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710-722 George Street, Haymarket 

Scientific Analyses of Thomas Ball Pottery 

 

1.0 Introduction 
As already discussed in this report, it is clear that the Pottery of Thomas Ball at the 710-722 
George St site was producing a wide range of plain and glazed wares.  This chapter 
presents technical analyses based on scanning electron microscopeimaging and 
microanalysis (SEM-EDS1) performed on samples of three of the glazed wares associated 
with finer vessel forms at Thomas Ball’s Pottery.This work was conducted at the Australian 
Centre for Microscopy and Microanalysis at the University of Sydney and was first 
presented in an unpublished honours thesis.2

 

  This chapter is based upon, but also different 
to Chapter 4 of that thesis.These analyses have provided information on the composition of 
ceramic body, the level of vitrification (itself associated with firing conditions), inclusions in 
the ceramic body, and the composition and possible application method of glazes and other 
surface finishes for the each of these wares. 

2.0 Methods 
A total of 11 glazed ceramic samples from the Thomas Ball Pottery site were analysed.  For 
the purposes of this analysis these samples were visually categorised prior to scientific 
analysis into three wares, termed pale yellow glazed ware (six samples),3 mulberry ware 
(one sample) and ‘faux stoneware’ (three samples).4

Table 1

All the ceramic samples which were 
analysed came from undecorated sherds, mostly of an unidentifiable body shape.  They had 
already been classified by ware based on visual inspection.  The catalogue details of each 
sample, including a visual description is included in .  This visual description 
included Munsell colour chart codes describing fabric and surface colours.  All samples 
underwent similar procedures for sample preparation and were also subject to similar 
conditions when examined under the scanning electron microscope.  These procedures are 
explained below.  Specific details of data collection and post-data collection analysis are 
outlined before the corresponding results are given.  Not all samples were subjected to the 
same analysis in the microscope, and where results do not appear for a certain sample, 
such as the lack of body compositional data for samples 2A, 2B, 9B and 9C (see Table 2), 
this means that the relevant data was not collected for the omitted samples. 

 

 

 

                                                
1 SEM-EDS stands for ‘scanning electron-microscopy, energy dispersive spectroscopy’.  It is form of 
scanning electron microscopy which also has the ability to analyse the elemental composition of a 
sample based on the energy of the x-rays emitted from the sample when it is bombarded with the 
electron beam of the microscope. 
2 Pitt 2010 
3Note that this ware was referred to as “Local creamy glazed fine earthenware” in Pitt 2010. 
4 Note that one sample (7D) did not fall into these ware categories, although it was originally mis-
identified as mulberry ware. 
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Sample 
No 

Block 
No 

Context 
No 

Cat No Vessel 
part 

Fabric 
Colour 

Glaze colour and 
surface description 

Ware type  Additional 
comments 

1A 1 7645 85558 
bag 2 
of 4 

body  ‘white’ 
5Y8/1 

glazed on both sides 
(exterior ‘pale yellow’ 
5Y8/4; interior ‘pale 
yellow’ 2.5Y8/4) 

pale 
yellow 
glazed 
ware 

probably a 
fragment of 
a bowl 

1B 1 7645 85558 
bag 2 
of 4 

side of 
vessel 

‘pale 
yellow’ 
2.5Y8/2 

glazed on both sides, 
except one small area 
on rim (glaze ‘pale 
yellow’ 2.5Y8/4; 
unglazed area on rim 
‘pink’ 7.5YR8/4) 

pale 
yellow 
glazed 
ware 

 

2A 2 7645 85558 
bag 2 
of 4 

body ‘light gray’ 
5Y7/1 

crumbly glaze on both 
sides (exterior ‘pale 
yellow’ 5Y8/4; interior 
‘yellow’ 5Y8/6) 

pale 
yellow 
glazed 
ware 

probably 
over-fired 

2B 2 7645 85558 
bag 2 
of 4 

body ‘pale 
yellow’ 
5Y8/2 

glazed on both sides 
(exterior and interior 
both ‘pale yellow’ 
5Y8/4 

pale 
yellow 
glazed 
ware 

glaze over 
a break, 
suggesting 
it broke in 
the kiln 

4A 4 7662 85558 
bag 2 
of 4 

body ‘white’ 
2.5Y8/1 

glazed on both sides 
(exterior and interior 
both ‘pale yellow’ 
5Y8/4 

pale 
yellow 
glazed 
ware 

 

4B 4 7662 85558 
bag 2 
of 4 

body ‘white’ 
2.5Y8/1 

glazed on both sides 
(exterior ‘yellow’ 
10YR7/6; interior 
‘yellow’ 2.5Y7/6) 

pale 
yellow 
glazed 
ware 

 

7C 7α 7662 88443 body ‘light red’ 
2.5YR6/8 

Interior: ‘dusky red’ 
(10R3/4) glaze 
exterior: unglazed, with 
some patches of glaze, 
‘weak red’ (10R4/4) 

mulberry 
ware 

interior dark 
red glaze 
appears 
possibly 
metallic 

7D 7α 7662 88443 body varies 
between 
‘reddish 
yellow’ 
5YR6/6 
and ‘light 
brown’ 
7.5YR6/4 

Interior: ‘olive’ (5Y5/6) 
glaze 
exterior:  ‘dark 
yellowish brown’ 
(10YR3/6) glaze 

n/a  
(originally 
classified 
as 
mulberry 
ware, but 
visibly 
different) 

grey to red-
brown 
patina over 
interior 
glaze 
(2.5YR5/4) 

9A 9 7662 88503 body ‘pink’ 
7.5YR8/3 

Interior: matt ‘light 
yellowish brown’ 
(2.5Y6/4) glaze 
exterior: no glaze, ‘light 
yellowish brown’ 
(10YR6/4) finish 

‘faux 
stoneware’ 

 

9B 9  88503 body ‘pink’ 
7.5YR8/3 

Interior:  matt glaze 
‘olive’ 5Y5/4 
exterior:  no glaze, ‘red’ 
(2.5YR5/6) finish with 
dark brown spots,  

‘faux 
stoneware’ 

 

9C 9  88503 body ‘pink’ 
7.5YR8/4 

Interior:  matt ‘yellow’ 
(2.5Y7/6) glaze 
exterior:  no glaze, ‘red’ 
(10R4/6) finish 

‘faux 
stoneware’ 

 

Table 1:Summary table of analysed sample details. 
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2.1 Sample preparation 
The sample sherds had previously been quickly cleaned in bulk using a water hose.  Before 
they were prepared for SEM-EDS analysis, any loose dirt was gently washed off the glazed 
surfaces of several of these sherds, but the exposed fabric of the sherds was not further 
cleaned. 

In order to mount the sherds for analysis, a 5-10mm piece of eachsherd was cut off using a 
diamond sawperpendicular to its glazed surface. Where the sherds were body or rim 
sherds, these were cut perpendicular to the original base of the vessel (as ascertained by 
rim and wheel-mark locations).Once cut, the sherds were dried in an oven (100 °C, 30 to 
45 min).  Thesherds were then mounted in clear acrylic resin (10-15mL, ClaroFast(Struers)) 
using a resin press (CitoPress-10 (Struers)).  A filter-paper label was included in each block, 
in order to identify the samples. These blocks were then cut and polished using rotary 
polishing equipment (RotoPol-22&TegraPol-25 (Struers)). First silicon carbide (240) paper 
was used to cut down the acrylic block to reveal the ceramic sample surface. The blocks 
were then polished in two stages using successively finer diamond suspensions (9μm, then 
1μm). The sample blocks were carbon coated before examination under the scanning 
electron microscope. 

 

2.2 Electron microscope conditions 
All scanning electron microscope data for this project was collected using a Zeiss EVO 50 
instrument and Si(Li) x-ray detector with liquid nitrogen cooling system used for the 
microanalysis. All microanalysis measurements were made using an accelerating voltage of 
25kV and a working distance of 16-17mm, with data for quantitative analysis collected for 
around 100 000 counts with a dead time of around 30%. Analysis was done using iXRF, 
EDS 2006 (version 1.0) software, using the software’s ZAF calibration. Analysis results 
were recorded as mole and weight percentages of oxides, as is standard practice in the 
scientific analysis of ceramics for archaeological purposes, although all analytical data in 
this chapter is only presented as weight percentages, except for Table 6.  Other settings 
were used for some images in order to maximise image resolution. All SEM images were 
saved as tiff images. 

 
3.0 Results and technique specific methods 
3.1 Body composition 
The ceramic body composition data was collected by sampling an approximate 600×800μm 
area of the ceramic body (equivalent to an image of the body area at 500× 
magnification).Two analyses of sample 7D, based on examining two different areas of the 
same sample, have been included in order to give some indication of the reliability of the 
sampling method.The results of the compositional analysis are presented below in Table 2. 
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Sample No Na2O MgO Al2O3 SiO2 P2O5 SO2 K2O CaO TiO2 Fe2O3 SnO2 PbO 

pale yellow glazed ware 
1A 0.1 0.6 27.6 67.1 - 0.4 1.2 0.4 1.1 1.6 - - 
1B - 0.4 20.3 73.6 - 0.8 0.7 1.3 1.1 1.7 - - 
4A 0.2 0.6 25.8 68.8 - 0.3 1.3  1.2 1.8 - - 
4B - - 20.5 76.4 -  0.9  1.1 1.1 - - 
mulberry ware 
7C - 0.5 18.0 73.7 - 0.1 0.9 0.1 1.1 5.4 0.2 0.1 
mistakenly identified as mulberry ware 
7D (a) 0.1 0.5 18.4 73.3 - 0.1 1.1 - 1.0 3.5 0.1 1.8 
7D (b) - 0.5 18.2 75.2 - - 1.1 - 1.0 3.9 - - 
‘faux stoneware’ 
9A - 0.5 24.2 72.2 - - 1.0 - 1.0 1.2 - - 
Table 2: Body compositional data presented as weight percent.  Note concentrations below 0.05% are 

not reported, even if measured. 
 

This compositional data provides some fundamental information about the clay used by 
Thomas Ball.  The silica (SiO2) and alumina (Al2O3) concentrations are within the typical 
range for fired clays.5The white and buff-bodied wares have low concentrations of iron oxide 
(Fe2O3) (<2.0%), while the red-bodied wares have higher concentrations (>3.5%), 
consistent with iron oxide being the cause of the red ceramic bodies.6The low 
concentrations of calcium oxide (CaO) (<1.5%) show that the clay used was non-
calcareous, that is low in calcium.7A highcalcium content in a ceramic body affects its firing 
properties in several ways including increasing the amount of body shrinkage a vessel 
experiences on firing and introducing the risk of slumping when fired above 1100°C.8  On 
available data, the major clay sources used for English fine earthenware, the ball clays from 
Devon and Dorset, appear to have been non-calcareous,9 while tin-glazed ‘delftware’ 
pottery and maiolica appears to have used a calcareous bodyof up to 20% CaO.10

The limited precision of this data makes it unsuitable for use in a provenance study based 
on chemical composition, such has been done with many archaeological ceramics, 
including a recent study in an Australian context by Sarah Kelloway using XFR analyses 
from this site and from Irrawang in the Hunter Valley.

Therefore 
in this respect, the clay used by Thomas Ball was more like that used by English fine 
earthenware potters, than that used for tin-glazed ware. 

11However, this data can be used to 
address the broader question of where the clay was likely to originate. Several historical 
accounts of the use of clay in early nineteenth-century Sydney refer to the availability of two 
different clay sources.12

                                                
5Hamer&Hamer 1986:62 

The compositional data supports this, as it shows differences 
between the white or buff fabric and the red fabric samples. The samples with red fabrics 
(7C and 7D) have a higher concentration of iron and a lower concentration of alumina 
(Al2O3) when compared with the samples with white fabrics. The question then stands as to 
where these two different clays may have been obtained. 

6Hamer&Hamer 1986:266-267 
7 For comparison, non-calcareous clay has elsewhere been defined as containing less than 6% of 
calcium oxide (CaO).  Maniatis&Tite 1981:61 
8Hamer&Hamer 1986:44 
9McMeekin 1967:103 
10Hamer&Hamer 1986:44; Hughes 2008:124 
11Kelloway& Birmingham [in press] 
12Péron 2006: 345; Bougainville & Riviere 1999:80 
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A comparison with clays from Sydney shows that the local white bodied ceramics had a 
chemical composition that was broadly similar to those seen in clays formed from the pallid-
zone region of clay above weathered shale formations in the Sydney region (see Table 3). 
The pallid-zone region clays form above shale formations, where much of the iron has been 
leached out of the clay.13Examination of a geological map shows that the Brickfields region 
is located on the Hawkesbury formation, although close to Ashfield Shales.14Weathered 
Hawkesbury formation clays are known to usually fire to white or pale cream 
colour.15

Table 3

Hence, it seems likely that pallid-zone clays above Hawkesbury shales were the 
source of the white clay used by Thomas Ball and other potters in the Brickfield. Like the 
white and buff-bodied ceramics analysed in this study, these pallid-zone clays were low in 
iron and calcium oxides.  The higher levels of silica (SiO2) observed in the ceramics 
compared to the clay analysis summarised in  is partially due to the clay analyses 
including ‘loss on ignition’ which consists of water and other volatile components lost upon 
firing.16

Table 2

  Any additional increase in silica could be the result of any of several factors, 
including the possible addition of sand (which is mainly silica) to the clay used for ceramics, 
the slightly different location of the clay source, and potential systematic differences arising 
from different analytical techniques being used for the data in  and in Table 3. 

 

Ref. code Na2O MgO Al2O3 SiO2 K2O CaO TiO2 Fe2O3 Loss on ignition 

Hawkesbury Sandstone Formation (pallid-zone weathered shales) 
S15 - 0.1 21.7 65.2 2.5 0.04 0.7 1.0 6.6 
G9 <0.1 1.3 21.4 62.2 1.9 0.4 1.2 1.9 7.7 
G10 <0.1 1.3 20.5 64.2 2.2 0.3 0.9 1.4 6.9 
Ashfield Shale (pallid-zone weathered shales) 
G17 0.2 1.2 20.1 63.6 2.4 0.6 0.8 2.1 7.4 
G30 <0.1 0.5 23.6 62.8 2.3 0.3 0.9 1.0 7.4 
Table 3:  Comparative clay analyses from various published sources presented as weight percent.  Note 

that this data is not directly comparable with that presented in Table 2, as this data is for unfired 
clay, and included a measurement of ‘loss on ignition’ which includes water  and other volatile 
components which are lost upon firing.  Each reference code refers to a specific sample site 
referred to in an original study.  S15 is an average of 7pallid-zone clays over Hawkesbury shales 
from the Sydney region,17 G9 is a sample from Menai, G17 is a sample from Spear’s Brick Pit, 
Kingsgrove and samples G29 and G30 were taken from the railway cutting at the Mowbray Rd 
bridge.18

 
 

The origin of the clay used for the red-firing clay bodies is less certain, but it seems quite 
possible that these may be associated with the red and yellow clay found in the ‘iron-
enriched’ or ‘soil zone’, above the pallid-zone clays.19

 

This clay may have been used on its 
own or mixed with lighter coloured clays. 

                                                
13McMeekin 1967: 93 
14Loughnan et al 1962: 248, fig. 2 
15 Ferguson & Hosking 1955: 401 
16Hamer&Hamer 1986:9 
17McMeekin 1967:105 
18Loughnan et al 1962 
19McMeekin 1967:94-95 
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3.2 Degree of Body Vitrification 
Scanning electron microscopy has long been used to characterise the micromorphology 
and degree of vitrification of archaeological ceramics.  Degree of vitrification refers to the 
extent to which the individual mineral particles in the clay have begun to melt and connect 
to one another.20Generally, if all other conditions, such as clay composition, firing time and 
kiln atmosphere, remain consistent, a higher degree of vitrification reflects a higher firing 
temperature.  Perhaps the best established classification scale for vitrification is that of 
Maniatis and Tite,21 which is based on the visual inspection of SEM images. This scale was 
used here, with images of sample fabrics being compared to published SEM images of 
ceramics which already had been classified into the categories of Maniatis and Tite.22A key 
for the vitrification classification code is presented in Table 4. The results of the vitrification 
classification are presented in Table 5, followed by example SEM images of each 
vitrification level observed (Figures 1 to 4). It should be noted that all the samples analysed 
were non-calcareous (concentration of CaO less than 6%).23

 

 

Vitrification classification code Category description 
NV No vitrification 
IV Initial vitrification 
V Extensive vitrification 
CV Continuous vitrification 
CV (fb) Continuous vitrification, with fine bloating pores (0.2 – 

4 μm in diameter) 
CV(mb) Continuous vitrification, with medium bloating pores 

(0.2 – 10 μm in diameter) 
TV Total vitrification 
Table 4:Summary of vitrification classification codes used in categorising degree of vitrification, based 

on Maniatis and Tite24 as applied and summarised by Chatfield.25

 

Note that not all categories in 
these papers are listed here, as not all categories were observed in this analysis. 

                                                
20 Freestone & Middleton 1987:22 
21Maniatis&Tite 1981 
22 These published images were from Chatfield 2010 ; Day &Kilikoglou2001; Tite et al 1986; Tite 
2009 
23 as defined by Maniatis&Tite 1981:61 
24Maniatis&Tite 1981. 
25 Chatfield 2010, p. 731. 
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Sample No Observed vitrification stage 
pale yellow glazed ware 
1A V /CV(fb)  
1B V/ CV(fb)  
2A V /CV(fb)  
2B V/ CV(fb) 
4A V/ CV(fb)  
4B V /CV(fb) 
mulberry ware 
7C V 
mistakenly identified as mulberry ware  
7D CV(mb)  
‘faux stoneware’ 
9A CV(fb) 
9B CV(fb) 
Table 5:Vitrification classification results. 
 

 
Figure 1:  An example of extensive/continuous vitrification with fine bloating pores (V/CV(fb)), 

sample 4B.  The fine bloating pores are visible as the small dark regions spread throughout the 
image of the fabric, 0.2 – 4 μm in diameter.  Several examples of the pores are marked with 
orange arrows in this image. 
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Figure 2:  An example of continuous vitrification with fine bloating (CV(fb)), sample 9A. 
 

 
Figure 3:  An example of extensive vitrification (V), sample 7C. 
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Figure 4:  An example of continuous vitrification with medium bloating (CV(mb)), sample 7D. 
 

Several important points arise from the vitrification analysis. Firstly, the wares which had 
multiple samples analysed for level of vitrification, namely pale yellow glazed ware and faux 
stoneware, shared consistent levels of vitrification within the ware (see Table 5).  This 
suggests that all samples of a particular ware were fired under similar conditions 
(temperature, kiln atmosphere, firing time etc).  However, as vitrification levels vary between 
wares, this implies that at least for pale yellow glazed ware and faux stoneware, which 
shared similar chemical compositions for their fabrics (see Table 2), firing conditions must 
have varied between the different ware types.  As vitrification levels generally increase with 
firing temperature, given other variables such as firing time or clay composition are held 
constant,26

The vitrification analysis also aided classification of the wares. The analysis showed that the 
‘faux stoneware’ shows a similar level of vitrification to that observed in late 17th century 
English stoneware.

 the higher vitrification levels of the faux stoneware suggest that it was fired at a 
higher temperature than the pale yellow ware. 

27

Secondly, all the samples of locally produced ceramics except sample 7C, which was of 
mulberry ware, showed signs of bloating pores, which are fine pores caused by gas trapped 
inside the ceramic fabric.

This suggests that the ‘faux stoneware’ produced at the Pottery of 
Thomas Ball deserves to be considered a type of stoneware. 

28

                                                
26Maniatis&Tite 1981 

Moreover,a visual inspection of the pale yellow glazed ware 

27Tite et al. 1986:99 
28Maniatis&Tite 1981:61 
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sherds does reveal very fine bubbles that are just visible to the naked eye, a phenomenon 
associated with ‘pinholing’,which in turn is itself related to bloating.29

When discussing bloating pores, it should be noted that these bloating pores are different to 
bloating as understood by ceramicists.  Bloating as usually understood refers to 
unintentional blistering in the body of a vessel, caused by gases released during firing 
becoming trapped.

Hence it seems clear 
that the conditions leading to pinholing and bloating pores were occurring for much of the 
pottery produced by Thomas Ball. 

30  The bloating pores observed under a scanning electron microscope 
are also caused by the release of gases during firing.  However bloating pores may be 
observed where bloating itself is not apparent.  This is termed ‘incipient bloating’ by 
Maniatis and Tite in their landmark study on vitrification stages.31  Nevertheless, in the 
cases of bloating pores, pinholing and bloating itself, the source of the gases is the same, 
coming from carbon-containing material in the clay.  This carbon-containing material can be 
from recently grown plants, or from minerals such as lignite or graphite.32

There are two general causes for bloating related phenomena, namely too rapid heating

  Bloating and 
related effects occur when this carbon-containing material is unable to completely burn out 
at lower temperatures, and so gases from its partial combustion become trapped once the 
clay has begun to vitrify. 

33 
or a reducing kiln atmosphere.34  The presence of graphite in the clay body can also cause 
persistent pinholing.35Too rapid heating can cause bloating, as it prevents carbon-
containing material being burn out at lower temperatures, at which the ceramic body is still 
porous and at which the resultant gases can escape without causing any damage.  A 
reducing kiln atmosphere describes a kiln which contains gases such as carbon monoxide, 
and which lacks oxygen.  These conditions inside a reducing kiln favour the class of 
reactions called reduction reactions, to take place on the surface of vessels in the kiln.The 
diminished oxygen levels and elevated carbon monoxide levels found in a reducing kiln 
atmosphere would inhibit the combustion reactions that would otherwise remove any 
carbon-containing material from the ceramic body, resulting in the persistence of the 
material to form gases later in the firing process, leading to bloating related phenomena.  
Graphite can cause bloating because it does not undergo combustion at the lower 
temperatures, which causes other carbon-containing materials to be removed, while it can 
oxidise at higher temperatures (around 1200°C).36

Out of these possible causes, over-rapid firing seems to be least likely for these ceramics 
from the Pottery of Thomas Ball, because the bloating pores have been observed for a 
variety of wares, suggesting that the problem reoccurred in several different firings.  
Although possible, it seems unlikely that the same mistake was repeated so often.A 
reducing kiln atmosphere would be consistent with adapting to the use of wood as fuel for 
the kiln, as wood can, depending on its type and other conditions, give rise to a reducing 

 

                                                
29McMeekin 1967:143-144 
30Hamer&Hamer 1986:28 
31Maniatis&Tite 1981:61 
32McMeekin 1967:138 
33Hamer&Hamer 1986:28; McMeekin 1967:138 
34Maniatis&Tite 1981:61; McMeekin 1967:138 
35McMeekin 1967:144 
36McMeekin 1967:144 
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atmosphere.37Pinholing caused by graphite might be the most likely explanation for the 
bloating phenomena observed here, as graphite causes persistent pinholing, which cannot 
be remedied by changing firing conditions.38Graphite caused pinholingwas experienced by 
Ivan McMeekinusing weathered Hawkesbury shale clays gathered from Mittagong, and he 
also knew of similar difficulties with clay from Hawkesbury shales gathered at French’s 
Forest.39These clays are probably from the same geological strata as the clay around the 
Sydney Brickfields, where this pottery was made.40

Often vitrification analysis is used to determine the kiln firing temperature. However, in order 
to do this effectively, refiring experiments are usually conducted, as the level of vitrification 
not only depends on firing temperature, but also clay composition and the kiln 
atmosphere.

 

41As no refiring experiments were conducted in this technical analysis, no firing 
temperatures have been reported. However, for general comparison, earlier research has 
found that for non-calcareous clay fired in a reducing atmosphere, extensive vitrification (V) 
occurred at 800-900°C, while continuous vitrification with fine bloating pores (CV(fb)) 
occurred at 850-950°C and continuous vitrification with medium bloating pores (CV(mb)) at 
900-1000°C.42These stages occurred roughly 50°C higher for non-calcareous clays fired in 
an oxidising atmosphere.43

 

 

3.3 Body Inclusions 
Organic inclusions were discovered in four of the sixsherds of pale yellow glazed 
wareglazed ware examined for this project. These inclusions consisted of fibres (shown in 
Figure 1), which were discovered in four samples (2A, 2B, 4A and 4B), and of round organic 
particles (see Figure 6), most likely of pollen (see discussion below), which were discovered 
in three samples (2B, 4A and 4B).Some impressions, probably from burnt organic matter, 
were also observed in some samples (Figures 7 and 8).It is also useful to note for further 
research into locally made pottery that these organic inclusions were just visible to the 
naked eye as a bronze-red mark in the ceramic body. Under a low-powered digital 
microscope these fibres are fairly clearly visible (Figure 9). 

                                                
37Leach 1945:164, 188 
38McMeekin 1967:144 
39McMeekin 1967:88 
40Loughnan et al. 1962:248, fig. 2 
41Maniatis&Tite 1981 
42Maniatis&Tite 1981:68 
43Maniatis&Tite 1981:61 
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Figure 5:  Secondary electron SEM image of organic fibres in a void (sample 4A). 
 

 
Figure 6:  Secondary electron SEM image of a probable pollen grain in a void (sample 4B). 
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Figure 7:  Secondary electron SEM image of an impression left in an empty void (sample 2B). 
 

 
Figure 8:  Secondary electron SEM image of void possibly left by a partially burnt out organic inclusions 

(sample 4A). 
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Figure 9:  Sample 2B under a digital light microscope (after being cut and mounted in acrylic resin). 

Arrows point out where the bronze-red organic fibres are visible.(Scale bar only approximate.) 
 

The inclusions were confirmed as being organic through semi-quantitative point 
microanalysis, using the electron microscope (SEM-EDS).  Point analysis of the round 
starch or pollen grain showed that it was mostly carbon (45 mole %) and oxygen (45 mole 
%) with smaller amounts of aluminium (2.6 mole %), silicon (6.3 mole %) and sodium (0.2 
mole %). This is consistent with the grain being made of organic material such as a 
carbohydrate (ie starches, cellulose and sugars with the generic formula, Cx(H2O)y, where x 
and y are integers) with background signal from the ceramic body contributing the 
aluminium, silicon and sodium signal. It should be noted that this analysis was only for 
29 000 counts, to limit the damage to the organic inclusion. 

The point analysis of a fibre in sample 2B (Table 6) again showed that the inclusion was 
organic, as the fibre had a far higher concentration of carbon than the surrounding ceramic 
body. (It must be remembered that these samples were carbon coated, meaning that the 
ceramic body would have contained carbon regardless of the inclusions.) 

 Na S C O Mg Al Si Cl K Ca Ti Fe 
Fibre 0.1 0.2 62.3 32.5 0.1 1.3 2.8 0.3 - 0.2 0.0 0.1 
Ceramic Body 0.1 0.0 20.7 50.0 0.2 8.2 19.7 - 0.3 0.1 0.2 0.4 
Table 6:  Semi-quantitative analysis of fibre inclusion and of surrounding ceramic body for sample 2B 

(values in mole %). 
 

The identification of the organic inclusions was done by comparison to published 
microscope images of possible inclusion materials. Detailed SEM images of the fibres 
(Figure 11) showed that they lacked the distinctive scale-like surface of human hair. Rather 
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the fibres appear to be plant fibres, possibly straw on the basis of their similarity to 
published SEM images of hydrothermally treated straw (Figure 10). 

 
Figure 10:  Published SEM images of hydrothermally treated straw.44

 
 

 
Figure 11:  Secondary electron SEM image of organic fibre (sample 4B). 
 

The spherical organic inclusions (Figure 6) were ultimately identified as most likely being 
monoporate or monocolpate pollen grains.45

                                                
44 from Kristensen et al 2008:fig. 2 

  Possible identifications from published pollen 
grain images include Dock (Rumexsp) and an unidentified species of native grass 
(Poaceae) (see Figure 12). However, these are only possibly similar pollen grains, and the 

45 For terminology see APSA Members 2007 
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grains in the ceramic bodies could be from a whole range of different plants, particularly 
grasses. 

 
Figure 12:  Selected published light microscope images.46

 

Fig. 46 “Dock pollen (Rumex).2-18 Levy St, 
Chippendale”.Fig. 64 “Native grass pollen (Poaceae< 50 μm).2-18 Levy St, Chippendale.” 

There are several possible routes by which these organic inclusions were incorporated in 
the clay.  Most probable is the possibility that these organic inclusions were unintentionally 
incorporated in the ceramic fabric of the locally made pottery. Both pollen and pieces of 
grass and straw are very common in the environment and their accidental inclusion would 
have been very easy. Less likely, but still possible, is that the inclusions were already 
present in the clay when dug up for use in the early nineteenth century.  Secondary clays 
can often contain 5-10% organic material.47

3.4 Glaze Analysis Results 

  A final possible source for these inclusions is 
the deliberate addition of organic material as a temper.  However, this seems unlikely as the 
inclusions do not occur in all samples, and only occur as very fine material (see Figure 9).  
Furthermore, the practice of adding organic matter to clay for ceramics does not appear to 
have been practised in nineteen-century Britain, although common in other times and 
places, and for different cultures. 

The analysis of the glazes and other surface finishes involved two stages, the localised 
microanalysis of the chemical composition of the glaze or surface finish, and the 
examination of back-scattered scanning electron microscope images of the glaze-body 
junction.  

3.4.1 Glaze composition 
The composition of these glazes was collected by a reduced area scan from the top of the 
glaze layer, with the exception of sample 9A. Where a sample had two different surface 
finishes, as was the case for samples 7C, 7D, 9A, 9B and 9C, then the exterior and interior 
surface finishes were measured. The results of this analysis are presented below in 
Table 7. 

                                                
46Macphail 1999 
47 Rice 1987:37 
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Sample 
No 

Na2O MgO Al2O3 SiO2 P2O5 K2O CaO TiO2 Fe2O3 SnO2 PbO Comments 

pale yellow glazed ware 
1A - 0.1 6.0 17.0 - 0.1 0.2 0.4 0.8 1.8 73.8 reduced area 

–top 20 μm 
1B 0.1 0.3 7.7 24.4 - - 0.0 0.7 0.9 0.7 65.2 reduced area 

–top 10 μm 
4B - 0.2 4.8 14.3 - 0.1 - 0.3 0.5 0.5 79.3 reduced area 

–top 80 μm 
mulberry ware 
7C 
interior 

0.1 0.2 7.1 31.2 - 0.5 0.1 0.8 6.3 1.8 51.9 reduced area 
–top 20 μm 

7C 
interior 

- 0.2 8.2 32.3 - 0.3 0.0 0.6 2.7 1.0 54.7 reduced area 
–2nd top 20 
μm 

7C 
exterior 

0.2 0.2 12.3 44.5 - 0.7 0.1 0.7 2.3 0.6 38.4 reduced area 
–top 20 μm 

mistakenly identified as mulberry ware 
7D 
interior 

0.0 0.2 6.3 23.2 - 0.2 0.2 0.4 1.6 2.2 65.7 reduced area 
–top 20 μm 

7D 
exterior 

0.3 0.4 7.9 29.4 0.1 1.4 0.1 0.7 3.4 4.0 52.4 reduced area 
–top 20 μm 

‘faux stoneware’ 
9A 
interior 

- 0.4 8.4 34.5 - 0.2 - 0.9 1.0 0.5 54.1 from a point 
in the non-
crystalline 
region 

9A 
exterior 

0.6 0.5 22.6 69.7 - 4.7 - 0.9 1.0 - - wholesurface 
region at 
4000x (as 
shown in 
Figure 14). 

Table 7:  Glaze composition data (weight %).  Note that concentrations below 0.05% are not reported, 
even if measured. 

 

This glaze composition data reveals several features about the glazing technology used at 
the Pottery of Thomas Ball. Firstly, it confirms that all glazed surfaces on the locally 
produced pottery are lead glazed. This includes the ‘faux stoneware’, whose interior 
green/olive matt glaze is lead-based. The only surface that was not lead glazed was the 
exterior finish of the ‘faux stoneware’. This is why the analysis of the exterior surface of 
sample 9A shows higher levels of alumina (Al2O3) and silica (SiO2) compared to the other 
glazes.  Although this exterior surface is visually similar to a thin salt-glaze, showing a 
region of completely vitrified at the surface, the compositional analysis presented here 
shows that it was far too low in sodium to be a traditional salt-glaze, which usually have 7-
8% Na2O.48  However the surface region is rich in potassium oxide (K2O) at a similar level to 
some salt-glazes, which have 4-6% K2O.49

                                                
48Tite et al 1986:98 

When the concentrations of elements across the 
exterior surface region of ‘faux stoneware’ are examined (see Figure 13), it becomes 
apparent that potassium and sodium are concentrated near the surface of the vessel. This 
suggests that the source of the potassium forming the surface finish originated from the kiln 

49Tite et al 1986:98. The late seventeenth-century salt-glazes analysed by Tite et al in this paper 
contained elevated levels of potassium oxides (K2O) as well as sodium oxides (Na2O). 
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itself. It is likely that this potassium, as well as the small amount of sodium, came from 
vapours originating from the wood being burnt as fuel in the kiln as has been suggested for 
another stoneware pottery.50

 

Back-scattered SEM imaging of the ‘faux stoneware’ exterior 
surface-body junction shows that it is characterised by an almost totally vitrified outer layer 
(see Figure 14). Point analysis shows that this region contains darker areas which are silica 
(SiO2) rich (points 2 and 4) and smaller, bright regions which contain higher amounts of 
potassium oxide (K2O) (see Table 8). 

Figure 13:  Cross-sectional proportional elemental distribution across the exterior surface region of 
sample 9A (‘faux stoneware’). Note that each element concentration has been normalised 
relative to itself, so that the area under its curve is equal to one arbitrary unit. The absolute 
concentrations of different elements cannot be compared using this graph. 

 

                                                
50Tite et al 1986:103 
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Figure 14:  Exterior surface-body region of sample 9A (‘faux stoneware’) with annotated points referring 

to point analysis reported in Table 8. The location of the acrylic resin in which the sample is 
mounted is also marked. 

 

 Na2O MgO Al2O3 SiO2 K2O TiO2 Fe2O3 
Pt 1 0.5 0.6 26.0 65.3 5.8 1.2 0.7 
Pt 2 0.7 0.3 14.5 80.5 3.7 - 0.4 
Pt 3 1.7 1.2 18.5 63.3 11.1 0.7 3.5 
Pt 4 0.0 0.1 1.1 98.3 0.2 0.1 0.1 
Whole Area 0.6 0.5 22.6 69.7 4.7 0.9 1.0 
Table 8:  Semi-quantitative analysis data for points from sample 9A shown in Figure 14. 
 

This compositional analysis also shows that several of the locally manufactured wares 
include tin oxide (SnO2) in their composition. This tin oxide occurred in the glaze as 
concentrated crystals, as shown in the point analysis presented in Figure 15and Table 9. 
The occurrence of tin in crystalline form like this is typical of tin-containing glazes.51Tin 
oxide is well known as an opacifier52 in lead-glazes, usually in concentrations of 4 to 11% 
(by weight),53

                                                
51Molera et al 1999 

 and is not usually thought of as being a component of late eighteenth and 
early nineteenth-century English fine earthenware glazes. However one researcher has 
found evidence for tin in similar amounts (0.5 to 2% (by weight)) as the pottery on this site in 
the glazes of some nineteenth-century blue on white transfer printed earthenware from the 

52 An opacifier is a substance added to an otherwise transparent or translucent glaze in order to 
render it opaque, or cloudy.  Typically an opacifier will render a clear glaze, white, as is the case for 
‘tin glaze’ earthenware, where tin oxide is added to lead (II) oxide, to form an opaque, white glaze. 
53Tite et al 2008:69; Tite 2009: 2075 

Body Resin 
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Spode pottery works in Stoke-on-Trent, England.54Other analysis has found tin in the glaze 
of some late eighteenth century porcelain from South Carolina in similar amounts,55 
although not in the glaze of earthenware produced on the same site.56

Finally the analysis shows that the dark red mulberry ware was not being darkened using 
manganese as was often the case for many eighteenth and nineteenth-century black-glazed 
ceramics.

  Hence the 
occurrence of tin in the glazes of some locally manufactured wares probably is not a point of 
distinction between local pottery and English earthenware.  Rather it is a point where the 
manufacturing methods of local pottery, specifically the glaze recipes used, corresponded 
with one of the range of methods used in England. 

57

 

 Instead it appears to be coloured by iron, which is concentrated in the top 
region of the glaze (see Table 7). This iron may be concentrated in the fine, dark spots 
visible near the top of the mulberry glaze SEM image shown in Figure 18. 

MgO Al2O3 SiO2 SO2 K2O TiO2 Fe2O3 SnO2 PbO 
Pt 1 0.0 13.9 22.4 0.1 0.8 0.2 0.8 0.4 61.3 
Pt 2 0.2 15.8 23.9 0.0 0.8 0.4 0.4 0.2 58.4 
Pt 3 0.2 4.5 19.0 0.0 0.2 0.7 0.9 18.4 56.1 
Table 9:Semi-quantitative analysis data for points shown in Figure 15 (values in weight %). 
 

 
Figure 15:  Annotated detail of glaze of sample 2B.See Table 9 above for semi-quantitative point 

analysis. 
 

The glaze composition data can be used in conjunction with the body composition data to 
determine whether or not additional silica was added to the glaze when it was applied to the 

                                                
54 Douglas 2000:54-65 
55 Owen 2007 
56Victor Owen personal correspondence, 29 October 2010. 
57Couper 1847:439, 442; South 1993:85-86. 



21 
 

 
Casey & Lowe  Archaeological Investigation 

710-722 George Street, Haymarket 

vessel. This is done through subtracting the lead (II) oxide (PbO) content from the glaze 
composition, recasting this composition to 100% and then comparing this to the body 
composition.58The results of these calculations are presented in Table 10, but in summary, 
the close similarity between the body and recast body compositions strongly suggest in 
terms of production that the glaze that was being applied to local pottery did not include 
additional silica, which contrasts Ball’s pottery with what has been observed for pottery from 
James King’s 1840s Pottery at Irrawang, where the glaze was being applied as a lead 
silicate mixture.59These results also mean that the glaze used at the Pottery of Thomas Ball 
was not fritted,60 contrary to English practices at the time.61

                                                
58 Method given in Tite et al 1998:249-250. 

 

59Kellowayn.d. 
60 Fritting is the process where part of a glaze recipe, typically a lead compound, such as litharge (an 
ore of lead (II) oxide) and a form of silica (usually as quartz in the form of ground flint or sand), are 
heated together to melting point.  They then will form an insoluble compound, called a frit, which can 
be ground and used for glazing.  A principal advantage of fritted glazes is that the lead they contain is 
insoluble, while lead (II) oxide is water soluble.  Using an insoluble lead compound for glazing 
lessens the risk to the potter of experiencing lead poisoning. For further information on fritting see 
Hamer&Hamer 1986:145. 
61 Shaw 1829:165 
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Sample 
No 

Na2O MgO Al2O3 SiO2 P2O5 SO2 K2O CaO TiO2 Fe2O3 SnO2 Comments 

pale yellow glazed ware 
1A glaze 0.1 0.2 22.9 64.9 - - 0.2 0.6 1.5 3.0 6.7 reduced area 

–top 20 μm 
1A body 0.1 0.6 27.6 67.1 - 0.4 1.2 0.4 1.1 1.6 -  
1B glaze 0.3 0.9 22.1 70.1 - - 0.1 0.1 2.1 2.6 1.9 reduced area 

–top 10 μm 
1B body - 0.4 20.3 73.6 - 0.8 0.7 1.3 1.1 1.7 -  
4B glaze 0.1 0.9 23.2 69.1   0.4 0.0 1.5 2.4 2.5 reduced area 

–top 80 μm 
4B body - - 20.5 76.4 - - 0.9  1.1 1.1 -  
mulberry ware 
7C 
interior 
glaze 

0.2 0.4 14.8 64.9 - - 1.0 0.2 1.7 13.2 3.7 reduced area 
–top 20 μm 

7C 
interior 
glaze 

0.1 0.5 18.1 71.2 - - 0.6 - 1.3 6.0 2.2 reduced area 
–2nd from the  
top 20 μm 

7C 
exterior 
glaze 

0.4 0.3 20.0 72.2 - - 1.1 0.1 1.1 3.8 1.0 reduced area 
–top 20 μm 

7C body - 0.5 18.0 73.7 - 0.1 0.9 0.1 1.1 5.4 0.2 0.1% weight 
PbO 

mistakenly identified as mulberry ware 
7D 
interior 
glaze 

0.7 0.8 16.6 61.8 0.2 - 3.0 0.2 1.4 7.2 8.4 reduced area 
–top 20 μm 

7D 
exterior 
glaze 

0.1 0.5 18.1 71.2 - - 0.6 - 1.3 6.0 2.2 reduced area 
–top 20 μm 

7D (a) 
body 

0.1 0.5 18.4 73.3 - 0.1 1.1 - 1.0 3.5 0.1 1.8% weight 
PbO 
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Sample 
No 

Na2O MgO Al2O3 SiO2 P2O5 SO2 K2O CaO TiO2 Fe2O3 SnO2 Comments 

‘faux stoneware’ 
9A 
interior 
glaze 

0.00 1.0 18.3 75.2   0.4 - 1.9 2.3 1.1 from a point 
in the non-
crystalline 
region 

9A body - 0.5 24.2 72.2 - - 1.0 - 1.0 1.2 -  
Table 10: Glaze application analysis results (normalised weight %). 
 

3.4.2 Glaze-body junction 
The interaction between glazes and ceramic bodies can be studied using scanning electron 
microscopy.  The region of this interaction, from the outer surface of the glaze to the 
beginning of the ceramic body is referred to in this section as the ‘glaze-body junction’ of a 
ceramic.  An example of the glaze-body junction of the pale yellow glazed ware is shown in 
Figure 16, while Figure 17 shows an example of the glaze-body junction of nineteenth- 
century refined whiteware.  

Semi-quantitative point analysis of these crystals showed that they had roughly the same 
composition as the surrounding amorphous glaze, as is seen in the point analysis shown in 
Figure 16 and Table 9, above. This and a comparison to published images62

There are several factors that can increase the size of the interface region where these 
crystals form, including slower cooling, higher firing temperature, higher lead content in the 
applied glaze, using illitic instead of kaolinitic clay, and applying the glaze material to an 
unfired (as opposed to biscuit fired) clay body.

 suggest that 
these crystals are lead/potassium feldspars. 

63Given that no biscuit fired wasters have 
been identified at the 710-722 George St site to date, the most likely contributing factor to 
the large interface region is the application of the glaze to the pottery before firing. In other 
words, it appears that a single firing method has been used to produce this pottery, rather 
than the two stage process of a biscuit, then a glost firing which was typical of English fine 
earthenware of the period.64

                                                
62Molera et al 2001 

Large interface regions were also observed for the glaze-body 
junction regions for samples of mulberry ware (Figure 18) and ‘faux stoneware’ (Figure 19), 
again suggesting that the glaze was applied to an unfired body.  This evidence for a single 
firing production process indicates that a simplified production method was employed at 
Ball’s Pottery. 

63Molera et al 2001 
64 Barker 2004:205; Shaw 1829:165. 
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Figure 16:  Glaze-body junction of sample 1A (pale yellow glazed ware). 
 

 
Figure 17:  Glaze-body junction of a nineteenth-century refined whiteware sample obtained from Silknit 

1997/8, Context 538, Area A, Vat No 321.  This sample was prepared in exactly the same way as 
the samples of local pottery discussed here.  In Pitt 2010, it is referred to as sample 3B. 

Glaze Body 

Glaze Body 
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Figure 18:  Interior glaze-body junction of sample 7C (mulberry ware).  Note that a higher concentration 

of iron oxide was found near the surface of this sample, on the left side of this image (see Table 
7). 

 

 
Figure 19:  Interior glaze-body junction of sample 9A (‘faux stoneware’). 

Glaze Body 

Glaze Body 
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4.0 Summary 
The scientific analysis presented here was limited to 11 samples of glazed ceramics from 
the Thomas Ball Pottery analysed by scanning electron microscope imaging and 
microanalysis (SEM-EDS). For the purposes of this analysis these samples were visually 
categorised prior to scientific analysis into three wares, termed pale yellow glazed ware (six 
samples),65 mulberry ware (one sample) and ‘faux stoneware’ (three samples).66

From this analysis the following conclusions were able to be drawn concerning the clay and 
fabric of the ceramics from the Thomas Ball Pottery.  Firstly, the clay used for these 
sampled ceramics appears to have been from at least two prepared clay sources. One of 
these sources was used for red fabrics, which were relatively high in iron oxide (conc. 
Fe2O3> 3.5% (w/w%)), the other was used for white and buff fabrics and was relatively low 
in iron oxide (conc. Fe2O3< 2.0% (w/w%)).  Chemicalanalysis showed that all clays used 
were non-calcareous (low in calcium).  The compositional results were consistent with the 
clay being sourced from around Sydney.  Further sampling and more precise chemical 
analysis, using a different analytical technique, would be required to allow more definite, 
statistically sound statements to be made about the number of clay sources which were 
used. 

 

Vitrification analysis of the fabrics suggested that pale yellow glazed ware and mulberry 
ware were fired at lower temperatures than the ‘faux stoneware’.  ‘Faux stoneware’ samples 
demonstrated a similar level of vitrification to other English stoneware, and so deserve to be 
considered a type of stoneware.  Fine pores associated with pinholing and incipient bloating 
were seen using electron microscopy in all samples except mulberry ware.  These fine 
pores were probably due properties inherent to the clay used by the potter, although other 
causes would have been possible. 

Organic inclusions of plant fibres and pollen were found in four of the six samples of pale 
yellow glazed are analysed.  There are at least three possible reasons for their presence in 
the ceramics.  The organic inclusions may have been accidentally incorporated in the clay 
as it was being prepared by the potter, they may have already been in the clay-bed before 
the clay was collected, or they may have originated as part of deliberately added temper 
material.  Of these possible reasons, the author considers the first to be most likely. 

This analysis was also able to make several key conclusions about the composition of the 
glazes used on the samples.  All glazes were lead based as expected, with many of the 
sampled glazes also containing quantities of tin oxide (SnO2).  The presence of tin in 
nineteenth-century earthenware glazes was not expected, but further research has shown 
that it has been observed in other nineteenth-century earthenware glazes.The only surface 
that was not lead glazed was the exterior surface of the ‘faux stoneware’.  This resembled a 
thin salt-glaze, and chemical microanalysis showed that it was not a salt-glaze as such, as it 
was too low in sodium.  Rather it was a completely vitrified region, rich in potassium, 
probably originating from the vapours of a wood-fired kiln. 

Conclusions were also able to be made about how the glazing materials were applied to the 
ceramics.  Comparative analysis of the glaze and body compositional data showed that all 

                                                
65Note that this ware was referred to as “Local creamy glazed fine earthenware” in Pitt 2010. 
66 Note that one sample (7D) did not fall into these ware categories, although it was originally mis-
identified as mulberry ware 
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the glaze materials appear to have been applied directly to the ceramic vessels as raw lead 
compounds, or as lead compounds mixed with a clay slurry, rather than lead mixed with 
silica (such as in the form of ground flint or sand).  Mixing and heating lead compounds with 
silica to produce ‘fritted glazes’ before application to ceramics was becoming common in the 
early nineteenth-century and was a safer method for the potter.  Electron microscope 
images of the glaze-body interface suggested that glazing material may have been applied 
to unfired ceramics, rather than to vessels which had already been fired once (‘biscuit 
fired’). 
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