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Hoddom, Dumfriesshire: Iron making in the context of a 
1st Century AD monastic settlement  
 
 
Abstract 
This study presents the results of the metallographic and chemical/mineralogical investigation of a select 
number of the iron-related metallurgical waste from the Anglian “Minster” at Hoddom, Dumfries and 
Galloway. The purpose of the study is to elucidate the  nature  of  iron-working practices on the site, primary 
and/or secondary (smelting and/or smithing) by concentrating primarily on  two areas,  7 and 8; these areas  
have revealed  the largest percentage (over 90%) of the total debris on site.  The  metallurgical waste from both 
appears to be contemporary although the structures and buildings where it was found may have had a longer 
life span.  Previous visual examination of  this material by a number of investigators  has characterised  the 
bulk of the collection as  smithing slags.  However, in the course of this investigation, certain features like the 
typology of some slags and the  metallographic structure of some metal waste  have been suggestive of other 
processes in addition to smithing. These processes could not conveniently fit into the traditional  model for iron 
 bloomery making and smithing, and thus raised intriguing questions as to whether iron fining via the indirect 
process  was taking place at Hoddom. 
 
The suggestion is  put forward here in the absence of sufficient archaeological evidence and is merely based on 
the examination of the metallurgical debris. The long term aim of this study  is to highlight, possibly for the 
first time, the underlying potential for an advanced technological know-how associated with early Christian 
monastic settlements in Britain and Scotland in particular, previously unforeseen.  
 
 
 
 

1.0 Introduction: the Material 
and its Context 
 
1.1 The Work so Far 
Hoddom was an Anglian monastic site 
associated with St. Kentigern, patron saint of 
Glasgow (Lowe 1991; 1992) (Figure 1). Its 
chronology based on radiocarbon dates, 
Anglian sculpture,  artefacts and historical 
comparanda is roughly divided in three phases: 
a) a pre-Anglian phase (500-600 AD) the 
Kentigern phase or Sub-Romano British period 
of which relatively little is known, b) the 
Anglian phase which begins c.650 AD and 
continues until c.1100 AD and finally c) the 
period following the David Inquest (c.1120 
AD) when the rights and lands of Hoddom 
were transferred  to Glasgow.  The Anglian 
influence on Hoddom  probably did not exceed 
the beginning of the 10th century. It is from 
that period onwards that Glasgow seems to 
have exerted a growing influence on the 

monastic order which, after its annexation, led 
to the eventual movement of the monastic 
house to Jedburgh (C Lowe, pers comm). 
 
Hoddom’s Anglian phase is therefore  
contemporary with other such sites  in Scotland 
including Whithorn in Galloway  (Hill 
forthcoming), Ruthwell in Dumfriesshire  
(Crowe 1987) and Iona (P Hill pers comm). As 
such, it should be seen in the context of a 
number of early Christian  monastic 
establishments  in the British Isles  and Ireland 
where an advanced level of organisation of 
craft industries  has been apparent. This level 
of organisation should in principle extend to 
iron-working, be it primary (smelting) or 
secondary (smithing and general processing of 
the metal), but little relevant information is 
presently available. Furthermore while non-
ferrous metalworking installations can usually 
point to the type and level of sophistication of 
artefacts produced (copper alloying, precious 



 

 
 

metals production), iron production sites  tend 
to be more difficult to “decipher” and interpret. 
 The presence of the ubiquitous fragment of 
amorphous brown/grey/black slag in 
association with some sporadic fused/highly 
fired ceramic and small fragments of fuel ash 
can point to any iron related process. 
Therefore, when large (or small) amounts of 
iron slag are uncovered  from within settlement 
sites, investigators tend to  label them as 
smithing on the grounds that such activities 
must have inevitably taken place within a 
settlement particularly one of some 
considerable duration.  
 
At  Hoddom  a substantial amount of 
metallurgical debris (approximately 250kg)  
uncovered in the course of a long excavation 
season in 1991  clearly pointed to  considerable 
local interest in iron-working. This amount of 
waste must  be considered  quite significant 
since “smithies” associated with settlements 
usually but not always  tend to produce  less 
(McDonnell 1989; 1991a and 1991b).  
 
The bulk of the metallurgical waste had in the 
past been subjected to two phases of 
investigation. One was carried out by two 
students (Harvey and Wheeler, 1993) who 
made a commendable attempt  at a  typological 
classification and a relative quantification of 
the material available. The results of the study 
suggested a wide diversity in slag typology. 
Although the groups appear representative of 
the collection the relative amounts thereof 
derived from  each area should not be taken 
literary on account of mislabelling of some 
context numbers. 
 
The second brief examination of the material 
was carried out in March 1996 by the present 
author with the aim of assessing the type and 
extent of analytical studies which would have 
been essential for its technical  characterisation. 
 At this second phase  of examination the 
variety of  the typological different debris was 
highlighted again, as well as  the presence of 
coal and the  considerable presence of metallic 

fragments (Photos-Jones 1996).  One such 
fragment sectioned by Wheeler and Harvey 
(1993) showed clear evidence of a cast 
structure. Although the authors  recognised it 
as such, they argued that it formed at the 
smithing hearth.  Nevertheless, even at this 
second phase of the investigation the bulk of 
the material was labelled as, largely, smithing 
slag.  
 
The relative date of the metallurgical debris 
associated with these two areas should now be 
considered.  The building called the smithy in 
area is dated by association to AD 685-960  
based on a sample from the burnt oak beam sill 
(Figure 2). Naturally this date reflects the date 
of the oak and it is possible that the  building 
itself may be later. C-14 dates obtained from 
layers within  the ditch in which the smithy is 
situated also suggest a later date (c.1000 AD). 
The metallurgical debris in area 7 (Figure 2 - 
layers 7033 and 7079) is also dated by 
association to 940-1170 (2 sigma) on the basis 
of organic remains (grain and hazel 
roundwood) from the floor of the corn drying  
kiln. Therefore the slag remains must post date 
the kiln but probably does not postdate the first 
quarter of the 12th century, presumably the 
time when the site was  abandoned. Thus the 
slag remains in area 7 could not be later that 
the end of the 11th century and that if some 
contemporanity is to be established  between 
the smithy in area 8 and the metallurgical waste 
in area 7, the date for the metal making 
activities should be sometime within the 10th  
century AD. 
 
Before embarking on the presentation of the 
material, and the metallurgical activities on 
site,  some words should be said about the 
bloomery process in general and in  Scotland in 
particular as it  emerges from a  number of 
studies that are currently underway.  
 
 



 

 
 

 
Figure 1. Hoddom location map (from Lowe 2006: 1). 

 

 
 

Figure 2. Hoddom: the excavated site (from Lowe 2006: 3). 



 

 
 

1.2 The Bloomery Process and the 
Production of Wrought Iron  
 
The bloomery iron-making or the direct 
process  involves the solid state reduction of 
iron from its ores - oxides or carbonates -  by 
carbon monoxide  which is  produced by the 
burning of the fuel under reducing conditions.. 
Thus charcoal,  the main source of fuel, was 
both the reducing agent and the source of heat. 
The product of the bloomery was primarily (but 
not exclusively) solid wrought iron , namely 
iron with less than 0.1% carbon but full of 
trapped slag. For all metallurgical terms see 
glossary in Appendix I.  Bloomery slags were 
characterised by three  or four main 
mineralogical phases. These included iron 
oxide (FeO, wustite), iron silicate  (2FeO.SiO2, 
fayalite) and a glass phase consisting of all 
remaining elements.  
 
Traditionally the furnace into which such a 
reduction took place was made of a shaft  no 
higher than a metre and about 30-40 cm in 
diameter of round or square section over a well 
lined hearth. However it has recently become 
apparent  from archaeometallurgical studies 
around the world that bloomery furnace design 
and dimensions varied substantially as indeed 
did  their products (Killick 1991). Therefore 
the omnipresence of the shaft has also been 
challenged leading a great variety of  designs. 
Furthermore  some  bloomeries could indeed 
produce not only wrought iron but steel or high 
carbon iron and in some cases cast iron  
(Craddock 1995; Julleff 1997). 
 
Wrought  iron can be produced in other ways 
which do not involve the bloomery.  These 
include fining of cast irons and puddling.  In 
the 13th century AD, the blast furnace was 
introduced in Western Europe (Magnussson 
1986). It produced molten iron of cast iron 
composition (with 3-4% carbon) which was 
called pig iron as well as liquid slag; thus 
achieving good separation between the two. 
However, since  cast iron is very brittle its 
range of applications are limited. Wrought iron 

or malleable iron was, on the other hand, much 
in demand and so was of course steel. To make 
either of the two products pig iron had to be 
fined, oxidised to remove the excess of carbon 
and silicon. This was traditionally done in a 
charcoal hearth under highly oxidising 
conditions.  The aim was to oxidize the carbon 
from the iron by burning it as carbon dioxide 
and remove the silicon and the phosphorus into 
the slag resulting in slag free and inclusion free 
iron. of superior quality.  In Britain in the 
1750's increase in the price of charcoal and 
imports of cheap iron forced many iron masters 
to seek alternative sources of fuel from their 
fining,  and so they turned to coal (Killick and 
Gordon 1986). Coal, however, was rich in 
sulphur which entered the metal and made  it 
brittle when it was hot  worked.  
 
In 1761, John Wood “fined the cast iron in an 
ordinary finery with coal until it was nearly 
malleable (the metal would contain some 
sulphur), then broke up the metal, mixed it 
with fluxes and heated it in crucibles in a 
reverbatory furnace. Tylecote (1976, 110)  
shows a reconstruction of a reverbatory furnace 
used by J Wood for the fining of cast iron by 
“potting”. The clay pots were used for the final 
refining stage. This was one of the many 
stamping and potting processes in which 
granulated cast iron was oxidised in contact 
with suitable fluxes to convert it to iron and 
steel. The pots usually broke during the process 
leaving small piles of malleable iron in the 
furnace hearth”  In the space of about 30 years 
(1750-1780)  half of the product of wrought 
iron in Britain was carried out in the potting 
and stamping process using coal fire for the  
reverbatory furnaces. The lack, perhaps, of 
good refractories led to the substitution of the 
potting and stamping process by the puddling 
process (Killick and Gordon 1986). 
 
The puddling process for the production of 
wrought iron and steel from pig iron consisted 
of melting all types of pig iron in a puddling 
furnace and stirring it or “rabbling” it so that 
the pig iron came  in contact with oxides,  the 



 

 
 

“fettling”,  present in the furnace. In the 
process,  the carbon, silicon, manganese, 
phosphorus and sulphur reacted  with oxygen  
and were  removed from the pig. Carbon was 
oxidised to carbon dioxide and left the hearth 
by the chimney,  while the other elements 
entered  the slag. A puddling furnace was a 
reverbatory furnace. Reverbatory furnaces were 
known to have been in operation by the 14th 
century as can be seen from a stained glass 
window in York Minster (Tylecote 1976,71).  
Reverbatory furnaces were long and clay 
domed and had one firebox in one end. They 
operated on coal as opposed to charcoal and 
therefore the fuel had to be kept well apart of 
the metal. The under surface of the clay brick 
dome  was heated,  the heat, reverberated, 
reflecting down onto the metal mass.  It was  
this reflected heat which raised the temperature 
within the furnace.  Decarburisation was 
achieved in two separate ways the dry puddling 
and the wet puddling.  In the dry puddling 
patented by Henry Cort, metal was oxidised by 
abundant air supply in a hearth which was 
made of sand. Reaction of the iron was with 
the silica resulting in the fayalite and wustite 
the majority of the silica and phosphorus going 
into the slag The metal reacted  with the sand 
to form a fayalitic type slag. White cast  iron 
was the starting metal (Killick and Gordon 
1986, 28). In the wet puddling a development 
from the dry the reaction was taking place 
between the molten metal and iron oxide. 
 
Differentiating between bloom smelting, fining 
and puddling slags is not always a 
straightforward task. “Standards” or material 
from well documented excavated forges as 
necessary to be analysed to establish the 
similarities between the different groups not 
only in the slags but also in the slag inclusions 
within the metal. Puddling slags may contain 
small quantities of sulphur from fuel ash while 
may have been blown from the fire box in the 
course of operation  while bloom smelting 
slags may be characterised by the presence of 
spinels. Fining slags are probably classified as 
such by the presence of wustite. 

 
It is unlikely that at Hoddom puddling may 
have been practiced. Nevertheless the presence 
of white cast iron  and some typologically 
distinct slag have suggested that perhaps fining 
may have been practiced on site. However, 
nowhere is there evidence for smelting at least 
in a blast furnace. 
 
 
1.3 The Bloomery Process in 
Scotland  
 
In Scotland,  relatively little  is known about 
bloomeries and the bloomery iron-making in 
general. In the late 1890's Macadam surveyed 
and partly excavated a number of them 
(Macadam 1890). Nevertheless, the Royal 
Commission of Historic Monuments  records 
about 144 bloomery mounds primarily in the 
Scottish Highlands. Bloomery mounds are on 
the average 1m by 3m by 5m in size and 
consist  of slag and associated  metallurgical 
waste. A fair number have been excavated in 
the past by amateur archaeologists (Aitken 
1970)  More recently in  the course of a 
Historic Scotland funded work, the author and 
her colleagues (Photos-Jones et al., in press; 
Atkinson and Photos-Jones 1995). have been 
able to establish  different types of bloomeries. 
These bloomeries appear to be dated mostly to 
the post Medieval period and represent 
different types of organisation of the iron-
making industry. Smaller mounds, the most 
common, probably represent the “seasonal” 
activities of one or two individuals who would 
smelt and most likely smith iron for their own 
use.  
 
More advanced bloomeries would perhaps 
make use of the bloomery hearth, a hearth with 
only one wall  to support the tuyere, as has 
been suggested by  the examination of the 
furnace remains in one particular site in Loch 
Eck (Photos-Jones et al., in press). Both the 
amount of slag produced and the level of 
organisation on that site are indicative of a 
more organised effort to produce iron on a 



 

 
 

larger scale and thus to serve the needs of a 
larger community, perhaps a clan.  Bloomery 
hearths seem to have been an established albeit 
rare design for a “furnace” in Britain. In many 
respects they were similar to the Catalan hearth 
of the Iberian Peninsula  which found 
applications as wide afield as the eastern 
United States in the 19th century (Rostocker 
and Bronson 1990). There is documentary 
evidence (Fells 1903) to such a hearth being in 
operation in Furness in the late 17th century 
and field evidence for a similar one dating to 
the post-Meieval period (Crossley and 
Ashhurst 1970) in England. 
 
Finally on the north shore of Loch Maree, 
Wester Ross, NW Scotland and at the 
beginning of the 17th century a completely 
different level of organisation of the iron 
industry appears to have been  present which 
was characterised  by the presence of a  foreign 
 work force as well as the infusion of 
substantial capital investment. The latter were 
used for the  building of permanent 
installations  - elaborate forges and furnaces - 
which are still standing in an excellent state of 
preservation. The  water-driven  iron forges on 
the north shore of Loch Maree (Fasagh) must 
represent the culmination of  the bloomery in 
an early  industrial setting.  
 
How do the Highland bloomeries compare with 
the Lowland ones? Again there is a paucity of 
case studies in the archaeological record. 
Nevertheless our recent and ongoing work on 
the industrial remains from Medieval and post 
Medieval Perth can perhaps be used as a 
starting point (Photos-Jones, 1998). The type of 
metal activities at Perth do not appear to be 
directly comparable with those of the Highland 
sites.  The key feature of the Highland 
bloomeries, the tap slag rich in manganese and 
phosphorus,  is largely  absent from the  Perth 
urban metallurgical waste.  It may be argued 
that the Highland Bloomeries represent first 
and foremost smelting activities , while the 
Perth sites would be most likely to be smithies. 
 Yet among these “smithies”, there are some 

iron-making, rather than iron processing slags. 
They are very siliceous and containing  round 
metallic prills  suggesting  that the iron was at 
one stage molten. The relative dates of these 
samples vary from the 12th to the 15th 
centuries and so do their contexts which range 
from middens to well stratified levels (Bowen 
et al 1995; D Hall, pers comm).In many 
respects the Hoddom metallurgical debris and 
the Perth earlier sites (King Edward street) may 
be  contemporary. It is in the context of the 
Lowland sites that the Hoddom material should 
be examined. 
 
Finally from  Dumfries and Gallaway, the 
present author had recently  the chance to 
examine two additional finds, a bloom and a 
coulter, from a hoard at Stiddriggs Farm, 
Annandale. (Photos-Jones 1997a). These 
artefacts bear many similarities with the 
Hoddom material in the type of ores used - 
barium and lead are common impurities - and 
the metal which is high carbon steel. The hoard 
has been dated on typological grounds to 800-
1200 AD (Haynes, pers comm).  
 
All the sites mentioned above may have greater 
or lesser association with the Hoddom material. 
Perhaps the ultimate association will develop 
from the examination of the iron waste from 
Whithorn, perhaps the most prominent 
monastic site of the period in Scotland, since 
both were contemporary and indeed may have 
developed on similar technological grounds. 
 
 
1.4 The Topography of the Site 
 
Five areas  (plan of site and associated  figures) 
are described here with particular reference to 
the industrial waste recovered from each 
(Figure 2); these include areas 8, 7, 6, 5 and 11. 
The first four lie along the enclosure ditch of 
what must have been the outer boundaries of 
the settlement and according to evidence 
originally corroborated by geophysics and 
subsequently by excavation were involved in 
industrial related activities. The geophysical 



 

 
 

survey revealed a total of five magnetic 
anomalies “located at specific intervals along 
the boundary ditch.. The broad nature and 
general shape of the anomalies suggest that 
they represent a concentration of burnt material 
and/or small scale industrial type deposits 
(Gater 1991 (see Figure 2). Areas 5, 6 and 8 are 
associated  with only one area of magnetic 
anomaly. Area 7 consists of several. 
Excavation identified these materials as being 
due to both scatter of metallurgical waste as 
well as corn drying kilns. Heat generated and 
expended within corn drying kilns should in 
principle be different from that associated with 
smelting furnaces or hearths since the 
temperature necessary within a corn drying kiln 
should not exceed  100°C. Scatter of 
metallurgical waste is also bound to present a 
different intensity in magnetic anomaly.  In the 
course of geophysical survey at Fasagh, Loch 
maree, it became evident that the magnetic 
intensity associated with the slag scatter and/or 
heaps was considerably lower than that 
produced from the casing of the two anvil 
blocks which was made of vitrified material. 
This vitrified material labelled vitified 
conglomerate was also iron rich.  
 
 
a. Area 5   
Area 5 consists of a post built timber structure 
situated next to the enclosure ditch showing 
two phases of occupation. A primary hearth 
was located at the N end of the building (Figure 
2). Within it a secondary structure was found  
which was c. 4.5m long. “A subcircular, stone 
lined sunken structure 4m to 5m across ...was 
associated with a series of post holes, much 
daub and burnt clay. This feature is interpreted 
as a possible timber and clay domed bread 
oven” (Lowe 1991,16). The floor of the hearth 
was stone lined,  the stones discoloured the 
result of being heated in a reducing 
environment or stained by soot or perhaps a 
combination of both. The upright stone with a 
NW - orientation at the NW end of the 
structure signifies the position of the fire box of 
the corn drying kiln (Figure 2). As mentioned 

above, the structure was originally labelled as a 
timber and clay domed bread oven, but now it 
is thought to be a corn drying kiln on account 
of grains and charcoal found within the fire 
box. The kiln is not of the key hole type of 
design but it is presumed to be of an earlier 
model. The geophysical survey points to a 
circular anomaly coinciding  with this 
structure. 
 
b. Area 6 
Area 6 contains a large sunken featured 
building (Figure 2). “The north end of the 
building, had been left higher to accommodate 
the base and sides of an oval stone feature up to 
3m across. The structure was filled with 
charcoal-rich deposits , containing animal bone 
..The building is interpreted as a possible 
smoke house for curing meat” (Lowe 1991, 
17). The geophysical survey presents an 
anomaly  near or on top of that area. Harvey 
and Wheeler (1993) remark that “a 
considerable amount of coal was recovered 
from this area, which together with the 
presence of hearth slag and lining, may indicate 
the presence of hearth.” The  presence of two 
iron artefacts (knives) as well as a ring was 
identified. 
 
The industrial waste, small in numbers but 
present, from both areas 5 and 6 need to be 
considered carefully. Areas 5 and 6 show two 
phases of construction which may reflect the 
transition from an earlier food processing 
activity to a later industrial one. Since the two 
areas are given functions related to food 
processing, the presence/absence of 
metallurgical waste should corroborate or 
disprove  this hypothesis. 
 
 
c. Area  7 
Area 7 is multi-phased and is characterised by 
the largest concentration of the metallurgical 
waste on (240kg out of a total (all areas) of 270 
Kg, Harvey and Wheeler 1993) (Figure 2). 
Most comes from three contexts 7000, 7033 
and 7079. The last two form in actual fact just 



 

 
 

one layer. The stone built structure in Area 7 
consists of a west room which houses the later 
key-hole type corn drying kiln and an east 
room of which only the back (north wall ) 
survives. This area was originally labelled as a 
lean-to but now it is thought to have been a 
room in its own right (Lowe, pers comm). The 
metallurgical waste within this east room 
appears to have been severely disturbed  and 
perhaps a portion thereof has been completely 
removed (O’ Sullivan 1991). This may be 
indeed true since the debris on the top soil is 
similar in both quantity and typology to the 
main layers 7033 and 7079. To the direct south 
three structures 1-3 have been revealed, the 
third one being the most recent and probably  
contemporary with the corn drying kiln.  The 
floor in structure 3 was exceptionally  intact 
but no metallurgical waste was evident (O’ 
Sullivan 1991).  Materials analysed in the 
course of this investigation focused on contexts 
7000, 7033 and 7079. Context 7000: represents 
top soil and the material from here should be 
treated as surface finds. Context 7033 is 
described as  “at the E side of the kiln house, 
within the area of the post built lean to 
structure, a deep layer of black silty sand 
includes occasional large stones, frequent small 
stones and gravel, abundant charcoal in small 
and large fragments frequent pieces of metal 
slag and frequent fired clay fragments”. In 
context 7079: “the spread  extends over the 
same area as 7033 and may be considered a 
lower spit of the same material: black, charcoal 
rich sandy loam with frequent slag and red clay 
inclusions. The spread was removed to a depth 
of 15cm.” ( J O Sullivan 1991). 
 
 
d. Area 8 
Within this area there is a sunken featured 
building about 40m2,  "the smithy", built into 
the enclosure ditch (Figure 2). Its floor lies 1.2 
m below the top of the wall of the ditch. The 
building and its contents were erected there 
intentionally. It had a thatched roof of some 
type and upright posts with timber panelling in 
between.  Two entrances were located one at 

the SW corner the other in the centre of the S 
wall. The SW entrance was covered by a porch 
or an extension of the roof.  
 
A “fire box” was evident consisting of three 
uprights (the fourth was missing) set in a pit 
about 1.15 cm by 0.8cm  and about 0.4cm deep 
packed with silty sand and gravel. The internal 
dimension of the box were roughly 70 by 50 
cm. There was no sign of heating associated 
with it .  
  
Three main levels have been established within 
the smithy: the level contemporary with the 
construction, the level of use and the level of 
destruction. The latter coincides with context 
8053 a charcoal rich deposit about 2cm thick 
extending throughout the building and evenly 
distributed. The even distribution of the 
charcoal-rich floor (about 2cm thick) may 
suggest that the building was destroyed by fire 
It is rich in metallurgical deposits particularly  
hammer scale and charcoal. Iron objects as 
well as slag were removed from these layers. 
The industrial materials collected from 8053 
revealed lumps of slag and fragments of iron 
objects; also a tuyere hole (context 8185). 
Samples originated  primarily from the 
destruction  level, 8053. Other contexts 
include: context 8000, representing top soil; 
context 8047; context 8049. It is thought to 
have been deliberately back filled after its 
destruction. 
 
In addition to the above, areas 10, 11, 12, 13 
also appear to contain  evidence for 
metallurgical waste.  Although the original 
intention was to sample from all areas, in the 
end,  given the diversity of materials in areas 7 
and 8, the main emphasis of  this work  focused 
on  contexts 7033, 7079, 7000, 8000, 8053, 
8047 and 8049. 
 
In some respects it is unfortunate that most of 
the material analysed from area 7 originated 
from two contexts which, however, form a 
single  layer.  Nevertheless,   its contents are 
characterised by a high degree of diversity and 



 

 
 

therefore, it can be assumed that they represent 
an accurate picture of most types of iron related 
debris on site.  The opportunity to examine 
under one context materials as diverse and yet 
as interdependent as slag, crucible fragments  
and metal waste and artefact is to our 
experience rare. More often than not in the 
context of a smithy,  one has to be satisfied 
with the examination of a much smaller and far 
less diverse quantity of materials. 
 
 
1.5 The Typological Classification 
of the Material Examined in this  
Report 
 
Thirty three boxes containing industrial 
metallurgical waste were passed  on to us for 
examination and analysis. Over fifty samples 
were examined visually,  metallographically 
and/or analytically. Detailed description of the 
analytical results are presented in the 
accompanying report (Photos-Jones 1997b).  
Amidst these samples, a number of diverse  
materials were  evident, such as  for example 
ceramic fragments as well as lumps of  metallic 
iron waste and artefacts. This work presents a 
small selection  from the contexts outlined 
above. Group classification is as follows:   
 
i. The slag  
Slag samples  can roughly be divided in the 
following groups:  
a. large lumps of plano-convex or 
convex-concave slag, thought to be smithing 
hearth  bottoms  (SHB) 
b. amorphous lumps of slag, completely  
non magnetic (maximum c. 5-7cm along the 
long  axis). 
c. slags referred to as  “base and froth”  
with a dense solid  (lack of pores) base and 
very  porous, almost frothy- looking top.  
d. metallurgical slag which appears to 
have reacted with earthy material, either the 
hearth  floor or the walls of a crucible. 
 
Each group will be described in detail on the 
basis of one or more representative examples. 

The purpose of the analyses is to establish the 
relationship between slag from areas 7 and 8; 
differences in mineralogy and trace element 
composition will be examined.   
 
 
ii. Ceramic fragments 
Among the slag fragments were included 
pieces which are classified as metallurgical 
ceramics. These ceramics had undergone 
heating on one surface only, and displayed a 
gradient in both colouration and vitrification, 
the result of heating at high temperature. These 
fragments represent typologically distinct 
groups which can be classified as follows: 
a. “thin walled” metallurgical ceramics 
identified as  fragments  of crucibles 
b. “thick walled” metallurgical ceramics  
identified as hearth floors or possibly furnace 
walls  
 
The purpose of the analyses was threefold: 
a)  to obtain a semi-quantitative analysis of the 
fabric composition of these ceramics at both 
their vitrified and un-vitrified ends.  Analyses 
would verify whether vitrification was due 
solely to heating conditions, difference in clay 
composition between the internal and the 
external surfaces or a combination of both. 
b)   to  establish the presence and composition 
of slag accretions and/or metallic prills 
(presently weathered) on their  internal 
(vitrified) surfaces for the purpose of “crucible” 
content characterisation. 
c)   to establish  compositional similarities 
between the metallurgical ceramics from areas 
7 and 8. 
 
 
iii. The metallic fragments 
The metallic fragments consisted of both metal 
waste and complete, well shaped  artefacts. The 
presence of a small number of both  is not 
usually common among metal working sites 
and in our experience the evidence at Hoddom 
must be considered an exception. Most of the 
metal waste fragments, in areas 7 and  8,  were 
small in size,  round or oval in shape and  



 

 
 

naturally  strongly magnetic. They were not 
readily classified as smithing hearth waste 
(Harvey and Dawn 1993) on account of their 
shape and numbers. Nevertheless  together 
with the finished artefacts, they  appear to have 
been largely discarded. In section most  
revealed  a clean metallic core with only a fine 
layer of weathering around their surface. Other 
samples contained an extensive layer of iron 
oxides.  
Analyses were aimed at establishing  the 
relationship between the metal artefact 
(wrought iron) and the  metal waste by 
analysing the trace element pattern in the slag 
inclusion of both. This is an analytically 
laborious operation which assumes the 
presence of slag inclusions in both type of 
materials. Only a small number of analyses 
were undertaken along these lines. 
 
 
iv. Hammer scale 
Numerous small bags included very magnetic 
types of material. The bags consisted of very 
small particles sized to less than 0.5cm. They 
were labelled as metallic on account of the high 
magnetism displayed. Each bag contained a 
disparate assortment of materials consisting 
primarily of hammer scales,  either platy or 
spherical  ( hollow), as well as fragments of 
vitrified material mixed with fine quartz 
pebbles. Context 8053 (the level of destruction) 
in area 8 had the largest  majority of hammer 
scale. The high magnetism associated with the 
red small fragments may have been due to 
them being exposed to fire. The presence of 
hammer scale in area 8 is a clear indication that 
some sort of iron making activity was practiced 
there and cannot be tied down to smithing only.  
 
 
v.  Charcoal and coal 
The occurrence of charcoal/coal appears to be 
mostly associated with the surface finds (SRV 
areas). The presence of charcoal versus coal 
needs to be clarified and the different processes 
into which those two types of fuel were used. 
There is a bag which originates from area 8  

contexts 8000, 8047 and 8053 which could 
contain charcoal and/or coal. 
 
 
This paper sets out to elucidate the following 
questions 
a. what type of metal was actually  
produced on the site:  wrought iron, mild/ high 
carbon steel or cast iron (pig) iron? Was the 
site involved in primary (smelting) or 
secondary (processing)  type of activities. 
b. what there a  relationship between areas 
7 and 8. Was area 8 the “smithy” or working 
area  and area 7 its “dumping ground.” 
c. what is the nature and significance of 
the ceramic fragments recovered from both 
areas  7 and 8? 
d. are areas 5 and 6 completely non-
metallurgical and thus not related to the 
metallurgical activities in areas 7 and 8? 
e. is charcoal used exclusively as fuel or 
is there a combination of coal and charcoal? 
 
 
 
2.0 Methodology 
Given the above, it was imperative to follow a 
methodology which would aim at relating slag 
and metal (waste or artefact) and thus the 
processes that produced them. Slag and 
artefacts were differentiated on the basis of 
major, minor, and trace element composition, 
mineralogical phases and surface morphology 
and texture.  
 
Samples have been  identified by the following 
numbers:  area/context/find number. It was 
often the case that a bag of slag fragments was 
given the same find number. In that case the 
samples would be given the same find number 
followed by  a, b, c etc.  
 
A program of analyses was undertaken using 
conventional techniques like X-ray diffraction, 
the optical microscope and the Scanning 
Electron Microscope with X-ray analyser. Over 
fifty samples were analysed. Photographs 
obtained with the optical microscope and the 



 

 
 

SEM together with analyses are given below. 
The methodology followed  for SEM-EDAX 
examination was a follows: two or three area 
analyses were carried out at x25 or x40 
magnification  to establish the “bulk” chemical 
composition of the section under investigation. 
They were followed by spot analyses at x2000 
magnification of mineralogically distinct 
phases, for example fayalite, wustite etc. 
Compositions of between 0-0.3 % are 
considered traces and may or may not be there. 
For unusual elements  the presence of more 
than 1% is taken as  verification of the element 
 actually being there. Given the extensive rate 
of weathering of some samples as well as the 
heterogeneity of mineralogical structures, a 
number of optical microscope photographs 
were given as a means of producing  a 
representative picture of the entire sample. 
 
 
3.0 Analytical Results 
 
The purpose of this report is to present all the 
analytical data associated with the examination 
of the iron-related metallurgical finds whether 
waste or metal artefacts. The proposed 
experimental work on the refiring of the 
vitrified fuel ash from areas 5 and 6 was not 
included here since it bore no direct relevance 
to the key questions as these developed.  At the 
start of the examination it was assumed that the 
majority of the remains were those of a 
smithing operation and the principal question 
was whether it was possible to associate the 
finds in area 7 with those of area 8. However as 
the investigation unfolded,  it became clear that 
the metallurgical debris was more than 
smithing and that one potentially witnessed the 
evidence of an alternative iron-making apart 
from the bloomery. Given that,  it became 
paramount first of all to establish a good 
understanding of the material evidence based 
on a statistically representative number of 
samples.  Hence, a larger number of samples 
than that originally estimated were sectioned, 
examined visually and/or optically  or 
analysed. For a complete list and analysis of all 

samples see Photos-Jones 1997.  
 
In this report three different types of 
metallurgical waste and a small number of iron 
artefacts have been examined. 
 
 
3.1 On Slag Composition and 
Typology 
Slag samples are divided into the following 
groups : 
i. “froth and base” cakes: HOD4 (a+b), 
HOD6a, HOD2 (a+b), HOD13, HOD22 
ii. smithing hearth bottoms:  HOD5, 
HOD6(d1+ d2), HOD23 
iii. amorphous lumps of slag: HOD8, 
HOD46, HOD48, HOD49 and HOD52 
iv. slag fragments or any shape showing 
reaction with hearth floor: HOD3, HOD45, 
HOD48. Some “froth and base “ cakes also 
show reaction with the hearth floor.  
 
3.1.1. smithing hearth bottoms 
Four  smithing  hearth bottoms were analysed. 
Two are presented here. They include:HOD6D 
(7\7033\232d) from area 7, and  HOD23 
(8/8000/160) from area 8. They are quite 
clearly distinguished by their shape which is 
either plano-convex or concave-convex. 
 
3.1.1a  
HOD6D was a  concave-convex smithing 
hearth bottom; it is 13cm along its long  axis, 
heavy, dense and showing porosity. Both 
surfaces are rough with the bottom one 
showing  some adherence to earthy matter  
(hearth floor). 
 
Optical examination with the metallographic 
microscope showed fayalite type needles with 
dendrites of wustite in a glassy matrix. 
 
SEM-EDAX examination and analysis: Area 
analysis (x40) revealed the presence of a 
calcium- rich fayalitic type slag with small 
amounts of alumina and potassium oxide and 
traces of barium oxide  and sulphur. Metallic 
looking  inclusions were evident and were 



 

 
 

identified as iron sulphides. These were visible 
only at high magnification (>than x1000) since 
they were not more than a few microns in 
diameter.  Spot analyses at x2000 showed that 
the interstitial glass was particularly rich in 
barium as well as  potassium. The presence of 
sulphur in the interstitial glass suggests that 
coal may have been used as a source of fuel by 
itself or in combination with charcoal. The 
presence of barium also suggested the 
possibility of baryte,  barium sulphate,  being 
another sources of  sulphur. However, the ratio 
of barium to sulphur is not constant and thus 
the use of  coal as fuel must be taken into 
serious consideration.  
 
 
3.1.2. Amorphous lumps of slag: HOD8, 
HOD46, HOD48, HOD49 and HOD52. 
 
This group makes up the majority of the slags 
encountered on the site. They are difficult to 
characterise since typologically they can 
resemble either smithing slags or non-tapping 
bloomery smelting slags. They are amorphous 
in shape and very  heterogeneous in the 
composition of their matrix.   
 
3.1.2a  HOD8A  (7\7033\4041a) 
Optical examination shows massive iron 
oxides amidst a massive fayalitic background 
with only a little amount of interstitial  glass 
present.  
 
SEM-EDAX examination and analysis: area 
analysis (x20) showed a predominantly iron 
oxide slag (Figures 3-4). The fayalite lacks the 
needle shaped grains, while the glass is rich in 
potassium and alumina as well as barium. 
Potassium is one of the major elements in the 
glassy  phase. The presence of sulphur, albeit in 
small amounts, is also  recorded within the 
glassy phase. The presence of barium sulphate  
grains was unexpected and can only be 
regarded as contamination. (Table 2). It is 
unlikely that these baryte grains would have 
been the sole source of sulphur in the sample. It 
 is more likely that coal may have been that  

source. No Phosphorus, was  recorded.   
 
 

 
  

 
 
Figure 3. SEM images for HOD8A. 
SEM-BS image (left): (x330, bar=100 microns) 
massive iron oxide in a fayalite (dark grey) 
background and (black) glassy matrix. 
SEM-BS image (right): (x160, 
bar=100microns) massive fayalite merging into 
one mass. 
 

 
 



 

 
 

 
 
Figure 4. SEM images for HOD8A. 
SEM image (left): (x4300, bar=10 microns) 
particle of barium sulphate in a mass of iron 
oxides. 
SEM image (right): (x550, bar=10microns) 
iron oxides growing into a hole. The absence of 
other phases is noted. 
 
 
 
3.1.3 Froth and base cakes: HOD4 (a+b), 
HOD6a, HOD2 (a+b), HOD13, HOD22 
These are by far the most unusual of all the slag 
fragments recovered from  the site. They 
consist of two distinct layers, a froth and a base 
which are similar in terms of mineral typology. 
The thickness of the base does not exceed a 
few cm which in a way suggests that the hearth 
 floor could not have been very deep but rather 
pan-like in shape.  The froth consists primarily 
of  iron oxides (wustite and magnetite) and 
some fayalite and occasionally quartz, while 
the base consists primarily of fayalite or equal 
amounts of fayalite and wustite. Thus although 
the same minerals are present in both sections , 
 it is the relative amount of each which is the 
basis of their difference.  
 
The prevailing presence of oxides in the froth 
suggests that this layer was exposed to more 
oxidizing conditions effected by a vigorous air 
supply. Its  very open structure suggests  
“bubbling”. These types of slags are not to our 
knowledge likely to be encountered in a 
smithing hearth  where the conditions have to 
be kept purposefully reducing. Neither are they 

to be found in a non-tapping bloomery process 
involving a shaft furnace  (traditional 
bloomery) where the slags are expected to drip 
down from the bloom to the furnace floor. 
 
3.1.3a   
HOD6a (7\7033\232a) was a fragment of  dark 
brown but metallic looking (at places)  slag  
consisting of two layers: a) bottom layer is 
compact, dense and with a crystalline 
appearance,  b) top layer is frothy and  porous, 
and appears to have floated on the layer below. 
 The fragment has a smooth round bottom 
surface suggesting  that solidification took 
place within a shallow “container”. 
 
SEM-EDAX examination and analysis: Area 
analyses (at x40) revealed the presence of 
primarily iron oxides with fayalite but with an 
excess of iron oxides. Calcium, potassium and 
aluminium oxides are low (not exceeding 5% 
in total). Spot analyses at x2000 on the glassy  
interstitial phase showed apart from the 
expected constituents  minor quantities of 
barium and traces of sulphur (Figure 5). 
 

 
Figure 5. SEM image (x120, 
bar=100microns). Area in the section showing 
the presence of fayalite in the immediate 
vicinity of the unreacted but cracked quartz 
grains. Very small amounts of iron oxides can 
be seen at top end of the photo, presumably the 
remains of the reaction of the iron oxides with 
the quartz grains. 
 



 

 
 

Figure 6. XRD spectra for HOD 6. 
a) Froth 
 

 
 
b) Base 
 

 
XRD results (Figure 6): one sample was taken 
from each of the two layers (HOD6a1=froth 
and HOD6a2= base). The diffraction pattern 
for the frothy layer  showed equal amounts of 
fayalite and wustite as well as magnetite and 
traces of quartz and K-feldspars. The pattern 
for the base showed an excess of fayalite 
(compared to the frothy layer), much smaller 
quantities of wustite, traces of magnetite, 
quartz and K- feldspars. Thus the frothy layer 
shows the presence of  considerable amounts of 
iron oxides compared to the base which is 
primarily fayalite-rich.  
 
 
3.1.3c  
HOD2b (7\7033\217) was another fragment of 
the same  sample as above. 
 
SEM-EDAX examination and analysis: Area 

analysis (x 40) has shown that the section has a 
composition resembling that of fayalite with 
small amounts of alumina, potassium, and 
calcium.  Spot analyses (at x2000) showed a 
fayalitic composition (c. 75%FeO/ 25% SiO2) 
and glass consisting apart of silica (c.45% 
SiO2) and iron (25%FeO) of about 30% in total 
of calcium, potassium and aluminium as 
oxides. Traces of barium (as oxide) were also 
evident in the glass phase.  Sulphur is present 
in trace amounts  and concentrates primarily in 
the glass. The frequent presence of fayalite in 
the immediate vicinity of the quartz grains may 
suggest that the fayalite was produced from the 
reaction of iron or iron oxide with the quartz 
making up the base of the hearth (Figures 7-8).  
 
 
 



 

 
 

 
 

 
Figure 7. SEM images of HOD2B. 
SEM-BS image (top): (x40 and x100, 
bar=100microns) two areas showing complete 
absence of ferrite but with angular fayalite (fine 
and coarse) growing amidst unreacted quartz 
grains. 
 
 

 
Figure 8. SEM image of HOD2B. 
SEM-BS image (bottom): (x40, 
bar=10microns) showing fine dendrites of both 
ferrite and fayalite growing within the glass 

amidst large fayalite grains). 
 
 
3.1.4. Slag fragments showing reaction with 
hearth floor: HOD3, HOD45, HOD48. 
 
These fragments show visible signs of reaction 
with the hearth floor or a silica-lined base. 
When tapping bloomery (or other) slag no 
reaction is expected between the floor on 
which the slag is deposited;  the reason is that 
cooling has been rapid, from  its free-running 
temperature of 1250°C to 200-4°C.  The same 
principle in the case of a smithing hearth floor 
and the smithing slag deposited on it. However, 
when reaction is observed between a piece of  
slag and the hearth floor, this suggests that a 
bath of slag was being intentionally formed and 
kept hot. Photographs of sections in this group 
show that fine fayalite is growing amidst 
unreacted but heated quartz grains. 
 
Similar areas were seen in the microstructure 
of the previous group.  In this group these areas 
appear more prominently.  
 
 
HOD45 
 
Description: Section of unidentified fragment 
of material resembling smithing hearth bottom 
but showing extensive reaction of slag with 
hearth floor. Hearth floor is red, friable and 
only barely fired. Large quartz inclusions are 
evident. 
 
Optical and SEM-BS examination: Section 
appears inhomogeneous (Figure 9). It consists 
of metallic inclusions, unreacted quartz grains 
as well as fine needles of presumably fayalite. 
There is a large glassy phase which does show 
at places evidence for crystallinity. There is a 
metallic inclusion in a matrix of glass and 
unreacted quartz grain. Black areas signify 
pores. Sample appears very pitted, the result of 
weathering. There is also fine fayalite in a 
matrix of glass with unreacted quartz grains. 
 



 

 
 

 

 
Figure 9. SEM-BS image. HOD 45, hearth 
floor. 
 
 
3.1.4a 
HOD3   (7\7079) 
Description: fragment of a platy slag, showing 
areas of  reaction between the iron-rich 
component and  earthy matter, probably the 
hearth floor. It is possible that this is a fragment 
of a larger piece.  
  
SEM-EDAX examination and analysis 
(Figure 10 and Table 6). 
 

 
 

Figure 10. SEM image for HOD3. 
 

 
3.2 On Metallurgical Ceramics 
 
Ceramic materials are divided into: 

i. hearth floors (HOD6c and 
HOD55(a+b) 
ii. “Crucibles” HOD19, HOD21(a+b+c), 
HOD10, HOD9, HOD42 
 
One fragment (HOD21a) which was 
completely vitrified revealed the presence of a 
metallic inclusion about 2mm in diameter. 
Another (HOD42) contained three iron-rich 
inclusions ranging in composition from wustite 
to fayalite. And so did a third (HOD19 ).  
 
Sample HOD42 a highly and evenly fired 
fragment of a “crucible” possibly a rim was 
analysed in order to establish the composition 
of a metallic prill. This turned out to be 
metallic iron. Analysis of the fabric suggested 
the presence of a siliceous matrix of c 60- 70% 
SiO2 with a 15-25% FeO. Aluminium, calcium 
and potassium were less than 5% each. Traces 
of Barium (as barium oxide were also evident). 
 
Are hearth linings subjected to high degrees of 
vitrification??. The material is highly fired 
throughout with only little of the red 
remaining. Too slagged for a hearth lining, it 
appears rather thin for a furnace wall but just 
right for a hearth lining. The slag is not tapped 
but lumpy and  viscous consistent with 
temperatures  below 1240°C. 
 
 
 
HOD10 (7\7079\242) was fragment of highly 
fired ceramic material (c. 2cm thick) showing 
high degree of vitrification, fragments of 
quartz, inner surface is vitrified and dark grey, 
outer surface less so (red at places). 
 
Petrographic examination (sample 4): Clay 
matrix with around 30% frequency of quartz, 
<1mm in length. There are infrequent larger 
quartz grains of  about 1mm in length.  Their 
presence relates to quartzite found on site. This 
section also has three distinct zones (just like 
HOD 9):  the outer (on the left hand of the 
slide), has small vesicles and voids distinctive 
of remanent metals, this zone is 1-2mm in 



 

 
 

width. The second zone is between 2-3mm 
thick and also has a high density of vesicles, 
the final zone is 3-4m thick has very few 
vesicles and the clay matrix is clearly  visible.   
 
SEM-EDAX examination and analysis: area 
analysis (x300) of the glassy and the friable 
layers which make up the fabric of this crucible 
 are very similar in composition, namely they 
consist of silica and alumina (a ratio of 8/1 or 
7/1) with small amounts of  iron, potassium 
and calcium. However, there is a dark layer on 
the surface of the crucible  which on analysis 
appeared to be chlorine-rich. The chlorine rich 
layer consists of alumina and silica (a ratio of 
4/1 or 3/1). High amounts of sodium are also 
present which suggest that salt may have been 
added at some stage either in the contents of 
the crucible or “sprayed” on the fabric (Figure 
11 and Table 7).  
 

 
 

Figure 11. SEM-BS image of HOD 10.  
(x23, bar=1mm) section of crucible showing 
the vitrified surface  consisting of pores of 
different diameter and angular grains  of quartz 
and other materials. The surface layer is a  
chlorine-rich layer (dark) which is about 1mm 
thick. It is glassy looking.  Behind this layer 
there is the glassy layer of the fabric which is 
characterised by the absence of chlorine. 
Finally the friable layer consists with the 
unfired matrix of the fragment. 

 
 

HOD21a (7\7033\231a) was a fragment of 

“metallurgical crucible” (c. 8cm long, 2cm 
thick, 4cm wide) made of clay and displaying a 
gradient in colouration as a result of heating. 
Red friable external surface, black considerably 
vitrified internal surface with extensive 
porosity. The gradient in vitrification suggests 
that the interior of the “crucible” was exposed 
to reducing conditions, namely it was in 
contact with charcoal while the red exterior 
was exposed to more oxidising conditions. 
 
SEM-EDAX examination and analysis: a 
non-polished section was mounted onto a stub 
for examination and semi-quantitative analysis 
with the SEM. Area analyses (x30) on the 
unfired surface showed a primarily siliceous 
matrix (c. 60%SiO2, 15% FeO, 15% Al2O3) 
with nearly the same type of composition 
shown for the vitrified area (c. 60%SiO2, 20% 
FeO, 10% Al2O3).  This observation suggests 
that the gradient in vitrification is not due to 
fabric composition but rather to different 
conditions applicable to the interior and 
exterior crucible surfaces. Three iron-rich 
inclusions on the interior surface were 
analysed. Two of them  consisted  primarily of 
80%FeO, 10%SiO2 and a third of c. 56% FeO, 
40%SiO2.  The  analyses suggest that these 
inclusions were iron rich wustite or fayalite 
which were part of the contents of the crucible 
rather than of the matrix of the container.  A 
fourth metallic prill revealed the presence of 
lead (as lead oxide) which must have been 
associated with the iron since it appears to be 
repeatedly present, albeit in small amounts 
within the glass phase of the different slag 
samples (Figure 12 and Table 8).   



 

 
 

 
  

 
 

 
 

 
 
Figure 12. SEM-BS images of HOD21A.  
SEM-BS image (top) (x950, bar=10microns) 
edge of the glassy surface of the crucible, and 
the same area at higher magnification showing 
extensive porosity as a result of firing. 
SEM-BS image (bottom left) (x550, 
bar=10microns) the vitrified  interior surface of 
the crucible,  showing the presence of iron-rich 
inclusions. 
SEM-BS image (bottom right) (bar= 1mm of 
the friable unfired or partly fired part of the 
crucible). 
 
 
3.3  On  Metals  
3.3.1 
Metal “waste” from Hoddom is divided into: 
i. lumps of white cast iron/high carbon 
steel. 
ii. lumps of wrought iron. 
 
 
3.3.2 Lumps of Wrought Iron 
 
The metal fragments from Hoddom could be 
divided into two groups: (a) the white cast 
irons and high carbon steels which were mainly 
recovered from area 7, and (b) the wrought 
irons recovered  primarily from area 8. Shaped 
wrought iron objects were also associated with 
area 8. 
 
 
 



 

 
 

3.3.2a 
HOD37 (6\6084\463) iron ring (Figure 13 and 
Table 9), 6.5cm external diameter, 0.5cm thick, 
in good state of preservation. The object has 
been  
 

 
HOD 37 (SF 463) SI1   
IRON RING 

 

 
HOD 37 (SF 463) SI2 
IRON RING 

 

 
HOD 37 (SF 463) SI3 
IRON RING 

 

 
HOD 37 (SF 463) SI4  
IRON RING 

 
Figure 13. SEM-EDAX images for HOD37. 
 
 
3.3.2b. 
HOD36 (8\8049\173) iron wedge (Figure 14, 
3cm long, 2cm wide, 0.5cm thick, with good 
state of preservation of the metallic core. 
 
Optical and SEM examination: the section 
consists of two phases a) the first at the edges, 
is extensively carburised showing nearly  
eutectic pearlite but with some ferrite at the 
grain boundaries, b) the second, at the middle 
of the section is ferritic iron with some carbon 
which shows widmanstatten structure. There 
are relatively few slag inclusions. The gradient 
in carburisation suggests that the sample was 
intentionally carburised and that perhaps an 
attempt was made at quenching the entire 
section. The acicular ferrite, resembling 
widmanstatten, suggests fast cooling rates. 
 



 

 
 

  
HOD 36 (SF 173) SI1 
IRON WEDGE 

 

 
HOD 36 (SF 173) SI4 
IRON WEDGE 
 
 

 
HOD 36 (SF 173) SI5 
IRON WEDGE 
 
Figure 14. SEM-EDAX images for HOD36. 
 
 

 
3.3.2c 
HOD39 (8\8053\354) a  “currency bar” with 
welded tip and flattened top on opposite end; 
13cm long, 2cm wide, 0.5cm thick; still retains 
a  metallic core.  
 
Optical examination: (etched with 2% nital) 
both samples (wedges) taken from either side 
of the bar were extensively corroded. However, 
from the remaining metal it was possible to 
establish that the bars were made by the 
welding of (two or more strips)  of low and 
high carbon iron. The presence of acicular 
ferrite resembling widmanstatten structure 
suggests that this strip was cooled rapidly. On 
the contrary, the large grains of the ferrite in the 
low carbon were produced as a result of slow 
cooling. 
 
 
3.4  Summary of Results for 
Remaining Samples 
 
HOD5  (7\7079\2) 
 
Description: small dark brown (black on 
section) lump of slag. Probably a small 
smithing hearth bottom, with both its  surface 
and the bottom rough, and with  small degree 
of porosity. There appears to be little reaction 
of the hearth floor with the bottom surface. 
 
Optical examination: typical fayalite laths and 
wustite dendrites are present within this sample 
as well as sporadic metallic (iron) prills. Iron 
prills are characteristic of bloomery smelting 
and smithing slags, yet they have been rather 
elusive from most of the Hoddom samples 
analysed.  
 
SEM-EDAX examination and analysis: Area 
analyses (x40) revealed the presence of a 
calcium-rich fayalitic type slag. Calcium oxide 
amounts of up to 15% can easily be 
accommodated within the fayalite matrix but 
any amounts higher than that form the mineral 
kirschsteinite. This mineral was not found 



 

 
 

within the Hoddom slags. The glassy phase 
contains barium which appears to be the 
“fingerprinting” element for the Hoddom slags. 
 Metallic iron inclusions were evident which 
are ferritic and do not seem to contain either 
sulphur or carbon.  Spot analysis at x2000 
showed that the interstitial glass was rich in 
both calcium and alumina as well as barium.  It 
is not yet clear whether this barium originates 
from the ore or from the surrounding soil/clay. 
There are also small (less than a 1-2 microns in 
diameter)  iron sulphide inclusions within the 
glassy phase suggesting that coal was probably 
 used in the process of smithing. Sulphur is 
also dissolved within the glass (Figure 15 and 
Table 10).  
 
The use of coal for smithing only has been 
shown to have occurred from the Roman 
period and therefore it is not surprising to 
encounter it in the Hoddom context.  It is its 
use in smelting as well as smithing that one 
aims to establish here.  
 
 

 
  

 

 
Figure 15. SEM images of HOD5. 
SEM-SE image: (left), (x300, 
bar=100microns) long laths of calcium-rich 
fayalite with presence of dendrites of wustite. 
SEM-BS image (right), (x850, bar=10micons) 
same as above. Fine particles of iron sulphide 
are seen within the glass. They appear brighter 
than iron oxide globules. 
 
 
HOD19 (7\7000) 
 
Description: small fragment of a metallurgical 
ceramic showing a vitrified dark grey interior 
surface and a friable red exterior surface. On 
the interior grey surface there is a weathered  
possibly metallic prill adhering onto the surface 
which may point to the nature and contents of  
the original material. 
 
SEM-EDAX examination and analysis: no 
polished  section was prepared for this sample 
on the grounds that the fabric is rather  friable 
and hence it would be virtually impossible to 
polish.  Instead a freshly fractured surface was  
mounted on a stub for optical examination and 
semi-quantitative analysis with the  SEM-
EDAX.  The adhering prill  stood proud of  the 
surface. Semi-quantitative  analysis  showed  
the adhesion to be  primarily 80%FeO and 
10%SiO2,  making it a slag inclusion rather 
than a weathered metallic prill. Area analysis 
on the surface of the crucible showed a 
substantial lead content as  well as barium. The 
two elements have been present in association 
with one another at other samples examined 
here (Figures 16-17 and Table 11).   
 
 



 

 
 

 
 
Figure 16. SEM-BS image of HOD19. 
SEM-SE image (right) (x1000, 
bar=10microns) surface of slag adhesion on the 
surface of the crucible at high magnification 
showing vitrification.  
 
 

 
HOD 19 (SF 203T.2) SI5 
CRUCIBLE FRAGMENT WITH METALLIC PRILL 

 

 
HOD 19 (SF 203T.2) SI7 
CRUCIBLE FRAGMENT WITH METALLIC PRILL 

 

 
HOD 19 (SF 203T.2) SI8 
CRUCIBLE FRAGMENT WITH METALLIC PRILL 

 

 
HOD 19 (SF 203T.2) SI9 
CRUCIBLE FRAGMENT WITH METALLIC PRILL 

 

 
HOD 19 (SF 203T.2) SI10 
CRUCIBLE FRAGMENT WITH METALLIC PRILL 

 



 

 
 

 
HOD 19 (SF 203T.2) SI11 
CRUCIBLE FRAGMENT WITH METALLIC PRILL 

 
Figure 17. SEM-BS image of HOD19. 
 
 
 
HOD29 (8\ 8047\ 188) 
 
Description: small lump of solid metallic core 
with very thin envelope of weathering, showing 
evidence for piling/folding. 
 
Optical examination: (etched with 2% nital) 
Sample shows largely ferritic structure. 
However it is pitted and contains welding 
bands, long white bands, which are arbitrarily 
distributed throughout the sample. The optical 
examination showed the sample to be largely 
ferrite which appears to have over etched at 
places. The individual grains show pitting as 
well as carbides and perhaps nitrides as well. 
The last two are formed as a result of staying in 
the smithing hearth for long periods of time. 
Slag inclusions are many and abundant but they 
do not show any signs of having been worked. 
Even if this fragment had been worked, its long 
residence within the hearth would have relaxed 
the grains removing any sign of deformation. In 
other areas of the sample, light etching is seen. 
This may correspond to either a welding band 
or to an area with a high concentration of 
arsenic or other element. There is also a long 
slag inclusion growing between grain 
boundaries. 
 
SEM-EDAX analysis (Figure 18 and Table 12). 
 

 
HOD 29 (SF188.B) BS1 
METAL WASTE: WROUGHT IRON 

 

 
 
HOD 29 (SF188.B) BS2 
METAL WASTE: WROUGHT IRON 

 

 
HOD 29 (SF188.B) BS3 
METAL WASTE: WROUGHT IRON 

 



 

 
 

 
HOD 29 (SF188.B) BS4 
METAL WASTE: WROUGHT IRON 

 
Figure 18. SEM-BS images of HOD29. 
 
 
 
HOD34 (7\7000\271) 
 
Description: oval-shaped  iron lump showing 
metallic core (4cm long axis, 3cm thick) 
showing extensive layer of weathering. 
 
Optical examination: this is a sample of very 
heterogeneous material which shows extensive 
weathering. There is fine unresolved pearlite 
within grain boundaries and fine ferrite at the 
grain boundaries and remnants of fine acicular 
ferrite. 
 
SEM-EDAX analysis (Figure 19 and Table 
13).  

 
HOD 34 (SF 271) SI1 
METAL WASTE: STEEL 
 

 
HOD 34 (SF 271) SI2 
METAL WASTE: STEEL 

 
Figure 19. SEM-BS images for HOD34. 
 
 
HOD42 (8\8204\399) 
 
Description: fragment  of a “crucible” with 
metallic prill; vitrified throughout with  a 
greyish green hue. A large metallic inclusion 
was revealed upon sectioning. It appeared to be 
 metallic iron,  but it was decided to carry out 
an analytical investigation in any case. 
 
 
SEM-EDAX examination and analysis: Semi-
quantitative analysis of a flat but not polished 
section  revealed the presence of a large 
inclusion about 2mm in diameter which had 
been identified, on visual inspection,  as iron. 
Analytical investigation corroborated this 
observation.  However other metallic 
inclusions  which were a lot smaller 
(submicron size) were detected as well. Area 
analysis of the body which was nearly  
completely vitrified revealed a matrix rich in 
silica (70% SiO2, with c.15% FeO). Thus, it 
was concluded that some of the  small  metallic 
iron inclusions  may have been the result of 
reduction of iron which exists in the  matrix.  
 
 



 

 
 

 
 

Figure 20. SEM-SE image of HOD42 
(bar=1mm). Ceramic matrix with metallic prill 
shown at centre of the photograph (between 
two pores). 
 

 
 
4.0 Discussion 
 
4.1 Discussion of Slag Typology 
and Mineralogy 
 
The question which arose in the course of this 
investigation is whether all the typologically 
distinct slags presented here originate from one 
 process, namely smithing. Slag mineralogy 
and composition on a “bulk” level are no 
indicators of the typology neither is 
composition on a  spot analysis. This can be 
clearly deduced from the Table of analyses 
which show little variation within the 
individual samples. Therefore this is a case 
where the most must be made of the 
typological examination of the slags and what 
is already known about different practices, 
namely bloom smelting, smithing and fining. 
 
Smithing hearth slag can roughly be classified 
in the following groups: a) smithing hearth 
bottom, b) amorphous fragments, c) hammer 
scale and  d) fuel ash slag  (McDonnell 1986). 
Smithing hearth bottoms are characterised by 
their distinct shape which is either plano 
convex or concave convex. They can vary in 

diameter (5-20cm) and in thickness (3-10cm). 
Mineralogically they consist of  three phases,  
fayalite, wustite and interstitial glass which 
tends to fill the space between fayalite and 
wustite. Different elements when present in 
small amounts can be incorporated within 
either the fayalite or the wustite and almost 
always end up within the glassy phase as well. 
The presence of barium (originally as baryte) 
fingerprints the Hoddom smithing hearth 
bottoms and indeed all other slags. The use of 
coal is almost certainly verified by the sulphur 
also found within the glassy phase in the shape 
of metallic inclusions (iron sulphide). Sample 
HOD6D came from a well stratified context 
while sample HOD23 came from a top soil 
layer. Yet both represent the waste product of 
the same operation, a fact which suggests that 
the metallurgical waste at either area must have 
been disturbed  at various times after its 
formation and deposition presumably by 
ploughing.  
 
Amorphous slags, although constituting the 
bulk of the material,  are not particularly 
helpful indicators of a process. On the other 
hand the slags which appear to consist of two 
sections and /or show reaction with the hearth 
lining are more unusual and cannot easily  
classify as smithing slags. As was explained 
earlier reaction of the slag with a silica rich bed 
must have taken place while both were molten 
and at the hot part of the furnace/hearth. This 
observation suggests that they may have 
formed within a fining hearth where oxidising 
conditions are likely to exist and where 
reaction of the two materials is necessary and 
well documented.  The presence of white cast 
iron  encountered within the material remains 
certainly corroborates this hypothesis as is 
discussed below. Unfortunately it cannot be 
matched by archaeological evidence.   
 
The slag which has reacted with  the soil/hearth 
lining suggests that the slag was molten and 
kept hot while the reaction was taking place. 
The slag is predominantly fayalitic with iron 
oxides (wustite and magnetite) but also 



 

 
 

contains quartz  inclusions. Unreacted quartz 
inclusions are  unusual in bloomery slags but 
more common in the fining hearth where the 
cast iron was converted to wrought iron by 
addition of  fluxes i.e. iron oxides and fayalites.  
 
 
 
4.2 Discussion of Metal Structure 
and Composition 
 
4.2.1 The white cast irons of Hoddom 
Cast iron is an  impure iron containing more 
than 1.9% C and other elements like silicon, 
phosphorus or manganese. It is formed at 
temperatures below c.1250 C. It is very brittle 
and so it cannot be worked, whether  hot or 
cold, and thus its applications are only limited 
to castings.  White cast iron  described as such 
by  the  appearance of its  surface when it is 
fractured,  consists of two phases, cementite 
and pearlite.  It is the presence of cementite, an 
iron  carbide Fe3C, which is very hard and 
brittle that gives the metal its limited range of 
applications. White cast iron contains carbon 
between 2.5-4.5% C. At 4.5 % C cast iron will 
melt at a temperature of 1143°C which is near 
the melting temperature of copper but well 
below the melting temperature of iron namely 
1550°C. 
 
Molten iron can be white or  grey. The 
difference is in form of the carbon;, in the case 
of white cast iron it is in the form of carbide, 
while in the case of grey cast iron it is in the 
form of graphite flakes. Silicon will also be 
present, but at concentrations below 0.2%Si 
white cast iron will form, while at 
concentrations above 1.5%Si grey cast iron will 
form. At intermediate temperatures the type of 
metal formed will depend on the rate of 
cooling. This means that if the metal cools 
quickly then white cast iron will form, but if 
the rate is slow grey cast iron will form.  
 
How was cast iron produced? In the West it 
was produced almost exclusively in blast 
furnaces, but in the East and in China in 

particular it was produced within crucibles. 
The first type of cast iron dated to the Han 
dynasty in China (2nd-1st century BC) were all 
white cast irons and indeed most of the castings 
in China were exactly that. Rostocker and 
Bronson (1991, 113) show crucible smelting in 
Shanxi province which was supposed to 
continue economically, one presumes, until the 
early twentieth century.  Since little analytical 
data is available, Rostocker and Bronson 
having presented eye-witness accounts 
concluded that the product must have been a 
combination of cast iron and bloom since a 
large quantity of slag must have been present.  
White cast iron could be produced in the 
bloomery furnace and indeed there are more 
and more bloomery furnaces like the African 
ones which appear to have been in a position to 
produce them. However, the presence of the 
fragments of metallurgical ceramics identified 
as crucibles has introduced another parameter 
which needs to be taken into consideration.  
 
At Hoddom, the shape of some white cast iron 
fragments  needs to be taken into consideration. 
A substantial number of them are oval shaped 
with a 3cm along the short axis. Their edges 
appear at places either  decarburised and/or 
having reacted with the walls of the container. 
This container  would most likely have been 
that of the crucible rather than the mould. The 
absence of slag from the Hoddom white cast 
iron suggests that it was well separated  from 
the metal,  and that could only have happened 
if the two were tapped separately i.e. in a blast 
furnace.  
 
Slag inclusions were also absent from the 
decarburised areas of the same samples. The 
absence of slag inclusions in the white cast iron 
 has made the task of metal provenancing 
rather difficult  since no direct connection can 
be established between the white cast iron 
ingots and the wrought iron fragments which of 
course contain a large number thereof.  
 
What is the relationship between the two types 
of metal? The white cast iron appears clean and 



 

 
 

of  uniform composition while the wrought 
iron fragments are full of slag inclusions and 
certainly point to a traditional bloomery. Could 
it be that the two events were contemporary?. It 
is possible that the cast iron fragments were not 
made on site but were brought from outside. 
What is indeed puzzling is their small and 
rather uniform size.  Only in one case is the 
mass of iron an amorphous and rather large in 
size lump. The coring effect observed in some 
lumps of white cast iron and the large pores 
associated with one of them (HOD35) suggest 
that the metal was cast into a ceramic ingot or 
cooled within a metallurgical crucible.  
 
Having presented the evidence from Hoddom,  
it is perhaps worth mentioning at this stage the 
results of the examination of the Perth material 
and in particular those that appear to be 
associated with molten iron. Although no cast 
iron fragments were found,  large metal prills 
were found within glassy slags. Furthermore 
these were round.  The slags contained a large 
amount of iron (c.10%). Examination of slags 
from the charcoal operated blast furnace at 
Poolewe, Loch Maree showed that the slags did 
not exceed a total of 3-5% FeO in the slag. 
This amount is consistent with this type of 
process while the slags which contain more 
(circa 10-20% FeO) have been typically 
ascribed to the high bloomery furnace.  Thus it 
can be argued that the melting of iron in a 
furnace was not unknown at least in Medieval 
Perth and probably other sites in the lowlands. 
Whether the Lowlands blast furnace 
technology developed out of the high bloomery 
is not presently known. 
 
Cast iron is unsuitable for any application other 
than castings. However, the bulk of wrought 
iron was indeed produced form the 
decarburisation of cast iron in a process which 
took many  shapes and forms depending on the 
geographical region and the material resources 
available. The fining hearth  was one of them, 
the stamping and potting process another and 
finally the puddling process.  All three 
processes involve the conversion of cast iron to 

wrought iron. There are presented here as a 
means of connecting the presence of the white 
cast iron ingots to the wrought metal artefacts 
evident on the site.  
 
 
4.3 The Wrought Iron Finds 
 
Metal  (shaped objects) - wrought iron/low 
carbon steels 
 
The presence of a “currency bar” amidst the 
debris in area 8 in the context associated with 
the destruction layer  (8053) may point to the 
source of raw material for the smithy or indeed 
the location where it was formed. The alternate 
layers of high and low carbon strips seen here 
have previously been observed in sections of 
currency bar analysed by other investigators 
and therefore are consistent with the method of 
preparation of these items of trade. For 
reference see Crew and Salter (1991) for 
discussion on the experimental reproduction of 
 currency bars. 
 
There seems to be little relationship between 
the wrought iron finds,  both finished objects 
and metallurgical waste which largely cluster 
around area 8. The slag inclusions abundant in 
the former but absent in the latter suggest 
cannot serve as a means of connecting the two. 
Furthermore the slag composition offers no 
tracer elements which can link the two 
together.  Barium and manganese are present as 
traces but cannot differentiate between the 
smelting and smithing slags. 
 
 
 
5.0 General Discussion 
 
The examination of the Hoddom metallurgical 
waste has only began to hint at the wealth of 
the potential level of  iron technology 
associated with early monastic settlements in 
Scotland.  Since the advanced level of non-
ferrous metallurgy as well as craft organisation 



 

 
 

has already been testified in other sites in 
Scotland like Iona or the Broch of Birsay, it is 
inevitable that similar developments must have 
followed in the field or iron metallurgy.  
 
The reconstruction of any metallurgical process 
needs to be backed by the archaeological 
evidence and in the absence of the latter the 
metallurgy must remain a pure conjecture. At 
Hoddom the evidence for intensive magnetic 
anomalies has been observed in areas 5, 6, 7, 8 
and 11. With the exception of area 8  all other 
“hot spots” have been attributed to corn drying 
kilns associated with food processing.. And yet 
metallurgical remains are evident to a small, or 
large extent in all of the above. Is it possible 
that modification of these “kilns”  from one 
type of pyrotechnology to the other may have 
taken place? Before putting forward any 
suggestions, it is first necessary to have an 
understanding of the type of furnaces/hearths 
used for smelting/smithing/or fining at that 
period. This information is presently 
unavailable. Therefore all metallurgical 
activities and waste must presently be assumed 
to have derived from the smithy of area 8. As 
all working places the smithy would be 
expected to be clean of large amounts of 
debris. Hence it has to be assumed that if 
smithy and the eastern room in area 7 were 
standing and functional at the same time, then 
the debris of the workings in area 8 was moved 
in area 7. Given the thickness of the contexts 
7033 and 7079 and assuming that the waste has 
been disturbed and partly removed (O’Sullivan 
1991) it is unlikely that it also originated there. 
 
On the basis of the material analysed this paper 
puts forward  the hypothesis for  two types of 
iron processing practices may have  taken place 
at Hoddom in the later phase of its existence. 
Smithing  and/or  fining. Either but not both 
took place within the “smithy” of area 8. It is 
there that the predominant accumulation of 
hammer scale has been centred. However 
hammer scale is expected to be found 
anywhere where iron making/processing 
activities are taking place since all it testifies  

to is oxidation of metallic  iron while hot and 
little else. Both smithing and fining are 
secondary processes. In smithing a bar(or bars) 
of iron is shaped into a final object, in fining 
pig iron, normally high in carbon is 
decarburised to be made into wrought iron or 
steel. Both make use of hearths  which would 
have consisted of a box shaped stone structure 
lined with clay or other insulating material to 
prevent heat losses. Smithing hearths are 
usually assumed to have been raised either at 
knee or waist height (Tylecote), fining hearths, 
of which only few illustrations exist, are 
usually not.  Evidence for smithing activities 
are based on  smithing hearth bottoms, hammer 
scale, and fuel ash. The evidence for fining is 
based on the presence of fragments of white 
cast iron and “fining” slag. The presence of 
crucible with their ambiguous function either 
associated with iron working or lead melting 
must for the time being be suspended. 
 
 
In this paper and the accompanying report a 
large number (fifty) of materials were 
examined in order to establish statistically 
representative  groups. In thus doing it has only 
scratched the surface in suggesting but not 
being in a position to substantiate the claim for 
two types of technologies.  Differentiating 
between the different types of wrought iron 
making slags is a difficult task even when the 
archaeology is there to corroborate the 
evidence. In its absence this task can only be a 
conjecture.  
 
The metallurgical waste examined here is 
likely to be associated with an organised 
settlement, the aim of which was to procure the 
raw material as well as the finished object. 
Given the quantity  of the waste and the 
potential diversity thereof,  it is likely that the 
monastic order was  likely to be directly 
associated with its running. 
 
The “smithy” in area 8 appears to have been 
burnt, and there seems to have been no attempt 
to recover the metal. It is probably quite clean 



 

 
 

“as smithies go”. Metal  particularly white cast 
iron and high carbon steel was found in area 7 
while in area 8 the metal was predominantly 
wrought iron. Could that mean that the smithy 
was only the focus of the wrought iron-working 
activities and the production/processing of the 
cast iron-making took place somewhere else? 
 
In both cases smithing and fining areas 7 and 8 
suggesting processing rather than procurement 
of raw material. There is no evidence that cast 
iron was produced on site at least in the form of 
blast furnace slag and the bloomery smelting 
slag is if there is any is difficult to distinguish 
from the smithing slag. The crucibles may have 
been associated with lead melting. They were 
free standing  and were heated from within. 
The slag adhesions on the inside of the crucible 
may be related to  crucible smelting. However 
more work is required to verify this hypothesis. 
They show no sign of external vitrification so 
they could not have been placed within a 
furnace and heated externally with charcoal or 
coal. 
 
Finally the evidence for white cast iron as well 
as high carbon steel and wrought iron suggests 
that the products from the bloomery hearth 
were all inclusive, but the shaped artefacts are 
all wrought iron with areas of high carbon 
steel.  Both metal waste and shaped artefacts  
appears to have been discarded primarily in 
area 7. This is an interesting observation since 
it can only mean that the site was not left all at 
once but  in stages.  
 
The iron metallurgy at Hoddom should be seen 
in the context of lead smelting activities which 
are also evident on site either for the making of 
stained glass or roofing or both. This work 
scratches the proverbial surface and we are 
perhaps a long way from understanding the full 
extent of the activities on site.  
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Appendix 1. Glossary of Technical 
Terms 
 
Annealing   The process of softening a metal 
hardened by cold working, ie hammering.  The 
lowest temperature at which a metal will soften 
varies with the degree of cold working, greater 
amounts tending to reduce the temperature. 
 
Austenite   A non-magnetic form of iron 
normally existing only at high temperatures 
(above 720°C).  Carbon can dissolve in it up to 
about 1.8% at 1150°C and diffuse readily. 
 
Bloom or bloomery iron that has been produced 
in a solid condition as the result of the 
reduction (smelting) of iron ore.  Pure iron 
melts at 1535°C, but bloomery as not usually 
heated above 1250°C.  The carbon content 
varies but is usually low.   
 
Cast iron   An impure iron containing more 
than 1.9% C and other elements like silicon, 
phosphorus, formed in the liquid.  Not 
malleable, hot or cold, and very brittle.  It 
exists in two forms, white and grey, which 
describes the appearance of its  surface when it 
is fractured. 
 
Cementite    Iron carbide, Fe3C, very hard and 
brittle, forming one of the constituents of 
pearlite (qv). 
 
Cold working   When hammered at low 



 

 
 

temperatures, metals increase in hardness and 
strength. 
 
Decarburization   The loss of carbon from the 
surface of a ferrous alloy as a result of heating 
it in the presence of a medium such as oxygen 
which reacts with the carbon. 
 
Direct process The iron-making process by 
which wrought iron is reduced directly from 
ore in a solid state reaction, namely the iron is 
never molten. 
 
Ferrite   A magnetic form of iron, almost 
devoid of carbon but capable of containing 
various amounts of other elements, such as 
phosphorus. 
 
Flux Lime or other material added to the 
smelting charge to render a slag easy flowing. 
 
Free-running temperature The temperature at 
which the viscosity of a metal or slag is low 
enough for it to be poured. 
 
Eutectic The alloy composition that freezes at 
the lowest constant temperature, causing a 
discrete mixture to form in definite 
proportions. 
 
Graphite The form of carbon occurring in cast 
iron containing more than c. 1% silicon, and 
slowly cooled 
 
Hammer scale   the scale removed from iron 
during forging.  This consists of metal which 
has reacted with air and which has thereby 
been converted mainly to iron oxide or 
wustite.. 
 
Hardness of metals is usually measured by 
indentation tests.  Two popular scales of 
hardness are the diamond pyramid (HV) and 
the Brinell (HB). 
 
Hot short Brittleness in hot metal.   The 
presence of excess amounts of sulphur in steel 
causes hot-shortness. 

 
Inclusions   Particles of impurities that are 
usually formed during solidification and  are 
usually in the form of silicates, sulfides and 
oxides. 
 
Martensite A hard product of quenching iron 
containing carbon from temperatures above 
720°C. 
 
Mild steel   Modern equivalent of wrought iron 
but without the slag which gives the latter its 
fibrous structure. 
 
Neuman lines or bands   Markings on ferrite 
which occur as a result of great shock at low 
temperatures (below 500°C).  They disappear 
when the metal is heated above c. 600°C. 
 
Pearlite    One of the constituents of iron 
containing carbon in excess of c. 0.02%;  a 
mixture of ferrite and cementite, usually 
laminated in form. 
 
Phase A portion of an alloy, physically 
homogeneous throughout, which is separated 
from the rest of the alloy by distinct bounding 
surfaces. 
 
Quenching    The process of rapid cooling of 
metal alloys for the purpose of hardening. 
 
Recrystallisation   A process in which the 
distorted grain structure of metals that are 
subjected to mechanical deformation is 
replaced by a new strain-free grain structure 
during annealing. 
 
Scale The surface oxidation on metals caused 
by heating in air or in other oxidising 
atmospheres.  It is produced at all stages in 
iron-making including smelting and smithing 
(see Hammer Scale), and constitutes one of the 
most common wastes at a metallurgical site. 
 
Smelting   Involves a chemical reaction 
between the ore and the fuel, or between a 
heated sulfide ore and the atmosphere. 



 

 
 

 
Sorbite spheroidised structure of iron carbide in 
ferrite formed by tempering martensite between 
500-700°C. 
 
Sorbitic pearlite   Unresolvable pearlite formed 
during rapid cooling in the range 500-600°C. 
 
Spheroidised pearlite    Globular cementite 
particles formed when iron/steel with lamellar 
pearlite is heated for a prolonged period near or 
below 700°C. 
 
Stringer (slag)   Aligned silicate (slag) 
inclusions following the direction of working. 
 
Tempering   The operation of softening the 
hard and brittle constituent, martensite, by 
heating it for a short time at temperatures 
between 100-650°C. 
 
Widmanstaetten structure occurs in steels 
which have been fairly rapidly cooled from 
high temperatures, c. 1000°C.   
 
 
 
 
Appendix 2. Scottish Iron Ores and 
Fuels 
 
The iron ores of Scotland have already been 
reviewed elsewhere (A Hall, in press, 
Appendix in  E Photos-Jones, J Atkinson, I 
Banks, The Bloomery Mounds of the  Scottish 
Highlands: a pilot study). There are various 
sources of the iron ores. These can be divided 
in the ferrous ores including blackband 
ironstone and clayband. The clay band 
ironstone from Fife was smelted with coal in 
the 18th century. Clayband ironstones 
containing carbonates and clay are concretions 
which can be up to 1mm across. They were 
smelted using coal during the 18th century. But 
there is reference for their use as early as the 
17th century at least in western Ross. 
Blackband ironstones containing carbonates 

and coal form continuous layers. They are quite 
difficult to smelt.  
 
Siderite or spathic ores which are crystalline 
occur throughout the Midland valley of 
Scotland. Although they are supposed to be 
pure carbonates they can contain some 
magnesium and manganese as well as possible 
fossils. All of the above are ferrous ores where 
the iron is in the +2 oxidation state. 
 
Ferric ores consist primarily of ferric oxide 
(Fe3+) is a common component of veins in any 
rock type. They can make up mot of the 
composition of a fracture infill. Hematite veins 
occur in Muirkirk in the S Uplands and they 
appear together with manganese in the 
Grampian Highlands. The latter are known to 
have been worked in the 1730's Muirkirk ore 
was used in Bobawe at the side of the early 
charcoal operated blast furnace. 
 
Gossans and bog iron deposits are both 
concentrations of ferric oxyhydroxides 
originating from different mechanisms of 
formation. Gossans the product of weathering 
/oxidation of pyrite which is found in 
association with lead and zinc deposits. 
Gossans are in situ accumulation of iron while 
bog iron deposits are precipitated from 
solutions. Additional sources of ferric 
oxyhydroxides are the bog iron ores with the 
general formula FeOOH.nH2O. They are 
bacteria generated precipitations from iron 
bearing ground waters which oxidize when 
they come into surface or near surface 
environments. 
 
Finally magnetite in Scotland occurs within the 
schists of the Gairloch, Loch Maree area, in 
NW Scotland. They occur in association with 
silica and because of their banded structure 
they have been called banded iron formations 
(BIF). 
 
 
Fuels 
Fuels are divided in two groups, natural and 



 

 
 

prepared. The natural ones include wood, 
bituminous coal and anthracite. Prepared fuels 
include charcoal and coke.  When powdered 
coal is burnt the following products are 
produced: 
 
a. Water is emitted and is obvious in the 
form of globules occurring in the interior of the 
crucible. 
b. When the temperature is raised smoke 
comes out this is due to hydrocarbons being 
burnt. Also inflammable gas is being driven off 
as can be seen from the flame around the lid 
c. After the crucible is cooled off,  black 
substance powder is seen which is coke in 
powder  or caked together. This needs excess 
air to burn. 
d. Ash produced after the coke has been 
bunt off. 
 
Charcoal is produced by burning wood in a 
heap under cover of a non-combustible matter 
like for example earth of a kiln roof. 
 



 

 
 

Tables 
 
Table 1. SEM-EDAX table of analysis of HOD6D. 
 
Sample Description Na2O MgO Al2O3 SiO2 SO3 P2O5 K2O  CaO TiO2 MnO FeO BaO Total 

area 4.41 0.40 3.17 19.25 0.52 0.02 1.90 11.36 0.23 0.27 57.92 0.59 100 

glass 0.88 0.00 13.04 26.03 2.14 0.13 4.93 15.72 0.49 0.07 32.23 4.34 100 

fayalite 1.27 0.63 0.00 26.60 0.24 0.00 0.22 9.13 0.00 0.33 61.58 0.00 100 

metallic 1.61 0.00 3.18 5.57 31.26 0.00 0.89 3.50 0.00 0.05 52.63 1.31 100 

 
 
Table 2. SEM-EDAX table of analysis for HOD8A 
 
Sample Description Na2O MgO Al2O3 SiO2 SO3 K2O CaO MnO FeO BaO Total 

area 0.00 0.00 1.21 12.25 0.46 0.15 0.53 0.17 84.91 0.08 100 

glass 0.52 0.00 19.00 54.46 0.27 19.10 0.24 0.00 4.57 1.88 100 

wustite 0.00 0.00 0.76 1.16 0.15 0.00 0.04 0.17 97.72 0.00 100 

fayalite 0.00 0.00 0.00 23.94 0.11 0.00 1.32 0.34 74.28 0.00 100 

BaSO4 x4300 1.42 0.49 0.81 1.50 24.07 0.06 0.31 0.22 9.21 61.89 100 

 
 
Table 3. SEM-EDAX table of analysis for HODA 
 
Sample 
Description 

Na2O MgO Al2O3 SiO2 SO3 P2O5 K2O CaO TiO2 MnO FeO B aO Total 

area 0.00 0.00 2.07 18.46 0.00 0.00 1.33 1.16 0.26 0.00 76.29 0.37 100 

glass 1.04 0.00 14.69 34.06 0.33 0.66 8.29 4.89 0.00 0.00 33.93 1.97 100 

fayalite 0.00 0.12 0.34 21.95 0.09 0.00 0.00 0.36 0.00 0.32 76.82 0.00 100 

 
 
Table 4. SEM-EDAX table of analysis for HOD2B. 
 
Sample Description Na2O MgO Al2O3 SiO2 SO3 K2O CaO TiO2 MnO FeO BaO Total 

area 1.15 0.00 2.80 24.02 0.33 2.36 2.03 0.18 0.00 67.14 0.00 100 

fayalite 0.25 0.15 0.50 24.41 0.09 0.20 0.64 0.00 0.06 73.72 0.00 100 

glass 1.02 0.00 10.92 41.97 0.75 6.23 12.23 0.50 0.16 25.58 0.66 100 

 
 
Table 5. SEM-EDAX data for HOD 45. 
 
Sample Description CO2 Na2O MgO Al2O3 SiO2 SO3 K2O CaO TiO2 FeO Total 

HOD 45 hoddom 45 si3 spec1 nd nd nd nd 1.25 1.10 nd nd nd 97.65 100 

HOD 45 hoddom 45 si3 spec2 nd nd nd nd nd nd nd nd nd 100.00 100 

HOD 45 hoddom 45 si3 spec3 30.22 0.76 0.64 6.54 49.47 nd 3.51 0.69 0.41 7.77 100 

HOD 45 hoddom 45 si3 spec4 24.43 0.46 0.25 2.26 66.38 nd 1.81 nd nd 4.40 100 

HOD 45 hoddom 45 si3 spec5 38.77 0.75 0.45 1.96 34.96 nd 3.33 2.38 nd 17.41 100 

HOD 45 hoddom 45 si3 spec6 nd nd nd nd nd nd nd nd nd 100.00 100 

 
 



 

 
 

Table 6. SEM-EDAX table of analysis for HOD3. 
 
Sample Description Na2O MgO Al2O3 SiO2 SO3 P2O5 K2O  CaO TiO2 MnO FeO PbO Total 

area 1.70 0.38 4.54 56.87 0.27 0.00 1.28 3.35 0.57 0.00 31.04 0.00 100 

fayalite 0.00 1.87 0.00 27.93 0.24 0.00 0.00 0.59 0.00 0.16 69.04 0.16 100 

glass 0.00 0.00 6.08 45.69 0.37 0.33 1.39 16.64 0.60 0.00 29.27 0.24 101 

 
 
Table 7. SEM-EDAX table of analysis for HOD10. 
 
Sample Description Na2O MgO Al2O3 SiO2 SO3 K2O CaO TiO2 MnO FeO BaO Cl Total 

area  x370 1.15 9.95 8.25 61.07 0.20 1.85 4.08 1.48 0.70 10.82 0.00 0.43 100 

area x500 0.00 0.00 4.77 70.57 0.00 0.60 1.80 0.00 0.00 3.39 0.00 18.85 100 

area mean 0.58 4.98 6.51 65.82 0.10 1.23 2.94 0.74 0.35 7.11 0.00 9.64 90 

Cl-rich area x300 0.00 0.00 28.99 51.67 0.00 1.11 2.68 0.00 0.25 3.19 0.00 10.63 99 

Cl-rich area x85 1.45 1.32 22.02 55.73 0.00 1.81 3.28 0.00 0.00 4.09 0.00 10.35 100 

Cl-rich area x85 0.00 0.00 23.20 59.73 0.00 1.49 2.89 0.53 0.47 4.26 0.00 7.42 100 

Cl-rich area mean 0.48 0.44 24.74 55.71 0.00 1.47 2.95 0.18 0.24 3.85 0.00 9.47 90 

area x300 1.83 0.45 7.21 71.63 0.22 6.59 3.88 0.38 0.23 7.42 0.17 0.00 100 

area x300 1.01 0.39 9.93 82.67 0.00 1.36 0.70 0.33 0.21 3.13 0.00 0.27 100 

area x300 6.82 3.33 11.52 43.86 0.00 1.71 3.84 0.00 1.81 0.00 0.00 27.10 100 

area x300 2.38 1.04 27.88 56.39 0.00 1.16 3.51 0.00 0.00 2.15 0.48 5.01 100 

area x300 mean 3.01 1.30 14.14 63.64 0.06 2.71 2.98 0.18 0.56 3.18 0.16 8.10 92 

 
 
Table 8. SEM-EDAX table of analysis for HOD21A. 
 
Sample 
Description 

Na2O Mg
O 

Al2O3 SiO2 SO3 P2O5 K2O CaO TiO2 Mn
O 

FeO BaO Pb
O 

Total 

area 1 0.00 1.01 14.64 60.60 0.63 0.72 3.45 0.72 1.45 0.54 16.65 0.00 nm 100 

area 2 0.00 0.54 7.35 60.53 0.42 1.21 4.00 5.03 0.75 0.21 19.96 0.00 nm 100 

area mean 0.00 0.78 11.00 60.57 0.53 0.97 3.73 2.88 1.10 0.38 18.31 0.00 nm 100 

? 0.00 0.00 2.99 7.54 0.23 0.46 0.41 0.69 0.00 0.12 87.55 0.00 nm 100 

? 1.03 0.00 2.25 39.73 0.00 0.40 0.11 0.61 0.00 0.09 55.78 0.00 nm 100 

? 0.00 0.19 3.42 11.68 0.17 0.16 0.57 0.76 0.19 0.05 83.41 0.00 nm 101 

? mean 0.34 0.06 2.89 19.65 0.13 0.34 0.36 0.69 0.06 0.09 75.58 0.00 nm 100 

??? Pb-rich phase 0.54 0.00 3.15 20.04 1.98 0.00 3.96 2.06 0.30 0.06 4.62 0.30 2.99 40 

 
 
Table 9. SEM-EDAX data for HOD37. 

 
 
 
 

Sample 
 

Description CO2 Na2O MgO Al2O3 SiO2 K2O CaO MnO FeO  BaO Total 

HOD 37 436s4 spect1 ** THIS 
SHOULD BE 463 I 
THINK** 

39.62 nd nd 1.38 5.10 nd 1.29 nd 52.41 nd 100 

HOD 37 436s4 spect2 nd nd nd nd 1.47 nd nd nd 98.53 nd 100 

HOD 37 436s4 spect3 27.63 nd nd nd nd nd nd nd 72.37 nd 100 



 

 
 

Table 10. SEM-EDAX table of analysis for HOD5. 
 
Sample Description Na2O MgO Al2O3 SiO2 SO3 K2O CaO TiO2 MnO FeO BaO Total 

area 1.35 0.67 3.36 18.76 0.00 0.35 11.51 0.16 0.43 63.03 0.40 100 

metallic 0.00 0.42 1.18 1.63 0.00 0.00 0.28 0.40 0.13 95.96 0.00 100 

interstitial glass 0.61 0.11 10.99 25.91 0.69 2.37 14.77 0.84 0.03 41.50 2.17 100 

Ca-fayalite 0.00 0.00 0.83 25.54 0.00 0.30 13.43 0.00 0.41 59.50 0.00 100 

 
Table 11. SEM-EDAX table of analysis for HOD19. 
 
Sample 
Descripti
on 

Na2
O 

MgO Al2O
3 

SiO2 SO3 P2O
5 

K2O CaO TiO2 MnO FeO BaO PbO Cl Tota
l 

area 0.00 0.58 9.48 53.6
8 

0.31 0.00 5.16 2.88 0.54 0.17 17.5
3 

1.89 5.32 0.81 98 

metal 
inclusion 

0.00 0.00 2.59 12.2
9 

0.00 3.58 0.30 0.29 0.04 0.00 82.1
8 

0.00 0.40 0.27 100 

 
Table 12. SEM-EDAX data for HOD29. 
 
Sample Description Na2

O 
MgO Al2O

3 
SiO2 P2O

5 
SO3 K2O CaO MnO FeO BaO Total 

HOD 29 h188b.si2 0.24 0.00 0.22 0.81 0.00 0.00 0.05 0.01 0.13 98.99 nd 100 

HOD 29 h188b.si1 0.19 0.15 0.00 27.52 0.26 0.16 0.13 1.41 0.26 69.86 0.15 100 

HOD 29 h188b. si8  nd nd nd nd 0.04 0.05 nd nd nd 99.91 nd 100 

HOD 29 188 repeat ana 
slag inclusions 
spectrum 1 

nd 0.70 0.58 30.89 2.84 nd nd nd 3.00 59.93 nd 98 

HOD 29 188 repeat ana 
slag inclusions 
spectrum 3 

nd 0.70 0.58 30.89 2.84 nd nd 2.05 3.00 59.93 nd 100 

 
Table 13. SEM-EDAX data for HOD34. 
 
Sample Description CO2 Na2O Mg

O 
Al2O3 SiO2 P2O5 SO3 K2O CaO Mn

O 
FeO BaO Total 

HOD 34 h271.si2spect
1 

nd 1.10 0.31 12.31 65.00 0.18 0.02 14.54 3.93 0.25 1.99 0.37 100 

HOD 34 h271.si2spect
2 

nd 1.60 1.11 7.08 66.35 nd nd 10.60 9.43 0.42 2.36 1.05 100 

HOD 34 h271.si2spect
3 

nd nd nd nd nd nd nd nd nd nd 98.34 nd 98 

HOD 34 h271.si2spect
4 

29.31 nd nd nd nd nd nd nd nd nd 70.69 nd 100 

 
Table 14. SEM-EDAX table of analysis for HOD42. 
 
Sample 
Description 

Na2O MgO Al2O
3 

SiO2 SO3 P2O5 K2O CaO TiO2 MnO FeO PbO Total 

area 0.72 0.45 21.65 46.40 0.15 0.07 2.88 2.79 0.38 0.08 23.42 0.00 100 

area, near 
metal 
inclusion 

0.00 0.84 5.78 70.67 0.00 0.20 6.54 3.28 0.80 0.12 10.35 1.43 100 
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