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SUMMARY

Twenty four fragments of window glass from an early to mid | 8th'century pit at
Shortlands Lane, Cullompton, Devon were analysed. A visual examination identified four
different coloured glasses while the chemical compositions highlighted three major groups.
Six of the fragments (mainly the darker greens) were HLLA glass probably produced
between AD 1570 and AD1700. Five fragments (pale blue-green in colour) were shown
to be later kelp glass probably produced between AD 1700 and AD 1830 while the other
thirteen fragments proved to be more of an anomaly with compositions in between the
HLLA and kelp glass. The context (early to mid |8th century pit) in which the glass was
found would place the glass around the HLLA — kelp time boundary (circa AD | 700) and
combined with their compositions would suggest that these fragments represented the
use of a mixture of seaweed and plant ash. Another possibility would be that they were
not manufactured in Britain.
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INTRODUCTION

The analysis of fragments of window glass from Cullompton, Devon forms part of a much
larger project undertaken to investigate the chemical composition of window glass
produced and used in Britain during the past five centuries. Samples of window glass have
been selected from archaeological excavations (including glass production sites) and from
historic buildings. These have been analysed to determine their chemical composition. A
comparison of the chemical composition with the available dating evidence shows that a
series of changes in window glass manufacturing took place during this period. The aim of
this research is to provide a technique to date the manufacture of individual panes of glass
in historic buildings. This knowledge will allow architects and others to make more
informed judgements about which glass to retain and which can be replaced (Clark 2001).
Historic window glass often has a surface which is not smooth (see Figure 2 below) and
usually has an unintentional tint or colour; both of these contribute to the character of the
glass and the building as a whole.

Almost all glass produced in Britain during the medieval period was produced using sand
and terrestrial plant ashes (primarily bracken) and has a distinctive potassium-rich
composition (Dungworth and Clark 2004). The arrival of French glassmakers in the late

| 6th century saw a change to a high-lime low-alkali (HLLA) glass. HLLA glass was
probably made using sand and the ash of hardwoods (such as oak). This HLLA glass
remained in use until the end of the | /th century when it was superseded by a glass
made using sand and seaweed (kelp) ash (Dungworth et a/2009; Parkes 1823; Watson
1782). This kelp glass dominated the window glass industry until the early part of the 19th
century when it was abandoned in favour of glass made using synthetic soda (Cooper
1835; Ure |844; Muspratt 1860).

Nicolas Leblanc invented a process for the manufacture of synthetic soda at the end of
the |8th century. Common salt was heated with sulphuric acid to produce sodium
sulphate (soda saltcake). The sodium sulphate was then heated with lime and charcoal or
coal to produce sodium carbonate. Initially, glass could only be made with sodium
carbonate, but glassmakers soon discovered that the sulphate could be used directly if it
was combined with charcoal or coal. Glass made for the century or so following the
1830s was a simple soda-lime-silica glass with low levels of impurities (Dungworth 2009).

The early decades of the 20th century saw the development of techniques for
automatically drawing glass (Cable 2004; McGrath and Frost 1937) which initially had
problems with glass devitrifying. These problems were solved by substituting a small
amount of magnesia for lime and virtually all window glass made in Britain since 1930 has
contained 2-5% magnesia (Smrcek 2005).

© ENGLISH HERITAGE 79 -2010



THE GLASS

The glass fragments analysed came from an early/mid | 8th-century pit at Shortlands Lane,
Cullompton, Devon. They represent a small selection of the fragments recovered but
were the only ones made available for scientific analysis. The fragments were examined
visually. The thickness (thickest part of the fragments) was recorded to O0.Imm using a
Swiss Precision calliper. Some of the fragments had an edge which was thicker than the
body of the glass; therefore, the thickest part of the body was also recorded. The colour
of the glass was determined by placing them on a white piece of paper and comparing
them to one another. Other descriptions or observations were noted such as the state of
corrosion and flatness of the fragments (Table ).

Table I. Visual descriptions of the Cullompton glass fragments.

Sample

Context

Colour

Thickness Comments
(mm)

2

105

105

105

105

105

105

105

105

105

105

105

105

105

Pale Green

Pale Green

Pale Green

Pale Green

Pale Green

Pale Green

Pale Green

Pale Green

Pale Green

Pale Green

Pale Green

Pale Green

Pale Green
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40 - Weathered surface
- Wavy surface
30 - Edge is thicker — rest is 2mm
- Weathered surface
- Wavy surface
2.7 - Edge is thicker — rest is 2.2mm
- Weathered surface
- Wavy surface
2.6 - Edge is thicker — rest is [.9mm
- Weathered surface
- Almost flat surface
2.8 - Edge is thicker — rest is 2mm
- Weathered surface
- Almost flat surface
32 - Edge is thicker — rest is 2.4mm
- Weathered surface
- Wavy surface
29 - Edge is thicker — rest is 2.4mm
- Weathered surface
- Almost flat surface
l.6 - Weathered surface
- Almost flat surface
|7 - Weathered surface
- Almost flat surface
2.1 - Edge is thicker — rest is |.8mm
- Weathered surface
- Wavy surface (curving on edge)
2.1 - Weathered surface
- Flat surface
|.8 - Weathered surface
- Almost flat surface
|4 - Weathered surface
- Flat surface
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20

2|

22

23

24

105

105

105

105

105

105

105

105

105

105

105

Pale Green
Pale Green

Green

Green
Green

Pale blue/green

Pale blue/green

Pale blue/green

Pale blue

Colourless

Very pale blue

3.1

50

32

35

- Weathered surface
- Almost flat surface
- Weathered surface
- Almost flat surface
- Weathered surface
- Almost flat surface (wavy)

- Two impressions about 4mm wide — tools?

- Weathered surface

- Almost flat surface

- Weathered surface

- Flat surface

- Edge is thicker — rest is 2.1mm
- Weathered surface

- Flat surface

- Edge is thicker — rest is 2.1mm
- Weathered surface

- Almost flat surface (curving on edge)

- Edge is thicker — rest is 2.Imm
- Weathered surface

- Flat surface (curving on edge)
- Edge is thicker — rest is 2.1mm
- Weathered surface

- Flat surface (curving on edge)
- Weathered surface

- Heavy corrosion on surfaces (mother of pearl)

- Very flat surface and uniform
- Weathered surface
- Flat surface

The visual examination revealed three major groupings of material. These are mainly
characterised by their colour (Fig |). The first group comprises pale green (fragments | to
15) glass while the second group is of a darker green (16 to 18). The third group
comprises of pale greenish blue, pale blue and very pale blue fragments (19 to 22 and 24).
These also tend to be flatter and more uniform in thickness than the first two groups. A
single outlier is a fragment of clear glass (23) which has heavy surface corrosion, very thin
and almost perfectly flat. It is unlikely that any of the Cullompton glass was deliberately
coloured. The raw materials employed would have naturally contained sufficient iron to

give the glass the range of observed colours.
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Fig 1. Cullompton glass fragments grouped by colour:

METHODS

All of the fragments of glass were sampled by breaking a small piece which was then
mounted in epoxy resin and ground and polished to a 3-micron finish to expose a cross-
section through the glass. The samples were inspected using an optical microscope
(brightfield and darkfield illumination) to identify corroded and uncorroded regions. Most
of the Cullompton samples exhibited substantial corroded surfaces. 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 while the energy
dispersive X-ray fluorescence (EDXRF) spectrometer provided improved sensitivity and
accuracy for some minor elements (in particular manganese and strontium) due to
improved peak to background ratios.
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The SEM used was a FEI Inspect F which was operated at 25kV with a beam current of
approximately |.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 calibrated (optimised) using a cobalt standard. Deconvolution of the X-ray spectra
and quantification of elements was 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 (Appendix
) with oxide weight percent concentrations based on likely valence states (the exception
being chlorine which is expressed as element wt%). The accuracy of the quantification of
all oxides was checked by analysing a wide range of reference materials (NIST, DGG and
Newton/Pilkington see Appendix 2). A number of elements were sought but not
detected: vanadium, chromium, cobalt, nickel, copper, zinc, arsenic, tin, antimony, rubidium
and barium.

Table 2: Minimum Detection limits (IMDL) and analytical errors (two standard deviations)
for each oxide

SEM-EDS EDXRF
MDL  Error MDL  Error
Na20 0.1 0.1 V20s 002 003
MgO 0.1 0.1 Cn0Os 002 003
ARLOs 0.1 0.1 MnO 002 003
SiOs 0.1 0.2 Fe O3 002 003
P20s 0.1 0.1 CoO 002 002
SOs 0.1 0.1 NiO 002 003
Cl 0.1 0.1 CuO 002 00l
KO 0.1 0.1 ZnO 002 00l
CaO 0.1 0.1 A203 0.03 0.0l
TiO2 0.1 0.1 SnO2 0.1 0.05
BaO 0.2 0.1 SbaOs 0.15 007
Rb2O 0.005 0.005
SrO 0.005 0.005
ZrOs 0.005 0.005
PbO 003 002

RESULTS

All the glass analysed contains P,O; above 0.3wt% suggesting (using Dungworth’s 2009
glass classification) that none are post AD 830 in date when the Leblanc process was
introduced to Britain. The chemical compositions of the samples reveal three distinct
groupings of glass. The first grouping is comprised of all the darker green glasses and two
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of the pale green glasses (samples 8, |5, 16, |7 and 18). These are all HLLA glasses and
share a similar composition, with low levels of SrO (below 0.2wt%) and low MgO (below
5wt%). The colourless glass sample (23) falls in this group too as it shares the most similar
compositions.

The second group comprises all the pale blue-green and blue fragments (19, 20, 21, 22
and 24). They are very distinct in composition from the second group with lower Fe,O,
content which explains their paler (less coloured) nature. They have high MgO
(>6.0wt%), low TiO, (<0.14wt%), high Na,O (>7.5wt%) and low Al,O; (<3.1wt%)
concentrations (Figs 2 to 5). However, the most useful element is the content of SrO
which is sufficiently high (>0.53wt%) to suggest that they were made using seaweed ash
(kelp glass) putting them in a date range of AD 1700 to |830.

The third group is more complex. It comprises all of the pale green glass fragments (apart
from samples 8 and 15). They have lower K,O and P,O; than the other groupings. Their
SrO, MgO, Fe,O; and Al,O; levels fall in between the second and third groups (Figs 2 to
5). Strontium (SrO) in particular is higher than 0.2wt% which according to Dungworth
(2009) is the barrier between kelp glass and forest or HLLA glass. This would put these
fragments into the kelp category. As they were found in an early |8th-century pit around
the HLLA — kelp time boundary (circa AD1700) it is possible that they represent the use
of a mixture of seaweed and wood/plant ash. However, on closer inspection it is clear
that although the compositions fall in between the second and third groupings they share
more characteristics with (compositions closer to) the second group (the HLLA glass).
They also have similar contents of CaO, Na,O and TiO,. The similarly high levels of CaO
in particular would suggest that it is unlikely that they were mixing kelp and wood/plant
ash and that they are in fact HLLA glass.

It has been noted that some of the glass fragments (especially group 3 but also group 2)
analysed in this study are on the extremities of ‘normal’ compositions associated with the
different technological processes discussed by Dungworth (2009). Glasses in the second
group, for example, seem to have higher SrO than usual for kelp glass while they have
more MgO than any other glass analysed in Dungworth'’s studies. These small anomalies
suggest that some of the glasses in the assemblage were perhaps not manufactured in
Britain. Dungworth and Paynter (2010) have shown that some glass could be and was
imported from mainland Europe. This possibility cannot be ruled out here.
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Fig 2: Plot of strontium and iron oxide content of the Cullompton glass. Note the hijgher
concentrations of SrO and lower Fe,O; in the pale blue-green glass and the opposite for

the green glass.
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Fig 3: Plot of lime and soda content of the Collumpton glass. Note the low concentration
of CaO and high Na,O of the pale blue-green glass compared to the other coloured

glass.
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Fig 4: Plot of potash and phosphorous oxide of the Cullompton glass. Note the higher
concentrations of both K;O and P,O; in the dark green glass.
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Flg 5: Plot of magnesia and manganese oxide of the Cullompton glass. Note the higher

MeO content of the pale blue-green glass.
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CONCLUSION

The visual examination of the Collumpton glass identified four colours of glass which
correspond to three distinct groupings based on the chemical composition. One
exception is the colourless glass. The clarity of this glass would suggest a much later date,
however, the fact that it was very corroded may have had an effect on the surface
colouration. The chemical analysis confirmed that six of the fragments (mainly the darker
greens) were HLLA glass dating between AD 1570 and |700. Five fragments (pale blue-
green in colour) were shown to be later kelp glass produced between AD 1700 and 1830.
The other thirteen fragments proved to be more of an anomaly with compositions in
some respects between the HLLA and kelp glass. The glass was found in an early to mid
| 8th century pit which would place them around the HLLA — kelp time boundary (circa
AD1700) perhaps suggesting that these fragments represented the use of a mixture of
seaweed and plant ash.

The use of kelp in the production of glass began in the late | 7th century and it is possible
that it was mixed with the older recipes as part of a gradual transition. Another possibility
is that older glass (HLLA) was recycled when the use of kelp became the norm leaving
the distinct traces of the older glass with higher levels of SrO due to the inclusion of kelp.
On the other hand, the high concentration of CaO (comparable to HLLA glass) suggests
that the mixing of kelp and wood/plant ash was unlikely. The glass may therefore not have
been mixed with kelp ash and just represents HLLA glass with higher SrO levels in which
case Dungworth's classification would have to be adjusted. The levels of SrO which
indicate the boundary between Forest/HLLA and kelp glass may have to be increased
from 0.2wt% to 0.3wt%. Supporting this is the knowledge that chemical compositions vary
in plants and trees growing on different soils and substrata (Stern and Gerber 2004). This
glass is an HLLA glass but may have been manufactured or used resources of a different
region to the ones already analysed by Dungworth. It is possible that none of the glass
analysed in this study was manufactured in Britain which would explain the compositional
differences/anomalies. All the glass analysed fitted with the early to mid |8th-century date
of the pit they were found in but the lack of context limits further interpretation.
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CHEMICAL COMPOSITIONS OF THE GLASS

APPENDIX |

All data retrieved by SEM apart from MnO, SrO and PbO which were from XRF.
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APPENDIX 2: STANDARD DATA
All data below was retrieved by scanning electron microscope.

Standard Pilkington CL324

Spectrum  Na,0 MgO ALO, SO, KO CaO TiO, CuO

000 003 393 4820 1519 2990 060 191

|

2 000 002 398 4825 I510 3002 054 184
3 000 002 396 4827 1507 2999 047 185
4 000 007 395 4810 1505 3008 055 191
5 000 002 400 4796 I516 3000 055 1.89
Mean 000 003 396 4815 1512 3000 054 .88
Std.dev 000 002 002 0.13 0.06 007 005 003

Reported 010 005 380 4870 1460 30.10 050 1.80

Standard Pilkington CL325

Spectrum  AlLO; SO, K, O CaO TiO, MnO Fe,0; CuO PO
| 404 4338 1492 3494 050 099 0.1l 040 043
2 405 4339 1497 3481 053 096 0.0 054 048
3 395 4341 1494 3502 039 103 0.8 051 054
4 402 4344 1494 3490 050 1.0l 005 044 045
5 418 4347 1484 3499 052 099 009 050 044
Mean 405 4342 1492 3493 049 100 Ol 047 047
Std. dev 0.08 0.03 0.05 008 006 002 005 006 004
Reported 390 4400 1450 3490 050 100 OJdlI 050 050

Standard Pilkington CL326

Spectrum  MgO ALO, SO, KO CaO TiO, Fe0,

| 009 370 4335 2979 2043 0.1l 2.02
2 0.13 370 4319 2991 2034 0.3 202
3 000 377 4329 3002 2029 O.Il 1.93
4 004 379 4345 2988 2029 016 204
5 007 375 4345 2987 2032 006 208
Mean 007 374 4335 2989 2033 0.l 202
Std. dev 005 004 0.1 0.08 006 003 005

Reported 004 390 4360 2950 2060 0.10 210
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Standard Pilkington CL327

Spectrum ALO, SO, KO CaO MnO Fe,0, PbO

409 5287 1517 2598 0.7 035 1.00
401 5282 1523 2583 025 038 103
403 5290 1521 2593 018 033 104
408 5283 1531 2591 016 034 1.3
399 5259 1536 2604 0.19 031 1.00
Mean 404 5280 1526 2594 0.9 034 .04
Std. dev 004 012 008 008 004 002 005
Reported 390 5380 1460 2590 020 040 090

|
2
3
4
5

Standard Pilkington CL328

Spectrum  Na,O MgO ALO; SO, PO; KO CaO TiO, MnO Fe,0; PbO

495 308 379 5492 418 752 19.16 027 050 027 094

484 302 375 5520 410 761 1922 022 049 025 086

493 307 384 5497 417 762 1916 022 053 027 093

489 302 372 5517 413 757 1911 018 047 028 084

499 299 388 5499 424 756 19.18 016 043 024 0.68

Mean 492 304 380 5505 416 758 19.17 02| 048 026 085
Std. dev 006 004 0.07 0.13 005 004 004 004 004 002 0.10
Reported 500 320 390 5600 390 720 1900 020 050 031 070

U AN W N —

Standard Pilkington CL329

Spectrum  ALO, SO, KO CaO TiO, MnO CoO CuO

401 5646 1493  21.15 0.22 .85 0.26 1.02

|

2 399 5651 1497 2120 026 .86 020 086
3 396 5631 1493 2116 034 .86 025 1.0l
4 395 5638 1499 2103 033 192 023 093
5 409 5643 1491 2103 024 .89 023 097
Mean 400 5642 1494 2111 0.28 .88 023 096
Std. dev 0.05 0.08 0.03 008 005 003 002 007

Reported 420 5680 1430 2150 022 .80 024 090
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Standard Pilkington CL330

Spectrum  Na,O MgO AlL,O; SO, K,O Ca0O Fe,O4
| 9.65 653 445 5479 .64 2243 027
2 962 649 431 5480 .62 2245 025
3 946 651 443 5521 .58 2250 025
4 958 642 438 5506 .53 2237 0.26
5 975 65I1 445 5483 .56 2229 025
Mean 961 649 440 5494 159 224] 0.26
Std. dev 0.10 004 006 0.19 004 008 00l
Reported 950 660 430 5540 150 2190 030
Standard Pilkington CL33 |

Spectrum  AlLO; SO, K, O CaO MnO 2ZnO

| 388 4041 2545 29.19 0.4 043

2 383 4049 2541 29.17 009 051

3 380 4037 2552 2901 0.3 059

4 386 4050 2567 2906 0.10 053

5 385 4045 2551 29.10 009 053

Mean 384 4044 2551 29.13 0.1l 052

Std. dev 0.03 0.05 0.10 005 002 006
Reported 380 4070 2490 2940 0.0 050
Standard Pilkington CL332

Spectrum  ALO; SIO, K,O CaO ZnO

| 382 4207 2487 2826 048

2 384 4207 2470 2824 054

3 384 4201 2471 2807 054

4 380 4219 2472 2804 060

5 382 4192 2489 2807 052

Mean 382 4205 2478 2814 054

Std. dev 0.02 0.10 0.09 0.10 004

Reported 380 4260 2420 2840 050
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Standard Pilkington CL333

Spectrum  Na,O ALO; SO, CaO Fe,O;

| 21.06 434 4874 2324 2.32

2 2011 427 4869 2320 2.33

3 21.01 432 4868 2325 2.28

4 21.15 4.18 4857 2325 2.35

5 21.18 4.19 4834 2330 2.35

Mean 21.10 426 486l 2325 2.33

Std. dev 0.07 0.07 0.16 0.04 0.03

Reported 21.70 410 4870 2260 2.50

Standard NIST 620

Spectrum  Na,0 M™MgO ALO; SO, SO, K,O Ca0o

| 14.31 3.60 .88 7193 03l 041 7.38

2 1409  3.68 .86 720l 035 042 746

3 1404  3.58 192 7210 030 043 75l

4 [4.11 370 190 7195 03l 040 745

5 1406  3.63 192 7217 019 043 749

Mean 1412 364 .89 7203 029 042 746

Std. dev 0.1 005 002 0.10 006 00l 0.05

Reported 1439  3.69 .80 7208 028 04| 7.11

Standard NIST 1834

Spectrum  Na,O MgO ALO; SO, P,O; KO CaO TiO, Fe,04
| 022 016 3930 4271 037 053 0.3 1.98 0.44
2 0.19 016 3899 4307 043 054 013 203 041
3 0.19 018 3925 4272 042 056 016 203 0.40
4 0.18 016 3909 4304 048 054 012 196 0.37
5 0.19 018 39.2I 4281 036 057 014 196 042
Mean 019 017 3917 4287 041 055 014 200 041
Std. dev 0.0 0.0l 0.13 0.7 005 002 002 004 0.03
Reported 026 0I5 3903 4319 035 051 013 185 046
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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
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