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ABSTRACT

This scientific analysis of evidence excavated from glass-making sites, Blunden’s
Wood (c. 1330 AD), Knightons (c. 1550 AD) and Sidney Wood (1600 — 1620 AD),
has provided further understanding of the technology used to produce ‘forest’ glass in
England between the fourteenth and seventeenth centuries. The influx of immigrant
glass-makers into England during this time, especially during the sixteenth century,

had a large impact on the English glass industry.

The production of “forest’ glass used ash and sand as the raw ingredients in the glass
batch. This work demonstrated that it was  possible to determine the correlation
between certain components in the glass, and therefore, determine which components
entered the batch from the sand, and those that entered from the ash. This work

hinted that oak ash was used in preference to beech. In addition to this, it appeared

that fntting did take place, from the evidence from Blunden’s Wood, at a temperature

in the region of 900 °C. This frit was then melted at a temperature that may have

Ilphmh'

been as high as 1300 °C.

The changes in glass technology began to take place during the middle of the

sixteenth century, and in the first quarter of the seventeenth century the “forest’ glass

industry ceased. The move to coal-fired furnaces, the higher demand for glass and

the improvement in quality of glass all contributed to the expansion and migration of

the industry that was seen at the start of the seventeenth century.
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CHAPTER ONE

AIMS

The primary aim of this work is to investigate the technology of medieval English
glass production. The techniques that the medieval glass-makers were using to
produce glass needs to be understood. The techniques have been observed in
historical documentary sources, which will be discussed in chapter 2, or from
evidence obtained from excavated sites, which will be discussed in chapter 3. The
purpose of this work is to attempt to add some substance to the information, in the
form of compositional analysis of fragments excavated from a number of sites. The
dates chosen for this work are between 1200 and 1620 AD. These dates relate to an

era when wood 1s the source of fuel in the furnaces.

This Medieval period of glass production is dominated by the making of ‘forest’
glass, a technique that uses plant ash from trees and sand as the main raw ingredients

in the production of the glass. The starting date is taken as 1200 AD, which relates

to the beginning of a period when glass was being manufactured in the ‘forest’ glass

tradition.



The end date of 1620 AD is generally taken to be post-medieval, so this work deals

with the transition from medieval technology into what could nearly be termed pre-

industrial.

The region of most importance to ‘forest’ glass production is the Weald in Surrey and
Sussex, which forms the basis for this study. The English manufacture of ‘forest’

glass is seen to be predominantly in this area, where over forty glass-making sites are

thought to have been in operation between 1200 and 1620 AD.

The sites chosen for this work date from the earliest record of an excavated site in the
Weald, Blunden’s Wood (1330 AD), to one of the latest operational sites, Sidney
Wood (1610-1620 AD). A third site, Knightons, fits into these dates, 1550 AD, and
has been chosen to represent the time when the influx of immigrant glass-makers may

have been taking place. Blunden’s Wood and Knightons have been excavated in the

last forty years, and the recording of material was extensive. However, Sidney Wood
was not investigated to the same standard. Therefore, the reliability of the matenal

from Sidney Wood is harder to guarantee. Having said this, the importance of

Sidney Wood, within the context of the manufacture of ‘forest’ glass cannot be

=
underestimated. It is believed to be one of the last glass-making sites in the Weald

that used the techniques of manufacture which were similar to those in 1200 AD.

The archaeologist needs to understand the glass-making technology at a particular
time, to compare differences between periods. Technology may progress very slowly

before a great advance takes place.



The aim of this work is to ascertain if the technology changes from the beginning of

‘forest’ glass production in England, to the end.

The possible origin for my observed changes in technology will be discussed. The
influx of immigrant glass-makers in the middle of the sixteenth century may be a
major cause for changes in methods of glass production. However, this needs to be
clarified by comparing the result of the compositions of glasses from the three sites of
Blunden’s Wood, Knightons and Sidney Wood to other sites. These other sites will
be in Lorraine, Normandy or northern Europe, the ongin of the immigrant glass-
makers. In addition to these comparisons, data from different sources, such as
cathedrals and churches will be compared from vanous regions, again to study similar

compositions. This latter comparison may be useful, as the ‘forest’ glasshouses are

seen as the main source of material for ecclesiastical window glass.

Other factors that contribute to the change in glass-making technology will be
discussed in chapters 7 and 8. These may include the types of raw matenals
available, though the location of the exact sources of matenals 1s difficult to

determine.

The migration of the glass-makers from the Weald at the beginning of the seventeenth
century is to be looked at briefly in chapter 7, by comparing the glass compositions

from sites throughout England around this date.



The comparison may highlight the movement of glass-making technology and any
differences in the raw materials used to produce the glass. The impact of the change
from wood to coal as the source of fuel will be made by comparing glass

compositions from different sites.

The quality of the glass will be looked at, firstly subjectively, and secondly by
compositional analysis. The quality of the glass is difficult to assess because the
material from a particular site may not be representative of the glass which was
produced there. Also, the comparisons made between material from glasshouses and
windows may only be valid if the material is of similar quality, and if the window
glass is from a known source. Reasons for the variability of the' quality of the glass

will be investigated, and where possible, attempts will be made to show which

components enable the formation of a highly durable material.

The material that is to be studied has been taken from collections at The Guildford
Museum in Surrey. Samples from the stores were made available, and therefore,
may not include the best fragments of glass and crucibles. However, the fragments
were chosen on the basis that they bestw:;epresented the types of glass that were

produced on each of the sites. There was a large quantity of glass that had been

excavated from Blunden’s Wood and Knightons, which allowed for a selection of
fragments. As mentioned previously, the recording of samples from Sidney Wood
has been more sporadic, and this can be seen in the amount of material available for

Investigation. A small number of glass fragments were chosen.



Crucible fragments from all three sites were chosen to-represent the matenal from the

collection. Where possible crucible fragments with glass adhering to the crucible were

cho§en.

\

The glass-from Blunden’s Wood 'that is-available for amalysis-consists of fragments-of.
vessel glass. It 1s unclear where many of the fragments come from in terms of the
vessels, as-there appears to be no distinctive shape to the fragmeénts: A-more détailed

description of the glass fragments will be discussed in chapter 4.

The Knightons-glass-making site-appeared-to have been producing window-glass; se. |
the fragments of glass from this collection consisted of a number of centres from the \
‘crown’ glass-pieces> A more-detailed- description "of the glass- fragments will be

discussed in chapter 4.

Sidney- Wood vessel glass is of great importance to archaeologists; as the quality N
superior to most other ‘forest’ glass. In addition to this the material that is kept in
store-at- Guildiord Museum is-limited. 'Therefore; the-glass fragments-that were taken
for study consisted of a few off-cuts of vessel glass, which showed signs of working.
T

Sctentific analysis- of- glass-and- crucible fragments from-the aforementioned- glass-
making sites in England will be carried out. The techniques used will include visual
inspection; a-scanning-electron mieroscope, an electron probe micro-analyser,a-x-ray_

fluorescence spectrometer and a x-ray diffraction spectrometer.



The main tool for compositional identification will be using an energy dispersive

spectrometer attached to a scanning electron micrescopy, but this form of analysis will -
be supplemented with the more accurate method of a wavelength dispersive
spectrometer within an electron- probe-micro-analyser.  X-ray fluorescence will-be
used on the glass fragments to determine the composition, which is to confirm the
results obtained using-both forms- of electron microscopy, and to allow the analysis of

A

larger fragments of glass. X-ray diffraction will be used on the crucible materials to
identify -the phases present in-the fired- clay, which- give- an- indication- of -the.

temperatures wood-fuelled furnaces could reach.

In addition to-this-a sample-of frit- from Blunden’s- Wood ‘will* be- examined for its.
phases, partly to determine the validity of the visual identification of fiit, but also, to
ascertatn the-fritting temperature.

\
Scanning electron microscopy will be used to investigate the interaction zone between

the glass-and-the crucible clay, in-order to discover-the transfer of components from.

one materal to another. This may allow a view of the suitability of the clay for the
purpose of glass-making; a-prediction-of the process-temperatures and-may-enable a.
greater understanding of the aggressive attack the glass has on the clay. All of this
may show-the complexity of themedieval glass-making process,-and highlight the skilll

of the glass-makers. |

The compositions-of glass may allow™ many -details- of the medieval glass-making.

process to be understood better than has previously been seen.



The production of ‘forest’ glass uses certain raw ingredients, and the analysis of the

glass fragments may allow some of the important observations to be made concerning

these raw ingredients.

The exact source of the raw materials may be beyond the scope of this study, partly
due to the possibility that there may have been a great deal of disturbance and
alteration to the ground and vegetation between the date in which the glass-making
sites were in operation and today. However, the composition of the glasses from the

sites may provide information about the raw ingredients, which will allow the

suitability of various sands and ashes to be discussed.

The main aims can be summarised as:

o Investigate the technology of "English “glass production-during- the Medieval-to™ Post-medievah
Period, defined as 1200 to 1620 AD *
What were the raw materials? )
What temperature was glass melted at?
- Did fritting-take place? ~ -
What temperature did fritting take place?

Can the-zone between theglass and the crucible infornr us about the transfer of components from
one to another?

o~ - What impact-did immigrant glass-makers have-on the technology?.
e Make comparisons with English sites of similar dates_

e« Make comparisons between various sources of window glass -
e Did the change from wood to coal have any impact on the glass?

o—- Can the-quality of the glassbe linked to the compesition of the-glass and/or thetechnology of glas&
production?

*.?..



GLASS AND ITS RAW MATERIALS

2.1 The nature of glass
The nature of glass causes problems for definition, due to the question of whether it 1s

a super-cooled liquid, or not. Fundamentally, glass is a material that will result from
rapidly cooling certain liquids. The crystals are unable to nucleate and grow,

therefore an ordered structure is not produced.

One definition shows the unique nature of glass (Brill p129-131, 1962).  This

definition 1s;

‘glass is a substance in the glassy state, a state in which the molecular units have a

disordered arrangement, but sufficient cohesion to produce over-all mechanical

rigidity.”



A glass is an amorphous solid, which is lacking a long range, periodic atomic

structure. In addition to this a glass exhibits a glass transformation region, where the
glass undergoes a time-dependent behaviour over a temperature range (Shelby p3,

1997).

The glass transformation region can be secen when enthalpy is plotted against
temperature (fig. 2.1). A liquid can be cooled to a temperature below the melting
temperature, T,, Normally, this would result in a large drop in enthalpy, and the
formation of a crystalline material with long range order. However, if the liquid can
be super-cooled without crystal formation, and taken below the melting temperature,
the atomic structure will continue to rearrange itself as the temperature decreases.
Therefore, there will be a gradual reduction in the enthalpy, over the ’glass
transformation range’, where the rearrangement of the atomic structure will continue

until the increase in viscosity fixes the atoms in place, producing a glass matenal

(Shelby p4, 1997).

It is essential to understand the physical properties, the chemical structure, and most
importantly, the method of manufacture, of glass before attempting to study the
history of its production. It is only when the nature of the glass, and many of its

special properties, is understood, that questions concerning the location of

glass-making sites, sources of raw materials, and a more detailed analysis of glass

production, can be answered.
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Figure 2.1 — Effect of Temperature on the Enthalpy of a Glassforming

Melt (Shelby p4, 1997)
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2.1.1 Physical Properties

Glasses exhibit properties, which in many respects are unique. When hot glasses are

viscous liquids, but when cold they are brittle and liable to fracture when subject to a

sudden change in temperature.

These properties can often be related to the transformation range, where the time-

temperature behaviour will affect the final properties of the glass. Glass exhibits a
trait where by it can have knowledge of its structure prior to solidification (Hall and

Leaver p178-185, 1961).

The Melting Temperature

The melting temperature of silica, in the form of quartz, is 1607 °C (Tennent p8S,
1971), a temperature which makes commercial glass production difficult. However,
the addition of a material which combines with silica, and one that can lower the
melting temperature (fluxing agent), does make silica viable as a material for glass
manufacture.  Glasses are made by reacting stlica with fluxing agents, such as
sodium carbonate, or potassium carbonate, and then dissolving the rest of the silica in

W

the melt produced by the reaction. The addition of the fluxing agents can greatly

reduce the melting temperature of silica. Depending on the ratio of sand to soda, or
potash, the temperature of melting can be in the region of 1100-1200 °C, a more

practicable temperature for melting in ancient, wood-fuelled furnaces.

11



Viscosity

The rigid nature of glass at room temperature is slightly misleading. This 1s because
glass, whilst maintaining the same chemical composition, can behave plastically
when heat is applied. =~ Many types of glass may behave as a viscous liquid at

temperatures in the region of 900 °C, allowing the glass to be worked into shape.

On cooling, the viscosity will increase. = The wviscosity is therefore temperature

dependent, defined by the Fulcher equation;

logn =-A+(Bx10°)
(T-To)

where 1 1s the viscosity, A is a constant, B 1s a defined vanable and T, 1s a

temperature well below the glass transformation temperature, T,

Viscosity curves can be measured for glasses to determine the various temperatures at
which glass can be worked, softened and annealed. The viscosity of the glass duning

various processes is as follows (Shelby p109, 1997);

working: 1 x 10° Nsm?,
softening: 1 x 10°to 1 x 10°N s m™,
annealing: 1 x 10> N s m™, and

the strain point: 1 x 10° Nsm™

12



Optical Properties

The optical properties of glass are most important, and one reason why glass is held
in such high regard. The optical properties of glass make it suitable for many
objects, from decorative jewellery, to beakers, goblets and windows. Glass can be
made transparent (transmission of visible light), coloured or opaque, with relatively

small alterations to the internal structure of the base material.

Light 1s able to pass through transparent glass in the same way as it does in a liquid,
without the collisions with crystal boundaries that will scatter the light.  One
measurement of the optical properties of glass is the refractive index, which for glass
lies between 1.48 and 1.96 (Tennent p71, 1971). However, for this work the optical

property has been measured as a function of clarity, and included in an assessment of

the quality of the glass.

2.1.2 The Structure of Glass

Glass 1s similar to a liquid, cooled into a solid form without crystals being able to

nucleate. The structure of the liquid has no long range order in the atomic structure.
A glass can be considered as a material that contains small blocks (with an ordered

" -

atomic arrangerrient) connected together into larger units. Thus, there is a more

ordered structure than random connection (Shelby p75, 1997).

If vitreous silica is used as a model for the structure of glass, it is seen that the silica

tetrahedra join together in a slightly irregular arrangement (fig. 2.2).
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Figure 2.2 — Diagram of Glass Network, based on Silica Tetrahedra

(Newton and Davison p5, 1989 (From model by Zachariasen))
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The addition of alkali ions into the glass will result in the interstices sites being filled
(fig. 2.3), where sodium and calcium ions can be seen in the network (Shelby p78-81,

1997).

Glasses require a base network, which can be modified when other ions (such as

alkali metals) place themselves into the network (fig. 2.3).

Glass networks have three components (Shelby p9, 1997);
1/ formers

2/ modifiers

3/ intermediates

The proportions of these three components are varied to produce the glass of required
properties, whether chemical or physical. The network formers are the basic
constituents of glass, acting as the base structure. The network former in medieval

glass 1s silica (S10,), though other formers exist in modem glasses.

The modifiers sit within the interstices of the glass structure, causing changes in the
"5

glass, both physical and chemical, as a result of the disruption. Network modifiers
include the alkali oxides of Lithium (Li,0), sodium (Na,0), potassium (K,0), and the

alkali earth oxides of calcium (CaO), magnesium (MgO) and bannum (BaO).

15



e Network-forming atom
® Network-modifying ion
O Bridging oxygen

® Non-bridging oxygen

Figure 2.3 — Diagram of Modified Glass Network, based on Silica Tetrahedra

(Newton and Davison p5, 1989 (From model by Zachariasen))
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Other ions appear to act as partial replacements for the silicon 1on, to produce a
network that consists of various tetrahedra. These ‘intermediate’ ions are
predominantly network formers, and include the oxides of titanium (Ti0,),

aluminium (Al,03) and zirconium (ZrO,).

A final category of ion can act as a former or modifier, depending on the

circumstance. This group is often associated with the changing of colour of a glass.

A detailed analysis of the contribution of certain ions, and their position within the
glass structure has been dealt with in some detail (Pollard and Heron, 1996). The
oxides in question are often multi-valent, group D metal oxides, such as those of iron

(Fe*" and Fe**), copper (Cu* and Cu?*), manganese (Mn** and Mn™") and cobalt (Co?*

and Co™ ).

The nclusion of ions into the network or between the network (fig. 2.3), may alter the |
properties of the glass. One such alteration concerns the amount, or type, of light

that can be transmitted by the glass, and thus, may cause a change in the colour of the

glass. Some of these changes in colour caused by the incorporated ions can be seen

below in Table 2.1.
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Colour as network | Colour as network
former modifier
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-

Table 2.1 — Additional Ions that alter the Colour of Glass
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2.2 Raw Materials in Medieval Glass

The main ingredients for the production of Medieval ‘forest’ glass are sand (source of
silica) and wood ash (source of alkali oxides and lime), and these are described below

(Henderson p62, 1995 and Turner p277, 1956).

2.2.1 Sand

It is difficult to say what type of sand was used by the medieval glass-makers, or
whether they were always in search of a local supply. However, there are certain
requirements for sand that is to be used in glass production. These requirements
state that the sand should ideally consist of 100% silica, in the form of quartz. If there
are impurties in the sand, which would often be the case, these must be kept low.
Iron oxide must be below 0.1%, which can be a problem as iron oxide is often

associated with alumina, and it may be desirable to have an alumina level of 3-4%.

The sand should be well graded, and have an average grain diameter between 0,25
and  West=-Oram, 1919)
and 0.5mm (Boswell, 1917). Sand that has been found to be satisfactory for glass-

making may have alkali and lime impurities, in addition to 1 to 2% alumina (Gould

and Hampton p249, 1930).

g

Some of the properties of glass-making sand can be seen in Table 2.2 and 2.3,
obtained by testing sand from Ashurst Wood, East Grinstead in Surrey. This sand 1s

in a similar location to the area of the Weald under study.

Sand used in the manufacture of ancient glass often may have been obtained from

seashores or river beds (Haggar p8-9, 1961).
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Table 2.2 — Major Chemical Components of Ashurst Wood Sand (Boswell, 1917).

S
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I B I

I

Table 2.3 — Grading of Ashurst Wood Sand (Boswell, 1917)
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Much work has been carried out on the type of sand in Syria (Turner, p279-283,
1956), but the same sort of study has not been carried out on sands used in medieval
‘forest’ glass. Inland regions such as Surrey and Norfolk did have a supply of sand
for glass, which may have been more refined than many of the sources of sand from
seashores (Haggar p8, 1961). Good sources of sand for glass production were known
by Christopher Merrett in the seventeenth century, especially in the south-east of

England, where deposits of sand were known in Kent, Surrey and Sussex (Turner

p210, 1962)

The grading of the sand for medieval glass production is not known, and a reference
by Agricola concerning the size of the grain to be used, allows the incorporation of
coarse or fine sand into the glass batch (Hoover and Hoover p586, 1950). It has been
stated that the sand must be clean, which includes the removal of stones and earth, as

well as the washing in water (Hawthorne and Smith p52-53, 1979).

The major component of glass-making sand is silica.  Details concerning the
structure of the silica are not wholly relevant to this study, but it must be pointed out
that silica is polymorphic, and can be found as quartz, cristobalite and tridymite
(Worrall p9-11, 1969). This conversion will be discussed in more detail in

section 2.3.
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2.2.2 Ash

The second major ingredient in medieval glass batches is ash. Ash was the pnmary
source of alkali for the production of glass. The major source of ash in the
mada fromn burning o
production of medieval ‘forest’ glass wasatrees.  Medieval glass production in
England can be distinguished by the reliance on wood ash as the form of fluxing
agent. Often this results in a glass having a high potash and low soda content. This

contrasts with ancient glass from Egypt where the source of alkali may have been

natron, a salt that contains a high level of sodium carbonate (Turner p283-285, 1956).

The ash was prepared by buming cut and dried logs (Hawthorme and Smith p49,

1979). The logs to be burned may have been different from site to site. The

preferred wood sources for the production of medieval glass were beechas sugqestec] by

Theophilus ‘ (Hawthorme and Smith p49,
1979), or cak as Sugqeded by Agricola (Hoover and Hoover
p586, 1950), q. The discovery of records from an

carly seventeenth glasshouse at Nottingham showed which ashes were best. It stated

that ‘wiche asse, beanestraw asse or greene fearne asse’ were the most suitable ashes

for the production of glass. The first of thwese was probably wich-hazel or witch-elm

(Smith p26, 1962).

A major problem can be seen in glasses that use this high potash in relation to soda

ash, and this was that the durability of the potash, or ‘forest’ glass was not as good

(Hunter p63, 198)5). Therefore, much of the evidence of glasses using potash as the

primary source of alkali may be badly weathered.
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The weathering of glass is beyond the scope of this work, and detailed discussion can

be seen in many sources (including Newton and Davison, 1989, Newton, 1969

Newton, 1971 Cox ot Reed, 1993, Cac et al, H19, €l-Shwmy, 1975, Gilljes ond (e, 1988 ond Henchn, 1175

The ashes are added to silica to act as a fluxing agent. Fluxes lower the temperature
at which a liquid will form, and as silica melts at a temperature above 1600 °C, it 1s
necessary to combine it with fluxes which firstly melt at a lower temperature, and
secondly, will form compounds which can produce glasses. Of such compounds the
salts of sodium and potassium are by far the most important ones when discussing

medieval glass, where the wood ash may contain a mixture of these alkalis. These
fluxing agents and the silica form a eutectic mixture that may reduce the temperature

at which liquid forms.

Another constituent of the wood ash is a variety of calcium compounds. As
discussed previously, a quantity of lime may have originated from the sand chosen to
produce the glass, if a source was located near the sea. However, if the sand was
from an inland source, and was much more pure, then 1t may have been desirable to

add lime to the glass batch. In this case the lime present in the wood ash would have

been advantageous.

The variability of the chemical composition of the ash, and the variation between

each type of vegetation can be seen in Table 2.4. The compositions showed that

wood ash glass could be produced with a variety of ashes, and depending which ash

was chosen the end composition of the glass would be very difterent.
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Na,O K,O
Iwt% Iwt%
Wheat straw | 66.2 “ 5.4
352 | 188 133
S Ml
Wheat 12.4 31.1 46.3
Beech, leaves | 33.8 | 449 4.7
5.4 56.4 m 16.4
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Table 2.4 - Chemical Composition of Yarious Ash Sources (Turner p289, 1956)
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I attempted to reproduce medieval glass using beech ash as suggested by Theophilus.
A frit - was  produced at 800 °C, made from sand (1 part by weight) and beech
trunk (2 parts by weight) recovered from Derbyshire. Glass could be produced from

this frit, proving that the technology of making glass from beech ash and sand was
correct. This has also been done to assess the process of fritting and glass-making
(Smedley <tal 1997). However, when this was repeated witbhiectr:nk
from Nottingham frit could not be formed until it had been heated to an extremely

high temperature of 1250 °C. The glass produced from this frit was not totally

satisfactory either, as it required a melting temperature of 1390 °C (compared to

beeck.
1280 °C for the Derbyshire,trunk).  This showed the complex nature of similar raw

matenals. The vanation of the ash composition was observed in ashes that may have
Trese_

originated from Knightons and Sidney Wood. 4 samples of beech and oak were ashed

and analysed. The results showed that the composition of the certain components

with the ash could vary " hugely (Sanderson and Hunter p28-29, 1981).

2.3 The Raw Material for the Crucibles and Furnaces

Glass-making sites relied on a supply of raw ingredients to the glass batch. In
addition to this a supply of clay would have been needed for the production of the
crucibles. The clay would have had to withstand the harsh conditions of the glass-

making process. In particular the clay would have had to withstand the high
temperature attained in melting the glass. This temperature could be up to 1200 °C,

or possibly higher.
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Clay minerals are very complex, and have been studied in greater depth (Worrall
p16-83, 1969) than is required for this study of glass-making technology. The

properties required by the clay, in order to withstand the arduous conditions within

the medieval glass furnace, would be similar to the properties required in a modemn
furnace. However, whereas modemn refractory ceramics can be designed for the
purpose they are to be used in, the medieval glass-maker would not have had much
choice.

OFClthUﬂ. meleral
The choicefaced by the medieval glass-maker would have been dictated by the

availability of a suitable clay. Theophilus suggested white pottery clay, dried, ground
in lea2
and mixed with water (Hawthorne and Smith p53, 1979). Merrettawas more

specific. He claimed that the pots fired at the high temperatures to produce green
glass required fireclay from Worcestershire (probably Stourbridge clay) (Tumer p211,

1962). Agricola suggested that the clay used for the building of the furnaces should

also be used for the construction of the pots (Hoover and Hoover p590, 1950).

This showed that some thought to the suitability of the clay for the purpose of glass-

making pots was made during the medieval period. However, the location of the

been clay
source of clay may haveydetermined by the most suitable AN close proximity to the

glass-making site.

In subsequent chapters it will be seen that information about the processes involved 1n
cryviallie _
glass-making can be determined by the,structure of the clay crucibles.
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Heating clay will result in a transformation, from low temperature phases to those that
have high temperature stability. Basic natural clay may contain kaolinite, mica and
silica, as well as other impurities (Worrall p45, 1969). Therefore, when the crucibles
are analysed it may be of interest to know the transformation of kaolin and silica

when subject to the application of heat (Worrall pp26, 1969).

AleizOs(OH)4 - ALLS1,04 + 4 3 010 2R @450 OC e terenrrerecnnenens equation 2.1
Kaolinite “Meta-kaolin”
3Alei207 — 4 Al6$i2013 + 4S102 ceseee arecesenens sus @925 OC . eererereaeeennns equation 2.2

“Meta-kaolin” pseudo-Mullite + Silica

Al6Si2013 -—> Al6$i2013 tesseree sss sescscossensssnns @1200 L ORI equation 2.3
pseudo-Mullite Mullite

This suggests that the high temperature phase present dun'ng the breakdown of kaolin
1s mullite, and therefore, the observance of mullite crystals within the clay crucibles

may indicate that the clay has been heated to 1200 °C.,

The other phase within the - clay crucibles of interest to this work is silica.

Stlica has been observed in clays, and silica undergoes a conversion from

quartz, as shown below (Worrall p11, 1969).
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Quartz — Cristobalite.............cevvee....@1470°C... .....................€qQuatION 2.4

Cristobalite = Tridymite......................@870°C.....................equation 2.5

This shows that quartz remains the stable form of silica unless it is heated to 1470 °C,
when the conversion of quartz to cristobalite will take place. Cristobalite may be

converted to tridymite if the former is held above 870 °C for some time.

Clay may have been used in the construction of the furnaces, though it was possible
that 1t may have been used in conjunction with stone matenals. Merreti;ls‘légested
that the furnace should be constructed using ‘hard stone’ from Newcastle (Tumer
p211, 1962). Theophilus stated that the furnace should be constructed with stones
and clay, though the type of material was not mentioned (Hawthorne and Smith p49,

1979). Agrncola suggested that the furnaces were made using clay bricks, dned 1n the

sun. These various suggestions to the best matenials for use in the construction of
glass furnaces indicate that individual preference and an ability to locate a good

source of clay and stone were important factors in the choice of ceramic matenals.

A Rl
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2.3.1 Wealden Clay

This study centred on a region that had a large supply of clay, Wealden clay. In
addition to this an area of sand sits in the middle of the region, Lower Greensand.
Walking through the area it is possible to see the outcrops of the clay, typified by the

buff colour.

Wealden clay is brick clay (Worrall p76, 1969), which does not require the same
tolerance as the refractory, or whiteware clays. The range of compositions 1s
therefore greater, making it possible to use the sedimentary deposits from various
geological ages.  Brick clays contain kaolinite, chlonte and illite, with small
additions of quartz and organic material. Due to the vanation of the composition i1t
has been found difficult to characterise the properties of the clays. However, some of

the main properties of Wealden clays can be seen in Tables 2.5, 2.6 and 2.7.
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Chemical Constituent | Wealden Clay | Range of Brick Clays
68.4 46.2-77.8

I8

Al,O, 17.2 11.0-24.0

Fe203

o)
L)

0.8-114

Ti0, 0.5-2.2

CaO

MgO
NaZO

O

0.2-19.2

N

0.4-12.8

0.1-1.2

A
O
N
*

1.5-4.2
0.0-2.3

Loss on ignition 0.0-1.1

[
~J

o =2 B \ S| =] =] =]
e N

Table 2.5 - Chemical Composition of Wealden clay (Worrall p77, 1969)
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Particle size (smaller than Working Moisture
2 um diameter) Content (% dry basis)

Range 15-85% 23.8-42.2%

Table 2.6 - Properties of Wealden clay (Worrall p80, 1969)

Linear Firing Shrinkage Fired Colour

Not detected  Salmon Pink, light
red-brown, buff

Not detected

@850 °C

@900 °C 0-3.4%

@1100 °C 2.5-8.6% Not detected

@1200 °C Not detected Dark red-brown

Table 2.7 - Temperature properties of Wealden clay (Worrall p80, 1969)
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Samples of clay from Blunden’s Wood, Knightons and Sidney Wood have been
by me.,

collected and testedys Experiments were carried out on samples of clay to show the
colour change when heated up to 1400 °C (figs 2.4, 2.5 and 2.6). Also, a colour

comparison with a fragment of crucible from each site can be seen. The volume and
weight change of the clay from a dried state to fired state can be seen in Tables 2.8,

wad
2.9 and 2.10. These results showed the maximum shrinkagesat 1200 °C, " and

that above 1200 °C the clay from all three glass-making sites began to move towards
expansion. This resulted in the clay cracking, and breaking apart. The loss of
weight during firing (from the as-received state) was between 26 and 32% in total,

which indicated the high percentage of water within the clay. This compared very

well with the average moisture content of 30.9% within Wealden clay (Worrall p80,

1969)
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Blunden’s Wood

As received

Figure 2.4 - Clay from Blunden’s Wood. fired at different temperatures
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Figure 2.5 - Clay from Knightons, fired at different temperatures
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Sidney Wood

N == ==

Figure 2.6 - Clay from Sidney Wood, fired at different temperatures
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Firing
Temperature/

1 = weight change from dried state to fired

2 = weight change from as received state to fired

Table 2.8 - Volume change, Weight change and Colour of fired Clay from

Blunden’s Wood
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Firing weight

Temperature/ change/%

-25.00
-37.50

Light buff
Light-red-
brown
Light-red-
brown
Light-red-

brown

800 1.38 -8.33 -26.67

-3.71 -28.57

1200
1400

-9.56
-3.23

-14.29 -25.00 Red-brown

-28.57 Dark-brown

1 = weight change from dried state to fired

2 = weight change from as received state to fired

g

Table 2.9 - Volume change, Weight change and Colour of fired Clay from

Knightons
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Firing colour

Temperature/

°C %
L W B L o

-3.03 -8.33 3125 | Light-red-
Il el
300 4.04 7.14 2778 | Light-red-
I T i B
-2.13 -8.33 2667 | Light-red-
I Rl Il el

*

1400 -11.16 -7.69 -29.41 Dark-red-
brown

1 = weight change from dned state to fired

2 = weight change from as received state to fired

Table 2.10 - Volume change, Weight change and Colour of fired Clay from

Sidney Wood
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Often ceramic bodies possess a memory for their process temperature. The ceramic
matenal should remain volume-stable up to the temperature to which it has previously
been fired at.  Therefore, the crucible fragments were re-heated to temperatures
between 600 °C and 1400 °C. It may have been possible to observe a temperature at

which the volume stability of the fragment changed{Necb, 198 axd R, (967).

The results of the re-firing experiments (fig 2.7) showed that the all the crucible
fragments remained stable up to 1000 °C, and thereafter began to change in volume.
This suggested that the temperature ~ which the glass-melting furnace could reach
was in excess of 1000 °C. The small change at 1200 °C indicated that the firing
temperature was at least as high as this, which confirmed the estimation predicted by
the presence of mullite laths within the crucible fabric. The large increase in volume
when the fragments were re-heated to 1400 °C, and the obvious degradation of the
crucible fabric (fig. 2.8) showed that the temperature would not have been as high as

1400 °C.

2.4 Medieval Glass Furnaces
Theophilus,,in De Diversis Artibus, provided details of the industry during the
medieval period, explaining how raw materials were collected, which types of plant

ash were used, and finally, how the glass was melted and manufactured into finished

products (Hawthorne and Smith p49-74, 1979).
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Figure 2.7 — The Volume Change of Crucible Fragments subject to re-firing at

Temperatures between 600 and 1400 °C

40



Fired at 1400 °C

Sidney Wood

Figure 2.8 — A Photograph of the Crucible Fragments fired to 1400 °C
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Also, the furnace design was described as a typical ‘northern’ European style
(fig. 2.9). This type of furnace had a hearth running through a rectangular structure

and internal clay supports on either side of the hearth for the resting of crucibles on.

Of interest to the study of medieval glass production in England, was the 1llustration
by Sir John Manderville, recorded while he was travelling throughout Europe 1n the
fifteenth century (fig. 2.10). This showed a very good example of a glasshouse in
Bohemia, with much information about the running of the glass-making site. It
included a guide to the shape of a medieval furnace in northern Europe, broadly based
on a rectangular structure. In addition to this the illustration showed many different
functions that took place at a glass-making site, from the collection of raw materials

to the trade of the finished articles.

The ‘northern’ style furnace was thought to have been used for the manufacture of
‘forest’ glass. The description of this type of structure within the text of Theophilus
(Hawthorne and Smith p49-51, 1979), where the manufacture of wood ash glass was

described, does suggest that this style of furnace was used in this manner.

g
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Figure 2.9 — Reconstruction of ‘Northern’ Style Furnace based on the Description by

T'heophilus (Kenyon Plate X 1967)
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Figure 2.10 - Bohemian Glasshouse from the Travels of Sir John Manderville

(from British Library)



y writlen
In De Re Metallica by Agricola,in the sixteenth century (Hoover and Hoover p589,

1950) information concerning a different style of furnace can be seen. This was a
‘southern’ European style furnace. These structures had a circular base rising to a
dome shape (figs. 2.11a and 2.11b). Though much of the description of glass
furnaces by Merrett in the seventeenth century was based on the ‘southern’ style
furnaces, there were references to a square furnace used to produce green glass
(Tumer p210-211, 1962). This suggested that the rectangular style furnace was most

likely used for wood ash glass, in preference to the dome-shaped furnace.

An interesting circular-based furnace was found at Woodchester, in Gloucestershire,

that was dated to the sixteenth century (Daniels p1-2, 1950). This structure was a
typical design of the ‘southern’ furnace, in a period when all the other known
furnaces in England were based on ‘northern’ style furnaces. Doubts as to the exact
shape of this furnace have been raised and this furnace may not have been circular.
If 1t was circular, as originally stated, it may have indicated that the furnace was
designed by a glass-maker who had traveled throughout southern Europe where most
of the furnaces he may have encountered would have been based on the dome-shaped

design. ™
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Figure 2.11a - “Southern’ Style Furnace based on the plate in De Re Metallica by

Agricola (Hoover and Hoover p589, 1950)
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Figure 2.11b - “Southern” Style Furnace based on the plate in De Re Metallica by

Agricola (Hoover and Hoover p590, 1950)
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2.5 The Manufacture of Medieval Glass

The techniques used to manufacture glass during this period have been recorded by
Theophilus (Hawthorne and Smith p52-74, 1979). The technique was relatively

simple.

The medieval glass-making process took place in a number of stages. Firstly the ash
was prepared by burning a suitable plant, as described in section 2.2.2. The ash must

be purified, to eliminate any earth and stones from entering the glass melt. A
mixture of sand and ash (two parts ash to one part sand by weight) was then heated to
a moderately hot temperature (not very well defined, but, probably in the region of
700-900 °C) to produce a frit or ‘fritt’. Thus, the fusion between the sand and ash
has begun. The frit was heated in the furnace to melting temperatures

(above 1000 °C). It was not always clear where colourants were added to the batch,
though the usual practice seemed to be adding them to the molten glass, and left long
enough to homogenise within the glass. The molten glass could then be fashioned
into objects, using various techniques, depending on the requirements of the market
and the properties of the glass (Turmner, 1962).

.
The glass produced in this manner had a characteristic colour - green. This colour

was as a result of the impuritics from the sand or the ash, and was why Merret

 referred ta green-glass” (also known as ‘forest” glass, *“Waldglas® in Germany, or-‘verre de fougére” in
France (Turner, 1962), *

The production of ‘forest’ glass ceased in England in the first

quarter of the seventeenth century, as will be discussed in more detail in chapter 3.
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CHAPTER THREE

MEDIEVAL GLASS-MAKING IN ENGLAND

The production of glass oniginated in the eastern Mediterranean, w1th Mesopotamia
or Egypt as the most likely regions (Newton and Davison pl19, 1989). The earliest
records of glass-making sites may have been at Tel-el-Amarna, dated to the fourteenth
century BC (Charleston p9, 1978). However, this was over 2500 years earlier than
the glass studied in this work. @ The glass industry migrated throughout the

Mediterranean, and then throughout Europe. Therefore, by the thirteenth century

AD, the period of this work, much would have been known about the techniques to

produce glass.

3.1 Medieval/Post-Medieval Glass Manufacture

There were documentary sources that provided much information about glass-making
during the medieval and post-medieval periodsfm These were written accounts by
Theophilus (Hawthorne and Smith, 1979), Agricola (Hoover and Hoover, 1950), Nen
(1612) (Turner, 1962) and Merrett (1662) (Tumner, 1962). These sources have
needed to be supplemented by excavations of glass-making sites, to discover

information that cannot be obtained from these texts.
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This work concentrated on the ‘forest’ glass manufacture in the Weald of Surrey and
Sussex, though it was not the only area of glass manufacture during this period. High
quality glass was being produced in London (Mortimer, 1991a) and by Jacob

Verselini at Crutched Friars in the second half of the sixteenth century (Crossley

p232, 1990).

The excavations must be studied in addition to documentary sources that enable some

chronological order to be formed. This will enable the study of Blunden’s Wood,
dated to 1330 AD, Knightons, dated to 1550 AD and Sidney Wood, dated to 1610

AD, to be put into context.

The migration of glass-makers to England originated at the start of the twelfth century
AD. The earliest records of glass-makers arriving in England from continental
Europe came from a history of Bacton, a village in Norfolk. Here, Henry Daniel, a
‘vitriarius’ (glass-maker) was employed during the reign of King Stephen (1135-1154
AD). From this date onwards the documentary sources as to the scale of the glass
industry increased, and the importance of the Weald 1n Surrey and Sussex became
clear. (Doughs and Fank, 1972). -
Records held in Guildford showed evidence of a glass-maker, Laurence Vitrearius
being granted a plot of land in ‘Chidingefalde’ (GMR. 105/1/30) no later than 1240
AD. Early records of sales of glass from the Weald to various sources, including St.
Stephen’s Chapel, Westminster, came from accounts. They stated that glass from

John de Alemayne was being supplied(kenyan p26, 1961),
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He was from Chiddingfold, according to the accounts, and the Godalming tax records
of 1332 showed this was the case. The name suggests that his origin was Germany.

Some of the Wealden glasshouses (fig. 3.1), with an estimation of the period in which
they were operational can be seen in Table 3.1. Many of the early glasshouses have
been discussed in detail (Winbolt p22-53, 1933 and Kenyon p146-222, 1967). The
earliest site to be properly excavated is Blunden’s Wood (Wood, 1965), which will be
discussed in chapter 4. This site is dated 1330 AD. Other early sites, Broomfield
Hanger and Fromes Copse (both in the parish of Chiddingfold) have evidence of
furnace floors, and appear to have originated from the early period of glass-making in

the Weald. However, these sites were not excavated fully. The glass from these

glasshouses appeared to be milky green, typical of early thirteenth and fourteenth

century Wealden glass.

The first documentary evidence concerning a glasshouse came in 1380. The deed
following the death of the glass-maker John Schurterre stated that Joan, the wife of
John, was to share a glasshouse at ‘Shuerwode’ in the parish of ‘Keuredforde’ with a
glass-maker from Staffordshire, John Glazewryth (GMR 105/1/117). Other records
showed that the son of the first John Schuterre, John, also had a glasshouse at

‘Stroudwikeswoude’ in 1385 (GMR 105/1/119),

Other examples of early glasshouses which showed the presence of a furnace floor
(the only true method by which the location of the glasshouse can be proved) were at

Wephurst Copse (in Kirdford parish) and Malham Ashfold (Wisborough Green
parish).
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Estimation of Date

Number of Site Parish of Site

Chiddingfold
Chiddingfold
Chiddingfold
Chiddingfold

Hazelbridge Chiddingfold

of Operation

(7]

ey

7

Hanger

Idehurst Copse, N Kirdford

17 Idehurst Copse, S Kirdford

Wephurst Copse Kirdford
Malham Ashfold | Wisborough Green

Hambledon
Hambledon
Hambledon

Key to Table:
Number of Site — As recorded by Kenyon Early = 1300 - 1550
Transitional = 1550 - 1560
E = Early, T = Transitional and L = Late Late=1560-1620
abter

Table 3.1 — A Selection of Wealden Glasshouses (Kenyon p152-153, 1967)
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The dating of Wephurst Copse was not clear, but the poor quality of the glass

suggested that this site was operational before the end of the fourteenth century

(Kenyon p182, 1967).

Malham Ashfold may have had three furnaces in operation, including a fritting
ndym

furnace, and,by the slightly improved quality of the glass (in comparison with earlier

examples) the date of this site was probably in the fourteenth century. It was

possible that Malham Ashfold had a winged furnace. This was similar in design to
those observed at Vann Copse (dated to the sixteenth century) in the Weald (Winbolt
p29-31, 1933), Buckholt in Hampshire (Kenyon p214-217, 1967), Kimmeridge
(seventeenth century) in Dorset (Crossley p340-382, 1987) and Hutton and Rosedale

In Yorkshire (Crossley and Aberg p107-159, 1972). These all date later than 1500

AD, much later than Malham Ashfold.

A gap in evidence concerning glass-making existed between the Schuterre family in
the fourteenth century to the Peytowe family in 1536. It was known that this family
was established in the parish of Chiddingfold, but there was no record of them
producing glass until the will of John Paytowe_ in 1536. A glasshouse of John
Paytowe ‘at le Bridge’ (in Chiddingfold) was left to his son, John (GMR105/2/9).
Links between the Peytowe family and specific glass-making sites have been made.
They may have run the glasshouses at Hazelbridge Hanger, Pickhurst and Broomfield
Hanger (Kenyon, 1967). The Peytowe family may have operated both the furnaces at

Chaslehurst while the land was in their possession between 1503 and 1614.



The Peytowes were important figures in the area, and therefore, were one of the most

influential families between the end of the fifteenth century and the seventeenth

century.

In the mid-sixteenth century one family has been definitely linked to the glasshouses
at Idechurst. This family was the Strudwicks, and in 1557 Henry Strudwycke left a
glasshouse at Idehurst to his son Robert (Surrey Record Society, vol.43, p.72). Other
references to the family, and their association with glass, existed up to the middle of
the seventeenth century. In addition to glass-making, this family farmed extensively

throughout the area, and it was known that they owned an iron forge at Idehurst

throughout this time.

The rest of the sites excavated in the Weald belong to the late medieval period, or
more accurately post-medieval. This was a period of transition. One glasshouse that
has been excavated fully, and was covered by this transitional period was Knightons
glasshouse, dated to 1550 AD (Wood, 1982a and Wood, 1982b). This will be
discussed in detail in chapter 4. Vann Copse glasshouse was thought to be in

operation during this transitional period, though this site was not excavated to modern

standards. However, as mentioned previously, this glass furnace was winged, which

suggested a continental influence in the design of the furnace (Winbolt p29-31, 1933).

This transition was marked by the influx of immigrant glass-makers, probably the

most influential being Jean Carré.
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He arrived from Arras and established a glasshouse in London to make crystal glass
(taken over by Jacob Verselini after the death of Carré in 1572) and two glasshouses
at ‘Fernefol’ in Sussex for the manufacture of Lorraine and Normandy glass. In
addition, he brought many other glass-making families to the Weald, including the
Henseys from Lorraine and the Bungars from Normandy. He was buried at Alford

church (on 25™ May 1572) (Godfrey p16-25, 1975).

Carré wished to have a thirty year monopoly for the production of window glass, as
seen in letters to Lord Burghley in 1567. These letters gave a good insight into the
technology of the glass-makers, and the typical working year. He made it clear that
he did not wish to use the trunks of trees, suggesting that he would only use the
branches. Indeed, he even suggested that he would manage the wood by pollarding
the trees. He gave an indication that the glass-makers had a time in the summer
when the furnaces would not be operational, providing an annual working year of
forty weeks (Kenyon p121, 1967). It was Carré who was responsible for the rapid
expansion seen in the glass industry between his arrival in 1567 and the end of the
sixteenth century. The influx of immigrant workers brought over by Carré may have

assisted in the movement of the glass-makers within England, to the south coast,

Staffordshire and beyond.

The close proximity of Alford to the Sidney Wood glasshouse may have suggested
that this glasshouse was set up by Carré. It may have been taken over by an associate

of his, John Vinion.
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It was clear that by 1590 Vinion was joined by Peter Comely to produce ‘dninking
glass’ at Alford (Godfrey p34, 1975), and this date tied in with the projected operation
of the Sidney Wood glasshouse (Winbolt p37-40, 1933), and the reference to a
glasshouse on John Speede’s map of 1610. Sidney Wood glasshouse will be

discussed in more detail in chapter 4.

The Henseys arrived from Lorraine in 1568, brought to the Weald by Carré, though
the earliest reference to them was in the records of the Petworth parish register in
1592. The Hensey family came from Damy, in Lorraine, where they were
established as glass-makers (Kenyon pl126-127, 1967). It was possible that the

Henseys were making glass at a furnace left by Carré, though this was uncertain

(Kenyon p125, 1967).

The Henseys moved out of the Weald at the beginning of the seventeenth century. It
was claimed that Jacob Hensey, mentioned in the Wisborough Green Parish register
In 1599, moved to make glass at Wollaston in Stourbridge in 1615 for Sir Robert
Mansell (Kenyon p128, 1967). However, this reference was probably mistaken, as
the Middleton Collections referred to Jacob Hensey at Wollaton, Nottingham, in 1615
(Smith p30, 1962). It was possible that the family moved to Stourbridge, and then

further north to Nottingham.

The Hensey family (Henzey) operated the glasshouse at Bagot’s Park in Staffordshire

at the end of the sixteenth century (Crossley p47-48, 1967).
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The final important family to have arrived from Normandy was the Bungar family.
They were thought to have joined Jean Carré in the Weald in 1568. It was possible
that Issac Bungar operated the glasshouse at Sidney Wood, as he was a resident in

Alford, the closest village. Also, in 1615 land in the manor of Sydney was sold by
Issac Bungar, which suggested he could have had the glass-making site in Sidney

Wood (Godfrey p54-59, 1975).

The migration of the industry away from the base of the Weald began before glass-
making ceased in this area (1620). A monopoly was established by Sir Robert
Mansell. This monopoly banned the burning of wood for glass-making purposes.
The migration was from the heavily wooded Weald to coal-rich areas, such as the
North-west of England, the Midlands, Yorkshire and Bristol. Examples of sixteenth
century glasshouses have been found in Staffordshire, at Bagot’s Park (Crossley p44-
83, 1967), Bishops Wood (Pape p172-177, 1933) and Little Birches (Mortimer,
1991b). The movement to the south was seen at Kimmeridge (Crossley p340-382,
1987), while furnaces have been excavated to the east at Bristol (St. Clair Baddely,
1921) and as far north as Yorkshire, at Hutton and Rosedale (Crossley and Aberg
pl07-159, 1972). A glasshouse may have existed at Wollaton in Nottingham, where

evidence in the Middleton Collections shows a plan of a glasshouse. Also, records of
supplies for glass-making and correspondence with Sir Robert Mansell suggested that

there was glass produced by Jacob Henzey and John Squire at the turn of the

seventeenth century (Smith p30, 1962).
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The industry was moving away from relatively small glasshouses to large cones,
examples of which can be seen at the Stuart Crystal glass site at Stourbridge, Catcliffe

in Sheffield and the furnace excavated at Gawber (Ashurst p92-140, 1987).

The distinct ending point of the “forest’ glass industry in the Weald in England was
predominantly due to the competition for - wood. The Weald was heavily wooded,
which was ideal for the glass furnaces, as one of the major raw materials was the fuel
source - wood. The competition for wood led to the approval of monopolies to
control the production of glass. The search for an alternative fuel to wood forced the

new glass-makers, or those licensed to produce glass, to look to coal.

In 1615 Sir Robert Mansell bought out the monopolies to produce glass using coal,
taking over the first furnaces to attempt to coal-fire the glass-making process in the
London furnaces owned by Sir Edward Zouch (Godfrey pp78-79, 1975). Mansell
began to patent coal-fired furnaces in coal-bearing areas.  These included the
glasshouse at Wollaton in Nottingham in 1615 (Smith, 1962) and Kimmeridge
(Crossley p340-382, 1987). The design of the Kimmeridge glass furnace was based
on a style seen in Lorraine. This was a winged furnace with a central hearth. This
retained some of the links with the ‘forest’ glass manufacture, but the move away

from the wooded regions had begun.
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It appeared that there was a definite starting point of around the twelfth century AD

and finishing date (1620) to the ‘forest’ glass manufacture in Wealden England.

3.2 The Weald

Glass-makers in the Weald would have competed for raw materials for use in their
furnaces. Fuel was an important factor in locating an industrial site, and as the
Weald had a ready supply of fuel, wood, it became a significant industrial region
during the medieval period. The Wealden iron industry seemed to run a parallel
course with the glass industry to some extent. It was the influx of French 1ron
workers which established the industry, prior to migration throughout Britain (Awty,
1981). The comparison between the migration of glass-makers and iron workers was

good, as the migration from continental Europe took place at the same time, late

fifteenth century (Crossley p156, 1990).

The location of the iron industry, in the iron ore-rich areas of Sussex, Surrey and Kent
would have added prosperity to the region, which would have attracted the glass-
makers to a thriving area (or it could have been the earlier migration of the glass-

makers attracting the iron workers). -

In addition to a thriving iron industry, pottery was being produced in the Surrey and
Sussex area in this medieval period. The close proximity of London as the main
market for the pottery made Surrey ideal for the production of wares. Cheam ware
was produced from the middle of the fourteenth century, before its disappearance at

the end of the fifteenth century (Crossley p248-249, 1990).
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The link between immigrant workers was been seen at Parrock, Surrey, where the

operation of the pottery kilns was by French workers (Freke p79-125, 1979).

This showed that it was not only the glass-makers migrating to the Weald duning the
medieval period, but other industries also. The reason for the migration was

)Sl-'d'\ﬂé e MeSsecra o st.Bdtidomas v |
uncertain, though the religious turmoil throughout northern Europe at this time,may

have played its partibaba\ prLy, Pé?)

The other form of employment in the Weald was farming, as noted by the fact that
Strudwick family were farmers as well as glass-makers. The seasonal aspect of
glass-making described earlier in this chapter (Kenyon p121, 1967) may have allowed
farming to take place during the summer months. This system of a dual economy was
not uncommon, and further examples of this were seen in the lead industry 1in

_ pla-iz,
Derbyshire (Blandhand] ’AH.H)

The Weald was ideally situated for the London market. The area itself had many

advantages, including the presence of raw materials. Wood was readily available,

and large areas of woodland can still be seen throughout the region today.
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CHAPTER FOUR

THE SITES AND SAMPLES

4.1 Blunden’s Wood

The glass-making site of Blunden’s Wood lay undiscovered until 1959. In 1959 a
low, square mound, with evidence of glass-making, was discovered (Wood, 1965).
Some fragmentary evidence had been removed, and there had been some disturbance
where a bank had collapsed.

4.1.1 The Location of Blunden’s Wood (SU/974.374)

The location of the site was within a wooded area of oak, ash and hazel (Wood p55,
1965), south-east of Hambledon village as shown previously (fig. 3.1). The location
of the glasshouse at Blunden’s Wood can be seen (fig. 4.1), along with Gunter’s

Wood and Vann Copse glass-making sites.. The site was destroyed at the end of the

excavation, when the Sussex and Dorking Brick&Companies Limited began to quarry

the clay for use in brick- making. The present woodland of Blunden’s Wood
consisted of mainly oak trees (English), though a small number of coppiced beech

trees could be seen.  All these were relatively recent, so the actual species present

during the life of the glass furnace was unknown. The wood was the source of fuel

for the glass furnaces and ash as a fluxing agent in the glass melting process.
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Figure 4.1 - Location of Blunden’s Wood (Wood p55, 1965)
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The source of sand for use in the manufacture of glass at Blunden’s Wood may have
come from Hambledon Common in Surrey, or Graftham in Sussex (Wood p5S5, 1965),
but veins of Lower Greensand may have come to the surface closer to the site or even
onit. Blunden’s Wood glasshouse was situated on a bed of Wealden clay. This bed
contained a mixture of sandy clay, calcarous sandstone and grey clay (Thurrell.

et al p53, 1968). Outcrops of sandy coloured clay can be seen
less than 50 metres away from the original location of the glasshouse (fig. 4.2).
Therefore, the raw matenials required for the production of glass, ash and sand were
available to the medieval glass-maker in Blunden’s Wood. It must be stressed that if
any raw matenals were to be transported to the site it was highly likely that it would
be the sand. This was because sand was relatively easy to transport, and only small

quantities would have been required in comparison with ash, fuel and clay.

4.1.2 The Excavation of Blunden’s Wood Glasshouse
The site was excavated in 1960 under the supervision of Mr E. S. Wood, prior to its

destruction by Sussex and Dorking United Brick Companies Limited.

The excavated site showed three furnaces (fig- 4.3).  First, there was the main
furnace, 3.3 metres in length and with an original width of 2.4 metres. This furnace
consisted of a central flue flanked by two benches, or sieges, made from sandstone,
on which the crucibles were placed. This was surrounded by a stone wall. This wall
was originally thought to have left a cavity between the sieges and itself. However, a

re-interpretation of the structure indicated that the outer wall was

contiguous to the sieges (Ashurst and Wood p93, 1973).
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Figure 4.2 — Outcrop of Wealden Clay in the vicinity of Blunden’s Wood

65



? Floor o:e}.-{,l'-j'~;'r't,a.'$'._ Screen ,
DAY x . Spread of {allen

stones

olol ®

N
I Spread of Stones

Figure 4.3 — Excavation Plan of Blunden’s Wood Glasshouse (Wood p56, 1965)
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There appeared to be a hearth at either end of the flue, which showed signs of two

distinct layers of burnt material. This suggested the furnace had been operated 1n

two phases (Wood p57-58, 1965).

No evidence of a roof could be found, although one idea suggested that a wooden

woald have
frame was used on the outer edge of the sieges. This,allowed the walls and a roof to
be built. On firing the furnace this wooden structure would burn, which left the stone
walls (Wood p59, 1965). This furnace was probably used for glass melting, with
_ _ bt henace _
evidence of a highly bumnt clay base suggesting,this,was where the highest process
temperature was reached.

(Smalt ki)
Second, a smaller round furnace,was uncovered, 2.4 metres long by 1.3 metres wide.

The shape of this was more round than that of the main furnace, and there was
evidence of a tuyere, which may have-allowed bellows to be inserted inta the furnace and produce
aforced draught of air, | This furnace was split into two chambers, separated
by a cavi\tpy&:ETl)ed with burnt clay. This was the hearth for both chambers of the
furnace. It has been suggested that fritting and annealing took place in this furnace.

The left side, with evidence of splashed glass, may have been used for fritting (Wood

p64-65, 1965).
Finally there was a small oven, 0.75 metres long and 0.45 metres wide. No hearth

could be seen, just blackened soil. The lack of spilt glass, and no firing evidence

suggested that this furnace was used for the pre-heating of the crucibles.
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The site was destroyed after being excavated, and no new furnaces or structures were
uncovered in subsequent levelling of the site. A model of a medieval glasshouse
(fig. 4.4) was based partly on the excavation of the Blunden’s Wood site, and has

been displayed at the Pilkington's Museum of Glass.

4.1.3 Description of Glass Fragments

All the sample numbers in this work refer to the site excavation numbers. Most of
the glass from this site was pale green in colour associated with ‘forest’ glass
manufacture (fig. 4.5). These samples were of good quality - few bubbles and

homogeneous - but the nature of the raw materials used produced a glass which was

translucent rather than opaque. There was little colour variation in the fragments of

vessel glass for this study, though samples that had a blue or yellow tint were found
(Wood pb65, 1965). The thickness of the fragments varied, although most appeared to

be of a similar thickness, 2-3 mm. A few fragments of less than 0.5 mm in thickness

were found, which suggested that the glass-maker was attempting to achieve glass of
fine quality, but not always reaching his target. It was generally regarded that the

finer the glass vessel, the higher quality of craftsmanship.

"Ba
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Figure 4.5 - Photograph of Fragments of Vessel Glass (AS3542)
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Weathered fragments fell into two categories - slightly and heavily corroded.  The

slightly weathered samples (fig. 4.6) showed a fine pale coloured surface layer of -

weathering, where the surface depth is only a very small fraction of the total glass.

The heavily weathered samples (fig. 4.7) had a crust adhering to the glass. This crust
was sandy-brown in colour, darker than the lightly weathered fragments. The major

difference between the fragments was the depth of corrosion, where the sandy crust

represented a significant fraction of the excavated glass. In some cases this outer
{rac
layer was up to 3 mm, compared to the,glass thickness of 2 mm. The inner glass was

a rich green colour, with a texture similar to that of orange peel, pitted and dimpled.

Another type of glass was found amongst the weathered samples (fig. 4.7). This
glass was a yellow-brown colour, and had a better clarity than the typical pale green

glass from the site. It was unclear whether these were manufactured on the site, or

were brought from outside, as there appeared to be too few fragments to ascertain the

true origin of these pieces of glass.

The final group of glass fragments showed the extent of different types of waste that
was generated at a medieval glass-making site. Fragments of opaque pale green

material were found (fig. 4.8), which were probably pieces of devitrified glass.
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Figure 4.6 - Fragments of Vessel Glass with Pale Weathering (AS3550)
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Figure 4.8 — Fragments of Divitrified Glass (AS3554)
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Other waste material (fig. 4.9) may have represented other processes of glass-making,
as samples of glass which flowed prior to being discarded can be seen alongside the
opaque glass. The rounded nature of these pieces suggested that the glass was
poured from crucibles, possibly as a method of emptying the crucible at the end of a

glass-making session.

4.1.4 Description of Crucible Fragments

There were two shapes of crucibles found at Blunden’s Wood, bucket-shaped pots
with straight sides, or more commonly, barrel-shaped pots with 10 mm or 6-8 mm

thick walls. The internal, top-rim diameters of the pots varied from 250 mm to 300

mm (Wood p68-69, 1965). The majority of the crucible fragments were red-brown
In colour (fig. 4.10). Many of the pieces had green glass adhering to the ceramic
material. The adherence showed the pitted nature of the crucibles, probably caused
by the glass attacking the crucible wall. Other fragments showed the problem of
glass-making in respect of waste glass running down the outside of the crucibles as
glass was poured from the crucible. This may have caused a problem in handling the

crucible, as this glass would solidify quickly on removal from the furnace, resulting in

a very sticky surface. .
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Figure 4.9 — Fragments of Glass Waste (AS3578)
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Figure 4.10 — Fragments of Glass-making Crucibles (AS3498)

&7



PAGE

NUMBERING

AS ORIGINAL




A crucible fragment with glass adhering to the inner face was found (fig. 4.11).
Again the red-brown colour of the clay body - (s visible. Fragments of glass from

this crucible were taken for compositional analysis, as described in chapter 6.

The firing expenimentsicarried out on the clay local to Blunden’s Wood (see section
2.3.1) showed that the buft Wealden clay turmed to a dark, red-brown colour at

1200 °C. The red-brown colour of Wealden clay, and the red-brown colour of the
crucibles, may have indicated that the clay material was similar. However, initial
comparison of the chemical composition of the crucible fragments and the clay from

Blunden’s Wood did not suggest this (Wood p71, 19635).

A slightly more pale brown crucible material was observed (fig. 4.12). Attached to it
was a material which resembled frit - dark and semi-vitrified. It may be coincidence

that this crucible material was different in colour to the known samples used in glass-

making, or it may have shown that the glassmaker used different pots for fritting and

glass melting. The presence of this material was evidence that fntting may have

taken place, though further analysis will have to ke cacried oat to clarify bus,

-

These samples represented the range of crucible fragments from Blunden’s Wood, but

it must be stressed that in the case of the ceramic pieces and the glass fragments,

specimens were chosen to represent the whole assemblage excavated.
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Figure 4.11 — A Crucible Base, with Glass adhering (AS207)
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Figure 4.12 — A Fragment of Crucible, with Frit attached (AS3496)
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4.1.5 Dating of the Site

Three separate methods of dating confirm that Blunden's Wood was probably
operational in the second quarter of the fourteenth century. Firstly, magnetic dating
of the main furnace provided a date of c¢. 1330 (Wood p76, 1965). Secondly,
fragments of Cheam ware pottery were found at Blunden’s Wood. Production of
Cheam ware was thought to have started during the middle of the fourteenth century
(Wood p76, 1965), which may have indicated that Blunden’s Wood was operational

between 1330 and 1350. Finally, a large fragment of an iron horseshoe was found

which resembled one found at Tutbury, which was dated 1322 (Wood, 1965). An

absolute date of operation of Blunden’s Wood was not possible. However, the

estimate that glass-making was taking place at 1330 appeared to be quite accurate,

with a possible operation span of twenty years (between 1322 and mid-fousteetin

Century ).

4.2 Knightons
The glasshouse at Knightons was excavated between 1965 and 1973, after the

Q
discovery of the site in May 1965 (Wood,p8, 1982). It has been preserved, and is a

feature within the Forestry Commission owned Sidney Wood.

4.2.1 The Location of Knightons (TQ/0170.3410)
Knightons was located 400 m north of a seventeenth century house, Old Knightons,

on the boundary between the parishes of Alford and Dunsfold (fig. 4.13).
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Figure 4.13 — The Location of Knightons Glasshouse within Sidney Wood

(A = Knightons, B = Sidney Wood) (Wood, 1982a)
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A programme of clearance and tree re-planting has taken place recently in Sidney
Wood, but, the trees covering Knightons were still predominantly established English
oak trees. The site lay on a bed of yellow-buff Wealden clay within Sidney Wood.
The area adjacent to Knightons glasshouse lay on a bed of grey laminated clay, with

bands of silty mudstone. Near to the site was evidence of grey shaly clay, large beds

ol
of sandstone, as well as a fine sand (Thurrellfp53, 1969).

4.2.2 The Excavation of Knightons Glasshouse
There were four furnaces excavated (Wood p8-12, 1982a) (fig. 4.14). Two furnaces

were found to lie almost on top of one another. The first was similar in shape to that
found at Blunden’s Wood, typical for a ‘northern’ type glass furnace. It was
rectangular with a bank of sieges either side of the fire trench.  The lateral
dimensions were similar to the Blunden’s Wood furnace, 3.3 metres long and 2.3

metres wide. External dimensions were slightly larger, 4.46 metres by 3.23 metres.

The sieges had spaces for three crucibles, compared to two in the Blunden's Wood

furnace. A hearth ran the length of the furnace, fired at one end only. The second

furnace had replaced the first, having moved slightly north from the original position.

The style was identical to the first furnace, however, the dimensions had been altered.

The width of this furnace had been reduced to 1.84 metres internally and 2.76 metres
externally (Wood p9, 1982a). The reason for the reduction of dimensions was

unclear.
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Figure 4.14 - Excavation Plan of Knightons (Wood, 1982a)
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The third furnace was of similar design to the first two, except that the direction in
which it lay was north to south. As before, three sieges banked either side of the
hearth. Inside the furnace fragments of frit, and lump glass were found, which may
have suggested that this third furnace was the fritting furnace, while furnaces one and

two were primarily used for glass melting. Large fragments of crucible were also

found in this furnace (Wood p17, 1982b).

The final, fourth furnace to be excavated was very different in structural design to the
previous three furnaces. This furnace consisted of two square chambers that shared a
common wall. They were not joined back to back, but were slightly offset. In the
joining wall was a hole, 60 cm in width, which may have been to allow hot gas to
pass from one side to the other (Wood p17, 1982b). There was evidence of crown
glass within the chambers, so it appeared that this was a furnace dedicated to
annealing. The dual chambers would have allowed continuous annealing of crown
sheets where each side was fired alternately (Wood p10, 1982a). There was an
expansion In use of window glass in houses at the start of the seventeenth century
(Polak p359, 1978). This dedicated furmace structure for the production of window
glass may have been the first indications that the glass-making sites had to cater for a

new market, and be able to produce larger quantities of crown glass.

In addition to the main furnace structures, a cullet store, evidence of a shed<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>