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Abstract 

A fluxgate gradiometer survey was conducted on land at Newton-on-Trent. The area to 

be surveyed is situated to the east and west of the A1133 which runs south from 

Newton-on-Trent. 

 

The survey took place in March 2011 on behalf of Oxford Archaeology as part of a 

planning proposal for future development.  

 

A total of c. 74 hectares was surveyed over the entire area proposed for development. 

 

The magnetic survey results have produced some anomalies of an archaeological 

interest as well as some modern disturbances.  

 

All fields on the eastern side of the A1133 displayed evidence of the medieval farming 

system of ridge and furrow. A number of linear features have also been detected that 

are likely to represent Iron Age ditched enclosures.  

 

1 Introduction 

OA East commissioned the Centre for Archaeological and Forensic Analysis, Cranfield 

University to undertake a fluxgate gradiometer survey on land proposed for 

development at Newton-on-Trent in the District of West Lindsey, Lincolnshire. This 

work was carried out in March 2011.  

 

It has been proposed by Anglican Water Services Ltd (AWS) to construct a new Water 

Treatment Works (WTW), Raw Water Reservoir (RWR), Intake Pumping Station (IPS) 

and associated pipelines on land at Newton-On-Trent in the District of West Lindsey,  

Lincolnshire (SK 828 736). The purpose of this survey was to assist in defining the 

character and extent of any archaeological remains that may exist in the area for the 

proposed development.Figure  

 

The survey methodology described in this report was based on guidelines set out in the 

English Heritage document ‘Geophysical Survey in Archaeological Field Evaluation’ 

(EH 2008). 
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2 Location and Description 

The information contained within sections 2 and 3 of this report are mainly based on 

information supplied by Mott MacDonald. 

 

The site is located on the east and west of the A1133 which runs south from Newton-on-

Trent. The Lincolnshire-Nottinghamshire County boundary forms the southern 

boundary to the site. The western side of the area comprises arable land, which rises 

westward from the road to an escarpment overlooking the River Trent, known as 

Newton Cliffs. The eastern side of the area comprises open agricultural fields sloping 

gently downwards from west to east. 

 

The underlying geology is comprised of Mercia mudstone. The superficial geology is 

not recorded for most of surveyed area. Part of Field E and Field G are described as 

Holme Pierrepont sand and gravel. 

 

Mercia mudstone is described as ‘dominantly red, less commonly green-grey, 

mudstones and subordinate siltstones with thick halite-bearing units in some basinal 

areas. Thin beds of gypsum/anhydrite widespread; sandstones are also present.’ (British 

Geological Survey, 2011). 

 

Holme Pierrepont sand is described as ‘predominantly cold-phase sands and gravels that 

underlie the Holme Pierrepont Terrace. Generally pinkish, poorly sorted and 

compositionally rather immature matrix-supported, sandy, trough-cross bedded (braided 

river) gravels with syndepositional ice-wedge casts. Gravel dominated by rounded 

pebbles of "Bunter" quartz/quartzite (typically c.80%), plus flint, Triassic and Upper 

Carboniferous sandstone, Lower Carboniferous cherts, etc, and other "exotic" lithogies. 

Forms a fairly well preserved terrace typically 1 to 2m above the floodplain in the upper 

and middle Trent, with the deposits extending beneath those of the younger Hemington 

Terrace and the floodplain alluvium.’ (British Geological Survey, 2011). 

 

3 Background Information 

The proposed scheme lies in an area of high archaeological potential relating to the 

prehistoric and Roman periods. Extensive field walking conducted between 1964 and 

1982 on the cliffs east of the River Trent resulted in the recording of over 30,000 
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prehistoric artefacts, mostly struck flints but also Mesolithic pits and possible 

Neolithic/Bronze Age structures.  

 

In the late 1970’s/ early 1980’s targeted excavation was conducted on four small open 

areas, focusing principally on the densest concentrations of artefact finds. This field 

work identified evidence of early and later Mesolithic flint knapping and possible 

Mesolithic pits; Neolithic flint work pits and structural features which may have been of 

Neolithic date; and early Bronze Age flints and two pits containing Beaker and 

rusticated pottery and nine small features arranged in an apparently trapezoidal plan 

may have formed a  prehistoric structure.  

 

Aerial photography has identified evidence of multi-ditch boundaries possibly dating 

from the later prehistoric period, located to the south east of Newton-on-Trent (AP18, 

AP23 and AP30). Within these boundaries is a series of trackways, field boundaries and 

enclosures of possible Iron Age or Roman date (AP17, AP20 and AP24). Throughout 

the area scatters of possible pits have been detected which may indicate the occupation 

of the area.  

 

The WTW and RWR site also lies to the south of a Roman Vexillation Fort (Scheduled 

Monument LI 174). The proposed pipeline runs along the northern and eastern 

boundaries of the fort. Despite no obvious remains surviving above ground, to the south 

of the main fort are crop marks identified through aerial photography which may 

represent a possible fort precursor or Roman marching camp. If this is present then it 

may partially underlie the proposed RWR pipeline.  

 

4 Methodology 

Magnetometry is a non-invasive scientific prospecting technique used to determine the 

presence/absence of some classes of sub-surface archaeological features (e.g. pits, 

ditches, kilns and occasionally stone walls). By surveying the soil surface, geophysical 

operators can identify areas of varying magnetic properties and by presenting the data in 

various graphical formats, identify features that share morphological affinities with 

diagnostic archaeological as well as more modern structures (Clark 1990). 
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In order to minimise the influence of variations in the earth’s magnetic field, a 

gradiometer was used. A gradiometer is a combination of at least two magnetometers, 

which are mounted vertically. While the upper sensor measures the earth’s magnetic 

field, the lower sensor measures the earth’s magnetic field and any influence the soil has 

on it. By subtracting the two values measured from each other, the soil’s magnetic 

properties are isolated. 

 

A detailed survey was conducted using a Bartington Grad 601 dual fluxgate gradiometer 

with DL601 data logger set to take 4 readings per metre (a sample interval of 0.25). The 

zigzag traverse method of survey was used, with 1m wide traverses across 30m x 30m 

grids. The sensitivity of the machine was set to detect magnetic variation in the order of 

0.1 nanoTesla. 

 

The data was processed using Archeosurveyorv.2.5.7.19. The results were plotted as 

greyscale and trace plot images (Figure 4 to Figure 39, page 20 to 55). 

 

The enhanced data was processed by using zero-mean functions to correct the 

unevenness of the image in order to produce a smoother graphical appearance. It was 

also processed using an algorithm to remove magnetic spikes, thereby reducing extreme 

readings caused by stray iron fragments and spurious effects due to the inherent 

magnetism of soils. The data was also clipped to reduce the distorting effect of 

extremely high or low readings caused by discrete pieces of ferrous material. 

 

5 Interpretation of Results 

A detailed fluxgate gradiometer survey was carried out within the proposed 

development area covering ca. 74 hectares.  

 

The survey has recorded some significant archaeological anomalies mostly associated to 

Iron Age ditched enclosures.  

 

A series of isolated individual anomalies have been observed to occur across the entire 

survey area (Pink circles). These reflect areas of modern ferrous debris such as brick 

and tile fragments as well as horse shoes and plough shares, which lie just below or on 

the surface of plough soil.  
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The effects of the medieval ridge and furrow farming system have also left a profound 

impact in the area as the remains of these have been detected in number of the fields 

(Green dashed lines). 

 

5.1 Field A 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 4: Field A - Grey scale and trace plots of raw and enhanced data, 

page 20. 

 

For an illustration of below interpretation, please see Figure 5: Field A - Enhanced data 

and interpretation, page 21. 

 

In the west of the survey area two large areas of high magnetism were detected (green 

squares). It is unlikely that these will represent anything of the archaeological interest 

and are more likely to resolve as nothing more than a trend in the underlying geology.  

 

Rectilinear anomalies in the north eastern edge of the field (red lines) denote the outline 

of possible Iron Aged ditched enclosures. 

 
5.2 Field B 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 6: Field B - Grey scale and trace plots of raw and enhanced data, 

page 22. 

 

For an illustration of below interpretation, please see Figure 7: Field B - Enhanced data 

and interpretation, page 23. 

 

Located along the western boundary a high magnetic disturbance has been detected. 

This could be caused by ferrous debris in the hedge row.  

 

Located in the north eastern corner of this field a high magnetic rectilinear anomaly has 

been detected (Blue circle). Field walking results in this particular area noted a 
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substantial amount of modern brick debris. Therefore this anomaly most likely 

represents the existence of a modern brick structure.   

 

In the west of the survey area two large areas of high magnetism were detected (green 

squares). As in Field A, these are unlikely to be of archaeological interest and the 

response is probably a cause of the underlying geology.  

 

A network of rectilinear anomalies has been detected in the south eastern corner of the 

field (red lines). These are most likely to denote more ditched enclosures. 

 

5.3 Field C 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 8: Field C - Grey scale and trace plots of raw and enhanced data, 

page 24. 

 

For an illustration of below interpretation, please see Figure 9: Field C - Enhanced data 

and interpretation, page 25. 

 

The red line highlights a linear feature located in the western area of the field 

 

The red line is used to highlight linear features located in the western area of the field. 

This is unlikely to be anything natural due to its shape and is likely to be the result of a 

modern drain.   

 

In the North Western area of the survey area a large area of high magnetism was 

detected (green square). It is unlikely that this will represent anything of archaeological 

interest and are more likely to resolve as nothing more than a trend in the underlying 

geology. 

 

5.4 Field D 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 10: Field D - Grey scale and trace plots of raw and enhanced data, 

page 26. 
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For an illustration of below interpretation, please see Figure 11: Field D - Enhanced 

data and interpretation, page 27. 

 

Field D contained relatively few features of archaeological interest in comparison to the 

other fields surveyed. The most prominent anomalies are produced as a result of ridge 

and furrow (examples green dashed lines). 

 

5.5 Field E 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 12: Field E - Grey scale and trace plots of raw and enhanced data, 

page 28. 

 

For an illustration of below interpretation, please see Figure 13: Field E - Enhanced data 

and interpretation, page 29. 

 

It appears that in this field there is a shift in the geology as one travels east to west. This 

change occurs at the point at which a distinct linear anomaly can be observed (orange 

line). This anomaly could represent a vault line or glacial crack. 

 

5.6 Field F 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 14: Field F - Grey scale and trace plots of raw and enhanced data, 

page 30. 

 

For an illustration of below interpretation, please see Figure 15: Field F - Enhanced data 

and interpretation, page 31. 

 

The survey area is relatively quiet in terms of anomalies that may provide evidence of 

archaeological activity. The area of high magnetism in the south eastern corner of the 

field (blue line) is likely to be a result of magnetic interference by a fence. Other 

anomalies labelled include sighs of ferrous spikes (pink circles) and evidence of ridge 

and furrow (green dashed lines). 
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5.7 Field G 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 16: Field G - Grey scale and trace plots of raw and enhanced data, 

page 32. 

 

For an illustration of below interpretation, please see Figure 17: Field G - Enhanced 

data and interpretation, page 33. 

 

A number of magnetic peaks have been detected throughout this field. The pink circles 

(Figure 17) represent individual dipolar anomalies. The blue squares highlight areas 

displaying a speckled magnetic effect. These anomalies may result from manure 

scatters. 

 

5.8 Field H 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 18: Field H - Grey scale and trace plots of raw and enhanced data, 

page 34. 

  

For an illustration of below interpretation, please see Figure 19: Field H - Enhanced 

data and interpretation, page 35. 

 

Located in the eastern half of this field a large triangular anomaly has been detected (red 

lines). Judging by its distinct shape it is feasible to suggest that this is some form of 

drainage and unlikely to be of archaeological interest.  

 

A series of individual positive magnetic anomalies (Orange square) possibly indicate 

the presence of pit-like features that may be of archaeological origin but they could also 

represent natural features within the underlying geology.  

 

Located in the north western region of the field, is an area of strong magnetic readings 

(blue square). This probably denotes an area of burning, possibly a kiln. 
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5.9 Field I 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 20: Field I - Grey scale and trace plots of raw and enhanced data, 

page 36. 

 

For an illustration of below interpretation, please see Figure 21: Field I - Enhanced data 

and interpretation, page 37. 

 

The area indicated with the blue line represents an area of magnetic disturbance which 

is a direct result of close proximity to ferrous items in the field boundary (i.e. metal 

fence). 

 

The positive magnetic anomaly that runs the length of the field (yellow dashed line) 

close to the northern boundary may denote the ploughed out remains of a former field 

boundary.  

 

The red line marks an area containing a series of dipolar anomalies. This strong 

magnetic signature is probably the result of modern services.   

 

5.10 Field J 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 22: Field J - Grey scale and trace plots of raw and enhanced data, 

page 38. 

 

For an illustration of below interpretation, please see Figure 23: Field J - Enhanced data 

and interpretation, page 39. 

 

A strong dipolar anomaly was recorded in the north eastern corner of the field. This 

could indicate an area of burning or some form of industrial activity such as a kiln-like 

feature. The magnetic signatures of this feature display two double peaks, a 

characteristic of such features. 

 



Cranfield Forensic Institute Report 2011/0501 12 

5.11 Field K 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 24: Field K - Grey scale and trace plots of raw and enhanced data, 

page 40. 

 

For an illustration of below interpretation, please see Figure 25: Field K - Enhanced 

data and interpretation, page 41. 

 

As in previous fields a strong dipolar magnetic anomaly has been detected close to the 

northern boundary. When examining the magnetic signature a twin peak is observed, a 

characteristic response produced by areas of burning. Suggesting this may be a kiln-like 

feature. 

 

5.12 Field L 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 26: Field L - Grey scale and trace plots of raw and enhanced data, 

page 42. 

 

For an illustration of below interpretation, please see Figure 27: Field L - Enhanced data 

and interpretation, page 43. 

 

Close to the Eastern boundary of this survey area a strong magnetic anomaly has been 

observed, possibly an area of burning or kiln. Looking at the magnetic signature of this 

anomaly it has been noted that it shares characteristics common to that produced by 

kilns. 

 

5.13 Field M 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 28: Field M - Grey scale and trace plots of raw and enhanced data, 

page 44. 

 

For an illustration of below interpretation, please see Figure 29: Field M - Enhanced 

data and interpretation, page 45. 
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Close to the northern border of this field a strong dipolar anomaly has been detected 

(red circle). This response is typical of a kiln-like feature. This is further supported by 

the twin peaks produced in the magnetic signature. 

 

5.14 Field N 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 30: Field N - Grey scale and trace plots of raw and enhanced data, 

page 46. 

 

For an illustration of below interpretation, please see Figure 31: Field N - Enhanced 

data and interpretation, page 47. 

 

This survey area contains little evidence of archaeological activity. The most significant 

anomalies in this area are ferrous spikes probably caused by modern debris. The green 

boxes are highlighting areas of crackling in the geology and are not of archaeological 

interest.  

 

The red linear line denotes a feature that may be result of a plough furrow.  

 

5.15 Field O 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 32: Field O - Grey scale and trace plots of raw and enhanced data, 

page 48. 

 

For an illustration of below interpretation, please see Figure 33: Field O - Enhanced 

data and interpretation, page 49. 

 

Located in the northern region of this field are three short sections of dipolar anomalies 

(red dashed lines). They produce a very strong signature and are unlikely to be of 

archaeological interest. Perhaps service trenches or modern pits. 

 

On the western edge of the field the green line indicates the presence of a possible ridge 

furrow.  

 



Cranfield Forensic Institute Report 2011/0501 14 

The area highlighted with the green circle is likely to be caused by the underlying 

geology as opposed to anything of archaeological interest. 

 

5.16 Field P 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 34: Field P - Grey scale and trace plots of raw and enhanced data, 

page 50. 

 

For an illustration of below interpretation, please see Figure 35: Field P - Enhanced data 

and interpretation, page 51. 

 

This field contains little signs of archaeological interest. The most prominent features 

are the result of ferrous debris and ridge and furrow. 

 

5.17 Field Q 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 36: Field Q- Grey scale and trace plots of raw and enhanced data, 

page 52. 

 

For an illustration of below interpretation, please see Figure 37: Field Q - Enhanced 

data and interpretation, page 53. 

 

As the previous survey area this field again appears to contain little evidence of 

archaeology. The pink circles denote iron spikes caused by ferrous debris and the green 

lines denote evidence of ridge and furrow. The area of high magnetism highlighted by 

the blue box is probably the result of modern magnetic interference. 

 

5.18 Field R 

A comparison of the raw data, the trace plot of the raw data and the enhanced data can 

be found in Figure 38: Field R - Grey scale and trace plots of raw and enhanced data, 

page 54. 

 

For an illustration of below interpretation, please see Figure 39: Field R - Enhanced data 

and interpretation, page 55. 
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On the western edge of this survey area the curved linear anomaly (brown line) which 

lies close to the current position of the river this is produced by an embankment. 

 

The land slopes steeply towards the river at the point of the irregular linear anomaly 

(brown line) towards the middle of the survey area. This anomaly may be the result of 

an erosion feature such as a drainage gully. 

 

The red line represents features that are probably service pipes. The two features are 

aligned and may be the same pipe, possibly for water as it appears to run towards the 

river.  

 

The green line highlights an area of high magnetism creating a speckled effect which is 

a result of a track way still present in the landscape.  

 

6 Conclusions 

The survey has identified a number of possibly significant archaeological anomalies. 

Although the surveyed area presents a considerable amount of magnetic noise (ferrous 

litter that is most likely to be modern) and some features are is more consistent with 

geological anomalies rather than manmade (archaeological or modern), there are also a 

number of features that require further investigation. The fact that some of those 

features seem more faint than expected indicate that they are either partly ploughed out 

or at some depth. Systematic ground trothing through test trenches and pits will shed 

light on this question. 

 

To the west of the A1133 the majority of these anomalies would appear to be associated 

to Iron Age enclosures and ridge and furrow farming systems. On the survey to the east 

of the A1133 a number of anomalies have been detected that reflect areas of prolonged 

burning or kiln-like features.  

 

It is feasible to suggest that based on these results the area has been the site of industrial 

activity and/or human occupation, which may or may not be associated to the Roman 

fort. 
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It is concluded that the site is likely to contain remains of archaeological importance. 

Therefore, the archaeological potential could be regarded as high and further 

archaeological investigation would be the next logical step to resolve some of the more 

significant anomalies; especially to which period they date to and their relationship to 

the Roman fort, if any. 

 

The area coved in this survey is very considerable. More detailed analysis of specific 

sub-sections may be required, in order to assist any ground trothing strategy. 
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Appendix A: Overview Map 

 

 
1 km 

 

Figure 1: Overview map of surveyed area (Crown Copyright 2011 Ordnance 
Survey Map; Grid reference at centre: SK 824 734 GB) 
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Appendix B: Overview Survey Data 

 

 
1 km 

 

Figure 2: Overview of surveyed data (Crown Copyright 2011 Ordnance Survey 
Map; Grid reference at centre: SK 824 734 GB) 
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Appendix C: Overview Interpretation 

 

 
1 km 

 

Figure 3: Overview of identified features (Crown Copyright 2011 Ordnance 
Survey Map; Grid reference at centre: SK 824 734 GB) 
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Appendix D: Eastern Surveys 
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Figure 4: Field A - Grey scale and trace plots of raw and enhanced data 
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Figure 5: Field A - Enhanced data and interpretation 
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Figure 6: Field B - Grey scale and trace plots of raw and enhanced data 
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Figure 7: Field B - Enhanced data and interpretation 
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Figure 8: Field C - Grey scale and trace plots of raw and enhanced data 
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Figure 9: Field C - Enhanced data and interpretation 
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Figure 10: Field D - Grey scale and trace plots of raw and enhanced data 
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Figure 11: Field D - Enhanced data and interpretation 
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Figure 12: Field E - Grey scale and trace plots of raw and enhanced data 
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Figure 13: Field E - Enhanced data and interpretation 
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Figure 14: Field F - Grey scale and trace plots of raw and enhanced data 
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Figure 15: Field F - Enhanced data and interpretation 
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Figure 16: Field G - Grey scale and trace plots of raw and enhanced data 
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Figure 17: Field G - Enhanced data and interpretation 
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Figure 18: Field H - Grey scale and trace plots of raw and enhanced data 
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Figure 19: Field H - Enhanced data and interpretation 
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Figure 20: Field I - Grey scale and trace plots of raw and enhanced data 
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Figure 21: Field I - Enhanced data and interpretation 
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Figure 22: Field J - Grey scale and trace plots of raw and enhanced data 
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Figure 23: Field J - Enhanced data and interpretation 
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Figure 24: Field K - Grey scale and trace plots of raw and enhanced data 
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Figure 25: Field K - Enhanced data and interpretation 
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Figure 26: Field L - Grey scale and trace plots of raw and enhanced data 
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Figure 27: Field L - Enhanced data and interpretation 
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Figure 28: Field M - Grey scale and trace plots of raw and enhanced data 
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Figure 29: Field M - Enhanced data and interpretation 
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Figure 30: Field N - Grey scale and trace plots of raw and enhanced data 
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Figure 31: Field N - Enhanced data and interpretation 
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Figure 32: Field O - Grey scale and trace plots of raw and enhanced data 
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Figure 33: Field O - Enhanced data and interpretation 
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Figure 34: Field P - Grey scale and trace plots of raw and enhanced data 
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Figure 35: Field P - Enhanced data and interpretation 
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Figure 36: Field Q- Grey scale and trace plots of raw and enhanced data 
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Figure 37: Field Q - Enhanced data and interpretation 
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Figure 38: Field R - Grey scale and trace plots of raw and enhanced data 
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Figure 39: Field R - Enhanced data and interpretation 
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 Figure 1: Site location map, showing reservoir and water treatment works (orange) and pipeline route, 
   pumping station and compound area (blue) with field walking areas (grey A-G), contour
   survey and trenches (red)
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Figure 3:  Field A fieldwalking; Prehistoric and Roman
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Figure 4:  Field A fieldwalking; medieval to modern
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Figure 5:  Field B fieldwalking; Prehistoric and Roman
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Figure 6:  Field B fieldwalking; medeival to modern
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Figure 7:  Fields C and D fieldwalking; Prehistoric and Roman
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Figure 8:  Fields C and D fieldwalking; medieval to modern
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© Oxford Archaeology East Report Number 1259

Figure 11:  Trench plan, resovoir amd water treatment works area
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Figure 12:  Field A
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Figure 13:  Field B



band of slower ripening 
crop

bands of parched crop

373500

N

Archaeology

Modern feature

Cropmark

Ridge and Furrow

1:5000

0                                              200 m

374000

48
20

00

48
25

00

48
30

00

Tr.101

Tr.100

Tr.99

Tr.98

Tr.97

Tr.96

Tr.95Tr.94        

Tr.92

Tr.93

Tr.91Tr.90

    Tr.88

Tr.87

Tr.86

Tr.85

Tr.83

Tr.84

Watchng brief areas

Tr.81

Tr.82

© Oxford Archaeology East Report Number 1259

Figure 14:  Trench plan, pipeline route, pumping station and compound area in relation to mapped cropmark features
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Figure 15:  Selected sections
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Figure 16:  Countour map showing ridge and furrow
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Figure 17: First Edition OS map (1887-1891) with development area    
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