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1. Summary 
The project 

1.1 This report presents the results of geophysical surveys conducted in advance 
of a proposed development north-west of the village of Bolam in County 
Durham. The works comprised geomagnetic and earth electrical resistance 
surveys at proposed wind turbine and access track locations. 

1.2 The works were commissioned by WYG Environmental on behalf of RWE 
Npower Renewables and conducted by Archaeological Services Durham 
University.

Results
1.3  The surveys have detected several areas of former ridge and furrow 

cultivation, which are presumed to be medieval or later, at least one former 
field boundary and several probable soil-filled features of possible 
archaeological origin. 

1.4 The location of a small rectilinear earthwork has been recorded. 

1.5 Land drains have been identified in some areas. 
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2.   Project background 
Location (Figures 1 & 2) 

2.1 The study area was located at Stobhill, north-west of Bolam, in County 
Durham (NGR centre: NZ 1850 2325). Thirty-one geomagnetic surveys 
covering 12.16ha have been undertaken at proposed wind turbine locations 
and along proposed access track routes. Earth electrical resistance surveys 
totalling 1.4ha were also undertaken over an area of igneous geology, where 
the geomagnetic technique was less likely to detect anomalies of potential 
archaeological origin.

Development proposal 
2.2 The proposed development is for a wind farm comprising six turbines and 

associated access tracks. 

Objective
2.3 The principal aim of the surveys was to assess the nature and extent of any 

sub-surface features of potential archaeological significance within the 
proposed development area, so that an informed decision may be made 
regarding the nature and scope of any further scheme of archaeological works 
that may be required in advance of development. 

Methods statement 
2.4 The surveys have been undertaken in accordance with a Written Scheme of 

Investigation (WSI) provided by WYG Environmental and approved by 
Durham County Council Archaeology Section (DCCAS). The WSI is provided 
as an Appendix to this report. A variation to the WSI, also approved by 
DCCAS and included in the Appendix, allowed for earth resistance survey to 
be undertaken over areas of igneous geology where a geomagnetic technique 
would be less effective at detecting potential archaeological features. 

Dates
2.5 Fieldwork was undertaken in two phases between the 13th and 27th October 

2009. This report was prepared between 23rd October and 6th November 2009. 

Personnel
2.6 Fieldwork was conducted by Matt Claydon, Ed Davies, Duncan Hale, Andy 

Platell, Natalie Swann (Supervisor) and Richie Villis (Supervisor). This report 
was prepared by Duncan Hale, the Project Manager, with illustrations by Ed 
Davies, David Graham and Janine Watson. 

Archive/OASIS
2.7 The site code is BSW09, for Bolam Stobhill Windfarm 2009. The survey 

archive will be supplied on CD to the Bowes Museum in due course. 
Archaeological Services Durham University is registered with the Online
AccesS to the Index of archaeological investigationS project (OASIS). The 
OASIS ID number for this project is archaeol3-66940.
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3. Archaeological and historical background 
3.1 A desk-based assessment of the archaeological potential of the study area has 

been conducted by WYG Environment. The following summary of the known 
and potential archaeological resource is based on that report (Holland 2009, 
14-15):

3.2 Within the proposed development site there are several recorded 
archaeological features. There are several areas of visible ridge and furrow 
remains within the south-east area of the development site. There are several 
former field boundaries within the development site identified from historic 
mapping. Operation of the former quarry in the central part of the site will 
have been removed any earlier archaeological remains there. A small square 
earthwork near the southern end of the site is of unknown date or function. 

3.3 There is a potential to discover previously unrecorded archaeological remains 
within the development site and access road alignment. The lack of modern 
development within the study area means that the potential to discover and 
record new archaeological sites has so far been limited to aerial and desk-
based techniques. This lack of development may be partially responsible for a 
bias towards low numbers of recorded sites of pre-medieval date. There is 
considered to be a very low potential to record sites of early prehistoric date 
(up to the Neolithic period) within the development area due to the almost 
complete lack of evidence from the surrounding region. There is moderate 
potential to record sites of later prehistoric date (Bronze Age and Iron Age) 
within the development site. The numerous undated cropmarks (Sites 12, 15, 
17-20, 22), Bronze Age axehead (Site 43) and the Iron Age forts in the wider 
region at Shackleton Beacon and to the north-west at The Tofts indicate that 
there was a later prehistoric presence in the area which may have left 
archaeological remains as yet undiscovered.  

3.4 There is considered to be a moderate potential to discover previously 
unrecorded archaeological remains of Roman date within the development 
area. This potential is considered to be greatest within the area of the access 
road as this is closer to the apex of two Roman roads. The south-facing slopes 
of the southern area of the development site may also have been considered a 
favourable location for settlement.  

3.5 There is considered to be a relatively low potential to discover sites of early 
medieval and later date within the development site. The focus of settlement 
and associated industry in this period is considered likely to have been 
concentrated on the village centres which have endured to the modern period 
or are recorded as deserted villages. It is probable that during this period the 
development site would have been utilised for agriculture as indicated by the 
ridge and furrow remains and fieldscape. There is the potential for further 
buried remains of ridge and furrow or former field boundaries to be discovered 
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4. Landuse, topography and geology 
4.1 At the time of survey the proposed development area comprised pasture with 

exception of three fields in the south and west of the site, which contained 
survey Areas 3, 4, 9 and 28. Some areas were particularly marshy, such as 
between Areas 13 and 14 and around the proposed location for Turbine 2; 
ground conditions there prevented any data collection. 

4.2 The proposed development area ranges in height from approximately 190m 
OD in its central and southern parts to approximately 140m OD in the north. 

4.3 The majority of the underlying solid geology of the area comprises 
Westphalian strata of the Pennine Lower Coal Measures Formation, which are 
overlain by Devensian till. However, an igneous dyke, part of the 
Armathwaite-Cleveland Dyke, crosses the central part of the study area. Some 
of this has been quarried away and the site used for landfill, however, based on 
British Geological Survey mapping, part of the dyke was considered likely to 
be present in the area of Turbine 4.

5. Geophysical survey 
Standards

5.1 The surveys and reporting were conducted in accordance with English 
Heritage guidelines, Geophysical survey in archaeological field evaluation 2nd

edition (David, Linford & Linford 2008); the Institute for Archaeologists 
Technical Paper No.6, The use of geophysical techniques in archaeological 
evaluations (Gaffney, Gater & Ovenden 2002); and the Archaeology Data 
Service Geophysical Data in Archaeology: A Guide to Good Practice 
(Schmidt 2002).  

Technique selection 
5.2 Geophysical survey enables the relatively rapid and non-invasive 

identification of sub-surface features of potential archaeological significance 
and can involve a suite of complementary techniques such as magnetometry, 
earth electrical resistance, ground-penetrating radar, electromagnetic survey 
and topsoil magnetic susceptibility survey. Some techniques are more suitable 
than others in particular situations, depending on site-specific factors including 
the nature of likely targets; depth of likely targets; ground conditions; 
proximity of buildings, fences or services and the local geology and drift. 

5.3 In this instance, based on desk-based assessment, it was considered likely that 
cut features such as ditches and pits might be present on the site, and that other 
types of feature such as trackways, wall foundations and fired structures (for 
example kilns and hearths) might also be present.  

5.4 A geomagnetic technique (fluxgate gradiometry) was considered to be the 
most appropriate technique for the majority of the development site, however, 
given the likelihood of the strongly magnetised igneous dyke underlying the 
central part of the development site, it was anticipated that such a survey 
would be unlikely to provide useful information in that area. Earth electrical 
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resistance survey was therefore undertaken in the area of the dyke, since it is 
not affected by igneous geology. 

5.5 Fluxgate gradiometry involves the use of hand-held magnetometers to detect 
and record anomalies in the vertical component of the Earth’s magnetic field 
caused by variations in soil magnetic susceptibility or permanent 
magnetisation; such anomalies can reflect archaeological features. For earth 
resistance survey, when a small electrical current is injected through the earth 
it encounters resistance which can be measured. Since resistance is linked to 
moisture content and porosity, stone and brick features will give relatively 
high resistance values while soil-filled features, which retain more moisture, 
will provide relatively low resistance values.

Field methods
5.6 A 20m grid was established across the survey area and tied-in to known, 

mapped Ordnance Survey points using a Trimble Pathfinder Pro XRS global 
positioning system (GPS) with real-time correction. 

5.7 Measurements of vertical geomagnetic field gradient were determined using 
Bartington Grad601-2 dual fluxgate gradiometers. A zig-zag traverse scheme 
was employed and data were logged in 20m grid units. The instrument 
sensitivity was set to 0.1nT, the sample interval to 0.25m and the traverse 
interval to 1m, thus providing 1600 sample measurements per 20m grid unit. 

5.8 Measurements of earth electrical resistance were determined using a Geoscan 
RM15D resistance meter with a mobile twin-probe separation of 0.5m. A zig-
zag traverse scheme was employed and data were logged in 20m grid units. 
The instrument sensitivity was set to 0.1ohm, the sample interval to 1m and 
the traverse interval to 1m, thus providing 400 sample measurements per 20m 
grid unit. 

5.9 Data were downloaded on site into a laptop computer for initial processing and 
storage and subsequently transferred to a desktop computer for processing, 
interpretation and archiving. 

Data processing 
5.10 Geoplot v.3 software was used to process the geophysical data and to produce 

both continuous tone greyscale images and trace plots of the raw (unfiltered) 
data. The greyscale images and interpretations are presented in Figures 3-11; 
the trace plots are provided in Figures 12-13. For presentation purposes in this 
report the site has been divided into three zones: southern, central and 
northern. In the greyscale images, positive magnetic/high resistance anomalies 
are displayed as dark grey and negative magnetic/low resistance anomalies as 
light grey. Palette bars relates the greyscale intensities to anomaly values in 
nanoTesla/ohm as appropriate.  
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5.11 The following basic processing functions have been applied to the 
geomagnetic data: 

clip clips, or limits data to specified maximum or minimum 
values; to eliminate large noise spikes; also generally 
makes statistical calculations more realistic. 

zero mean traverse sets the background mean of each traverse within a grid 
to zero; for removing striping effects in the traverse 
direction and removing grid edge discontinuities. 

despike locates and suppresses iron spikes in gradiometer data 
and spikes in data due to poor contact resistance. 

interpolate increases the number of data points in a survey to match 
sample and traverse intervals. In this instance the data 
have been interpolated to 0.25 x 0.25m intervals. 

5.12 The following basic functions have been applied to the resistance data:

despike locates and suppresses poor contact resistance spikes in 
resistance data. 

add adds or subtracts a positive or negative constant value to 
defined blocks of data; used to reduce discontinuity at 
grid edges. 

interpolate increases the number of data points in a survey to match 
sample and traverse intervals. In this instance the data 
have been interpolated to 0.25m x 0.25m intervals. 

Interpretation: anomaly types 
5.13 Colour-coded geophysical interpretation plans are provided. Three types of 

geomagnetic anomaly have been distinguished in the data: 

positive magnetic  regions of anomalously high or positive magnetic field 
gradient, which may be associated with high magnetic 
susceptibility soil-filled structures such as pits and 
ditches.

negative magnetic regions of anomalously low or negative magnetic field 
gradient, which may correspond to features of low 
magnetic susceptibility such as wall footings and other 
concentrations of sedimentary rock or voids.  

dipolar magnetic  paired positive-negative magnetic anomalies, which 
typically reflect ferrous or fired materials (including 
fences and service pipes) and/or fired structures such as 
kilns or hearths. 

5.14 Two types of resistance anomaly have been distinguished in the data: 

high resistance regions of anomalously high resistance, which may 
reflect foundations, tracks, paths and other 
concentrations of stone or brick rubble. 
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low resistance regions of anomalously low resistance, which may be 
associated with soil-filled features such as pits and 
ditches.

Interpretation: features 
 General comments 
5.15 Colour-coded archaeological interpretation plans are provided, which include 

the proposed development layout for the tracks and turbines. The depicted 
footprint of each turbine on the archaeological interpretation plans is greater 
than the diameter of the turbine foundation. The locations of ancillary 
structures are yet to be determined and the final layout may differ from that 
shown. In the following text, the surveys are described and interpreted from 
south to north. 

5.16 Except where stated otherwise in the text below, positive magnetic anomalies 
are taken to reflect relatively high magnetic susceptibility materials, typically 
sediments in cut archaeological features (such as furrows, ditches or pits) 
whose magnetic susceptibility has been enhanced by decomposed organic 
matter or by burning. 

5.17 Small, discrete dipolar magnetic anomalies have been detected in all of the 
survey areas. These almost certainly reflect items of near-surface ferrous 
and/or fired debris, such as horseshoes and brick fragments, and in most cases 
have little or no archaeological significance. A sample of these is shown on 
the geophysical interpretation plans, however, they have been omitted from 
the archaeological interpretation plans and the following discussion. 

Areas 1 and 31 
5.18 These surveys are both within the southernmost field of the proposed 

development site and include the proposed location of Turbine 6. 

5.19 Parallel, weak, alternate positive and negative magnetic anomalies have been 
recorded across this area, which reflect the upstanding ridge and furrow 
cultivation remains there. In this instance the negative magnetic anomalies 
correspond to the furrows. Within the survey areas, a number of slight terraces 
are also evident on the ground, aligned east-west. 

5.20 There is a relatively high concentration of magnetic objects across the 
southern part of Area 1, possibly a result of former manuring practices. 

Areas 2, 24 and 25 
5.21 These surveys cover access track routes and part of the area around Turbine 5. 

5.22 Parallel, weak, alternate positive and negative magnetic anomalies have been 
recorded across the northern part of this field, reflecting the upstanding ridge 
and furrow cultivation remains there. Two strong positive magnetic anomalies 
were detected to the immediate south of the ridge and furrow. The northern 
anomaly may reflect a headland, while the southern one corresponds to a 
former field boundary shown on the first edition Ordnance Survey. 
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5.23 A water trough is located between the two survey transects in the southern part 
of the field. Pipes are known to be associated with the trough and some have 
been detected geomagnetically in both surveys. 

5.24 There is a small, slight earthwork feature of potential archaeological origin 
partly within Area 24. The location of the earthwork was recorded with a GPS 
instrument during the geophysical survey and is shown on Figure 5. Very 
weak positive magnetic anomalies were detected at the approximate locations 
of the northern and southern sides of the earthwork where they enter the 
survey area. 

5.25 A relatively strong positive magnetic anomaly to the south of this feature 
probably reflects a soil-filled ditch. 

5.26 Some vey weak negative magnetic anomalies aligned east-west in Area 25 
may reflect land drains. 

Areas 3, 4 and 28 
5.27 These surveys cover access track routes and the remainder of the area around 

Turbine 5.

5.28 The magnetic anomalies in these areas are typically either very weak and 
diffuse, or intense and localised. They are likely to reflect subtle 
geomorphological or geological variation and near-surface ferrous debris, 
respectively, rather than features of potential archaeological significance. 

Areas 5, 6, 26 and 27 
5.29 These surveys were all undertaken in the southern two thirds of one field, over 

possible track routes to the south of the proposed location of Turbine 4. 

5.30 Areas 5 and 6 overlap in the east of the field. Both surveys there have detected 
broad and diffuse, though relatively strong, bands of positive and negative 
magnetisation, which are almost certainly associated with the igneous dyke 
shown to the north and east on geological maps. Similar but stronger 
anomalies were detected just to the north in Area 26, closer to the expected 
location of the dyke. The dyke, or at least the magnetic anomalies associated 
with it, is more extensive than previously mapped. 

5.31 In these areas, however, it has still been possible to identify weaker anomalies 
of possible archaeological origin. Narrow positive magnetic anomalies aligned 
broadly east-west in all these areas could reflect soil-filled ditches. 

Areas 7 and 8 
5.32 Some relatively strong and well-defined anomalies here, mostly in Area 7, 

could reflect soil-filled ditches. Some of these ditches appear to be 
contemporary and could form boundaries and associated small enclosures. 

5.33 Very weak and broad areas of positive magnetisation could reflect 
geomorphological or geological variation. 
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Areas 9 and 10 
5.34 These surveys cover the area around the proposed location for Turbine 3. 

5.35 A very broad area of magnetic anomalies aligned roughly north-west/south-
east has been detected in Area 9. The extents of this area appear to be defined 
by linear positive magnetic anomalies; within these, the anomalies are 
typically small and intense. The southernmost positive anomaly broadly 
corresponds to the course of a stream shown on the first edition Ordnance 
Survey, and which is still present in the field to the east. The northernmost 
positive anomaly is similar in nature and probably also reflects a former 
stream course. This group of anomalies almost certainly reflects an area of 
ground disturbed by former stream courses (and possibly a more recent 
culvert) containing ferrous and/or fired materials as well as possibly igneous 
material from the dyke on higher ground above. 

5.36 No anomalies of potential archaeological significance have been identified in 
these areas. 

Areas 11, 12, 29 and 30 
5.37 These surveys cover the area around the proposed location for Turbine 4 and 

proposed access tracks. 

5.38 Two discontinuous linear magnetic anomalies in the west of Area 12 could 
possibly reflect land drains or truncated ditch features. Two weak curvilinear 
positive magnetic anomalies in the north of Area 12, and a possibly associated 
linear anomaly, could reflect soil-filled ditch remains. Additional positive 
magnetic anomalies within the igneous part of Area 12 could also reflect soil-
filled features, but might equally be associated with the underlying geology; in 
particular, the origin of a strong, clear linear anomaly aligned north-east/south-
west is not known. Since the geomagnetic survey of Area 12 detected 
increasingly intense, broad anomalies towards the east, associated with the 
igneous dyke, earth resistance surveys were undertaken over the eastern part 
of Area 12 and all of Area 11.

5.39 Centrally placed within Area 11 is a possible rectilinear high resistance feature 
measuring c.40m by 35m. Despite its location on a south-west-facing hillslope 
this might possibly reflect the remains of a stone-built shieling or other 
enclosure. Whilst there are anomalous areas of high resistance within the 
possible enclosure they do not form recognizable patterns and could have 
either anthropogenic or geological origins. 

5.40 The resistance survey of Area 11 detected a number of areas of anomalously 
high resistance and other areas of relatively high resistance. These probably 
reflect topographic variation in the underlying rockhead, with shallower 
rockhead producing higher resistance. A band of high resistance was also 
detected along the existing field boundary between Areas 11 and 12, possibly 
reflecting stone rubble. High resistance anomalies were also recorded in the 
area around the gateway linking the two fields, presumably reflecting hardcore 
rubble there. 
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5.41 The resistance data from the relatively level part of Area 12, in the east, are 
particularly smooth, with the exception of the anomalies mentioned above. 
Downslope to the west, however, the data are more variable but generally 
show very high resistance values, almost certainly due to underlying rock. 

Areas 13 and 14 
5.42 Parallel positive and negative magnetic lineations in the southern part of Area 

13, aligned broadly north-south, almost certainly reflect traces of former ridge 
and furrow cultivation. 

5.43 The land between Areas 13 and 14 was particularly marshy. A series of well-
defined, parallel positive magnetic anomalies aligned north-west/south-east 
across Area 14 almost certainly reflect land drains. A linear positive magnetic 
anomaly also traversing this area could reflect a soil-filled feature, though may 
be associated with the land drains. 

5.44 The marshy ground conditions to the east, around proposed Turbine 2, 
prevented any data collection there. 

Areas 15 and 32 
5.45  These surveys cover the area around the proposed location for Turbine 1 and 

associated access tracks. 

5.46 Two possible soil-filled features were detected in the west of Area 15 and a 
possible third was detected in Area 32. Although the anomalies are weak and 
diffuse they could reflect ploughed out ditch remains. These possible features 
are in an area of probable former ridge and furrow cultivation. 

 Areas 16-22 
5.47 These areas all contain relatively high concentrations of small, intense, near-

surface anomalies, which are unlikely to reflect an archaeological resource.  

5.48 No other features of potential archaeological significance have been identified. 

 Area 23 
5.49 Series of alternate, parallel positive and negative magnetic anomalies across 

this area reflect former ridge and furrow cultivation, some remains of which 
are upstanding. A number of quite large dipolar magnetic anomalies probably 
reflect near-surface ferrous debris. 
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6. Conclusions  
6.1 Geomagnetic and earth electrical resistance surveys have been undertaken at 

Stobhill, near Bolam in County Durham, prior to the proposed development of 
a windfarm. 

6.2 The surveys have detected several areas of former ridge and furrow 
cultivation, which are presumed to be medieval or later, at least one former 
field boundary and several probable soil-filled features of possible 
archaeological origin. 

6.3 The location of a small rectilinear earthwork has been recorded. 

6.4 Land drains have been identified in some areas. 

 Confidence statement 
6.5 The deployment of two geophysical techniques has been an effective approach 

in this instance. The geomagnetic survey has been effective at detecting a 
range of anomalies, which could reflect features of potential archaeological 
and more recent origin, across the majority of the site, in all but the area of the 
igneous dyke where an earth resistance technique was deployed. There was 
sufficient magnetic susceptibility or resistance contrast to enable the detection 
of potential archaeological features using these techniques, however, there is 
the potential for features with insufficient contrast to remain undetected. We 
are not aware of any factors which might have significantly restricted the 
reliability or interpretation of these data. 

7. Sources 
David, A, Linford, N, & Linford, P, 2008 Geophysical Survey in 

Archaeological Field Evaluation, 2nd edition. English Heritage 

Gaffney, C, Gater, J, & Ovenden, S, 2002 The use of geophysical techniques 
in archaeological evaluations. Technical Paper 6, Institute of Field 
Archaeologists

Schmidt, A, 2002 Geophysical Data in Archaeology: A Guide to Good 
Practice. Archaeology Data Service, Arts and Humanities Data Service 

Holland, K 2009 Stobhill Wind Farm, Bolam, County Durham: Cultural 
Heritage Desk-Based Assessment. Unpublished report, WYG 
Environment 
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Appendix: Project specification 
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Southern area - geophysical surveys 
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Figure 4

Southern area - geophysical 
interpretation 
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