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This study explores the possibility that the internal rib commonly recognised inside bronze
socketed axes may suggest an entirely different step in the casting process than previously
thought. The internal rib, more commonly referred to as a ‘hafting rib’, has always been
regarded as a functional addition to help tighten the grip of the haft once fitted into the
socket. However, many of the internal ribs inside bronze socketed axes produced in Ireland
do not appear to optimize this function and in some cases contradict this implied intention all
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together. This study demonstrates that there are recognizable trends in their form that
indicate a replicated step in the casting process and further suggests that the rib may be the
signature focus for a procedure closely related to a casting technique.

Given the
available archaeological
evidence outlining a
profile of the clay
moulding process in
making bronze
socketed axes, two
theoretical possibilities
for creating the internal
rib formed the basis for
my experiment. A total
of 12 clay moulds were
created using a 3D
printed model of
sample socketed axe

Introduction

The bronze socketed axe is perhaps one of the most
ubiquitous tool forms of the Late Bronze Age respectively (See
Harding, 2000 for a more comprehensive breakdown of the
European Bronze Age). These axes have been found across
Western Europe, with typologies stretching to the island
seascapes of Ireland from as far away as the Carpathian Basin
of Central Europe (Dietrich, 2015). Socketed axes have been
produced in many different shapes and sizes, which suggests
their broad versatility as a tool. While the variation in form and
size can tell us the story of their practical and perhaps social
use, one such feature, the internal rib, often seen in forms
from Ireland, stands out to tell us a story of their creation. My
2018 master’'s thesis explores the possibility that the internal
rib indicates a step in the casting process of bronze socketed
axes in Ireland during the 12th through seventh century BC.

No. UCD 2498.

In brief, an internal rib is a raised ridge cast into the bottom of
the socket of bronze socketed axes (See Figure 1). While not present in all forms, internal ribs
have been recognized in socketed axes throughout Scotland, England, Wales (Evans, 1881, p.
110; Burgess and Miket 1976, p. 5), and in northern Europe beginning in the Montelius Phase
IV becoming inherent during Phase VI (Baudou, 1960, p. 17). Internal ribs have a strong
presence in Irish examples showing a high frequency in the ‘bag-shaped’ trend of the Dowris
Phase (900-500 BC). In most cases bronze socketed axes contain a single vertical rib, while
others contain as many as five consecutive vertical ribs (See Figure 2). For the most part, the
vertical orientation of the ribs is their defining attribute, beginning from the bottom of the
socket and reaching to various lengths toward the rim. However, some less common forms
have a single vertical rib with two divergent ribs that appear to angle toward it (Ehrnberg,
1981, p.215 Fig.1, 3b).

Some researchers studying and classifying bronze socketed axes have accepted the early
interpretation that the internal rib is a functional addition related to the hafting of the axe
head to the handle, sometimes referred to as “hafting ribs” (Pitt-Rivers, 1906, p. 184; Maryon,
1938, p. 214; Baudou, 1960, p. 17). This interpretation suggests that the internal rib acts as a
wedge to split the haft once fitted into the socket to expand the wood to create a more robust
connection. Some researchers (Ehrnberg, 1981; Rynne, 1983) interested in the internal rib
feature would reject this interpretation first on the basis that if this were to be the primary



intention of the rib, all of the iterations of internal ribs would optimize this intention, and
secondarily, none of the previously suggested explanations for the creation the internal ribs
(i.e. two part core, air vents) seemed practical during a live casting.

Considering internal ribs within the casting system, Ehrnberg (1981, p. 215) contends that
while internal ribs may be the result of cut channels to improve the flow of metal, they may
also be markers for centring the core within the mould. Rynne (1983, p. 48) alternatively
argues that the internal rib may be the outcome of wax strips set in place to centre the core
(often referred to as a chaplet or pin) while metal is poured into the mould. Evidence of
chaplets has been discovered only in context with socketed spears (Grimes, 1931, p. 358) and
horns (Holmes, 1979, p. 180), which provides supporting evidence to suggest their use in clay
moulds. Evidence for chaplets in socketed axe casting has yet to be distinguished, though it
may be argued that both socketed spear and horn moulds have difficult-to-manage cores
requiring the use of further support. The absence of these features in context with socketed
axe casting suggests a reasonably good method for centring and stabilizing the core or
perhaps that the method in practice is archaeologically invisible.

The use of wax suggested by Rynne (1983, p. 49) as a chaplet is seemingly viable considering
that beeswax is a natural resource with evidence of its use in prehistory. Wax in an
archaeological context has been analysed in ancient Roman (Kimpe, Jacobs and Waelkens,
2002) and Greek (Evershed and Dudd, 2003) contexts revealing itself in pottery and as well in
early Egyptian embalming practices (Ménager et al., 2014) among others. In prehistoric
European regions however, wax has been somewhat rare and even more so in metallurgical
contexts. Interestingly, a recent study in Poland has revealed traces of beeswax on the
interior of a bronze mould valve for the casting of a socketed axe (Baron, Miazga and Nowak.,
2014). At the very least, this presents reasonable evidence for the use of wax in the bivalve
casting process outside of the common cire perdue [lost wax] method that had undoubtedly
been employed to create more complex bronze forms (see Auenmuller, Verly and
Rademakers, 2019, 142). While the possible use of wax strips suggested by Rynne (Rynne,
1983, p. 49) was confirmed upon testing, the mould materials involved in Late Bronze Age
socketed axe casting were never considered, which thereby omitted the critical technical
parameters necessary to cast bronze. Altering the mould system in which the internal rib
becomes relevant would significantly change the possible reason for internal ribs making any
interpretation archaeologically irrelevant.

Therefore, the objective of my project was to rebuild the Late Bronze Age socketed axe
casting system as understood through archaeological evidence in Ireland, but with the view to
recompose the wax strip in a different part of the chaine opératoire of socketed axe casting
and to compare the morphology of internal ribs made from cut channels. This reconstruction
experiment allows for morphological comparisons between the impression of a wax strip and
cut channels, as well as for additional observations on how the wax strip—acting as a chaplet



or pin to hold the core in place—assists the alignment of the central core in the context of
clay moulds. The information from the experiment is then cross-compared with a reference
collection of sample internal rib traits collected during this study. This paper describes the
morphological trends among common examples, relates bronze socketed axe casting
evidence found in Ireland, and then discusses the results and findings of the experiment.

The internal rib morphology

Although bronze socketed axes are of considerable age, their composition (usually copper,
tin, and lead being the main body) is not subject to the same corrosive pattern as iron
(Turner-Walker, 2008 p. 48). The advantage of studying bronze artefacts is that tool marks
and other indications of the manufacturing process are more likely to survive. For socketed
axes another protective condition is the socket itself because the interior is sheltered not only
from post-depositional wear, but also from the post-casting process, which leaves the interior
relatively intact. Micro abrasion from the use of the tool in contact with the wooden haft
could alter the shape and form of the rib, but presumably in distinguishable patterns if at all.
These factors contribute to an opportunity to observe patterns of the mould system directly
in confluence with the core and internal rib.

In considering the morphological attributes within the scope of this study, | first outlined how
they are represented amongst known socketed axes, primarily through referencing George
Eogan’'s The Socketed Bronze Axes of Ireland (2000), which catalogues all examples known to
have originated in Ireland. Descriptions of each socketed axe (length, weight, and cutting
edge) were recorded along with the heights and numbers of the internal ribs that appear
inside the sockets. Many of the bronze socketed axes recorded for Eogan’s catalogue were
dispersed upon recovery during the 19th century or recorded more recently at auction, so
effectively Eogan’s catalogue could have either incorporated a wider range of examples or
been even shorter, given the luck of timing. None the less, Eogan'’s corpus of work comprises
2100 bronze socketed axe examples and is the most current collective survey on Irish bronze
socketed axes. Since the time of this publication, some 500 new examples have made their
way to the collections of the National Museum of Ireland (S. Weadick, Personal
communication, 13 June 2018).

To narrow the focus for the scope of this study, | began by quantifying the frequency at which
ribs appear (in other words, how often single or multiple ribs appear) within the most
common class of socketed axe. Internal ribs most frequently appear within the Class 11
(1700) set otherwise known as the ‘bag shape’ trend, with a further prolific style classified as
the Class 11A subset (509). From this category, | further narrowed the focus to 10
representative samples based on internal rib frequency, length, and the relative size range of
socketed axes they are represented in. The most common frequency of internal rib was
found to be represented by a single short rib.



The ten bronze socketed axes examined for this study retain novel characteristics and shared
features. In nearly all examples, the internal rib feature in profile form is either a U- or V-
shape, likely depending on the acute angle of the core that forms the socket tapering in
toward the bottom or blade. The height of the internal rib from the bottom to the rim,
although categorized as ‘short’ varies considerably (sometimes barely present to nearly half
the depth of the socket). In practice, these features may not have needed to be uniform in
height, but simply present. The difference between the U- and V-shaped rib profile is likely a
replicated practice subject to the arbitrary relationship between the composite materials and
the maker. Another interesting feature of the axes is that some internal ribs seem to ‘twist’
along their length and strikingly realign at the bottom. This feature suggests that the tool
responsible for making the impressions in the core is a single piece and thus negates the
possibility of a two-part core off-set during registration. Alternatively, the twist and
realignment could mean that the rib was created with a single cut from one side of the core
to the other. Yet another novel feature of the samples is the appearance of ribs at a slight ‘tilt’,
as if the impression making the internal rib in the core was either not correctly aligned or had
shifted upon placing the core in the mould. My current interpretation of this feature is that a
channel is created with a single tool and perhaps the ‘tilt' and the ‘twist’ occur upon closing
the mould system around the core, which suggests that the tool used to make the internal rib
remained in place upon closing the mould. Whether or not this could have been the case can
best be demonstrated in an actualising experiment in a recreated socketed axe mould. The
current evidence for bronze socketed axe casting in Ireland, particularly in relation to
socketed axes of the ‘bag shaped’ trend, is explored in the next section.

Bronze socketed axe casting technology in Ireland

At present only four stone moulds containing the matrices for socketed axes are known in
Ireland (See O Faolain, 2004, Fig 35A, 35B, 36A and Eogan, 2000 Appendix D). Though little
contextual evidence associated with these moulds remains, the matrices would produce
socketed axes that fall within Eogan'’s class 14 and 17 types, in parallel with the Sompting
Type axes of Brittan, which places their dates approximately within the late Dowris Phase
(900-500 BC) (Burgess, 1969, p. 267). However, the first socketed axes appeared within the
Bishopsland Phase (1350-1000 BC), particularly in the Bishopsland Hoard (See Eogan, 2000,
Class 1., No. 3) and along with them came a new approach to casting technology - the clay
mould. O Faoldin (2004, p. 9) suggests that the first evidence for clay moulds come from the
Bishopsland hoard, as seen in the form of a complex ‘rope’ matrix around the neck of a
socketed axe and the hammer. During the Late Bronze Age, clay moulds dominated the
manufacturing process and subsequently became a common find amongst Late Bronze Age
casting assemblages.



Internal ribs produced in the context of clay moulds are somewhat difficult to determine. A
study exploring stone, bronze, and clay mould materials has shown that both stone and
bronze moulds produced very little flashing, whereas in moulds made of clay, flashing was
quite common (Heeb and Ottoway, 2015, p. 181). Nearly all of the bronze socketed axe
examples examined for this study show signs of misregistration and flashing, which makes a
suitable argument that internal ribs were likely produced within the context of a clay mould.

The very nature of clay mould casting, along with the friability of the materials, leaves a very
fragmented picture of the casting process. | supplemented the evidence | reviewed with the
National Museum of Ireland catalogue entries of socketed axe valves, pouring cup fragments,
potential cores, and even some items described as both pouring cups and gates. | also
considered casting debris (bronze removed from the intended form) and especially objects
identified as casting jets (that is, the remnant potion of bronze that would fill the pouring
cup), which could provide information on the interface between the gate, core, and the
intended object.

In Ireland remnants of clay moulds are rare. Fortunately, at sites such as Dun Aonghasa,
County Galway, Rathgall, County, Wicklow and Dalkey Island, County Dublin fragments of clay
moulds have survived (Liversage et al., 1967-68; Cotter & Barklie 2012; Becker, Personal
communication, 25 July 2018). These clay fragments provide information on mould materials
and the mould building process, while casting jets from Tullowbeg, County Carlow and Money
Lower, County Wicklow indicate the pouring cup and runner configuration (See Figure 3).
Although it is not certain whether these casting jets result from casting socketed axes, their
width would indicate a system meant to cast an object around the average rim width of
socketed axes to make the double gate system consistent with flashing (remnants of the
sprue) seen in some socketed axe examples.

The body of clay moulds from Dun Aonghasa were consistently layered with finer clay on the
interior to a courser exterior wrap. Two of the valves were thin sectioned and subjected to a
petrological examination (Unitt, 2012, p. 33). The report determined that there were three
fabric groups for all ‘ceramic’ fragments found and revealed that the innermost layers of the
socketed axe moulds were made up of a well-crushed temper comprised primarily of quartz
(up to 1 mm). The third fabric group consisted of only one example containing much larger
inclusions (up to 2 mm) at a higher volume. Mould valves from Dalkey Island (Liversage et al.,
1967-68, p. 148) and Rathgall (Becker, Personal communication, 25 July 2018) were also
reported to have an inner layer consisting of finer quartz temper with a coarse outer wrap.

An elusive feature of socketed tool manufacturing is evidence for cores. The core is the
central part of the mould that blocks out the space making the socket. Some early
interpretations for the core have been put forward (Pitt-Rivers, 1906, p. 185; Maryon, 1937, p.
213; Hodges, 1954, p. 133) that informed later descriptions of the manufacturing process



(Tylecote, 1962, p. 123; Eogan, 2000, p. 5) asserting a system that combines the gate and the
core as a single unit. Evidence for this system, otherwise known as a ‘gate-core unit’, has been
interpreted from finds at Haag, Jutland (Neergaard, 1910, p.151 fig. 29), and may well have
been used in the Bulford-Helsbury stone moulds found in Southern Britain (Needham, 1981,
p. 27). However, the evidence for the gate and core at Dalkey Island (Liversage, 1967-68, p.
149), Dun Aonghasa (Cotter & Barklie, 2012, p. 41) and from my own observations of core
fragments from Rathgall suggest a system where the ‘pouring cup’ is an extension of the
outer wrap and the core is clamped at an extension of the valve above the axe, referred to by
Coghlan (1962, pp. 57-58) as ‘core-prints’. An example of this can be seen in the Late Bronze
Age mould finds at Jarlshof, Shetland, where a nearly intact valve was discovered (Hamilton,
1956, fig 14, p. 4). The provisions for a core-print can also be seen in a wooden socketed axe
model found in Tobermore, County Derry (Hodges, 1954, p. 64, fig. 3).

The materials that make the core have been an engineering challenge because after the cast
is complete, the core must be removed. When bronze is poured into a mould, the core
becomes encased. As the bronze cools, it shrinks, gripping the core. The ‘bag shape’ trend of
the Late Bronze age adds a further technical complication because many of the sockets are
‘waisted’ (Tylecote, 1962, p. 123), such that the flanges of the socket flare with the blade
making it impossible for the core to be taken out as a single piece. The archaeological
evidence for core technology during the Late Bronze Age suggests that the material of choice
was clay (O Faolain, 2004, p. 38). Evidence for cores at DUn Aonghasa are fragmentary,
abraded and, retain very little distinctive core-like qualities, while core fragments found at
Rathgall are much more distinct. One fragment from Rathgall (E84: 1462) may be the top
portion of a core with a double-gate configuration that would produce a casting jet such as
those from Tullowbeg, County Carlow and Money Lower, County Laois.

While Tylecote (1962, p. 123) suggests that an important feature of the core is its
permeability, socketed axe cores of solid bronze have been found near Saint-Germain-sur-
Vienne, France (Cordier, 2012, p. 37) suggesting that it may not technically be necessary for
cores to be made from clay, although it is uncertain whether a mould using this core
produced a suitable bronze socketed axe. However, a 3D simulation of a stone socketed axe
mould and core (See Garbacz-Klempka et al., 2017) revealed that while a double-channel
runner is more efficient, the potential for porosity in the metal around the core remains. This
suggests that porosity of the core body could alleviate air from being trapped around the
core. To ensure that the cores and valves used in the experimental moulds for the present
project were sufficiently tempered, a higher mixture of 1 and 2 mm quartz was used (up to
60% by volume).

Reconstructing the clay mould system for socketed axes

Given the available archaeological evidence outlining a profile of the clay moulding process in
making bronze socketed axes, two theoretical possibilities for creating the internal rib formed



the basis for my experiment. A total of 12 clay moulds were created using a 3D printed model
of sample socketed axe No. UCD 2498. This socketed axe retains the classic ‘waisted’ shape of
the Class 11A category measuring 68.3 mm in length. Its exterior shows signs of porosity,
though its overall form is well defined. Its socket measures 53 mm in depth with a uniform
‘oval’ shape to its dimensions, which flares to the curvature of the blade. The internal rib
appears to be sheared in the middle and bent slightly as a result of post-cast processing (See
Figure 1, Right). These characteristics, along with the artifact availability in the UCD School of
Archaeology Teaching Collection, made axe No. 2498 a prime candidate for replication. The
axe was 3D scanned using a NextEngine Laser scanner, and 3D printed on a Flashforge 3D
printer. The print was coated in a thin layer of epoxy and fitted with a wooden extension
making up the ‘core print’ as suggested by the Tobermore models (See Figure 4).

The model was impressed into the valves to halve its thickness and ensure that the clay
registers tightly around its form. The area around the matrix on the valve face was indented
and fitted with balls of clay acting as registration keys to align both valves (See Figure 5). A
number of clay mould fragments used to make socketed axes found at Dalkey Island
(Liversage et al., 1967-68) as well as at Jarlshof, Shetland (Hamilton, 1956) and Traprain Law,
East Lothian (Coles, 1959-60, p. 89) show similar methods termed ‘lug and socket’ (O Faolain,
2004, p. 39). Because the model had to be removed, a release agent was applied before either
valve was imprinted with the model. Evidence for a release agent in this process would be
virtually invisible archaeologically, but it is inherent to the valve moulding process to prevent
the clay from bonding to the model. Although ground charcoal or soot would have worked as
a release agent during an experimental practice in bronze sword casting, fine ash was the
most effective (O Faolain and Northover, 1998, p. 71). Once the first valve was impressed and
the keys set in place, the mould was left to dry leather hard before informing the second
valve of the mould.

The third part of this mould, the core, was created next. Although Tylecote (1986, p. 123)
speculated that the creation of clay cores would require a template referred to as a ‘core-box’
it was found during the experimental phase of this project that the core could be modelled
freehand easily in a matter of minutes. Fitting the core into the mould took careful matching
to the valve, given that the core of socketed axe No. 2498 curves slightly outward at the rim
while also flaring at the bottom of the socket toward the blade. Gates and runners were cut
and shaped on both sides of the core as suggested by the morphology of the Tullowbeg and
Money Lower casting jets. The runners were matched to the shape of the Money Lower
casting jet, which appears to be wide and rather shallow.

Some observations of the chaine opératoire in casting the ‘bag shaped’ socketed axe were
made when considering how the core is placed between the valves. Because the flared end of
the core is wider than the waist of the axe body, the core cannot be introduced into the
mould after the valves have been put together. For the core to be placed into the mould, the



valves must be open, such that the core can be placed into one valve while the second valve
closes the system. The difficulty of leaving the valves open is that the core simply slumps to
the lower valve. However, the slumping core problem was managed by allowing both the
valves and core to stiffen to a leather-hard consistency before closing the mould. Even so,
once the valves were closed, ensuring that the core remained equidistance from the valve
walls remained an issue.

The next step was to cut the impressions that form the ribs. To do this | fitted the first six
moulds with a wax strip formed into a V-shape and cut channels in another six in the same
orientation (See Figure 6). Although centring the core became more manageable with the
introduction of the wax strip acting as a chaplet, the system was difficult to close without the
wax being pressed into the mould valves, a feature not observed in any of the archaeological
examples (See Figure 7). The solution lay in ensuring that the strip had a wider base to
displace the pressure against the walls. Furthermore, | placed the core between the valves by
standing the core upright inside one valve and then closed the mould with the second valve.
The stability of the core at this point depended on the fit of the core-print clamping the core
in place.

The final stage in building the mould was to ensure that both valves and the core remained
secure by applying an outer wrap. Mould fragments from all three sites reviewed above
showed evidence for the application of an outer wrap encompassing the entire mould. A key
function of the outer wrap is its ability to allow air through the mould fabric while locking the
system together. This means that the outer wrap must be somewhat thick and at the same
time porous enough to allow air to escape and water to evaporate. | achieved this effect by
adding a concentration of 2 mm quartz inclusion without thoroughly smoothing the surface.

After the moulds had been completed, they were left to dry for several days where they were
then force-dried at 200°C in an oven for six hours. The moulds were then introduced to an
open fire for approximately three hours at temperatures in excess of 800°C and left to cool
(See Figure 8). The following section describes the performance of the moulds during a live
cast with the results of the reconstructed internal ribs.

Experiment and results

Once the casting process was complete and the moulds broken open, | learned that
something had gone wrong. An expulsion of gas causing major defects had occurred
consistently throughout all 12 of the moulds rendering them the equivalent of what | can
describe only as bronze ‘Swiss cheese’ (See Figure 9). This unintended result did not mean,
however, that no useful information came from the project. The result of these trial casts,
while insufficiently producing a usable bronze socketed axe, did produce discernible
differences in the performance of the methods used to produce the internal rib and gave
additional information on the performance of the clay mould in the current approach.



For example, a comparison of the methods used to create the internal ribs shows that cutting
a channel to create the internal rib (See Figure 10) produces a relatively thin profile compared
to those created using the wax strip method (See Figure 11). The difference may be due to the
thickness of the instrument used to cut the channel (a wooden knife) compared to the
modelled wax strip, or alternatively, to the wax being displaced while being pressed into the
clay. With so few samples under the extraneous conditions related to air entrainment, |
cannot yet determine which factor was most responsible. Further observation of relatable
attributes reveals no discernible tilt or twist as noted in the archaeological examples. All ribs
produced seemed relatively straight as they were applied. | expected the impression from the
remaining wax strip would be distorted while either being impressed or that perhaps it would
be shifted upon closing the mould, but this did not occur. In the strip’s use as a chaplet or pin
to hold the core in place, the wax strip did seem to prevent the core from shifting while
drying. In contrast, the six examples with only the cut channels had shifted, regardless of the
grip from the core prints. The wax strips were shaped relative to the contours of the mould
valves, but the strips were not uniform and consistent throughout. Because the strips were
too wide, the strips would press into the valves when the mould was closed, and were thus no
longer aligned with the core in the centre of the mould.

It could be argued that the morphology of the internal rib is best observed by narrowing the
focus to the internal ribs themselves, removing the complications of the clay mould system
and pouring metal into a more predictable mould material. This approach would not,
however, overcome the problem with previous interpretations seeking to understand this
feature outside of the clay mould system in which the internal rib manifests. The morphology
of the internal rib is not its defining feature, but a signature to support potential methods.
Produced in any other context outside of the scenario in which they were created, the
morphology of these features may be drastically different.

While the primary research intent was to explore the morphological features of the internal
rib phenomenon, the larger picture of clay mould casting during the Irish Late Bronze Age
and its current interpretation was an important ancillary component revealing some
behaviours comparable to archaeological finds. Although removing the core from the socket
is seemingly difficult after being baked hard, the core could, in fact, be removed in a matter of
minutes by simply digging through the clay with a sharp tool. Additionally, soaking the core in
water before attempting its removal loosens the clay, making removal easier. Removing the
core in this way may explain why very little definitive evidence for cores appears
archaeologically, while still producing some comparative materials for the core above the
socket. Perhaps the most indicative evidence for the position of not only the mould itself but
for the configuration of the double-gate is the outcome of the casting jet from nearly all the
experimental moulds (See Figure 12, Right). As for the core itself, the portion that remained
relatively intact is the extension above the matrix, which in part forms the gate that



resembles fragment E84: 1462 found at Rathgall (See Figure 12, Left). This portion of the core
would have likely been cut off before it was removed from the socket.

Final remarks

Demonstrated here is the use and advantage of an actualised engagement with
archaeologically relevant materials to investigate how internal ribs become relevant within
the sequence of bronze socketed axe casting. The methodology employed an experimental
approach by presenting the implied placement and morphologies of wax chaplets and cut
channels. This approach has provided some comparable results while demonstrating that the
processes of Bronze Age metal casting, although widely described and generally accepted,
have yet to consider in total the minutiae of artefacts fully and their implications for
manufacturing processes in the past. This modest examination of the internal ribs inside
socketed axes presents the gravity of an experimental engagement in archaeological science,
and presents grounds for further research into the craftsmanship behind the casting of
bronze socketed axes. Complementary to the field of archaeology is the potential to highlight
connectivity and continuity between spatially separated communities connected through the
intimacy of craft as demonstrated by Ehrenberg (1981). Although basic forms and style can be
observed and imitated, the internal rib implies a closer level of interaction requiring
cooperation, engagement, and agreement on the manufacturing of tools between
communities and potentially even cultures. Further study into this simple nuance may
indicate a more socially complex range of connectivity between Bronze Age people of Ireland
and continental Europe.

Too often experimental projects go unpublished due to problematic or unforeseen
occurrences that hinder the intended path toward data. While the circumstances can be very
different, the dynamics of this project fortunately revealed some problematic symptoms
under the current interpretations, while simultaneously verifying some speculations
surrounding the clay mould fragments and casting debris. For experimental archaeology,
these types of minor mistakes are necessary to reveal archaeologically invisible steps in a
process or to encounter some otherwise unknown experience. In the end, the difficulties
occurred during this project may simply be related to inexperience with the process of casting
bronze. Following the archaeological trail may lead us to an understanding of the
archaeological materials, but not guide us to the approach. The problems related to air
entrainment may be as simple as not having enough ventilation, or that the clay body was too
thick and not permeable enough. With continued experience, the answer to these problems
may become clearer.

Future research inside socketed axes should begin inside the mould system as demonstrated
here. The internal ribs are a feature defined within the mould and may become transparent
in light of further research and developing discovery. Any meaningful interpretation of the
formative processes of metal objects should consider the experiential mode of analysis as a



viable contribution to archaeology. Furthermore, the expertise and experience from active
bronze casters should be viewed as complementary to experimental research questions
providing cooperative dialogue on technical matters. Any further research on either the
internal ribs or the process of mould making should consider the benefits of time and
experience in the outcome of data.
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FIG 1. SHOWING UCD SOCKETED AXE NO. 2498 OF THE UCD SCHOOL OF ARCHAEOLOGY TEACHING COLLECTION
(LEFT) AND ITS INTERNAL RIB (RIGHT).
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FIG 2. SOCKETED AXE NO. 1953:56 (LEFT) CONTAINING 3 TOTAL RIBS THAT REACH TO THE RIM OF THE SOCKET
(RIGHT). © NATIONAL MUSEUM OF IRELAND. THE AUTHOR HAS PERMISSION FROM THE NATIONAL MUSEUM OF
IRELAND.

FIG 3. THE CASTING JETS FROM TULLOWBEG, ACCESSION: 1991:46 (LEFT) AND MONEY LOWER, ACCESSION:
1965:35 (RIGHT) APPEAR TO BE THE IMPRESSIONS OF A DOUBLE-GATE SYSTEM, LIKELY FOR A SOCKETED AXE.
BOTH CASTING JETS WERE FOUND IN A HOARD CONTEXT AMONGST OTHER MATERIALS. THE TULLOWBEG JET
FEATURED HERE IS ONE OF FOUR OTHER SINGLE SPRUE JETS. THE MONEY LOWER JET WAS FOUND WITH TWO
HEAVILY DETERIORATED SOCKETED SPEARS, WITH DIAMETERS SMALLER THAN THE EXPANSE OF THE DOUBLE
CASTING JET. THE DISTANCE BETWEEN THE TWO SPRUES OF THE MONEY LOWER JET IS 28.9MM AND 18.7MM
DEEP WHEREAS THE TULLOWBEG JET MEASURES 21.6MM IN DISTANCE AND 13.1TMM DEEP. THE SPRUE DISTANCES
WOULD FIT IN THE RANGE OF SOCKETED AXES. © NATIONAL MUSEUM OF IRELAND. THE AUTHOR HAS PERMISSION
FROM THE NATIONAL MUSEUM OF IRELAND.
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FIG 5. SHOWING THE IMPRESSION OF THE MODEL INTO THE VALVE (RIGHT) AND THE PLACEMENT OF THE
REGISTRATION KEYS. PHOTO BY TERRY RUNNER
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FIG 6. SHOWING THE TWO METHODS TESTED: WAX STRIP (LEFT) AND THE CUT CHANNELS (RIGHT). PHOTO BY
TERRY RUNNER

FIG 7. SHOWING THE WAX STRIP (RIGHT) AND THE PRODUCED IMPRESSION (LEFT). PHOTO BY TERRY RUNNER
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FIG 9. THE MISCAST RELATED TO AIR ENTRAINMENT. PHOTO BY TERRY RUNNER
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FIG 10. CUT CHANNELS. PHOTO BY TERRY RUNNER
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FIG 11. WAX STRIPS. PHOTO BY TERRY RUNNER
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FIG 12. A CONSISTENT PRODUCT OF THE CAST WAS THE DOUBLE SPRUE CASTING JET ALTHOUGH SOME DID NOT
FUSE IN THE MIDDLE. PHOTO BY TERRY RUNNER
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