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Abstract

This report evaluates the metallurgical residues from eight sites on
the N7 Heath — Mayfield development. Seven of the eight sites
provided evidence for iron-smelting, with a wide range of provisional
dates from Iron Age to Medieval. Two of those sites also provided
evidence for iron-working (smithing), as did the eighth site. The slags
indicate an essentially similar iron-smelting technology across these
sites and periods, employing a slag-pit shaft furnace, but subtle
differences emerge and these are explored as possibly representing
temporal variation in technology. The wide distribution of iron
smelting sites across the landscape suggests a dispersed “industry”.
The iron smelting slags have great potential for advancing
understanding of these sites and of the smelting technology and
should be the subject of further detailed analysis.

This report also discusses the structural evidence for metallurgical
processes, including smelting furnaces and charcoal-production pits.
Two sites have produced slight evidence that the Irish slag-pit shaft
furnaces may have had furnace arches, as recorded for somewhat
similar non-slag tapping shaft furnaces elsewhere and the primary
field evidence for this should be re-examined in detail. It is tentatively
suggested that both the size of smelting furnaces and the size/shape
of the charcoal pits may have some temporal significance.
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Background

This report is an evaluation of archaeometallurgical
residues, mainly slags, from sites on the Heath —
Mayfield N7 development excavated by various
directors for Valerie J Keeley Ltd (VJK). In addition to
the evaluation of the residues, comment is also made
here on the significance of the associated structures.

The archaeometallurgical residues have been
evaluated by brief visual inspection and the use of a
lower-powered binocular microscope. Descriptions and
interpretations of material are necessarily limited by
this approach.

Site information is based on copies of interim reports
supplied by VJK.

This report should not to be taken as a final
interpretation of the materials described herein, but is a
brief catalogue, description and interpretation of the
materials, together with an evaluation of their potential
for further post-ex investigation with recommendations
for the form those investigations should take.

This report makes extensive reference to a previous
report written for VUK summarising the evidence for the
nature of early Irish iron smelting furnaces (Young
2003c) based on finds from four sites evaluated for
VJK (Young 2003a, 2203b, 2003d). It is recommended
that this report be read alongside that earlier summary
report.

Ballydavis 2, Site A, 03E0151

Description

The catalogue for this site is presented in Appendix 1
p. 12 of this report.

The area of the main part of Site A yielded only a very
small quantity of slag; just over 1000g:

A pit in Group 1 (c702) contained a piece of vitrified
hearth or furnace lining.

In Group 2, the hearth close to entrance of the
enclosure (c298) yielded a single small piece of dense
slag prill, which is very likely to be from iron smelting,
but which is unlikely to be good evidence for the
function of the hearth. No dimensions are given for this
feature, so no comment can be made on the likelihood
of it being a furnace. A fill of a burnt pit (c257) yielded
several small pieces of residue, including pieces of
“smithing floor”, a concretionary deposit with charcoal,
slag and hammerscale, which often accumulates
around the anvil in a smithy. Again, the evidence is
very slight, but may well indicate that iron-working was
undertaken in this area.

In Group 5, the ditch fills of each of the interlocking
ditches yielded a single small piece of dense slag, both
probably from iron smelting (c402 and c576).

In Group 6, immediately to the south, a circular pit
yielded two small pieces of iron slag (c1141).

The enclosing ditch, Group 7 (c150, c202), yielded 3
larger pieces of slag, all of which are probably parts of
smithing hearth cakes (SHCs). The pieces are very
different from each other in detail and include pieces of
both low density and high density SHCs.

A single small piece of an SHC with adhering flake
hammerscale was retrieved from the fill of the burial
pit, in test trench C (c33).

18539 of residues were retrieved from features from
Group 8, mainly contexts 1032 and 1056, the fills of
pits 1031 and 1062. These two assemblages are very
similar, and comprise dense small prills, slag films,
slag “flats” (which resemble slag picked up on a poker
tip, but which may be slag coatings from charcoal
particles), slag blebs/spheroids (“coffee bean”
morphology) and sintery appearing, often rather rusty,
small slag masses. These materials mainly resemble
the fine-grained debris from the base of an iron-
smelting furnace, but the associated fines in c1056
(especially those from sample 1016) are extremely rich
in flake hammerscale, and indicator of iron working
(smithing). In addition a fill (c1088) from the keyhole
shaped feature (c1108) contained a single nub of slag
of uncertain origin.

In Group 10, a hearth fill (¢313) yielded a single piece
of worn slag, possibly from iron smelting.

Interpretation

The finds from within the main enclosure are fairly
insubstantial. They indicate that both iron smelting and
iron smithing were taking place, or had taken place, in
the area, but do not provide good evidence for a focus
to that activity. The multiple fragments of smithing floor
in the Group 2 pit (c257) are suggestive of activity in
that area, because such materials do not normally
survive much transport; but this is certainly not
conclusive. It is also worth noting a broad similarity
between the size of the area occupied by the features
inside the Group 2 enclosure (c11m diameter), the
position of the two large postholes at the entrance and
the hearth between them, with the size and
arrangement of the larger stake-wall Iron Age
roundhouses, particularly J1, at Crawcwellt (Crew
1989, 1998) which contain iron smelting furnaces
facing, and framed by, the entrance.

The fine-grained smelting debris assemblages
recovered from the two pits in Group 8 (c1032 and
c1056) are suggestive of in-situ residues, and are
broadly similar to material from the basal pits of iron
smelting furnaces elsewhere (Young 2003c). However,
the co-occurrence of large quantities of flake
hammerscale must indicate either the furnaces had
dual roles as smelting furnaces and smithing hearths,
or else that this is dump deposit of mixed origin. Crew
(1998) provided evidence that the Iron Age shaft
furnaces at Crawcwellt were reused as reheating
hearths for bloomsmithing once they had been
abandoned as active smelting furnaces. The provided
field descriptions are insufficient to judge whether the
deposits might have been produced in-situ or whether
they are fills.

Discussion

The presumed Iron Age date of the smelting furnaces
in Group 8 places them as probably the earliest
examples within this project; confirmation of this is very
important. The location of any metalworking within the
main enclosure remains rather speculative, although
there is some slight evidence for smithing and just
possibly smelting within the penannular enclosure of
Group 2. More convincing is the evidence for smelting
and smithing having been undertaken in the furnaces
belonging to Group 8, in the ground between
Ballydavis 2 and Ballydavis 1. The occurrence of
ironworking within an apparently ritual location
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parallels the evidence from Tara (Crew & Rehren
2002).

Ballydavis, Site B, 03E0966

Description

The catalogue for this site is presented in Appendix 1
p. 14 of this report.

Residues were recovered from the fills (c16, ¢18) of
two features (c15 and c17 respectively) that were
tentatively identified as smithing hearths.

The fill of the larger “hearth” (c16) yielded a very large
number of pieces of prills, flow lobes and small
stalagmitic slag masses (total 1554g), all of which are
indicative of an origin in the basal pit of an iron-
smelting furnace.

The fill of the smaller “hearth” yielded just two, larger,
pieces of slag (total 218g) indicative of slag flowage
down the wall and across the base of an iron-smelting
furnace.

Interpretation

The material from the larger hearth (c15) is typical of
material from the base of the pit of non-slag tapping
smelting furnace of the type known elsewhere. These
deposits from the very base of the pit often appear to
have escaped the clearance of debris from the furnace
bottom at the end of a smelt, and are very likely to
have been essentially in-situ in the feature, which is
therefore probably to be identified as a smelting
furnace, rather than a smithing hearth. The feature is
unusual, however, if it is indeed the basal pit of a
smelting furnace, because it is very deep (0.58m) for
this type of feature. In the lack of a section of the
feature, it is suggested that much of this depth may
have been taken up by c22, which is suggested to
have been a lining. The slag assemblage appears to
be limited to c16 (on the bass of the submitted
material, the context list implies slag occurs in c19 as
well, which was not seen for this report), which has a
reported maximum thickness of 0.20m, much more in
keeping with the pit depths recorded in other instances
(see Table 1 below). Why the basal pit should have
been dug approximately 0.4m deeper than necessary
is not known. The diameter of the feature at 0.33-
0.34m is consistent with other early furnaces of this
type, as is the presence of vertical pit sides.

The smaller “hearth” (c17) is also of appropriate size
(0.28m diameter, 0.10m deep) for an early iron-
smelting furnace. The slags contained within it are
smelting slags, but comprise a small assemblage of
larger pieces, in contrast to the larger quantity of
smaller material in c15. The evidence is thus
compatible with c17 also being the basal pit of an iron-
smelting furnace, but the evidence is slightly less
conclusive.

Discussion

The small smelting furnaces on this site can be
compared with those of Celbridge 5 (three examples
with diameters of 0.29m and depths of 0.15 to 0.26m,
one of which widened to 0.37m maximum width at the
base; Young 2003b, 2003c), Carrickmines Great
(0.37m diameter and 0.09m deep; Young 2003a,
2003c) and the smallest example at Cappakeel West
(0.26m; this report, see below). It is not yet known
whether small size is a feature of earlier furnaces, but
it remains a possibility. Dating of this site is very

important, for extremely few prehistoric iron-smelting
sites are known in Ireland.

Morrett, Site D, 03E0461

Description

The catalogue for this site is presented in Appendix 1
p. 15 of this report.

This site produced abundant evidence for iron smelting
with features interpreted during excavation as “bowl
furnaces” and charcoal pits in Areas A and B, and a
further possible furnace in Area C.

Area A

Two adjoining features (c324 and c172) were
described as “bowl furnaces”, although the supplied
documentation was contradictory on which was the
earlier. C324 is described as being 0.9m in diameter
and 0.02m deep; c172 as 0.60m diameter and 0.18m
deep.

C324 with its fills c323/327 yielded approximately 1kg
of a rather derived-looking assemblage of smelting
materials, including various types of slag and lining
fragments.

C172 with its fills c174/175 contained 1.1kg of a mixed
assemblage of larger pieces of slags, including burr
fragments, pieces with a prilly texture, lining fragment
and some dense slags bearing moulds of very large
charcoal fragments. As with the fills of c324, this
assemblage would be best interpreted as secondary
dump of smelting-related materials, rather than an in-
situ collection of pieces left in a furnace after smelting.

Area B

This area contained three “bowl furnaces” clustered
closely together. In each case the excavator notes
most of the slag was on the floor of the furnace and
against one side.

C140 was a circular feature 0.37m in diameter and
0.19m deep. The fill of the feature also appears to be
assigned to ¢140, apart from a basal charcoal-rich
later. The main fill contained 1.5kg of isolated prills and
sintery material, slags consistent with an origin on the
base of a basal pit for a smelting furnace.

C141 was recorded as a larger feature, 0.56m
diameter and 0.28m deep, but c193 appears to be a
burnt lining to the feature, so the functional pit would
have been slightly smaller (no section or details are
available to the author to confirm the dimensions). Slag
was archived against the cut number (c141) as well as
two fills (c164 & ¢177; an upper clay fill and a lower
charcoal-rich deposit respectively). Material from c141
and c164 includes a variety of material types
commonly encountered at the base of smelting
furnaces, including sintery-appearing slags, prills,
moulds of charcoal fragments and “coffee bean”
morphology droplets. The slag from ¢177 however
appears to be pieces of a single broken prilly slag cake
with coarse charcoal moulds, of which further
fragments appear in ¢c164, giving a total weight of this
material of approximately 5.6kg. This material closely
resembles the textures seen in the large slag cakes
found in the upper part of the basal pits of iron smelting
furnaces elsewhere (e.g. Young 2003c, 2003d). Such
a slag cake might be termed a “furnace bottom” sensu
Crew 1986. However, it seems clear from the evidence
available from the Irish furnaces that the block does
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not form in the bottom of the furnace, but slightly
higher in the shaft, immediately below the bloom.

C142 was another large feature, 0.67m in diameter
and 0.18m deep. It is recorded as having a single fill,
c163. C163 contains 2.2kg of residues comprising
large slag pieces, including burr fragments, a piece of
slag accumulation from the foot of the pit wall on the
blowing side and a block with very large charcoal
moulds, together with a large proportion of wall and
lining debris. This is not likely to be an in-situ
assemblage, but comprises the coarse debris from
clearing out a furnace and the demolition or repair of
its superstructure.

Area C

C3397 (=¢c3357), an upper fill of or adjacent to a corn
drying kiln, yielded 5.5kg of smelting related debris
(dense slags with very large charcoal moulds, down-
wall flows, prills, stalagmitic slag accumulations), but
also has a possible large tuyére fragment, much
vitrified lining, and slags with a flow-lobed base
overlain by an inclined body of granular slag. This is
not an in-situ deposit. The possibility exists that some
of the residues from this context (particularly the dense
slag pieces with smooth, blown tops and the possible
tuyére material) might have been produced during iron-
working rather than smelting.

Interpretation
The material divides into assemblages of two types:

1. material from “furnaces” c140 and c141 only
includes residues likely to be found in the lower part of
the basal pit of an iron smelting furnace and it is very
likely, therefore, that these assemblages are in-situ.

2. the assemblages from “furnaces” ¢324, ¢c172 and
c142, together with that from the corn drier (c335) in
Area C all contain mixed assemblages which represent
material cleared from the smelting furnaces during
cleaning and repair. That does not preclude these
features from being furnaces themselves, for disused
furnaces were commonly employed as dumps during
subsequent activities. The description of ¢335, in the
Area C corn drier, seems to imply that this is not a
furnace, but is a dump or spread of material.

The description of ¢324 indicates a larger size than
normal for a smelting furnace (the description states
0.9m diameter, although the plan suggests that this
may be the long-axis of a pit of a rather narrower
width) and a shallower than normal depth (only 0.02m
depth preserved). Nor does the description explicitly
state there was in-situ burning. It is possible that c324
is a working hollow associated with furnace c172
rather than being a separate hearth/furnace. It is even
possible that it is an example of the sort of pit in front
of the furnace arch recorded by Crew (1989, 1998) in
some examples of his non-slag tapping furnaces in
north-west Wales. This shallow pit provided access to
a furnace arch for the clearance of slag from the
furnace by raking, or by breaking-out when cold. No
evidence yet exists for such a feature in the Irish
examples of non-slag tapping furnaces, which have a
much more substantial basal pit than Crew’s furnaces,
but this arch/pit arrangement is possible. A similar
situation may exist with c341 and c345 at Cappakeel
(west) which are linked by a channel (¢347), and which
is discussed further below.

Features ¢172 and c142 are both large (0.60 and
0.67m diameter respectively), but both may be
smelting furnaces. The large diameters may indicate

the pits were originally lined, but this is not reflected in
the recorded stratigraphy. Alternatively, these large
diameter features may not be smelting furnaces but
other features, perhaps smithing hearths (although
there is no evidence for this) or ore-roasting pits, that
were filled with smelting debris on abandonment.
Finally, one possibility worth considering is that when
the material in which the basal pit of a smelting furnace
is cut becomes heated, it may show a strong change of
colour and texture, which sometimes induces
excavators to interpret it as part of the fill of the
feature, with the consequence that the true pit
becomes substantially overdug.

Discussion

The collection of iron smelting residues from Morrett is
a very significant assemblage.

Much of the material recovered from Morrett appears
to be residues dumped into pre-existing features for
disposal. Two furnaces (c140 and c141) have
apparently in-situ residues. In the case of c140 these
are similar to the basal residues found in several other
furnaces during this project, but the material in c141
includes a substantial part (approximately 5.6kg) of a
charcoal-rich slag cake. This material does not include
all the features expected of a “furnace bottom”, and
although fragmented, appears to represent just the
distal and lower parts. It would appear likely therefore
that the furnace was partially cleared after the smelt
producing this slag. This likelihood is strengthened by
the slag assemblage from c164, which apparently
overlay the deposit, c177, containing the slag cake
debris. The residue assemblage from ¢164 is similar to
that from the basal deposit of furnace c140, in
including prills, spheroids and sintery-appearing
residues. This suggests that the furnace may have
been again, despite having the only partially cleared
slag cake within the pit.

The archaeometallurgical resides and features from
Morrett appear slightly different from those of other
sites in the project. The nature and implications of
these differences are discussed further below (see
Summary).

Cappakeel, Site F (west), 03E0603

Description

The catalogue for this site is presented in Appendix 1
p. 18 of this report.

Evidence for seven “bowl furnaces” was recorded from
the area of Trench 19 and its extension. Five of these
features have corresponding slag collections (239,
240, 299, 334 and 342), and two (341 and 345) do not.
In this area residues were also recovered from the
upper fill of a pit (c268).

Furnaces 239, 240, 299, 334 and 342 each have a
single fill context (253, 254, 310, 335 and 344
respectively). However, for furnaces 240 and 342 slag
has been archived under the cut, rather than fill,
number and for furnace 239 slag has been archived
separately under both the cut and the fill number.

The material from these five furnaces forms a very
coherent group and can be described together. The
quantities of slag involved are fairly small, and the slag
is dominantly in very small pieces. The slags include
forms that are prilly, with the prills generally being from
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vertical flow; there are very few pieces showing cross-
floor flow over any significant distance. There are
many examples of stalagmitic morphology, where slag
has dripped to the base of the furnace and built up a
stalagmite, with very little lateral flowage. There are
some roughly lobate slags, with lots of inclusions of
ashy material and some sediment, suggesting
interaction of the descending slags and the furnace
floor. There are very few examples of isolated
spheroids. Context 344 (furnace 342) was described in
the narrative as containing possible tap slag; in fact
this material includes prills and a few cross-floor flows,
but not tap slag.

Furnaces 239, 240, 299, 334 and 342 have maximum
diameters of 0.36m, 0.45m, 0.41m, 0.34m, and 0.26m,
with maximum depths of 0.21m, 0.25m, 0.25m, 0.11m
and 0.22m respectively.

Features identified as potential furnaces during
excavation include ¢341 (maximum diameter 0.5m,
depth 0.13m), which had no indication of burning, and
€345 (maximum diameter of 0.35m and depth of
0.09m), which did have signs of burning but contained
no slag. Unfortunately the slag from the fill (c343) of
c341 was not present in the submitted material. C341
and c345 were linked by a shallow channel (c347)
0.3m long and 0.22m wide. These two features may be
linked as furnace and working area, in a similar
manner to that proposed above for ¢324 and ¢172 at
Morrett, site D.

The upper fill (c291) of pit c268 yielded a very different
style of residue assemblage, with 177 pieces totalling
19.3kg (i.e. average piece size of 108g compared with
an average of 11.5g for the slag pieces in the
furnaces). The collection from this context includes
large slag blocks, probably derived from the blowing
wall side of the furnace, with well-developed burrs from
the zone just below the blowhole and dense slag
blocks with large charcoal or wood moulds from the
foot of the wall. There are also some well-developed
cross-floor slag flows, and a large number of large
blocks of highly vitrified furnace wall. The blocks with
the coarse wood/charcoal moulds suggest that these
reached sizes of least 60x40x120mm and probably
much larger. One piece gave an outer contact, the
curvature of which would have suggested a diameter
of 550mm (although the pit might not have been
circular). In the site narrative the lower fill of this pit
was also recorded as containing slag, but this material
was not seen.

The fill (293) of the possible ore-roasting pit (264) was
reported as containing slag, but this material included
burnt stone with secondary iron pan and not slag.

Interpretation

The iron smelting residues from this site show some
slight differences with those from some of the other
sites in the project; in particular the within-pit fines
suggest a rather viscous slag - there are few cross-
floor prills in the assemblage for instance.

Another interesting detail of slag distribution on this
site is that the slags remaining in the furnace appear to
be essentially in-situ, uncleared fines. The coarse
fragments of “furnace bottom” and lining have been
deposited elsewhere. The occurrence of a dump of
19kg of such material in pit c268 provides an instance
of such a point of deposition.

Discussion

The differentiation of process with the whole of
Cappakeel Site F may be very significant if the
features of the west and east sections of the site are
contemporary. Cappakeel East provides evidence for
iron working (possibly bloomsmithing) of earlier
Medieval date, whereas Cappakeel West has
produced evidence for a cluster of iron smelting
furnaces (of uncertain date) lying close to a former
stream course (discussion of Site F as a whole is
complicated by the area known as Cappakeel West
03E0603 actually lying to the east of that known as
Cappakeel East 03E0633). If the two parts of the site
are contemporary, then it suggests that smithing was
an activity associated more with the focus of
settlement (as suggested by the ditch in Cappakeel
East) whereas smelting was taking place outside (in
this instance in a probable streamside location).

Cappakeel, Site F (east), 03E0633

Description

The catalogue for this site is presented in Appendix 1
p. 23 of this report.

The residues from this site are not very abundant (a
total of 4.2kg) and derive (apart from a single piece in
the topsoil) from just three features:

- the upper fill of charcoal pit c82 in Area 1

- the early medieval ditch c24 (c52, 54, 55, 65; note
that c54 is incorrectly attributed to ring-ditch c20 in the
context catalogue) in Area 2

- pit c280 in Area 2 (according to the context
catalogue, but this pit appears in neither the narrative
nor the available plans)

Material listed from c204 was not slag.

The upper fill (c66) of the charcoal pit c82 yielded a
single small, worn fragment of the basal crust from a
smithing hearth cake (SHC), which is likely to be
residual. Other pieces in the assemblage were stone.

Both the primary and secondary fills (C281 and c279
respectively) of the pit c280 yielded small quantities of
degraded slag material, comprising a total of 29 pieces
from the two contexts with a total weight of 245g, of
which 168g was provided by a single SHC fragment
from c279. All these pieces are compatible with an
origin in a smithing hearth, although much of the
material is too small for a positive identification.

The medieval ditch c24 yielded a total of 15 pieces of
slag weighing 3.9kg. The basal deposit of the ditch
(c55) yielded a single piece (502g) from the base of
large, open-textured SHC, with only a thin crust on the
base. This piece has a tool mark on the base
suggesting the use of a 30mm wide poker.

Intermediate fills (c54, c65) yielded a large (1815g)
block, probably comprising less than 50% of an SHC
with a moderately thick basal crust, a probable slag
cast of a poker tip measuring 15-20mm by 8mm,
together with several smaller pieces, mainly from
charcoal-rich textures.
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The uppermost fill (c52) yielded a block from an SHC,
probably comprising less than 20% of the original
cake, which had a moderately dense basal crust, a
block from the upper margin of a charcoal-rich SHC,
showing a possible contact zone with the underside of
a tuyére, a large part (98g) of a small dense SHC, and
a variety of other small pieces, mainly of charcoal-rich
textures of slag.

The slag piece from the topsoil was of an internally

pale and vesicular slag with a maroon external surface.

This piece is probably a smithing slag and may be of
relatively recent origin.

Interpretation

The material found within the pits was rather degraded
and should not necessarily be taken as indicative of
filling of the pits being contemporary with iron working
activity.

The material from the medieval ditch was also
somewhat degraded, but the material appears likely to
be broadly contemporary with the ditch. The presence
of the large, open textured SHCs, with weights ranging
up to well above 3kg, is a typical feature of Irish early
Christian iron-working sites, although there is some
evidence that similar residues may also have been
produced into rather later periods. These large SHC
sizes are very likely to be associated with
bloomsmithing rather than the smithing of finished iron
into artefacts. In general the type of smithing slags
present in the ditch is entirely consistent with the other
artefactual evidence from the ditch dating it to the
earlier medieval period.

Discussion

Cappakeel East is significant for providing some
evidence for the location of bloom refining. The
number of smelting furnaces located during this project
is not matched by finds of locations for bloom refining
and smithing. This is likely to reflect the organisation of
the chain of production, with the smithing being
focussed on settlement, but much of the smelting
taking place outside the settlements and nearer the
raw materials.

Jamestown, Site I, 03E0679

Description

The catalogue for this site is presented in Appendix 1
p. 26 of this report.

The assemblage of material from this site comprised
128g from ¢5 (F8) and 126g from c24 (F12). F8 and
F12 were a pair of adjoining pit-like features with
strong evidence for in-situ burning. The slag pieces
were small (average 6.89).

Both contexts yielded slags, which appeared like
sinters, but which probably comprised small slag
particles, abundant fine charcoal and ash, cemented
by a mixture of flown slag and corrosion. Such
materials have been recovered from contexts on other
sites of this project that are interpreted as the basal
pits of iron smelting furnaces. In addition the
assemblages both contained dense prilly slags, in
some cases enclosing charcoal fragments, which are
also indicative of an origin in such an iron-smelting
furnace.

Interpretation

Given the small size of the assemblages and of the
pieces comprising them, it is very likely that they are
essentially in-situ, and the features should be
interpreted as the remains of iron smelting furnaces.

Discussion

Although the slag assemblage from this site was
extremely limited, it clearly demonstrates that iron
smelting was undertaken. The excavations revealed
many other burnt features on the site, and it is to be
hoped that examination for micro-residues in soil
samples might reveal whether more of these were
associated with metalworking, and indeed whether
there is any evidence to link the metalworking with the
only dated feature on site, a medieval pit.

Lughill, Site L, 03E0602

Description

The catalogue for this site is presented in Appendix 1
p. 27 of this report.

The material from this site comprised 3 pieces of
descending dense iron slag prill from F7 and a single
complex descending lobate prill from F7b. In both
cases the descent of the prills had been deflected
around large pieces of charcoal. The total amount of
material was only 204g.

Interpretation

The descending prills are good indicators of iron
smelting in a non-slag tapping furnace with a basal pit,
as seen on other sites on this project.

Discussion

As with Site I, the assemblage from this site is very
small, but indicative of iron smelting. As also with site |,
the context of the furnaces was unclear; for instance
whether they were truly isolated, as appears taking the
field evidence at face value, or whether they were
associated with settlement.

Kill, Site O, 03E0635

Description

The catalogue for this site is presented in Appendix 1
p. 28 of this report.

The material from this site all originated in a large,
possibly defensive, ditch F3.

The assemblage includes 5 pieces (1.1kg) which are
from iron smelting in a non-slag tapping furnace, 4
pieces (1.3kg) which are complete or partial smithing
hearth cakes (SHCs) from iron working and 12 pieces
(0.5kg) which are not diagnostic of process.

The smelting slags include dense slags bearing
moulds of large charcoal or wood inclusions, and
which suggest a furnace diameter of approximately
400mm, and slags with flow lobes, either stacked
against the pit wall, or freely flowing on the furnace
floor.
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The SHCs include a small example (290g), but also
several pieces (280g, 390g and 340g) which are small
fragments of much larger cakes. At least two of those
pieces are from cakes with a very thin basal crust and
internal slags rich in fine fuel moulds.

The more indeterminate material includes a dense burr
fragment, 2 pieces of vitrified lining, plus a variety of
other iron slag fragments.

Interpretation

The interpretation of this material is limited by the
rather small quantity, and by its deposition in a ditch
rather than having association with any metallurgical
features.

The smelting slags are of a type found from the Iron
Age through to at least the medieval period. The
occurrence of relatively large pieces in a ditch is in
keeping with the pattern of dispersal of the more
substantial slag fragments seen on other sites in this
project.

The smithing slags are equally undiagnostic of age, but
the large SHCs with a very thin basal crust appear on
current evidence to be typical of sites of Early Christian
age and probably continuing into later periods, at least
in some parts of the country. Precisely how recently
this technology continued in use is uncertain, but is
being addressed through new data (e.g. Ballykilmore
6) and more confident discussion of this aspect is likely
to be possible soon.

Discussion

Kill site O, provides a tantalising glimpse of a rural iron
production site. The presence of a mixed slag
assemblage in this possibly defensive ditch hints at a
possible close association of the iron production with a
settlement. This is interesting, for Early Christian/
Medieval iron production appears to involve process
organisational styles where either smelting and
smithing make take place at a single central location
(e.g. Clonmacnoise, Young 2005) or where the iron-
working (presumably including bloomsmithing)
occurred at a central settlement site, but where the
smelting may have been dispersed outside the
settlement (e.g. Clonfad 3, author’s unpublished
observations).

Summary

The sites on this development add significantly to
knowledge of iron-making in central Ireland. The full
significance of the new data will only be fully realised
once the sites involved are more securely dated.

Smelting
Technology

All the seven smelting sites reported herein employed
essentially similar furnaces, which fall within the
category of non-slag tapping furnaces commonly
known as slag-pit furnaces. The terminology and
typology of these furnaces is muddled and obscured
by local usage (see discussion in Pleiner, 2000), but a
widespread use of this spectrum of furnace types
seems to have occurred across Europe in the first
millennium BC. However, it is clear that these slag-pit
furnaces have given rise to many local interpretations
of bowl furnaces, mainly because of poor- or non-
preservation of evidence for superstructure. The

persistent myth of bowl furnaces for smelting in Ireland
has been attacked by Crew & Rehren (2002) and
Young (2003c). These Irish furnaces are actually a
type of shaft furnace, as so elegantly demonstrated by
Crew for Iron Age examples from North Wales (1987,
1989, 1991) and argued for several Irish examples by
Young (2003c).

The sites described in this report change little in the
basic understanding of the operation of the slag-pit
smelting furnace as previously described (Young
2003c), but do add several significant details.

Furnace morphology

Finds of intensely vitrified furnace wall material
(particularly those from Cappakeel Site F west, c291)
indicate the existence of a substantial clay
superstructure to the furnaces as previously proposed.

One of the most significant differences suggested by
Young (2003c) between the non-slag tapping furnaces
of the Iron Age of North Wales, studied by Crew, and
the examples merging in Ireland, was the absence of
evidence for a furnace arch in the Irish examples. The
present study includes two examples which may
provide evidence for such an arch in the Irish furnaces:

1. At Morrett Site D, it is possible that c324 is a
working hollow associated with furnace c172 rather
than being a separate hearth/furnace. C324 is a
shallow (0.02m feature) described as being 0.9m in
diameter, but shown on the supplied plan as a per-
shaped feature, approximately 0.9m wide distally,
narrowing to 0.3m near to C172, with a length of 1.3m.
The contact between ¢324 and c¢172 was clearly
difficult to interpret as two different accounts of their
stratigraphic relationship were given. C324 is
described as a pit, and does not appear to have
evidence for in-situ burning, unlike c172.

2. A similar situation may exist with c341 and c345 at
Cappakeel (west) which are linked by a channel
(c347). No plan was provided of these features, but the
narrative in the interim report states “feature [341] was
sub-circular in plan with a maximum diameter of 0.5m
and it was excavated to maximum depth of
0.13m”..."this feature did not exhibit signs of in-situ
burning”; “feature [345] was sub-circular in plan with a
maximum diameter of 0.35m and a maximum depth of
0.09m”...”subsoil in the immediate area surrounding
the cut was oxidised to a reddish orange colour
indicating probable burning in-situ. The features [341]
and [345] were linked by the shallow cut [347] which
was a maximum of 0.3m long and 0.22m wide and was
excavated to a maximum depth of 0.1m”.

Crew’s (1991) reconstruction of the North Welsh
furnaces includes an arch 0.10-0.13 wide through the
0.20m thick furnace wall, with the floor of the channel
in the arch sloping down into the furnace. It is possible
that in the examples from this project, Morrett c172
and Cappakeel West ¢345 are the bases of smelting
furnaces, outside which are working hollows (c324 and
c341 respectively), into which slag could be raked, and
access to the furnace gained, through an arch, the
position of the floor of which is represented by the
narrow elongation of c324 and channel c347
respectively.

The new data from the N7 project certainly do not
prove the existence of arches in the Irish furnaces, but
do provide some circumstantial evidence, which should
mean that presence/absence of such evidence in
future excavations should be actively sought.
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The recorded diameter of the furnace pits is highly
variable between, and within, sites. Although, as noted
above, it is possible that part of this variation may be
variations in the way furnaces are dug (whether
excavators over dig and remove baked natural...) and
in the way they are built (whether the internal furnace
lining is carried down to line the pit, as described by
Crew (1987), particularly in unconsolidated subsoils),
there appears to be genuine variation in the volume of
the slag pit. Some sites, such as Ballydavis Site B of
this project and Celbridge 5 (Young 2003b) have small
furnaces with diameters of 0.30m, whereas the largest
furnaces (such as Morrett Site D, Jamestown Site |
and Tullyallen 6 (Young 2003d)) have diameters of
approximately 0.50m or slightly more. There is
reasonable expectation that the Ballydavis B furnaces
are Iron Age, whereas some of the larger furnaces are
interpreted as being medieval, but whether there is a
general trend in the size of furnaces will not be

revealed until all these sites are properly dated by C14.

Site Feature Diameter  Depth

This project

Ballydavis 2, Site A,

03E0151 c1031 no dimensions given
c1062 no dimensions given
c298 no dimensions given
c257 no dimensions given

Ballydavis, Site B,

03E0966 c15 0.34 0.20
c17 0.28 0.10
0.31

Morrett, Site D,

03E0461 c172 0.6 0.18
c140 0.37 0.19
cl41 0.56 0.28
c142 0.67 0.18
0.55

Cappakeel, Site F

(west), 03E0603 c239 0.36 0.21
c240 0.45 0.25
€299 0.41 0.25
c334 0.34 0.11
c342 0.26 0.22
c345 0.35 0.09
0.36

Jamestown, Site |,

03E0679 F8 0.55x0.60 0.20
F12 0.70x0.45 0.10

Lughill, Site L,

03E0602 F7 no dimensions given
F22 no dimensions given
F18 no dimensions given

After Young 2003c

Celbridge 5

01E0306 furnace 1 0.29 0.25
furnace2  0.29 0.16
furnace3  0.29 0.26

Carrickmines Great

02E0272 0.37 0.09
Tullyallen 6
00E0944 0.5 0.18

Table 1. Comparison of smelting furnace dimensions with
previous examples. Figures in grey boxes are site average.
In parallel with the apparent variation in furnace size,
there is a variation in the morphology of the slags
retrieved from the basal deposits of the furnaces (the
Type 1 assemblages, see below). In general, a
comparison of the data in Tables 1 and 2, suggests
that those assemblages from the smaller furnaces
contain the smaller particle size of slag. This
relationship is borne out in a simple way by the larger
size of prills and basal flows from Morrett compared
with material from Ballydavis or Cappakeel. This adds
further circumstantial evidence for a genuine difference
in the scale of process between sites.

Residue assemblage types

One interesting aspect of the smelting residue
assemblages described herein, is that there appear to
be a limited number of styles (composition and
preservation) of assemblages. There are three broad
categories of smelting slag assemblage recognised in
this material:

1. dominantly (average usually less than 10g) small
pieces of slag in various morphologies:

- slag spheroids of 4-8mm diameter

- sintery-appearing fine slags, with ash,
charcoal debris and admixed sediment.

- vertically descending prills

- stalagmitic slag accumulations formed on the
furnace floor beneath persistent slag drips

- small cross-floor flows

2. large blocks of coalesced prilly slags with abundant
charcoal inclusions, often rather friable. The proximal
(blowing wall) side may show development of one of
more burrs, down-wall flow, and accumulation of
stacked flow lobes at the wall foot. Massive slags
developing near the wall foot may enclose large
moulds of wood/charcoal often of sizes up to
40x60x200mm. These massive slags may grade
laterally into cross-floor flow lobes. These slags blocks
may be termed “furnace bottoms”.

3. Fragments derived from the more massive, less
friable parts of the “furnace bottoms” described above,
particularly the dense slags associated with the
blowing wall (burr, down-wall flows, stacked flow lobes,
massive slags with very large wood/charcoal
inclusions). Typically these assemblages also include
large blocks of vitrified furnace lining.

During normal operation of the smelting furnace the
basal pit would be cleared of slag after each smelt.
The more distal parts of the “furnace bottom” are rather
friable and would be likely to become very degraded
during extraction and disposal. The dense slags
associated with the proximal side of the furnace will
become broken-up during extraction, but are physically
strong and have a much higher preservation potential.
Disposal of this material, together with disposal of
material created during repair of the superstructure
would create a type 3 assemblage.

The very basal part of the furnace would accumulate
deposits of ash and unburnt fuel fragments, but would
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also contain the fine residues described as Type 1
above. If the basal part of the furnace was thoroughly
cleaned then these would need disposal, but this might
be undertaken separately from the large blocks of
“furnace bottom” which could be carried by hand. If the
furnace was not thoroughly cleaned, then some of this
material might accumulate in the basal pit, giving rise
to the apparently in-situ deposits recorded from most
smelting furnaces recorded on sites in this study
(Ballydavis2, Site A; Ballydavis, Site B; Morrett, Site D;
Cappakeel Site F West; Jamestown, Site I; Lughill, Site
L).

Type 2 assemblages, in which the furnace bottom is
intact or largely so, have only been recorded so far in
instances where the furnace bottom has been left in-
situ, and not cleared from the furnace. In this study
only furnace c141 at Morrett, Site D, yielded a
substantial part of a “furnace bottom” (approximately
5.6kg). But even here the denser, stronger, parts of the
FB seemed to have been extracted. In this instance
the finds of Type 1 from above the partial FB hint that it
may have been left in the furnace base of an
operational furnace. In contrast, the FB encountered at
Tullyallen 6, Co. Louth (Young 2003c, 2003d) appears
to have survived intact; presumably the furnace was
simply abandoned after that smelt.

Site/context Weight No of pieces Average Assemblage
weight type

Cappakeel W,

Site F

Furnace 239 532 70 7.6 1

Furnace 240 1562 71 22.0 1

Furnace 299 262 43 6.1 1

Furnace 334 2747 260 10.6 1

Furnace 342 2 1 20 1

Pit 268 19238 177 108.7 3

Morrett,

Site D

Furnace 140 1544 165 9.4 1

Furnace 141 6307 380 16.6 2&1

Furnace 172 1090 29 37.6 3

Pit? 324 1015 31 32.7 3

Furnace 142 2155 9 239.4 3

Spread 335 5561 84 66.2 3

Ballydavis2,

Site A

1056 604 >242 <2.5 1

Table 2. Comparison of average fragment weight and
assemblage type for residues recovered from smelting
furnaces.

Charcoal Production

A close association between the location of iron
smelting furnaces and of charcoal production pits has
been noted for several sites, particularly Cappakeel
and Morrett.

The charcoal production pits at Morrett may be
distinguished from those of the other three sites on the
basis of both dimensions and shape (Table 3 and
Figure 1). The main body of pits from Ballydavis and

Context L I a L/
Ballydavis B 12 1.30 1.10 0.10 1.2
Cappakeel E 82 2.40 1.60 0.41 1.5
95 1.90 1.10 0.08 1.7
5 1.80 0.80 0.07 2.3
93 1.17 0.86 0.08 1.4
296 1.34 1.08 0.15 1.2
Cappakeel W 267 1.25 0.95 1.00 1.3
60 1.30 0.75 0.22 1.7
115 1.35 0.83 0.25 1.6
220 1.25 0.70 0.33 1.8
205 2.30 1.39 0.40 1.7
207 3.05 1.30 0.22 2.3
234 1.45 1.09 0.39 1.3
16 3.23 1.55 0.19 2.1
Morrett 126 1.80 1.60 0.53 1.1
37 1.90 1.60 0.45 1.2

Table 3. Long axes (L), short axes () and depths (d) recorded
for charcoal production pits.
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Figure 1. Graph of the ratio of the long to short axis of charcoal
pits, plotted against the long axis dimension.
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Figure 2. Graph of the ratio of the long to short axis of charcoal
pits, plotted against their depth.
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Cappakeel forms a trend from small pits (L from 1.2 to
1.4m) with relatively equant shapes (L/I of 1.2t0 1.3)
through to large (L from 3 to 3.5m) and elongate shape
(L/I of 2.1 to 2.3). These pits are almost all rectangular
with rounded corners.

In contrast the pits at Morrett are much more irregular
in shape, more equant (L/l of 1.1 to 1.2) and medium
sized (L of 1.8 to 1.9m).

The graph of the long/short axis ratio against the depth
of the pits (Figure 2) also shows a segregation (with
some overlap) between sites. Ballydavis B and
Cappakeel E show depths (with a single outlier) of 0.07
to 0.15m, Cappakeel W (with one outlier) shows
depths of 0.19 to 0.40m and Morrett has depths of 0.45
to 0.53m. There is some suggestion that the more
equant pits on each site are deeper.

These data for charcoal pit morphology should be
compared with data from other comparable sites. They
appear to emphasise that Morrett is slightly different in
character from the Cappakeel and Ballydavis sites; a
feature also noted in the characteristics of the iron
smelting. It remains to be seen whether this has
significance in terms of age of the site.

Smithing
This project produced surprisingly little residue from

iron-working. Out of a total collection of some 54kg of
slag, only 7kg was attributable to smithing.

A small amount of material (approximately 1kg),
presumably Iron Age in date, came from Ballydavis 2,
Site A. This material is rather fragmentary, but includes
one piece of probable SHC weighing 484g, suggesting
the presence of a cake size which might possibly be
attributable to bloomsmithing in the Iron Age (Crew &
Rehren 2002).

Cappakeel East, Site F produced a small amount of
smithing debris (approximately 4kg) from a ditch which
is likely to be earlier Medieval in date. The fragmentary
SHCs included some material indicative of large
examples (greater than 3kg), which seem likely to be
indicative of bloomsmithing on early medieval sites.

Kill Site O, produced just under 2kg of smithing slag
from a ditch, which also seems likely to be Medieval.
This material was very fragmentary, but appeared to
contain a spread of SHC size, ranging up from a small
290g example (presumably from blacksmithing), up to
small pieces of much larger cakes (possibly from
bloomsmithing).

Organisation of the industry

The archaeometallurgical assemblages from this
project are unusual. A large number of iron smelting
furnaces were located, but in most cases these only
contained a small assemblage of smaller slag pieces
which had escaped the cleaning of the furnace. In
some cases dumps of coarse slag material from the
main “furnace bottoms” were found, within abandoned
furnaces or other features. However, it is clear that the
main slag output of the located furnaces was not seen.

In a British Iron Age example of a similar smelting
technology in East Yorkshire, large dumps of “furnace
bottoms” survived as mounded landscape features
(Halkon 1997). It is possible that a similar mode of
disposal occurred with these sites, and subsequent
agricultural activity has either degraded the mounds, or
they became cleared into the field boundaries.
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Equally striking is the relative lack of evidence for the
working of the blooms produced in the furnaces. It is
apparent that those locations where iron-working slags
were retrieved are features associated with
settlements (including the “ceremonial” enclosure at
Ballydavis 2 and the Medieval boundary/defensive
ditches at Cappakeel East and Kill).

Such a differentiation between dispersed smelting and
focused bloomsmithing/smithing is a frequent feature
of early iron making in the British Isles. It becomes
strongly enhanced in the later medieval period when
the bloomsmithy often became water-powered, but this
functional differentiation is also seen earlier. In part it
may have its origins in the large quantities of charcoal
required for smelting. The smelting furnace tended to
be a clay-built ephemeral structure, so it was relatively
straightforward to locate the smelting activity at the
point of manufacture of the charcoal. Such ephemeral
smelting, following the coppicing or even clear-felling
of timber has been described for Coed y brenin, North
Wales, for the fourteenth century (Smith 1995). It may
lie behind the use of the term “fabricam arrantem” in
the thirteenth century in the Forest of Dean.

Assessment of Potential

The material described in this report has great
potential for both increasing the understanding of the
individual sites and as an enormous contribution to
Irish archaeometallurgy.

The post-ex investigative programme should try to
address the unresolved questions raised in this report
concerning some of local details of stratigraphy and
furnace morphology, establishing for instance the size
of the true furnace pit, and examining further the
primary field evidence for the presence of a furnace
arch.

Detailed compositional studies of the smelting slags
should be undertaken to improve understanding of the
technology of the slag-pit furnaces and their yield. The
examples of iron smelting all derive from fairly small
area (16km separates sites A and O) and are therefore
likely to be exploiting very similar resources of bog iron
ore (Co. Laois has outcrops of rock ores, but these are
some distance from the sites in question). They thus
may well form a suitable database on which to model
chemical composition and mass balance, in order to
determine iron yields (following the approach of
Thomas and Young, 1999a and 1999b). Production of
mass balance models for the various sites will require
a substantial number of chemical analyses from as
many different slag types within each site as possible.
Understanding mass balance variation between sites
will help to illuminate changing technology through
time. Although the fundamental technology of the
smelting furnace appears not to vary greatly between
sites, it appears that the scale of each smelt did vary,
best on variations of the slag-pit diameter and of the
size of slag prills and flows found within them.

The residues from iron-working encountered in this
project are rather less significant, and are less likely to
add further to present understanding.

One key factor in the potential of this material is the
spread of likely dates for the assemblages. It is
absolutely crucial therefore, that before publication all
the metallurgical data should be reviewed in the light of
C14 dating results.
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