RESEARCH DEPARTMENT REPORT SERIES no. 38-2010 ISSN 1749-8775

SCIENTIFIC EXAMINATION OF
GLASSWORKING MATERIALS

TECHNOLOGY REPORT

David Dungworth and Sarah Paynter

AR P ST
== . e

-
e

ARCHAEOLOGICAL ﬂ

SCIENCE ENGLISH HERITAGE



This report has been prepared for use on the internet and the images within it
have been down-sampled to optimise downloading and printing speeds.

Please note that as a result of this down-sampling the images are not of the
highest quality and some of the fine detail may be lost. Any person wishing
to obtain a high resolution copy of this report should refer to the ordering
information on the following page.




Research Department Report Series 38-2010

Blunden’s Wood Glasshouse, Hambledon, Surrey

Scientific examination of glassworking materials

David Dungworth and Sarah Paynter

NGR: SU 9745 3745
© English Heritage

ISSN 1749-8775

The Research Department Report Series incorporates reports from all the specialist teams within
the English Heritage Research Department: Archaeological Science; Archaeological Archives;
Historic Inferiors Research and Conservation; Archaeological Projects, Aerial Survey and
Investigation; Archaeological Survey and Investigation; Architectural Investigation, Imaging, Graphics
and Survey, and the Survey of London. If replaces the former Centre for Archaeology Reports
Series, the Archaeological Investigation Report Series and the Architectural Investigation Report
Series,

Many of these are inferim reports which make available the results of specialist investigations in
advance of full publication. They are not usually subject to external refereeing, and their
conclusions may sometimes have to be modified in the light of information not available at the
time of the investigation. Where no final project report is available, readers are advised fo consult
the author before citing these reports in any publication. Opinions expressed in Research
Department reports are those of the author(s) and are not necessarily those of English Heritage.

Requests for further hard copies, after the initial print run, can be made by emailing:
Res.reports@english-heritage.org.uk

or by writing fo:

English Heritage, Fort Cumberiland, Fort Cumberiand Road, Eastney, Portsmouth PO4 9LD
Please note that a charge will be made to cover printing and postage.

© ENGLISH HERITAGE 38 - 2010



SUMMARY

Some 400 fragments of glass and glassy waste were recovered from the 14th-century
glassworking site at Blunden’s Wood. The assemblage included window and vessel glass,
both of which were made at the site using a plant ash glass, rich in potassium, magnesium
and calcium oxides, typical of the period. Some glass made elsewhere was also identified,
which may have been brought to the site as cullet. The composition of the glass made at
Blunden’s Wood is compared with that made at other English glasshouses of the period
as well as glass manufactured in mainland Europe. The data are also used to investigate
the possible origins of window glass from English cathedrals.
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INTRODUCTION

The medieval glasshouse in Blunden’s Wood was discovered in 1959 and excavated in
1960 by Eric Wood (1965). The excavation uncovered the remains of a furnace,
approximately 3.5m by 3.1m, comprising a central fire trench with two parallel sieges (low
sandstone walls on which the crucibles would have sat). The excavation also recovered a
considerable assemblage of glass and glassworking waste (including crucibles). Some 400
fragments of glass and glassy waste were recovered; the former included both window
and vessel glass. The assemblage of pottery from Blunden’s Wood included Cheam ware
datable to the second quarter of the 14th century. Archaesomagnetic dating of the furnace
suggested that its last firing took place ¢c1330. The site was completely destroyed in 1961
during the extraction of clay for brick making. The fact that the site is the earliest,
independently dated, medieval glasshouse in England has ensured that it has been the
focus of repeated study. A single analysis of glass from the site was published as part of
the excavation report (Wood 1965). Further scientific analysis has been carried out by
Merchant (1998), Welham (2001) and Meek (forthcoming). The analysis of the
glassworking debris from this site contributes to the Wealden Glass Industry Project,
funded by English Heritage (Historic Environment Enabling Programme Project Number
5299) and undertaken by the Surrey County Archaeological Unit.

THE GLASSWORKING DEBRIS

The assemblage of glass and glassworking debris held by Guildford museum includes
vessel and window glass, glassworking waste (moils, runs and drips) and crucibles. Samples
were taken from eleven fragments of working waste (four moils, four lumps, two drips
and one run), six fragments of window glass (two thin, two thick weathered and two thick
unweathered), eight fragments of vessel glass (three rim sherds, one lamp base, two with
wrythen decoration and two heavily weathered body sherds), and five crucibles (two
bucket-shaped and three barrel-shaped).

METHODS

All of the fragments of glassworking debris were mounted in epoxy resin then ground and
polished to a 1-micron finish to expose a cross-section. The samples were inspected using
an optical microscope with brightfield and darkfield illumination to identify corroded and
uncorroded regions. All of the Blunden’s Wood samples exhibited corroded surfaces
(Figure 1). Where possible, the samples were analysed using two techniques to determine
chemical composition: SEM-EDS and EDXRF. The energy dispersive X-ray spectrometer
(EDS) attached to a scanning electron microscope (SEM) provided accurate analyses of a
range of elements, especially where Z < 23, while the energy dispersive X-ray

© ENGLISH HERITAGE 1 38 - 2010



fluorescence spectrometer provided improved sensitivity (i.e. limits of detection) for many
minor elements, especially where Z > 23, due to improved peak to background ratios.

HV ‘ WD ‘ mag 500 pm
10.0 mm | 400 x English Heritage

25.00 kV

Figure 1. SEM image (back-scattered electron detector) showing, in cross-section, the
corroded surface of sample 11 (the corroded layer is at the top of the image)

The SEM used was a FEI Inspect F which was operated at 25kV with a beam current of
approximately 1.2nA. The X-ray spectra generated by the electron beam were detected
using an Oxford Instruments X-act SDD detector. The quantification of detected
elements was achieved using the Oxford Instruments INCA software. The EDS spectra
were optimised by calibrating using a cobalt standard. Deconvolution of the X-ray spectra
and quantification of elements were improved by profile optimisation and element
standardisation using pure elements and compounds (MAC standards). The chemical
composition of the samples is presented in this report as stoichiometric oxides with oxide
weight percent concentrations based on likely valence states, the exception being chlorine
which is expressed as element wt%.
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Table 1. Minimum Detection limits (MDL) and analytical errors for each oxide

SEM-EDS EDXRF
MDL Error MDL  Error
Na20 0.1 0.1 V205 002 003
MgO 0.1 0.1 Cr203 002 003
AlzO3 0.1 0.1 MnO 002 003
SiO2 0.1 02 Fe203 002 003
P20s 0.1 0.1 CoO 002 0.02
SOs3 0.1 0.1 NiO 002 003
Cl 0.1 0.1 CuO 0.03 0.01
K20 0.1 0.1 ZnO 0.02 0.01
CaO 0.1 0.1 As203 0.02 0.01
TiO2 005 01 SnO2 01 005
BaO 0.2 0.1 Sb20s 015 007
Rb20O 0.005 0.005
SrO 0.005 0.005
ZrO» 0.005 0.005
PbO 005 0.02

The EDXRF used was an EDAX Eagle Il which was operated at 40kV with a current of
1mA. The Eagle Il was fitted with a glass capillary to focus the X-Ray beam on an area
approximately 0.3mm in diameter. This meant that it was possible to obtain EDXRF data
for the bulk composition of the samples but not for the ‘finescans’ taken through the
vitrified surfaces and/or adhering glass of the crucible samples, as these were carried out

with the SEM at intervals of less than 0.1mm.

The accuracy of the quantification of all oxides (both SEM-EDS and EDXRF) was checked

by analysing a wide range of reference materials (Corning, NIST, DGG and

Newton/Pilkington). A number of elements were sought but not detected, including:

vanadium, chromium, cobalt, nickel, copper, arsenic, tin and antimony.

RESULTS

Glassworking waste

The 11 fragments of glassworking waste all share similar chemical compositions: they are
potassium-rich glasses which contain a wide range of minor elements (Figure 2 and 3).
The range of elements present, especially phosphorus, indicates that this glass was made
using a plant ash as the source of alkali. The composition of this glass is similar to medieval

forest glass made in England and northern Europe (see discussion below).
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Figure 2. Sodium and potassium oxide contents of the glass and glassworking waste from
Blunden’s Wood
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Figure 3. Magnesium and calcium oxide contents of the glass and glassworking waste
from Blunden’s Wood
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Window and Vessel Glass

Most examples of window and vessel glass from Blunden’s Wood have compositions
which are within the limits provided by the working waste, confirming that the glasshouse
produced both types of glass. Wood (1965, 66) noted that wrythen vessel glass was
rarely found at Blunden’s Wood and suggested that the excavated examples might have
been cullet. The current analysis, however, shows that wrythen vessel glass was produced
at Blunden’s Wood.
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Figure 4. Rubidium and strontium oxide contents of the glass and glassworking waste
from Blunden’s Wood

Wood (1965, 66) noted the presence of painted glass from Blunden’s Wood which
suggests that a proportion of the glass found represents cullet. Only five samples have
compositions which are sufficiently different to be certain that they were not made at
Blunden’s Wood. These comprise the four heavily weathered glass fragments (two vessels
[#03 and #04] and two windows [#09 and #10]) and one of the thin (unweathered)
window glass fragments (#19). These samples must represent material manufactured
elsewhere but brought to Blunden’s Wood as cullet. The compositional differences
between the imported cullet and the glass manufactured at Blunden’s Wood exist among
major (Figures 2 and 3) and minor elements (Figure 4). The heavily weathered samples of
vessel and window glass share almost identical compositions to each other and were
probably made at the same site. These samples contain more potassium than any
analysed medieval glass produced in England (Figure 2). The fifth cullet sample (#19) has a
high-lime low-alkali glass composition (Figure 3). There is no evidence for the manufacture
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of this type of glass in England prior to the arrival of French glassworkers in the late 16th
century (Dungworth and Clark 2004). The possible origins of the cullet are discussed
below.

Crucibles

4/7/2010 ‘ HV ‘mag WD

11:25:46 AM |25.00 kV|120 x|10.0 mm| 5.0 Inspect F

Figure 5. SEM image (back-scattered electron detector) showing, in cross-section, the
microstructure of the ceramic fabric of sample 28, The black areas are voids or porosity in
the ceramic, the mid grey inclusions are silica polymorphs and the light grey regions are
the vitrified ceramic

The five crucibles examined were analysed to identify the temper used, determine the
chemical composition of the ceramic fabric and investigate any adhering glass and/or
surface vitrification. The ceramic fabric of the crucible comprises abundant silica
polymorph grains (typically 0.2mm in diameter) in a porous vitrified matrix (Figure 5). The
vitrified matrix contains very small needle-like crystals of mullite. All five crucibles share
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the same microstructure and chemical composition. These crucibles have low alumina to
silica and titanium to iron ratios which are comparable to those in the Gunter’s Wood
crucibles (Dungworth 2010a) but lower than those of late W ealden sites.

The examination of the Blunden’s Wood crucibles makes a significant contribution to the
thesis that medieval glass-melting crucibles were quartz-tempered but that at some point
in the 16th century glassmakers switched to grog-tempered clays (Paynter forthcoming).
The refractory properties of the early and late Wealden crucible are likely to have been
similar; while the higher alumina content of the late crucibles would give a higher melting
temperature, both the early and late crucibles would suffer significant deterioration of
mechanical strength at ¢1600°C (Levin ef a/ 1956, Fig 117). However the grog-tempered
crucibles may have been preferred to quartz-tempered crucibles for other characteristics,
such as improved resistance to erosion by molten glass (Paynter forthcoming).
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Figure 6. Potassium oxide content of the adhering glass or surface vitrification on two
Blunden’s Wood crucibles

Two of the Blunden’s wood crucibles (#26 and #27) had adhering glass/vitrification on
the interior and exterior surfaces. A series of analyses were carried out across these
surfaces from the glass/vitrified zone into the unaltered ceramic core of the crucible (cf
Dungworth 2008). These analyses (see Figures 6 and 7 and the Appendix) show that
both interior and exterior vitrification/adhering glass layers have similar compositions to
each other (Figure 6). These layers do not share identical compositions with the other
glassworking waste analysed. Aluminium, potassium, titanium and iron are enriched in
these layers while magnesium, phosphorus, calcium and manganese are depleted. The
elements that are enriched are those that are generally found in higher concentrations in
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the ceramic fabric of the crucible and presumably derive from the erosion of the crucible
by molten glass. The chemical composition of the adhering glass/vitrification is sufficiently
different to the other types of glassworking waste to be of little use in determining the
nature of the glass manufactured at Blunden’s Wood. The examination of later crucibles
(Dungworth 2008) has demonstrated that glass adhering to a crucible rarely has a
chemical composition that matches associated glassworking residues unless that layer is at
least 1mm thick, in which case some unaltered glass may survive. The layers of surface
vitrification and adhering glass on the Blunden’s Wood crucibles are generally 0.4—-0.6mm
thick and so are too heavily contaminated by reactions with the ceramic fabric of the
crucible.

The chemical similarities between the interior and exterior surfaces of the Blunden’s
Wood crucibles can be paralleled among other glass-melting crucibles from wood-fired
furnaces (Dungworth 2010a; 2010b). The reactions between crucibles and other materials
(solid, liquid and gaseous) inside a glass-melting furnace are undoubtedly complex and
involve too many variables to allow any robust modelling.

14 - —— 26 - Interior
Glass/Vitrification |  Crucible —B- 26 - Exterior
12 - /- 27 - Interior
-+ 27 - Exterior
< 10~
s
2
S ?]
g
5 6 -
©
(3]
4 -
2 4
0
1.0

Distance (mm)

Figure 7. Calcium oxide content of the adhering glass or surface vitrification on two
Blunden’s Wood crucibles

Crucible #28 has no vitrified surfaces or adhering glass but does have a vitrified zone at
the junction between the base and wall (Figure 8). This vitrified zone has a composition
that shows some similarities with the surface vitrified zones/adhering glass on crucibles
#26 and #27 (elevated aluminium, iron and titanium, see Appendix). In addition this
vitrified zone contains droplets of lead-tin alloy, iron sulphates and iron phosphates
(Appendix). The lead-tin alloy may derive from the accidental inclusion of fragments of

© ENGLISH HERITAGE 8 38 - 2010



lead calme (including soldered joints in the lead calme) with window glass cullet. The
origins of the iron sulphates and iron phosphates are unknown.

R

Figure 8 Crucible #28 showing the vitrified zone between the base and wall
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DISCUSSION

The chemical composition of the glass manufactured at Blunden’s Wood

The analysis of glass and glassworking samples from Blunden’s Wood presented here is
the fifth investigation of material from this site. Table 2 summarises the results obtained in
this study and by other researchers; the data are also compared in Figures 9 and 10.
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Figure 9. Sodium and potassium oxide contents of Blunden's Wood glass samples

Table 2. Chemical composition of glass and glassworking waste (average and standard

deviation) from Blunden's Wood (Sources: Wood 1965; Merchant 1998 Welham 2001)

Analyst No. Na,O MgO  ALO, P,Ox KO Ca0o MnO  Fe,O,
Waterton 1 34 6.95 4.78 nr 9.0 175 <0.2 1.32
Merchant XRF 3 1111 73x33 2717 32+19 139163 11604 13+x03 1.1+03
Merchant SEM-EDS 25 08+03 46+03 03+01 34+02 127+06 165+12 1.8+02 1.1+02
Merchant EPMA 6 25+05 64+06 09+01 31+01 106+02 134+09 12+01 0.7+0.1
Welham A 6 27+03 70+03 11+02 27+01 106+07 139+09 1.0+01 0.7%0.1
Welham B 8 22+06 41+30 28+20 20+17 13435 7855 06104 1406
this report 11 25+03 69+03 1.0+02 32+03 11.1+08 137x15 12+01 0.8+0.1

Most of the reported analyses of glass samples from Blunden’s Wood show good

agreement with each other; however, there are some anomalies. the most striking is the

data provided by Merchant (1998). Merchant analysed samples of glass (window and
vessel) using three different techniques (EDXRF, SEM-EDS and EPMA), but there are
consistent differences in the results reported for each technique. This is likely to be due to
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differences in accuracy and precision between the techniques used. Comparing
Merchant’s results with those of later researchers (Table 2) suggests that the EPMA data
are the most reliable but that the EDXRF and SEM-EDS data should be discounted.
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Figure 10. Magnesium and calcium oxide contents of the Blunden’s Wood glass samples

The data provided by Welham (2001) has been divided here into two groups: Group A,
which shares the same composition as most other Blunden’s WWood samples (including
Meek forthcoming) and Group B, which comprises samples with widely varying chemical
composition. It is likely that all of the Group B samples have been contaminated by
reactions with refractory materials (especially crucibles) as well as fuel ash and/or fuel
vapour.

The Blunden’s Wood data presented in this report include samples of both glass working
waste and finished artefacts (vessel and window glass). While the composition of the
working waste forms a relatively tight cluster the glass artefacts show a wider range of
compositions. Those samples of finished glass which do not correspond closely to the

working waste are interpreted as artefacts produced elsewhere and brought to Blunden’s
Wood as cullet.
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The chemical composition of cullet brought to Blunden’s Wood (where did the
cullet come from?)

Five fragments of finished artefacts analysed, found at Blunden’s Wood had compositions
that did not match the working waste from the site. Four fragments (two of vessel and
two of window glass) are made of a distinctive potassium-rich glass for which there are
few close parallels. The potassium content of this glass is substantially higher than the
working waste from any English glasshouse. There are some similarities with glass from
mainland Europe but the magnesium content is higher than any continental glass. The
origin of this glass remains uncertain at this time.

The remaining sample of cullet is a HLLA glass (#19). HLLA glass was produced in
mainland Europe from the 10th century but not in England until the later 16th century.
This sample has a low iron content compared to HLLA glass produced in England in the
late 16th century (Dungworth and Clark 2004; Dungworth 2007) but is similar to some
medieval German glass (Wedepohl 2003).

Comparing Blunden’s Wood glass with other medieval glasshouses

The combined Blunden’s Wood data (this study, Merchant EPMA, Welham Group A) has
been compared with available data from other medieval glasshouses (Table 3; Figure 11).
The two Idehurst (Surrey) glasshouses were probably in operation during the sixteenth
century (Dungworth and Clark 2004). The excavation of the glasshouse at Knightons,
Surrey provided pottery and an archaeomagnetic date indicating it operated in the early
16th century (Wood 1982). Data on 16th-century glass production in Staffordshire is
available from Little Birches (Welch 1997) and Bagot’s Park (Crossley 1967).

Table 3. Chemical composition of medieval glassworking waste (average and standard
deviation) (Sources: Merchant 1998 Welham 2001; Mortimer in Welch 1997, Dungworth
and Clark 2004)

Site No. Na,O MgO  ALO, P,O5 KO CaO MnO  Fe,O,
Blunden’s Wood 43 25+04 68+04 1.0+02 30+03 112+09 13511 11x01 0.7+0.1
Idehurst North 5 2102 72+02 11+01 32+05 11606 17.0+03 1.1+01 0.6£0.1
Idehurst South 8 3003 87+02 14+02 39+01 108+08 166+05 1.0+0.1 0.6+0.1
Knightons 16 22+03 59+04 25+04 3.0+03 10.0+07 167+09 09+01 0.8x0.1
Bagot’s Park 6 26+02 78+03 14+02 37+02 11211 10707 1702 0.6£0.1
Little Birches 40 24+08 78+06 12+03 34+03 125+13 13412 1501 0.5%0.1

The glass produced at both Wealden and Staffordshire sites from the 14th to the 16th
centuries shows small differences in chemical composition from site to site. Some of these
differences may be chronologically significant while others may be of more geographical

importance.
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Figure 11. Magnesium and calcium oxide contents of glass from English medieval
glasshouses

Medieval glass was undoubtedly made using sand and plant ashes. The chemical
composition of plant ashes is influenced by a wide range of factors: differences in the
chemical composition of a plant ash can be detected in between plant species, different
parts of the same plant, the same plants harvested at different times of the year as well as
in the same plants growing in different geological regions (Jackson et al 2005; Sanderson
and Hunter 1981; Stern and Gerber 2004). This had led to a pessimistic view of the
possibility of identifying which plants were used (Jackson ef a/2005). The rather limited
variability of the glass produced in the Weald and Staffordshire from both 14th- and 16th-
century sites is in contrast to the apparent compositional variability of plant ashes.

W hatever the nature of the plant ashes used and the strategies employed to obtain them,
the limited chemical variability suggests that medieval glassmakers maintained similar
practices over considerable distances and through many centuries.
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Comparing English medieval glasshouses with glass in English cathedrals

Figure 12 compares the alkali content of glass produced in England during the medieval
period with the alkali content of contemporary cathedral window glass (York, Canterbury,
Coventry and Winchester, see Brill 1999). This illustrates that a proportion of English
medieval cathedral window glass was almost certainly not made in England. The window
glass samples with similar alkali contents to the samples from English glasshouses share
other compositional similarities (eg high magnesium oxide content) and were almost
certainly made in England. Out of the 38 samples of English cathedral window glass
analysed by Brill, 15 (40%) have compositions that broadly match English medieval
glasshouses while 23 have compositions that do not.
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Figure 12, Sodium and potassium oxide contents of glass produced at medieval English
glasshouses and in English cathedrals (Sources: see Table 3 and Brill 1999)

Comparing glass in English cathedrals with mainland European glasshouses

The 23 samples of English cathedral window glass analysed by Brill (1999) which do not
match contemporary English production were almost certainly made in mainland Europe.
Medieval documentary references to the supply of window glass often refer to the
purchase of glass for English buildings from France, Flanders and Germany (Marks 1991,
266). Figure 13 compares the alkali content of glass produced in England during the
medieval period with the alkali content of contemporary cathedral window glass (York,
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Canterbury, Coventry and Winchester, see Brill 1999) and contemporary glass from
mainland Europe (Barrera and Velde 1989; Brill 1999; W edepohl 2003). Glass produced
in Germany is characterised by high potassium and low sodium oxide contents. French
glass appears to show two separate compositional groups: one for vessel (Barrera and
Velde 1989) and one for window glass (Brill 1999).
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Figure 13. Sodium and potassium oxide contents of glass proauced at medieval English
glasshouses, used in English cathedrals and produced and used in mainiand Europe
(Sources, see Table 3, Barrera and Velde 1989, Brill 1999 Wedepoh! 2003)

These data were derived from different studies, using a variety of techniques and so must
be compared with caution. As discussed previously, some variability in accuracy and
precision for each element is likely between the results of different studies. However, the
results suggest similarities between some of the English cathedral glass, which does not
match contemporary English production, and that used in French cathedrals. Therefore, at
least some of the English cathedral glass not made in England may have been made in
France.

CONCLUSIONS

The scientific examination of the glass and glassworking debris from Blunden’s Wood has

characterised the chemical composition of the glass produced there. Comparing the data

with that obtained by previous researchers showed a high degree of agreement, with the

exception of some of the data obtained by Merchant (1998), highlighting the difficulties of
comparing data obtained in different studies and using different techniques. In addition,
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some of the samples analysed by Welham (2001) display signs of having been
contaminated by crucibles, fuel ash, fuel vapour, etc.

The analysis of working waste and finished artefacts demonstrates that Blunden’s W ood
produced both window and vessel glass. Five fragments of cullet were identified as they
had chemical compositions which did not match the glassworking waste from the site.
While one of these (a HLLA glass) may have come from Germany, the origin of the other
four is not known. The examination of the crucibles provides substantial evidence for the
thesis that medieval glass-melting crucibles were quartz-tempered in contrast with the
grog-tempered crucibles of the 16th century.

The chemical composition of the glass produced at Blunden’s Wood has been compared
with that of glass produced at other English medieval glasshouses. Although slight
differences can be detected between different glasshouses, it is striking that glass
produced in medieval England shows little compositional variation. This is in contrast to
the view that the plant ash resources used in medieval glass manufacture were subject to
wide variations in their chemical composition. The limited variation suggests that similar
resources and technologies were used in different parts of England from the 14th to the
16th centuries.

English medieval glass displays chemical differences from glass produced in mainland
Europe. A comparison of data from a number of researchers suggests that 40% of the
medieval window glass in English cathedrals may have been made in England while the
remainder may have been obtained from mainland Europe.
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APPENDIX I. CHEMICAL COMPOSITION OF THE GLASS AND
GLASSWORKING DEBRIS

Major oxides

# Description Na,0O MgO ALO; SO, PO, KO CaO
BLO1 Working waste: drip 267 732 071 5823 307 11.89 1304
BLO2 Working waste: drip 214 666 092 6043 317 1072 1301
BLO3 Window glass, thick? (heavily weathered) 234 711 132 4996 547 1838 1235
BLO4 Window glass, thick? (heavily weathered) 208 704 142 4906 549 1927 1255
BLO5 Working waste: moil 290 731 115 5733 319 1083 1435
BLO6 Working waste: moil 275 734 115 5851 290 993 1430
BLO7 Working waste: moil 221 673 086 6131 301 1053 1253
BLO8 Working waste: moil 227 666 083 6120 305 1056 1254
BLO9 Vessel glass, body sherd (heavily weathered) 229 677 139 4934 532 1863 13.06
BL10 Vessel glass, body sherd (heavily weathered) 227 692 144 4941 535 1855 1298
BL11  Working waste: run 231 653 143 5341 365 1213 1749
BL12 Working waste: lump 196 6.60 063 6335 287 994 1167
BL13 Working waste; lump 238 699 106 5692 376 1163 1455
BL14 Working waste: lump 244 686 089 5842 336 11.73 1342
BL15 Working waste: lump 307 739 106 5641 330 1180 14.06
BL16 Window glass, thick 325 797 110 5737 305 1044 1398
BL17 Window glass, thick 215 650 099 6073 3.09 1077 1292
BL18 Vessel glass, rim sherd 224 648 069 5792 392 1226 1376
BL19 Window glass, thin 149 385 235 5413 365 636 2505
BL20 Window glass, thin 272 733 135 5633 354 1020 1561
BL21 Vessel glass, wrythen decoration 299 787 105 5661 327 1060 14,67
BL22 Lampbase 310 751 1.08 57.51 318 1061 1413
BL23 Vessel glass, rim sherd 234 702 107 5692 387 1180 1434
BL24 Vessel glass, rim sherd 224 655 095 5750 378 1203 14.00
BL25 Vessel glass, wrythen decoration 308 761 105 5638 322 1076 1495
BL26 Crucible (bucket-shaped) 018 064 1428 7888 014 189 036
BL27 Crucible (bucket-shaped) 019 070 1626 7713 016 208 039
BL28 Crucible (barrel-shaped) 031 072 1629 7694 011 221 033
BL29 Crucible (barrel-shaped) 027 078 1700 7591 016 223 034
BL30 Crucible (barrel-shaped) 023 073 1626 7728 012 210 0.36

NB the results for the crucibles represent the composition of the ceramic fabric of the

crucible. For information on the chemical composition of the adhering glass and/or surface

vitrification see Appendix 2.
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APPENDIX I. CHEMICAL COMPOSITION OF THE GLASS AND

GLASSWORKING DEBRIS

Minor oxides

# 80, Cl TiO, MnO FeO; 2ZnO Rb,O SO ZrO, BaO PbO
BLO1 019 068 003 127 070 004 0021 0057 0005 <02 <002
BLO2 022 062 010 1.09 091 003 0016 0062 0008 <02 014
BLO3 024 051 011 1.25 094 004 0034 0061 0013 <02 011
BLO4 025 049 016 117 100 0.04 0037 0065 0014 <02 010
BLO5 016 058 006 128 086 004 0017 0068 0007 <02 010
BLO6 020 070 0.11 1.20 091 004 0016 0072 0019 <02 <002
BLO7 017 057 006 112 090 004 0016 0062 0011 <02 <002
BLO8 021 055 008 112 090 004 0017 0062 0009 <02 <0.02
BLO9 024 046 012 129 108 004 0034 0066 0015 <02 013
BL10 024 048 012 125 099 004 0034 0065 0014 <02 013
BL11 012 041 011 142 077 004 0018 0079 0009 021 0.06
BL12 022 068 009 110 089 004 0017 0059 0013 <02 <0.02
BL13 017 053 009 121 070 004 0018 0065 0006 <02 0.09
BL14 018 056 010 1.22 0.81 0.04 0020 0.061 0011 <02 <0.02
BL15 024 055 009 121 081 004 0019 0073 0009 <02 003
BL16 032 051 007 120 075 004 0017 0074 0011 <02 <002
BL17 018 059 004 1.1 0.91 0.04 0018 0.064 0013 <02 0.06
BL18 012 064 006 124 067 004 0019 0055 0004 <02 002
BL19 012 036 015 158 049 002 0005 0147 0024 042 <002
BL20 013 065 014 127 074 005 0026 0097 0016 <02 0.05
BL21 031 057 009 127 069 004 0017 0075 0012 <02 0.05
BL22 014 062 009 126 077 004 0016 0069 0010 <02 010
BL23 015 052 006 119 072 004 0017 0080 0008 <02 008
BL24 011 065 005 120 069 004 0019 0063 0008 024 004
BL25 027 057 010 132 067 004 0017 0074 0013 <02 007
BL26 <01 <01 114 <0.02 227 <002 0014 0042 0039 <02 <002
BL27 <01 <01 074 <0.02 216 <002 0013 0050 0051 <02 <002
BL28 <01 <01 067 <0.02 207 <002 0015 0047 0039 <02 <0.02
BL29 <01 <01 077 <0.02 238 <002 0016 0081 0044 <02 <0.02
BL30 <01 <01 067 <002 201 <002 0014 0045 0049 <02 <002
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APPENDIX 2. CHEMICAL ANALYSIS OF THE CRUCIBLES

The data for the following crucibles represents a series of area analyses carried out
through adhering glass and/or surface vitrification. Each analysis is identified by a distance
value; positive equals adhering glass and/or surface vitrification, negative equals ceramic
fabric of the crucible.

BL26 (Interior)

Dist(mm)  Na,0 MgO A,0, SO, PO, KO CaO TiO, MnO Fe0,

0.562 1.99 4.30 433 6278 130 1254 1015 0.32 0.83 1.27
0.540 1.93 442 438 6275 124 1277 1017 025 0.90 1.06
0519 1.89 4.32 444  63.06 115 1269 1008 0.34 0.88 1.05
0498 1.92 443 445 6287 1.09 1276 994 0.26 0.83 1.20
0476 1.85 427 446 6274 122 1281 9.97 0.30 0.86 1.29
0.455 1.85 4.03 496 6346 1.04 1302 9.04 0.30 0.79 1.38
0433 1.85 3.83 560 6389 087 1325 7.94 0.31 0.76 1.53
0412 1.83 3.71 568  64.15 090 1333 773 0.30 0.72 1.59
0.391 1.74 3.31 666 6488 065 1369 6.51 033 0.69 148
0.369 1.69 3.02 733 6513 050 1391 587 0.29 0.58 146
0.347 1.64 3.09 719 6545 056 1390 582 0.31 0.58 145
0.326 1.57 295 712 6561 063 1372 571 0.38 0.60 147
0292 1.57 250 834 6614 066 1397 461 0.31 044 1.26
0.270 1.36 1.69 951 68.56 023  14.04 296 0.24 0.31 1.01
0.248 1.21 145 715 7345 <02 1249 2.66 023 0.32 0.96
0.025 0.33 045 1425 7614 <0.2 6.60 0.10 0.56 <01 1.25
-0.132 0.31 034 1121 81.75 <02 4.60 0.13 0.38 <0.1 1.14
-0.288 0.18 058 1242 8057 <02 359 0.17 0.51 <01 1.81
-0.445 028 073 1819 7319 <0.2 414 024 0.68 <01 206
-0.758 0.19 065 1641 76.56 <02 3.08 0.35 0.62 <0.1 1.92
-1.052 023 076 1725 7563 <02 262 042 0.58 <01 221
-1.347 017 083 1791 7459 <0.2 273 037 072 <01 235
-1.641 020 070 1473 7871 <0.2 213 0.31 0.61 <01 217
-1.935 0.16 055 1046 8218 <02 140 043 225 <0.1 232
-2.229 020 065 1441 76.16 <0.2 1.89 037 277 <01 3.24
-2.524 0.12 058 1399  80.04 <0.2 1.89 0.34 0.69 <01 208
-2.818 0.13 040 1070 8443 <02 147 0.27 0.52 <0.1 1.60
-3.407 0.20 073 1596 7717 <02 205 041 0.75 <01 221
-3.922 027 090 1955 7266 <0.2 246 047 0.84 <01 257
-4.438 0.18 060 1443 7967 <0.2 1.85 0.31 0.65 <01 1.99
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BL26 (Exterior)

Dist(mm)  Na,0 MgO A,O, SO, PO, KO CaO TiO, MnO Fe0,
0.550 1.94 503 380  60.84 219 1138 1209 0.25 1.02 1.26
0495 202 4.96 395 6059 218 1140 1200 0.30 0.95 1.25
0.440 1.95 498 402 6100 220 11.46 11.57 0.35 0.99 1.39
0.385 1.85 4.36 534 6326 154 1223 9.01 0.24 072 1.26
0.331 1.63 3.29 698 6593 097 1284 6.34 0.26 0.65 1.04
0.275 142 219 864 6877 041 1313 3.54 0.23 0.38 124
0.222 142 118 1230 6728 0.60 13.57 1.65 0.50 0.17 143
0.085 0.78 0.26 966  80.70 <02 6.59 0.19 0.50 <01 1.11
-0.059 0.30 0.21 1106 8187 <02 5.00 0.11 0.48 <041 092
-0404 0.33 0.59 15634 7734 <02 3.51 0.23 0.64 <01 172
-0.738 0.26 066 1752 7502 <02 3.09 0.31 0.63 <01 224
-1.199 0.26 066 1636  76.78 <02 234 049 0.60 <041 214
BL27 (Interior)

Dist(mm)  Na,0 MgO A,O, SO, PO, KO CaO TiO, MnO Fe0,
0.366 3.96 3.20 718 6157 114 1510 560 0.33 0.50 1.20
0.329 4.31 3.21 700 6080 124 1528 581 0.30 044 1.16
0.292 445 3.07 6.73 6038 123 15.81 5.97 0.26 0.50 1.29
0.254 3.94 260 708  61.67 127 1615 5.02 0.35 043 1.20
0.216 344 1.83 6.41 67.07 064 1541 3.58 024 023 0.89
0179 3.1 1.38 354 7375 <02 13.61 3.24 022 0.26 0.57
0.142 292 1.16 406 7532 0.20 12.86 244 0.12 0.16 0.51
0.104 215 0.93 373 7936 026 1065 1.69 0.15 0.13 0.65
-0.008 0.29 023 1098 8198 <02 490 0.14 043 <01 0.79
-0.155 0.31 038 1358 7898 <02 4.34 0.22 0.60 <0.1 1.15
-0.596 024 070 1776 7422 <02 3.18 0.36 0.96 <01 225
-0.891 0.26 087 2159 6999 <02 290 043 0.89 <041 275
-1.185 0.19 0.80 1909 7319 <02 2.59 040 0.78 <01 259
-1478 0.21 060 1556 7849 <02 1.98 0.36 0.68 <0.1 1.90
-1.774 012 065 1453 7965 0.28 1.85 034 0.56 <041 1.91
-2.598 0.19 0.76 1705  76.09 <02 218 0.38 0.69 <01 240
-3.010 025 0.78 1789 7427 <02 2.31 049 1.02 <01 244
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BL27 (Exterior)

Dist(mm)  Na,0 MgO A,O, SO, PO, KO CaO TiO, MnO Fe0,
0327 233 325 771 6333 048 1287 6.28 040 0.54 258
0.283 2.06 318 784  64.00 059 1256 6.23 037 057 2.36
0.240 1.96 293 860 6442 0.48 12.82 571 0.38 043 212
0.197 1.82 2.38 986  64.86 038 1322 459 042 043 1.96
0.154 1.64 197 1080  65.87 035 1334 349 0.36 0.29 1.74
0.118 1.35 1.56 960 7043 0.24 1241 2.36 0.36 024 1.35
0.000 0.28 032 776 8534 <0.2 4.39 0.30 038 <01 0.79
-0.324 023 056 1576 7715 <0.2 352 0.13 073 <01 1.63
-0.668 024 0.81 1858 7329 <0.2 3.16 0.31 0.82 <01 2.31
-1.011 0.18 063 1491 79.25 <0.2 1.99 0.27 0.60 <0.1 1.81
-1.355 0.18 054 1333 8151 <0.2 1.72 0.30 0.63 <01 1.71
-2.042 0.21 073 1586  76.69 <0.2 203 0.35 115 <01 2.86
-2.729 022 070 1640 7652 <0.2 209 0.37 1.20 <0.1 2.37
BL28 (vitrified layer at junction of crucible wall and base, see Figure 8)

Area Na,O MO ALO, SO, PO, KO CaO TiO, MnO Fe,O, PbO

1 064 157 1324 6547 125 731 279 057 015 546 126

2 061 184 1266 6638 1.05 637 2838 046 025 570 139

3 054 164 1389 6412 133 576 237 053 019 750 179

4 057 143 1539 6344 127 488 169 068 012 847 199

5 190 274 1050 6088 122 1257 692 042 055 194 <02

6 168 206 1097 6496 053 1374 334 039 032 184 <02

7 148 177 1154 6559 057 1380 196 044 013 251 <02
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BL30

Dist(mm) Na,O MgO A,O, SO, PO, KO CaO TiO, MnO Fe,0,
1.069 204 3.58 723 6462 031 1281 6.83 0.32 0.61 1.59
0.995 205 3.37 767 6505 032 1280 6.24 0.28 0.52 1.50
0.921 2.08 3.60 6.98 6553 026 1269 649 0.33 0.51 148
0.848 216 3.63 6.77 6543 022 1265 6.74 0.37 0.55 147
0.774 220 3.80 644 6535 030 1244 6.93 0.30 0.55 1.62
0.701 227 3.73 6.62 6526 029 1228 7.00 0.31 0.61 1.52
0.631 219 3.75 682 6540 030 1229 6.71 0.33 0.59 1.53
0.558 226 3.55 6.75 6570 027 1227 6.42 0.37 0.54 1.63
0485 209 323 720 6612 030 1231 5.58 0.36 049 1.97
0.411 1.85 290 6.99 6757 052 1196 463 0.39 0.37 2.72
0.338 1.74 3.10 685 67.75 047 1151 507 0.37 0.53 261
0.265 1.74 3.30 6.79 6727 046 1123 5.50 0.38 0.54 274
0.191 1.54 222 794 6849 048 1159 3.28 045 0.28 3.69
0.117 1.06 1.50 952 7058 047 1118 144 045 0.21 3.71
0.044 0.98 119 1233 6823 036 1170 1.33 045 0.14 317
-0.030 0.97 107 1448 66.70 020 1210 1.10 0.59 0.15 265
-0.104 1.02 118 1670 6447 <02 1189 1.29 053 0.11 2.38
-0177 1.03 076 1581 6873 <02 1035 1.09 055 <041 1.37
-0.236 0.80 052 1400 7328 <02 8.55 0.80 056 <041 117
-0.527 1.10 076 1602 6963 <02 8.81 0.85 066 <01 1.95
-0.856 0.52 051 1635 7418 <02 5.66 0.19 053 <041 1.74
-1.184 0.28 056 1617 7647 <02 3.50 0.27 0.71 <01 1.85
-1.841 0.15 073 1566 7799 <02 2.37 0.28 0.67 <01 1.82
-2.506 0.39 071 1682 7646 <02 220 043 070 <041 215
-3.171 0.29 090 1882 7382 <02 235 045 075 <041 224
-3.835 0.24 070 1617 7742 <02 1.99 045 0.64 <01 1.93
-4.499 0.29 077 1691 7605 <02 218 0.36 073 <01 213
-5.165 0.19 059 1425 8034 <02 1.85 0.28 0.61 <01 1.79
-5.830 0.16 069 1417 8013 <02 1.86 0.32 054 <041 1.73
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ENGLISH HERITAGE RESEARCH DEPARTMENT

English Heritage undertakes and commissions research into the historic
environment, and the issues that affect its condition and survival, in order to
provide the understanding necessary for informed policy and decision making,
for sustainable management, and to promote the widest access, appreciation
and enjoyment of our heritage.

The Research Department provides English Heritage with this capacity

in the fields of buildings history, archaeology, and landscape history. It brings
together seven teams with complementary investigative and analytical skills
to provide integrated research expertise across the range of the historic
environment. These are:

* Aerial Survey and Investigation

* Archaeological Projects (excavation)

* Archaeological Science

* Archaeological Survey and Investigation (landscape analysis)
* Architectural Investigation

* Imaging, Graphics and Survey (including measured and
metric survey, and photography)

* Survey of London

The Research Department undertakes a wide range of investigative and
analytical projects, and provides quality assurance and management support
for externally-commissioned research. We aim for innovative work of the
highest quality which will set agendas and standards for the historic
environment sector. In support of this, and to build capacity and promote best
practice in the sector, we also publish guidance and provide advice and training.
We support outreach and education activities and build these in to our projects
and programmes wherever possible.

We make the results of our work available through the Research Department
Report Series, and through journal publications and monographs. Our
publication Research News, which appears three times a year, aims to keep
our partners within and outside English Heritage up-to-date with our projects
and activities. A full list of Research Department Reports, with abstracts and
information on how to obtain copies, may be found on www.english-heritage.
org.uk/researchreports

For further information visit www.english-heritage.org.uk

ENGLISH HERITAGE



	RESEARCH DEPARTMENT REPORT SERIES NO 38-2010 web cover
	00 111Disclaimer
	RESEARCH DEPARTMENT REPORT SERIES NO 38-2010 report
	00 111RDRS back cover for web

