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The Historical Iron Research Project: 
Results of the First Phase of Metallographic and 

Microanalytical Examination oflron Fittings 
from Historical Buildings 

David Starley 

Introduction 

The aim of the Historical Iron Project is to gain a greater understanding of the products of the 
iron industry during the past 600 years. This has been a period of unprecedented technological 
change for a major industry, yet remarkably little research has been directed at the class of iron 
alloys widely referred to as wrought irons. This project has two parallel aims. Firstly, it undertakes 
to examine the relationship between the structure and composition of iron and the technological 
process, or processes, by which it was produced. Secondly, by concentrating on a range of 
samples of ironwork from late medieval and post-medieval buildings, it will investigate changes 
in the availability and use of particular alloys for architectural purposes. 
Although research into this project is still ongoing, it was considered appropriate to present the 
results of the initial phase of work. This first report includes the following topics: 

1. The background of the iron industry. 
2. Brief summary of previous analytical investigation. 
3. Explanation of sampling strategy. 
4. Rationale and methodology of the project. 
5. Initial results and interpretation of data. 
6. Conclusions. 

Appendix I. 
II. 
III. 

A catalogue of samples I metallographic data. 
Microanalytical data: Inclusions in iron. 
Microanalytical data: Iron matrices. 
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I. European Iron Production 

Since the late medieval period, iron and steel production and trade have been of major importance 
to the economies of both the increasingly specialised iron-producing regions of Europe and the 
many nations heavily dependent on imports. The continent-wide trade pattern shifted over time, 
often as a result of technological innovations. The three particularly significant stages were: 

1. The transition from direct (bloomery) iron to indirect (blast furnace/finery) alloys. 
2. The change from charcoal to coke as fuel for furnaces and hearths. 
3. The introduction of bulk steel as a cost-effective alternative to "wrought iron". 

The bloomery or "direct"process had developed from, but retained essentially the same principles 
as used in the earliest furnaces. This was a batch operation in which each smelt was terminated 
to remove the solid iron bloom. The iron, although containing considerable slag as inclusions, was 
sufficiently low in carbon that it could be worked without further treatment, apart from bloom 
smithing to expel slag and consolidate the metal. Documentation records that the first blast 
furnace was introduced to Britain in 1496 and from the late medieval period the blast furnace 
became increasingly important economically. The sole product of the blast furnace is cast iron; 
this has a high carbon content, typically above 2.5%, and is not malleable. A third technique 
should also be mentioned, the high bloomery (stiickojen), often considered as an intermediate 
technological step. This furnace allowed the flexibility to produce either cast iron or malleable 
alloys, the latter being noted (Percy 1864) for their steely nature. Although there is little firm 
evidence for the high bloomery process away from its stronghold in central Europe, recent 
research (Vernon et a! forthcoming) has suggested that the site of Timberholme in North 
Yorkshire may be of this type. 

Whilst the casting of objects direct from the furnace was often an attractive option, the greater 
need continued to be for malleable iron, and a series of conversion processes were developed to 
decarburise cast iron from blast furnaces and so produce a workable alloy. Until the later 
eighteenth century this was achieved by remelting in a finery, a highly oxidising charcoal-fired 
hearth. However, in the second half of the century other techniques were developed based on the 
use of reverberatory furnaces which, by separating the fuel and iron, allowed coal or coke to be 
used as fuel without excessive transfer of sulphur to the metal (Morton and Mutton 1967). A 
patent by John Wood in 1761 involved fining of cast iron with coal followed by granulation and 
heating with flux in crucibles in a reverberatory furnace. The term stamping and potting was 
applied to this and similar processes operating around this date. In 1783 Cort patented what 
became known as the dry puddling process. This dispensed with the use of a separate finery hearth 
and the cast iron was decarburised on a bed of sand in a reverberatory furnace. The originality of 
his method was the subject of a lawsuit and there is reason to believe aspects of his process were 
not without precedent (Morton and Mutton 1967). A further development, beyond 1816, was wet 
puddling, in which the furnace bottom was lined with iron plates protected by furnace cinder. This 
allowed a slag bath to build up which very effectively oxidised unwanted elements from the cast 
iron. These developments, together with the use of coke in blast furnaces, were crucial for the 
continued expansion of the British iron industry, previously hindered by high charcoal costs. From 
1720, when more bar iron was imported than produced, the country had become a net exporter 
by the end of the eighteenth century (Tylecote 1976). 
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Bessemer's invention of the steel converter in 1856 followed by the Thomas process (Basic 
Bessemer) and open hearth steel production, led to a rapid drop in the price of steel in the second 
half of the nineteenth century and allowed low carbon steels to be used economically in a wide 
range ofproducts. Problems with porosity in steel casting were solved by Mushet's 1856 patent 
for the addition of speigel (an alloy of manganese and iron) to de-gas the metal before 
solidification (Dennis 1963, 96-97). The presence of manganese sulphide inclusions is 
characteristic of bulk steels, which also lack the often considerable volume of slag inclusions 
found in bloomery, finery and puddled iron. Therefore the identification of bulk steels, as a group, 
is not difficult. 

2. Previous work 

A literature survey highlighted the contrast between the large amount of work undertaken on 

archaeological artefacts and the fewer, less intensive studies of historical materials. A number of 


I studies have aimed to distinguish between direct and indirect iron production. However, the value 

I 

ofmany of these is limited because either a very restricted range of artefacts, or material from a 
!single site, were examined without comparative material from the industry as a whole. Attempts 
to predict or explain compositions which might be expected in iron from specific historical 
processes are rare. Too frequently data is collected by whatever technique is available, then 
complex statistical methods are used to discriminate between groups. Additionally, many studies 
are weakened by a lack of technologically provenanced, or even closely dated, artefacts. 

Despite the diversity of production methods, the range of "wrought iron" products have proved 
remarkably difficult to differentiate. Reasons include the heterogeneity within samples, the very 
low levels of trace elements which might be co-smelted with the iron, and the great variation in 
the composition ofores, fluxes and inadvertently added compounds, such as those deriving from 
furnace linings. A limited number of studies have tackled the problem in a more systematic way 
with some success. Previous approaches to the subject have compared slag inclusions within the 
iron to bulk slags recovered from production centres (Rostoker and Dvorak 1990) and against 
archival iron samples (Gordon 1983). 

A recurrent difficulty is that for many of the less well known processes, reliably identified 
residues, which may be compared with the composition of entrapped slag in "wrought iron" are 
not available. Morton and Wingrove (1969) do discuss the characteristics of bulk slags from a 
relatively wide range of iron conversion processes operating through this period. Killick and 
Gordon (1987) examined dry puddling slags, concluding that it is possible to distinguish these 
from finery and bloomery slags on the basis of microstructural constituents. Neither of these 
studies extended to consideration of the evidence for stamping and potting, although the 
economic importance of these processes was recognised by Killick and Gordon (1987) who note 
that the process was responsible for half the production of bar iron in Britain by 1780. 
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3. Sampling strategy 

A::; noted above, a major difficulty with any analytical study of historical ironwork is the scarcity 
of reference material for which the production process is known with certainty. Without material 
of known technological provenance, the Historical Iron Project adopted a methodology of 
examining a range of artefacts, for which the date (but not process) of manufacture was reliably 
known. This broad spectrum of dated samples could then be compared against historically 
recorded processes to see if any features of their compositional data might be related to those 
processes. The microanalysis of the first 27 samples can only be considered as a pilot project, but 
may provide a sufficiently large data base such that patterns in composition emerge which can be 
compared with suggestions made by other workers for determining the technology used to 
produce artefacts. 

Before 1490 it can be assumed that all UK produced iron was produced by the traditional 
bloomery process. Beyond this, known dates for innovative processes in the United Kingdom are 
as follows: 

1496 Charcoal blast furnace I charcoal finery iron 
1709 Coke blast furnace I charcoal fined iron 
1761 Coke blast furnace I stamping and potting 
1780 Coke blast furnace I dry puddling 
1816 Coke blast furnace I wet puddling 
1856 Bulk steel (Bessemer converter I Thomas process I open hearth process) 

This methodology is not without weaknesses. The recycling of old iron, the continued supply of 
iron from more traditional techniques and the importation of metal from overseas will result in a 
gradual transition, where material from one source begins to take over from others, rather than 
a rapid displacement of old by new. Strictly, knowing the date of the sample, it is only possible 
to say whether it predates a specific technique. However, the choice of architectural ironwork as 
a source of samples should closely reflect the availability of bulk iron at any particular time. Given 
the major economic importance of the processes of interest, very extensive sampling should not 
be necessary to ensure that material from the full range of commonly used techniques will be 
represented. 

Generally the ironwork sampled was dated from its architectural context. Most frequently the 
ironwork was an original fitting in a building where the date of construction was known. Less 
commonly, dating was based on stylistic detail, where this was considered sufficiently precise and 
reliable. Choice of material for sampling was guided by the need to cover a broad range of 
technological processes for the production of iron and the refining of cast iron to wrought iron, 
as listed above. The eighteenth century was a time of considerable metallurgical innovation, and 
is fortunately a period for which English Heritage's Architectural Study Collection and London 
Region archive is particularly strong. A further, more specialised source of late eighteenth century 
iron was a selection of David Hartley fire plates from various buildings. These have been the 
subject of a separate report (Finney and Starley 1996). Earlier, post medieval material, was 
boosted by the inclusion of the wall ties, from the Old Merchant's House, Great Yarmouth, which 
enumerated the year of construction for a series of buildings between the 1560s (Plate I) and 
1651. Iron fittings sufficiently old to be of undoubted bloomery production are less well 
represented in the Architectural Study Collection and samples collected during earlier 
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archaeological excavation and structural restoration were included in the study. The latest samples 
came from ornamental ironwork of the last decade of the nineteenth century. 

Plate 1. Two "short wall ties", Great Yarmouth, 156 .... The final digit was missing from this 
oldest and largest set of wall anchors known from the town. 
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4. Project rationale and methodology 

The methodology for the project was presented at the Comite pour Ia Sidemrgie Ancienne 
Ironworking Conference in Norberg, Sweden in April 1995 (Starley 1996), where it received 
much support from the international specialists present. The event gave an opportunity to air some 
of the difficulties likely to be encountered, such as high temperature elemental migration between 
the metal and slag phases, electron beam penetration during slag inclusion analysis and sample 
heterogeneity. The approach follows closely that previously carried out on high quality steel 
armours (Starley 1992), but extends over a wider date range. The use of architectural ironwork, 
has several advantages. Firstly it is generally much more closely dated than archaeological 
material. Secondly, it is representative of bulk iron production. Finally, architectural ironwork is 
of specific interest to English Heritage and the project will lead to a better understanding of the 
use of iron alloys in buildings. 

Analysis included the metallographic (optical microscopic) examination of prepared specimens. 
This was followed by scanning electron microscope (SEM) based microanalysis of the iron and 
its slag inclusions. As well as analytically characterising the metals, this enabled the partitioning 
of elements between metallic and nonmetallic phases to be quantified, providing an insight into 
furnace operating conditions. 

Metallography 
Samples were cut from the architectural ironwork, using a hacksaw, then divided so that they 
could be observed in both longitudinal (along the direction of working) and transverse (across the 
direction of working) sections. The sections were mounted in thermosetting conductive phenolic 
resin and prepared using standard metallographic techniques; grinding on successively finer 
abrasive papers then polishing with I fill grade diamond impregnated cloths. The specimens were 
examined on a metallurgical microscope in both the "as polished", ie unetched, condition and after 
etching in 2% nita! (nitric acid in alcohol). Metallographic examination allowed carbon content, 
grain size, inclusion content and any heat treatment of samples to be assessed. Plate 2 shows a 
typical microstructure of wrought iron, with a high slag inclusion content and little if any carbon 
in the metal. 

A Shimadzu microhardness tester with O.lkg load was used to determine the hardness of different 
phases within the metallographic structure. Generally, a mean of five values was obtained. These 
values assist in determining the impurity content of elements such as phosphorus which tend to 
harden the iron and the heat treatment history of the metal. 

Three types of iron can be recognised metallographically when the samples have been etched: 
ferritic iron, phosphoric iron and steel. All may contain slag inclusions, which may be classified 
according to numbers of phases present and morphology (spheroidal, sub-round, elongated or 
stringer). The properties and basic microstructure of these alloys are described below. 

Ferritic iron. Pure iron without significant impurities. Relatively soft and easily worked. 
Recognised in an etched microstructure as plain white crystals. Microhardness values are typically 
in the range H. I 00-150 (Plate 2). 

Phosphoric iron Even trace levels of phosphorus of the order ofO.I to 0.3% entering the 
iron during smelting may significantly harden the iron without disadvantageously reducing its 
toughness. In the etched microstructure phosphoric iron can generally be recognised by a ghosting 
effect in which ferrite grains have a "watery" appearance with bright areas which may be difficult 
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to bring into sharp focus with the microscope (Plate 3). The microhardness values of phosphoric 
iron are typically Hv 150-200. 

Steel is iron containing small amounts of carbon, typically 0.2 to 1%. It has advantages 
in being both tougher and harder than iron and is often used selectively, for instance in the cutting 
edges of edged tools or in springs, rather than in architectural ironmongery. An important 
property of steel is that it can be further hardened by appropriate heat treatment. Heating followed 
by quenching in water gives considerable hardness but may make the artefact brittle. This can be 
avoided either by subsequently tempering the artefact, ie reheating, but to a lower temperature 
than it was quenched from, which helps relieve stresses within the structure. Alternatively, a less 
severe "slack" quench can be used, typically by cooling in a less thermally conductive medium, 
such as oil. The microstructures of steel reflect both the amount of carbon present, the severity 
of quenching and the effects of reheating. With 0.8% carbon ,"eutectic" composition steel which 
has not been heat treated consists entirely of a dark etching phase known as pearlite. Occasional 
steels which exceed this carbon content contain both pearlite and iron carbide. The more common, 
lower carbon steels contain both pearlite and the carbon-free phase, ferrite. The ratio of these 
phases directly relates to the composition, thus a 0.4% carbon steel contains 50% pearlite and 
50% ferrite, whilst at 0.2% carbon the proportions will be 25% and 75% respectively. In mild 
steels the amount of carbon present is generally below this level and hence very little pearlite is 
present. When rapid cooling takes place, a range of other crystalline structures tend to form 
instead of pearlite, of which the two most common phases are bainite, and (for very rapid cooling) 
martensite. None of the architectural ironwork examined during the project contained 
homogeneous steel, which would have been a valuable commodity during all but the latest half 
century of the period under study. However, in a minority of samples carbon was within a 
heterogeneous structure which contained both high and low carbon phases (Plate 4). 
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Plate 2. Micrograph of sample 960022. Staircase upright, Coventry Hall, Streatham 1800. Etched 
in nita! xlOO. Note high proportion of slag inclusions (dark) and the pure iron (ferrite) matrix. 
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Plate 3. Micrograph of sample 960019. Railing, 5 Knightsbridge cl800. Etched in nita! x25. Note 
ghosting indicative of phosphoric iron. 
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Plate4. Micrograph of sample 960016. Balcony support, Fournier St. Mosque 1743. Etched in 
nita! x 12.5. The light etching phase is ferrite, the dark etching phase is pearlite. 
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Microanalysis 
Microanalysis of the samples was undertaken using two instruments. The AML's own SEM, a 
LEO 440i fitted with Oxford ISIS, thin window, energy-dispersive X-ray (ED X) analyser, was 
used to analyse slag inclusions within the iron. This was able to detect all elements above boron 
in the periodic table. The advantage of SEM based EDX analysis lies in the ability of the technique 
to undertake analysis at high magnifications on selected small areas, such as the inclusions within 
the iron matrix. The sample was viewed in back-scattered mode before quantitative analysis was 
undertaken. This mode enhances atomic number contrast, rather than topography, allowing phases 
in the flat, polished specimen to be differentiated for analysis. Inclusion size was recorded during 
analysis to enable a check on one possible source of error; elements such as phosphorus are 
known to diffuse between inclusions and the metal during hot working and it might be expected 
that the composition of small inclusions, with a high surface area to volume ratio, would have 
significantly different compositions as a result. However, no significant link between inclusion size 
and composition was identified. 

It should be noted that the EDX analyser can only be used to detect elements, not compounds. 
The figures quoted in Appendix II, which refer to the weight percentage of oxide, are derived 
from assumptions about the stoichiometry (ie the combining tendency) of each element. Minimum 
detectable levels vary from element to element: for oxides of sodium (Na), magnesium (Mg), 
aluminium (AI), silicon (Si), phosphorus (P), sulphur (S), potassium (K), calcium (Ca) and 
titanium (Ti) these are approximately 0.1 %, whilst manganese (Mn) is a little higher at about 
0.15%. 

SEM-based wavelength dispersive analysis was commissioned from Oxford University's Research 
Laboratory for Archaeology and the History of Art, where a Cameca Semprobe with a 
wavelength dispersive X-ray (WDX) analyser was used to determine the content of impurities 
dissolved in the iron. Minimum levels of detection are far lower than for an EDX detector: Si; 
0.003%, P; 0.004%. S; 0.003%, Ti; 0.008%, V; 0.006%, Cr; 0.005%, Mn; 0.009%, Co; 0.010%, 
Ni; 0.013%, Cu; 0.03%, Zn; 0.017 and As 0.034%. 

Partitioning of elements 
A key approach in this study is to consider the behaviour of different elements in the alternative 
smelting processes, particularly those elements which tend to partition between the metal and slag 
phases. Many elements pass into the slag: potassium, sodium, calcium and magnesium, whilst 
some are reduced into the iron: copper, nickel and cobalt. However, for certain elements 
(phosphorus, manganese, sulphur and silicon) the degree to which they are reduced into the metal 
during smelting will depend on furnace conditions, especially temperature. The detrimental effect 
of sulphur on iron is such that high-sulphur raw materials were avoided by smelters. Silicon is only 
likely to be reduced into the cast iron at high temperatures, certainly when coke is used as fuel, 
but is removed rapidly during the early stages of fining. Therefore the content of this element was 
not expected to be significant. Phosphorus is present in many ores and a high proportion of this 
will be reduced into the iron. Some caution must be exercised because of the tendency for the 
element to diffuse between metal and inclusions during hot working. 

Manganese is potentially the most reliable indicator of smelting conditions. The effect of 
temperature on the reduction of manganese has been discussed by Bodsworth and Bell (1972). 
Their calculations, which assume the activity of carbon to be unity and the partial pressure of 
carbon monoxide to be one atmosphere, suggest that a rise from 1327°C to 1527 C would 
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increase the amount of manganese reduced into the metal elevenfold. Hence, given similar ores, 
cast iron from the higher temperature blast furnace might be expected to contain levels of 
manganese an order of magnitude greater than would be expected from a bloomery. 

The subsequent effect of the fining processes on the dissolved elements is dramatic. In the 
conversion processes silicon in the pig iron oxidises most rapidly; followed in succession by 
manganese, phosphorus and then carbon. Thus, a high proportion of any manganese and 
phosphorus present will oxidise into the finery/puddling slag. Their final content there will be 
dependent not only on the amount of the two elements in the cast iron but also on the quantity 
of slag present and the extent to which other materials were added (particularly hammerscale and 
haematite ore during wet puddling). However, it would appear likely that slag from the 
decarburising processes should contain very significantly elevated levels of manganese and 
phosphorus. 

5. Results of first phase of study 

The microstructures observed in the samples when examined under an optical microscope are 
recorded in Appendix I. Despite the broad time span and undoubted range of metalworking 
processes, the microstructure of the iron alloys show a typical spread of "wrought iron " 
structures. Most have a matrix composed entirely of ferrite grains and contain inclusions 
occupying from less than I% up to 12% of the volume, aligned along the direction of working. 
High carbon phases are exceptional. Ghosting within grains, together with the evidence from 
microhardness testing and WDX analysis suggest that many of these alloys contained significant 
amounts of phosphorus. The levels are similar to those of an earlier study (Goodway and Fisher 
1988) which found levels of phosphorus of the order of0.1 to 0.2% in nineteenth century drawn 
music wire. However, in that case it was suggested that such iron had been deliberately selected 
for drawing, rather than it being a common alloy of the time. The first significant outcome of the 
Historical Iron Project is that it has demonstrated the widespread use of phosphoric iron in the 
historic past. 

An exceptional metallographic structure was noted in sample 960026. This had a fine uniform 
grain size, with traces of agglomerated pearlite at grain boundaries and very little sub-round slag. 
Significantly this sample was the most recent examined, dating between 1889 and 1891, and is 
undoubtedly the product of one of the bulk steel production techniques. 

Complete listings of analytical results are presented in Appendix II (EDX microanalysis of 
inclusions within the iron) and Appendix III (WDX microanalysis of the metal matrices). Inclusion 
compositions show considerable variation between samples. Inclusions which are almost 
exclusively iron oxide are probably entrapped scale. Many inclusions approximate to the 
composition offayalite (2FeO.Si02), but also contain a range of other oxides, similar to bulks 
slags which result from bloomery smelting, fining and smithing operations. There is a clear 
tendency for samples with a higher carbon content to contain less iron oxide. Sample 960026 is 
again shown to be exceptional, containing manganese silicate inclusions. 
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The iron matrix analyses in Appendix III generally show only very low concentrations of impurity 
elements - one of the characteristics which has led to the products of a wide range of products 
being labelled "wrought iron". Occasional high values, for example 0.388% copper in 950009 and 
0.107% of copper in 960007 may represent either contamination from non-ferrous metalworking 
or the use of unusually copper-rich ore. Levels of phosphorus vary considerably within individual 
samples; mean values of0.1% are common and the greatest concentration is 0.27% in sample 
960023. 

In order to distinguish trends, data was comparing visually in the form of bar charts showing 
values for mean and standard deviation composition. In Figures 1 and 2 the data are shown with 
sample date increasing from left to right. For clarity only the latest possible dates for the samples 
were used. To allow comparison only samples for which both inclusion and matrix analysis was 
undertaken were included in the chart. Sample 96012, a window hinge hook supposedly dated to 
1694 was also left out because of doubts regarding its authenticity. Data from the two bolts from 
the Albert memorial (950006 and 950007) were combined into a single value 

Figure Ia shows changes in the levels of sulphur in inclusions with time. Low sulphur levels have 
generally been regarded as indicative of bloomery iron and charcoal fined iron. Generally, values 
show an upward trend, with mean values above 0.4% all dating to 1799 or later and exceptionally 
high levels from sample 960026, an iron gate of 1891. Despite this trend, absolute differences 
over the entire period are narrow and it would appear that little confidence can be placed in 
sulphur as a discriminator for the fuel used in conversion processes. 

The alkalis, potash and soda, originate from either charcoal or coke ash. Killick and Gordon 
(1987) note that very low levels of Na20 and 1<; 0 occur in dry puddling slags, where the 
reverberatory furnace kept the fuel separate from the iron and slag. This contrasts to bloomery 
and finery slags which form in contact with fuel ash. Rostoker and Dvorak (1990) looked at 
inclusions and extended this argument to suggest that low alkali content of inclusions could be 
used as a discriminator of process. In Figure 1 b it can be seen that slag inclusions in late 
eighteenth and nineteenth century samples are generally low in Na,O and K20 and so conform to 
this model (a small staple of 1825 may well be one example of recycled iron). Rostoker and 
Dvorak suggested that puddled iron should have a "probable upper limit" of 1% for alkali content. 
Certainly most of the ironwork (7 of9 samples) used in the period when puddling was at its height 
conforms to this. However, low alkali contents also appear to be characteristic of iron from the 
decade before Cort's patent for the puddling process of 1784. These are unlikely to derive from 
the stamping and potting process which, although it also used reverberatory furnaces, also used 
highly alkaline fluxes to remove sulphur picked up in an earlier refining stage. Several much earlier 
samples also contain only low alkali concentrations. Thus, whilst earlier researchers are correct 
in stating that puddled iron normally contains low alkali inclusions, the presence of low alkali 
inclusions cannot be cited as proof of this process as a source of the metal. 

Reliable figures for manganese partitioning in the architectural samples cannot be accurately 
determined because of the very low concentrations of the element in the metal and inclusions and 
so this is not discussed further here. By contrast most of the samples contained levels of 
phosphorus which are not only numerically significant but also significant to the properties of the 
alloy (Figure 2a). These provided an opportunity to test the findings of Gordon (1984) who 
suggested, on the basis of inclusion and bulk metal analyses, that distinctly higher proportions of 
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phosphorus pass into the slag of fined and puddled iron than bloomery iron. Despite the difficulty 
mentioned above, that some diffusion of phosphorus will occur during subsequent hot working, 
it is assumed that this effect will be relatively minor in comparison to the changes taking place 
during the high temperature, highly oxidising conditions of the decarburising processes. Three 
immediately recognisable features are evident in Figure 2b, which charts the content of 
phosphorus pentoxide in the inclusions. Firstly, it demonstrates the large quantities of this element 
that are frequently stored up in the non-metallic phases. Secondly, there is considerable variation 
of the phosphorus content of inclusions within individual samples. Finally, there is great variation 
between the mean phosphorus contents of different samples. 

As discussed above, it was intended to gain a better understanding of furnace conditions by 
studying the partitioning of elements, ie the relative proportions passing into the slag and metal 
phases. In Figure 2c values on the Y axis are calculated as mean percentage phosphorus pentoxide 
in the slag divided by mean percentage phosphorus in the iron. Patterns in the data begin to 
emerge. Early samples, at least before the late seventeenth century, are relatively consistent and 
set a baseline for what might be expected from the bloomery process. In fact many later samples 
show very similar levels. However, a scattering of samples dated as widely as 1699 to 1876 show 
a technique or techniques which were able to extract greater proportions of phosphorus from the 
metal into the slag. Wet puddling, from 1816 or slightly later (Mott, 1977-8), had a reputation for 
the superior removal of phosphorus (and silicon) from cast iron. Five samples date beyond this 
introduction but none show greater·partitioning of phosphorus than several late eighteenth century 
samples. Whilst initial indications based on so few samples should be treated with some caution, 
given the apparent rapidity with which wet puddling became the standard technique for the 
production of wrought iron in Britain, it is unlikely that none of these five samples derived from 
the process. 

6. Conclusions 

Architectural ironwork samples provided good coverage of the period of interest, especially the 
mid to late eighteenth century material. Metallography and microanalysis are powerful techniques 
for characterising ferrous alloys and determining the later working and heat treatment histories 
of artefacts. This study extended these techniques to the investigation of iron production 
technology, particularly with the aim of differentiating specific processes. Microanalysis of both 
inclusions and metal matrices allowed quantification of elemental partitioning between the two 
phases which reflects the conditions in the furnace or hearth. 

Although the products of later, bulk steel production processes, appeared to be easily identified, 
hopes of identifYing less well documented conversion processes such as stamping and potting 
were not fulfilled. Whether this is due to methodological weakness or poor choice of samples is 
unclear and will need to be tested by more specific sampling as the project moves beyond the pilot 
stage. Meanwhile it would appear that the identification of the production processes of"wrought 
iron" alloys by quantification of the sulphur or alkali content of their inclusions should be viewed 
with some caution. Beyond these specific questions the project led to a better understanding of 
a class of materials commonly encountered in historic buildings and has begun to build up a 
reference collection with corresponding analytical database. It also provided an unplanned 
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opportunity for constructive collaboration with Frank Kelsall, Inspector of Historic Buildings, 
North West Region, on the production and use of Hartley's fireplates (Finney and Starley 1996). 
This suggested that production of this thinly rolled iron sheeting, used to help prevent the spread 
of fire within buildings, may be related to the rolling of iron for the tin plate industry. 
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,CSMI7/C /lSTH6' 

~ 1"0S5tlJty' SUt;;d P c;'hf757/N)' 

A/61~ SCII?P/IC€ Zf/. ~CrT~ 
Zr/. ..C&<~<.m~ 

ANALYSES:/ / 
SEMIEDX!B'SEMfWDX!i(XRFO XRDO OTHERO see over. 

PHOTOS 

Film No. Exp.No. I Mag. I Subject 

?6002 q I X 5'0 l,ij)M/7: 
10 xS"O 7??4NSV. 

16003 J/ti x.(, ~f?Z1riVI1L 
JZA lf:25 " (.rft'~&VD) 
:JJ,<l ><2$"" ,, {zJLuNT 6A/P) 
J$'-.q ><fOO N , 
JS"A x.25 sv: 
J6A '//CO ., ?6'11/UriC 

16005' bA )( lf- I Lo/oXtr. 
?A x0 ri24V.SV. 

'16008/srid} ~5;6 Xlf- I LCJ/VfiT 
'+, lf:/2. 

INTERPRETATION: 

h"&"76ZO~M?P.> ~~t/CTO.«. 

~p CIP /0 Cl. 2/. C/II('ZKJ..V. 

.C/-11('\«.Y ri!OI?t2rT/C ZJVT Wn!"/ AlttPA.) 

4tR coot£:£) 4RG"t HOT t:..A1t'IKWf 

30 
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A.M. Lab. Metallograp_ty Recording Sheet SAMPLE: q60006 
ARTEFACT: ..fh'D~T ld<la 7ic - ?lt_sPUrYG{) 1.1\/ (r. 'm~vr,..y 

Clti/ /"''G~CH~.S ~. (Acc,AIG. 78100038) X-radiograpbs: 
Condition: <1'a7D Ltne drawmgs: 

Photos-Colour slide: 
Sample location: HOI<Ii!t//1/TA(. 71€ 

s~~ 
/80,..,. ;:-~ M-~c GvD 135 blw print: 

other: 
Permission to sample ~ After care: 
,Si<laAH :T&MWNt; S ~t?~..V" ·· (/.Sii'/l?LGY 

ARCHAEOLOGICAL CONTEXT 
Site name: ?i'Vrt:Z'rN( 2JG#r1Vl) 5"?<- Sttff,.Y 4'CI<t Y AML Ref: 
Specific context: 
Dating of context: 1? 6 ..... 

MACROSTRUCTURE 

"'e-w~uesr ~ t.AtefeSl/tftJN Mttl f1~<~"0<ft112f 
k.Vd'-'N 77:1 ~ .%/S rIll/ t;'1: Y"'ttrlJf/TI'/ 

PHOTOS 

LLJ.</<;'1/tpi/MK. 

93::/tfY.J 

MICROSTRUCTURE 
unetcbed )(5!}() .i.OA/'i/T. 

.. 
I_ ..., 

I_ ..__ ' 

~I /. I tefl8;C/t.1({ 

5/tVt;'{.G 7¥111%. 

MICROSTRUCTURE 
etched: X 12s-0 7,et1!Vf. 

,CG!l/Cfr/C 

/is-rns 

"6g 

xo1 

xrO 

Occ.~7fd{1/ 

7Mttl5 

ANALYSES:/ / 

J-1 v !} I t;-7.1 
z) ;M.s 
3)1~·3 
tr) !ZI.Cf 
f) !(f./.~ 

_ .. __... -·-
t'1G"ltv' I 33. J 

~X { 

wV 
')('5()0 ----........ ·- • I 

' ' ~ 
R;;<Rtrrc 

~ 
+S'111Gta:JIN5; 
GerteNTI'J&.. 

SEMfEDXI3'SEMIWDX!B'XRFO XRDO OTHERO see over. 

INTERPRETATION: 

I Film No. I Exp.No. I Mag. I 

1?6002 II X.5V 

I IZ X/2.$ 

1&004- I x/2.5 
z x5'0 
5 x25 
~ l(b 

96005" &'It )(~ 
911 >((,t. 

tt6oos 7,8 KI2S 
q )(~ 

Ne7<980<?€#0US" r6'ttRI'11'C /LOo ~,v g7f:ec_ . ,-<11,-f CtJOCGZ/ 

32 

Subject 

/av;'rT. 

TMNSV. 

7~ 

, lYMfWIIAIIL 
,_ ., 

~IT-

LOMc;'I'T. 

7~1/tf/S' 

1./JA/<IT. 

" 



/ 
/ / / 

/ / 
/ / 

/ / 
' / 

/ / 
/ / 

/ / 
I~ ~ / 
1 I / 

1/ I I 
., I, 

££ 

0 

0 

I 

I 
I 

I 

..... 

I 

I 
I 
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A.M. Lab. Metallograp_b.y Recording Sheet ,. " J SAMPLE: 960a?7 
ARTEFACT:.s;..;rMTtJAa T/6 /Jcc. A.-G. 78/CCDS£/ )Jyu-e t( 
{PrsPU'/~7/ /N. Oc.J:> M~~lJ lfo c;T. 7/.J~!"XVI-¥ j X-rad10grapbs: 
Condition: ~a:J.z;> ' Line dmwings: 

Photos-Colour slide: 

Sample location: .h"ORii!tJA/(/1t. 7/€.Z7JR !fi'Sn,., F..<!J::;vvl eN!J 
(see <?'/Sf~ 

Permission to sample Q' After care: 

>8??Mr./hVcf/tA.f;S 

ARCHAEOLOGICAL CONTEXT 
Site name: $L~ H0z;x.Ec;4TG .S'/:1 t;-r; Y/;l?/"fa/77-( 
Specific context: /?2£'1/(! /.s ;r rcooR P.:!_~.5 
Dating Q.[ coat""t: /&J / . \71-it'~ I 7li-

MACROSTRUCTURE 

/R/Y.C '7'1" I ' 

_ioM;I/. }L ·1 : 

x I SO 

>' JRI 

"ti'>\ ---- I I 

'.J 
~~ ,._ \ >< /&< 

} 

MICROSTRUCTURE 

unetched. UN~t1. x~ 

MOe<: ce11B.rrfiG tt1' 

(;;I), 

l-t1tXIf 5W'i. 
., 

¢ 3/. ~~J~ eJn:(r!r;"jO:f 
~'? kj/l~k4«r 

? -'" <?tr/r/i,.j7"'?'<'4 - ·:. - (71G4~v. T EU!.<h '1-l.stMUf/"NqOe) 

MICROSTRUCTURE 
etched: 11J'II./SV. trOW 

.. VA-ttl/~ -~11W/€ 
4S1t1c,t 

oc- CfF1!3'-'rtre,qr<;; IJ.• · 

.e::s1 Feter?./1€-
"/t!((. LtJ»rt1£tife 7.¥0' t5- /!tJJT 

Pi: 7't211N>. eKce n Fote 
Zl<wl/ 7"H<i:WII CIS'/TM. 

( NOI?.e- .$"(//f' ttV /fi!I.JP) 

Hv. r) CfC(,8 
·z) lOr,?... 
J) /ZI•q 

y.) 10],7 
'-'? /1~-.q 

;oq,J 

ANALYSES: 
SEMIEDXI2(SEMIWDXGf"XRFO XRDD OTHERO see over. 

INTERPRETATION: 

r£/C~/7/C !~oN' H07' tJOf?/rG]; 

34 

135 b/w print: Z3 '13Cf63/ 
other: 

'R~PIN(: 2). S7"ARUY 

AMLRef: 

Film No. 

'16'002. 

9!00f' 

1'!005 

C(COoH 

PHOTOS 

Exp.No. I Mag. Subject 

l(j. 
15"" 

)(51) I LON) d. 

y 50! 7"tf'/1,0'V. 

~ xzs- /tf.4NSV· 

6 >('5?; " 
7- xzs " (11rWi:>) 

fO/f xs- WJ.fi'/T 
II/I )(((; /R/Mlf 
IOtft,tZ xzs- CAA>,to-..; rte?M. 

' 



0 

! ' I 

/ / 

J-' 
() 

./ OJ_., 
... (> ' 

' " ' 
\ ' 

Clb'eir 0' 3ldw!TS-/ 

&c, -1i<i7h '"'(J I 

I 
( 

tOC09b ( I 

S£ 

/ 
/ 

I 

0 

0 

/ 
I 

<§?, \ 



·: 

I SAMPLE: ?6ou:/8 

ARTEFACT: ..5/&_Rr t./.4«__ ~~~ (1q-, Af, 78/a::;t?~) _/'_,;v<~-a;;iograpbs: 
P~YE?J 41 h'Y6 C{zJ~A/7S f;b, 4-T. ~~-?') Line drawings: 

A.M. Lab. Metallograp_b.y Recording Sheet 

Condition: c; OOJ? Photos-Colour sli.de: 
7
?/

77 1 
,

6
. 
7 

-z 
· 135 b/w pnnt: v '7J Y"' -...l T Sample location: Z~,o?rl fiin.c, fA/!) (JF hOR1 lVI./T/tL 7/c 64le 

fS&= O!.fGie f' . 
Permission to sample @"' After care: 

.S;CIJ?rtk ~1!/111~ 

ARCHAEOLOGICAL CONTEXT 
Site name: /5 .(. 16, k'(%..1//@, <;'T. ~lJI'1007Zf 
Specific context: 
Dating of context: /63{, 0~ 163 7 

MACROSTRUCTURE 

t.f)Nt;tl 

7?<iwsv. 

MICROSTRUCTURE 
unetched t$\'tT. x'.f'"a? 

Hv r) 
z) 
3) 
If) 
n 

ti'S:8 
/t:,LJ,I 

16'7·2. 
!/J.8.6 
153.1 ___. 
/~ 

7/?lfii.J x' 1tt> -jz Pttl'i>.{,sq 

, ' ' ~ •0f.W ( . 
" ; ,.. .f,i?e o 

/ ~ --
/v..,~Cr~ • 

nq,nj ~ ftt![/ · 

MICROSTRUCTURE 
etched: '><IZ5l> l..(;ll./)t'T. 

.tlsm S£. 
-. /'§?!2t17C 

Y. S'MAtUl>~eAIT't'T'ei/T<'ilt. 

~ 
v 0 

~- fi/C€:flS oF P Pcsrn~<; 

ANALYSES: / 

other: 

~~M': (). s-rl'tt?UY 

AMLRef: 

PHOTOS 

Film No. Exp.No. I Mag. Subject 

96'tt'Z It x5"1 I /o1Jf1T 

'16{)0'f 8' ')( z' /.t:JIJ)I r. 
9 )( 25" 7~/IIVJ (?. 'iMJS1) 
10 )(2~ " c:: 

I :J.!l )< Y. I.QA/'i'rT 

rj.q Kif ma..vsv. 
tt6tJrJS' 

.SU,P[Ci'(blV8 I Jf~/<) ?:i;lf;fl. ;/<?41V5 . 

SEMfEDX~EMfWDXGf XRFO XRDO OTliERO see over. 

INTERPRETATION: 

F~/?/JI7/C jPno>R-tOtU<:: lte<7# /T'07 &Jtnke]J 
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cg 

A.M. Lab. Metallograp_b.y Recording Sheet . I 
ARJEFACT: .S.#C'I!T CV/1 {{_ 7?6Ur:r.M. ?f)IC())t;-6 )q~/!G ":>' '----------

SAMPLE: t;16az:J9 

rz:~s?C4VG"?? AT '7£ f2z;J't.~kr;MS /16. c;7; .Y/.0'tWoiX.-radio~phs: 
Condttton: c;cmp ') 1 Lme drawmgs: 

Photos-Colour slide: 
Sample location: Z20"'7/'7 1""~0"1 i!?-Np c;l/"' /rl'Y'teDN7?/( /IE ;?,9,(135 b/w print: !393f,<63s-

Permission to sample ~fter care: 
.<='4-M...- .;7GV-vr,v'4'S 

ARCHAEOLOGICAL CONTEXT 
Site name: 3!. ~ ~ '7t/, c:; ~ Y<i.&'Zv//..,.,­
Specific context: 
Dating of context: 165'/ 

MACROSTRUCTURE 

.,, .1.-/v. ') /tJ6.6 
/ 

f.ONt;~1. 

'UI"M v~iZ:. 

MICROSTRUCTURE 
unetched L i.J}I<;"t ;T X.@ 

<:: 11. ~~se 
e&"J. 

MICROSTRUCTURE 
etched: x~"W 1{//7'-1(.. 

, ) ;~_;.z ,3 
3) tJo.-J 
<) ;zq. z 
51 17 1 ·q 

126-0 

ace. ~TKJN 71:JtNS, 

ANALYSES: 
SEMIEDXifsEM/WDX!;{XRFO XRDD OTHERO 

INTERPRETATION: 

see over. 

other: 

~t?~Nf; z;?.sTql?lii/ 

AMLRef: 

PHOTOS 

Film No. I Exp.No. I Mag. Subject 

'1&tJtJ2 

<16a:Jf.t.. 

.9/0tJ"i 

5c.tt4f6008 

;g 
1'1 

>< j~ I CA/f, 
x5o 7-?/./JI/5: V. 

II Y'l.5"' I'R.<IAI.S'. 
IZ Kfl.f" cMr&~IIJS ~1 

13 6 :!J~ T-vws . 
')( 4:>~1/ 

/<f- X$0 7l.J;,VS 

· I 0i . K 'St- .Lk'tWS V. 

nt?r~t2"1?NY <:< 1"11C/WH~12Z?M?.ss /;VPtCAieS F6Rt2trtc '8V7 wQ? AtKR<JI/)/AcYP.f 

s4ovs 1"1!!'1<1,v .:Z.nPfPH&.>V.s t.$(Ecs o;:: 0./V-

38 
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A.M. Lab. Metallograp_hy Recording Shee~' ,, I SAMPLE: ?60V/O 
.W.T~FACT: S'no??T4./4CC //Gf{4r,M:J. 78!a:o5t)F,.t;ti('C b 
(p/_y?V/ rO? .t9T 77~ C/:;p .11<Sa:Y...r/fi/(J fh. 0',:-~a:> iN X-radiographs: 
Condition: t;b?.V 1 

• Line drawings: 
- .u~~~ ~ ~ Photos-Colour slide: 

Sample location: ~7.7_...,,_, -~61/~)c.Frvrr:Ycvvmt._ ~ .lY9t?. 135 b/w print: Jlc(.JC/-639 
(See (:Y/lc;. ovc~ other: 

Permission to sample Ef After care: 
S/f!?Jt/-/ ~11/N'H\A:S ?c?E'l'!l't&!'Nf: z:>, 5"7'"1/'tCr:Y 

ARCHAEOLOGICAL CONTEXT 
Site name: //._( /2 ?OcJ 5Z! r:;r, Yfi0'1CVT.V/ 
Specific context: 
Dating of context: 16 q I 

''?<tt ,run_.; ?1/'lcho/':S S<?rV~tJ tXS?z;Cf">:vr.az.-e ~ 
MACROSTRUCTURE Hv /.w5) 

r) 1WJ-o 
'Z)IZ0-7-

itJM;IT. 32 /If-If• t 
lf-);]t;.-.(J 

5J ;;g.Ct 

'/~1/MV. 13 f, 7 

MICROSTRUCTURE 
unetched X500 {.o#'i' r T x_?D() '7-t<?;w.;-V. u 

L. I/. .1'1~ I'TMH 

~ #9 0 \ ~~.i> 

\ 
ZIJ1z ~? "'_, 

MICROSTRUCTURE 

etched: {..dM'd: J(' 5Zll? 77Vf!JSV. 

12;: l&,,zu:r€- lmJ/, H:-R!ll~. 
31? i: !et&tn? 

ANALYSESy 
SEM/EDX~ SEMIWDXGf'XRFO XRDD OTIIERO see over. 

INTERPRETATION: 

AMLRef: 

PHOTOS 

Film No. I Exp.No. I Mag. Subject 

titooz 20 I K~O I I.O.V)'I I 
(_( (I Tt('fi-,..JS 

9tOo(f r:r 
16 IV.l:7'1 I " 
17-

qtotJ? /.)A 
lbA 

Hi!?Te!l.O%'Aieovs ,C6?f2r7!C · I;'P 7() CJ,( /. (! IN' r'1REI1.S #tJ7 &.IOflKG.l> 
rita ea:Jt.ej) 

40 
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A.M. Lab. Metallography Recording Sheet SAMPLE: ~~vu 11 

ARTEFACf: r,bQ;)f7<t.S7 ( 4-TrAC-es S.hi?77N( 7b WY X-radiographs: 
. W.19tt E.l"t'l/f/Ct(l-1/t;'}-~ ~/l(F<:?Z.8J(Sfl. Line drawings: 

Ceaditien: Ct:JitcCT/0./J Photos-Colour slide: 

-1~./!8.S /t5C&.. t35 btw print: f]:)/o/(L.. 
Sample location: £'CC' a Vc te other: 

Permission to sample ~After care: ~l:VNr: z:>. srt'lat.eY 
. 7lf:l!?e(? Ras:Qn4..V 

ARCHAEOLOGICAL CONTEXT 
Site name: :f'4.U:6eS: hG. 

1 
ZJ(. "7CA" /:€/17 (/ 

Specific context: 
Dating of context: /? /<t' 

MACROSI'RUCI'URE f{t>H c11auw 

:::S r . _, ov 

T~/WSV. 

coffS( 
<;RI\'0 

' I 

\ 
' 

\.,.- --1 --- l"ftJJ7 SC$' 
/ 

MICROSI'RUCI'Ullli"-Hl<M c. 
unetched X~ WN(I 1. ~N 

s Ul'l < o.l 7 51 

.&.,..~se 

MICROSI'RUCTURE 
etched: ~17. x:iZ>O 

---....... t7vret ~~(iDPoFv,;p,c) 
./, 1~0 ~(JT(F ~ 

V. M/~O<J Rertt?N- C ~ 
17~~1/PtPlY 

<>--bA._.(} /N7t!ltr[J(2 /1)0/. ~~~ "!Sil'fJ 
1 y f(/Q rtMt# .2:?0 <J,Vl>RICS 

~r. e""TCH' ?tfftNf 

ANALYSES: 
SEM/EDX;;(SEMIWDXO XRFD XRDD OTHERO 

INTERPRETATION: 

see over. 

AMLRef: 

PHOTOS 

Film No. I Exp.No. / Mag. 

'!60rJZ I zz 
2J 
24-
D 

)(b 
)( lctJ 

"><50 
K5V 

Subject 

Zc?A0!T. 
~ 

" 
~S'Y. 

1tfo0f;- I I< X 6 j """"'r 19 ~5V H ff'D)~ 
ZJ) X5Z/ " C6VT'l!"-
2 I X 6 7Rf/IJS 
2. 2. 1( /2. " 

FeR/?ITIC A?o# t:./17-4" sue>FKF 01Riote1~471otV'- /'"1.-f/tVLY Ht?T tVtJte~ 
ZJvr stl1'7G! SW;;tWC<!? Ot"'" ~ T&-77-< fl;;R:nn,qT!O.N'. /-lite coot£)> 

42 
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A.M. Lab. Metallograp_llx Recording Sheet SAMPLE: 9600/Z 
ARTEFACT: f-look 10.ew~ MA/t;=c" 

~~17«Tt/~/tc S'Tt/??Y d:rCEC77d/t/ 1h: //If: /IRS /(5"/f)/1 
Condition: <;'a:;>p 

X-radiographs: 
Line drawings: 

Sample location: ..sc& OV6>( 

Permission to sample ~After care: 

77<Ete ??Qso/'1/W 

ARCHAEOLOGICAL CONTEXT 

Photos-Colour slide: 
135 b/w print: ~o/16 t<. .2? 92/ Z6?<-

otber: 

~OtM;": j!?.S-ri'TQleY 

Site ?arne: 7k';A1;7Y(k4~ 1 ~/AIIIY .4&<-fShlOQSO' AML Ref: 
Specific context: 

Dating of context: /6 '1~? _ ?bss liJtY ;Vt?/ /'lt/Thf3tV77 (__ 

MACROSTRUCTURE 

//('/1;1/.S. /-ld:otJ; ) 
;) 12].~ 

L.o.AJ:; 

MICROSTRUCTURE 
unetched -<f}A!(f/ x~ 

' / 
/ 

.c: II. S'/A/Q[:' I'M9.11'-

6::4:Yv'/47FiJ 

// 

~.;vp 
/ l'i..;e 

lu/r ~I' kr;ll.p~c~.r 

MICROSTRUCTURE 
etched: )(5(X> £-oN}//. 

2) 121·] 
:3) I 16 7 0. I (}6, I 
7) ;zt?,! -1/<J,(,? --

'.' 
7,<';1!<1.5' X 5V 

PHOTOS 

Film No. I Exp.No. I Mag. Subject 

'1itJ02 '26 I KJc? I Lt>~ 
z? x!Z.~i CJGct> cr,u!f" 

9toolf.. 1 2-J 
2..t{-

2:J 
26 

96dl?S'"i.!?!t 

)(~11-J< •' 
X 2~ 'R,f~JS. 

x.6 " 
X'cf-

..lU?'(f 96{)(Jg itt;, 20)1 1/Z.'i' 
, 

ANALYSES: //!.CS. Y. IWei/IOtG- -1'1""'0 Ji(}...,. =c""-.;;_, ~ 
SEM/EDX~SEMIWDXEf XRFD XRDD O'TIIERD see over. 

INTERPRETATION: 

Ft:'-t?t?/T/C #c'ON h'OT CJ()IM6'j? 

44 
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A.M. Lab. Metallograp_b.y Recording Sheet SAMPLE: 96{)0 /3 
ARTEFACT: S/~/-IP OF /?!/lit; ZJE/11'1 . X-radiographs: 

c-..t'or1~i/tc7l//.!AC. SJl/ZJ/aJ!L&770.N M.· r'JR ~! Line drawings: 
Condition: Sti'~ CORJVSIO/V /, ~Photos-Colour slide: 

135 b/w print: 7 Sample location: S'E't Ovt?X: 

Permission to sample g/After care: 

r~ teasortV/ 

ARCHAEOLOGICAL CONTEXT 
Site name: $/. M/.f~Y i.E S/Miv'P 
Specific context: ~ 
Dating of context: /fief. -1?17 

MACROSTRUCTURE /(1~1( c. 

/_()A/(,11. 

7/,}jA/) 

other: 

R~Z?tN<' : z:>. S7rfllt.eY 

AMLRef: 

1~/v /(!l)5 I PHOTOS 

1) /~'f., 0 Film No. j Exp.No,j Mag. 

z) 10g.2 
Subject 

',\:~~~, 
0s 

J) 1-l-S::l 
r.r) !02 '2 
'S) I ffl, 7-

1Zf£.-9 

,;; 

;_; ..., 

MICROSTRUCTURE 
unetched !<. 5l)O ''t.4,.; t; " 

-:.-

,, 
. .') 

.. .(. I/ Sl~ ?{1',</JC' 

{FUl#'i . 

1'1AtJy lJt'/9-17 fl'c7.5 
/. ·f 

~ MICJWSTRUCTURE 

(, ,, 
{?<Jf/IIS 

CJCC'. t {J?,A/('1!-n;]) 

StJI"f("' c~f<:'AI 
l"E.vf?-T,(!ft71(),A/ 

9600Z I 28' 
2'1 

9 600 lf- I 2:q, 
'2.8 

)( sol LCJA)>;I. 
K 5tJ '?;eq.VJ'" 

l< 6 'MAJ£; I/. 
)( (( II 

' 

'· ) etched:_~ 

1~ V. Vtf~ft16t.{ (sEe.1Wte) 
-zq xz.> ,Jt H1>¥ c _ 

&J /. P&Mttrc leP.-
1{)~ I"Cf?RtT€ )i-oc£mltl' 

w 
f?G*Lrrc-
RrzR!IG. 

mlf/JN., rtt!t2t VMI"~~ --10-:JO /. P&/RU~ 

4STM8 

ANALYSESV 
SEM/EDX!i"f SEM/WDXO XRFD XRDD OniERD see over. 

INTERPRETATION: 

30 ><2~ ,, c.ou c 

'f6t'Z' sl _ ~~~~ 
;t?A 

K~ Lovrrr 

}(~ 7ie./INS 

h't:TB2drov'COCIS STG€C. {). 1 1110.6/. C$6'tW r-?tJe ~121/tA/eCJ /-lr/2 eooc..e:-i? 
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A.M. Lab. Metallograp_!!y Recording Sheet SAMPLE: 96tG)/~ 

ARTEFACT: Z/aJiv' F,'"71E ZJR/lC{£/ 
Condition: SU~Q' ~.OJI} 

Sample location: ~Ge OVG>e 

Permission to sample ~fter care: 
/t$Ve~N 

ARCHAEOLOGICAL CONTEXT 
Site name: AbY4t- Mv""c (bt£(£c;c:, ti~<AJO¥ 
Specific context: 

X-radiographs: 
Line drawings: 

Photos-Colour slide: 
135 b/w print: 

other: 

72ea:?te;:;r~ : P. s -nrrzc.e Y 

AMLRef: 

Dating of context: j -:::120 /. ) 
· I S [CHG'C~&'/IJtC£//JI?{/t/k'ttt.:;(_ 

MACROSI'RUCTURE 

MICROSI'RUCTURE 
unetched 

H1~r/C. 

><5lv Y.. :;-oo , 

(j/ ~lot,;; . 
.>tN'>t 1!"17&11:3 

MICROSTRUCTURE 

S/tl/(({7 

i>/7"/f,S"f:( 

etched: Ld.Vfrt. v. v,qtRtAfJI.t-{st*lli!M::/ 
56'12RK:E- if!(# c (<tC?% ~ure / 

/(}7. fC~I T€ (<;RAtA/ ~t€J) 

~-

/ 

PHOTOS 

Film No. I Exp.No. I Mag. I Subject 

wan 

960::J If-

3() 

J( 

xso I"~N)//" 
J(~ TR/I,JJ'" 

I( 

X 
X' zs- (( /t'KH' c 
Y5l) " 
)(' 5() ,, t.<)<.J c. 
X'2S 'TRt'INJ' 

. t'!STM z_ 
~ )._[}j N;a?to.q <'M<~.;eru?Y) 20 x l"e412Ure- 1601)5' 

-'<-fPE-1 96"00 8' 

33 
Jq.. 
3~ 
3<i 
.3611-
ZOA 
z:;2J,z, 

,C I (XI ., "(1? 
)( lf- f/t!IWI', 

J>O }'. ~r(i /fST/"16 e.(P.t;!<~uff 

7721UIS Ha-ft" t~Wf"MI"l 0-tOi: P(f;?Ra/1;­

/CezRt'Te /f.S"T/1 o ?. t;'lft%77Afi?. 

ANALYSES:/ / 
SEMIEDXGI SEMIWDXGfXRFO XRDD 011IERO see over. 

INTERPRETATION: 

Y IZ•'f (ll.vf 
K.Z£ 
1(,;;-r) 

. He;7l;!Zo~~A/G<7Cij .Ce~Rr71C (t.t77U /??!dS?fiPIZ.V~ ~TGC'/~P J?Y4tt/IICY.J'I!)/ 

h'/(",<f" ~/i-te(ld;f/ p ?-.;)s;;-"~'- hOT t:J~Rk~Z:, /91R <::'OOc.Cj) 
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A.M. Lab. Metallograp_hy Recording Sheet SAMPLE: 1lc(c/l//~ 

ARTEFACT: WtEtl::i$'h'T /&N C}-'1/6. 
X-radiographs: 

Condition: ..s.:CJRF,qce a:;>~tO..V Line drawings: 
Photos-Colour slide: 

Sample location:UI;..&voc..;A.). svP,.OL;c;z:> Z!Y //faVS/1tTM SlWfJ 135 b/w print: 
' other: 

Permission to sample 0 After care: 
~IZVtM': ().s-r~t2l<i!Y 

ARCHAEOLOGICAL CONTEXT 
Site name: MIL/ON A/e-1A~ P/57CRZJo?OCJ<?'I7 AML Ref: 
Specific context: (170.-e/cPA./TtJ( JJ4/2 ~?'G4Q<'i) ;??;1/!'tY)~W'J T/O.V J 
Dating of context: F?ZO_, 

MACROSTRUCTURE 
PHOTOS 

Film No. I Exp.No. I Mag. Subject 

I )ITJ'·"i ;- f7 
; li v 
. < -,, 

f.it.41.1' 
~t.r~k 

f\~1\el 
~t- S(}rll9_ 

~ 

\ 

.- ·~. 

' .. ; 

MICROSTRUCTURE 
unetched '>( :f{XJ {.ot.J; 

<. /i. Z>u-tt ty~ , ) CNOAKtm3.} 

MICROSTRUCTURE 
etched: .517-'1(.(. X t?.~ 

100 /. f0-a/e 
"- 1/S/1'7 d 
s1JIP ~k/,:J 

rr---1 

l--/v./rJ0) 
;) //3.6 
-z_) I JCf. 7_ 

Jj /I?J 
1.;-) (/3;( 

:i) 12/.q ---
17. /.0 

Lf/R~ ~ ~/Jtw1A8CG- 1b ~ + 
'5/~~} 
?S/./c/ie/:.llS7n1}~ 

ANALYSES:/ / 
SEM/EDX&'SEM/WDX@' XRFO XRDO 011IERD see over. 

INTERPRETATION: 

,q;'-/21</T/(.. /-eON1 Hc:Jrc.Joftc6£) 

so 

I @2/2. IIi 

qGtJt)~ 

'?.fa?6' 

tl..q 
22-1 

9 
10 
{/ 

II( X) I WN;, r. 
)(:5() /f<'/l.VSV. 

)(Y, S/-7/ft( 

KY, c -1R<; c 

KI2S" ~1'1'··~a. 
f(. L~ 

X.:JZ> l./1-R'?G 



• 

A.M. Lab. Metallograp_hy Recording Sheet SAMPLE:t,'c;C)L)/c; 

ARTEFACT: Zf'/'T(.a)A/Y SciPJV~( fkc.~. /?lfl4) X-radiographs: 
(E.H: ~ITCcTC/-0?(. STVPY COtcer;rtO.N) Line dra~gs: 

. Cond1tton: '70lli/ Photos-Colour shde: _ 

135 b/w print: 892/36?; Sample location: SeE ovett. other: 

Permission to sample 0 After care: 
Rea:Ja.~/-"i: p. s-TI'Ia.cev 

ARCHAEOLOGICAL CONTEXT 
Site name: ;:::(:v,fM~ ST. Ha>QvG 
Specific context: ~z-. T. Stt/-IPGZJ sUPTO-<T 
Dating of context: 1?4t-J 

MACROSTRUCTURE 

7;eq,v.sV 

it;lv'tf(( v. L~QR/.\ItJ> 

H~Jh 

AMLRef: 

PHOTOS 

Film No. I Exp.No. I Mag. Subject 

MICROSTRUCTURE 
unetched )<.£0 (ovr; r_ x: ~w 7121/AJ.>. 

96002 3({.- X)O 
xso 

~.0"11 11 

-

V. FBJ <.I /.1-vcr 

? .s:"/Nf'te'" Pt-/'1fe­

/r.'t2 e-}t/LA/? 

MICROSTRUCTURE 
etched: 7i<'4N'5V J!.lJ 

v.~ 

, 
/ 
Mrr ./' 

,.. 

~ 1'/S/11 f FC-RetTC <J(P<;h(;611AI) 

96005" 

9~ 

R&ttttu~ FIN€ft FCRRJ1e G> o«. P~LtTe -5/. .SU)JC-1 '76t'tlt 
tfSrM b CJ/ .roMe- 7" (lri7S77M' ~ 

2 Re/IIPNS Qf" #l<;"f( c 
-?t.JiPrlii~A'llJCIII c-> trt77. P/./6" ~C/7£( ?(}1. R;t!RtT{' 

35-

2/A. 
22-<1 
IZ. 
f3 

~!-
16 

'-$?. 
zg, 2'7 

'';?(lo/JS ' 

1((/. I t:.CIA/'1/1: 

: K <;L T.<i<!AJf 

/( 

l(,:z? 

77<'f?M>V. 

:, ~reiJ 

I<.Z$"1~'1. 
')( :flJ (tJ }./) 

'to./S 

/.{Jt\K. A:W V. VAR(I/Dlt 20-?tJ /. ~ 
ANALYSES: 
SEMIEDX~EMIWDXEf"XRFD XRDO OniERO see over. 

INTERPRETATION: 

HI?>~O("Gv6"0VS rGrZat7tC/h'/t:;"H'C/912(J()tVfVP 10.6/. >~(.. kt//~17/?A:E'.]J 
f.Att2 ~];). S"CI-"16' P/'IOS?h'i7t2V.> P!2€.s15v/ 

51 
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A.M. Lab. Metallograp_ty Recording Sheet I SAMPLE: c;t5C(}/7 
ARTEFACT: STAIR &lt({JS/k'/176 £// /fSC f,to25"'. 

t;;#. .1fJY/1/CC/l~Mc ffC/PY CX/({EC770/V X:radto~phs: 
Condttion: Lme drawmgs: 

· $&!?_?>- 3vr S'r,;q/-e ZJ$747>e!> ;Ill a;tAIFL/Iqy/TVJJ Photos-Colour slide: 

..,, 

Sample location: 135 b/w print: 

Permission to sample 0 After care: 

ARCHAEOLOGICAL CONTEXT 
Site name: / ZJ(o{)HSlf(//CY S~ WC I 
Specific context: 
Dating of context: /?C? -70 

MACROSTRUCTURE 

;1«?.4A6v:' 

LfJijl•T. 

MICROSTRUCTURE 
unetched XSlt? lCM"t I 

?lv. 1) IS'¥..0 
?.) /lf-8·3 
j) /{f.] ,q 

(f.) I /f-3 , <1. 

.f) /(f...r•, 
. I'+ J.-7 

'/tf/-1-NSvat?S<?-

.J. //, S7A/{'ctf7'fi1SE <('(i,{fLo/Jc;_ 

GZCW?'f/-"R?fl s t,</{'U: ?.h",<JSG • 

~ 

MICROSTRUCTURE 
etched: 1(/'200 ~ 

!OcJ 7 ~rm 4S111 f. _ 

other: 

?;r-aJa'{)rfVi: ?J.S71¥lC.€Y 

AMLRef: 

PHOTOS 

Film No. I Exp.No. I Mag. Subject 

96'47z I J6 
304 

'>O{)l<O~T 
)( 5() '71(!1J /JS t/ 

C/6005' ZS'A ·j K <f.J L£1»\. 
.2611 , K o/- t7CfT,VS 

If- '>< r 2.. Lr>V'1 . 
/g X 1?. 7tefW.5V: 

'/i07J6 

ANALYSES: (/N<S· v.y~4_ -~v. ~ ~,;.:;;_0,) 
SEM/EDXii?SEMIWDXEf XRFD XRDD OTlmRD see over. " 

INTERPRETATION: 

. ~Gt<~I7YC/PkOSPHCJI</C ;:tt/-"i{.Y$%S V? TO /.1-i.P) frtJ1' c.JtJtrtttp 

aJAI7A.;,vs GW7.-e/IPP~.lJ SC/-IU 
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A.M. Lab. Metallograp_b.y Recording Sheet SAMPLE: c;?t00/8 
ARTEFACT: S77-:Y!( Z/-!t..VS76? 

·En-' ~t7GC/t1.4'At .s'/WY cvtL££-7/0N 
. Condition: 

Sample location: Set'-O~t< 

Permission to sample ~After care: 

?l'i?et/C £oSI?/"7/?"""' 

ARCHAEOLOGICAL CONTEXT 
Site name: 50 ?oR/2/t..V.t:> I"'U'IC€ 
Specific context: 
Dating of context: I? :;c ·-<52 

MACROSTRUCTURE 

JRAIJ~ 

LOrU,!T 

MICROSTRUCTURE 
unetched X 9)0 (.~AI( I/. 

X-radiographs: 
Line drawings: 

Photos-Colour slide: 
135 b/w print: 

other: 

i<:'E<Zl2Ptl\h: D.S"Ti</12t.G y 

AMLRef: 

PHOTOS 

Film No. I Exp.No. I Mag. Subject 

(/6()01 I t'-1 I ;(5{) 14:/Nf"l/. 
: ./4 x5D T/f'4AJSV: 

......_ ~/.' .pkr-~_,-er 

'"' ~ .. ' '~tr'va/ j?..(.S€ r:. d 

. ) 

' d • 

MICROSTRUCTURE 
etched: Kt?5?J. w,..x; 

~ /t/0 f. R;t?tun; ~7l'1t @t"Ke!J 

f:'. {"HOSTt/lf'] 

fGOOi' 

'l6t106 

.SU?>&I9600 8 
~~ SH<'os SOl( ;Illes o.:_!?;!!!! )?Pilt.v.S 

l'fsti15 

ANALYSES: 
SEMfEDX~SEMfWDX~XRFD XRDD OTHERD see over. 

INTERPRETATION: 

l?t'l IX~ 
2811 I<Cr 

• 

llf X6 
?..0 XZ:5" 
£...( ><?..5' 
z:z. X.~ . ) 
30

1
)(1. ><ZS. 

F.€~1217/C /1(>0!1/ fdcCf1SitJYt'/t C<JN'Cl9VT-E'qr7,:#JIS t:!P' ,:cm:JsR-ftJ.e'vr) 

rror~a~..fJ 
55 

L-0././ >"IT 

~ . . 

t()<.lrr r 
// 

/1$/rJS 
" 



0 

?/'U.SI)77tl,£ ?/1/Y .. LS 

::Qbl&' t2/Vt-;7.t..iJ.I~ O.Y 

9S 

I. 
/i 

\~~ \ )l ,) 
.,) I I 

I 
I 



A.M. Lab. Metallograp_Q.y Recording Sheet SAMPLE: f6aJ/t1 
ARTEFACT: lkbAJ KAIUAL; 
eX lJRCo A:: I 1\/<; COiU::CTI0/11 
Condition: tfCOZ/ 

Sample location: SEE oi/8.(? 

Permission to sample ~After care: 

-r~ /cl2SI:Y'1/IN 

ARCHAEOLOGICAL CONTEXT 
Site name: 6 4-'N/t:;r/l:SZ>Ktzx;c;;­
Specific context: 
Dating of context: ~ ~s 

MACROSTRUCTURE 

T.e1A6V. 
UY.Mi. / . - 57t<oft/t:; 

·ov 

MICROSTRUCTURE 
unetched >(57}0 (d#f'l t:" 
- s /. f/?l?fV<11~0AJ!I'l!Ej) " 

7/<J;?JJS tl 'ht:>e<" 

S~'Wt : s f<V\~ 1"/ti'IJ(!" 

r, )(..,~: ~ ?~~/\oZI/1. 

. , .~ €. t<f,twY [)Rt(HT .Ift715. 

ti{.(JAK,f 7(=0 /STRIIf./<;'e'"t'( 

MICROSTRUCTURE 
----, etched: 

/4:/ :< fiW(I"le ,YT/'1 ~ $VI,tJ<8> . 

j> )h'CJS"T/P~ e;P. IN G:;V71f?/l( fH'If) 

7l?!Jvr/tf-tf Ttf!t?,v;v. Si?nf>L 

/74 /J"f -Si-1/l"l.(.. hVCS" Ui/MtV f)eii!IVJ 

ANALYSES: / 
SEMIEDX(i{sEMIWDX0 XRFD XRDO OTHERD see over. 

INTERPRETATION: 

/-(07"" (vi~ J?t'a:P17a1./C. /$'N' 

57 

X-radiographs: 
Line drawings: 

Photos-Colour slide: 
135 b/w print: 

other: 

l.?e'"a:N?z;>IM : 2). £77-IRCe Y 

AMLRef: 

Film No. 

f,JaJJ 

jC!GOO-s-

<f6d06 

PHOTOS 

Exp.No. I Mag. 

:· ZA 
]A 

2'fA 

3011 

23 
2..1-
ZS" 

K!b 
>::5Z) 

IXb 

xs-
;<I?.-
1<. 
)(~ 

Subject 

,, ,, 
LCIN''i' t/ 
'~s·· 

(().)/<;'-

/{';WSV.. 

T~lf/oiS" ,, 
LdA.};"", .... 



ss 

·.( 

bloo.9b 

I 

J.JV/7161¥ JVOC/ I 

3'xl/~f"Lh'tY/11,)/ _s 



A.M. Lab. Metallograp.!n~ Recording Sheet SAMPLE:7?c({/LJ;?(7 

ARTEFACT: J'</!1(1.-V; /fl< /-13S ~V5Z 
EH'.. /ba::~m-ecw/8<k S/VZJY cocC£c77oAI 
Condition: ~&1?2' 

Sample location: se;p- av&e 

Permission to sample ~fter care: 

~~/fN' 

ARCHAEOLOGICAL CONTEXT 
Site name: /t;£-J ?/0:::-1]?/c'{.Y 
Specific context: U~ Zit'IC.COAJY 
Dating of context: /~? 

MACROSTRUCTURE 

/" 

·tk'llA/5V 
/LDMt;l?: 

c:J 0'/ v. ,{~~. 
/ 

MICROSTRUCTURE 
unetched Xjl:O CoN<' I'/ ~rwsv. 

/ o-~;; MifGGIJ 4«-4' OF 

~Y. ]).rt'l'- 7-'r/V'C J/t<'tt<A;ef?.r 
l),rA< Phi'IS€ 
ST't?tN>(!'RJ' 

"' 1 tVeqR SO'Ri'>K1" 
(!p /lr?TGP"/IC/ 

MICROSTRUCTURE 
etched: 

r~~Ot'/. ~ AS/1'1(1: Ecwtlf'XBJ 

S"7-e<W( C"~ f? TTt>V'<. 

oec. Pe4fZUll' (<-?;-) 
{.J),</'7 t/. VP Td 5";. FINe P@L/!C-

ANALYSESy 
SEM/EDX0' SEMIWDXGi"XRFO XRDD OlliERO 

INTERPRETATION: 

see over. 

X-radiographs: 
Line drawings: 

Photos-Colour slide: 
135 b/w print: 

other: 

~al'IN) : 2). Srt'I!ZU Y 

AMLRef: 

Film No. 

'16003 

PHOTOS 

Exp.No. I Mag. 

.:;,_4 
5/1 
[,t:l 

x() 
)(:)'() 
X5() 

Subject 

&JA.J>rr 
II 

960"0, I J/11 I X' 8 LOA/i't'T 

J'Vl ! X' V- Tt2rt.v.Sv 
r&:Joo I u xzs- <avt; 

27- X5lJ , 
'2.3 X/00 

V'f x26"" ITM~. 

~&e~/'l'IC /.qo,.v HCJ7 ~6:) t<I!Vo/'lr,-e COO(£/) 
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. ) 

A.M. Lab. Metallograpl_ly Recording Sheet SAMPLE: PfC0.2/ 
ARTEFACT: f/H?;c;/-fT 
EH 4/cl::'h"l7f:CTV.-e/-l( STOp v C'tJitEC//011/ 
Condition: ~t?ClD 

Sample location:~ Oi/~;t 

Permission to sample ~fter care: 

~-?asvrlaa 

ARCHAEOLOGICAL CONTEXT 
Site ?ame: /.!A/t?..SJ1Y 1-/cl., LtNCOc/JS /MV PGtlJS 
Spec1fic context: 
Dating of context: / 9!<;? 

MACROSI'RUCTURE f•~,) WI-

r-..1. 
.LON(itl ' " 

'/-v;N5V. l \ I 

"' ·~~ 
• > I v. LM~G 

<JI<AirJs I / .\r •. ~315 

MICROSTRUCTURE riff/( C. 

unetched X 57?0 {tZ(,>; / 

V.~AIIK 
TR4NSV. 

.• 

~/ ;.) t:?t1Mi!lt'j) 
<::./! .SV/KC'r7A/f? -~dl@ 

-'i'~~m Pr!lm:- .w<.r S/II/)4P Phf?fe' 
IN"c~.:;-s;av.s l-lv /(7()5) 

;) /072 
2) 113-6 
3) qc;,g 

MICROSTRTTC'TURE It) 1(3-6 
;t) 1/7.7-etched: -)( 12SO_ UJIVt;; r. 

11. V4tlJ91)C.e /10·0 

ti;A.11; rl . 
I007-FEM!Tf 1>1"1 1- {' 
'I oo=. Z>vn. re.Jt~V.s 
~. t 1)/lf(H7 d'e<:KS SflfJ(-

'7RIJNS t1MG 1/tTRftfJCIF. WR~ oF .JffCt!'1.f,{/ 
i1, F/t.IG <;"R,</1111$ <.$TI'16' t'- -5tJi: ,<1frt0'1 PG9i'ltt"R'-

t:tse<tl-tG~U:- tOo 1. ~tt1re (}~"' /-IS7T'1 6 .,>1 

ANALYSES:/ / 
SEMIEDXB'SEMIWDXIiYXRFD XRDD OTHERD see over. 

INTERPRETATION: 

X ·radiographs: 
Line drawings: 

Photos-Colour slide: 
135 b/w print: 

other: 

12sm't¥M: D. S71'7'7Cc; Y 

AMLRef: 

I PHOTOS 

I Film No. I Exp.No. I Mag. 1 Subject 

116'003 I ?A I x57) I LO,vr;/ 
gl-) " /R/.fNSV. 

96{}()) 32A '1<5" Lo.VS1r -·· 
3]11 ><'5" Tt?t91Vf' 

9o{1{)6 'JO ~~~~~ 
31 
32 ;~5V, 

rotJO.f 33 
3J) }<,L 
:!5, 36 

~.G~O~,.V~f: F€/c'/('17'/C /-E'o# 0.. 0.~ /. C S' 'eE'( 

.o/t/7 (JO/t/<::~2> "" ..sl:1/'1~ a?Lp ~-"Z:'t?/'1/1'/.0...V +CJt/GRH~t9/6_?') 
61 
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·OJ! A tf.S'd.NJ 7 

/Z009/; ' 

Z9 
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C/r 

A.M. Lab. MetallograpJn~ Recording Sheet SAMPLE: 960022_ 
ARTEFACT: $//ftiZC1Sr:;;- C/PRI<:;-Hr E ,1/ /lSC M tr5"$L8 
£#_ .,4£C/-<'tTGcTVA?Ac. S'7VZ:>Y COttEC7/'o;V X_-radiog~phs: 
Condttion: t;'Ooz;:> Lme drawmgs: 

Photos-Colour slide: 
135 b/w print: 

other: 
Sample location: ~ LtV% C61ZJ (.Sc.r=- 01/G-C. ) 

Permission to sample ~After care: 
/"£€1/G !?OSOI"'1t1N t?ECOtzl>'tJr: z;>.s-mnu:Y 

ARCHAEOLOGICAL CONTEXT 
Site name: cove-vr,ey #~a I Sltee?/7/1'/IJ'-1 
Specific context: 
Dating of context: c 1800 

MACROSI'RUCTURE 

/«'A..Vs. 

LON; I/. 

MICROSfRUCTURE 
unetched x5l)D ( CW>tl '&.o!Jftl-

2 7. S/Mf"te'" PH'I/ff­

E/PA/f. R</X'I'?~J> 
/A-t:>. 

2/. St.!>l£$ ]?tAt l'Fft(% 

6Z<;;J<;'!f7b/) _r.VCS. 

MICROSI'RUCTURE 
•. 1 etched: XIZ 5-tl ~J' 

----- IM/. Rt<r<t~ G-Kr::PT !W t?)(l?(l(716- e(G 

(\ o.C ~11. sr£7/0JJ 

/Ism J"-6 

ANALYSES:/ 
SEMIEDXUYSEM/WDX~XRFD XRDD OTliERD see over. 

INTERPRETATION: 

AMLRef: 

PHOTOS 

Film No. I Exp.No. I Mag. Subject 

. 'ffOOJ 'M II( Z.)- t.LJ<-1>1;/ 
lOA- X 5l) I t7c'f?-IJ_5. 

'10(}{)) .5"'5/.1 1 >< ) WM""IT 

" 36tt ><IJ 'fieANW 

9/006 I X l~rv 

.H- )(2~ 71<t'ffVS 

J~ ,(2$" 4:)1./('IT, 

F_G'tt21TIC /!ZO/V". 501'1& t.A;n/( tf€-~ .JOV;:xt.> Or .5'~1/~. 
C'/.lteZltt-et>~j? OtV ~/Gte .s-ctteFI'/CE 
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A.M. Lab. Metallograp_b.y Recording Sheet 

ARTEFACT: tr/.4£H"G/(. 

SAMPLE: 96({:?.23 

Condition: V. 9a:J 2/ 

Sample location: %6 01/G;e 

Permission to sample ~fter care: 

~ .il?'m?I'?/W 
ARCHAEOLOGICAL CONTEXT 
Site name: SZ /"14£/ /!/ /#t{. J G'/si<:Y-/.91P 
Specific context: 
Dating of context: /82 7 

MACROSfRUCTURE 

I.JI,)f/ / 

7-CqNSV:. 

-,:>'~­'. 

MICROSfRUCTURE 
unetched )<SW /o<J)rT 
---,....._ 

_?i.'6"tl0i 

?lei-?( ?Nt}.rf' 

Ncs. 

v/hV Y mtrlir 
.r?dr..s 

MICROsrRUCTURE 
etched: x /?.50 

Hv (otJ;:) 
f) lf593 
'2) ;Jg,y.. 
3) I 73 .(;. 
y.) /6/,~ 
5') l:)f5,g 
.~-

164-,] _____._ 

100 x /=G?_rc r ~ ~'Ti1 o -I 
f71d:JJJ"i P 'ilforrr,u\. 
ti'TCk ?,-7771./) 

ANALYSES:/ 
SEMIEDX!i?'SEM/WDX~XRFO XRDD 011IERD 

INTERPRETATION: 

?'h"~h'Ot'<' /C /~O/V 1 h'CJT <O:ltekGj) 

see over. 

65 

X-radiographs: 
Line drawings: 

Photos-Colour slide: 
135 b/w print: 

other: 

l.?ea:>aZA-.-0" : D. :>rmue f 

AMLRef: 

PHOTOS 

Film No. I Exp.No. I Mag. Subject 

96.103 

96()t}6 

II-'! 
11."1 

)<50 
lr 

6:J#>t/ 
Ttf'/IAJSV. 

Z. ,K~ 'Ld!VftT 
3 X{f- IR~NS 

36 1><25"1 Lt:JtJ). 
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A.M. Lab. Metallography Recording Sheet SAMPLE: 96aJZ*-
ARTEFACT: Po:; (ST,qPce-) 

(gk /l~t recft/.tVtc s/t/PY OJ{(.ECiiCJJ..I /-It? #85 /::!115) X·radiographs: 
. Condition: Sc~.CA'a? CO.efVS!ON Line drawings: 

t Photos-Colour slide: 
Sample location: {see c;i/~te j !35 b/w print: gfi./I0/!711 

/ other: 
Permission to sample Q' After care: 

T~ /Z09Jr11'Jft/ P('ECMOtM" ; /.). Sf/ti?(£ y 

ARCHAEOLOGICAL CONTEXT W 
Site name: No:?Z?O./ t;g::JNGKf; ,n8f7{::< 
Specific context: .,c'/ftJM .~c;v.c- PU97C: 
Dating of context: / '1j / 

MACROSTRUCTURE 

lh'/NSil.' 

LOI!It;!f. 

IM\G- {!VltN. ,/'/ 
F"€'llltT6 

AMLRef: 

PHOTOS 

Film No, I Exp.No. I Mag. Subject 

H•c 
.( ~\. (J' 

RNIF/1. ,CEflR/76 f /"GIIt!U1f 

MICROSTRUCTURE 
unetched X.~ C£>M7tl 

.r 
"' / ,, V, W/,fti/8C~ 

0-?7. 
S'tiVr<F R'T/f.Ji:3 

FCav+;-,q~l) 

MICROSTRUCTURE 
etched: xl2ff0 Nr'/1< ~G: 

/ 
1--!v(IOZJ.)) 

/) 12tr.-) 
·•) /"a I (._ L. -/,' 

J) !33.3 
V.) 123·3 
5) l~t-3.1 

!30.:6 --
v V/.11(1/ltfE!cO-eol.A-,.,.,te_ ,..;s7M r-e 

o -zo l,l"&rtfe /!:>-• 
.Jt./t;-~ 7' t;'H<!S77Mf71V U1<1.KtT./. ~ 

Zlt?t(H1' S'l"ee<t.S 

ANALYSES:/ / 
SEM/EDX£0'SEMIWDXI3'XRFO XRDO OniERO see over. 

INTERPRETATION: 

16()03 . I.JA I :>'V>( 
/(ff.i . " 

%0{)6. I 4- X6 
? K<f.-

9(001 I I X5() 
x2.1() 

Lov>tT 
;/'t('qM'I/; 

L()IJ5'fT 
/18'/NS 

L<Jtl}{'f T. 
,, 

2. 
3 J( ~ 7?.?"/NS 

~1'$?1'//'C /Rotlji.oc.J 011?~;\1 (alf"n-t><' }ST&E(. .NOT ~tt'k~ (,(/1ft< Co~ 
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A.M. Lab. Metallograp_b.y Recording Sheet 

ARTEFACT: MtCOA/Y kl9t(_ lEAF 
<!:7// /lm.r~CIR/fc s/UJ/ mtceC71o#· /1-f. #ZJ.S 15"5"1 X-radiographs: 
Condition: ~OOZ). _ _/ . p Line drawings: 

/""7> ~ · Photos-Colour slide: 
135 b/w print: 

other: 

SAMPLE: 96a?_.25" 

8tf./ 10/ 181"1 Sample location: S::EG- ove/2 

Permission to sample ~fter care: 
7,{"eu9 Jt'OSo/'111N Re-coat¥~: D. sr,qRC<:: Y 

ARCHAEOLOGICAL CONTEXT 
Site name: .:23 ()AJSLOcJ 9/I~AIS, Sl:X/Tit' kG1/Sp\..E:;7bAI 
Specific context: /sr ;CCCOR 8/1[0::1/vY tf'J</IUNI:';S 

AML Ref: 

Dating of context: B 
/ 71-7.. 

MACROSTRUCTURE 

/.!)A.h/Tt!/lJtt</11L 

v 

MICROSTRUCTURE 
unetched )( Jl/0 

eJ Lr -zt. 
"W1t PIH'/!t 

,$ \svi1.e?vNO -6l/}VI1170!J 

MICROSTRUCTURE 
etched: x/'h7J 

c~ PtrrtN~ PHOTOS 

• , 1-lv /t!Oc, . 
()I 1 M 7. J Film No. Subject 

t) IJ6,2 
z) /1;4.7 
J) 136·2 
t,-) !2Cf.t 
.;) 127· f 

?.;!2.2 I '16003 I j.6'/5lll K5D I U/N)!{ 

6 ><{f I . 4- xz~ Lo.V<T/r - -13 ~XF&t?/1E: ,f5P13 ,v,w,..,-tl"l 

f/C{J()6 
'it<Xf7 
96007- ?K.50 

6 >( zs-1 -;;ey.JS 
2. ;, ?G'/Ir(_n~ 

-f E~ 7'7-rrt;_., 70CJ't2Ps SY/.e/TK:C 
1- X Itt/ 7ilet<fNS 

ANALYSES:/ / 
SEMIEDX!dSEM/WDXt<!'XRFD XRDO OTliERD see over. 

INTERPRETATION: 

r~R/7£::: jl"llt75Pf1~RtC /rc'CI...</ fA;V/l/.YS/5 7?:1 CJ./C/. P) 
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A.M. Lab. Metallograp_hy Recording Sheet ; ,' r SAMPLE: 96a?26 

ARTEFAcr: W47?3e <E/IF PfrJ1'1 t...JriXI?1TIRrJ~<:(.Ifl~S X -radiographs: 
tZ# IJRQI~ SWZ¥ Clli(er:710#: ~ lfC $''l$l)8 ··Line clrawirigs: 

· Condition:. 'i(;l?2/ · · · · . · · , '· ·;~ ..:_ Photos:.cOioiJi: slide:. - . . . 

. - . ;, -·· • - ··-•.~.•.···· · · 135btwprint: 8fJC}ffoA Sample f~on: '$6G OVG/e other: 

Permission to sample g/ After care: 

'/..@te-~ 

ARCHAEOLOGICAL CONTEXT 
Site name: ~/A9P._y M'tL. Cl:JCL«e ~If:# 
Specific context: lv'es r t;'/1 if!! S , ~:' 
Dating of context: /88!?-'1! · 

?.'ECOt.!l?Nf .- Z>.s77Y?ce:f 

AMLRef: 

892jZ&O 

MICROSTRUCTURE 
etched: 27.MJ?r< ltJI-'f" K/25"~ 

96006 -::;--- ly ~ I LOAX 17 
g . Xtr /R/ltVfv, 

57. At;f({Yibet'/Tep l1Yl~urc 

r 'fS/ F$et2/Tl:: ~ST1'1 s-

ANALYSES: -~ _.. . . 
SEMIEDX~EM/WDXifXRFD XRDO OTIIERO soe over: i 

INTERPRETATION: -r-1/Q) s~ 

~·t 
\1· ... 
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Appendix II SEM (EDXA) analyses of slag inclusions in historical iron samples (date order) 
Sample details Inclusion Composition weight% 

AML length width s Cl Na,O MgO AI,03 Si02 P20 5 K,O CaO Ti02 V20 3 MnO FeO 
ref. (ltm} (llm} 

950009 HI033 30 10 0.2 0.0 0.4 0.4 2.7 10.0 10.2 1.3 2.9 0.2 0.0 0.3 71.4 
Castle Hedlingham: window grill HI034 130 15 0.1 0.0 0.6 1.0 1.9 18.0 7.2 0.1 0.6 0.0 0.0 0.7 70.2 
Phosphoric iron, 1% slag HI035 100 20 0.4 0.0 0.3 0.5 1.5 8.4 3.5 0.4 0.9 0.0 0.0 0.4 83.7 

HI036 100 100 0.3 0.1 0.6 1.3 3.6 19.0 7.3 2.3 2.7 0.0 0.0 0.6 61.8 

Before 1200 HI037 100 10 0.3 0.0 0.5 0.2 0.7 18.0 3.6 0.7 1.1 0.1 0.0 0.2 74.1 
HI039 120 70 0.1 0.0 0.3 0.1 0.6 29.0 0.7 0.3 0.9 0.1 0.0 0.1 67.5 
HI040 30 30 0.1 0.1 0.7 0.0 0.5 26.0 1.6 0.3 0.8 0.0 0.0 0.1 70.1 
HI041 10 10 0.4 0.1 0.5 0.5 1.0 24.0 3.3 0.8 1.5 0.2 0.0 0.2 67.5 
HI042 80 6 0.5 0.0 0.0 0.0 0.5 26.0 2.9 0.4 0.8 0.0 0.2 0.2 69.0 
HI043 30 8 0.2 0.1 0.3 0.7 0.9 14.0 10.8 0.0 0.5 0.0 0.0 0.4 72.1 
HI044 10 6 0.4 0.1 0.4 0.2 0.7 18.0 3.2 0.3 0.8 0.0 0.1 0.2 76.0 
mean 67 26 0.3 0.0 0.4 0.4 1.3 19.1 4.9 0.6 1.2 0.1 0.0 0.3 71.2 

960005 HI045 100 8 0.2 0.1 0.5 0.5 4.7 25.0 0.8 1.9 2.1 0.2 0.0 3.0 60.5 
Windsor Castle: drain grill HI046 6 4 0.1 0.0 0.8 1.1 8.4 40.0 0.2 2.8 3.6 0.3 0.0 5.8 36.8 
Ferri tic iron I steel, HI047 9 9 0.2 0.0 0.5 1.2 6.5 30.0 0.8 2.1 2.9 0.2 0.0 1.6 53.6 
<1% slag HI048 40 4 0.1 0.0 0.7 1.4 8.2 34.0 1.4 3.2 3.8 0.4 0.1 2.1 45.0 

HI049 20 6 0.0 0.0 0.9 1.9 10.0 53.0 0.2 4.7 7.1 0.5 0.0 2.6 18.6 
Before 1400 HI050 30 8 0.1 0.0 0.6 1.3 9.0 44.0 0.0 3.7 6.0 0.5 0.0 4.5 30.0 

HI053 50 4 0.1 0.0 0.7 1.7 10.0 48.0 0.2 4.8 4.4 0.4 0.1 3.0 26.6 
HI054 20 4 0.0 0.0 0.6 1.6 10.0 54.0 0.0 4.6 6.1 0.5 0.0 5.1 16.9 
HI055 70 30 0.1 0.0 0.8 0.5 3.2 17.0 1.0 1.0 1.1 0.1 0.0 2.3 72.9 
HI056 30 20 0.1 0.1 0.6 0.6 5.6 28.0 1.0 2.2 2.8 0.0 0.0 2.8 56.7 

HI057 80 20 0.6 0.1 0.3 0.3 2.4 12.0 0.5 0.7 0.9 0.2 0.0 1.8 80.61 
HI058 120 30 0.0 0.0 0.5 0.9 6.4 33.0 0.4 2.8 2.7 0.3 0.0 4.1 48.3, 
HI059 60 20 0.1 0.1 0.6 0.6 4.7 23.0 0.8 1.9 1.7 0.2 0.0 2.6 63.4 
HI060 20 20 0.5 0.0 0.7 0.3 2.9 15.0 3.4 1.2 0.9 0.2 0.0 2.1 72.6 
mean 47 13 0.2 0.0 0.6 0.9 6.6 32.6 0.8 2.7 3.3 0.3 0.0 3.1 48.8 

960006 HI062 30 6 0.1 0.1 0.5 0.4 3.4 12.0 3.5 0.1 0.6 0.1 0.0 0.7 78.5 

Great Yarmouth: short wall tie HI063 70 30 0.1 0.0 0.6 0.3 2.1 14.0 4.1 0.1 0.8 0.0 0.0 0.9 76.9 

Ferritic iron, 1% slag HI064 15 9 0.0 0.0 0.7 0.2 0.9 4.3 0.5 0.0 0.2 0.1 0.0 0.3 92.7 
HI065 25 10 0.0 0.0 0.5 0.1 6.4 9.8 2.1 0.0 0.2 0.1 0.3 0.5 80.0 

1560-1569 HI066 18 6 0.1 0.0 0.5 0.4 2.8 18.0 5.3 0.3 0.8 0.3 0.0 2.1 69.8 

HI067 200 100 0.2 0.0 0.5 0.6 1.0 13.0 1.6 0.1 0.6 0.3 0.2 4.0 78.1 

HI068 60 20 0.4 0.0 0.5 0.4 10.0 15.0 2.6 0.1 0.9 0.6 0.4 4.4 64.6 

HI069 100 60 0.4 0.0 0.6 0.5 0.9 20.0 2.6 0.3 1.3 0.3 0.1 5.3 67.3 

HI070 150 100 0.8 0.0 0.5 0.5 0.9 18.0 3.7 0.4 1.8 0.4 0.1 4.1 69.4, 
HI071 160 80 0.3 0.0 0.4 0.4 1.4 21.0 3.6 0.6 1.7 0.3 0.0 4.9 65.T 
HI072 200 100 0.3 0.0 0.5 0.6 0.9 20.0 4.6 0.4 1.5 0.1 0.0 4.6 66.3 

mean 93 47 0.2 0.0 0.5 0.4 2.8 15.0 3.1 0.2 0.9 0.2 0.1 2.9 73.6 

960007 HI073 500 50 0.1 0.1 0.3 0.7 3.4 14.0 0.6 1.3 1.3 0.1 0.1 2.2 75.6 

Great Yarmouth: short wall tie HI074 50 20 0.1 0.0 0.3 0.5 2.8 12.0 0.3 1.0 1.1 0.2 0.0 1.2 81.1 

Fenitic iron, 3% slag HI075 200 200 0.1 0.1 0.5 0.5 3.4 13.0 0.4 1.1 1.2 0.1 0.1 2.1 76.9 

HI076 150 100 0.1 0.1 0.6 0.5 3.4 13.0 0.4 1.3 1.4 0.2 0.1 2.0 77.1 

1601 HI077 300 70 0.0 0.0 0.7 0.7 6.1 26.0 0.7 2.5 2.4 0.0 0.0 2.6 58.5 

HI078 100 80 0.2 0.1 0.5 0.7 3.4 15.0 0.8 1.2 1.5 0.0 0.0 1.8 74.9 

HI079 80 30 0.1 0.0 0.7 1.0 6.9 31.0 0.3 3.0 4.1 0.1 0.1 3.3 49.7 
HI080 100 20 0.0 0.0 0.6 0.6 4.5 21.0 0.6 1.9 2.1 0.2 0.0 2.0 66.7 
HI081 130 60 0.1 0.0 0.6 0.4 5.1 23.0 0.6 2.0 2.3 0.2 0.0 2.7 63.1 
HI082 100 30 0.1 0.0 0.5 0.7 5.2 22.0 0.2 2.1 2.6 0.2 0.0 2.9 63.6 

HI083 150 100 0.1 0.0 0.7 0.9 7.0 29.0 0.5 2.8 3.4 0.2 0.0 3.1 52.2 
HI085 120 60 0.2 0.1 0.7 0.6 4.9 23.0 0.7 2.0 2.1 0.1 0.0 2.1 64.1 
mean 165 68 0.1 0.0 0.6 0.7 4.7 20.2 0.5 1.9 2.1 0.1 0.0 2.3 67.0 
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Sample details Inclusion Composition weight% 
AML length width s Cl Na,O MgO AI,O, Si02 P20 5 K,O CaO Ti02 V203 MnO FeO 
ref. (urn) (urn) 

960008 HI088 100 60 0.2 0.1 0.4 0.5 0.3 4.3 2.2 0.1 0.9 0.0 0.2 2.9 87.8 
Greet Yarmouth: short wall tie HI089 120 50 0.3 0.0 0.4 0.4 0.3 5.5 2.8 0.1 0.3 0.0 0.0 3.0 87.0 
Ferritic I phosphoric iron, 5% slag HI090 200 200 0.3 0.1 0.2 0.1 0.3 4.1 2.2 0.1 0.8 0.0 0.1 2.7 89.0 

HI091 100 40 0.4 0.0 0.6 0.4 0.3 4.9 3.0 0.1 1.0 0.0 0.1 3.4 85.8 
1637 HI092 80 40 0.1 0.0 0.3 0.6 0.3 1.8 4.0 0.0 0.0 0.0 0.2 2.9 89.7 

HI093 140 30 0.3 0.1 0.5 0.2 0.3 3.6 1.7 0.1 0.6 0.1 0.0 3.0 89.7 
HI094 100 70 0.2 0.1 0.8 0.6 0.3 7.7 3.8 0.1 1.3 0.1 0.0 3.4 81.5 
HI095 120 40 0.4 0.0 0.4 0.5 0.4 9.8 5.0 0.3 1.7 0.2 0.0 3.3 77.9 
HI099 60 60 0.2 0.0 0.2 0.2 0.4 4.5 1.2 0.2 0.8 0.0 0.0 2.9 89.4 
Hl100 100 15 0.3 0.1 0.5 0.6 0.3 7.3 2.4 0.3 1.3 0.1 0.1 2.9 83.9 
Hl102 60 30 0.5 0.0 0.3 0.4 0.1 6.4 2.9 0.1 1.4 0.2 0.0 2.3 85.4 
mean 107 58 0.3 0.0 0.4 0.4 0.3 5.4 2.8 0.1 0.9 0.1 0.1 3.0 86.1 

960009 Hl103 80 30 0.1 0.0 0.6 0.2 1.1 8.9 5.7 0.2 0.3 0.1 0.0 0.5 82.4 
Great Yarmouth: short wall tie Hl104 30 10 0.1 0.0 1.1 0.3 1.8 9.8 7.2 0.5 1.1 0.1 0.1 0.4 77.4 
Ferritic /phosphoric iron, <1% slag Hl107 60 40 0.1 0.1 0.6 0.2 2.0 7.3 5.7 0.2 0.5 0.1 0.1 0.6 82.6 

Hl108 100 30 0.0 0.0 0.5 0.2 1.8 12.0 3.9 0.1 0.4 0.0 0.0 1.0 79.8 
1651 Hl109 150 20 0.0 0.0 1.1 0.6 2.6 15.0 2.9 0.6 1.0 0.2 0.2 0.8 74.6 

Hl110 80 60 0.1 0.0 0.7 0.4 1.5 7.8 2.1 0.2 0.6 0.0 0.0 0.7 86.0 
Hl111 100 50 0.0 0.5 0.8 0.4 2.2 13.0 2.3 0.5 0.7 0.0 0.1 0.6 78.9 
Hl112 300 60 0.0 0.0 0.5 0.2 2.3 10.0 1.1 0.4 0.5 0.0 0.2 0.5 83.9 
Hl113 20 15 0.0 0.0 0.8 0.3 1.6 9.9 2.8 0.4 0.5 0.0 0.0 0.8 83.0 
Hl114 100 30 0.0 0.1 1.1 0.2 3.4 20.0 2.4 0.7 1.1 0.3 0.0 0.8 69.9 
mean 102 35 0.0 0.0 0.8 0.3 2.0 11.0 3.6 0.4 0.7 0.1 0.1 0.7 80.0 

960010 Hl120 80 10 0.4 0.1 0.4 0.4 2.1 16.0 1.7 1.0 1.3 0.1 0.0 2.0 74.5 
Great Yarmouth: short wall tie Hl121 50 10 0.3 0.1 0.4 0.5 1.6 12.0 1.7 0.8 0.6 0.0 0.2 1.5 80.3' 
Ferritic iron, <1% slag Hl122 30 10 0.1 0.0 0.3 0.4 1.6 11.0 1.2 0.7 0.8 0.0 0.1 1.3 82.9 

Hl123 80 30 0.3 0.0 0.4 0.4 2.4 17.0 1.7 1.0 1.0 0.1 0.0 1.6 74.4 
1691 Hl124 40 20 0.6 0.1 0.6 0.5 1.1 7.8 1.6 0.3 0.5 0.0 0.0 1.0 86.0 

Hl125 400 60 0.1 0.0 0.7 0.8 3.1 19.0 0.2 1.3 1.6 0.0 0.1 2.6 70.4 
Hl126 600 300 0.2 0.0 0.3 0.9 3.2 23.0 1.4 1.6 1.9 0.0 0.0 2.6 64.7 
Hl127 100 80 0.1 0.2 0.6 1.0 4.0 24.0 0.8 2.2 2.4 0.3 0.1 2.7 61.3 
Hl128 300 80 0.2 0.1 0.8 1.2 3.8 24.0 0.9 1.9 2.3 0.3 0.0 2.8 61.8 
Hl129 200 100 0.2 0.2 1.0 1.2 3.7 24.0 1.0 1.9 2.3 0.1 0.0 2.5 61.8 
Hl130 90 20 0.5 0.1 0.8 1.0 3.2 21.0 1.3 1.4 1.7 0.2 0.0 2.8 66.3' 
mean 179 65 0.3 0.1 0.6 0.8 2.7 18.1 1.2 1.3 1.5 0.1 0.0 2.1 71.3 

960012 Hl144 70 6 0.2 0.0 0.6 0.3 0.5 2.1 6.3 0.0 0.4 0.0 0.0 0.3 89.3 
Trinily Chapel: hook for window hinge Hl145 70 10 0.0 0.0 0.4 0.4 0.4 1.8 4.8 0.0 0.3 0.0 0.0 0.3 91.6 
Ferritic iron, 0.5% slag Hl146 200 6 0.0 0.0 0.5 0.3 1.2 1.1 0.1 0.0 0.3 0.0 0.0 0.0 96.5 

Hl147 30 20 0.1 0.1 0.6 0.8 1.7 12.0 3.7 0.5 3.5 0.0 0.0 0.3 76.3 
1694 Hl148 40 6 0.1 0.0 0.4 0.4 0.5 2.2 3.1 0.1 0.5 0.0 0.0 0.1 92.6 

Hl149 20 6 0.2 0.1 0.2 0.0 0.0 0.1 2.8 0.0 0.0 0.0 0.0 0.3 96.3 
Hl151 15 10 0.2 0.0 0.5 0.6 0.9 9.5 2.7 0.2 1.3 0.0 0.0 0.4 83.8 
Hl152 40 4 0.2 0.0 0.5 0.2 0.6 4.6 5.9 0.1 0.8 0.0 0.2 0.7 86.1 
Hl153 70 15 0.2 0.1 0.3 0.1 0.1 0.1 1.3 0.0 0.0 0.0 0.0 0.2 97.5 
Hl154 60 10 0.0 0.1 0.2 0.1 0.0 0.1 5.9 0.1 0.0 0.0 0.0 0.3 93.1 
mean 62 9 0.1 0.0 0.4 0.3 0.6 3.4 3.7 0.1 0.7 0.0 0.0 0.3 90.3 
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Sample details Inclusion Composition weight% 
AML length width s Cl Na,O MgO Al20 3 Si02 P,O, K20 CaO Ti02 V20 3 MnO FeO 
ref. fum\ fum\ 

960011 Hl131 30 6 0.1 0.0 0.9 0.4 2.3 14.0 1.5 1.0 2.0 0.1 0.0 0.4 77.4 
Rangers House: holdfast Hl132 150 7 0.1 0.0 0.7 0.5 1.7 9.3 1.0 0.5 1.5 0.0 0.0 0.4 84.3 

FerriUo iron, 0.5% slag Hl133 100 40 0.0 0.0 0.7 0.4 1.5 9.8 0.9 0.5 1.3 0.3 0.1 0.3 84.2 
Hl134 90 40 0.1 0.0 0.6 0.8 1.9 13.0 1.4 0.7 1.9 0.0 0.2 0.4 78.7 

1699 Hl135 150 30 0.1 0.0 0.8 0.6 2.4 15.0 1.2 0.9 2.5 0.1 0.0 0.4 75.7 
Hl136 150 80 0.0 0.0 1.1 0.9 2.6 21.0 1.5 1.0 2.8 0.0 0.1 0.5 68.8 
Hl139 25 12 0.1 0.0 0.9 1.0 2.9 21.0 1.1 1.2 2.8 0.0 0.0 0.7 68.3 
Hl140 9 9 0.1 0.0 0.7 0.7 2.5 15.0 2.0 0.6 2.2 0.2 0.1 0.5 74.9 
Hl141 60 40 0.2 0.0 0.5 0.4 0.9 9.1 4.6 0.2 1.6 0.0 0.1 0.2 82.1 
Hl142 10 10 0.0 0.1 0.7 0.7 1.9 14.0 1.3 0.7 1.8 0.1 0.0 0.6 78.5 
Hl143 80 15 0.0 0.0 0.9 0.7 2.8 21.0 0.5 1.1 3.2 0.1 0.1 0.4 69.5 
mean 78 26 0.1 0.0 0.8 0.6 2.1 14.7 1.5 0.8 2.1 0.1 0.1 0.4 76.7 

960013 Hl156 50 10 0.0 0.0 2.1 3.9 9.2 46.0 0.2 3.5 7.1 0.4 0.0 0.3 27.3 
St May Ia Slrand: slrap of ring beam Hl157 30 30 0.0 0.0 2.1 3.9 9.2 46.0 0.2 3.5 7.2 0.4 0.0 0.3 27.4 
FerriUc iron/steel, <1% slag Hl159 50 30 0.0 0.0 2.7 4.5 12.0 54.0 0.0 5.0 9.8 0.4 0.0 0.2 12.1 

Hl161 20 7 0.0 0.0 1.8 3.2 8.4 52.0 0.0 3.0 7.1 0.4 0.0 1.1 23.3 

1717 Hl162 70 20 0.1 0.0 1.9 2.9 9.3 52.0 0.6 4.1 7.2 0.4 0.0 1.3 20.5 
Hl163 160 10 0.0 0.1 1.7 3.4 8.6 56.0 0.1 3.8 8.5 0.3 0.0 1.4 16.3 
mean 63 18 0.0 0.0 2.1 3.6 9.5 51.0 0.2 3.8 7.8 0.4 0.0 0.8 21.1 

960014: Greenwich Naval College: Hl167 150 8 0.0 0.0 2.1 2.7 12.0 61.0 0.0 2.5 9.2 0.5 0.0 3.7 6.5 

down pipe bracket Hl168 100 10 0.1 0.0 1.9 2.9 11.0 53.0 0.1 2.5 8.1 0.4 0.1 2.5 18.0 

FerriUc iron/steel, <1% slag Hl169 40 20 0.0 0.0 2.3 3.2 14.0 57.0 0.0 3.1 9.3 0.6 0.0 1.3 9.7 
Hl172 40 8 0.1 0.1 2.3 2.6 9.7 46.0 0.2 2.5 6.8 0.5 0.0 2.2 27.0 

1729 Hl173 8 5 0.1 0.0 1.3 4.6 19.0 38.0 0.5 0.9 16.0 1.0 0.0 0.9 17.9 
Hl174 20 10 0.0 0.0 1.9 1.3 5.8 29.0 0.8 1.9 3.9 0.3 0.0 1.6 53.6 
mean 60 10 0.1 0.0 2.0 2.9 11.9 47.3 0.3 2.2 8.9 0.6 0.0 2.0 22.1 

960015 Hl175 100 100 0.1 0.1 0.5 0.9 0.5 18.0 0.3 0.0 1.1 0.1 0.0 4.8 73.9 

Milton House: gate Hl176 80 80 0.0 0.0 0.4 1.6 1.0 21.0 0.2 0.3 2.8 0.1 0.0 12.0 60.4 

FerriUc iron, <1% slag Hl177 100 100 0.0 0.1 0.5 0.8 1.0 13.0 0.2 0.2 1.8 0.1 0.2 5.8 76.6 

Hl178 80 30 0.1 0.0 0.3 0.6 0.6 3.0 0.1 0.0 0.3 0.1 0.1 3.1 91.7 

1729 Hl179 60 60 0.1 0.0 0.6 0.3 0.3 3.0 0.4 0.0 0.3 0.0 0.0 2.6 92.2 

Hl180 30 4 1.6 0.0 0.8 0.4 0.4 11.0 2.0 0.3 1.6 0.1 0.0 6.3 76.0 

Hl181 25 10 0.1 0.0 0.4 0.2 0.6 3.1 0.1 0.2 0.5 0.0 0.0 3.9 90.9 

Hl182 30 20 0.7 0.0 0.5 0.4 0.9 10.0 1.3 0.3 1.6 0.1 0.0 5.1 79.0 

Hl183 40 20 0.8 0.1 0.5 0.7 0.7 12.0 1.1 0.3 1.5 0.0 0.0 5.2 77.5 

mean 61 47 0.4 0.0 0.5 0.7 0.7 10.5 0.6 0.2 1.3 0.1 0.3 5.4 79.8 

960016 Hl185 100 30 0.3 0.1 0.9 0.8 3.6 23.0 4.4 0.5 2.7 0.1 0.2 1.6 61.6 

Fournier Sl Mosque: balcony support Hl186 120 20 0.1 0.1 0.7 0.5 1.3 8.5 0.3 0.2 0.7 0.1 0.0 1.2 86.2 

Ferritic iron I steel, <1% slag Hl187 150 90 0.1 0.0 1.3 0.6 2.9 24.0 0.7 1.1 2.1 0.1 0.1 1.6 65.2 

Hl188 100 60 0.3 0.0 0.9 0.4 2.8 27.0 3.8 1.0 2.2 0.1 0.0 1.8 59.4 

1743 Hl189 40 40 0.1 0.1 1.5 0.8 3.8 30.0 3.3 2.3 2.6 0.3 0.0 2.6 52.3 

Hl190 100 30 0.1 0.1 1.2 0.7 2.1 19.0 1.2 0.9 1.7 0.0 0.0 1.7 71.0 

Hl191 100 15 0.2 0.0 1.4 1.9 7.8 66.0 0.8 1.8 5.2 0.3 0.0 6.9 7.3 

Hl192 20 6 0.1 0.1 3.4 5.7 18.0 38.0 0.7 4.7 13.0 0.6 0.1 0.6 15.2 

Hl193 30 30 0.3 0.0 0.9 1.2 4.0 40.0 1.7 1.3 3.3 0.2 0.1 5.1 42.4 

Hl194 15 10 0.1 0.0 1.3 1.8 7.0 63.0 0.4 2.2 5.2 0.3 0.0 5.3 13.6 

mean 78 33 0.2 0.1 1.4 1.4 5.3 33.9 1.7 1.6 3.9 0.2 0.1 2.8 47.4 
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Sample details Inclusion Composition weight% 
AML length width s Cl Na20 MgO Al203 Si02 P,O, K20 CaO Ti02 V20 3 MnO FeO 
ref. fum) fum\ 

960017 Hl196 100 12 0.0 0.0 0.5 0.0 0.0 0.2 0.2 0.0 0.0 0.0 0.1 0.4 98.5 
1 Bloomsbury Sl: stair ballustrade Hl197 25 10 0.0 0.0 0.7 0.1 0.1 0.2 0.0 0.0 0.0 0.1 0.0 0.4 98.3 
Ferriticl phosphoric iron, <1% slag Hl198 15 10 0.5 0.0 0.0 0.1 0.4 7.9 10.2 0.0 0.0 0.0 0.0 0.0 80.7 

Hl199 100 15 0.0 0.0 0.6 0.1 0.1 0.2 0.0 0.0 0.0 0.2 0.1 0.2 98.5 
1770 Hl200 15 4 0.1 0.0 0.6 1.3 2.0 24.0 9.2 0.4 3.0 0.2 0.0 2.8 56.3 

Hl201 7 6 0.2 0.0 0.5 0.1 0.1 11.016.4 0.0 0.0 0.1 0.0 2.4 69.5 
Hl202 6 5 0.5 0.1 0.5 0.1 0.2 8.6 22.3 0.0 0.0 0.1 0.1 2.4 65.3 
Hl203 10 7 0.3 0.0 0.3 0.1 0.0 21.0 12.8 0.0 0.1 0.0 0.2 4.3 61.1 
Hl204 30 20 0.1 0.0 0.5 1.0 2.5 23.0 8.8 0.2 2.2 0.3 0.0 2.9 58.9 
Hl205 10 8 0.0 0.0 0.4 2.0 3.4 23.0 9.9 0.2 3.9 0.0 0.0 2.4 54.9 
Hl206 20 9 0.1 0.0 0.3 1.1 1.8 19.0 11.0 0.2 2.4 0.2 0.0 2.3 61.8 
mean 31 10 0.2 0.0 0.4 0.5 1.0 12.6 9.2 0.1 1.1 0.1 0.0 1.9 73.1 

960020 Hl234 70 70 0.0 0.0 0.8 0.9 3.3 22.0 1.4 1.1 5.5 0.1 0.1 3.9 60.6 
143 Upper Picadilly: balcony railing Hl235 100 60 0.0 0.1 0.6 0.7 1.4 9.8 0.7 0.4 2.3 0.0 0.1 2.9 80.9 
Ferritic iron, 0.5% slag Hl236 100 80 0.0 0.1 0.9 1.0 2.4 15.0 0.6 0.8 3.5 0.3 0.0 3.3 72.4 

Hl238 60 50 0.1 0.0 0.7 0.9 1.8 11.0 0.5 0.7 2.2 0.0 0.3 3.1 79.3 
1775 Hl239 200 30 0.0 0.1 0.9 0.9 2.9 19.0 1.0 1.1 4.1 0.0 0.1 3.5 66.4 

Hl240 70 6 0.1 0.0 1.2 1.6 4.8 34.0 1.6 1.7 8.2 0.3 0.0 6.1 41.1 
Hl242 250 25 0.0 0.1 1.1 0.7 1.9 9.3 0.5 0.5 1.6 0.2 0.3 2.7 81.3 
Hl243 150 25 0.0 0.0 0.8 1.3 2.0 14.0 0.4 0.6 2.3 0.1 0.2 3.6 74.3 
Hl244 1500 150 0.1 0.1 1.3 1.2 6.5 30.0 1.3 2.4 8.9 0.2 0.2 4.2 44.1 
Hl245 30 15 0.2 0.1 1.1 2.4 4.1 29.0 2.2 1.6 5.9 0.2 0.0 5.8 47.1 
mean 253 51 0.1 0.1 0.9 1.2 3.1 19.3 1.0 1.1 4.5 0.1 0.1 3.9 64.8 

960002 10 5 0.0 0.0 0.6 n.s. 0.4 16.0 5.8 0.2 0.6 0.0 ns 0.4 76.6 
Bedford Sq. Gardens: fireplate 10 5 0.1 0.0 0.5 n.s. 0.4 8.4 6.4 0.2 0.9 0.0 ns 0.2 83.2 
Ferritic iron, 5% slag 6 4 0.0 0.0 0.2 n.s. 0.0 10.1 0.3 0.0 0.1 0.0 ns 0.0 89.1 

8 8 0.1 0.0 0.2 n.s. 0.2 10.6 1.4 0.1 0.3 0.0 ns 0.0 87.0 
1779 mean 9 6 0.1 0.0 0.4 n.s. 0.2 11.3 3.5 0.1 0.5 0.0 ns 0.2 84.0 

960004 16 6 0.0 0.0 0.5 n.s. 0.5 12.5 1.7 0.3 2.1 0.1 ns 0.6 82.3 
Portsmouth: fire plate 12 8 0.0 0.0 0.4 n.s. 0.6 16.7 2.2 0.2 2.0 0.0 ns 0.5 77.5 
Ferritic iron, 10% slag 10 8 0.0 0.0 0.4 n.s. 0.2 4.2 8.1 0.0 1.2 0.0 ns n.d. 86.0 

6 4 0.0 0.0 0.3 n.s. 0.2 4.5 9.8 0.0 0.5 0.0 ns 1.4 83.4 
1779 16 5 0.0 0.0 0.3 n.s. 0.3 12.9 5.9 0.1 0.5 0.0 ns 0.1 79.8 

mean 12 6 0.0 0.0 0.4 n.s 0.3 10.2 5.5 0.1 1.2 0.0 ns 0.7 81.8 

950012 12 6 0.3 0.0 0.3 n.s. 1.0 6.5 16.6 0.1 0.3 0.0 ns 1.1 73.6 
Norbury Park: fireplate 18 6 0.2 0.0 0.3 n.s. 0.4 4.6 8.4 0.1 0.2 0.0 ns 0.8 85.1 
Ferritic iron, 2% slag 8 8 0.0 0.0 0.4 n.s. 0.3 5.9 10.8 0.1 0.3 0.0 ns 0.6 81.7 

12 6 0.0 0.0 0.6 n.s. 0.3 8.112.4 0.0 0.2 0.0 ns 0.6 78.0 
1779 9 7 0.0 0.0 0.4 n.s. 1.4 7.3 16.2 0.0 3.6 0.0 ns 0.9 70.2 

mean 12 7 0.1 0.0 0.4 n.s. 0.7 6.5 12.9 0.0 0.9 0.0 ns 0.8 77.2 

960018 Hl208 150 100 0.1 0.0 0.7 0.0 1.3 11.0 2.3 0.0 0.1 0.5 0.4 3.8 79.3 
50 Portland Place: stair balustrade Hl209 200 70 0.1 0.1 0.5 0.1 1.3 22.0 4.2 0.2 0.2 0.3 0.1 6.5 64.6 
Ferritic Iron, 5% slag Hl210 80 80 0.2 0.1 0.5 0.0 1.4 15.0 3.1 0.2 0.3 0.3 0.1 4.7 73.9 

Hl211 140 50 0.2 0.0 0.8 0.0 0.6 18.0 3.2 0.1 0.2 0.2 0.0 3.0 73.7 
1782 Hl213 160 160 0.5 0.0 0.8 0.0 0.6 6.4 4.1 0.0 0.0 0.1 0.1 1.2 86.3 

Hl214 180 10 0.2 0.1 0.3 0.3 2.3 23.0 3.9 0.2 0.3 0.3 0.2 6.2 62.7 
Hl215 200 10 0.3 0.1 0.5 0.1 1.8 18.0 7.0 0.3 0.2 0.2 0.0 5.3 66.0 
Hl217 100 15 0.0 0.0 0.3 0.1 3.3 4.3 1.5 0.0 0.1 0.0 0.0 1.1 89.1 
Hl218 120 20 0.3 0.1 0.3 0.0 1.7 19.0 6.7 0.1 0.3 0.1 0.0 4.8 66.2 
Hl219 25 10 0.0 0.1 0.6 0.0 1.0 15.0 11.1 0.3 0.6 0.0 0.1 2.6 68.6 
mean 136 53 0.2 0.1 0.5 0.0 1.5 15.2 4.7 0.1 0.2 0.2 0.1 3.9 73.0 
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Sample details Inclusion Composition weight% 
AML length width s Cl Na20 MgO Al203 Si02 P20 5 K20 GaO Ti02 V203 MnO FeO 
ref. luml lum' 

960021 Hl246 20 15 0.1 0.0 0.7 1.6 3.6 31.0 2.5 1.5 6.9 0.1 0.0 0.8 51.3 
Lindsay House: upright Hl249 80 20 0.1 0.1 0.5 0.9 1.6 10.0 0.9 0.5 2.0 0.1 0.1 0.5 82.6 
Ferritic iron I steel, <1% slag Hl250 100 15 0.2 0.1 0.5 0.9 1.2 11.0 0.9 0.5 2.7 0.0 0.1 0.7 81.5 

Hl251 20 10 0.1 0.0 0.8 2.9 5.1 41.0 1.6 2.6 9.3 0.2 0.3 1.6 34.5 
1799 mean 55 15 0.1 0.1 0.6 1.6 2.9 23.3 1.5 1.3 5.2 0.1 0.1 0.9 62.5 

960003 10 2 n.d 0.0 0.2 n.s. 1.1 11.2 0.5 0.2 0.2 0.4 ns 5.7 80.5 
Quany Bank Mill: fweplate 10 10 0.5 0.0 0.2 n.s. 0.6 12.7 5.9 0.1 0.1 0.3 ns 4.3 75.6 
Ferritic iron 3% slag 6 6 0.5 0.0 0.3 n.s. 0.9 13.8 6.4 0.0 0.2 0.4 ns 5.7 72.0 

10 2 n.d 0.0 0.3 n.s. 0.8 11.2 5.6 0.1 0.1 0.0 ns 4.1 77.7 
1799 10 6 0.4 0.0 0.2 n.s. 2.2 24.4 0.2 0.3 0.4 0.9 ns 12.7 58.7 

mean 9 5 0.4 0.0 0.2 n.s. 1.1 14.6 3.7 0.1 0.2 0.4 ns 6.5 72.9 

960019 Hl221 300 50 0.5 0.1 0.5 0.0 1.3 11.0 6.5 0.0 0.3 0.0 0.3 1.8 77.8 
5 Knightsbridge: railing Hl222 90 10 0.4 0.0 0.5 0.2 1.4 8.0 3.7 0.1 0.3 0.0 0.1 1.6 83.6 
Phosphoric iron, 3% slag Hl223 50 30 0.4 0.0 0.5 0.2 1.4 8.0 3.7 0.1 0.3 0.0 0.1 1.6 83.6 

Hl224 100 25 0.5 0.0 1.1 0.4 2.5 15.0 6.0 0.1 0.2 0.3 0.0 1.7 72.1 
1799 Hl226 300 200 0.3 0.0 1.1 0.0 2.4 12.0 4.9 0.1 0.3 0.3 0.0 1.7 77.2 

Hl228 300 70 1.0 0.0 0.7 0.1 1.5 11.0 5.1 0.1 0.4 0.1 0.2 2.1 78.3 
Hl229 200 30 0.3 0.1 0.5 0.2 1.4 7.5 4.4 0.0 0.1 0.1 0.2 1.3 83.8 
Hl230 70 30 0.4 0.1 0.3 0.1 1.7 14.0 5.9 0.1 0.4 0.0 0.2 2.7 74.2 
Hl231 50 20 0.4 0.0 0.3 0.2 1.8 7.4 3.3 0.1 0.1 0.2 0.3 1.6 84.3 
Hl232 60 30 0.1 0.0 0.4 0.2 1.4 13.0 6.3 0.1 0.3 0.2 0.1 2.4 75.6 
Hl233 300 250 0.3 0.0 0.2 0.0 2.2 15.0 4.3 0.1 0.5 0.3 0.0 2.8 74.2 
mean 165 68 0.4 0.0 0.6 0.1 1.7 11.1 4.9 0.1 0.3 0.1 0.1 1.9 78.6 

960022 Hl253 70 60 0.2 0.0 0.7 0.2 0.9 8.2 0.9 0.1 0.0 0.1 0.0 0.2 88.5 
Coventry Hall: stair upright Hl254 70 30 0.5 0.0 0.5 0.1 0.6 13.0 2.9 0.1 0.2 0.0 0.0 0.6 81.6 
Ferritic iron, 3% slag Hl255 100 50 0.2 0.0 0.6 0.1 0.5 15.0 1.9 0.1 0.1 0.0 0.0 0.5 81.4 

Hl256 70 60 0.2 0.0 0.6 0.0 0.5 8.1 1.4 0.1 0.0 0.1 0.1 0.5 88.4 
1800 Hl257 70 60 0.2 0.1 0.7 0.0 1.2 28.0 0.8 0.8 0.1 0.1 0.1 0.8 67.5 

Hl258 70 40 0.1 0.0 0.3 0.1 0.5 6.5 0.9 0.1 0.0 0.1 0.0 0.4 91.0 
Hl259 120 30 0.0 0.1 0.5 0.0 0.5 11.0 3.8 0.1 0.0 0.0 0.0 0.5 83.8 
Hl260 100 40 0.3 0.1 0.7 0.1 0.6 9.5 2.4 0.1 0.0 0.1 0.0 0.4 85.6 
Hl261 60 60 0.2 0.0 0.8 0.2 0.6 7.7 1.9 0.1 0.1 0.1 0.0 0.4 87.9 
Hl262 30 30 0.4 0.0 0.6 0.2 1.3 24.0 2.7 0.8 0.1 0.1 0.1 1.8 67.7 
Hl263 120 50 0.4 0.0 0.3 0.0 1.7 37.0 0.7 0.6 0.1 0.0 0.1 1.5 57.8 
Hl264 250 60 0.3 0.1 0.6 0.1 1.5 28.0 0.9 0.5 0.0 0.1 0.0 1.4 67.0 
mean 94 48 0.3 0.0 0.6 0.1 0.9 16.3 1.8 0.3 0.1 0.1 0.0 0.8 79.0 

960023 Hl265 70 6 2.4 0.0 0.4 0.2 1.8 13.0 4.1 0.1 0.4 0.2 0.1 3.0 73.9 
StMary at Hill Church, washer Hl266 120 10 0.9 0.0 0.5 0.1 3.8 36.0 3.7 0.1 1.1 0.6 0.4 11.0 41.6 
Phosphoric iron, 5% slag Hl267 70 30 0.7 0.1 0.7 0.6 9.9 49.0 1.0 0.6 2.5 1.1 0.2 15.0 18.7 

Hl268 300 60 1.0 0.0 0.6 0.1 2.2 22.0 8.7 0.2 0.5 0.2 0.3 4.8 59.6 
1822 Hl269 200 30 0.2 0.0 0.5 0.1 0.7 7.3 11.9 0.0 1.5 0.0 0.1 1.7 75.9 

Hl270 250 250 0.4 0.0 0.6 0.0 1.2 17.0 2.9 0.3 0.1 0.0 0.0 0.7 77.2 
Hl272 70 30 0.3 0.0 0.6 0.1 1.7 14.0 6.6 0.1 0.1 0.1 0.1 2.3 74.1 
Hl271 140 60 0.0 0.0 0.5 0.1 0.1 1.0 0.3 0.0 0.0 0.1 0.1 0.0 97.9 
Hl273 200 60 0.4 0.1 0.5 0.0 0.6 7.5 8.3 0.1 0.5 0.0 0.1 1.3 80.5 
Hl274 300 30 0.6 0.0 0.5 0.1 0.5 4.8 4.5 0.0 0.1 0.3 0.1 0.9 87.6 
Hl275 200 40 0.4 0.1 0.6 0.2 0.7 8.8 5.5 0.2 0.3 0.1 0.0 1.4 81.8 
Hl276 150 40 0.2 0.0 0.5 0.1 0.9 11.0 4.3 0.1 0.1 0.0 0.0 0.7 82.4 
mean 173 54 0.6 0.0 0.5 0.1 2.0 16.0 5.2 0.2 0.6 0.2 0.1 3.6 70.9 
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Sample details Inclusion Composition weight% 
AML length width s Cl Na20 MgO Al20 3 Si02 P,05 K20 GaO Ti02 V,O, MnO FeO 
ref. fuml lum} 

960024 Hl277 15 7 0.1 0.0 1.9 0.8 7.1 36.0 1.4 2.7 5.8 0.3 0.0 2.2 41.1 

Morden Grange, dog (staple) Hl278 300 60 0.0 0.1 1.1 1.2 3.0 31.0 0.8 1.2 2.9 0.2 0.0 2.7 56.1 

Ferritic iron/steel, 5% slag Hl279 300 80 0.1 0.1 1.6 1.2 5.0 34.0 0.9 2.0 3.8 0.4 0.0 2.5 48.3 
Hl280 80 80 0.2 0.1 1.1 1.2 4.3 33.0 0.9 1.4 2.6 0.2 0.1 2.9 51.9 

1825 
Hl282 30 7 0.1 0.0 0.9 1.2 3.3 31.0 0.8 1.5 3.3 0.1 0.1 2.8 55.4 
Hl283 120 20 0.1 0.0 1.1 0.9 4.4 34.0 0.9 2.3 3.9 0.2 0.2 2.9 49.7 
Hl284 100 12 0.1 0.1 1.0 1.0 3.0 26.0 0.5 1.9 3.9 0.1 0.1 2.8 59.4 
Hl285 50 10 0.0 0.0 1.2 1.4 4.7 38.0 0.6 1.8 4.0 0.2 0.2 3.4 45.0 
Hl286 100 30 0.1 0.0 1.5 1.1 5.7 35.0 0.9 1.9 3.9 0.3 0.2 2.6 46.4 
Hl287 120 40 0.1 0.0 1.4 1.3 4.5 36.0 0.5 1.6 3.6 0.2 0.0 2.9 47.5 
Hl288 20 10 0.1 0.1 1.2 1.5 4.2 35.0 0.7 1.4 3.3 0.2 0.1 3.0 49.1 
mean 112 32 0.1 0.0 1.3 1.2 4.5 33.5 0.8 1.8 3.7 0.2 0.1 2.8 50.0 

960025 Hl289 12 12 0.1 0.1 0.4 0.3 0.4 2.2 1.6 0.1 1.0 0.0 0.0 0.6 93.2 

23 Onslow Gardens: balcony rail leaf Hl290 30 15 0.1 0.1 0.7 0.5 0.3 2.4 2.8 0.1 1.0 0.1 0.1 0.8 91.3 

FerriUcl phosphoric iron, <1-2% slag Hl291 30 30 0.1 0.1 0.6 0.4 0.6 6.3 1.8 0.2 1.0 0.0 0.1 0.9 88.0 
Hl292 100 60 0.1 0.0 0.3 0.5 0.4 1.8 3.8 0.3 2.1 0.0 0.0 0.5 90.1 

1872 
Hl293 30 30 0.0 0.0 0.5 0.4 0.4 2.1 3.4 0.0 0.6 0.1 0.0 0.5 92.1 
Hl294 100 10 0.2 0.1 0.6 0.2 0.6 4.116.6 0.1 1.1 0.1 0.2 0.8 75.4 
Hl295 10 10 0.1 0.1 0.5 0.0 0.0 0.1 7.7 0.0 0.0 0.0 0.1 0.3 91.2 
Hl297 30 10 1.6 0.1 0.4 0.1 0.1 0.8 27.7 0.1 0.7 0.0 0.0 0.8 67.5 
mean 43 22 0.3 0.1 0.5 0.3 0.4 2.5 8.2 0.1 0.9 0.0 0.1 0.7 86.1 

950006 HI001 200 50 0.4 0.1 0.5 1.2 0.8 13.0 14.5 0.0 2.9 0.3 0.6 4.8 61.1 

Albert Memorial: bolt HI002 150 60 0.4 0.1 0.4 1.2 0.9 19.0 12.3 0.1 1.7 0.2 0.2 5.3 58.0 

Phosphoric iron, 10% slag HI003 300 10 1.4 0.1 0.5 1.1 1.6 21.0 6.3 0.2 2.3 0.5 0.6 4.7 59.3 
HI004 50 6 0.7 0.1 0.5 0.8 0.8 6.4 13.3 0.1 6.1 0.1 0.2 2.4 68.6 

1876 
HI005 250 70 0.2 0.0 0.5 1.6 0.9 19.0 9.8 0.1 1.5 0.1 0.3 4.7 61.3 
HI006 150 20 0.4 0.1 0.5 1.2 1.0 14.0 12.9 0.0 1.9 0.2 0.5 4.6 62.6 
HI007 80 20 0.3 0.1 0.2 1.1 2.0 21.0 9.8 0.1 1.6 0.3 0.5 4.9 58.7 
HI009 60 60 0.5 0.0 0.4 0.9 0.9 20.0 9.2 0.0 1.5 0.1 0.2 4.9 61.3 
HI010 120 70 0.3 0.0 0.5 1.2 0.7 17.0 7.9 0.2 1.4 0.1 0.6 4.7 65.7 
HI014 120 100 0.6 0.0 0.5 0.7 0.7 6.2 5.4 0.0 0.8 0.2 0.9 2.8 81.1 
mean 148 47 0.5 0.1 0.5 1.1 1.0 15.7 10.1 0.1 2.2 0.2 0.5 4.4 63.8 

950007 HI018 120 30 0.3 0.0 0.5 1.3 1.4 14.0 5.3 0.0 2.3 0.2 0.2 4.1 70.5 

Albert Memorial: bolt HI019 500 50 0.6 0.0 0.3 1.6 2.1 23.0 4.0 0.6 3.0 0.3 0.1 5.5 58.9 

Phosphoric iron, 12% slag HI020 100 25 0.8 0.1 0.5 1.3 1.3 14.0 5.8 0.0 2.3 0.2 0.2 4.1 69.9 
HI021 40 6 0.3 0.0 0.6 1.4 1.7 14.0 7.9 0.2 2.6 0.3 0.0 3.8 67.0 

1876 
HI022 50 15 1.2 0.1 0.2 0.9 3.0 7.7 2.6 0.0 0.9 0.2 0.0 1.9 81.3 
HI023 30 6 0.1 0.1 0.2 1.8 2.0 18.0 6.5 0.2 1.9 0.4 0.1 4.3 64.1 
HI024 7 6 0.2 0.1 0.5 1.1 0.9 22.0 2.1 0.1 1.4 0.4 0.1 4.1 66.9 
HI025 80 40 0.4 0.0 0.5 1.6 2.1 20.0 4.8 0.1 3.3 0.3 0.0 5.6 61.6 
HI026 5 4 0.2 0.0 0.4 1.7 1.8 17.0 4.4 0.0 2.0 0.1 0.0 3.4 69.4 
HI027 20 9 0.3 0.0 0.5 1.3 1.7 17.0 4.1 0.1 2.1 0.1 0.1 4.3 68.8 
HI028 130 30 0.4 0.1 0.3 1.9 1.7 19.0 4.6 0.0 1.6 0.2 0.0 4.6 66.1 
HI029 6 6 0.1 0.0 0.3 0.8 1.6 10.0 8.9 0.4 3.6 0.4 0.1 6.1 67.6 
mean 91 19 0.4 0.0 0.4 1.4 1.8 16.3 5.1 0.1 2.3 0.3 0.1 4.3 67.7 

960026 Hl298 15 4 3.3 0.0 0.3 0.0 0.1 26.0 0.2 0.0 0.0 0.4 0.0 64.0 6.0 

Avery Hill College: Hl299 10 3 4.6 0.0 0.1 0.0 0.1 20.0 0.7 0.0 0.0 0.3 0.1 66.0 8.8 

water leaf from gates Hl301 30 10 30.0 0.0 0.0 0.0 0.3 0.1 0.0 0.0 0.0 0.0 0.0 66.0 3.6 

Mild steel <1% slag Hl302 40 10 0.5 0.0 0.4 0.6 8.0 38.0 0.3 0.8 2.9 0.9 0.0 40.0 7.2 
Hl303 25 7 0.1 0.1 0.2 0.0 0.2 30.0 0.0 0.0 0.0 0.0 0.0 64.0 5.0 

1891 
Hl304 25 15 0.0 0.0 0.3 0.2 0.1 30.0 0.0 0.1 0.0 0.0 0.2 66.0 4.2 
Hl305 8 4 4.5 0.0 0.5 0.1 0.2 19.0 0.0 0.0 0.1 0.0 0.0 67.0 8.8 
Hl306 30 6 4.2 0.0 0.3 0.0 0.0 23.0 0.2 0.0 0.0 0.2 0.2 68.0 3.7 
Hl307 20 5 2.3 0.0 0.2 0.0 0.1 28.0 0.0 0.0 0.1 1.0 0.1 65.0 3.1 
Hl308 9 9 2.9 0.0 0.2 0.1 0.0 26.0 0.6 0.0 0.0 0.4 0.1 67.0 2.7 
mean 21 7 5.2 0.0 0.3 0.1 0.9 24.0 0.2 0.1 0.3 0.3 0.1 63.3 5.3 

ns = not sought nd = not detected 
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Appendix ill SEM (WDX) analyses of iron matices in historical iron samples (date order) 
- -

Sample details Oxford Lab ref. Composition wt% 

sample spec. Si p s Mn Co Nl Cu As Ti v Cr Zn 

950009 3302EH 1891 0.004 0.196 0.025 0.001 0.014 0.080 0.466 0.126 0.002 0.000 0.002 0.005 

Caslle Hedlingham 3302EH 1892 0.005 0.189 0.027 0.000 0.021 0.084 0.454 0.137 0.001 0.000 0.002 0.000 

window grill 3302EH 1893 0.002 0.174 0.017 0.000 0.014 0.076 0.347 0.103 0.000 0.002 0.004 0.000 
3302EH 1894 0.004 0.181 0.019 0.005 0.002 0.076 0.332 0.116 0.000 0.002 0.000 0.006 

before 1200 
3302EH 1895 0.005 0.180 0.019 0.000 0.000 0.090 0.391 0.131 0.000 0.002 0.003 0.011 
3302EH 1896 0.004 0.180 0.015 0.000 0.009 0.085 0.356 0.125 0.000 0.002 0.001 0.008 
3302EH 1897 0.003 0.175 0.016 0.001 0.007 0,075 0.438 0.118 0.001 0.001 0.000 0.000 
3302EH 1898 0.003 0.161 0.011 0.000 0.012 0,075 0.326 0.138 0.002 0.002 0.005 0.002 
3302EH 1899 0.002 0.207 O.Q15 0.002 0.020 0.077 0.364 0.106 0.000 0.000 0.000 0.000 
3302EH 1900 0.005 0.163 0.015 0.000 0.013 0.067 0.382 0.107 0.000 0.000 0.003 0.000 
3302EH 1901 0.003 0.160 O.Q15 0.000 O.Q15 O.Q78 0.410 0.123 0.000 0.001 0.002 0.000 
mean 0.004 0.179 O.Q18 0.001 0.012 0.078 0.388 0.121 0.001 0.001 0.002 0.003 

960005 3303EH 1902 0.073 O.Q18 0.007 0.009 0.000 0.013 0.049 0.031 0.003 0.000 0.000 0.000 

Windsor Caslle 3303EH 1903 0.049 0.015 0.006 0.005 0.000 0.017 0.048 0.000 0.002 0.002 0.002 0.003 

drain grill 3303EH 1904 0.038 0.015 0.004 0.000 0.004 0.012 0.036 0.000 0.000 0.004 0.000 0.000 
3303EH 1905 0.037 0.020 0.004 0.000 0.000 0.015 0.036 0.000 0.000 0.000 0.002 0.000 

before 1400 
3303EH 1906 0.029 0.018 0.004 0.004 0.002 0.011 0.041 0.000 0.000 0.000 0.000 0.001 
3303EH 1907 0.115 0.022 0.008 0.010 0.002 0.014 0.038 0.040 0.000 0.000 0.000 0.000 
3303EH 1908 O.Q15 0.020 0.008 0.000 0.000 0.006 0.034 0.000 0.000 0.000 0.002 0.000 
3303EH 1909 O.Q15 0.022 0.007 0.009 0.001 0.004 0.043 0.000 0.001 0.001 0.000 0.000 
3303EH 1910 0.102 0.027 0.010 0.000 0.000 0.009 0.054 0.048 0.001 0.000 0.000 0.000 
3303EH 1911 0.041 O.Q28 0.004 0.003 0.006 0.020 0.057 0.020 0.000 0.000 0.002 0.000 
3303EH 1912 O.Q16 O.Q26 0.007 0.003 0.002 0.012 0.041 0.010 0.000 0.003 0.000 0.000 
3303EH 1913 0.007 O.Q19 0.006 0.002 0.001 0.009 0.034 0.000 0.002 0.000 0.000 0.010 
3303EH 1914 0.024 0.036 0.003 0.000 0.000 0.008 0.034 0.000 0.003 0.000 0.000 0.000 
3303EH 1915 0.021 0.017 0.006 0.002 0.003 0.020 0.046 0.000 0.000 0.000 0.000 0.000 
3303EH 1916 0.009 0.010 0.003 0.000 0.000 0.024 0.031 0.011 0.000 0.000 0.001 0.000 
3303EH 1917 0.063 0.015 0.023 0.015 0.001 0.011 0.053 0.000 0.001 0.000 0.000 0.000 
3303EH 1918 0.087 0.018 0.022 0.021 0.010 0.011 0.053 0.000 0.000 0.000 0.003 0.000 
3303EH 1919 0.037 0.018 0.011 0.011 0.007 0.012 0.047 0.000 0.000 0.002 0.000 0.001 
mean 0.043 0.020 0.008 0.005 0.002 0.013 0.043 0.009 0.001 0.001 0.001 0.001 

960006 3304EH 1920 0.003 0.062 0.012 0.006 0.006 0.019 0.010 0,036 0.000 0.000 0.001 0.008 

Great Yarmouth 3304EH 1921 0.023 0.054 0.029 0.007 0.000 0.017 0.000 0.000 0.001 0.000 0.000 0.000 

short wall tie 3304EH 1922 0.006 0.107 O.Q15 0.011 0.003 0.017 0.000 0.000 0.000 0.000 0.002 0.001 
3304EH 1923 0.005 0.109 0.014 0.005 0.000 0.012 0.003 0.000 0.004 0.002 0.000 0.000 

1560-1569 
3304EH 1924 0.012 0.053 0.022 0.006 0.003 0.013 0.000 0.000 0.003 0.001 0.005 0.004 
3304EH 1925 0.005 0.064 0.014 0.003 0.000 0.021 0.000 0.000 0.000 0.000 0.000 0.000 
3304EH 1926 0.046 0.086 0.051 0.049 0.006 O.Q16 0.006 0.000 0.003 0.002 0.002 0.000 
3304EH 1927 0.093 0.126 0.047 0.082 0.000 0.013 0.000 0.000 0.000 0.002 0.001 0.000 
3304EH 1928 0.013 0.101 0.034 0.037 0.003 0.014 0.008 0.000 0.000 0.000 0.000 0.008 
3304EH 1929 0.011 0.029 0.006 0.006 0.006 0.044 O.Q15 0.065 0.000 0.000 0.000 0.000 
3304EH 1931 0.006 0.042 0.004 0.009 0.007 0,035 0.007 0.002 0.003 0.000 0.000 0.023 
3304EH 1932 0.000 O.Q15 0.007 0.001 0.008 O.Q40 0.020 0.000 0.001 0.003 0.002 0.000 
3304EH 1933 0.002 0.008 0.007 0.001 0.009 0.047 0.025 0.000 0.000 0.001 0.002 0.000 
mean 0.017 0.066 0.020 0.017 0.004 0.024 0.007 0.008 0.001 0.001 0.001 0.003 

960007 3305EH 1934 0.009 0.018 0.004 0.004 0.010 0.032 0.116 0.000 0.000 0.000 0.000 0.001 
Great Yarmouth 3305EH 1935 0.005 0.031 0.006 0.003 0.004 0.021 0.115 0.001 0.001 0.000 0.001 0.000 
short wall tie 3305EH 1936 0.010 0.024 0.012 0.003 0.001 0.013 0.152 0.000 0.001 0.005 0.001 0.003 

3305EH 1937 0.003 0.016 0.001 0.004 0.005 0.020 0.099 0.014 0.000 0.000 0.000 0.001 
1601 3305EH 1938 O.Q15 0.027 0.007 0.002 0.002 O.Q16 0.142 0.000 0.000 0.004 0.002 0.000 

3305EH 1939 0.006 0.019 0.004 0.000 0.000 0.013 0.102 0.020 0.000 0.005 0.001 0.000 
3305EH 1940 0.009 0.010 0.005 0.000 0.002 0.017 0.117 0.000 0.000 0.000 0.000 0.000 
3305EH 1941 0.004 0.022 0.003 0.000 0.002 0.024 0.123 0.030 0.000 0.000 0.003 0.009 
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Sample details Oxford Lab ref. Composition wt% 

sample spec. Si p s Mn Co Ni Cu As Ti v Cr Zn 

960007 conl 3305EH 1942 0.009 0.020 0.006 0.006 0.000 0.016 0.092 0.008 0.000 0.000 0.000 0.002 
3305EH 1943 0.008 0.016 0.006 0.003 0.000 0.009 0.130 0.041 0.000 0.000 0.000 0.000 
3305EH 1944 0.008 0.011 0.010 0.010 0.006 0.012 0.093 0.000 0.000 0.000 0.001 0.000 
3305EH 1945 0.013 0.005 0.003 0.000 0.001 0.019 0.073 0.007 0.002 0.000 0.001 0.002 
3305EH 1946 0.014 0.004 0.005 0.000 0.002 0.012 0.074 0.000 0.003 0.001 0.003 0.001 
3305EH 1947 0.009 0.000 0.004 0.008 0.007 0.020 0.064 0.021 0.000 0.000 0.000 0.000 
mean 0.009 0.016 0.005 0.003 0.003 0.017 0.107 0.010 0.001 0.001 0.001 0.001 

960008 2424 0.008 0.065 0.007 0.004 0.000 0.011 0.000 0.051 0.000 0.001 0.001 0.006 

Great Yarmouth 2425 0.004 0.040 0.004 0.003 0.000 0.018 0.000 0.000 0.000 0.001 0.001 0.011 

short wall tie 2426 0.006 0.055 0.006 0.001 0.005 0.022 0.002 0.000 0.000 0.001 0.000 0.004 
2427 0.115 0.057 0.024 0.073 0.016 0.011 0.002 0.020 0.001 0.002 0.002 0.003 

1637 
2428 0.007 0.028 0.004 0.008 0.000 0.019 0.004 0.000 0.000 0.000 0.000 0.011 
2429 0.029 0.143 0.010 0.008 0.004 0.014 0.007 0.005 0.000 0.000 0.005 0.000 
2430 0.012 0.058 0.019 0.015 0.000 0.013 0.000 0.000 0.003 0.002 0.001 0.021 
2431 0.012 0.024 0.009 0.012 0.009 0.016 0.000 0.039 0.000 0.000 0.001 0.000 
2432 0.017 0.142 0.008 0.011 0.000 0.024 0.004 0.054 0.004 0.003 0.003 0.011 
2433 0.023 0.082 0.011 0.009 0.000 0.020 0.006 0.000 0.000 0.000 0.001 0.000 
2434 0.007 0.074 0.005 0.000 0.007 0.018 0.001 0.000 0.000 0.003 0.002 0.007 
2435 0.004 0.111 0.007 0.006 0.004 0.016 0.008 0.031 0.000 0.000 0.002 0.000 
2436 0.007 0.147 0.008 0.003 0.000 0.024 0.011 0.000 0.000 0.000 0.001 0.000 
2437 0.012 0.115 0.009 0.003 0.000 0.013 0.004 0.004 0.000 0.003 0.000 0.008 
2438 0.007 0.138 0.009 0.004 0.000 0.011 0.010 0.011 0.002 0.003 0.001 0.006 
2439 0.055 0.068 0.015 0.023 0.002 0.010 0.000 0.000 0.002 0.000 0.001 0.004 

mean 0.020 0.084 0.010 0.011 0.003 0.016 0.004 0.013 0.001 0.001 0.001 0.006 

960009 3306EH 1948 0.005 0.093 0.003 0.001 0.011 0.017 0.015 0.000 0.000 0.003 0.000 0.006 

Great Yarmouth mean 3306EH 1949 0.004 0.143 0.004 0.003 0.002 0.009 0.022 0.025 0.000 0.001 0.000 0.015 

short wall tie 3306EH 1950 0.008 0.198 0.007 0.000 0.003 0.015 0.020 0.074 0.000 0.000 0.000 0.014 
3306EH 1951 0.002 0.178 0.004 0.000 0.001 0.010 0.018 0.000 0.002 0.001 0.000 0.000 

1651 
3306EH 1952 0.006 0.147 0.005 0.000 0.007 0.019 0.014 0.000 0.003 0.001 0.000 0.000 
3306EH 1953 0.005 0.150 0.003 0.001 0.000 0.004 0.023 0.000 0.000 0.000 0.000 0.007 
3306EH 1954 0.006 0.116 0.005 0.000 0.006 0.008 0.014 0.000 0.003 0.000 0.001 0.008 
3306EH 1955 0.008 0.122 0.005 0.006 0.004 0.011 0.004 0.015 0.000 0.000 0.002 0.012 
3306EH 1956 0.013 0.123 0.006 0.000 0.010 0.005 0.010 0.034 0.000 0.000 0.001 0.000 
3306EH 1957 0.001 0.087 0.000 0.005 0.004 0.018 0.013 0.022 0.000 0.000 0.000 0.007 
3306EH 1958 0.006 0.137 0.001 0.001 0.007 0.013 0.012 0.019 0.000 0.001 0.001 0.022 
3306EH 1959 0.001 0.153 0.003 0.003 0.005 0.009 0.005 0.005 0.000 0.001 0.000 0.000 
3306EH 1960 0.007 0.103 0.004 0.003 0.017 0.015 0.017 0.000 0.000 0.004 0.000 0.000 
3306EH 1961 0.008 0.157 0.006 0.000 0.010 0.017 0.020 0.000 0.002 0.000 0.000 0.004 
mean 0.006 0.136 0.004 0.002 0.006 0.012 0.015 0.014 0.001 0.001 0.000 0.007 

960010 3307EH 1962 0.004 0.024 0.007 0.004 0.006 0.014 0.017 0.000 0.000 0.000 0.000 0.000 
Great Yarmouth 3307EH 1963 0.007 0.027 0.008 0.001 0.005 0.014 0.030 0.000 0.000 0.001 0.000 0.003 
short wall tie 3307EH 1964 0.000 0.024 0.005 0.000 0.006 0.007 0.025 0.009 0.000 0.000 0.001 0.003 

3307EH 1965 0.003 0.041 0.012 0.002 0.004 0.020 0.055 0.000 0.000 0.000 0.001 0.017 

1691 3307EH 1966 0.017 0.047 0.011 0.000 0.007 0.017 0.021 0.000 0.000 0.000 0.002 0.012 
3307EH 1967 0.007 0.059 0.016 0.011 0.000 0.013 0.024 0.000 0.000 0.001 0.000 0.017 
3307EH 1968 0.007 0.022 0.007 0.004 0.000 0.002 0.012 0.012 0.000 0.000 0.000 0.025 
3307EH 1969 0.003 0.036 0.005 0.000 0.004 0.023 0.038 0.000 0.000 0.000 0.000 0.001 
3307EH 1970 0.009 0.018 0.006 0.007 0.004 0.017 0.043 0.004 0.000 0.000 0.002 0.000 
3307EH 1971 0.004 0.047 0.010 0.000 0.006 0.030 0.061 0.000 0.000 0.000 0.002 0.015 
3307EH 1972 0.004 0.037 0.009 0.000 0.010 0.022 0.064 0.031 0.000 0.000 0.000 0.010 
3307EH 1973 0.007 0.031 0.004 0.000 0.004 0.024 0.035 0.000 0.000 0.000 0.001 0.009 
mean 0.006 0.034 0.008 0.002 0.005 0.017 0.035 0.005 0.000 0.000 0.001 0.009 
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Sample details Oxford Lab ref. Composition wt% 

sample spec. Si p s Mn Co Ni Cu As Ti v Cr Zn 

960012 2440 0.007 0.066 0.009 0.000 0.001 0.008 0.035 0.000 0.000 0.000 0.000 0.000 

Trinity Chapel 2441 0.010 0.087 0.005 0.000 0.003 0.018 0.032 0.000 0.000 0.003 0.002 0.000 

hook for window hinge 2442 0.010 0.070 0.007 0.000 0.005 0.022 0.044 0.027 0.004 0.002 0.001 0.000 
2443 0.008 0.043 0.005 0.000 0.007 0.012 0.030 0.000 0.000 0.000 0.000 0.004 

1694 
2444 0.005 0.050 0.004 0.000 0.004 0.005 0.023 0.000 0.002 0.000 0.000 0.004 
2445 0.010 0.070 0.005 0.000 0.007 0.019 0.028 0.000 0.000 0.002 0.001 0.000 
2446 0.006 0.070 0.006 0.003 0.000 0.013 0.031 0.000 0.000 0.002 0.000 0.000 
2447 0.011 0.084 0.006 0.004 0.007 0.011 0.037 0.000 0.001 0.000 0.001 0.000 
2448 0.006 0.090 0.008 0.000 0.003 0.019 0.046 0.039 0.000 0.000 0.001 0.000 
2449 0.011 0.068 0.004 0.002 0.012 0.025 0.024 0.000 0.001 0.002 0.000 0.000 
2450 0.010 0.070 0.007 0.000 0.000 0.010 0.035 0.000 0.000 0.003 0.000 0.002 
2451 0.008 0.110 0.006 0.001 0.001 0.018 0.042 0.000 0.000 0.003 0.000 0.000 
2452 0.012 0.098 0.005 0.003 0.000 0.016 0.037 0.000 0.000 0.000 0.000 0.000 
2453 0.055 0.068 0.007 0.000 0.000 0.016 0.035 0.000 0.000 0.001 0.000 0.000 

mean 0.012 0.075 0.006 0.001 0.004 0.015 0.034 0.005 0.001 0.001 0.000 0.001 

960011 3308EH 1974 0.028 0.030 0.007 0.006 0.002 0.010 0.024 0.000 0.002 0.001 0.000 0.000 

Rangers House 3308EH 1975 0.012 0.031 0.006 0.000 0.010 0.006 0.026 0.000 0.000 0.003 0.001 0.011 

holdfast 3308EH 1976 0.002 0.020 0.005 0.000 0.002 0.009 0.018 0.028 0.001 0.000 0.000 0.008 
3308EH 1977 0.003 0.024 0.003 0.001 0.001 0.016 0.022 0.004 0.003 0.000 0.001 0.000 

1699 
3308EH 1978 0.008 0.011 0.004 0.003 0.007 0.007 0.022 0.000 0.000 0.000 0.000 0.000 
3308EH 1979 0.003 0.026 0.004 0.000 0.001 0.012 0.011 0.000 0.000 0.000 0.000 0.000 
3308EH 1980 0.013 0.026 0.009 0.000 0.000 0.024 0.019 0.000 0.000 0.000 0.002 0.002 
3308EH 1981 0.007 0.035 0.006 0.002 0.007 0.006 0.028 0.000 0.000 0.000 0.003 0.000 
3308EH 1982 0.005 0.021 0.004 0.005 0.003 0.009 0.031 0.001 0.000 0.003 0.001 0.000 
3308EH 1983 0.004 0.014 0.008 0.000 0.006 0.025 0.025 0.000 0.000 0.000 0.000 0.010 
mean 0.009 0.024 0.006 0.002 0.004 0.012 0.023 0.003 0.001 0.001 0.001 0.003 

960014 3309EH 1984 0.011 0.009 0.007 0.000 0.000 0.020 0.000 0.000 0.002 0.001 0.001 0.007 

Greenwich Naval 3309EH 1985 0.006 0.013 0.000 0.000 0.000 0.002 0.001 0.000 0.003 0.000 0.000 0.000 

College 3309EH 1986 0.005 0.015 0.004 0.002 0.006 0.018 0.001 0.000 0.000 0.003 0.001 0.000 

down pipe bracket 3309EH 1987 0.032 0.030 0.007 0.004 0.000 0.009 0.014 0.000 0.000 0.000 0.000 0.000 
3309EH 1988 0.003 0.023 0.007 0.000 0.004 0.011 0.000 0.031 0.000 0.000 0.000 0.000 
3309EH 1989 0.007 0.027 0.009 0.004 0.006 0.016 0.013 0.001 0.000 0.000 0.000 0.000 

1729 3309EH 1990 0.002 0.023 0.003 0.004 0.000 0.020 0.000 0.000 0.000 0.003 0.001 0.000 
3309EH 1991 0.004 0.010 0.001 0.001 0.000 0.014 0.005 0.000 0.000 0.001 0.002 0.000 
3309EH 1992 0.007 0.013 0.003 0.001 0.004 0.012 0.000 0.000 0.000 0.001 0.000 0.000 
mean 0.009 0.018 0.005 0.002 0.002 0.014 0.004 0.004 0.001 0.001 0.001 0.001 

960015 EH22 2474 0.030 0.022 0.006 0.006 0.001 0.008 0.003 0.021 0.000 0.000 0.002 0.004 

Milton House EH22 2475 0.047 0.018 0.012 0.003 0.000 0.006 0.005 0.000 0.002 0.000 0.000 0.010 

gate EH22 2476 0.064 0.018 0.008 0.027 0.005 0.000 0.016 0.015 0.000 0.001 0.001 0.000 
EH22 2477 0.031 0.011 0.004 0.005 0.007 0.000 0.007 0.046 0.000 0.000 0.000 0.000 

1729 
EH22 2478 0.025 0.013 0.005 0.010 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 
EH22 2479 0.033 0.015 0.004 0.009 0.004 0.009 0.003 0.078 0.000 0.000 0.001 0.015 
EH22 2480 0.023 0.016 0.006 0.009 0.000 0.006 0.004 0.000 0.000 0.001 0.003 0.000 
EH22 2481 0.064 0.035 0.026 0.028 0.002 0.019 0.000 0.049 0.000 0.002 0.000 0.000 
EH22 2482 o.082 0.029 0.020 o.025 o.ooo o.oo7 o.ooo o.018 0.001 0.002 o.ooo o.oom 

0.044 0.020 0.010 0.014 0.002 0.006 0.004 0.025 0.000 0.001 0.001 0.003 

960016 3310EH 1993 0.003 0.057 0.013 0.006 0.027 0.011 0.266 0.026 0.000 0.002 0.000 0.000 
Fournier St. Mosque 3310EH 1995 0.024 0.035 0.012 0.006 0.022 0.009 0.192 0.000 0.000 0.002 0.000 0.000 
balcony support 3310EH 1996 0.022 0.093 0.018 0.019 0.017 0.009 0.122 0.000 0.000 0.001 0.002 0.000 

3310EH 1997 0.005 0.042 0.011 0.005 0.015 0.007 0.198 0.000 0.000 0.000 0.000 0.000 
1743 3310EH 1998 0.011 0.042 0.012 0.011 0.022 0.013 0.161 0.000 0.000 0.000 0.000 0.000 

3310EH 1999 0.112 0.012 0.006 0.020 0.002 0.016 0.024 0.000 0.000 0.000 0.000 0.000 
3310EH 2000 0.002 0.035 0.004 0.003 0.006 0.010 0.031 0.050 0.001 0.000 0.001 0.000 
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Sample details Oxford Lab ref. Composition wt% 

sample spec. Si p s Mn Co Nl Cu As Ti v Cr Zn 

960016 cont. 3310EH 2002 0.002 0.054 0.002 0.000 0.005 0.013 0.016 0.113 0.000 0.001 0.000 0.006 
3310EH 2003 0.005 0.046 0.005 0.000 0.001 0.013 0.040 0.067 0.000 0.001 0.000 0.000 
3310EH 2004 0.002 0.058 0.001 0.006 0.007 0.008 0.016 0.010 0.001 0.000 0.000 0.000 
3310EH 2005 0.002 0.048 0.003 0.000 0.006 0.022 0.019 0.000 0.004 0.000 0.001 0.000 
3310EH 2006 0.001 0.014 0.002 0.000 0.013 0.018 0.029 0.070 0.000 0.001 0.001 0.000 
3310EH 2007 0.003 0.038 0.002 0.002 0.005 0.014 0.023 0.096 0.000 0.000 0.000 0.000 
3310EH 2008 0.001 0.031 0.006 0.004 0.004 0.008 0.027 0.000 0.002 0.000 0.002 0.000 
3310EH 2009 0.009 0.023 0.003 0.006 0.006 0.008 0.027 0.034 0.004 0.000 0.000 0.000 
3310EH 2010 0.013 0.020 0.006 0.009 0.018 0.012 0.122 0.000 0.000 0.004 0.001 0.021 
3310EH 2011 0.036 0.039 0.015 0.023 0.014 0.014 0.139 0.014 0.000 0.000 0.000 0.003 
mean 0.015 0.040 0.007 0.007 0.011 0.012 0.085 0.028 0.001 0.001 0.000 0.002 

960017 EH23 2483 0.017 0.112 0.011 0.013 0.025 0.042 0.115 0.000 0.000 0.001 0.000 0.000 

1 Bloomsbury St. EH23 2484 0.016 0.100 0.008 0.002 0.018 0.028 0.106 0.000 0.006 0.001 0.003 0.000 

Stair ballustrade EH23 2485 0.019 0.101 0.008 0.009 0.022 0.033 0.122 0.000 0.000 0.000 0.003 0.000 
EH23 2486 0.008 0.084 0.002 0.000 0.024 0.026 0.080 0.000 0.000 0.000 0.000 0.000 

1770 
EH23 2487 0.014 0.142 0.003 0.004 0.019 0.037 0.108 0.000 0.001 0.002 0.000 0.000 
EH23 2488 0.017 0.142 0.007 0.003 0.030 0.023 0.109 0.039 0.001 0.001 0.000 0.014 
EH23 2489 0.016 0.116 0.009 0.002 0.028 0.040 0.127 0.001 0.000 0.002 0.000 0.004 
EH23 2490 0.017 0.084 0.003 0.001 0.029 0.028 0.122 0.037 0.002 0.000 0.002 0.002 
EH23 2491 0.017 0.055 0.006 0.000 0.013 0.021 0.096 0.000 0.004 0.003 0.000 0.006 
EH23 2492 0.011 0.089 0.008 0.001 0.025 0.022 0.096 0.000 0.000 0.000 0.005 0.000 
mean 0.015 0.103 0.007 0.004 0.023 0.030 0.108 0.008 0.001 0.001 0.001 0.003 

960020 3313EH 2031 0.005 0.027 0.005 0.006 0.000 0.017 0.021 0.041 0.000 0.000 0.000 0.005 

143 Upper Picadilly 3313EH 2032 0.001 0.030 0.001 0.018 0.009 0.011 0.018 0.000 0.000 0.001 0.000 0.000 

balcolny railing 3313EH 2033 0.002 0.021 0.004 0.007 0.016 0.012 0.024 0.000 0.000 0.000 0.000 0.000 
3313EH 2034 0.003 0.016 0.003 0.005 0.008 0.010 0.032 0.000 0.000 0.000 0.001 0.000 

1775 
3313EH 2035 0.000 0.029 0.005 0.006 0.009 0.014 0.014 0.002 0.000 0.000 0.000 0.012 
3313EH 2036 0.005 0.012 0.004 0.007 0.001 0.008 0.024 0.029 0.002 0.000 0.000 0.000 
3313EH 2037 0.004 0.021 0.002 0.025 0.006 0.012 0.020 0.000 0.001 0.000 0.001 0.000 
3313EH 2038 0.003 0.020 0.001 0.013 0.007 0.008 0.018 0.000 0.001 0.000 0.006 0.000 
mean 0.003 0.022 0.003 0.011 0.007 0.012 0.021 0.009 0.001 0.000 0.001 0.002 

960002 3316 2368 0.064 0.055 0.030 0.004 0.029 0.065 0.033 0.000 0.000 0.000 0.000 0.007 

Bedford Square 3316 2369 0.047 0.157 0.009 0.001 0.032 0.059 0.019 0.000 0.000 0.001 0.000 0.000 

Gardens 3316 2370 0.065 0.170 0.015 0.002 0.027 0.053 0.029 0.000 0.000 0.000 0.000 0.004 

fire plate 3316 2371 0.080 0.108 0.052 0.000 0.032 0.044 0.046 0.000 0.003 0.000 0.000 0.000 
3316 2372 0.072 0.163 0.026 0.000 0.030 0.043 0.043 0.086 0.000 0.000. 0.002 0.011 

1779 
3316 2374 0.139 0.101 0.016 0.002 0.020 0.040 0.044 0.032 0.000 0.000 0.002 0.000 
3316 2375 0.058 0.103 0.008 0.003 0.024 0.057 0.015 0.054 0.002 0.000 0.002 0.000 
3316 2376 0.075 0.150 0.016 0.000 0.034 0.060 0.048 0.005 0.003 0.000 0.002 0.009 
3316 2377 0.060 0.107 0.016 0.000 0.033 0.049 0.044 0.000 0.001 0.001 0.000 0.007 
3316 2379 0.109 0.121 0.023 0.002 0.023 0.045 0.028 0.000 0.001 0.003 0.000 0.006 
mean 0.077 0.124 0.021 0.001 0.028 0.052 0.035 0.018 0.001 0.001 0.001 0.004 

960004 2410 0.021 0.067 0.015 0.000 0.013 0.037 0.034 0.029 0.000 0.002 0.000 0.013 
Portsmouth Dockyard 2411 0.016 0.044 0.021 0.004 0.030 0.063 0.074 0.108 0.001 0.002 0.000 0.014 
fire plate 2412 0.005 0.038 0.019 0.000 0.027 0.062 0.038 0.000 0.000 0.000 0.001 0.000 

2413 0.005 0.130 0.014 0.000 0.008 0.015 0.025 0.029 0.000 0.000 0.001 0.000 
1779 2414 0.006 0.056 0.039 0.000 0.021 0.063 0.143 0.065 0.000 0.000 0.000 0.000 

2416 0.013 0.038 0.012 0.002 0.008 0.033 0.028 0.012 0.000 0.000 0.000 0.000 
2417 0.008 0.061 0.010 0.000 0.024 0.065 0.019 0.059 0.000 0.003 0.001 0.000 
2418 0.053 0.210 0.015 0.010 0.026 0.075 0.032 0.106 0.000 0.000 0.000 0.000 
2419 0.030 0.182 0.012 0.005 0.022 0.080 0.045 0.034 0.000 0.000 0.000 0.000 
2420 0.018 0.108 0.014 0.003 0.012 0.050 0.041 0.001 0.003 0.001 0.000 0.010 
2421 0.008 0.052 0.020 0.000 0.006 0.019 0.028 0.000 0.000 0.002 0.000 0.000 
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Sample details Oxford Lab ref. Composition wt% 

sample spec. Si p s Mn Co Ni Cu As Tl v Cr Zn 

960004 cont. 2422 0.004 0.077 0.008 0.000 0.007 0.046 0.021 0.043 0.000 0.002 0.000 0.000 
2423 0.008 0.062 0.009 0.000 0.010 0.053 0.024 0.075 0.002 0.000 0.000 0.005 

mean 0.015 0.087 0.016 0.002 0.016 0.051 0.042 0.043 0.000 0.001 0.000 0.003 

950012 3329 2380 0.002 0.070 0.005 0.002 0.051 0.089 0.025 0.000 0.000 0.005 0.000 0.000 

NorbUiy Park 3329 2381 0.006 0.036 0.008 0.000 0.066 0.091 0.194 0.088 0.000 0.002 0.000 0.000 

fireplate 3329 2382 0.001 0.104 0.005 0.002 0.023 0.089 0.050 0.011 0.003 0.000 0.001 0.000 
3329 2383 0.004 0.081 0.007 0.001 0.049 0.093 0.038 0.013 0.003 0.004 0.000 0.000 

1779 
3329 2384 0.002 0.030 0.005 0.000 0.050 0.030 0.172 0.000 0.004 0.000 0.001 0.001 
3329 2385 0.005 0.041 0.005 0.000 0.020 0.054 0.015 0.055 0.003 0.003 0.004 0.003 
3329 2386 0.003 0.040 0.005 0.002 0.012 0.057 0.000 0.000 0.000 0.006 0.001 0.005 
3329 2387 0.008 0.107 0.008 0.000 0.038 0.089 0.047 0.029 0.000 0.001 0.004 0.000 
3329 2388 0.003 0.109 0.006 0.000 0.034 0.084 0.028 0.051 0.000 0.000 0.001 0.000 
3329 2389 0.005 0.036 0.003 0.001 0.088 0.085 0.205 0.012 0.000 0.000 0.002 0.012 
3329 2390 0.003 0.019 0.009 0.000 0.062 0.114 0.17 4 0.044 0.000 0.004 0.002 0.000 
3329 2391 0.014 0.234 0.005 0.000 0.016 0.045 0.030 0.000 0.002 0.000 0.000 0.000 
3329 2392 0.005 0.031 0.004 0.000 0.108 0.229 0.076 0.092 0.000 0.000 0.001 0.006 
3329 2393 0.004 0.031 0.007 0.000 0.078 0.168 0.050 0.000 0.000 0.004 0.000 0.003 
3329 2394 0.001 0.140 0.005 0.004 0.025 0.064 0.038 0.034 0.000 0.002 0.001 0.011 
3329 2395 0.005 0.069 0.007 0.005 0.011 0.033 0.049 0.023 0.002 0.000 0.000 0.007 
3329 2396 0.003 0.052 0.007 0.002 0.036 0.083 0.037 0.000 0.000 0.004 0.000 0.000 
3329 2398 0.004 0.086 0.014 0.000 0.006 0.029 0.051 0.013 0.000 0.004 0.003 0.001 
mean 0.004 0.073 0.006 0.001 0.043 0.085 0.071 0.026 0.001 0.002 0.001 0.003 

960018 3311EH 2012 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.07 4 0.000 0.000 

50 Portland Place 3311EH 2013 0.007 0.141 0.003 0.002 0.008 0.022 0.005 0.000 0.003 0.000 0.001 0.000 

stair balustrade 3311EH 2014 0.005 0.073 0.003 0.003 0.005 0.018 0.024 0.000 0.000 0.000 0.000 0.002 
3311EH 2015 0.004 0.049 0.008 0.000 0.010 0.032 0.020 0.000 0.000 0.000 0.001 0.000 

1782 
3311EH 2016 0.010 0.024 0.003 0.000 0.016 0.029 0.036 0.000 0.000 0.002 0.001 0.000 
3311EH 2017 0.002 0.070 0.003 0.000 0.011 0.027 0.024 0.000 0.000 0.000 0.000 0.004 
3311EH 2018 0.007 0.027 0.003 0.007 0.004 0.022 0.025 0.000 0.000 0.000 0.000 0.000 
3311EH 2019 0.004 0.038 0.003 0.002 0.012 0.033 0.088 0.002 0.000 0.000 0.000 0.000 
3311EH 2020 0.006 0.031 0.002 0.009 0.009 0.034 0.028 0.000 0.003 0.002 0.000 0.000 
mean 0.005 0.050 0.003 0.003 0.008 0.024 0.028 0.000 0.001 0.009 0.000 0.001 

960021 EH24 2493 0.006 0.039 0.005 0.000 0.002 0.005 0.018 0.034 0.003 0.000 0.000 0.007 

Lindsay House EH24 2494 0.010 0.031 0.006 0.006 0.000 0.011 0.032 0.000 0.000 0.000 0.001 0.013 

upright EH24 2495 0.015 0.032 0.003 0.000 0.006 0.009 0.021 0.000 0.000 0.000 0.000 0.007 
EH24 2496 0.023 0.025 0.002 0.006 0.001 0.016 0.026 0.000 0.001 0.002 0.000 0.000 

1799 
EH24 2497 0.004 0.029 0.002 0.000 0.007 0.013 0.003 0.000 0.000 0.002 0.000 0.000 
EH24 2498 0.011 0.013 0.007 0.007 0.003 0.011 0.008 0.038 0.000 0.000 0.000 0.004 
EH24 2499 0.008 0.022 0.005 0.000 0.002 0.012 0.020 0.000 0.000 0.004 0.000 0.002 
EH24 2500 0.028 0.029 0.009 0.003 0.000 0.013 0.025 0.000 0.001 0.000 0.000 0.000 
EH24 2501 0.037 0.039 0.007 0.000 0.001 0.007 0.018 0.010 0.002 0.004 0.001 0.000 
EH24 2502 0.010 0.020 0.005 0.007 0.000 0.014 0.021 0.000 0.000 0.000 0.003 0.000 
mean 0.015 0.028 0.005 0.003 0.002 0.011 0.019 0.008 0.001 0.001 0.001 0.003 

960003 3317 2399 0.014 0.111 0.011 0.008 0.002 0.016 0.018 0.011 0.002 0.000 0.000 0.000 
Quarry Bank Mill 3317 2400 0.123 0.162 0.009 0.061 0.006 0.025 0.012 0.000 0.007 0.006 0.002 0.000 
fireplate 3317 2401 0.256 0.135 0.035 0.016 0.006 0.027 0.021 0.000 0.004 0.001 0.000 0.005 

3317 2402 0.002 0.147 0.007 0.079 0.007 0.012 0.023 0.007 0.000 0.000 0.006 0.000 
1799 3317 2403 0.266 0.077 0.005 0.028 0.012 0.029 0.019 0.000 0.001 0.004 0.002 0.000 

3317 2404 0.026 0.182 0.011 0.005 0.000 0.017 0.013 0.041 0.005 0.003 0.002 0.011 
3317 2405 0.069 0.119 0.004 0.014 0.005 0.020 0.008 0.000 0.000 0.000 0.001 0.001 
3317 2406 0.006 0.149 0.003 0.008 0.006 0.021 0.004 0.000 0.000 0.002 0.001 0.000 
3317 2407 0.004 0.038 0.001 0.001 0.013 0.028 0.023 0.000 0.000 0.000 0.004 0.000 
3317 2408 0.106 0.094 0.003 0.088 0.009 0.033 0.019 0.000 0.009 0.009 0.002 0.001 
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Sample details Oxford Lab ref. Composition wt% 

sample spec. Si p s Mn Co Ni Cu As Ti v Cr Zn 

960003cont. 3317 2409 0.028 0.125 0.007 0.018 0.008 0.017 0.014 0.000 0.007 0.001 0.000 0.004 
mean 0.082 0.122 0.009 0.030 0.007 0.022 0.016 0.005 0.003 0.002 0.002 0.002 

960019 3312EH 2021 0.051 0.074 0.008 0.021 0.021 0.040 0.025 0.028 0.000 0.000 0.000 0.000 

5 Knightsbridge 3312EH 2022 0.035 0.119 0.008 0.002 0.009 0.029 0.008 0.000 0.001 0.001 0.000 0.002 

railing 3312EH 2023 0.018 0.136 0.006 0.004 0.011 0.035 0.018 0.000 0.003 0.004 0.000 0.011 
3312EH 2024 0.027 0.057 0.004 0.002 0.017 0.027 0.031 0.000 0.000 0.000 0.000 0.000 

1799 
3312EH 2025 0.018 0.146 0.010 0.006 0.015 0.027 0.028 0.000 0.002 0.001 0.001 0.003 
3312EH 2026 0.016 0.125 0.007 0.001 0.006 0.034 0.022 0.013 0.002 0.001 0.000 0.000 
3312EH 2027 0.054 0.162 0.010 0.017 0.010 0.033 0.033 0.000 0.003 0.000 0.000 0.000 
3312EH 2028 0.035 0.114 0.004 0.002 0.006 0.030 0.041 0.000 0.004 0.000 0.001 0.005 
3312EH 2029 0.030 0.099 0.012 0.000 0.005 0.025 0.031 0.000 0.000 0.001 0.000 0.007 
3312EH 2030 0.053 0.151 0.015 0.002 0.014 0.031 0.017 0.000 0.005 0.001 0.000 0.000 
mean 0.034 0.118 0.008 0.006 0.011 0.031 0.025 0.004 0.002 0.001 0.000 0.003 

960022 3314EH 2039 0.007 0.054 0.009 0.001 0.025 0.037 0.047 0.000 0.000 0.000 0.000 0.000 

Coventry Halt 3314EH 2040 0.011 0.091 0.011 0.005 0.008 0.045 0.042 0.032 0.000 0.000 0.002 0.020 

stair upright 3314EH 2041 0.002 0.058 0.007 0.007 0.025 0.028 0.015 0.027 0.001 0.003 0.004 0.004 
3314EH 2042 0.005 0.070 0.007 0.000 0.003 0.048 0.048 0.000 0.002 0.000 0.001 0.001 

1800 
3314EH 2043 0.002 0.081 0.007 0.005 0.011 0.039 0.042 0.008 0.000 0.001 0.004 0.000 
3314EH 2044 0.006 0.061 0.004 0.000 0.012 0.042 0.050 0.007 0.004 0.000 0.001 0.008 
3314EH 2045 0.003 0.057 0.004 0.001 0.021 0.045 0.035 0.000 0.000 0.001 0.000 0.000 
3314EH 2046 0.006 0.062 0.003 0.001 0.014 0.041 0.044 0.008 0.001 0.000 0.003 0.001 
3314EH 2047 0.013 0,038 0.008 0.002 0.028 0.037 0.100 0.029 0.000 0.002 0.000 0.000 
mean 0.006 0.064 0.007 0.002 0.016 0.040 0.047 0.012 0.001 0.001 0.002 0.004 

960023 EH2 2503 0.006 0.114 0.013 0.005 0.007 0.027 0.029 0.025 0.000 0.001 0.002 0.000 

St. Mary at Hilt Church EH2 2504 0.000 0.255 0.010 0.000 0.017 0.024 0.014 0.023 0.000 0.005 0.000 0.000 

washer EH2 2505 0.004 0.359 0.019 0.001 0.017 0.035 0.025 0.000 0.000 0.001 0.003 0.003 
EH2 2506 0.004 0.228 0.012 0.000 0.000 0.035 0.035 0.000 0.000 0.000 0.000 0.000 

1822 
EH2 2507 0.009 0.038 0.010 0.000 0.054 0.115 0.090 0.000 0.000 0.000 0.002 0.015 
EH2 2508 0.005 0.067 0.010 0.000 0.020 0.040 0.051 0.000 0.000 0.001 0.002 0.000 
EH2 2509 0.036 0.297 0.020 0.013 0.008 0.027 0.021 0.013 0.000 0.002 0.002 0.008 
EH2 2510 0.011 0.353 0.020 0.004 0.016 0.029 0.024 0.000 0.002 0.002 0.001 0.006 
EH2 2511 0.016 0.217 0.026 0.008 0.009 0.032 0.023 0.002 0.000 0.000 0.000 0.000 
EH2 2512 0.037 0.429 0.025 0.019 0.010 0.019 0.013 0.000 0.000 0.000 0.003 0.004 
EH2 2513 0.066 0.288 0.025 0.011 0.014 0.022 0.016 0.000 0.007 0.000 0.000 0.000 
EH2 2515 0.003 0.477 0.041 0.003 0.002 0.023 0.025 0.024 0.000 0.003 0.001 0.000 
EH2 2516 0.002 0.286 0.021 0.003 0.000 0.035 0.029 0.013 0.000 0.000 0.005 0.008 
EH2 2517 0.003 0.376 0.023 0.005 0.015 0.017 0.008 0.002 0.000 0.002 0.000 0.001 
mean 0.014 0.270 0.020 0.005 0.014 0.034 0.029 0.007 0.001 0.001 0.002 0.003 

960024 EH2 2518 0.008 0.055 0.009 0.009 0.004 0.019 0.016 0.073 0.000 0.000 0.000 0.000 

Morden Grange EH2 2519 0.013 0.052 0.009 0.004 0.005 0.010 0.019 0.073 0.001 0.003 0.003 0.000 

dog (staple) EH2 2520 0.009 0.054 0.011 0.002 0.013 0.018 0.023 0.000 0.000 0.000 0.001 0.000 
EH2 2521 0.013 0.042 0.006 0.009 0.003 0.015 0.031 0.034 0.002 0.002 0.001 0.000 

1825 
EH2 2522 0.026 0.040 0.010 0.018 0.006 0.007 0.017 0.005 0.000 0.005 0.000 0.000 
EH2 2523 0.025 0.028 0.007 0.013 0.005 0.008 0.017 0.036 0.001 0.005 0.000 0.000 
EH2 2524 0.014 0.060 0.008 0.009 0.009 0.015 0.017 0.034 0.005 0.000 0.001 0.000 
EH2 2525 0.017 0.056 0.015 0.004 0.011 0.004 0.034 0.057 0.000 0.002 0.000 0.002 
EH2 2526 0.008 0.053 0.011 0.003 0.000 0.007 0.018 0.041 0.002 0.000 0.001 0.000 
EH2 2527 0.006 0.044 0.006 0.004 0.005 0.007 0.023 0.080 0.000 0.003 0.002 0.000 
EH2 2528 0.009 0.056 0.008 0.009 0.006 0.009 0.027 0.046 0.000 0.000 0.000 0.005 
EH2 2529 0.011 0.044 0.009 0.008 0.000 0.014 0.027 0.038 0.003 0.000 0.000 0.002 
EH2 2530 0.016 0.069 0.010 0.010 0.003 0.011 0.013 0.086 0.001 0.004 0.001 0.005 
EH2 2531 0.016 0.043 0.016 0.012 0.009 0.015 0.026 0.025 0.000 0.004 0.002 0.004 
mean 0.014 0.050 0.010 0.008 0.006 0.011 0.022 0.045 0.001 0.002 0.001 0.001 
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Sample details Oxford Lab ref. Composition wt% 

sample spec. Si p s Mn Co Nl Cu As Ti v Cr Zn 

960025 EH27 2532 0.013 0.141 0.009 0.001 0.012 0.039 0.035 0.000 0.001 0.003 0.001 0.011 

23 Onslow Gardens EH27 2533 0.014 0.041 0.006 0.002 0.009 0.028 0.029 0.015 0.001 0.000 0.000 0.000 

balcony rail leaf EH27 2534 0.051 0.055 0.009 0.014 0.009 0.026 0.013 0.000 0.000 0.000 0.002 0.003 
EH27 2535 0.006 0.145 0.003 0.001 0.007 0.026 0.027 0.021 0.000 0.000 0.000 0.013 

1872 
EH27 2536 0.009 0.147 0.010 0.001 0.003 0.041 0.036 0.000 0.000 0.000 0.000 0.005 
EH27 2537 0.006 0.183 0.006 0.003 0.005 0.028 0.026 0.000 0.000 0.000 0.001 0.000 
EH27 2538 0.005 0.114 0.003 0.000 0.015 0.028 0.016 0.001 0.000 0.001 0.000 0.000 
EH27 2539 0.010 0.113 0.008 0.002 0.011 0.030 0.024 0.002 0.002 0.004 0.000 0.009 
EH27 2540 0.008 0.090 0.012 0.004 0.012 0.033 0.061 0.000 0.000 0.000 0.000 0.000 
mean 0.014 0.114 0.007 0.003 0.009 0.031 0.030 0.004 0.000 0.001 0.000 0.005 

950006 3301EH 1884 0.004 0.195 0.010 0.002 0.009 0.034 0.008 0.000 0.000 0.000 0.000 0.003 

Albert Memorial 3301EH 1885 0.001 0.229 0.013 0.000 0.020 0.043 0.030 0.007 0.000 0.000 0.000 0.007 

bolt 3301EH 1886 0.005 0.274 0.014 0.002 0.008 0.039 0.016 0.052 0.000 0.003 0.001 0.009 
3301EH 1887 0.003 0.108 0.004 0.001 0.018 0.048 0.023 0.033 0.000 0.000 0.003 0.000 

1876 
3301EH 1888 0.005 0.113 0.008 0.002 0.012 0.046 0.018 0.000 0.000 0.000 0.003 0.006 
3301EH 1889 0.005 0.148 0.010 0.000 0.010 0.038 0.025 0.000 0.000 0.005 0.000 0.000 
3301EH 1890 0.007 0.245 0.016 0.006 0.015 0.037 0.016 0.000 0.000 0.000 0.002 0.005 
3315 2350 0.009 0.155 0.010 0.007 0.014 0.021 0.007 0.000 0.000 0.000 0.000 0.006 
3315 2351 0.010 0.117 0.015 0.000 0.000 0.025 0.016 0.008 0.004 0.000 0.002 0.004 
3315 2352 0.012 0.060 0.007 0.013 0.018 0.031 0.016 0.000 0.002 0.000 0.000 0.010 
3315 2353 0.012 0.088 0.009 0.005 0.022 0.024 0.015 0.000 0.000 0.004 0.001 0.007 
3315 2354 0.013 0.098 0.008 0.003 0.017 0.030 0.016 0.000 0.003 0.002 0.000 0.012 
3315 2355 0.018 0.105 0.007 0.011 0.012 0.026 0.011 0.038 0.000 0.001 0.000 0.000 
3315 2356 0.010 0.177 0.010 0.000 0.012 0.031 0.031 0.000 0.002 0.000 0.000 0.012 
3315 2357 0.010 0.153 0.010 0.008 0.012 0.024 0.022 0.000 0.004 0.000 0.001 0.000 
3315 2358 0.023 0.112 0.007 0.001 0.006 0.019 0.021 0.000 0.000 0.003 0.000 0.000 
3315 2359 0.010 0.074 0.006 0.000 0.013 0.018 0.034 0.000 0.000 0.000 0.000 0.014 
3315 2360 0.011 0.189 0.022 0.004 0.010 0.022 0.027 0.000 0.000 0.001 0.000 0.000 
3315 2361 0.012 0.094 0.007 0.006 0.025 0.034 0.022 0.015 0.000 0.000 0.000 0.000 
3315 2362 0.049 0.127 0.014 0.028 0.011 0.023 0.016 0.000 0.000 0.000 0.002 0.000 
3315 2363 0.010 0.113 0.010 0.007 0.008 0.025 0.012 0.000 0.000 0.002 0.001 0.000 
3315 2364 0.011 0.115 0.006 0.000 0.012 0.020 0.017 0.014 0.000 0.000 0.001 0.009 
3315 2365 0.021 0.146 0.012 0.016 0.014 0.034 0.013 0.000 0.000 0.000 0.002 0.000 
3315 2366 0.009 0.105 0.007 0.002 0.015 0.023 0.024 0.053 0.001 0.000 0.000 0.003 
mean 0.012 0.139 0.010 0.005 0.013 0.030 0.019 0.009 0.001 0.001 0.001 0.004 

960026 EH28 2541 0.011 0.061 0.058 0.362 0.004 0.017 0.054 0.001 0.005 0.000 0.003 0.000 

Avery Hill College EH28 2542 0.076 0.053 0.085 0.317 0.000 0.014 0.042 0.102 0.005 0.001 0.006 0.000 

water leaf from gates EH28 2543 0.014 0.058 0.085 0.408 0.000 0.025 0.052 0.035 0.000 0.000 0.003 0.001 
EH28 2544 0.011 0.065 0.083 0.402 0.005 0.025 0.048 0.017 0.000 0.000 0.003 0.006 

1891 
EH28 2545 0.013 0.050 0.043 0.368 0.008 0.020 0.044 0.003 0.000 0.001 0.004 0.002 
EH28 2546 0.013 0.049 0.038 0.331 0.009 0.009 0.030 0.000 0.000 0.000 0.003 0.000 
EH28 2547 0.007 0.055 0.040 0.340 0.003 0.016 0.037 0.019 0.000 0.001 0.000 0.000 
EH28 2548 0.009 0.050 0.044 0.377 0.004 0.021 0.047 0.017 0.002 0.003 0.000 0.000 
EH28 2549 0.015 0.050 0.060 0.388 0.001 0.018 0.026 0.037 0.002 0.000 0.002 0.000 
EH28 2550 0.013 0.072 0.080 0.375 0.000 0.020 0.035 0.070 0.000 0.000 0.003 0.000 
mean 0.018 0.056 0.062 0.367 0.003 0.019 0.042 0.030 0.001 0.001 0.003 0.001 
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