
APPENDIX 3 - Comparison of the geophysical responses from the shaft 
furnace with those produced by other types of freestanding furnaces. 
 

Several non-metallic industrial processes e.g. brick, tile, pottery and glass production 

may also use furnaces and have the potential to be misinterpreted as iron-smelting 

furnaces. This section briefly outlines the processes involved and provides reasons 

why their geophysical anomalies should not be confused with those from iron 

smelting sites. 

                               

A3.1 Brick, Tile and Pottery Kilns. 

Brick, tiles and pottery are all produced from clay. Once the object is shaped it is 

allowed to dry naturally. The objects are then stacked in a kiln or clamp for firing. 

Updraught kilns were generally used with a single stoke hole and double firing 

tunnels. Larger kilns could be fired from both ends. The objects would be stacked in 

such a way as to allow the hot gases to flow around them. The temperature was 

usually built up gradually over several days to a temperature of around 1200ºC. This 

expelled any remaining moisture from the clay (Drury 1981,136). Brick and tile kilns 

tend to be elongated rectangular structures and can be over 5m in length, for example 

at Boston (Mayes 1965) Danbury (Drury and Pratt 1975) or Leyhill (Williams et al. 

1991). 

 

Moorehouse (1981, 96) has investigated numerous pottery kilns, predominantly 

medieval, and concluded that there is no standard size or shape and even the number 

of flues can vary. They are usually constructed from clay, but brick, tile or stone can 

be incorporated into the structure. Frequent relining can change the shape. Some sites 

may contain several types of kilns and Moorehouse (1981, 100) has suggested that 
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clamp kilns, for example, may have been solely used for manufacturing kiln furniture. 

 

Aitken (1961) conducted some of his first magnetic response experiments on pottery 

kilns. The Romano-British kilns cited by Aitken (1961, 17) were about 1.5m in 

diameter with a central clay pedestal at the base supporting fire bars that radiated out 

to the sides (Figure A3.1). Thirty kilns were surveyed by Aitken (1961, 20) and 

generally produced readings between 100 to 200nT. It is not recorded what specific 

responses the discarded pot sherds produced on the surveys but Aitken comments that 

the detectable net effect of randomised pot sherds will be comparatively small. One 

interesting feature detected by Aitken’s surveys was the position of a kiln’s stoke hole 

(Figure A3.2).  

 

Stopford (2000) reported on a fluxgate gradiometer survey conducted over a kiln field, 

near Wethercote, Bilsdale, North Yorkshire, a tile production site for Rievaulx Abbey. 

Seven intense dipolar anomalies, typically 2.0-3.0m in dimension were interpreted as 

kilns. The positive value of clustered data exceeded 48.7nT (GeoQuest Associates 

1994). Weaker magnetic dipoles were thought to represent dumps of fired material or 

partly intact in situ material. Other areas of positive clusters, but without a clear 

bipolar signature, were suggested to be dumps of compressed tile material, ash and 

furnace debris. Several north-south anomalies were identified as ploughed out field 

boundaries and, more importantly, clay extraction ditches that follow the outcrop of 

useable clay. The geophysical survey and interpretation are shown in Figure A3.3. 

                                                                                                                    

A3.2 Glass furnaces. 

Hunter (1981, 143) regards the process of glass production as simple, requiring little 

modifications from the techniques already employed in the medieval period for 
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ceramics and metallurgy. The two main ingredients, silica and ash, were widely 

available. Glass furnaces were sometimes tiered. Usually the process involved the 

fusion of silica and sodium carbonate (from the ash), which occurred in the bottom 

tier (temperatures between c700 and 800ºC) to produce a ‘glass frit’. The ‘glass frit’ 

was then melted in the middle layer or removed to another furnace, which at 

temperatures of just above 1000ºC, produced a malleable glass. Annealing of the glass 

was then conducted in the top tier or elsewhere for shaping. Early medieval glass, by 

nature of its composition, readily decays during weathering or burial. There is no 

indication as to when more durable medieval glass was being manufactured, although 

some archaeological evidence would suggest from about the 10th century (Hunter 

1981, 145). 

 

Glass furnaces have been surveyed with a fluxgate gradiometer in Bagot’s Park, 

Staffordshire  (Anon, 2003).  An enclosure was identified with two glass-smelting 

furnaces.  

 

A3.3 Miscellaneous furnace – glass? 

It has been suggested that a furnace identified on a geophysical survey at Ewecote, 

Bilsdale, North Yorkshire may have been used for glass manufacture (J.G.McDonnell, 

pers. comm.). During a survey to examine industries associated with adjacent 

monastic quarries, one cluster of positive data produced readings of up to 98 nT. 

There were no other high positive readings in the vicinity that are normally associated 

with a slag tip. Even if the tip had been removed there are usually slag traces. 

Excavation of the topsoil revealed the circular outline of a heavily vitrified furnace. A 

0.25m resolution survey (Figure A3.4 a to h) recorded a pseudo-circular positive 
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anomaly (highest value 219nT) with a small irregular area of positive data (highest 

value 39nT) immediately east of the probable furnace. In addition a linear anomaly-

trend lies immediately north of this area, suggesting some form of walling. Whilst the 

true nature of the furnace is yet to be revealed, its use for glass production cannot be 

ruled out. There is no significant scatter of debris other than the small anomaly beside 

the furnace that may represent a phase when the furnace was cleaned out. 

                                                                                

A3.4 Discussion. 

The processes for smelting metal and glass production are different to those of tile, 

brick and pottery in that material is melting within a furnace to produce a metal or 

glass. In ceramic type processes it is the object that is placed in the furnace. The latter 

process involves circulating heat efficiently around the objects, whereas for metals 

and glass the heat is concentrated to one specific area of the furnace. Consequently, 

ceramic kilns tend to be large and there is usually a considerable amount of debris, in 

the form of broken or fused clay objects.  

 

Although there will be iron minerals in the clay from which the furnaces, bricks, tiles, 

and ceramics are made, in the metal smelting process iron rich ore is introduced into 

the process. Not all of the ore is converted to iron and in some processes, for example 

copper smelting, iron is deliberately removed via the slag. Magnetic responses from 

metal smelting will therefore be generally higher, although as has been noted earlier, 

this will vary depending on the depth of burial of the slag. They are particularly so on 

bloomery sites, which are ‘inefficient’ when compared to later blast furnace type 

technology. Slag will be rich in iron oxides and free iron that often occurs as prills in a 

glassy matrix.   
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Figure A3.1. Pottery Kiln: Excavated Romano-British pottery kiln.  
(Source: Aitkin 1961, 17 with modifications.) 

 
211 



Figure A3.2. Pottery Kiln: Magnetic response profile of a Romano-British pottery kiln.  
Instrument used: Proton Magnetometer. 

 
(Source: Aitkin 1961, 24 with modifications.) 
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Figure A3.3. Wethercote: Extract of fluxgate gradiometer survey and interpretation. 
 

(Source: Stopford 2000)  
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(a) Clipped Data Range SD –1nT  to  1nT 

(b) Clipped Data Range  –100nT  to  100nT 

(c) Clipped Data Range  –50nT  to  50nT 

(d) Clipped Data Range  –50nT  to  50nT 

(f) Clipped Data Range  –10nT  to  10nT 

(g) Clipped Data Range  –5nT  to  5nT 

(h) Clipped Data Range  –5nT  to  5nT 

Location of Survey 

Figure A3.4 a to h.  Ewecote 1 central (‘glass’ furnace): Clipped fluxgate gradiometer 
data  at 0.25 m resolution.  

 
White=negative data : Black=positive data. 

 
( Source: Author ) 
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