and gravel extraction) plays a critical role in the final results of this 
project. 
 
The archaeogeophysical survey for the Where Rivers Meet project has a number of 
aims: 

1. to non-invasively investigate the project area for archaeological features; 
2. to accurately map and help identify archaeological features; 
3. to establish effective methodologies for successful geophysical mapping 

including:  grid location, survey technique (magnetometry, resistance, 
GPR), data collection parameters (sampling intervals), site environment 
(soil saturation), etc.; 

4. to assess the impact of contemporary land use (farming and gravel 
extraction); and 

5. to contribute to a larger dynamic landscape model for better understanding 
not only of the present-day site, but also of the human use and occupation 
of the area over time. 

 
Geophysical data were collected over approximately 5 months for a coverage of 
approximately 15 hectares of the Catholme farm complex.  A combination of area 
coverage for all three geophysical techniques employed is approximately 24 hectares.   
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Survey Strategy 
Preliminary areas of interest are focused around mapped crop marks.  Two of these 
features are scheduled ancient monuments (SAM) with English Heritage, a supposed 
‘woodhenge’ and a ‘sunburst’.   
 

 

2

1

Figure 2  Aerial Photograph with (1) the 'woodhenge' and (2) 'sunburst' crop marks. 

 
The third main crop mark is a 60 m diameter circle with two extending linear features.  
Pit alignments run throughout the fields of Catholme Farm.  
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Figure 3  The ALSF Focus area with three crop marks that are the focus of the geophysical 
survey project.  The (1) ‘woodhenge’, (2) ‘sunburst’, and (3) a circular feature with associated 

linear features. 

 
The WRM project is aimed at concentrating significant time and finances to the 
geophysical investigation of the Focus area.  In direct relation to this, keeping in mind 
the entire focus area is 235 hectares; geophysical survey was concentrated on the 
above-mentioned three crop marks.  Survey was conducted over the mapped crop 
marks and extended as far as possible into the surrounding fields. 
 
This is the first step in assessing the effectiveness of using aerial photo interpretation 
as a reliable tool for preliminary site assessment and in project planning.  Further 
discussion of aerial photography use in field investigations can be found in the 
Conclusions and Recommendations section at the end of this report. 

 
Resistance, magnetometry and ground penetrating radar (GPR) methods were each 
employed in the geophysical mapping of this project.  Magnetometry and resistance 
were selected because they are the typical kit employed by most archaeological 
investigations and were readily available.  GPR was used because it is an appropriate 
tool to employ in this environment and has been overlooked generally as a mapping 
tool in day to day archaeological investigations in Britain.  Data collection began with 
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resistance survey in April 2003 because this method typically takes up to twice as 
long as the other methods to conduct.  Magnetometry survey was introduced in June 
2003 and GPR survey in October 2003. 
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Review of Past Geophysical Survey in the WRM focus area: 
 
A geophysical survey was conducted as a part of the archaeological evaluation of the 
site extending to the north and east of Catholme Farm in August of 1999.  Survey was 
commissioned by Phoenix Consulting and conducted by the Bartlett-Clark 
Consultancy Company on behalf of Hanson Aggregates.  (Bartlett 1999)  The purpose 
of the survey was to test to see if any archaeological features in addition to the crop 
marks could be identified. 
 
Geophysical grids were located to provide an overall sample of the site and to include 
the archaeological features that had been recorded as crop marks. (Bartlett 1999, p.1) 
 

 
Figure 4  Map of geophysical investigations conducted previous to the ALSF Focus area project. 

 
Magnetometry data were collected with a 0.25 m sampling rate along 1 m spaced 
transects with the Geoscan fluxgate magnetometer.  Limited resistance survey was 
carried out in this area over selected features identified in the magnetometry survey 
data.  Resistance data were collected with a 1 m sampling rate collected along 1m 
spaced transects with the Geoscan RM15 resistance meter.  (Bartlett 1999, p.2)  This 
geophysical survey did not provide any conclusive results for the identification of 
known crop marks or other possible archaeological features. (Bartlett, 1999, p.3-4) 
 
Further archaeological investigations were undertaken in this area of geophysical 
analysis with excavation trenches placed over possible anomalies in the geophysical 
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data, the mapped crop marks and in unrelated areas for control.  (Hughes and Coates 
1999). 
 

 
Figure 5  Excavation unit plan during 1999 investigations by BUFAU. 

 
A review of other geophysical survey work conducted in the general ALSF study area 
(see Grey Literature for ALSF Study Area Geophysical Survey) shows some positive 
archaeological feature mapping, such as at Whitemore Haye (Bartlett 1998, 1995), but 
in general, the geophysical evaluation in this region has not successfully mapped 
existing crop marks and other possible archaeological features. 
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Methodology: 
 
Geophysical Survey Grids: 
 
The geophysical survey grids were established in two stages:  1.  GPS positioning of 
50m grids throughout the entire survey area, 2.  20 m grids were surveyed in with a 
total station based on 50m pegs. 
 
100m, 50m, and 20 m grid co-ordinates were created in ArcGIS, loaded to the GPS 
data card and established in the field.  Easy grid re-location was essential due to the 
nature of the survey and the survey area itself.  As a working farm, machinery tended 
to disturb grid markers and the survey crew had to be flexible where they worked due 
to crop and irrigation schedules. 
 

   
Figure 6  Leica 500 GPS unit used to establish grid control.  Rover unit (l), differential remote 

unit (r). 

 
Equipment: 
 
Two FM256 fluxgate gradiometers were used individually and in tandem for the 
magnetometry survey.  Data were collected with a sampling interval of 0.125 m along 
transects spaced at 0.5m apart.  Post processing software for data analysis and 
interpretation included:  Geoplot 3.0, Surfer 8, and ArcGIS 8.3.  
 
A RM15 resistance meter was used with twin probe separation of 0.5 m.  Data were 
collected with a sampling interval of 0.5m along 1m spaced transects.  Post 
processing software for data analysis and interpretation included:  Geoplot 3.0, Surfer 
8, and ArcGIS 8.3. 
 
A SIR3000 GPR unit with a 400 MHz and survey wheel was used for this survey.  70 
scans were collected per meter along 1m spaced transects.  Post processing software 
for data analysis and interpretation included: RADAN 5.0.0.6, Erdas Imagine 6.0, and 
ArcGIS 8.3.  GPR data settings were established in each survey area to best suit 
unique site values and goals.  
 
Data collection and processing: 
Data were collected with resistance, magnetometry and GPR were downloaded and 
backed up daily. All data underwent basic processing and imaging daily to ensure 
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continued work was as effective as possible.  The majority of the geophysical data 
were compiled, processed and interpreted during February-March 2004.  Magnetic 
and resistance data underwent typical data processing in Geoplot including:  edge 
matching (between resistance grids), clipping, de-spiking, periodic defect filters, high 
and low pass filters, and interpolation to enable easy input into the GIS.  The GIS 
contains the results from the magnetic and resistance surveys in individual layers that 
include:  regular clipping and despiking, low pass filtering (LPF) with 
neighbourhoods of 1, 2, and 3 and a high pass filter with a neighbourhood of 10 x 10.  
Only one sample of this data is provided in this report (LPF of 2).  All the data 
contained in the GIS an be viewed in the ArcIMS site. 
 
The GPR data were very clear (having vertical high and low pass filters adjusted in 
the field before data collection) and needed little processing.  Initial examination of 
the data included additional vertical and horizontal filtering, migration, hilbert 
transform, and other processes.  Once the correct processing techniques were 
determined for the most effective display of data, all data were compiled into 3D 
cubes.  The GPR data were then viewed in the 3D cubes with time slices (z-axis, 
horizontal plan views of the survey area) and with intersecting axes x and y.  A 
selection of time slices was exported from RADAN to represent each survey area in 
the GIS. 
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Geophysical Techniques: 

Resistance 
A RM15 resistance meter was used with twin probe separation of 0.5 m.  Data were 
collected with a sampling interval of 0.5m along 1m spaced transects.  Post 
processing software for data analysis and interpretation included:  Geoplot 3.0, Surfer 
8, and ArcGIS 8.3. 
 
Resistance survey measures the change in the resistance of the earth.  The “Twin 
Probe” array is used in this case where a current and potential probe are paired on a 
roving frame that measures the variation in resistance across a grid.  A second pair of 
current and potential probes is fixed at a certain distance from the area being 
surveyed.  With a fixed separation distance of 0.5 m, the roving probes map an 
effective volume of resistance to a depth of approximately 0.75 m, measured in Ohms. 
 
Resistance effectively looks at the saturation level of the materials in the survey area, 
thus is sensitive to soil compaction, soil type, geological features and objects that may 
be buried with in the soil.  Resistance survey can map features that include pits, 
trenches, foundations, compacted or disturbed surfaces, and changes in soil type.  
(Clark 1996) 
 

 
Figure 7  RM15 resistance meter with 0.5 m spaced probes used in the ALSF Focus area. 
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Magnetometry 
Two FM256 fluxgate gradiometers were used individually and in tandem for the 
magnetometry survey.  Data were collected with a sampling interval of 0.125 m along 
transects spaced at 0.5m apart.  Post processing software for data analysis and 
interpretation included Geoplot 3.0, Surfer 8, and ArcGIS 8.3.  
 
Magnetic survey measures the variation of the magnetic fields of the earth and buried 
features across a site.  Different soils and features can be mapped through their 
contrasting magnetic values.  Examples of features that can be detected through this 
process include ferrous materials, soil affected by human occupation (rubbish pits and 
middens with organic materials), fired materials such as kilns and hearths, tiles, 
bricks, and concentrations of ceramics.  Differences in soil type or soil perturbation 
are also detected through magnetic survey enabling identification of ditches, pits, 
foundations, graves and other excavated features.  (Clark 1996) 
 

 
Figure 8  FM256 fluxgate gradiometer used in the ALSF Focus area. 

 
When interpreting data for archaeological purposes we look at the gradient of the 
magnetic field that best reveals archaeological features.  Magnetometry collects two 
total fields from two separate magnetometer sensors in the FM256.  These sensors 
measure the total magnetic field at their respective distance above the earth.  The 
gradient is calculated from the two total fields and effectively removes broader scale 
background noise.  This background noise includes larger geological trends and 
diurnal effects. 

 
Magnetometry data are collected as a series of regularly spaced points along a grid.  
Typical data collection for this survey is 4 – 8 points per meter with 0.5 to 1 m spaced 
transect lines.  Data are viewed, processed and interpreted in a plan view map that 
represents the variation of the magnetic field values across the survey area.  
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Ground Penetrating Radar 
Geophysical equipment used included the SIR3000 ground penetrating radar unit with 
a 400 MHz antenna and survey wheel.  70 scans were collected per meter along 1m 
spaced transects.  Post processing software for data analysis and interpretation 
included RADAN 5.0.0.6, Erdas Imagine 6.0, and ArcGIS 8.3.  GPR data settings 
were established in each survey area to best suit unique site values and goals.  
 

 
Figure 9  SIR3000 ground penetrating radar unit with a 400 MHz antenna. 

 
GPR maps the form of contrasting electrical properties (dielectric permitivity and 
conductivity) of a soil or other materials below the ground surface. The stronger the 
difference between the electrical properties of two materials, the stronger the reflected 
signal in the GPR profile. The conductivity of soils and buried features has the 
primary control on the attenuation, or loss, of the GPR signal that impacts the 
effectiveness of GPR survey.  Though a highly conductive material will attenuate the 
GPR signal, it can also be an effective mapping tool contributing information to the 
nature of the subsurface and features within it.   (Daniels 1996, Conyers and 
Goodman 1997)  
 
GPR records information on the amplitude, phase and time related to the capture and 
induction properties of the antenna in addition to the energy propagation, scattering 
and reflection off of subsurface features. Unlike resistance or other archaeological-
based geophysical methods, GPR data are collected as 2D vertical profiles into the 
earth. The 2D profiles are made up of a number of traces (or scans) at a particular 
location (x, y) that record the response of sub-surface properties to the radar’s 
electromagnetic wave at discrete points at a particular time (or depth) in the earth. The 
horizontal axis represents surface distance along the transect with the vertical axis 
recording time (often referred to as two-way travel time.)  The time is recorded in 
nanoseconds (ns).  Time can be easily converted to depth in two ways: the first is by 
having a known dielectric permitivity value for the material in the survey area, the 
second through having a known depth to a feature that appears in the radar profile. 
The more accurate of these two methods is the latter but this requires digging or 
coring.  It must be kept in mind that earth properties are not constant and can change 
drastically over an area. Depth conversion should be checked at intervals across a site 
if possible. 
 
When considering feature resolution, differences are best viewed based on a relative 
scale.  The outline of features may be identified at the lowest resolution and 
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individual features such as bones and artefacts within for example, a grave, may be 
imaged at the highest resolution (to date, no conclusive research has been conducted 
that has positively imaged bones within a grave, although Watters and Hunter in press 
propose a method through which this may be possible). GPR is easily adaptable to 
these different scales because of its range of antenna frequencies. These frequencies 
range between 10 MHz and 1.5 GHz with the lowest frequencies used to map 
geological and environmental targets with a typical penetration of approximately 30 
m. The highest frequency, 1.5 GHz, will effectively penetrate to about 1.5 – 2 m in 
basic, dry loamy soils but often much less, particularly in wet, clay-rich material.  The 
deeper penetration achieved with lower frequency antennas provides a coarser 
resolution while the finest feature resolution is achieved with higher frequency 
antennas (but with a limited depth penetration). The most suitable antennas for 
archaeological feature location and detailed imaging are the 200, 400, 900, and 1500 
MHz antennas. This group provides a range of depth and resolution flexibility. 
 
GPR Data Viewing and Imaging: 
GPR data are collected along a grid as vertical slices into the ground.  Grid lines 
(transects) are collected in parallel lines typically spaced 0.5 to 1m apart.  Due to the 
form of the beam of radar wave propagation into the earth, survey transects are most 
effective if oriented perpendicular to known archaeology.  To record the most 
information on buried features, data can be collected orthogonally, or on a grid with 
perpendicular transects. 
 

 
Figure 10. Orthogonal grid display.  All geophysical data are typically collected along grids for 

spatial accuracy.  This image shows two overlapping grids perpendicular to each other, an 
optimal survey method for 3D imaging of GPR. 

Initial data review is conducted on these vertical profiles.  Anomalies can be 
identified in individual profiles and are best defined and interpreted through time 
slicing.   
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Figure 11. GPR data are collected as vertical profiles into the earth.  Vertical profiles can be 

stacked together to create a 3D cube of information for use in data imaging and analysis. 

 
Time slicing is when the vertical slices are stacked next to each other and interpolated 
to form a cube of data.  This cube is then sliced on the horizontal plane to create plan 
views of the area.  As GPR data records the nature of the subsurface to a certain 
depth, a number of time slices can be created that depict the nature of the subsurface 
at given depths.  Further assistance in feature mapping can be achieved in displaying 
all three axes of the GPR cube x, y, and z.  This helps define feature shape and 
volume.  

 
Figure 12. GPR data can be displayed as 2D vertical profiles (greyscale at the bottom of the 

figure), or sliced along the x, y, and z axes. 

 
Each area surveyed with GPR during this project has been reviewed in both vertical 
profile and plan views.  Each area is represented by a selection of plan views in the 
GIS that best represent the nature of the subsurface.  Images included in this report are 
a single time-slice for each area that best represent the archaeology, but do not show 
all of the features.  The images with interpretations include interpretations from every 
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time slice in the GIS for an overall depiction of identified features.  All of the GPR 
time slices can be viewed on the ALSF ArcIMS site. 
 
One important issue to consider with the GPR survey results gain.  Gain is the control 
for varying the amplification over the radar signal to compensate for variations in the 
signal strength.  Though every effort was made to regulate gain values, periodically 
(with changing batteries and GPR system bugs) the gain values shifted.  The result of 
a shift in gain values can be seen in some time slices with blocks of contrasting 
greyscale.  Any regular (typically rectangular) greyscale contrast can be considered a 
gain shift and should be more or less ignored.  In one or two survey areas, this 
contrast makes it difficult to see all the data clearly in report images, but has been 
thoroughly reviewed. 
 
It must be stated that the depth to this point is assumed based on the input dielectric 
value for the area soils.  Excavating down to a noticeable anomaly in a GPR profile 
then a measurement to that surface can be taken can do a depth calibration.  A simple 
equation or software can quickly convert all data for appropriate depth.   
 
The depths in this report are not accurate and should not be held as so. 
 
Area Coverage: 
 
Review of the grey literature for geophysical and archaeological investigations in the 
ALSF Study area shows that most archaeological investigations are conducted in the 
field based on the location of mapped crop marks.  The geophysical survey for the 
ALSF Focus area was also based on the location of the crop marks.  As with other 
work done this way, one of our primary goals is to establish whether we are able to 
map the crop marks and other archaeological features, and the process of mapping 
these features.  Or alternatively proving that geophysical survey is not effective in 
mapping archaeological features in this environment. The ALSF Focus area 
geophysics project was allotted time and resources so that the area covered could go 
beyond typical commercial coverage (with limited time and budgets) in order to map 
more of the landscape of the Focus area than the isolated “postage stamp” areas more 
conventionally targeted.  
 
The ALSF Focus area was divided into 5 separate sections based on existing field 
divisions.  These areas were given names so that the ALSF project members, the 
landowner, the survey crew and the field geophysical crew would be able to 
communicate without any problems. 
 

 21



 
Figure 13  Survey area field division and labeling. 

 
The geophysical survey grids were established with the focus on existing mapped 
crop marks.  These grids were focused over three main monuments, two of which are 
scheduled ancient monuments (SAM) (Figure 14, numbers 1 and 2). 
 
The total project coverage equals approximately 24 hectares.  Maps below (and in the 
Appendix) show where survey was conducted. 
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Figure 14  Cropmarks the geophysical grids were centered over for project survey. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 23



Resistance survey covered approximately 13 hectares. 
 

 
Figure 15  Resistance survey grid map. 
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Magnetometry survey covered approximately 10 hectares. 
 

 
Figure 16  Magnetometry survey grid map. 
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Ground Penetrating Radar covered approximately 3.5 hectares. 
 

 

Figure 17  GPR survey grid map. 

 
Data from each survey area, with each technique will be discussed below.  As can be 
seen by the area coverage for each technique, resistance survey covered the most area.  
One of the reasons for this was because this method was thought to be performing the 
best.  As will be seen below with the presentation of data, survey began in Field A in 
March 2003, it then moved (because of crops) to Field D.  Field D was too dry to 
conduct a current, and resistance survey moved into Field F.  During a highly 
saturated period (collecting data in and around a thunderstorm) data in Field F (Figure 
68) shows a beautiful image of not only the crop marks, but also detail within the crop 
marks.  Once these results were acquired, resistance became the strongest considered 
for effective feature mapping.  Though magnetometry did not start until later in this 
field season, previous work in the ALSF Study area did not support magnetometry as 
the most effective tool available.  GPR was a completely unknown factor in this area 
and its implementation began later in the season once the resistance and 
magnetometry surveys were fully underway with a good section of the site covered. 
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Geophysical Interpretation  
 
Processing and interpretation for all geophysical survey types have been performed in 
Geoplot, Surfer, RADAN and ArcGIS.  Data were processed in appropriate software, 
examined for archaeological features and input to ArcGIS.  Each anomaly identified 
in the data is digitised as a point, line, or polygon shape.  Each anomaly has an x, y 
position corresponding to Ordnance Survey (OS) map coordinates and an assigned 
attribute value defining its’ interpreted character. 
 
All interpretations are based on the author’s knowledge of geophysical survey 
methods, expected results, and site specific archaeology and geology.  All 
interpretation images are paired with a blank data image.  Site archaeological experts 
should study data results, as they may be able to better recognise archaeological and 
non-archaeological anomalies.  Images supplied in this should be adequate for initial 
review, but a thorough review of data to exhaust all possible information would best 
be conducted with geophysical survey experts and site experts. 
 
Factors that contribute to background noise in data in the Focus area include:  modern 
farming activity, past land use, a prolific rabbit population, changes in weather 
(ground saturation), a possible changing water table (due to continuous gravel 
extraction adjacent to site), and underlying geology. 
 
All data are displayed with a greyscale legend, values are white – low to black – high. 
 
Ground Penetrating Radar: 
 
GPR data were collected over approximately 3.5 hectares with a SIR3000 radar 
system using a 400 MHz antenna with a survey wheel.  Data were collected at a rate 
of 70 scans per meter, regulated by the survey wheel.  Data collection set-ups were 
performed in the field to best capture the most information possible.  Knowing that 
the archaeological targets to be mapped were assumed to be no more than 1 m from 
the ground surface, a time window of 70 ns was set.  This setting targets an expected 
depth of approximately 2 m for a material with the dielectric permitivity of 30 (an 
approximated value for the gravely, sandy soil of the survey area established though 
migration of various hyperbolas in data across the site.) 
 
Issues of gain are discussed above in the GPR methods section.  The only problem 
encountered with data collection during this process was the ability to match the gain 
properties across grids.  4 gain points were set to enhance the signal as it passes into 
the ground (and loses energy).  These points were set carefully in order to best 
represent the information in the ground.  Due to equipment limitations (the SIR 3000 
is the newest model system from Geophysical Survey Systems, Inc. (GSSI) the 
machine used on this project was one of the first released and contained some initial 
system bugs), data collection was limited to a maximum of 10 files before having to 
be downloaded to a laptop in the field (or the system would crash).  As a result, every 
10 m in Field F the gain varies slightly and can be seen in the surface time slices in 
the GIS.  The only way around this is to collect data without any gain in the field, 
virtually “blind”, meaning that subsurface anomalies would not be visible to the 
technician.   The gain effects are not as prominent in fields B and A.  New hardware 
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upgrades have eliminated this problem.  The remaining issue with gain will exist on a 
more day to day basis as site properties will continue to change (soil saturation). 
 
All GPR data are displayed with ns as the vertical axis (z component).  The actual 
depth of each slice (and subsequently, identified anomalies) can be estimated, but 
only through excavation can they be made absolute.  Individual GPR profiles are 
displayed in ns with the 3D cube working in ns mode for the vertical axis (choice of  
meters, ns, or samples).  The time slices (or horizontal plan views of interpolated 
profiles) that are used in the GIS range between 5 and 8 ns thick.  This measurement 
was determined through close examination of the data and determined to be best 
suited to displaying the archaeology and other anomalies of interest. 
 

 
Figure 18  GPR vertical profile and 3D cube.  Note the vertical profile is measured in ns. 

 
Once imaged in time slices, Field B had slices extracted for input to the GIS at levels 
that best displayed the character of the earth at that time.  Fields A and F have been 
sampled at 5 ns intervals beginning at the ground surface, or 0 ns.  Field F has 
additional time slices extracted that best display the character of the archaeology. 
 
Analysis has been performed in both the GIS and in RADAN (GSSI’s dedicated GPR 
processing and imaging program.)  Review of data in both programs has led to the 
most effective interpretation possible. 
 
All interpretations have been recorded to reflect possible archaeological anomalies.  
Modern ploughing effects have not been recorded, nor have possible ridge and furrow 
ploughing traces been mapped.  Possible ridge and furrow features exist in fields A, 
B, and F and are best mapped with the GPR.  Examples of the possible ridge and 
furrow will be shown in the sections on GPR interpretations for fields B and F. 
 
GPR interpretations are targeting what can be best categorized as possible 
archaeology.  Geological features have not been interpreted (though some features 
will be shown in sections of the GPR interpretations for fields B and F.)  Some factors 
that must be kept in mind during data processing include: modern occupation effects 
and past fluvial activity, to name a few. 

• Modern occupation of this site includes activity from farming that is 
evident in very strong plough furrow lines in the data.  In addition to these 
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lines one must consider the effects of ploughing for decades on the site, 
ploughing in different directions may cause the high concentration of 
gravels in the soil to collect in concentrated groups.  This will appear as a 
strong amplitude reflector in the data.  

• Past fluvial activity in this area will have deposited gravels and sands 
across the site (this can be seen clearly in the deeper region of the GPR 
data).  Though some of this activity can be recognized in larger data 
patterning trends, some of the reflectors that will appear in the data may be 
irregular remainders of materials deposited from fluvial activities. 

 

Field A: 
A 60 x 100 m grid of data was collected in Field A.  This grid was established with 
coverage of a good part of the ‘woodhenge’ monument according to the mapped crop 
marks, and a region to the west with no apparent anomalies. 
 

 
Figure 19  Field A GPR survey grid. 

The GPR data from Field A show a few areas of high amplitude reflection.  These 
anomalies have been selected because of their basic shape and amplitude.  A few 
linear anomalies have also been recorded, the one passing through the grid from west 
to east, is probably a deeper plough furrow from previous farming activities (in this 
case, it is probably ridge and furrow.) 
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Figure 20  Field A GPR interpretations. 

The high amplitude polygons may appear to be in a random order, but with the 
overlay of mapped crop marks, these may be anomalies remnant from the 
‘woodhenge’ monument.  Increased sampling of GPR data collection may better 
define these anomalies and provide additional information on the remaining 
archaeology of this monument. 
 

 

Figure 21  Field A GPR interpretations with overlain mapped crop marks. 
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Figure 22  Field A GPR data (top) and data with interpretations (bottom). 

Field B 
An 80 x 80 m grid was surveyed in field B.  This grid was positioned to cover all 
aspects of the ‘sunburst’ monument including: a possible double ditch, pit alignments, 
a central enclosure, and some apparently ‘empty’ area outside of this feature. 
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Figure 23  Field B GPR survey Grid. 

GPR has successfully recorded traces of the archaeology over the ‘sunburst’ 
monument.   
 

 
Figure 24  Field B GPR interpretations. 

 
A circular anomaly with a diameter of 16 m can be clearly seen in the GPR data.  The 
circle that defines this anomaly is a low amplitude reflector that is approximately 2 m 
wide.  This circle has distinctive interior structure: 

• A low amplitude circular anomaly is located directly in the centre of the 
larger circle.  This interior anomaly has a diameter of approximately 3 to 
3.3m; 

• Linear anomalies are identified; 
• Areas of high and low amplitude can also be seen. 
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Other than the distinctive central circle within the larger circular anomaly, more 
refined anomaly identification is difficult.  This can be attributed to two factors:  scale 
of data sampling (more closely spaced transects will reveal a better image) and data 
interpolation factors.  Data that appear in this report and the GIS have undergone at 
least two different interpolation processes (one in RADAN, the other in ERDAS 
Imagine).  Fine details and lines that may appear in the data may be resulting 
interpolation artefacts. 
 
The two linear anomalies that span the data set from west to east (one is on a diagonal 
NW to SE) do not appear to be plough furrows.  The diagonal anomaly appears to 
define an edge between high and low amplitude areas in the data, this is a broader 
trend that can typically be categorised as geological.  Please note that the contrasting 
light and dark vertical band on the eastern side of the data set is an artefact from 
mismatched gain settings, this is not a geological or archaeological anomaly.  In fact, 
upon close consideration, the low amplitude layer can be seen to continue into this 
band. 
 
A few other half-circular anomalies can be seen in the data.  These can be 
archaeological in nature, or perhaps remnants from ploughing or fluvial activity. 
 

 
Figure 25  Field B GPR data. 
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Figure 26  Field B GPR data with interpretations. 

 

 
Figure 27  Field B GPR data with interpretations and mapped crop marks. 

 
As can be seen in Figure 27, the circular anomaly in the radar data is offset from the 
mapped crop mark by approximately 12 to 27 m.  The radiating pit alignments were 
not clearly mapped, although one may be appearing in the data (yellow line on the 
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northwest side of the circle).  The possible double ditch feature encircling the 
‘sunburst’ is not clearly mapped at all in the GPR data.   
 
The offset of the crop mark feature to the actual GPR survey anomaly can be 
explained by scales of resolution used in mapping geophysical surveys (see above 
section on Methodology, Geophysical Survey Grids) and the creation of OS based 
crop mark maps from aerial photography interpretation (see Conclusions and 
Recommendations).  This is a very important issue that becomes obvious when 
considering archaeological factors such as: area definition for SAM sites, placement 
of excavation trenches and other investigations.  
 
The circular anomaly in the radar data that is identified as corresponding to the central 
feature of the ‘sunburst’ appears in a time slice of data that also has vestiges of 
previous ploughing, probably ridge and furrow.  The time slices in Field B are all 7 
ns.  During data analysis, time slices of various thickness were considered.  It is 
interesting to note that the anomaly does not appear at all in the data if the time slice 
is larger than 15 ns.  The modern ploughing appears in the GPR data until 
approximately 7.5 ns with the crop mark appear at approximately 7.75 ns.  
 
Thus far, the GPR data in this report has been presented as horizontal plan views to 
best communicate what is being found in the data.  It is very important to also 
consider the vertical aspect of GPR data, beyond providing approximate depth to 
anomalies.  Because of the proximity of the modern plough furrows, probable ridge 
and furrow features and the crop mark feature, the vertical component of GPR data 
cannot be ignored in order to gain better insight into what is happening in this field, as 
well as to the scheduled monument. 
 
The following images are taken from RADAN and are meant to best display the order 
and depth of the features that are mapped in the radar data.  The depth of features in 
the following images is estimated based on a dielectric permitivity of 30, an 
approximation of values determined from migration of hyperbolas across the site.  
The depth should not be considered real, but an approximation to be calibrated with 
ground truthing. 
 

 
Figure 28  Field B GPR 3D cube. 
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The image above shows the 3D data cube for part of field B.  Three axes are 
displayed, x (east to west), y (north to south) and z (horizontal).  The crop mark can 
be seen with the y-axis intersecting the eastern edge of the feature.  Possible ridge and 
furrow features can also be seen as diagonal lines oriented north east to southwest.  
The black and white banding at the top of the x and y-axes is the ‘dead-zone’ or 
ground-coupling zone for the radar data.  
 
The location of the circular crop mark to the ground surface necessitates a closer 
investigation.   
 

 
Figure 29  Field B GPR 3D interpretation, plan view. 

A simple on-screen digitisation function in RADAN enables 3D visualization of 
features selected.  
Red – modern plough furrows and an irrigation hose 
Green – ridge and furrow 
Yellow – crop mark feature with interior circular feature 
Orange – possible archaeological anomalies 
Blue – traces of past fluvial activity 
 
Please note in these images, not all interpreted features are displayed, only a selected 
few that demonstrate the 3D aspect of GPR data and the impact of modern activities 
on the historic landscape. 
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Figure 30  Field B 3D cube of GPR features. 

 
By rotating the cube, the position of individual features comes to light and a better 
understanding of the order of information provided by this data is achieved.  Note the 
crop mark feature in yellow has two layers.  The top layer marks the location and 
depth of the feature as it first appears in the GPR data.  The bottom layer marks the 
final position of the feature before it disappears.  This provides information on the 
shape and volume of the feature.  The modern ploughing features have two layers 
depicting their first appearance in the data (ground surface, 0 ns) and the depths to 
which they extend. 
 
Further rotation of the cube brings the features into a more vertical alignment (Figure 
31), and a final adjustment presents the features on an accurate vertical scale (Figure 
32). 
 

 
Figure 31 Field B 3D GPR feature cube 2. 
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Figure 32  Field B 3D GPR feature cube 3. 

Note the alignment of features and the actual overlapping, or intersection of the 
modern plough furrows and ridge and furrow on the archaeological and possible 
archaeological features. 
 
 

 
Figure 33  Field B evidence of modern activities impacting archaeological features. 

The radar data provides clear evidence that the modern farming practices are 
impacting the ‘sunburst’ SAM in Field B. 
 

Field F 
A grid of approximately 220 x 150 m was collected in Field B.  This grid was 
established over the third prominent mapped crop mark of a circle with two extending 
linear features. 
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Figure 34  Field F GPR grid. 

 
The GPR data has successfully mapped parts of the existing crop marks and possible 
additional archaeological information.  The large circle in the crop mark appears in 
the radar data and can be measured to approximately 60-63 m in diameter.  Traces of 
the two tracks extending to the east of the crop mark also appear in the GPR data as 
well.  The circular anomaly, though thought to be the enclosure on the crop mark 
image, could reflect the ring that surrounds the circular feature.  
 

 
Figure 35  Field F GPR interpretations. 
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Figure 36  Field F GPR interpretations with mapped crop marks. 

Other anomalies appear in the GPR data that have been mapped in this analysis 
include (See Appendix for more detailed images): 

• Circular anomaly approximately 60-65m that can be identified as the 
mapped crop mark; 

• Circular and semi-circular anomalies that may be archaeological in nature 
or perhaps created as a result of ploughing or fluvial activity; 

• Linear anomalies that may be  related to ploughing or archaeological 
activities; 

• High and low amplitude point reflectors that may be associated with pit 
alignments, or remnants of ploughing; 

• Areas of high and low amplitude reflectors. 
 
The GPR data (and more so the resistance data) reveal some anomalies in the interior 
of the large circular anomaly.  These interior anomalies may relate to the 
archaeological nature of the site. 
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Figure 37  Field F GPR data. 

 
Note on the Field F GPR data image (Figure 37), the inconsistency of the data in 
some areas.  During the process of data collection, one or two transects were either 
lost, or not collected, thus leading to the few black vertical lines.  These spaces were 
left blank to represent no data at that location.  Contrasting gain values can also be 
seen in a 20 x 90 m grid in the centre of the image. 
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Figure 38  Field F GPR data with interpretations. 

 

 
Figure 39  Field F GPR data with interpretations and mapped crop marks. 

Investigation of the vertical axis of the GPR data reveals that the modern ploughing 
and ridge and furrow are not immediately impacting the circular crop mark anomaly.  
Though visible in this particular instance, other crop mark features have not been 
mapped by the GPR thus may be impacted. 
 

 
Figure 40  Field F 3D feature cube with z-slice. 
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Figure 41  Field F 3D feature cube. 

 

 
Figure 42  Field F 3D feature cube, 2. 

 

 
Figure 43  Field F 3D feature cube, 3. 
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The red and green features (modern ploughing and ridge and furrow) do not appear to 
be intruding on the archaeological feature in this instance. 
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Resistance 

Field A 
 
Resistance data was collected over an area of approximately 300 x 200 m in Field A.  
The resistance survey area was centred over the ‘woodhenge’ and expanded to the 
north to include the pit alignment (running east west) and part of another mapped crop 
mark in this area. 
 

 
Figure 44  Field A resistance survey grid with mapped crop marks. 

 
Initial results from the resistance survey map the plough furrows most thoroughly, 
both the present pattern and a previous ploughing (possible ridge and furrow) 
perpendicular to it.  Plough furrows have not been mapped in the GIS interpretations. 
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Figure 45  Field A resistance interpretations. 

 
Other anomalies that are mapped by the resistance survey in Field A include: 

• A linear anomaly runs through the data from east to west that aligns with 
the pit alignment in the crop mark.  This is a strong low resistance 
anomaly.  Two more low resistance anomalies parallel this to the north 
with a spacing of approximately 10 m between each.  These could be other 
pit alignments or perhaps plough furrows. 

• Four main areas of low resistance appear in the data.  The area furthest 
north may correspond to the mapped crop mark, though it is an area of low 
resistance than a defined linear anomaly (such as a ditch).  The two low 
resistance areas in the middle of the survey area correspond with the 
location of the southwestern edge of the ‘woodhenge’ monument, but 
again do not have individual pits or postholes defined. 

• Two circular anomalies are outlined that do not correspond to the crop 
mark data. 

• A few points of high and low resistance appear in the area of the 
‘woodhenge’ crop mark.  The ones most likely to correspond with this 
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crop mark are the three green points in a row on the northwestern edge of 
the monument. 

 

 
Figure 46  Field A resistance interpretation with mapped crop marks. 
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Figure 47  Field A resistance data. 
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Figure 48  Field A resistance data with interpretations. 

 
Figure 49  Field A resistance data with interpretation and mapped crop marks. 
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Field B 
Resistance data was collected on a grid covering approximately 3.5 hectares.  This 
survey area targeted the ‘sunburst’ monument and pit alignments that are mapped in 
crop marks.   Data that appear in these images has been low pass filtered with a 2x2 
neighbourhood. 
 

 
Figure 50  Field B resistance survey grid with mapped crop marks. 

The resistance survey did not clearly map crop mark features.  The pit alignment 
passing through the grid from the northeast to southwest is the only visible anomaly, 
and can be seen to continue from the same feature in Field A.   
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Figure 51  Field B resistance interpretations. 

The curved linear anomaly on the lower eastern edge of the resistance data may 
correspond to the possible ditch on the mapped crop mark.  As this anomaly is near 
the edge of the field, it is difficult to determine if this is archaeological or an artefact 
as a result of drainage.  Other anomalies in the data may be due to drainage: 

• The diagonal line northwest to south east over the high resistance anomaly 
may be a field drain; 

• The bottom of the survey area is all very low resistance suggesting an area 
on the edge of the field where water may collect.  Larger broader trends in 
data tend to be interpreted as geological in nature; 

• A few points have been noted in areas of particularly low resistance.  
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Figure 52  Field B Resistance data. 

 

 
Figure 53  Field B Resistance data with interpretations. 
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Figure 54  Field B resistance data with interpretations and mapped crop marks. 

Field U 
A survey area of approximately 120 x 140 m was covered by resistance survey in 
Field U.  This survey location was the most disturbed in all of the ALSF Focus area.  
Field U appeared to have a structure built on it at one point, as evidenced by a 
massive pile of debris in the southeastern corner of the area.  Data to the very eastern 
edge of the grid are not good, but have been kept in to illustrate some problems with 
data collection and ground saturation.  This area on the eastern edge of the grid had 
little to no ground moisture and could be on top of more rubble. 
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Figure 55  Field U survey grid. 

 
Resistance survey in this area has mapped a few anomalies, though they do not align 
with the mapped crop marks.  A low resistance anomaly runs diagonally through the 
data (northwest to southeast) that may be a ditch, or drain of some sort.  A rectangular 
anomaly of higher resistance data appears in the middle and right side of the grid that 
may correspond to the crop mark on the eastern edge of Field U, but is off centre by 
approximately 50 m. 
 

 
Figure 56  Field U resistance interpretations. 
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Figure 57  Field U resistance interpretations with mapped crop marks. 

 
The anomalies that appear in the resistance data for Field U may be relatively modern 
in nature: 

• The high resistance rectangular anomaly in the middle, right side of the 
survey grid measures approximately 71 x 48 m.  The northeastern corner 
of this anomaly is noticeable higher in resistance values suggesting a 
compacted or very well drained (possible rubble?) area approximately 10 x 
20 m. 

• The low resistance diagonal anomaly running through the survey are may 
relate to a trench or drainage system. 

• The linear anomalies may have some relation to the large high resistance 
rectangular anomaly. 

• A few high and low resistance points have been defined but do not appear 
to have any obvious explanation. 
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Figure 58  Field U resistance data. 

 

 
Figure 59  Field U resistance data with interpretations. 
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Figure 60  Field U resistance data with interpretations and mapped crop marks. 

Field D 
An area of approximately 2 hectares was surveyed with resistance in Field D.  Initial 
attempts to survey in this area failed due to a complete lack of ground saturation.  
This period was in April – May 2003.  The field was successfully surveyed later in the 
summer.  Possible effects from periodic irrigation may be seen at the top of the grid.  
No mapped crop marks are present in the area of Field D.  This field was included in 
the ALSF Focus area geophysical survey project because an attempt was made to 
cover as much of the landscape linking mapped crop marks (Fields A, B, and F) as 
possible.   
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Figure 61  Field D resistance grid map. 
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Figure 62  Field D resistance survey grid with interpretations. 

Data in Field D were collected during two periods.  The difference between these data 
collection periods can be seen in the lower third of the grid where there is a line 
between adjacent grids where the background resistance readings do not match.  This 
is a good example of how changes in weather effect resulting data. 
 

• The zone of possible irrigation effect can be seen at the top of the grid with 
a very bright white (low resistance) area surrounded by a semi-circle of 
low resistance data distinctly outlined with a contrasting higher resistance, 
this is outlined in gold.   

• Areas of high and low resistance have been annotated.   
• The other anomalies that appear in this field are plough furrows and in the 

very bottom of the grid what appear to be tractor tracks (very low 
resistance) following along the edge of the field. 
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Figure 63  Field D resistance data. 

 60



 
Figure 64  Field D resistance data with interpretations. 

 

Field F 
 
Approximately 4 hectares of resistance data were collected in Field F.  This data grid 
was centred over the circular feature with two extending linear features that appear in 
the mapped crop marks.  The resistance survey was highly successful in this instance 
and nearly fully mapped the crop mark features.  In addition to the crop marks, other 
anomalies are mapped that have a high probability of being contemporary to the 
larger circular anomaly. 
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Figure 65  Field F resistance survey grid. 

The resistance survey has mapped anomalies ranging from present day plough 
furrows, past ploughing activity (possible ridge and furrow), possible ditches and pits 
and even a section of a rectangular appearing structure not mapped in the crop marks. 
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Figure 66  Field F resistance grid with interpretations. 

Comparison of the mapped crop marks to the anomalies identified in the resistance 
data shows the same offset of 10 – 20 m that appears in the GPR data anomalies in 
this field, as is the case in Field B (and will match with magnetic anomaly offset in 
field B, Figure 81). 
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Figure 67  Field F resistance grid with interpretations and mapped crop marks. 

 

 
Figure 68  Field F resistance survey data. 

Anomalies that have been mapped in Field F include: 
• The corner of a rectangular appearing structure (perhaps a field boundary?) 

is in the northeastern corner of the survey area.  This does not appear in the 
mapped crop marks used in the preliminary ALSF Focus geophysics 
project.  This feature appeared as a crop mark during the summer of 2003 
and in the 1981 aerial photograph used in the larger ALSF study project. 

• The main circular anomaly corresponds to the crop and measures 60 m in 
diameter.  

• Two linear anomalies have been mapped extending approximately 81 - 84 
m to the southeast of the main circular anomaly. 

• Between the two linear anomalies (81 – 84 m long) and inside of the main 
circular anomaly are a number of linear anomalies and small areas of low 
resistance (points.)   

- The most prominent of these anomalies is a U- shaped anomaly 
measuring 10 across located in the centre of the main circular 
anomaly. 

- The low resistance points may reflect pits. 
- The shorter linear anomalies located between the two 80-84 m long 

anomalies may reflect human activity. 
• Two smaller circular anomalies appear to the northeast and northwest of 

the large central circular anomaly.  
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- The small circular anomaly to the northeast is approximately 11 m 
in diameter and appears to have one side that may be a bit flattened 
from effects of ploughing (or the curve of the anomaly may be 
obscured by the resistance values of the track.)  The anomaly also 
has an opening on the southeastern side.  

 

 
Figure 69  Field F resistance example of small circular crop mark. 

- The second small circular anomaly located to the northwest of the 
central crop mark is the same size as the example above.  It is not 
possible to tell if a similar opening in the circle exists to the 
southeast as a low resistance plough feature obscures this area. 

• Two block-like anomalies appear in the eastern section of the data located 
just above the end of the 80 m linear anomalies.  These may be ploughing 
effects, but the concentration of low resistance points inside of them 
suggest they are worth further investigation. 

 

 
Figure 70  Field F resistance data interpretations. 
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Figure 71  Field F resistance data interpretations with mapped crop marks. 
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Magnetometry 

Field A 
Approximately 2.5 hectares of data were collected with the magnetic gradient survey 
in Field A.  The main focus of this survey area was over the ‘woodhenge’ monument; 
it also extends north and south in an attempt to map other crop marks including a pit 
alignment and a possible ditch. 
 

 
Figure 72  Field A magnetic gradient survey grid. 

 
The only crop mark feature mapped is the ditch running through the bottom of the 
survey area from east to west.  Other anomalies may reflect ploughing effects. 
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Figure 73  Field A magnetic gradient survey grid with interpretations. 

 
The magnetic data has produced the typical response from survey in farming areas, 
strong plough furrows and a dense scattering of ferrous materials.  A few linear and 
curved anomalies are present that do not appear to align with previous ploughing.   
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Figure 74  Field A magnetic gradient data. 
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Figure 75  Field A magnetic gradient data with interpretations. 

 

 
Figure 76  Field A magnetic gradient data with interpretations and mapped crop marks. 
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Field B 
Approximately 4 hectares of magnetic gradient data were collected in Field B.  The 
survey grid was oriented over the ‘sunburst’ crop mark and extends to the north. 
 
Due to the nature of the crop in Field B, plough furrows do not appear as a prominent 
anomaly in this data set.  A high concentration of ferrous and other strong magnetic 
anomalies appear in random distribution across the survey area. 
 

 
Figure 77  Field B magnetic gradient survey grid. 
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Figure 78  Field B magnetic gradient survey grid with interpretations. 

 
Results of the magnetic gradient survey did not reveal many anomalies, but a few 
strong anomalies do stand out in the data: 

• A circular anomaly is mapped that corresponds exactly with the position 
and shape of the circular anomaly mapped in the GPR data.  This anomaly 
may be the centre ring of the ‘sunburst’ crop mark, though offset by 
approximately 10-20 m; 

• Four single, high magnetic points have been mapped inside of the circle.  
These anomalies have been mapped, out of all of the possible ‘point 
anomalies’ for 2 reasons: (1) the proximity to a probable crop mark, (2) 
they do not have the typical di-pole signature of ferrous materials; 

• A second semi-circular anomaly with a diameter of  22m,  appears in the  
magnetic data 20m northeast of the crop mark circle; 

• A few linear anomalies appear that may, or may not be related to 
ploughing. 
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Figure 79  Field B magnetic gradient data. 
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Figure 80  Field B magnetic gradient data with interpretations.  

 

 
Figure 81  Field B magnetic gradient data with interpretations and mapped crop marks. 
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Field F 
The magnetic gradient survey in Field F covered a grid measuring approximately 140 
x 280 m.  Very few magnetic targets were interpreted in this survey area.   
 

 
Figure 82  Field F magnetic gradient survey grid. 

 

 
Figure 83  Field F magnetic gradient survey grid with interpretations. 

 
Three magnetic anomalies appear that may be related to the main circular feature of 
the crop mark and the two lines extending from it.  Other magnetic anomalies in the 
proximity of this main crop mark may be associated, but could also be artefacts 
created through ploughing. 
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Figure 84  Field F magnetic gradient data. 

 
Figure 85  Field F magnetic gradient data with interpretations. 

 
Figure 86  Field F magnetic gradient data with interpretations and mapped crop marks. 
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Data Overview and Correlation 
 
The geophysical survey conducted over the 5 fields of the ALSF Focus area has 
produced many geophysical anomalies.  One goal of the geophysical survey was to 
determine if the mapped crop marks could be detected through non-invasive methods.  
The geophysical data definitively mapped part of the ‘sunburst’ crop mark in Field B 
and almost the entire group of crop mark features in Field F.  Field A has produced 
some interesting results, but they are not as conclusive as Fields B and F in 
confirming the existence and accurate position of the previously mapped crop marks. 
 
In addition to mapping the existing crop marks, the geophysical survey was able to 
identify additional anomalies that may be related to the crop mark features, as well as 
anomalies that may prove to be new archaeological features.   
 
Though results from the geophysical survey have been reviewed and presented in 
detail they must not be considered as separate bodies of information.  These data sets 
must be combined in order to extract the most information and provide the greatest 
insight to the buried landscape of the ALSF focus area. 
 
This section looks at each field separately, with different geophysical methods 
combined in overall plan views.  
 
Different anomaly types are compared across data sets.  For example, a low resistance 
anomaly may correspond to a high amplitude reflector in the GPR data (as we see in 
Field A).  Considering the properties of the soil that would provide these responses 
we can hypothesise that the anomaly could be a pit that has retained more water than 
the surrounding area due to a difference in soil type or texture.  Occurrences such as 
these will be discussed in the text below.  
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Field A 
 

 
Figure 87 Field A Geophysical anomaly overview. 

The anomalies identified through the various geophysical methods span the entire 
survey area.  The primary concentration of anomalies lies within the area of the crop 
marks. 
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Figure 88 Field A Geophysical anomaly overview with mapped crop marks. 

Correlation between different geophysical anomalies can be seen in the area at the 
northern edge of the ‘woodhenge’ crop mark. 
 

 
Figure 89 Detail of resistance and GPR anomalies that may correspond to 'woodhenge' crop 

mark. 

The resistance survey has three distinct low resistance anomalies (recorded as points 
because of their size) that are located in the same area as a string GPR high amplitude 
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anomalies (the position offset between the two is 6-9 m).  As mentioned above, 
theoretically, a higher saturation level in a distinct area of soil would generate a lower 
resistance reading and a higher amplitude GPR reflector.  Further speculation of the 
correlation between these features and what their true nature may be can only be 
established through excavation. 
 
In the same area, magnetic gradient survey and GPR mapped a linear anomaly passing 
diagonally through the centre of the ‘woodhenge’ feature.  This is probably a deep 
plough furrow.  The same anomaly has not been identified in the resistance survey 
GIS layer because plough furrows were not annotated.  The fact that this furrow in 
particular is an anomaly that stands out in the magnetic gradient and GPR data 
suggests that it is deeper or more prominent than other plough furrows in the area. 
 
Field B 
 

 
Figure 90 Field B Geophysical data correlation. 

The magnetic gradient and GPR surveys mapped the same anomaly that is probably 
the central circle of the ‘sunburst’ crop mark in Field B.  Resistance survey mapped a 
possible ditch feature of the ‘sunburst’ crop mark and a possible pit alignment that 
extends into Field A. 
 
A closer look at the area of the crop mark shows the main area of overlapping 
magnetic and GPR anomalies.   
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Figure 91 Field B detail of magnetic gradiometer and GPR anomalies in the area of the 

‘sunburst’ crop mark. 

 
The above image is a good example of the issue of spatial accuracy in mapping.  The 
features have a 2-3m offset along the northwest to southeast axis. The methodology of 
grid mapping may contribute to the offset of these two anomalies.  The magnetic 
survey followed the methodology described in the beginning of this report with 50m 
grid points established by GPS and 20 m grid points then surveyed in with a total 
station.  The GPR data grids were all established at a later data by GPS with an 
expected spatial accuracy to a few centimetres. 
 
Additional factors that contribute to data offset include human error during data 
collection, data processing techniques, interpolation algorithms, and rectification into 
the GIS. 
 
Spatial accuracy for mapping is best exemplified by the difference (+/- 10-20 m) in 
the location of the crop mark mapped from the aerial photographs and the actual 
location of the feature in the field. 
 

 
Figure 92 Field B crop mark displacement example. 
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Apart from offset issues, the fact that these two geophysical methods mapped the 
same feature confirms the success of this approach to not only mapping crop mark 
features, but also confirming that they are still present in the ground. 
 
Because GPR so clearly mapped this feature, one may be surprised that resistance did 
not map the same feature. The GPR data suggests this anomaly is not much deeper 
than 0.5 m, well within range of the resistance metre’s sensitivity.  The presence of 
water in the soil is a property considered important in both GPR and resistance 
survey.  The degree of ground saturation will effect features that are mapped or not 
mapped.  The resistance and GPR data were collected at different times over this 
feature.  The level of ground saturation was certainly different as the resistance data 
was collected in the summer 2003 and the GPR data was collected in February 2004, 
during a much wetter period. 
 
Field F 
 

 
Figure 93 Field F Geophysical data correlation. 

Resistance and GPR surveys have successfully mapped the main crop mark feature of 
Field F.  This 60 m diameter circle with two 80 m linear features easily dominates 
both data sets.  Surprisingly, this feature did not appear clearly in the magnetic 
gradient survey results, only glimpses of the feature can be seen (in blue).  
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Figure 94 Field F geophysical data correlation with mapped crop marks. 

The offset between the interpreted circular anomaly in the resistance and GPR data 
sets ranges between 1 to 5 m.  The offset between the geophysical anomalies and the 
mapped crop mark range between 7 and 20 m. 
 
The abundance of geophysical anomalies in Field F concentrated in and around the 
main circular crop mark suggest this is the best preserved feature in the ALSF Focus 
area survey and may retain important information regarding the Prehistoric 
occupation and activities on this site. 
 

 
Figure 95 Field F detail of geophysical anomalies in and around the main crop mark. 
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Conclusions and Recommendations 
 
The geophysical survey of the ALSF Focus area has successfully mapped existing 
crop mark features as well as numerous new potential archaeological anomalies.  This 
research has also provided a thorough assessment of basic methodologies and 
techniques for geophysical survey in the field.  The results of the geophysical survey 
contain some data surprises and pose interesting questions and perhaps challenge 
present practices of archaeological site assessment. 
 
An overall view of the geophysical anomalies from the ALSF Focus area illustrates 
the rich resource that remains buried. 
 

 
Figure 96 Overview of geophysical anomalies for the ALSF Focus area. 

 
Specific information from the GPR survey provides hard evidence that the ‘sunburst’ 
SAM in Field B is in danger of being decimated in the near future if present land use 
practices continue. 
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Figure 97 Example of modern land use practices intruding into archaeological features. 

 
The failure to map possible anomalies that correlate to the ‘woodhenge’ feature in 
Field A is alarming.  Though GPR and resistance provide a few possible anomalies, 
these are by no means regarded with high confidence as evidence the ‘woodhenge’ 
monument still exists below field A.  The lack of conclusive mapping of the SAM can 
have 2 explanations: 

1. Physical properties: The features of the ‘woodhenge’ may be too small to 
have been mapped with the sampling rates of different techniques utilised 
in this survey.  Perhaps the properties of the ‘woodhenge’ monument are 
not detectable by the techniques employed.  Additional geophysical survey 
over this area with increased sampling rates will hopefully prove this 
statement correct, or incorrect. 

2. The features have been ploughed out.  As demonstrated with the GPR 
results in Fields B and F, the monument in Field B is presently being 
impacted by ploughing and the monument in Field F is not yet being 
effected by ploughing. 
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Survey, data collection, and integrating results 
 
Mapped geophysical anomalies prove that a significant offset (10 – 20 m) exists 
between the actual position of the archaeological features in the earth and the current 
crop mark maps used in archaeological investigations.   
 

 
Figure 98 Overview of geophysical anomalies with mapped crop marks for the ALSF Focus area. 

Archaeological site investigations rely heavily upon crop mark features mapped from 
aerial photographs.  The crop mark data used in this project is an existing compilation 
of aerial photograph interpretations available from the Staffordshire Sites and 
Monuments Record (SMR).  Past archaeological investigations of this area and the 
beginning of the ALSF Focus area geophysical survey are based on crop mark 
features in this data set.  As the ALSF project progressed, further aerial photography 
investigation was pursued.  Field F provides a perfect example of the human error 
involved in map-making and challenges our assumptions when regarding existing 
data. 
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Figure 99 1981 aerial photographic mosaic of the ALSF Focus area. 

 
Figure 100 1981 aerial photograph of Field F. 
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A close-up of the 1981 aerial photograph reveals features in field F.  The main 
circular crop mark feature with two extending lines shows up clearly in this 
photograph as does the previously un-mapped field enclosure that appeared in the 
resistance data. 
 

 
Figure 101 1981 aerial photograph of Field F with newly mapped crop marks. 

Though this is the same main feature from the previous crop mark data file, a clear 
offset between the features in the two maps measures between 13-20 m. 

 
Figure 102 1981 Aerial photograph crop mark map overlay. 
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Results from the resistance and GPR surveys confirm the accurate location of the crop 
mark coincides with the aerial photograph interpretation conducted as part of the 
geophysical ALSF Focus area study. 
 

 
Figure 103 1981 aerial photograph crop mark map with geophysical survey anomalies. 

The approach to data in the ALSF Focus area has been as spatially accurate as 
possible.  Series of aerial photographs were rectified to the OS base in GIS, 
geophysical survey grids were positioned with highly accurate GPS and total station 
survey.  Data were collected as accurately as possible along marked ropes and were 
processed as responsibly as possible.  Rectification of geophysical survey results in 
the GIS were accurate and data interpretations digitised as clearly as possible.  Figure 
103 demonstrates the results of these efforts.  If further archaeological investigations 
are to continue with additional geophysical survey and excavation, areas of interest 
can be positioned with the GIS and then re-located in the field with very high spatial 
accuracy.  These efforts enable a highly efficient use of resources. 
 
Geophysical Techniques 
 
All three geophysical techniques employed in the ALSF Focus survey produced 
accurate and useful data.  The only restrictions encountered in the field were soil 
saturation and the crop rotation schedule.   
 

Resistance Survey 
The best resistance results are in Field F.  These data were collected during and after a 
rainstorm when the soil had a high level of water saturation.  The nature of the soils at 
Catholme is well-drained with a high sandy gravel content.  Despite these conditions, 
resistance survey performed well across the site. 
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Though resistance survey is slow, it is effective.  The resistance survey conducted for 
the ALSF Focus area doubled the typical commercial data sampling along transects.  
This was done in order to achieve as robust a data sample as possible.  Further 
analysis of the data can determine the effectiveness of decreasing sampling intervals. 
 

Magnetic Gradient Survey 
The magnetic gradient survey produced results beyond expectations.  A review of the 
grey literature suggests magnetic survey in this type of area is not effective.  This 
follows assumptions for cultivated fields in general when looking for more ephemeral 
archaeological features.  (Other sites such as iron age forts or Roman villas would not 
necessarily have the same assumption in cultivated fields because of the properties of 
archaeological targets.) 
 
Data were sampled at as high a rate as possible for the scope of the project.  Though 
most of the anomalies in the magnetic data across the site can be attributed to noise 
(iron debris, plough furrows, etc.) some anomalies are clearly archaeological in 
nature, and others, pending further investigation, may also be assigned such a 
classification. 
 

Ground Penetrating Radar Survey 
The ground penetrating radar survey provided a definitive third dimension for the 
geophysical survey of the ALSF Focus area.  This technique successfully identified 2 
(the  ‘sunburst’, Field B and the large circle with extending linear features in Field F) 
out of the 3 mapped crop marks in the survey area and provided the best information 
for further investigations into the third crop mark (the ‘woodhenge’, Field A). 
 
In addition to mapping the crop marks, the GPR survey provided a geophysical sub-
section of the ALSF Focus area.  This third dimension enabled an analysis of the 
effects of modern and past land use on the archaeological features of interest.  GPR 
survey has provided information that suggests the ‘sunburst’ SAM in Field B is being 
directly effected by modern land use, and was probably impacted by Medieval land 
use as evidenced by the position of remnants of ridge and furrow features. 
 
The same analysis in Field F provides information that present and past land use have 
not directly impacted the buried archaeological features of interest. 
 
GPR survey is nearly as fast as magnetometry survey and is a tool that should be used 
on most archaeological sites, depending on the type of information desired. 
 
Recommendations 
 
The research conducted on the ALSF Focus area provides conclusive evidence in 
support of a specific methodology for non-invasive site investigation.  As discussed in 
the methodology review above, GIS has been the managing and enabling tool for this 
project.  Aerial photography rectification and analysis, geophysical grid creation and 
transfer to GPS for on-site mapping, integration of geophysical results for 
interpretation are only a few of the materials at work in the GIS (see Volume 3,  
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Chapter 3 of this report.)  As a result, this project has a high confidence in the spatial 
accuracy of all data presented. 
 
The point of pursuing this path is not only to utilise the most advanced technology 
available, but also to apply the proper tool to the job.  Considering the geophysical 
tools employed, each technique proved useful, but GPR and resistance survey proved 
the most effective and thorough out of the three.  GPR enables passing beyond simple 
plan views of data to accurately mapping different stratigraphies, calculating the depth 
to features, the shape and volume of features and the overlap or intrusion of buried 
features. 
 
Of course, geophysics can be sold as painting a clear picture of what exists and does 
not exist beneath the earth’s surface.  But it is only with ground-truthing that the 
actual nature of buried features and unknown anomalies can be identified and 
recorded.  Taking this next step into excavation is most important in the final 
assessment on the success of the geophysical research that has been completed in the 
ALSF Focus area. 
 
The results from this geophysical survey and additional higher-resolution geophysical 
research on selected areas will provide detailed information for creating an excavation 
strategy.  Excavation over selected features and control areas will provide the 
feedback needed to fully understand the geophysical survey results and help guide 
future developments for site management and planning. 
 
 
 
 

 91



Bibliography 
 
Buteux, S.  2002. Where Rivers Meet:  Landscape, Ritual, Settlement and the 
Archaeology of River Gravels, Project design submitted to English Heritage. 
 
Clark, A. J., 1996. Seeing Beneath the Soil: Prospecting Methods in Archaeology 
(New Edition). Revised Edition. B. T. Batsford Ltd., London. 
 
Conyers, L.B. and D. Goodman. (1997). Ground-Penetrating Radar: An introduction 
for Archaeologists. Altamira Press, Walnut Creek, California. 
 
Scollar, I., A. Tabbagh, A. Hesse, and I. Herzog. (1990). Archaeological Prospecting 
and Remote Sensing. Cambridge University Press, Cambridge.  
 
Daniels, D. J. (1996). Surface-Penetrating Radar. Institution of Electrical Engineers 
Radar Series no. 6. 
 
Watters, M. and J. Hunter, 2003.  Geophysics and Burials: Field Experience and 
Software Development, in Pye, K. and Croft, D. (eds.) Forensic Geosciences, 
Geological Society of London.  
 
Grey Literature for ALSF Study Area Geophysical Survey: 
 
Bartlett A.  2001.  Barton Business Park Staffordshire.  Report on 
Archaeogeophysical Survey 2001.  Bartlett-Clark Consultancy, for Phoenix 
Consulting Archaeology, Ltd. 
 
Bartlett, A.  1998.  Whitemoor Haye, Alrewas, Staffordshire.  Report on 
Archaeogeophysical Survey, 1998.  Bartlett-Clark Consultancy, for Phoenix 
Consulting Archaeology, Ltd. 
 
Bartlett, A.  1995.  Whitemoor Haye, Alrewas, Staffordshire.  Report on 
Archaegeophysical Survey, 1995.  Bartlett-Clark Consultancy, for Tempus Reparatum 
Archaeological and Historical Associates, Ltd. 
 
BUFAU, 1992.  An Archaeological Evaluation at Whitemoor Haye, Alrewas, 
Staffordshire 1992.  Report No.  231, Birmingham University Field Archaeology 
Unit. 
 
Coates, G. and G. Hughes, 1999.  The excavation of a prehistoric pit alignment and 
enclosure at Fatholm Farm, Barton-Under-Needwood, Staffordshire: an interim 
report.  Project No. 630, Birmingham University Field Archaeology Unit. 
 
Hughes, G. and Coates, G., 1999.  An archaeological Evaluation at Catholme, Barton-
Under-Needwood, Staffordshire:  Trial Trenching Phase, BUFAU Report 620.2. 
 
Hughes, G. 1993.  Barton Turn Marina, Staffordshire, 1993:  An Archaeological 
Evaluation.  Report No. 268, Birmingham University Field Archaeology Unit. 
 

 92



Losco-Bradley, S. and Kinsley, G., 2002.  Catholme:  An Anglo-Saxon settlement on 
the Trent gravels in Staffordshire, Nottinghamshire Studies in Archaeology Vol. 3, 
Nottingham University Press. 
 
Richmond, A.  2001.  Specification for Archaeological Evaluation, Barton Business 
Park Barton-Under-Needwood, Staffordshire. P138G, Phoenix Consulting. 
 
Rose, S.  2000, Archaeological Evaluation of Land at Barton Quarry, Barton-Under-
Needwood, Staffordshire.  Northamptonshire County Council Northamptonshire 
Archaeology, for Hanson Aggregates. 

 93



Acknowledgements: 
 
Andy Malabar and the Malabar family for their support, flexibility and enthusiasm in 
this research project.  Without the support of the landowners, this work could not have 
been conducted. 
 
Team Dynamo:  Kate Bain, Mark Kincy, Tim Evans and Emma Hancox.  As the 
geophysical survey crew, many thanks and recognition for the endless hours you 
spent on the farm in the rain and sun (and occasional irrigation showers) with beeping 
instruments. 
 
Gary Coates for his support and assistance in the geophysical project management at 
the start and John Halsted for his cameo resistance appearance. 
 
Chris Gaffney, Roger Walker and Neil Linford for their geophysical support. 
 
English Heritage and the ALSF for making this project possible. 

 94



Appendix 
 

Supplemental Images for ALSF Focus area geophysical survey 
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