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SUMMARY 
 
Caesium magnetometer, earth resistance and Ground Penetrating Radar (GPR) 
surveys were conducted at Belsay Hall and Castle, Northumberland, as part of the 
‘Belsay Awakes’ Shared Services Agreement project initiated by the English 
Heritage Trust to improve understanding of the site in support of a Heritage Lottery 
Fund bid to develop facilities at the site. The surveys were conducted over the Castle 
Yards, Gardens and Belsay Park, together with targeted coverage within the 
Nursery Paddock and the site of the demolished C16th chapel in the vicinity of the 
Hall. Evidence for the past use of the wider landscape across Belsay Park has a been 
revealed by the magnetic (8.7ha) and GPR (10.8ha) surveys, including former 
structural remains and elements of  the walled garden associated with the castle 
further corroborated by the earth resistance (1.0ha) data. The GPR survey also 
detected the remains of an elaborate series of fish ponds within the Nursery 
Paddock and the earth resistance suggested the location of structural remains 
associated with the demolished chapel. 
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INTRODUCTION 

Geophysical surveys were carried out at Belsay Hall, Castle and Gardens as part 
of the ‘Belsay Awakes’ project initiated by the English Heritage Trust (EHT) 
under its Shared Services Agreement with Historic England (RASMIS project 
number 7451, Oakey 2016). The C14th castle tower house, with an attached 
house possibly added around the earlier core in 1614 (AMIE 20700) is likely to 
have formed part of a larger complex including ancillary buildings such as 
stables, barns and lodgings, a gatehouse and curtain walls surrounded by a 
ditch, some of which may survive in buildings within the castle yards (Stable 
and North Range) or as below-ground archaeology. An engraving of the site by 
the Buck brothers in 1728 shows walled gardens to the S and SW of the Manor 
House, forming part of a wider landscape park covering an area of 275ha 
overlying the well preserved medieval and post-medieval remains of the 
deserted Belsay village and extensive ridge and furrow agriculture (AMIE 
1002961, Blood and Welfare 1986). The castle site was largely abandoned 
following the construction of Belsay Hall (AMIE 1002959) between 1810-17, 
which in turn led to the removal of a C16th domestic chapel (AMIE 20697) near 
the NE corner of the Hall.  

The aim of the geophysical survey was to further investigate the Castle Yards, 
Gardens and Belsay Park, together with the site of the Old Chapel, and the 
Nursery Paddock adjacent to the hall used as an overflow car park. It was hoped 
that a combination of magnetic, Ground Penetrating Radar (GPR) and earth 
resistance techniques would help identify significant buried remains and 
complement the existing analytical earthwork survey, aerial photography and 
lidar data sets. 

The site sits on Upper Carboniferous sandstone sedimentary bedrock of the 
Stainmore Formation overlain in places within Belsay Park by glacial deposits of 
sand and gravel and alluvium (Geological Survey of Great Britain 1955; 
Geological Survey of England and Wales 2016). The soils consist primarily of 
slowly permeable, seasonally waterlogged, fine loamy and clayey soils of the 
Brickfield 3 (713g) association  with some deep fine loamy soils of the Nercwys 
(542) association present towards the southern periphery of the site in the area 
of the later C19th hall (Soil Survey of England and Wales 1983). Weather 
conditions during the first week of survey in July 2016 were generally good, 
although conditions were less clement during the October visit with some 
obvious areas of water retention occurring over the site. 

 

 

 



© HISTORIC ENGLAND 2 4 - 2017 

METHOD 

Magnetometer survey  

Magnetometer data was collected along the instrument swaths shown on Figure 
1 using an array of six Geometrics G862 caesium vapour sensors mounted on a 
non-magnetic sledge (Linford et al. 2015). The sledge was towed behind a low-
impact All-Terrain Vehicle (ATV) which housed the power supply and data 
logging electronics. Five sensors were mounted 0.5m apart in a linear array 
transverse to the direction of travel and, vertically, ~0.25m above the ground 
surface. The sixth was fixed 1.0m directly above the centre of this array to act as 
a gradient sensor. The sensors sampled at a rate of 25Hz resulting in an along-
line sample density of ~0.15m given typical ATV travel speeds of 3.5-4.0m/s.  
As the five non-gradient sensors were 0.5m apart, successive survey swaths 
were separated by approximately 2.5m to maintain a consistent traverse 
separation of 0.5m. Navigation and positional control were achieved using a 
Trimble R8 Global Navigation Satellite System (GNSS) receiver mounted on the 
sensor platform 1.75m in front of the central sensor and a second R8 base 
station receiver established using the Ordnance Survey VRS Now correction 
service. Sensor output and survey location were continuously monitored during 
acquisition to ensure data quality and minimise the risk of gaps in the coverage. 

After data collection the corresponding readings from the gradient sensor were 
subtracted from the measurements made by the other five magnetometers to 
remove any transient magnetic field effects caused by the towing ATV or other 
nearby vehicles. The median value of each instrument traverse was then 
adjusted to zero by subtracting a running median value calculated over a 50m 
1D window (see for instance Mauring et al. 2002). This operation corrects for 
biases added to the measurements owing to the diurnal variation of the Earth’s 
magnetic field and any slight directional sensitivity of the sensors. A linear 
greyscale image of the combined magnetic data is shown superimposed over the 
base Ordnance Survey (OS) mapping in Figure 3 and minimally processed 
versions of the range truncated data (100nT/m) are shown as a trace plot and 
a histogram equalised greyscale image in Figures 7 and 8. Periodic filtering in 
the Fourier domain was used to isolate and remove the effects of ridge and 
furrow by applying a directional cosine filter in the direction of the agricultural 
pattern and a Butterworth high-pass filter with a cutoff wavelength of 15m 
(Figure 8(B)). 

Earth resistance survey 

Measurements were recorded over a series of 30m grids established with a 
Trimble R8 GNSS (Figure 1) using a Geoscan RM15 resistance meter, a PA5 
electrode frame in the Twin-Electrode configuration and a MPX15 multiplexer, 
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to allow two separate data sets, with mobile electrode separations of 0.5m and 
1.0m, to be collected simultaneously. The 0.5m electrode separation coverage 
was designed to detect near-surface anomalies in the upper 0.6m of the 
subsurface whilst the 1.0m separation survey allowed anomalies to a depth of 
about 1-1.5m to be detected. For the 0.5m electrode separation survey readings 
were taken at a density of 0.5m x 1.0m while for the 1.0m separation survey 
they were taken at a density of 1.0m x 1.0m. The results of the 0.5m mobile 
electrode separation surveys after processing are shown superimposed over the 
OS mapping on Figure 5 for the Castle Yards and Gardens and Figure 6 for the 
Old Chapel. 

Extreme values caused by high contact resistance were removed from all 
datasets using an adaptive thresholding median filter (Scollar et al. 1990) with 
radius 1m. Where there was an overnight, or longer, gap between surveying 
adjacent grids, slight differences in mean background levels were observed 
caused by changes in soil moisture conditions. The base levels of affected grids 
were therefore adjusted using an automated method similar to that of Haigh 
(1991). Trace plots and greyscale images of the 0.5m and 1m mobile probe 
separation surveys are shown in Figures 9, 10 and 11 with additional greyscale 
images of the processed datasets following the application of high-pass and 
steerable filters.  

Ground Penetrating Radar survey 

A 3d-Radar MkIV GeoScope Continuous Wave Stepped-Frequency (CWSF) 
Ground Penetrating Radar (GPR) system was used to conduct the survey 
collecting data with a multi-element DXG1820 vehicle towed, ground coupled 
antenna array (Linford et al. 2010). A roving Trimble R8 Global Navigation 
Satellite System (GNSS) receiver, together with a second R8 base station 
receiver established using the Ordnance Survey VRS Now correction service, 
was mounted on the GPR antenna array to provide continuous positional 
control for the survey collected along the instrument swaths shown on Figure 3. 
Data were acquired at a 0.075m x 0.075m sample interval across a continuous 
wave stepped frequency range from 60MHz to 2.99GHz in 2MHz increments 
using a dwell time of 2ms. A single antenna element was monitored 
continuously to ensure data quality during acquisition together with automated 
processing software to produce real time amplitude time slice representations of 
the data as each successive instrument swath was recorded in the field (Linford 
2013).  

Post-acquisition processing involved conversion of the raw data to time-domain 
profiles (through a time window of 0 to 50ns), adjustment of time-zero to 
coincide with the true ground surface, background and noise removal, and the 
application of a suitable gain function to enhance late arrivals. Representative 
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profiles from the GPR survey are shown on Figure 12. To aid visualisation 
amplitude time slices were created from the entire data set by averaging data 
within successive 2.4ns (two-way travel time) windows (e.g. Linford 2004). An 
average sub-surface velocity of 0.085m/ns was assumed following constant 
velocity tests on the data, and was used as the velocity field for the time to 
estimated depth conversion. Each of the resulting time slices, shown as 
individual greyscale images, therefore represents the variation of reflection 
strength through successive ~0.1m intervals from the ground surface in Figures 
13 to 17. Further details of both the frequency and time domain algorithms 
developed for processing this data can be found in Sala and Linford (2012). 

Due to the size of the resultant data set a semi-automated algorithm has been 
employed to extract the vector outline of significant anomalies shown on Figure 
19. The algorithm uses edge detection to identify bound regions followed by a 
morphological classification based on the size and shape of the extracted 
anomalies. For example, the location of possible pits is made by selecting small, 
sub circular anomalies from the data set. 

RESULTS 

Magnetometer survey 

A graphical summary of significant magnetic anomalies [m1-56] discussed in 
the following text superimposed on base OS map data is provided in Figure 18. 

Castle Gardens and Belsay Park 

Two parallel linear anomalies [m1] approach the castle complex from the S, 
aligned with the entrance of the Jacobean wing, and are probably indicative of a 
path through the main axis of the enclosed formal garden design, depicted by 
the Buck engraving of circa 1728, further represented by the rectilinear pattern 
of mainly positive responses [m2-4]. More general magnetic disturbance [m5] 
to the E and a cluster of possible pit-type responses [m6] could also be garden 
related, but do not directly suggest a formal design.  

A wider, L-shaped arrangement of anomalies [m7-13], partially interrupted by 
an intense response from the water main [m14], probably relates to paths and 
boundaries of the additional enclosed gardens shown on the Buck engraving, 
although there would appear to be considerable variation from this depiction. 
Some negative linear responses suggest the presence of buried masonry wall 
foundations or building rubble [m15] and [m16], and a probable stone 
drainage culvert [m17] (cf [gpr46] and [r25]) potentially running E to a 
ditch-type anomaly at [m18]. A presumably relatively recent trackway visible in 
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lidar data may correspond with [m20] (cf [gpr69]), with [m19] and [m21] 
possibly associated with the boundary of the walled gardens. 

Towards the S of the survey a series of disjointed ditched enclosures [m22-25], 
occur in association with some high magnitude thermoremanent anomalies 
[m26-29], often indicative of semi-industrial burnt features such as ovens or 
furnaces, and may represent remains of the medieval settlement. Some negative 
anomalies (for example at [m30]) could also represent rubble spreads or 
partially preserved wall footings and whilst this mixed magnetic response is 
similar to results from other deserted medieval settlement sites, the disturbance 
might also relate to subsequent quarrying and later landscaping of the park (cf 
Martin and Payne 2005). Further possible evidence for the medieval settlement 
is found to the E at [m31-34] and coincides with a series of recorded 
earthworks suggestive of building platforms which are also visible in the lidar 
data (Blood and Welfare 1986,; (D)). The two weakly resolved ditch type 
anomalies at [m31] may, perhaps, be a continuation of [m18] heading from 
the castle tower house further to the W. 

Anomalies due to the curving track of relatively recent origin [m35] and the 
distinct patterns of ridge (positive response) and furrow (negative response) at 
[m36] and [m37] replicate the morphology and alignments shown in both the 
earthwork and lidar data (Blood and Welfare 1986,; (P)). Possible boundaries 
and track ways [m38-40] separate the areas of cultivation and restrict [m36] 
and [m37] to relatively small field enclosures. The ridge and furrow system at 
[m36] has broad and not very parallel ridges similar in character to the wider 
pattern shown on the lidar data to the W beyond the survey coverage.  

Limited magnetic activity is found to the E of [m36], except for a tentative 
linear response [m41], corresponding with a linear bank mapped by the 
earthwork survey data (Blood and Welfare 1986,; (M)), a ceramic drainage pipe 
[m42], and a scatter of localised positive responses [m43], probably related to 
in-filled pits, depressions and minor quarries of unknown significance in the 
vicinity of a recorded rectilinear earthwork feature (Blood and Welfare 1986,; 
(M) and (D)). 

The complex of banks, ditches and drainage features described by the earthwork 
survey are partially resolved as a series of weak linear anomalies at [m44-48], 
although it is difficult to suggest whether these represent enclosures, possibly 
for stock management, or water management of the marginal land in this area. 
A broad negative anomaly at [m49] suggests a modern drainage ditch partially 
visible in the lidar data. 

The extant ridge and furrow to the N of the survey area is replicated as an 
extensive NNW-SSE pattern [m50], becoming less straight and more curving to 
the W, possibly indicating an earlier phase, and terminating at an intermittent 
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response [m51] to the S bounding the more marginal, marshy ground. An 
orthogonal pattern of weaker anomalies [m52] is found to the N of [m50] and 
could also be suggestive of earlier underlying ridge and system. The response to 
[m52] is certainly more subtle and whilst visible in the lidar data it has not 
been recorded by the earthwork survey. A number of large pit type anomalies 
[m53] are also found across this area, but are perhaps most likely to represent 
natural tree-throw hollows.  

Analysis of the processed data (Figure 8(B)) has revealed a few weaker 
underlying linear anomalies on different alignments [m54-56] that may relate 
to earlier enclosure ditches and track way features. There is also a strongly 
magnetised curvilinear anomaly [m57] (>30 nT/m), which seems likely to be of 
more recent origin perhaps a metalled surface or drain running from the area of 
marshy ground to the ha-ha ditch. 

Ground Penetrating Radar survey 

A graphical summary of the significant GPR anomalies, [gpr1-112] discussed 
in the following text, superimposed on the base OS map data, is provided in 
Figure 19. 

Significant reflections have been recorded throughout the 50ns two-way travel 
time window, although later reflections beyond ~40ns become more highly 
attenuated. The very near surface data between 0 and 4.8ns (0.0 - 0.2m) has 
responded to the immediate surface conditions across the site including the 
extant paths and track ways [gpr1], well preserved ridge and furrow [gpr2], 
tree roots [gpr3] and animal burrows [gpr4].  

Nursery Paddock 

The very near surface data show the course of the current track [gpr1] crossing 
from the hall between 2.4 and 7.2ns (0.1 to 0.3m) and a second set of less 
established vehicle ruts [gpr5], together with a network of mole burrows 
[gpr4], most prominent in the lower lying ground to the E of paddock. The area 
of rough, more waterlogged meadow to the W of [gpr1], surveyed during 
October 2016, has produced a muted response. 

More significant linear anomalies [gpr6-9] are also evident from approximately 
2.4ns (0.1m) onwards, with [gpr6] appearing first as a shallow track or path 
shown on the First Edition Post War OS mapping and 1986 RCHME plan 
overlying a broader, parallel walled anomaly that is recorded on the earlier 
historic mapping (OS Historic County Mapping Series: Northumberland 1904 - 
1939 Epoch 3). Anomalies [gpr7-9] are more difficult to fully interpret, but 
appear to be more shallow as both [gpr7] and [gpr8] overlie the course of the 
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water main [gpr10] which enters the paddock from the NW with a fall of 9.6ns 
(0.41m) to 21.6ns (0.91m). The significance of the four discrete reflectors 
[gpr11] found between 2.4 and 14.4ns (0.1 to 0.61m) is also difficult to 
determine, and particularly whether these are the remains of a structure or 
garden feature associated with [gpr6].  

The extant ridge and furrow [gpr2] is found on two alignments separated by 
the raised headland [gpr12] from between 4.8 and 21.6ns (0.2 to 0.91m) and 
largely replicates the previous analytical earthwork survey. The broad, curving 
ridge and furrow to the S of [gpr12] is different in character to the more closely 
spaced, EW alignment found to the N of the headland, although this area is 
partially confused by the amorphous response in the vicinity of the works 
storage facility which could, possibly, also include spurs from the water main.  

A high amplitude curvilinear anomaly [gpr13] is evident from 4.8ns (0.2m) 
onwards cutting [gpr12] and apparently forming a series of enclosures or field 
divisions with the linear responses found at [gpr14-20]. Some of these 
divisions correspond, in part, with boundaries shown on the historic mapping 
which indicates short term changes in land use between subsequent revisions 
(OS Historic County Mapping Series: Northumberland 1891 - 1921 Epoch 2 
and 1904 - 1939 Epoch 3). Despite the apparently ephemeral nature of this 
period of land use, with the paddock reverting to an entirely open area with no 
extant surface expression by the first post war OS mapping, both the linear 
anomalies and some increased areas of reflectance [gpr21] survive within the 
paddocks themselves between 7.2 and 16.8ns (0.3 to 0.71m). 

The course of a second service [gpr22] appears to fall away from a visible 
inspection cover to the E of the paddock where it runs both N, towards the 
properties beyond the Nursery wall, and W following the southern boundary to 
the site of a ?former pump house or hut built against the wall. It is difficult to 
determine whether [gpr22] continues further W or whether it is associated 
with the curvilinear anomaly [gpr23] that apparently runs E from the vicinity 
of the stop cock over the water main towards [gpr22]. However as anomaly 
[gpr23] is slightly deeper than the other services, evident between 21.6 and 
31.2ns (0.91 to 1.32m), and follows a curious, curving course it does suggest a 
more significant origin, possibly predating the extant ridge and furrow which 
appears to cut through [gpr23].  

A series of more complex rectilinear anomalies [gpr24-26] appear from 
between 9.6 and 40.8ns (0.41 to 1.73m) and appear to correlate with similar 
structures shown on the historic mapping marked as a fish pond (OS Historic 
County Mapping Series, Six-inch: Northumberland 1843 - 1893 Epoch 1 
surveyed in 1859). The fish pond appears to consist of a narrow linear, double 
walled structure [gpr24], running parallel to the Nursery wall, leading into two 
adjacent rectangular ponds [gpr25] and [gpr26] with dimensions of 5m x 8m 
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and 6.5m x 16m respectively, and a larger square enclosure [gpr27] of 18m x 
18m.  

The bounding walls of [gpr24] and [gpr25] are closest to the surface, well 
defined from 14.6ns (0.61m) onwards, and develop into a planar reflector, 
perhaps from a basal layer of silt, by approximately 21.6ns (0.91m). This 
contrasts with the slightly deeper walls of the larger pond [gpr26] which does 
not appear to become in-filled with a possible silt layer much before 28.8ns 
(1.22m). It is unclear whether this represents a deliberate cascade between the 
water features or, perhaps more likely the result of levelling the ground within 
the paddock against the natural W to E slope of the site when the fish ponds 
went out of use. Certainly, the lidar data only shows faint outlines of the 
overlying structures and no surface expression of the fish ponds was recorded 
by the earthwork survey, although they appear to be relatively short lived and do 
not appear on the revised OS mapping of 1896.  

There is no clear evidence for a planar reflective layer within [gpr27] although 
the outer walls enclose a central area of more amorphous activity, and a possible 
continuation with a short segment of wall [gpr28] heading S beyond the survey. 
Further linear anomalies suggest a more complex form to [gpr24] with 
fragments of wall-type response [gpr29] to both the N, and S where a pair of 
parallel walls [gpr30] between 9.6 and 28.8ns (0.41 to 1.22m) bound a 
rectilinear planar reflector [gpr31]. Other linear and rectilinear anomalies 
[gpr32-36] may also be associated with the fish ponds, although these occur 
much closer to the surface between 2.4 and 21.6ns (0.1 and 0.91m) and may, 
therefore, represent subsequent phases of activity such as the paddock 
enclosures shown on the later historic mapping (OS Historic County Mapping 
Series, Six-inch: Northumberland 1842 - 1852 Epoch 3 surveyed in 1920). 

Old Chapel 

An irregular shaped area was available for survey immediately in front of the 
Hall and over the proposed site of the Old Chapel. Access was complicated due 
to the topography, kerbing and mature trees present which has partially 
influenced data acquisition. Two services, possibly representing a drain 
[gpr37] beneath the drive and a cable run [gpr38], are found in the near 
surface data together with some evidence for more deeply buried pipes [gpr39]. 
A more significant, rectilinear anomaly [gpr40] with dimensions of 8.5m x 10m 
appears as series of wall-type responses in the near surface between 2.4 and 
9.6ns (0.1 to 0.41m) before developing into a low amplitude response persistent 
throughout the data set. It is unclear whether [gpr40] represents a shallow 
walled building or, perhaps, a cistern or pond. Other, more fragmented 
responses in this area are more difficult to interpret and may, in part, be 
associated with the underlying geology and possible destruction deposits. 
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Castle Yards, Gardens and Belsay Park 

The very near surface data contains anomalies related to the extant track ways 
[gpr1] leading from the Hall to the Castle, and then dividing N along the 
causeway towards Coal Burn and W Bantam Wood, and the continuation of the 
water main [gpr10]. From 2.4ns (0.1m) the survey reveals a number of 
additional roads and track ways which have not, apparently, been captured by 
the modern or historic OS mapping. These include the raised walkway [gpr41] 
heading N from the castle to the wild garden, and a probable roadway [gpr42] 
heading E from the courtyard, both recorded by the earthwork, lidar and 
magnetic surveys (Blood and Welfare 1986,; (L) and (P) cf [m35]). Ditches to 
either side of [gpr41] are found as narrow, low amplitude responses. 

A continuation of the metalled road from the Hall heading both N-S [gpr43] (cf 
[m7-10]) and to the W [gpr44] is also found in the radar survey, although only 
the lidar corresponds with the southern extent of [gpr43]. Other more 
fragmented linear anomalies suggest roads or tracks aligned with either the west 
wing of the manor house [gpr45] (cf [m1]) or the castle  tower house [gpr46] 
and [gpr47],  together with a “dog legged” section of the toll road [gpr48] 
heading W from [gpr41] (Green 1769). Anomalies [gpr45-47] correlate and 
enhance data from the other sources with, for example, only a fragment of 
[gpr46] recorded by the earthwork survey in a hollow mapped to the E of 
castle. The causeway identified as a possible historic road by the earthwork 
survey is also replicated in the GPR data [gpr49], but does not suggest any 
additional clarity with respect to its direction or purpose (Blood and Welfare 
1986,; (M) cf [m41]). It is also unclear whether the GPR has responded to any 
elements of more recent equestrian eventing courses between the permanent 
jumps in the park.  

A more subtle linear anomaly [gpr50], also depicted on the lidar data, crossing 
the site to the S, appears to be associated with a group of fragmented high 
[gpr51-55] and low amplitude responses [gpr56-61]. The near surface data, 
between 2.4 and 9.6ns (0.1 and 0.41m), is complicated here by areas of planar 
response [gpr62] apparently due to the underlying geology. It is possible that 
[gpr51-61] represents activity related to both the original site of the medieval 
settlement, suggested by the rectilinear plots orthogonal to [gpr50], and later 
surface quarrying activity (cf [m22-30]).  

From 9.6ns (0.41m) onwards a series of wall-type anomalies [gpr63-65] share 
the orientation of the castle layout, immediately to the S and W, and suggests a 
walled garden similar to the design depicted in the Buck engraving. The radar 
data enhances and supports the results of the magnetic survey (cf [m8-13]), 
suggesting the main walled enclosure lies to the E of the tower house overlain in 
part by the modern track at [gpr43] and [gpr44]. There is some evidence for 
the continuation of wall-type anomalies [gpr66] and [gpr67] to the E of 
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[gpr43], and a more ephemeral response immediately S of the castle at 
[gpr68] and [gpr69] (cf [m1-4]). The discrete, high amplitude response 
[gpr70] to the W could, perhaps, represent structural remains similar to the 
building shown in the foreground of the Buck engraving. 

The identification of more detailed elements of the garden design is difficult, 
although four N-S paths [gpr45] and [gpr63-64], approximately 30m apart, 
aligned on the entrance to the Tudor mansion, the tower house, and the centre 
and eastern extent of the proposed walled garden are evident. Some, 
presumably more recent, activity in this area includes the track way [gpr46] 
and a linear anomaly [gpr71] running on an orientation that suggests, perhaps, 
a stone lined drain from the castle meeting a low amplitude response [gpr72] 
to the E. Further anomalies to the E of [gpr46] seem indicative of more recent 
activity, perhaps a previous route of track [gpr73] and a response to the square 
enclosure [gpr74] shown on the modern mapping, together with drainage or 
boundary walls [gpr75]. A single, discrete anomaly at [gpr76] could be 
indicative of structural remains similar, and perhaps a counterpart to, [gpr70]. 
Additional discrete, high amplitude anomalies [gpr77-80] are found 
throughout this area and may, in part, correlate with the extension to the 
medieval settlement suggested by the earthwork and magnetic surveys (Blood 
and Welfare 1986,; (D), cf [m31-34] and [m43]). 

A series of linear anomalies [gpr81-85] also extend to the N of the castle, 
following the orientation of walled garden [gpr61] and are partially obscured 
by the overlying track [gpr43]. There appears to be little surface expression of 
[gpr81-85], due to the raised causeway [gpr43] and extant ridge furrow 
[gpr92], until this meets a possible network of stone lined drains [gpr86-91] 
heading E towards a boggy area of marginal ground where it was not possible to 
survey, although there is some correlation with banks, or headlands enclosing 
[gpr92]. The purpose of the intricate drainage system and associated 
earthworks is more difficult to ascertain. This appears to be later than the ridge 
and furrow, but none of this activity is recorded by the historic mapping and the 
high amplitude, planar reflector [gpr91] between 4.8 and 16.8ns (0.2 to 0.71m) 
perhaps suggests a silt layer associated with local water management, such as a 
pond, or deliberate attempts at drainage. 

All of the extant patterns of ridge and furrow have been reproduced in the radar 
survey [gpr92-95] and this has partially obscured the identification of other 
significant anomalies. However, in places the underlying geological response 
[gpr96] is evident together with possible building platforms along the course of 
the carriageway at [gpr97], and a scatter of discrete, circular anomalies 
[gpr98] and [gpr99], perhaps the site of previous “eye catcher” tree planting to 
either side of [gpr43] as it heads N beyond the park.  
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Survey within the castle yards has been restricted to the open areas and has 
identified a rectilinear group of anomalies [gpr100], which appears to 
represent the previous fence line to the S and some deeper, potentially more 
significant wall footing or drains which, in part, extend the course of exposed 
masonry [gpr101]. The anomalies found at [gpr102] are difficult to interpret, 
but may represent a combination of structural and more recent planting in this 
area. There is also some evidence for possible rubble deposits at [gpr103] and 
[gpr104] beyond the current curtilage of the castle to the N. Whilst the 
response at [gpr104] may, possibly, be associated with the stable block range, 
the response in this area is likely to be confused by the track way and other 
activity associated with the site of the former Dutch barn.  

A rectilinear anomaly [gpr105] suggests the continuation of the castle wall 
approximately 40m W beyond the stable block, where it almost meets the ha-ha 
enclosing the western extent of the park, and both [gpr105] and a second 
parallel anomaly [gpr106] 10m to the N correlate with the lidar data. In 
comparison to William Green’s survey of the park the walkway [gpr41] is seen 
to enter the castle gardens (perhaps explaining the presence of anomalies 
[gpr102] and [gpr103]), and a dog-legged boundary extends the gardens W to 
the ha-ha as suggested by [gpr105].  

Other anomalies within the castle yards are more fragmentary and difficult to 
fully resolve, but include possible evidence for a more complete turning circle 
[gpr107] in front or the manor house wing, and a double linear anomaly 
[gpr108] aligned with the stable block to the S. Some possible structural 
remains are found at [gpr109] immediately W of the manor house wing, but 
this area is complicated by the extant planting and kerbing. Other anomalies 
adjacent to the tower house [gpr110-112] partially correlate with elements of 
the possible garden layout (eg [gpr63]) beyond the ha-ha, but again the results 
are likely to be confused by previous planting in these confined areas.  

Earth resistance survey 

A graphical summary of significant earth resistance anomalies [r1-47] 
discussed in the following text superimposed on base OS map data is provided 
in Figure 20 for the Castle Yards and Gardens and Figure 21 for the Old Chapel. 

Castle Yards and Gardens 

Areas of raised resistance are associated with the modern paths and tree 
planting, and as linear anomalies following the stone kerbing visible on the 
surface of the lawn at [r1] and [r2], which is otherwise generally characterised 
by a low resistance response [r3]. High resistance anomalies suggesting 
evidence for masonry structures are found at [r4] to the N and to the S of the 
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modern path at [r5], although the presence of re-deposited building rubble 
should also be a consideration. Further rectilinear high resistance anomalies 
[r6] and [r7] may relate to earlier garden arrangements, pathways or 
boundaries and the raised response at [r8] seems too extensive to be due to the 
tree found here and could, perhaps, be associated with buried walls, drains, 
culverts or pathways. Decreases in resistance to either side of [r8], at [r9] and 
[r10], may represent more water retentive former planting beds. 

To the S of the castle building ranges low resistance anomalies [r11] and [r12] 
may relate to former elements of the garden design found beyond the ha-ha (cf 
[r28-31] and [m1-5]), although historical photographs of the site suggest 
some of this planting could be more recent. There is little evidence of surviving 
remains of the demolished western extension of the manor house in the vicinity 
of a single upstanding stub of wall, beyond a uniformly low resistance response 
[r13] possibly related to the planting of a tree in the middle of this area. Further 
data processing suggests some tentative E-W orientated higher resistance 
anomalies, Figure 9(E) [r14] and [r15], possibly due to more deeply buried 
wall foundations but this interpretation is far from clear. 

In the vicinity of the tower house  a pronounced high resistance anomaly [r16] 
may be structural, possibly associated with the castle or recent under-pinning of 
the tower foundations, and could be associated with [r17] extending S which 
may represent a former wall or pathway. Two responses at [r18] and [r19] 
close to the standing buildings are most likely to be associated with the 
installation of lightning protection for the tower. 

In the castle gardens immediately to the NE of the  tower house a linear low 
resistance anomaly [r20] could indicate a foundation trench, in-filled extension 
of the ha-ha or a former moat, perhaps associated with similar responses within 
the castle yards (cf [r10]). 

Areas of higher response [r21] and [r22] found here are possibly associated 
with rubble spreads from structural remains, with some lower resistance 
anomalies [r23] and [r24], perhaps suggestive of disturbance due to quarrying 
or garden planting. There is also a strong linear anomaly [r25] due to the stone 
lined drain heading to the E (cf [m18] and [gpr71]). The layout of the formal 
garden aligned with the southern entrance to the Jacobean wing has also been 
mapped as a geometrical, approximately H-shaped, arrangement of anomalies 
[r26-29] (cf [m1-4], [gpr43-45] and [gpr63-69]), with further possible 
suggestions of boundary elements of the design at [r30-32]. 

Further areas of higher resistance, for example [r33] and [r34], could relate to 
structural remains or a response to background geology, topography and 
drainage where the ground rises to the W. Immediately N of the water main, 
replicated by a linear low resistance anomaly at [r35] (cf [m14]), there is an 
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unusual low resistance polygonal response [r36] that contrasts strongly with 
the higher resistance background and may represent further elements of the 
garden design or a small enclosure of unknown date and purpose. 

Old Chapel 

An approximately L-shaped arrangement of wall type anomalies [r37-40] 
suggests the presence of structural building remains, coinciding with the 
conspicuous earthwork mound found here, perhaps of either two phases or 
distinct ranges, with sub-divisions within the broader patterns of high 
resistance possibly indicating internal walls and room partitions. A very low 
polygonal anomaly [r41] is found immediately to the N together with a similar 
response at [r42], which may be related to later garden planting and 
landscaping and could indicate the possible truncation of the building remains. 
To the S a narrow linear low resistance anomaly service trench [r43] runs 
approximately E-W in the vicinity of a possible further section of stone wall 
[r44], perhaps also related to the old chapel site. 

Filtered versions of the data, shown in Figures 11(C) and 11(F), emphasise 
anomalies [r37-40] associated with the probable building and reveal a 
tentative, cellular pattern of more moderate increase in resistance [r45] with 
lower readings to the W [r46] and [r47], perhaps indicative of an earlier 
garden design in the centre of the turning circle in front of the entrance to the 
Hall. 

CONCLUSIONS 

The geophysical surveys have successfully complemented the existing analytical  
earthwork survey, aerial photographic record and lidar coverage of Belsay Park, 
with both the magnetic and GPR results confirming the medieval activity 
associated with the deserted village to the S of the castle, which then becomes 
dominated to the N by the response to well preserved patterns of ridge and 
furrow. A complex pattern of water management or drainage has also been 
elucidated within an area of marginal ground to the N bounded by the ridge and 
furrow. Together with the earth resistance coverage an enhanced interpretation 
of the formal walled gardens associated with the castle is presented which may, 
possibly, question the fidelity of a contemporary engraving of the site. Further, 
more fragmentary, evidence for building remains has been found within the 
castle yards together with the structural details associated with the original 
extent of the perimeter wall and stable block to the N, including the course of 
the walk from the castle to Lady Middleton’s garden. In the vicinity of the Hall 
the earth resistance survey has suggested the presence of structural remains, 
possibly related to the location of the old chapel. Whilst only GPR was 
conducted in the Nursery Paddock this technique has successfully 
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complemented the earthwork survey and revealed a complex series of rectilinear 
fishponds, partially recorded by historic mapping, associated with additional 
walled enclosures.  
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LIST OF ENCLOSED FIGURES  

Figure 1 Location of the caesium magnetometer instrument swaths and earth 
resistance survey grids superimposed over the base OS mapping data 
(1:2500). 

Figure 2 Location of the GPR instrument swaths superimposed over the base 
OS mapping data. The location of representative GPR profiles shown 
on Figure 12 are also indicated (1:2500). 

Figure 3 Linear greyscale image of the caesium magnetometer data 
superimposed over base OS mapping (1:2500).  

Figure 4 Greyscale image of the GPR amplitude time slice from between 9.6 – 
12.8ns (0.47 – 0.62m) superimposed over the base OS mapping data.  

Figure 5 Equal area greyscale images of the 0.5m mobile probe spacing earth 
resistance data from the Castle Yards and Gardens superimposed 
over base OS mapping (1:1000).  

Figure 6 Equal area greyscale images of the 0.5m mobile probe spacing earth 
resistance data from the Old Chapel superimposed over base OS 
mapping (1:500).  

Figure 7 Trace plot of the minimally processed magnetometer data following 
processing to reduce the influence of near-surface, ferrous detritus. 
Alternate survey lines have been removed from the data to improve 
the clarity (1:1500). 

Figure 8 (A) Equal area greyscale image of the minimally processed 
magnetometer data following processing to reduce the influence of 
near-surface, ferrous detritus. An extract of the data (B) is shown 
after periodic filtering to remove ridge and furrow anomalies 
(1:1750). 

Figure 9    Earth resistance data collected with a 0.5m mobile probe separation 
from the Castle Yards and Gardens shown as (A) a trace plot, (B) a 
linear greyscale image and (C) an equal area greyscale image of the 
minimally processed data, together with linear greyscale images of 
the data following the application of (D) high pass and (E) steerable 
filters to accentuate linear anomalies (1:1000). 

Figure 10 Earth resistance data collected with a 1.0m mobile probe separation 
from the Castle Yards and Gardens shown as (A) a trace plot, (B) a 
linear greyscale image and (C) an equal area greyscale image of the 
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minimally processed data, together with linear greyscale images of 
the data following the application of (D) high pass and (E) steerable 
filters to accentuate linear anomalies (1:1000). 

Figure 11 Earth resistance data collected with a 0.5m mobile probe separation 
from the Old Chapel shown as (A) a trace plot and (B) a linear 
greyscale image of the minimally processed data, together with an 
equal area greyscale image of the data following the application of (C) 
a steerable filter to accentuate linear anomalies. Parts (D), (E) and 
(F) show similar representations of the 1.0m mobile probe separation 
data (1:750). 

Figure 12 Representative topographically corrected profiles from the GPR 
survey shown as greyscale images with annotation denoting 
significant anomalies. The location of the selected profiles can be 
found on Figures 2, 4 and 19. 

Figure 13 GPR amplitude time slices between 0.0 and 28.8ns (0.0 – 1.22m) 
from the Nursery Paddock (1:2500). 

Figure 14 GPR amplitude time slices between 28.8 and 48.9ns (1.22 – 2.03m) 
from the Nursery Paddock (1:2500). 

Figure 15 GPR amplitude time slices between 0.0 and 48.9ns (0.0 – 2.03m) 
from the Old Chapel (1:1000). 

Figure 16 GPR amplitude time slices between 0.0 and 28.8ns (0.0 – 1.22m) 
from the Castle Yards and Gardens (1:7500). 

Figure 17 GPR amplitude time slices between 28.8 and 48.9ns (1.22 – 2.03m) 
from the Castle Yards and Gardens (1:7500). 

Figure 18 Graphical summary of significant magnetic anomalies superimposed 
over the base OS mapping (1:2500). 

Figure 19 Graphical summary of significant GPR anomalies superimposed over 
the base OS mapping (1:2500). 

Figure 20 Graphical summary of significant earth resistance anomalies from 
the Castle Yards and Gardens superimposed over the base OS 
mapping (1:1000). 

Figure 21 Graphical summary of significant earth resistance anomalies from 
the Old Chapel superimposed over the base OS mapping (1:500). 
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