


The Scientific Examination of the J. and M.P. BellPottery Glasgow - wares,
kiln furniture and industrial waste: A technical characterisation of some raw materials

and processes at Bell's Pottery, Glasgow.

Summary

This report deals with the scientific examinatidnaocollection of Bell's Pottery wares, kiln furaie and industrial
waste, the finds from a recent excavation at tteed§iKelvin Diesel Ltd factory at Kyle street, Ggpow (Speller 1996).
The aim of this by no means comprehensive techsicaly is to assist the work of the pottery exped art historian
in understanding the nature of these materialsbagih to fill appropriate "gaps" in the informatiaxailable about the
early and middle 19th ¢ Scottish pottery industry.

Bell's Pottery History

J. & M. P. Bell, Earthenware Manufacturera partnership between brothers John and Mattrenatéh Bell, began
trading at the end of 1840, or the beginning of1l8¢he introduction of a third partner caused thma to change soon
after t0J.& M. P. Bell & Co.(Kelly 2006). The pottery works was located on soeith bank of the Forth and Clyde

Canal between Port Dundas and St Rollox.
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They began by producing simple fireclay objectshsas sanitary ware and garden ornaments, but guiekiht on to

diversify by introducing earthenware and fine ptaite(Speller 1996).

Bell's Pottery was amongst the most successfuh@fseveral pottery companies which existed in @Glasgetween the
mid 18" and 18 centuries. Fleming (1923: 133) states that “ pbiyomo other factory in Scotland made a larger
variety, or did more to establish the good nam8aiittish pottery than Bell's pottery.” At the heligif Bell's success,
they exported their wares world-wide, notably te fhr east (Speller 1996). The following are exasmf their work

(from Scottish Pottery Society website).



J. & M.P. Bell & Co
Parian jug, "Vintage" circa 1850

J. & M.P. Bell & Co export
wares, "Kwantung" circa 1890

J. & M.P. Bell & Co garden
ware, Mary Queen of Scots

The company continued after the death of MattheW iBel869, and again after the death of John Bell880. The

firm’s name continued to operate in Glasgow urfi23. The factory buildings were finally demolishet replaced by

a light-engineering works in 1929.
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1.0 Introduction: Scientific techniques used
in the examination of Bells ware, kiln furniture
and industrial waste.

The application of scientific techniques in the
study of pottery are aimed at establishing the
chemical and mineralogical composition of
materials and in thus doing elucidating questions
relating to industrial processes, their products and
waste. Very little is known from archaeological
evidence about materials used in the numerous
19th c potteries in Scotland and Glasgow in
particular; hence any relevant in formation is
extremely valuable in setting the industry in its
proper context rather than by extrapolating

information from industries in the south (see
Staffordshire potteries etc). This study has merely
"scratched the surface" and hopefully will serve
as an impetus for much needed further work.

Three different methods of analyses were
undertaken on three different types of materials,
Bells wares, kiln furniture and industrial waste.
Although the report set out to discuss all three
types in detail, limitations of space and the need
for further work have restricted the discussion
primarily to Bell's wares. The scientific

techniques included a) petrographic examination
of thin sections, b) scanning electron microscope
examination combined with energy dispersive



analysis (SEM-EDAX) of polished blocks and
freshly fractured surfaces aimed at providing
quantitative and semi-quantitative chemical
analysis respectively as well as surface
morphology and c) X-Ray diffraction analysis
(XRD) aimed at providing mineralogical
information of the non-glassy phases. The results
of all three techniques are meant to complement
each other in the better characterisation of the
materials.

1.1 Petrographic Examinationwas carried out
with the polarising microscope viewing in plane
polarised light and with cross polars at 100x mag.
The following features were investigated: the
presence of glaze. the nature of the fabric -
isotropic/anisotropic - presence of voids, and the
identity. Shape and size of the mineral inclusions.
Essentially, quartz and to a lesser extent feldspar
constitute the main mineral inclusions. As the
results below show. the former, derived from
calcined flint, is crucial, in the sense that its
different attributes shape, size and form - are
potentially diagnostic or informative about
technology and materials.

Little work has apparently previously been done
using the petrographic microscope on relatively
modem high-fired pottery; the reasons are simple:
the high-fired pastes are usually fine-grained and
moreover the reactions taking place within the
paste giving rise to the porcelain or related ware
are such that some level of vitrification will have
occurred. In turn, this means that the groundmass
will exhibit a corresponding level of alteration,
trom anisotropic to fully vitreous, that is
isotropic. It may be predicted therefore that the
content of the petrographic examination of such
pottery may be limited.

On the other hand, the situation should be
different when examining the lower fired and/or
coarser fabrics such as the earthenwares and kiln
furniture. Here there is much more to go on.

1.2 X-ray Diffraction was undertaken only when
the mineralogical composition of specific
materialsl ingredients needed to be resolved. The
technique involves crushing of the sample and is

informative only for
materials.

crystalline, non-glassy

1.3 By far the most informative technique in
characterising pottery is the scanning electron
microscope SEM Examination and Analysi$ a
polished block or thin section of a ceramic ware is
a very powerful technique in providing
guantitative information of individual
mineralogical phases whether glassy or crystalline
within the fabric or glaze of the pottery. Area
analyses over the whole polished section can be
considered as equivalent of bulk chemical
analysis given the fine nature of most Bell's
Pottery wares. This provides a rough idea of the
chemical composition of the raw materials.

SEM-EDAX analysis of freshly fractured surfaces
is a means of acquiring relatively quickly

information relating to surface features both from
the point of view of texture and composition.

Surface features include degree of
vitrification/sintering, surface decoration, pigment

identification etc. However the analysis of a
freshly fractured surface can only be considered
semi-quantitative.

2.0 The analytical investigation of Bell's wares

This section presents the analytical data for each
of the twenty six samples of Bells wares (and
other contexts) examined in the course of this
study. The materials are divided in the typological
groups outlined below as established by Harry
Kelly (Kelly pers com). This classification has

been kept throughout the text, in order to ensure
continuity of discussion, even though analytical

evidence may not always corroborate the given

typology.
2.1 Porcelain: HK1, HK3, HK4, HK5, HK®6,
HK7, HK11, HK13, HKI6

Parian wares: HKIO, KI2, HKI4, HK20
Granite wares, HK2, HKI5
Earthenwares: HKS, HK9, HKI7, HKIS,
HKI9, HK21, HK22. HK23, HK24, HK?26,
HK27

2.2
2.3
2.4

The discussion presented in the following section



highlights the main points derived from the
examination of the above but is also aimed to
stand on its own as pan of a separate report.

3.0 Discussion: The Bells' wares

The technical characterisation of the Bells'
Pottery wares represents a preliminary attempt at
establishing the range of compositions of the
different wares, the relative temperatures they
were fired at and methods and materials of their
underglaze decoration. The present work has only
began to "scratch the surface". It delves on
characteristic examples rather than on a detailed
overview of the material and techniques available
to Bells' and focuses primarily on Bell's
earthenwares.

A select number of samples will be discussed
here (Photo la-h). These include HKII, HK14,
HK16, HK19, HK18, HK22, HK23, HK26.
HK11(S21), a semi-porcelain saucer fragment
with broseley design; HK14 (12), an unusual
piece, fragment of an unglazed jug classified as
Parian with slip(?); HK16 (GUARD422.2),
fragment of a cup, a glazed porcelain with sprig
decoration (from Loudon Hall, Ayr thought to
have been produced at Bells"); HK18, fragment
from a blue transfer printed glazed bowl; HK19,
multicoloured glazed earthenware; HK22,
fragment of a bowl, an unglazed earthenware with
unfixed blue transfer; HK23, fragment from a
sanitary earthenware with gold strip; HK26
(private collection) fragment of plate with
mulberry transfer.

3.1 Fabric and glaze morphology

Three types of fabrics can be seen in SEM
photographs 2a, 2b, 2c: the highly vitrified bone
china (HK14), the vitrified porcelain body with
glaze (HK19) and the unglazed biscuit low fired
earthenware (HK22). The composition of both
fabrics and glazes is shown in Table 1.

Compared to HK14, HK22 appears merely
sintered, not fired at high temperatures. Biscuit
firing temperature is normally above that for glost
firing. Yet the fabric of HK22 shows only

sintering. Is it possible that the ware was not fired
prior to the application of the underglaze
decoration or can the biscuit firing be done at
lower temperatures than 1100°C? For HK 19,
another  (glazed) earthenware,  moderate
vitrification is obvious.

On the basis of the evaluation of these SEM
photographs it is suggested that the last firing
(glost) firing of these fabrics must have been at a
higher temperature than the biscuit firing. This
assumption can only be true if the composition of
all three samples is the same. The data available
here is not sufficient to draw conclusions and
further work on the morphology of these wares as
a function of their composition and firing
temperature is needed.

Composition of fabrics and glazes can be seen in
Table 1. HK14 fabric contains considerable
amounts of calcium and potassium suggesting the
addition of bone ash but also silica and alumina,
pointing to the original material being a slip.
HK22 is an unglazed earthenware with ¢.50%
Si02 and 20% AI203 with small amounts of
calcium (4% CaO), the rest being the cobalt from
the pigment used in the transfer printing.

Glaze surface texture can be seen in SEM photos
3a-c. Hairline "cracks" on the surface are
intermixed  with inclusions and surface
inhomogeneities. Crackling occurs as a result of
differential adherence between glaze and fabric.

HK18 and HKII both are glazed with cobalt-rich
underglaze decoration. The analyses shown in
Table 1 are those of the glazes rather than the
fabrics. Lead and (cobalt) contents are variable
with semi-quantitative analysis and depending on
the spot on which analysis was taken, (PbO varies
between 10 and 17% PbO and cobalt ranges
between 0.5% CoO and 2.5%). The variation of
lead oxide per point analysis suggests that the
pigment is not evenly distributed throughout the
glaze or in other words not adequately mixed.
Glazes originating from a frit are not thought to
have been used at Bells (B Brown, pers comm).
More work is recommended here based on known
(prepared) samples to establish rate of loss of
PbO. Health and safety regulations will need to be
considered.



In HK14, less than 1 % cobalt (as oxide) is
sufficient to give the body its characteristic warm
purple blue colour. In HK22, the high cobalt
concentration derives from the pigment,
presumably CoO, although the presence of lead is
rather puzzling.

3.2 Phase analyses in porcelain and other
fabrics and glazes

Most of the sections analysed with the SEM were
those of earthenwares. Only one porcelain sample
was examined (HKI6). Closer examination of the
body of the porcelain can be seen in SEM
photograph HKI6.9. The following mineralogical
phases have been analysed and labelled: DKI
(dark grey) is a partially reacted silica grain, GRI
and GR2 are calcium alumina silicates with some
phosphorus, LT1 and LT2 are bone ash
inclusions. Most of the inclusions have lost their
angularity as a result of reaction with the
surrounding matrix at high temperature.

The HK16 matrix (photo HK16.9) should be
compared with that of earthenwares HK23 (photo
HK23.6) and HK26 (photo HK26.8) as well as
HK24 (photo HK24.3). HK26 originates from a
different context than Bell's and is presented here
for the purpose of comparing Bell's earrhenware
with other that from other potteries.

On the basis of the SEM photographs it can be
deduced that the matrix of the earthenwares is
more “open” i.e. showing sintering with high
porosity in between the different grains which
remain for the most pan angular.

Table Il shows "bulk chemical composition for a
number of earthenwares. They are high in silica
with small amounts of potassium (c.2 %hd
little else.

Iron is present in trace amounts. The amount of
potassium is slightly high (c. less than | %) for
some samples only suggesting the addition of
small amounts of bone ash. On the other hand the
glaze composition is different in the amount of
potassium, sodium and calcium present. Lead
content (for PbO read SO3, Table Il) is not
substantial suggesting either the use of frit or

excessive losses due to glost firing.

The thickness of the glaze in the three samples
HKI6, HK23 and HK26 is also discussed. The
thickness of the glaze is a critical factor in its
appearance after firing. If it is thin it will fail, if it

is thick it can peel, or craze. In Bells's porcelain,
glaze thickness is ¢.50-100 microns. Lead glaze
penetrates deep into the fabric and fuses well
with it (see photo HKI6.11). It consists of grains
of lead oxide in a silicate matrix. This will make
it a frit rather than a litharge based glaze proper
where the composition of the lead oxide is
expected to be closer to 60% (Fournier 1992).
Glaze thickness in earthenwares HK23 and HK26
(see corresponding SEM photographs, HK23.8
and HK26.12) is also less than 100 microns. A
thin reaction zone is evident between fabric and
glaze; with the glaze perhaps not penetrating as
deeply as in the case of porcelain. Again further
work is needed on this issue.

3.3 Underglaze decoration

Biscuit wares with underglaze decoration range in
colour from dark blue to ink black and black.
Perhaps this range of colour is suggestive that of
the fact that they have been fired. The colour then
cannot be scratched off since they have been fully
absorbed by the body of the ware. Bells wares
were transfer printed as it is known from the
numerous patents taken out from the prints
(Cruickshank 1987). An oil based medium must
have been applied which must have been removed
in between glost and biscuit firing.

SEM Photo 3d shows the transfer printed
decoration on the surface of HK22. The design is
outlined in cobalt mixed with lead and silica.
HK21 and HK22 are both blue transfer printed
and must have been air dried since the pigment is
coming off It is interesting to note that the air
dried technique of applying the transfer is used
primarily for earthenwares. On the contrary HK5
and HK13 a porcelain and a semi porcelain
respectively have oil based transfers since the
pigment is well absorbed within the body. Is it
only earthenwares which are allowed to air dry?
Further work is needed on this question.

3.4 Petrographic examination



Porcelain, Parian and Granite wares.
Macroscopically, their fabrics resemble each
other, yet microscopically there are some

potentially interesting differences. First of all, the
issue of petrographic uniformity of each ware: the
examples of porcelain aret uniform in that the
size and shape of the quartz each vary. A majority
has a scatter of small quartz grains but the
remainder are somewhat different: is this
significant? Are they just batch differences or
what? We should really look at some calcined
flint on its own from the factory and see how that
compares. We cannot say much more without
drawing on other kinds of data.

Parian: a feature here is the frequency of the

quartz with incomplete, unusual extinction. This

is interpreted as quartz which has reached a
higher temperature than the porcelain - this would
tie in with the marble-like vitreous appearance of

the paste.

Granite ware, albeit with only two specimens

examined, appears different from the others by
virtue of the greater density of small quartz
grains. This is perhaps a reflection of its different
recipe.

Earthenware

This is a difficult group: in hand specimen many

samples in the group are porcelain-like, so why
are they called earthenware? On the other hand,
others are surely earthenware with anisotropic
fabric. The nature and quantity of quartz is

variable overall so difficult to see trends.

3.5 Some general points

HKI4(J2) is unusual piece. The object appears to
have been slip cast; a cobalt rich slip was
prepared and poured into a mould, excess poured
out and the slip was allowed to harden before a
second batch of unpigmented slip was applied in
the same mould. Moulded clay decoration (in
white clay) was applied onto the surface of the
pot before it was fired. As with all Parian wares,
no glaze was applied. Most of the cast objects at
Bell's are thought to have been prepared with clay
in its plastic state, applied onto a mould, rather

than slip cast (B Brown, pers comm). In that
respect HKIl4 is exceptional.

The direction of working/moulding of the wares
can be seen in the orientation of the clay particles
in SEM photo HK26.7. Surface morphology as
seen in the SEM photographs based on degree of
sintering and vitrification can be indicative of the
range of firing temperature.

4.0 Discussion: The Bell's kiln furniture

For the purposes of this report, discussion on kiln
furniture is kept to a minimum. However, these
materials merit individual attention and in many
respects they represent a topic in their own right.
Roughly they would be classified as coarse wares,
with ¢. 55% SiQ and 35% AJOs. They contain
minor quantities of iron and potassium. They
contain coarse inclusions (see SEM photos 4a and
4b of sample BB 10) some of them within the
glaze itself (!). Since kiln furniture is presumed to
have been made locally and for the specific
purpose intended, variations in composition can
be expected.

5.0 Discussion: the Bell's Industrial Waste

Industrial waste is more often than not difficult to
characterise. The reason is that it usually consists
of composite materials of different compositions
which have fused together by the mere chance of
lying intentionally or unintentionally in the
vicinity of each other. If, as a result of heating,
vitrification is complete, then the composition of
the new material is homogeneous; but this is not
always the case. In analysing a composite
material the different areas may be derived from
different materials and thus the reported
composition does not reflect the entire sample but
only the area of the sample under investigation.
Partly fused industrial waste normally requires
the need for detailed investigation which is often
beyond the scope of an archaeological materials
characterisation.

A small number of samples of industrial waste
deriving from different contexts at Bells' has been
examined and characterised; in addition the
contents of demolition and non demolition levels



have been examined and the waste material
characterised in a general sort of way (see Bell's
pottery group contexts).

The term demolition applies to a thin layer
present in all trenches which was spread over the
area before a skin of concrete was laid out for
Kelvin Diesels factory in the 1920's. It comprised
of building materials, soot, ash, pottery wasters,
fragments of kiln furniture etc as well as materials
brought from outside.

The samples analysed can be roughly divided in
the following groups:

a) iron slag from blast furnace/foundries
(BPOT4 and BPOT6)

b) glass wasters (BPOT5 and BPOT11)

c) frothy black and relative light
material (BP07, BPOTB8) derived
from any high temperature process

d) partly molten fire bricks and perhaps
saggars as well (BPOT9 and
BPOTI2)

e) compact earths (BPOT2 and BPOT3)

of different origin as well as coal at
different stages of heating (BPOTI2).

Groups a) and b) have clearly been brought from
the outside to act as fillers in the demolition layer
but the majority of the industrial waste material
appears local, as would be expected. This
industrial waste represents the product of reaction
of the coal with firebricks from the fire boxes of
the bottle kilns of whichever function (glost kilns,
biscuit kilns, calcining kilns etc). Although
normally essential in the characterisation of the
processes on site, the Bell's industrial waste takes
secondary place to the other types of waste
revealed on site, namely the pottery wasters and
kiln furniture discussed in previous sections.

6.0 Questions for further work regarding Bells'
wares.

As in the case of all vitreous materials, the firing
at high temperatures destroys the mineralogy and
therefore the ability to identify directly the raw
materials used. To that has to be added losses in
the course of firing. The composition of the Bell's
glazes show the use of PbO. However, the

amounts recorded are rather small ranging from
5-10% (occasionally higher ¢.20%) and do not

account for PbO having been used as a base
(Fournier (1992) reports 60% PbO). It is merely a

case of PbO loss during firing?

Petrographic examination in its own right is not a
very informative technique given the isotropic

ground mass of the fabric. We see little of

evidence of feldspar in many/most samples. Yet
there are definitely areas with high Al, Na etc in

SEM spot analyses which are presumably
feldspar, or are they mullite or some other high-
temperature Al-silicate? Are the dark round stains
visible on some of the sections fly ash?

Although petrographic examination of porcelain
may not be very informative, the thin sections
prepared can and have been used for SEM
analyses revealing a lot more phase related
morphology and composition. Is there a real
compositional  difference  between  Bell's
porcelains and earthenwares or is it simply a
matter of firing temperature? On the other hand,
freshly fractured surfaces can only be used for the
purpose of studying relative
vitrification/sintering.

7.0 Recommendations

It is our recommendation that further scientific
work is undertaken on the Bell' s pottery wares
prior to final publication. The short time allocated
for the production of this report- which in any
case has been superseded- could only lead to
preliminary results. Therefore, it is not possible
yet to formulate an accurate technical
characterisation of the materials and overall
processes at Bell's; nor is it possible to set the
industry in the context of others in the South or
indeed in Scotland (should relevant information
be made available). If further scientific work is
pursued it will require the close collaboration of
the present author withBill Brown of the
Glasgow School of Art; his contribution will be
invaluable in simulating some technical
practices/processes thought to have been used at
Bell's. The products of his efforts will be used as
“standards” while comparing with the
archaeological materials.



The archaeological evidence from the recent
excavations at Bell's pottery has shown that it is
far too important not to merit a more
comprehensive technical investigation.

8.0 Comment on scientific analysis by B Brown

The scientific analyses have provided some
extremely valuable and useful results. Photos-
Jones questions some of our assumptions
concerning the working practices of the pottery
industry during the 19th century and it is
important that this work should proceed further
in the future, to a stage where it can be deemed
to be more conclusive. More 'standards’' are
needed to put the work from Bell's Pottery into
context. The next logical research step would be
to perform comparative studies with materials
from other contemporary British and European
sites. This type of study would eventually form a
baseline framework, a springboard for future
scientific  study of 19 century pottery
manufacture techniques.

On a more specific note, Parian ware is worthy
of a separate comparative study. This is an
important class of wares in the development of
the industrialised production process. Although
Parian ware has been widely studied by art
historians, it has never been examined on a
scientific and technical basis. This process was
at the forefront of technical development in the

mid 19" century and any insights gained would

be relevant to the industry as a whole.

In the absence of a secure potting clay sample
from the site, the slip sample from drain [108] in
Trench | becomes valuable. Bulk chemical
analysis of the slip should supply information
concerning the raw composition of the clay used
which will help in establishing the geographical
source of the clays used by Bell's Pottery.

The glaze analysis shows lead inclusion figures of
5-10% with occasional peaks to 20%. This is well
below the expected content and very puzzling. A
lead loss of 30-40% is difficult to account for

even in the case of litharge (lead monoxide) -
based glazes and highly unlikely in the case of
fritted lead glazes. Many of our assumptions

about 1§ century pottery manufacture presume
that raw lead was used. Further analysis may
resolve this apparent ambiguity.
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Methodology

A total of 45 samples were subjected to various
forms of examination with the optical and
scanning electron microscope as well as analyses
with the SEM-EDAX. To that end thin sections
and polished sections were prepared.

Bell's Pottery Sample Catalogue

Group [|: Porcelain
HK 1
Context:  (Context 531)

Typology Fragment of a shallow bowl with base
and wall ridged in the interior.

Description porcelain, unglazed (S9). Hard, fine,
compact ‘typical’ porcelain paste; some pores. No
visible inclusions.

Petrographic Examinatian Uniform isotropic

ground-mass; quartz infrequent and small, usually
lath-shaped.

HK 3
Context: (Context 531)
Typology rim of vessel?

Description fragment of porcelain, unglazed,

undecorated; hard compact, fine, ‘typical

porcelain paste; few small pores; slight tinge of
orange colour in the centre of the biscuit due to
firing. No visible inclusions.

Petrographic Examinatian Glazed. Uniform

vitreous groundmass; occasional small voids; small
(usually 0.1mm), lath-shaped quartz; occasional
feldspar?

e e e S e B L

HK 4
Context:(Context 531)

Description: porcelain, unglazed with lilac sprig;
good white compact paste; no visible inclusions;
fly ash on the surface.

Petrographic Examination: Unglazed. Uniform
vitreous groundmass; occasional small void; small
(usually 0.1mm), lath-shaped quartz; occasional
feldspar?




HK 5
Context:(Context 531)

Typology: fragment of an unglazed plate with
transfer print decoration; good, white, compact
paste; no visible inclusions.

Description: porcelain, unglazed, transfer printed.

Petrographic Examination: Uniform vitreous
groundmass; occasional small voids; light scatter of
small usually angular quartz (c. 80 inclusions in the
field of vision at x100). Not much evidence of
preferential orientation according to the wall of the
pot.

Comments: it originally appeared that the
decoration was firmly attached onto the surface of
the fabric. However, with repeated handling most
of the transfer has now disappeared suggesting that
a low temperature firing preceeded the glost firing
This heating merely removed the organic base of
the pigment leaving the “ink” in a friable state.

Further work: identification of the pigment which
is assumed to be cobalt; is it the oxide or a miner
thereof?

HK6 (PX)

Typology: fragment of flat plate with evidence of
“crackelure” on one side; not glazed but with a
rough surface on the other.

Description: Fine white, compact, hard, looks
enough like porcelain

Petrographic examination: Porcelaineous fabric.
Glazed on one side; difficult to establish whether
is isotropic; much quartz, small mainly angular,
many laths which definitely orientate with direction
of vessel.

Further work: closer investigation of the difference

in texture between the two surfaces, one smooth
and glazed, the other rough an unglazed. Possible
contamination by “flying matter” appearing as
“knobs” on the surface of the glaze.

HK 7
Context (Context 531)

Typology: complete but cracked plate with floral
decoration (ivy leaf) around the rim. In the baitk,
carries the label “apsley plants” (J and M P B and
Co).

Description glazed, transfer printed; good, white
compact porecelaineous paste. One small pore
visible, one or two small dark inclusions visible.

Petrographic ExaminationGlazed in the exterior
and the interior; uniform, vitreous, isotropic ground
mass; occasional small voids; light scatter of
guartz, quite variable in size and shape (but not
lath-shaped).



HK 16

Context: Loudon Hall, Ayr (GUARD 422.2);
thought to have been produced at Bell’s.

Typology:fragment of a cup.
Description porcelain, glazed cup with sprig.

Petrographic Examinatian Glazed in and out;
isotropic groundmass; much quartz of variable size
and shape including laths.

SEM-EDAX examination and analysisArea
analyses were carried out at three different
locations on the specimen (see SEM photos
HK16.1-6). Note considerable amount of porosity.
Photos HK16.7-10 provide information on the
variety of inclusions. Lead glaze, completely glassy
even at a micro level (photos HK16.11-12) show
good penetration within the fabric.

Note: see also Report on the Scientific
Examination..

HK16 pl
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HK16 p12

Group Il: Semi-Porcelain
HK 11 (S21)
Context:531

Typology: Fragment of a saucer with broseley
design.

Description hard, compact porcelain-like paste.

Petrographic descriptianPoor section; not much
other than a scatter of small quartz.

SEM-EDAX examination and analysitthe glaze
showed calcium, potassium, aluminosilicate with
lead (see Table 1). Two SEM photographs of the
surface show glaze cracking and inclusions within;
also the interface between glaze and fabric. Fabric
appears vitrified as expected of porcelain.

Further work: To justify the description of this
material as semi-porcelain, as opposed to porcelain
(HK 16), SEM analysis of fabric is nhecessary. On
the basis of petrography alone no difference is
detected. However, the difference may lie in the
final firing temperature. To that end, the degrée o
vitrification observed in a freshly fractured suda

of HK 16 should be investigated and compared
with this sample.

Comment: When scientific analysis does not

corroborate the art historical evaluation of a
particular sample, the reasons for the “difference of
opinion” should be investigated further.




HK 13 (C21)
Context:531
Typology:fragment of a cup.

Description Unglazed with transfer; hard,
compact, almost porcelain.

Petrographic description:isotropic groundmass;
scatter of small quartz grains.

HK 13 x100

Group IlI: Granite ware

HK 2 (C27)

Context:531

Typology:fragment of a cup.

Description: unglazed, light (in weight), slightly

granular paste, not so high fired; white; no Vesib
inclusions.

Petrographic Examination: Unglazed. Like HK 15
below; one large tcf; a few opaques

Further work: SEM examination and analyses of
granite ware are needed.
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HK 15 (H26)
Context:531

Description: Light (in weight), not as granular as
HK 2, presumably not highly fired.

Petrographic Examination:similar to porcelain
samples but with more quartz, smaller in size than
in porcelain.

Further work: SEM examination and analyses of
granite ware needed. Difference with porcelain
may lie in the amount of silica as well as firing
temperature.




Typology:fragment of a jug

Description: Looks remarkably like good quality
white marble - icing sugar effect! Vitreous paste;
glaze evident.

Petrographic Examinationvery superficial glaze;
uniform isotropic groundmass; muclyuartz,
usually showing alignment with side of vessel;
occasional splatter of glaze on fabric.

Note: needs further investigation. This is an
interesting fragment in that it simulates the dffec
HK 15 (H26) x100 of marble very successfully, as indeed Parian ware
is supposed to do. Since the only analysis of Raria
ware available is that of HK 14, actually a pie€e o
Group IV: Parian ware bone china, it is necessary to analyse more
fragments belonging to this group.

HK 10
Context: 531
Typology:fragment of a jug.

Description:unglazed outside, glazed inside. Very
similar in hand specimen to HK 12.

Petrographic Examinationisotropic groundmass;
quartz evident, but in a different form from that i
porcelain and granite ware: some of it is coloured
(orange) and displays incomplete extinction.

[ANRNNENRNEATL

Note: moulded decoration, “sprigging,” on the

surface in the form of leaves and spirals. Orange-

peel effect has been applied on the surface prior t

mould application. HK 14

Context:531

Typology:fragment of a jug.

Description: Parian with blue slip.

Petrographic ExaminationPoor, uneven section;

isotropic groundmass; light scatter of lath-like
quartz.

SEM-EDAX examination and analysia: freshly

o S S— S m— fractured surface consisting of both blue and white
- ' areas was removed from the sample and mounted

on a stub and carbon coated for analysis. The

HK 12 composition of the fabric revealed a calcium
aluminium silicate but with a high amount of
Context: 531 phosphorus (see Table 1). This is presumably a slip

rich in bone ash.



The object appears to have been slip case; a cobalt
rich slip (less than 1% Co0203, Table 1) was
prepared and poured into a mould, excess poured
out and the slip was allowed to harden before a
second batch of unpigmented slip was applied in
the same mould. Moulded decoration (in white
clay) was applied onto the surface before the pot
was fired. As with all Parian wares, no glaze was
applied. Slip cast pieces are not common in Bell's
(B Brown, pers. comm.). In that respect, HK 14 is
unusual.

SEM-SE photo of a freshly fractured surface
revealed extensive vitrification in accordance with
bone china firing. These photographs can be
informative when comparing materials of similar
composition fired at different temperatures and
conditions.

HK 20
Context:802
Typology:fragment of a saucer.

Description: Parian unglazed grey/green. Highly

vitreous paste greyish in colour. Only inclusions
visible are glaze stain on surface.

Petrographic Examination: very thin glaze;
isotropic groundmass; quartz like the other
examples of Parian ware: some of it coloured
(orange) and displays incomplete extinction.

Further work The thin sections from HK 20 and
HK 12 have shown what has been interpreted as a
thin glaze. Parian ware is thought to be unglazed, at
least in the interior. Further analytical work is
needed to characterise these wares, so popular in
the Victorian period.

HK 20 x100

Group V: Earthenware

HK 8

Context:531

Typology:fragment of a plate?

Description: earthenware, glazed (Al) ; this

sample has a good white, compact paste; a few
small pores but no visible inclusions.



Petrographic
surfaces; isotropic

Examinatian glazed on both
groundmass. Most of the

quartz is lath shaped. The fabric looks that of a
porcelain. It is not clear why this fragment isledl
an earthenware.

HK 9 (B2)
Context:531
Typology:fragment of a bowl.

Description: earthenware, glazed. Fine, white,

compact paste, not as hard as porcelain, occasional

small pore; no visible inclusions.

Petrographic Examinationglaze; quartz scatter,
variable in shape (but not lath-like) and sizeggoi

Note: at the bottom of the base a small
concentration of blueish grey glaze is evident als
a tinge of greyish blue glaze is evident on the rim
and on the sides of the bowl. It is possible that
cobalt was added as a whitener into the glaze but
the pigment was not evenly distributed; hence the
“patches” of blue on the surface.

HK 17
Context:1001
Typology:fragment of teapot lid.

Description coarse earthenware. Pale pink brown
fabric, well and evenly fired. Dense scatter of
small inclusions mostly crushed quartz (and
feldspar?) Evenly distributed up to 0.5mm in
diameter; smaller concentration of orange to dark
brown to almost black inclusions subangular to
subrounded, largest 0.5mm, smallest 0.05mm.

Petrographic  Examination: Brown uniform
groundmass; quartz-rich fabric, quartz of variable
size mostly in the 0.25-0.5mm size but including
some lath-like; one or two small coloured
inclusions (in cross polars); occasional feldspar.
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HK 17 x100
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HK 17 x100

HK 18
Context:1001

Typology: fragment of blue transfer print fired
bowl(?)

Description: Typical white compact porcelain type
paste. This does not appear to be an earthenware in
hand specimen.

Petrographic ~ examination: Anisotropic
groundmass. Glaze in/out. Frequent quartz of wide
ranging size and shape, mainly small size; some
feldspar? Black inclusions may be fly ash.

SEM examination and analysiSee Table 1 for
analysis of glaze. Glaze composition varies across
the surface reflecting the uneven mixing of the lead
base within the clay matrix. High and low cobalt
contents reflect the positioning of the electron
beam on or off the decoration. Surface cracking
and imperfections can be seen quite clearly on
SEM photos (HK 18.2 and HK18.3); these
inhomogeneities are reflected in the analyses.

Note: Petrographic examination suggests that this
is a porcelain rather than an earthenware as
presently classified; perhaps a more general term,
like porcelaineous body, would be more
appropriate to use for materials which fall between
the two groups.

Further work: essential to characterise
“porcelaineous” bodies based on the analysis of
experimental pieces (see section on
Recommendations).

HK 18 x100



HK 19
Context:1001

Description: earthenware glazed multicoloured.
To the author, this looks like usual white porcelain-
like paste, not earthenware.

Petrographic Examination:anisotropic, uniform
groundmass. A few pores, including one 2mm
long. Light scatter of quartz and maybe feldspar up
to 0.1mm size. Smaller quartz nearly always lath
like.

SEM-EDAX examination and analysibe purpose

of the semi-quantitative analysis of this fragment
was to reveal information on the different pigments
used for the underglaze decoration. This was not
possible due to the thickness of the glaze layer.
Glaze/fabric interface can be seen in SEM photo
HK 19.12.

Further work: In comparing the photographs of the
thin sections of HK 16 and HK 19, one sees little
difference between the two fabrics. More work is
necessary to establish the differences between the
two bodies, probably solely on the basis of the
SEM.

HK 21

Context:709

Typology fragment of plate.

Description earthenware with unfixed (unfired)

blue transfer The transfer is brown before firing but
becomes blue after firing.




Petrographic Examination: None B8 ST, ALt

SEM-EDAX examination and analysishows a
matrix high in silica, essentially an aluminositiea
with small amounts of potassium, presumably from
addition of bone ash, and traces of iron. A high
barium/titanium inclusion is recorded. Unreacted
large quartz grains are evident amidst an open
matrix. See Table 2.

HK 21 p4

HK 22

Context: 701

HK 21 p1 - . .
P Description: earthenware with unfixed blue
transfer. White paste, occasional pores; not so

highly fired; almost chalky feel.

Petrographic Examination: anisotropic



groundmass; plenty of quartz; no glaze.
Petrographic Examinationnone.

SEM-EDAX examination and analysis: surface

analysis (see Table 1) showed that the matrix SEM-EDAX examination and analyss&ame as for

consists of an aluminosilicate with small amounts HK 21. See also discussion and Table3.

of calcium (4%) and iron (1%) and small amounts

of lead (c.4%). The blue transfer is actually dbba

pigment as can be seen in Table 1. It is likely tha

the cobalt was diluted with some lead prior to

application; analysis shows ¢.4% PbO. However, it

may also be the case of surface contamination(?).

SEM photo of the surface suggests the matrix was
relatively low fires (is it simply biscuit firing?)
since the fabric looks primarily sintered rathearth
vitrified. Comparative studies are needed (see
discussion).

Further work: Investigation into the nature of the
pigments used for transfer printing essentialhe t
absence of glazes.

HK 23 x100

HK 23

Context: 701

Description earthenware coarse/ fireclay sanitary
ware. gold stripe.
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HK 23 p9

Shatas HK 24 x100
HK 23 p10

HK 24
Context:701

Description: earthenware unglazed base (early,
1840-50).

Petrographic Examinatiamone

SEM-EDAX examination and analysisee Table
4.

Note Although this is an early piece it is not
different from similar earthenwares produced at
later periods at Bells'.



HK 25

Context:1004

Description: Earthenware with unfixed transfer.
Petrographic examinationEarthenware but seems

to have an isotropic groundmass. A marked tcf
1.mm diameter; occasional dark opaque.

HK 26

See Table 5.

HK 25 x100
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HK 26 p14

HK 27
Context:709
Typology: base of bowl fragment.

Description: Blue ware; Light blue paste, smooth,
highly fired. Occasional small pores.

Petrographic examination: Extraordinary on
account of little interstitial material (glass) peat;
instead lots of large lumps of sandstone embedded
in matrix.

SEM-EDAX examination and analysshowed a
matrix similar to other earthenwares but with a
large amount of quartz present. Phase analyses of
the areas shown in the SEM photographs are
included in Table 6. The high silica content is
reflected in the overall analysis. Of interest e
presence of ZnS in the vicinity of the glaze which
is lead based (lead amounts rather than sulphur are
included under the sulphur column, see analyses
13, 14 and 15 in Table 6). Titanium and zirconium
rich grains are expected in the matrix, they wait n
react with the surrounding matrix and they are part
of the original clay. Zinc sulphide is either a
contaminant or an intentional addition in the glaze

Note It is possible that this sample may be an
example of granite ware given the high amount of
partially reacted silica grains. It is necessary to
analyse “standards” of granite ware for purposes of
comparison.

HK 27 x100



HK 27 x100

Discussion

Porcelain, Parian and Granite wares.
Macroscopically, their fabrics resemble each other,
yet microscopically there are some potentially
interesting differences. First of all, the issue of
petrographic uniformity of each ware: the
examples of porcelain arot uniform in that the
size and shape of the quartz each vary. A majority
has a scatter of small quartz grains but the
remainder are somewhat different: is this
significant? Are they just batch differences or
what? We should really look at some calcined flint
on its own from the factory and see how that
compares. We cannot say much more without
drawing on other kinds of data.

HK 11 and 13 called semi-porcelain seem to
belong to the porcelain group petrographically.

Parian: a feature here is the frequency of the
guartz with incomplete, unusual extinction. TIsis i
interpreted as quartz, which has reached a higher
temperature than the porcelain - this would tie in
with the marble-like vitreous appearance of the
paste.

Granite ware, albeit with only two specimens
examined, appears different from the others by
virtue of the greater density of small quartz gsain
This is perhaps a reflection of its different recip

Earthenware

This is a difficult group: in hand specimen many
samples in the group are porcelain-like, so why are
they called earthenware? On the other hand, others
are surely earthenware with anisotropic fabric.
The nature and quantity of quartz is variable
overall so difficult to see trends.



Notes:
Are the dark round stains visible on some of the
sections fly ash?

We see little of evidence of feldspar in many/most
samples. Yet there are definitely areas with high
Al, Na etc. in SEM spot analyses which are
presumably feldspar, or are they mullite or some
other high-temperature al-silicate?

Bell's  Pottery Kiln  Furniture
Catalogue

Kiln Furniture - samples

BB1 standard core from art school

BB2 cup mould (Context 514)

BB3 cup mould with weathering (Context 514)
BB4 saddle material (Context 311)

BB5 saggar (Context 318)

BB6  stilts (Context 531)

BB7 chair leg (Context 531)

BB8 wadding (Context 531)

BB9 box (Context 531)

BB10 saggar “with nuts in treacle” (Context 601)
BB11 saggar with holes ” (Context 601)

BB12 ?wadding fragment (Context 601)

The data from the analytical investigation of a

select number of fragments of the kiln furniture is
presented here.

BB 5

BB 6

See Table 7.






BB 7

See Table 8.

BB 8

See Table 9.

BB 10

See Table 10.



BB 11

See Table 11.



Bell's Pottery Industrial Waste
Catalogue

BPOT 4
Context 514, dump of moulds within 511.

Description 30g, 5cm long, black glassy slag
resembling obsidian; finger-like formation on the
surface showing iridescence as a result of
weathering. Only occasional porosity; there is a
light blue tint at places suggesting that the $&ag
dark blue rather than black. On section, the sample
appears matt grey with only small porosity.

Petrographic/Optical Examination see SEM-
EDAX analysis below and photo with
metallographic (reflecting) microscope (x50).

SEM-EDAX examination and analysgassy slag

of the blast furnace variety with metallic prills
(iron) within a calcium alumino-silicate glassy
matrix (see photo 1 and Table 12). The metallic
iron contains small amounts of silicon and
phosphorus. SEM-SE photo (bar = 200microns)
glassy matrix with round metallic prill (iron) (€7
80microns diameter) with large c¢.200microns
cavity in the middle.

ConclusionsThis is a blast furnace slag which has
little to do with Bell's pottery. It must have been

brought over as a filler for the site. Context 511,
containing moulds and fragments thereof, clearly
contains other materials as well.



BPOT 5
Context 812

Description 40g, 5cm long, blue glass tubular;
thought to be a glass slag from Portobello,
Edinburgh (K Speller, pers. comm..); on section it
shows coring, darker blue interior, light white dlu
exterior; sample lacks porosity; there are specs of
dark blue particles on the surface, presumably
reflecting pigment concentration.

SEM-EDAX examination and analysiSee Table
13. Although macroscopically the sample appears
glassy, it actually is quite crystalline consistingaof
two-phase matrix. The light phase (see photos 1
and 2 at 100 and 20 microns bar) show dendrites of
calcium magnesium alumino-silicate with a
substantial amount of sulphur. The dark phase is
also of the same composition, i.e. calcium
magnesium potassium alumino-silicate. The two
phases differ not only on the basis of the potassiu
present but also on the relative amount of the
elements that is different.

The matrix is actually even more complicated as
can be seen from photos 3 and 4. The dark phase of
the matrix, far from being glassy, consists of $mal
grains; the bright Ca-Si-S component is actually a
dendrite of sulphides while the large dendrites

show coring, and varying concentration of the main
elements.

Conclusions s this a glass slag or the product of
another non-metals related industry? In many
respects the absence of metallic iron inclusions
excludes the possibility of it being an iron slageTh
light blue colour originates from the small amounts
of manganese. The presence of sulphur as part of
the dendritic structure assumes the presence of coal
in the furnace. In the absence of additional
information to the contrary, this sample is
classified as a glass slag.



BPOT 6

Context 812, rubble levelling layer below floor
803.

Description Lump of black shiny glassy slag,
heavy with extensive surface porosity which is
considerably reduced in the interior. Sporadic
white inclusions are evident. On section the sample
presents a matt, porous appearance.

Petrographic/Optical examinatiorGlassy looking
matrix which is made up of two difficult to
distinguish, but mineralogically nearly similar
phases. There are round and not so round metallic
inclusions dispersed throughout the matrix (see
photo).

Conclusions No analysis was carried out on this
sample; yet the presence of probably round iron
inclusions suggest blast furnace slag. As such it has
little to do with Bell's pottery itself and is prably
associated with the rubble brought from elsewhere
to seal the site.

x20

BPOT 2
Context Tr.7/slag heap 701.

Description greenish earth.

BPOT 3
Context:Tr. 3/311 (red clay below 307).

Description: small chunks of “fired earth”;
large chunks are also available from the same
context.

BPOT 7
Context318a, lower fill of ash pit 2.

Description: See Table 14. 70g, 5cm long;
although vitrified the sample contains pieces of
unreacted or partly reacted material (saggar?).
This is orange-brown in colour; it has a foliated
texture at places; a reddish-brown staining has
been attributed to localized high iron content.

BPOT 8
Context:318b.

Description: 70g, 5cm long; fragment of light

frothy and porous material, consisting of two
different areas identified by their colour: a.
yellow or yello-brown, perhaps saggar or coarse
firebrick showing extensive vitrification and b.

black vitrified (but not glassy). There is a
continuous vitrification between the black and
yellow areas. Difference in colouration may arise
from both variations in composition and

conditions of firing.

On section: this sample suggests that the black

porous “slag” (nhot shiny) may be the
saggar/firebrick at different stages of vitrification.

BPOT 9
Context 425.
Description: 50g, 6cm long; lump of vitrified

material containing large inclusions of very
friable, largely unfired materials; also a thin



fragment of china; bright red vitrification may be

attributed not to iron but to lead; amorphous
fragment; yellow/orange dark grey and black with
occasional brown staining on the surface with
large unreacted grains and one piece of pottery
(china?).

BPOT 10
Context:425b.

Description: Light grey lump of fired plaster of
Paris?

BPOT 13

Context:413.

Description: Lump of amorphous compact
material showing lines of cracking associated
with coal yet vitrified and giving the appearance
of dense slag. It is probably coal.

BPOT 11
Context:101, demolition layer.

Description:4cm, ¢.50g; blue glass; thought to be
glass slag from Portobello, Edinburgh (K Speller,
pers. comm.); it has a characteristic sandwich
morphology, light blue layers of oxidation at

either end with darker blue core; on section it
shows light blue surface layer which is porous
(very fine pores; whitish grey surface with dark
blue particles (inclusions) evident within the

matrix.

Optical Examination:glassy matrix which does
contain fine crystalline phases with round
metallic inclusions. The metallic inclusions
dispersed throughout the matrix could be iron.
There seems to be no variation in mineralogy
between the darker blue and the lighter blue areas.

Comment It should be compared tBPOT 5
which has been analysed. On the basis of
comparison with that sample it can be argued that
BPOT 11 is also a glass slag.

BPOT 12

Context:501.

Description: 60g, 7cm long, lump of unreacted

but fired fabric? Saggar containing pieces of
glassy slag. A layer of slag appears to be
“applied” on the saggar by intention of accident;
no reaction zone is evident and no gradient in
vitrification is visible; on top of the glassy layer

there is a gritty quartz rich layer.

Petrographic/Optical examinatiorithere appears

to be no gradient in vitrification from the
unreacted saggar to the glassy component
enveloping the saggar. It appears that the glassy
later is an independent separate layer, which has
melted on the surface of the saggar.

Note Establish the difference in composition
between the two layers. This sample appears to be
a saggar merely on the basis of the coarse
inclusion seen within the fabric.



Table 1. Semi-quantitative analyses of freshly fractured samples.

Sample Na;O | Mgo | Al,0; Si0; | SOs | P,0s | KO | caO | TiO; | MnO | FeO | PbO | C0203
HK 11 0.96 | 0.17 9.56 7171 | 014 | 025 | 587 | 4.16 0 0 0.55 | 6.64 0
HK 14 0.68 | 0.43 13.12 | 35.77 | 0.24 | 19.77 | 2.34 | 26.18 | 0.09 0 0.28 | 0.76 0
HK 14 0.69 | 031 13.94 [ 36.71 | 012 | 2042 | 2.24 | 2472 0 0.09 [ 022 | 0.27 0

HK 14 bl 0.59 0.4 14.31 | 36.97 | 013 [ 19.97 | 227 | 2421 0 0.04 | 0.26 0 0

HK 14 bl 0.72 | 045 11.79 | 39.93 0 19.53 | 343 | 2278 | 041 0 0.32 0 0.45

HK 14 br 0.59 | 1.25 | 11348 | 36.76 | 0.05 | 19.95 | 2.36 | 25.42 | 0.09 0 0.26 | 0.37 0.37
HK 18 1.04 0 8.06 7114 | 022 | 063 | 381 | 369 | 001 | 002 | 0.16 | 0.16 0.51
HK 18 1.32 | 0.09 1250 | 54.22 | 018 | 027 | 336 | 657 | 0.48 | 0.05 | 0.56 | 17.07 2.84
HK 22 0.57 | 0.65 18.41 | 51.65 | 0.86 | 0.67 | 015 | 4.01 0 0.13 | 1.01 | 3.81 17.68

Table 2. HK 21 analysis.

SEM-EDAX | Na,O | MgO | AL0: | SiO; SO3 P20s K20 Ca0 TiO, MnO FeO BaO

analysis

1 x30 0.17 0 18.93 [ 77.07 [o011 0.83 1.61 0.49 0.32 0 0.46 0

2 x30 0.22 0 19.05 [ 7631 [ 0.19 0.95 1.72 0.54 0.24 0 0.4 0.1

3 x30 0.05 0 19.94 [ 7571 [ o012 0.88 1.64 0.52 0.36 0 0.3 0.25

4 0 0 1.33 3.01 0.1 0.19 0.05 0.07 80.56 | 0.01 0.47 13.89

6 x4K 0 0 27.87 | 63.66 | 0.13 0.53 4.01 1.16 0.92 0.03 1.43 0.25

8 0.04 0 8.26 8563 |0 0.1 0.78 4.04 0.05 0.04 0.16 0

9 0.16 0 4121 | 5453 | 0.12 0.39 2.38 0.54 0 0 0.68 0

Table 3. HK 23 analysis.

SEM-EDAX NazO MgO | Al,0s SiO, SO3 P20s K20 Ca0 TiO; MnO FeO BaO

analysis

1 x35 0.23 0.02 21.26 | 7359 | 0.28 0.39 2.4 0.57 0.29 0.02 0.59 0.17

2 x35 0.29 0.12 2118 | 7367 | 0.24 0.39 2.35 0.49 0.39 0 0.56 0

3 0.15 0.09 21.06 | 73.85 | 0.12 0.22 2.42 0.57 0.2 0 0.66 0.1

4 sp x600 0.61 0.11 19.65 | 71.79 | 0.01 0.34 19.65 | 1.05 0.03 0 0.49 0

5 spx600 | 0.45 0 18.58 | 73.58 | 0.07 0.18 18.58 | 1.32 0 0.03 0.44 0

6 spx600 | 0.04 0 0 98.88 | 0.17 0.63 0 0 0.03 0.03 0.02 0

7 x5K 0.09 0.19 26.35 | 6846 | 0.2 0.35 26.35 | 0.48 0035 |0 0.54 0.04

8 x5K 0.47 0.12 25.87 | 68.33 | 0.12 0.33 25.87 | 0.59 0.38 0.07 0.59 0.18

9 Bisp 0.04 0.1 31.16 | 12.63 | 0.06 0 31.16 | 0.05 53.34 | 0.01 0.91 117

x16K

10 sp X700 | 0.34 0.07 20 72.67 | 0.06 0.7 20 0.81 0.02 0 0.49 0.21

11 spx900 | 0.62 0.05 2065 | 7245 | O 0.29 2065 | 0.7 0.09 0.08 0.38 0.03

12 sp x600 | 0 0 0.07 9017 [0 0.61 0.07 0.01 0 0 0.06 0.07

13 x5K 0.38 0.08 26.75 | 68.21 | 0.02 0.21 26.75 | 0.53 0.3 0 0.76 0.23

14 x3K 1.89 0.1 12.1 69.8 1.49 0 12.21 | 1013 | 0.13 0 0.47 0

x3K 1.53 0.08 11.83 | 68.38 | 1.62 0 11.83 | 11.1 0.03 0.09 0.45 0.23

x15K 1.46 0 11.02 | 68.23 | 1.97 0 11.02 | 12,5 0 0.04 0.29 0.13




Table 4. HK 24 analysis.

SEM-EDAX Na,O MgO Al,03 SiO, SOz P20s K20 CaO TiO> MnO FeO BaO
analysis

1 x25 0.27 0 19.89 74.57 0.25 0.73 1.13 0.47 0.49 0.03 0.57 0.30

2 x30 0.24 0 20.02 74.55 0.21 0.84 2.09 0.44 0.46 0.08 0.53 0.34

3 spx3k 2.17 0 18.30 70.29 0 0.45 3.33 5.14 0 0.03 0.13 0.14

4 spx2k 0.59 0 18.82 73.04 0.15 0.56 4.44 2.05 0.02 0 0.20 0.11

5 spx2k 0.25 0 19.74 73.42 0.10 0.70 4.27 0.80 0.15 0.01 0.48 0.07
Table 5. HK 26 analysis.

SEM-EDAX | NayO MgO Al,03 SiO, SOz P,0s K.0 CaO TiO> MnO FeO BaO
analysis

1 x40 0.18 0.24 21.21 74.04 0.24 0.28 2.25 0.52 0.41 0.04 0.57 0

2 x40 0.37 0.34 21.04 73.64 0.28 0.19 2.21 0.57 0.15 0.04 0.52 0.23
Mean 028 | 029 21.12 7384 | 026 | 024 223 | o055 | o028 0.04 055 | 012

3 x300 9.86 3.33 1.51 75.63 0.43 0 1.03 7.27 0.08 0.03 0.07 0.03
4 1.09 0.44 19.23 68.26 0 0.85 3.98 5.47 0.05 0 0.31 0.11

5 sp x800 0.59 0.26 19.82 72.15 0.1 0.16 4.91 0.99 0 0.07 0.43 0.11

6 sp x800 | 0.58 0.33 27.28 62.18 0.09 0.12 4.22 0.98 0.18 0.01 3.48 0.15
Mean 5-6 0.59 0.30 23.55 67.17 0.1 0.14 4.57 0.99 0.09 0.04 1.96 0.13

7 sp x600 0 0 0.31 99.5 0 0 0 0.05 0.06 0.03 0.05 0

8 x6K 0.28 0.46 22.37 72.29 0.17 0.34 2.3 0.57 0.31 0.08 0.79 0.01
9 x6K 0.43 0.33 28.16 65.74 0.27 0.07 2.82 0.59 0.3 0.07 0.89 0.03
Mean 8-9 0.36 0.40 225.27 69.02 0.22 0.21 2.56 0.58 0.31 0.08 0.84 0.02
10 sp x600 | 0.6 0.49 20.18 71.79 0 0 5.11 1.28 0 0 0.5 0.05
11 x6K 0.29 0.45 29.17 65.18 0.21 0.1 2.84 0.69 0.18 0 0.57 0.11
Mean12- | 159 | 027 13.22 70.3 198 |o 422 |e641 |o012 1.34 040 | o012
13

Table 6. HK 27 analysis.

SEM-EDAX | NaxO K>0 Al,O3 Sio; MgO CaO TiO2 MnO FeO P,0s SOz BaO
analysis

1 x35 1.67 1.77 14.17 80.31] 1 0.66 0.58 0 0.63 0 0.13 0
2 x35 1.83 1.63] 1475 79.51 0.22 0.59 0.58 0.02 0.51 0.19 0.09 0.02
3 x35 0.16 0 0 99.37| 0 0 0.06 0 0.06 0.21 0.01 0.13
4 0 0.09 0 99.32 0 0 0.08 0 0.1 0.25 0.15 0
5 sp x2k 0.99 3.34 19.23] 70.05 0 5.11 0.09 0.53 0.52 0.05 0.09
6 sp x2k 0.84 406 1959 72.14 0 2.52 0 0.01 0.45 0 0 0.39
7 sp x2k 2.17 2.59 20.5| 68.22 0 5.83 0.18 0 0.2 0.22 0 0.1
8 sp x4k 7.36 3.85| 34.65 50 0.74 1 0.8 0 1.61 0.01 0 0
9 sp x4k 38.91 0.24 5.36| 50.63 3.21 0.24 0.13 0.01 1.04 0 0.02 0.21
10 sp x4k 5.47 0.17] 17.91 12.7, 0.56 0.16| 60.68 0 1.69 0.12 0.13 0.43
11 4.24 3.07] 33.07 47.8 0.33 0.85 9.05, 0 1.16 0.18 0.18 0.07
12 5.14 2.02| 3227 48.48 0.67 0.67 8.67 0.07 1.46 0.45 0.09 0.01
13 spx300 1.9 3.09 10.16 72.76 0.08 0.59 0.25 0.12 0.39 0 2.61 0.05
14 spx115 1.58 0.32 11.17] 72.34 0.03 8.77 0.19 0.02 0.61 0 2.02) 0.06
15 spx250 0.98 2.18] 8.02 51.72 0.05 7.18 0.2 0.06 0.26 0 1.95 0.11
16 spx1k 0 0.05 0.32| 98.76 0 0.04 0.16 0.36 0.16 0 0.14 0




17 0.9 401 18.96] 72.26 0 2.98 0 0 0.44 0.16 0.05 0.23
18 spx3k 4.33 3.03] 34.01 55.79 0.27, 0.76 0.79 0 0.87 0.06 0.02 0.08
19 spx4k 0.86 043 19.06] 72.64 0 2.22 0.03 0 0.33 0.45 0.16 0
20 spx4k 5.67 3.22| 3394 52.77 0.85 0.79 1.28 0.05 1.23 0.06 0.12 0.02
Table 7. BB 6 analysis.

SEM-EDAX

analyses  Na20 K20 N203  $i02  NgO  ¢aO  Ti02 MnO HeO H 205 [SO3 |BaO  |PbO

1 x30 0.07| 356] 27.62] 65.96 0.34 082 o 125 of 006 018 0.2
3 spx500 0l 0.06 0| 99.09 0 0o 013 0.2 o 015 0.2 0| 053
4 spx1500 0.18| 324/ 36.76] 5736 0.15 032 0.39 o 145 0 0 015 0
5 spx1500 0l 416 248 68.72 0 04/ 053 005 095 016/ 015  0.07 0
6 spx4.5K 0.03 114/ 882 17.34 0 0.1 68.63 o 055 015 0 259 0.64
7 ar 10m 005 003 142 06 012 001 009 0.06 97.59 0 0 0 0
8 spx 1.5K 0.04 375 33.04 598 0.35 076 o 186 0 006 005 0.26
9 spx 1.5K 0.17 32| 37.2| 57.27 0.26] 013 0o 138 0 0 019 0.7
10 spx 1.5 0.03 0.1 0| 99.36 0 0 0 0 o 037 0 002 0.02
Table 8. BB 7 analysis.

:f:l"ysitsmx NaO | MgO | A0s | SiO; | SOs | P:0s | K0 | cao | T, | MO | Feo | BaoO
1 0.28 0.53 20.48 | 72.4 0.07 0 2.19 0.61 0.67 0.12 2.65 0

2 0.61 0.58 20.5 71.28 | 0.06 0 2.14 0.51 0.78 0.04 2.6 0

3 0.9 0.6 16.26 [ 53.02 [0 0.01 4.13 1.87 0.51 0.04 2.08 0

4 1.22 0.46 15.6 5434 |0 0 4.27 1.68 0.56 0 1.96 0

5 0.45 0.74 37.23 | 52.98 | 0.03 0 2.89 0.77 1.07 0.11 3.49 0

6 0 0 0.28 99.03 | O 0 0.05 0 0.07 0 0.1 0

7 0.41 0.73 20.5 68.93 | 0.06 0.02 4.39 1.23 0.6 0.16 1.97 0.02

8 0.68 0.98 3954 | 5142 | 0043 | O 2.7 0.86 0.29 0.09 3.04 0

9 0.59 0.64 18.01 | 72.33 | 0.07 0 4.94 1.25 0.28 0 1.9 0
Table 9. BB 8 analysis.

:f:f);sizAx Na;O | MgO | Al,0O3 Sio, SO; | P20s K20 CaO | TiO, | MnO | FeO | BaO
1 0.13 0.65 3509 |5823 |013 |0 1.5 0.4 1.35 | 0.02 25 0

2 0.15 0.62 3463 |5838 |025 [0 1.58 042 |[158 |0 2.34 | 0.06
3 0.2 0.91 3663 | 5566 | 009 [0 1.58 053 [115 |0 293 | 0.34
4 0.08 0.75 3598 | 5719 | 0.08 [o0.16 1.6 049 [118 |o0 232 | 017
5 0.14 0.66 39.46 | 5371 |0 0 2.27 039 [144 | o0.04 1.81 | 0.09
6 0.11 0.77 3952 | 5357 |012 |0 2.61 041 [104 |0 186 | 0O

7 0.18 0.73 3913 | 5442 |0 0 2249 |05 0.63 | 0.08 1.82 | 0.02




Table 10. BB 10 analysis.

SEM-EDAX

analyses Na20 K20 |AI203 | SiO2 MgO CaO TiO2 MnO FeO P 205 SO3 BaO PbO

1 x15 0.21 1.17 36.7 56.52 0.6 0.26 1.45 0.03 2.57 0 0.12 0 0.38

2 x15 0.27 0.99 36.43 | 57.12 0.62 0.22 1.58 0.03 2.5 0.05 0.15 0.05 0

3 x15 0.25 1.09 36.87 | 56.42 0.65 0.3 1.4 0.02 2.51 0.13 0.2 0.17 0

10 gl spx80 0.64 3.36 13.97 [ 48.65 0.26 2.34 0.61 0 1.28 0.08 0.25 0 28.57
3 gl spx80 0.25 2.34 11 47.74 0.25 1.51 0.34 0.11 1.12 0.31 0.23 0.24 34.57
4 matr 10m 0 1.09 38.01 | 56.61 0.36 0.24 1.1 0 2.37 0 0.15 0.06 0

5 matr 10m 0.21 1.2 37.34 | 55.55 0.66 0.24 1.16 0.08 2.25 0.03 0.12 0.15 1.02

6 matr sp 0.06 1.3 40.59 | 53.64 0.6 0.2 0.95 0 2.48 0 0 0.18 0

7 matr sp incl 0.12 1.92 41.21 | 52.88 0.54 0.33 0.89 0 1.73 0.38 0 0 0

10 br sp 10K 0.15 0.45 24.2 25.79 1.82 0.07 24.91 0.01 20.52 0 0 0 0.28
11 matr 10m 0.15 1.2 37.82 | 55.56 0.58 0.25 1.3 0.15 2.51 0.07 0.11 0.02 0.29
12 matr 10m 0 0.6 38.26 | 56.31 0.39 0.16 1.33 0.08 2.6 0 0 0.02 0.25
13 sp 1K 0 0.3 40.31 | 54.56 0.38 0.06 1.45 0 2.38 0.09 0.06 0.05 0.38
14 sp 1K 0 0.05 5.47 93.61 0.12 0.03 0.21 0.03 0.42 0.07 0 0 0

15 matr sp

X1K 0.13 0.27 40.89 | 54.32 0.46 0.14 1.11 0.05 2.64 0 0 0 0

16 sp gr 5m 0.1 1.38 37.85 | 51.06 0.59 0.3 0.88 0 2.4 4.68 0.09 0.11 0.57
17 1g gr

spx150 0.16 0.98 42.77 | 54.21 0.29 0.07 0.41 0 1.05 0 0 0.04 0.03
18 Ig incx150 0.22 0.59 41.13 | 54.24 0.49 0.1 1.14 0.12 1.88 0.09 0
191ginc It 0 0.56 42.37 | 54.06 0.32 0.02 0.91 0 1.22 0.1 0.02 0.43
20 Ig incx150 0.11 0.44 40.69 | 53.58 0.38 0.15 2.13 0 2.1 0.37 0.05 0 0
Table 11. BB 11 analysis.

SEM-EDAX

analyses Na20 20 N203  $i02 MgO ¢ao Ti02 NInO HeO H 205 [SO3 BaO PbO

1 x15 0.09 1.19] 36.9 56.99 0.36 0.22 1.3 0 2.79 Ol 0.075] 0.075 0
2 x15 0 1.24] 36.59] 57.36 0.16 0.2 1.48 0.14 2.55 0f 0.115 0.13] 0
3 x15 0 1.18] 36.87 57.18 0.11] 0.27 1.35 0 2.49 0.01 0.23 0.23 0
4 x1K 0 1.19 40.7) 54.42 0.14 0.16] 0.6 0 2.74] 0 0.03 0.01 0
5 x1K 0 1.14) 37.12 58.12 0 0.19 1.1 0.5 2.08| 0 0 0.11 0
6 x1K 0 0 0 99.7 0 0.01] 0.03 0.12] 0.13 0 0 0 0
7 x300 0.19 1.11) 40.88[ 53.67 0 0.14 0.86 0.05 1.79 0.88 0.1 0.32 0
8 spx300 0 1.11{ 42.09] 53.79 0 0.19 0.47 0.02 1.24 0.37] 0.06 0 0.64
9 spx300 0 0.93[ 40.12| 54.87 0 0.16 1.05 0.02 1.99 0 0 0.18 0.66
10 spx300 0.16 0 0l 99.86 0 0.03] 0 0.03] 0 0.02] 0 0.05 0
11 250nm 0 0.49[ 40.34] 54.95 0 0.22 1.22 0.06 1.86 0.39 0.11] 0 0.42
12 250nm 0 1.07] 37.65] 57.14 0.11 0.16] 1.35 0 2.21 0 0.22 0.08

13 250nm 0 0.63[ 38.78] 53.83 0 0.17 3.45 0 2.81] 0.14 0 0.18 0
14 250nm 0 0.6 40.43] 55.26 0 0.12] 1.07 0 2.09 0.25] 0.04 0.19




Table 12. BPOT 4 analysis.

SEM-EDAX Na,O MgO Al;03 SiO; SO3 P20s K20 CaO TiO, MnO FeO BaO

analyses

Fe incl. 0 0 0 0.25 0 0.59 0 0 0 0 126.15 | O

Fe inc. 0 0 0 0.28 0 0 0 0 0 0 13529 | O

Area x1000 0 0.09 11.67 43.55 0.09 0.49 1.02 30.49 1.54 2.68 7.48 0.9

Area x1000 0.05 0.37 12.29 42.95 0.06 0.18 0.81 30.72 1.98 2.71 7.82 0.05

Area x1000 0 0.22 12.57 43.39 0.06 0.19 0.87 29.35 1.96 2.86 8.46 0.07
Table 13. BPOT 5 analysis.

SEM-EDAX Na,O MgO Al;03 SiO; SO3 P20s K20 0CaO TiO, MnO FeO BaO

analyses

spot light 0 6.45 10.58 35.06 0.13 3.29 0.74 42.14 0.08 1.43 0.03 0.09

1 0 10.4 16.16 39.45 0.14 3.23 3.25 25.3 0.78 0.73 0 0.56

2 0.18 6.24 10.68 33.78 0.19 4.89 0.75 41.6 3.73 1.42 0 0.12

3 0 11 17.71 40.57 0.11 2.94 3.73 22.04 0.82 0.47 0.03 0.59

4 0 8.28 11.2 24.98 0 22.4 1.77 25.76 0.78 4.39 0.17 0.27

5 0.21 2.66 3.08 9 0.11 41.08 0.29 38.05 0.12 4.91 0.45 0.03

6 0.08 6.7 10.64 37 0.17 0.52 0.58 43.99 0.1 0.18 0.03 0

7 0 6.23 10.49 33.96 0.12 4.27 0.58 43.09 0.03 1.19 0.03 0

8 0.06 5.74 9.55 25.16 0.16 18.81 1.21 35.17 0.42 3.37 0.06 0.29
Table 14. BPOT 7 analysis.

SEM-EDAX Na,O MgO Al;03 SiO; SO3 P20s K20 CaO TiO, MnO FeO BaO

Analyses

1 0.04 0.7 32.47 52.98 0.24 0.1 0.77 5.05 1.26 0.1 7.14 0.15

2 0 0.57 32.41 52.01 0.3 0.07 0.74 5.31 0.65 0.08 7.57 0.29

3 0 0.12 23.98 30.89 0.43 6.76 0.14 0.8 0.52 0 36.26 0.11

4 0 2.97 16.92 25.16 0.03 0.02 0.04 1.73 5.46 0.22 47.41 0.05

5 0 0 69.33 27.69 0.03 0.11 0.06 0.09 0.57 0 2.12 0

6 0 0.05 33.27 49.87 0.45 0 0.97 10.19 0.89 0.04 4.17 0.11

7 0 4.66 28.6 32.76 0.22 0.04 0.81 1.22 1.92 0.26 29.32 0.21

8 0 0.27 14.72 67.14 0.54 0.03 0.63 8.37 1.13 0.11 6.71 0.36

9 0 0 66.68 26.98 0 0.57 0 0.21 0.66 0.08 5.32 0










