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SUMMARY

The scientific analysis of surface finds from selected Wealden glasshouse sites provides
clear information as to the chemical composition of both glassmaking crucibles and
glassworking waste. The aim of the study is to determine whether this information can be
used to establish an approximate date for each site in relation to the arrival of Jean
Carré's immigrant glassworkers, ¢ 1567, by looking for technical changes in both crucible
construction and glass composition. This research forms part of the wider remit of the
Wealden Glass Project (5299), funded by English Heritage and undertaken by Surrey
Archaeological Unit. The project aims to locate and characterise the glasshouse sites in
the region, in order to establish a sound framework for the management of these sites.
The results of the study suggest multi-phased development of many of the glasshouses in
terms of both crucible construction and glass composition supporting, and expanding, on
previous research of the glass industry in the Weald of Surrey and Sussex.
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Figure 1: Map showing glass furnaces sites in the Weald of Surrey and Sussex (Kenyon
1967)

The development of small scale medieval glassworking into a post-medieval industry
found its roots in the 1560s in the Weald. Before this period, the majority of glass was
imported from the Continent (Crossley 1994). As entrepreneurial endeavours flourished
in Tudor England, and standards of living improved, the demand for window glass
increased.

Medieval high temperature activities (metal, pottery and glass production) were typically
situated in forested areas due to the substantial quantity of wood required. Small groups
of English glassmakers are known from documentary evidence to have been sited in both
the Weald of Surrey and Sussex and in Staffordshire, such as Bishop's Wood (1584-1604)
and Bagot's Park (1585) (Kenyon 1967, 213), and some other locations where fuel was
abundant.
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Wealden glassmaking

The Weald of Surrey and Sussex is of major importance in establishing the history of the
medieval and post-medieval glassworking industry in England (Dungworth and Clark 2004,
3). Little is known of glass production in the region prior to the 16" century other than it
was carried out on a small scale, with a handful of glassworking families producing limited
quantities of window and vessel glass for a select clientele. Glassworking is suspected since
the early 1300s, however physical evidence remains limited.

In 1567, the entrepreneur Jean Carré took advantage of this developing market and was
granted a licence by the Crown to produce window glass in the Weald, where he stated
he had two glasshouses running at Fernfold Wood, near Alfold (Godfrey 1975, 17); there
was possibly a third glasshouse at Sidney Wood (Winbolt 1933). He employed his
glassworkers from Normandy and the Lorraine Valley, both areas known for their
expertise and quality of glass manufacture. In retum for access to England’s glass market,
the licence stated that local glassworkers must be instructed in the imported technologies.
Glassworking, and glassmaking recipes, were a highly guarded secret; kept within
established generations of glassworking families (Godfrey 1975) and as a result the
incomers were reluctant to share their knowledge and skill. It was not until second or
third generation immigrants that a complete change of both technology and recipe is seen
in the industry (Dungworth 2007). The archaeological record has offered some interesting
examples of that process through the systematic change and development of glassmaking
technologies (Paynter 2012), until its final end ¢ 1618, following the ban on wood-fuelled
glassworking furnaces in the region.

Wealden ironworking had been well attested since the Roman period, whereas glass
production was a more recent addition to the industrial landscape. As both processes
shared an intrinsic requirement for wood, there was a level of competition for the fuel
source. In 1615, the glassmakers were legally ordered to stop using wood fuel, which led
to the relocation of the industry to the coalfields (Crossley 2012) and shortly the end of
the Wealden glass industry.

The glasshouse sites

Documentary evidence in the form has provided information on the Wealden
glassworkers and has helped to identify areas where glassworking may have taken place.
Place names and surface finds, such as crucible fragments and lumps of glass, are also
indicators. Some glasshouses have been excavated, such as that at Blunden's Wood and
Sidney Wood, and glass production waste from Wealden sites has been examined
previously (Dungworth 2007; 2010; Dungworth and Clark 2004; 2010; Dungworth and
Paynter 2010; Meek et a/2012; Mortimer 1993; Paynter 2012; Welham 2001; Kenyon
1967, Wood 1965; 1982) (Table I).
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Blunden's Wood (Wood 1965) is the earliest example excavated in the south of England
but otherwise the sites producing glass between the 14" and 16" century have in general
proved a rarity. Most others, such as Sidney Wood and Woodhouse Farm, have been
dated to later periods on the basis of associated finds, such as pottery evidence. With the
scientific analysis of materials from glasshouses some of those dates have been revised
and re-assessed. The survival of these sites varies greatly depending largely on previous
land use in the area (Crossley 1994; 2012).

Glass and crucible composition

From a compositional perspective, medieval glass changed little from the 14" to mid-16"
century. Although slight variations in overall composition are noted when sites are
compared, this is probably due to regional or local differences in the raw material sources
(Dungworth 2010; Meek et a/2012). A significant change in glass composition, from
potassium-rich ‘potash glass’ to a more lime-rich ‘HLLA glass’ (high lime, low alkali)
(Mortimer 1997), broadly coincides with the arrival of immigrant glassworkers from the
continent ¢ 1567 (Dungworth 2007; 2010; Dungworth and Clark 2004; 2010; Dungworth
and Paynter 2010; Mortimer 1993; 1997; Kenyon 1967; Welham 2001; Wood 1965;
1982) (Table I).

Previous researchers have attempted to date identified glassworking sites in relation to
the arrival of immigrant glassworkers from continental Europe based largely on the
appearance of the glass, with differences in weathering thought to reflect differences in
glass composition; Kenyon (1967) described sites as either ‘early’ (1330—1567) or ‘late’
(1567-1618).

Table I: Blunden's Wood = Dungworth and Faynter 20/0: Knightons = Wood /982,
Idehurst North and South = Dungworth and Clark 2004, June Hill = Dungworth 200/
and Sidney Wood = Welham 200/

Site Date Na,O MgO ALO; SO, P,0O; KO CaO MnO Fe,O;
Blunden's Wood [4th 2.7 7.0 1.2 598 27 103 138 10 0.9
Knightons | 6th 2.2 6. 2.5 572 29 102 162 09 0.8
Idehurst North | 6th 2.1 7.2 [ 553 32 .6 170 1. 0.6
Idehurst South | 6th 3.0 8.7 |4 533 39 108 166 1.0 0.6
June Hill 16"/17" 1.2 4.2 2.3 607 23 77 192 09 0.9
Sidney Wood l6"/17%" 2.7 29 32 60.0 1.7 4.1 229 07 1.3

More recently, chemical analysis of Wealden glassworking debris has drawn attention to
chronological changes in crucible technology as well as providing further data on glass
composition (Dungworth and Clark 2004; Dungworth 2007; Dungworth and Paynter
2010; Paynter 2012). Sites producing potash glass, which (where dating evidence is
available) are likely to predate the arrival of immigrant glassworkers, mostly used quartz-
rich crucibles, whereas the sites making HLLA glass used a more alumina-rich clay of the
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type used to make contemporary tobacco pipes, which they tempered with grog. This
transition may be due to the greater chemical resistance of the pipe-clay (Paynter 2012),
and therefore the greater longevity and reliability of the pots. Two sites yielded pots with
broadly intermediate compositions, both of which were making potash glass, which
suggested that the crucible composition was changed before the glass composition.

AIMS

The aim of this analytical study was to characterise the crucible fragments and glass waste
found during field walking during the initial stages of the Wealden Glass project. This
information will be used to determine the likely date of each site. It is hoped that the final
stages of the Wealden project, involving excavation of selected glass furnaces and
archaeomagnetic dating of the remains, will provide independent dating evidence to test
the validity of this approach.

MATERIAL

The materials analysed come from a selection of nine glasshouse sites, of the 48 sites
most recently listed. Each of the sites has been allocated a number (Table 2), either by
Kenyon (1967), or later by Crossley (1994). Some of the sites offered up large quantities
of material, but others less so, such as Lordings Farm (one ceramic fragment and no glass).
The glasshouse sites in this study are: Hogs Wood (E), Imbhams Farm (L), June Hill (L),
Knightons (L) Lordings Farm (none given), Malham Farm (L), Primrose Copse (none
given), Sidney Wood (L) and Woodhouse Farm (L); the letter in brackets denotes
Kenyon's view on whether the site is early (E) or late (L) in date.

For this study, the chemical analysis of 53 samples of glass production waste (22 crucible
fragments and 31 glass fragments) from nine located Wealden glasshouse sites was
undertaken (Table 2). All of these samples are finds from field walking, however it has
been noted in previous research that the location of crucible fragments is a strong
indicator of a nearby furnace; glass fragments, too, are a good indicator but less accurate,
possibly within ““a few hundred yards” (Kenyon 1967, 49). Furthermore the material for
this study represents manufacturing waste: the remnants of crucibles discarded after
collapse or abandoned upon vacation of the site, and as such are likely to have been
made nearby using clay brought to the area (Paynter 2012). The majority of these
fragments are body sherds, with only three recognisable as the rounded rim sherds typical
of Wealden sites (Kenyon 1967). The glass samples are all production waste lumps,
mostly amorphous, rather than fragments of vessel or window glass.
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Table 2: The nine glasshouse sites in the Weald of Surrey and Sussex from which crucible
fragments and glassworking waste were gathered for chemical analysis (* the Lordings
Farm sample may be part of the furace structure rather than crucible)

Site Crucible Fragment Glass Waste Total
Hogs Wood HWA (15) 2 2 4
Imbhams Farm IFG (8) 3 2 5
June Hill JHC (44) | 3 4
Knightons KA (42) | 4 5
Lordings Farm LFB (41) * 0 |
Malham Farm MFL (28) 3 2 5
Primrose Copse PCR (46) 4 5 9
Sidney Wood SWA (38) 5 5 10
Woodhouse Farm WFR (32) 2 8 10
Total 22 31 53

METHODS

Some sites produced more evidence than others; however a representative sample for
each site was selected for analysis and further examination, both in terms of crucible
fragments and glass waste. All of the materials provided were photographed and
measured; deposits on both the inner and outer surfaces were noted. Some of the glass
analysed was adhered to a crucible; in some cases it remained attached during sampling
and in others the glass was removed prior and analysed separately. Due to the hard
nature of the ceramic, crucible samples were cut with an Isomet precision saw. All of the
samples were sectioned and mounted in epoxy resin before being ground and hand
polished to a [-micron finish.

The crucible and glass samples were analysed using a scanning electron microscope (SEM)
with an energy dispersive x-ray spectrometer (EDS) attached. The SEM was an FEI Inspect
F which was operated at 25kV with a beam current of approximately InA, and data was
gathered at |50 seconds/live time. The x-ray spectra generated by the sample were
detected using an Oxford Instruments X-act SDD detector. In advance of the analysis, the
EDS spectra were calibrated using a cobalt standard. The data were quantified using the
Oxford Instruments INCA software. The data was gathered in weight % and then
normalised.

Glass standards Corning A and D were analysed to check the accuracy and precision of
the results. The minimum detection limit for most elements was O.1wt%, rising to 0.2wt%
for As,O;, BaO, CoO, P,O; and SO;. Three target areas were analysed at 150 times
magnification and an overall average calculated for each sample; the average values are
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used within the text. The full compositional data for both crucible and glass are displayed
in the appendices of this report.

RESULTS

For the full analytical results see Appendix |. Backscattered electron images of the

crucible samples are given in Appendix 2.

Crucible Fragments

A key characteristic of the pipe clay used for later (speculatively post-1560s) crucibles at
Wealden sites (Paynter 2012) is the low ratio of iron oxide to titanium oxide, which will
remain unchanged even if quartz-temper is added to the clay mixture. Plots featuring this
ratio (Figure 2) show the analysed samples dividing into two groups, with the samples

likely to be made from pipe clay grouping on the left.

Table 3: Average (of three) compositions of crucible samples determined by SEM-EDS,

normalised weight percent oxides

Sample Na,O M™MgO AlLO; SO, KO CaO TiO, Fe,O4
HWAT1.2 026 079 1882 7346 293 039 103 228
HWAI I 030 067 I575 7787 225 040 09I 1.81
IFGI1 GS. 34.1 023 063 1497 7956 .82 046 074 153
IFGII GS 43.1 072 097 1923 7479 182 075 058 1.09
IFG I'l GS 432 026 086 1804 7697 .77 027 064 1.1
KAIl (around furnace) 048 076 1759 7562 209 041 090 207
MFLIT Q6 C Quad 025 077 1780 7617 204 035 083 174
MFLIT SQ5 Q5 026 078 1725 7634 227 035 088 187
MFL 11 SQ 13 B Quad 0.14 069 1686 7756 207 029 08l .55
PCRI'T GEN 3 023 058 2308 6921 238 060 118 27l
PCRI1 GENI 055 036 2018 7414 235 040 126 069
PCR Il GEN .2 028 031 2317 7233 154 012 122 096
PCRI1 SQ2 033 039 2047 7378 .71 042 1.60 126
SWAI I-5 078 067 1679 768l 224 032 077 159
SWAIT 22 0.10 028 2165 7374 122 018 128 147
SWAI -6 0.18 046 1898 7555 .69 033 127 150
SWAII 23 0.12 022 2241 7326 097 018 143 135
SWAI I 4.1 0.19 036 2013 7445 143 048 166 .21
JHCIT 101 0.21 024 2207 7304 .39 026 136 134
LFBIT US 027 022 1929 7560 122 038 149 146
WEFRI'1.5 U/S 022 034 2484 6995 .86 0.10 143 123
WEFRI1.7 U/S 0.13 037 1876 764l 159 034 127 108
© ENGLISH HERITAGE 6 12-2013
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Figure 2: Iron/titanium (pipe clay) and alumina/silica (quartz-rich) content from a selection
of crucibles from a selection of Wealden glasshouse sites. The outlier from Primrose
Copse has atypically high levels of iron, but is otherwise consistent with the pipe clay
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Figure 3: Alumina and silica oxide contents from a selection of crucibles from a selection

of Wealden glasshouse sites

Crucibles made from quartz-rich clay, suggesting an earlier date, were found at Hogs
Wood, Malhams Farm, Imbhams Farm and Knightons, and also one of the five samples
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from Sidney Wood. Crucibles containing pipe clay were found at Primrose Copse,
Woodhouse Farm, June Hill and Sidney Wood (four out of the five samples).

No attempt has been made to define an intermediate composition, as in Paynter 2012,
because there is a broad compositional range for both crucible types with some overlap
in between (Figure 3) and so an intermediate composition cannot be clearly differentiated
with the number of samples analysed.

Glass

The glass compositions are differentiated largely by their concentrations of calcium,
potassium and magnesium oxides (Figure 4). HLLA glass from Wealden sites contains high
levels of calcium oxide of up to around 25wt%; whereas potash glass contains less, as little
as |3wt% in Wealden examples. However it is apparent from Table 4 that some of the
glass samples fall somewhere between these extremes and that there is sometimes
significant variation amongst the samples from a single site (Figure 5).

30
28
< Hogs Wood
26
d 0O Imbhams Farm

24 -
. L . A Knightons
S 22 . *
"é’ O Malham Farm
< 20 1 +
o - B Primrose Copse
S 187 M e
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1 = idney Woo
16 1 AT O
] + June Hill
14
= Woodhouse Farm
12
10 T T T T T T
0 2 4 6 8 10 12 14
K,0 (wt%)

Figure 4: Calcium and potassium oxide contents of glass working waste from the Wealden
glasshouse sites in this study showing the Sidney Wood and Primrose Copse HLLA
samples in the top left
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Table 4: Average (of four) compositions of glass samples determined by SEM-EDS, normalised wejght percent oxides

Sample Na,O MgO ALO, SiO, PO, SO, al K,0 CaO TiO, MO  Fe,0; CoO AsO; Bi,O,
HWA | 235 605 209 5707 295 027 043 937 1736 023 099 0.68 bd  bd bd
HWA 3 294 80l 134 5340 334 033 0.57 12.28 1574 020 1.09 06l bd  bd bd
IFG 7 230 729 095 5850 270 043 0.60 10.95 1458 0.18 116 043 bd  bd bd
IFGI1 GS235 26l 685 144 5624 3.10 040 058 1061 1641 02l 097 057 bd  bd bd
JHCI1 2 L1 465 230 5822 216 0.46 032 8.60 1928 037 .40 093 bd  bd bd
JHC-5 126 535 230 5703 250 0.44 0.24 8.54 1943 03I 151 0.86 bd  bd bd
JHCI1 6 087 375 251 5639 309 040 033 11.42 1835 039 123 1.08 bd  bd bd
KAIL | 152 733 189 5512 289 027 042 11.25 1732 022 101 067 bd  bd bd
KAII 2 150 673 158 5872 202 0.40 029 1141 1549 025 0.73 0.67 bd  bd bd
KAI 3 163 681 210 5518 294 026 039 | 1.04 1774 023 098 063 bd  bd bd
KAII 4 253 699 205 5523 339 044 0.55 10.32 1640 024 116 0.74 bd  bd bd
MFL | 239 596 205 5574 343 020 047 10.34 1734 024 097 0.79 bd  bd bd
MFL 2 221 599 221 5517 348 bd 042 10.39 1761 022 .09 093 bd  bd bd
PCRI1-2 098 295 416 5836 216 032 bd 5.77 24 048 0.78 | 44 bd  bd bd
PCRI1-5 101 229 237 6244 .66 023 023 424 2340 030 071 097 bd  bd bd
PCRII GEN3 100 230 239 6238 .68 bd 023 425 2338 03 0.75 098 bd  bd bd
PCRIISQ4 1 190 526 174 5862 24l 03I 0.54 8.90 18.15 024 091 0.86 bd  bd bd
PCRI1SQ42 190 545 168 5847 24l 035 058 8.75 1827 024 092 0.82 bd  bd bd
SWAIT | 070 221 242 6140 .66 025 bd 407 2524 03 0.64 090 bd  bd bd
SWAII 2 203 252 281 63.14 1.56 035 bd 2.90 2177 044 0.70 091 bd  bd bd
SWAITI 3 096 288 483 5708 1.75 029 bd 7.08 222 046 117 1.07 bd  bd bd
SWAI 4 251 374 212 5860 216 072 037 507 2268 028 0.79 0.84 bd  bd bd
SWAII 5 246 373 210 5854 219 0.69 037 502 2284 028 0.78 0.85 bd  bd bd
WFRI 1 2 175 532 192 5644 287 033 038 10.14 1859 025 0.87 097 bd  bd bd
WFRI1 3 199 530 204 5668 273 033 048 9.47 17.01 029 1.03 117 025 055 040
WFRI | 4 149 52 180 5652 296 026 042 1251 1672 026 0.84 0.87 bd  bd bd
WFRI1 5 155 537 177 5662 302 025 0.46 1231 1651 030 0.86 08| bd  bd bd
WFRI 1 6 289 605 253 5579 302 bd 035 8.50 1803 033 115 094 bd  bd bd
WFRI | 7 226 570 181 5628 327 02l 0.58 11.80 1593 025 090 0.78 bd  bd bd
WFRI | U/S 214 606 188 5746 283 026 039 10.09 1668 025 1.00 0.80 bd  bd bd
WFRITUSS 153 G5l 179 5684 292 bd 042 12.38 1670 028 0.82 0.85 bd  bd bd
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Figure 5: Plot of the ratio of ime to magnesia versus iron oxide to silica in the glass
working waste from the Wealden glasshouse sites in this study, again showing the
differentiation between HLLA (nght) and potash (left) glass

The high levels of lime, in excess of 20wt%, in three samples from Primrose Copse and all
of the samples from Sidney Wood are consistent with HLLA glass. The high levels of
magnesia and potash, in excess of 5.5wt% and |0wt% respectively, in the glass from Hogs
Wood, Imbhams Farm, Knightons farm and Malhams Farm and most samples from
Woodhouse Farm are consistent with potash glass. However the samples from June Hill,
two samples from Primrose Copse and some of the samples from Woodhouse Farm are
somewhere in between.

DISCUSSION

The analysis of glassworking waste from nine Wealden glasshouses provides information
as to the types of crucible used and glass produced at each site. The arrival of immigrant
French glassworkers in the 1560s denotes the beginning of significant changes in the
production of glass in post-medieval England. However it appears that these changes in
practice develop over a period of time, and perhaps at different rates depending on the
particular site, and the products being made, whether windows, fineware or utilitarian
vessels. More detailed interpretation will be possible when the final stages of the Wealden
Glass project have been completed, but here we compare the types of crucible and glass
found at each site using the results to date (Table 5), with an updated conclusion on
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whether the sites maybe early (e), late (I) or transitional (t) based on the materials that
they were using and producing.

Table 5: Showing the range of sites and, based on the material in this study, what
matenals were used and produced

Site Crucible Glass Date
Quartz-rich ;E))Zgizy Potash Intermediate  HLLA
Hogs Wood * * e
Imbhams Farm * * e
June Hill * * * t
Knightons * * e
Lordings Farm * I
Malham Farm * * e
Primrose Copse * * * * t
Sidney Wood ) *4) * I
Woodhouse Farm * * * t

Figure 6: Round-rimmed bodly fragment of pipe clay crucible from Sidney Wood (SWA
5). There is a glazed appearance to both the outer and inner surfaces, partly from the
glass contained in the pot and partly from the furnace atmosphere
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Figure /- Fragment of quartz-rnich crucible from Malham Farm (IMFI1 SQ5 Q5)

The crucibles from Imbhams Farm, Malham Farm, Knightons and Hogs Wood were all of
the quartz-rich type, and probably made from the nearby Nonsuch clay or similar
(Paynter 2012). The glass from all of these sites is also potash glass. It is therefore likely
that these sites predate the arrival of glassworkers from continental Europe around the
1560s and the accompanying changes in technology. Hogs Wood was described as an
‘early’ glasshouse by Kenyon because of a possible 14"-century deed reference (Kenyon
1967, 31). Knightons is thought to be early 16" century on the basis of a previous
archaeomagnetic date and associated archaeological evidence (Wood 1982). Kenyon was
uncertain of the date of Malham Farm on the basis of the glass appearance but ultimately
opted for post 1560s production (Kenyon 1967, 190), although these results suggest that
is probably incorrect.

The crucibles from Woodhouse Farm, June Hill and Primrose Copse, plus most of the
crucibles from Sidney Wood and the refractory fragment from Lordings Farm are made
from grogged pipe clay, however only Sidney Wood and Primrose Copse produced
HLLA glass. Sidney Wood is mentioned in documentary evidence at the time of Carré’s
application in 1567 (Winbolt 1933) and so was anticipated to post-date the |560s
although one quartz-rich crucible was also found, which may suggest that there was also
earlier glass production in the nearby area. No glass was recovered during field walking at
Lordings Farm.

June Hill and Woodhouse Farm produced glass with intermediate compositions. This is

supported by previous data for June Hill (Dungworth 2007), which similarly shows an
intermediate glass composition. Unpublished data for other samples from Woodhouse
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Farm (Paynter pers comm) are closer to the HLLA composition than to the potash one,
which supports the conclusion that a range of compositions were produced at this site.

Cobalt blue glass from the Weald

Both potash-glass and HLLA glass are usually greenish in colour, although the potash-glass
tends to weather more rapidly, and so can have an opaque brown or pearlescent outer
layer of deteriorated glass (Figure 8). Some HLLA glassworking waste can appear blue or
opaque as a result of phase separation in the glass (Figure 9), however these fragments
are transparent green-brown in colour when held up to the light. In addition there were
some fragments amongst the fieldwalking finds that had been intentionally coloured deep
blue by the addition of small amounts of cobalt oxide colourant. Some of these were
fragments of window glass, and maybe cullet that was brought to the site, and so were
not selected for analysis, but others were clearly waste glass (Figure 10) indicating that
coloured glass was being used at the sites in question.

L

Figure 8: Typical discoloured, pearlescent appearance of weathered potash-rich glass from
Imbhams Farm

Only very low concentrations of cobalt are required to produce a strong colour, for
example the 18"-century glass trade ingots from the Albion shipwreck contained only
0.037% cobalt oxide but had a strong blue colour (Redknap and Freestone 1995, 148).
The levels present in the Wealden glass fragments are for the most part below the
detection limit of the EDS used in this study, however XRF analysis confirmed the
presence of cobalt oxide in some glass from Woodhouse Farm (WFRI| 3) and Sidney
Wood (SWAI | 2) (Figure 10).

Coloured glass has been reported previously at several sites in the Weald (Kenyon 1967),

but it is rarely clear whether this is cullet brought to the site or glass made at the site.
Kenyon states that coloured glass tends to be from the later sites (1967, 204); the colours
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include ruby red and an intense blue. Kenyon notes that of all the glasshouse sites, only
Woodhouse Farm had physical evidence of cobalt blue glassworking, in the form of one
fragment of glass waste and that the shade of blue is unlike the blue-green seen elsewhere
(Kenyon 1967, 192-3). This was also observed amongst the assemblage studied here,
because the levels of colourant were highest in one of the Woodhouse Farm examples,
giving deep blue streaks. One sample from Sidney Wood, a thin distorted fragment with a
rounded edge, had a peacock green colour (SWAI | 2).
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Figure 9: Typical greenish, better preserved appearance of HLLA glass (from Frimrose
Copse), the central example appears opaque because of phase separation, which Is quite
common in HLLA glass

Figure 10: A fragment of glass from VWoodhouse Farm (WFR/! 1 3) with streaks of deep
blue cobalt oxide colourant and an overall peacock green colour
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There are different sources of cobalt colourant, which can be differentiated by the
elements that appear with that particular cobalt source and the patterns of use vary
chronologically and geographically (Gratuze et a/ 1995, 124). Typical associated elements
include arsenic, bismuth, zinc and nickel, which were detected in the highlighted samples
from Woodhouse Farm and Sidney Wood using XRF but in most cases at levels of below
0.1wt2%,; this is below the detection limit for these elements using SEM-EDS, therefore
nickel and zinc are not shown in Table 4. Part of the XRF spectrum showing peaks for
bismuth, arsenic, zinc, copper and nickel for sample SWAI | 2 is shown in Figure | 1.

K

' 7o0 750 80O 850 900 950 1000 1050 11.00 1150 1200 1250  13.00

Figure 11 Part of the XRF spectrum of Sidney Wood glass fragment (SWA I 2) showing
small peaks for arsenic (AsK), bismuth (BIL), zinc (ZnK) and nickel (INIK)

CONCLUSIONS

The results of this study have been interpreted with caution because all of the analysed
material comes from field walking. Although the material is unlikely to have been displaced
far from the glasshouse where it was originally used, the finds may reflect different periods
of use, or may have originated from separate glasshouses in close proximity. Several of
the sites display variation in glass and crucible composition, which in some cases is
probably a result of factors like these.

Despite these limitations, the theory that the raw materials used for crucible construction

changed in advance of the glass composition; put simply old glass in new pots but never
new glass in old pots, is supported by the results of this study. The quartz-rich crucibles

© ENGLISH HERITAGE I5 12-2013



were replaced with grogged refractory pipe clay pots, which probably had improved
longevity, prior to changing the glass composition. These refractory clays were sourced
from elsewhere, for example from Dorset or Devon, and brought into the glassmaking
region.

It is notable from this study that only four sites, Malham Farm, Imbhams Farm, Knightons
and Hogs Wood, plus one of the five samples from Sidney Wood, had crucibles typical of
earlier sites. Overall these sites are the minority, perhaps reflecting the smaller scale of the
industry before the influx of skilled glassworkers from the continent.

Most of the sites used later types of crucible, which were formed with high titanium/low
iron pipe clay; this clay was used for its refractory properties and resistance to chemical
attack but had to be sourced from elsewhere. Two of these sites, Sidney Wood and
Primrose Copse, also produced HLLA glass typical of later periods (no glass was found
during field walking at Lordings Farm).

Unexpectedly, the study has shown a great variation in the glass produced at some of the
sites, probably dating from the 560s or later (based on the crucible composition),
particularly at June Hill and Woodhouse Farm, but also Primrose Copse, and there are a
number of possible explanations for this. At some sites there may be more than one
furnace in close proximity or different phases of glass production resulting in multiple
dumps of waste; this is more likely where different compositions of glass were retrieved
from different areas, as at Primrose Copse. There may have been experimentation with
the composition used or slightly different compositions used for different types of
product. Finally recycling of potash glass cullet in the production of an otherwise HLLA
glass batch, or vice versa, would result in intermediate glass compositions.

Similarly, it may be possible that when grogged crucibles first began to be used, the older
pots, those with a quartz-rich composition, were broken down and reused for grogging
new crucibles. This could explain atypical finds, such as the single quartz-rich crucible from
Sidney Wood.

As with the majority of research, more questions have arisen as a result of these analyses.
One of the most interesting is the production of intentionally coloured blue or blue-green
glass at two sites, which contained low levels of cobalt. Both sites where cobalt was
clearly detected in glassworking waste, Woodhouse Farm and Sidney Wood, had later-
type grogged crucibles and so are likely to date from the [560s or later. The cobalt itself
is difficult to detect but the colourant also contained nickel, zinc, bismuth and arsenic,
which were easier to detect, and together confirmed the intentional addition of a cobalt
colourant, or cobalt coloured glass cullet.

Future work on the finds from this project and comparison with material from other
regions will help to answer some of these questions.
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APPENDIX |

Table I: Known standard compositions, normalised wt%, bd = below detection limit (Vicenzi et al. 2012, Brill 1999)

Sample  Na,O MgO ALO, SO, PO, SO, Cl K,O CaO TiO, MnO Fe,0O, CoO CuO ZnO Sb,0O, BaO PbO
1400 263 094 6686 007 017 010 297 529 087 112 124 021 130 bd .67 043 003

1400 263 094 6682 0.0 017 Ol 298 523 091 108 1.5 016 132 bd |77 045 0.2

Coming 1410 272 096 6694 009 0I8 0Il 293 522 08 .10 115 017 126 bd 173 042 002
A 1407 263 092 6702 008 014 014 29| 516 078 110 1.17 013 130 bd 182 053 003
1429 264 094 6705 009 0.4 014 29I 5019 089 102 .17 018 125 bd 154 044 008

1407 263 099 6655 0.5 012 016 29I 525 083 110 122 017 132 bd 186 056 009

Mean 1409 265 095 6687 010 0I5 0I3 294 522 085 109 .18 0.7 129 bd 173 047 006
StdDev 0.1 004 002 0.8 003 002 002 003 004 004 003 004 003 003 - 012 006 004
Known 1430 266 100 6615 0.3 013 006 287 503 079 100 109 ol17 ILI7 005 175 056 0.2
134 403 520 5529 350 021 0.8 [171 1515 047 059 057  bd 043 0ll 066 022 028

134 401 521 5527 361 022 023 1168 I5Il 034 056 052  bd 042 016 068 036 027

Corning 139 386 523 5550 363 024 0.8 1180 1517 042 060 049  bd 033 012 061 018 023
D 131 394 528 5520 372 018 021 1179 1515 047 056 05l bd 038 0Il 056 026 033
143 402 527 5550 364 019 020 155 1497 039 058 056  bd 031 014 070 036 020

138 394 518 5538 363 022 022 1169 1521 044 063 052  bd 041 003 060 023 030

134 407 520 5542 357 026 0.8 1159 1497 038 059 056  bd 040 010 079 036 023

Mean 136 398 523 5537 361 022 020 1169 1510 042 059 053  bd 038 0I1 066 028 026
StDev 004 007 004 042 007 003 002 009 010 005 002 003 - 005 004 008 008 004
Known 120 394 530 5549 393 030 040 130 1480 038 055 052 002 038 0.0 097 034 025
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Table 2: Crucible analyses, SEM-EDS wt’% oxides, normalised (bd = below detection

limit)

Sample Na,O MgO ALO, SO, C KO CaO TO, Fe0,

HWAI .1 0.34 0.62 15.28 7821 bd 268 036 0.86 [.60

0.25 0.73 [6.16 77.65 bd 204 043 0.82 1.90

0.32 0.66 15.81 7776 bd 204 040 1.06 .94

HWAI .2 0.35 0.79 18.78 73.19 bd 251 0.49 |21 2.62

0.18 0.83 19.04 7329 bd 325 03l 097 2.09

026 0.74 18.64 739 bd 304 036 09 2.13

IFGII GS. 34.1 0.26 0.66 14.89 79.73 bd .75 042 0.73 | .47

0.26 0.66 14.89 79.73 bd 175 042 0.73 |47

0.17 057 1512 7922 bd 196 054 0.75 |.64

IFGI I GS 43.1 0.29 0.98 19.05 75.57 bd 1.84 0.62 0.56 1.03

0.87 0.88 19.82 7397 bd .86 0.84 0.57 [.12

.00 .04 18.81 74.82 bd 177 0.78 0.60 [0

IFG Il GS43.2 0.33 091 18.84 76.09 bd .72 034 0.6l [.08

0.27 0.82 17.33 77.81 bd .80  0.24 0.62 1.03

0.18 0.84 1797 77.02 bd .78 023 0.69 [.22

JHCIT 101 0.14 0.21 2198 73.54 bd [.16 032 .32 |.25

0.33 0.29 21.85 73.08 bd [.16 0.3l .37 .57

0.17 0.23 22.39 7249 0.13 1.86 0.15 |.38 .21

KA I (around furnace) 0.56 0.77 |7.61 75.64 bd 208 041 0.8l 2.06

042 0.76 17.68 75.62  bd 207 040 093 2.07

047 0.76 17.49 7560 010 212 043 0.95 2.07

MFL 'l SQ 13 B Quad 0.15 0.65 16.71 7772 bd 205 028 0.8l |.58

0.13 0.66 1735 7695 bd 220 030 0.80 |.58

0.13 0.75 16.53 7800  bd 1.97 030 0.81 |.48

MFLI'T Q6 C Quad 0.25 0.79 18.53 75.30 bd 207 036 0.85 [.83

0.23 0.67 17.00 7732 bd 199 035 0.79 1.59

0.28 0.85 |7.88 75.90 bd 205 033 0.86 .79

MFLIT SQ5 Q5 0.25 0.74 1726 76.44 bd 224 035 0.88 1.82

0.26 0.80 1724 7629 bd 229 035 0.88 .89

0.26 0.80 17.24 7629  bd 229 035 0.88 1.89

PCR I'l GEN | 0.70 042 19.92 7373 bd 290 043 |26 0.58

0.58 0.34 19.95 74.14 bd 242 042 |28 0.78

0.38 0.31 20.66 74.55 bd .73 035 .23 0.70

PCRII GEN 2 0.35 0.35 22.75 7274 bd |57 0.12 .17 0.92

0.23 0.25 2298 7272 bd 145  0.10 [.18 1.0l

026 032 2379 7153  bd .60 0.14 .31 0.96

PCRI'l GEN 3 0.18 0.56 23.07 69.35 bd 236 0.6l .20 2.65

026 0.60 23.23 6891 bd 241 0.58 |21 278

0.24 057 22.95 69.38 bd 237 0.6l [.14 2.69
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Sample Na,O MgO ALO, SO, Cl KO CaO TO, Fe,0,

PCRI1 SQ2 030 036 2039 7390 bd 173 041 161 126
046 040 2045 7366  bd 168 045 1.6l 1.29

022 040 2057 7377  bd 173 04l 159 123

SWAIT 1.5 023 039 2050 7379 010 148 054 173 125
020 0.30 1950 7539  bd 138 045 157 LIS

0.15 040 2038 7417 012 143 045 168 123

SWAI T 22 0.10 028 2154 7389  bd 122 017 129 143
0.10 028 2154 7389  bd 122 017 129 143

0.1 029 2188 7345  bd 122 021 126 155

SWAIT 2.3 0.1 022 2268 7291  bd 102 017 144 140
0.12 025 2308 7255  bd 097 017 145 133

0.14 020 2148 7431  bd 091 019 14l 1.32

SWAI I-5 097 068 1689 7660  bd 203 037 077 165
0.70 0.64 1704 7667  bd 224 033 076 159

068 068 1645 7716  bd 244 026 079 152

SWAI -6 020 045 1879 7566  bd 169 036 129 150
0.14 0.54 1899 7565  bd 155 034 125 150

021 040 1915 7533 bd 182 029 128 150

WFRI 1.5 U/S 023 037 2566 6902  bd 192 007 147  12I
022 033 2454 7029  bd 179 0.1 |41 128

0.20 033 2433 7054  bd 186 012 140 121

WFRI 1.7 U/S 0.10 037 1936 7583  bd 166 033 12 .08
0.15 038 1834 7682  bd 155 035 13 1.07

0.14 037 1857 7659  bd 156 034 129 110

LFBI1 US 0.29 098 1905 7557  bd 184 062 056 103
0.87 0.88 1982 7397  bd 186 084 057  LI2

1.00 .04 1881 7482  bd 177 078 060 LIl
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Table 3: Glass analyses, SEM-EDS wt% oxides, normalised (bd = below detection limit)

Sample Na,© MgO  ALO; SO, P,0O; SO, @ K,O CaO  TO, MnO Fe,0O; CoO  As,O; BiL,O;
HWA | 2.34 6.09 2.12 57.14 299 0.26 0.42 9.42 1735 024 0.98 0.66 bd bd bd
2.38 6.06 2.12 5706 294 0.25 0.45 9.36 1731 0.20 .01 0.68 bd bd bd
2.34 599 2.04 5730 293 0.30 0.43 9.34 1741 024 0.99 0.69 bd bd bd
Average 2.35 6.05 2.09 5717 295 0.27 0.43 9.37 1736  0.23 0.99 0.68 bd bd bd
HWA 3 292 798 1.39 5323 332 0.36 0.59 1231 1558 022 [.10 0.61 bd bd bd
3.00 8.06 1.30 5350 342 0.25 0.53 1229 1584 020 1.08 0.63 bd bd bd
2.89 8.00 .32 5346 329 0.38 0.58 1223 1580 0.17 [.10 0.58 bd bd bd
Average 294 8.0 [.34 5340 334 0.33 0.57 1228 1574 020 1.09 0.61 bd bd bd
IFG 7 2.30 724 0.94 5865 276 0.40 0.56 1088 1462 0.17 l.16 0.43 bd bd bd
226 7.39 0.98 5833 267 0.49 0.6l 1.0l 1469 0.19 [.18 041 bd bd bd
2.34 723 0.94 5851  2.68 041 0.63 1097 1444 0.17 [.15 0.44 bd bd bd
Average 2.30 7.29 0.95 5850 270 043 0.60 1095 1458 0.18 l.16 043 bd bd bd
IFGI1 GS23 5 2.55 6.88 |.48 5622 309 0.40 0.59 1060 1637 0.18 0.94 0.56 bd bd bd
257 6.80 .44 5632 3.1 0.39 0.58 1062 1638 023 1.02 0.57 bd bd bd
2.70 6.88 .40 56.19 309 0.42 0.58 1061 1649 023 0.94 0.58 bd bd bd
Average 26| 6.85 .44 5624  3.10 0.40 0.58 061 1641 021 0.97 0.57 bd bd bd
JHCI1 2 l.16 4.73 2.32 5800 2.19 0.44 0.34 8.49 1946  0.39 .40 0.85 bd bd bd
[.12 4.63 2.33 5825 219 0.47 0.32 8.58 1928 0.36 1.39 0.94 bd bd bd
.05 4.60 2.25 5840 2.10 047 0.31 8.73 19.09 0.36 .40 0.99 bd bd bd
Average [.11 4.65 2.30 5822 216 0.46 0.32 8.60 1928 037 .40 0.93 bd bd bd
JHC-5 [.21 544 2.14 5676  2.64 0.40 0.30 8.55 19.68 032 1.56 0.81 bd bd bd
1.30 5.09 2.39 5791 247 0.34 0.30 8.61 18.80 032 |41 0.86 bd bd bd
.27 552 2.37 5643 239 0.59 0.12 8.45 19.81  0.30 .55 0.90 bd bd bd
Average 1.26 535 2.30 5703 250 0.44 0.24 8.54 1943 0.3l .51 0.86 bd bd bd
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Sample Na,©O MgO  ALO; SIO, P,O; SO, @ K,O CdO  TO, MnO Fe,0O; CoO  As,O; BiL,O,
JHCI1 6 0.87 375 2.56 5645 3.6 0.38 0.33 1139 1827 042 1.22 .05 bd bd bd
0.89 377 2.45 5629 3.3 0.39 0.35 145 1843 039 1.22 1.09 bd bd bd
0.85 372 2.53 5642 298 0.43 0.31 142 1834 037 .24 1.09 bd bd bd
Average 0.87 375 2.51 5639 309 0.40 0.33 142 1835 039 1.23 1.08 bd bd bd
KAIT | [.55 7.45 1.81 5524 291 bd 0.41 1126 1725 023 1.06 0.66 bd bd bd
|.46 723 1.97 5530 285 0.25 0.37 [1.36  17.12 022 1.02 0.71 bd bd bd
.56 7.30 1.88 5483 292 0.38 0.49 [1.13 1759  0.21 0.95 0.65 bd bd bd
Average 1.52 7.33 1.89 55.12 289 0.27 042 1125 1732 022 101 0.67 bd bd bd
KAIT 2 |44 594 .72 60.72  1.65 0.36 0.24 1024 1602 027 0.65 0.71 bd bd bd
.53 7.00 .51 58.15  2.15 0.41 0.32 [1.84 1531 023 0.79 0.66 bd bd bd
.52 725 I.51 5729 227 0.43 0.31 1215 1515 0.26 0.76 0.64 bd bd bd
Average 1.50 6.73 1.58 5872 202 0.40 0.29 [1.41 1549 025 0.73 0.67 bd bd bd
KAII 3 |.64 6.81 2.07 5531 296 022 0.37 .16 1766 022 0.96 0.61 bd bd bd
.60 6.80 2.08 5492 299 0.32 0.40 (1.0 1789 025 0.98 0.63 bd bd bd
.65 6.82 2.14 5531 286 0.24 0.39 1094 1767 022 0.99 0.65 bd bd bd
Average 1.63 6.81 2.10 55.18 294 0.26 0.39 [1.04 1774 023 0.98 0.63 bd bd bd
KAl 4 252 6.99 2.05 5508 342 0.50 0.57 1029 1624 029 [.15 0.72 bd bd bd
2.66 7.12 2.03 5521 344 0.42 0.55 1035 1624 024 1.20 0.76 bd bd bd
241 6.87 2.08 5540 3.30 0.39 0.52 031 1673 020 [.14 0.73 bd bd bd
Average 2.53 6.99 2.05 5523 339 0.44 0.55 1032 1640 024 .16 0.74 bd bd bd
MFL | 2.38 5.88 2.04 5570 343 0.21 0.50 1035 1729 026 1.0l 0.75 bd bd bd
243 595 2.11 55.65 34l 0.20 0.45 1029 1739 023 0.99 0.83 bd bd bd
2.35 6.04 2.0l 5587 346 bd 0.45 1039 1733 023 0.92 0.80 bd bd bd
Average 2.39 596 2.05 5574 343 0.20 0.47 1034 1734 024 0.97 0.79 bd bd bd
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Sample Na,© MgO ALO; SO, P,0O; SO, @ K,O CdO  TO, MnO Fe,0O; CoO  As,O; BiL,O;
MFL 2 226 597 2.06 5571 34l bd 043 1052 1751 0.7 1.00 0.82 bd bd bd
2.16 6.00 2.25 5474 355 022 0.44 1025 17.67 028 [.15 0.97 bd bd bd
2.21 6.00 2.32 5507 348 bd 0.39 1040 1766 0.21 I.13 1.0l bd bd bd
Average 2.21 599 2.21 55.17 348 bd 0.42 1039 1761 022 1.09 093 bd bd bd
PCRI -2 0.97 291 4.16 5826 213 0.37 0.13 5.74 2239 050 0.76 |.48 bd bd bd
1.04 293 4.14 5838 2.5 0.27 bd 5.75 2241 050 0.77 .39 bd bd bd
0.93 3.00 4.17 5843 220 0.32 bd 5.82 2245 043 0.81 .45 bd bd bd
Average 0.98 295 4.16 5836 216 0.32 bd 5.77 2242 048 0.78 |44 bd bd bd
PCRI -5 0.96 227 2.38 6255 1.69 0.21 0.23 4.26 2335 032 0.69 0.99 bd bd bd
1.04 2.25 2.32 6236 173 027 0.23 425 2339 027 0.73 0.96 bd bd bd
1.02 2.34 241 6242 157 0.21 0.24 4.21 2346 032 0.71 0.96 bd bd bd
Average .01 2.29 2.37 6244 1.66 023 0.23 424 2340 0.30 0.71 0.97 bd bd bd
PCRI| GEN3 0.96 2.34 2.34 6234 171 bd 0.23 4.26 2349 0.3l 0.73 0.98 bd bd bd
0.99 223 247 6255 1.64 bd 0.22 4.25 23.15 032 0.77 0.97 bd bd bd
.05 2.32 2.36 6226 1.68 bd 0.24 4.23 2351 030 0.74 0.98 bd bd bd
Average 1.00 2.30 2.39 6238 168 bd 0.23 4.25 2338 0.3l 0.75 0.98 bd bd bd
PCRI| SQ4 | .85 5.20 .75 5881 238 0.28 0.55 8.88 18.08 022 0.85 0.88 bd bd bd
1.93 533 .74 5857 236 0.34 0.52 893 18.15 0.26 0.94 0.82 bd bd bd
1.92 5.26 1.73 5847 248 0.32 0.55 8.89 1821 023 0.93 0.87 bd bd bd
Average 1.90 526 .74 5862 24l 0.31 0.54 8.90 18.15 0.24 091 0.86 bd bd bd
PCRI| SQ4 2 .88 544 |.68 5859 247 0.30 0.59 8.85 1823 0.23 0.95 0.79 bd bd bd
191 557 .63 5850 234 0.35 0.56 8.80 1829 0.24 0.89 0.85 bd bd bd
.91 5.34 .72 5832 242 0.39 0.60 8.61 1828 0.25 0.93 0.82 bd bd bd
Average 1.90 545 .68 5847 24l 0.35 0.58 8.75 1827 0.24 0.92 0.82 bd bd bd
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Sample Na,© MgO ALO; SO, P,0O; SO, @ K,O CdO  TO, MnO Fe,0O; CoO  As,O; BiL,O;
SWAI I | 0.74 221 2.38 6133 165 0.30 0.10 4.04 2509 032 0.62 0.95 bd bd bd
0.66 2.22 247 6130 163 023 bd 4.09 2535 032 0.61 0.88 bd bd bd
0.69 2.21 242 6156 1.69 0.21 bd 4.08 2529 029 0.68 0.87 bd bd bd
Average 0.70 2.21 242 6140 1.66 0.25 bd 4.07 2524 0.3l 0.64 0.90 bd bd bd
SWAI I 2 2.04 2.50 2.89 6294 1.64 0.32 bd 2.89 21.87 049 0.74 0.89 bd bd bd
2.06 2.53 2.74 63.10 148 0.39 bd 290 21.65 047 0.69 0.96 bd bd bd
1.99 2.53 2.80 6339 156 0.35 bd 290 21.80 035 0.68 0.89 bd bd bd
Average 2.03 2.52 2.81 63.14 156 0.35 bd 290 2177 044 0.70 091 bd bd bd
SWAI I 3 1.01 291 4.59 57.10 178 0.22 bd 7.58 2195 042 l.16 [.10 bd bd bd
0.98 2.63 5.68 5826 155 0.24 bd 7.74 2005 046 [.12 .09 bd bd bd
0.89 3.09 4.21 55.88 192 0.42 bd 591 24.67 051 1.23 1.01 bd bd bd
Average 0.96 2.88 4.83 5708 175 0.29 bd 7.08 2222 046 .17 1.07 bd bd bd
SWAI I 4 2.55 379 2.05 5834 209 0.78 0.41 5.02 2289 033 0.77 0.81 bd bd bd
251 3.69 2.21 5897 220 0.63 0.32 5.16 2232 023 0.79 0.84 bd bd bd
247 374 2.09 5849 2.18 0.74 0.37 5.04 2284 0.28 0.82 0.87 bd bd bd
Average 251 374 2.12 5860 2.16 0.72 0.37 5.07 2268 028 0.79 0.84 bd bd bd
SWAI I 5 243 373 2.07 5878 220 0.75 0.36 5.09 2262 027 0.79 0.87 bd bd bd
252 376 2.06 5834 216 0.72 0.40 4.98 2298 0.27 0.75 0.83 bd bd bd
244 3.70 2.16 5849 221 0.60 0.36 5.00 2292 030 0.79 0.86 bd bd bd
Average 246 373 2.10 5854 2.19 0.69 0.37 5.02 22.84 028 0.78 0.85 bd bd bd
WFRI1 2 .81 5.31 1.96 5649 284 033 0.39 1008 1849 027 0.88 0.97 bd bd bd
.74 5.36 1.95 5641 294 0.29 0.37 [0.17 1863 026 0.85 0.97 bd bd bd
[.71 5.29 .85 5641 284 0.38 0.38 10.18 1866 0.23 0.88 0.98 bd bd bd
Average [.75 532 1.92 5644 287 0.33 0.38 [0.14 1859 025 0.87 0.97 bd bd bd
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Sample Na,© MgO ALO; SO, P,0O; SO, @ K,O CdO  TO, MnO Fe,O; CoO  As,O;  Bi,O;5
WFRI | 3 1.98 523 2.07 5675  2.66 0.35 051 9.74 1686 0.27 0.83 [.21 0.25 0.58 0.42
2.0l 534 2.09 5668 275 0.39 0.48 9.35 1709 0.30 [.13 [.19 022 0.52 0.39
1.97 532 1.97 5662 278 0.25 0.46 9.31 1707 0.3l [.13 [ ] 0.28 0.56 040
Average 1.99 5.30 2.04 5668 273 033 0.48 9.47 1701 029 1.03 [.17 0.25 0.55 0.40
WFRI | 4 |.54 521 .76 5649 30l 0.29 0.44 1254 1661 026 0.84 0.84 bd bd bd
1.50 525 1.80 5652 282 0.27 043 1253 1685 024 0.83 0.86 bd bd bd
.43 5.16 [.84 5654  3.05 0.21 0.40 1247 1670 027 0.84 091 bd bd bd
Average |.49 521 1.80 5652 296 0.26 042 1251 1672 026 0.84 0.87 bd bd bd
WFRI1 5 1.56 528 1.80 5673 299 bd 0.44 1232 1647 029 0.85 0.86 bd bd bd
[.55 541 1.75 5663 3.04 0.28 0.45 1235 1652 029 0.84 0.80 bd bd bd
|.54 541 .76 5650 3.02 0.29 0.48 1227 1653 032 0.88 0.76 bd bd bd
Average [.55 537 .77 5662 302 0.25 0.46 1231 1651 030 0.86 0.81 bd bd bd
WFRI1 6 2.85 6.05 2.50 5594 304 bd 0.33 8.55 1808 0.30 .14 0.99 bd bd bd
2.86 6.14 250 5581 295 0.23 0.34 8.46 1807 034 .17 0.94 bd bd bd
296 595 2.58 5561  3.07 bd 0.38 8.49 1794 034 [.15 0.90 bd bd bd
Average 2.89 6.05 253 5579  3.02 bd 0.35 8.50 1803 033 [.15 0.94 bd bd bd
WFRI| 7 2.29 5.68 1.86 5622 333 bd 0.57 [1.75 1591 023 0.89 0.80 bd bd bd
231 5.66 1.79 5624 3.26 0.25 0.59 [1.88 1593 023 0.87 0.77 bd bd bd
2.19 577 1.78 5637 322 0.20 0.58 [1.78 1595 0.30 093 0.77 bd bd bd
Average 2.26 5.70 1.81 5628 327 0.2 0.58 [1.80 1593 025 0.90 0.78 bd bd bd
WFRI | U/S 2.31 6.44 191 5823 274 0.27 0.38 992 1544 0.24 1.03 0.76 bd bd bd
2.39 6.52 1.78 5805 293 bd 0.38 1008 1587 025 1.02 0.69 bd bd bd
[.71 523 1.94 5611 282 0.34 0.40 1028 1874 026 0.94 0.96 bd bd bd
Average 2.14 6.06 1.88 5746 283 0.26 0.39 1009 1668 025 1.00 0.80 bd bd bd
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Sample Na,O MgO ALO, SO, PO, SO, C KO CaO TiO, MnO Fe,0, CoO  AsO, Bi,O,

WFRI 1 U/S 5 |.54 5.06 .76 5685 286 0.24 043 1241 l6.64 0.25 0.83 0.83 bd bd bd
[.55 501 1.82 5686 293 0.20 041 1236 1682 027 0.80 0.87 bd bd bd
[.51 527 .78 5682 298 bd 041 1236 1665 03] 0.83 0.85 bd bd bd
Average [.53 5.11 .79 5684 292 bd 042 1238 1670 028 0.82 0.85 bd bd bd
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APPENDIX 2

SEM backscattered electron images of crucible samples at x150 magnification
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LFB 11 U/S

KA 11 (round furnace) |

MFL 11 SQ5 Q5 MFL 11 Q6C Quad
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WFR11 5 U/S WFR11 7 U/S
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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.




ENGLISH HERITAGE RESEARCH AND THE HISTORIC ENVIRONMENT

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
the protection and sustainable management of the resource, and to promote the
widest access, appreciation and enjoyment of our heritage. Much of this work is
conceived and implemented in the context of the National Heritage Protection
Plan. For more information on the NHPP please go to http://www.english-heritage.
org.uk/professional/protection/national-heritage-protection-plan/.

The Heritage Protection Department provides English Heritage with this capacity
in the fields of building history, archaeology, archaeological science, imaging

and visualisation, landscape history, and remote sensing. It brings together four
teams with complementary investigative, analytical and technical skills to provide
integrated applied research expertise across the range of the historic environment.
These are:

* Intervention and Analysis (including Archaeology Projects, Archives,
Environmental Studies, Archaeological Conservation and Technology,
and Scientific Dating)

* Assessment (including Archaeological and Architectural Investigation,
the Blue Plagues Team and the Survey of London)

* Imaging and Visualisation (including Technical Survey, Graphics
and Photography)
* Remote Sensing (including Mapping, Photogrammetry and Geophysics)

The Heritage Protection 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 community
engagement and build this in to our projects and programmes wherever possible.

We make the results of our work available through the Research Report Series,
and through journal publications and monographs. Our newsletter Research News,
which appears twice 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 Reports, with abstracts and information on how to obtain
copies, may be found on www.english-heritage.org.uk/researchreports
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