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Abstract 
 
The site to the north of Culmstock Road, Hemyock, produced evidence for a 
small operation, smelting iron in non-slag tapping furnaces. The particular 
furnace type employed had large basal pits, straight blowing walls, and 
produced an asymmetrical slag cake with a characteristic sharp angle to the 
furnace on the right side of the blowhole (viewed in the direction of blowing), 
in which corner evidence for the organic pit-packing survived to a high level. 
Many features of this style of furnace can be recognised those from previous 
investigations both to the south of Culmstock Road and, in particular, at 
Burlescombe. The form of the slag cakes suggests that the furnaces had 
shafts with an arch towards the downhill side, at right angles to the direction 
of blast.  
 
Two furnaces were identified with certainty, one in each of areas 14 and 15, 
with a further possible furnace lying in the northern part of area 15.  
 
Furnace [14006] in Area 14 contained an only very slightly displaced ‘furnace 
bottom’ slag mass. Downslope to the NW of the furnace, further slag was 
retrieved from a dump (also sampled during the field evaluation). Dating for 
the site is provided by two 14C dates acquired during the evaluation: the 
main dump deposit itself yielding a date centred on the 9th century, and the 
basal part of the dump a date of late 7th to early 9th centuries. These two 
dates were similar to the two obtained previously from the larger smelting site 
to the south of Culmstock Road, 200m SW. 
 
Area 15 produced a similar furnace [15004] and several pits, as well as a 
possible third furnace [15017]. These features yielded a substantial ex-situ 
slag assemblage. 
 
Area 13 produced much evidence for structures in the form of various cut 
features, but only a small slag assemblage. Most importantly two fills 
produced small fragments of roasted ore. 
 
Examination of the elemental composition of the two ore fragments showed 
that they were rather different. Consideration of these results in the context of 
all current ore analyses from the Hemyock area, has permitted the 
identification of two groups of samples: Group 1 a very high-grade material 
related to the boxstone ores of the Clay with Flints, and Group 2, of only very 
slightly lower grade associated with pelletal lithologies, apparently from the 
Upper Greensand. Since the Clay with Flints is at least partially derived from 
weathering of the underlying strata, it is likely that both forms are probably 
ultimately associated with the Upper Greensand. These new data on the ores 
enable a re-evaluation of the smelting at the other sites of the Hemyock area. 
 
Analysis of the slags suggests that the ore employed in the furnaces was 
variable. The in-situ FB from Area 14 was the most appropriate material on 
which to attempt to produce a mass balance description. The model 
suggests that the ore was approximately 85% of the ‘richer’ Group 1 end-
member and 15% of the ‘leaner’ Group 2 end-member. The slag assemblage 
weighed approximately 21kg, would have been derived from the smelting of 
approximately 50kg of ore and would have produced approximately 18kg of 
iron (not necessarily all in the usable bloom). The mass balance shows a 
deficit of phosphorus in the slag, such that the iron could have contained up 
to 0.5%P, although actual phosphorus content of the iron is unknown. These 
figures are very close to those derived from a revised calculation for the 
Culmstock Road (South) materials. Other residues from the site were 
suggestive of the use of slightly different ores, indicating that the ores were 
not derived from a single homogeneous source. 
 
The site has thus not only provided for development of a revised approach to 
modelling mass balance, allowing the interpretation of its residues, but this 
approach has to a large extent ‘unlocked’ the problematic modelling of other 
sites in the Hemyock area. The site has permitted a new interpretation of the 
‘Burlescombe’-type furnace and its operation 
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Methods 

Project rationale and history 

 
The material described here derives from excavations 
undertaken by Cotswold Archaeology in 2018 in an 
area on the north side of Culmstock Road, Hemyock.  
 
The site had been the subject of a field evaluation by 
Cotswold Archaeology in 2016 (Orellana 2016). In 
particular, trenches targeted anomalies in a prior 
geophysical survey that were suggestive of 
metalworking. The archaeometallurgical residues 
(approximately 15kg) from the evaluation were 
assessed (Young 2017a) and identified as deriving 
from iron smelting in a non-tapping furnace with a 
wood pit packing. 
 
The subsequent excavation in 2018 produced 
evidence for three separate foci of iron smelting, areas 
13, 14 and 15 (all with evidence for similar technology) 
aligned SW-NE along the eastern margin of a minor 
hollow (probably a former intermittent stream course). 
To the south of the study area this margin of the hollow 
had also previously produced evidence for a similar 
smelting site (Young 2014b; Rainbird & Young 2015).  
 
The archaeometallurgical residues (totalling 151kg; 
Table 1) from the excavation phase were assessed 
and catalogued (Young 2019), following visual 
inspection.  
 
The assessment recommended that: 

“The present material is thus ideally suited to 
provide detailed evidence for the nature of this 
particular style of iron making and should be 
capable of shedding important light not only on the 
operation of this particular site, but also of the 
other, larger, sites in Hemyock and also of similar 
sites further afield across southern England. 
 
Accordingly, detailed laboratory analysis is 
recommended. If possible, this should be 
undertaken through detailed dissection and 
analysis of subsamples from a single FB (to 
ensure coherency of raw materials between sub-
samples), supplemented where necessary by 
additional isolated material from the secondary 
deposits (including furnace ceramic and iron ore). 
Interpretation of bulk elemental analyses may be 
made through the mass-balance modelling 
approaches of Thomas & Young (1999a,1999b), 
as modified by the graphical approach of Young 
(2016). 
 
This should enable understanding of the local 
mass balance (i.e. how the various inputs of iron 
ore, fuel ash and furnace clay combine to produce 
slag and iron) for the various components of the 
FB (to understand how the FB forms), as well as 
the overall balance that enables calculation of 
output and efficiency. Microstructural investigations 
by SEM on a smaller suite of materials 
characterise the mineralogy of the slag (allowing 
investigation of such features as the ability of the 
slag to capture phosphorus and prevent it entering 
the iron) and the crystallisation history of the slag 
(providing further evidence for the evolution of the 
FB). 
 
By following similar methodology to that employed 
on comparative material at Churchills Farm (Smart 
et al. 2018), then the functioning of the deep wood-
packed furnaces may be directly compared with 

the later Saxon cereal-packed non- slag tapping 
and the slag tapping technologies as employed in 
later operations at Hemyock. 
 
The post-ex laboratory analysis of the materials 
should be accompanied by a thorough review of 
the field evidence for the nature of the various pits 
and by a comparison of the nature of those pits 
with the multiple pits forming the various ‘groups’ 
at the adjacent site of Culmstock Road S (Rainbird 
& Young 2015), with the aim of differentiating the 
various possibilities of clay extract, charcoal 
burning, ore roasting, additional furnaces, working 
hollows outside a furnace arch, and hollows 
associated with the blowing apparatus.’ 

 
The commissioned analytical programme addressed 
the recommendation through the detailed investigation 
of a suite of samples 
 

Analytical methods 

The selected samples (Table 2) were slabbed on a 
diamond saw and subsamples used firstly for 
preparing a polished block for use on the SEM and 
secondly for crushing for preparation of a whole-
sample chemical analysis.  
 
Bulk chemical analysis was undertaken using two 
techniques. The major and minor elements (Si, Al, Fe, 
Mn, Mg, Ca, Na, K, Ti, P and S) were determined on a 
fused bead using wavelength-dispersive X-Ray-
fluorescence (WD-XRF). Whole-specimen chemical 
analysis for thirty-six trace elements (Be, Sc, V, Cr, Co, 
Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, Nb, Mo, Sn, Cs, Ba, La, 
Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, 
Hf, Ta, Th, and U) were undertaken using a sample in 
solution by Inductively-coupled Plasma Mass 
Spectrometry (ICP-MS). Both XRF and ICP-MS 
analyses were commissioned from ChemoStrat Ltd 
(Welshpool, UK). 
 
For XRF analysis, samples were ground using a 
tungsten carbide shatter mill, dried at 105 C overnight 
and then 0.5 g was mixed with 6.5g of 50:50 LiT/LiM 
flux and fused to produce a glass disk using a Claisse 
M4 Fluxy automatic fused disk maker. The samples 
were analysed using a Bruker S4 WDXRF using the 
default wavelengths for the elements identified. 
Calibration was via a selection of iron slag reference 
materials and geological reference materials. 
 
Samples for ICPMS analysis were drawn from a 
second aliquot of the powdered material to establish 
trace element using the alkali fusion method (Jarvis & 
Jarvis 1992a and 1992b; Pearce et al. 1999). Once 
prepared, the samples were then all subjected to ICP-
MS analysis using a Thermo Scientific XSERIES 2. 
Data quality was strictly monitored in terms of precision 
and accuracy by five international rock standards of 
known concentration and varying compositions which 
are run after every 20 unknown samples. In addition, 
external monitoring of data quality is carried out four 
times a year via the GeoPt round robin proficiency 
testing program (http://www.geoanalyst.org/ 
overview.html). 
 
The results of the chemical analyses are presented in 
Tables 3 and 4 of this report.  
 
Polished blocks for investigation on the SEM were 
prepared in the Earth Science Department, The Open 
University. Electron microscopy was undertaken on the 
Zeiss Sigma HD Field Emission Gun Analytical 
Scanning Electron Microscope (aSEM) in the School of 
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Earth and Ocean Sciences, Cardiff University. Images 
presented here include backscattered electron 
photomicrographs (BSEM; Figures 3 and 4) to illustrate 
microstructures and secondary electron images (SEI) 
for the recording of loci of microanalysis. Microanalysis 
was undertaken using the system’s energy-dispersive 
x-ray analysis system (EDS) controlled by Aztec 
software. The assistance of Dr Duncan Muir is 
gratefully acknowledged. 
 
The GeoArch site code used for the samples is HCN. 
The microanalytical data are presented in Appendix B 
(Tables A2-A3). Secondary electron images of all 
areas within which EDS microanalysis was undertaken 
are included in Appendix C. 
 
All EDS analyses were collected with all elements 
analysed (including oxygen, but not carbon; all 
samples were carbon-coated). Area analytical totals 
were frequently far from 100%, because the analytical 
system is designed to provide totals of 100% from spot 
analyses in the centre of the field. The area analyses 
required for this project are not standardised in the 
same way and will diverge from a total of 100% (either 
above or below, depending on the location of the area 
with respect to the centre of the field). In order to make 
the microanalytical results simply comparable across 
materials (and also sites), no attempt has been made 
to adjust for the oxidation state of elements with 
variable valency. The figures employed in the report 
have therefore been constructed with elements 
expressed as oxides in weight% calculated 
stoichiometrically and normalised, except for mineral 
structure calculations, where the measured oxygen 
has been used. 
 
Analyses of olivine have been quoted using the 
following convention: the proportions of iron and 
magnesium have been used to first define the relative 
proportions of forsterite (Fo; Mg2SiO4) and fayalite (Fa; 
Fe2SiO4) in the form FanFom, where n+m = 100. The 
proportions of calcium and manganese have then been 
taken to calculate percentage substitutions into the 
olivine. The substitution of phosphorus for silicon was 
calculated as atoms per formula unit (APFU), based on 
four oxygens and where the formula unit ideally has a 
single silicon atom. Values of more than 0.03 APFU 
phosphorus are defined as phosphoran fayalite 
(Boesenberg & Hewins 2010); analyses within the 
current project only rarely exceeded that figure. 
Throughout this report standard mineral terminology is 
applied to both natural and anthropogenic materials – 
although artificial phases are no longer strictly 
considered to be minerals. 
 
The analysis was undertaken in August-December 
2020. 
 
 

Archaeometallurgical background  

The technology of iron smelting during the early 
medieval period appear highly variable, with significant 
regional as well as temporal variation (see discussion 
by Young in Smart et al. 2018, 211-214). In some 
areas use of slag tapping furnaces of a similar style to 
those employed in the Roman period appears to have 
continued, in others, particularly in the east, new forms 
appear to have been introduced from continental 
Europe. In yet others, varieties of non-slag tapping 
furnace in which the basal pit was packed with organic 
material before the smelt became dominant. This style 
of slagpit furnace is very close to the forms employed 
widely across northwest Europe during the pre-Roman 
Iron Age and continuing in use locally outside the 

empire, notably in Ireland. The form that appears to 
have been used in the Blackdown Hills area during the 
7th- 9th centuries was characterised by a substantial 
sub-circular basal pit across one edge of which was a 
straight blowing wall. The pit packing appears to have 
been largely of split wood, probably mostly oak. 
Examples of such furnaces have been recorded from 
the south side of Culmstock Road (Young 2014b; 
Rainbird & Young 2015), from Burlescombe (Reed et 
al. 2006) and probably from Bywood Farm (Griffith & 
Weddell 1996) as well as several other localities 
further afield across southern England, including 
Ramsbury (Haslam 1980) and Millbrook (Tebbutt, 
1982). The examples of this furnace type show subtly 
different morphologies. At Burlescombe the pits were 
extremely large (Furnace 559: 0.75m x 0.84m and 
0.65m deep, Furnace 529: 0.78m x 1.10m and 0.75m 
deep, Furnace 525: 0.45m x 0.80m and 0.60m deep, in 
each case the short axis in the direction of blowing). At 
Culmstock Road (South), three furnaces showed 
preservation of the straight blowing wall forming a 
chord to the underlying pit as at Burlescombe, but the 
pits were smaller (F17: 0.90m diameter, 0.24m deep, 
F26: 0.64m diameter and 0.4m deep and probably 
F14: 0.45m diameter and 0.30m deep). Two other 
probable furnaces, F28 and F22, were more poorly 
preserved. Slightly further afield, Ramsbury (Haslam 
1980) produced three furnaces of this type (F1 
0.8x0.6m and 0.2m deep, Furnace 2 0.85m x 0.9m and 
0.35m deep, Furnace 3 1.1m x 1.0m 0.3m deep). 
 
Marshall et al. (in Smart et al 2018, 29-49) included in 
their review of dating evidence the limited dating 
evidence from Burlescombe (estimated to have a last 
dated event of cal AD 780-990 (95% probability), 
probably cal AD 850-975 (68% probability)) and 
Culmstock Road (South) (estimated to have a last 
dated event of cal AD 720-900 (92%) or cal AD 925-
945 (3%) (95% probability), and probably cal AD 775-
780 (2%) or cal AD 785-895 (66%) (68% probability). 
Marshall et al. commented that the evidence 
suggested that Culmstock Road (South) was the 
earliest local evidence for the use of non-tapping 
furnaces. 
 
A second, related, style of non-tapping furnace 
employed in the area employed a smaller basal pit, 
packed not with wood, but with the stems of grass or 
cereal. This style of slagpit furnace is much less 
common in the early medieval of southern England, 
being known from Churchills Farm, Hemyock (Smart et 
al. 2018) and from two localities in the Forest of Dean 
(Clearwell: Paynter in Holmes 2002; Yorkley: Young 
2015c). The only other confirmed English example of 
this technology is from Eckington in Derbyshire (Young 
2017b; Allen et al. 2018). The Eckington site would 
appear to be the oldest of this group (a single date of 
cal AD 650–770; SUERC-75177, 1315 ± 30 BP). The 
two Forest of Dean sites are slightly later (Yorkley: cal 
AD 690–890, SUERC-65353, 1225 ± 29 BP; Clearwell: 
three dates all with 2σ ranges of approximately 690-
890, Pine et al. 2009, Table 10). The five Churchills 
Farm examples of this type showed a limited range of 
size (0.39m-0.48m x 0.39m-0.50m and 0.17m-0.45m in 
depth). Cereal packing is relatively rare in Britain in 
general (there are a very few Iron Age and Roman 
examples, e.g. Paynter 2007, Young 2018) but is 
known from several early medieval sites in Ireland (e.g. 
Young 2011, 2012) and was the standard packing for 
the large single use furnaces of eastern Europe (e.g. 
Mikkelsen 1997). 
 
A third technology is the slag-tapping furnace, in which 
the slag flowed out of the furnace. Although some use 
of slag-tapping furnaces persisted after the Roman 
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period, they appear to have been reintroduced into SW 
England with a particular morphology in which the 
shaft was constructed over one end of a narrow trench. 
This form, and its variants, appear to have dominated 
after the Norman invasion, but were already employed 
at Churchills Farm, Hemyock, in the late 9th – 10th 
century. A slightly different variant was employed at 
Emersons Green (Young & Young 2013), near 
Pucklechurch, in the late 9th – 10th century (although 
the dating there is slightly problematic) and very 
unusual large form at Ramsbury (Haslam 1980), 
probably also in the 9th century; both argued to predate 
the form used at Hemyock (Young in Smart et al. 2018, 
213). 
 
A review was conducted of the dating evidence for all 
these sites by Marshall et al. (in Smart et al. 2018, 29-
49) and the technological implications discussed 
(Young in Smart et al 2018, 211-214). The tentative 
synthesis of that review was that the large wood-
packed slagpit furnaces were the dominant local 
technology in the Blackdown area of the 8th and 9th 
centuries. Large slag-tapping furnaces appeared at the 
probably Royal centres of Pucklechurch and Ramsbury 
during the 9th century. A smaller variant of the slag 
tapping furnace was introduced to Hemyock at the end 
of that century or the very beginning of the 10th. At the 
same time, or possibly just very slightly later, the 
cereal/grass-packed slagpit furnace was also 
introduced to Hemyock (possibly representing the 
movement of a technology previously employed within 
Mercia rather than Wessex). The smelting at Churchills 
Farm, with its two technologies, is dated (Marshall in 
Smart et al. 2018) using Bayesian methodology as 
beginning in cal AD 865-935 (95% probability), 
probably cal AD 875-910 (68% probability) and ended 
in cal AD 900-975 (95% probability; see their Table 5, 
not the text), probably AD 905-950 (68% probability). 
Their dating programme could detect no significant 
difference between the dates of the non-slag tapping 
furnaces (a cereal packed, not wood packed variant on 
that site) and slag tapping furnaces, although there 
was some evidence that the use of the slag-tapping 
furnaces may have commenced first. 
 
 
 

Results 
 

Distribution of residues 
 
The assemblage comprised approximately 151kg of 
material (approximately 350 pieces) derived from the 
smelting of iron in non-tapping furnaces. In addition to 
the present assemblage, 14kg of residues were 
recovered during an earlier Archaeological Evaluation. 
The metallurgical activity was focused on three areas 
(areas 13, 14 and 15), two of which included furnaces 
(furnace [14006] in area 14 and furnace [15004] in 
area 15), each with an area of downslope dumping in 
the hollow to the north (Table 1). 
 
 
Area 13 
Several features in Area 13 produced residues. 
Prominent amongst these is the upper fill (13020) of pit 
[130] (approximately 4kg from the evaluation and 
excavation), context (13069) producing 1285g. In both 
cases the slags were very dense flow surrounding 
wood moulds. A small fragment (8g) of a dense flow 
slag with fuel moulds also occurred in (13023), 
accompanied a small quantity of iron ore (26g). Further 
iron ore (4g) occurred in (13071). 
 

Area 14 
Furnace [14006] (shaped like an inverted cone, 0.7m 
by 0.6m in plan and 0.5m in depth) contained a large 
slag block (a ‘furnace bottom’) and some smaller 
detached fragments (listed as context (14009); weight 
19.16kg). The FB was not precisely in-situ, but was 
resting on lower fill (14007) in a position significantly 
lower than it would have formed but, to judge from the 
reddening of the pit wall, probably in the correct 
orientation in plan. The lower fill (14007) contained six 
fragments of slag (weight 1048g) probably, but not 
certainly from the same smelt as the main block. 
Above the FB fill (14010) contained 4 further slag 
fragments (738g), together 744g of furnace lining in 8 
pieces. The slag assemblage directly associated with 
the furnace thus appears to have had a total weight of 
20.95kg 
 
The uppermost fill of the pit (14011) contained a further 
6 slag fragments (3,384g). It is unclear if this slag 
necessarily derived from the last smelt and may have 
been, at least in part, material duped into the 
abandoned furnace. This fill appears to have 
dominated however by material derived from the 
superstructure of the furnace, including vitrified pieces 
of the planar blowing wall, an eroded hollow in the wall, 
and part of a blowhole 18mm in diameter (along with a 
large amount of red clay from the unfired outer parts of 
the shaft, visible in photographs but not present in 
collection). 
 
Two other contexts in area 14, (14012) and (14013), 
yielded small collections of slag, totalling 5.2kg, of 
mixed origin including smelting slags, much furnace 
wall material and a possible smithing hearth cake 
(SHC). In addition deposits equivalent to (14013) 
yielded approximately 14kg of residues during the 
evaluation (contexts (906), (907)) 
 
 
Area 15 
Furnace [15004], of similar shape to furnace [14006], 
contained very little slag, suggesting it had been 
cleared after its last smelt. It did contain a moderate 
quantity of detritus from the superstructure as well as 
several blocks of very dense slag, suggesting that fluid 
slag had descended towards the bottom of the pit to 
form a ‘puddle’ below the main FB. 
 
Close to furnace [15004] lay pit [15009]. During 
fieldwork this was described as a furnace but, if so, its 
elongate shape must indicate a very different type of 
structure to furnaces [14006] and [15009]. It seems 
more likely it was a pit of uncertain purpose, rather 
than a furnace base, that was used to dispose of 58kg 
of slag and furnace material (including 42.7kg 
comprising one complete fresh FB and at least three 
very worn substantial fragments of FBs). The FB of 
fresh appearance (weight 23kg) was of remarkably 
similar structure to the example from [14006] and must 
have been produced in an almost identical manner. In 
the context of Area 15, it seems likely that this FB may 
have been produced in furnace [15004]. 
 
Further north, pit [15017] was similar to pit [15009], 
and also interpreted as a furnace; its upper fill yielded 
25kg of residues, apparently redeposited dump 
material.  
 
An area downslope of furnace [15004] contained a 
small slag dump (context (15013)), yielding 16kg of 
residues. 
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Identification and location of furnaces 
 
The excavation produced two features that can be 
identified with a high degree of certainty as the basal 
pits of two non-slag tapping furnaces ([14006] and 
[15004]). These were of rather similar dimensions 
(shaped like an inverted cone, 0.7m by 0.6m in plan 
and 0.5m in depth). The slag from the last usage of 
furnace [14006] was remaining inside the pit. 
 
A third pit, cut [15017], 1.1m in length, 1m in width and 
0.28m in depth, in the northern part of Area 15, has 
also been identified as a possible furnace. It different 
size to the more certain furnaces and lack of clear 
diagnostic evidence leave this identification in doubt, 
despite the pit containing a substantial quantity of 
redeposited iron slag.  
 
Although interpreted as a furnace during fieldwork, pit 
[15009] is of a completely different form to [14006] and 
[15004]. Its elongate shape, steep sides and flat floor, 
would indicate that any interpretation as a furnace 
would probably require the furnace shaft to be located 
only over the northern end of the pit, where the upper 
fills contained much furnace superstructure material, 
together with the 23kg FB. Images of the pit appear to 
show the FB the right way up, but resting within the 
centre of the pit, not against the wall as would be 
required for the formation of the burr and wall contact. 
The flow of slag from the mid-part of the FB can also 
be seen to be directed into the north end of the pit, not 
towards the putative arch as might have been 
expected. The evidence seems to point towards pit 
[15009] not being a furnace, but to have had furnace 
waste dumped into it after its disuse.  
 
The photographs appear to show pit [15009] as having 
a burnt floor, and alternative interpretations might be 
that this was employed as an ore roasting structure (for 
which there is no evidence in terms of ore finds), or 
that it was a charcoal production pit. The dimensions of 
[15009] were 1.15m in length, 0.8m in width and 0.32m 
in depth (i.e. with a length:width ratio of 1.44). These 
figures are comparable with the smaller examples of 
broadly contemporary charcoal-making pits recorded in 
central Ireland (Young 2005, 9-10). 
 
Closely associated with furnace [15004] was a second 
pit [15007] which was 1.15m in length, 0.8m in width 
and 0.18m in depth. Thus, this pit was of similar 
dimensions and shape to [15009], but 0.14m 
shallower. It was suggested during excavation that pit 
[15007] might be a hollow associated with the use of 
bellows for furnace [15004]. That suggestion can now 
be strengthened with the observation that the structure 
of the FB shows that the furnace appears to have been 
blown from the NW 
 
Pit [15021] similarly lay close to pit [15019] and 
measured 0.85m in length, 0.6m in width and 0.15m in 
depth, and featured a single, charcoal-rich fill. It was 
suggested likewise that [15021] might have been the 
bellows location for a furnace over pit [15019]. That 
remains possible, but the evidence for pit [15019] 
being a furnace is not conclusive as discussed above. 
 
In summary, the evidence for two furnaces ([14006] 
and [15004]) is strong, but these maybe the only two 
furnaces within the complex; they correspond to the 
locations of the two identified external slag dumps. 
 
 
 

Description of residues 
 
General 
The assemblage from the two phases of work totalled 
some 165kg. The collection included two almost intact 
furnace bottoms (FBs), one found in situ in Furnace 
[14006] designated as context (14009) and one 
dumped into pit [15009] as a part of fill (15010). Fill 
(15010) also contained three substantial fragments of 
apparently similar FBs. The FBs, particularly the two 
essentially complete pieces, form the basis of the 
interpretation of the more fragmented material. 
 
The two better-preserved FBs (from contexts (14009) 
and (15010), described in detail below, share features 
with the more degraded examples and it is likely they 
were all of a broadly similar form. The FBs are sub-
triangular in plan. They have a contact with the blowing 
wall of the furnace that has a large burr region, with 
buff to grey indurated ceramic attached to the slag 
over a sub-semi-circular area of approximately 290mm 
wide by 140mm deep. This zone extends to within 
around 50mm of the right-hand corner, with increasing 
interaction of the wall with the slag, including veining of 
slag. Outside the zone of ceramic, the slag shows a 
non-wetted lobed contact with the wall, which extends 
variously downwards and laterally. To the right (viewed 
in the direction of blast) the non-wetted surface curves 
through a tight angle away from the blowing wall, 
passing 180-200mm forwards. In both examples the 
upper part of the cake has lost the outer section on the 
angle, through spalling. In both examples dense flow 
slag extends to the upper surface of the cake in this 
corner. The majority of the mid- and lower sections of 
the cake are formed of dense slag with large wood 
moulds. The base of the cakes is formed by 
descending prills and forms an approximate bowl 
shape. The left side of the cake (viewed in the direction 
of blowing) thins rapidly towards its extremity. The FBs 
are thus strongly asymmetrical.  
 
One facies found in the fragmental material, but less 
certainly identifiable within the blocks was tabular to 
plano-convex masses of porous slag. These might be 
interpretable as either a friable upper layer from with a 
FB (the preserved top of the FB from (15010) shows a 
central porous and fragmental zone, probably 
representing the location of formation of the bloom and 
possibly suggesting degradation of a porous zone), or 
as an unusually poorly consolidated smithing hearth 
cake (SHC). These materials were unfortunately rather 
weathered (perhaps indicating that they had contained 
some metallic iron) ad their origin cannot be confirmed 
on visual inspection alone. No hammerscale was 
recorded from the site, so it is likely that any smithing 
on the site was restricted to just an initial bloom 
compaction. 
 
 
The furnace bottom from furnace [15009] 
The most intact FB from context (15010) weighed 
23kg. It measured 280mm front-back, 400mm wide, 
220mm from flat top to base, with its burr 
approximately 240mm wide and 150mm deep. The 
piece has a weight of approximately 23kg. 
 
The top of the FB was approximately triangular, 
extending approximately 230mm in front of the straight 
wall at the right side and meeting the rear wall just as it 
starts to curve, 320mm to the left. The right side of the 
cake bends turns sharply away from the straight wall, 
probably through almost a right angle but the 
quenched wall contact is missing at cake-top level. The 
right side of the cake shows large wood moulds 
extending through to the upper surface of the cake 



GeoArch Report 2020/26: residues from north of Culmstock Road, Hemyock 
 

7 

within 130mm of the estimated line of the wall. The 
spalled area comprised an area of 20mm-thick dense 
crust, with a radial crystal structure. In the spalled area 
there was what appeared to be a very slight sub-
vertical groove in the exposed surface of the slag, 
150mm long, 40mm long and up to 10mm deep. This 
is suggestive of the use of a bar to prise the slag from 
the rear corner of the furnace during its removal. 
 
Large wood moulds show an inclined orientation from 
this point down the distal face of the cake near the 
base. The longest visible wood fragment is exposed for 
180mm length and is at least 30mm wide on the split 
face; if the adjacent surface is a crushed part of the 
same piece, then it may be at least 50mm wide. 
 
The central part of the upper surface of the cake is a 
fine rusty material, with abundant charcoal fragments 
of sub-5mm size. This material extends over an area of 
approximately 180mm diameter, dropping down the 
distal face to a level approximately 80mm below the 
upper surface of the cake. This zone may reflect the 
location of the bloom – perhaps partly through the 
adjacent lags having an enhanced content of metallic 
iron (hence the rust) and partly because of brecciation 
of the slags adjacent to the bloom during its removal. 
 
The left side of the cake in contrast shows a prominent 
flat-topped slag flow (45mm thick) extending obliquely 
with its upper surface 130mm below the top of the 
cake. The large wood moulds disappear close to the 
base/root of this flow at a level fractionally above its 
upper surface. Dense slag in the form of small puddles 
with a free surface (locally showing tapslag-like flow 
lobes) was an element of several collections within the 
assemblage (540g from (15019), 1775g from (15006), 
2890g from (14011)), and these may have originated in 
similar bodies. 
 
The base of the FB appears to mould the base of 
furnace pit (or more likely a layer of ash within it) rather 
than being suspended above further wood packing. 
The main section of the base is convex and 
subcircular, 300mm x 270mm, with the flow to the left 
side raised at level approximately 90mm above the 
base. 
 
 
The furnace bottom from furnace [14006] 
Furnace [14006] contained a substantial ‘furnace 
bottom’ (as context (14009)). This FB was not in-situ 
but had sunk to the lower part of the pit. The most 
significant fragment of this FB weighed 18kg, but 
several hundred grams (perhaps up to 0.5kg) of this 
was probably matrix filling the wood moulds and not 
able to be cleaned from the surface. A further 3.24kg 
of fragments probably originally part of this FB were 
obtained from contexts (14007) and (14010) (below 
and above the FB respectively). The total weight of the 
original slag mass was therefore probably almost 21kg. 
 
Both contexts (14010) and (141011) above, contained 
a significant proportion of furnace ceramic (both as 
vitrified fragments present in the residue assemblage 
and unfired clay visible in field photographs, but not 
collected). Upper fill (14011) also contained some iron 
slag, but this was not certainly part of the FB from the 
last use of the furnace and may have been derived 
from elsewhere). 
 
The FB was approximately 420mm wide, 280mm deep 
and extended 200mm into the pit. It formed into a pit 
pre-packed with split wood. This wood appears to have 
been packed with some steep, but mostly more gently 
inclined elements (being preserved as moulds in the 

flow slags of the lower part of the FB), following the 
shape of the sides of the pit. The blowing wall side of 
the FB showed large wood moulds, just underneath 
the area of attached ceramic, indicating substantial 
wood fragments dipping down from the right side of the 
cake, towards the left.  
 
Although much of the upper part of the FB appears to 
have been formed of slag with finer porosity associated 
with the moulds of charcoal fuel, the wood moulds 
extended through to the upper surface of the slag cake 
within the tight southern corner. The wood moulds 
were surrounded by particularly dense slag, often 
coarsely lobate, which close to the pit wall formed a 
continuous dense sheet. The base of the FB was prilly 
and contained moulds of large wood pieces, some at 
least steeply inclined parallel to the pit sides. 
 
The FB showed a rather irregular, asymmetrical shape, 
the development of a prominent ‘burr’ (the zone of 
interaction of the slag and wall) extending along most 
of the width of the rear wall, with indurated ceramic 
attached over a horizontal distance of approximately 
280mm. The burr region was only very slightly concave 
into the wall in plan, probably more so in vertical 
section so that the top was overhanging, and the line 
on which the ceramic met the upper surface of the 
cake was almost straight. The burr region was 
approximately 120mm deep; below and to the sides of 
this the wall contact was formed by non-wetted lobes, 
although very close to the burr there was some 
reticulated slag-filled cracking of the pit wall.  
 
To the left side (viewed in the direction of blowing) of 
the burr, it appears to show a flat upper surface within 
the furnace. The vitrified face of the lining survives to a 
height of approximately 40mm above this planar top. 
The flat surface is overlain by the rusty material with 
fragments described below. 
 
The right-side of the cake (when viewed in the 
direction of blowing; the southern side in plan) showed 
a particularly tight angle between the blowing wall and 
the adjacent side. The outer layer of dense slag on this 
corner appears to have been spalled off the FB 
(although other interpretations involving part of the 
dense external surface being from a partially cleared 
previous smelt) are also possible. The dense slag 
beneath the spalled piece shows some fine channels 
cross cutting the flow lobes that resemble the 
impressions of cereal or grass stems seen in other 
assemblages. There are no other indications of cereals 
or grass in this FB, and if these materials are indicated, 
then they may have been specifically associated with 
the lining of the sharp angle of the pit. 
 
The face of the FB into the pit was inclined downwards 
and was formed of slag with small fuel inclusions set in 
dimples. This material was overlain by a rusty, granular 
material, similar to the uppermost layer in the FB from 
(15010) described above, but in a much thinner layer. 
 
 
Sampling: the FB was sampled by cutting a 
longitudinal section through the cake just to the left 
side (viewed in the direction of blowing) of the main 
patch of adhering ceramic.  
 
Sample HCN1 was taken from the uppermost layer in 
the cut section, a layer rich in small fragments of 
charcoal, apparently equivalent to the rusty-appearing 
material on the upper surface of the block. 
 
Below this upper layer of slag, a level of large, rounded 
pores up to at least 35mm in horizontal dimension and 
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up approximately 8mm thick, lay at the top of a body of 
mostly finely vesicular slag. Similar large pores 
continued immediately below the flat top of the 
exposed burr. 
 
The vesicular slag was sampled as HCN2, with HCN5 
being taken from the burr region close to the wall, with 
attached ceramic sampled as HCN6. 
 
The finely vesicular slag passed downwards into slag 
with large, rounded voids and large charcoal 
fragments. These are probably fuel clasts, although the 
cut slab passes downwards at its base to a level with 
wood moulds. This facies was sampled as HCN3. 
 
HCN4 was taken from a block of dense flow slags 
around wood moulds from below the level of the cut 
section. 
 
 
Sample HCN2: This sample was taken from a 
vesicular region in the upper part of the in-situ furnace 
bottom. The vesicularity is represented in the sample 
by a pervasive inter-crystalline porosity, that although it 
may locally have been enhanced by weathering, does 
appear to be largely real and primary. Larger pores are 
rounded, associated with leucite-bearing linings and 
with partial or complete occlusion by fayalitic slag. 
 
The sample shows, despite the localised variability 
(see below), a gradient in composition and mineralogy, 
approximately from upper left to lower right of Figure 
3a. Towards the top left of the specimen (as illustrated) 
the fine wustite dendrites form an almost continuous 
mesh, broken only by areas of olivine-dominated 
mineralogy, without primary wustite (Figure 3b). The 
olivine dominated areas appear spatially related to the 
regions bearing leucite and to areas of a coarse 
olivine-hercynite cotectic. Towards the lower right of 
the sample as illustrated (Figure 3e-g), the wustite 
becomes first sporadic with the appearance of the 
dispersed porosity, before the primary wustite 
becomes rare and the pores are large with well-formed 
leucite rims. 
 
Towards the upper right of the sample as illustrated, 
the outer surface of the sample is formed by a contact 
with a fuel clast (Figure 3h). Both discrete dense iron 
oxide laminae and small rounded voids containing late 
iron oxides suggest that the fuel particle was 
associated with so-called secondary reduction and the 
formation of a rim rich in metallic iron. This zone is also 
unusual in this sample for containing evidence for large 
equant grains of hercynite and leucite, formed early in 
the paragenesis, as well as areas of a particularly 
coarsely-textured olivine-hercynite cotectic.  
 
In general, the main microstructure shows fine primary 
wustite dendrites with arrays of up to 1.5mm, followed 
by olivine. The olivine is equant to slightly elongate, in 
blocky shapes of up to 2mm, more typically 1mm, in 
maximum dimension. The olivine shows zones where it 
is clear, where it forms a very fine-scale cotectic with 
wustite and areas where it subsequently becomes a 
wustite-hercynite cotectic. In infilled vesicles the 
olivine-hercynite cotectic may be the dominant phase, 
occasionally associated with adjacent zones in which 
the primary dendritic wustite outside the infilled voids is 
associated with equant, euhedral olivine. 
 
The olivine displays a very restricted range of 
composition. The olivine with wustite cotectic ranges 
from Fa98.0 to Fa99.1, with 0.11% to 0.18% 
substitution by Ca and 1.79% to 1.11% substitution by 
Mn. The olivine in a cotectic with hercynite ranges from 

Fa99.1 to Fa100, with 0.18% to 0.69% substitution by 
Ca and 1.63% to 1.27% substitution by Mn. 
Phosphorus contents are very low, with 0.008 to 0.018 
APFU internally, but two analyses from the margins of 
olivine grains show analyses of 0.048 and 0.049 
APFU, just above the threshold to be classified as 
phosphoran olivine (Boesenberg & Hewins 2010). 
 
The analysed hercynite showed a small compositional 
range of 9.3%-13.1% substitution by magnetite. 
 
Where the olivine interstices have an infilling, it is 
usually mostly a leucite-wustite cotectic. A common 
lesser component of the interstitial assemblage, filling 
any remaining pore space, is a sodic iron-bearing 
phosphate mineral (Figures 3d, 3f mid-grey pore-filling 
phase), with a partial composition of approximately: 
(Na, K)1.5 Fe2.5 Ca1.7 (PO4)3 
Where Na comprises 81% of Na+K. This phase is 
close to, but not identical to Phosphate ‘A’ of Young 
(2014a, 2016) and Young & Hart (2018) in composition 
(Figure 5). This phase shows complex zonation in 
backscattered imaging 
 
This is accompanied by a second, much less abundant 
mineral (Figure 3f, slightly darker pore-filling phase) 
with an apparent partial composition of: 
(Na,K)2.4 Fe3.6 (PO4)3 
Where Na comprises 23% of Na+K. This phase is 
close to Phosphate ‘D’ of Young (2014a, 2016) in 
composition. 
 
Both leucite and phosphate ‘D’ occur embedded within 
the outermost olivine; the hercynite of the olivine-
hercynite cotectic locally occurs embedded in the outer 
margin of the primary wustite. 
 
The microstructure appears to have been developed 
through the dynamic evolution of a wustite dendritic 
framework, with continued passage of potassium-
bearing gas through voids, despite progressive infilling 
of much of the early porosity.  
 
 
Sample HCN5:  
The microstructure of this sample is closely related to 
that of HCN2, but as might be expected from a slag 
formed in a flow lobe rather than within the main sub-
bloom slag mass, the slag formed in a single cooling 
event so has a much simpler microstructure (Figure 
4a).  
 
As with HCN2, shows a sparse development of 
delicate primary wustite dendrites, with arrays of up to 
1.8mm in length. This is followed by laths of olivine of 
up to 6mm in length with zones of strongly preferred 
orientation. Towards the cores, the olivine bears 
cotectic wustite (e.g. Figure 4e, right side), which is 
very fine; towards the margins, the olivine has a 
coarser cotectic of hercynite (e.g. Figure 4e, right 
centre). Interstitial spaces may be voids or contain an 
assemblage with leucite, a leucite-wustite cotectic and 
two minor phosphate phases (Figure 4e centre, Figure 
4g). 
 
The olivine displays a very restricted range of 
composition. The olivine with wustite cotectic ranges 
from Fa98.4 to Fa99.1, with 0.13% to 0.18% 
substitution by Ca and 1.63% to 1.37% substitution by 
Mn. The olivine in a cotectic with hercynite ranges from 
Fa99.1 to Fa100, with 0.18% to 0.53% substitution by 
Ca and 1.42% to 1.12% substitution by Mn. 
Phosphorus contents are very low, with 0.005 to 0.015 
APFU. 
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The analysed hercynite showed a small compositional 
range of 12.1%-14.6% substitution by magnetite. 
 
Interestingly, the two phosphate phases (Figure 5) are 
not the same as those observed in HCN2. The 
dominant phase is an apatite with substitution of iron 
and alkalis (of which sodium is 82%), that is 
significantly more calcic than the main phosphate 
phase in HCN2. A partial formula for this phase is: 
(Na, K)0.6 Fe0.7 Ca3.9 (PO4)3 
This is very close in composition to the substituted 
apatite previously described as phosphate ‘C’. Across 
all the analyses of phosphate phases from the site, 
there is a good positive correlation between calcium 
content and the substitution of rare-earth elements. 
This phase, having the highest calcium content of the 
phosphate phases, also has the highest levels of REE, 
probably typically in the range of 0.3 to 0.4%. 
 
The second, less common phase is an iron alkali 
phosphate, with a composition close to that of 
phosphate ‘D’ (Young 2016). The approximate partial 
formula for this phase is: 
(Na, K)2.4 Fe0.3.57 Ca0.02 (PO4)3 
Unlike all the other phosphates from these samples, 
this phase has K (77%) as the dominant alkali. 
 
 
Other sampled slag material: 
Sample HCN7: the sample was taken from a block of 
dense flow slags around large wood moulds from 
context (13020). The slags show a slightly weathered 
rusty surface. The cut face shows that the flow lobes 
have dense cores with vesicular tops, in some cases 
verging on a ‘frothy’ texture. The base of the block 
shows some non-wetted, slightly dimpled flow lobes, 
suggesting the pieces derives from the base of a FB. 
 
Sample HCN8: this piece (from context (131020)) 
shows a lower face with contact surfaces against large 
pieces of wood and an upper surface with free flow 
lobes. Internally, the piece shows complex 
relationships with fired ceramic skins around some of 
the flow lobes, suggest an interaction with clay. 
 
Sample HCN9: this sample was taken from a large 
rounded mass of charcoal-rich slag (from context 
(15011). One face shows remnants of a non-wetted 
contact, but there is insufficient to determine the 
orientation of that contact. The voids and charcoal 
particles internally range up to about40mm, so it is 
unclear if they are all fuel or include pit-packing pieces. 
 
Sample HCN10: this sample (from context (15011) 
was taken from a block in which the dense slag was in 
contact with a large wood piece, probably a roundwood 
fragment split across a section of at least 80mm. The 
slag is vesicular with some complexly rounded voids of 
up to 20mm across. Some voids suggest a possible 
generation of small tubular vesicles arising off the face 
of the wood. The slag bears abundant dark zones, 
possibly incompletely reacted ore particles. 
 
 
 

Elemental composition of residues 
 
The analyses of residue samples are dominated by 
silica, alumina and iron oxide, so may be illustrated 
effectively on the SiO2-Al2O3-FeO ternary ((Figure 6, 
fields after Schairer & Yagi 1952). Elemental analyses 
of samples from the in-situ furnace bottom from 
furnace [14006] are tightly clustered, with a variation 
from just 70-78% FeO (all iron expressed as FeO). The 
analyses of slags from the upper part of the block are 

more siliceous than those from lower (SiO2:Al2O3 
ranges from 4.3 to 2.6). The actual Al2O3 content is 
very closely related to (positively correlated with) the 

total content of the rare earth elements (ΣREE).  
 
The contents of the alkaline earth and alkali elements 
(Ca, Mg, K, Na) are uniformly very low (<0.5%). 
Manganese (expressed as MnO) varies from 0.72% to 
1.45% and phosphorus (as P2O5) from 0.82% to 
1.04%, thus both a moderately elevated.  
 
The upper crust-normalised REE profile (normalisation 
factors after Taylor & McLennan 1981) are tightly 
clustered, with those for HCN1, HCN3 and HCN5 
almost identical (Figure 9. The profiles are almost flat 
from dysprosium to lutetium, show relative depletion of 
the light REE (LREE) and show a small negative 
cerium anomaly. 
 
The samples of ex-situ slags from areas 13 and 15 
produced analyses that were broadly within, or very 
close to, the range of variation of the samples from the 
in-situ material. The only notable variations are the 
very high iron content of HCN8 (86% expressed as 
FeO) and a the more humped, but overall flatter, REE 
profile for HCN10 (Figure 9b). Although distinct from 
most of the profiles for slag samples, this resembled 
the profile for iron ore sample HCN12. 
 
The two samples of furnace ceramic (HCN6 probably 
from the pit-lining, HCN13 probably a superstructure 
fragment) were both of highly siliceous materials, with 
SiO2 contents of 73.9% and 79.9% respectively, and 
SiO2:Al2O3 ratios of 10.7 and 9.3. Other major 
elements were at generally low levels, although iron 
was elevated in HCN6, suggesting some 
contamination. 
 
The two samples (HCN6 and HCN13) showed very 
similar concentrations across a wide range of elements 
and there seems little doubt that they were from the 
same source or very similar sources. They show very 
similar upper crust-normalised REE profiles (Figure 
9d). Both are inclined, ranging almost linearly from 
normalised values of 0.66 (HCN6) and 0.65 (HCN13) 
for La to 0.98 (HCN6) and 0.82 (HCN13) for Lu. 
 
 
 

Description of iron ores 
 
A very small quantity of ore (total 30g) was recovered 
from two fills of features in Area 13 (contexts (13023) 
and (13071)). These fragments were from box-stone 
ores, in one case showing secondary iron oxides 
(probably goethite) in a fibrous habit between the 
dense, fine shells of the box-stone. The fragments 
show some surficial reddening, probably, but not 
certainly from roasting. 
 
Sample HCN11: the material from (13023) weighed 
26g and comprised 3 fragments of a small box-stone 
nodule. There was fibrous goethite within the cracks 
between the concentric fine dense shell layers, 
suggesting that there had been some further 
redistribution of iron later in development of the ore. 
There was some superficial reddening, so the nodule 
had possibly been roasted. This material was sampled 
as sample HCN11.  
 
Sample HCN12: context (13071) produced a tiny 
fragment (4g) apparently of roasted box-stone. This 
material was sampled as sample HCN12. 
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Elemental composition of iron ores 
 
The major element analyses of the ore samples were 
rather poor, with the analytical total rather high 
(106.9% and 102.9% respectively) The two iron ore 
samples proved rather different in terms of their 
elemental composition. Sample HCN12 showed a 
higher proportion of gangue elements than sample 
HCN11 (approximately 9.4% compared with 5.5%). 
This observation may correspond to the nature of 
HCN12 as a fragment of weathered boxstone, whereas 
HCN11 contained secondary goethite crystals in 
addition to a boxstone substrate. 
 
Both samples show a somewhat elevated manganese 
content (HCN11 1.12% and HCN12 0.50% expressed 
as MnO), but both analyses only showed a very 
modest phosphorus content (0.44% and 0.28% 
respectively, expressed as P2O5).  
 
HCN12 showed elevated levels of many trace 
elements compared with HCN11 (even allowing for the 
increased proportion of gangue), with Co, Ni elevated 
by an order of magnitude. In contrast U and the REE 
were elevated in HCN11 compared to HCN12 (HCN11: 
U = 2.00ppm, ΣREE = 109.2ppm; HCN12: U = 1.5ppm, 

ΣREE = 48.7ppm). 
 
The upper crust-normalised REE profiles of the two 
samples (Figure 9c) are quite distinct. HCN11 shows 
an asymmetrically humped profile, greatest at 
dysprosium, with strongly increasing relative depletion 
towards the light end of the group and a very slight 
depletion towards the heavy end. Unusually for this 
sort of material there is a very slight positive cerium 
anomaly superimposed on this trend. 
 
In contrast HCN12 shows profile that parallels that of 
HCN11 for gadolinium up to lutetium, but with the 
elements averaging only 30% of their concentration in 
HCN11 (and averaging 46% of upper crust 
concentrations). The relative depletion of the LREE 
compared with the MREE is less than for HCN, so the 
LREE part of the profile is much flatter. There is a 
modest negative cerium anomaly  
 
 
 

Interpretation 
 

Furnace technology 
 
The evidence from the residues recovered from the 
site was for the use of a single consistent furnace 
technology, albeit with slightly varying raw materials. 
The key features of the furnace (the size and shape of 
the pit, the nature of the pit-packing, the size and form 
of the FB, the straight blowing wall and the wide burr) 
are all features previously recorded from Culmstock 
Road (South) (Rainbird & Young 2015) and from 
Burlescombe (Reed et al. 2006). 
 
Juleff (in Reed et al 2006, 109-110) presented an 
interpretation of the furnaces of the site at 
Burlescombe, not being shaft furnaces, but possessing 
a simple straight ‘baffle’ wall separating the charge 
from the bellows. This interpretation was based on the 
straight blowing wall, and a lack of preserved 
superstructural evidence on the other sides of the pit, 
as well as within the waste dumps. Such an 
interpretation would invoke a superstructure not unlike 
that of a Catalan furnace. The Catalan furnace is 
however worked in a different way to a shaft furnace. 
The residues present in all these examples show a 

similar form and structure to those formed in other 
wood-packed slagpit furnaces (such as those present 
widely in the pre-Roman Iron Age).  
 
Juleff’s concerns for the lack of superstructure are 
probably to be explained by the inability of the blast in 
a >0.5m wide furnace to reach the opposite side and 
thus produce any vitrification there. The basal pits of 
these furnaces would have sufficiently large diameters 
that the zone of vitrification would not extend far 
beyond an area immediately adjacent to the blowhole. 
The absence of large quantities of vitrified furnace 
does not necessarily imply the absence of structure on 
those sides and the general quantity of furnace 
ceramic described by Juleff from Burlescombe is 
actually on a par with other sites. The presence of a 
shaft cannot therefore be excluded at Culmstock Road 
(North) and is probably a more likely reconstruction of 
the furnace design at Burlescombe. Indeed, the 
morphology and structure of the slag bocks resembles 
that widely known from not only early medieval but Iron 
Age sites – including those for which the structural 
evidence is very different and more clearly indicative of 
a shaft. 
 
The asymmetry of the slag at Culmstock Road (North) 
provides a further argument against a simple, 
symmetrical ‘baffle wall’. The shape of the slag masses 
(FBs) closely resembles those formed inside shaft 
furnaces where the blast direction is at right angles to 
the orientation of a furnace arch. In this situation the 
slag may tend to flow towards the arch (as seen in the 
FB from (15010) and the corner of the blowing wall 
away from the arch may contain significant slag 
downflows and may be difficult to clear. 
 
The reuse of the furnaces is amply demonstrated by 
the small waste dumps on this site, but even more so 
by the large dumps present at both Culmstock Road 
(South) (estimated at 22 tonnes) and Burlescombe (2.1 
tonnes). 
 
If the furnaces are to be reused, then the slag blocks 
(FBs) must be able to be extracted. The wood packing 
may help ensure weaknesses along which the slag 
may be broken, and the large pit would reduce hard 
slag-wall contacts both below and distally. The large pit 
would also, perhaps, permit the use of a bar inserted 
below the FB to prise it loose. The vertical use of a bar 
to break the slag clear of the wall opposite the arch 
may be the reason for the spalling on the right-hand 
corner of at least the FB from (15010) and perhaps of 
both well-preserved FBs. With such large blocks, then 
clearance of slag would be more difficult within a shaft 
furnace than from the morphology proposed by Juleff 
at Burlescombe. 
 
The blowhole of the furnace was documented by a 
single fragment of 18mm diameter from context 
(14011). Further evidence can be gleaned from the 
sites at Culmstock Road (South) and Burlescombe, at 
both of which sections of furnace wall were preserved 
extending above the top of the furnace bottom slag. At 
Burlescombe a ‘blowhole’ of c.50mm diameter was 
recorded, but its relationship to the associated slag 
was not described in detail. This size of hole is too 
large for a blowhole in the strict sense, at least at the 
furnace inlet end, so this hole may have held some 
form of physical tuyère.  At Culmstock Road (South) a 
fragment of wall was preserved in which the base of 
the blowhole lay at 50mm above the top of the slag 
mass.  
 
In summary, the evidence points to furnaces [14006] 
and [15004] having substantial basal pits, a 
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superstructure with a straight blowing wall of the SW 
side (with possible external hollows to the SW 
indicating the bellows locations) and probably a 
furnace arch to the NW, from where furnace waste was 
dumped downslope to the NW. 
 
 

Ore nature and provenance 
 
The investigation of smelting technology at sites in 
Hemyock has proved problematic in the past. The 
evidence for ore provenance and furnace yield were 
discussed both for Churchills Farm and Culmstock 
Road (South) by Young (in Smart et al. 2018, 90-98). 
The dataset provided by the current project provides 
some important new evidence for the discussion of 
these issues. Firstly, the investigation of multiple 
samples from a single ‘furnace bottom’ (from Area 14) 
ensures that a suite of genetically-related examples 
can be investigated, rather than less-closely related 
individual samples that may have been formed during 
the smelting of different raw materials. Secondly, the 
recovery of two fragments of roasted ore from Area 13 
provides the best direct evidence yet for the nature of 
the ore being smelted at Hemyock. Moreover, that the 
two ore fragments were of different compositions, 
provides important new information on the nature of 
the raw material. 
 
The composition of residues from Culmstock Road 
(South) provide particularly difficult to interpret 
(Rainbird & Young 2015, 305-308), with some ‘ore’ 
samples having a lower iron content than some of the 
slag analyses. The difference between the analyses 
from Culmstock Road (South) and Churchills Farm 
suggested exploitation of a different ore, with that at 
Churchills Farm closer to the analysed composition of 
ores from Dunkeswell (Young 2015a). 
 
The comparison of all the available ore analyses from 
Hemyock and Dunkeswell clarifies the great range of 
composition present. Although it is possible that the 
natural resource might be present as a continuum of 
composition, the available samples fall into two distinct 
groups: 
 

Group 1 (the ‘rich ores’) comprises samples of 
boxstone ore from excavations at Dunkeswell 
airfield (Young 2015a) plus one of the ore samples 
from Area 13 (DUNK1, DUNK2, DUNK3, DUNK4, 
HCN11). (this group shown as green circles on 
Figure 8) 
 
Group 2 (the ‘lean ores’) includes examples with 
lower iron contents and correspondingly higher 
silica and alumina contents from Culmstock Road 
(South) (Young 2014b, Rainbird & Young 2015: 
HCR8, HCR9) and Churchills Farm (Young 2015b, 
Smart et al. 2018: HCF24) plus the other ore 
sample from Area 13 (HCN12). Most of these 
samples showed a pelletal texture. The average 
SiO2:Al2O3 ratio for these ores is 1.8. This 
compares with 9.3 and 10.7 for the two ceramic 
samples from Culmstock Road (North), showing 
that the samples diluting material is not a 
background sediment of the same composition as 
the superficial deposits, but is much more 
aluminous. (this group shown as blue circles on 
Figure 8) 

 
As well the general difference in iron concentration, the 
two groups show different patterns of REE 
concentrations. Group 1 shows a strong relative 
depletion of the LREE, most markedly in the samples 
with highest iron contents (and lowest REE 

concentrations).  In contrast, the samples assigned to 
Group 2 show much flatter UC-normalised profiles. 
The average total REE is higher for Group 2 samples, 

but the ranges overlap. Σ REE shows a strong positive 
correlation with the content of alumina. 
 
The shape of the UC-normalised REE profile may be 
partially described by a diagram employing measures 
of the slope of LREE component (DyN/PrN) and of the 
HREE component (DyN/LuN), where EN denotes the 
UC-normalised concentration of element E. The Group 
1 samples show DyN/PrN of >2.7, whereas Group 2 has 
DyN/PrN of <1.8 (Figure 10a).  
 
Much more work is required to understand the ores 
more completely, but the proposal that ores smelted at 
Hemyock may be considered (or at least modelled) as 
containing two components in differing proportion 
represents a significant advance in understanding. It 
seems unlikely that the two groups represent different 
degrees of iron enrichment within the same material. 
Rather, it is possible that the richer ores represent a 
more significant degree of remobilisation of the iron 
and the leaner ores are closer to simple weathered 
variant of an original material. 
 
The details of the Clay with Flints’ of the Blackdown 
Hills remains obscure. Elsewhere, on the coast, where 
the unit overlies chalk, it is known to have both 
dissolutional and depositional components (Gallois 
2009). Inland, the relationship with the underlying 
strata where is overlies the Upper Greensand, is much 
less clear (Isaac 1981). In this instance, the pelletal 
ores amongst the lean Group 2 would perhaps be 
identifiable as weathered Upper Greensand lithologies, 
but the large boxstone concretions could have been 
generated in either the Upper Greensand or the Clay 
with Flints. Their occurrence with the Clay with Flints 
has been documented through excavation of two 
groups of extraction pits (Reed 1997, Young 2015a) 
 
As a further complication to the nature of the ores, 
there are other potential components that might have 
been present in the ore as fed to furnaces: firstly 
Young (2015a) reported the presence of both a ruddle-
like material and a white clay within the cores of some 
boxstone concretions from Dunkeswell and, secondly, 
the matrix containing the boxstone fragments (a clay at 
Dunkeswell) is likely to have adhered to the ores as 
collected. The geological recording of excavations at 
Dunkeswell has been insufficient to determine the 
nature, location and abundance of Upper Greensand-
derived lithologies within the Clay with Flints 
Nonetheless, weathered and iron-enriched Greensand 
and the boxstones seem likely to have been the major 
components of the furnace feed. 
 
 

Yield and efficiency 
 
Previous attempts to determine the mass balance for 
the smelting reactions at sites in Hemyock have 
provided problematic, because of a high degree of 
variability in both the few ore fragments recovered and 
in the analyses of furnace ceramics. Further problems 
are presented by the very variable content of the ore of 
manganese, leaving only silicon, aluminium and 
titanium as major elements that could play a role in a 
mass balance calculation. The variability in ore 
composition means that very few trace elements show 
is sufficiently systematic compositions to be similarly of 
use. Uranium shows some potential, as do the REE. 
 
Mass balance modelling using the graphical approach 
of Young (2016) is illustrated in Figure 8 for samples 
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from the FB from furnace [14006] (black circles), with 
the relationships of Al2O3, MnO, TiO2 and P2O5 (in 

wt%), as well as of U and Σ REE (in ppm) against SiO2 
(in wt%). Only a very narrow range of parameters 
would permit a balance compatible with all the relevant 
species. A solution providing an acceptable fit with 
each involves a 6% lining:94% ore mix to the ‘smelting 
mixture’ (the theoretical overall mixture of ore and 
lining generated during a smelt from which the bloom 
is extracted), with an enrichment due to iron extraction 
from the theoretical mixture of approximately 225%. An 
approximate field containing the FB analyses is 
indicated by a pale grey line. 
 
In each case this solution is illustrated by a grey box 
for the ‘smelting mixture’ trend, with a crossbar at 6%. 
The enrichment trend produced by iron extraction is 
indicated by the red arrow, the tip of which is at 225% 
enrichment. In addition, for some elements where a 
strong trend is present, the blue solid line indicates the 
mixing line of the ‘rich’ (green) and ‘lean’ (blue) ores. 
 
The same mass balance model is illustrated in the 
SiO2-Al2O3-FeO ternary diagram in Figure 6. 
 
The treatment of the composition of the potential ores 
smelted on the site as points on a continuum between 
materials within groups 1 and 2 presents an additional 
approach to understanding the mass balance of the 
reaction beyond the more usual techniques. The 
variation in shape in the REE profile provides a strong 
line of evidence for the determination of the mixing of 
the components. 
 
This mixing can be investigated through a plot of 
(DyN/PrN) vs (DyN/LuN), as discussed above. Plotting 
the analyses of samples of slag shows that the values 
are not consistent across the site, with the analyses of 
samples from areas 13 and 15 plotting away from 
those from the in-situ FB in Area 14 (Figure 10b). 
There were only two analyses of furnace ceramic, but 
these plot close together. The most likely dominant 
explanation for the variability of the slag analyses is 
the variability of the ore being smelted. It is natural that 
individual samples will show variability because of the 
inhomogeneities in the process and materials. A true 
mass balance will not, in the general case, be 
calculable for individual small samples. 
 
Model solutions for the mixing of the REE in the raw 
materials to match the observed REE profiles of three 
groups of residues (the Area 14 FB, samples HCN7-9, 
and sample HCN10) are illustrated in Figure 11.  
 
For the analyses of samples from the FB from furnace 
[140006], the illustrated model employs a model ore 
with a composition equivalent to 85% mean 
Dunkersley boxstone ore (Group 1 ore) and 15% mean 
‘lean’ ore (Group 2 ores excluding the sample from 
Churchills Farm). This model ore was mixed with 6% 
lining (of a composition equivalent to that of the 
ceramic attached to the FB, HCN6). The enrichment 
predicted by this model is 209% on average across 
appropriate elements and 228% and 226% for silica 
and alumina respectively, very close to the 225% 
estimated graphically. This model is thus compatible 
with that generated by the graphical modelling 
described above (i.e. these conditions model both the 
shape of the REE profile and the concentration of the 
key elements), suggesting that the model is reasonably 
robust. 
 
The 209% figure means that 53% of the weight of the 
model smelting mixture is lost from the melt through 
conversion to iron. Thus, 1kg of smelting mixture 

produces 470g of slag and 530g of FeO lost from the 
melt as metal (corresponding to 412g of iron metal). 
The 20.95kg of slag present in Furnace [14006] would 
correspond to the production of 18.4kg of iron (not all 
of which would necessarily be retrievable as usable 
bloom). 
 
Figure 8 shows that phosphorus is not concentrated in 
the slag to the same degree. 1kg of model smelting 
mixture would contain 9.2g of P2O5, or 4.0g of P. 470g 
of slag on average contains 1.81g of P (or 470 x 
0.0088 = 4.14g of P2O5), thus 2.19g of P is ‘missing’. If 
this was present in the iron produced, then 2.19g in 
412g of iron would be a theoretical value of 0.53% P 
(probably a maximum value as phosphorus may be 
lost from the system in other ways too). It would thus 
appear likely that iron produced on the site was 
strongly phosphoric (usually defined as >0.1%P) 
(Table 5). 
 
Similar models may be generated for the other 
analyses, but since a rigorous model requires an 
estimated composition for the bulk slag output from a 
smelt, one cannot be based on individual isolated 
analyses. A model for slag samples HCN7-9, which 
share many properties, would require the rich ore to be 
outside the range of recorded compositions, so this is 
left unresolved in Table 5. A model solely for sample 
HCN10 may be calculated using almost exactly the 
same mixing proportions as for the FB, but employing 
the analysed ore particles from area 13 (HCN11 and 
HCN12) to define the ore mixture. 
 
Although the details of these models are not precisely 
constrained, the gist is clear. The relationship between 
the various ore analyses, their mixtures and the actual 
nature of the orestock remains unclear. The geological 
significance of the various components remains poorly 
understood. It is considered very unlikely that the 
interpreted mixtures represent deliberate blending. It is 
more likely that the mixtures interpreted here represent 
either natural variation within the iron-rich ‘lumps’ 
within the Clay with Flints, perhaps between iron-rich 
weathering crusts and more primary iron-rich 
lithologies, or variation with the amount and 
composition of any matrix that remained adhering to 
the ore lumps. The present work represents a 
significant step forward in understanding of the 
Hemyock ores, but much further work is required. 
 
 
 

Discussion 
 

Chronology 
 
The determination of the chronology of iron making in 
the Hemyock area remains problematic. Even at 
Churchills Farm, with its multiplicity of 14C 
determinations (intended to be two from each furnace), 
the dating programme failed to produce a close 
chronology. It seems clear that dating strategies (both 
in terms of sampling and Bayesian models) on 
charcoal-rich sites, where both residuality and intrusion 
are likely to be problems, let alone where the use of 
wood employed in the pit-fill differed from the charcoal 
fuel, are currently woefully inadequate to produce 
archaeologically useful interpretations.  
 
However, the dating evidence discussed in the 
introductory section above, need a slightly more critical 
review. For Burlescombe, both dates derive from 
charcoal trapped in the same slag block, so only 
provide evidence for the date of one smelt (the last 
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smelt in Furnace 525), arguably the last smelt on the 
site (since the excavators argue for the furnaces 
having been employed in the order 539 – 529 – 525). 
The dates were on ivy/elder for the younger, and oak 
sapwood for the older date. A combined age 
(assuming both derive from the same phase of use) 
was quoted by Reed et al. (2006) as AD 770-980 at 
95.4% confidence. 
 
For Culmstock Road (South), the two dates (Rainbird 
& Young 2015) also derive from possibly related 
contexts (two adjacent pits, F14 and F15, perhaps 
furnaces, on the eastern periphery of the site), so may 
both refer to a single phase of a complex site. The 
older date is on Spindle Tree, the younger on Alder; 
both whole charcoal samples, but of short-lived 
species. A combined age (assuming both do derive 
from the same phase of use) was quoted as AD 689-
877 at 95.4% confidence.  
 
For Culmstock Road (North) two determination are 
available: the younger date derives from a sample of 
Hazel from the dump (14013) associated with furnace 
[14006], the older possibly from a level below that 
dump (but presumably reflecting metallurgical activity 
elsewhere along the course of the hollow. Thus, 
SUERC -73284, a date obtained on charcoal from 
evaluation context (906) (=excavation context (14013)) 
of 771–903 cal AD (91.8%) and 919–963 cal AD 
(13.6%) remains the best estimate for furnace [14006]. 
This is approximately the same range as the combined 
date for the Burlescombe furnace that this feature so 
closely resembles. 
 
Both of the dated Culmstock Road sites are probably 
younger than the recent isolated furnace site at 
Langford (Young 2021), although that is based on a 
single date, (SUERC-92623; cal AD 661-774) with 
significant overlap with the earlier dates from each of 
the Culmstock road sites. A free surface is an 
important feature of the in-situ slag block from 
Langford. The Culmstock Road (South) site produced 
numerous fragments (ex situ) of dense slag puddles 
with at least partial free surfaces, but this feature was 
rare in the Culmstock Road (North) material; its 
presence at Burlescombe was not recognised (dense 
slag flowage low in the pit is recorded, but lacks a free 
surface).  
 
The relative similarity of the furnaces at Culmstock 
Road (North) and Burlescombe, together with the view 
of the 14C evidence expressed above, suggest that 
both probably date to the 9th -19th centuries. The 
evidence for the date of the rather similar large 
Furnace 3 at Ramsbury is very similar, albeit with 
larger errors. If this technology was replaced by those 
employed at Churchills Farm, then a date of these 
sites prior to the last quarter of the last quarter of the 
9th century would be appropriate. If, alternatively, the 
technologies at Churchills Farm were instead localised 
short-lived and exotic, the ‘background’ regional use of 
wood packed non-tapping furnaces might have 
continued well into the 10th century. 
 

 
 
Technology 
 
As discussed above, the similarity of the evidence 
places the technology and structure of the furnaces 
into a group with examples from Culmstock Road 
(South), Burlescombe and Ramsbury. The evidence 
from these sites is not, however, identical, and the 
chronological evidence (see above) potentially allows a 
period 200-300 years within which these sites might 

have flourished. Each site might have developed over 
a long period of time, for later medieval smelting sites 
are known commonly to have developed through 
reoccupation within a local coppicing cycle – leading 
sites to have intermittent and overlapping activity. 
Internally, Culmstock Road (North) comprises two 
adjacent furnace localities (areas 14 and 15). These 
are sufficiently far apart (30m) that it would be unlikely 
for residue to be carried from one to the other without 
very good reason. Therefore, it would seem unlikely 
that the similarity of the FBs from the two areas was 
due to their both originating in Furnace [14006]; the ex-
situ examples from Area 15 can be reasonably taken 
to indicate that the technology in the two areas was 
very similar. The minor differences (the slight 
development of a basal flow/puddle with a free surface 
in the example from Area 15 and the possible use of a 
minor component of cereal packing in the corner of the 
furnace in Area 14) could be idiosyncrasies of two 
smelts in otherwise effectively identical smelting 
operations. 
 
On the other hand, the triangular-shaped FBs (in plan) 
together with their other aspects of asymmetry – giving 
rise to the suggestion of the presence of a furnace 
arch to the left of the furnaces, is not paralleled at 
either Culmstock Road (South) or Ramsbury. On these 
two sites the FBs with the wide furnace contacts 
(burrs) seem broadly symmetrical, although both sites 
lack detailed descriptions of complete examples. At 
Ramsbury, blocks of slag appear to have been 
positioned in the foot of the superstructure at intervals 
along the margins of the pit cut. At first sight the 
positions of these blocks makes an arch at those levels 
unlikely, although a slag block set into the base of an 
arch might make a good point of leverage when 
extracting the slag block. 
 
Reed et al (2006) plates 4 and 5 show what appears to 
be a hollow on the left side of the pit (viewed in the 
direction of blast) for furnace 525 at Burlescombe 
(possibly also suggested by the hachuring in Figure 4). 
Such a hollow might be an external working allow, 
either cut to assist access through the furnace arch, or 
worn by activity. A hollow could have perhaps similarly 
have existed to the left of furnace 529, over the fill of 
furnace 539. Unfortunately, the detailed illustrations of 
the slags from Burlescombe do not include plan views, 
but the drawings of slag block 553 from furnace 529 
(Reed et al 2006, Figure 15, 1) hint at an asymmetry 
with preferential downflow on the right side.  
 
Thus, it would appear possible that a very close 
parallel may potentially exist between Areas 14 and 15 
and Burlescombe. If this is the case, then the 
interpretation of the Burlescombe furnaces may require 
revisiting. 
 
 

Raw materials 
 
The data given above suggest that the exploitation of 
iron ores from Blackdown Hills resulted in an orestock 
of generally very high grade, but rather variable in 
detail.  
 
The modelling of the reaction that produced the FB in 
Furnace [14006] suggests an ore (when modelled on a 
100% FeII, anhydrous, basis) with 93% FeO 
(equivalent to approximately 72% Fe). The raw, as 
mined, ore would have had approximately 87% Fe2O3. 
 
The model suggests that in order to produce the FB 
from [14006], 940g of reduced anhydrous ore 
produced 470g of slag, plus 412g of iron. Thus the 
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20.95kg of slag would imply the production of 18.4kg of 
iron from 41.9kg of model reduced anhydrous ore. The 
actual raw ore is likely to be approximately 20% 
heavier than the model, so approximately 50kg of raw 
ore will be been used. The high grade of the modelled 
ore indicates that little matrix remained attached to the 
iron-rich lithologies, which may suggest that the ore 
was carefully processed before smelting. Such 
processing could involve washing, but exposing mined 
ore to weathering in the open air might be the simplest 
process to remove matrix. 
 
 

Product 
 
The modelling presented above suggests that the 
furnaces produced substantial blooms; up to 18kg of 
metal may have been produced in the last smelt in 
Furnace [14006], although this need not have all 
formed part of the extractable bloom. A bloom of 
anything close to this size is very difficult to compact 
manually (Sauder 2013). After an initial crude 
compaction immediately after its extraction from the 
furnace, a bloom of this size would probably be cut or 
split. Later in the medieval period, larger blooms might 
be workable using water-powered hammers or even 
treadle hammers, but it is unclear if such technology 
was available, even in Royal forges, prior to the 
Norman conquest. The yield from bloom of iron for the 
end use of the smith depends on both intended 
purpose and bloom quality. A bloom of 18kg might be 
expected (using the figures produced experimental by 
Sauder & Williams 2002, Table 3) to produce 
approximately 6kg of refined bar iron. 
 
The modelling also suggests that the iron would be 
likely to have been strongly phosphoric.  
 
 

Context 
 
The scale of the smelting operation at Culmstock Road 
(North) is difficult to quantify. The downslope dumps 
from the smelting furnaces in areas 14 and 15 are very 
modest in size (19kg and 16kg respectively). The 
dumps were buried by a thick deposit of colluvium, so 
had not received any recent disturbance. The total slag 
content of each dump is only approximately equivalent 
to the amount of slag produced by one smelt. In area 
15 57kg of slag was retrieved from the fills of pit 
[15009] and 25kg from the upper fill of pit [15017] (a 
possible furnace), both of which fills are probably 
redeposited dump material (they include slag with vary 
degrees of comminution and abrasion). 
 
Thus, in total Area 13 produced 5kg of ex situ slag, 
Area 14 produced 21kg in in situ slag and 23 kg of ex 
situ slag, with Area 15 producing 100kg of ex situ slag. 
 
This could be taken at face value as evidence for 2 
smelts in Area 14 and 4 or 5 in Area 15, but it is not 
known what proportion of the original slag is preserved 
with the dumps and cut features.  
 
It would appear unlikely however, that that activity was 
at the levels seen at Burlescombe with its 2.1 tonnes of 
slag surviving (here the slag dump was not sealed by 
colluvium, but cut by the ploughsoil). The Burlescombe 
dump indicates a minimum of approximately 100 
smelts from the three furnaces. It is possible that the 
better survival at Burlescombe of in-situ vitrified 
superstructure might also be an indicator of more 
protracted use.  
 

At Culmstock Road (South) there was an estimated 22 
tonnes of slag remaining (the deposit was here 
protected by colluvium, albeit rather thinner than at 
Culmstock Road (North)), probably indicating up to 
1000 smelts, from 5 and possibly as many as 8 
furnaces.  
The Churchills Farm site provided evidence for 5 non-
tapping furnaces and probably 4 slag tapping furnaces, 
with 1.1 tonnes of residues recovered. The site 
stratigraphy here was complex and the natural site 
limits probably not reached, so the slag quantiy 
recorded is probably only represents a small proportion 
of original output. 
 
In these comparisons, the Culmstock road (North) site 
appears as a very minor operation. 
 
In an attempt to contextualise the Churchills Farm site, 
Young (in Smart et al., 2018, 211-214) suggested that 
the Burlescombe-type furnace (as also seen at 
Culmstock Road (North)) was employed during the 8th 
and 9th centuries on the royal estates of Wessex to 
provide sources of iron, not only in the Blackdown 
Hills, but also at Romsey, Ramsbury and probably 
elsewhere. From the late 9th century, with the 
absorption of Mercia, the Royal estates were able to 
employ a greater diversity of technology, as seen at 
Churchills Farm. The cereal-packed slagpit furnaces 
seen there in the late 9th or early 10th centuries are 
similar to those known, for instance, in the forest of 
Dean (then part of Mercia) during the 8th to 9th 
centuries. 
 
One interesting aspect of the smelting during this 
period would thus appear (within the limited dataset 
available to us) to be a focus on centralised smelting 
operations. It was probably the exploitation of the 
woodland resources of the Royal estates that 
permitted the import of ore to those estates for 
smelting close to the locale of charcoal production. 
Culmstock Road (South) and Churchills Farm could be 
viewed as different phases of just such a centralised 
operation within the Hemyock estate. 
 
Culmstock Road (North) does not fit the same pattern. 
The operation here appears to have been short-lived 
and/or intermittent. There might be many different 
reasons why such a small site might exist – to exploit a 
small amount of charcoal from a particular woodland, 
or because site development was interrupted for some 
reason, but for whatever reason, it appears different. 
Further work is required on the other smelting sites 
scattered around Hemyock to determine the 
significance of this difference. 
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Illustration Captions 
 
Figure 1: furnace bottom from context (14009) in 
Furnace [14006]. The two pieces of the FB after cutting 
are in their approximate relationship. Top row – view 
from above (blowing wall to bottom). Middle row – 
lateral views (left images show the view of the cut left 
end and, to the left, the left view of the small cut piece). 
Bottom row – view from below (blowing wall to top). 
 
 
 
Figure 2: furnace bottom from context (15010) in pit 
[15009]. Top row – view from above (blowing wall to 
bottom). Middle row – lateral views. Bottom row – view 
from below (blowing wall to top). 
 
 
 
Figure 3: BSEM images of HCN2. 
a. whole mount, FOV 21mm 
b. site 2 (upper left of a), FOV 2.8mm 
c. site 3/9, (lower left of a), FOV 2.8mm (for analyses 
see appendix) 

d. site 4/10, detail of c, FOV 555µm (for analyses see 
appendix) 
e. site 5, (lower right of a), FOV 2.8mm 

f. site 6, detail of e, FOV 555µm 
g. site 7, detail of e, FOV 1.11mm 
h. site 8, (upper right of a) FOV 350µm 
 
 
 
Figure 4: BSEM images of HCN5. 
a. whole mount, FOV 17.5mm 
b. site 2/8, FOV 1.11mm (for analyses see appendix) 

c. site 3/9, detail of b, FOV 555µm (for analyses see 
appendix) 
d. site 4, x100 FOV 2.8mm 

e. site 5, x500 detail of d, FOV 555µm 
f. site 6, x100 FOV 2.8mm 

g. site 7/10, x1k FOV 280µm 
 
 
 
Figure 5: ternary diagram illustrating cationic 
composition of EDS analyses of phosphate minerals. 
Contents of Fe, Ca and Na + K shown in their atomic 
proportions. Red circles show the fields of phosphate-
bearing phases identified in previous studies of 
bloomery slags including Folly Court, Fleethill Farm 
and Ynysfach ironworks; the blue ellipse show the 
extreme iron-rich phosphates recorded at Ynysfach. 
The analyses from Culmstock Road (north), mostly lie 
outside these fields. 
 
 
 
Figure 6: SiO2-Al2O3-FeO ternary diagram (after 
Schairer & Yagi 1952) for analyses of samples. 
 
 
 
Figure 7: SiO2-Al2O3-FeO ternary diagram (after 
Schairer & Yagi 1952) for analyses of samples from 
the FB from furnace [14006], with mass balance 
model. 
 
 
 
Figure 8: binary plots to display the relationships of 

Al2O3, MnO, TiO2 and P2O5 (in wt%), U and Σ REE (in 
ppm) against SiO2 (in wt%). The mass balance models 
are shown by a grey box for the ‘smelting mixture’ 

trend, with a crossbar at 6%. The enrichment trend 
produced by iron extraction is indicated by the red 
arrow, the tip of which is at 225% enrichment. In 
addition, for some elements where a strong trend is 
present, the blue solid line indicates the mixing line of 
the ‘rich’ (green) and ‘lean’ (blue) ores. 
 
 
Figure 9: Upper Crust-normalised REE data for 
samples from Culmstock Road (north). The 
normalisation factors are after Taylor and McLennan 
1981. 
 
 
 
Figure 10: plots of DyN/PrN against DyN/LuN, as 
descriptors of the shape of the upper crust normalised 
REE profiles for (a) iron ore samples from the 
Hemyock area, and (b) samples from Culmstock Road 
(north). 
 
 
 
Figure 11: plots of DyN/PrN against DyN/LuN, with 
(upper) mixing curves to model ore composition and 
(lower) mixing curves to model the ore-lining mixture 
forming the ‘smelting mixture’ for (a) samples the FB 
from furnace [14006]. (b) samples HCN7,8,9 and (c) 
sample HCN10. 
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Glossary 
 
Blacksmithing: the working of iron and steel. Often 
restricted to the secondary smithing – i.e. the smithing 
of iron to produce or repair artefacts, as opposed to the 
smithing involved in the production of billets or bar iron 
from raw iron blooms. 
 
Bloomery: a furnace for smelting iron from ore in which 
iron is produced as a solid material. The bloomery 
process was employed mainly prior to the introduction 
of the blast furnace from the late 15th century. 
 
Bloomsmithing: The process of reworking a raw bloom, 
through repeated reheating and hammering, to reduce 
its content of slag, to remove unwanted inclusions and 
to draw out the remaining slag into elongate inclusions. 
The end product may be a bar or billet. Usually taken 
as an alternative term for bloom-refining. 
 
Blowhole: A hole through a furnace or hearth wall 
through which air is blown. 
 
Boxstone: a form of concretionary structure in which 
weathering of the body of a rock (either a concretion or 
joint-bounded block) releases iron in reduced form 
(FeII) in solution in the porewater. This is conducted to 
the outside of block where the water encounters 
increased levels of oxygen, leading to oxidation of the 
iron (to insoluble FeIII) which precipitates as ironIII 
hydrated oxides. 
 
Cotectic: crystallisation of a liquid to produce two 
phases at the same time. 
 
Dendrite: a branched crystal form, often associated 
with rapid growth. 
  
End member: a limit of a solid solution. E.g. forsterite 
and fayalite are the magnesium and iron end-members 
of the substitution forming solid solution in the Fe-Mg 
olivines. 
 
Euhedral: a crystal shape in which the crystal has 
developed its faces, indicating its growth was 
unobstructed by previously formed phases. 
 
Fayalite: the iron-rich end member of the olivine group, 
Fe2SiO4. Abbreviated to Fa. 
 
Forsterite: the magnesium-rich end member of the 
olivine group, Mg2SiO4. Abbreviated to Fo. 
 
Free surface: the surface of slag mass that forms with 
free flow of the slag in a void, unimpeded by obstacles 
of slag, fuel, ash or pit packing. 
 
Furnace bottom (FB): the slag mass that forms in the 
base of a furnace, particularly one that does not 
employ slag tapping. 
 
Hammerscale: material, usually detached, formed by 
oxidation of the surface of hot iron. Closely related 
terms forge scale and mill scale are also often sued for 
modern materials. 
 
Haematite (hematite): anhydrous iron (III) oxide, Fe2O3 

 
Hercynite: an iron-aluminium member of the spinel 
group of minerals: FeAl2O4 

 
Lining Slag: Slag formed from the complete or partial 
melting of hearth or furnace lining. 
 

Liquidus: the liquidus is the line on a phase diagram 
above which a particular composition is completely 
liquid (molten). 
 
Magnetite: ideally Fe3O4; the iron end member of 
spinel group. 
 
Olivine: a group of silicate minerals of the form 
(M2+)2SiO4 where M can commonly be iron, 
magnesium, calcium (up to half the M2+

 ions) or 
manganese. 
 
Phosphoran: a mineral name qualifier for a phosphorus 
rich variant (usually in substitution for silicon). Applied 
to iscorite and olivine (including fayalite) amongst 
others. Phosphoran olivine has >0.03 atoms per 
formula unit phosphorus (Boesenberg & Hewins 2010). 
 
Pit packing: organic material, usually either wood or 
cereal/grass stems, placed into the basal chamber of a 
furnace (usually a slagpit furnace). The material 
probably serves various purposes: to support the 
charge above, whilst maintaining open void space for 
slag descent, to be combustible to create space for 
slag storage, to provide lines of weakness to assist 
fracturing of the slag during clearance of the pit in a 
multi-use furnace. 
 
Slagpit furnace: a non-slag tapping furnace in which 
the slag drains into a pit below the shaft during use. In 
most varieties the pit is filled with an organic pit 
packing before use. 
 
Smelting: a process involving the reaction of raw ore to 
produce a metal, 
 
Smithing: the activity involved in forming a metal 
object, including, but not limited to, forging metal and 
joining metal by welding. 
 
Smithing hearth cake (SHC): a typically plano-convex 
slag mass that forms below the blowhole in a smithing 
hearth from the reaction of iron/iron oxides lost from 
the workpiece, melted hearth ceramic and fuel ash. 
 
Solidus: the solidus is the line on a phase diagram 
below which a particular composition is is completely 
solid (crystallized). 
 
Spinel: a mineral group with the general formula 
X2+Y3+

2O4, which includes, amongst many others, the 
minerals hercynite and magnetite. 
 
Subhedral: a form of crystal growth which is impeded 
by some pre-existing phases to permit only some of 
the crystals faces to be developed. 
 
Substitution: the process or pattern of replacement of 
one ion by another within a crystal lattice. 
 
Vesicle: a void or pore, usually rounded and formed as 
a preserved gas bubble in a solidified melt.  
 
Wustite: an iron II oxide, nominally FeO, but frequently 
non-stoichiometric. 
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Table 1: summary of materials in collection by area and context (weights in g). After Young 2019, Table 2. 
 

context notes FB 
blocks 

FB 
material 

wall ore iron 

       
       
 

Area 13 
     

13020 upper fill of pit 13018 
 

3708 
   

= 13020 (806) of evaluation 
 

344 
   

13023 
  

8 
 

26 
 

13069 
  

1285 
   

13071 
    

4 
 

       
 

Area 14 
     

14007 basal fill of furnace 14006 
 

1048 
   

14009 FB in furnace 14006 18000 1160 
   

14010 upper fill of furnace 14006 
 

1028 
   

14011 uppermost fill of furnace 14006 (rich in red clay) 
 

3466 982 
  

14012 fill below tip of FB in furnace 14006 
 

714 5050 
  

14013 tip from furnace 
 

4598 
   

= 14013 (906) + (907) of evaluation 
 

13983 58 
  

       
 

Area 15 
     

15006 upper fill of furnace 15004 
 

2041 1938 
  

15022/ 15023 part of furnace lining of furnace 15004 in situ 
  

5520 
  

15008 fill of pit 15007?? 
 

250 
   

15010 base of pit/furnace 15009 42700 4310 
   

15011 main fill of 'furnace' 15009 
 

9898 1847 
  

15013 slag dump NW of furnaces 15004 and 15009 
 

16366 156 
 

126 

15019 upper fill of furnace 15017 
 

24644 300 
  

       
       
 

totals 60700 88851 15851 30 126 
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Table 2: samples selected for investigation through elemental analysis and microstructural investigation on the SEM 
 

Sample Context Elemental SEM Area Notes 

HCN1 14009   x 
 

14 18kg furnace bottom: uppermost charcoal-bearing slag layer 

HCN2 14009   x x 14 18kg furnace bottom: vesicular slag in upper part of mass 

HCN3 14009   x 
 

14 18kg furnace bottom: dense slag with charcoal in front of wall slags 

HCN4 14009   x 
 

14 18kg furnace bottom: coarse flow slags at base 

HCN5 14009   x x 14 18kg furnace bottom: dense burr radial structure 

HCN6 14009   x 
 

14 18kg furnace bottom: attached ceramic 

HCN7 13020 
 

x 
 

13 coarse flow slag 

HCN8 13020 
 

x 
 

13 coarse flow slag with puddle top? 

HCN9 15011 
 

x 
 

15 vesicular dense slag near large wood moulds 

HCN10 15011 
 

x 
 

15 vesicular dense slag near fuel clasts 

HCN11 13023 
 

x 
 

13 ore (26g) 

HCN12 13071 
 

x 
 

13 ore (4g) 

HCN13 14011 
 

x 
 

14 ceramic 
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Table 3: major element analyses by XRF expressed as wt%. Raw measured values, except for calculated columns for FeO (as an alternative to Fe2O3). 
 

Sample SiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O TiO2 P2O5 SO3 LOI total plus LOI 

               

HCN1 18.88 4.66 78.29 70.46 0.72 0.45 0.32 0.05 0.51 0.30 0.82 0.103 -1.27 103.83 

HCN2 19.54 4.54 80.65 72.59 0.80 0.39 0.27 0.06 0.49 0.32 0.85 0.106 -5.29 102.73 

HCN3 14.73 5.30 86.26 77.63 1.10 0.29 0.27 0.08 0.36 0.29 0.86 <0.052 -5.51 104.02 

HCN4 16.63 6.46 85.10 76.59 1.45 0.41 0.36 0.03 0.38 0.35 1.04 0.124 -6.43 105.91 

HCN5 20.94 5.03 80.28 72.25 0.83 0.48 0.30 0.05 0.48 0.28 0.89 <0.052 -6.80 102.77 

HCN6 73.87 6.93 14.63 13.17 0.14 0.63 0.17 0.12 0.97 0.56 0.16 <0.052 1.56 99.73 

HCN7 15.68 3.73 86.70 78.03 0.77 0.46 0.77 0.29 0.47 0.17 0.63 0.054 -7.27 102.44 

HCN8 8.16 3.60 95.56 86.00 0.99 0.38 0.62 0.08 <0.326 0.11 0.81 0.071 -7.06 103.31 

HCN9 16.39 5.70 79.96 71.96 1.08 0.46 1.42 0.04 0.45 0.28 1.81 0.109 -4.68 103.01 

HCN10 23.02 5.66 73.60 66.24 0.69 0.41 0.89 0.04 0.45 0.31 0.92 0.169 -4.01 102.15 

HCN11 2.81 0.66 97.11 87.40 1.12 0.24 0.05 0.19 <0.326 <0.03 0.44 <0.052 4.30 106.92 

HCN12 5.98 1.91 94.12 84.71 0.50 0.28 0.08 0.28 <0.326 0.11 0.28 <0.052 -0.69 102.85 

HCN13 79.87 8.62 5.44 4.90 0.05 1.05 0.23 0.07 1.58 0.64 0.06 <0.013 2.22 99.82 
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Table 4: trace element analyses by ICP-MS (part 1). Raw numerical values in ppm. 
 

Sample Be V Cr Co Ni Cu Zn Ga Rb Sr Y Zr Nb Mo Sn Cs Ba 
                  

HCN1 6.80 62.73 71.30 8.52 13.04 22.89 22.33 6.04 16.80 22.71 47.44 103.56 5.84 0.68 3.15 2.17 101.67 

HCN2 4.27 74.07 87.94 3.81 6.60 8.28 9.42 5.68 19.25 22.47 38.11 93.36 5.31 0.55 1.71 1.94 99.87 

HCN3 6.53 78.91 106.03 2.37 17.83 13.19 124.51 5.71 12.57 22.78 53.09 86.99 5.40 4.62 1.96 1.28 84.69 

HCN4 9.61 96.08 116.73 0.92 6.23 5.69 3.63 5.88 10.00 40.38 75.67 81.43 6.99 0.39 1.52 1.25 121.47 

HCN5 4.74 58.11 63.75 5.43 11.39 6.48 10.59 5.98 22.28 29.80 46.75 101.76 5.61 0.39 1.38 2.38 114.47 

HCN6 1.95 78.44 65.38 8.37 15.34 11.77 39.50 10.07 43.77 22.06 18.88 297.36 11.75 0.79 4.74 5.68 181.97 

HCN7 6.56 109.67 58.34 1.60 11.16 5.92 126.31 4.38 14.77 34.40 33.94 69.02 3.77 4.23 2.16 1.06 107.27 

HCN8 8.17 111.47 56.90 1.19 11.03 9.18 141.11 4.26 7.52 30.22 44.47 42.49 2.97 4.22 1.51 0.44 55.09 

HCN9 22.79 195.47 83.14 1.20 7.81 3.43 < 5.30 17.15 56.56 93.53 46.36 5.03 0.50 2.76 1.12 167.47 

HCN10 10.14 127.47 58.12 11.85 12.19 5.76 47.10 6.13 20.98 32.55 55.61 81.90 5.70 0.45 2.69 1.61 101.67 

HCN11 1.61 29.86 11.81 10.74 19.84 13.85 68.21 2.89 2.48 1.56 60.24 12.93 0.38 1.93 3.96 0.11 23.59 

HCN12 1.68 31.30 24.40 104.34 175.65 9.03 162.91 3.59 5.51 6.24 11.98 21.30 1.84 1.53 4.30 0.63 21.52 

HCN13 1.44 85.69 70.85 7.74 15.48 11.25 55.71 12.08 74.70 27.44 15.18 319.06 12.38 0.75 4.44 9.91 220.17 
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Table 4: trace element analyses by ICP-MS (part 2). Raw numerical values in ppm. 
 

Sample La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta W Tl Pb Th U 

                      

HCN1 34.09 39.91 6.48 25.89 5.40 1.25 5.89 1.02 6.54 1.39 4.06 0.60 3.76 0.54 2.66 0.39 0.87 < 1.48 3.93 4.14 

HCN2 25.10 29.19 4.81 19.48 4.04 0.97 4.57 0.78 5.19 1.13 3.36 0.49 3.25 0.50 2.43 0.33 0.65 < 0.54 3.47 3.65 

HCN3 36.73 39.29 6.73 27.37 5.72 1.32 6.60 1.08 7.08 1.59 4.52 0.65 4.12 0.61 2.32 0.37 2.16 < 1.97 3.84 4.77 

HCN4 50.20 56.28 9.45 38.51 7.97 1.94 9.15 1.58 10.30 2.24 6.50 0.93 6.13 0.90 2.07 0.38 1.04 < 0.67 5.20 6.54 

HCN5 32.77 38.68 6.14 24.77 5.21 1.24 5.76 1.00 6.48 1.38 4.08 0.58 3.86 0.56 2.51 0.35 0.71 < 0.91 3.91 4.20 

HCN6 19.73 36.33 4.30 16.39 3.09 0.64 2.87 0.51 3.27 0.67 2.01 0.30 2.10 0.32 7.65 0.82 3.85 < 11.15 6.36 2.44 

HCN7 19.82 23.57 3.83 15.69 3.37 0.86 3.79 0.66 4.62 1.05 2.95 0.43 2.85 0.44 1.88 0.27 1.76 0.01 4.73 2.69 4.55 

HCN8 23.58 25.45 4.70 18.98 4.21 1.06 4.96 0.87 5.89 1.31 3.82 0.56 3.69 0.55 1.07 0.22 1.89 < 2.88 2.67 5.85 

HCN9 49.27 56.92 8.94 37.93 8.06 1.98 10.42 1.79 11.56 2.56 7.62 1.09 7.14 1.07 1.41 0.32 0.52 < 0.20 4.19 9.08 

HCN10 44.63 67.29 9.50 39.07 7.80 1.86 8.83 1.48 8.94 1.80 5.12 0.71 4.39 0.64 2.23 0.38 0.62 < 1.33 3.56 6.20 

HCN11 14.91 40.33 4.40 21.29 4.77 1.15 6.31 1.02 6.20 1.32 3.75 0.49 2.78 0.42 0.28 0.03 0.94 < 8.86 0.85 2.00 

HCN12 11.74 16.76 2.27 8.99 1.69 0.40 1.93 0.29 1.95 0.37 1.09 0.14 0.94 0.13 0.64 0.13 1.44 < 3.65 1.45 1.51 

HCN13 19.56 38.79 4.37 16.21 3.03 0.60 2.60 0.45 2.88 0.58 1.71 0.27 1.76 0.28 7.89 0.87 1.24 < 14.19 7.25 2.09 

 
  



GeoArch Report 2020/26: residues from north of Culmstock Road, Hemyock 
 

24 

Table 5: summary of mass balance models 
 
 

model 
for 

model ore  
 

lining mix extractive eff. 1 kg smelting mixture gives P in 1 kg smelting mixture max. 

analyses 
   

  slag FeO Fe as P2O5 as P into slag ‘missing’ P in Fe 

HCN1-5 85% Gp1 mean, 15% Gp2 mean (ex CF) 6% lining 60% 470g 530g 412g 9.2g  4.0g 1.81g 2.19g 0.53% 

HCN7-9 100% Gp1 mean   *1 1% lining 66%          

HCN10 85% Gp1 (HCN11), 15% Gp2 (HCN12)  5% lining 74% 460g 540g 420g 9.2g 4.0g 1.77g 2.23g 0.53% 

 
 
Note: *1, this model would require ore of silica content outside recorded values in order to balance. 
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Table A1: Summary catalogue of materials (after Young 2019, Table 1). Weights in g, assm = assemblage of pieces, FB = furnace bottom. 

 
context 

 
Item 

wt (g) 
Item 

no. 
notes 

     
    

Area 13      

13020 
 

452 1 dense lobate slags apparently intruding into furnace wall, inner face of block is fragmental and accretionary   
1565 9 very dense slags with very large wood moulds   
1315 2 very dense slags with large wood moulds, but massive on one side with non-wetted contact, one appears to grade into possible 

burr area too 
  

306 1 very dense slags with large moulds showing intense surface reddening and smoothing, suggestive of secondary blast influence   
70 4 FB fragments   
4 1 heated and vitrified pebble fragment      

13023 
 

8 1 small fragment of dense slag with fuel moulds, secondarily reddened   
26 3 fragments of a small box-stone nodule - shows fibrous goethite within the cracks between the concentric fine dense shell layers, 

some superficial reddening, so possibly roasted 
     

13069 
 

1285 8 dense flow slag with wood moulds      

13071 
 

4 1 tiny fragment of possibly roasted box-stone      
     
    

Area 14      

14007 
 

374 5 dense flow slag with wood moulds   
674 1 very dense lobed slag with non-wetted wall contact, approximately 35mm thick, thickening to 50mm, inner face covered with 

brecciated accretion, possibly with included discrete slag droplets - could be bloom removal surface? 
     

14009 1 of 2 18000 1 large vertical FB, 200x420x280mm, burr most of width (1 side fractured away) and 120mm deep, rest of wall contact non-wetted, 
one end gently curved, the other side bends through almost right angle, possibly deformed but probably original, from edge 
extends to 200mm below top with top surface angling down , if burr section is vertical then 250mm front-back and 250mm top-
bottom with flat top. Large wood impressions on base but moulds elsewhere dirty so detail not seen 

     

14009 
 

846 1 block of prilly charcoal-rich slag with wood and a non-wetted surface near one side 
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context 
 

Item 
wt (g) 

Item 
no. 

notes 

     
  

144 1 lobate slags around wood moulds with some very shiny fragmented material   
44 1 FB fragment with wood impression   

126 6 fragmented FB piece      

14010 
 

454 7 fragments of vitrified surface of lining, some pieces appear to show layered structure within rear clay - built with clay roll, all 
reduced grey to rear 

  
290 1 dense slightly irregular slag with rough surface attached to flat face of reduced-fired wall   
58 1 sheet of dense slag with one bright shiny dark non-wetting face, other side irregular   
12 1 slightly lobate slag scrap   

394 1 porous dark FB material in mostly finely prilly structure, one face shows shiny dark non-wetted surface   
274 1 dense irregular porous FB material, locally accreted and brightly reddened, possibly just rust but may be localised reheating?      

14011 
 

2890 1 very dense slag block, obscured in part by accretion, 80mm thick, slightly reddened top with localised flow lobes near margin, also 
trace of wood impressions on top, base convex with descending prills, probably a basal slag puddle, just very possibly a dense 
SHC   

44 1 margin of blowhole at approximately 60 degrees to preserved face, 18mm diameter, preservation of vitrified layer identical to that 
of the planar fragments from same context 

  
470 11 fragments of planar variously oxidised and reduced fired vitrified wall, some with very slightly oblique lamination within wall   
122 1 part of margin of hollow (presumably obliquely above b/h) , reduced fired descending stalactites, resurfaced apparently   
346 1 sloughed wall with trapped iron now forming rusted concretions   
82 1 breccia of slag, oxidised ceramic and rust with lining slag, contains iron   

494 5 fragments of porous hard rough FB fragments      

14012 
 

5050 19 masses of grey clay intruded by dense fine slag, faced by vitrified surface in slight hollow, then resurfaced with planar surface 
  

114 1 dense angular slag fragment, resembles slag attached to face in large blocks   
202 1 dense slag piece, probably a fragment of burr   
398 1 burr fragment      

14013 
 

1090 1 very rusted and slightly exploding mass of lumpy greenish weathering slag, plano convex shape suggests a highly weathered 
SHC, 150x120x70mm (100mm with 'spike' on base), charcoal-rich 

  
582 1 dense flow lobed slag around fuel moulds, very weathered   
288 1 wall slag contact on margin of burr with wood stick running along wall   
418 1 extremely dense burr fragment   

2050 16 weathered ochreous fragments of FB 
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context 
 

Item 
wt (g) 

Item 
no. 

notes 

     
  

170 assm bits and dust      
     
    

Area 15      

15006 
 

474 1 vitrified surface to oxidised fired planar wall   
206 5 small pieces of planar reduced lining   
108 1 grey vitrified lining with approximately 100 degree angle - presumably an overhang   
676 1 large block of sloughed furnace wall, potentially with embayment to one side originally?   
340 16 grey vitrified wall fragments   
134 5 grey wall debris with dense dark slag adhering and/or intruding   
46 1 dense massive slag fragment   
86 1 finely porous FB fragment   
2 1 isolated prill   

132 2 rusty fine FB type material   
1775 3 blocks of very dense slag with flowed tops and wood moulds, largest indicates slag puddle more than 90mm deep with wood 

moulds on top and on base and non-wetted wall contact 
     

15008 
 

72 2 concretionary material, probably accreted piece of charcoal-rich slag   
28 1 vesicular slag with large mould moulds, accreted   
46 1 slightly lobate flow slag with accretion   

104 1 unusual flow lobed slag apparently confined to subcircular tunnel - 25-30mm diameter - could be from mole hole/root or even a 
secondary fill in wood mould 

     

15010 1 of 4 12000 1 rather worn deep FB. Top surface very well blown, RHS shows strong foliation through to upper surface - vertical wood or 
deformation, 210mm front-back, 300mm wide, 210mm from blown top to base, slag rises 30mm above flat top either side of central 
notch. No good wall contact preserved and no certain wood moulds - just lots of charcoal inclusions - though foliated side might 
indicate wood      

15010 2 of 4 7700 1 200mm x 270mm x 160mm (front-back, width, top-bottom) rounded worn FB, right side angled and fragmented, worn down so no 
large wood moulds   

634 assm fresh FB material with slags penetrating between large wood moulds   
246 2 FB fragments, rounded, larger one contains some iron      
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context 
 

Item 
wt (g) 

Item 
no. 

notes 

     

15010 3 of 4 3380 2 large blocks of porous FB material, larger block as basal ridge filled with pieces of brecciated non-wetted dense shiny surface, 
otherwise all finely prilly 

  
50 assm bits from above      

15010 4 of 4 23000 1 large FB, 280mm front-back, 400mm wide, 240mm from flat top to base, burr approximately 240mm wide and 150mm deep, flat 
triangular top to mass, RHS bends through right angle and has foliated structure to top - partly altered wall but also wood? Large 
wood showing near base, LHS shows prominent basal flat-topped flow 130mm below top; base appears to mould base of furnace 
pit      

15011 1 of 2 288 14 small FB fragments and debris   
824 1 slag with split wood- face of largest 80x95mm, other side of slab is rough, concave and perhaps fragmental, slag dense where in 

contact with various wood pieces 
  

394 1 finely prilly FB fragment   
2210 1 charcoal rich FB fragment, with some mineralised wood, one face is fine dark shiny non-wetted contact   
642 2 round rusty lumps of FB material, just very small chance these could be charcoal-rich SHCs   

1415 1 wedge-sectioned rounded slab, suggesting origin on lateral part of FB, porous charcoal-rich slag, as with above, just very slight 
chance this is porous SHC 

  
50 1 twisted slag sheet from slag wall interaction   

156 1 oxidised fired wall with slag lobes sliding down surface   
1583 1 wall with gently curved face with broad 80mm deep embayment in it, repeatedly relined?      

15011 2 of 2 3215 1 rusty rounded large FB block, mostly charcoal bearing and prilly, a few areas of lobes and possible wood   
850 28 variable FB debris   
108 4 indurated grey slag wall intersection   
10 1 isolated slag prill with fuel/wood contacts      

15013 1 of 2 1220 1 rounded mass of porous weathered slag, probably a worn FB fragment but low density SHC just possible   
2030 1 large fragment of coarse porous FB, abundant moulds after charcoal   
2070 1 part of bowl-shaped FB block with fine charcoal - forms shallow bowl up to about 100mm thick   

20 1 vitrified and glazed grey lining fragment   
126 1 rounded lump containing iron   
168 4 fragments of porous slag with charcoal   
484 5 rounded worn rusted blocks of FB   
956 5 dense slags with large wood moulds 
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context 
 

Item 
wt (g) 

Item 
no. 

notes 

     
  

136 2 vitrified indurated grey wall   
234 1 rounded fragment of slag with wood mould   
88 2 fragments of porous FB with areas of probable blown surface, very irregular and spikey   
46 2 dense slag fragments      

15013 2 of 2 2325 1 block with arcuate side of FB and probable top, some strange laminated Fe-oxides on likely margin, slag mainly rich in quite 
coarse charcoal fragments, top weathered and slag green and powdery where crushed by contact in transport 

  
6265 1 rounded mass of worn and slightly accreted FB, subconical block but not original top, green weathered slag lobes on one face 

(top?) and wood moulds down a perpendicular face, otherwise no detail observable 
  

220 5 irregular FB fragments, mostly from around wood moulds   
260 1 fragment from burr with right angled cross section, appears to have worn into gravelly substrate as has lots of pale vitrified 

sandstone flakes included 
     

15019 
 

604 2 joining fragments of charcoal bearing slag with sheet of slag with tubular vesicles   
98 2 two small fresher pieces of FB containing slag sheet with tubular vesicles   

186 2 dense slags with wood impressions   
408 7 fragments of charcoal-rich FB with a few wood impressions   
48 1 complex slag sheet in dense shiny slag, lower face is full of smooth fine prills between charcoal moulds, opposite face is smooth 

and irregularly hollowed with possible fuel impressions 
  

298 5 rounded rusty slag lumps without clear surface features   
220 1 dense rounded fragment of burr   
300 1 complex very dense block with veins of slag intruding into wall   
80 1 vitrified wall fragment, probably resurfaced in silty clay over previous glaze   
88 1 thick runnels of slag detached from planar wall face   
22 1 dark lining slag detached from wall   
66 1 dense rounded fragment probably from a burr      

15019 2 of 3 6685 1 rounded block of fine FB, dense, but few helpful surface features   
1585 1 rounded block of porous FB material, like similar sized blocks from (15010)   
1015 1 broken in 2, base of burr, dense shiny sheet on wall below burr - shows some fragmentation, finely prilly with small charcoal 

elsewhere 
  

626 1 very similar to 1015g block - might be from same burr but does not join   
644 1 block with horizontal flows extending between large wood moulds   
232 1 smaller fragment with dense flows between large wood moulds 
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context 
 

Item 
wt (g) 

Item 
no. 

notes 

     
  

244 1 dense prilly flows with resinous lustre on ?base overlain by dense slag with wood mould   
262 1 dense 30mm sheet with tubular vesicles overlain by finely prilly slag bearing charcoal moulds, probably from a burr but just 

possibly SHC   
26 1 small rusty weathered nub, probably detached from another piece      

15019 3 of 3 3255 1 large block of fine prilly FB   
1792 5 porous prilly charcoal-rich FB with few if any wood moulds   
1570 3 blocks of FB with abundant large moulds of wood, mostly round up to 40mm   
1070 5 FB fragments, all rather rusty, 1 just possibly a very weathered SHC, 1 a curved sheet from wall?   
540 1 margin of very dense slag in tapslag-like block, from margin of cake, flow lobed and slightly reddened on top, internally massive 

with wood, base non-wetted prills - clearly a puddle, 65mm in thickness 80mm from margin 
  

1160 1 moderately dense FB fragment with two large moulds of sheet wood 12mm thick amongst other voids   
1840 1 dense worn block of FB with coarse charcoal, rusty      

15022/ 
15023 

 
5520 10 reduced-fired lining in a bowl shape, with deeply vitrified surface, bowl form hard to reconcile with known furnace shape 
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Table A2. EDS analyses from sample HCN2. For locations see Figure A1. Data presented as elemental wt% for all analysed elements. 
 

Site # O Na Mg Al Si P S Cl K Ca Ti V Cr Mn Fe Co Ni Ba La Ce Nd Total 

9 #267 27.88 0.12 0.15 2.74 8.85 0.38 0 0 0.43 0.18 0.17   0.62 57.81 0.37 0.09     99.8 

9 #268 29.81 0 0.33 1.93 12.47 0.19 0 0 0 0.08 0.08   0.85 53.18 0.27 0.12     99.31 

9 #269 29.98 0 0.24 2.09 12.74 0.2 0 0 0 0.05 0.09   0.82 51.98 0.34 0.13     98.66 

9 #270 29.82 0 0.29 1.12 12.97 0.2 0 0 0 0.07 0.08   0.9 51.83 0.32 0.12     97.73 

9 #271 26.43 0 0.24 0.56 8.65 0.11 0 0 0 0.04 0.11   0.72 60.43 0.3 0.13     97.73 

9 #272 30.02 0 0.42 0.28 13.74 0.14 0 0 0 0.07 0   0.94 52.85 0.25 0.11     98.82 

9 #273 30.07 0 0.44 0.3 13.72 0.13 0 0 0 0.05 0   0.96 52.7 0.3 0.09     98.76 

9 #274 29.57 0 0.46 0.3 13.41 0.21 0 0 0 0.04 0   0.97 53.06 0.34 0.09     98.45 

9 #275 29.5 0 0.41 0.26 13.89 0.06 0 0 0 0.07 0   0.87 52.88 0.35 0.13     98.43 

9 #276 29.78 0 0.4 0.28 13.88 0.08 0 0 0 0.05 0   0.96 52.96 0.22 0.1     98.7 

9 #277 29.73 0 0.14 0.27 13.68 0.16 0 0 0 0.11 0   0.84 53.17 0.34 0.12     98.55 

9 #278 29.63 0 0.47 0.39 13.55 0.28 0 0 0 0.05 0   0.94 52.46 0.27 0.13     98.17 

9 #279 37.11 0 0 1.34 8.84 0.95 0.62 0.6 0.03 0.09 0   0 39.95 0.2 0.08     89.82 

9 #280 33.83 0 0 28.13 0.12 0 0 0 0 0 0.4 0 0 0.29 37.28 0.22 0     100.28 

9 #281 33.58 0 0 26.51 0.27 0 0 0 0 0 0.71 0.09 0 0.29 38.38 0.27 0     100.1 

9 #282 33.52 0 0 26.95 0.2 0 0 0 0 0 0.72 0 0 0.27 37.96 0.19 0.12     99.92 

9 #283 33.46 0 0 26.53 0.22 0 0 0 0 0 0.72 0.08 0 0.27 38.58 0.22 0     100.09 

10 #284 34.63 4.48 0 0.2 0.22 15.77 0 0 1.74 13.12 0 0 0 0.53 21.83 0 0.08 0.74 0.47 0.4 0 94.2 

10 #285 42.81 0 0 13.37 25.75 0.17 0 0 17.96 0.07 0.04   0 0.92 0 0.07     101.15 

10 #286 31.95 4.99 0 0.16 0.18 16.05 0 0.03 1.91 10.22 0   0.86 25.35 0 0.08 0.48 0.23 0.21 0 92.7 

10 #287 32.44 5.23 0 0.19 0.15 15.74 0 0 2.17 9.53 0   0.75 25.26 0.2 0.09 0.38 0.15 0.2 0 92.49 

10 #288 29.85 0 0.33 0.39 13.63 0.21 0 0 0 0.06 0   0.94 53.25 0.28 0.09     99.02 

10 #289 29.77 0 0.19 0.34 13.67 0.17 0 0 0 0.08 0   0.88 53.47 0.26 0.09     98.92 

10 #290 30.17 0 0.3 0.36 13.73 0.15 0 0 0 0.06 0   0.94 53.38 0.23 0.11     99.43 

10 #291 29.99 0 0.3 0.38 13.7 0.13 0 0 0 0.06 0   0.91 53.36 0.26 0.16     99.24 

10 #292 29.97 0 0.21 0.38 13.61 0.23 0 0 0 0.07 0.04   0.88 53.52 0.25 0.09     99.24 

10 #293 29.91 0 0.1 0.35 13.59 0.27 0 0 0 0.08 0.05   0.84 53.41 0.35 0.1     99.05 

10 #294 29.94 0 0.06 0.34 13.58 0.28 0 0 0 0.14 0   0.79 53.6 0.34 0.13     99.22 

10 #295 32.64 4.18 0 0.16 0.13 15.8 0 0 1.2 12.13 0   0.76 23.59 0.16 0.08 0.33 0.26 0.28 0.18 91.87 

10 #296 33.73 0 0 26.67 0.2 0 0 0 0 0 0.8   0.31 38.68 0.2 0     100.59 

10 #297 34.86 4.43 0 0.15 0.17 15.81 0 0 1.55 12.76 0.07   0.84 22.29 0.21 0.09  0.15 0.36 0.13 93.88 

10 #298 33.23 4.68 0 0.17 0.18 15.76 0 0 1.66 12.82 0   0.87 22.62 0.16 0 0.3 0.33 0.37 0.18 93.33 

10 #299 34.36 4.94 0 0.19 0.41 15.47 0.05 0 1.94 9.14 0   0.72 25.53 0 0.08 0.94 0.45 0.42 0.24 94.88 

10 #300 34.43 1.8 0 0.45 0.41 13.73 0 0 10.57 0.15 0   0.44 29.56 0.19 0  0 0 0 91.72 
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10 #301 30.47 0.14 0 0.37 13.33 0.74 0 0 0.14 0.25 0.05   0.67 52.84 0.29 0.12     99.41 

10 #302 30.42 0.21 0 0.37 13.27 0.76 0 0 0.14 0.27 0.05   0.69 52.84 0.25 0.11     99.39 

10 #303 43.45 0 0 12.9 25.15 0.24 0 0 17.4 0.07 0   0 1.24 0 0     100.44 

10 #304 42.76 0 0 12.8 25.32 0.23 0 0 16.89 0.09 0   0 1.24 0 0     99.32 

10 #305 42.94 2.19 0 10.85 19.3 2.93 0.03 0 10.92 0.92 0.11   0.11 7.26 0 0     97.57 

10 #306 34.04 4.79 0 0.87 1.38 15.32 0 0 2.62 11.37 0   0.67 22.45 0 0 0.42 0.31 0.29 0.15 94.68 
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Table A3. EDS analyses from sample HCN5. For locations see Figure A2. Data presented as elemental wt% for all analysed elements. 
 

Site # O Na Mg Al Si P S Cl K Ca Ti Cr Mn Fe Co Ni Cu As Ba La Ce Nd Total 

8 #307 29.49 0 0.29 0.38 11.64 0.23 0 0 0 0.05 0.09  0.78 56.58 0.33 0.08       99.94 

8 #308 30.79 0 0.11 0.29 13.68 0.14 0 0 0 0.07 0.05  0.76 53.67 0.31 0.13       100.01 

8 #309 30.55 0 0.09 0.24 13.84 0.09 0 0 0 0.12 0  0.73 53.51 0.39 0.09       99.65 

8 #310 30.58 0 0.31 0.34 13.73 0.16 0 0 0 0.06 0  0.83 53.32 0.25 0.1       99.68 

8 #311 30.06 0 0.22 0.26 13.85 0.08 0 0 0 0.07 0  0.76 53.26 0.29 0.14       99 

8 #312 28.49 0 0 0.32 12.46 0.22 0 0 0 0.18 0.11  0.62 55.34 0.26 0.09       98.09 

8 #313 33.59 0 0 24.75 1.22 0 0 0 0 0 0.72  0.28 39.41 0.24 0.07       100.28 

8 #314 33.54 0 0 22.42 2.6 0 0 0 0 0 0.71  0.31 40.29 0.26 0       100.12 

8 #315 30.26 0 0.16 0.3 13.53 0.24 0 0 0 0.08 0  0.75 53.37 0.29 0.14       99.12 

8 #316 30.34 0 0.38 0.37 13.47 0.29 0 0 0 0.06 0  0.82 53.14 0.24 0.09       99.2 

8 #317 26.13 0 0.08 0.27 13.21 0.18 0 0 0.04 1.02 0  0.68 51.76 0.27 0       93.63 

8 #318 34.82 0 0 27.02 0.23 0 0 0 0 0 0.72  0.23 38.39 0.22 0       101.64 

8 #319 34.17 0 0 26.76 0.21 0 0 0 0 0 0.72  0.24 38.59 0.28 0.07       101.05 

9 #320 0.83 0 0 0.18 0.06 0 0 0 0 0 0 0 0.08 96.3 0.97 0.77 0.11 0.64     99.94 

9 #321 0.93 0 0 0.2 0.09 0 0 0 0 0 0  0 96.31 0.92 0.47 0.15 0.49     99.56 

9 #322 40.83 0.07 0 12.4 22.14 0.62 0 0 15.11 0.19 0.15  0 10.2 0 0.07       101.8 

9 #323 40.88 0.1 0 12.34 22.55 1.44 0 0 14.53 0.72 0.09  0.05 6.19 0 0.06       98.96 

9 #324 42.02 0 0 13.69 24.71 0.56 0 0 17.25 0.09 0  0 1.31 0 0   0.33    99.96 

9 #325 30.27 0 0.29 0.28 13.61 0.17 0 0 0 0.07 0  0.87 52.94 0.26 0.15       98.91 

9 #326 30.21 0 0.07 0.27 13.62 0.16 0 0 0 0.12 0.05  0.74 53.25 0.31 0.1       98.87 

9 #327 30.59 0 0.13 0.23 13.69 0.12 0 0 0.05 0.11 0.05  0.76 52.93 0.25 0.08       98.98 

9 #328 30.53 0 0.2 0.27 13.65 0.17 0 0 0 0.07 0  0.76 52.61 0.33 0.11       98.72 

9 #329 29.94 0 0.28 0.28 13.33 0.22 0 0 0 0.05 0  0.81 52.93 0.33 0.12       98.3 

9 #330 30.11 0 0.34 0.27 13.6 0.17 0 0 0 0.07 0  0.86 52.73 0.28 0.12       98.55 

9 #331 30.43 0 0 0.25 13.59 0.23 0 0 0.05 0.2 0.04  0.68 53.2 0.19 0.09       98.96 

9 #332 34.05 0 0 26.15 0.24 0 0 0 0 0 0.88 0 0.24 38.44 0.21 0       100.21 

9 #333 34.4 0 0 26.44 0.22 0 0 0 0.04 0 0.78 0 0.22 38.55 0.19 0       100.84 

10 #334 37.28 1.93 0 0.39 0.72 16.25 0 0 1.11 27.55 0  0.22 6.21 0 0   0 0.56 0.67 0.32 93.24 

10 #335 32.97 0.99 0 8.29 14.26 4.83 0 0 9.02 1.9 0.08  0.57 21.35 0 0   0.22 0 0 0 94.47 

10 #336 33.22 6.07 0.07 0.15 0.47 15.05 0 0 2.53 4.8 0  1.17 29.92 0.19 0   0.5    94.13 

10 #337 34.54 2.18 0 0.52 1.13 15.9 0 0 1.5 21.97 0  0.43 11.58 0 0.07   0.12 0.43 0.48 0.33 91.17 

10 #338 39.03 2.15 0 0.15 0.24 16.25 0 0 0.77 27.11 0  0.28 6.85 0 0   0 0.55 0.7 0.34 94.42 

10 #339 37.36 1.84 0 0.22 0.34 16.51 0 0 0.7 28.03 0  0.24 6.18 0 0   0 0.49 0.65 0.34 92.89 

10 #340 36.39 0.5 0 22.7 1.54 2.24 0 0 1.09 0.78 1.12  0.3 36.79 0.25 0.07       103.77 
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10 #341 25.61 0 0 1.98 2.38 0.16 0 0 1.06 0.17 0.44  0.19 69.44 0.48 0.14       102.07 

10 #342 21.34 0 0 1.17 1.13 0.07 0 0 0.37 0.05 0.45  0.21 72.39 0.46 0.11       97.75 

10 #343 36.76 2.08 0 0.11 0 16.72 0 0 0.58 28.03 0  0.23 7.07 0 0   0 0.53 0.58 0.33 93.01 

10 #344 34.02 0 0 25.8 0.22 0 0 0 0 0.11 1.18 0.07 0.27 38.73 0.25 0.07       100.7 

10 #345 36.55 1.92 0 0.1 0 15.58 0 0 0.47 27.41 0  0.24 7.67 0 0.09   0 0.68 0.71 0.43 91.83 
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Appendix C: 

Archive of SEM images 
 
 
 
Figure A1: SE images of HCN2 with EDS microanalysis locations. 
 
a. site 3/9, FOV 2.8mm (for BSE image see Figure 3c) 
b. site 4/10, FOV 555µm (for BSE image see Figure 3d) 
 
 
Figure A2: SE images of HCN5 with EDS microanalysis locations. 
 
a. site 2/8, FOV 1.11mm (for BSE image see Figure 4b) 
b. site 3/9, FOV 1.11mm (for BSE image see Figure 4c) 
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