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Archaeometallurgical residues from Twinyeo Farm, Devon  
 

Dr T.P. Young 
 

Abstract 
 

The site produced evidence for iron smelting in bloomery furnaces in three 
separate locations. Residues from two of the three areas, those in the centre of 
and to the NW of Area 7, were recovered and have been investigated, through 
both morphological classification and laboratory analysis. The smelting activity 
in the central area has been dated as being of Middle Iron Age date (3rd-4th 
century BC).  
 
The composition of the iron smelting slags was simple, with silica, alumina and 
iron oxide comprising more than 96% by weight of most slag samples. The 
slags are aluminous, with a silica:alumina ratio of 1.5 to 3.1 for all except one 
analysed sample. The slags show an evolution along the eutectic between 
hercynite and wustite/fayalite, with some samples showing an initial hercynite 
plus wustite mineralogy, which is unusual in bloomery slags. This composition 
may have led to some of the slags being rather viscous and having a high 
liquidus temperature (1150-1250C for the investigated samples). The analyses 
of the specimens permit tentative proposal of a model in which approximately 
half the iron in the ore was extracted as metal (a typical figure for an early 
bloomery). 
 
The provenance and character of the ore is hard to determine with certainty. 
The upper crust-normalised rare earth element profile is only slightly inclined, 
which eliminates some ore types derived from high temperature processes. 
The ore lacks the high manganese (except in one instance) and phosphorus 
contents typical of most bog iron ores. The evidence that the ore was 
aluminous may suggest an influence from a kaolinitic substrate. On balance, a 
source within a local bog iron ore or iron pan would appear most likely. 
 
The residues are indicative of a technology broadly similar to other known sites 
of the period, with use of a ‘slagpit’ style of non-slag tapping furnace, 
employing a split wood pit-packing. Some aspects of the dense slags 
interpreted as flows within the pit are unusual, and may have arisen from a 
close contact between the slags and the overlying bloom.  
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Methods 
 
The materials were examined visually (with a low-
powered hand lens or microscope when required) and 
a catalogue prepared (Young 2013, Table 1) as part of 
the assessment. Further material was subsequently 
located and a full, revised archive catalogue is 
presented here (Appendix D, Tables D1 for Area 7 and 
D2 for Area 8). 
 
The analytical programme recommended by the 
assessment was an investigation of the residues 
recovered from the central and north-western iron 
production areas, aimed primarily at trying to 
characterise the ore resources that were exploited. 
The scale of such an investigation was limited by 
external considerations, but a programme of works 
was developed entailing bulk chemical analysis of 
appropriate materials, backed-up by petrographic 
investigation on the scanning electron microscope of a 
subset of the samples. 
 
The selected samples 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, 
Polished blocks for investigation on the SEM were 
prepared in the Earth Science Department, The Open 
University. Electron microscopy was undertaken on the 
LEO S360 analytical electron microscope in the School 
of Earth and Ocean Sciences, Cardiff University. 
Microanalysis was undertaken using the system’s 
Oxford Instruments INCA ENERGY energy-dispersive 
x-ray analysis system (EDX). 
 
Chemical analysis was undertaken using two 
techniques. The major elements (Si, Al, Fe, Mn, Mg, 
Ca, Na, K, Ti, and P) were determined by X-Ray 
Fluorescence using a fused bead on the Wavelength- 
Dispersive X-Ray Fluorescence (WD-XRF) system in 
the department of Geology, Leicester University (this 
also generated analyses for S, V, Cr, Sr, Zr, Ba, Ni, 
Cu, Zn, Pb and Hf). Whole-specimen chemical 
analysis for thirty six minor and trace elements (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, Pb, Th, U) were undertaken using a 
sample in solution on the ThermoElemental X-series 
Inductively-Coupled Plasma Mass Spectrometer (ICP-
MS) in the School of Earth and Ocean Sciences, 
Cardiff University (this also generates lower quality 
results for Fe, Mn, Ti, P that are used mainly for QA 
purposes). The results of the chemical analyses are 
presented in full in the Appendix A.  
 
Locations of EDS analyses are presented as sample-
area-analysis (e.g. NTH2 SOI2 #3). The area of the 
sample in a particular image is referred to as SOIn 
(SOI = Site Of Interest in the terminology of the INCA 
microanalysis software) and individual analyses (points 
or areas) are labelled #m. The microanalytical data are 
presented in Appendix B, Table B1. Images of all SOIs 
are included in Appendix C, including, where 
appropriate, details of the analysed points/areas. 
 
All EDS analyses were collected with all elements 
analysed (including oxygen, but not carbon; all 
samples were carbon-coated). 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, except for mineral structure 
calculations, where the measured oxygen has been 
used. 
 
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. 
 
This project was commissioned by Naomi Payne, of 
AC Archaeology. This report covers 
archaeometallurgical residues from two phases of 
investigation at the site: Area 7 (ACD107) and Area 8 
(ACD504). 
 
 

Results 
 
Distribution of the residues 
 
The distribution of the residues within the site was 
discussed in the assessment report (Young 2013). A 
small amount of additional information has since 
become available and the following account replaces 
the previous version. A summary of the distribution of 
residue facies by context is presented in Table 1. 
 
Area 8: Iron smithing 
The residues from iron working recovered from Area 8 
were mostly from contexts 272 and 285, the two 
successive fills of Pit F286 (Table 2). Besides these 
materials, a single slag lump was recovered from c100 
and a fired, bloated and partially vitrified fragment of 
clay from c197 (this piece not necessarily of 
metallurgical origin). 
 
The fills of pit F286 are interpreted as dumped 
material, but fine forge debris is unlikely to have been 
transported far. 
 
 
Area 7: Iron smelting 
In area 7, the distribution of residues and the 
interpretation of the excavated features shows three 
separate foci of iron smelting residue deposition. A 
central area, including features F1145, F1150 and 
F1165, that produced most of the recovered iron-
smelting residues, a NW area with two truncated 
slagpit furnaces, F1134 and F1136, and a NE area, 
with successive furnaces F1061 and F1056, that 
contained a slag assemblage that is not preserved in 
the site archive. 
 
The central area produced most of the residues from 
the site, but has the weakest evidence for being an 
actual location of iron smelting. In the central area, a 
total of 54.0kg of residues were recovered from pit 
F1145 and 6.3kg from the adjoining pit F1165. A 
further 1.7kg of residues were from pit F1150, which 
lay just outside the interrupted gully surrounding F1145 
and F1165. These collections were all somewhat 
similar, with the proportions of the various facies of 
residue particularly similar for the two large collections 
(c1159 and c1176) which actually provided 85% of the 
total archaeometallurgical residue from the site by 
weight (approximately 54kg out of the 64kg total). The 
two rich contexts were c1159 (9.8kg) and c1176 
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(42.7kg), both fills of a substantial pit (cut 1160, 
forming part of complex feature F1145).  
 
In general the material from this area comprised large 
fragments (the average slag fragment from c1159 
weighed 430g; that from c1176 weighed 530g; the 
average furnace lining fragment from c1159 weighed 
101g; that from c1176 weighed 194g), with a paucity of 
small residue pieces, possibly suggesting the slag was 
placed as a deliberate backfill, or restoration, of these 
features. The use of slag blocks to fill (reinstate?) a cut 
feature on its abandonment has been observed at 
other sites (e.g. the Middle Iron Age Site at Fleethill 
Farm, Berkshire; Young 2012). 
 
In this central area, the most likely candidate for a 
furnace is cut [1158], although cut [1155], which did 
not have a fill of ‘industrial’ character, is also possible. 
These sub-circular cuts of 400-500mm diameter are of 
an appropriate size for Middle Iron Age slagpit 
furnaces. There is, however, a lack of physical 
evidence for either of these being a furnace. The fills of 
the features are deliberate backfills, not associated 
with their use. Neither feature contains an in-situ 
smelting residue assemblage. The primary fill of 
[1158], context 1157, contained Middle Iron Age 
pottery – a very unusual occurrence for an iron 
smelting furnace. 
 
These possible furnace cuts lie to the NE of elongate 
cut [1160] and there is no certainty that these features 
are related, but the relationship could be interpreted as 
a working hollow, lying adjacent to successive 
furnaces. Similar hollows have been recorded adjacent 
to non-slag-tapping ‘slagpit’ furnaces elsewhere (e.g. 
Derrinsallagh, Co. Laois, Ireland, Young 2008b) and 
would be indicative of the presence of a furnace arch 
(non-slag tapping furnaces may possess an arch 
similar to the tapping arch of a slag-tapping furnace, 
but which is only used to remove the furnace contents 
after a smelt). However, the hollow is very deep at the 
opposite end to the possible furnaces, which is unlike 
other examples. 
 
The interpretation of the adjacent large asymmetric pit 
[1165] is even more problematic. This pit bears little 
archaeometallurgical residue in its fills below its middle 
fill c1163 (the lower fills again appear as a deliberate 
backfill, although of stone rather than slag). The overall 
form of this pit resembles a large slagpit furnace (c.f. 
Burlescombe, Reed et al. 2006), with an undercut 
blowing –wall to the SE (potentially making hollow 
[1190] a possible location for the bellows). If this 
interpretation were correct, however, it would be 
expected that there would be intense heat alteration of, 
vitrification of, and probably slag interaction with, the 
central part of the SE wall, which does not appear to 
be case. It should be noted however, that [1165] would 
be extremely large for a furnace pit. The pit is 
connected to the elongate pit [1160] by a broad 
shallow hollow containing a narrow deep slot [1190]. 
This slot bears more of resemblance to a water 
overflow or similar feature, than to any sort of 
metallurgical structure. The three features, [1160], 
[1165] and [1190] contain related fills and must have 
been backfilled at the same time.  
 
On balance, it appears likely that the central area 
represents features constructed for a non-metallurgical 
purpose, but which were backfilled by large blocks of 
metallurgical waste, perhaps removed from the waste 
dumps at one of the other two foci. 
 
In contrast, the deposits in the two heavily truncated 
slagpits of the NW area, F1134 and F1136, were 

almost entirely of fine fragments of flow slag prills and 
fuel moulds, almost certainly representing the in-situ 
residues from the last use of two slagpit iron smelting 
furances. These two pits lie 30m NW of the central 
area and may represent a distinct phase of activity. 
Both pits were preserved only as shallow rounded 
hollows 0.36m in diameter and just 0.07m depth. 
 
In the third, NE, area of iron-smelting (40m ENE of 
F1145/1165) two superimposed furnace pits contained 
slag, but this does not appear to be present in the site 
archive. The two furnace pits were similar to those of 
the NW area in size, with F1061 truncated to the 
southwest by the feature F1056. Both were sub-
circular in plan: F1061 0.4m in diameter and 0.1m 
deep and F1056 0.35m in diameter and 0.07m deep. 
 
The material selected for detailed analysis was mainly 
from the central iron smelting area, with a small 
amount of material from the NW area. Details of the 
samples selected are presented in Table 1 
 
 
 

Description of the residues 
 
Iron working (smithing residues) 
 
Contexts 272 and 285 contained a small quantity of 
related, manly rather small pieces of residue 
associated with iron-working. These ranged from 
microresidues (including small quantities of both flake 
and spheroidal hammerscale; Young 2011b), various 
within-hearth residues (prills, ‘coffee-bean’ spheroids, 
slag films and droplets of lining slag), small fragments 
of vitrified hearth lining, and small broken fragments of 
more iron-rich slag. There were no definite fragments 
from smithing hearth cakes (SHCs), but otherwise the 
collection was typical of residues from smithing with a 
charcoal fuel. 
 
The smithing residues were not further analysed. 
 
 

Iron smelting slags  
 
The slag from bloomery iron-making has been divided 
into eight facies in Table 1. These facies are not 
entirely distinct categories, for individual pieces may 
contain more than one distinct morphology or texture 
of slag and all the facies intergrade, but their simple 
quantification provides a broad view of their 
distribution. 
 
(i) Fine flow slag: this includes various morphologies 
of slag prill formed from slag that chilled on its passage 
through the fuel bed and pit packing. The typical 
diameter of prills ranges up to 10mm, but is generally 
rather less. Many of the prills show flow around 
fragments of charcoal or wood. The prills show a low 
degree of amalgamation into larger masses. The prills 
are typically rather brittle, resulting in their 
fragmentation. This material may show a gradation of 
properties with material placed into the following 
category (ii), but also with the underside of the 
charcoal-rich prilly material (vi). 
 
(ii) Coarse flow slag: as (i) above but showing 
typically both larger prills and a higher degree of 
amalgamation. It is this facies that most commonly 
preserves evidence for the wood pit-packing, with 
moulds formed from amalgamated flow slag prills. The 
wood fragments are mainly spilt wood, although some 
round, or part round, sections were observed. Typical 
wood cross sections were around 20mm x 50mm, but 
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some much larger material was also present. Where 
the orientation of the packing could be observed, 
material seems to be mainly flat-lying. The highest 
degrees of amalgamation were probably formed near 
locations of major down-flows from the hot-zone, 
particularly near the blowing wall. 
 
(iii) Flow slag forming basal sheet: some of the flow 
slag formed discrete sheets of amalgamated flows, 
typically with a tapslag-like upper surface and a prilly 
base. Such material is discriminated from true tapslag 
by maintaining a dark upper surface (i.e. there is no 
evidence for surficial oxidation to haematite in the air) 
and also by commonly having the upper surface flow 
texture interrupted by the moulds of overlying wood 
pieces (indicating that the flow had passed below the 
pit packing). The total thickness of such flows is 
typically about 50mm, thinning to 20-30mm near the 
margin. 
 
(iv) Basal puddle without flow texture: these pieces 
are similar to those in facies (iii), but show no clear 
indication of flow; indeed many bear a resemblance to 
smithing hearth cakes (SHCs). They typically appear to 
be fragments of cakes of approximately 200-250mm 
diameter. The present interpretation of these materials 
is that they result from a sufficiently rapid influx of 
molten slag to the pit that it formed a puddle before 
solidifying. The formation of a molten puddle would not 
permit preservation of any flow structures. 
 
(v) Indeterminate dense slag: this category embraces 
those dense slags which either do not display useful 
characteristics to enable classification (e.g. all the 
margins are fractured), or which show characteristics 
incompatible with the above facies (e.g. for dense 
slags formed around the upper part of the pit). 
 
(vi) Prilly slag with fine charcoal: these slags show a 
charcoal-rich texture (or one that was rich in fine 
charcoal-moulds), but in which the slag is manly in the 
form of small prills. On sites where intact furnace 
bottoms (FBs) have been found, this is often the 
characteristic texture of the main slag mass formed 
just below the level of the bloom (e.g. Tullyallen, 
Young 2003b; Adamstown, Young 2006). 
 
(vii) Charcoal-rich slag: this is similar to facies (vi) but 
the slag does not show a prilly structure, but is mainly 
in the form of this films lying between the abundant 
charcoal moulds.  
 
(viii) Burr: the area immediately below the blowhole is 
often one of intense slag-wall interaction. The most 
common product of this is a dense curved slag front 
penetrating into and incorporating the adjacent wall, 
resulting in a rounded mass of dense, usually, coarsely 
crystalline slag, often with a skim of reduced-fired 
ceramic. Because of the good fluxing of the iron to 
form a particularly fluid slag in this area, the slag may 
often be seen as lobate sheets intruding into the 
ceramic, perhaps exploiting weaknesses in the furnace 
design close to ground level. 
 
 

Iron smelting furnace materials 
 
The furnace ceramics are rather abundant (18% by 
weight of the assemblage from the central complex of 
features). The assemblage has been divided (Table 3) 
into pieces that are dominantly oxidised fired, pieces 
that are dominantly reduced fired and ‘other’ material 
(small fragments with no vitrified surface and not 
necessarily of metallurgical origin). 
 

In general the fabric was fine, but contained a high 
proportion of gravel temper. Some of the most gravelly 
material (including pebbles of up to 80mm) may have 
been from the wall of the pit rather than the upstanding 
shaft. A low proportion of coarse organic temper was 
visible (as moulds) in much of the material. 
 
As is typical (reflecting those furnace zones that 
require most repair) the material includes much 
showing the changes of curvature and oxidation that 
commonly occur close to the blowhole. No actual 
blowhole was, however, recognised in the collection. 
 
Several fragments showed a more even curvature, 
suggesting an internal radius of curvature of 
approximately 250mm. It is not known if that is 
representative of the entire shaft circumference, but 
does tally with the observed dimensions of the certain 
and possible examples of basal pits (400-500mm 
diameter). 
 
 
 

Description of selected residue samples 
 
Sample TYO1 (c1135; chemical analysis only): sample 
was a small isolated slag prill, taken from the bulk 
collection. 
 
 
Sample TYO2 (c1137; chemical analysis only): sample 
was a small isolated slag prill, taken from the bulk 
collection. 
 
 
Sample TYO3 (c1159; Figures 3-5): this sample was 
taken from a 1005g fragment from the margin of what 
was probably a large plano-convex slag cake (Facies 
(iii) above).  
 
The piece was formed of coalesced flow lobes, 
typically 5-15mm in the long axis of cross section, with 
multiple complexly-shaped large rounded voids, 
possibly the unfilled interiors of flowed prills. 
 
A profile through the sub-sample taken for examination 
on the SEM shows the top of the cake, which was 
marked by a level rich in ceramic pellets, overlain by a 
delicate honeycomb-like vesicular layer (Figures 4 and 
5). 
 
The body of most of the slag was very rich in wustite 
(Figure 3a and b) and possessed a groundmass of 
delicate olivine with an interstitial glass bearing minute 
hercynite dendrites (Figure 3c). Towards the top this 
texture became finer and was then abruptly overlain by 
a layer, approximately 3.5mm thick, of sediment 
bearing abundant fine quartz grains.  The sediment 
showed little indication of heat alteration, except 
possibly in one area near the base of this layer. It was 
heavily impregnated with iron oxides. One possible 
explanation for these unusual textures would be that 
after formation of the slag flow, downward growth of 
the base of the bloom caused changes to its upper 
surface. 
 
The overlying delicately vesicular layer was formed of 
thin shells of iron oxides. These iron oxides did not 
show a primary microstructure and are interpreted as 
secondary to the original mineralogy of the layer. 
 
 
Sample TYO4 (c1159; chemical analysis only): this 
sample was an example of the classic facies (ii) with 
very large wood moulds (including a deeply fissured 
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example, 130mm long with a section of at least 
50x30mm). Internally, the slag comprises coalesced 
flow lobes, some with large internal rounded porosity, 
abundant fuel, clast and few small grains of 
sediment/lining. The whole block extended upwards for 
95mm above the probable floor contact and. weighed 
1045., 
 
 
Sample TYO5 (c1159; chemical analysis only): this 
sample was an angular fragment, weighing 682g, from 
a dense slag sheet bearing moderately large moulds of 
fuel or wood. The slag was rather less vesicular than 
that of TYO4 and was assigned on external 
appearance to facies (iv), but did preserve internal 
traces of the coalesced flow lobes.  
 
 
Sample TYO6 (c1159; chemical analysis only): this 
sample was an angular fragment, weighing 1005g, of 
dense slag showing indications of flow lobes on the 
basal and top surfaces, but with apparently a massive 
texture on vertical fractures. It was assigned on 
external appearance to facies (iv), but preserved good 
internal traces of the coalesced flow lobes in cut 
section. It is possible some of the poorly preserved re-
entrants on the external surface might be ends of large 
wood moulds. In which case an assignment to facies 
(iii) might have been more appropriate.  
 
 
Sample TYO7 (c1159; chemical analysis only): this 
sample was an irregular block of 418g, formed of finely 
prilly slag (the typical long axis of lobes in the cut 
section is 5-10mm). This piece was assigned to facies 
(vi).  
 
 
Sample TYO8 (c1176; Figures 6-8): this sample was a 
wedge-shaped block of slag, 50-70mm thick and 
weighing 1590g. The lower part had a basal contact 
with clay (presumably the hearth floor) and comprised 
inclined sheet-like accumulations of flow lobes of 
dense slag, with intervening zones of finely vesicular 
slag. The upper part became much more vesicular and 
lacked any surviving lobes, being much more slab-like 
in geometry. The piece was assigned to facies (iv) 
above on the basis of external appearance, but the 
cut-section of the slab shows a degree of internal 
preservation of the original flow lobes. 
 
The sample provided two samples for examination on 
the SEM. The lower part of the mass provided sample 
TYO8a (which was equivalent to sample taken for 
chemical analysis) and the upper part sample TYO8b. 
 
The lower part was mainly formed of a wustite-rich 
slag. The wustite was often associated with early 
hercynite crystals of both large (e.g. Figure 6a) and 
small varieties (e.g. Figure 7a). The sample shows 
several lobe margins, mainly picked out by variations 
in wustite content, size or morphology, but also by 
zones of vesicles. The central part of the sample bears 
a zone with enhanced levels of interstitial leucite 
(Figure 6e, f).  
 
Sample TYO8b from the upper part shows a more 
variable texture, with some almost wustite-free zones, 
suggestive of the location of former vesicles, now filled 
a more siliceous slag. As with the lower part of the 
sample, hercynite was a constant feature of the 
microstructure. 
 
The top of the sample is marked by a layer with 
wustite-rich patches, interpreted as partially reacted 

ore relicts. The upper margin of the piece shows some 
unusual angular secondary iron oxide clasts with 
marginal wustite, tentatively interpreted as altered iron 
metal.  
 
 
Sample TYO9 (c1176; chemical analysis only): this 
sample was of oxidised fired ceramic, removed from 
the rear of a deeply vitrified block. The vitrified/slagged 
layer was 20-25mm in thickness, and the whole block 
60mm thick.  
 
 
Sample TYO10 (c1176; chemical analysis only): this 
sample was removed from the rear of a thick, wedge-
shaped block of lining. It is a resurfaced piece, with an 
up to 20mmthick slightly externally convex layer with 
vitrified and slagged surface, resting on a less strongly 
vitrified surface, backed by 20mm of reduced fired clay 
and 40mm of oxidised fired lay behind, from which the 
sample was taken. 
 
 
 

Chemical composition of the residues 
 
The major element chemistry of the samples is 
presented in Table 3. The composition of the iron 
smelting slags was simple, with silica, alumina and iron 
oxide comprising more than 96% by weight of most 
slag samples.  
 
With the exception of sample TYO1 (slag from NW 
furnace F1134), the samples form a coherent 
compositional suite. For this group of samples, 
phosphorus is low (<0.4 wt% P2O5), as is manganese 
(<0.54 wt% MnO). The slags are aluminous, with a 
silica:alumina ratio of 1.5 to 3.0 (Figure 1). 
 
The trace elements of the main suite of residues 
(Table 3) are also compositionally homogeneous, with 
consistent contents of most trace elements. Total rare 
earth elements vary from 33 to 89ppm. The REE 
profiles (Figure 2) mostly show a rather flat to gently 
inclined profile, with slight relative light REE depletion, 
slightly humped around europium, and with gently 
rising heavy REE. Slag sample TYO2 from furnace 
F1136 in the NW area has a slightly more regularly 
inclined profile. 
 
As would be expected, the profiles of the samples of 
furnace ceramic are flat.  
 
Uranium and thorium are both low, with a fairly 
constant U:Th ratio of 0.45 to 0.75. The ceramic 
samples have a ratio of 0.46-0.48, so this suggests 
that the ore was slightly relatively enriched in uranium. 
 
The Nb:Y ratio is also fairly constant at 0.49 to 0.81. 
 
Sample TYO1 has a composition broadly similar to that 
of sample TYO2 from the adjacent furnace F1136, but 
differs in having a much higher manganese content 
(3.45wt% MnO) and in having a slightly higher 
silica:alumina ratio (5.1). The sample has slightly 
higher (but still very low) levels of calcium, magnesium 
and sodium than the man slag suite. Differences are 
also displayed by this sample having a higher 
thorium:uranium ratio and a lower niobium:yttrium ratio 
than the other lag specimens. 
 
The REE profile of sample TYO1 resembles those 
from the main suite of samples from the central area. 
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Interpretation 
 
The iron smelting residues of Area 7 occur in three 
separate foci. The majority of the residues occur in the 
cut features of the central area (inside Structure 3), but 
it is extremely uncertain whether any of those features 
are of metallurgical origin. The best contenders for 
interpretation as slagpit furnaces would be pits [1158] 
and possibly [1155], but even these are uncertain. 
Although elongate pit [1160] might be working hollow 
associated with a furnace on the site of pit [1158], it 
appears more likely to be associated with pit [1165] – 
and possibly with a process involving water. 
 
The two areas of activity NW and NE of Structure 3 are 
more convincingly to be interpreted as the truncated 
bases of slagpit iron smelting furnaces. They contained 
slag which is likely to be the in-situ residues which had 
not been cleared after their last use. 
 
Slagpit furnace technology appears to have been the 
major form of early iron smelting furnace across much 
of northern Europe, particularly associated with the 
exploitation of bog iron ores. There has been some 
debate over the precise construction and mode of use 
of these furnaces, and indeed it is not entirely clear if 
they all functioned in the same way. Some of the 
earliest examples known are actually the largest, but in 
general their development is very poorly understood 
because of a lack of well dated examples. Examples, 
such as the ones at Twinyeo, with pits in the range of 
400-500mm diameter, would be typical in Ireland, 
where there are numerous examples, for a period 
equivalent to the Middle Iron Age. In Britain, there are 
few well-dated examples. Furnaces at Fleethill Farm 
(Young 2011b) probably of 3rd to 4th century BC age 
are slightly smaller (600mm diameter) than those at 
Hartshill Copse (probably 5th-6th century BC; Young 
2005), which were up to about 700mm diameter and 
contained 500mm diameter slag cakes. 
 
The furnaces at Twinyeo remain poorly understood. 
The basal pits were either very shallow or have been 
heavily truncated. Not all British Iron Age non-slag 
tapping furnaces employed deep basal pits. The 
arched furnaces at the Iron Age sites of Bryn y Castell 
Hillfort and. Crawcwellt, in N Wales (Crew 1987. 1989, 
1998, 2009) were sunk into the ground only very 
slightly. Their reconstruction (Crew 1991, Crew 2009) 
has added enormously to the understanding of the 
operation of such furnaces. The presence, however, of 
the facies (ii) slags bearing the impressions of large 
pieces of split wood, is strongly suggestive of the 
presence of a pit. The basal pit of the slagpit furnace 
was packed with an inflammable material, typically 
either split wood (most common in Britain) or bundles 
of cereals (less common in Britain) before the smelt 
started. Once the reaction produced descending hot 
slag, the interstices of the packing would provide a 
location for slag drainage away from the bloom. 
Eventually the packing become burnt, creating space 
for the growing bloom. 
 
The deposits of the central area are characterised by a 
high proportion of large blocks from the furnace 
superstructure. These pieces provide little detail, 
unfortunately, but suggest a broadly tubular furnace 
(given the prevalence of curved fragments) with a thick 
wall (several pieces are 60-70mm in thickness, without 
showing the outer face of the shaft). Good evidence for 
the shaft is often lacking at slagpit furnace sites (e.g. 
Dungworth 2011); the new evidence for the existence 
of a substantial shaft is therefore significant. 
 

The composition of the slag samples from the central 
area shows a very good degree of coherency, and 
there are only small with those of the two furnaces of 
the NW area (which are also slightly different to each 
other). There is good reason to suppose they were all 
formed during the exploitation of the same, or very 
similar, resources. 
 
The rich nature of the ore, its rather simple trace 
element patterns (including the REE profiles) and its 
probable aluminous composition suggest that a bog 
iron ore or pan was the likely source, despite the low 
manganese and phosphorus (elements that are 
commonly concentrated in bog iron ores). The 
elevated manganese in sample TYO1 demonstrates 
that manganese was locally elevated in the exploited 
ore. 
 
The upper crust-normalised rare earth element profile 
is only slightly inclined, which eliminates some ore 
types derived from high temperature processes (for 
instance the profiles of the gossan ores exploited at 
the Iron Age site at Truro College, Truro; Young 
2008a).  The gossan ores at Truro College had a 
moderately elevated content of manganese (1-1.5% 
MnO), very low calcium and magnesium, but high 
phosphorus (1% P2O5). 
 
The slag compositions bear particular comparison with 
examples from an undated slagpit furnace at 
Portworthy (Young 2011a), to the SW side of 
Dartmoor. These resembled the present material in 
being aluminous (with an average silica:alumina ratio 
of 2.6) and in having a low phosphorus content, but 
differed in having a higher manganese content 
(variable, but comparable with that of sample TYO1) 
and in slightly higher magnesium and calcium contents 
(but which were still low, less than 0.5% MgO and 
1.5% CaO). Unfortunately no trace element data are 
available for the Portworthy site. 
 
The immediate area has no major known iron ore 
sources. Some 6km to the west, iron ores (goethite, 
haematite and magnetite) are present in the 
sedimentary rocks to the east of the granite margin 
around Haytor (Dines 1956, 732-734). The area 2-4km 
N to NE of Bovey Tracey contains several mines within 
the margins of the Dartmoor granite that were formerly 
worked for haematite for paint (Dines 1956, 726-727).  
 
A bog iron ore, rather than rock ore, source seems 
likely, therefore, for the Twinyeo smelting operation on 
the present evidence, although this is not certain. The 
relatively flat REE profile and the aluminous 
composition probably reflect a kaolinitic host sediment. 
Elevated manganese and phosphorus contents, 
although common in bog iron ores, are by no means 
universal. 
 
The simple composition of the iron smelting slags, with 
silica, alumina and iron oxide comprising more than 
96% by weight of most slag samples, permits the 
examination of their relationships using the SiO2-Al2O3-
FeO ternary diagram (Schairer & Yagi 1952; Figure 3).  
 
The slags are aluminous, with a silica:alumina ratio of 
1.5 to 3.0 for most areas of the analysed samples, 
which constrains their development to close to and 
along the eutectic between hercynite and 
wustite/fayalite. Some samples showing an initial 
hercynite plus wustite mineralogy, which is unusual in 
bloomery slags. This composition may have led to 
some of the slags being rather viscous and having a 
high liquidus temperature (1200-1300C for the 
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investigated samples). The aluminous character is 
likely to have been mainly controlled by the ore. 
 
The slags from Portworthy, which were similarly 
aluminous (as discussed above), possessed a rather 
different microstructure, dominated by a fayalite-
hercynite cotectic. The control on these two 
microstructures is not certain, but it is possible that the 
bulk compositions of the Portworthy examples lie 
closer to the fayalite-hercynite eutectic. 
 
The analysed specimens suggest that the initial 
furnace mixture (i.e. the ore plus a proportion of melted 
furnace lining) had an iron content of at least 85%, 
expressed as FeO. This estimate is based partly on 
the maximum iron content of small areas of the 
microstructure in sample TYO8 and partly on the 
overall bulk iron content of sample TYO3. 
 
Estimation of the bulk composition of slag produced in 
a smelt is much more difficult in a non-slag tapping 
furnace than with a tapping technology (in which it is 
argued the high volume of tapped material can tend 
towards a meaningful average; Thomas and Young 
1999a and 1999b). In many slagpit style furnaces, as 
with this assemblage, the slags that flowed to floor of 
the furnace are more iron-rich than those forming the 
prilly mass just below the growing bloom. In the 
present analyses, the samples from basal flows 
(TYO3, TYO5, TYO6, TYO8) have iron (expressed as 
wt% FeO) in the range of 69-81%, with the prills 
around large wood moulds only slightly lower (68% 
FeO). The finely prilly (facies vi) sample, TYO7 had a 
much lower iron content (61% FeO), as did the similar, 
but not fully coalesced prills from the NW area (TYO1 
and TYO2), with 61% and 64% FeO respectively. 
 
A reduction in iron content from an initial mix at 85% 
FeO, to a bulk overall slag content of perhaps 67% 
FeO (assuming a 50:50 mix of material with the 
average composition of the basal flows and finely prilly 
material), would require extraction of 55% of the FeO 
present in the initial mixture. This corresponds 
approximately, to the extraction of 55% of the iron in 
the ore. Such a figure agrees closely with estimates for 
the productive iron efficiency of other bloomery 
furnaces (e.g. Thomas and Young 1999a and 1999b). 
 
Such a model is however, dependent on 
understanding the relative proportion of the different 
slag types within the slagpit. This is not known for this 
site, so the figures employed above are an estimate. It 
is clear that proportion of the slag types is very 
different between various examples of slagpit furnaces 
and understanding the role of technology, ore type, 
lining composition and pit packing on this must be an 
important research goal. 
 
On current evidence therefore, the iron-rich slags 
represent exploitation of a very iron rich ore, rather 
than a poor extraction process. 
 
The smithing residues from Area 8 are very sparse. 
They indicate that some smithing must have taken 
place in the area, but provide little evidence for its 
scope. Given the small amount of material retrieved, it 
would seem unlikely that this assemblage is 
associated with the compaction of the raw iron 
produced at the smelting sites in Area 7, although that 
cannot be excluded. 
 
 
 

Discussion 
 
The site provides evidence of Iron Age iron smelting 
employing a technology broadly similar to that seen 
elsewhere in the southwest Iron Age non-slag tapping 
technology is known from Cornwall at, amongst other 
less well-known sites, the Richard Lander School in 
Truro (Young 2008a) and at Trevelgue Head 
(Dungworth 2011). In Devon, Iron Age sites have been 
recently investigated at Berry Ball (Crediton; Young 
2009) and, possibly, Portworthy (Young 2011a). ) The 
same technology has also been examined recently in 
other parts of southern Britain (e.g. Young 2005, 
2012), but also very widely in Ireland (e.g. Young 
2003a; Carlin 2008) 
 
The iron smelting activity in Area 7 is significant for it 
represents the first evidence for iron-making in the 
area east of Dartmoor. This raises the possibility of 
other hitherto unsuspected iron-making in the region, 
particularly if, as suggested, the ore was a bog iron ore 
develop on the river floodplain. The documentation of 
an unknown production area is thus important, both of 
itself, and for the archaeological management of other 
low-lying flood plain sites in the area. It also adds to 
the growing picture that many river floodplains in 
southern Britain may have once possessed sufficient 
bog iron resources to have supported early iron 
smelting; sites such as this one and Eversley (Young 
2012) hint that such Iron Age smelting operations may 
be much more common than currently appreciated and 
may require a reassessment of iron supply in the Iron 
Age. 
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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. 

 
Bleb: a small rounded particle or textural component, 

often a droplet or prill. 
 
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 later 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. 
 
Bog Iron Ore: hydrated iron oxide ores formed in 

superficial sediments (including, but not limited 
to bogs) through the oxidation of iron-bearing 
groundwaters. 

 
Burr: the zone of interaction between slag and the 

hearth or furnace wall just below the 
tuyère/blowhole. Typically seen as a dense 
lunate slag, with attached highly indurated 
ceramic, forming a protuberance on the margin 
of an SHC or FB. 

 
Cotectic: crystallisation of a liquid to produce two 

phases at the same time. 
 
Dendrite: a branched crystal form, often associated 

with rapid growth. 
 
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. 
 
Flake hammerscale (FHS): flake-like particles formed 

by the surficial oxidation of hot iron in air (Young 
2011b). The iron oxide layer will detach from the 
workpiece because of differential thermal 
contraction or during deformation of the 
workpiece when hotworked at the anvil. The thin 
scales fall from the workpiece and will 
accumulate mainly close to the anvil (although 
some will be lost elsewhere in the forge and 
even in the hearth). Flake hammerscale has 
planar surfaces, one of which is typically very 
smooth and reflective, the other only slightly less 
so. 

 
Flow slag: slag that has been very fluid and mobile, but 

which has stayed within the furnace and has not 
been tapped out of it. 

 
Forsterite: the magnesium-rich end member of the 

olivine group, Mg2SiO4. 

Fuel Ash Slag (FAS): slag formed by the partial melting 
of hearth wall or substrate under the fluxing 
influence of the ash (inorganic component) of the 
fuel. Fuel ashes are often very rich in alkali and 
alkali earth elements that may lower the melting 
point of silicates. 

 
Furnace bottom (FB): a rather poorly-defined term for 

the main slag mass formed during iron smelting 
in a non slag-tapping furnace. If the basal part of 
the furnace is shallow this may be dense, but if 
the bottom is deep then a rather low density FB, 
formed of coalesced prills, is more common. 
Slag escaping incorporation into the main FB 
forms flow slag lower in the pit. Lining Slag: Slag 
formed from the complete or partial melting of 
hearth or furnace lining.  

 
Goethite: a hydrated iron III oxide, FeO.OH. 
 
Gossan: the iron oxide-rich material formed from the 

superficial oxidation of sulphidic mineral veins. 
 
Hematite: an iron III oxide Fe2O3. 
 
Hercynite: an iron-aluminium member of the spinel 

group of minerals: FeAl2O4 

 
Kaolinite: a hydrous alumina-silicate clay mineral, the 

major component of china clay, Al2Si2O5(OH)4 

 
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 

 
Prill: a small aggregate of a material, either a 

spheroidal droplet or a runnel, formed from a 
melted liquid and either occurring as a discrete 
particle or as an inclusion within another 
material. 

 
Slagpit furnace: a variety of non slag-tapping smelting 

furnace in which a pit for slag collection lies 
below the base of the shaft. Slag pits are 
commonly packed with organic material prior to 
smelting – which is typically split wood in NW 
Europe, but may be of cereals or grass 
(particularly in eastern Europe). Flow slags form 
where slag descends into the pit and a furnace 
bottom may form across the top of the pit. 

 
Slag spheroids: sub-spheroidal particles, often dimpled 

(coffee bean spheroids), dull in lustre, and less 
perfectly spherical the spheroidal hammerscale. 
These spheroids are typically up to about 10mm 
in diameter. These are mainly slag droplets 
formed by the dripping of slag within the fuel bed 
of the hearth. Isolated spheroids may form in non 
slag-tapping smelting furnaces as a variety of 
sparse flow slag, but are more common in 
smithing hearths. 

 
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): the slag cake formed in a 

smithing hearth by reaction of iron oxides lost 
from the workpiece with silicate material from 
hearth ceramic and/or fuel, below and in front of 
the tuyère/blowhole. They are very variable in 
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form, but are typically plano-convex in shape 
(although concavo-convex and biconvex forms 
are common), frequently with a dense lower 
crust and a less well consolidated upper part. In 
some cases the top is formed of glassy slag. 

 
Spheroidal hammerscale (SHS): spheroidal particles of 

typically less than 2mm. Often these are 
vesicular or hollow. Mainly formed (Young 
2011b) when, mainly during forge welding, the 
iron is heated sufficiently for the surficial oxide 
layer to melt; when the two sides of the weld are 
closed, the molten oxide is expelled. This 
process is often enhanced by the addition of a 
welding flux – particularly where quartz sand is 
used. The melt coalesces into droplets and chills 
in flight to form spheroidal hammerscale. 
Typically they have a shiny surface with a 
metallic lustre and a close to perfectly spherical 
shape (unless deformed by impact). 

 

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 a crystals faces to be developed. 

 
Tap slag (or tapped slag, sometimes tapslag): slag that 

has been tapped from a furnace as a liquid to 
solidify outside the furnace. 

 
Tapping: the process or act of allowing a liquid to flow 

from a furnace. In the bloomery process it is the 
slag that may be tapped; in a blast furnace both 
slag and iron are tapped.  

 
Vesicle: a void or pore, usually rounded and formed as 

a preserved gas bubble in a solidified melt. 
 
Wustite: an iron II oxide FeO 
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Figure Captions 
 
 
Figure 1: Ternary plots of SiO2-Al2O3-FeO. Fields after 

Schairer & Yagi 1952.   
 

a. Bulk chemical compositions by XRF 
 black crosses – main suite of slags 
 black diamond – slag sample TYO1 
 orange square – furnace lining samples TYO9 

and TYO10 
 
b. Micro-bulk compositions (area analyses) by EDS 

Black crosses: slag areas in TYO 8a and b 
 Diagonal crosses: slag areas in TYO3 
 Red squares: partially reacted ore particles 
 Orange circles: sediment inclusions in TYO 3. 
 
 
Figure 2: REE profiles, normalised to Upper Crust 

(normalisation factors after Taylor & McLennan 
1981). 
A: slag samples from the NW smelting area 

 B: slag samples from the central smelting area 
 C. furnace lining samples from the central area. 
 
 
Figure 3: BSEM images of sample TYO 3. 

a. TYO3 SOI1 
b. TYO3 SOI2 
c. TYO3 SOI3 
d. TYO3 SOI4 
e. TYO3. SOI8 

 
 
Figure 4: collage of BSEM images showing oblique section 

through the top of sample TYO3 (areas SOI6-10). 
 
 
Figure 5: collage of BSEM images showing section through 

the sediment-rich and vesicular layers at the top 
of sample TYO3 (areas SOI11-17). 

 
 
Figure 6: BSEM images of sample TYO 8a. 

a. TYO8a SOI1 
b. TYO8a SOI2 
c. TYO8a SOI3 
d. TYO8a SOI4 
e. TYO8a SOI5 
f. TYO8a SOI6 
g. TYO8a SOI7 
h. TYO8a SOI8 

 
 
Figure 7: BSEM images of sample TYO 8a. 

a. TYO8a SOI9 
b. TYO8a SOI10 
c. TYO8a SOI11 
d. TYO8a SOI12 
e. TYO8a SOI13 

 
 
Figure 8: BSEM images of sample TYO 8b. 

a. TYO8b SOI1 
b. TYO8b SOI2 
c. TYO8a SOI3 
d. TYO8b SOI4 
e. TYO8b SOI5 
f. TYO8b SOI6 
g. TYO8b SOI7 
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Table 1: summary of archaeometallurgical residues from Twinyeo Farm, Area 7, ACD170, by facies, context and feature. Weight in grams. 
 

CONTEXT ARCHAEOMETALLURGICAL RESIDUES 

  slag ceramic fines total 

Context Feature 
and fill 
number 

(i)  
Fine  

flow slag 

(ii) 
Coarse 

flow slag 

(iiiI  
Flow slag 
forming 

basal 
sheet 

(iv)  
Basal 

puddle 
without 

flow 
texture 

(v)  
Indet. 
dense 
slag 

(vi)  
Prilly 

slag with 
fine 

charcoal 

(vii) 
Charcoal-
rich slag 

(viii) 
Burr 

Oxidised 
fired 

vitrified 
wall 

Reduced-
fired 

vitrified 
wall 

Other 
wall 

5.6mm 
sieved 
residue 

 

               

1031 [1032]           2  2 

               

1074            2  2 

               

1135 F1134 934            934 

               

1137 F1136 1295    118        1413 

               

1159 F1145-3  1331 6017  1164 418   516 390   9836 

1176 F1145-2 30 2976 17634 4720 3033 1282 1993 3722 6586 742   42718 

1195 F1145-1   156  574    720    1450 

               

1191 F1165-?   1714 1294 420        3428 

1162 F1165-2 24        160    184 

1163 F1165-3 298  392  668    414 202  448 2422 

1173 F1165-1            300 300 

               

1166 F1150-3  158   106  1034 290 88    1676 
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Table 2: specimens selected for detailed investigation 
 

Sample context notes SEM Chemical analysis 

     

Residues from NW part of Area 7  

TYO 1 c1135 flow slag  yes 

TYO 2 c1137 flow slag  yes 

     

Residues from central part of Area 7 

TYO 3 c1159 (1005g) dense plano-convex cake, lower part in flow lobes, 
vesicular above 

yes yes 

TYO 4 c1159 (1045g) dense flow slag around large wood moulds  yes 

TYO 5 c1159 (682g) prilly mass with rounded vesicles  yes 

TYO 6 c1159 (1005g) dense foot-of-wall mass  yes 

TYO 7 c1159 (418g) finely prilly slag with fine charcoal moulds  yes 

TYO 8 c1176 (1590g) dense puddle margin yes:  
a lower dense section  
b upper vesicular part 

yes 
(= SEM ‘a’ sample) 

TYO 9 c1176 lining (276g)  yes 

TYO 10 c1176 lining (548g)  yes 
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Table 3: Major element chemistry by XRF Quoted values are oxide weight%. < = below detection. Column with tone gives alternative quote for iron as wt% FeO. 
 

  SiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O TiO2 P2O5 LOI Total 

               

TYO1 flow slag 21.48 4.24 68.00 61.20 3.45 0.37 0.65 0.08 0.39 0.32 0.300 -4.88 99.76 

TYO2 flow slag 19.55 6.75 70.99 63.89 0.45 0.30 0.27 0.04 0.20 0.33 0.222 -3.92 99.28 

TYO3 dense plano-convex cake, 5.02 3.29 90.40 81.36 0.34 0.11 0.03 <0.011 0.06 0.14 0.089 -4.21 99.66 

TYO4 flow slag around moulds 15.15 6.67 75.08 67.57 0.59 0.18 0.17 0.06 0.60 0.26 0.260 -0.55 99.21 

TYO5 prilly mass  7.19 4.19 86.86 78.17 0.36 0.11 0.05 0.02 0.16 0.17 0.115 -5.01 99.38 

TYO6 dense foot-of-wall mass 13.53 5.31 77.90 70.11 0.38 0.14 0.27 0.05 0.48 0.22 0.150 -5.18 98.56 

TYO7 finely prilly slag  21.64 7.03 67.26 60.54 0.56 0.26 0.45 0.07 0.94 0.30 0.390 -0.96 99.15 

TYO8 dense puddle margin 15.20 6.51 76.49 68.84 0.42 0.35 0.48 0.10 0.80 0.24 0.186 -5.97 100.97 

TYO9 lining (276g) 73.01 14.58 5.23 4.71 0.05 0.70 0.02 0.55 2.03 0.87 0.143 1.46 98.79 

TYO0 lining (548g) 73.10 15.82 5.08 4.57 0.05 0.65 0.02 0.52 1.98 0.89 0.130 1.44 99.88 
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Table 4 Trace element chemistry by ICP-MS 
 

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

 ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

                  

TYO1 5.3 40.3 31.7 39.2 4.6 55.2 12.9 8.52 16.3 32.2 13.6 129.2 6.88 1.02 5.78 2.56 234.9 

TYO2 7.6 58.4 87.3 47.0 80.4 58.4 60.1 8.01 11.7 15.8 9.7 133.8 7.38 1.62 7.71 7.49 82.6 

                  

TYO3 4.6 60.2 78.0 27.8 5.6 71.1 11.9 3.81 5.4 4.4 3.2 41.7 2.01 2.21 2.71 8.85 92.1 

TYO4 5.2 52.9 54.0 39.3 63.6 55.8 25.5 6.52 39.5 8.7 8.9 91.8 4.91 2.08 4.02 38.46 166.8 

TYO5 4.1 46.3 37.1 36.4 5.0 104.8 3.0 4.74 11.4 9.9 3.5 64.7 2.75 2.02 3.59 14.06 92.4 

TYO6 4.7 43.3 39.4 240.0 67.6 55.0 49.9 5.63 32.4 30.9 7.5 88.3 4.94 2.90 6.80 24.50 156.2 

TYO7 5.9 39.9 27.6 36.4 10.0 78.9 20.7 6.37 55.6 14.7 8.6 135.3 6.99 1.60 5.86 39.13 254.6 

TYO8 5.6 47.5 44.1 45.1 97.2 57.1 27.4 6.09 46.0 43.9 9.5 93.9 4.68 1.75 5.72 37.43 183.8 

TYO9 10.6 59.0 86.5 7.7 42.4 91.7 92.7 20.34 95.3 58.4 35.6 369.1 16.02 2.18 17.64 12.62 263.4 

TYO10 10.0 70.8 78.9 6.2 36.4 64.7 58.6 21.76 104.6 50.6 28.3 381.3 18.46 2.38 18.64 13.60 263.4 

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

 ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

                    

TYO1 13.87 23.30 3.90 14.34 3.08 0.56 2.43 0.35 2.11 0.42 1.31 0.22 1.49 0.23 3.04 0.99 2.11 4.19 3.13 

TYO2 7.89 20.68 2.51 8.94 2.11 0.39 1.63 0.28 1.81 0.36 1.08 0.19 1.31 0.21 3.19 0.99 1.69 6.16 2.81 

                    

TYO3 5.99 14.48 1.73 6.24 1.27 0.28 1.07 0.15 0.84 0.15 0.44 0.07 0.50 0.07 1.09 0.42 1.09 1.71 1.12 

TYO4 14.64 39.37 4.48 15.97 3.41 0.68 2.57 0.39 2.02 0.37 1.13 0.18 1.16 0.17 2.18 0.77 2.53 4.61 2.63 

TYO5 5.55 14.00 1.69 5.98 1.30 0.28 1.05 0.16 0.99 0.18 0.56 0.10 0.64 0.10 1.42 0.53 0.89 2.85 1.43 

TYO6 12.10 30.92 3.70 13.15 2.71 0.57 2.10 0.32 1.78 0.31 0.93 0.16 1.03 0.16 2.04 3.02 1.72 4.03 1.92 

TYO7 10.17 28.09 3.38 12.22 2.94 0.56 2.10 0.33 2.00 0.36 1.11 0.19 1.29 0.19 2.92 0.88 1.92 6.15 2.78 

TYO8 15.95 39.60 4.72 16.63 3.57 0.72 2.69 0.39 2.15 0.37 1.14 0.17 1.18 0.17 2.09 0.86 0.71 4.52 2.09 

TYO9 39.07 75.86 9.61 33.12 6.69 1.14 5.73 0.90 5.56 1.03 3.11 0.49 3.45 0.50 8.55 1.86 36.72 10.99 5.30 

TYO10 39.56 75.49 9.56 32.78 6.53 1.04 5.08 0.80 4.91 0.92 2.75 0.44 3.06 0.46 8.83 2.05 36.31 12.27 5.64 
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Table 5: Major element chemistry of representative small slag areas by EDS. Analyses normalised to 100%. Quoted values are elemental weight%. < = below detection. 
 
 

   

Na2O MgO Al2O3 SiO2 P2O5 S Cl K2O CaO TiO2 MnO FeO 

               
TYO3 SOI 1 #1 < 0.21 4.40 6.76 < < 0.09 < 0.27 < 0.33 73.09 

TYO3 SOI 2 #1 < 0.28 5.16 7.72 0.19 < < 0.30 0.30 < 0.38 78.62 

TYO3 SOI 4 #1 < 0.33 6.52 11.14 < < < < 0.34 0.18 0.41 77.65 

               

TYO8a SOI 1 #1 0.50 0.25 7.02 15.91 0.22 0.12 < 1.19 0.69 < 0.44 75.92 

TYO8a SOI 13 #2 0.27 0.33 6.74 16.22 0.24 < 0.13 0.89 0.57 0.24 0.47 63.77 

TYO8a SOI 2 #1 0.41 0.21 7.81 18.84 0.37 0.12 < 1.20 0.59 < 0.53 70.92 

TYO8a SOI 4 #1 0.68 0.31 7.36 15.73 0.25 0.14 < 1.24 0.79 < 0.48 75.73 

TYO8a SOI 5 #1 0.44 0.36 9.55 19.47 < 0.17 < 1.85 0.64 < 0.44 65.52 

TYO8a SOI 7 #1 < < 5.98 10.35 < < < 0.65 0.40 < 0.31 72.00 

TYO8a SOI 8 #2 0.39 0.35 8.92 19.45 0.32 0.15 < 1.98 0.67 < 0.41 58.44 

TYO8a SOI 8 #1 < 0.28 6.06 9.09 < < < 0.51 0.26 < 0.46 79.22 

TYO8a SOI 9 #1 < < 4.69 9.26 < < < 0.46 0.29 < 0.40 83.98 

               

TYO8b SOI 1 #1 < 0.59 7.45 27.97 < < < 1.09 0.71 < 0.93 55.47 

TYO8b SOI 1 #2 0.53 < 9.81 34.20 0.89 0.12 < 2.10 1.73 0.31 0.56 51.91 

TYO8b SOI 2 #1 0.39 0.32 8.64 17.76 0.25 0.12 < 0.98 0.60 0.17 0.57 67.81 

TYO8b SOI 2 #2 0.66 0.29 7.00 17.95 < 0.09 < 1.13 0.77 0.20 0.56 73.57 

TYO8b SOI 5 #4 0.31 < 8.44 23.86 0.44 < 0.14 2.18 0.64 0.23 0.66 46.48 
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Appendix A 
 
Archive of chemical analytical data 
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Table A1: Major element chemistry by XRF Quoted values are oxide weight%. < = below detection. 
 
 

  
SiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O TiO2 P2O5 LOI Total 

              

TYO1 flow slag 21.48 4.24 68.00 3.45 0.37 0.65 0.08 0.39 0.32 0.300 -4.88 99.76 

TYO2 flow slag 19.55 6.75 70.99 0.45 0.30 0.27 0.04 0.20 0.33 0.222 -3.92 99.28 

TYO3 dense plano-convex cake, 5.02 3.29 90.40 0.34 0.11 0.03 <0.011 0.06 0.14 0.089 -4.21 99.66 

TYO4 flow slag around moulds 15.15 6.67 75.08 0.59 0.18 0.17 0.06 0.60 0.26 0.260 -0.55 99.21 

TYO5 flow-lobed basal sheet 7.19 4.19 86.86 0.36 0.11 0.05 0.02 0.16 0.17 0.115 -5.01 99.38 

TYO6 dense foot-of-wall mass 13.53 5.31 77.90 0.38 0.14 0.27 0.05 0.48 0.22 0.150 -5.18 98.56 

TYO7 finely prilly slag  21.64 7.03 67.26 0.56 0.26 0.45 0.07 0.94 0.30 0.390 -0.96 99.15 

TYO8 dense puddle margin 15.20 6.51 76.49 0.42 0.35 0.48 0.10 0.80 0.24 0.186 -5.97 100.97 

TYO9 lining (276g) 73.01 14.58 5.23 0.05 0.70 0.02 0.55 2.03 0.87 0.143 1.46 98.79 

TYO10 lining (548g) 73.10 15.82 5.08 0.05 0.65 0.02 0.52 1.98 0.89 0.130 1.44 99.88 
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Table A2: trace element chemistry by XRF. Quoted values are oxide weight%. < = below detection. 
 
 

 V2O5 Cr2O3 SrO ZrO2 BaO NiO CuO ZnO PbO HfO2 

           

TYO1 0.008 0.005 0.008 0.029 <0.006 <0.003 0.007 0.012 0.015 0.012 

TYO2 0.007 0.004 0.006 0.030 <0.006 <0.003 <0.003 0.018 0.017 0.012 

TYO3 0.010 0.012 0.005 0.018 <0.006 <0.004 0.037 0.012 0.013 0.017 

TYO4 0.008 0.009 0.004 0.026 0.010 <0.003 <0.003 0.015 0.017 0.007 

TYO5 0.007 0.004 0.005 0.018 <0.006 <0.004 <0.003 0.010 0.014 0.011 

TYO6 0.000 0.006 <0.002 0.023 <0.006 <0.004 <0.003 0.015 0.012 0.007 

TYO7 0.007 0.005 0.006 0.030 0.010 <0.003 <0.002 0.012 0.012 0.007 

TYO8 0.002 0.006 0.011 0.026 <0.006 <0.003 <0.003 0.016 0.015 0.009 

TYO9 0.011 0.010 0.009 0.063 0.012 <0.002 <0.002 0.020 0.013 0.010 

TYO10 0.014 0.009 0.005 0.064 <0.005 <0.002 0.064 0.018 0.013 0.008 
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Table A3: Major element chemistry by ICP-MS 
 
 

 SiO2 MnO Fe2O3 TiO2 P2O5 

 wt% wt% wt% wt% wt% 

      

TYO 1 18.12 3.72 71.35 0.32 0.32 

TYO 2 16.95 0.45 73.24 0.33 0.23 

      

TYO 3 1.55 0.31 90.67 0.13 0.09 

TYO 4 9.75 0.54 78.97 0.23 0.25 

TYO 5 1.69 0.33 89.96 0.15 0.12 

TYO 6 3.95 0.34 85.51 0.20 0.16 

TYO 7 18.27 0.54 69.72 0.27 0.39 

TYO 8 8.77 0.44 80.61 0.23 0.20 

TYO 9 53.99 0.04 26.34 0.94 0.17 

TYO 10 52.74 0.03 25.39 0.88 0.14 
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Table A4: Trace element chemistry by ICP-MS 
 
 

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

 ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

                  

TYO1 5.3 40.3 31.7 39.2 4.6 55.2 12.9 8.52 16.3 32.2 13.6 129.2 6.88 1.02 5.78 2.56 234.9 

TYO2 7.6 58.4 87.3 47.0 80.4 58.4 60.1 8.01 11.7 15.8 9.7 133.8 7.38 1.62 7.71 7.49 82.6 

                  

TYO3 4.6 60.2 78.0 27.8 5.6 71.1 11.9 3.81 5.4 4.4 3.2 41.7 2.01 2.21 2.71 8.85 92.1 

TYO4 5.2 52.9 54.0 39.3 63.6 55.8 25.5 6.52 39.5 8.7 8.9 91.8 4.91 2.08 4.02 38.46 166.8 

TYO5 4.1 46.3 37.1 36.4 5.0 104.8 3.0 4.74 11.4 9.9 3.5 64.7 2.75 2.02 3.59 14.06 92.4 

TYO6 4.7 43.3 39.4 240.0 67.6 55.0 49.9 5.63 32.4 30.9 7.5 88.3 4.94 2.90 6.80 24.50 156.2 

TYO7 5.9 39.9 27.6 36.4 10.0 78.9 20.7 6.37 55.6 14.7 8.6 135.3 6.99 1.60 5.86 39.13 254.6 

TYO8 5.6 47.5 44.1 45.1 97.2 57.1 27.4 6.09 46.0 43.9 9.5 93.9 4.68 1.75 5.72 37.43 183.8 

TYO9 10.6 59.0 86.5 7.7 42.4 91.7 92.7 20.34 95.3 58.4 35.6 369.1 16.02 2.18 17.64 12.62 263.4 

TYO10 10.0 70.8 78.9 6.2 36.4 64.7 58.6 21.76 104.6 50.6 28.3 381.3 18.46 2.38 18.64 13.60 263.4 

 
 

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

 ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 

                    

TYO1 13.87 23.30 3.90 14.34 3.08 0.56 2.43 0.35 2.11 0.42 1.31 0.22 1.49 0.23 3.04 0.99 2.11 4.19 3.13 

TYO2 7.89 20.68 2.51 8.94 2.11 0.39 1.63 0.28 1.81 0.36 1.08 0.19 1.31 0.21 3.19 0.99 1.69 6.16 2.81 

                    

TYO3 5.99 14.48 1.73 6.24 1.27 0.28 1.07 0.15 0.84 0.15 0.44 0.07 0.50 0.07 1.09 0.42 1.09 1.71 1.12 

TYO4 14.64 39.37 4.48 15.97 3.41 0.68 2.57 0.39 2.02 0.37 1.13 0.18 1.16 0.17 2.18 0.77 2.53 4.61 2.63 

TYO5 5.55 14.00 1.69 5.98 1.30 0.28 1.05 0.16 0.99 0.18 0.56 0.10 0.64 0.10 1.42 0.53 0.89 2.85 1.43 

TYO6 12.10 30.92 3.70 13.15 2.71 0.57 2.10 0.32 1.78 0.31 0.93 0.16 1.03 0.16 2.04 3.02 1.72 4.03 1.92 

TYO7 10.17 28.09 3.38 12.22 2.94 0.56 2.10 0.33 2.00 0.36 1.11 0.19 1.29 0.19 2.92 0.88 1.92 6.15 2.78 

TYO8 15.95 39.60 4.72 16.63 3.57 0.72 2.69 0.39 2.15 0.37 1.14 0.17 1.18 0.17 2.09 0.86 0.71 4.52 2.09 

TYO9 39.07 75.86 9.61 33.12 6.69 1.14 5.73 0.90 5.56 1.03 3.11 0.49 3.45 0.50 8.55 1.86 36.72 10.99 5.30 

TYO10 39.56 75.49 9.56 32.78 6.53 1.04 5.08 0.80 4.91 0.92 2.75 0.44 3.06 0.46 8.83 2.05 36.31 12.27 5.64 
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Appendix B 
 
Archive of chemical microanalytical data 
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Table B1: microanalyses by EDS. Values in elemental weight%. < = below detection, blank = not sought. 
 

     
O Na Mg Al Si P S Cl K Ca Ti Mn Fe Cu Zn Ba Total 

                      

TYO3 SOI 1 #1 a typical 21.71 < 0.13 2.33 3.16 < < 0.09 < 0.20  0.25 56.81    84.67 

                      

TYO3 SOI 2 #1 a typical 23.74 < 0.17 2.73 3.61 0.08 < < 0.25 0.22 < 0.30 61.11    92.22 

                      

TYO3 SOI 3 #1 p hercynite dendrite 37.27 0.34 < 21.07 7.99 0.23 0.63  1.59 2.46 0.14 0.18 27.33    99.22 

TYO3 SOI 3 #2 p hercynite dendrite 37.64 0.43 0.15 24.73 7.34 0.19 0.28  1.46 1.48 < 0.20 30.35    104.25 

TYO3 SOI 3 #3 p glass? 40.10 1.50 < 9.50 20.35 0.51 1.10  6.14 5.42 0.11 0.13 14.92    99.77 

TYO3 SOI 3 #4 p hercynite dendrite 37.88 0.17 0.11 23.64 6.30 0.19 0.17  0.85 1.28 < < 29.39    99.98 

TYO3 SOI 3 #5 p fine olivine 34.19 < 0.34 0.81 14.07 < 0.09  < 0.29 < 0.76 47.29    97.85 

TYO3 SOI 3 #6 p fine olivine 33.75 < 0.41 1.11 13.58 0.20 <  0.16 0.34 < 0.73 46.34    96.62 

TYO3 SOI 3 #7 p fine olivine 35.03 < 0.24 2.12 13.99 0.18 0.08  0.42 0.57 < 0.60 44.09    97.31 

TYO3 SOI 3 #8 p glass? 41.27 1.12 < 8.40 20.84 0.46 0.34  3.71 5.60 < 0.23 16.98    98.97 

TYO3 SOI 3 #9 p wustite 21.61 < 0.17 0.77 < < <  < < < 0.35 74.38    97.27 

                      

TYO3 SOI 4 #1 a typical slag 26.89 < 0.20 3.45 5.21  < < < 0.25 0.11 0.32 60.36    96.78 

TYO3 SOI 4 #2 a porous secondary oxides 22.22 < < 0.52 0.75  0.12 < < 0.10 < < 53.11    76.82 

TYO3 SOI 4 #3 a pore-lining late oxides 30.86 < < < 0.93  < < < 0.10 < < 49.85    81.74 

TYO3 SOI 4 #4 a geopetal in pore? 35.89 0.23 0.15 1.86 12.58  0.12 < 0.21 0.18 < < 38.89    90.10 

TYO3 SOI 4 #5 p secondary oxide 27.30 < < < 0.22  0.19 0.09 0.08 < < < 68.83    96.71 

TYO3 SOI 4 #6 p secondary oxide 25.39 < < < <  < < < < < < 64.33    89.72 

TYO3 SOI 4 #7 p pore-lining late oxides 29.44 < < < 0.63  0.07 < < < < < 48.81    78.95 

TYO3 SOI 4 #8 p secondary oxide crust 22.13 0.20 0.15 0.59 1.24  < < 0.26 0.09 < 0.30 52.66    77.61 

TYO3 SOI 4 #9 p secondary oxide 26.06 < < < 0.44  0.16 0.09 < < < < 64.74    91.49 

                      

TYO3 SOI 6 #1 a sediment particle 38.53 0.76 0.16 3.78 20.15 0.11 < < 1.09 0.15 0.13  18.57    83.43 

TYO3 SOI 6 #2 a typical  27.15 0.33 < 2.10 7.47 0.11 < 0.17 0.29 0.20 0.09  27.12    65.03 

TYO3 SOI 6 #3 a sediment particle 42.16 1.01 0.15 4.36 20.86 0.16 < < 0.80 0.31 0.18  23.99    93.97 

TYO3 SOI 6 #4 a sediment particle 26.02 0.75 0.11 2.44 13.95 0.07 < < 0.33 0.33 0.15  14.46    58.61 

TYO3 SOI 6 #5 a oxide binding 38.71 < < 2.46 2.61 0.15 0.10 < < 0.15 <  53.64    97.81 

                      

TYO3 SOI 13 #1 a sediment particle 43.90 0.39 0.14 2.55 29.32  <  0.51 0.10 0.21  13.56    90.68 

                      

TYO3 SOI 14 #1 a honeycomb oxides 27.15 < < 0.38 1.15 0.20 < 0.11  0.24  < 41.31    70.55 

                      

TYO3 SOI 18 #1 a honeycomb oxides 37.42 <  0.93 1.46 0.14 0.10   0.14   53.38    93.57 

TYO3 SOI 18 #2 p spheroid margin 35.98   0.12 0.89  0.09      57.53    94.61 
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O Na Mg Al Si P S Cl K Ca Ti Mn Fe Cu Zn Ba Total 

                      

TYO3 SOI 18 #3 p late bright 37.79   0.23 1.59  0.10      55.71    95.41 

TYO3 SOI 18 #4 p bright later fill 37.13   0.15 1.40  0.10   <   56.54    95.33 

TYO3 SOI 18 #5 p bright later fill 41.46  < 0.25 1.48        56.39    99.59 

TYO3 SOI 18 #6 p early dull 36.52  < 0.33 1.25 0.26    0.20   55.99    94.56 

TYO3 SOI 18 #7 p spheroid margin 37.54  < < 0.84       0.52 57.39    96.29 

TYO3 SOI 18 #8 p grain in void 6.28  < < 0.17 0.17 32.30  0.23    8.84 0.40 55.16  103.54 

TYO3 SOI 18 #9 p early dull 35.98 < < 0.44 1.39 0.23 <   0.19  0.13 54.91    93.28 

TYO3 SOI 18 #10 p spheroid margin 35.44 < <  0.85  0.10     0.33 57.63    94.35 

TYO3 SOI 18 #11 p hole 16.94 < < 0.56 1.02 0.11 0.13   0.18   52.23    71.17 

TYO3 SOI 18 #12 p hole 18.27 < < 0.84 1.05 0.17 0.09   0.21   47.94    68.58 

TYO3 SOI 18 #13 p hole 6.99 < < 0.57 2.97 < 0.19 0.14  0.29  0.19 21.64    32.99 

TYO3 SOI 18 #14 p early dull 36.77 <  0.51 1.40 0.24 0.10   0.16   55.69    94.87 

                      

TYO8a SOI 1 #1 a typical 24.20 0.37 0.15 3.72 7.44 0.09 0.12 < 0.99 0.49  0.34 59.01    96.93 

                      

TYO8a SOI 2 #1 a typical 25.72 0.31 0.13 4.13 8.81 0.16 0.12  1.00 0.42 < 0.41 55.13    96.33 

                      

TYO8a SOI 3 #1 p hercynite core 29.79 < 0.42 27.13 0.21 < < < < < 0.18 0.31 37.35   < 95.39 

TYO8a SOI 3 #2 p hercynite inner 30.19 < 0.38 27.17 0.20 < < < < < 0.16 0.18 37.49   < 95.76 

TYO8a SOI 3 #3 p hercynite mid 30.12 < 0.40 27.56 0.19 < < < < < 0.13 0.20 37.25   < 95.86 

TYO8a SOI 3 #4 p hercynite outer 30.87 < 0.35 25.60 1.63 < < < < 0.14 0.26 0.28 38.40   < 97.54 

TYO8a SOI 3 #5 p wustite 19.02 < < 0.26 0.13 < < < < < 0.21 0.26 75.68   < 95.57 

TYO8a SOI 3 #6 p leucite 38.22 0.24 < 11.86 24.25 0.24 < < 16.45 0.42 < < 2.07   0.34 94.10 

TYO8a SOI 3 #7 p leucite? 34.50 0.37 < 12.28 22.38 0.16 < < 13.94 0.45 < < 5.71   0.53 90.33 

TYO8a SOI 3 #8 p pale growth in leucite 30.83 < 0.12 26.23 1.80 0.21 < < 0.37 0.43 0.38 0.15 36.95   < 97.48 

TYO8a SOI 3 #9 p pale growth in leucite 32.14 < < 23.34 6.92 0.12 < < 1.53 0.32 0.25 0.19 35.43   < 100.23 

TYO8a SOI 3 #10 p olivine margin 29.11 < < 0.75 13.35 0.14 0.12 < 0.10 1.36 < 0.52 45.97   < 91.42 

TYO8a SOI 3 #11 p olivine pale 27.96 < 0.18 0.14 13.48 0.13 < < < 0.72 < 0.80 49.37   < 92.79 

TYO8a SOI 3 #12 p olivine pale 24.92 < 0.26 0.28 13.21 < < < < 0.27 < 0.72 51.48   < 91.14 

TYO8a SOI 3 #13 p olivine mid colour 28.10 < 0.30 0.30 13.71 0.15 < < < 0.33 < 0.59 48.55   < 92.02 

TYO8a SOI 3 #14 p olivine mid colour 28.60 < 0.19 0.38 14.11 < < < < 0.27 < 0.71 46.12   < 90.39 

TYO8a SOI 3 #15 p leucite 37.52 0.21 < 11.94 23.48 0.27 < < 15.83 0.59 < < 1.43   0.48 91.76 

TYO8a SOI 3 #16 p leucite 34.85 < < 24.05 5.73 0.63 < < 2.52 1.48 0.36 0.23 32.41   < 102.26 

TYO8a SOI 3 #17 p leucite 37.87 0.54 < 12.08 23.21 0.38 < < 14.51 0.83 < < 1.65   0.97 92.03 

TYO8a SOI 3 #18 p dark olivine 28.47 < 0.24 0.21 14.04 < < < < 0.42 < 0.65 48.37   < 92.40 

TYO8a SOI 3 #19 p dark olivine 29.06 < 0.15 24.68 0.70 < < < < < 0.44 0.24 40.18   < 95.45 

TYO8a SOI 3 #20 p mid olivine 29.40 < 0.19 24.28 1.70 < < < < 0.12 0.40 0.30 38.05   < 94.43 

TYO8a SOI 3 #21 p inclusion in olvine 30.97 0.18 < 15.83 15.73 0.13 < < 7.57 0.24 0.19 < 17.76   < 88.60 
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O Na Mg Al Si P S Cl K Ca Ti Mn Fe Cu Zn Ba Total 

                      

TYO8a SOI 3 #22 p hercynite by pore 29.61 < 0.12 27.27 0.31 < < < < < 0.20 0.18 35.79   < 93.47 

TYO8a SOI 3 #23 p mid matrix to lamina 34.60 0.32 < 4.27 9.92 0.17 0.15 0.09 0.13 < < < 38.29   < 87.93 

TYO8a SOI 3 #24 p bright lamina 29.93 0.21 < 2.58 6.64 < 0.10 0.10 0.16 < < < 44.65   < 84.37 

TYO8a SOI 3 #25 p mid olivine 27.91 < 0.35 0.30 13.80 < < < < 0.22 < 0.66 47.47   < 90.71 

TYO8a SOI 3 #26 p bright olivine 26.53 < 0.35 0.21 13.46 < < < < 0.22 < 0.61 51.34   < 92.71 

TYO8a SOI 3 #27 p mid olivine 29.53 < 0.16 0.25 14.21 0.23 < 0.09 < 1.49 < 0.60 43.88   < 90.45 

TYO8a SOI 3 #28 p hole? 30.35 0.25 < 8.87 17.91 0.28 0.21 0.22 0.33 0.63 < < 8.46   < 67.51 

                      

TYO8a SOI 4 #1 a typical 25.21 0.50 0.19 3.89 7.35 0.11 0.14  1.03 0.56 < 0.37 58.87    98.23 

                      

TYO8a SOI 5 #1 a typical 28.40 0.33 0.22 5.05 9.10 < 0.17  1.53 0.46 < 0.34 50.93   < 96.53 

                      

TYO8a SOI 6 #1 p pale ?fresh olivine 28.65 < < 0.16 13.22 0.15 < < < 1.19 < 0.58 52.22   < 96.17 

TYO8a SOI 6 #2 p dark olivine 32.13 < 0.12 0.27 14.40 0.10 < < < 1.12 < 0.52 46.09   < 94.74 

TYO8a SOI 6 #3 p wustite 21.28 < < 0.24 0.23 < < < < < 0.26 0.17 75.32   < 97.50 

TYO8a SOI 6 #4 p leucite 41.49 < < 12.46 25.05 0.09 < < 17.91 < < < 1.13   0.29 98.42 

TYO8a SOI 6 #5 p i/s olivine 30.56 < < 2.13 13.13 < < < < 3.18 < 0.57 50.53   < 100.09 

TYO8a SOI 6 #6 p i/s olivine 30.61 < 0.12 0.17 13.65 0.46 < < < 5.57 < 0.54 47.41   < 98.54 

TYO8a SOI 6 #7 p dark o/g on i/s wustite 36.02 0.26 < 1.20 14.95 0.52 0.09 < 0.15 1.89 < 0.34 39.31   < 94.73 

TYO8a SOI 6 #8 p hercynite outer 33.01 < < 26.91 0.19 < < < < < 0.25 0.23 38.31   < 98.90 

TYO8a SOI 6 #9 p medium grain 37.27 < < 1.81 6.42 < 0.27 0.16 1.34 < < < 46.95   < 94.22 

TYO8a SOI 6 #10 p i/s olivine 29.55 < < 0.26 13.23 0.43 < < 0.10 5.37 < 0.51 46.98   < 96.44 

TYO8a SOI 6 #11 p dark on olivine margin 40.64 0.32 < 10.97 16.88 1.89 0.61 0.20 0.51 4.00 < < 6.57   < 82.59 

TYO8a SOI 6 #12 p dark on olivine margin 20.62 0.15 < 4.32 16.04 0.51 0.10 < 1.15 1.89 < 0.20 21.18   < 66.16 

TYO8a SOI 6 #13 p wustite on leucite 22.20 < < 0.95 1.22 < < < 0.57 < 0.17 0.29 73.39   < 98.79 

TYO8a SOI 6 #14 p i/s olivine 29.27 < < 2.54 12.05 < < < < 2.38 0.16 0.49 49.36   < 96.26 

TYO8a SOI 6 #15 p dark olivine? 23.63 < < 0.26 11.79 0.13 0.09 < < 0.87 < 0.45 46.81   < 84.02 

TYO8a SOI 6 #16 p wustite 23.09 < < 0.27 2.79 < < < < 0.30 < 0.31 66.58   < 93.33 

TYO8a SOI 6 #17 p o/g on wustite 39.63 < < 9.13 12.23 0.82 0.19 < 0.12 2.09 0.20 0.22 36.66   < 101.30 

TYO8a SOI 6 #18 p medium grain 39.14 < < 5.82 12.24 < 0.58 0.12 3.16 0.10 < < 29.07   < 90.23 

TYO8a SOI 6 #19 a materials on olivine 
margin 

36.86 0.69 < 8.41 15.52 1.37 0.52 < 0.66 3.09 < < 16.34   < 83.46 

TYO8a SOI 6 #20 p dark on hercynite margin 35.97 6.73 < 18.37 12.86 0.63 < < 4.62 2.54 0.13 < 13.76   < 95.63 

TYO8a SOI 6 #21 a leucite-rich pore filling 35.83 < < 9.88 18.70 < < < 11.82 < 0.13 < 20.89   < 97.25 

                      

TYO8a SOI 7 #1 a typical 23.18 < < 3.17 4.84  <  0.54 0.29  0.24 55.96    88.21 

                      

TYO8a SOI 8 #1 a wustite-rich particle 23.25 < 0.17 3.20 4.25 < <  0.42 0.19 < 0.36 61.58    93.43 
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TYO8a SOI 8 #2 a wustite poor area 26.41 0.29 0.21 4.72 9.09 0.14 0.15  1.65 0.48 < 0.32 45.43    88.88 

                      

TYO8a SOI 9 #1 a typical 23.47 < < 2.48 4.33 < < < 0.39 0.21 < 0.31 65.28    96.46 

TYO8a SOI 9 #2 p hercynite 31.60 < 0.18 25.62 0.52 < < < < 0.15 < 0.30 37.48    95.84 

TYO8a SOI 9 #3 p hercynite 31.20 < 0.19 26.59 0.24 < < < < < < 0.15 36.26    94.63 

TYO8a SOI 9 #4 p olivine 27.88 < 0.41 0.15 13.12 0.10 < < < 0.28 < 0.61 51.78    94.34 

TYO8a SOI 9 #5 p olivine 28.28 < 0.48 0.12 13.46 0.17 < < < 0.39 < 0.61 52.25    95.75 

TYO8a SOI 9 #6 p olivine 30.93 < 0.42 0.25 14.14 0.24 < < < 0.43 < 0.53 48.55    95.50 

TYO8a SOI 9 #7 p altered olivine 30.20 < 0.36 0.19 13.87 0.11 < < < 0.51 < 0.65 48.43    94.31 

TYO8a SOI 9 #8 p wustite 19.83 < < 0.25 0.21 < < < < < < 0.22 74.44    94.96 

TYO8a SOI 9 #9 p hercynite 31.75 < 0.26 26.38 0.20 < < < < < 0.14 0.20 37.49    96.42 

TYO8a SOI 9 #10 p leucite? 39.69 0.18 < 12.01 24.51 < < < 17.00 < < < 2.02    95.40 

TYO8a SOI 9 #11 p bleb core 27.86 < < 5.65 13.78 0.30 0.10 0.25 1.02 0.22 < < 25.40    74.58 

TYO8a SOI 9 #12 p bleb external 40.38 0.26 < 3.32 9.56 0.11 0.13 0.09 0.87 0.18 < < 39.21    94.10 

                      

TYO8a SOI 13 #1 a typical 16.68 0.25 < 2.96 5.06 < < < 0.65 0.29 < 0.26 42.11    68.27 

TYO8a SOI 13 #2 a typical 21.25 0.20 0.20 3.57 7.58 0.10 < 0.13 0.74 0.41 0.14 0.36 49.57    84.25 

                      

TYO8b SOI 1 #1 a typical inside wustite ring 29.16 < 0.36 3.95 13.07    0.90 0.50  0.72 43.12    91.79 

TYO8b SOI 1 #2 a typical inside wustite ring 33.21 0.39 < 5.19 15.99 0.39 0.12  1.74 1.24 0.18 0.44 40.35    99.24 

                      

TYO8b SOI 2 #1 a typical 26.25 0.29 0.19 4.57 8.30 0.11 0.12 < 0.82 0.43 0.10 0.44 52.71    94.33 

TYO8b SOI 2 #2 a typical avoiding filled 
pores 

26.23 0.49 0.17 3.71 8.39  0.09  0.93 0.55 0.12 0.43 57.18    98.30 

                      

TYO8b SOI 3 #1 a hercynite inner 32.83  0.54 28.95 <       0.34 39.03    101.69 

TYO8b SOI 3 #2 a hercynite outer 32.87  0.46 28.83 0.19      0.12 0.32 39.00    101.78 

TYO8b SOI 3 #3 a altered olivine 31.68 < 0.22 0.30 14.90     0.23  0.85 53.51    101.70 

TYO8b SOI 3 #4 a hercynite 31.33  0.46 26.54 0.25 0.09     0.26 0.24 36.26    95.44 

TYO8b SOI 3 #5 a hercynite inner 33.05  0.43 29.25 0.15      0.11 0.29 38.61    101.90 

TYO8b SOI 3 #6 a hercynite margin 32.44  0.49 28.43 0.19      0.23 0.28 38.82    100.89 

                      

TYO8b SOI 4 #1 p glass 38.40 2.03  12.01 19.48 0.45 0.37  9.96 4.55   10.96   0.42 98.63 

TYO8b SOI 4 #2 p bleb in glass 30.93 1.98  9.68 14.11 0.35 8.47  6.61 2.66   33.23    108.01 

TYO8b SOI 4 #3 p bleb in glass 28.54 1.48  10.84 15.06 0.45 7.84  6.56 3.24   28.46    102.46 

TYO8b SOI 4 #4 p cotectic hercynite 31.73   25.29 1.44      0.50 0.32 39.74    99.02 

TYO8b SOI 4 #5 p cotectic hercynite 31.14  0.19 26.35 0.48      0.53 0.24 38.55    97.48 

TYO8b SOI 4 #6 p cotectic hercynite 31.63 0.23 0.14 27.01 0.30      0.39 0.21 37.87    97.78 
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TYO8b SOI 4 #7 p olivine outer 27.79  0.19 0.21 13.82    0.09 0.54  0.75 53.75    97.15 

TYO8b SOI 4 #8 p olivine outer 27.84  0.17 0.37 13.83    0.11 0.41  0.76 53.63    97.12 

TYO8b SOI 4 #9 p olivine outer 28.05  0.23 0.17 13.83     0.36  0.79 54.09    97.51 

TYO8b SOI 4 #10 p olivine inner 28.02  0.61 0.30 13.40     0.19  0.84 53.71    97.08 

TYO8b SOI 4 #11 p olivine inner 27.94  0.40 0.16 13.69     0.20  0.76 53.97    97.12 

TYO8b SOI 4 #12 p olvine assoc. hercynite 27.46  0.22 0.27 13.72     0.23  0.77 53.80    96.48 

TYO8b SOI 4 #13 p olvine assoc. hercynite 27.99  0.19 0.19 13.74 0.12    0.24  0.71 53.83    97.02 

TYO8b SOI 4 #14 p olvine assoc. hercynite 27.90 < < 0.70 13.64   0.09  0.35  0.79 53.98    97.44 

TYO8b SOI 4 #15 p i/s olvine o/g 32.23 0.43 < 3.17 15.23 0.16 0.24  3.21 1.20  0.45 42.29    98.62 

TYO8b SOI 4 #16 p i/s olvine o/g 28.70 0.25 0.22 1.07 14.64    0.47 0.72  0.73 52.42    99.21 

                      

TYO8b SOI 5 #1 a ? Ore particle 25.01 0.37 < 4.14 7.05 0.17 0.08  0.81 0.39  0.38 54.77    93.17 

TYO8b SOI 5 #2 a porous ore particle core? 23.98 0.20 < 4.14 5.21 0.11 0.10 < 0.38 0.23 <  50.12   < 84.46 

TYO8b SOI 5 #3 a porous ore particle? 18.01 < < 3.23 6.02    0.55 0.25  0.31 32.81    61.18 

TYO8b SOI 5 #4 a typical slag 25.68 0.23 < 4.47 11.15 0.19  0.14 1.81 0.46 0.14 0.51 36.13    80.90 

TYO8b SOI 5 #5 a 15.07 < < 2.04 3.16 0.11   0.25 0.23  0.20 40.86    61.92 

TYO8b SOI 5 #6 a all large ore particle 19.85 < 0.13 3.33 4.37 < 0.10 < 0.24 0.20  0.29 47.04    75.54 

TYO8b SOI 5 #7 p wustite on block margin 12.16   0.22        0.16 47.79    60.33 

TYO8b SOI 5 #8 p wustite on block margin 11.14   0.21        0.28 41.97    53.61 

TYO8b SOI 5 #9 p marginal block (ex iron?) 15.93   0.35 1.65        27.93    45.86 

                      

TYO8b SOI 7 #1 p wustite on block margin 17.98   0.39 <  <    < 0.26 71.82    90.45 

TYO8b SOI 7 #2 p crude dendrites 18.41  < 0.33 0.17       0.21 72.16    91.28 

TYO8b SOI 7 #3 p better dendrite 19.35   0.33 0.10       < 77.29    97.08 

TYO8b SOI 7 #4 p crude dendrites 18.83  < 0.28 0.19       < 75.15    94.44 

TYO8b SOI 7 #5 p olivine 24.79  0.26 0.31 12.70     0.82  0.70 52.01    91.60 

TYO8b SOI 7 #6 p altered silicate on block 
margin 

14.05 < < 2.86 2.45 0.34 0.26   0.09   24.77    44.83 

 
 



GeoArch Report 2014/10: Residues from Twinyeo Farm 

 

36 

Appendix C 
 
Archive of BSEM Images 
 
 
 
 
 
Plate C1: BSEM images of sample TYO 3. 

a. TYO3 SOI1 
b. TYO3 SOI2 
c. TYO3 SOI3 
d. TYO3 SOI4 
e. TYO3. SOI8 

 
 
Plate C2: collage of BSEM images showing oblique section through the top of sample TYO3 (areas SOI6-10). 
 
 
Plate C3: collage of BSEM images showing section through the sediment-rich and vesicular layers at the top of sample TYO3 

(areas SOI11-17). 
 
 
Plate C4: BSEM images of sample TYO 8a. 

a. TYO8a SOI1 
b. TYO8a SOI2 
c. TYO8a SOI3 
d. TYO8a SOI4 
e. TYO8a SOI5 
f. TYO8a SOI6 
g. TYO8a SOI7 
h. TYO8a SOI8 

 
 
Plate C5: BSEM images of sample TYO 8a. 

a. TYO8a SOI9 
b. TYO8a SOI10 
c. TYO8a SOI11 
d. TYO8a SOI12 
e. TYO8a SOI13 

 
 
Plate C6: BSEM images of sample TYO 8b. 

a. TYO8b SOI1 
b. TYO8b SOI2 
c. TYO8a SOI3 
d. TYO8b SOI4 
e. TYO8b SOI5 
f. TYO8b SOI6 
g. TYO8b SOI7 
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Appendix D 
 
Summary catalogue of 
archaeometallurgical residues and 
associated materials 
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Table D1: summary catalogue of archaeometallurgical residues and associated materials from Twinyeo Farm, Area 7, ACD170, by bag. Assm. = assemblage 
 
Context Item wt. 

(g) 
Item no. Notes 

    
1031 2 1 oxidised fired clay 

    

1074 2 1 oxidised fired clay 

    

1135 934 207 small fragments of flow slag prills, both free and mould-forming (Sample TYO1) 

    
1137 1295 colln flow slag prills as from 1135 (Sample TYO2) 

    
1137 118 2 decomposed block of slightly vesicular slag 

    

1154 28 1 Fe-Mn mottled degraded granite 

    
1159 1005 1 dense somewhat plano-convex slag block; accreted so details unclear, but flat side is fractured to show unusual very highly vesicular almost 

fuel ash slag-like material; possibly a fragment from the margin of a FB, with FAS-like material on upper surface; block up to 70mm thick at 
100mm from margin (Sample TYO3) 

 1045 1 wood moulds >50x30x130mm in dense flow slag; prilly base to block (down past horizontal wood), top slightly messy (possibly another wood 
contact), concave, forming sheet 25mm thick, dimpled with charcoal impressions - probably at marked angle to base but orientation not 
reconstructable fully (Sample TYO4) 

 682 1 fragment of dense slag sheet c60mm thick; concave top, slightly prilly base; internally vesicular with large irregular rounded vesicles (Sample 
TYO5) 

 1005 1 very dense flow slag block; wedge shaped with somewhat prilly base and upper 'tap slag'-like surface (Sample TYO6) 

    
1159 396 1 irregular very dense slag fragment; fractures are slightly blocky as if fragmental 

 396 1 dense slag crust with curved base, overlain by slag with preserved charcoal fragments 

 906 1 very dense thick slag sheet fragment, base rather prilly, top highly vesicular cf. fuel ash slag-topped piece recorded from the same context 

 418 1 irregular mass of prilly, charcoal rich slag, with planar, prilly base with gravel (Sample TYO7) 

 392 1 dense slag flow reaching pit margin; flow lobes seen in places on top, base irregularly prilly, margin has large chert pebble inclusion 

 272 1 irregular slag fragment with moderately large charcoal impression; vesicular, but rather too accreted to observe details 

    
1159 362 1 dense angular slag fragment, one face shows well-developed prills, the opposite shows masses of highly bloated white FAS 

 286 1 rather irregular slag fragment with some internal prills and large wood moulds 

 406 1 slag with very fine texture and no vesicles or other porosity; one surface is maroon and appears to have 'blasted' style of surface texture with 
small worn pinnacles on mainly flat surface, the other face is more obscured, but appears to be a contact with reduced clay 

 76 1 small irregular slag fragment with dense lobes associated with mass of highly vesicular froth 

 90 3 broken slag fragment possibly from the same rounded nub with an open core - possibly a lost piece of iron 

 28 1 dense flow slag fragment; one side prilly, the other probably a wood impression 
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Context Item wt. 
(g) 

Item no. Notes 

    

1159 288 1 thick block of vitrified oxidised (brick red) lining 

 182 1 complex block of vitrified lining; main part has thick black glaze on reduced ceramic and glazed stones; more oxidised-fired at one end 

 70 1 vitrified face on reduced-fired lining; glass very sandy 

 62 4 oxidised vitrified lining scraps 

 166 1 oxidised vitrified lining; internally concave, brick red gravelly rear, thick slag with gravel partially fills embayment 

    
1159 138 1 vitrified convex boss of granular reduced-fired ceramic; ceramic bears large quartz/feldspar crystals and has large voids after organic temper 

    

1162 24 1 flow slag prill in kaolinite matrix 

 6 1 mineralised material - possible sulphides in kaolinite with dark Fe-Mn bleb 

    
1162 162 1 curved block of mainly oxidised lining with pended slag below glazed perpendicular overhang. 

    

1163 298 6 flow slag fragments in kaolinitic matrix, very fresh slag 

 34 2 rock fragments with quartz and strongly cleaved dark mineral, probably pyroxene? 

 668 1 large block of slag with broad rough face (from pit wall) and prilly narrow face (from foot of furnace), other faces rather accreted 

 392 2 flow slags with prilly bases and hints of fuel moulds in kaolinitic accretion 

 124 1 accreted lump of reduced-fired vitrified lining 

 78 4 reduced-fired furnace wall fragments associated with thick black clast-rich lining slag 

    
1163 448 c500 assemblage of small fragments of slag, blebs of flow slag, small fragments of lining etc all mixed with stone in ferricrete 

    

1163 414 10 vitrified furnace lining 

    

1166 776 1 fragment from margin of a large slag cake (presumably FB) with upper main mass of charcoal-rich slag, prills on base and horizontal flow 
lobes on margin, extending 50mm out from charcoal-dominated material, typically around 50mm in thickness but variable 

 258 1 fragment similar to above, and possibly originally joining, but join damaged 

 158 1 rather low-density flow slags, very porous, around large fuel/wood moulds 

 106 14 slag fragments, similar to main blocks 

 290 1 very dense vesicle free slag in rounded mass, merging into prills on one side, probably a burr fragment 

    

1166 88 4 oxidised-fired granular ceramic 

    

1173 300 assm assemblage of small fragments of slag, blebs of flow slag, small fragments of lining etc all mixed with stone in ferricrete 

    



GeoArch Report 2014/10: Residues from Twinyeo Farm 

 

46 

Context Item wt. 
(g) 

Item no. Notes 

    

1176 1590 1 very dense puddle margin, several distinct layers, but lacks good flow textures; base prilly, but more even and consolidated than material 
above; wedge shaped, 160mm across, layers total 60-70mm thick. One margin looks odd - possible slag droplets adhering to fracture 
surface? (Sample TYO8) 

 852 1 reduced-fired furnace wall, with large pebble embedded (c80mm), faced with abundant glassy lining slag full of pale crystals/clasts 

 550 1 margin of pit base - wedge-shaped fragment with adhering pale clay on base and includes very large wood moulds 

 214 1 irregular fragment of charcoal-rich internally prilly slag 

    
1176 2965 1 block of dense furnace base crust corroded onto large chert fragments, slag is only c1kg of this piece; slag has slightly prilly base and passes 

up into charcoal bearing slag over 60-70mm 

 1065 1 complex block of flow slag, good lobate flows above prilly base, possibly folded 

 476 1 block of complex, mainly internally prilly, slag, with incorporated crust fragment; very dense 

 384 1 irregular block of weathered possible bog ore, gravelly with fragmental iron oxides 

 1105 1 large block of charcoal-rich slag, some quite coarse, no original edges visible 

 252 1 furnace base flow, base prilly, becomes more flow-lobed upwards, but locally truncated by the base of a large wood impression 

 346 1 irregular, internally prilly, slag of indeterminate origin 

 272 1 similar to 252g piece above, prilly base, wood impression on top 

 258 1 another furnace floor piece with a lobate/prilly base overlain by internally prilly slags 

    
1176 234 1 planar vitrified reduced-fired lining fragment, c120mm across 

 808 1 wedge-shaped mass upto 65mm thick; densely prilly to non-wetted base; top bears large moulds but surface obscured by accretion 

 706 1 block with c35mm of basal flows and prills, dense and shiny, then up to 50mm of more charcoal-rich material with some large curving wood 
moulds 

 856 1 irregular, somewhat wedge-shaped, mass up to 80mm thick; prilly base, slightly separated from main more massive section, with charcoal-
rich debris on top. Rare large wood impressions, one apparently vertical 

    
1176 848 1 fragment of lip of dense slag cake up to 40mm thick, from side of cake; possibly torn and the upper charcoal-rich material may be folded over 

and welded on; unclear if from a very large SHC (less likely) or the margin of FB, or a margin of a basal puddle of smelting furnace (possibly 
most likely) 

 460 1 rather irregular possible furnace floor slag; sheet-like, prilly slag, with basal surface of prills intrusive into fairly soft reduced-fired clay 

 214 1 fragment of dense, but charcoal mould-bearing slag; sheet c35mm thick 

 550 1 complex block of vitrified oxidised lining - shows marked overhang in vitrified surface at low end - but this possibly be a 'crevasse' rather than 
an actual base to something - although this remains possible; strong oxidation suggests very near blowhole 

    
1176 926 1 irregular mass of lining slag accumulated against remnants of oxidised-fired lining; probably a major accumulation of slumped wall material 

fairly close to blowhole 

 308 1 well vitrified but neat concave surface on oxidised-fired wall; probably from the eroded zone close to blowhole as radius of curvature appears 
too tight for curvature of the furnace itself 
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 276 1 second fragment similar to 308g piece above, but not joining (Sample TYO9) 

 44 2 small fragments of dense, brown-weathering porous slag, one with grey enclosed clay pellet 

    
1176 888 1 large block of flow slag with good flow lobes and some margins of very large wood moulds 

 312 1 rounded lump of very dense slag, with dimpled surface on almost all sides 

 354 1 block of furnace lining; interior face slightly convex; shows slight surface reduction on top of interior oxidation. Fabric is finely gravelly clay 

 548 1 (plus 
fragments) 

brittle and fragmented piece of furnace lining; partially reduced (near surface) with oxidised deeper lining, and with at least one relining to its 
irregular surface; most superficial layer is rather iron-rich; geometry complex, but probably from eroding area near blowhole. (Sample TYO10) 

    

1176 1100 1 large curving foot-of-wall block, suggests 260-20mm diameter, prilly base, lobate side largely interacted with and obscured by wall material, 
top and inner face with large wood moulds; very dense 

 722 1 110x140x45mm, slightly concavo-convex sub-semi-circular piece, could be poor SHC, but probably another furnace slag; base microprilly, 
well formed; top smooth with dimples where seen, but accreted and a bit messy 

 1190 1 margin of a dense slag cake; roughly a quarter round, c280-300mm diameter; slightly concavo-convex; 50mm thick in centre; base accreted 
but prilly, top locally smooth with fuel impressions; probably mostly charcoal-bearing so less dense than some of this material 

 94 1 internally prilly slag fragment with finely prilly base, rich in fine charcoal 

 8 1 cemented charcoal-rich ash fragment 

    
1176 1015 1 large irregular sheet fragment with some large raised, but not well-flown lobes, and large moulds, but orientation not determined 

 950 1 fragment of large plano-convex cake; top dished with raised lip; base microprilly; could be large SHC or simply basal puddle 

 334 1 dense roughly plano-convex slag piece, with deeply impressed mould-rich top; irregularly prilly base; probably basal crust from smelting 
furnace, but cannot exclude SHC 

 710 1 irregular mass probably formed by two converging curved sheets; dense but has large amount of voids including large fuel/wood moulds 

 818 1 irregular fragment of dense slag; prilly basal contact; inclined top; probably a base of wall type mass, but cannot rule out SHC 

    
1176 1125 1 very dense slag with dark metallic-lustred surface and possible tool marks on base; alternatively and possibly more likely, these elongate 

convex zones are due to molten slag undercutting the pit side; way up not entirely certain 

 766 1 dense slag slab; possibly lip of dense slag against burr area; one side is very rough, the other includes smooth lobes- possibly from a fuel 
contact; orientation uncertain 

 710 1 dense block from burr area; shows small area of non-wetted lobe against angular object - possibly a stone in the wall, but elsewhere there is 
reaction with the wall; shows curved slag sheet within the block marking an embayed burr front 

 784 1 somewhat SHC-like piece, with dished rusty asymmetric top, but appears largely formed of lobes and is probably a dished stack of furnace 
bottom lobes, rather too accreted for certain identification 

 518 1 dense slag sheet up to 25mm thick, strongly reacted with reduced-fired ceramic behind, so probably a burr area piece rather than furnace 
floor; slag shows few diagnostic features 

 286 1 broken piece of lobate vesicular slag with one surface formed by impression of very large wood fragment 

 50 1 small slag fragment, possibly broken from same piece as above, but does not actually join 

 30 1 small sheet of flow slag with wood impression both sides 
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Context Item wt. 
(g) 

Item no. Notes 

    

1176 848 1 large mass of accreted slag- appears to be a rather skeletal mass surrounding large wood moulds - including one with minimum of 
120x70x50mm with a rounded end 

 332 1 large piece of oxidised-fired furnace lining with curvature suggestive of c500mm diameter 

 66 3 oxidised-fired ceramic with no vitrified surface 

 76 1 oxidised-fired ceramic with weathered vesicular vitrified surface layer 

 42 1 oxidised-fired vitrified lining 

 212 3 irregular fragments of reduced-fired vitrified lining 

    
1176 566 1 irregular rusty and accreted block of dense prilly flow slag in amalgamated mass 

 1055 1 quadrant of 200mm diameter block, 20mm thick at edge, 60mm in centre; probably a furnace bottom puddle, but sheet-like form doesn't 
exclude it from being a furnace side block 

 64 1 small charcoal-rich slag fragment 

 808 1 irregular rusty and accreted slag block, vaguely lobate at one end, where it shows a zone of highly vesicular frothy slag, base shows probable 
large wood moulds, but poorly preserved 

 918 1 heavily accreted, prilly base of dense slag includes moderate fuel moulds, probably the base of a furnace although strictly an SHC cannot be 
excluded 

    
1176 888 1 irregular bock of rather porous slag, with one curved face with small scale prills and dimples, probably the margin of an FB 

 532 1 basal flow - prilly base, impression of wood on top, very dense 

 324 1 irregular block of flow slag formed of amalgamated lobes, around very large wood moulds 

 594 1 very dense slag block, arcuate in plan, prilly base, accreted top, some moderate fuel moulds, probably a substantial burr fragment 

 64 4 slag fragments 

    
1176 22 1 rock 

 36 2 gravelly hard clay, probably concretion rather than fired 

 8 1 slagged stone/ceramic 

 342 2 vitrified oxidised-fired furnace lining; larger piece is concave and has adhering rusty particles (as seen in other similar pieces) 

 288 1 complexly-vitrified reduced-fired wall 

 366 1 almost semicircular slag sheet with raised lip on circumference and dimpled base and top; roughly plano-convex apart from low lip; could 
possibly be SHC fragment, but otherwise margin of furnace bottom cake; 125x75x30mm 

 910 1 large dense slag block with outer (vertical?) margin; roughly quadrant of 120mm radius; one face (bottom?) has more lobate surfaces, others 
rather obscured, probably a large FB fragment 

 286 1 somewhat plano-convex slag lump with dimply-prilly base; strongly convex; slightly concave top is rough with charcoal debris; probably a 
fragment from the margin of a large within-furnace slag cake 

    

1176 30 6 flow slag fragments 

 508 1 plano-convex charcoal-rich slag mass; no evidence if SHC or from FB, 105x80x50mm  



GeoArch Report 2014/10: Residues from Twinyeo Farm 

 

49 

Context Item wt. 
(g) 

Item no. Notes 

    

 104 1 deeply vitrified oxidised-fired lining 

    
1176 658 2 very dense granular slags with skims of reduced ceramic – probably burr fragments 

    
1176 1810 16 large pieces of vitrified furnace lining. Some appear to show sub-horizontal seams – which may be curved in profile? 

    
1189 1165 1 broken large block; has prilly base overlain by 50mm of rather massive slag sheet with roughly planar top; whole fragment shows slight rise 

towards margin, which has raised top and probably fractured margin; rise probably due to lower very dark prilly zone (Mn rich?) overlain by 
zone of fuel ash blebs; then more constant thickness sheet which becomes charcoal-bearing near the margin and where there are larger 
moulds 

    
1191 1085 1 block of iron pan/low grade bog ore - contains possible charcoal clasts - so may be post iron-working rather than the resource; mottled gravel; 

one large void could just have been iron artefact 

 660 1 badly accreted piece, so details uncertain, but appears to be furnace bottom sheet, with smooth but wrinkled top in places, with dimpled fuel 
moulds; base locally prilly - appears to lift off base towards one side 

 634 1 rather similar to 660g piece above, base of coalesced prills, top brown, wrinkled with impressed fuel moulds; c. 20-70mm variation in 
thickness across piece 

 840 1 base of wall piece, has narrow stack of flow lobes with outer vertical non-wetted contact; shows 35mm thick dense crust then dipping inwards 
with more friable material above 

 630 1 somewhat plano-convex piece; base deeply prilly; top flat irregular; probably another furnace floor piece 

 346 1 irregular rounded slag mass, with finely prilly surface around much of half of exterior; broken side shows denser, less porous interior - 
possibly a deformed sheet fragment 

 244 1 heavily accreted slag fragment with prilly base 

 74 1 fragment from rounded slag ball with central fuel mould; one side may be basal clay contact? 

    
1195 210 1 charcoal-rich iron slag with patches of highly vesicular fuel ash slag 

 372 1 block of oxidised-fired wall with deep vitrification and lining slag 

 272 1 vitrified oxidised-fired furnace wall 

 76 2 small fragments of oxidised-fired vitrified wall 

 156 1 dense flow slag lump 

 192 1 slag sheet with slightly lobate/dimpled top and rough (sediment contact?) base 

 172 1 as 192g fragment, possibly joining but too accreted to test 

 174 2 rocks 

    

1195 60 1 Vitrified oxidised fired ilning 
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Table D2: summary catalogue of archaeometallurgical residues and associated materials from Twinyeo Farm, Area 8, ACD478. Assm. = assemblage 
 

context sample weight 
(g) 

number notes 

     

100  48 1 broken nub of dense iron slag with small fuel moulds; dense; part of rounded outline may be original; of indeterminate origin 

     

197 8 < 1 bloated and vitrified reduced-fired ceramic 

     

272 20 46 40 assemblage of mainly very fine scale flow slags, including moulds, prills, stalked spheroids and coffee-bean spheroids, together with a three 
small fragments of pale FAS. 

     

272 20 flot < 1 tiny fragment of FAS 

  < 1 lining slag in plano-convex sheet - presumably spalled from wall, stone or tool... 

     

272 slag 60 1 poor flow of dense but vesicular slag, base finely prilly and dimpled, top has larger fuel impressions. c15mm thick 

     

285 21 < Assm. small sample of hammerscale, mainly flake with a few spheroids 

     

285 21 36 2 gravelly flowed black lining slag 

  < 2 sheet-like slag films,  

  < 1 charcoal-bearing slag 

     

285  50 2 oxidised hearth lining 

     

285  21 flots slag < 6 fragments of glassy slag - mostly very pale 

     

285 21 5-6mm f 
lining 

8 5 oxidised vitrified lining fragments 

  6 1 fired fine clay, laminated not gravelly 

     

285 21 < 2 slag films with fuel moulds 

  < 5 small slag fragments 

     

295 22 18 Assm. many fragments of FeMn mottles - not  slag 
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