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

The background of the iron industry.

Brief summary of previous analytical investigation.
Explanation of sampling strategy.

Rationale and methodology of the project.

Initial results and interpretation of data.
Conclusions.

A S e

Appendix I A catalogue of samples / metallographic data.
II.  Microanalytical data: Inclusions in iron,
III. Microanalytical data: Iron matrices.




1. 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 ron 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 (stiickofen), 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 ¢t al forthcoming) has suggested that the site of Timberholme in North
Y orkshire 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).




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 of products. 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
studies have aimed to distinguish between direct and indirect iron production. However, the value
of many 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 of ores, 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.




3. Sampling strategy

As 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 / charcoal finery iron

1709 Coke blast furnace / charcoal fined iron

1761 Coke blast furnace / stamping and potting

1780 Coke blast furnace / dry puddling

1816 Coke blast furnace / wet puddling

1856 Bulk steel (Bessemer converter / Thomas process / 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 1) 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



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.



4. Project rationale and methodology

The methodology for the project was presented at the Comité pour la Sidérurgie 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
abrastve papers then polishing with 1um grade diamond impregnated cloths, The specimens were
examined on a metallurgical microscope in both the “as polished”, e unetched, condition and after
etching in 2% nital (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 0.1kg load was used to determine the hardness of different
phases within the metatlographic 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, 100-150 (Plate 2).

Phosphoric iron Even trace levels of phosphorus of the order of 0.1 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



to bring into sharp focus with the microscope (Plate 3). The microhardness values of phosphoric
iron are typically H, 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 s
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 commeodity during all but the [atest 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).

Plate 2. Micrograph of sample 960022. Staircase upright, Coventry Hall, Streatham 1800. Etched
in nital x100. 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 ¢1800. Etched in nital x25. Note
ghosting indicative of phosphoric iron.
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Plate 4. Micrograph of sample 960016. Balcony support, Fournier St. Mosque 1743. Etched in
nital x12.5. 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 (EDX) 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 smali 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 (Al), silicon (Si), phosphorus (P), sulphur (S), potassium (K}, calcium (Ca) and
titanium (T1) 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 furmace 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




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 1. 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 1% 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 of 0.1 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 ITT (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 of fayalite (2Fe0.Si0,), 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 of 0.1% 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 1a 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 Na,0O and K O 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 1b it can be seen that slag inclusions in late
eighteenth and nineteenth century samples are generally low in Na,O and K,0 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 of 9 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 2¢ 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 stag. 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.

Acknowledgements

Many thanks to those who provided samples, in particular those associated with English
Heritage’s Architectural Collections and Study Centre, the London Region archive and the Old
Merchant’s House, Great Yarmouth. Wavelength dispersive analysis was undertaken by Chris
Salter at The Research Laboratory for Archaeology and the History of Art, Oxford University.

15



eferences

dsworth, C. and Bell, H.B. (1972). Physical Chemistry of Iron and Steel Manufacture. 2nd.
ition. London, Longman.

nnis, W.H.(1963) A Hundred Years of Metallurgy. London, Gerald Duckworth and Co.

inney, T. and Starley, D. (1996) An Investigation into the technological processes used to
roduce David Hartley's fire-plating. AML Report 53/96.

dway, M. and Fisher, R. M. (1988) Phosphorus in low carbon iron: Its beneficial properties
istorical Metallurgy, 22 (1), 21-23.

rdon, R.B. (1983). English iron for American arms: laboratory evidence on the iron used at the
pringfield Armoury in 1860. Historical Metallurgy, 17 (2), 91-98.

rdon, R.B. (1984). The quality of wrought iron evaluated by microprobe analysis. Microbeam
nalysis 1984. Proceedings of the 19th annual conference of the Microbeam Analysis Society,
Bethiehem, Pennsylvania 1984, edited by A.D. Romig Jr. and J. I. Goldstein. San Francisco

Press, 231-234.

Killick, D.J. and Gordon, R.B. (1987). Microstructures of puddling slags from Fontley, England
'and Roxbury, Connecticut, USA. Historical Metallurgy, 21 (1), 28-36.

Morton, G.R. and Mutton, N. (1967). The transition to Cort’s puddling process. Journal of the
Iron and Steel Institute, 205, 722-728.

Morton, G.R. and Wingrove, J. (1969). Slag, cinder, and bear. Bulletin of the Historical
Metallurgy Group, 3 (1), 55-61.

Mott, R A. (1977-8). Dry and wet puddling. Transactions of the Newcomen Society, 49, 153-158.
Percy, J. (1864). Metallurgy: Iron and Steel. London, John Murray.

Rostoker, W. and Dvorak, J.R. (1990) Wrought irons: distinguishing between processes.
| Archaeomaterials, 4 (2), 153-166.

Starley, D. (1992). Medieval iron and steel production, Unpublished PhD Thesis, Bradford
University.

| Starley, D. (1996) Direct or indirect? Determining the production technology of ferrous artefacts.
InMagnusson, G (ed) The Importance of ironmaking: Technical innovation and Social change.
Stockholm, Jernkontorets Bergshistoriska Utskott H62, 129-134.

Tylecote, R.F. (1976). A History of Metallurgy. London, Metals Society.

Vernon, R W., McDonnell, G. and Schmidt, A. (forthcoming) An integrated geophysical and
analytical appraisal to the study of early iron-working: Three case studies. Historical Metallurgy.

16




| Appendix [

| Metallographic recording sheets for samples investigated during the Historical Iron Research
- Project

17



A.M. Lab. Metallography Recording Sheet sampLE: 250006

ARTEFACT: AUBER7 /1 EroRAL BoL7 (Svmee é/eqxa/ § 'bs
-radiographs:

Condition: Soteﬁlqce, @2@03/0/‘/ Line drawings:
Photos-Colour slide:
Sample location: Fa/D o~ KDL 7 135 b/w print:

other:

Permission to sample [Q/ After care:
DI, D STARIEY

ARCHAEOLOGICAL CONTEXT
Site name: AABERT /ErToRAL AML Ref:

Specific context:

Dating of context: /F R 2 -&

MACROSTRUCTURE
/ ) PHOTOS
ABUMBUESE A 100, Dsee. j
Sacraon l; /5‘54‘3 Film No. Exp.No. | Mag. Subject
2) 157
‘ LonsGrrupmiit 3) 1251
: SETTI00 % 1834
5) 1633
sew  J575
MICROSTRUCTURE : 6002 | / x50 | howsir,
unetehed  {oas's7v pVAL x 50D 2 X/2.5 |9 oM Tk Tt
. 3 N
SLAS S7RAERSVIY X2 sy,
SR DAL A
ZrAl THASE
Sore STRMKERS
FreAG N TED
MICROSTRUCTURE qO03 | 784 \XI25 Uk -7kenD
etched: ZrAr7Ac, oKy 7/wAL X500 /94 /2.5 | « -
” 701 x5 | - -
A4 AS7TM 52
12 (4574152 A4 |xT5  [mans. -PHUS.
FLRRe YT GRANS G005 | 04 XY | 70405,
’ Py FHOSTHOUS /A X% \tone.
GHOSTING

ANALYSES/ I{
SEM/EDXH SEM/WDXM XRF( XRDU OTHER{J see over.

INTERPRETATION:
Coxese {kezuea, SLATRICKH FPHISELPRIC Ror

19



750006
Acaens Memopiac Bor

POS7700 ] OF MAELLSON ANALYEES

~

cm

20



A.M. Lab. Metallography Recording Sheet  sameLe: 950007

ARTEFACT: AL BERT r16MoR/AL Ko7 ﬂ/ems‘aw L //éﬁ_b/

X-radiographs:

Condition: S¢mREHXE CORRROS (ON Line drawings:
Photos-Colour slide:

Sample location: £@OAT 7HREAD A7 CU7 135 b/w print:

other:

Permission to sample [Q/After care:
REDRDING: L. STRRLEY

ARCHAEOLOGICAL CONTEXT
Site name: AL BErR7 e oL AML Ref:

Specific context:

Dating of context: JEP7 - 5

MACROSTRUCTURE
TeAasveEnse Ay ) P37 PHOTOS
S&c7ron/ 2) /59, ‘7 Film No. { Exp.No. | Mag. Subject
3) /67.2
&) /8.0
LOVEI TV
g Secrron Y nrz
ean, 1656
MICROSTRUCTURE 007 4 | XE0 {Lans5s7.
unetched (k7D Sec7ions x 300 5 |xes| e -menp
/27 SuA pamy £ x50 |measv.
DUl PAASE STRNEERS /7 XE  \Lop(7
MICROSTRUCTURE 003 | 224 |x6 | LA
etched: ZX WITHL  LonseTEINVELE SEC7PNY 4500 234 |x/25| «
LERRTE We7Hd P 24t | k05 -
SHUSTING ASTT & 5A |25 |7RANsY.
96005 | 24 | x4 |7@4vsv.
SitGt7 E7cH ATV IA | Xl | conyr

ANALYSES:
SEM/EDX SEM/WDX[E XRFO XRDO OTHERD see over.

INTERPRETATION:

SLAG- R/ Prsfasprorre IRON

21



(44

bt X

0 -
X
bCx

C2x 05 ]
X |

IISA VY
SWOISTITOIVY

Z0 (VoI LVO0y

200%h

LG W003Y LIB2T7Y




A M. Lab. Metallography Recording Sheet

SAMPLE

. 950009

ARTEFACT: Win/20ed Serct - (AS74E HepLimsnar

X-radiographs:
Condition: _SY/RERCE (RS IOA/ Line drawings:
Photos-Celour slide:
Sample location: JE€ Felow 135 b/w print:
“ other:
Permission to sample IE/After care: _
TZECORTYAG - D. S7TARLE Y
ARCHAEQOLOGICAL CONTEXT
Site name: Cassul AEDLMEHAMT AML Ref:
Specific context: LA OF &/vPles TAR. GAULERY LEVEL., AMORT #7 FRCE

Dating of context: //GHT ARAND e/NDots ~KEFT SDg

C2EK.
MACROSTRUCTURE ~
‘ ] PHOTOS
 FRAWSVERSE SECTION SAMPLE Film No. | Exp.No. | Mag. | Subject
Korsr rvpavil
SEcTion
MICROSTRUCTURE ~
unetched X300 LG 70004, o 02 7 X725 |\ Kowkr7
8 x25 | 7RV,
77 EonkArED miclysmons
GEAASRALLY SIMKCE PHASE SOME A
(Fransvease WS 1eesudk, 1)
MICROSTRUCTURE | 6003 | HBA | KIS\ LOMSLT
ctchod: 27 WerRe X SO0 KOMC1 7oAl 274 | X257 -
y 284 | x12.5 | 7RANV.
™ AS7T77 3-6 D 7662 | 294 (%25 | « (PGwusTig
A‘ EQAYED L&eerre s QB4 | 204 [xt00| « « .
AREAS OF VERY DISTIKT 52 | G605 | 44 | x| 1owsl7
PLOSEHORUS SHoSTING. ‘;)%g?’ 54 | x& |7ansY.
Ll 19008 |/,2,3 | %25 | kot
e P8 | fsum )

ANALYSE?
SEM/EDX KM SEM/WDX( XRFO XRDO OTHER[D see over.

INTERPRETATION:
ZHOSEorR/C freonS

23




G507

CASTUE HEDLINGHAST  himPoes Seree

POSITION OF INCLUSION Aty

24




A.M. Lab. Metallography Recording Sheet sampLE: Y900/ a

ARTEFACT: ZRL D A/AR7LEY FereiaTe

X-radiographs:

Condition: -SE-//ZK;‘FC@ @ﬁ@g/a/\/ Line drawings:
— Photos-Colour slide:

Sample location: /Uil OVER ED OF mré 135 b/w print:
other:

Permission t 1 @}/Aﬁ care!
ermussion o sample er fe(o&?p/ﬂ/f ; 7-//_//‘4//!/65/

ARCHAEOLOCGICAL CONTEXT

Site name: AREUR Y ARRK AML Ref:
Specific context:

Dating of context: ¢/ AR

MACROSTRUCTURE
: PHOTOS
. Film No. | Exp.No. | Mag. Subject
MICROSTRUCTURE 2600/ /3 x50
unetched /¢ X5D
| LROAEN-UP SLAT /LTINS
‘ 2.7
| 77 %30
MICROSTRUCTURE 007 | 23 \www
etched: 2% Ng/27)
ELONGARTED G12ANS 25
AS7A 5
ANALYSES:
SEMJEDXE(SEMMDXE( XRF[ XRDO OTHERO see over.
INTERPRETATION:

FERRITIC. /RN

25




A.M. Lab. Metallography Recording Sheet sampLE: 960002

ARTEFACT: [Zau2 Ara@Teey ArRCPLATE

X-radiographs:

Condition:  SUREACC CORROS/ION Line drawings:
Photos-Colour slide:

Sample location: E% O FR7E, B NARIAHELE 135 b/w print:

other:
Permission to sample [ After care:

RECORPIS 7. FVA/EY

ARCHAEOLOGICAL CONTEXT
Site name: BEDFORD SHRDENS AML Ref:

Specific context:
Dating of context:

MACROSTRUCTURE
PHOTOS
7%4/&/_{'/&2‘5'6 Film No. Exp.No. | Mag. Subject
secr7oM
MICROSTRUCTURE
unetched
Gy SIAG S7TRINGERS
w by r70STLY AONMG
CenNTRE- OF FRATE
MICROSTRUCTURE
etched:

Farerre ASTME
SOMIE— SLAS ITHINV SRAN S

ANALYSES:
SEM/EDXD SEM/WDX[ XRFO XRDO OTHERD see over.

INTERPRETATION:
FELRRTIC 72ON | AroT DUED |, 7TmneED

26



A.M. Lab. Metallography Recording Sheet SAMPLE: 96 G003

ARTEFACT: FIRE PLATE

X-radiographs:

Condition: SO SUR EACS Coerkdsion Line drawings:
Photos-Colour slide:

Sample location: AO7 A aiocIn/ 135 bfw print:
other:

Permission to sample (0 After care:

7eECoRPINS: 7, FINMEY

ARCHAEOLOGICAL CONTEXT

Site name: QRuirey ZAnK r1e ; S7YAL AML Ref:
Specific context:  f lggtin/s SErED

Dating of context: 1z n/e /PP - CoMTErtPIRARY ?

MACROSTRUCTURE
PHOTOS

Film No. | Exp.No. | Mag,. Subject

MICROSTRUCTURE
unetched ?50&/ //é’ i i:;
BX LA ORDOSs o/
MICROSTRUCTURE geoo! | 25 |50
etched: fe /00 24 57
22 |woo
SRAMN Siz& ASTMS | 28\
EPUANED FERRITE CRAVNS ‘ 29 %0 | SCAS.

ANALYSES:
SEM/EDX& SEM/WDXE XRFC] XRDO) OTHERD]  see over.

INTERPRETATION:
FERRITIC /RON  ~ HT7 ROULED OR AMEALD

27




A.M. Lab. Metallography, Recording Sheet f swve: 0 )1

ARTEFACT: AARTIEYS Bire FLATE

X-radiographs:

. Condition:  COERODED | Sl rMETAL SURVIVIAS: Line drawings:

Photos-Colour slide;

Sample location: Ser £ELeRs- 135 b/w print:

o (Z/ other:
Permission to sample After care: Tecaen s T FIWEY

ARCHAEOLOGICAL CONTEXT

Site name: A2y e HISTDUC 00K AZD AML Ref:
Specific context: S 702 L0 iSE F.

Dating of context: /3?74

MACROSTRUCTURE
PHOTOS
Film No. | Exp.No. | Mag. Subject
MICROSTRUCTURE Foof q 50 |senrcace
unetched X¢OT 10 100 |corrason

10 7 Covaosiony/SeAS,

' MICROSTRUCTURE %ol | 97 | 20
) etched: ZxMAL K %O0 /8 100 | coarosior
/9 100 ”
20 3¢
CoaRse ceamep (4STr14) o e |

ELONGATED /fERrer 7€
Lr 7% ETEFr Friring.

ANALYSES:
SEM/EDX SEM/WDXIB/XRFC] XRDO OTHERD see over.

INTERPRETATION:
LERRI T 1RO

28



D0

/%/(79“7&&776/ ZockyuplD> - FIRERATE

T NalN -

\\

e

A

$Arit E ‘
—apens Cop & AIONTED I

]
- WM&W
Loar & o/ 5T .

29



A.M. Lab. Metallography Recording Sheet SAMPLE: 60005
ARTEFACT:  ZleAm) GRIL

X-radiographs:
Condition: SUREACE (ORROSION, Spt(p CORE  Line drawings:
Photoes-Colour slide:
Sample location: 135 b/w print:
other:
Permission to sample B/After care:
(S'/-?ﬂﬂih’ TENNINGS, TRAS SUMIMERFEL ,)/’ Ceconpns - 2. S7THARCEY

ARCHAEQLOGICAL CONTEXT n
Site name: WA/ G?ﬁZé, @C/A/’DM? ﬁéd Sr7E 43& AML Ref: 7/OQ035
Specific context: Z37

Dating of context; Pt Cu—be aan/r"mep/

MACROSTRUCTURE
\\ PHOTOS
R
LONSTTEDMAL e 5//;5’2? Film No. | Exp.No. { Mag. Subject
SEC7on 2) /33 3
3)/23. 7
RANSVERSE & ‘L) /35.2
SECHINS 4,‘\@ 5) /114
5)0115
SPNEE PR iving
e
MICROSTRUCTURE “ P ;’ 76002 q X 50 |ROAKTT.
unetched x 20 Lapsr 7¢.2mAL ‘;) 276.% /0 x50 |7R4MSY.
SEC7ioIN 7) 274 3
0.5
< /7 )27
LRWGATED SIMELE e 287 &
DA
Brgre7 SFECKS .
MICROSTRUCTURE q6003 | 3la |x€ |lawsrrvanac
etched: 27 474 x 250 ApnSTTERINAL SECTON - CENFHE. %2 K'ZZ; o ({WZ@:ZZ 3
X “
FERRITIC AS7M 5 3% [ x00 \u «
Ly Sy 7 TS gg A ;/Z m%qmm
. A .
NEIR Soncice 257 Foqecs7e Q6005 gﬁ :;_" Lotk g;
27 % FERRITE 7RAVSY.
%008ek) 4,56 | K4 |LowscT
X4, X/2
ANALYSES:

SEM/EDX SEMIWDXEéRFD XRDO] OTHERL]  see over.

INTERPRETATION:
AETEROSEMILS  STRUCTURE — LARGEY FERRITIC BUT 77, AREAS

OF P 70 Q27 CakBaw. A coorer AETel +HOT coaknk
30




T6C005
WnZDR Casres, Daaims Sepee

LocATion OF MELUSIONVS
ANALYSED

31




A.M. Lab. Metallography Recording Sheet sampLe: 980006

ARTEFACT: SH0R7 WA 1€ - Dispeayed m/ $r Yarrtouras
LD FERCHANTS /b, ﬂqcc A%, F8100038)  X-radiographs:

Condition: Line drawings:
0D Photos-Colour slide:

Sample location: HM/E&/VFA( 77E  180mn Fiaom il @iy 135 biw p:nt:
%{; olaer:
Permission to sampIe fter care:

SWRArw TEMNMINGS JorTenss - D.STARLEY
ARCHAEOLOGICAL CONTEXT
Site name: DU DN Betiind 54 So7e Qemy AML Ref:
Specific context:
Dating of context: /&€ CERRUEST AND LARSEST /RN AL AVCyns
ARIGOA TV CRUST W S7. YArrOuTH
: MACROSTRUCTURE
6 PHOTOS
Hy 1) 13 g )
10#¢/7C’PAML v 2/ /gq g Film No. | Exp.No. | Mag. Subject
3) 146 -3
772:4/1/51/6&% ’ v }L) /2. i’:
SecaIm mcwﬂg 1 }/qz/
et 133- 3
MICROSTRUCTURE
unetched X570 LOVGr7; 26002 V4 X50 | ienkr7,
74 xX/2.5 | 7RansV.
~/ 7 (RRGGUAR
SINELE PRK,
MICROSTRUCTURE G6004 / x/25| Ay,
etched: X /750 70ANV5. 2 x50 | » DerpRrn/ T
@%’ 77 C 5 k.25 i’ e
£FERRITIC 4 X8 |Agrr
As7r $ FERRTE g6005 | 84 | x5 |7
Occ . PEATion + SPHERODD, 94 |\ x4 |means
ce 4
S e 9008 | 1.8 |xizs|somser
9 |x¢&| -
ANALYSES:

SEM/EDX SEMIWDXB{(RFD XRDO OTHERO  see over.

INTERPRETATION:
AETERORENOUS  FERRITIC fL00 CREEIN STEEC | ArR CONED

32




Gscoops

G Yerroozer bthee Tre

SAPLE

33




| A.M. Lab. Metallography Recording Sheet L SAMPLE: ?50&’)7
ARTEFACT: SA2027 (/AL 776 /ﬁ}c Ms. 28705/ ) “’{7(/8 s

VSPCAWSD A O MEL W TS A AR YY) TES X-radiographs:
Condition: &7 7 7. AT ) Line drawings:
Photos-Colour slide:
Sample location: &0z 790 TIEFDL /5 Smrm ST EAD 135 biw print: 73 G52/
(8€e rrgn other:
Permission to sample After care:
St TENNALS . Reccrong.: O STARLEY
ARCHAEOLOGICAL CONTEXT :
Site name:  $L9- MPINEGHTE ST, G707 YA U7/ AML Ref:
Specific context: FRUE  Ss7 AELOOR pAAlldolS
Dating of context: /577 / \PRR 70
P57\
< /7
MACROSTRUCTURE 77\
2y Lhre BAVD PHOTOS
= —f Film No. | Exp.No. | Mag. Subject
‘t .' x 180
i
2L " * g7
T 1. A # 5=
Y x )85
' /
B e AT -
MICROSTRUCTURE MRC CeMENTTIERT | arphy | 1 X 30| Loassi7.
unetched _ /707 20 lar f /5 ¥ 50 7S v
tMone sAs.

3/ Mé&;ﬁ eézy,/uré‘/}rjw
-7 = e //745-/;4@%

(7050 + 005 L St & PAASE)

P4005 5| X5 | 7Ransv

MICROSTRUCTURE e,
etched:  7QHUAY. x%5%0 Hy. 1) 99.8 ¢ ., (mup/
L m;eqm - SEEATOE Q) /01,2 2 | x5
OC’MHfrféﬂfca" ' 3) /209 ?5006 % X 5. LUW//'—
ResT FerlITeE ¢ 10 3‘;’! o /R X | 7@pnir
SN Lo Like w5 & nosT 5) /5 G608 | 10,4112 | KLS | LMK Lows, Treanes

0E TRANS. EXCEFT FOR 709.3

ANALYSES:
SEM/EDX SEM/WDX[ XRF(] XRDO OTHERD ses over.

INTERPRETATION:
FERRITIC 1ROV HOT LIORRED

34




Greqr Yatrmouse Whate 77




A.M. Lab. Metallography Recording Sheet l sampLe: TS

ARTEFACT: Sa2727” /3L Tre (A My, FRAA00UE ) e § "
@W”@ BT IHE @/%ﬂm 2, G VAT I 77y é?..{i::d(;?ag\zﬁ Ez

~ Condition: @p
4 Photos-Colour slide: 84‘34463
Sample location: - 135 b/w print:
L0 L5001 EUp oF O TN AL T1E AR 7

other:

Permission to sample After care:

LR7ehtr TEAMMAS TN D). STARLEY

ARCHAEOLQ_GICAL CONTEXT
Site name: /S £ /6, Ko /G G777 YARMOUIZY AML Ref:

Specific context:

Dating of context: /534 o~ /63 7

MACROSTRUCTURE
Ao 1) 7353578 PHOTOS
v /55,
LONGT ) /a3 Film No. | Exp.No. | Mag, Subject
3) 7672
. &) 7480
133
MICROSTRUCTURE Ha2 6 x| son7
unetched 2o 7 Xo5c TRANS X 5D I , ?
5 Pl (otage .
& ?/lga/e/
- Fne
4{/44069
ﬂffﬂﬁ aé/?f/q"y .
MICROSTRUCTURE G600¢ ¥ X25| Lowse7.
etched: X250 LOU5r7. Q@ |x25" \7eaws (7 hosi)
AS77 4 folxezs | - -
B, FERTIC @éo0s | 124 |K & | wowser
”Mﬁ‘“ SAALL O cemen TITERT U, qu X4 TRANS,
9 L5 Supe| 76008 1T815" 15250 7Rans
TNV, AleAs oF P THsTIvg

ANALYSES:
SEM!EDXE!/SEM!WDX@/XRFD XRDO OTHER[Z see over.

INTERPRETATION:
AERRIT/C /Pw;ﬁ/awc RN fOT (IObED

36




100
O
Al
|
O
0 p—
" SAIRE
‘ |
t f
; f
. [

GREAT Varrpu7 4/
Wl 77

37

P50008




A.M. Lab. Metallography Recording Sheet
Anzalz/iz;g;r; SHOLT GIAU 77/ Fr Af. ?8/(2?:)446) 7

SAMPLE: 5A0%

YED AT QD MM b, G %Wc)x"ad“g‘aphs:

~ Condition: &JT2

Line drawings:
Photos-Colour slide:

Sample location: Z20mny A8 EAD O AOERONTA¢ 776 ZAA35 biw print; 893%35'
other:
Permission {o sample B/Aﬂer care:
$BRsr TEAAIA S : EDRIM: R S7TARCEY
ARCHAEOLOGICAL CONTEXT
Site name: 3£ ¢ o Gy G YAt AML Ref:
Specific context:
Dating of context: /55
MACROSTRUCTURE
PHOTOS
S W
/7.3 Film No. | Exp.No. | Mag. Subject
3) /305
) /248
5 /209
7260
MICROSTRUCTURE 6002 /8 |x5D |coss
unetched /UM, 7 x 470 /9 X3 | 7RansvL
/7 %//;4;&’
€é/\zﬁ
MICROSTRUCTURE w0+ /{9{ L5~ | 7RANS.
etched: x 520 A7 X723 [vaestqus cuf
' /3 «6 Der; RS
ASTA [~ & /e %52 OIS 17
FaR7IC _ o s 7O
| o, DEFOUIATION TEINS, Geoos™ | fea (K% |zRasvs
scwd 95008 |6+ 78 vé/g,.g_ AN

ANALYSES:
SEM/EDXEY SEM/WDX XRFD) XRDO OTHERD see over.

INTERPRETATION:

METAURRATLIY & MICROWARDMESS IWIICATES FERRITIC BUT7 WP AKRINWAISS

SEOUS  AEAIN FerOsTmadys LEUELS oF C/¢
38




~ ST E
i
\' .

Grcar Yarmoore

39

260009

mm

O-J




A.M. Lab. Metallography Recording Sheet ‘ sameLE: Y8070

i
TEFACT: SirO72 7 GCC ThE (fhec My, FEIIOS ) FH7AE 6
2, S AMEL AT 7/2/;@ Ao TS 5., Gr %yfg{/ﬁ/ X-radiographs:
Condition: ¢ ' Line drawings:
— Photos-Colour slide:
Sample location: L P2n1py AR END CF 7 mﬁ 73'&}9? 135 b/w print: Z 93%3 g

(sce priG. over) other:
Permission to sample & After care: .
S TCNMAAS BETYNG: D. S7TAREY
ARCHAEOLOGICAL CONTEXT
Site name: 7/ 7 o) ﬂ G g 7E AML Ref:
Specific context:

Dating of context: ;6 &G/

”chf 220t B¢ 1008 5‘@//.4&/40 4&7/{(///)//;&‘5@ d
1/ [d

MACROSTRUCTURE F (o)
1) 140.0 PHOTOS

) 1207 )
33 (el ? Film No. | Exp.No. | Mag. Subject

4} 1340
5) 8.4

/34 F

MICROSTRUCTURE G6002 | 20 (X590 | Lowst7

L /7 owge pmse

e, M—gp
L/
7 ;44 .
ol /752;‘&
_ MICROSTRUCTURE % 0D /_?5” X 25 | onmser,
g etched: X<z TRRAMSY. / X50 2
. Lour ; ) /A | XsT| ZepnsT
/2 % Praesre 160 7, FERRI TE. 26005 | s5u K6 konirr
N 8% 7 rernire | séa |Xe |reans
ANALYSES:
SEM/EDX® SEM/WDX® XRFC] XRDO OTHERD] see over.
INTERPRETATION:
AETERTENEOYS  FERRITIC YR 7D OfY C W ARERS HOT WIRKED
Arr CAIED
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A.M. Lab. Metallography Recording Sheet L SAMPLE: %'&"&//

ARTEFACT: Ay DEasS7 [odrracmes S
_ , ermnkc 75 -
- ALK ﬁm’«wg - A e STy Xrediographs:

. Cenditien: CH 7N Line drawings:
ARAB.S /668 . . _ 'Photos-Colour slide:
Sample location: - ' 135 biw pri
o s&e grer il =72
Permission to sample B/ After care: '
: TR Aasorna’ RECOTTNG: D STAKEY
' ARCHAEOLOGICAL CONTEXT
 Site name: AGULELS . ,.&eof b i AML Ref:
Specific. context:
‘Dating of context: Ve /4‘
MACROSTRUCTURE LriH CARBON
: \ PHOTOS
FRANSV.
Film No. | Exp.No. | Mag. | Subject
= y H,‘q
; U V ¢
= 5T LA
MICROSTRU Hig € w2z | 22 | X6 | Tonsr7
welched Xs7py Cony 7. RS, 2 | -
\ 24 Y e
seas <01 957 S5 ks | MY
Aol ce
: Y 1
MICROSTRUCTURE 7600 ¢ ﬁ? ; jéa v EDSE
etched: Xouy7. x50 20 (x50 |« CevTRE
TRAS
O ree suerice (0 oF Vépsy) 21 (X6 7R

s o0 PeRLTE FOR 22. Ixr281 -

V. Akagon Resvon - C BoPs
I Norre earipe y

INIECR fp0 FEeRTE ASTMI
SUB SR % o DRIES

OO, E7EH Privenss

ANALYSES:
SEM/EDXH SEM/WDXO XRFO XRDUO OTHER[} see over.

INTERPRETATION:
FEQRITIC ROV W%y SURFAE CARBORISRTION . HNLY o7 oehED
Bor some SLRnvce o~ (o 7;425/? DEFDRIMIATION. A IR CIoLED



G007

TurrieRS AOUSE - ADRAST - o~ e

€y
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SAMPLE: GH¢ /8

A.M. Lab. Métallogggp_l}y Recording Sheet

ARTEFACT: Fo0K FORWNDIL) Hce”

ST AR s T TN .
7 Condition: g P C SHp¥ GuiccTion A Afﬁ'/?ﬂ-f 4R

Sample location: S&& OUE?

X-radiographs:
Line drawings:
Photos-Colour slide:

Permission to sample E/After care:
77N Zosor A

135 biw print: 85 //6:/%6 & 75 P2/ 26 ¢

other:

Recorinns : p.STAREY

ARCHAEQLOGICAL CONTEXT

Site name: S 7Y Cg'/-?/'ﬁc , Ty 7y Apts 14/9&5 AML Ref:
Specific context:
Dating of context: /5?¢? . %SS’/ZC)/ AOT Agraen 7T C.
MACROSTRUCTURE
i PHOTOS
TRANS . Ao oD;)
Lonk Y /238 Film No. | Exp.No. | Mag. Subject
o 2) v2/.3
3) /165
g 106,/
5) 19
/19
e
MICROSTRUCTURE #owZ | 26 X530 | Lomk.
unetched (o X500 27 | ¥725\ Yeer cove
YA Tl
ELMARTED
/255 e
/ 1
bk of, Jr‘/j(f" ;pecé
MICROSTRUCTURE gé00¢- | 2.3 | x& Lows.
etched: X300 Lo,y 24 X 25 7}_@;}(}
. AR
O E R — 25" x25 .
7 qs7rt é‘ 2 5 X 6 ve
G6005| /74 | K RS
~ ’
sepa P6008 116,202 [ /25
ANALYSES;, V6% ¥ VAOE ~/bney 0k . =Crremur

SEM/EDX SEM/WDX® XRF(] XRDO) OTHER[] sce over.
INTERPRETATION:

ATERRITIC MON AOT CIORKED
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A.M. Lab. Metallography Recording_Sheet

\ saveee: Q50073

ARTEFACT: S7R477 oF RNG BEAM

EEOL AL ITECTURAC STUDY ECTION Ak
. Condition:  Srecace Cow;,g)/v ’4’?/6@2?

Sample location: See oveR

. X-radiographs:
Line drawings:
Photos-Colour slide:
135 b/w print: 7
other:
Permission to sample E/After care:

TEBHAS A0S0 - PRI 1 D. SFAREY

ARCHAEOLOGICAL CONTEXT

Site name: S 7. /ALY L STRRND AML Ref:
Specific context: 7peJce
Dating of context: /Z/¢, - /;.7/7
MACROSTRUCTURE HriH €
) o 1005 PHOTOS
Lo, _
Q /35,0 Film No. | Exp.No. | Mag. Subject
2) 108.2
TRANS HEHC  5) 145 5
«)102.2
5) 1147
269
[ &
MICROSTRUCTURE wop? | 28 X 30 ‘:MW»’/ .
unetched X500 ‘¢anc” o " 29 xEp | TReams "
7R S
& 17 swsze FHASE OCC. ELOMATED
ECo/s Sore correstor
Flary Bersrsr SPors PEnereaTion
el | X : v
1150 MICROSTRUCTURE 004 | ot 6 |honi 17
- W etché’d. m 2—8 x ({ : Y7 ..
L 249 X285 | . Arrse C.
-’}’ = W VA‘?WJ&.‘K"&WW) 30 | x25{ # tow <
: /k .
Wie, & Fare Lonsr
I\ i s 7005 54 |k |cov
v 94 & |RANs
204 FPERULTE .
€0 7. fEREI TE
A:v‘ TrRANSY. FHIRE A FaRM
[l
10 =30 . PEARLITE
4sr 8
ANALYSES

SEMIEDXEQEM/WDXB XRFJ XRDO OTHERD  see over.

INTERPRETATION:
AETEROCNEDYS STEEL (O.) 7006 X CHBH F7rIE SRANED AR COOLED
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A.M. Lab. Metallography Recording Sheet

ARTEFACT: D0c)l) Zrme Aedcke7”
. Condition: SUEZSHCE (pecoSion/
Sample location: &€ ovE?

Permission to sample B/Aﬁer care:
THELE AN

SAMPLE: G40/

X-radiographs:
Line drawings:

Photos-Colour slide:

135 biw print:

other:

RECRIAS T P STHRCEY

ARCHAEOLOGICAL CONTEXT

Site name: ALY, /AL @dﬂ&:f ) GREEA M, AML Ref:
Specific context:
Dati f text:
Mg oL CONRE S T20s  (creck ooy tPcamct reronp )
MACROSTRUCTURE
HASHC, PHOTOS
FRANS .

LOMG, Film No. | Exp.No. | Mag. Subject
MICROSTRUCTURE wpor | 30 |X5Q |tomgT”
unetehed 3 lxsz | Teeos”

i ] i A
Xsto . Lowar Y500 T roau
</ 7 Etene, <7 )
StAlsy & Pt e SR v
PEASE /
K CCAMETT
 MICROSTRUCTURE 7620 ¢ gé XS @wj//’é .
E etched: Zow/§r7. mﬁ.’!ﬂﬂlfﬁ&ﬂm/ 3¢ *57) " -
SeUHCe yyew © (G071 Aeacuref 35 |¥50| » ewc
| ‘.‘A 107 ey 7€ (At Boowories) ¢ |x25|mms
" @é‘."\ e Z 364 |Keoo| ‘7/7?
RPN *’ ,’ /”W/MKMMWY} 20 X Peielere ? 5 ZOA' FEROMS
,p’ml 8O 7. pzepere ASTHE & P GrosTos 600 : X G |1RAMS,
\ ! . . VA Y/Z:‘:?- 12273
‘l" S 10 peqaie  SoE| F600E 2232 M
SR s e o 20 %
: S Nopire At 6 [ SHETIA,

ANALYSES: ,
SEM/EDXE SEM/WDX® XRFC) XRDC] OTHERC] see over.

INTERFRETATION:

’ A ETCROTENETLS  FERRIT/L /4/7725 FROSPHORUS DETECTED £ AN AL ):w)/
“r/ K ERRGON (0.7 STEEC pror ciorkD SR COOED '
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A.M. Lab. Metallography Recording Sheet SAMPLE: 95%/5-—

ARTEFACT: QRO 7~ reoN) SATE X-radiographs:

~ Condition:  Co@ri7CE CORRASIOA Line drawings:
Photos-Colour slide:

Sample location: //4n/0¢ A SPPLIED T /oIS J74L S 7oy 135 blw p;int:
other:

Permission to sample 3 After care:
FAORDAK : D STARLEY

ARCHAEOLOGICAL CONTEXT

Site name: Af/LTON) Adcar AETERBOC oy 4 AML Ref:
Specific context: boespd0rc Bap PEAACED Z?JP/WWW/—/OU)

Dating of context: /720

MACROSTRUCTURE
PHOTOS
Film No. } Exp.No. | Mag. Subject
. For
foer Ine y
ferile + Some
MICROSTRUCTURE 12V 77 X5 ’{0 W
unetched /.o fon0 Ay ﬁw ) 27 XS | 7Rk,
o POV
frmm 315
HonRATE) :3)) ey
&) (/37
5) 7219
/2 /0
N i
MICROSTRUCTURE 6005 | 2/a x4 |smae
S etched: 224 tX% | cece
Y © SR X 7280 py.
; ws 7 k2.5 lsrrate
100 7 Ferte Bl vy
& 15716 (7 k3o |erese
fiﬂ@qfwé ~VarhBLE - As abe +
, J
%?/m@ém/vngzé

ANALYSES:
SEM/EDX SEM!WDXE/XRFD XRD[O OTHERO see over.

INTERPRETATION:
ALRRITIE. /RONS, A7 LIORAED
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A.M. Lab. Metallography Recording_Sheet l samrLE: GO0 /6

ARTEFACT: Z7a con/y’ Semmpe7 /A b, / :
(Exr. A rEc o S7pry CD{(&CfUA’j' / ) ;25}24) fi;‘idéi’fﬁigif

~ Condition:
: Za2% Photos-Colour slide:

Sample location: SE€ o2 135 blw print: G2 /365
other;

Permission to sample [1 After care:
RE@RDA: . STAULY

ARCHAEOLOGICAL CONTEXT

Site hame: /%U/C’Mé@_ S M@S@O’é AMI Ref:
f)Pe?*ﬁc COMKELL. 7. SEAPED SUPPOKT
ating of context: /741_3
MACROSTRUCTURE
PHOTOS
NS Film No. | Exp.No. | Mag. Subject

Lot 7 V l.{*m@ GRAINS

H@L
MICROSTRUCTURE A 'chf/ ~*
unetched ¢z covry 7 ? Dz %if—’ );g t ;-@4,0; ’

V. Fro L7/ fucy

? S e PrAse

RO AR
MICROSTRUCTURE Fs005” quq : fqdé §{_ %rz
etched: 7miy S g o0 7% A

V. Varinlls 3 ~ v .
Al fa= k25 o (lacse on
A CMTRE ASTI | FEROITE <f P SHETIN /S |k | Pownm

= e g | 16 |x25 | cauarr
RetqiR FINER FEQUTE & 0. PRUTE 57 supe| TOOE | o e 12O

ASTM 6 ¢3/ corme P SHoSTINR o8 ,
2 Beionss oF 5w C 28,27 | <15 rmm S
DN PAATATEEN ¢ 8K FIVE PEFAITE Q0% RRITE

LONK, LD v, |/ARADLE Zd-?ﬁz&%

ANALYSES:
SEMIEDXB/SEM!WDXE/XRF{] XRDO OTHERDO ses over.

INTERPRETATION:
AHETEROSEVEDUS /""644/7?6/4//4‘#09450,1//0‘/’ 7067 )S‘ree./_ YT CIIRAED

LAR COXED . Some Prospuvpys presen7
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A.M. Lab, Metallography Recording Sheet sampLE: SBCY)/ 7
ARTEFACT: S7A/2 BAUSTEAZE  £o a4 W25

EH. BRAITECTUOAL STUPY Cylec 7ON X-radiographs:

. Condition: Line drawings:
OOD =~ B Soak DESTaoveD w/ WAs0TON  Photos-Colour slide:

Sample location: 135 b/w print:
other:

Permission to sample (0 After care:
ReORPINK: P STRLEY

ARCHAEQLOGICAL CONTEXT
Site name: / BOpMSHERY ST, WC ! AML Ref:

Specific context:

Dating of context: /74" 7- 0

MACROSTRUCTURE
PHOTOS
L. /) /50,0 Film No. | Exp.No. | Mag, Subject
) /¥88
3) 143 A
&) 1434
5) 1w
1 7.5
MICROSTRUCTURE : Go | Js | xso | o
unetched X520 {77 TRANSUERSE v 364 | x50 | TRANSY
LIS e PnT 1y cram.
CLOMNCATED SIE FAASE,
' MICROSTRUCTURE | Q6005 | 254 | x¢ | cons
fis etched: X/200) (ank 26 <% | 7RANS
6008 | 17 | Xr2S|ions
190y Feeirg s /g X /2.5 7RANISV:
4

ANALYSES:, //A/cs. ?/W/d - pocnd] eere 22O )

SEM/EDXM SEM/WDXH XRFO XRDO OTHERD see over. 4

INTERPRETATION: ‘ ,
AFERRITIC /THOSFHIR/C %’”"?‘Vf’f P 70 1HIF) pror e
COMTAIMS ENTRAPPED SCALE
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A.M. Lab. Metallography Recording Sheet

ARTEFACT: S?;‘g/ ‘Z'ﬂlcas//—éf
g/:l/ ﬁﬂé@///@(fagﬂ STUD Y COULECTION
] ndition:

{ SAMPLE: 8¢ /8

X-radiographs:
Line drawings:
Photos-Colour slide:

Sample location: SE€E OVEZ 135 biw print:
E/ other:
Permission to sample After care:
TEELE oS in” BEQQDING : D.S7TAReEY
ARCHAEQLOGICAL CONTEXT
Site name: BO ForeRArD FlAace AML Ref:
Specific context:
Dating of context: /;3 ?6‘ -872
MACROSTRUCTURE
PHOTOS
TRANS
Film No. | Exp.No. | Mag. Subject
LOM/7,
MICROSTRUCTURE 6003 | 04 | K50 |amir7
unetched X500 Zongr/. LA | X530 | 7RISV
57 _;/ﬂ/er. Jérfya—
af/a/ /Dfése
 MICROSTRUCTURE G003 | 24\ X | LomstT
Y etched: X258 Lonx ' 284 | Kq | JEQNS.
100 V. REUTE ASTME eQUIAKED ?ﬁ@é g X /5?5J oSt i
P GuosTins 20 Xz5"
2 X285 | 7RANS
22 K"O‘ fr
Sepe| 6008 | 30, 3,3 x 28]
TRAMEY  SHEOS SCAS ACS  Qrfant SPEqms
ASTr75

ANALYSES:
SEM/EDX® SEM/WDX& XREC] XRDO OTHERD ses over.

INTERFRETATION:

FERRI 7/C MRON (JCCasionat CoMCENTRATIAVS ofF oo roevr/

707 bz e
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A.M. Lab. Metallography Recording Sheet

ARTEFACT: /@M Bq/UA»G'

SAMPLE: G5/ X )/

EX BROCKING COLLEETION X-radiographs:

. Condition: so0D Line drawings:
Photos-Colour slide:

Sample location: SEE OVER 135 b/w print:
other:

Permission to sample IQ/After care:

e /W AnS RECORDING : D.STARE Y
ARCHAEOLOGICAL CONTEXT
Site name: 5 (/A//c?ﬁ/ﬁgje/p;(; AML Ref:
Specific context:
Dating of context: . /FAs
MACROSTRUCTURE
) PHOTOS
7»6’44/5"!/ Film No. | Exp.No. | Mag. Subject
LOM.
MICROSTRUCTURE B3 1 2a | KD | LorsT '
unetched X500 /sy ;.’ 14 xsp | 7Rgms
{/ //?GWM%W,WE@ '7,'9;,(}5‘(/ ':470&:
CARE: DU PHISC/DEMIR.  Clowscin7ed  STRMAER
&\ o5 SFACL S StascLe RS
’fx . g MAY DRICHT SPUTS,
MICROSTRUCTURE F6005 | Z29A 'X{§ Lo
-3 etched: 304 X5~ TRANMS V=
10 « FERRITE 427 5~ Cqimxep . 96006 | 23 |xros|7arst
2 K251 ~
PSSy &r in Genmedl VD 2¢S_‘ x25 | covryg
7RG Attt TRAMS SATPL '
NG Gttt mics wpmmms @AM

ANALYSES: E/
SEMIEDXE/SEMIWDX XRFO XRD{J OTHERO see over.

INTERPRETATION:
AHO7 6IORAED PrsPHARIC 1oon
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A.M. Lab. Métallogr_a_pby Recording_Sheet sampLe: 750020
ARTEFACT: Zaicp; A8 4HRBS 5/52

EA{ -4/?0//76{7?% STLDK CtycecTion X.-radiograzphs:
 Condition: CooD Line drawings:
Photos-Colour slide:
Sample location: ¢ o1 e0 135 b/w print:
other:

Permission to sample B/After care: _

ARCHAEOLOGICAL CONTEXT
Site name: AL A ALY AML Ref:

Specific context: L2z RAcO ALY
Dating of context: /8/?

MACROSTRUCTURE
PHOTOS
TRV Film No. | Exp.No. | Mag. Subject
N\ _LONEIT,
v /476,04 ,
% 7
MICROSTRUCTURE 76003 LA |X6 @fw '
unetched X428 Joaxr>” TSV, 54 xgg
a 1%
0-67 LhRcerd Aker oF 67
/ ! X Dl FAHAASE SRR RS
P Do FrSeE
STRINS RS
Neqr SvR e
o RIEFACT
MICROSTRUCTURE X005 | 34 1 X8 |eonsrm
etched: 324 x4 |7Ransv
Y. , 76006 26 |X25| dave
*/M/.M AS7¢ Equr 4xep 27 50 e
A : SFeaug Rt Brranis, ) ' 28 |Xeo0 B
A | occ Peseurs (<57 2a  |x2G |77RuS.
COMGIT P 79 5% Frnie PRRLIZE
ANALYSES:

SEM/EDX SEMIWDXB/)-(RFD XRDO OTHER{O see over.

INTERPRETATION:
FERRITIC 1idpn #r07 CARKED AND A7/ CoolED
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A.M. Lab. Metallography Recording Sheet LSAMPLE: 20074

ARTEFACT: /Pty 7”

EA7 Arrs 78 7L VRAL STED Y CotlECTON X-radiographs:

. Condition: SO Line drawings:
Photos-Colour slide;

Sample location: - S <2 135 b/w print:

other:
Permission to sample E]/After care:

7/’% 2ASOATAN PEATING 1 D, ST/??CE)"

ARCHAEOLOGICAL CONTEXT
Site name: L/ALSAY Ho., LINCRMS MV FIcLDs AML Ref:

Specific context:
Dating of context: . £ /4,_

MACROSTRUCTURE pernsd 7
f? £ PHOTOS
d Film No. | Exp.No. | Mag. Subject
Vi Lase
RAWNS )
i e end 315
MICROSTRUCTURE %H C. Kooz | 74| x50 |LowsiT
unefched X - g e f‘/‘?ﬁum
500 a1 TIOANE V. A ’
V. oaspnsac Py
@/Z/A—?dmf@ /7 SUBROND - kD
AEL Lsrans 7y /f T4 )
V072
) 173.6
3 998
MICROSTRIICTURE ‘f] 1736 GEAIS | 324 XS | Lonkr7
' - 170 ;
V. varance J 96004 | 30 X 25| cons /r%‘iﬂd
LowgeT . _ 3/ xr2s| - -
M/o;-’ﬁ'mr@ Eiv /-5 . | X2 X (2.5 78RSV,
S ooc, Derrt, Tenns 3 K 12.57| 72snsv/
TRRPS. £ DRtGeT sPecksS Sup- \BOOE 333) I | x 25| 7RWS
TRANS MIRE VRRIBLE. CORMER oF SPECH 7N 3536 ’fg f 2E Jealr3,
V. FVE SEAUNED SASIIE & ~SD X AS¥ton Peseir e .
ELSEVtcne 10D 7. FERRrre @F ASTTT £/

ANALYSES: ﬁ]/
SEM/EDXH SEM/WDXEVXRF[J XRDOI OTHERI] see over.

INTERPRETATION:
AAETELRENERSS . FERRITIC f@o & O C STEE(

GO7 CIORKED ~+ SUME QD Derppridsmn) *+OVECHERTED
61
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A.M. Lab. Metallography Recording Sheet SAMPLE: (50027

ARTEFACT: STAMCCASE UFRIGH T £ ASC AL $5¢8

EA A (TECTURAC STUDY CovcecTion X-radiographs:
. Condition: ¢ Line drawings:
) Photos-Colour slide:
Sample location: Aedx) L2OSE LEAD (SEE OVER ) 135 b/w print:
other:
Permission to sample ET/ After care:
7ReEv e Losoriin/ . RECORDING: D STAIEY
ARCHAEOLOGICAL CONTEXT
Site name: COVEA/TR Y FTRL( | STRERATZAM AML Ref:
Specific context:

Dating of context: . /00

MACROSTRUCTURE
C PHOTOS
TRANS Film No. | Exp.No. | Mag. Subject
LOAKT T,
5/
| MICROSTRUCTURE | 9003 94| KI5 LosTT
. KXsz) | 77emms,
unetched yo7n) ¢ ok 7 Kow5I7- RG]
2/ smsce Prgse 27 SEE peat PR
EJ;A/’{.:‘FW»?‘;'MM) ClOrSTATEDR THLS,
~ MICROSTRUCTURE 98005 | 354 1X5 | o7
£ etched: 72 50 7S te 36a X & | Pawnsy
| /".h 10 ke Te excerT FaR EXTOTE GXE  |9006 | /| xE| sy
/0 ‘ OF cavsr, Secront 3¢ | x25| 7RIS
. < Lo,
As1 56 Ak

[t

ANALYSES:
ssmmnxms/mfwnxmu XRDOI OTHER[D] see over.

INTERPRETATION:
FERRUTIC ROV, SOME btRi Below) SOHX5 o SZAS .

CARARDURISED oN TER STUREACE
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A.M. Lab. Metallography Recording Sheet SAMPLE: 250 473
ARTEFACT: A /AS4ER

X-radiographs:
. Condition: [/ Gy Line drawings:
Photos-Colour slide:
Sample location: e OVER 135 b/w print:
E}/ other:
Permission to sample After care:
TEE Tt 720300300 - RECorRDNT L D STARLEY
ARCHAEOLOGICAL CONTEXT )
Site name: S7 ATGEY AT AL ) EASTOHEARP AML Ref:
Specific context:
Dating of context: /, 527
MACROSTRUCTURE . .
Ay (10D5) PHOTOS
/ 2
Lowir7” 2/ ) f:g?i Film No. | Exp.No. | Mag. | Subject
3) 7734
7ENSY. %) 161G
5) 1588
i e "‘7 6 (‘{-, -3
Iy sl e
MICROSTRUCTURE ' G5603 ia Vx5O | ovsrT
unetched xszp Lasrr ‘ /2.4 ' s 7RISV,
F A g5
Qe 7rmse
aes .
Ay TRrsH 7
SF7s
MICROSTRUCTURE G006 2 |[KE& |Lowsm
3 etched: x /250 3 Xt | 7RANS
1007 (ereire asi1 6/ | 36 )25 L
Lonnl / .
STRNG P SHCTIAA, 36/ |¥25
&ty Frivmeg

ANALYSES:
SEM/EDX SEM/WDXB&RFD XRDEI OTHERO see over.

INTERPRETATION:
PHEPHORIC  prepp HO7 ORAED
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760023
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A.M. Lab. Metallography Recording Sheet saAMPLE: IS4

ARTEFACT: 2206 (S7ARXE)
(E# AR FECTUN, S7upY Qulec oM AR HBS /575)  Xerdiographs:

. Condition: . Sesplae m@ﬂ,ﬂ;w' Line drawings:
‘ Photos-Colour slide:
Sample location: (<£€ c’i/é'f } 135 b/w print: 84//0//?/}
other:
Permission to sample [Q/After care:
J7oeue 2OSrian RECOIIINE ¢ D, STAREY

ARCHAEOLOGICAL CONTEXT ",

Site name: 205N/ Gé%?/l/@ff:, HECTO AML Ref:
Specific context: £@pA7 2o PLATE

Dating of context: /?//

MACROSTRUCTURE
PHOTOS

7
Large {, Yos

FER Film No. | Exp.No. | Mag. Subject

v

/‘l

FINER FERRITE + PEARYTE

MICROSTRUCTURE p 1o
unetched XSZD Conky 7 Ao (19T+) 76w3 | s SOK | Lowsii
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Appendix I SEM (EDXA) analyses of slag inclusions in historical iron samples (date order)

Sample details

Inclusion

AML
ref.

fength width
(zem) (rem)

S

Cl

Composition
Na,0 MgO ALO, Si0, P,0; K,0 Cal TiO, V,0, MnO FeO

weight %

850009
Castle Hedlingham: window grill
Phospharic iron, 1% slag

Before 1200

960005

Windsor Castle: drain grill
Femitic iron / stes],

<1% slag

Before 1400

960006
Great Yarmoulh: short wall tie
Ferrilic iron, 1% slag

1560 - 1569

960007
Great Yarmouth: short walf tie
Feritic iron, 3% slag

1601

HI033
HI034
HI035
HIC36
HIO37
HIG39
HI040
HI044
Hi042
HI043
Hi044
mean

HI045
HI046
Hio47
HI048
HI04S
HI050
HI053
HIO54
Hi055
HI056
HIO57
HI058
HID5S
HI060
mean

Hl062
HI063
Hio64
HI0B5
HI066
Hi067
HI0G8
HI069
HI070
Hi071
Hio72
maan

HI073
HI074
HIO75
Hi076
HIo77
HI078
HI079
Hi080
Hi081
HI0g82
Hi083
Hio8s5
mean

30
130
100
100
100
120

30

10

80

30

10

67

100
6

g
40
20
30
50
20
70
30
80
120
60
20
47

30
70
15
25
18
200
60
100
150
160
200
93

500

50
200
150
300
100

80
100
130
100
150
120
165

10
15
20
100
10
70
30
190

100
20
60

100
80

100
47

50
20
200
100
70
80
30
20
60
30
100
60
68

0.2
0.1
0.4
03
03
0.1
0.1
0.4
05
02
04
03

02
01
0.2
0.1
0.0
0.1
01
00
01
0.1
08
0.0
0.1
05
0.2

0.1
0.1
0.0
0.0
0.1
0.2
0.4
04
08
0.3
03
0.2

0.1
0.1
0.1
6.1
00
0.2
0.1
0.0
0.1
0.1
0.1
0.2
0.1

0.0
00
00
01
0.0
0.0
0.1
0.1
00
0.1
0.1
0.0

0.1
0.0
0.0
0.0
0.0
0.0
0.0
00
00
0.1
0.1
0.0
0.1
0.0
0.0

0.1
0.0
0.0
0.0
0.0
0.0
6.0
00
00
0.0
0.0
0.0

0.1
00
0.1
0.1
00
0.1
0.0
0.0
0.0
00
0.0
0.1
00

0.4
06
03
0.6
05
03
0.7
05
0.0
03
04
0.4

05
0.8
0.5
0.7
09
0.6
07
0.6
08
0.6
03
05
06
0.7
06

05
06
07
05
0.5
0.5
0.5
06
05
0.4
05
05

0.3
03
05
08
07
05
0.7
06
06
0.5
0.7
0.7
06

0.4
1.0
05
13
0.2
0.1
0.0
05
0.0
07
02
04

05
1.4
1.2
14
18
13
1.7
1.6
05
06
03
08
0.6
0.3
0.9

0.4
03
0.2
0.1
0.4
06
0.4
05
05
0.4
0.6
0.4

0.7
05
05
05
07
07
10
06
0.4
07
09
06
0.7

27
1.9
15
3.6
0.7
06
05
1.0
0.5
08
0.7
13

4.7
8.4
6.5
8.2
100
9.0
10.0
100
32
56
24
6.4
47
28
6.6

3.4
21
0.9
6.4
28
190
100
0.9
08
1.4
09
28

3.4
28
34
3.4
6.1
34
69
45
5.1
52
7.0
49
47

100102

18.0

8.4
19.0
18.0
29.0
26.0
24.0
26.0

7.2
35
73
3.6
0.7
1.6
33
28

140108

180
19.1

250
40.0
30.0
340
93.0
44.0
48.0
540
17.0
280
120
33.0
230
15.0
326

12.0
14.0

43

9.8
18.0
130
15.0
20.0
18.0
21.0
200
15.0

140
12.0
13.0
13.0
26.0
150
310
210
23.0
220
20.0
230
20.2

3.2
4.9

0.8
0.2
0.8
1.4
0.2
0.0
0.2
0.0
10
1.0
05
0.4
0.8
3.4
08

35
4.1
0.5
21
53
1.6
2.6
28
37
386
46
34

0.6
0.3
0.4
0.4
07
08
0.3
0.6
06
0.2
0.5
0.7
05

1.3
0.1
04
23
0.7
0.3
03
08
0.4
0.0
0.3
0.6

1.9
28
2.1
32
4.7
37
48
46
1.0
22
07
28
1.9
1.2
27

0.1
0.1
0.0
0.0
6.3
0.1
0.1
03
0.4
06
0.4
0.2

13
10
11
13
25
1.2
30
18
20
21
28
20
19

28
06
08
2.7
11
08
08
15
0.8
05
08
12

21
36
2.9
38
7.1
6.0
44
6.1
1.1
28
69
27
1.7
08
33

0.6
0.8
02
0.2
038

06

08
1.3
18
1.7
1.5
09

13
11
12
14
2.4
1.5
4.1
21
23
26
3.4
21
21

0.2
0.0
0.0
0.0
0.1
0.1
6.0
0.2
0.0
00
00
01

02
0.3
0.2
0.4
05
05
0.4
05
0.1
0.0
0.2
03
0.2
0.2
03

0.1
0.0
0.1
0.1
03
03
06
03
04
03
6.1
0.2

0.1
0.2
0.1
0.2
0.0
00
0.1
6.2
0.2
0.2
0.2
0.1
0.1

0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.2
0.0
0.1
00

00
0.0
0.0
0.1
0.0
0.0
0.1
0.0
6.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
00
00
0.3
0.0
0.2
0.4
0.1
0.1
00
0.0
0.1

0.1
0.0
0.1
0.1
0.0
00
0.1
00
0.0
0.0
0.0
0.0
6.0

03
07
0.4
06
02
0.1
0.1
0.2
0.2
0.4
0.2
03

30
58
1.6
21
26
45
3.0
51
23
28
1.8
4.1
26
2.1
31

0.7
038
0.3
05
2.1
40
44
53
41
49
46
29

22
12
2.4
20
26

714
70.2
837
61.8
741
675
70.1
67.5
69.0
721
76.0
712

605
36.8
53.6
45.0
18.6
30.0
266
168
728
56.7
80.6
483
63.4
72.6
48.8

78.5
76.9
927
80.0
69.8
78.1
64.6
67.3
69.4
65.7
66.3
736

756
81.1
769
A
58.5

18 7489

33

497

2.0 667
27 631
289 636
3.1 522

21

64.1

23 67.0]
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Sample details

Inclusion

AML
ref,

length width
{rem} {z2m)

8

Gl

Composition

weight %

Na,0 MgO ALO, SI0, P,O; K,0 CaO Ti0, V,0, MnO FeO

860008
Great Yarmouth: short wall tie
Ferrific / phosphoric iron, 5% slag

1637

960009
Greal Yarmouth: short wall tis
Ferritic fphosphoric iron, <1% slag

1651

960010
Great Yarmouth: short wall tie
Ferritic iron, <1% slag

1691

960012
Teinity Chapel: hook for window hinge
Ferritic iron, 0.5% slag

1694

Hi088
HI089
HI080
HI081
Hi052
Hi093
HI094
Hi095
HI099
Hi100
Hi102
mean

HI103
HI104
HI107
HI108
HI108
HI110
HIt
HI12
HIH3
HIt14
mean

HH20
Hi121
Hi122
HI123
Hi124
Hi125
HI126
Hi127
HI{28
Hi129
HI130
meah

Hi144
Hi145
Hi1d6
Hit47
Hi148
H!149
HI151
HI152
HI153
HI154
mean

100
120
200
100

80
140
100
120

60
100

60
107

80
30
60
100
150
80
100
300
20
100
102

80
50
30
80
40
400
600
100
300
200
90
179

70
70
200
30
40
20
15
40
70
60
62

60
50
200
40
40
30
70
40
60
15
30
58

30
10
40
30
20
60
50
&0
15
30
35

10
10
10
30
20
60
300
80
80
100
20
65

0.2
0.3
0.3
0.4
0.1
03
02
0.4
0.2
0.3
05
0.3

0.1
0.1
0.1
0.0
0.0
0.1
0.0
0.0
0.0
0.0
0.0

04
0.3
6.1
03
086
0.1
0.2
0.1
0.2
0.2
0.5
0.3

0.2
0.0
00
0.1
01
0.2
0.2
02
0.2
0.0
0.1

0.1
00
01
0.0
0.0
0.1
01
0.0
0.0
0.1
0.0
0.0

0.0
0.0
0.1
0.0
0.0
0.0
0.5
0.0
0.0
0.1
0.0

0.1
0.1
0.0
0.0
0.1
0.0
0.0
0.2
0.1
0.2
0.1
0.1

0.0
0.0
0.0
0.1
0.0
0.1
0.0
0.0
0.1
0.1
00

0.4
0.4
02
06
0.3
05
08
04
0.2
0.5
03
0.4

0.6
1.1
0.6
05
1.1
07
08
05
08
1.1
0.8

04
0.4
03
0.4
0.6
0.7
03
06
08
1.0
08
06

06
0.4
05
0.5
0.4
0.2
05
05
0.3
0.2
0.4

05
0.4
0.1
0.4
0.6
0.2
06
05
0.2
06
04
0.4

0.2
0.3
0.2
02
08
0.4
04
0.2
0.3
0.2
0.3

0.4
0.5
04
0.4
0.5
0.8
0.9
10
12
1.2
1.0
08

03
0.4
03
0.8
0.4
0.0
0.6
0.2
0.1
01
03

03
0.3
0.3
0.3
03
03
03
0.4
0.4
0.3
0.1
0.3

11
18
20
1.8
26
15
22
23
186
34
20

2.1
16
1.6
2.4
1.1
341
3.2
40
3.8
37
3.2
27

05
0.4
12
1.7
05
00
09
06
0.1
0.0
06

43
55
4.1
49
18
3.6
7.7
9.8
45
73
6.4
5.4

89
9.8
13
120
15.0
78
13.0
10.0
99
200
11.0

16.0
120
1.0
170

78
19.0
230
240
240
240
210
18.1

2.1
18
1.1
120
22
0.1
95
46
6.1
0.1
3.4

22
28
22
3.0
40
1.7
38
5.0
1.2
24
28
28

57
7.2
57
38
29
2.1
23
1.1
28
24
36

7
1.7
12
17
16
02
1.4
08
0.9
1.0
1.3
12

6.3
48
0.1
37
3.1
28
2.7
59
13
58
37

0.1
0.1
0.1
6.1
0.0
01
0.1
03
02
03
01
0.1

0.2
05
0.2
01
0.6
0.2
05
0.4
0.4
07
0.4

10
0.8
0.7
1.0
0.3
13
1.6
22
1.8
18
1.4
1.3

00
00
00
05
0.1
0.0
02
0.1
0.9
0.1
0.1

09
0.3
08
10
00
0.6
13
17
0.8
13
14
08

03
1.1
05
04
1.0
06
0.7
05
05
1.1
07

1.3
06
08
10
05
186
19
24
23
23
17
1.5

04
03
0.3
KR
05
00
13
08
0.0
0.0
0.7

0.0
6.0
0.0
0.0
0.0
0.1
01
0.2
0.0
0.1
0.2
0.1

0.1
0.1
0.1
0.0
6.2
6.0
0.0
0.0
0.0
03
0.1

0.1
0.0
0.0
0.1
0.0
0.0
0.0
0.3
03
0.1
02
0.1

0.0
00
6.0
0.0
0.0
00
0.0
0.0
0.0
00
00

0.2
0.0
0.1
0.1
0.2
0.0
0.0
0.0
0.0
0.1
0.0
01

0.0
0.1
0.1
0.0
0.2
00
0.1
02
0.0
00
0.1

0.0
0.2
01
00
0.0
01
0.0
0.1
0.0
0.0
00
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.2
0.0
0.0
00

29
30
27
34
29
30
34
33
29
29
23
3.0

05
0.4
0.6
1.0
08
0.7
0.6
05
08
0.8
0.7

20
15
13
1.6
10
26
26
27
28
25
28
2.1

03
03
0.0
0.3
0.1
03
0.4
0.7
02
0.3
03

87.8
87.0
89.0
8b8
89.7
8g.y
815
779
89.4
83.9
85.4
86.1

B2.4
774
826
79.8
74.6
86.0
789
83.9
83.0
£9.9
80.0

74.5
80.3
829
74.4
86.0
70.4
64.7
61.3
61.8
618
66.3
713

89.3
916
965
76.3
926
86.3
83.8
86.1
975
93.1
80.3
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Sample details fnclusion Composition  weight %
AML fength width]S €I Na,0 MgO ALO; SO, P,0; K,0 Cal TiO, V.0, MnO Fel
ref, (em) (Lem)
980011 HIi31 30 6 (01 00 09 064 23 140 15 10 20 01 00 04 774
Rangers House: holdfast H132 150 7|04 00 07 05 17 93 10 05 15 00 00 04 843
Ferrifio iron, 0.5% slag H133 100 40 (00 00 07 G4 15 98 09 05 13 03 01 03 842
H134 90 40(ct 00 06 08 19 130 14 07 19 00 02 04 787
1699 Hi135 150 30 (04 00 08 06 24 160 12 09 25 01 00 04 757
Hi136 150 80 (c0 00 11 08 26 210 15 10 28 00 01 05 688
H{3¢ 25 1f21(04 00 09 10 29 210 11 12 28 00 00 07 683
Hi40 g 90t 00 07 07 25 150 20 06 22 02 01 05 749
Hi141 60 40|02 00 05 04 09 91 46 02 16 00 01 02 821
HI142 10 10(00 01 07 07 19 140 13 07 18 01 00 06 785
HI143 80 15|00 00 08 07 28 210 05 11 32 01 01 04 685
mean 78 26(01 00 08 06 21 147 15 08 21 01 01 04 767
960013 HIi86 50 1000 00 21 39 92 460 02 35 71 04 00 03 273
St May le Strand: strap of ringbeam |HI157 30 30 (00 00 21 39 92 460 02 35 72 04 00 03 274
Ferritic ironfsteel, <1% slag Hi158 50 30100 00 27 45 120 540 00 50 98 04 00 02 121
Hi16f 20 7100 00 18 32 84 520 00 3.0 71 04 00 14 233
1717 Hit62 70 201(01 00 19 29 93 520 06 41 72 04 00 13 205
Hi163 160 10 (00 01 17 34 86 560 01 38 85 03 00 14 163
mean 63 18|00 00 21 36 85 510 02 38 78 04 00 08 211
960014: Greenwich Naval College: |HI167 150 8 |00 06 241 27 120 610 00 25 92 05 00 37 65
down pipe bracket Hi168 100 10 (01 00 18 29 110 530 01 25 81 04 01 25 180
Feritic ironfsteal, <1% slag Hi68 40 20 (00 00 23 32 140 570 00 31 93 06 00 13 97
HM72 40 8(01 01 23 26 07 460 02 25 68 05 00 22270
1729 H1T73 8 5|01 00 13 46 190 380 05 09 160 10 00 09 178
Hi174 20 10(00 00 18 13 58 200 08 19 39 03 00 16 5386
mean 60 10|01 00 20 29 119 473 03 22 89 06 00 20 221
960015 HI175 100 100 (01 04 05 09 05 180 03 00 1t 01 00 48738
Milton House: gate Hi{76 80 80 (00 00 04 16 10 210 02 03 28 01 00 120 604
Ferritic iron, <1% slag Hif77 400 100 (00 01 05 08 10 130 02 02 18 01 02 58 768
HI178 80 30(0%t 00 03 06 06 30 01 00 03 01 04 314 817
1729 HIf79 60 60|01 00 06 03 03 30 04 00 03 00 00O 26 922
HIi8c 30 416 00 08 04 04 110 20 03 16 01 ©O 63 760
Hif81 25 101(01 00 04 02 06 31 01 02 05 00 00 39 908
HI182 30 20|07 00 05 04 09 100 13 03 16 01 00 51780
HI183 40 2008 01 05 07 07 120 11 03 15 00 00 52775
mean 61 47|04 00 05 07 07 105 06 02 13 01 03 54 798
960016 HIi85 100 3003 01 09 08 36 230 44 05 27 01 02 16 616
Fournier St. Mosque: balcony support[HI186 120 20 (04 01 07 05 13 85 03 02 07 01 00 12 862
Fermitic iron / steel, <1% slag HI187 150 9001 00 13 06 29 240 07 11 21 041 01 16 652
Hi188 100 60 (03 00 09 04 28 270 38 10 22 01 00 18 584
1743 HIi88 40 40101 01 15 08 38 300 33 23 26 03 00 26 523
HI{80 100 30 {04 01 12 07 21 180 12 09 17 00 00 17 710
Hi181 100 1502 00 44 19 78 660 08 18 52 03 00 69 73
H{g2 20 6101 01 34 57 180 380 07 47 130 06 04 06 152
HI193 30 3003 00 09 12 40 400 17 13 33 02 01 51 424
HI194 15 10301 00 13 18 70 630 04 22 52 03 00 53 136
mean 78 3302 01 14 14 53 339 17 16 39 02 01 28 474
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Sample details

Inclusion

Composition

weight %

AML length width|S €l Na,0 MgO ALO, Si0, P,0; K,0 Cal Ti0, V,0, MnO FeQ

ref, (um) {1m)
960017 HIf86 100 12|00 00 05 00 00 02 02 00 00 00 01 04 985
1 Bloomsbury St.: stair ballustade [HI197 25 10 (00 00 07 04 01 02 00 00 00 01 00 04 983
Ferritic/ phosphoric iron, <1%slag |HI198 16 10|05 00 00 01 04 78102 00 00 00 00 00807
Hi199 100 15|00 00 06 0% 01 02 00 00 00 02 01 02 985
1770 HI200 15 401 00 C6 143 20 240 92 04 30 02 00 28 563
HI201 7 602 00 05 01 01 110164 00 00 01 00 24 695
HI202 6 5|05 0t 05 01 02 86223 00 00 01 01 24 653
HI203 10 7103 00 03 01 00 210128 00 04 00 02 43 611
Hi204 30 2001 00 05 10 25 230 88 02 22 03 00 29 589
HI206 10 8100 00 04 20 34 230 99 02 39 00 00 24 549
Hizoe 20 61{01 00 03 41 18 190110 02 24 02 00 23 618
mean 31 1002 00 04 05 10 126 92 01 11 01 00 18 731
960020 HIZ34 70 70100 00 08 08 33 220 14 11 55 01 01 39 6086
143 Upper Picadilly: balcony railing |HI235 100 60 {00 01 06 07 14 88 07 04 23 00 01 29 809
Ferritic iron, 0.5% slag HI236 100 801(00 01 09 10 24 150 06 08 35 03 00 33 724
HIi238 60 501(01 00 07 05 18 110 05 07 22 00 03 31793
17756 HI236 200 301{00 01 089 085 29 190 10 11 41 00 01 35 664
HI240 70 6101 00 12 16 48 340 16 17 82 03 00 6.1 #1141
Hi242 250 25100 01 11 07 19 93 05 05 16 02 03 27 813
HI243 150 25100 00 08 13 20 140 04 06 23 01 02 36 743
HI244 1500 150 (01 04 13 12 65 300 13 24 89 02 02 42 441
Hi245 30 15102 01 11 24 41 290 22 16 59 02 00 58 471
mean 253 511(01 01 09 12 31 193 10 11 45 01 01 39 648
860002 0 500 00 06 ns 04 160 58 02 06 00 ns 0.4 766
Bedford Sq. Gardens: fireplate 10 5101 00 05 ns 04 84 64 02 09 00 ns 02 832
Femitic iron, 5% slag 6 4(00 00 02 ns 00 101 03 00 01 00 ns 0.0 891
8 801 00 02 ns 02106 14 01 03 00 ns 00 870
1779 mean 9 601 00 04 ns 02113 35 01 05 00 ns 02 840
960004 16 6|00 00 05 ns 05125 17 03 21 01 ns 06 823
Portsmouth: fireplate 12 8|00 00 04 ns. 06 167 22 02 20 00 ns .05 775
Ferilic iron, 10% slag 10 8100 00 04 ns. 02 42 81 00 12 00 ns nd 860
6 400 00 03 ns. 02 45 98 00 05 00 ns 14 834
1779 1 500 00 03 ns. 03 129 59 041 05 00 ns 0.1 798
mean 12 61{00 00 04 ns 03 102 55 01 12 00 ns 07 818
850012 12 6103 00 03 ns 10 65166 01 03 00 ns 11736
Norbury Park: fireplate 18 602 00 03 ns 04 46 84 01 02 00 ns 0.8 851
Feitic iron, 2% slag 8 8|00 00 04 ns 03 59108 01 03 00 ns 06 817
12 600 00 06 ns 03 81124 00 02 00 ne 06 780
1779 9 7100 00 04 ns 14 73162 00 36 00 ns 09 702
mean 12 7101 00 04 ns 07 65129 00 09 00 ns 08 772
a60018 Hi208 150 100 {01 00 07 CO 13 110 23 00 01 05 04 38 793
50 Portland Place: slair balustrade  |HI209 200 70 (01 01 05 01 13 220 42 02 02 03 01 65 646
Ferritic Iron, 5% slag HI210 80 8002 01 05 00 14 150 31 02 03 03 01 47 739
HI211 140 50|02 00 08 00 06 180 32 01 02 02 00 30737
1782 Hi213 160 160 (05 00 08 00 06 64 41 00 00 01 01 12 863
Hi214 180 10 (02 01 03 03 23 230 39 02 03 03 02 62627
Hi215 200 101{03 01 05 01 18 180 70 03 02 02 00 53 660
Hi217 100 1451(00 00 03 01 33 43 15 €0 01 00 00 1.1 8391
Hi218 120 20(03 01 03 00 17 190 67 01 03 01 00 48 662
Hi216 25 1000 01 06 00 10 150111 03 06 00 01 26 686
mean 136 53102 01 05 00 15 152 47 04 02 02 01 39 730
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Sample details

Inclusion

AML  length width
ref. {tem) {1em)

S

&

Compaosition

weight %
Na,0 MgO A0, Si0, P,0, K,0 Ca0 TiO, V,0, MnO FeO

960021
Lindsay House: upright
Feritic fron / stesl, <1% slag

1799

960003
Quarry Bank Mill: fireplate
Fenitic iron 3% slag

1799

960019
5 Knighishridge: railing
Phaspheric iron, 3% slag

1798

960022
Covenfry Hall: stair upright
Femitic iron, 3% slag

1800

960023
St Mary at Hill Church, washer
Phospharic iron, 5% slag

1822

Hiz46 20
Hi249 80
HI250 100
HI251 20
mean 55

10
10
6
10
10
mean g

Hi221 300
HI222 90
HI223 50
HI224 100
HI226 300
HIZ28 300
HIZ2¢ 200
HI230 70
Hi231 50
HI2Z32 60
HI233 300
mean 165

HIZs3 70
HI2z54 70
HI255 100
Hi2s6 70
Hi257 70
Hi258 70
HI25¢ 120
Hi260 100
Hi261 80
Hi262 3¢
Hi263 120
Hi264 250
mean 94

Hi2es 70
Hi266 120
HI267 70
HI2868 300
HI265 200
HI270 250
Hi272 70
HiZ71 140
HI273 200
Hi274 300
Hi275 200
Hi276 150
mean 173

15

250

0.1
0.1
0.2
0.1
01

n.d
05
05
n.d
04
0.4

05
0.4
0.4
05
03
10
03
0.4
0.4
01
03
0.4

0.2
0.5
0.2
0.2
0.2
0.1
0.0
03
02
0.4
04
03
03

24
09
07
10
0.2
0.4
0.3
0.0
04
06
0.4
0.2
06

0.0
0.1
0.1
0.0
0.1

0.0
0.0
00
0.0
0.0
0.0

0.1
0.0
00
0.0
0.0
0.0
0.1
01
0.0
0.0
00
0.0

0.0
00
6.0
0.0
0.1
c.0
0.1
0.1
00
0.0
0.0
0.1
00

0.0
00
01
0.0
0.0
0.0
0.0
0.0
0.1
¢.0
0.1
0.0
0.0

0.7
05
0.5
0.8
06

0.2
0.2
03
03
0.2
0.2

05
05
05
1.1
1.1
07
0.5
0.3
03
04
02
06

0.7
05
06
06
0.7
0.3
0.5
0.7
0.8
06
0.3
06
06

0.4
05
07
08
05
0.6
06
0.5
0.5
0.5
0.6
05
0.5

1.6
09
08
29
16

n.s.
5.
.5,
.8,
.8,
.8,

0.0
6.2
0.2
¢4
0.0
¢.1
0.2
0.1
0.2
02
0.0
01

0.2
0.1
0.1
G.0
0.0
6.1
¢.0
0.1
02
0.2
0.0
0.1
0.1

0.2
01
0.6
01
01
0.0
0.1
0.1
0.0
0.1
02
0.1
0.1

36 310 25
16 100 09
1.2 #1.0 09
51 410 16
29 233 15

i1 112 05
06 127 5.9
08 138 64
08 112 56
22 244 02
11 146 3.7

1.3 11.0 65
14 80 37
14 80 37
25 1560 60
24 120 49
15 11.0 54
14 75 44
17 140 59
18 74 33
14 130 63
22 150 43
17 111 48

09 82 09
06 130 29
05 150 19
05 81 14
12 280 08
05 65 09
05 110 38
06 95 24
06 77 19
13 240 27
1.7 370 07
15 280 09
09 163 18

18 130 41
38 360 37
98 450 1.0
22 220 87
07 73118
12 17.0 29
17 140 66
61 10 03
06 75 83
05 4B 45
07 88 65
09 110 43
20 160 52

1.5
05
05
28
13

0.2
0.1
0.0
0.1
03
0.1

0.0
0.1
0.1
c.1
0.1
6.1
00
0.1
0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1
0.8
01
0.1
01
0.1
08
06
05
0.3

0.1
0.1
06
0.2
00
0.3
0.1
0.0
0.1
0.0
02
0.1
0.2

6.9
20
27
93
5.2

0.2
0.1
02
041
04
0.2

03
03
03
0.2
03
0.4
01
0.4
0.1
0.3
05
0.3

00
0.2
01
00
0.1
0.0
00
0.0
041
0.1
0.1
0.0
0.1

0.4
1.1
25
05
1.5
6.1
01
0.0
05
0.1
03
0.1
0.6

0.1
0.4
0.0
0.2
0.1

0.4
0.3
0.4
0.0
09
04

0.0
0.0
00
03
03
0.1
0.1
0.0
02
0.2
0.3
0.1

0.1
0.0
00
0.1
0.1
0.1
0.0
0.1
0.1
0.1
00
0.1
0.1

0.2
0.6
11
0.2
0.0
00
0.1
0.1
0.0
63
0.1
0.0
02

0.0
0.1
0.1
03
01

ns
s
ns
ns
ns
ns

03
0.1
0.1
00
00
0.2
02
02
03
0.1
0.0
0.1

0.0
0.0
0.0
01
0.1
0.0
0.0
0.0
0.0
0.1
0.1
00
00

0.1
0.4
0.2
0.3
6.1
0.0
0.1
0.1
0.1
01
0.0
0.0
0.1

08
0.5
07
1.6
08

57
43
57
4.1
12.7
65

18
16
1.6
1.7
17
21
13
27
16
24
28
1.9

0.2
06
05
05
08
0.4
0.5
0.4
04
18
1.5
1.4
68

30
11.0
150

4.8

1.7

0.7

23

0.0

13

08

1.4

0.7

36

51.3
826
815
345
62.5

80.5
756
720
77.7
58.7
7289

77.8
836
83.6
721
77.2
78.3
83.8
742
84.3
75.6
742
78.6

88.5
81.6
81.4
88.4
67.5
g1.0
83.8
85.6
87.9
67.7
57.8
67.0
79.0

738
#156
18.7
506
759
772
74.1
979
805
876
818
82.4
709
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Sample details

inclusion

Composition

weight %

AML length width]S CI  Na,0 MgO ALO, S0, P,O, K,0 CaO TiO, V,0, MnO FeO
ref, {zzm) {1em)
960024 Hi277 15 701 00 19 08 71 360 14 27 58 03 00 22 411
Mordon Grange, dog (stap!e) HI278 300 60100 01 14 12 30 310 08 12 28 02 00 27 561
Femitc ron/stesl, 5% slag HI27Z9 300 80 [04 01 16 12 50 340 08 20 38 04 00 25 483
Hi280 80 80 (02 04 11 12 43 330 09 14 26 02 01 29 518
1825 HI282 30 71(01 00 08 12 33 310 08 15 33 04 01 28 554
HI283 120 20|04 00 11 08 44 340 09 23 39 02 02 29 497
Hi284 400 12|04 01 10 10 30 260 05 198 39 01 01 28 594
HI285 50 10|00 00 12 14 47 380 06 18 40 02 02 34 450
Hi286 100 30101 00 45 11 57 350 09 19 39 03 02 26 464
Hi287 420 40 (01 00 14 13 45 360 05 16 36 02 00 29 475
Hi288 20 10|01 01 12 15 42 350 07 14 33 02 01 30 491
mean 412 32 (041 00 13 12 45 335 08 18 37 02 01 28 500
960025 Hi288 12 1201 01 04 03 04 22 16 01 10 00 00 06 932
23 Onslow Gardens: balcony rail leaf {HI280 30 15|01 01 07 035 03 24 28 01 10 01 01 08 913
Ferilic! phosphoric iron, <1-2% slag HI291 3 30101 01 06 04 06 63 18 02 10 00 01 09 880
HI292 100 60|01 00 03 05 04 18 38 03 21 00 0O 05 801
1872 HI293 30 30(00 00 05 04 04 21 34 00 06 01 CO 05 921
HI294 400 10|02 0% 06 02 06 41166 01 11 01 02 08 754
Hi295 10 10 (01 01 05 00 00 01 77 00 00 00 01 03 912
Hi2e7 30 10|16 01 04 01 01 08277 01 07 00 00 08675
mean 43 22003 041 05 03 04 25 82 01 09 00 01 07 861
950006 Hi001 200 50|04 01 05 12 08 130145 00 29 03 06 48 611
Albert Memorial: bolt Hioo2 150 60 (04 01 04 12 08 190123 04 17 02 02 53 580
Phosphoric iron, 10% siag HI003 300 10|14 01 05 11 16 210 63 02 23 05 06 47 593
HIDD4 50 £i07 01 05 08 08 64133 04 64 01 02 24 686
1876 HIGO5 250 7002 00 05 16 09 190 98 01 15 041 03 47 613
HIOOB 150 20 0.4 041 05 12 10 140129 00 19 02 05 46 626
HIOO7 80 20163 01 02 141 20 210 98 01 16 03 05 49 587
HIO0Y 60 60(05 00 04 09 09 200 92 00 15 01 02 49613
HI010 120 701[03 00 05 12 07 170 79 02 14 01 06 47 657
Hio14 420 100 |06 00 05 07 07 62 54 00 08 02 08 28 811
mean 148 47|05 041 05 11 10 157101 01 22 02 05 44 638
950007 HI018 120 30(03 00 05 13 14 140 53 00 23 02 02 41705
Albert Memorial bolt HIO19 500 50 (06 00 03 16 24 230 40 06 30 03 01 55589
HI021 40 6103 00 06 14 17 440 79 02 26 03 00 38 670
1876 HI022 50 1512 04 02 09 30 77 26 00 09 02 00 19 813
HI023 30 6101 041 02 18 20 180 65 02 19 04 01 43 641
HIG24 7 6§02 01 05 11 08 220 21t 01 14 04 01 41669
HI025 80 40§04 00 05 16 21 200 48 01 33 03 00 56 616
H026 5 4102 00 04 17 18 170 44 00 20 01 00 34694
HIo27 20 91(03 00 05 13 17 170 41 04 21 01 01 43 688
HI028 130 301{04 01 03 19 17 190 46 00 16 02 00 46 66.1
H1029 6 6{01 00 03 08 16 100 89 04 36 04 01 61676
mean 91 19104 00 04 14 18 163 51 01 23 03 01 43 677
960026 Hi208 15 4133 00 03 00 01 260 02 00 00 04 00 640 60
Avery Hill College: HI200 10 30|46 00 01 00 01 200 07 00 00 03 01 660 88
Mild steel <1% slag HI302 40 10(05 00 04 06 80 380 03 08 29 09 00400 72
HI303 25 7101 01 02 00 02 300 00 00 00 00 00 640 50
1894 HI304 25 4500 00 03 02 091 300 00 01 00 00 02660 42
HI305 8 4145 00 05 041 02190 00 00 04 00 00670 B8
HI306 30 6142 00 03 00 00 230 02 00 00 02 02680 37
HI307 20 5i23 00 02 00 01 280 00 00 01 10 01650 31
HI308 9 9128 00 02 041 00 260 06 00 00 04 041670 27
mean 21 7152 00 03 01 09 240 02 01 03 03 01633 53

ns = not sought nd = not detected
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Appendix Il  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 Ni Cu As Ti V Cr In
950009 3302EH 1891 10.004 0.196 0.025 0.001 0014 0.080 0466 0.126 0.002 0000 0002 0.005

Caslle Hedingham  [3302EH 1892 |0.005 0.189 0.027 0.000 0021 0084 0454 0437 0001 0000 0002 0000
window gl 3300EH 1893 0002 0.174 0.017 0,000 0.014 0076 0347 0.103 0000 0002 0.004 0.000

3300EH 1894 (0004 0181 0.019 0005 0.002 0076 0332 0.416 0.000 0.002 0.000 0.006
3302EH 1895 |0.005 0480 0.019 0.000 0.000 0.090 0391 0.431 0.000 0.002 0003 0.011
before 1200 3300EH 1896 |0.004 0480 0.015 0.000 0.009 0085 0356 0.425 0.000 0.002 0.001 0.008
3300EH 1897 0003 0.175 0.016 0.001 0007 0075 0438 0418 0.001 0001 0.000 0.000
3302EH 1898 |0.003 0.461 0011 0000 0.012 0.075 0326 0.438 0.002 0.002 0005 0.002
3302EH 1899 [0.002 0.207 0015 0002 0020 0.077 0364 0106 0.000 0.000 0.000 0.000
3302EH 1900 |0.005 0.163 0.015 0.000 0.013 0067 0382 0.407 0.000 0.000 0.003 0.000
3302EH 1901 (0003 0.160 0.015 0.000 0.015 0078 0410 0.423 0.000 0.001 0.002 0.000

mean 0004 0179 0018 0001 0012 0.078 0388 0.121 0001 0001 0.002 0.003
960005 3303EH 1902 [0.073 0.018 0007 0009 0.000 0013 0.049 0031 0.003 0.000 0.000 0.000
Windsor Casllie 3303EH 1903 |0.049 0.015 0006 0.005 0.000 0.017 0.048 0.000 0.002 0.002 0.002 0.003
drain gril 3303EH 1904 |0.038 0.015 0.004 0.000 0004 0012 0.036 0.000 0.000 0.004 0.000 0.000

3303EH 1905 [0.037 0.020 0.004 0.000 0,000 0015 0036 0.000 C.000 0.000 G.002 0.000
b 400 3303EH 1906 (0.029 0.018 0.004 0.004 0002 0011 0.041 0000 0.000 0.000 G.000 0.001
efore 1 3303EH 1907 (0.115 0.022 0.008 0.010 0002 0014 0.038 0.040 0.000 0.000 0.000 0.000
3303EH 1908 {0.015 0.020 0.008 0.000 0.000 0.006 0.034 0.000 0.000 0.000 ©.002 0.000
3303EH 1809 10.015 0.022 0007 0.009 0001 0.004 0.043 0.000 0.001 9001 0.000 0.000
3303EH 1910 [0.102 0.027 0.010 0.000 0.000 0.009 0.054 0.048 0.001 0000 0000 0.000
3303EH 1911 [0.041 0.028 0004 0003 0006 0.020 0.057 0.020 0.000 0.000 0.002 0.000
3303EH 1912 (0016 0.026 0.007 0.003 0002 0.012 0.041 0.010 0000 0.003 0.000 0.000
3303EH 1913 [0.007 0.019 0.006 0002 0.001 0009 0034 0.000 0.002 0.000 0.000 0.010
3303EH 1914 [0.024 0036 0003 0.000 0000 0.008 0.034 0.000 0003 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 ©.000
3303EH 1916 {0.009 0.010 0.003 0.000 0000 0024 0.031 0.011 0.000 0.000 0.001 0.000
3303EH 1917 {0.063 0.015 0.023 0.015 0001 0.011 0.053 0.000 0.001 0.000 0.000 0.000
3303EH 1918 [0.087 0.018 0.022 0021 0010 0.011 0.053 0.000 0.000 0.000 0.003 0.000
3303EH 1919 [0.037 0.018 0.011 0011 0007 0.012 0.047 0.000 0.000 0002 0.000 0.001

mean 0.043 0.020 0.008 0.005 0.002 0013 0.043 0009 0001 0001 0.001 0.001
960006 3304EH 1920 |0.003 0.062 0.012 0.006 0006 0.019 0.010 0036 0.000 0000 0.001 0.008
Great Yarmouth 3304EH 1921 [0.023 0054 0.029 0.007 0.000 0.017 0.000 0.000 0.001 0.000 0.000 0.000

3304EH 1922 {0.006 0.107 0015 0.011 0003 0.017 0.000 0.000 ©.000 0000 0.002 0.001
3304EH 1923 [0.005 0109 0.014 0.005 0.000 0.012 0.003 0.000 0.004 0002 0.000 0.000
1560-1569 3304EH 1924 |0.012 0.053 0022 0.006 0.003 0.013 0.000 0.000 0003 0.001 0.005 0.004

) 3304EH 1925 |0.005 0.064 0.014 0.003 0.000 0.021 0.000 0.000 0000 0.000 0.000 0.000
3304FH 1926 [0.046 0.086 0.051 0.049 0006 0.016 0.006 0.000 0.003 0002 0.002 0.000
3304EH 1927 (0093 0.126 0.047 0.082 0000 0.013 0.000 0.000 0.000 0002 0.001 0.000
3304EH 1928 [0.013 0.101 0.034 0.037 0003 0014 0.008 0.000 0.000 0000 0.000 0.G08
3304EH 1929 [0.011 0.029 0006 0.006 0.006 0.044 0.015 0.085 0.000 0.000 0.000 0.000
3304EH 1931 |0.006 0.042 0004 0009 0.007 0.035 0.007 0.002 0.003 0.000 0.000 0023
3304EH 1932 |0.000 0.015 0.007 0001 0.008 0.040 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

short wall tie

mean 0.017 0066 0020 0.017 0004 0024 0.007 0.008 0.001 0001 0001 0.003
960007 3305EH 1934 [0.009 0.018 0004 0.004 0.010 0.032 0.116 0.000 0.000 0000 0.000 0.001
Great Yarmouth 3305EH 1935 [0.005 0.031 0006 0003 0.004 0021 0.115 0.001 0.001 0000 0.001 0.000
short wall tie 3305EH 1936 [0.010 0.024 0012 0.003 0.001 0.013 0.152 0.000 0001 0005 0.001 0.003
3305EH 1937 [0.003 0.016 0.001 0004 0005 0020 0093 0.014 0000 €000 0.000 0.001
1601 3305EH 1938 [0.015 0.027 0.007 0002 0.002 0.016 0.142 0.000 0.000 0.004 0.002 0.000

3305EH 1939 [0.006 ©0.019 0004 0.000 0.000 0.013 0.402 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 €.000 0.000 0.000
3305EH 1941 10004 0.022 0003 0.000 0002 0.024 0.123 0.030 0.000 0.000 0.003 0.008
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Sample details

sample

Oxford Lab ref.
spec.

Si

P

S

Composition wt%

Mn

Co

Ni

Cu

As

Ti

Cr

Zn

960007 cont.

960008
Great Yarmouth
short wall tie

1637

860009

Great Yarmouthmean

short wall tie

1651

960010
Great Yarmouth
short wall tie

1691

© [3307EH

3305EH
3305EH
3306EH
3305EH
3305EH
3305EH
mean

1942
1943
1944
1945
1946
1847

2424
2425
2426
2421
2428
2429
2430
241
2432
2433
2434
2435
2436
2437
2438
: 2439
mean

3308EH
3306EH
3306EH
3306EH
3306EH
3306EH
3306EH
3306EH
3306EH
3306EH
3306EH
3306EH
3306EH
3306EH
mean

1948
1948
1850
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961

3307EH
3307EH
3307EH
3307EH
3307EH
3307EH
3307EH
3307EH

1962
1963
1964
1965
1966
1967
1968
1969
1870
1971
1972
1973

3307EH
3307EH
3307EH
mean

0.009
0.008
0.008
0.013
0.014
0.009
0.008

0.008
0.004
0.006
0.115
0.007
0.029
0.012
0.012
0.017
0.023
0.007
0.004
0.007
0.012
0.007
0.055
0.020

0.005
0.004
0.008
0.002
0.006
0.005
6.006
0.008
0.013
0.001
0.006
0.001
0.067
0.008
0.006

0.004
0.007
0.000
0.003
0.017
0.007
0.007
0.003
0.009
0.004
0.004
0.007
0.006

0.020
0.016
0.011
0.005
0.004
0.000
0.016

0.065
0.040
0.055
0.057
0.028
0.143
0.058
0.024
0.142
0.082
0.074
0.111
0.147
0.115
0.138
0.068
0.084

0.093
0.143
0.198
0.178
0.147
0.150
0.116
0.122
0.123
0.087
0.137
0.163
0.103
0.t57
0.136

0.024
0.027
0.024
0.041
0.047
0.059
0.022
0.036
0.018
0.047
0.037
0.031
0.034

0.006
0.006
0.010
0.003
0.005
6.004
0.005

0.007
0.004
0.006
0.024
0.004
0.010
0.019
0.008
0.008
0.011
0.005
0.007
0.008
0.008
0.008
0.015
0.010

0.003
0.004
0.007
0.004
0.005
0.003
0.005
0.005
0.006
0.000
0.001
0.003
0.004
0.006
0.604

0.007
0.008
0.005
0.012
0.011
0.016
0.007
0.005
0.006
0.010
0.009
0.004
0.008

0.006
0.003
0.010
0.000
0.000
0.008
0.603

0.004
0.003
0.001
0.073
0.008
0.008
0.015
0.012
6.011
0.008
0.000
0.006
0.003
0.003
0.004
0.023
0.011

0.001
0.003
0.000
0.000
0.000
0.001
0.000
0.006
0.000
0.005
0.001
0.003
0.003
0.000
0.002

0.004
0.001
0.000
0.002
0.000
0.011
0.004
0.000
0.007
0.000
0.000
0.000
0.002

0.000
0.000
0.006
0.001
0.002
0.007
0.003

0.000
0.000
£.005
0016
0.000
0.004
0.000
0.009
0.000
0.000
0.007
0.004
0.000
0.000
0.000
0.002
0.003

0.041
0.002
0.003
0.001
0.007
0.000
0.006
0.004
0.010
0.004
0.007
0.005
0.017
0.010
0.006

0.006
0.005
0.006
0.004
0.007
0.000
0.000
0.004
0.004
0.006
0.010
0.004
0.005

0.016
0.009
0.012
0.019
0.012
0.020
0.017

0.011
0.018
0.022
0.011
0.019
0.014
0.013
0.016
0.024
0.020
0.018
0.016
0.024
0.013
0.011
0.010
0.016

0.017
0.009
0.015
0.010
0.019
0.004
0.008
0.011
0.005
0.018
0.013
0.009
0.015
0.017
0.012

0.014
0.014
0.007
0.020
0.017
0.013
0.002
0.023
0.017
0.030
0.022
0.024
0.017

0.092
0.130
0.093
0.073
0.074
0.064
0.107

0.000
0.000
0.002
0.002
0.004
0.007
0.000
0.000
0.004
0.006
0.001
0.008
0.011
0.004
0.010
0.000
0.004

0.015
0.022
0,020
0.018
0.014
0.023
0.014
0.004
0.010
0.013
0.012
0.005
0.017
0.020
0.015

0.017
0.030
0.025
0.065
0.021
0.024
0.012
0.038
0.043
0.061
0.064
0.035
0.035

0.008
0.041
0.000
0.007
0.000
0.021
0.010

0.051
0.000
0.000
0.020
0.000
0.005
0.000
0.039
0.054
0.000
0.000
0.031
0.000
0.004
0.011
0.000
0.013

0.000
0.025
0.074
0.000
0.000
0.000
0.000
0.015
0.034
0.022
0.019
0.005
0.000
0.000
0.014

0.000
0.000
0.009
0.000
0.000
0.000
0.012
0.000
0.004
0.000
0.031
0.000
0.005

0.000
0.000
0.000
0.002
0.003
0.000
0.001

0.000
0.000
0.000
0.001
0.000
0.000
0.003
0.000
0.004
0.000
0.000
0.000
0.000
0.000
0.002
0.002
0.001

0.000
0.000
6.000
0.002
0.003
0.000
0.003
0.060
0.000
0.000
0.000
0.000
0.000
0.002
0.001

0.000
0.000
0.000
0.000
0.000
0.000
6.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.600
0.000
0.000
0.001
0.000
0.001

0.001
0.001
0.601
0.002
0.000
0.000
0.002
0.000
0.003
0.000
0.003
0.000
0,000
0.003
0.003
0.000
0.001

0.003
0.001
0.000
0.001
0.001
0.000
0.060
0.000
0.000
0.000
0.001
0.001
0.004
0.000
0.001

0.000
0.001
0.000
0.000
0.000
0.001
0.000
0.000
0.000
6.000
0.000
0.000
0.000

0.060
0.000
0.001
0.001
0.003
0.000
0.001

0.001
0.001
0.000
0.002
0.060
0.005
0.001
0.001
0.003
0.001
0.002
0.002
0.001
0.000
0.001
0.001
0.001

0.000
0.000
¢.000
0.000
0.600
¢.000
0.001
0.002
0.001
0.000
0.001
0.000
0.600
(:.000
0.000

0.000
0.000
0.001
0.001
0.002
0.000
0.000
0.000
0.002
0.062
0.000
0.001
0.001

0.002
0.000
0.000
0.002
0.001
0.000
¢.001

(006
0.0114
0.004
0.003
0.011
000
0.021
0.000
0.011
0.000
0.007
0.000
0.000
0.008
0.006
0.004
0.006

0.006
0.015
0.014
0.000
0.000
0.007
0.008
0.012
0.000
0.007
0022
0.000
0.000
0.004
0.007

0.000
0.003
0.003
0.017
0,012
0.017
0.025
0.001
0.000
0.015
0.010
0.009
0.009
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Sample detalls

Oxford Lab ref.
spec.

sample

Si

P

S

Composition wit%
Mn Co Ni

Cu

As

Ti

Cr

Zn

960012
Trinity Chapel
hook for window hinge

1694

960011
Rangers House
noldfast

1699

960014
Greenwich Naval
College

down pipe bracket

1729

960015
Milton House
gate

1729

960016
Fournier St. Mosque
balcony support

1743

2440
2441
2442
2443
2444
2445
2446
2447
2448
2448
2450
2451
2452
2453
mean

3308EH
3308EH
3308EH
3308EH
3308EH
3308EH
3308EH
3308EH
3308EH
3308EH
mean

1974
1973
1976
1977
1978
1978
1980
1981
1982
1983

3309EH
3309EH
3309EH
3309EH
3308EH
3308EH
3308EH
3309EH
3308EH
mean

1984
1585
1986
1987
1988
1989
1990
1991
1992

EH22
EH22
EH22
EH22
EH22
EH22
EH22
EH22
EH22

2474
2475
2476
2477
2478
2479
2480
2481
2482

3310EH
3310EH
3310EH
3310EH
3310EH
3310EH

1993
1996
1996
1997
1998
1989

3310EH 2000

0.007
0.010
0.010
0.008
0.005
0.010
0.006
0.011
0.006
0.011
0.010
0.008
0.012
0.055
0.012

0.028
0.012
0.002
0.003
0.008
0.003
0.013
0.007
0.005
0.004
0.009

6.011
0.006
0.005
0.032
0.003
0.007
0.002
0.004
0.007
0.009

0.030
0.047
0.064
0.031
0.025
0.033
0.023
0.064
0.082
0.044

0.003
0.024
0.022
0.005
0.011
0.112

0.002

0.066
0.087
0.070
0.043
0.050
0.070
0.070
0.084
0.090
0.068
0.070
0.110
0.098
0.068
0.075

0.030
0.031
0.020
0.024
0011
0.026
0.026
0.035
0.021
0.014
0.024

0.009
0.013
0.015
0.030
0.023
0.027
0.023
0.010
0.043
0.018

0.022
0.018
0.018
0.011
0.013
0.015
0.016
0.035
0.029
0.020

0.067
0.035
0.093
0.042
0.042
0.012
0.035

0.009
0.005
0.007
0.005
0.004
0.005
0.006
0.006
0.008
0.004
0.007
0.006
0.006
0.007
0.006

0.007
0.006
0.005
0.003
0.004
0.004
0.009
0.006
0.004
0.008
0.006

0.007
0.000
0.004
0.007
0.007
0.009
0.003
0.001
0.003
0.005

0.006
0.012
0.008
0.004
0.065
0.004
0.006
0.026
0.020
0.010

0.013
¢.012
0.018
0.011
0.012
0.006
0.004

0.000 0.001 0008
0.000 0003 0018
0.060 00056 0022
0.000 0007 0012
0.000 0004 0.005
0.000 0007 0.049
0.003 0.000 0.013
0.004 0007 0.011
0.000 0.003 0.019
0.002 0012 0025
0.000 0.000 0.010
0.001 0.001 0.018
0.003 0000 0.016
0.000 0000 0.016
0.001 0004 0015

0.002
0.010
0.002
0.001
0.007
0.001
0.000
0.007
0.003
0.006
0.004

0.010
0.006
0.009
0.016
0.007
0.012
0.024
0.006
0.009
0.025
0.012

0.006
0.000
0.000
0.001
0.003
0.000
0.000
0.002
0.005
0.000
0.002

0.020
0.002
0.018
0.009
0o
0.016
0.020
0.014
0.012
0.014

0.000
0.000
0.002
0.004
0.000
0.004
0.004
0.001
0.001
0.002

0.000
0.000
0.006
0.000
0.004
0.006
0.000
0.000
0.004
0.002

0.006
0.003
0.027
0.005
0.010
0.009
0.009
0.028
0.025
0.014

0.001
0.000
0.005
0.007
0.000
0.004
0.000
0.002
0.000
0.002

0.008
0.006
0.000
0.000
0.001
0.009
0.006
0.019
0.007
0.006

0.006
0.006
0.019
0.005
0.0H
0.020
0.003

0.027
0.022
0.017
0.015
0.022
0.002
0.006

0.011
0.009
0.009
0.007
0.013
0.016
0.010

6.035
0.032
0.044
0.030
0.023
0.028
0.031
0.037
0.046
0.024
0.035
0.042
0.037
0.035
0.034

0.024
0.026
0.018
0.022
0.022
0.011
0.019
0.028
0.031
0.025
0.023

0.000
0.001
0.001
0.014
0.000
0.013
0.000
0.005
0.000
0.004

0.003
0.005
0.016
0.007
0.004
0.003
0.004
0.000
0.000
0.004

0.266
0.192
0.122
0.198
0.161
0.024
0.031

0.000
0.000
0.027
0.000
0.000
0.000
0.000
0.000
0.039
0.000
0.000
0.000
0.000
0.000
0.005

0.000
0.000
0.028
0.004
0.000
0.000
0.000
(.000
0.001
0.000
0.003

(:.000
0.000
0.000
0.000
0.031
0.001
0.000
0.000
0.000
0.004

0.021
0.000
0.015
0.046
0.000
0.078
0.000
0.049
0.018
0.025

0.026
0.000
0.000
0.000
0.000
0.000
0.050

0.000
0.000
0.004
0.000
0.002
0.000
0.000
0.001
0.000
0.001
0.000
0.000
¢.000
0.000
0.001

0.002
0.000
0.001
0.003
0.000
0.000
0.000
0.000
0.000
0.000
0.001

0.002
0.003
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0.001

0.000
0.002
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.001

0.000
0.003
0.002
0.000
0.000
0.002
0.002
0.000
0.000
0.002
0.003
0.003
0.000
¢.001
0.001

0.001
0.003
0.000
0.000
0.000
0.000
0.000
0.000
0.003
0.000
0.001

0.001
0.000
0.003
0.000
0.000
0.0600
0.003
0.001
0.001
0.001

0.000
0.000
0.001
0.000
0.000
0.000
0.001
0.002
0.002
0.001

0.002
0.002
0.001
0.000
0.000
0.000
0.000

0.000
0.602
0.601
0.000
0.000
0.601
0.000
0.001
0.001
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.001
0.000
0.001
0.000
0.000
0.002
0.003
0.001
0.000
0.001

0.001
0.000
0.001
0.000
0.000
0.000
0.001
0.002
0.000
0.001

0.002
0.000
0.001
0.000
0.000
0.001
0.003
0.000
0.000
0.001

0.000
0.000
0.002
0.000
0.000
0.000
0.001

0.000
0.000
0.000
0.004
0.004
0.000
0.000
0.000
0.000
0.000
0.002
0.000
0.000
0.000
0.001

0.000
0.011
0.008
0.000
0,000
0.000
0.002
0.000
0.000
0.010
0.003

0.007
0.000
0.000
0.000
0.000
¢.000
0.000
0.000
0.000
0.001

0.004
0.010
0.000
0.000
0.000
0.015
0.000
0.000
0.00m
0.003

0.000
0.000
0.000
0.000
0.000
0.000
0.000
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Sample details Oxford Lab ref. Composition wt%
sample spec. |[Si P 8 Mn Co N Cu As Ti V Cr Zn
960016 conl. IIMOEH 2002 [0.002 0.054 0.002 0.000 0005 0013 0016 0.113 0.000 0001 0.000 0006
3310EH 2003 {0.005 0046 0005 0.000 0.001 0.013 0040 0.067 0.G00 000t 0000 0000
3310EH 2004 |0.002 0058 0001 0.006 0007 0008 0016 0.010 0.001 0.000 0.000 0.000
3310EH 2005 |0.002 0048 0003 0.000 0006 0022 0.019 0.000 0.004 0.000 0.001 0.000
3310EH 2006 [0.001 0.014 0002 0000 0013 0.018 0.029 0.070 0000 0.001 0.001 0000
3310EH 2007 [0.003 0.038 0002 0002 0005 0014 0023 0.096 0.000 0.000 0.000 0.000
3310EH 2008 |[0.001 0031 0.006 0.004 0.004 0008 0027 0.0060 0.602 0.000 0.002 0000
3310EH 2009 [0.008 0.023 0003 0006 0006 0.008 0.027 0.034 0.004 0.000 0000 0.000
3310EH 2010 (0,013 0020 0006 0.009 0018 0.012 0.122 0.000 0.000 0.004 0.001 0.021
3310EH 2011 |0.036 0.039 0.015 0023 0014 0.014 0.139 0.014 0.000 0.000 0000 0.003
mean ¢.015 0.040 0007 0007 0011 0.012 0085 0.028 0.001 0001 €000 0.002
960017 EHZ3 2483 |0.017 0.112 0011 0013 0025 0042 0415 0.000 0.000 0.001 0.000 0.000
1 Bloomsbury St. EH23 2484 [0.016 0.100 0008 0002 0018 0028 0.106 0.000 0.006 0001 0.003 0.000
Stair ballustrade EH23 2485 (0019 0.101 0.008 0.009 0.022 0.033 0.422 0.000 0.000 0.000 0.003 0.000
EH23 2486 |0.008 0.084 0.002 0.000 0.024 0.026 0080 0.000 0.000 0.00¢ 0.000 0.00
1770 EH23 2487 |0.014 0.142 0.003 0.004 0.019 0.037 0.108 0.000 0.0601 0002 0.000 0.000
EH23 2488 [0.017 0.142 0007 0.003 0030 0023 0.109 0.039 0.001 0001 0.000 0.014
EH23 2483 [0.016 0.116 0009 0.002 0.028 0.040 0.427 0.001 0.000 0.002 0.000 0.004
EH23 2430 |0.017 0.084 0003 0.001 0029 0028 0422 0037 0002 0000 0.002 0002
EH23 2481 |0.017 0.055 0.006 0.000 0.013 0021 0096 0.000 0.004 0003 0.000 0006
EHZ3 2492 |0.011 0.089 0.008 0001 0025 0022 0096 0.000 0.000 0000 0.005 0.000
mean 0015 0.103 0.007 0.004 0023 0030 0108 0.008 0.001 0001 0.001 0003
960020 3313EH 2031 |0.005 0.027 0065 0.006 0.000 0017 0021 0.041 0000 0000 0.000 0.005
143 Upper Picadilly ~ [3313EH 2032 [0.001 0.030 0001 0018 0.009 0.011 0.018 0.000 0.060 0.001 0000 0.000
baloolny railing 3313EH 2033 [0.002 0.021 0004 0.007 0.016 0012 0024 0.000 0.000 0.000 0000 0.000
3313EH 2034 [0.003 0.016 0.003 0.005 0008 001¢ 0.032 0.000 0.000 0.000 0.001 0.000
3313EH 2035 [0.000 0.029 0005 0006 0009 0.014 0014 0002 0000 0.000 0.000 0012
1775 3313EH 2036 [0.005 0.012 0.004 0.007 0001 0.008 0024 0.029 0002 0.000 0.000 0000
3313EH 2037 [0.004 0021 0.002 0025 0006 0.012 0020 0.000 0.001 0000 0001 0.000
3343EH 2038 10.003 0020 0.001 0013 0007 0008 0018 0.000 0001 0.000 0008 0.000
mean 0.003 0.022 0.003 0011 0007 0012 0021 0.009 0.001 0.000 0001 0002
860002 3316 2368 |0.064 0.055 0.030 0004 0.029 0065 0033 0.000 0.000 0.000 0000 0.007
Bedford Square 3316 2369 [0.047 0.157 0009 0.001 0.032 0.059 0019 0.000 0.000 0.001 0.000 0.000
Gardens 3316 2370 |0.065 0.170 0015 0.002 0027 0053 0.029 0000 0.000 0.000 0.000 0004
fireplate 3316 2371 [0.080 0.108 0.052 0.000 0032 0044 0.046 0.000 0.003 0.000 0.000 0000
3316 2372 10.072 0.163 0.026 0.000 0030 0043 0043 0086 0.000 €000 0002 0011
3316 2374 10139 0.1061 0.016 0.002 0020 0040 0044 0032 0.000 €000 0.002 06.000
1779 3316 2375 10.058 0.103 0.008 0.003 0024 0057 0.015 0.054 0.002 0000 0.002 0.000
3316 2376 {0075 0.150 0.016 0.000 0034 0060 0.048 0.005 0.003 0000 0.002 0.009
3316 2377 10.060 0.107 0.016 0.000 0.033 0.049 0044 0.000 0001 0001 0.000 0.007
3316 2379 10.109 0.121 0023 0.002 0023 0.045 0028 0.000 0001 0003 0.000 0.006
mean 0.077 0.124 0021 0001 0028 0052 0035 0.018 0001 0001 0001 0004
860004 2410 |0.021 0.067 0.015 0000 0013 0.037 0034 0.029 0000 0.002 G.000 0013
Portsmouth Dockyard 2411 10.016 0.044 0021 0.004 0030 0.063 0074 0.108 0.001 0.002 0.000 0014
fireplate 2412 10.005 0.038 0.019 0.000 0027 €062 0.038 0.000 0000 0.000 0.001 0600
2413 |0.005 0.130 0.014 0.000 0.008 0.015 0.025 0.629 0.000 0.000 0.001 0.000
1779 2414 10.006 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 0038 0.012 0.002 0.008 0033 0028 0012 0000 0.000 0000 0.000
2447 10.008 0.061 0.010 0000 0024 0065 0.019 0.059 0.000 0.003 0.001 0.000
2418 ]0.053 0.210 0.015 0010 0026 0075 0.032 0.106 0.000 0.000 00600 0.000
2419 10.030 0.182 0.012 0.005 0.022 0.080 0.045 0.034 0000 0.000 0.000 0.000
2420 (0018 0.108 0.014 0.003 0012 0050 0.041 0.001 0003 0001 0.000 0.010
2421 10008 0052 0.020 0.000 0006 0.019 0.028 0.000 0.000 0.002 0.000 0.000
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Sample details Oxford Lab ref. Composition wtl%

sample spec. !Si P S Mn Co Ni Cu As Ti V Cr 2n
960004 cont, 2422 0,004 0.077 0.008 0.000 0007 0.046 0021 0.043 0000 0.002 0000 0.000
2423 0.008 0.062 0.009 0.000 0010 0053 0024 0075 0002 0.000 0.000 0.005
mean 0015 0.087 0016 0002 0016 0.051 0.042 0.043 0000 0.001 0.000 0.003
950012 3329 2380 [0.002 0.070 0005 0002 0051 0.089 0.025 0000 0.000 0.005 0.000 0,000
Notbury Park 3329 2381 [0.006 0.036 0008 0000 0066 0.091 0.194 0088 0.000 0.002 0.000 0.000
freplate 3329 2382 |0.001 0404 0005 0002 0023 0.089 0050 0011 0003 0.000 0.001 0.000
3329 2383 10.004 0081 0007 0001 0,040 0093 0038 0.013 0003 0004 0000 0.000
3329 2384 [0.002 0.030 0005 0.000 0,050 0030 0172 0.000 0.004 0000 0001 0001
1779 3300 2385 [0.005 0041 0005 0.000 0020 0054 0.015 0055 0,003 0003 0004 0.003
3320 238 [0.003 0040 0005 0.002 0012 0057 0000 0.000 0000 0.006 0.001 0.005
3329 2387 [0.008 0107 0008 0.000 0038 0089 0047 0.029 0.000 0001 0.004 0.000
3329 2388 [0.003 0409 0006 0000 0034 0084 0028 0051 0000 0000 0001 0.000
3309 2389 |0.005 0036 0003 0001 0088 0085 0205 0.012 0000 0000 0002 0012
3329 2390 |0.003 0.019 0009 0000 0.062 0414 0.174 0.044 0.000 0004 0002 0,000
3329 2381 |0.014 0234 0005 0000 0016 0045 0.030 0.000 0.002 0000 0000 0.000
3309 2392 |0.005 0.031 0004 0000 0.408 0229 0076 0.092 0000 0000 0001 0.006
3329 2393 |0.004 0031 0007 0000 0078 0468 0.050 0.000 0.000 0004 0000 0.003
3329 2394 10001 0.140 0005 0004 0.025 0064 0.038 0.034 0.000 0002 0001 0014
3329 2395 [0.005 0069 0007 0.005 0.011 0033 0049 0023 0002 0000 0000 0.007
3320 2396 [0.003 0052 0.007 0.002 0.036 0083 0037 0.000 0000 0004 0000 0.000
3329 2398 [0.004 0086 0.014 0.000 0.006 0020 0.051 0013 0000 0.004 0003 0001
mean 0004 0073 0006 0.001 0043 0085 0071 0026 0001 0002 0001 0003
960018 3341EH 2012 [0.000 0.000 0.000 0.000 0.000 0.001 0.000 0001 0.000 0074 0.000 0.000
50 Portland Place 3311EH 2013 [0.007 0.141 0003 0.002 0.008 0022 0005 0.000 0.003 0000 0001 0.000
stair balustrade 3311EH 2014 [0.005 0.073 0003 0003 0005 0018 0.024 0.000 0.000 0000 0000 0.002
3311EH 2015 [0.004 0.040 0008 0000 0010 0032 0.020 0000 0.000 0000 0001 0.000
g 3311EH 2016 |0.010 0.024 0003 0000 0.016 0029 0.036 0.000 0.000 0002 0001 0.000
1782 3314EH 2017 [0.002 0070 0003 0000 0.011 0027 0.024 0.000 0.000 0000 0000 0.004
3311EH 2018 [0.007 0027 0003 0007 0004 0022 0.025 0.000 0.000 0000 0000 0.000
3311EH 2019 [0.004 0038 0003 0.002 0012 0033 0.088 0002 0.000 0000 0.000 0.000
331{EH 2020 10.006 0.031 0002 0.006 0009 0.034 0028 0000 0.003 0.002 0.000 0.000
mean 0.005 0.050 0003 0.003 0008 0.024 0028 0.000 0.001 0009 0000 0.001
960021 EH24 2493 |0.006 0.030 0005 0000 0002 0005 0.018 0034 0.003 0.000 0.000 0.007
Lindsay House EH24 2494 [0.010 0.031 0006 0.006 0000 0011 0032 0.000 0.000 0000 0001 0013
upright EH24 2495 [0.015 0.032 0003 0000 0.006 0009 0.021 0.000 0.000 0000 0000 0.007
EH24 2496 [0.023 0025 0002 0006 0.001 0016 0026 0.000 0001 0002 0000 0.000
- EH24 2497 |0.004 0.020 0002 0000 0007 0013 0.003 0.000 0.000 0002 0000 0.000
99 EH24 2498 [0.011 0013 0007 0007 0003 0011 0008 0038 0.000 0000 0000 0.004
EH24 2499 |0.008 0022 0.005 0000 0002 0.012 0020 0.000 0.000 0.004 0.000 0.002
EH24 2500 0028 0029 0.009 0003 0.000 0013 0.025 0.000 0.001 0.000 0.000 0.000
EH24 2501 (0037 0039 0007 0000 0.001 0007 0.018 0.010 0002 0.004 0.001 0.000
EH24 2502 10010 0020 0005 0.007 0.000 0.014 0.021 0.000 0000 0.000 0.003 0.000
mean 0.015 0028 0.005 0.003 0.002 0.011 0.019 0008 0.001 0001 0001 0.003
960003 3317 2399 10014 0111 0011 0008 0.002 0016 0.018 0011 0002 0.000 0000 0.000
Quarry Bank Mil 3317 2400 [0.423 0.462 0,009 0061 0006 0025 0.012 0000 0.007 0006 0.002 0.000
fireplate 3397 2401 [0.256 0.135 0.035 0.016 0.006 0.027 0.021 0000 0004 0001 0.000 0.005
3317 2402 [0.002 0.447 0007 0.079 0.007 0012 0.023 0.007 0000 0000 0006 0.000
1799 3317 2403|0266 0.077 0005 0028 0.012 0029 0.019 0000 0001 0004 0002 0.000
3317 2404 [0.026 0182 0011 0005 0000 0017 0013 0.041 0005 0003 0002 0.011
3317 2405 [0.069 0.119 0004 0014 0005 0020 0.008 0.000 0.000 0.000 0001 0.00f
3317 2406 [0.006 0149 0003 0008 0.006 0021 0.004 0,000 0.000 0002 0001 0.000
3317 2407 [0.004 0038 0001 0001 0.013 0028 0.023 0.000 0.000 0.000 0004 0.000
3317 2408 [0.406 0094 0003 0088 0.009 0033 0.019 0,000 0.008 0009 0002 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
960003 cont, 317 2409 [0.028 0125 0.007 0.018 0.008 0017 0014 0.000 0.007 0.001 0.000 0.004
mean 0.082 0,122 0009 0030 0007 0022 0016 0005 0003 0002 0.002 0.002
960019 3312EH 2021 10.051 0.074 0.008 0.021 0.021 0040 0025 0.028 0.000 0.000 0.000 0.000
5 Knightsbridge 3312EH 2022 {0.035 0.119 0.008 0.002 0008 0029 0008 0.000 0.001 0001 0.000 0002
ralling 3312EH 2023 |0.018 0.136 0.006 0.004 0011 0.035 0018 0.000 0.003 0.004 0.000 0.011
3312EH 2024 |0.027 0057 0.004 0002 0017 0.027 0.031 0.000 0000 0000 0.000 0.000
1799 3312EH 2025 |[0.018 0.146 0.010 0.006 0015 0.027 0028 0.000 0.002 0001 0.001 0.003
3312EH 2026 [0.016 0.125 0.007 0.001 0.006 0.034 0022 0013 0002 0001 0.000 0.000
3312EH 2027 |0.054 0.162 0.010 0017 0010 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 0030 0041 0.000 0.004 0.000 0001 0.005
3312EH 2029 |0.030 0.099 0012 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 0031 0017 0000 0.005 0.001 0.000 0.000
mean 0034 0.118 0.008 0006 0011 0.031 0.025 0.004 0002 0.001 0.00¢ 0.003
960022 3314EH 2039 [0.007 0.054 0.009 0001 0025 0037 0.047 0000 0000 0000 0.000 0.000
Coventry Hall 3314EH 2040 [0.011 0.081 0011 0.005 0008 0045 0.042 0032 0.000 0.000 0.002 0.020
stair upright 3314EH 2041 |[0.002 0.058 0.007 0.007 0025 0028 0015 0027 0001 0003 0.004 0.004
3314EH 2042 (0.005 0070 0.007 0.000 0003 0.048 0048 0.000 0.002 0000 0.001 0.001
1800 3314EH 2043 {0.002 0.081 0.007 0.005 0011 0.039 0042 0.008 0.000 0.001 0.004 0.000
3314EH 2044 (0.006 0.061 0.004 0.000 0.012 0.042 0050 0.007 0.004 0.000 0.001 0.008
3314EH 2045 [0.003 0.057 0.004 0.001 0021 0.045 0.035 0.000 0.000 0001 0.000 0.000
3314EH 2046 (0.006 0.062 0.003 0001 0014 0.041 0044 0008 0001 0000 0003 0.001
3314EH 2047 |0.013 0.038 0008 0.002 0.028 0037 0100 0.029 0.000 0.002 0.000 0.000
mean 0006 0064 0007 0002 0016 0.040 0047 0.012 0.001 0.001 0.002 0.004
960023 EH2 2503 |0.006 0.114 0013 0005 0007 0027 0.029 0.025 0.000 0001 0.002 0.000
St, Mary at Hill Church  {EH2 2504 [0.000 0255 0.010 0.000 0.017 0024 0014 0.023 0000 0005 0.000 0.000
washer EH2 2505 |0.004 0359 0.019 0.001 0017 0035 0025 0000 0.000 0.001 0.003 0.003
EH2 2506 |0.004 0228 0.012 0.000 0.000 0.035 0035 0.000 0.000 0.000 0.600 0.000
1829 EH2 2507 10,009 0038 0.010 0.000 0054 0.115 0.090 0.000 0.000 0000 0.002 0.015
EH2 2508 {0,005 0.067 0.010 0.000 0020 0.040 005t 0.000 0.000 0.001 0.002 0.060
EH2 2509 10.036 0.297 0.020 0.013 0.008 0.027 0021 0.013 0000 0002 0002 0008
EH2 2510 (0011 0353 0.020 0004 0016 0.029 0.024 0.000 0.002 0002 0.001 0.006
EH2 2511 |0.016 0.217 0.026 0.008 0009 0032 0023 0002 0000 0.000 0.000 0.000
EH2 2512 10037 0429 0025 0.019 0010 0.049 0013 0.000 0.000 0.000 0.003 0004
EH2 2513 |0.066 0288 0025 0.011 0014 0022 0016 0.000 0.007 0.000 0.000 0.000
EH2 2515 10.003 0.477 0.041 0.003 0002 0023 0025 0.024 0.000 0003 0.001 0.000
EH2 2516 {0.002 0.286 0.021 0.003 0.000 0.035 0029 0.013 0.00¢ 0.000 0005 0.008
EH2 2517 {0003 0376 0.023 0005 0.015 0.047 0008 0.002 0.000 0.002 0.000 0.001
mean ' 0014 0270 0020 0005 0.014 0.034 0023 00607 0.001 0001 0.002 0.003
960024 EH2 2518 [0.008 0055 0.009 0.009 0.004 0.019 0016 0.073 0.000 0000 0.000 0.000
Morden Grange EH2 2519 |0.013 0.052 0.009 0.004 0.005 0010 0.019 0073 0.001 0003 0.003 0.000
dog (staple) EH2 2520 {0009 0054 0011 0.002 0.013 0018 0.023 0000 0000 0000 0.001 0.000
EH2 2521 |0.013 0.042 0.006 0003 0.003 0015 0.031 0.034 0.002 0.002 0001 0.000
1825 EH2 2522 |0.026 0.040 0.010 0018 0.006 0007 0.017 0.005 0.000 0.005 0.000 0.000
EH2 2523 |0.025 0.028 0.007 0.013 0.005 0008 0.017 0036 0.001 0005 0.000 0.000
EH2 2524 10014 0.060 0.008 0.009 0009 0.015 0.017 0.034 0005 0000 0.001 0.000
EH2 2525 0,017 0056 0015 0.004 0.011 0004 0.034 0.057 0000 0002 0.000 0.002
EH2 2526 {0.008 0053 0011 0003 0.000 0007 0.018 0.041 0002 0000 0.001 0.000
EH2 2527 {0.006 0044 0006 0004 0.005 0007 0.023 0.080 0000 0003 0.002 0.000
EH2 2528 {0.008 0056 0.008 0005 0.006 0.009 0027 0046 0.000 0.000 0.000 0.005
EH2 2529 {0.011 0044 0.009 0008 0000 0.014 0027 0038 0.003 0000 0.000 0.002
EH2 2530 {0.016 0.069 0.010 0010 0003 0.011 0.013 0086 0.001 0004 0001 0.005
EH2 2531 {0.016 0.043 0016 0.012 0009 0.015 0026 0.026 0.000 0004 0002 0.004
mean 0.014 0050 0.010 0.008 0.006 0.011 0.022 0045 0.001 0002 0.001 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
960025 EH27 2532 [0.013 0.14% 0.008 0.001 0.012 0.039 0.035 0000 0001 0003 0.001 0011
93 Onslow Gardens ~ |EH27 2533 |0.014 0041 0.006 0.002 0.009 0.028 0.029 0.015 0001 0000 0.000 0.000
balcony rall leaf EH27 2534 (0051 0.055 0008 0.014 0.009 0026 0.013 0000 0.000 0000 0.002 0.003
EH27 2535 10.006 0.145 0.003 0001 0.007 0026 002/ 0021 0000 0006 0.000 0.013
1872 EH27 2536 [0.009 0.147 0.01¢ G.001 0.003 0041 0036 0000 0000 0000 0.000 0.005
EH27 2537 |0.006 0183 0006 0.003 0005 0028 0026 0.000 0.000 0.000 0.001 0.000
EH27 2538 (0.005 0.414 0.003 0000 0.015 0.028 0016 0001 0.000 0001 0.000 0.000
EH27 2539 10.010 0.113 0.008 0.002 0.01f 0030 0.024 0002 0.002 0.004 0.000 0008
EHZ7 2540 |0.008 0.0%0 0.012 0004 0.012 0033 0.061 0000 0000 0000 G.000 0.000
mean 0.014 0.114 0007 0.003 6.009 0031 0030 0.004 0.000 0.001 0.000 0.005
950006 3301EH 1884 [0.004 0.185 0.010 0.002 G.009 0034 0008 0000 0.000 0000 0.000 0.003
Albert Memorial 3301EH 1885 [0.001 0.229 0.013 0.000 0.020 0043 0030 0007 0000 0.000 0000 0.007
bolt 3301EH 1886 (0005 0.274 0014 0.002 0.008 0039 0016 0.052 0.000 0.003 0.001 0.009
3301EH 1887 (0003 0.108 0.004 0.001 0018 0.048 0023 0033 0.000 0.000 0003 0000
1876 3301EH 1888 :0.005 0.113 0.008 0.002 0.012 0046 0.018 0.000 0.000 0.000 0.003 0006
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 1880 30.007 0.245 0.016 0,006 0.015 0037 0.016 0.000 0.000 0.000 0.002 0.005
3315 2350 0.008 0.155 0.010 0.067 0.014 0021 0.007 0.000 0.000 0.000 0.000 0.006
3315 2351 [0.010 0.147 0015 0.000 0.000 0025 0016 0.008 0.004 0000 0.002 0004
3315 2352 [0.012 0060 0.007 0013 0.018 0031 0016 0000 0002 0600 0000 0.010
3315 2353 [0.012 0088 0009 0.005 0.022 0024 0045 0000 0000 0004 0001 ©.007
3315 2354 0,013 0,088 0008 0003 0.017 0.03¢ 0016 0.000 0003 0002 0.000 0.012
3315 2355 [0.018 0.105 0007 0.011 0.012 0026 0011 0038 0.000 0001 0000 G000
3315 2356 [0.010 0177 0010 0000 0.012 0.031 0031 0000 0.002 0.000 0000 0012
3315 2357 10.010 0.153 0.010 0.008 0.012 0.024 0.022 0000 0.004 0.000 0001 0.000
3315 2358 10.023 0112 0007 0.001 0006 0.019 0021 0000 0,000 0.003 0.000 0.000
3315 2359 [0.010 0.074 0006 0.000 0.013 0018 0.034 0.000 0000 0000 0000 0014
3315 2360 [0.011 0.189 0022 0004 0010 0022 0027 0000 0.000 0001 0.000 0.000
3315 2361 |0.042 0094 0.007 0.006 0.025 0.034 0022 0015 0000 0000 0.000 0.000
3315 2362 |0.049 0127 0.014 0028 0.011 0023 0.016 0000 0.000 0.000 0002 0.000
3315 2363 |0.010 0.113 0040 0007 0.008 0025 0012 0000 0.000 0.002 0.001 0000
3315 2364 (0011 0.115 0006 0000 0.012 0020 0017 0014 0.000 0.000 0.001 0.008
3315 2365 |0.021 0.146 0012 0.016 0.014 0034 0013 0000 0.000 0.600 0.002 0.000
3315 2366 (0.009 0.105 0.007 0002 0.015 0023 0024 0053 0.001 0.000 0.000 0.003
mean 0.012 0.139 0.010 0005 0.013 0030 0.019 0.009 0001 0.001 0001 0.004
960026 EH28 2541 |0.041 0.061 0058 0362 0.004 0017 0.054 0001 0.005 0000 0003 0.000
Avery Hill College EH26 2542 |0.076 0.053 0085 0317 0000 0014 0.042 0.102 0005 0.001 0.006 0.000
water leaf from gales  [EH28 2543 0014 0.058 0085 0.408 0000 0025 0,052 0.035 0.000 0.000 0003 0.001
EH28 2544 10.011 0065 0083 0402 0005 0025 0.048 0.017 0000 0.000 0003 0008
1891 EH28 2545 [0.013 0.050 0.043 0368 0.0068 0020 0.044 0003 0.000 0.0601 0.004 0002
EH28 2546 0013 0.049 (.038 0331 0009 0009 0.030 0.000 0000 0000 0003 0000
EH28 2547 |0.007 0055 0.040 0340 0003 0016 0.037 0.019 0.000 0.001 0000 0.000
EH28 2548 (0009 0050 0044 0377 0.004 0021 0.047 0017 0002 00603 0000 0.000
EH28 2549 (0015 0050 0060 0388 0.001 0018 0.026 0037 0002 00600 0002 0.000
EH28 2550 |0.013 0072 0.080 0375 0.000 0020 0.035 0070 0.000 0.000 0003 0.000
mean 0.018 0056 0062 0367 0.003 0.019 0042 0030 0001 0001 0.003 0.001
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