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SUMMARY

Eleven glass vessel fragments were excavated from Shinrone glasshouse in Co. Offaly,
Ireland, dating to the early 17" century. Three of the glass fragments were identified as
English ‘shaft and globe’ bottle, an early wine bottle type commonly thought to have been
put into production cl650. All the fragments were analysed using SEM-EDS and
compositions compared to production debris analysed by Sarah Paynter (Paynter et a/
2005). Results show that the || glass fragments, including the early wine bottle fragments,
were produced at Shinrone glasshouse. This indicates that Shinrone, and the family
running the glasshouse, possibly the Bigo family, were producing new and innovative ‘shaft
and globe’ wine bottles approximately between 1620 and |641. This date is earlier than
1650, the date commonly thought of as the start date for production of the bottles.
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INTRODUCTION

Shinrone, Co. Offaly, Ireland, was a glassmaking site operated during the early 17" century.
The site contains the only known example of a standing glass furnace and finds included
associated production debris and finished glass fragments. Excavations were carried out by
Farelly and O'Brien in 1999/2001 (Farelly and O'Brien 2000; 2003). Archaeomagnetic
dating gives a date of last firing between 1620 and 1650 (McCann and Gould 1999).
Legislation banning wood fuel use in glass production in Ireland in 1641 gives an earlier
possible end date for this furnace (Westropp 1920, 36). There is no clear history on who
owned and operated this site but two prominent glass making families were in the area at
this time. Abraham Bigo was known to be leasing land in Castle town and Clonoghill near
Shinrone for a glass works between 1623 and 1627 (Westropp 1920, 31). Abraham Bigo
had previously owned a glassworks at Kimmeridge, Dorset, before its demolition in 1623.
In 1627 the leases owned at Castle town and Clonoghill were passed on to his son, Philip
Bigo. Years later in the 40s and 50s it is recorded that Philip Bigo was ‘master and owner’
of a glasshouse in nearby Glaster (Pender 1939, 443). The second glassmaking family is
the Henzey family and were listed as owning land at Banagher, Lusmagh and Shinrone, all
in Co. Offaly, in the 17" century (Lee 1936, 41 |, 443). The Henzey family had previously
owned glasshouses in Staffordshire. For a summary of the site see Farrelly and O'Brien
(2000 and 2003) and analysis of Shinrone glass debris and some glass products is
provided by Paynter et a/ (2005).

This report deals with | | of the |5 catalogued glass vessel fragments (GLI-15) that were
recovered during the excavations at this site. The fragments have been described and
identified by Willmott (pers. comms.) and were chosen for analysis due to their diagnostic
features, which have been matched to known styles of the period. The most notable
fragments are 3 pieces of an early English ‘shaft and globe” wine bottle.

BACKGROUND TO 7™ CENTURY BOTTLES

During the early 17" century there was a progression towards more durable and fully
sealable glass vessels. Earlier flasks had thinner glass and a wider and more open neck.
These were fragile and had no easy sealing mechanisms and so were unsuitable for
transport or long period storage of liquids. A number of innovations in bottle design
allowed, and led to, increased bottle use and the development of two main bottle
designs. Firstly, case bottles, which were square-sectioned bottles for packing in crates for
ease and protection during transportation. The English-made versions of this bottle type
were stopped using wooden bungs as opposed to the pewter threads used on
continental bottles (Willmott 2002, 86-88). Secondly, innovations in bottle design led to
the first wine bottles, termed ‘English Bottles’. While these bottles were of a similar shape
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Figure [. Belgian shaft and globe bottles produced between c. 1630- c. 1680 and
attnbuted by Bossche to the Colinet glassmaking dynasty (from Bossche 2001, 44). Glass
thickness 2mm.

to continental versions, they differed in significant ways that lead to their market
dominance. The term ‘English bottle’ covers a progression of different forms, such as ‘shaft
and globe’, onion, and mallet. It is the first of these studied in this report. ‘Shaft and globe’
bottles are globular in shape with a high kick and a long tapering neck with a collar for
tying down the cork (Willmott 2002, 98; Figures 2 and 3). Early examples of the ‘shaft and
globe’ form are shown in Figure |. These are from Belgium and produced from c1630 to
c1680 by the ‘Colinet glassmaking dynasty’ (Bossche 2005, 44). Figures 2 and 3 give
examples of English made ‘shaft and globe’ bottles from c 1650 and possibly earlier. The
form is similar to the Belgian examples but the ‘English bottles’ were heavier, stronger and
made of thicker glass; 5-9mm thick as opposed to a maximum of 2mm thickness in the
Belgian examples. The increased thickness of the glass allowed the bottle to be more
durable for transport and storage and the collar allowed the bottles to be corked with the
corks tied down via the collar. The English bottles also tended to be made of a much
darker glass (Godfrey 1975, 229).
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Figure 2. Schematic view of English made  Figure 3. The ‘earliest known example’ of an
shaft and globe bottle dated by Willmott English bottle, also called a shaft and globe
to 1650 onwards, note the thicker glass,  bottle. Bossche dates the style of this bottle

5-9mm. Example excavated in from c. 1632 until 1640/60. Later bottles have
Nottingham (from Willmott 2002, §9).  a longer tapered neck (Bossche 200/, 66, see
also p30)

The start date generally reported for the production of these bottles in England is c1650
(Willmott 2002, 86; Hume 961, 93). The earliest glass seals found on archaeological
examples date from 1650 (Egan 1999). Although whether this is the date of bottle
production or the wine vintage is uncertain. But there is some documentary evidence for
an earlier date for production and information of who invented these bottles. On the 10"
April, 1661 a draft of an act confirming John Colnett (Jean Colinet) as a patent holder for
the invention and manufacture of glass bottles was produced. Colnett claimed to have
first invented, made and attained to ye perfection of making glass bottles’ (House of
Lords Bill 1661) and that his bottles had been used by others during the ‘rebellious times’
(Civil War) and thus after the Restoration he sought to redress the issue. The patent was
very quickly petitioned against firstly in a petition by John Vinion and Robert Ward, and a
second petition included the names Edward Percival and William Sadler, all of them glass
makers and who were writing ‘in the name of all the trade’. They said that John Colnett
was not the sole inventor and that the bottles ‘had been of trade and public use for 30
years' (Petition 1662 A) and that glass makers had been ‘making glass bottles for public
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use at several glass houses in England near 30 years’ (Petition 1662 B). Colnett had no
evidence in defence and the Attorney General's report agreed with the glass makers,
writing that ‘Sir Kenelm Digby first invented the glass bottles nearly 30 years since, and
employed Colnett and others to make them for him and they have since been frequently
made by him and also by the petitioners’ (Attorney Generals Report |662). If the 30
years prior date is taken then the invention of the bottles would have occurred in 1631-2,
the date given by Bossche (2001, 21). The documents make a compelling argument
against Colnett, though neither side can be conclusively proven to have invented the glass
bottles. But what is clear is that the documents point to the bottles being older than the
1650 date given by Hume (1961) and Willmott (2002). If Sir Digby had invented the
bottles and had run a glass works that produced the glass bottles with John Colnett then
it must have been before 1642, because that is the year Sir Digby was arrested and
imprisoned (Godfrey 1975, 232). Or, if it was indeed Colnett who invented the bottles
then it has to have been before the Civil War (1642) because during the war he says that
his bottles were used and manufactured by others. Both sides agree that the bottles were
produced at least before the Civil War, and the Attorney General's conclusion that the
bottles had been in public use for 30 years prior gives an earliest date of 1631-2.

The first half the 17" century was particularly fraught for glass makers in England. In 1615
Sir Robert Mansell was awarded a monopoly on all types of glassmaking in England and
the use of wood fuel was banned (Charleston 1984, 71). Furnaces had to be quickly
redesigned for use with mineral fuel (eg coal). Charleston notes the ‘continuing and
intensified struggle to obtain from the crown patents’ despite the ‘stiffening resistance in
parliament to the whole system of monopolies’ (Charleston 1984, 71) In reviewing the
documentary evidence from 1661 Hume notes that it is ‘hard to believe’ that Digby could
have invented these bottles in the 1630s when ‘numerous previous petitions and patents
were in existence’ (Hume 1961, 93) and while Mansell's monopoly could have stifled
creativity in bottle design furnaces could still be operated under license. Bossche (2001,
21) and Godfrey (1975, 230) speculate that Sir Digby's furmace could have been at
Newnham-on-Severn. Hart mentions that Sir Mansell erected a glassworks at Newnham
in 1620 (Hart 1971, 398), which could have been later leased to Sir Digby; remains of a
glass furnace and some black glass slag have been found there but there is no report of
bottle finds.

While the documentary evidence argues for an earliest date of 1631-32, backed by
Godfrey (1975) and Bossche (2001), Hume notes the simple lack of archaeological
evidence to back up this date (1961, 93). Very few bottles from well dated pre-1650 sites
have been found. For example, in Civil War contexts no ‘shaft and globe’ bottles have
been found at Pontefract Castle (Roberts 2002) or in the large assemblage of glass found
at Sandal Castle (Mayes and Butler 1983, 226-7), but this might not be the full picture. At
Basing House, Hampshire, occupied until Oct 1645 when the house fell to a siege and
caught fire (Moorhouse 1970, 41) wine bottles of both case and the English ‘shaft and
globe’ sorts have been found (Moorhouse 1971, 68-9). The bottles were dated stylistically
using Hume (1961). Some bottles are clearly late, dating to the late 17" to early 18"
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century and explained as post occupation deposition by brick robbers (Moorhouse 1970,
41) but one example is a dull green early ‘shaft and globe’ form with thick walls. This
bottle is dated stylistically using Hume (1961) to 1655-70, but as it is the dating of the
bottle that is in dispute stylistic dating cannot be used, and as Moorhouse (1970, 40)
admits that during the excavation ‘little or no’ attention was paid to stratification and no
independent dating through context was possible. If stylistic dating is standard practise
then a lack pre-1650 can be easily explained due to finds being stylistically dated to post
that. Other examples of this practice, also using dates and styles from Hume (1961), are
glass bottles finds at Portchester Castle (Cuncliffe and Garratt 1994, 84-7) and Richmond
Palace (Dixon 1975, I'10-1).

Figure 4. Thick walled (5mm) tapering Figure 5. Upper portion of a bottle neck
necked bottle with collar for tying string with collar for tying string from Shinrone,
from Kimmenidge, Dorset (Crossley 1987, collar is higher up the neck than the

359). Neck diameter 3cm. Kimmenidge example. Wall thickness 3-

S5mm, neck diameter 3cm. Sample GL /5.

Some archaeological evidence for bottle production has been provided by excavations of
glass houses. Excavations at a glass working site at Kimmeridge, Dorset, founded by Sir
William Clevell and Abraham Bigo under license from Mansell in 1618 has produced
fragments of thick glass (up to 9mm) with long necks plus a thick rim for tying down the
cork (Crossley 1987, 357 and 360; Figure 4). This closely matches descriptions of ‘shaft
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and globe’ bottles discussed above but is dated to a |618-1623 context. The bottle
fragments point to the existence of ‘English bottles’ before 1623 and are evidence of the
Bigo families involvement in the production of early wine bottles at Kimmeridge. The
furnace was demolished by Mansell in 1623 and the Bigo family subsequently moved to
Ireland. The recovery of similar bottle fragments (Figure 5) at the Shinrone glassworks
points to similar wine bottle production and possibly indicates a Bigo family connection.
This report aims to confirm the possible link between the bottle fragments and the
Shinrone glassworks thus verifying a manufacturing connection and a date for the bottles.

MATERIAL

The material analysed in this study consists of | | glass vessel fragments excavated from
the Shinrone glassworks by Farrelly and O'Brien, and selected for analysis by Willmott,
who also provided the following descriptions of the glass fragments (pers. comms).
Samples GL |, 3 and 4 — 6 are fragments and wasters from a small spouted jug or cruet;
this style is dated to the first half of the 17" century. GL 8 is a small bottle. GL 10 is a
bottle with a squared cross-section like the case bottles mentioned above. GL |2 is a rim
of a large thick glass jar. GL |3-15 are 3-12mm thick bottle fragments of two thick bases
and a neck with a collar (Figure 5). These latter three fragments are from English ‘shaft
and globe' style wine bottles. All the glass fragments are of a similar light greenish colour.
This colour differs from the much darker green and browns of English made glass from
coal-fired furnaces. Sample numbers, descriptions and context numbers are provided in
Table 5 of the appendix.

AIMS

The aim of this study is to categorise compositionally each of the glass fragments using a
scanning electron microscope with energy dispersive x-ray spectrometer (SEM-EDS). The
results will then be compared to the glass working debris, lumps and wasters made at
Shinrone and analysed previously by Paynter et a/ (2005). A positive match between the
glass fragments analysed here and the Shinrone production debris would indicate a
common manufacture linking the glass fragments to the Shinrone glasshouse. It would also
give the fragments a date range of manufacture. The manufacture of wine bottles at
Shinrone would indicate an early date for ‘English bottle’ production and point to this
glassworks being at the forefront of bottle innovation and design during this time. This
would indicate the glassmaking family running the Shinrone glassworks, possibly the Bigo
family, to have been important in the development of wine bottles during this period.
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METHODS

Each fragment was photographed and a small (2-10mm) sample was removed from each
fragment using a combination of a diamond edged circular saw and wire cutters. The
samples were embedded in resin and polished down to | micron making a polished block
section. Principle analysis was carried out using a scanning electron microscope (SEM)
with an energy dispersive x-ray spectrometer (EDS). The SEM used was an FEl Inspect F
with an Oxford Instruments X-act detector and INCA software for element
quantification. The working parameters were set to an accelerating potential of 25kV, a
current of 1.2nA, 100s counting time and 10mm working distance. Three representative
areas of approximately 300 by 500 microns were analysed in each sample to determine
the glass bulk composition. The results are presented as normalised compound weight %
with oxygen calculated stoichiometrically for all elements except chlorine which is
reported as element weight%.

Calibration of the spectra was performed using a cobalt standard. To ascertain the
accuracy of the results, glass reference materials of a similar composition were also
analysed. Analysis of Corning glass standard D (Appendix Table 6) indicated relative
percentage variation of results from the known value of approximately 15% for Na,O,
Fe,O; and SO5; 2-3% for P,Os, AlL,O; and K,O; and approximately 1% for MgO, CaO and
SiO,. Minimum detection limits for most of the measured elements was O.|wt% and
0.3wt% for P,Os and SO.. Locations for analysis were chosen to avoid any glass corrosion.

Additional analysis was carried out for three selected elements (manganese, zinc and
strontium) using X-ray fluorescence spectroscopy (XRF) due to its superior detection
limits over the SEM. These elements had shown up as minor and trace amounts in the
SEM analysis and strontium is particularly interesting as it can indicate the use of seaweed
ash. The XRF was an Eagle Il, set to 40kV accelerating potential and 1000pA current.
Calibration was carried out with a range of suitable standards and comparative material
(Corning A, B and C; Nist 1834; Shaw House 100, 106 and 107; LOP 06 and 57).
Calibration results for manganese, zinc and strontium are shown in Figures 9-11 in the
Appendix. Detection limits indicated by the graphs were 0.02% for all three elements.

RESULTS

Averaged readings for the glass vessel fragments are shown in Table | and full results in
Table 7 (Appendix). The combined soda and potash levels of 5.7-6.8wt% and 23.2-
26.7wt% lime indicate the glass vessel fragments to be high-lime, low-alkali (HLLA) types
as defined by Mortimer (1991). This type of glass was produced from the late 16" century
in England. HLLA glass was produced using ashes from plants and varies from the potash
glass produced in England in the first half the 16" century by having increased lime and
reduced potash. The plant ash is combined with silica from sand or crushed quartz

© ENGLISH HERITAGE 7 97 -2010



pebbles to create the glass. Compositionally there was very little difference between the
samples indicating they came from a common manufacturing origin with a high degree of
consistency in manufacture. This indicates that the same raw materials from the same
locations were used throughtout the working period of the glassworks,

To ascertain their manufacturing origin the glass vessel fragments results were compared
to glass production waste and products from Shinrone and also glass production waste
from the nearby and broadly contemporary glasshouse at Glaster (Table 2). The Glaster
results are used as a standard to indicate the range of variation that can be expected
between two contemporary nearby glasshouses. Diagrams of the results are shown in
Figures 6, 7 and 8. Figures 6 and 7 show a very good correspondence of the glass vessel
fragments with the Shinrone production waste and product compositions. The Glaster
material has a very similar composition to the Shinrone glass, and so overlaps partly with
the Shinrone material in some bi-plots but tends to have slightly lower magnesia and soda
and higher potash than the Shinrone material. Figure 8 brings out the differences between
the Glaster material and Shinrone material more clearly as the levels of manganese and
phosphorus in the glass from each site differ, probably due to compositional changes in
the plant ash used, which is influenced by geology. The compositional differences between
Shinrone and nearby Glaster are an indicator of just how similar the glass vessel fragments
are to the Shinrone material from Paynter et a/ (2005). The glass vessel fragments
excavated from Shinrone are shown to be indistinguishable from the Shinrone waste and
glass products.

Table I: Averaged results of SEM-EDS analysis as normalised compound wit% (apart from
chlorine which is element wt% only)

Sample Na O MgO AROs SiO; P.Os SOs C KO CaO TiO2 MnO  FexOs

GL | 2.28 266 204 5900 140 058 025 389 2667 0.18 024 08|
GL3 1.98 257 233 6216 129 062 030 374 2364 023 027 085
GL4 2.07 262 154 6152 150 065 029 418 2471 0.16 019 055
GL5 2.02 274 225 5963 158 076 027 442 2505 0.18 025 086
GL6 .89 271 225 6070 153 074 030 430 2430 020 026 086
GL8 .70 254 197 6055 150 059 0.18 445 2526 0.18 031 076
GL 10 1.6l 244 215 6097 151 075 022 426 2476 019 024 090
GL 12 1.28 248 224 6060 165 050 0.18 476 2513 0.19 024 075
GL I3 .72 264 196 6168 159 067 024 504 2321 0.18 028 08|
GL 14 1.82 298 201 5899 147 077 027 398 2630 021 030 08|
GL I5 .86 264 185 6052 144 059 029 473 2499 0.6 025 067

© ENGLISH HERITAGE 8 97 -2010



Table 2: Averaged results for the glass vessel fragments compared to averaged Shinrone
production waste, glass products and Glaster production waste from Faynter et al 2005.
All normalised compound wt% stoichiometric with oxygen.

Sample Group Na2O MgO ARhOs SiO; POs SO3 KO CaO TiO2 MnO  FexOs
Glass Vessel Av .84 264 206 6057 150 066 434 2491 019 026 079
Fragments sda 027 0/4 023 103 0/0 009 040 [0/ 002 003 010
Shinrone Av .67 246 188 6176 152 063 395 2481 015 024 086

production waste S 05/ 024 032 162 0/0 O/4 038 [/3 004 005 0/8

Shinrone glass Av |72 262 209 6201 .63 065 386 2406 0.5 026 087
products sSd 058 029 043 146 033 O0/7 027 045 006 0O/l 0/8

Glaster Av 125 205 135 6331 105 055 456 2511 0.3 0.10 050
productionwaste  Sd O/¢ 0/5 023 100 007 007 028 079 003 004 O/
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Figure 6: Lime verses magnesia for the glass vessel fragments against Shinrone production
waste and products and Glaster production waste from Paynteret al (2005).
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Figure /: Potash verses soda for the glass vessel fragments against Shinrone production
waste and products and Glaster production waste from Faynteret al (2005).
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Figure 8: Manganese versus phosphorus oxides for the glass vessel fragments against
Shinrone production waste and products and Glaster production waste from FPaynteret al

(2005).
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Table 3: XRF analysis of glass vessel fragments. Results as oxide wt %.

Sample MnO ZnO Sro
GL | 0.19 0.09 0.06
GL2 0.22 0.09 0.06
GL4 0.16 0.10 0.06
GL5 0.20 0.09 0.06
GL6 0.19 0.09 0.06
GL8 0.23 0.08 0.05
GL 10 0.20 0.09 0.05
GL 12 0.23 0.10 0.05
GL I3 0.22 0.09 0.06
GL 14 0.24 0.09 0.06
GL I5 0.19 0.10 0.06
Average 0.21 0.09 0.06
StDev 0.02 0.0l 0.00

In addition to the SEM-EDS data acquired, X-ray fluorescence spectroscopy (XRF) was
used to obtain more detailed data on a further three elements; manganese, zinc and
strontium. The manganese data was collected to confirm the concentrations shown by
the SEM, zinc as amounts were below the detection limit of the SEM, and the strontium
so as to test for use of seaweed as a constituent of the glass. Results for the glass vessel
fragments are shown in Table 3. A large proportion of the Shinrone material published in
Paynter et a/ (2005) was also reanalysed, the full data is shown in Table 8, Appendix, and

a summary of the averaged results is in Table 4 below.

Table 4: Averaged XRF results for the glass vessel fragments and glass matenal found at
Shinrone as published in Faynteret al 2005. Results as oxide wt%.

Glass produced at Shinrone  MnO  ZnO SO
Glass vessel fragments 0.21 0.09 0.06
Shinrone waste glass 0.20 0.05 0.06
Shinrone glass products 0.20 004 006
Glass found at Shinrone but made elseware

Bottle Glass 0.16 003 009
Pale olive vessel glass 0.1 0.08 0.13
Pale green window glass 0.06 002 032

The glass vessel fragment results are identical to the other Shinrone glasses in manganese
and strontium, showing medium amounts of manganese and low strontium levels. The
zinc levels are higher at 0.09% than the Shinrone averages but Shinrone waste glass
samples |8F, 18G and 18H show similar high amounts (0.10, 0.1 1, 0.09). The slightly
different zinc levels could equate to different glass batches or to slow variation in the zinc
content over time. The results show the glass produced at Shinrone to be clearly
dissimilar to the material classed as being made elseware. The bottle glass and pale olive
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vessel glass were both HLLA types but contained less manganese and higher strontium
showing them to differ from the Shinrone glass. The pale green window glass was a mixed
alkali sort and contained much higher strontium levels. Similar high levels of strontium
have been found in other | 7"-century window glasses; 0.5% SrO in window glass from
Shaw House (Dungworth and Loaring 2009) and 0.27% SrO at Silkstone (Dungworth and
Cromwell 2006). The higher strontium levels have been shown to indicate use of
seaweed ash in the glass production (Dungworth et a/2009).

DISCUSSION

The || glass vessel and bottle fragments from Shinrone were found to be high-lime, low-
alkali types, consistent with this time period. The fragments were compositionally very
similar indicating a good degree of standardisation in the manufacturing process and
access to the same raw materials over their period of manufacture. Comparisons with
Shinrone production waste and glass products analysed previously (Paynter et a/2005)
indicated a very good correlation and that the glass fragments were manufactured at
Shinrone using the same techniques and raw materials. The results have wider
implications for the history of early wine bottle making as this shows that glassmakers at
Shinrone were experimenting in wine bottle production between 1620 and 1641 and
were producing bottles of the English ‘shaft and globe’ sort at a very early date. This date
is earlier than the normal given date of invention of 1650. This evidence is in addition to
the wine bottle like fragments already found at Kimmeridge in Dorset (Crossley 1987,
359), which was run by Abraham Bigo and Sir William Clavell between 1618 and 1623
pointing at even earlier bottle innovation. The close geographical association between
known Bigo glassworks at Glaster, the similarity in composition between the Glaster glass
and the Shinrone glass indicating similar recipes, and the fact early wine bottles have been
found at Kimmeridge and also at Shinrone, makes a strong case towards the Shinrone
glassworks being controlled by the Bigo family. Therefore it is possible the Bigo family
were experimenting and innovating with wine bottle production at two locations,
Kimmeridge and Shinrone, over a 23-year period pre-dating the [632-3 date given for the
invention of the ‘shaft and globe’ bottle by Sir Digby (Bossche 2001, 21; Godfrey 1975,
229) and is further evidence for pre-1650 production of ‘English’ bottles.

CONCLUSIONS

The glass fragments from Shinrone analysed in this report have been shown to be
manufactured at the Shinrone glass works. The fragments contained three early examples
of ‘shaft and globe’ English bottles and their early date and location of production have
repercussions for the current perceived history of wine bottle production during this
period. The similarity with material from Kimmeridge strengthens this case and indicates
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the Bigo family to have had a very early role in the development and production of early
‘shaft and globe’ wine bottles at two different locations over a possible 23-year period;
1618 to 1641. This is earlier than their supposed invention by Sir Digby in 1632-3, and up
to 30 years before 1650 when dated examples appear and is generally though to be the
start date of wine bottle production. This casts doubt on the currently perceived history
of these bottles. Further work would be to examine the wine bottle fragments at
Kimmeridge in greater detail; to examine the glass fragments from Glaster for early 'shaft
and globe’ bottles fragments; and to locate and excavate an earlier glass works in
Staffordshire known to be owned by the Bigo family in 1612/13 with the possibility of
finding even earlier wine bottle fragments.
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APPENDIX

Table 5. Sample numbers, contexts and descriptions for the glass vessel fragments.

Sample Find number Context Object Glass thickness Width
GLI 379 57 -1 base of small spouted jug 2.5-3mm base 5.2cm
GL3 894 27 - 289 jug spout [-1.5mm
GL4 1196 sod - 143 jug handle [-2mm
GL5 1570 27 - 6300 jug handle 7mm
GL6 I 166 27 - 2539 jug neck 2mm
GL8 742 81 -271 base from small spouted jug 2-3mm base ~5cm
GLIO 364 57-2 base of square cross-sectioned bottle [-2.5mm base ~5cm
GLI2 922 68 - |1 rim of large thick jar 6-6.5mm
GLI3 376 57-3 thick base of 'shaft and globe' wine bottle 9-12mm base ~7.5cm
GLI4 1480 sod - 107 thick base of 'shaft and globe' wine bottle 5-7mm base ~6cm
LIS 10 od - 1] neck with collar of 'shaft and globe' wine - outside diameter 3cm,

bottle 6mm collar
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Table 6. Known standard compositions compared to compositions measured by EDS for Coming glass stanaard D. Known compositions from
Brill, 1999,

Sample Na:O MgO AkLO; SIO: FP.Os SO; KO GO TiO: MnO Fe03 CoO CuO ZnO 5nO: Sb:05s BaO  PbO
146 40/ 530 5487 385 025 /175 1500 038 056 045 000 032 005 026 083 032 038
Coming D 140 400 514 5448 405 027 116/ 150/ 039 053 046 000 038 006 038 120 035 03/

129 397 508 5449 406 025 /157 /499 039 048 046 000 033 008 044 148 036 03/
146 390 518 5452 405 025 /1.7 /479 042 052 044 00/ 029 0/5 046 /1./9 029 036

Mean 140 397 518 5459 400 026 /166 1495 040 052 045 000 033 009 039 [/18 033 034
Std. deviation oos 005 009 o0/9 0/0 00/ 008 O/l 002 003 00/ 00/ 004 005 009 027 003 004
Known 20 394 530 5482 393 030 1130 148 038 055 052 002 038 0.0 010 097 051 048
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Figure 9. Calibration graph for zinc oxide using XRF.
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Figure 10. Calibration graph for strontium oxide using XRF.
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Figure 11. Calibration data for manganese oxide using XRF.
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Table /. SEM-EDS analyses (normalised) for the glass vessel fragments

Sample NaxO MgO ARO3 SiO2 P.Os  SOs c KO CaO TiOz MnO FexOs
GL I 229 266 204 5904 145 059 025 391 2658 0.7 021 079
228 266 201 5886 144 059 026 383 2678 022 028 079
227 266 206 5909 132 055 024 392 2664 016 022 086
GL3 204 254 233 6213 135 061 036 377 2358 023 025 08l
196 262 236 6212 129 065 026 374 2365 0.9 027 088
195 256 231 6223 123 061 028 371 2370 028 030 085
GL4 195 255 151 6180 152 069 031 423 2454 017 018 054
217 2.65 .60 6153 140 057 026 415 2472 0.7 019 059
210 266 152 6124 159 068 030 415 2486 0.5 021 053
GL5 2011 280 219 5976 150 077 029 436 2491 021 028 084
200 273 229 5938 163 079 027 446 2519 0.3 022 092
196 270 228 5974 161 071 026 443 2505 0.9 026 08l
GL 6 187 260 229 6066 148 079 030 427 2440 0.9 030 086
193 274 225 6094 157 067 030 425 2410 0.7 025 085
186 280 220 6049 153 077 030 437 2439 023 022 086
GL8 70 253 198 6025 148 063 020 445 2549 0.9 032 078
174 261 200 6046 154 058 0.9 442 2523 016 035 073
165 248 194 6094 149 057 0.4 447 2507 020 027 077
GLIO 158 250 213 6094 146 073 021 428 2485 0.7 026 09I
.60 240 221 6103 152 076 023 426 2470 021 021 087
165 242 211 6093 155 076 023 425 2473 0.8 026 093
GLI12 128 249 220 6067 163 054 016 478 2505 0.7 025 079
123 241 224 6067 159 050 019 472 2522 021 026 075
.33 255 228 6046 174 045 0.8 479 2511 019 021 0.72
GL 13 169 262 193 6184 15 067 023 500 2312 016 032 083
172 265 199 6156 161 065 023 507 2324 021 028 080
.75 265 196 6164 157 069 025 504 2327 016 024 079
GLI14 183 301 217 5888 159 078 026 393 2625 021 031 078
184 298 208 5892 140 076 029 404 2635 021 032 082
178 294 208 59.18 141 076 026 396 2629 021 028 084
GL 15 189 263 187 6060 141 059 029 473 2492 020 022 064
1.85 26l 185 6042 145 063 030 476 2506 0.2 026 069
185 269 182 6055 146 055 029 471 2498 0.6 026 069
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Table 8: Complete Shinrone glass SEM-EDS data from Faynteret al 2005 with attached XRF data for manganese oxide, zinc oxide and strontium
oxide. All values are normalised wt% of the oxides.

NaO MgO AhO3 SiO2 POs SO3 KO CaO  TiO2 MnO  FexOs MnO ZnO SO
Shinrone waste glass
6E 294 312 200 5979 151 053 379 2507 0.5 022 083

6) .61 238 151 6376 149 081 348 2385 0.12 024 068
6C 145 241 206 5989 166 079 438 2576 017 027 106
6F .69 256 229 5754 154 071 376 2802 017 032 132 021 004 003
6l .70 230 150 6182 143 058 402 2551 0.3 023 075 0.16 004 006
6A .37 236 205 6116 159 072 416 2514 019 024 097 020 003 005
6B 201 278 202 6034 150 062 396 2531 0.16 024 10l 0.18 003 006
6H 190 238 148 6195 141 033 396 2554 0.2 020 068
6G 148 222 150 6157 155 064 436 2559 012 022 072 0.16 004 005
6D 30 227 207 6139 150 076 397 2523 0.16 026 098 020 003 005
| 8F 257 28l .77 6149 143 052 365 2444 0.5 026 080 0.17 010 007
18G 241 269 190 6175 148 078 348 2415 016 023 097 0.18 0.1l 006
| 8E 138 220 194 6308 139 068 421 2399 018 019 073 0.17 006 006
| 8H 264 273 201 6111 146 089 349 2426 0.5 022 097 0.18 009 007
96l .80 246 1.6l 6191 144 060 366 2543 0.1 022 071 0.18 004 005
96A .55 228 145 6482 153 062 375 2300 012 019 060 0.16 004 006
96G 147 258 196 6036 150 062 378 2638 0.5 023 088 033 008 O.l
96E .30 232 251 6236 .62 059 394 2389 016 026 102 021 004 005
96F .17 225 164 6183 .74 066 426 2541 0.12 017 071
96) 133 249 217 6117 156 065 398 2508 020 026 1.03 021 004 005
96H .17 244 234 6181 146 038 531 2360 020 029 08l 023 003 006
96B .36 255 226 6292 158 069 389 2332 018 025 102 0.19 004 005
96C 150 232 146 6336 156 060 390 2421 010 024 066 021 005 006
96D .01 211 .63 6517 158 042 370 2334 0.6 024 062 0.18 004 004
Average .67 246 188 6176 152 063 395 2481 0.5 024 086 020 005 006
StDhev 051 024 032 164 008 013 039 1.3 003 003 0.8 004 002 002
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Na2O MgO ARhO3 SiO2 P2Os SO3 KO CaO TiO2 MnO  FexOs MnO ZnO SrO
Shinrone glass products

18D 179 271 .84 6232 146 060 429 2383 0.16 020 070

| 8l |.81 261 201 6205 153 082 387 2402 0.3 022 084
47D |36 253 219 6163 |57 076 388 2466 0.18 026 098 022 004 005
47H .63 273 228 6140 166 080 4.12 2389 0.15 023 .04 020 004 0.06
47| .67 264 213 6183 160 085 380 2413 0.12 027 090 022 004 006
47B .66 2.6l 2,15 6181 159 079 384 2419 0.5 026 093 022 004 006
47F .61 227 197 6296 145 074 367 2401 0.18 023 084 0.18 004 0.06
47C 130 246 220 6173 I55 071 385 2474 0.12 027 096 022 004 005
47G 125 252 216 6287 |53 072 371 2373 0.8 029 096 022 004 005
47E 148 247 206 6294 156 077 389 2340 0.14 024 093 020 004 005
47) 172 259 219 6170 164 08l 405 2384 0.13 023 095 020 003 006
47A .37 229 |75 6362 140 053 431 2366 0.13 020 066 0.18 003 006
39C |21 234 192 6335 159 055 408 2373 0.18 0.18 038l 0.17 004 005
39B 3.06 299 .83 6042 149 064 375 2453 0.13 0.2 0.84 0.18 004 008

39 138 230 167 6307 145 056 354 2497 0.13 022 063
39A 287 307 204 6032 149 059 368 2457 0.8 020 095 0.18 004 006
39D |55 269 211 6260 158 070 398 2343 0.18 024 090 021 004 006
39H 092 223 |58 6339 1.7 055 398 2459 004 0.19 067 0.17 001 005
39G |71 283 231 6208 146 070 380 2364 0.17 023 087 020 003 0.05
39F |75 286 218 6163 163 071 370 2409 0.14 028 |.04 020 003 006
39E .30 234 145 6426 183 055 376 2368 008 0.16 047 0.16 004 005
Average .64 257 200 6228 156 069 388 2406 0.14 023 085 020 004 006
StDev 050 024 024 00 0.10 0.10 020 045 004 003 0.15 002 001 00l
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Na2O MgO AbO3 SiO2 POs SO3 KO CaO  TiO2 MnO  FexO3 MnO ZnO SrO

Glass products recovered from Shinrone but made elsewhere

Bottle Glass
313 .32 378 477 57.10 135 044 222 2616 026 019 227 0.19 004 0.1
313H .36 377 478 5705 128 048 219 2605 028 026 223 0.19 004 0.1l
313B 198 195 747 5861 0.16 052 1.13 2413 051 0.16 335 0.13 007 004
313l .23 443 501 6060 026 042 2.1l 2288 027 026 [.86 020 001 0.3
313C 245 324 541 5877 062 060 1.02 2514 028 009 229 009 005 O0.14
313E .76 382 417 6005 076 052 247 2355 023 0.19 .79 0.5 002 0.9
313F 120 436 504 6075 0.16 037 209 2294 029 023 |.84 0.19 001 0.3
313A 2.03 192 735 5879 0.17 048 .13 2406 042 0.14 338 0.13 004 004
313E 124 349 459 5985 046 043 224 2494 026 020 [.99 0.15 002 0.19
313D [.2] 330 477 5981 030 040 2.12 2538 030 0.9 21l
Average 158 341 534 59.14 055 047 187 2452 031 019 23l 0.16 003 009
StDev 045 087 .14 .32 045 007 055 1.19 009 005 0.58 004 002 005

Weathered window glass (HLLA but not Shinrone)

391 309 330 352 5762 283 015 316 2392 019 070 1.25 060 002 005
Pale green window glass (mixed-alkali)
43G 776 493 307 67.17 1.10 0.3 459 1034 008 003 066 007 001 039
43F 801 456 256 6992 106 0.3 451 788 0.5 003 110 006 003 030
43 804 459 252 6990 .15 009 472 771 0.3 004 1.06 006 003 03l
43l 727 703 209 6743 137 040 347 1015 0.14 008 056 007 002 038
43B 772 489 303 6729 098 022 466 1028 0.14 003 069 006 001 023
43A 696 466 296 6791 114 005 456 1047 005 006 1.08 005 001 035
43E 705 528 252 6838 103 032 414 1040 007 004 074 006 001 034
43D 8.10 458 254 6991 124 015 459 764 015 006 103 007 002 03l
43C 809 448 255 6984 124 020 460 776 0.3 005 105 006 003 030
Average 7.67 500 265 6864 1.14 019 443 9.8 Ol 005 088 006 002 032
StDev. 046 080 03] 124 012 Ol 040 136 004 002 022 001 001 005
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NoO MO AROs SiO2 POs SOs; KO CaO  TiO2 MnO  FexOs MnO ZnO  SrO
Pale green window glass (synthetic soda)
43H 10,07 027 090 7194 0.0 056 0.5 1569 009 000 02| 002 001 002
Pale olive vessel glass

18C 188 363 420 5959 087 069 220 2491 025 008 169
I8A 208 374 415 5868 090 027 146 2667 025 008 1.66 0.18 0.1l 006
18B 300 401 360 6125 077 060 072 2431 026 007 137 007 007 0.18
18 324 413 447 6072 094 034 080 2341 0.8 007 164 009 005 0.6
Average 255 388 410 6006 087 047 130 2483 023 008 159 0.1 008 013
StDev 067 023 036 .15 007 020 069 138 004 000 0.5 0.06 003 006
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