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Chapter 2.0 Geophysical techniques and methodology  

   
2.1 Introduction 
 
This section provides detail on the various techniques used in the research including data 

gathering and processing methodology. 

 

2.2    Geophysical surveying techniques 

      

2.2.1 Fluxgate gradiometer 
 

The instruments used in this research are the Geoscan FM18 or FM36 fluxgate 

gradiometers (Figure 2.1a), magnetometers that are commonly used in Britain for archaeo-

geophysical investigation.  

 

The instruments record localised variations in the Z or vertical component of the earth's 

ambient magnetic field. The earth’s magnetic field is fixed but varies diurnally. However 

any magnetised object in the ground also produces an additional field and the responses 

recorded by a magnetometer is a combination of the two fields. Magnetic changes can be 

produced by differences in the underlying rock composition or the activities of man. The 

magnetometer is therefore ideal for recording the responses produced by iron smelting sites 

which by their nature either contain abundant iron, or iron minerals that have been 

converted to magnetic forms by high temperature. The oxides of iron are common on iron 

smelting sites and free iron can occur as iron inclusions or prills within the slag.  

 

Iron is classed as ferromagnetic substance and exerts a magnetic field without the influence 

of an external field. The iron oxides of magnetite (Fe3O4) and maghaemite (�Fe2O3) are 

ferrimagnetic (Hunt et al. 1995, 196). Similarly to iron, magnetism is present without a 
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magnetic field. However on heating, the magnetic field of a ferrimagnetic substance breaks 

down and becomes randomized. The magnetic field will only become re-established once 

the temperature falls below the Curie temperature of that substance, but will be fixed on a 

similar alignment to that of the earth’s field, defined as paramagnetism. The third main iron 

oxide, haematite (�Fe2O3) is classed as a canted or imperfect antiferromagnetic substance 

and is weakly paramagnetic (Hunt et al. 1995, 196; Scollar et al. 1990, 390; Clark 

1990,100). Clark (1990, 64) remarks that, ‘the firing process is an efficient way of 

achieving magnetic enhancement because the weakly magnetic compounds [of the furnace 

material] are converted to oxides including magnetite’. As the furnace temperature rises to 

the iron oxides Curie point, the oxides become de-magnetised and on cooling below that 

point are re-magnetised on an alignment with the earth’s magnetic field. If the furnace is 

not fired up again this remanent field is fixed and retained as a record of the direction of the 

earth’s magnetic field at that time, the basis of archaeo-magnetic dating. Two other iron 

minerals wüstite (FeO) and fayalite (2FeO.SiO2) are commonly found in slag as a result of 

the smelting process. Both minerals have antiferromagnetic properties and are 

paramagnetic above their Curie temperatures (Powell et al. 2002).  

 

The magnetic susceptibility is a material’s ability to be magnetized by an external magnetic 

field. Iron and its oxides will producing a positive response when a magnetic field is 

applied and when the field is removed the induced magnetism is lost (Scollar et al. 1990, 

380). It differs from remanent magnetism in that it can only be recorded in the presence of 

a magnetizing field, i.e. the earth’s magnetic field (Clark 1990, 99). 
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Thus the strong positive magnetic anomalies produced by furnace remains and iron slag 

can be generated in two ways. Firstly, induced or temporary magnetism produced by the 

earth's local magnetic field passing through the material, and secondly the permanent or 

remanent magnetism acquired by firing (Clark 1990, 64). The response from the 

thermoremanent magnetism originates from a combination of free iron oxides becoming 

fixed when the temperature, on cooling, falls within the range, for the most common oxides 

of 600º ± 100ºC. Iron prills will also contribute to the response because of irons high 

magnetic susceptibility and ferromagnetic properties. The magnetic properties of iron and 

those for the iron oxides referred to above are summarized in Appendix 5 together with 

those for lead, copper and tin minerals. 

 

The shape and form of the magnetic anomaly recorded by a magnetometer survey is well 

documented (Aitkin 1961, 18 - 24; Linington 1964; Clark 1990, 82; Smekalova et al. 1993; 

Smekalova and Voss 2002). A magnetic field is dipolar, the field running between two 

poles. A north/south aligned magnetometer survey across such an anomaly record the 

vertical component of the magnetic field. Clark (1990, 65) shows the field produced by a 

kiln. The magnetic field produced by a buried furnace would flow in a similar manner. The 

dipolar magnetic field of the furnace produces a strong positive response (a peak) to the 

south of the centre of the furnace anomaly, with the negative component (a trough) located 

(in the northern hemisphere) on the north side of the positive response. The peak and the 

trough vary with latitude. In plan the negative response diminished on both the east and 

west sides of the positive anomaly. The response decreases with depth, so the primary 

requirement is to record the magnetic field as close to the surface as possible (Smekalova 
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and Voss 2002). The form and shape of the response are considered in greater detail in 

Chapter 4.0. 

 

The magnitude of the positive magnetic response of slag is a function of composition, 

volume and orientation (Vernon 1995, 13). As the direction of remanent magnetism is fixed 

in each individual piece of slag, the re-orientated slag in a tipped deposit will result in 

random magnetic reinforcement or opposition. This contrasts with a furnace, where the 

thermo-remanent magnetism is frequently coherent over the whole volume (Vernon 1995, 

93; Powell et al. 2002).  

  

Fluxgate gradiometer surveying is a passive geophysical technique; one that does not 

involve putting any form of signal into the ground. The technique has a greater depth range 

than the other two field methods discussed in this thesis as the method is not totally 

constrained by the instruments physical configuration. Recorded readings are usually in 

nanoTesla (nT), the unit of magnetic flux density. 

 

All surveys were conducted by breaking the area to be surveyed up into square grids. Each 

grid consisted of 20 traverses and 20 readings were recorded on each traverse. To achieve 

consistency in the data collection all surveys were conducted using parallel traverses 

commencing on the western end of the traverse. This approach was particularly appropriate 

on surveys where sharp topographical changes occurred. It ensured that the instrument was 

held at approximately the same height above the ground on each traverse, by always 

approaching topographical changes in the same direction. The instrument was balanced and 

zeroed at the start, and the zero drift logged on completion of the grid. For the majority of 



 15 

surveys the sensitivity of the instrument was set at 1.0nT. In areas of strong magnetic 

anomalies a sensitivity of 0.1nT would otherwise lead to many over range data points being 

recorded as ‘dummy values’ of 204.75nT, whereas a sensitivity of 1.0nT will record 

‘dummy values’ of 2047.5nT, well above values normally encountered on iron smelting 

sites. The technique does depend on detecting magnetic contrasts so walling constructed 

from sandstone, for example would be difficult to detect if it was constructed on sandstone 

bedrock, as no magnetic anomaly would be produced. A furnace constructed from 

sandstone would be detected as the heat from the furnace would alter iron minerals within 

the sandstone to magnetic forms producing a detectable contrasting magnetic anomaly. 

 

 The instrument has the advantage of being able to take continuous readings thereby 

allowing large areas to be surveyed quickly. However, hummocks and the irregular terrain 

often associated with metal working sites makes it very difficult to maintain a constant 

height for the instrument. Hence a single point recording method was used throughout. If 

the continuous recording settings had been employed it would have been virtually 

impossible to maintain the steady recording pace that is required for high quality data 

recording.  

 

 

2.2.2 Earth resistance  
 
The instrument used was the Geoscan RM15 Earth Resistance Meter (Figure 2.1b). Earth 

resistance surveying involves the transmission of an electric current through the ground.  

This method responds to contrasts in ground conductivity at relatively shallow depths and 

transmission of the electric current is altered by variations in the ground moisture content. 

Such variations may coincide with archaeological features buried in the ground. A buried 
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ditch or other water channel for example, may contain relatively unconsolidated material 

compared to the surrounding ground. Unconsolidation will increase ground porosity and 

therefore moisture content. Current conductivity would increase and a low earth resistance 

reading would be recorded. Stonework or walling in such conditions would produce high 

earth resistance values as they would impede ground conductivity. Similarly slag dumps 

would produce high earth resistance values as they are usually elevated, well drained 

structures. Buried features thus alter the current flow and produce changes that can be 

recorded at the surface by potential electrodes placed in the ground.  

 

Earth resistance measurement involves placing two electrodes (conductors) into the ground 

and an electric current flows between them. At points between the two conductors the 

resulting potential gradient is sampled by two further electrodes, the potential electrodes. 

There are various electrode configurations (e.g Wenner, Schlumberger, Double Dipole) but 

it is the Twin Electrode or Probe method that is most commonly used for archaeological 

prospection. It has the advantage over other methods by having improved current 

sensitivity and penetration at shallow depths and overcomes the double peak anomaly 

problems often produced by narrow archaeological features (Clarke 1990, 27 - 63).  

 

The use of the Twin Probe method for archaeological prospection was first described by 

Aspinall and Lynam (1970) and elaborated on by Clark (1990, 44) and, Gaffney and Gater 

(2003, 26-34). This method involves placing two fixed electrodes in the ground at a point 

remote from the surveyed grid. Two other electrodes fixed onto a mobile frame are 

connected to the remote electrodes via a cable, battery and meter. The mobile electrodes are 

systematically moved around the survey grid and the readings recorded. It is an active 
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technique, that involves putting a signal into the ground (i.e. an electric current) and will 

only respond to features within the depth range of the mobile probes. Increasing the depths 

range is achieved by widening the separation of the mobile probes. Separation of the 

mobile probes is usually set at 0.5m. Earth resistance readings are recorded in ohms.  

 

Anomalies are usually identified as high or low earth resistance features, either linear or 

pseudo-linear, produced for example, by ditches or walls, or clustered, a product of slag 

dumps or pits. Near surface geology can affect data. A bed of rock approaching the surface 

combined with a thinning of the overlying soil can generate high earth resistance data.  

 

Surveys were always conducted in a zig-zag pattern commencing in the northwest corner of 

the grid. It was quite common to encounter areas of poor electrical contact due to the stony 

or slaggy nature of the ground, so to reduce the risk of gathering spurious data only a 

simple two probe frame was used. Experience has shown that multi-probe mobile frames 

are difficult to use on this type of hummocky terrain, the frames often having to be tilted 

from side to side to make a contact. Heavily vegetated areas also precluded the use of this 

technique as the cable to the remote probes frequently became snagged. 

 

       

2.2.3 Magnetic susceptibility 
  
The magnetic susceptibility of a material is a measurement of the degree to which that 

material is magnetised by a magnetic field. This magnetism is induced and disappears once 

the field is removed. It is predominantly the commonly occuring strongly magnetic 

ferrimagnetic iron oxides of magnetite (Fe3O4) and maghaemite (�Fe2O3) and the weakly 

magnetic haematite (�Fe2O3) that respond and the readings will reflect the concentraction 
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and the mineralogy of the material. (Clark, n.d.,1). The naturally occurring magnetism in 

any free iron (�Fe) will also contribute to this response.  

 

Le Borgne (1955) proved that these changes of the magnetic susceptibility were primarily 

produced by heat action. When soils were subjected to heat the weakly ferrimagnetic 

compound of iron, haematite (�Fe2O3), is reduced to the strongly magnetic magnetite 

(Fe3O4). Once heating ceases, and the magnetite cools it is re-oxidised to the also strongly 

magnetic maghaemite (�Fe2O3). Laboratory experiments by Tite and Mullins (1971) 

provided confirmation of this process. 

 

 

Le Borgne (1955) also identified a secondary process involving fermentation that could 

complete the conversion. This process occurs in situations where iron compounds were 

subjected to seasonal wetting and drying, or reduction and oxidation (Tite and Mullins 

1971) 

 

 

However in archaeological terms it is the former process, usually referred to as the ‘heating 

mechanism’ that will enhance and produce significant changes of a soil’s magnetic 

susceptibility (Tite 1972). Areas of intense occupation will be subjected to heat from 

cooking fires and eventually material from this activity, for example ash and cinder will 

become dispersed in the topsoil. Ash, being derived from organic material, will have a 

much lower magnetic susceptibility than cinder (Tite and Mullins 1971). The magnetic 

susceptibility changes in soils are predominantly the result of domestic activity. Similarly, 
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any form of industrial activity involving heat can also enhance the magnetic susceptibility 

of the underlying topsoil and that of materials used in the industrial processes. 

 

In the smelting process heat will convert non-magnetisable iron compounds into 

magnetisable forms and the susceptibility is enhanced. This enhancement is dependant on 

the initial concentration of iron compounds present in the soil that is a function of the local 

geology and human activity. Iron smelting is an example of the latter where iron rich 

material is brought to a specific location to be smelted. The recorded magnetic 

susceptibility anomaly associated with the iron working would produce a strong contrast 

against the background values derived from the local geology. 

 

2.2.3.1   Field techniques 

 

Magnetic susceptibility in the field is often measured with the Bartington (MS2) meter 

connected to a field loop (diameter 185mm (Bartington Instruments 1995)) (Figure 2.1c). 

An oscillating current is passed through the loop that induces a low-intensity magnetic 

field. When the loop is placed on the ground, material within the range of the magnetic 

field will create variations in the inductance of the system, which is related to the magnetic 

susceptibility of the material and the variations are recorded. It is an active technique and 

will only respond to features within the depth range of the coil. Bartington Instruments 

(1995) indicates that the loop can assess the concentration of ferrimagnetic minerals in 

approximately the top 100mm of the land surface. Increasing the depth range could be 

achieved by increasing the diameter of the loop. However recent research (Lecoanet et al. 

1999) concludes that 95% of the signal is integrated in the top 80mm suggesting it may 

have limited application where thick soil and slag spreads are present. Readings are 
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calibrated to be volume specific and are recorded in 10-5 SI Units. Thus in practice this 

method will only measure changes in the immediate top soil. This technique can be used to 

determine the spread of slag over a site (Crew 1990; Vernon et al. 1998a). 

 

The instrument was always zeroed at the start of each traverse (usually zig-zag) and the 

data was either recorded manually or by using a Psion data logger connected to the 

Bartington MS2 meter during the survey. 

 

One major problem encountered with this method, and also commented on by David (1995, 

21), is inconsistent loop contact with the ground, especially if the ground is uneven or 

where there is a thick covering of vegetation. David (1995, 21) suggests preparing a 

suitable piece of ground to provide good ground / coil contact. Unfortunately this is 

impractical for conducting a large scale survey. Slag will produce high magnetic 

susceptibility readings so even if the ground / coil contacted is compromised, this technique 

will still show significant contrast between the slag and normal background in most 

circumstances. On some sites, particularly with wet conditions or heavy mole activity 

(where spreads of upcast material cover the ground), slag rich clay may adhere to the loop 

thereby bringing high magnetic susceptibility material permanently within the range of the 

loop’s field. It is questionable how reliable this method is on smelting sites when compared 

to the data obtained from magnetometer surveys. Similarly to other field methods it is the 

contrast between magnetic susceptibilities that identifies the anomalies. 
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2.2.3.2   Laboratory techniques 

 
Mass magnetic susceptibility is measured in the laboratory by placing a sample of a known 

weight into the wire coil of a balanced AC susceptibility bridge. The bridge requires 

calibration at the commencement of each measuring session using samples of 

approximately 50g of a substance with a known magnetic susceptibility, for example 

manganese sulphate (81.2 x 10-8 m3/kg and high alumina cement (716 x 10-8 m3/kg). The 

data, sample weight and reading, are inputted into a Microsoft Excel spreadsheet and the 

magnetic susceptibility calculated for each sample.  

 

The magnetic susceptibility of metal smelting residues is generally much higher than 

surrounding material. Consequently it is usually slag that has been tested, or furnace 

material. The main advantage of using this method is consistency. Values of slag can be 

reliably compared and trends evaluated. If used as a field method mass specific magnetic 

susceptibility sampling can be slow. (See also Chapter 6.0. - A comparison of the magnetic 

susceptibility of slag). 

 

 

2.3  Surveying methodology applied to this research 

The survey methodology evolved during this research. The initial geophysical survey was 

always conducted with a fluxgate gradiometer. The technique records distinct responses 

over metal working activity due to the strong inherent magnetism. It is a relatively quick 

surveying method and its depth range is not limited by probe configuration or coil size. 

 

 

Surveys were always conducted in square grids or part grids defined by tapes and marked 

ropes. Each grid in this study consisted of 20 traverses with 20 readings per traverse, a total 
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of 400 readings per grid. Square grid sizes of 20m, 10m, 5m or 2.5m produce resolutions of 

1m, 0.5m, 0.25m and 0.125m, respectively. The 1.0m resolution surveys were used for 

general reconnaissance work where the limits of a site were not clearly defined by the 

topography. Once the limits of metal working activity were identified, those areas were 

resurveyed using 10m grids. Where site features clearly defined the limits of metal working 

the initial survey was conducted at 0.5m resolution. This usually provided interpretable 

data for the site components to be identified unless circumstances precluded this, for 

example if the site had been severely disturbed by either demolition or redistribution of site 

material. Furnace anomalies were then resurveyed at 0.25m resolution frequently allowing 

the characteristics of the furnace to be identified. The 0.125m survey resolution was used 

only once in the research, at Myers Wood, West Yorkshire (Chapter 5.1.2.2.3 (b)), to try 

and differentiate the morphology of closely spaced anomalies. On most surveys the grids 

were orientated east-west / north-south and surveys commenced in the northwest corner. 

Figure 2.2 summarizes the grid layouts and survey resolutions. 

 

The 0.25m resolution fluxgate gradiometer survey must be regarded as the minimum 

requirement for surveying a furnace. Given that furnaces / or the remnants of a furnace may 

not exceed 0.5m in diameter a conventional survey resolution of 1.0m could easily fail to 

record their magnetic signature. Schmidt and Marshall (1997, 345) state, “that as a ‘rule of 

thumb’ it may be concluded that the sampling interval [resolution] should neither exceed 

the size nor the depth of expected features”. 

 

English Heritage Geophysical Survey Guidelines (David 1995, 18) indicate that the 

maximum acceptable interval for an area survey should be 1.0m between traverses with 
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readings taken every 0.25m. Apart from the 1.0m resolution reconnaissance survey (1.0m 

wide traverse, 1.0m readings) the 0.5m and the 0.25m surveys fall within the Guideline 

requirements, and even surpass them. 

 

Experimentation has shown that it is possible to conduct a 0.02m resolution fluxgate 

gradiometer survey over model furnaces (0.09m diameter) (See Chapter 4.2 Physical 

Modelling). At Myers Wood a 0.125m resolution survey was conducted with moderate 

success over roasted iron ore using a roll of marked plastic mesh (Chapter 5.1.2.2.3 (b)). 

 

On all the surveys the grid layout was recorded and surveyed in to well established surface 

features (e.g. stone walls), or wooden survey pegs. 

 

 

2.4  Data: processing and presentation techniques 
 
2.4.1  Data processing 

 
Conventional software (Geoscan Geoplot v1.4, v2.x and v3 (developed between 1988 and 

1991), and Contors (Bradford University) has been used for downloading, compiling, 

processing and presenting the geophysical data. All the programs vary in some functional 

aspect. Geoplot has been specifically developed for processing data from archaeological 

geophysical surveys and incorporates many functions for data processing, for example 

interpolation and high pass filtering. In many ways the programs complement each other. 

With Contors for example, the data can be balanced quickly and the bias values for each 

grid introduced into Geoplot. The disadvantage of both Geoplot and Contors is that 

although the programs allow the user to define the range of the presentation scaling the 
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divisions within the range are all fixed automatically. This can be overcome by using the 

Golden Software Surfer program that allows specified data ranges to be examined in detail.  

 

Once downloaded in Geoplot, the grids were arranged in their correct positions with respect 

to each other in a mesh. The mesh was then converted to a composite file that combines all 

the information required for displaying the data. For the purpose of this research very little 

processing was conducted on the fluxgate gradiometer data. Despiking the data for 

example, the process for automatically removing randomized high data ‘spikes’, might 

remove some of the detail that could be crucial for making a reliable interpretation. 

Occasionally, high pass filtering was used to remove large-scale spatial detail, for example 

the response from slag that is blanketing the underlying detail. After interpretation the data 

was finally interpolated in both the X and Y directions to increase the data points for 

presentation purposes. 

 

Edge matching problems resulting from discontinuities on adjacent grids can occur with 

earth resistance data especially where an area is surveyed on several occasions and the 

ground conditions have changed. Edge matching processing techniques can be used. Edge 

matching problems are sometimes discernible on fluxgate gradiometer surveys at low data 

clipping ranges, but this is more the result of differences in the overall grid contrast. This 

problem can be resolved by setting the background mean of each grid to zero using the 

‘zero mean grid’ facility in Geoplot.  

 

Generally the geophysical data is examined and interpreted by displaying the data at 

various ranges. By changing the range, the extent of high and low response anomalies can 
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be examined in detail. Values that fall outside the range can be set to produce a white 

(negative data) or black (positive data) response on grey-scale presentations, a convention 

used through this research. Normal archaeological features will usually become identifiable 

between -20nT and 20nT and lower ranges, whereas those associated with smelting 

processes are more pronounced at much higher ranges, and the data from these surveys 

may often mask subtle anomalies.  

 

 

2.4.2 Data presentation 

 

There are a variety of methods used to display the processed data. Gaffney and Gater 

(1993, 212) express no preference for a presentation technique and state, ‘The experience of 

the geophysical operator will decide what is the most appropriate method depending upon 

the nature of the result.’ Reports should include an interpretation of the data as well as a 

plot of the raw data. The latter requirement is essential for independent assessments to be 

made of the results. There are five principal presentation methods, X-Y traces, 3D X-Y-Z 

traces, contouring, dot density, and grey-scale (Gaffney, Gater with Ovenden 1991, 10-11; 

Gaffney and Gater 2003, 107-109). The grey-scale shades may be substituted by colour, 

particularly in the Surfer program. Figure 2.3 shows examples of all the presentation 

techniques. 

 

X-Y Traces (Figure 2.3a) - This simple method involves stacking the traces produced from 

each survey traverse with high and low values represented as peaks and troughs, 

respectively. It allows the full range of data to be viewed showing the shape of specific 

anomalies. (Gaffney and Gater 1991,11) However, as Clark (1990, 132) comments, there 

are disadvantages with this method, peaks are displaced and distorted in plan. The larger 
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the response, the greater the trace overlaps on adjacent traces. On smelting site surveys 

high responses are numerous and interpretation of specific features can be extremely 

difficult as a result. A ‘hide line’ option is available with Geoplot that blocks out the lines 

behind peaks (Gaffney, Gater with Ovenden 1991,11; Gaffney and Gater 2003, 107). 

 

3D X-Y-Z wire meshes (Figure 2.3b). – Similar to X-Y trace method except that data 

points are joined in both the X and Y directions. The scale of the Z direction can be 

defined. The resulting wire mesh can be viewed from any angle as the 3D image can be 

rotated and tilted (Gaffney, Gater with Ovenden 1991,11; Gaffney and Gater 2003, 107). 

 

Contouring (Figure 2.3c).  – Data points of equal value are joined together, similar to 

contours on a topographical map (Gaffney and Gater 2003, 109). Where data ranges are 

large, the display can appear cluttered and fine detail tends to be lost. 

 

Colour-scale plots (Figure 2.3d).  – a series of colour shades are used to highlight 

anomalies. It can be used for effective presentations but as an interpretation tool is 

sometimes regarded as overated (David 1995, 33). Crew (2002) frequently uses colour to 

elaborate the positive (shades of red) and negative (shades of blue) data associated with 

iron smelting furnaces. 

 

Dot Density (Figure 2.3e).  – a cluster of randomised dots represents a data reading. 

Typically a greater density of dots equates to high values. On smelting sites with a wide 

range of data values it can be difficult to identify specific weak anomalies (Gaffney, Gater 

with Ovenden, 1991,10; Gaffney and Gater 2003, 107). 



 27 

 

Grey-scale plots (Figure 2.3g and f) – a series of grey shades from white (usually low 

values) to black (usually high values) produce an image similar to a photographic image 

(Gaffney and Gater 2003, 107-108). This method is very good for examining poorly 

contrasting anomalies. The data can be presented in a pixelated format where each data 

point is represented by a grey shade (Figure 2.3f) or the data can be interpolated between 

each data point resulting in a smoother image for presentation (Figure 2.3g).  

 

Sun or relief plots are used to highlight features by imitating the effect that the suns rays 

have on relief. If, for example, the sun was shining from the north-east onto an area of 

positive data, the area of shadow on the south-west side of the positive data would be 

represented by an area of negative data (Gaffney, Gater with Ovenden, 1991,11; David 

1995, 32-33). 

 

2.5 Discussion of geophysical techniques and presentation 
 
The fluxgate gradiometer technique responds well to the strength of the magnetic signature 

of slag and furnaces. There is no limitation imposed by the physical configuration of the 

instrument, for example the loop size or probe separation in magnetic susceptibility and 

earth resistance surveying, respectively. McDonnell (1995b) identifies magnetometer and 

magnetic susceptibility surveys as the most relevant techniques for surveying metal-

working sites. The latter method may identify shallow anomalies that would otherwise be 

masked on magnetometer surveys. Earth resistance methods do not respond to magnetism, 

but nevertheless the technique is important for identifying walls and ditches, for example 

foundations of blast furnaces or water leats. The simpler and quicker way to assess a 
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potential metal working site is to conduct a 1.0m resolution fluxgate gradiometer survey to 

identify the site components or areas of interest. Then to resurvey, targeting specific 

magnetic anomalies and other features, using higher resolution fluxgate gradiometer and 

earth resistance surveys. Magnetic susceptibility has been used to show the spread of slag 

across iron workings sites (Vernon et al. 1998a) and the data used as a basis for calculating 

the amount of slag on a site (Crew 1990). However the latter method is unreliable due to 

the restricted depth range imposed by the diameter of the field loop, and should be 

combined with a detailed topographical survey. Even if a reliable topographical map exists, 

the undulations below the base of a slag dump are not known with certainty and such 

calculations can be speculative. 

 

All the display methods have been used to examine the various geophysical data, however 

only two display methods have been found to be consistently suitable for data 

interpretation. The gradual changes in the grey-scale display methods enable subtle changes 

to be identified. By initially displaying the data with high value ranges it is possible to see 

strong anomalies that may indicate furnace and slag locations. Gradually, by reducing the 

display range, it is possible to identify anomalies produced by lower values. It is often 

difficult to identify anomalies at low ranges on fluxgate gradiometer data, as they may be 

masked, by stronger responses. Whilst anomalies may be obvious on a high-resolution 

computer screen it has always been a problem to present the data in reports. The minimum 

acceptable print resolution is 600dpi. At lower resolutions, for example 300dpi, fine details 

are no longer discernible. 
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The three-dimensional wire mesh method has also been used to display specific anomalies, 

for example furnaces. The mesh can be rotated and tilted to enable subtle changes in the 

data to be recognized. 

 

Overall the accuracy of the interpretation is dependant on the quality and the resolution of 

the data, coupled with the experience of the interpreter. The latter is an essential 

requirement when interpreting the data from non-conventional archaeological sites, for 

example metal smelting. 


