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Abstract: This paper investigates the possibilities of smelting iron in a bowl hearth. The programme of 
experimental work seeks to expand on previous theoretical and experimental work conducted on bowl 
hearth iron smelting. The hearth constructed for this experiment is a different design to that from 
previous experiments, with the air input positioned at the top of the hearth rather than the bottom. This 
paper presents the archaeological and theoretical background for the experiment, methodology and 
results of the experiment, microscopic analysis of the metallurgical materials produced, as well as a 
discussion of the results.  
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Introduction 
 
The smelting of iron ore has taken place within 
South Yorkshire for over 2500 years.  Though 
no blast furnaces remain in the county the area 
continues to be famous for its iron and steel 
heritage, with Sheffield being the birthplace of 
stainless steel and the epicentre of continuing 
developments in innovative complex casting 
work today (Beauchamp & Unwin 2002; 
Chadwick 2019, 1; Natwest 2020). This strong 
link has made iron production the focal point of 
studies of ‘Archaeological Materials’ modules 
within the Department of Archaeology at the 
University of Sheffield. In the academic year 
2019-20 the Masters students of the 
‘Reconstructing Ancient Technologies: Metals’ 
module decided to conduct an experiment 
investigating the working parameters of 
smelting iron using a bowl furnace. The purpose 
of the experimental campaign was to investigate 
how the loading method of ore and charcoal 
would affect the efficiency of the smelt.  
 
 
Aim 
 
This paper presents an experimental 
reconstruction of iron production in a bowl 
furnace, with the aim of characterising the 
products and wastes obtained during the 
smelting process to evaluate the feasibility of 
the ore and charcoal loading methods used for 
the smelt. Testing of a model for loading and 
maintaining the ore and fuel provides new 
ideas, perspectives, and possibilities for 
understanding the productive practice in its 
entirety and adds to existing research on the use 
of these furnaces. Additionally, this 
experimental campaign and the material 
produced will be added to a growing ‘reference 
collection’ curated by the ‘Sheffield 
Archaeomaterials research group’ (SAM). This 

information can then contribute to future 
research in this field of investigation, as it helps 
to generate more robust and complete 
identifications and interpretations of 
metallurgical contexts.  
 
 
Background: Bowl Furnaces in 
Prehistory  
 
For the transformation from iron ore to metal, 
the furnaces within the Iron Age were not able 
to produce temperatures high enough to obtain 
liquid iron in a controlled manner. As such, 
production was carried out through the 
"bloomery" smelting process (Crew et al. 2011). 
This technique requires the reduction of metal 
oxide in the ore with carbon monoxide. The 
carbon monoxide is provided through partial 
combustion of the fuel, which in most cases is 
charcoal. Air flow is maintained using a tuyère 
(Tylecote 1986). As it is necessary for the air 
from the tuyère to pass through enough 
charcoal to produce the carbon monoxide 
needed to create a sufficient reducing 
atmosphere, the ore and charcoal charges are 
layered into the furnace over time through the 
smelt (Tylecote 1986).  
 
Reduction of the ore needs to be as controlled 
as possible to provide the most efficient 
operation. The bowl furnace configuration 
works to keep more heat inside the furnace and 
create an isolated chamber with the reducing 
atmosphere needed for the ‘bloomery’ smelting 
process.  A bowl furnace is a bowl-shaped hole 
in the ground with an associated low bank or lip 
built around the hole. Archaeological remains 
excavated at West Brandon, Durham have led 
researchers to suggest a bowl hearth can be 
approximately eight inches in depth and twelve 
inches in diameter, with a gap left in the bank 
or lip for the placement of the tuyère (Jobey 
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1962). The spongy lump of iron known as a 
‘bloom’ that is produced using this furnace has 
to be subjected to a smithing process to 
consolidate the metal and remove as much 
residual slag as possible. Then the iron can be 
worked into shape by heating and hammering 
(Pleiner 2000; Dungworth 2014; Champion 
2018). Research regarding bowl furnaces is 
complicated by the fact that it is extremely 
difficult to identify whether the superstructures 
of these ancient furnaces were originally a bowl 
or a shaft. It is typical to find only the base of a 
furnace with perhaps a small amount of 
superstructure remaining. This is because 
archaeological preservation of iron bloomery 
furnaces is typically incomplete and they are 
often subjected to processes that truncate the 
remains, such as environment weathering and 
ploughing (Dungworth 2014, 2; Tylecote 1992, 
47; Crew 103, 28; Doonan & Dungworth 2013, 
1). Craddock has argued that for identification 
purposes it is more practical to assess whether 
the slag was tapped from the furnace, as the 
presence of residual slag cakes can be used to 
characterise the furnace as a bowl or shaft type 
(Craddock 1995, 243). However, as a bowl 
furnace is only able to produce iron from high-
grade iron ore, it is possible that only slag prills 
were produced during this process (Craddock 
1995, 235; Dungworth 2014, 3; Tylecote 1992, 
29; Clough 1986). 

Due to the lack of archaeological evidence 
regarding furnace design, the definition of a 
bowl furnace has varied. In the past few decades 
experimental archaeologists have produced a 
variety of classifications, with forms ranging 
from rudimentary holes in the ground to what 
are essentially small shaft furnaces (Bayley et 
al. 2001; Cleere 1972, 1981; Coghlan 1956, 1997; 
O’ Kelly 1961; Tylecote 1986, 1992; Tylecote & 
Merkel 1985; Wynne & Tylecote 1958). It has 
been argued that the bowl furnace is one of the 
earliest types of furnace used to produce iron, 
due to its relatively simple structure (Fobres 
1950). This assertion is somewhat questionable 
however, as taller shaft furnaces were known to 
be in use to smelt copper prior to the earliest 
known iron smelting practices (Dungworth 
2014, 6; Craddock 1995). A shaft furnace has a 
larger internal area, can more easily reach and 
sustain higher temperatures, and can process a 
larger quantity of lower grade ore to produce 
more bloomery iron, reinforcing the impression 
that shaft furnaces were the obvious 
technological choice (Dungworth 2014, 4). This 
could suggest that there were alternative 
culturally defined motives for using this type of 
technology. In the 1970’s and 80’s the bowl 
hearth model was largely rejected by scholars 
(Cleere 1972, 1981; Coghlan 1977). This is 

because its presence in the archaeological 
record did not easily fit with the ideas of a linear 
evolution of technological practices stretching 
from the Bronze Age to the Iron Age, a notion 
that was popular at the time (Dungworth 2014, 
6). However, smelting iron with a bowl furnace 
is documented as being possible, and could 
have been utilised for alternative goals. 
Craddock describes a southern European 
Catalan process where a bowl hearth that 
“resembled a shallow hopper sloping to the 
hearth at the bottom, on which the bloom 
formed, and the ore and fuel were worked into 
the centre during the course of the smelt. The 
Process was slow and seemingly inefficient, but 
produced a bloom of exceptional purity that 
often contained a useful carbon content” 
(Craddock 1995, 244; Percy 1864, 277-314). 
Unfortunately, there is no comment on the type 
and quality of the slag. Additionally, Dungworth 
tested different loading techniques and 
demonstrated that with specific and consistent 
strategies it was possible to control the bowl 
furnace and maintain sufficient conditions to 
smelt ore (Dungworth 2014).  Therefore, the 
aim of this paper is to conduct another 
experiment to test the efficiency of an iron smelt 
in a bowl furnace using various ore and fuel 
loading methods in order to further refine our 
understanding of the process. 
 
 
Methodology  

Figure  SEQ Figure \* ARABIC 1. Image showing 
materials and elements used in the experiment (A) 
clay, (B) sand, (C) straw, (D) charcoal, (E) ore, (F) 
shovels, (G) bellows, (H) gloves, (I) hammerstones, 
(J) pincers, (K) water, (L) wind and (M) fire (Image 
by author). 
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Creation of the Bowl Furnace 
 
The development of the furnace design was 
guided by the parameters of past researchers, 
with modifications related to the height of the 
walls and the use of accessory elements such as 
the tuyère (Crew 2013; Girbal 2013; Lucas et al. 
2012). The furnace was manufactured using a 
mixture of clay, sand, straw and water, based on 
the composition of refractory bricks (Fig.  1). 

Figure 3A. Technical drawing of the bowl 
furnace. 

 
The clay fabric for the furnace was made by 
processing local natural clay with added sand, 
dried organics such as straw, and water (Fig. 1). 
This mixture was worked by foot and hand until 
malleable, then shaped into bricks. These bricks 
were then used to build the hearth using a coil 
building technique (Fig.  2). Once the hearth 
was formed it was left to dry naturally before 
being heated with a wood fire for one hour to 
harden the material before the first smelt was 
conducted (Fig.  3).   
 
Fungi as Firelighters  

There is some evidence for the use of fungi as 
tinder on certain archaeological sites (eg. 
Azorin & Girbal 2018), which supports its use in 
this experiment. For example, Oetzi the iceman 
had remnants of fomes fomentarius and 
piptoporus betulinus on his person (Peintner & 
Po¨der 2000). Fomes fomentarius, a type of 
bracket fungi, was also found at Star Carr, a 
mesolithic site in East Yorkshire. Theories 
suggest it was used for fire lighting here in the 

Figure  SEQ Figure \* ARABIC 2. Image showing chaîne opératoire of the furnace manufacture 
process (Image by author). 
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UK too (Corner 1950; Robson 2018), although 
fungi is rarely found in the archaeological 
record, often only preserved in waterlogged or 
very cold conditions. As such, to date there has 
been minimal discussion on its use for fire 
lighting in prehistory. Daldinia concentrica is 
frequently used as tinder. It is native to the UK, 
often found on fallen ash or beech trees, and 
offers a convenient cup shape that perfectly 
houses embers. This enables transportation of 
the embers to the fireplace (Scottish Wildlife 
Trust 2017). The ‘cake’ of fungus can smoulder 
for hours, allowing for time between lighting 
the fungi and starting the fire. The fungi is 
sandwiched with tinder or even birch-bark 
which is another effective native fire-starter 
that lights very quickly and often dramatically. 
It is then placed into the fireplace like a modern 
firelighter, and the fire is built around it while it 
burns. This lighting method was chosen as an 
alternative to matches or a lighter in order to 
replicate a natural and authentic method of 
starting the furnace.  

Iron Smelt 

For the smelting process 67% pure iron ore 
pellets were used alongside charcoal fuel and a 
selection of tools (Fig.  1). The furnace chamber 
was preheated slowly using a small wood fire 
that was burned for an hour. Following this step 
charcoal was added, and once the fuel was 
completely lit the furnace was filled to the top.  
 
The charcoal was processed to be consistent in 
size in order to create an even atmosphere 
within the furnace as the burning of different 
sized charcoal lumps can create voids or the fuel 
can become stacked within the furnace. The 
charcoal was crushed into pieces of 2 to 3.5 cm 
in size using large tree branches. The air was 
forced into the furnace with the help of a bag 
bellow (without tuyère) through the single 
entrance. The bellow helped to increase the 
combustion rate and therefore the heat 
production (Girbal 2013). Though a tuyère was 
intended to be used, the wet conditions prior to 
and during smelting process caused the unfired 
object’s failure. As such, this experiment was 
carried out without a tuyère.  
 
The iron ore pellets were crushed using a stone 
hammer and pestle. The processed ore was then 
measured into consistent charges of 95g, 
facilitating the recording of how much ore was 
administered throughout the smelt. The ore was 
added using the layered charging method (Fig.  
3B), but rather than placing the ore towards the 
tuyère end of the furnace as in the experiment 
conducted by Lucas et. al. (2012), the charcoal 
was placed towards the opposite end of the 

furnace. This was to try and maintain more 
charcoal between the ore and the point at which 
air is introduced, with the aim of facilitating and 
promoting a reducing atmosphere. Amounts of 
iron mineral were introduced into the furnace 
interspersed with charcoal and positioned at 
the back of the furnace opposite to the tuyère 
hole (Fig.  4) (Wynne & Tylecote 1958; Girbal et 
al. 2013). Amounts were added at a variable 
frequency depending on the consumption time 
of the charcoal. After the desired amount of ore 
had been added only charcoal was introduced. 
The last charge of charcoal and ore was placed 
in the furnace 2 hours 44 minutes into the 
smelting process and the bellowing was 
maintained for a further 53 minutes to allow for 
the ore to transform within the reducing 
environment. Once bellowing had stopped and 
the hearth had cooled the smelted materials 
were extracted and separated from the remains 
of ash and charcoal with the help of tongs and 
shovels (Fig.  4).  

Geochemical Survey (pXRF) 

To assess the use of space and demonstrate how 
geochemical surveys can help identify 
technological processes, a geochemical survey 
of the experimental area was conducted before 
and after the experiment. A handheld Niton 
XL3T portable X-Ray Fluorescence (pXRF) 
spectrometer was used to characterise the soil 
in the work area, defined as a rectangular space 
measuring approximately 3.5 x 2.5 m in size 
around the material processing area and 

Figure 3B. Layered charging method employed 
in smelt one, showing where the bloom and slag 
would be expected to form (Lucas et. al. 2012).  
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furnace. Samples were taken at 50 cm spacing 
in a grid formation (Fig.  12). 

pXRF techniques can be used to analyse and 
estimate the composition and concentration of 
elements in soil and sediments. To do this, the 
pXRF device, which contains a small powerful 
X-ray tube, bombards a sample with X-rays. 
When the X-rays from the device hit the sample, 
the energy is either scattered or  absorbed. 
Absorption is the primary process that occurs, 
and when X-rays are absorbed the energy is 
transferred into the material. This results in the 
ejection of orbital electrons from atoms in the 

sample, leaving vacancies in the atoms’ electron 
shell framework. The ejected electrons are 
called photoelectrons, and the spaces left are 
subsequently filled by electrons from higher 
energy shells as they de-excite and drop down 
to fill these holes. This de-excitement emits a 
secondary x-ray that is detected by the device 
and is analysed to characterise the elements 
present in the sample (Pollard et al. 2007, 102). 
For this study Bureau of Analysed Samples Ltd 
(BAS) certified reference materials were used to 
ensure the quality of the data obtained. 

Figure  SEQ Figure \* ARABIC 4 . Chaîne opératoire showing the smelting process. (A) furnace full of 
rain water, (B) (C) (D) lighting the fire, (E) crushing charcoal, (F) pXRF survey, (G) bellows started, 
(H) ore pellets, (I) (J) (K) ore crushing, (L) furnace filled with charcoal, (M) ore added, (N) optimum 
temperature, (O) tending to the furnace, (P) (Q) allowing the charcoal to burn down, (R) extraction 
of smelt products, (S) metallurgical debris removed from furnace (Image by author). 
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Samples were taken at 50cm intervals across 
the survey area for a total of 31 sample points 
per survey (before and after the smelt). This 
survey resolution was chosen as it facilitated 
rapid analysis of the area whilst also allowing 
for a detailed spatial characterisation of iron 
(Fe) concentrations across the site. Analyses 

were conducted in-situ, directly on the surface 
of activity. All samples were analysed in soil 
mode recording parts per million (ppm) using 
the main filter set to 30 seconds. Standard 
certified reference materials were analysed 
prior to each survey in order to determine the 
accuracy and precision of the instrument. 
Results were spatially plotted with no 
interpolation or other statistical treatment so as 
to best represent the raw data. 

Microscopic Preparation  

The conglomerates produced during this 
experiment were recovered and taken to the 
laboratory to be measured, recorded and 
analysed (Fig.  5A). This material consisted of a 
mixture of slag with iron inside, slag, and 
partially reacted ore (Table 1).  Samples were 
extracted by cutting through the conglomerates 
with a diamond tipped saw. Each sample was 
mounted in epoxy resin (Fig.  5C-D). The 
samples were then ground and polished in 
preparation for microscopy. During the 

grinding process graduated sandpaper, from 
120 to 4000 grit using an automatic Buehler 
Metaserv machine. The samples were then 
polished with diamond paste from 6, 3 and 1 
µm. Finally, all residue of the process was 
removed with an ultrasonic bath. The samples 
were characterised and photographed using a 

Leica DM 2700P polarization microscope with 
magnifications up to 100x. Each sample was 
compared with a number of reference manuals 
for this analysis (Scott 1991; Lucas et al. 2012; 
Girbal 2013; Fig.  5G). 
 
 

 
 

Conglomerate 
sample 

Characteristics 

1 Ore. 
2 Larger piece of 

conglomerate from 
edges. 

3 Edges of larger piece of 
conglomerate. 

4 Isolated pieces. Slag at 
edge of conglomerate. 

5 Centre of a large 
conglomerate. 

Figure  SEQ Figure \* ARABIC 5. Image showing process of mounting sample for microscopy. 
Laboratory procedures: (A) Slag, (B) Cut sample, (C) mount sample, (D) Resin, (E) Resin sample, (F) 
Grinding Sample, (G) Microscopic observation.  
 

Table 1. The samples taken from microscopy. 
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Results 

Microscopic Analysis  

The macroscopic characteristics of the five 
conglomerate clusters selected for microscopic 
analysis are the following: 
 

 
Figure 6. Sample 1: unfired ore (Image 
originally captured at 100x magnification.) 
100x). 

 
Sample 1 demonstrates the original 
microstructure of the iron ore prior to the 
smelting process. It has a coarse structure with 
some voids and bright white inclusions (Fig.  6). 
This sample provides a baseline for comparison 
to the smelted samples.  
 
Sample 2, as seen in figures 7 and 8, shows a 
surface of heterogeneous appearance where 
different stages of the smelting processes are 
indicated by the phases present. Fig.  7 shows 
the formation of large dendritic structures 
arranged parallel to each other and surrounded 
by larger grains of nodular and angular 
structure. This sample also shows nodular and 
angular microstructures with intercrystalline 
cracks, voids and some impurities. Fig.  8 
reveals that the smelting process has reached a 
more advanced stage, and the beginning of iron 
metal formation is visible towards the right 
edge of the sample. 
 

 
Figure 7. Sample 2 (Image originally captured 
at 100x magnification). 

 
Dendrites tend to form where very rapid cooling 
occurs and the faster the cooling time, the 
smaller the dendrites (Scott 1991, 13). With 
dendritic structures being found toward the 
centre of the sample and the beginnings of iron 
at the edge, one can argue that the more 
reducing atmosphere was located where the 
edge of the sample was placed in the furnace, 
furthest away from the tuyère. The porosity, 
with cracks, and bubbles visible on the surface 
of the sample may also indicate gases were 
released. The state of this sample suggests that 
this piece of conglomerate was not subjected to 
the appropriate conditions long enough for a 
successful smelt.  
 

 
Figure 8. Sample 2 (Image originally captured 
at 100x magnification). 

 



MARKS et al. 

8 
 

 
Figure 9. Sample 3 (Image originally 
captured at 100x magnification). 

 
Sample 3 contains structures similar to that of 
Sample 1, highlighting that the ore has been 
roasted throughout, but not fully transformed. 
Underdeveloped structures and incipient 
formations are visible. Additionally, the surface 
texture of Sample 3 is porous, with cracks and 
bubbles visible. These may indicate gases being 
released. The state of this sample suggests that 
this piece of conglomerate was not subjected to 
the appropriate conditions long enough for a 
successful smelt (Fig.  9). 
 

 
Figure 10. Sample 4 (Image originally 
captured at 100x magnification). 

 
Sample 4 shows a consolidated sector of iron 
metal with a silver colour and a coral-shaped 
structure. This is the only sample that presents 
evidence of a more advanced stage of molten 
metal production. Voids are visible, possibly 
formed by the presence of dissolved gases in the 
smelt. In the lower part of the image iron oxide, 
visible here as a grey colour can be seen between 
the coral structure (Fig. 10). Elongated dark 
grey structures are visible beneath the iron 
oxide and may suggest the presence of iron 
silica. Iron oxide and iron silica could indicate 
the production of wustite and fayalite based on 

macroscopic analysis conducted by Girbal 
(2013). 
 
Sample 5 contains a high density of fine iron 
oxide dendrites. Nodular forms are also 
observed in this sample. Here again impurities 
and voids are visible, potentially due to the 
release of trapped gasses (Fig. 11). 
 

 
Figure 11. Sample 5 (Image originally captured 
at 100x magnification). 

 
Geochemical Survey 
 
Analysis of the geochemical measurements 
taken with the pXRF device show that the 
operational steps of conducting an iron smelt 
are visible in the soil. In Fig.  12 the chemical 
intensity signals of iron, prior to and following 
the smelt, are mapped to reflect the 50 cm 
sampling grid. The residues of the operational 
steps involved in the smelting process become 
visible, and areas of activity can be mapped. As 
this experiment has been meticulously recorded 
this data can be added to a growing 
compendium of knowledge surrounding the use 
of space in smelting areas. In this experiment 
the area where readings of iron are most dense 
is the site at which more people participated at 
the same time (Fig.  12, C2), while the most 
limited areas coincide with less people working 
and for shorter periods (Fig.  12. C3 and C4).  
 
The area with the largest concentration of iron 
after the smelting activities is C2, this is where 
participants crushed the iron ore. It is also 
interesting to note the high concentration 
behind the bellows (B) where participants 
would stand to use the bellows. This is assumed 
to be due to participants unwittingly 
transporting crushed ore, which has scattered 
during the crushing process and then settling 
off their footwear when they have been stood 
using the bellows. Before this survey was 
conducted, it was predicted that the  
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Table 2. Table showing pXRF data of 
experimental area before and after the 
experiment. 

concentration areas would be where the ore was 
crushed (which is seen), and around the 
furnace. However, the level around the furnace 
remains low, which is potentially due to the 
careful placement of the ore into the furnace to 
reduce loss. This geochemical survey combined 
with an experimental programme, is very 
informative and shows us that predictions of 
use of space can be different in reality.hese 
findings encourage the continued incorporation 
of geochemical survey with experimental 
archaeology to better understand the use of 
space and how the data from these surveys can 
be interpreted. 
 
Discussion 
 
 
This experiment was successful in 
demonstrating that it is possible to achieve the  

necessary temperatures and reducing 
atmosphere required for iron production within 
a bowl hearth. Even under the challenging 
conditions created in this experiment by the 
lack of a functional tuyère, a very small amount 
of metallic iron was produced, although at 
present these products are encased in 
conglomerate and would require further 
processing to create a usable material. This 
experiment did not however, absolutely 
confirm that a usable quantity of iron could be 
produced in this type of furnace. This can 
largely be attributed to adverse weather 
conditions and inexperience of the participants 
rather than to the method of production, 
suggesting further experimentation should be 
undertaken. Lucas et. al. (2012) concluded in 
their experiment that ‘while the experiments… 
did not produce significant quantities of iron, it 
is believed that this was down to poor technique 
rather than the inability of a bowl furnace to 
produce iron.’  

Sample (line-
point) 

Iron concentration 
before smelt (ppm) 

Iron concentration 
after smelt (ppm) 

Change (ppm) 

L1-P1 7204.78 9442.99 2238.21 
L1-P2 19502.08 15627.82 -3874.26 
L1-P3 11388.11 10012.48 -1375.63 
L1-P4 17191.21 27748.64 10557.43 
L1-P5 15146.51 28766.16 13619.65 
L2-P1 9414 10333.82 919.82 
L2-P2 11501.96 11471.15 -30.81 
L2-P3 9894.54 19088.5 9193.96 
L2-P4 27716.15 13558.63 -14157.52 
L2-P5 12252.98 12580.27 327.29 
L2-P6 21256.47 14946.74 -6309.73 
L2-P7 11987.68 16119.4 4131.72 
L3-P1 15374.82 14215.96 -1158.86 
L3-P2 14773.03 16500.23 1727.2 
L3-P3 14863.75 29349.74 14485.99 
L3-P4 9936.66 46515.42 36578.76 
L3-P5 12788.06 13120.9 332.84 
L3-P6 10899.9 22910.19 12010.29 
L3-P7 11896.58 16181.42 4284.84 
L4-P1 10388.53 8904.87 -1483.66 
L4-P2 10317.51 20618.01 10300.5 
L4-P3 11475.79 13270.17 1794.38 
L4-P4 10035.04 10977.37 942.33 
L4-P5 5846.42 11594.85 5748.43 
L4-P6 12581.95 21013.68 8431.73 
L4-P7 13207.04 11683.93 -1523.11 
L5-P1 4633.77 10025.9 5392.13 
L5-P2 7289.95 8959.24 1669.29 
L5-P3 9058.93 9817.11 758.18 
L5-P4 6780.59 13694.49 6913.9 
L5-P5 8166.77 11164.53 2997.76 
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Wynne and Tylecote (1958) mentioned that the 
number of tuyères influences the heat 
distribution of the entire furnace, which can be 
improved by increasing the number of tuyères. 
To this end, their experiments were performed 
using one or two tuyères. No tuyère was 
available for use in this experiment and air was 
blown into the furnace through the space where 
a tuyère would have sat. As a result, the heat was 
concentrated in one small area near the gap in 
the perimeter bank or lip, and most of the ore 
did not achieve a temperature high enough to 
transform. It is also possible that a good sample 
of iron was not analysed because it is hard to 
recognise iron prills among the slag. It was 
initially assumed that no smelting had 
occurred; however a small amount of iron in the 
early stages of formation was produced. This is 
consistent with the findings of past researchers, 
as for example Girbal (2013) stated that the iron 
in their slag cakes was only found in the 
laboratory when sampled for analysis. It is 
important to remember that the demonstration 
of the viability of a technique does not 
demonstrate that it was indeed used in 
antiquity. In this respect, the experiment 
confirmed the conclusions of a range of past 
researchers who agree that metallic iron can be 
produced using this technique, but differ in 
their assessment of both the practicality and 
archaeological basis for the furnace type 
(Wynne & Tylecote 1958; Dungworth 2014). In 
fact, sustained campaigns of experimentation 
on other furnace types have achieved high levels 
of expertise (Crew 2013). The challenges, 
successes, and failures within this experiment 
contribute to this body of knowledge. For 
example, the importance of being able to 
control the direction of airflow during the smelt 
was highlighted by the lack of a tuyère. 
Additionally, through subsequent analysis of 

the remnant furnace it is possible to argue that, 
had the tuyère been present, the space prepared 
to fit the tuyère had been poorly designed, 
directing airflow horizontally across the top of 
the charcoal and not down into the bowl where 
the greatest heat could be achieved. Directing 
airflow at a downward angle or at a lower level 
within the furnace may have been beneficial, as 
suggested in previous research (Wynne & 
Tylecote 1958; Crew 2013, 29). 

Smelting in a bowl hearth is a highly skilled 
process that in antiquity was likely developed 
over generations and perhaps in parallel with 
other pyro-technologies such as copper 
smelting or ceramic production (Tylecote & 
Merkel 1985, 9; Rebay-Salisbury et al. 2014). 
An ‘intimate knowledge of the position and 
extent of the reducing and oxidising zones of the 
furnace’ is required for skilful operation 
(Tylecote & Merkel 1985, 10; also see Wynne & 
Tylecote 1958, 347). Doonan and Dungworth, 
(2013, 5) discuss the skill and craft of 
metallurgy and its relationship with scientific 
method, suggesting that dexterity and ‘acute 
perceptions’ characterise the domain of craft 
skill. These skills are likely to be hard to 
verbalise and conceptualize (Doonan & 
Dungworth 2013, 5). However, pursuing 
material investigations aiming to recognise 
persistent craft patterns in all stages of iron 
production, from furnace construction to the 
smithing of the iron, could provide additional 
insight into the ways in which this knowledge 
was transferred through generations and across 
the landscape (Wendrich 2013; Rebay-
Salisbury et al. 2014). 

 
 
 

Figure  SEQ Figure \* ARABIC 12. Bubble plots showing concentrations of iron overlaid on to a plan 
of the survey area before and after the experiment. Before smelt (A), after smelt (B). Readings in parts 
per million (ppm). 
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Conclusion  
 
 
This paper has built on existing research and 
experiments investigating the use of a bowl 
hearth for iron smelting. It has highlighted that 
the shape of the bowl hearth in relation to the 
positioning of the air source will impact the 
burning patterns of the fuel and can have an 
effect on how reducing the environment of the 
hearth is. The loading method trialled in the 
experiment shows potential as a good strategy 
and is a method worthy of further investigation. 
Although problems occurred during the 
experiment, this research shows that there is 
further potential for investigating loading 
methods and hearth design to provide a better 
understanding of the working parameters and 
internal conditions of iron smelting in bowl 
hearths. This paper has also highlighted the 
importance of pairing in-situ geochemical 
survey with experimental campaigns aimed at 
reconstructing past technologies and practices 
of iron smelting. As suggested in this research, 
this type of analysis, paired with information on 
use of space in the experiments, can help 
archaeologists interpret human activities in 
archaeological sites.  Overall, this study 
demonstrates that a more holistic approach 
needs to be carried out moving forward, 
combining experimental reconstructions, 
microscopic analysis, and geochemical surveys.  
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