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The Staffordshire Hoard Surveys 

An Assessment 

 

Introduction 

This report details the outcomes of a review into the surveys relating to the archaeological work 
carried out at the site of the Staffordshire Hoard in 2009, 2010 and 2012. The review was 
undertaken at the request of Historic England via Barbican Research Associates. The author was 
commissioned as a neutral party who had no involvement in any of the work on the Staffordshire 
Hoard.  

The report outlines the results of the assessment of the data following the surveys relating to the 
three stages of fieldwork associated with the Staffordshire Hoard. This assessment was required 
following statements within the report on the 2012 work (Palmer 2013) that there may have been 
inaccuracies with the earlier (2009 and 2010) surveys.  

This report outlines the history of survey at the site and details the rationale leading to the 
identification of the potential problem highlighted in 2013. It then analyses the methods and likely 
accuracy of each of the periods of survey. It also compares the positions of archaeological work in 
relation to Google Earth imagery since this formed one of the rationales for the identification of 
potential error.  

The conclusions from this assessment show that the early surveys (2009 and 2010) appear to be 
accurate. The discrepancies with the Google Earth imagery cannot be confirmed, and there are small 
errors relating to the positioning of the 2012 fieldwork. It seems most likely that error was created 
during the digitisation of features from the earlier surveys prior to their integration in the 2013 
report.  

 

Surveys at the Staffordshire Hoard site 

July-August 2009 

The initial discovery of the Staffordshire Hoard took place on 5th July 2009 by metal detectorist, Terry 
Herbert, and was subsequently reported to the Portable Antiquities Scheme. This led to an initial 
excavation of a test-pit dug by Staffordshire County Council, prompting the development of a more 
comprehensive strategy.  

This first phase of work, in July and August 2009, comprised a magnetometer survey (5.3ha; 
Birmingham Archaeology 2009) in conjunction with the excavation over the area of the initial 
discovery to a maximum extent of 9m by 13m (Birmingham Archaeology 2010). Due to some 
evidence of objects having been moved by the plough, an area approximately 50x50m was also 
surveyed systematically using metal detectors, in addition to additional work undertaken by the 
Home Office Scientific Investigation Branch.  
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March 2010 

A second phase of fieldwork was carried out at the site to establish the landscape context of the 
hoard. This comprised a resistivity survey (1ha), trial trenching and test-pitting. The locations for 
survey and excavation were set out using survey grade GPS (Leica 1200) equipment, as had been 
used in 2009, and the same equipment was used to record them (Burrows and Jones 2010).  

November 2012 

In November 2012, prompted by a new episode of ploughing (carried out on a NE/SW alignment), 
further work was carried out by Archaeology (Projects) Warwickshire (reported in Palmer 2013). This 
work comprised a gridded metal detector survey, gridded field-walking and, following the discovery 
of an additional silver object (apparently on the area of backfill from the 2009 trench), additional ad 
hoc metal detecting across this area.  

The survey for the metal detecting phase is outlined in the report (Palmer 2013):  

Three base lines were laid out across the long axis of the field using a Total Station. Tapes 
were stretched out along these lines and flags placed at 2.5m intervals so that each sweep 
overlapped the adjacent sweep (paragraph 6.4).  

The survey took place over a period of 5 days, and only the minimum number of survey makers was 
left in place over night (the ‘minimum necessary for the accurate laying out and continuation of the 
work the following day’ – paragraph 6.6).  

The survey for the field-walking is outlined in the report:  

The field was marked out in a series of 10m transects which were divided into 10m stints. 
Base lines were laid out using a Total Station and the transects marked out using flags and 
each stint using pin flags. Each transect and 10m stint was given a unique number 
(paragraph 6.9) 

Further fragments discovered were recorded using Total Station (paragraph 6.11).  

The results of this work included 86 items of Early Medieval metalwork, predominantly from areas 
identified as backfill from the previous (2009) excavation. A total of 220 items of metalwork were 
located using the Total Station.  

 

The problem 

It was noted in the report from the work in November 2012 that there was a discrepancy between 
the surveys from the 2009 and 2010 fieldwork and that from the 2012 investigations. In the report it 
was stated that:  

When the finds are plotted over the 2009 report plan (Birmingham Archaeology 2010), there 
is a clear discrepancy between the 2009 and 2012 surveys. Reference to a Google Earth 
satellite image (2010) suggests that the discrepancy was caused by an error transcribed in 
2009 and perpetuated in subsequent reports (paragraph 9.10).  
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The apparent error in positioning was illustrated in the report (Palmer 2014 – Fig. 9) and that 
illustration is reproduced here as figure 1 (below). In metric terms, this would reflect an error of 
approximately 3m, indicating that the positions of trenches and finds from 2009 and 2010 should be 
moved to the north-northeast by this much in order to be positioned correctly and so that they 
match the results from the 2012 fieldwork.  

 

Figure 1. Google Earth image from 2010 (not 2012 as the caption suggests) created by Archaeology Warwickshire (Palmer 
2013 – Fig. 9) showing an apparent discrepancy in survey positions. These are indicated by the black lines (where it is 

suggested they were mapped by Birmingham Archaeology) and red lines (where it is suggested they should have been 
positioned)  

 

Methods for investigating the discrepancy 

In order to understand the situation relating to the apparent discrepancy outlined in the 2012 
report, all of the survey data were re-examined. This comprised:  

 Assessment of the survey methods used in the work undertaken by Birmingham 
Archaeology (2009 and 2010) 

 Assessment of the discrepancy highlighted in relation to the Google Earth imagery which 
reveals the positions of the 2010 trenches 

 Assessment of the survey methods used in the work undertaken by Archaeology 
Warwickshire (2012) 

 Collation of survey outputs within a GIS environment (ESRI ArcGIS 10.2) to enable cross-
comparison and the identification of error 
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Results of assessments 

Assessment of the 2009 and 2010 surveys 

The surveys by Birmingham Archaeology (including the geophysical and concurrent topographic 
surveys) were undertaken using GPS, providing absolute rather than relative positions. The survey 
primarily used the Leica 1200 GPS, with spatial corrections provided by the Leica SmartNet system. 
This system provides absolute positions, meaning no requirement for correction of data, providing 
real-time coordinates relative to National Grid. The nature of the geophysical equipment (Foerster 
Ferex) is that it has a locational accuracy threshold which means that data will not be collected if the 
accuracy of the GPS is too low. The equipment was set up to only record data when the 3D 
positional accuracy was within 200mm (Birmingham Archaeology 2010 – paragraph 5.22), although 
in practice such equipment normally gathers data at a higher accuracy. Essentially this tolerance just 
means that the equipment would not have recorded data if the GPS was not receiving accurate 
positioning information. Positioning for other aspects of survey also used the GPS, although taking 
static points provides a much higher level of precision (typically within 2cm horizontally and 3cm 
vertically).  

Assessment of the survey carried out in 2009 (both the geophysical and concurrent topographic 
survey) corresponds to the field edges as depicted on the highest resolution Ordnance Survey 
mapping (OS MasterMap), indicating that there was no consistent error in the coordinates collected. 
There is a gap in the geophysical/topographic survey over the position of the initial trench in 2009, 
although the positioning of the trench was also carried out using the same GPS equipment, as were 
the 2010 trenches. Similarly, the site grid and finds all conform to this survey (see figure 2).  

 

Figure 2. The geophysical survey undertaken in 2009 in relation to the field boundaries depicted on the Ordnance Survey 
MasterMap data. The area of the survey conforms to the boundaries of the field. The extension beyond the western 

perimeter (by up to 1.5m) probably reflects a shifting of the boundary due to ploughing (as indicated on the Google Earth 
imagery) although it could also reflect interpolation of the dataset. Note the small rectangle not surveyed by 

magnetometry – this reflects the initial area of excavation prior to expansion.  
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Within the report from the 2009 investigations (Birmingham Archaeology 2010) there are 
discrepancies in the depiction of the boundaries of the study area (see figure 3). However, this 
discrepancy is more likely to reflect a difference between using graphics software (presumably 
Adobe Illustrator) compared with GIS. The positioning in the image on the right (originally Fig.5) 
appears to be correct, and is used throughout the rest of the report.  

 

Figure 3. Apparent discrepancy in the positioning of the outline of the geophysical survey area from the 2009 survey across 
two images in the report. The red outline appears not to have changed and so the difference is likely to relate to the use of 

different base mapping, or the use of Adobe Illustrator (for Fig.3) as opposed to GIS (for Fig.5). 

The need for moving the 2010 trenches as indicated by Palmer (2013) was based on the positioning 
of trenches within the report from the 2010 investigations (Burrows and Jones 2010). The validation 
of positioning based on illustrations from this report is challenging since, in most cases, the lines 
depicted are very thick meaning that, within the GIS, they cover a land area in excess of the margins 
of error being investigated (over 3m). The one exception to this is Fig.4 (reproduced as figure 4 
below).  
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Figure 4. The positions of various fieldwork elements depicted in the report on the 2010 investigations  
(after Burrows and Jones 2010). 

Within this illustration the 2010 trenches and other details are shown in relation to the 
‘magnetometry survey area’ rather than the field boundary. If this image was used for the 
digitisation of these features for comparison with Google Earth imagery (see figure 1), then it will 
inevitably have been mis-located, assuming that the edge of the geophysical survey was the edge of 
the field. If a different image was used, then the thicknesses of lines depicting these features would 
mean that the results would be inaccurate (and none of these other images include the location of 
the 2009 trench). Of course, it is possible that the linear features were supplied digitally as vectors, 
in which case it would be most likely that error occurred in the rectification of the Google Earth 
image (see below).  

Discrepancy with Google Earth imagery 

The discrepancy highlighted in the 2012 report (Palmer 2013 – Fig. 9) was based on the rectification 
of a Google Earth image with the 2010 grid baselines placed over it (see figure 1 above).  

Google Earth imagery can be captured as a ‘screen grab’ or exported image. There are two key 
issues relating to the use of Google Earth imagery. Firstly, the resolution of the images can mean 
that precise geo-referencing can be problematic. The resolution of images is typically 2.5m per pixel, 
although more recent imagery has increased for some areas to up to 12.5cm per pixel. The imagery 
from 2010, supplied to Google Earth by Getmapping plc., is of a lower resolution compared with the 
2012 and 2013 (or the earlier 2007) imagery, although there is no information relating to the precise 
resolution of the image. Secondly, the imagery is not entirely vertical, as seen on adjacent buildings. 
Furthermore, zooming in on imagery in order to export images naturally results in tilting which 
needs to be addressed prior to the export of the image for rectification.  



7 
 

The re-rectification of the Google Earth imagery from 2010 in relation to the Birmingham 
Archaeology survey (figure 5) indicates less of an issue regarding positioning.  

 

Figure 5. Re-rectification of the 2010 Google Earth imagery of the site in relation to the 2010 fieldwork areas in red (the 
black lines are from the Ordnance Survey MasterMap data) 

Without any base mapping information, such as the Ordnance Survey MasterMap data, it is not 
possible to determine how the Google Earth image was geo-referenced in 2012. However, as the 
recent rectification shows, it is possible that errors were introduced during this process. This means 
that there can be a degree of uncertainty in the validity of the 2012 rectification and hence the claim 
that there was an error in the transcription of the positions of the Birmingham Archaeology survey.  

Assessment of the 2012 survey 

The fieldwork undertaken in 2012 was located using a Total Station. In an email dated 10 March 
2015, Stuart Palmer (Project Manager for the 2012 work) noted that:  

…we undertook the survey using a Total Station as described in the WSI. Our data is 
therefore not geo-referenced but is available as a cwg file. The cwg data is merely overlaid 
onto a base map and is reproduced as our report fig. 

The Total Station survey was undertaken as a divorced survey producing relative positions which 
were subsequently batch-rectified in relation to Ordnance Survey mapping to provide National Grid 
positions. The majority of the figures in the report show the field out of context with data presented 
in relation to their own survey of the field boundary (labelled as the ‘perimeter fence’ in the survey 
data) rather than that depicted by the Ordnance Survey. The positions of the Total Station survey 
points used to locate the 2012 fieldwork, in addition to the ‘perimeter fence’ line, are shown in 
figure 6 (with detail of the north-western and south-western areas shown in figures 7 and 8 
respectively). 
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Figure 6. Location of the ‘perimeter fence’ (in pink) surveyed during the 2012 fieldwork and used to position the results in 
relation to the National Grid. The dots show the positions of individual survey points along the perimeter (surveyed using 

Total Station). 

 

 

Figure 7. Detail of the north-western area of the 2012 survey showing the survey points and the interpolated perimeter 
fence (in pink) 
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Figure 8. Detail of the south-western area of the 2012 survey showing the survey points and the interpolated perimeter 
fence (in pink) 

On the western edge of the field, the position of the ‘perimeter fence’ is approximately 1.1m outside 
of the field boundary depicted on the OS MasterMap data, which is not dissimilar to the results from 
the geophysics in 2009. However, on the southern edge of the field (figure 8), the ‘perimeter fence’ 
is up to 2.3m into the field compared with the OS MasterMap data, including points positioned at 
the entrance to the field. Within the north-western corner of the field (figure 7), the positioning is up 
to 4m to the north (though more consistently approximately 2m to the north) of the mapped field 
boundary. It might be that there is no ‘hard edge’ in this area of the field, although the topographic 
and geophysical surveys of this area in 2009 remain within the mapped boundaries of the field. It 
seems most likely that the positioning of the 2012 survey was placed too far to the north by 
between 1m and 2m. It is also possible that much of this would be remedied by a slight rotation to 
the south centred on the north-eastern point of the 2012 survey (figure 9). 
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Figure 9. Slight rotation of the ‘perimeter fence’ of the 2012 survey around its north-easternmost point, showing how a 
closer match to the Ordnance Survey MasterMap data could be possible (original position in pink; rotated position in blue) 

Whilst there does appear to be a slight error in the positioning of the 2012 survey, this is not 
extreme, resulting in a movement of 2.2m at the westernmost point, but less to the east. Internally, 
the survey appears to be consistent and reliable.  

 

Discussion and conclusions 

The assessment of the surveys from 2009, 2010 and 2012 was prompted by the apparent 
discrepancy between the results from the work by Birmingham Archaeology (in 2009 and 2010) and 
those from the work by Archaeology Warwickshire (in 2012). Each of the surveys was assessed in 
terms of the processes and equipment used, and in relation to the outputs from them. Given the 
apparent discrepancy was illustrated in relation to a geo-referenced Google Earth image from 2010, 
this was also assessed. The principal conclusions from this are:  

 The 2009 and 2010 surveys appear to be correctly positioned. The GPS approach using the 
SmartNet corrections is normally reliable. Where errors occur, it is frequently due to map 
distortions (relating to the imposition of the National Grid), with systematic errors. No such 
errors were observed. The data appear to be internally consistent and also align with the 
Ordnance Survey’s MasterMap data well.  

 The 2012 survey was carried out as a divorced survey using a Total Station, with data batch-
rectified to fit with National Grid in terms of both position and rotation to grid north. 
Inconsistencies between the surveyed field boundary and that depicted on the Ordnance 
Survey MasterMap data indicate a slight error of around 2m which is likely to be due to a 
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minor rotation issue around the north-eastern corner of the survey. Effectively, this error 
places all of the 2012 features slightly further to the north than they should be.  

 The apparent difference in position between visible marks on the 2010 Google Earth image 
and the positions of the trenches from that same year is likely to be due to one of two 
reasons:  

o Theory 1: The locations of the 2009 and 2010 trench features were digitised from an 
image in the original report (Burrows and Jones 2010, Fig.4). If this was the case, 
then it is likely that the outline of the geophysical survey area was misinterpreted as 
the outline of the field. This remains curious since this would result in the features 
being placed further to the north whereas the original discrepancy suggests that 
features were mapped further to the south.  

o Theory 2: The digital vector data for these features was supplied to Archaeology 
Warwickshire, but errors were created as part of the geo-referencing process 
relating to the relatively low resolution Google Earth imagery. However, it seems 
unlikely that digital data were supplied since the shapes of interpreted features from 
the geophysics within the Archaeology Warwickshire report (Palmer 2013, Fig.8 and 
Fig.10) differ to those represented by the Birmingham Archaeology shapefiles.  

The lack of correlation is curious since it was noted that the positions of the earlier trenches were 
visible on the ground during the 2012 work, despite the recent ploughing activity, although the 
locations of these soil-marks do not appear to have been recorded so it is not possible to 
substantiate.  

It remains necessary to comment on the rectification of the trench positions outlined in the report 
on the 2012 excavations which presented a possible unifying theory for making sense of all of the 
data (see figure 10).  

 

Figure 10. The rectification of the 2009 and 2010 trench positions in relation to the results from the 2012 fieldwork  
(after Palmer 2013, Fig.8 and Fig.10; note that contours are actually at 1m intervals, not at 10m as depicted) 

This interpretation indicates that all of the work from 2009 and 2010, including excavations and 
geophysical survey, was positioned approximately 3m to the north (although the relationship 
between the 2009 trench and 2010 T2 appear to have shifted relative to one another).  

The survey of the 2009 trench was undertaken with the same equipment and at the same broad 
time as the geophysical survey and so it seems most likely that the two should move together rather 
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than independently of one another. The position of the earlier field boundary (depicted on OS 1st 
edition mapping from the late 19th century) is curious. To the southeast, the position of this 
boundary correlates with a linear feature identified on the magnetometry. However, the north-
western end the feature identified in the magnetometry diverges slightly, maintaining a straight 
alignment whilst the feature on the 1st edition mapping curves to the north.  

A composite image of the survey data from the 2009 and 2010 fieldwork is provided in figure 11 
below.  

 

Figure 11. Composite image of Birmingham Archaeology results overlain on the results from the resistivity survey (note the 
dark, curving feature running through the 2009 trench).  

Red = 2009 trench; green = 2010 trench baselines; brown = old field boundary depicted on the late 19th century OS 1st 
edition mapping; blue = features identified in the magnetometry survey.  

This image indicates a high level of difference compared with the composite plot generated 
following the 2012 fieldwork (Palmer 2013, Fig.8 – see figure 10 above). However, what is perhaps 
more striking are the strong similarities between this image and the rectified plot (Palmer 2013, 
Fig.10 – see figure 10 above). It seems that the original error lies in the initial composite plot (Palmer 
2013, Fig.8) which placed features quite differently to those apparent within the Birmingham 
Archaeology data. These were depicted in Fig.6 of the original report (see figure 12 below).  
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Figure 12. Illustration from the original report (Birmingham Archaeology 2010, Fig.6). Whilst this only provides a very 
general overview of the site, the position of the curving feature identified from the magnetometry survey in 2009 is clearly 

shown running through the southern part of the 2009 trench, and hence has more in common with Archaeology 
Warwickshire’s ‘rectified plot’ (Fig.10) than their ‘composite’ (Fig.8) image (see figure 10) 

Ultimately, Archaeology Warwickshire reached the same conclusion as Birmingham Archaeology, but 
only after rectifying errors that were presumably built in during digitisation.  
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