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CHAPTER 5: GLASS PRODUCTION 

 

5.1  Introduction 

The intention of this chapter is to study the means by which medieval (and later period) 

glass making and working, hereafter referred to simply as glass production, could be 

detected and better interpreted through geophysical prospection techniques and in 

particular magnetometer surveys. During the period of this research there have been no 

opportunities to study a glass production site physically due to the lack of reported 

instances of new glass production sites in the UK, discovered either by geophysical 

survey alone or, having been discovered by other means such as fieldwalking, which 

would have allowed geophysical surveys to have taken place prior to excavation. As a 

consequence, the description of a glass production site by means of the interpretation of 

the geophysical survey data is reliant on earlier data; however, this interpretation is 

supported by laboratory magnetic susceptibility measurements of samples obtained 

from glass working sites, including archival material. 

 

5.1.1  A summary of the history of glass production 

The history of glass production is well documented in the literature: for example, Biek 

and Bayley (1979), Brill (1963), Cable (1998), Charleston (1978), Cromwell and 

Dungworth (2002), Crossley (1998), Douglas and Frank (1972), Harden (1956), Harden 

(1978), Henderson (1988), Henderson (1998), Hunter (1981), Jackson et al (1998), 

Jackson et al (2003), Kenyon (1967), and Tait (1991) have collectively described the 

changes in glass working technology from earliest times, through the medieval and 

post-medieval periods to the 17th and 18th Centuries. 
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Glass production is known from the 3rd millennium BC in Mesopotamia and there are 

many examples of glass artefacts from Ancient Egypt. Both sodium and potassium 

compounds (alkalis) were used in conjunction with sand (silica) to make basic glass, but 

soda glass was manufactured almost exclusively during the Roman period and 

continued to be made in north-west Europe well after the collapse of the Western 

Empire (Biek and Bayley 1979). As an example of the history of glass manufacture in 

Europe, Wedepohl (1997) summarises the changes in the glass recipe from the 9th 

Century to the post-medieval period in western Germany. Analysis of the archaeological 

evidence for later prehistoric and early historic glass production suggests that in Britain 

during the Iron Age and the early Roman period there was a small-scale but widespread 

glass production industry (Henderson 1989: 44-47; Newton and Davison 1989: 25; 

Price 1998). At some time before the 10th Century (Newton and Davison 1989: 27) or 

around AD 1000 (Biek and Bayley 1979) there was a general changeover from soda to 

potash based glass, caused by the huge demand for ecclesiastical window glass during 

the great church building explosion of the medieval period; glass makers had to resort to 

forests for their supplies of fuel and of alkali from wood ash. 

 

Evidence of glass production in England until the 16th Century is, according to Kenyon, 

“very meagre” (1967: 12). The few examples of Roman glass production sites include 

those at Wilderspool (Cheshire), Mancetter (Warwickshire) and Caistor St. Edmund 

(Norfolk) (Newton and Davison 1989: 109); glass production debris from the 

Coppergate site in York has been shown be Roman of the 1st to 3rd Centuries (Jackson 

et al. 1998). Kenyon (1967: 214) also stated that no glass production site is known in 

England after the late Saxon glass furnaces found at Glastonbury (Radford 1961a) until 

around AD 1330 in the Weald at Blunden’s Wood, Hambledon, Surrey (Wood 1965). In 

the 16th Century, the Surrey/Sussex area of the Weald became the centre of English 
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glass production (Newton and Davison 1989: 30). During the first half of the 16th 

Century, there was an influx of French glassworkers to Britain from Lorraine and, 

although initially based in the Weald, due to the competition for wood with the local 

iron smelters these glassworkers eventually moved to other parts of the country, such as 

Staffordshire and Yorkshire. In the early 17th Century, wood was replaced by coal and 

by the 18th Century furnaces grew more complicated culminating in the building of the 

large conical shaped furnaces which survived to the end of the 19th Century (Crossley 

1994: 226). 

 

5.2  Brief description of the glass production process 

Glass production in antiquity has been described by Biek and Bayley (1979) as a three-

stage process: (a) fusing together in a solid-state reaction the two main constituents of 

glass, i.e. silica (sand) and alkali (compounds of sodium or potassium), sometimes with 

lime as a stabiliser, at a moderate heat which allowed thorough mixing of the 

components; (b) breaking up the resultant “frit” and grinding it to a fine powder; and (c) 

melting the powdered frit at a high temperature for working into objects which were 

annealed at a lower temperature to relieve internal stresses. As the glass production 

techniques improved through better furnace design, higher temperatures and different 

fuels, the process became a single stage of mixing and melting the raw materials. The 

main components of a glass production site, and the inputs and outputs of the process, 

are shown in the flow diagram of Figure 5.1. 

 

5.2.1  Location of glass production sites 

The important characteristics of a glass production site are that it would have been dry, 

level, with easy access to water and sources of sand and alkali, as well as fuel and 

materials such as clay and stone for constructing the furnaces (Kenyon 1967: 148). 
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Henderson (2001: 474) notes that where sand is used as the source of silica, iron is often 

found as an impurity; this is significant since the presence of iron has implications for 

the magnetic characteristics of the glass product and any associated waste material. 

Sources of fireclay and other refractory material for making the crucibles would also 

have been nearby. Furnaces were natural draft structures fired with kiln dried wood, 

also known as white coal or chop wood. The amount of wood required at each site, both 

for fuel and the source of alkali, was considerable. Cable (1998) gives estimates of 

between 67 and 95 tonnes per week, depending on furnace size and the amount of 

“saleable” glass produced, or an annual total supply of at least 3200 tonnes (excluding 

that required for making alkali), a figure which is comparable with that for the German 

furnaces (Wedepohl 1997); these figures for the amount of wood required indicate the 

significant impact glass production would have had on the medieval environment. 

 

5.2.2  Furnace temperatures 

Henderson (1989: 35) notes that there is an important distinction between glass making 

and glass working; the former requires a significantly higher temperature than the latter 

in order to “flux the sand or other silica source”. Fritting required temperatures around 

750-800°C (Newton and Davison 1989: 61), whilst melting was achieved at up to 

1200°C in early furnaces and 1400-1500°C in later ones (Kenyon 1967: 74). Welch 

(1997) estimated that the glass furnaces at Little Birches (Staffordshire) reached 

temperatures in excess of 1200°C, although working temperatures may have been 

around 1000°C. Williams (1994), reporting on the crucible fabrics from Little Birches 

and other sites, suggested that a minimum temperature of 1100 to 1200°C was reached 

in the furnace. Based on the heating effect (calorific value) of the different species of 

wood that were likely to be burnt, early glass furnaces must have been capable of 

achieving at least 1350°C (Cable 1998). These estimates and suggestions are supported 
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by Gerth et al. (1998) and Eramo (2005), where medieval furnace temperatures around 

1400°C to 1500°C were inferred as a result of their experimental glass melts. The 

consequence of achieving such high temperatures is that the magnetic characteristics of 

the ground beneath a furnace are considerably enhanced through the acquisition of 

thermoremanence. The potential for the remains of a furnace to be discovered through 

geophysical survey methods and archaeomagnetically dated is, therefore, significantly 

increased. 

 

5.3  Physical description of glass furnaces 

There is little archaeological evidence from the Roman period in Britain to indicate 

what glass furnaces looked like or how they were operated (Newton and Davison 1989: 

104ff). At Wilderspool the furnaces were shaped liked small oval ovens, whilst the 

furnace at Mancetter was sub-circular (88cm x 77cm). There is more evidence from the 

post-Roman period for furnace shape. Under the Romans glass production was uniform 

throughout the Empire, but with the collapse of the Western Empire, practices 

developed separately in the south and the north/northwest of Europe which gave rise to 

two distinct types of furnace, one circular and the other rectangular, and both operated 

by natural draft. Charleston (1978) defined these as the southern and the northern types 

respectively, although it should be noted that Henderson (2001: 477, 478) considers this 

classification to be too simplistic, since the interpretation of the archaeological evidence 

is based only on partial furnace remains. 

 

The southern furnace was often constructed in three storeys: a fire chamber at the 

bottom, a central chamber for melting the glass and a vaulted upper chamber for 

controlled cooling or annealing; the furnace was nearly always circular with what 

amounted to a central vertical flue (Newton and Davison 1989: 111). However, there 
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were variations, which Agricola describes (1556: 585ff), including separate rectangular 

structures used for annealing purposes (Figure 5.2). The northern furnace was 

essentially a horizontal version of the southern type; the fritting, melting and annealing 

chambers were arranged at the same level around the fire trench which had stoke holes 

at each end (Newton and Davison 1989: 118). The furnace was usually rectangular in 

shape and Figure 5.3 shows the model constructed from Theophilus’ description of a 

glass furnace (Charleston 1978). Little is known of the design of the furnace 

superstructure, but based on what was excavated at Hutton Common and Rosedale, 

Crossley and Aberg (1972) suggest bricks or stone were used for arches over the fire 

trench and clay domes over the sieges. Figure 5.4 is the interpretation plan and section 

of the main furnace at Blunden’s Wood (Wood 1965), indicating the conjectured design 

of the structure. 

 

In the early medieval period, there is very little archaeological evidence of glass 

production in Britain. One site of this period that has been recorded is that of the late 

Saxon, probably 9th Century (Radford 1957), glass furnaces at Glastonbury which were 

discovered in the cloisters of the Abbey beneath the medieval levels. Little of the 

structure had survived, but there were signs of “considerable heat” (Radford 1961a, b). 

 

In Britain, the rectangular (northern) furnace was the dominant type from the 14th 

Century onwards. Examples are Bagot’s Park, Staffordshire (Crossley 1967; Linford 

and Welch 2004), Blunden’s Wood, Surrey (Wood 1965), Hutton Common and 

Rosedale, N. Yorkshire (Crossley and Aberg 1972), Knightons, Surrey (Kenyon 1967) 

and St. Weonards, Herefordshire (Bridgewater 1963). One exception to the rule is the 

16th Century circular glasshouse at Woodchester, Stroud (Daniels 1950). The 

excavations of the 14th Century furnace at Blunden’s Wood demonstrated that it was 
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contemporary practice to have separate furnaces for melting glass, annealing glass, and 

crucible preparation (Crossley 1994: 227ff). The early 16th Century furnace layout 

followed a similar pattern at Bagot’s Park and Knightons. With the arrival of the French 

glassmakers in the late 16th Century, furnaces were constructed to a pattern comprising 

a central rectangular block for melting and wings built at each corner for other stages of 

glass production: Vann Copse (Surrey) and Rosedale are examples of this 4-winged 

pattern. However, there were considerable variations in layout: St. Weonards, for 

example, was a simple rectangular melting furnace, whilst Hutton Common only had 

two diametrically opposed wings. Excavations have shown that many sites also had one 

or two smaller, separate annealing furnaces, e.g. Hutton Common and Rosedale. 

 

The size of medieval furnaces, of any type or classification, varied considerably. 

According to Agricola (1556: 585ff), the (southern) furnaces were substantial: the 3-

storey furnace was 8ft (2.4m) in diameter and 12ft (3.6m) high, whilst the smaller 2-

storey variation was 10ft (3m) in diameter and 8ft (2.4m) high; the rectangular 

structures were around 6ft (1.8m) long, 4ft (1.2m) wide and 2ft (0.6m) high. When 

excavated, one of the Glastonbury furnaces appeared to have been oval in plan, being a 

hollow 4ft (1.2m) by 3ft (0.9m) dug into the natural clay (Radford 1961a). 

 

Although the sizes of the rectangular (northern) furnaces varied they were generally in 

the order of 4m long by 2m wide; Table 5.1 shows the dimensions of the excavated 

remains of a number of furnaces from different parts of England. The fire trench (or 

flue) contained within the structure was around 2m in length and 60cm wide. Furnace 

walls constructed of stone or brick were between 30cm and 80cm thick. On each side of 

the flue was a raised platform (the siege) 30cm high, 30 to 60cm wide and 1 to 2m in 

length; each siege could accommodate 1 or 2 open crucibles (Kenyon 1967: 76). The 
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Woodchester glasshouse was 16ft (4.8m) in diameter, and thought to be of “beehive” 

(southern furnace type) construction with an adjacent (rectangular) annealing oven 

about 9ft (2.7m) by 7ft (2.1m) in size (Daniels 1950: 2). 

 

5.4  Glass production residues 

The debris from glass production falls into two distinct groups: the usual residue from 

the glass making and working processes, and the remains of the furnaces themselves 

after glass production has ceased. The quantities of debris depend on the amount 

remaining on site, as well as how well the various materials have survived in the 

archaeological record, either as a consequence of physical disturbance or, for glass 

artefacts in particular, how durable the material was chemically. Medieval glass is well 

known for degrading and deteriorating, as the work of Krumbein et al. (1991), Schreiner 

(1991), Newton and Seddon (1992), and Cooper and Cox (1996) has demonstrated. 

 

5.4.1  Process residues 

The residues from the glass production process (Figure 5.1) include the remains of 

crucible fragments, partially fused raw materials (frit), spillage, slag, glass clippings, 

scrap glass (cullet), fully formed or fragmented artefacts and wood ash (Crossley 1994: 

230; Henderson 1989: 36; Hunter 1981: 148; Price 1998). The amount of production 

waste can be variable, as excavation of the different sites has shown, although in general 

terms it is still relatively small in comparison with an iron smelting site. At Haughton 

Green, Hurst Vose (1994) notes the “sheer bulk” of the waste material: around 58kg of 

glass waste, nearly 23kg of glass vessel sherds and over 3700 crucible sherds. Large 

heaps of glass fragments, cullet, flat glass and lumps of unworked glass were uncovered 

by Crossley (1967) at Bagot’s Park, totalling 6cwt (305kg). A considerable quantity of 

glass waste was recovered at Knightons (Wood 1982) amounting to 61.5kg, although 
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this represented only a fraction of the site total. In addition, crucible fragments were 

scattered over the site and a “cullet storage area” was found. Crossley and Aberg (1972) 

found substantial quantities of debris at both Hutton Common and Rosedale, including 

glass vessel fragments, clippings and crucible fragments; there were prominent 

concentrations of ash in the vicinity of the furnaces at both sites. 

 

Crossley (1967) notes that there was no evidence found of fritted material at Bagot’s 

Park; it is unlikely that glass production sites will yield any material from excavation 

which could be identified as frit, since it is of a loose granular consistency which would 

easily be broken up and become unrecognisable if dropped on site (Crossley 1994: 230). 

An important part of the process of making glass was the recycling of waste glass 

fragments as cullet, which would reduce the total amount of process residues. 

 

5.4.2  Furnace remains 

The baked clay base is often all that survives of a glass furnace, the stone or brick 

structure having been mostly robbed out. The base locates the site and provides 

evidence of the shape and size of the furnace (Kenyon 1967: 147). The excavations at 

St. Weonards (Bridgewater 1963) revealed burnt subsoil to a depth of 30 to 45cm 

beneath and around the remaining stonework, indicating that this area was the bed of the 

furnace; lumps of burnt clay suggested that the structure had been packed with clay. The 

furnaces at Knightons (Wood 1982) had been heavily robbed as Figure 5.5 indicates. 

The Rosedale glass furnace stoke hole positions were clear from the concentration of 

ash and intense reddening of the clay (Crossley and Aberg 1972). The natural clay 

beneath the fire trench and the siege banks (siege support structures) was heavily burned 

to a maximum depth of 40cm; the clay filling of the siege banks themselves was highly 

heat affected, although the reddening of the clay in the furnace wings was less severe 
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possibly as a consequence of lower temperatures. Close to the furnace was a prominent 

patch of ash covering heavily burnt natural clay. Similarly at Hutton Common (Figure 

5.6), where substantial deposits of burnt clay and heat-fractured stone were excavated 

(Crossley and Aberg 1972). 

 

5.5  Discovery and geophysical survey of glass production sites 

Landscape features have been an important factor in locating furnaces (Kenyon 1967: 

148). More than half of the Wealden sites listed by Kenyon were found as a result of 

following up field name clues, the remainder being chance finds (1967: 147, 152, 153). 

There were many difficulties in locating these sites since, being in a predominantly 

stoneless area, they were often heavily robbed (Hunter 1981: 148). The majority of 

glass production sites anywhere were found through fieldwalking, either following up 

documentary evidence or subsequent to land clearance. Blunden’s Wood and Knightons 

are two examples of Kenyon’s (1967) chance finds, whilst Rosedale was “accidentally” 

discovered by Raymond Hayes during 1966 as he was searching the Rosedale valley for 

indications of iron smelting (Crossley and Aberg 1972). Hutton Common and Bagot’s 

Park (Crossley 1967) sites were found as a consequence of agricultural land clearance 

and reclamation, whereas the site at Little Birches was discovered when earthmoving 

machinery disturbed a mound of debris on the edge of a quarry in advance of gravel 

extraction (Welch 1997). 

 

Very few geophysical surveys, in particular magnetic methods, have been undertaken 

over the sites discovered more than 30 years ago, as this was the period when 

magnetometry for archaeological purposes was being developed. Some of the early sites 

where magnetic surveys were carried out, using proton magnetometers, are St.Weonards 

(Bridgewater 1963), Bagot’s Park (Crossley 1967), and Hutton Common and Rosedale 
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(Crossley and Aberg 1972); in all cases the survey results confirmed the visual 

impressions obtained from fieldwalking. 

 

One of the recently published examples of magnetometry surveys is by Linford and 

Welch (2004) at Bagot’s Park, following on from the initial excavations by Crossley 

(1967). Here, having found the approximate furnace locations by fieldwalking, the exact 

position of each furnace was determined through geophysical survey, using a fluxgate 

gradiometer; one of the survey plots is shown in Figure 5.7. There are instances where 

some geophysical surveys have been carried out after excavation: the volume specific 

magnetic susceptibility survey over Furnace 6a at Bagot’s Park is an example (Linford 

and Welch 2004), where it was shown that this survey method could be used to provide 

a rapid field indicator for the strength of remanent magnetisation which would assist in 

indicating the optimum areas of the subsoil for archaeomagnetic sampling. 

 

5.6  Dating of glass production sites 

Dating of glass production sites has been achieved principally by two methods: 

indirectly from artefactual evidence, and directly by archaeomagnetic dating techniques 

(AMD). The former does not depend on any magnetic phenomenon associated with the 

high temperature operation of a furnace, i.e. the acquisition of thermoremanence, unlike 

the latter. 

 

Sites discovered more than 20 years ago would have relied more upon on artefacts, 

rather than AMD, to provide dating evidence through analysis and comparison with 

similar objects, whether they were ceramic or metallic. The late-Saxon glass furnaces at 

Glastonbury Abbey were dated by comparing the fragments of glass and crucibles with 

similar residues from Hamwih (Radford 1961a). At Blunden’s Wood, a horseshoe was 
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excavated which was of a sufficiently distinctive typology to allow a date to be 

established, in addition to the analysis of pottery (Wood 1965), whilst at Knightons the 

main furnace was dated by the discovery of a coin, an Edward VI shilling (Wood 1982). 

Pottery sherds can be characteristic of a particular manufacturing  area and date, but the 

results may only give a broad date range for the operation of a furnace. At both these 

latter sites, and at Bagot’s Park (Crossley 1967), Hutton Common and Rosedale 

(Crossley and Aberg 1972) and many other similar sites, an early form of AMD was 

used to provide supporting dating evidence, based on the work of Aitken (1970; 1974), 

and Aitken and  Weaver (1962). 

 

Since the publication of the British calibration curve, all AMD measurements have been 

made using the method described by Clark et al. (1988). However, it should be noted 

that where AMD sampling is found to be inadequate or impossible due to significant 

site disturbance, then artefactual evidence has to be used; an example is the dating of the 

North Site at Little Birches (Welch 1997). 

 

5.7  Investigations 

During the period of this research, no new glass production sites were reported which 

would have allowed geophysical (magnetometer) surveys to be undertaken by the 

author prior to excavation. As a consequence, the investigation of the magnetic response 

of a glass production site is limited to the laboratory susceptibility measurements of 

selected samples of glass production residues, including crucible material, obtained 

from various (limited) sources, and to the study of the possible responses from the high 

temperature features of selected sites from the Surrey/Sussex Weald, North Yorkshire 

Moors and Central Staffordshire. 
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5.7.1  Laboratory measurements 

The measurement process followed that described in Chapter 2, section 2.5. A total of 

69 samples, from 4 sources, were prepared for analysis: 

 

(a) Hutton Common: glass fragments and baked clay (9 samples); 

(b) Rosedale:  glass fragments (3 samples); 

glass spillage on baked clay (4 samples); 

crucible fragments (4 samples); 

(c) Knightons:  glass fragments (5 samples); 

glass spillage on baked clay (6 samples); 

crucible fragments (5 samples); 

(d) St.Aidan’s:  glass waste (6 samples); 

clinker and slag (6 samples); 

crucible fragments (10 samples). 

 

Brief descriptions of the material from which the samples were selected are given in 

Table 5.2 (for Hutton Common, Rosedale and Knightons) and Table 5.3 (St. Aidan’s). 

The information for the St. Aidan’s Boat Site is derived from an unpublished catalogue 

of the finds from the excavated area in and around a dry dock located between the old 

courses of the R. Aire and the Aire & Calder Navigation, near Methley, West Yorkshire. 

The finds have been dated to the 18th Century and the samples have been analysed for 

comparison purposes only. 

 

The results of the susceptibility measurements are shown in Table 5.4 (derived from the 

calculations in Appendix 41). The mass quadrature specific susceptibilities for the 

Hutton Common and Rosedale glass fragments and spillage samples could not be 
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measured as the readings proved to be very low and within the noise levels of the PIM 

instrument, and as a consequence were deemed to be unreliable. 

 

In general, all the measured susceptibility values are low, with the exception of the glass 

spillage on baked clay samples from Rosedale and Knightons, and the clinker and slag 

samples from St. Aidan’s. The glass fragments from Hutton Common, Rosedale and 

Knightons had a range of mass specific susceptibility from 2 to 38 x 10
-8

 m
3
 kg

-1
 and a 

mean value of 10 x 10
-8

 m
3
 kg

-1
. The magnetic viscosity of the Knightons samples 

ranged from 0.8 to 7.0% with a mean of 3.0%. The mass specific susceptibility values 

for the glass spillage on baked clay samples ranged from 17 to 4042 x 10
-8

 m
3
 kg

-1
. 

Excluding the Rosedale R3E sample (χ = 4042 x 10
-8

 m
3
 kg

-1
), the mean value was 213 

x 10
-8

 m
3
 kg

-1
. Sample R3E was clay, with a thin layer of red/yellow/brown material 

attached, which had been subjected to high temperatures as suggested by its coloration 

(Munsell notation 5YR 6/8) and could have originated from the fire trench. 

 

The glass waste samples from St. Aidan’s had susceptibilities lying in the range of <1 to 

55 x 10
-8

 m
3
 kg

-1
, with a mean of 14 x 10

-8
 m

3
 kg

-1
. The clinker and slag samples from 

the same source had susceptibilities ranging from 145 to 1687 x 10
-8

 m
3
 kg

-1
 (mean = 

703 x 10
-8

 m
3
 kg

-1
). The magnetic viscosity of the glass waste ranged from 0.4 to 12.3% 

(mean = 3.4%), and for the clinker and slag ranged from 0.7 to 4.2% (mean = 2.3%). 

 

All the crucible samples had susceptibilities lying in the range of 1 to 19 x 10
-8

 m
3
 kg

-1
, 

with an overall mean of 4 x 10
-8

 m
3
 kg

-1
. The magnetic viscosity of these samples 

ranged from 4.1 to 27.6%, and had a mean value of 13.5%. Although quadrature 

measurements were made on the glass fragments, waste and crucible fragments, the 

magnetic viscosity figures for these samples should be regarded as unreliable since the 
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majority (87%) of the samples had mass quadrature specific susceptibilities of less than 

1 x 10
-8

 m
3
 kg

-1
. 

 

5.7.2  Site analyses 

The following is a description of four glass production sites: Blunden’s Wood, Bagot’s 

Park, Hutton Common and Rosedale, with particular reference to the heat affected 

features. All these sites are similar in their component layout, any differences being due 

initially to production improvements and subsequently to the long term effects of site 

decay after glass production ceased. 

 

After the initial site clearance, two mounds were observed at Blunden’s Wood (Wood 

1965). The larger mound related to Kiln A, whose fire flue had a hard, heat affected 

(reddened) surface with hearths at each end (Figure 5.8(a)). The entire area around Kiln 

A was strewn with burnt clay. Kiln B, the smaller mound, was sub-circular with a 

central firebox filled with burnt clay. On either side of the firebox were cavities having 

hard floors of reddish (burnt) clay. There were no wings to either furnace and no refuse 

heap or cullet store were discovered. 

 

At Bagot’s Park (Crossley 1967), a mound of mixed red soil, clay and lumps of glass 

adhering to stone was uncovered in an area where a pronounced magnetic anomaly was 

recorded. Further excavation revealed Furnace 1: two parallel stone sieges with brick 

extensions at one end; outside the sieges traces of stone kerbing were found (Figure 

5.8(b)). The fill of the central fire trench contained lumps of fired clay probably from a 

reverbatory clay roof built over the sieges and the fire trench, and the floor of the trench 

was formed of fused glass. At each end of the furnace there were darkened patches with 

traces of ash on thin spreads of burnt clay. The natural clay beneath the furnace was 
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heavily burned. Adjacent to and on either side of the furnace were “cullet heaps” 

containing glass waste, one c. 5cwt (250kg) and the other no more than 1cwt (50kg). As 

Crossley (1967) states, of the glass production stages requiring heat the main melting 

was the simplest to identify on the ground; the others raised problems as they were not 

as “visible”. The annealing process may have been carried out in the adjacent Furnace 2, 

which also had remains of burnt clay, brick and stone structure material. Neither furnace 

had any evidence of wings similar to those at Hutton Common or Rosedale. 

 

The main concentration of furnace debris at Hutton Common (Crossley and Aberg 

1972) surrounded a prominent mound (Figure 5.9(a)). To the north and south of this 

feature were smaller mounds, on both of which were glass and burnt clay material. The 

magnetic survey confirmed the visual impressions: a strong anomaly at the main mound 

and much weaker anomalies at the other two. The prominent mound was found to be the 

glass furnace, excavation of which showed that there were three periods of construction, 

with two wings as part of the later structure. The diametrically opposed wings were 

constructed of stone wall-revetted, packed-clay cores, the clay of which was hard baked 

and burnt. Heavily burnt clay, ash and glass waste deposits were associated with the 

remains of the structures from all three periods. West of the furnace were traces of a 

clay and stone built structure, laid on the natural clay which had been heavily reddened 

and surrounded by ash. This structure may have been an annealing furnace from the 

early period of the furnace. The two smaller mounds were both dumps of material from 

furnace rebuilding and operation; there were quantities of burnt clay, heat-fractured 

stone, glass waste and crucible fragments. Approximately 20m north-west of the 

furnace was an area (c. 3m x 2m) which had produced a weak magnetic anomaly: this 

was found to be a concentration of ash. 
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At Rosedale, Crossley and Aberg (1972) discovered two significant mounds; the 

magnetic survey confirmed both to be strong magnetic anomalies, whilst another 

anomaly was found to the south-east of these two mounds. Excavation showed that the 

mounds were the remains of the main furnace and a smaller annealing furnace (A), 

whilst the third anomaly was found to be associated with a large deposit of ash (Figure 

5.9(b)). The furnace fire trench stoke holes had heavily-burnt stones and concentrations 

of ash and reddened clay. The furnace had four wings, all having reddened clay fillings, 

as was that of the siege banks. The natural clay beneath the fire trench was heavily 

burnt. The annealing furnace (A) had an associated patch of burnt clay, whilst a second 

annealing furnace (B) to the west of (A) had a flue constructed of well-burnt stone; the 

whole area was stained with ash. The large ash deposit had heavily burnt clay beneath 

it, suggesting that this may have been a preparation area for the ash that was to be added 

to the crucibles. 

 

5.8  Discussion 

The differences between the susceptibilities of the medieval and post-medieval glass 

fragments (from Table 5.4) may be regarded as having some significance in themselves, 

i.e. the samples from Knightons appear to have susceptibilities twice those from Hutton 

Common and Rosedale, and is in all probability a function of the differences in the 

sources of the ingredients for producing glass at the various sites. As noted above in 

section 5.7.1, the glass fragments from Knightons, Hutton Common, Rosedale and St. 

Aidan’s had an overall range of mass specific susceptibilities from <1 to 55 x 10
-8 

m
3 

kg
-

1
, with a corresponding mean value of around 11 x 10

-8 
m

3 
kg

-1
. Similarly, the fragments 

of crucibles sampled from Knightons, Rosedale and St. Aidan’s had susceptibilities 

lying in the range 1 to 19 x 10
-8 

m
3 

kg
-1

, with an overall mean of 4 x 10
-8 

m
3 

kg
-1

 (Table 

5.4). 
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Since the mean susceptibility value of the sampled glass fragments is around 11 x 10
-8

 

m
3
 kg

-1
, it is highly likely that the mean value of 213 x 10

-8
 m

3
 kg

-1
 for the glass spillage 

reflects the underlying susceptibility of the baked clay. In any sample of this type, the 

larger the proportion of baked clay in comparison to the attached glass would lead to a 

higher combined (or weighted average) susceptibility. 

 

The susceptibilities of the glass and crucible fragments have been compared with those 

of samples of soils and natural clays from the iron smelting sites of Myers Wood (near 

Huddersfield, W. Yorkshire), Ewecote, Hagg End, Kyloe Cow Beck and Stingamires 

(Bilsdale, N. Yorkshire) (all Chapter 3), the Dalby experimental charcoal kiln (Chapter 

6) and Greencliffe Hag Wood charcoal platform D (Chapter 6). They have also been 

compared with the susceptibilities of heat affected (baked) clay samples from the 

Knightons and Rosedale glass production sites, and the same Bilsdale iron smelting 

sites listed above. Iron smelting sites have been chosen because the temperatures within 

the furnaces are similar to those in glass production, even though the shape and function 

of the structures are significantly different. The temperatures achieved in either 

industrial process are sufficient to cause substantial changes to the magnetic 

characteristics of the clay material in both the furnace, including the roof and the fire 

trench stoke holes in the case of glass production, and the surrounding working 

surfaces. Allowing for differences in geology and other factors associated with the 

industrial activities at the various sites mentioned above, it can be seen from Figures 

5.10 and 5.11 that the glass and crucible fragments’ susceptibilities are similar to those 

of soils and natural clays, but can be considerably less than the susceptibilities of heat 

affected (baked) clays. Having comparable susceptibilities would, therefore, suggest 

that the discovery of glass fragments, cullet or other waste material, including crucibles, 

by geophysical survey methods would be very difficult; the magnetic anomalies created 
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by the glass waste are unlikely to be distinguishable from the background anomalies 

derived from the soil and natural clay material of the site. From Figure 5.11, the mean 

values of the heat affected (baked) clay susceptibilities can be seen to be up to two 

orders higher than those of the glass and crucible fragments, which strongly suggests 

that the magnetic anomalies associated with the glass waste would not be detected by 

geophysical survey; they would be swamped by the anomalies created by the heat 

affected anomalies related to the glass furnace structures. As a means of summarising 

the above, Figure 5.12 indicates the predicted responses to magnetic geophysical survey 

of the principal components of a glass production site. 

 

The St. Aidan’s glass waste and crucible susceptibilities (from Table 5.4) are very 

similar to the corresponding samples from the other sites, suggesting no major 

differences in the basic glass or crucible constituents in over two centuries. As a 

consequence, difficulties may also be experienced in detecting glass production residues 

from 17th Century and later glasshouses, assuming there was a requirement to use 

geophysical survey methods in these structures. 

 

In contrast to iron smelting sites, where in addition to the remains of the furnace there 

could be several tonnes of waste material (slag), excavations have shown that little is 

left of the glass production process other than the remains of one or more main furnaces 

and a similar number of smaller annealing furnaces. The relative lack of residues may 

be a function of the amount of recycling of glass waste material that took place on or 

between production sites. Such residues that remain may be scattered across a site 

(probably as a result of land clearance or ploughing) or, in some instances, such as at 

Bagot’s Park (Crossley 1967) and at Hutton Common and Rosedale (Crossley and 

Aberg 1972), are concentrated into large heaps close to the furnaces. As discussed 
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above, scarcely any of the scattered residues would be detected through magnetic 

survey for the reasons given, but it may be possible for anomalies associated with a 

large concentration of residue remains to be recorded (as at the above sites), despite the 

low susceptibility of individual items of residue material. 

 

What would a magnetic geophysical survey expect to record from the remains of a glass 

production site? Firstly, it should be noted that a magnetic susceptibility survey may not 

record much of the furnace anomaly if it is buried to any great depth due to the rapid 

reduction in field coil response with depth (see Chapter 2, section 2.2.2), and is unlikely 

to identify the low value anomalies created by glass production residues because of their 

low susceptibilities. For these reasons, a magnetometer survey will give the optimum 

results. In theory, the magnetic signature of the northern furnace type (as described in 

section 5.3) would be identified as an apparent rectangular or sub-rectangular high value 

anomaly, being dominated by the heat affected area of the fire trench. The southern 

furnace type (similarly described in section 5.3) would probably have a signature 

similar to that of an iron smelting furnace, i.e. an apparently circular or sub-circular 

high value anomaly (see Chapter 3). In practice, the apparent shape of the furnace 

anomaly is more likely to be rectangular/sub-rectangular simply because the excavation 

record gives the impression that there were more northern type furnaces than southern 

types. Whatever type of furnace is being surveyed (and this is unknown at the time), the 

anomaly created by the concentrated heat source is certainly modified by the anomalies 

associated with the collapsed heat affected stone/clay fire dome, the remains of which 

could be scattered around and within, for example, the fire trenches excavated at 

Blunden’s Wood (Wood 1965), Bagot’s Park (Crossley 1967) and Hutton Common 

(Crossley and Aberg 1972) (see section 5.7.2). The combined depth of dome and 

furnace remains, as well as the depth of overlying soil, will all modify the strength of 
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the anomaly measured by a magnetometer, but it should still be possible to detect the 

anomaly through the magnetic contrast with its surroundings. Survey interpretation 

becomes more complicated when multiple, superimposed high value anomalies are 

identified, as would be recorded, for example, on multi-furnace sites similar to 

Knightons (Wood 1982). The anomalies created by annealing furnaces either attached to 

the main furnace as wings or as separate structures and by ash dumps (see section 5.7.2 

for examples) are weaker than the furnace anomaly and may not be recorded by the 

survey if the depth of overlying soil is significant. The plan of the excavations at 

Rosedale (Crossley and Aberg 1972, and Figure 5.9(b)) is used to illustrate the features 

common to a glass production site of the northern type: a main furnace (with or without 

wings), separate annealing furnaces and heaps of ash or other waste material. There are 

no suitable plans of the Woodchester glass house (Daniels 1950) which could be used as 

an example of the southern furnace type, but the only major difference expected would 

have been the shape of the furnace anomaly: apparently circular instead of rectangular. 

Figure 5.13 shows the Rosedale plan superimposed with the predicted magnetic 

anomalies created by the main components of the site. 

 

A factor which needs to be taken into account when surveying a glass production site is 

the resolution of the survey (see Chapter 2, section 2.2). Misidentification of features on 

a site either as a result of low resolution survey or because of the indistinct nature of the 

anomalies is a definite possibility. Figure 5.7 demonstrates how difficult it can be to 

identify magnetic anomalies and then interpret the survey results, even if the resolution 

is high. The precision of the survey, i.e. its resolution, may not be sufficient to identify 

the shape of an anomaly; it may not be possible to distinguish between sub-rectangular 

and sub-circular features if the resolution is too low. Whilst the high value anomalies 

would be easily recorded using either 1m or 0.5m resolutions, the weaker anomalies 
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could be missed, particularly if they are smaller than the data recording intervals. 

Consequently, it may be sensible for magnetic surveys to be undertaken using a 0.25m 

resolution, i.e. data recording at 0.25m intervals and 0.25m traverses. 

 

5.9  Conclusions 

The main furnace of a glass production site was operated at sufficiently high enough 

temperatures for the acquisition of thermoremanence; this can be detected by magnetic 

geophysical survey and has the potential for archaeomagnetic dating. The annealing 

furnaces, whether attached to or separate from the main furnace and being operated at 

lower temperatures, are detectable but to a lesser extent. 

 

This study of the magnetic characteristics of a glass production site concludes that 

magnetometer surveys, carried out at high resolution, would identify a single strong 

magnetic anomaly and possibly one or more weak anomalies, but very little else due to 

a combination of variable quantity and low susceptibility of glass production residues. 

The identification of a strong anomaly as being associated with a glass working site 

through geophysical survey alone would be challenging without resorting to additional 

fieldwalking and excavation. The results of this study are tentative and need to be tested 

if and when the opportunity arises with the discovery of a new glass production site. 

 


