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Abstract 
 
The submitted materials comprised some 18.6kg of materials, 
including relevant finds from 2015 and 2016, together with residues 
from 2017 sub-sampled from a much larger collection. 
 
Materials associated with the structure partially excavated in 2017 
were almost exclusively residues from the burning of coal, including 
clinker, coke and burnt shale. The main clinker-containing feature 
may be interpreted as a ash-pit of the coal-fuelled installation (the fire 
grate would have lain at an undetermined distance above the ash-
pit), with the E-W extending walls forming the cellular substructure to 
the setting. Contexts on the northern side of the structure yielded 
largely fresh, unburnt coal. 
 
Although the site is usually interpreted as having a metallurgical 
function, the evidence for what that function may have been is 
extremely limited, with examples of both copper and iron ores, 
together with a small quantity of glassy slag. A programme of 
analysis addressed the nature of this evidence.  
 
There are a small number of finds of green coloured, dominantly 
malachite, copper ore (approximately 12 pieces, total weight 27g). 
These demonstrated a variety of closely-related textures, including a 
crude honeycomb texture, a variety with much calcite and the most 
common texture with small (up to 500µm) brown pseudomorphic 
cubes after perhaps bornite or chalcopyrite. In detail, the zones of 
malachite were commonly cored on chalcocite, with intervening 
zones filled by calcite or by botryoidal hydrated iron oxides. Such 
textures are compatible with the limited information available on the 
ores from the nearby Warton Crag mines. The collections also 
included two fragments (total 23g) of iron ore, one quartz-bearing, 
again compatible with a local origin.  
 
Possible metallurgical slags are limited to just four pieces with a total 
weight of 80g (only one of which, 4.8g, was from excavation). These 
slags were all vesicular glasses and where mostly dark grey in 
colour. The piece from the 2017 excavation was analysed in detail. It 
showed a high calcium content and probably lay within the same 
range of composition observed in low-magnesium blast furnace slags 
on other sites. The sample contained abundant small prills of metallic 
iron, sometimes with iron sulphide overgrowths. Towards what was 
possibly the base of the sample, the vesicularity increased abruptly 
and there were localised areas of high silica content which contained 
fine dendritic growths of a silica polymorph, probably tridymite. The 
glass between these dendrites contained abundant minute inclusions 
of Fe-Mn sulphides. A single, slightly larger, inclusion of zinc-bearing 
copper alloy was also observed in this zone, but its irregular shape 
meant that contamination of the sample could not be excluded. The 
vesicular zone was in contact with a highly weathered, brecciated 
material. This zone contained enclaves of slightly less weathered 
material, including elongate siliceous clasts and zones of tightly 
packed dendrites (with a composition suggestive of melilite group 
mineral). The weathered siliceous material of this zone contains 
slightly elevated levels of copper. This piece is thus of ambiguous 
origin, potentially deriving from either copper- or iron-making. 
 
It is suggested that the simplest reconciliation of the orientation and 
size of the ash-pit, the footings, the isolated chimney and the area of 
coal, is to interpret the excavated remains as part of the substructure 
of a reverberatory furnace – with a terminal ash pit and lateral stoke 
hole. Given the lack of any significant quantity of metallurgical slag, 
this might be interpreted as a calciner. Calcining the ore close to 
source would be means of reducing the weight of material to be 
shipped to the smelting works (a practice recommended by Pryce in 
1778). The remains at Jenny Brown’s Point might therefore be 
viewed a shipping point for local ore, probably from Warton Crag, at 
some period in the later 18th century or early 19th century.  
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Methods 
 
A selection of materials from the site were submitted 
for assessment, including individual finds from 2015 
and 2016, together with a sub-sample of the bulk 
residues from 2017. All materials were initially 
examined visually, using a low-powered binocular 
microscope where required. The materials were not 
subjected to any high-magnification optical inspection, 
not to any form of instrumental analysis, during this 
assessment (although a limited number of pXRF 
determinations were available; McDonnell 2016). 
 
Following assessment, a suite of five samples (JBP#1 
– JBP#5) was chosen for a programme of laboratory 
analysis. Polished blocks for investigation on the SEM 
were prepared in the Earth Science Department, The 
Open University. Electron microscopy was undertaken 
on the FEI XL30 Field Emission Gun Environmental 
Scanning 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 
(EDS). The assistance of Dr Duncan Muir is gratefully 
acknowledged. 
 
The GeoArch site code used for the samples is JBP. 
Locations of EDS analyses are presented as ‘sample. 
area.spectrum’ (e.g. JBP1.2.3). The microanalytical 
data are presented in Appendix C (Tables C1-C4). 
Images of all areas are included in Appendix D, 

including, where appropriate, details of the analysed 
points/areas. 
 
Equipment failure meant that the SEM normally used 
for such work was unavailable, so the FEI XL30 was 
used instead in order to meet project deadlines. This 
instrument employs a standardless EDS mode, 
producing semi-quantitative analyses (not the fully 
quantitative data of the Zeiss instrument normally used 
for GeoArch projects). All EDS analyses were collected 
with all elements analysed (including oxygen and 
carbon; all samples were carbon-coated and the 
carbon data have been removed from the normalised 
data presented here).  
 
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 in the area microanalyses. The 
atom% figures presented are normalised including 
measured oxygen; the oxide% analyses for in the 
report have been constructed with elements expressed 
as weight% oxides calculated stoichiometrically.  
 
Throughout this report standard mineral terminology is 
applied to both natural and anthropogenic materials – 
although artificial phases are no longer strictly 
considered to be minerals. 
 
The initial assessment was conducted in July 2018 and 
the analysis in August 2018. This report combines 
reporting on the overview of the assemblage 
conducted during the assessment with that on the 
subsequent detailed laboratory analysis (with 
adjustment of the provisional identifications of the 
materials where appropriate). The project was 
commissioned by Louise Martin of Morecambe Bay 
Partnership. 
 
 
 

Distribution of materials 
 
The distribution of residue classes within the 2017 
works is illustrated by Table 2 and summarised 
alongside the stratigraphic descriptions in Table 3. 
Detailed locations for materials recovered prior to 2017 
are not available. 
 
For all trenches the upmost contexts, both post-
demolition and demolition, produced few 
pyrotechnological residues, presumably as residual 
material. 
 
Trench 1 produced very limited pyrotechnological 
residues indeed. Contexts (207), (211), (212) and 
(213) are described as having formed a dump of burnt 
material to the north of the north wall of the ‘flue’ 
[209A], but the samples from these contexts were 
dominated by fresh coal and by limestone chippings; 
there was only a very small proportion of materials that 
had been burnt. Context descriptions should probably 
be amended to removed reference to burnt materials. 
The fill of the ‘flue’ itself contained similar limestone 
chippings. The significance of the chippings is 
uncertain; they may relate to abandonment, but they 
might equally be a deliberate, free-draining aggregate 
fill between the supporting walls of the cellular 
substructure to the plant setting. 
 
Trench 2 yielded a very different set of residues. The 
rubble deposit (301) produced a single fragment of 
glassy slag (analytical sample JBP#4), as part of a 
small assemblage dominated by coal, coke and 
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particularly clinker. A similar assemblage of coal 
residues occurred in context (302). The contexts (304) 
and (305) associated with the so-called ‘firebox’ 
produced much larger assemblages, dominated by 
clinker, with some coal and coke, but also a single 
piece of copper ore (analytical sample JBP#3). Coal-
fuelled hearths, furnaces and boilers all require a fire 
grate in order to supply sufficient oxygen for 
combustion of the coal and to allow for the voluminous 
waste material from the combustion of the coal to fall 
away from the fire and thus not to impede ventilation. 
Thus, the ‘fire-box’ cannot be such (for it has a solid 
base), but must be the ashpit below an overlying grate. 
 
Trench 3 produced an assemblage dominated by 
clinker, but also containing coke from (402), and an 
assemblage dominated by coal with only minor burnt 
materials from (404). 
 
Trench 4 yielded an assemblage with a small amount 
of clinker from (502), the fill of a ‘flue’, and an 
assemblage with coal and coke, and lesser amounts of 
clinker, from (503), possibly the base of the ‘flue’. 
 
 
 

Description of materials 
 

General 

The assemblage mainly comprised residues from the 
burning of coal, including raw coal, coke, clinker and 
burnt shale. 
 
The submitted materials comprised some 18.6kg of 
materials, including relevant finds from 2015 and 2016, 
together with residues from the excavations in 2017 
(sub-sampled from a much larger collection).  
 
There were also approximately twelve pieces, total 
weight 27g, of green coloured, dominantly malachite, 
copper ore and two fragments, total 23g, of 
goethite/haematite iron ore, one quartz-bearing.  
 
Possible metallurgical slags were limited to just four 
pieces with a total weight of 80g (only one of which, 
4.8g, was from excavation).  
 

Coal residues 

Coal was represented by sporadic finds across many 
contexts, but it was dominant in the samples from 
contexts in the north of trenches 1 and 2, where it 
included a particularly high proportion of fines (small 
particles). 
 
A small fragment of unusual laminated pale grey coal 
was initially tentatively identified as slag during the 
assessment and sampled as sample JBP#5. Detailed 
investigation of this showed it was a laminated coal 
with layers probably richer in sediment particles and 
also lenses of organic material supported (in some 
cases at cellular level) by an early authigenic alumino-
silicate mineral, possibly kaolinite. 
 
The burnt coal residues were largely clinker. Clinker is 
the melted or partially melted, inorganic component of 
coal (the ‘ash’). Most of this material comprises a dark 
glass, often with reddened surfaces (or upper surface), 
with abundant inclusions of partially-melted coal shale, 
commonly bleached white. Most of the clinker was 
void-rich, imparting a low bulk density. Some of the 
better-flowed examples, solidified from a completely 

melted material, showed a higher density. These 
examples were more variable in colour with variegated 
black, brown or reddish glass. There were numerous 
examples of descending prills formed of this glass, 
together with examples of solidified droplets, probably 
resulting from solidification of a viscous melt dripping 
through and from the fire-grate. 
 
The incompletely combusted organic component of 
coal is known as coke. This material was also 
abundant in the burnt deposits. It should not be 
confused with deliberately created coke – a fuel used 
in many later metallurgical processes. In this instance 
the coke is present as a component of the cinders of 
the fire. 
 
In addition to the coal shale present as inclusions 
within the clinker, there was a large quantity of fine, 
burnt shale debris. This indicates that the coal fed to 
hearth was either incompletely cleaned of shale from 
beds above and below or, more likely, possessed 
shale partings within the seam. 
 
 
Details JBP#5 (Archive plates A42-A44) 
The coal showed a layered structure (e.g. JBP5.2 
lower right). The layering corresponded to zones of 
elevated inorganic content, probably mainly 
background sediment, although some areas (e.g. 
JBP5.3) also showed textures suggestive of authigenic 
clay minerals. Authigenic minerals (possibly kaolinite) 
were also observed filling the cellular porosity of 
organic matter (JBP2.1) and possibly (JBP3.1) also in 
pore spaces between items of organic matter. 
 

Copper ores 

There are a small number of finds of green coloured, 
dominantly malachite, copper ore (approximately 12 
pieces, total weight 27g). These demonstrated a 
variety of closely-related textures, including a crude 
honeycomb texture, a variety with visible calcite and 
the most common texture with small (up to 500µm) 
brown pseudomorphic cubes after perhaps bornite or 
chalcopyrite (Figure 1b, c).  
 
The zones of malachite were commonly cored on 
chalcocite (Figure 1a), with intervening zones filled by 
calcite (Figure 1b) or by botryoidal hydrated iron oxides 
(Figure 1d). Such textures are compatible with the 
limited information available on the ores from the 
nearby Warton Crag mines (Mosely 2010 12-13 and 84 
- 92). 
 
 
Details: JBP#1 (Figure 1a,b; Archive plates A1 – 
A13) 
Sample JBP#1 was a sample of a calcite-rich 
malachite ore. It was an unstratified find from JBP15 
previously analysed by McDonnell (2016) as XRF4.2. 
The calcite filled voids around irregularly-shaped areas 
of malachite, cored on chalcocite (Figure 1a). The 
chalcocite zone showed infrequent examples of 
pseudomorphs of a cubic shape (Figure 1b). Both the 
margins of the cubes and locally zones within the 
immediately overlying malachite contained hydrated 
iron oxides of undetermined precise mineralogy. The 
association of the cubic forms with iron suggests that 
the precursor was an iron-bearing sulphide, bornite. 
 
 
Details:  JBP#3 (Figure 1c,d; Archive plates A21 – 
A26) 
Sample JBP#3 was an 8g piece of ore from JBP17 
context (304), chosen for analysis both as stratified 
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material and as a representative example of the 
lithology rich in cubic pseudomorphs. In general, this 
sample was more iron-rich than JBP#1, with abundant 
cubes, typically of larger size (Figure 1c) than those of 
JBP#1, but also with zones of porous iron-rich material 
between the malachite zones, rather than calcite. 
 

Iron ores 

The collections also included two fragments (total 23g) 
of iron ore, one quartz-bearing (a v1.44g chip from 
context (201), again compatible with a local origin. 
 
The iron ores were broken fragments, so probably 
mined rather than sediment-derived.  
 

Metal artefacts 

A single probable copper-alloy artefact was present in 
the collection. This was a dished sub-circular item, 
weighing 3,5g, with a corroded exterior (Figure 2d), but 
fresh metal internally (Figure 2a,c). The item had 
previously been examined using pXRF by McDonnell 
(as item JBP4.4; where described as a droplet of 
metallic alloy) and was examined in this study as 
sample JBP#2.  
 
The metal was brass, with an estimated zinc content of 
36% (by semi-quantitative EDS). The microstructure 
showed isolated small prills of lead (Figure 1a,c), but 
backscattered electron imaging did not indicate more 
than a single brass phase. The grain structure of the 
brass was only revealed where etched by corrosion 
(Figure 1b,d). This was examined in three areas: one 
with an equant structure, a marginal region with an 
equant structure and possible relicts of twinning, and 
one area with a zone of dezincification with curvilinear 
boundaries. The brass was apparently not in an ‘as-
cast’ state, but the equant grain outlines suggest it had 
been annealed. Only the textures of the highly 
corroded margin provide some inconclusive evidence 
for a deformed (twinned) microstructure. The high zinc 
content suggested by the analysis would also suggest 
this is a deliberately alloyed brass. These characters 
all suggest that the item is a fragment from an artefact, 
rather than a droplet of raw metal. 
 
The assemblage recorded as JBP 26/15 includes an 
incomplete, hook-shaped wrought iron artefact 
(perhaps a hook or fragment of a chain link) and the 
mould from a concretion of a second item. These items 
are not process residues and so have not been further 
considered here. 
 
Details: JBP#2 (Figure 2; Archive Plates A14 – A20) 
This sample had previously been examined using 
pXRF by McDonnell (as item JBP4.4; where described 
as a droplet of metallic alloy). The re-analysis by EDS-
SEM confirmed the identification of the material as a 
zinc-bearing alloy, but showed that the alloy was a 
high-zinc brass, with a trace of lead. This analysis and 
the microstructure (Figure 2b,d) suggests that the 
piece is actually a fragment from a brass artefact, 
rather than a piece, or droplet, of fresh metal. 
 

Metallurgical slag 

 
Only a very small quantity of metallurgical slag has 
been identified from the site.  
 
Find JBP 6/16 is a 25g fragment of grey glassy slag 
with a conchoidal fracture. It has flow lines picked-out 

by vesicularity and minor devitrification. The piece was 
recovered unstratified on the beach ‘near building’.  
 
The recent excavations produced a single fragment of 
slag from context (301). This was a 4.79g fragment of 
slightly vesicular black glassy slag, with thin zones of 
pale devitrified material. This fragment was examined 
in detail as sample JPB#4. The main body of the 
sample comprised a relatively low melting point SiO2-
Al2O3-CaO glass, that was highly vesicular (Figure 3a) 
and contained minute spherical prills of iron, locally 
with iron sulphide overgrowths (Figure 3b). In one area 
the glass showed small areas of a more siliceous 
nature (Figure 3c), into which had crystallised 
dendrites probably of tridymite between which were 
abundant spheroidal prills of Fe-Mn sulphides (Figure 
3d). This zone also contained a single irregular 
inclusion of a zinc-containing copper alloy (Figure 3e), 
but the shape suggests this may have been from 
mechanical contamination, perhaps during sample 
preparation. The vesicular glassy slag passed abruptly 
on one side into a highly brecciated, weathered 
material including fragments of a crystalline slag 
(Figure 3f), possibly formed of a melilite group mineral. 
 
Details: JBP#4 (Figure 3; Archive Plates A27 – A41) 
When plotted on a SiO2-Al2O3-CaO ternary diagram, 
the raw semi-quantitative EDS analyses for the glassy 
slag plot towards the CaO pole in a region with very 
high liquidus temperatures. The quality of the analyses 
may be improved somewhat by employing analyses of 
calcite (CaCO3) and quartz (SiO2) to provide a simple 
linear recalibration of Si and Ca with respect to O. 
These recalibrated values, together with the raw value 
for Al2O3 produced compositions which plot in a more 
appropriate part of the ternary (Figure 4, square 
symbols). This makes it very likely that the melt 
forming the glassy slag was within the region shown as 
liquid at 1400C (Figure 4, grey area), a region 
corresponding to the composition of many iron-
smelting blast furnace and iron-founding cupola slags. 
Indeed, although caution must be expressed in the 
quality of even the recalibrated data, these slag 
compositions lie very close to ideally fluxed 
composition. The recalibrated data also show the 
analyses of the possible melilite group minerals (Figure 
4, star symbol) plotting close to the composition of 
gehlenite (Ca2Al2SiO7) and the analyses of the silica 
dendrites (Figure 4, cross symbol; which are mixtures 
of the silica polymorph and the enclosing glass) lie on 
an array between the glass composition and the silica 
pole, through the bulk composition of the more 
siliceous area (Figure 4, circle symbol). 
 
The main glassy slag thus showed a high calcium 
content and probably lay within the same range of 
composition observed in low-magnesium blast furnace 
slags on other sites. The sample contained abundant 
small prills of metallic iron (Figure 3b), sometimes with 
iron sulphide overgrowths. Towards what was possibly 
the base of the sample, the vesicularity increased 
abruptly and there were localised areas of high silica 
content (Figure 3b) which contained fine dendritic 
growths of a silica polymorph, probably tridymite 
(Figure 3d,e). The glass between these dendrites 
contained abundant minute inclusions of Fe-Mn 
sulphides of sub-micron size. A single, slightly larger, 
inclusion of zinc-bearing copper alloy was also 
observed in this zone (Figure 3e), but its irregular 
shape meant that contamination of the sample could 
not be excluded. The form suggests a chip of low-zinc 
brass trapped in the void formed by a plucked tridymite 
dendrite, but is ambiguous.  
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The vesicular zone was in contact with a highly 
weathered, brecciated material. This zone contained 
enclaves of slightly less weathered material, including 
elongate siliceous clasts and zones of tightly packed 
dendrites (with a composition suggestive of melilite 
group mineral, perhaps gehlenite). The weathered 
siliceous material of this zone contains slightly 
elevated levels of copper.  
 
This piece is thus of ambiguous origin, potentially 
deriving from either copper- or iron-making. 
 
 
 

Interpretation 
 
The recording of the assemblage of pyrotechnological 
materials from Jenny Brown’s Point and the detailed 
laboratory analysis of selected materials has not 
resulted in an unambiguous interpretation of the 
remains. The following discussion develops the 
arguments around the interpretation and a strong 
possible interpretation that has not thus far been 
suggested for the site. 
 
The materials from the 2017 excavation included a 
large quantity of burnt material (coke and clinker) from 
the area of the so-called ‘firebox’. This material was 
not accompanied by any material of a certainly 
metallurgical origin, except for a couple of small 
fragments of copper ore that showed no signs of being 
heat affected and were therefore likely to be either 
residual or intrusive into this feature.  
 
The most likely interpretation of the ‘firebox’ is that it 
represents the ash pit below the fire-grate of an 
overlying coal-fuelled piece of plant. Depending upon 
the implementation of the overlying plant, such an ash 
pit might be at least partially below ground but needed 
to be easily accessible to permit clearance. In larger 
implementations, such as a boiler, the grate tended to 
be sufficiently elevated that the ash could be collected 
by wheelbarrow or even by falling directly from the fire-
grate into a wagon or dram below. That was not the 
case here, but none-the-less the ash-pit is likely to 
have been a tall structure, possibly even ‘walk-in’ 
structure if the plant was a boiler. 
 
No settings for boilers, reverberatory furnaces or kilns 
contain flues at the level of the ash-pit. At their lowest, 
the flues are to be sought at the level of the fire-grate. 
This is likely to have been at a level well above that of 
current truncation of the site. The assemblage of 
clinker from the site contained numerous examples of 
glassy prills that formed in a vertical orientation; these 
would have formed as highly viscous melts descending 
through the grate. 
 
Early maps (Martin 2017, Plate 16) show an elongate 
structure connected by flue to the chimney and early 
photographs (Martin 2017, plates 18 & 19) show a 
substantial mass of masonry – presumably the plinth 
containing the fire-box above the excavated ashpit and 
supporting the plant, and possibly other associated 
equipment. 
 
Since there is no substantial body of evidence from the 
residue assemblage for the nature of the plant, other 
than its fuel, a broad view must be taken of its possible 
purpose. The range of potential identifications include: 
 

1. a boiler 
The elongate form of the setting (the walls to N and 
S of the central ‘flue’ potentially extending from 
eastern side of Trench 2 to 4m west of Trench 1 

might suggest a boiler perhaps 8-9m long at 
maximum). The central ‘flue’ would not have been a 
flue at all, but rather simply between the walls 
supporting the boiler. The size of the setting 
resembles the size of that of the boiler for ‘Ale and 
Cakes’ of 1782, as illustrated by Dickinson and 
Jenkins (1927, Plates 85, 86). The grate of this boiler 
was six feet six inches with and four feet three 
inches long, above a transverse passage forming the 
ash-pit. The base of the boiler lay 40” (1.02m) above 
the grate on the plans for the ‘Ale and Cakes’ boiler, 
and the grate lay at an unknown distance above the 
floor of the ash-pit (but arguably over 60” (1.52m). 
Such an elevated setting for a boiler in the present 
example might be compatible with the large mass of 
masonry visible on early photographs. 
 
2. a reverberatory calciner 
The elongate setting would also be compatible with a 
reverberatory calcining kiln. Calcining of copper ores 
could be undertaken in a wide variety of structures: 
reverberatory (e.g. Percy 1861, 314-318; Pryce 272-
273), limekiln-like kilns (Pryce 1778, 241), open fires 
(Pryce 1778, 241; who described the calciner as 24 
feet long by 18 feet broad externally, internally 18 
feet long and 13 feet wide, with a ‘fire place three 
feet four inches long, by two feet broad’) or elongate 
covered kilns (Lentin 1800). Where recovery of 
sulphur was undertaken it would be collected in 
arched flues. The present structure would be 
compatible with a simple reverberatory calciner. 
 
3. a reverberatory smelting furnace 
In the same way that the setting would be compatible 
with a reverberatory calciner, it would also be 
appropriate for a reverberatory furnace employed for 
smelting (Pryce 1778, 273-4). Pryce describes a 
furnace ‘eighteen feet long … twelve feet broad, and 
nine and half feet tall’. 

 
The evidence from the residues includes a small 
number of pieces of malachite/chalcocite copper ore, 
probably of local derivation from Warton Crag. A true 
bulk analysis of this ore is not available, but the EDS 
analysis of a chalcocite-rich area showed 
approximately 2% sulphur. It is not clear whether an 
ore of such a composition would have routinely been 
calcined, but it would appear likely. Calcining serves to 
dehydrate/dehydroxylate the ore as well 
decarboxylation, quite apart from its role in sulphur 
removal. These reactions increase the porosity and 
reactivity of the ore. For early production of copper by 
smelting in a blast furnace, Percy (1861, 292) refers to 
the ore as having been calcined, but the type of ore 
being smelted is not known. None of the ore recovered 
from Jenny Brown’s Point was demonstrably calcined. 
 
The two broad approaches to smelting the calcined 
copper ore were the use of the blast furnace and the 
use of reverberatory furnaces. A small blast furnace 
had been employed in the Lake District in the 16th 
century and was later employed (with coke fuel) in both 
Gloucestershire and the Swansea area. These late 
implementations were mainly employed purely for 
refining metal smelted in reverberatory furnaces 
(Hughes 2000, 19; although on p.20 he refers to the 
reverberatories at Redbrook being used for refining the 
copper produced in the blast furnace), with the hybrid 
process surviving into the 1720s at Redbrook. Percy 
(1861, 292-3) provides a copy of a statement from 
Edward James, who had smelted copper at Swansea 
in a coke-fuelled blast furnace in the 1720s and at 
some time in his career smelted copper in a peat-
fuelled blast furnace. These early occurrences aside, 
the copper smelting industry of the later 18th and 19th 
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centuries was dominated by the use of reverberatory 
furnaces, typically employed in the multi-phase ‘Welsh 
Process’.  
 
Although the Welsh Process is probably best known 
today from the description by Percy (1861, 314-331), it 
is clear that a wider variation of implementation of the 
process was undertaken, particularly early in its 
history. Hughes (2000, 22), in the context of a 
description of White Rocks Copperworks of the late 
18th and early 19th centuries, suggests that lime was 
employed as flux at this period, rather than the quartz 
used at the time of Percy. Angerstein (Berg & Berg 
2001) recorded that in the 1750s lime was charged 
with ‘slow-melting ore’ at Warmley Copperworks.  
 
The second line of evidence is the recovery from the 
site of two fragments of high-grade iron ore. Again, a 
local origin for the ore would appear likely. 
 
The third line of evidence is the analysis of the glassy 
slag, with its lime-rich composition and its iron, 
(Fe,Mn)S and possibly copper inclusions. With the 
exception of the slight copper enrichment in the highly 
weathered surface layer, this small sample would be 
otherwise interpretable as a blast furnace or cupola 
(foundry) slag. If the copper contamination of the 
weathered section of slag is an original feature, then 
there is a possibility that this represents slag from a 
copper-smelting blast furnace. The slag is unlikely, 
however, to have been generated from smelting ore of 
the composition of the samples from Jenny Brown’s 
Point, because those ores contained a significant 
quantity of iron. The iron might have been reduced into 
the copper metal, but the overall iron content of the 
slag is suspiciously low. There are, unfortunately, no 
contemporary analyses of such materials known to the 
author. It is also possible that the copper enrichment is 
contamination acquired in the burial environment. 
 
Of the interpretations of the remains at Jenny Brown’s 
Point listed above, the last is the easiest to dismiss. It 
is extremely unlikely that a smelting works with a single 
reverberatory hearth would have been contemplated, 
even with a low sulphur ore. The field evidence and 
geophysical survey (Archaeological Services Durham 
University 2016) do not support the existence of 
remains of a significantly larger works than that visible 
at present. The evidence from the tithe map suggests 
that a similar range of evidence was present in the 
1840s; namely a single building and chimney. 
 
The possible interpretation of the structure as a boiler 
raises the question of what would a boiler have been 
for? If the site was employed for metal smelting, then a 
boiler could have provided steam for a blowing engine, 
which would in turn imply the use of a blast furnace (for 
reverberatory furnaces do not require a blast but are 
blown by the draw of the chimney). Blast furnaces of 
the period were typically substantial stone-built 
structures, of which there is no surviving trace. The 
analysed slag fragment (JBP#4) is compatible with 
production in a blast furnace.  
 
There are, however, various arguments against the 
former existence of a blast furnace on the site. The 
total amount of slag from the site is miniscule and it is 
hard to imagine a complete removal from the site of all 
waste produced by even a small-scale experimental 
blast furnace, or from a very short-lived commercially 
unsuccessful venture. 
 
The interpretation of the excavated structure as a 
boiler setting also raises some serious questions. 
During the mid-18th century the most common boiler 

type that would have required a short, but elongate, 
setting would have been a waggon boiler. Haystack 
boilers, the other form of the period, typically had 
circular mounts. By the late 18th century the waggon 
boilers were commonly given internal fire tubes, and 
most of the early Boulton and Watt designs appear to 
have employed this form of boiler, Dickinson and 
Jenkins (1927, plates 85 and 86) provided illustrations 
of the boiler for the ‘Ale and Cakes’ mine, Gwennap. 
 
The ashpits of these boilers were oriented across the 
width of the boiler setting, not extending in from one 
end (e.g. Figure 5a). The stoke holes of the illustrated 
examples were lateral, at either side of the boiler, 
above the transverse ash-pit.  
 
An additional difference between the exposed remains 
and a boiler setting for a tubed waggon boiler is that 
the heat from the grate was drawn through flues below 
and beside the boiler, returning through the tube to 
chimney at the end close to the grate. 
 
Later boilers may show terminal stoking, including 
simple egg-ended boilers and the varieties with internal 
hearths, the Cornish and Lancashire boilers.  The egg-
ended boilers usually show a transverse ash pit 
whereas the internally-hearthed boilers must also have 
an internal ash pit. None of these varieties appears 
much before the start of the 19th century. 
 
If the walls to the west of trench 1 and the elongate 
shape of the structure on the tithe map do indicate an 
E-W elongate boiler (and not just an elongate ruin that 
is only part of the original structure), then an ashpit 
extending inwards from the east end would not be 
compatible with any of the recorded designs for boiler 
settings, although it is just conceivable that a very 
small boiler on unusual topography might have had 
some variant on the usual situation. 
 
There is also a distributional pattern amongst the 
residues that is hard, although not impossible, to 
reconcile with a boiler: that is the presence of large 
amounts of coal dust in contexts in the north of 
trenches 1 and 2. This might suggest percolation down 
through an overlying floor from a stoke hole for the 
overlying plant. For all the recorded designs of furnace 
setting, the stoke hole is directly above the entrance to 
the ashpit. 
 
The geometric relationships of a terminal ash-pit, a 
lateral stoke-hole and a chimney arising from the 
opposite end of the setting from the grate are precisely 
those be found in a reverberatory furnace. The size of 
the setting is appropriate for an 18th century example 
and the separation of furnace and chimney by a flue is 
much more common in reverberatory furnaces than in 
boiler houses (18th century boiler houses typically use 
a corner of the house to support the base of the 
chimney, with no intervening flue; the need to 
reconstruct reverberatory furnaces on a regular basis 
means they are normally separated from their 
permanent chimneys by a flue). The size of the 
excavated ash-pit (approximately 1.5m long and 1m 
wide) is only slightly larger than the dimensions of the 
grate of a reverberatory calcining furnace as described 
by Pryce (1778, 273) and very much smaller than 
those of contemporary boilers. An approximation to the 
furnace described by Price is given in Figure 5c. 
 
It is suggested that the reverberatory furnace in 
question would have been for calcining. By the late 18th 
century the copper industry was strongly centralised, 
with smelting dominated by the copperworks of the 
Swansea area in the South Wales coalfield and to a 
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lesser extent by St Helens and Liverpool near the 
Lancashire coalfield and by locations in the Bristol and 
Wye Valley areas. All of these areas relied on sea-
borne supplies of copper ore. As early as 1778, Pryce 
(p. 241) was urging calcining at source as a means of 
reducing transport costs (through loss of weight) and of 
raising profits (from reclamation of sulphur). The 
intention to do this with ores from Warton would make 
perfect sense. The coastal location of Jenny Brown’s 
Point would be ideal to undertake calcining at the point 
of shipping, employing coal shipped in (perhaps even 
serving as ballast in ships collecting the ore). 
 
The interpretation of the structure as a calcining kiln 
explains the physical remains, the lack of evidence for 
other structures and the lack of metallurgical slags. 
The ore recovered from site would represent sporadic 
loss, and all ore that was calcined would be expected 
to be carefully shipped out. The sporadic occurrence of 
iron ore fragments would be compatible with the 
shipping point being employed for the wide variety of 
ores to be won at Warton Crag. A reverberatory 
furnace would not normally be employed for the 
calcining of iron ore. The presence of small quantities 
of slag might reflect accidental carriage, the use of slag 
as ships’ ballast, or its deliberate import to the general 
area, perhaps as constructional aggregate. 
 
Neither the interpretation as a setting for a boiler nor 
as one for a reverberatory furnace provides a simple 
explanation of the features in Trench 4. Insufficient of 
these is visible to determine their relationship to the 
other structures. Possibilities for features in this area 
might include a structure to enclose the installation to 
the north and, at a sub-structural level, drainage to 
reduce damp in the setting to the north. 
 
 
 

Summary 
 
The investigated residues were dominantly those from 
the burning of coal (clinker, coke and burnt shale). The 
site has yielded a small quantity of iron and copper 
ores. Evidence for metallurgical activity is limited to a 
total of just four pieces of slag with a total weight of 
80g (only one of which, 4.8g, was from excavation). 
Analysis of the fragment recovered from the 
excavation revealed an ambiguous origin – most 
closely resembling a blast furnace or cupola slag (from 
iron smelting or iron founding respectively) but showing 
a low degree of copper enrichment on one weathered 
surface. It is not known whether such enrichment could 
have been generated through contamination in the 
burial environment. There are no known analyses of 
lime-fluxed copper smelting slags with which this 
example may be compared. 
 
The excavated remains represent the substructure of 
the setting of a coal-fuelled piece of equipment. The 
remains have usually previously interpreted as those of 
a boiler house for a small boiler. In this interpretation a 
waggon boiler would be the most likely type of boiler 
for this size of setting. Boiler houses for such boilers 
usually show clearance of waste via a transverse ash-
pit, with lateral stoking above the ash-pit. The ash-pit in 
this example is very small, suggesting a small grate, 
and is at the east end of the structure. Abundant coal 
fines on the north side of the structure may suggest 
stoking from the north. Waggon boiler settings also 
typically have attached chimneys at the same end as 
the grate. 
 
An alternative interpretation as the base for a 
reverberatory furnace has been proposed. This would 

resolve the issues with the interpretation as a typical 
waggon boiler setting. Reverberatory furnaces have a 
terminal ash-box at the opposite end to an isolated 
chimney, a smaller fire grate than a boiler of the same 
dimensions and a lateral stokehole. 
 
If the feature were to be interpreted as a boiler, then 
that would imply the presence of other items of plant – 
perhaps a blast furnace, for which there is currently no 
evidence. The late 18th century is not typically 
characterised by small isolated copperworks; these 
were mostly concentrated into a few specific areas of 
the coalfields (or immediately adjacent to the 
coalfields). 
 
If the facility was an isolated reverberatory furnace, 
then it would be plausible for it to be a calcining 
furnace for copper ores, reducing their weight prior to 
shipping out from the quay for smelting elsewhere. 
Such an activity would not require the co-location of 
other plant and would not generate significant 
quantities of residues (besides clinker, coke and shale 
from the burnt coal). Such a facility would be entirely in 
keeping with the coastal location close to the putative 
quay. 
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Figure 1: Backscattered electron photomicrographs of polished mounts of copper ores JBP#1 and JBP#3.  
a. JBP1.1, scalebar 1mm. Typical texture of sample. Bright = chalcocite, pale grey = malachite, dark grey calcite 
(dark upper right is edge of specimen).  
b. JBP1.3, scalebar 400µm. Dominantly chalcocite (bright) and malachite (pale grey) ore bearing cubic 
pseudomorphs, largely of malachite, but hydrated iron oxides (medium grey) particularly around margins of 
pseudomorphs. Dark areas = calcite. 
c. JBP3.1, scalebar 600µm. Rare chalcocite (bright; lower left) and malachite (pale grey) ore bearing cubic 
pseudomorphs, largely of malachite, but hydrated iron oxides (medium grey) particularly around margins of 
pseudomorphs. Dark areas = voids. 
d. JBP3.5, scalebar 600µm. Areas of malachite (pale grey) separated by complex porous areas of hydrated iron 
oxides, commonly with a botryoidal texture. 
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Figure 2: Backscattered electron photomicrographs of polished mount of copper alloy object JBP#2.  
a. JBP2.2, scalebar 630µm. Typical texture of sample. Bright = lead inclusions, linear features are scratches from 
sample preparation.  
b. JBP2.6, scalebar 400µm. Weathered zone with corrosion following grain boundaries producing fist dezincification 
(darker areas) and then voids (dark). The voids have, in some areas, become the locus for precipitation of the lead 
weathering products (bright). 
c. JBP2.1, scalebar 30µm. Detail of inclusions with the area illustrated in (a). Bright = lead, dark inclusions = 
copper/zinc sulphides. 
d. JBP2.7, scalebar 1mm. Margin of sample showing progressive dezincification, grain boundary corrosion and 
alteration. 
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Figure 3: Backscattered electron photomicrographs of polished mount of metallurgical slag JBP#4.  
a. JBP4.1, scalebar 1mm. Typical texture of sample. Pale circles are open vesicles, dark circles are vesicles filled 
with resin.  
b. JBP4.5, scalebar 20µm. Detail of iron prill in glassy slag. The iron (bright) has an incomplete FeS overgrowth 
(slightly darker). 
c. JBP4.8, scalebar 400µm. Siliceous patch in glassy slag with dendritic silica (tridymite?). 
d. JBP4.9, scalebar 10µm. Detail of area in (c) showing tridymite dendrites (dark), glass pale grey and Fe-Mn 
sulphide prills (white dots). 
e. JBP4.10, scalebar 10µm. As (d), but one of the dendrites (probably where plucked leaving a small cavity) contains 
an irregular shaped inclusion of zinc-bearing copper alloy. 
f. JBP4.14, scalebar 60µm. Weathered margin of sample showing a zone of slag with closely packed dendrites, 
probably of a melilite group mineral 
 

. 
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Figure 4: Modified EDS microanalytical data plotted on the CaO-SiO2-Al2O3 ternary, with fields shown for 1400C. 
Fields based on information from Factsage. Shaded area liquid. For details of data adjustment, see text.  
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Figure 5. Sketches of the plan of late 18th century installations, with aerial view of Jenny Brown’s Point excavation 
(supplied by Louise Martin). The pale tone indicates the extent of the fire grate, the dark tone the extent of the ash pit. 
Arrows indicate the directions of stoking. 
a. ‘Ale and Cakes’ boiler, after Dickinson and Jenkins (1927, plates 85 and 86) 
b. ‘Ale and Cakes’ boiler rescaled to size of Wilson Housae boiler 
c. Copper calcining reverberatory furnace as described by Pryce (1778, 272-273). 
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Table 1: summary of stratigraphic origin of materials from the 2017 season (stratigraphic descriptions shortened from supplied information). Structural contexts in grey. 
 
 
  

C Description  Additional information/Interpretation  Residue summary     
 

Trench 1  
  

200 Dark brown silty clay topsoil in N end of Trench 1 = 201 topsoil small amount of coal 

201 Brown sandy silt topsoil in S end of Trench 1  post-demolition small amount of coal, clinker and iron ore 

202 Thin layer of mortared rubble at southern end of trench  demolition rubble small amount of clinker 

203 Mixed clay deposit noted in section towards N end of trench=202? demolition rubble [none seen] 

204 Mid brown silt clay and large stones toward the S end of the trench  demolition rubble or possible wall core/collapsed wall between 209 and 210. small amount of clinker and coke 

205 Limestone bedrock noted at the N end of the trench. bedrock   

206 Grey white brown silty sand with frequent charcoal deposits beneath 200 infill around 202 tiny amount of coal 

207 Mixed layer of burnt material, black light brown sandy silt clay  part of burnt deposit noted to north of trench.  coal, with trace of burnt materials 

208 Light brown silty clay with frequent limestone fragments  rubble infill of flue 209A and 209B appears to have been deliberately backfilled limestone chippings 

209A Northern limestone wall of flue Filled by 208   

209B Southern limestone wall of flue Filled by 208   

210A Wall/foundation at southern end of the trench. Heavily compacted 
 

  

210B Wall forming outer wall containing 201A? 
 

  

211 Light brown sandy silt below 207 and above 212 Part of a dump of burnt material to north of wall 209A coal with limestone chippings 

212 Dark black charcoal rich layer beneath 211 Part of a dump of burnt material to north of wall 209A coal with rare limestone 

213 Lighter brown silty clay with charcoal above 205 Part of a dump of burnt material to north of wall 209A limestone fragment with some coal 
    
 

Trench 2  
  

300 Black sandy silt topsoil in Trench 2 post-demolition [none seen] 

301 Compacted limestone/ mortar layer with a creamy white mortar, rubble/compacted layer, possible foundation. Left in situ not excavated.  small quantities of coal, burnt coal and clinker, with 
small amount of glassy slag 

302 Light grey brown silty clay with mortar  rubble collapse infill beneath 300/303 above 304 small amount of coal, abundant clinker and coke 

303 Sandstone slabs above 301/304 within ‘fire box’ sandstone slabs, possibly heat affected forming ‘floor’ above possible firebox   

304 Dark grey black loose slag/clicker rich layer within ‘fire box’ 310/311 industrial waste built up within the firebox area, above 305 below 303 abundant coke and clinker, some coal, some 
limestone chips, some mortar, piece of copper ore 

305 Dark grey /red black loose clinker layer  industrial waste built up within the firebox area abundant coke and clinker, some coal, some 
limestone chips 

306 Fill of flue defined by 309 limestone rich fill of flue 309, not fully excavated but part was seen above natural. [none seen] 

307 Wall foundation to north forming edge of ‘firebox’ wall which is abutted by 301, northern wall of the firebox   

308 Wall to south of 307 forming part of flue which continues into Tr 1   

309 Wall between the flue and firebox forming western edge of the firebox/flue   

310 Southern wall of firebox appears to abut/is later than wall 311    

311 Southern wall which abuts the southern edge of 310 outer wall of firebox. Beneath 300.   

312 Bedrock limestone bedrock   
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C Description  Additional information/Interpretation  Residue summary     
 

Trench 3  
  

400 Compacted grey and brown estuarine silts estuarine silts- above 401. Only observed to the southern end of the trench.   tiny quantity of coke 

401 Dark brown black sandy silt topsoil in Trench 2 post-demolition [none seen] 

402A Limestone rubble and firebricks with yellow brown sandy silt deposit heat affected stones, firebricks and red bricks clinker, with trace of coke 

402B Loose grey brown sandy deposit with mortar limestone rubble heat affected stones and firebricks  [none seen] 

403 Dark black brown sandy silt thin layer of burnt material below 402A and above 443; rake out from the furnace? [none seen] 

404 Loose sandy yellow brown sand. Natural natural sand/alluvial layer abundant coal with some coke and clinker 
    
 

Trench 4  
  

500 White/grey loose water worn limestone inclusions infill noted across the majority of the exposed foundations  [none seen] 

501 Wall foundations forming part of possible flue? not fully excavated   

502 Rubble infill of flue comprising limestone fragments, brown sand, mortar fill of flue below 500 small amount of clinker 

503 Light brown sandy clay layer with grey patches beneath 502 possible base of ?flue under the walls coal and coke with traces of clinker and mortar 
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Appendix A: 
Catalogues
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Table A1: summary catalogue of material submitted as possible archaeometallurgical residues. Weights in grams. 
 

year item sample/ trench context bag label McDonnell 
XRF 

sample 
wt. 

item 
wt. 

item no. notes SEM 
mount            

JBP15 
  

u/s coal fragments 
  

7 7 coal fragments 
 

           

JBP15 JBP 
2/15 

<3> 
 

malachite XRF 
JBP 4 

XRF JBP4.1 
 

3.71 1 honeycomb like malachite 
 

     
XRF JBP4.2 

 
3.4 1 malachite with very long crystals in coarser texture with 

carbonate minerals and pinkish rust 
JBP#1 

     
XRF JBP4.4 

 
3.51 1 curving dense veneer with malachite on darker denser 

material - unclear if ore or weathered slag? 
JBP#2 

     
XRF JBP4.3 

 
2.02 1 malachite with very long crystals in coarser texture with 

carbonate minerals and pinkish rust 

 

     
XRF JBP4.5 

 
0.44 1 malachite with rusty cubes 

 

     
XRF JBP4.6 

 
0.23 1 malachite with rusty cubes 

 

           

JBP15 JBP 
3/15 

<1> u/s copper 
ore/malachite 
XRF JBP2 

XRF JBP2 
 

4.81 1 honeycomb like malachite with rusty areas, but no cubes 
 

           

JBP15 JBP 
5/15 

 
u/s iron ore? 

Surface find 
from near 
chimney XRF 
JBP6 

XRF JBP6 
 

21.01 1 irregular angular fragment of goethite/haematite ore, has fine 
grained ore clasts in a coarser grained oxide-quartz matrix, 
with an overall set of parallel fractures picked out by pink 
quartz (?) veins 

 

           

JBP15 JBP 
10/15 

 
u/s  copper ore 

surface find 
XRF JBP3 

XRF JBP3 
 

0.89 1 malachite with rusty cubes 
 

           

JBP15 JBP 
12/15 

 
u/s surface find 

malachite XRF 
JBP1 

XRF JBP1 
 

0.56 1 malachite with brownish rusty cubes - iron oxide after 
sulphides? 

 

       
0.44 1 malachite 

 

       
0.25 1 malachite with iron oxides? 
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year item sample/ trench context bag label McDonnell 
XRF 

sample 
wt. 

item 
wt. 

item no. notes SEM 
mount            

JBP15 JBP 
23/15 

  
malachite found 
in wheel pit 

  
0.08 1 malachite bearing black cubic phase 

 

           

JBP15 JBP 
26/15 

around 
chimney 

u/s slag ?iron obj 
XRF JBP 7 

XRF JBP7 170 48 4 gravelly concretion bearing part of a curved wrought iron 
object - perhaps a hook or broken chain link 

 

       
78 2 dense concretionary material, silt grade, possibly showing 

mould of former artefact; one piece shows planar contact, the 
other rounded (as if iron bar) 

 

       
2.08 1 thin irregular sheet or film of glassy, shale-rich clinker 

 

       
37.5 1 low density dull grey slag of irregular form and with large 

vesicles; shows a single fuel clast that is foliated and 
probably coal 

 

       
12.31 1 dense pale grey glassy slag with coarse vesicles 

 

           

JBP  JBP 
1/16 

 
u/s iron? Slag. 

Loose from 
near hearth 
XRF JBP5 

XRF JBP5 
 

12.04 1 iron rich clinker in thin sheet with abundant clasts 
 

           

JBP16 JBP 
2/16 

 
u/s coal/clinker 

  
0.09 4 curved burnt charcoal exterior with fibrous radial interior with 

radial voids (fruit/seed?) 

 

       
2.35 5 coal 

 

       
1.49 4 coke 

 

           

JBP16 JBP 
4/16 

 
u/s slag near hearth 

  
140 1 dense clinker, probably formed initially on a flat base, then a 

second layer merged-in which is inclined down from adjacent 
side; top is smoothly concave 

 

       
28 1 highly bloated low-density clinker lump 

 

           

JBP16 JBP 
6/16 

 
u/s iron? Slag 

found on beach 
nr building 

  
25 1 grey very even glassy slag with conchoidal fracture; flow 

lines picked-out by vesicularity and minor devitrification 
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year item sample/ trench context bag label McDonnell 
XRF 

sample 
wt. 

item 
wt. 

item no. notes SEM 
mount 

           

JBP17 JBP 
51/17 

 
u/s slag x3 

  
14.25 3 dense iron-rich shaley clinker 

 

           

JBP17 JBP 
80/17 

Tr1 200 coal 
  

4 2 fragments of coal 
 

           

JBP17 JBP 
19/17 

Tr 1 200 coal x7 
  

1.96 7 coal fragments 
 

           

JBP17 JBP 
61/17 

 
200 coal x1 

  
11.1 1 coal fragment 

 

           

JBP17 
  

201 1015 HAVM 
  

54.87 4 rounded balls of shaley clinker 
 

       
8.36 6 coal fragments 

 

       
3.16 4 clinker fragments 

 

       
3.7 1 maroon surfaced rounded lump - bloated FAS piece 

 

       
1.44 1 quartz-bearing iron ore chip 

 

       
5.2 3 clinker 

 

       
0.2 1 slightly bloated stone(?) fragment 

 

           

JBP17 JBP 
99/17 

Tr 1 202 slag x1 
  

20.14 1 dense shale-rich clinker 
 

           

JBP17 JBP 
70/17 

 
204 slag/clinker 

  
4 3 highly-bloated FAS fragments, surfaces differentiated by low 

blisters, so original particles (albeit fractured) 

 

           

JBP17 JBP 
57/17 

T 1 204 slag x4 ?clinker 
  

20.48 1 highly-bloated fuel ash slag, surface veneer of glaze is 
variable cream-grey-tan,  

 

       
2.49 2 coke 

 

       
9.16 1 highly-bloated fuel ash slag with vesicularity decreasing 

towards one browner more solid end 

 

           

JBP17 JBP 
59/17 

Tr 1 206 coal x1 
  

3 3 coal fragments 
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year item sample/ trench context bag label McDonnell 
XRF 

sample 
wt. 

item 
wt. 

item no. notes SEM 
mount 

           

JBP17 
  

207 1003 coal 
fragments 

  
400 assm coal, mostly unburnt, but a couple of coked fragments, some 

admixed stone but very little, a couple of small pieces of coal 
bearing concretion 

 

           

JBP17 
 

<007> 207 fine res 
  

780 assm mainly coal dust, very small proportion burnt and very rare 
clinker droplets 

 

           

JBP17 
 

<002> 207 res 
  

242 assm mostly coal, some limestone chips, one fragment of red 
sedimentary rock or ore, rare clinker 

 

           

JBP17 
 

<002> 207 fine res 
  

626 assm a few stones, but almost entirely coal 
 

           

JBP17 
 

<010> 208 fine res 
  

782 assm very pale residue; some shell, some limestone, some 
micaceous material (possible rotted igneous rock), some fine 
quartz bound by ?lime, but mostly angular fragments of 
siliceous rocks (chert?) 

 

           

JBP17 
 

<010> 208 10% sample 
  

216 assm angular fragments of limestone/dolomite, one small fragment 
of Fe-ox sheet - unclear if rust or geological 

 

           

JBP17 
 

<005> 211 fine res 
  

260 assm mostly coal, a few stone (mostly rather rotten 
limestone/dolomite) 

 

           

JBP17 
 

<005> 211 res 
  

78 assm limestone fragments and fresh coal, one possible 'rust' 
fragment 

 

           

JBP17 
 

<009> 212 res 
  

194 assm almost all fresh coal, a few limestone fragments 
 

           

JBP17 
 

<009> 212 fine res 
  

746 assm mainly coal dust, very small proportion burnt and very rare 
angular chips of white stone (fine sandstone/chert?) 

 

           

JBP17 
 

<008> 213 res 
  

372 assm angular fragments of limestone, some slightly pink - possibly 
burnt, small amount of coal 
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year item sample/ trench context bag label McDonnell 
XRF 

sample 
wt. 

item 
wt. 

item no. notes SEM 
mount 

           

JBP17 
 

<008> 213 fine res 
  

92 assm mostly angular limestone fragments, some burn coal, some 
fresh coal 

 

           

JBP17 JBP 
9/17 

 
301 coal x3 

  
5.84 2 coal fragments 

 

       
4.79 1 black glassy slag, slightly vesicular, thin zones of pale 

devitrified material 
JBP#4 

           

JBP17 JBP 
10/17 

 
301 coke x1 

  
23.1 1 coke, large fragment 

 

           

JBP17 JBP 
4/17 

Tr 2 301 slag x3 
  

44 3 dense iron-rich shaley clinker, typically with bases of the thin 
sheet formed by breccias of shale fragments, upper surface 
maroon/purple with powdery iron oxides attached to surface 
layer of clinker 

 

           

JBP17 JBP 
82/17 

Tr 2 302 coal x3 
  

1.74 2 dark coal fragments 
 

       
2.44 1 pale grey flinty coal JBP#5            

JBP17 
  

302 1021 HAVM 
  

738 assm shale-rich clinker blocks 
 

           

JBP17 
  

302 1004 HAVM 
20% sample 

 
418 374 30 shale-rich clinker 

 

       
6 10 coke 

 

       
22 1 limestone 

 

           

JBP17 
 

<011> 302 fine res 
  

508 assm fine burnt material, dominantly clinker and burnt shale, but 
also lots of burnt coal 

 

           

JBP17 
 

<011> 302 residue 20% 
  

382 assm clinker, coked coal and burnt shale 
 

           

JBP17 JBP 
87/17 

 
304 coal x4 

  
28 7 coal fragments 
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year item sample/ trench context bag label McDonnell 
XRF 

sample 
wt. 

item 
wt. 

item no. notes SEM 
mount 

           

JBP17 JBP 
72/17 

T 2 304 slag x2 
  

2.85 2 prills of clinkery slag; long example maroon-surfaced typical 
clinker, smaller example black glass with white planar clast 

 

           

JBP17 JBP 
71/17 

T 2 304 slag x2 
  

16.55 1 thin sheet of maroon surfaced irregular shaley clinker, from 
which descend a lobe and distinct prill, both green and 
glassy,  

 

       
18.26 1 probably horizontal flow of four merged dense prills; surfaces 

wrinkled, variegated but often reddened; internal grey waxy 
lustre suggestive of a fluid clinker 

 

           

JBP17 
  

304 1009 HAVM 
  

406 9 shale-rich clinker sheets and masses 
 

           

JBP17 
  

304 1007 HAVM 
20% sample 

  
1040 18 shale-rich clinker sheets and masses 

 

           

JBP17 
 

<003> 304 20% sample 
  

322 assm (fine material) mostly burnt material - clinker, coke, shale, but 
also some coal, some limestone fragments, plenty of 
?mortar. 

 

           

JBP17 
 

<003> 304 fine res  
  

856 assm mixed assemblage, fine clinker, burnt coal, some fresh coal, 
lots of burnt shale, some white stone, lots of particles of 
quartz sand bound by ?lime 

 

           

JBP17 
 

<003> 304 HAVM 
  

254 assm mostly coked coal, rare clinker droplets and fragments 
 

           

JBP17 
 

<003>  304 20% sample 
  

930 assm includes 8g lump of dense malachite with dark cubes, mostly 
clinker, plenty of limestone chips, burnt shale and coke; one 
probable burnt shale fragment is brick red and just possibly 
iron ore 

JBP#3 

           

JBP17 
 

<006> 304 residue 20% 
sample 

  
636 7 shale-rich clinker 

 

           

JBP17 
 

<006> 304 res 
  

424 assm clinker, burnt shale, coke, a few stones 
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year item sample/ trench context bag label McDonnell 
XRF 

sample 
wt. 

item 
wt. 

item no. notes SEM 
mount            

JBP17 tr2 <006> 304 fine res 
  

148 assm degraded burnt shale, clinker, coke, some stone 
 

           

JBP17 
  

305 1012 HAVM 
20% sample 

  
474 2 468g, two large blocks of shale-rich clinker 

 

           

JBP17 
 

<013> 305 residue, 10% 
subsample 

  
570 

 
coal, coke mostly clinker, some burnt stone 

 

           

JBP17 
 

<013> 305 fine res 
  

624 assm variably-coloured residue, magnetic fraction is clinker 
fragments/droplets, as is most of dark material, pale material 
is mostly burnt shale, some dark material is coked coal, 
possible small ceramic fragments (but might also be shale) 

 

           

JBP17 
 

<013> 305 10% sample 
  

434 assm mixed assemblage dominated by clinker, burnt shale, burnt 
coal, includes clinker prills 

 

           

JBP17 
 

<014> 305 20% sample 
  

592 assm mixed assemblage, mainly clinker, including some well-
formed descending prills with glassy tips; some burnt coal, 
plenty of fresh coal, lots of burnt shale, a few pieces of 
angular white rock. 

 

           

JBP17 
 

<014> 305 20% sample 
  

328 assm burnt residue dominated by highly fragmented burnt shale, 
some clinker and coke, one fragment of charcoal noted 

 

           

JBP17 
 

<014> 305 fine res 
  

416 assm mostly burnt shale, lots of clinker droplets, other clinker, coke 
 

           

JBP17 tr 2 
 

305 1013 coal 
  

328 assm coal 
 

           

JBP17 JBP 
62/17 

T3 400 charcoal x1 
  

1.97 1 coke 
 

           

JBP17 JBP 
38/17 

 
402 coal x 1 

  
1.94 1 coke 
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year item sample/ trench context bag label McDonnell 
XRF 

sample 
wt. 

item 
wt. 

item no. notes SEM 
mount            

JBP17 JBP 
36/17 

T3 402 slag x23 
  

550 27 dense shale-rich clinker, except for some of the smaller very 
shale-rich fragments that are of lower density; margins of 
densest fragments show limited development of flow lobes, 
mostly with a dark surface but some brick red 

 

           

JBP17 
 

<004> 404 20% sample 
  

382 assm mostly coal dust, some coke and clinker, a few pale stone 
chips, a few mortar fragments 

 

           

JBP17 
 

<004>  404 res 
  

1000 assm mostly coal but moderate clinker and coke, a few limestone 
chips, one piece of red sandstone/low grade ore 

 

           

JBP17 JBP 
95/17 

 
408 slag/clinker with 

charcoal 

  
190 1 160g after washing; iron-rich concretion with gravel and 

abundant coal and clinker debris; washings have coal clinker 
fragments and droplets, sediment and a single tiny green 
copper mineral grain 

 

           

JBP17 
  

502 1018 HAVM 
  

32 3 shale-rich clinker blocks 
 

           

JBP17 Tr4 
 

502 1025 Clinker x 
11 

  
6.67 11 partially-burnt coal 

 

           

JBP17 
  

503 1001 HAVM x1 
  

100 1 low density block of organic material - probably a sort of soft 
coke; smells strongly of hydrocarbons 

 

           

JBP17 
 

<001> 503 fine res 
  

4 assm coal, coke, mortar, sand and rare SHS-like spheroids (very 
small) 
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Table A2: summary of materials from the 2017 season. Individual finds are accorded weights in g. The makeup of assemblages is described in qualitative terms. Tr = trace, assm = assemblage 
 

year sample context fraction type coal coke clinker glassy slag iron ore copper ore concretion limestone 
chips 

mortar rust 

               

JBP17 
 

u/s 
    

14.25 
       

JBP17 
 

200 
  

17.06 
         

JBP17 
 

201 1015 HAVM 
 

8.36 
 

67.13 
 

1.44 
     

JBP17 
 

202 
    

20.14 
       

JBP17 
 

204 
   

2.49 33.64 
       

JBP17 
 

206 
  

3 
         

JBP17 
 

207 1003 coal fragments assm abundant tr 
    

yes 
   

JBP17 <007> 207 fine res assm abundant tr tr 
       

JBP17 <002> 207 res assm abundant 
 

rare 
    

yes 
  

JBP17 <002> 207 fine res assm abundant 
         

JBP17 <010> 208 fine res assm 
       

yes yes 
 

JBP17 <010> 208 10% sample assm 
       

yes 
 

tr 

JBP17 <005> 211 fine res assm abundant 
      

yes 
  

JBP17 <005> 211 res assm abundant 
      

yes 
 

tr 

JBP17 <009> 212 res assm abundant 
      

rare 
  

JBP17 <009> 212 fine res assm abundant 
      

rare 
  

JBP17 <008> 213 res assm yes 
      

abundant 
  

JBP17 <008> 213 fine res assm yes yes 
     

abundant 
  

               

JBP17 
 

301 
  

5.84 23.1 44 4.79 
      

JBP17 
 

302 
  

4.18 
         

JBP17 
 

302 1021 HAVM assm 
  

738 
       

JBP17 
 

302 1004 HAVM 20% sample 
  

6 374 
    

22 
  

JBP17 <011> 302 fine res assm 
 

abundant abundant 
       

JBP17 <011> 302 residue 20% assm 
 

abundant abundant 
       

JBP17 
 

304 
  

28 
 

37.66 
       

JBP17 
 

304 1009 HAVM 
   

406 
       

JBP17 
 

304 1007 HAVM 20% sample 
   

1040 
       

JBP17 <003> 304 20% sample assm yes abundant abundant 
    

yes yes 
 

JBP17 <003> 304 fine res  assm yes abundant abundant 
    

yes yes 
 

JBP17 <003> 304 HAVM assm 
 

abundant rare 
       

JBP17 <003>  304 20% sample assm 
 

abundant abundant 
  

8 
 

abundant 
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year sample context fraction type coal coke clinker glassy slag iron ore copper ore concretion limestone 
chips 

mortar rust 

JBP17 <006> 304 residue 20% sample 
   

636 
       

JBP17 <006> 304 res assm 
 

yes abundant 
       

JBP17 <006> 304 fine res assm 
 

yes abundant 
       

JBP17 
 

305 1012 HAVM 20% sample 
   

468 
       

JBP17 <013> 305 residue, 10% subsample 
 

yes yes abundant 
       

JBP17 <013> 305 fine res assm 
 

yes abundant 
       

JBP17 <013> 305 10% sample assm 
 

yes abundant 
       

JBP17 <014> 305 20% sample assm yes yes abundant 
       

JBP17 <014> 305 20% sample assm 
 

yes abundant 
       

JBP17 <014> 305 fine res assm 
 

yes abundant 
       

JBP17 
 

305 1013 coal assm 328 
         

               

JBP17 
 

400 
   

1.97 
        

JBP17 
 

402 
   

1.94 550 
       

JBP17 <004> 404 20% sample assm abundant yes yes 
    

tr tr 
 

JBP17 <004>  404 res assm abundant yes yes 
 

? 
  

tr 
  

JBP17 
 

408 
  

abundant 
 

abundant 
  

tr 160 
   

               

JBP17 
 

502 1018 HAVM 
   

32 
       

JBP17 
 

502 1025 Clinker x 11 
  

6.67 
        

JBP17 
 

503 1001 HAVM x1 
  

100 
        

JBP17 <001> 503 fine res assm yes yes tr 
     

yes 
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Appendix B: 
EDS microanalyses  
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Table A3: EDS analyses. Data expressed as atoms%, normalised, excluding carbon. Grey tone in notes column only = area analysis, otherwise point analysis. Grey tone in all columns = resin. 
 

# notes O  Na  Mg  Al  Si  P  S  Cl  K  Ca  Ti  Mn  Fe  Cu  ZnK As  Zr  W Pb 

JBP1.1.1 calcite 71.79 
        

28.21 
         

JBP1.1.2 malachite 73.88 
            

26.12 
     

JBP1.1.3 chalcocite 
      

37.74 
      

62.26 
     

JBP1.1.4 typical area 73.90 
   

0.22 
 

1.16 
  

8.83 
  

0.63 15.25 
     

JBP1.2.1 grain at core of cube, hydrated Fe-ox 74.20 
 

0.41 0.70 1.65 
    

0.00 
  

22.17 0.87 0.00 
    

JBP1.2.2 botryoidal in core of cube, hydrated Fe-ox 73.54 
 

0.70 0.74 1.54 
    

0.32 
  

22.29 0.87 
     

JBP1.2.3 malachite, body of cube 74.18 
           

0.69 25.13 
     

JBP1.2.4 malachite, body of cube 73.60 
           

0.00 26.40 
     

JBP1.2.5 rim of cube, hydrated Fe-ox 73.35 
 

0.62 0.65 1.26 
       

22.85 1.28 
     

JBP1.2.6 zone within overgrowth on cube, hydrated 
Fe-ox 

74.02 
 

0.66 0.73 1.82 
       

21.99 0.79 
     

JBP1.2.7 zone within overgrowth on cube, malachite 73.27 
           

0.58 26.15 
     

JBP1.2.8 covellite 12.57 
     

44.26 
      

43.17 
     

JBP1.2.9 calcite 71.17 
        

28.46 
   

0.37 
     

JBP1.2.10 outermost zone of overgrowth on cube, 
hydrated Fe-ox 

73.95 
 

0.55 0.62 1.45 
       

22.30 1.13 
     

JBP1.3.1 dense core of cube, hydrated Fe-ox 72.19 
 

0.42 0.00 0.96 
       

26.43 0.00 
     

JBP1.3.2 darker zone, cross-cutting cube margin, 
hydrated Fe-ox 

74.08 
 

0.57 0.63 1.70 
       

22.35 0.67 
     

JBP1.3.3 malachite matrix 75.03 
           

0.48 24.50 0.00 
    

JBP1.3.4 darker zone, outside cube margin, hydrated 
Fe-ox 

72.17 
 

0.72 0.73 1.74 
       

23.92 0.72 
     

JBP1.3.5 area of malachite matrix 75.62 
            

24.38 0.00 
    

JBP1.3.6 area of etire cube, mostly hydrated Fe-ox 71.48 
 

0.00 0.36 1.12 
    

0.36 
  

25.41 1.28 
     

JBP1.6.1 elongate pseudomorphic? grain, malachite 77.36 
            

22.64 
     

JBP1.6.2 elongate pseudomorphic? grain, malachite 77.98 
            

22.00 
     

JBP1.6.3 elongate pseudomorphic? grain, malachite 75.33 
            

24.67 
     

JBP1.6.4 cross-cutting vein, malachite 78.00 
            

21.98 
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# notes O  Na  Mg  Al  Si  P  S  Cl  K  Ca  Ti  Mn  Fe  Cu  ZnK As  Zr  W Pb 

JBP1.6.5 fine malachite 78.64 
            

21.37 
     

JBP1.6.6 fine malachite 77.83 
            

22.17 
     

JBP1.6.7 chalcocite 
      

36.12 
      

63.88 
     

JBP1.6.8 chalcocite 
      

36.04 
      

63.96 
     

JBP1.6.9 chalcocite 
      

36.73 
      

63.27 
     

JBP1.6.10 chalcocite 
      

36.00 
      

64.00 
     

JBP1.7.1 quartz grain in calcite 75.18 
   

24.80 
              

JBP1.7.2 calcite  65.23 
        

34.77 
         

JBP1.7.3 angular malachite grain 78.30 
            

21.70 
     

JBP1.7.4 botryoidal iron oxide in malachite 71.23 
  

0.32 0.56 
    

0.47 
  

27.43 
      

JBP1.7.5 botryoidal iron oxide around pore 71.47 
 

0.00 0.00 0.50 
       

28.02 
      

JBP1.7.6 quartz grain in calcite 74.31 
   

25.70 
              

JBP1.7.7 pore 67.80   0.00 0.23 0.40     0.00   1.97     29.56             

JBP1.7.8 quartz grain in calcite 74.53 0.00 0.00 0.15 25.33 
    

0.00 
         

JBP1.7.9 botryoidal iron oxide around pore 67.36 
 

0.00 0.00 0.78 
       

31.88 
      

JBP1.7.10 amorphous around pore, hydrate Fe-ox 77.37 
 

0.00 0.47 0.57 
    

0.00 
  

21.57 
      

JBP1.7.11 calcite 69.31 
 

0.00 
      

30.69 
         

JBP1.7.12 calcite 70.98 
 

0.23 
      

28.79 
         

JBP1.7.13 pore 93.75             1.00   3.83     0.52 0.90           

JBP1.7.14 pore 99.31 0.00   0.00 0.38               0.35             

JBP1.7.15 calcite 70.11 
   

0.16 
    

28.52 
  

1.22 
      

JBP1.8.1 angular malachite grain 75.04 
           

5.78 19.20 
     

JBP1.8.2 botryoidal iron oxide in malachite 71.03 
   

0.57 
       

28.40 
      

JBP1.8.3 calcite 61.76 
        

38.24 
         

JBP1.8.4 angular malachite grain 76.01 
            

23.99 
     

JBP1.8.5 botryoidal iron oxide around pore 71.15 
   

0.51 
       

28.35 
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# notes O  Na  Mg  Al  Si  P  S  Cl  K  Ca  Ti  Mn  Fe  Cu  ZnK As  Zr  W Pb 

JBP1.8.6 amorphous around pore, hydrate Fe-ox 59.90 
   

1.01 
    

0.88 
  

38.19 
      

JBP1.8.7 amorphous around pore, hydrate Fe-ox 68.37 
   

0.57 
       

31.06 
      

JBP1.8.8 amorphous around pore, hydrate Fe-ox 70.01 
   

0.54 
       

29.46 
      

JBP1.8.9 botryoidal iron oxide around pore 75.56 
   

0.41 
       

24.03 
      

JBP1.8.10 botryoidal iron oxide around pore 74.74 
   

0.53 
       

24.71 
      

JBP1.8.11 botryoidal iron oxide around pore 74.07 
   

0.48 
       

25.45 
      

JBP1.8.12 calcite 67.14 
        

32.86 
         

JBP1.10.1 margin of chalcocite 
      

48.21 
      

51.79 
     

JBP1.10.2 chalcocite 
      

36.42 
      

63.58 
     

JBP1.10.3 malachite 78.04 
            

21.96 
     

JBP1.10.4 malachite 76.03 
            

23.97 
     

JBP1.10.5 malachite 73.91 
           

1.31 24.79 
     

JBP1.11.1 fine botryoidal platey hydrated Fe-ox 66.78 
  

0.37 0.70 0.00 0.00 0.00 
    

32.17 
      

JBP1.11.2 fine botryoidal platey hydrated Fe-ox 73.24 
  

0.44 0.49 
       

25.84 
      

JBP1.11.3 fine botryoidal platey hydrated Fe-ox 66.91 0.00 0.00 0.39 0.56 
       

32.14 
      

JBP1.11.4 fine botryoidal platey hydrated Fe-ox 75.01 0.00 0.00 0.35 0.68 
       

23.97 
      

JBP1.11.5 fine botryoidal platey hydrated Fe-ox 70.23 
  

0.63 0.91 
       

28.25 
      

JBP2.1.1 sulphide inclusion in brass 
      

25.85 
      

34.59 39.58 
    

JBP2.1.2 brass 
             

65.62 34.38 
    

JBP2.1.3 sulphide inclusion in brass 
      

20.04 
      

41.53 38.43 
    

JBP2.1.4 sulphide inclusion in brass 
      

30.07 
      

22.16 47.76 
    

JBP2.1.5 sulphide inclusion in brass 
      

43.96 
    

1.19 
 

7.70 47.12 0.00 
   

JBP2.1.6 sulphide inclusion in brass 
      

31.37 
     

1.18 24.53 42.90 0.00 
   

JBP2.1.7 lead inclusion in brass 45.35 
            

10.13 5.34 
   

39.19 

JBP2.2.1 typical area 
             

64.14 35.86 
    

JBP2.3.1 typical area 
             

64.69 35.29 
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# notes O  Na  Mg  Al  Si  P  S  Cl  K  Ca  Ti  Mn  Fe  Cu  ZnK As  Zr  W Pb 

JBP2.4.1 typical area 
             

64.32 35.68 
    

JBP2.4.2 area of dezincification 12.66 
      

2.26 
     

78.30 6.79 
    

JBP2.5.1 point in pore                           64.27 35.73         

JBP2.5.2 area of brass 
             

65.25 34.75 
    

JBP2.5.3 area of dezincification 12.76 
      

2.70 
     

75.74 8.80 
    

JBP2.5.4 point in dezincified copper 31.23 
      

8.14 
     

43.13 17.48 
    

JBP2.5.5 point in dezincified copper 35.93 
      

4.02 
     

48.06 11.08 0.91 
   

JBP2.5.6 point in dezincified copper 
             

97.69 2.31 
    

JBP2.6.1 typical area with etched grain boundaries 7.65 
      

0.00 
     

62.52 29.47 
   

0.36 

JBP2.7.1 marginal area 
             

65.28 34.74 
   

0.00 

JBP2.7.2 margin area with etched grain boundaries 8.94 
            

60.69 30.37 
    

JBP2.7.3 marginal area with etched grain boundaries 25.32 
      

2.37 
     

52.63 19.68 
    

JBP3.1.1 main body of cube, hydrated Fe-oxide 76.18 
   

0.76 
       

21.40 1.65 
     

JBP3.1.2 brighter 'vein' in cube, hydrated Fe-oxide 72.92 
   

1.19 
  

0.00 
 

0.00 
  

23.16 2.73 
     

JBP3.1.3 dull margin to cube, hydrated Fe-oxide 77.81 
  

0.28 1.46 
    

0.22 
  

18.22 2.02 
     

JBP3.1.4 dull margin to cube, hydrated Fe-oxide 77.41 0.00 0.00 0.28 1.24 
       

19.46 1.61 
     

JBP3.1.5 malachite immediately outside cube 77.86 
            

22.14 
     

JBP3.1.6 malachite matrix 77.02 
            

22.98 
     

JBP3.2.1 bulk typical area 80.68 
   

0.47 
       

6.88 11.96 
     

JBP3.3.1 chalcocite in matrix 0.00 
     

35.87 
  

0.00 
  

0.00 64.13 
     

JBP3.3.2 chalcocite in matrix 0.00 
     

38.76 
      

61.22 
     

JBP3.3.3 malachite growth into cube 76.47 
           

1.44 22.08 
     

JBP3.3.4 dull margin to cube, hydrated Fe-oxide 76.80 
   

1.43 
  

0.00 
 

0.25 
  

19.40 2.12 
     

JBP3.3.5 main body of cube, hydrated Fe-oxide 77.17 
   

0.66 
       

21.72 0.45 
     

JBP3.3.6 malachite immediately outside cube 73.89 
           

0.46 25.66 
     

JBP3.3.7 malachite matrix 73.32 
           

0.29 26.40 
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# notes O  Na  Mg  Al  Si  P  S  Cl  K  Ca  Ti  Mn  Fe  Cu  ZnK As  Zr  W Pb 

JBP3.3.8 malachite ?void fill 76.92 
           

0.50 22.59 
     

JBP3.3.9 angular crystal growth in void. ?siderite 79.11 
 

0.00 0.30 1.82 
  

0.29 
 

0.26 
  

14.91 3.31 
     

JBP3.3.10 malachite, close to chalcocite 76.32 
            

23.68 
     

JBP3.4.1 bulk typical area 81.96 
  

0.00 0.70 
 

0.00 0.00 
 

0.00 
  

6.40 10.96 
     

JBP3.5.1 bulk typical area, complex porous botryoids 82.98 0.00 0.31 0.31 1.17 0.00 0.00 0.31 
 

0.31 
  

9.14 5.51 
     

JBP3.5.2 botryoidal hydrated Fe-oxides 78.08 
   

1.64 0.36 0.00 0.00 
 

0.47 
  

17.29 2.17 
     

JBP3.5.3 botryoidal hydrated Fe-oxides 78.28 
 

0.00 0.00 1.56 0.48 0.00 0.00 
 

0.43 
  

16.67 2.57 
     

JBP3.5.4 botryoidal hydrated Fe-oxides 77.06 
 

0.00 0.34 2.16 0.41 0.00 0.00 
 

0.84 
  

17.08 2.10 
     

JBP3.5.5 resin/pore 74.89   0.00 1.11 5.92   0.00 3.44   5.21     6.10 3.29           

JBP3.5.6 resin 90.53       0.00   0.00 5.73         0.88 2.79           

JBP3.5.7 resin 98.68           0.00 0.00         1.28             

JBP3.5.8 botryoidal hydrated Fe-oxides 73.13 
 

0.00 0.35 2.26 0.34 0.00 0.00 
 

1.18 
  

20.57 2.16 
     

JBP3.5.9 botryoidal hydrated Fe-oxides 77.75 0.00 0.00 0.25 2.04 0.39 
   

0.48 
  

17.12 1.97 
     

JBP3.5.10 botryoidal hydrated Fe-oxides 77.52 0.00 0.00 0.35 2.02 0.00 0.00 0.00 
 

0.95 
  

17.35 1.81 
     

JBP3.5.11 dark pore fill/resin? 83.55 0.00 0.85 2.89 5.22 
 

0.35 1.73 0.60 
   

2.75 2.08 
     

JBP3.5.12 botryoidal hydrated Fe-oxides 80.05 0.00 0.00 0.56 1.26 0.22 0.00 0.42 
 

0.36 
  

14.87 2.28 
     

JBP3.5.13 core of denser grain, hydrated Fe-oxides 76.87 0.00 0.00 0.00 0.77 0.00 0.00 0.00 
 

0.23 
  

21.56 0.58 
     

JBP3.5.14 margin of denser grain, hydrated Fe-oxides 77.50 
 

0.00 0.42 1.54 
    

0.25 
  

17.84 2.46 
     

JBP3.8.1 resin 99.03             0.65         0.35             

JPB4.1.1 bulk typical area 64.84 
 

0.92 2.33 9.60 
 

0.42 0.00 0.22 21.03 0.44 
 

0.20 
      

JBP4.2.1 inclusion in glass 43.83 
 

0.00 2.36 8.46 
 

3.55 0.00 
 

14.12 0.29 
 

24.37 3.03 
     

JBP4.2.2 inclusion in glass 43.80 
 

1.19 2.51 9.19 
 

1.69 0.00 0.14 15.83 0.41 
 

24.36 0.85 
     

JBP4.2.3 inclusion in glass 56.09 0.00 0.79 2.61 10.08 
 

1.86 0.00 0.20 20.73 0.35 0.16 7.12 
      

JBP4.2.4 bulk typical glass area 62.59 0.00 0.83 2.72 10.13 
 

0.39 0.00 0.31 22.42 0.39 
 

0.24 
      

JBP4.2.5 glass 62.72 0.00 0.89 2.65 10.13 
 

0.32 0.00 0.20 22.41 0.44 0.00 0.23 
      

JBP4.2.6 resin? in vesicle 44.84 0.00 0.00 1.26 5.41   0.00 2.59 0.00 43.26 0.80   1.85 0.00           
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# notes O  Na  Mg  Al  Si  P  S  Cl  K  Ca  Ti  Mn  Fe  Cu  ZnK As  Zr  W Pb 

JBP4.3.1 copper prill (with iron) 29.46 0.00 0.00 1.53 4.72 
 

1.07 0.00 0.00 7.76 
  

55.47 0.00 
     

JBP4.4.1 bulk typical area 64.71 0.00 0.58 2.54 9.30 
 

0.30 0.00 0.27 21.66 0.40 0.00 0.26 
      

JBP4.5.1 bulk typical glass area 62.40 0.00 0.77 2.85 10.16 
 

0.42 0.00 0.21 22.49 0.42 0.14 0.15 0.00 
     

JBP4.5.2 iron prill 0.00 0.00 0.00 0.00 0.00 
 

0.00 0.00 0.00 2.28 
  

97.72 
      

JBP4.5.3 FeS overgrowth on iron droplet 23.14 
 

0.00 1.33 3.98 
 

31.75 
  

7.68 
 

1.03 30.51 0.58 
     

JBP4.5.4 FeS overgrowth on iron droplet 17.63 0.00 0.77 1.02 4.06 
 

34.25 
 

0.00 8.40 
 

0.66 32.79 0.43 
     

JBP4.6.1 bulk typical area 65.62 
 

0.70 2.45 9.38 
 

0.37 
 

0.28 20.68 0.51 
        

JBP4.6.2 resin 100.00                                     

JBP4.6.3 resin 99.33                 0.67                   

JBP4.7.1 iron prill in glass 23.72 
 

0.00 1.87 6.27 
 

2.18 
  

10.26 
  

55.70 0.00 
     

JBP4.7.2 iron prill in glass 22.90 
  

0.00 0.57 
    

1.61 
  

74.93 
      

JBP4.7.3 tungsten abrasive grain 78.53 0.00 0.00 3.90 5.02 1.59 0.00 
 

1.02 
   

0.61 
    

9.33 
 

JBP4.7.4 resin debris in vesicle 91.41 
  

0.00 1.78 
 

0.00 0.00 
 

1.49 
  

1.54 3.74 
     

JBP4.7.5 vesicle fill (resin?) 48.19 
  

0.87 5.59 
 

1.33 2.28 
 

38.05 0.00 
 

0.92 2.78 
     

JBP4.7.6 vesicle fill (resin?) 37.66 
  

1.43 7.47 
 

0.57 1.03 
 

49.13 0.00 0.00 1.23 1.49 
     

JBP4.7.7 vesicle 53.77 
 

0.56 2.80 11.05 
 

0.40 
 

0.37 29.87 0.66 0.22 0.32 
      

JBP4.7.8 vesicle 35.10 
 

0.46 2.41 10.70 
 

0.00 
 

0.53 48.74 1.19 0.30 0.58 
      

JBP4.7.9 glass 61.23 
 

0.71 2.77 10.65 
 

0.37 0.00 0.24 23.18 0.45 0.12 0.26 
      

JBP4.7.10 vesicle fill (resin?) 41.01 
 

0.54 1.47 6.90 0.52 
 

1.88 0.42 44.31 0.67 
 

0.97 1.31 
     

JBP4.7.11 vesicle fill (resin?) 42.50 
 

0.00 2.00 10.35 
 

0.44 0.00 0.50 42.76 0.76 
 

0.70 0.00 
     

JBP4.7.12 vesicle fill (resin?) 47.94 0.00 0.00 1.75 8.77 
 

0.38 0.00 0.47 39.68 0.44 
 

0.60 0.00 
     

JBP4.7.13 vesicle fill (resin?) 47.14 
 

0.45 1.83 8.83 
 

0.43 
 

0.45 38.76 0.71 
 

0.84 0.57 
     

JBP4.8.1 bulk typical area (with dendrites) 68.43 0.00 0.91 3.00 11.01 
 

0.38 0.00 0.31 14.94 0.51 0.18 0.34 
      

JBP4.8.2 resin               100.00   0.00                   

JBP4.8.3 resin 99.46             0.27   0.27                   

JBP4.8.4 debris in vesicle 82.90 0.00 0.00 0.00 0.41     15.27   1.41       0.00           
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# notes O  Na  Mg  Al  Si  P  S  Cl  K  Ca  Ti  Mn  Fe  Cu  ZnK As  Zr  W Pb 

JBP4.8.5 resin 91.45       0.32     7.27   0.96                   

JBP4.8.6 glass 61.98 0.00 0.74 2.67 10.34 
 

0.38 
 

0.20 22.85 0.46 0.14 0.25 
      

JBP4.8.7 point in crystallised area 67.80 0.00 1.14 4.45 13.61 
 

0.48 
 

0.40 10.76 0.69 0.20 0.49 
      

JBP4.8.8 point in crystallised area 75.00 0.00 0.31 0.88 19.89 
 

0.00 0.00 0.08 3.65 0.20 0.00 0.00 
      

JBP4.9.1 Fe-Mn sulphide prill 59.13 0.00 1.47 4.99 10.64 
 

3.18 0.00 0.41 15.96 0.80 0.59 2.82 0.00 
     

JBP4.9.2 Fe-Mn sulphide prill 54.31 0.00 1.47 5.36 11.30 
 

3.52 0.00 0.49 18.44 0.85 0.32 3.30 0.65 
     

JBP4.9.3 Fe-Mn sulphide prill 53.35 0.00 1.42 4.95 11.09 
 

4.68 0.00 0.56 18.38 0.87 0.59 4.11 
      

JBP4.9.4 dendrite 72.86 0.00 0.45 1.76 18.44 
 

0.20 0.00 0.12 5.66 0.37 0.00 0.14 
      

JBP4.9.5 dendrite 69.62 0.24 0.48 2.68 16.93 
 

0.31 
 

0.30 8.68 0.50 0.00 0.26 
      

JBP4.9.6 dendrite 66.07 0.00 0.30 2.42 15.15 
 

0.31 0.26 0.26 14.32 0.57 0.00 0.33 
      

JBP4.9.7 dendrite 63.57 0.00 0.78 3.30 15.73 
 

0.42 
 

0.35 14.62 0.75 0.26 0.22 
      

JBP4.9.8 dendrite 62.66 
 

0.56 3.36 17.32 
 

0.40 
 

0.33 14.18 0.63 0.19 0.39 
      

JBP4.9.9 dendrite 70.59 
 

0.40 2.10 17.71 
 

0.14 0.00 0.19 8.10 0.45 0.13 0.21 
      

JBP4.9.10 dendrite 67.29 0.00 0.28 2.30 18.81 
 

0.34 
 

0.28 9.97 0.48 0.00 0.25 
      

JBP4.9.11 dendrite 69.11 0.00 0.56 2.00 22.03 
 

0.18 0.00 0.11 5.54 0.31 0.16 0.00 
      

JBP4.9.12 Fe-Mn sulphide prill in glass 65.50 0.00 1.29 4.16 12.48 
 

0.64 
 

0.32 14.19 0.73 0.29 0.41 
      

JBP4.9.13 Fe-Mn sulphide prill in glass 69.53 0.00 0.92 3.75 14.65 
 

0.29 0.00 0.28 9.76 0.44 0.13 0.23 
      

JBP4.9.14 Fe-Mn sulphide prill in glass 74.80 0.00 0.80 3.27 12.33 
 

0.22 0.00 0.28 7.59 0.46 0.10 0.16 
      

JBP4.9.15 glass between dendrites 68.20 0.00 1.30 4.29 11.00 
 

0.37 0.09 0.34 13.39 0.61 0.24 0.16 
      

JBP4.9.16 glass between dendrites 66.78 0.00 1.28 4.63 11.70 
 

0.22 0.00 0.25 14.11 0.71 0.11 0.20 
      

JBP4.10.1 Zn-rich copper prill 19.83 0.00 0.00 0.00 2.49 
 

0.00 0.96 0.00 4.53 0.00 0.00 1.31 65.75 5.13 
    

JBP4.10.2 margin of Cu prill 50.09 0.00 0.92 2.66 10.65 
 

0.20 0.19 0.28 25.77 0.34 0.00 0.53 8.38 
     

JBP4.10.3 Fe-Mn sulphide prill in glass 53.39 0.00 1.21 4.16 8.41 
 

9.10 
 

0.45 13.07 0.54 0.75 8.92 0.00 
     

JBP4.10.4 Fe-Mn sulphide prill in glass 58.97 0.00 1.31 4.29 9.71 
 

4.54 
 

0.38 14.99 0.64 0.23 4.44 0.48 
     

JBP4.10.5 Fe-Mn sulphide prill in glass 61.11 0.00 1.16 4.14 9.14 
 

4.14 
 

0.37 14.76 0.56 0.68 3.95 
      

JBP4.10.6 Fe-Mn sulphide prill in glass 55.56 0.00 1.45 4.33 9.74 
 

6.11 
 

0.44 14.13 0.54 1.47 6.01 0.23 
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# notes O  Na  Mg  Al  Si  P  S  Cl  K  Ca  Ti  Mn  Fe  Cu  ZnK As  Zr  W Pb 

JBP4.10.7 Fe-Mn sulphide prill in glass 60.75 
 

1.14 4.01 9.70 
 

4.16 
 

0.38 14.86 0.59 0.77 3.66 
      

JBP4.10.8 Fe-Mn sulphide prill in glass 61.26 
 

1.22 4.18 8.79 
 

4.39 
 

0.34 14.27 0.62 0.44 4.49 
      

JBP4.10.9 Fe-Mn sulphide prill in glass 62.36 
 

1.29 4.03 9.42 
 

3.54 
 

0.44 14.48 0.60 0.87 2.97 
      

JBP4.10.10 margin of Cu prill 52.88 
 

1.42 4.35 10.96 
 

0.63 0.22 0.47 17.32 0.66 0.30 1.01 9.04 0.73 
    

JBP4.10.11 glass between dendrites 66.21 0.00 1.20 4.22 9.88 
 

0.22 
 

0.26 17.02 0.62 0.16 0.23 
      

JBP4.10.12 dendrite 29.76 0.00 0.49 2.42 14.90 
 

0.30 
 

0.32 50.69 0.60 0.00 0.53 
      

JBP4.10.13 dendrite 39.49 
 

0.74 3.96 22.30 
 

0.58 
 

0.71 29.86 1.02 0.45 0.87 
      

JBP4.11.1 zircon grain in adhering material 72.35 
   

12.13 
 

0.00 
         

15.52 
  

JBP4.11.2 quartz grain in adhering material 74.59 
   

25.41 
 

0.00 
            

JBP4.11.3 glass (with adhering resin?) 77.84 0.52 0.55 2.61 9.12 
 

0.17 
 

0.30 8.36 0.35 0.00 0.18 
      

JBP4.11.4 glass (with adhering resin?) 78.00 0.47 0.55 2.36 8.72 
 

0.23 
 

0.26 8.89 0.34 0.00 0.19 
      

JBP4.11.5 glass (with adhering resin?) 76.43 0.50 0.57 2.86 10.10 
 

0.26 
 

0.30 8.37 0.37 0.00 0.23 
      

JBP4.11.6 glass (with adhering resin?) 73.14 0.41 0.43 2.70 9.51 
 

0.20 
 

0.28 12.75 0.36 0.00 0.22 
      

JBP4.11.7 glass (with adhering resin?) 73.24 0.50 0.73 3.27 12.35 
 

0.45 
 

0.50 8.03 0.55 0.00 0.37 
      

JBP4.11.8 glass (with adhering resin?) 54.35 0.00 0.63 2.04 7.60 
 

0.38 
 

0.30 34.02 0.67 0.00 
       

JBP4.11.9 glass (with adhering resin?) 73.01 
 

0.70 2.68 10.24 
 

0.30 
 

0.34 12.00 0.38 0.11 0.24 
      

JBP4.11.10 glass (with adhering resin?) 79.60 0.58 0.52 2.72 9.24 
 

0.24 
 

0.31 6.30 0.30 
 

0.18 
      

JBP4.11.11 resin 98.62       0.37     1.01                       

JBP4.11.12 resin 98.99             0.57           0.44           

JBP4.11.13 glass (bottom of vesicle?) 64.21 
 

0.00 0.61 2.02 
   

0.00 33.17 
         

JBP4.11.14 glass (bottom of vesicle?) 74.50 
 

0.00 1.11 3.18 
   

0.33 20.88 
         

JBP4.13.1 etched dendrites 68.55 0.34 1.70 4.97 8.79 
   

0.52 14.34 0.51 0.28 
       

JBP4.13.2 elongate material (quartz?) 79.50 
 

0.27 0.80 18.37 
  

0.23 
 

0.57 
  

0.23 
      

JBP4.13.3 dendrite 70.79 
 

1.60 5.56 8.46 
   

0.40 12.57 0.46 0.15 
       

JBP4.14.1 etched dendrites 67.15 
 

2.21 5.08 8.69 
 

0.00 
 

0.38 15.96 0.32 0.21 
       

JBP4.14.2 etched dendrites 70.30 0.00 1.91 4.91 7.79 
   

0.46 13.67 0.35 0.14 0.48 
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JBP4.14.3 weathered area? 80.03 0.00 0.56 2.41 4.16 
   

0.29 6.01 0.40 
 

6.17 
      

JBP4.14.4 etched dendrites 71.78 0.00 0.46 4.11 9.53 
 

0.87 
 

0.89 10.48 1.87 0.00 
       

JBP4.14.5 elongate material (quartz?) 75.17 0.00 0.00 0.26 23.34 
  

0.00 
 

1.21 
         

JBP4.14.6 elongate material (quartz?) 76.63 0.00 0.00 0.30 21.71 
 

0.10 
  

1.25 
         

JBP4.14.7 etched dendrites 64.40 0.00 2.62 4.73 9.02 
 

0.13 
 

0.45 18.04 0.30 0.30 
       

JBP4.14.8 elongate material (quartz?) 65.64 
 

0.36 4.31 17.98 
  

0.61 0.46 9.08 0.67 0.00 
 

0.85 
     

JBP4.14.9 between etched dendrites 52.10 
 

0.68 6.83 11.27 
   

0.95 26.30 1.07 0.37 0.43 
      

JBP4.14.10 etched dendrites 46.93 
 

0.84 7.14 12.84 
 

0.25 0.00 0.86 27.61 3.16 0.35 0.00 
      

JBP4.14.11 elongate dark material 80.50 
 

0.00 8.08 5.35 
 

0.00 0.18 
 

1.05 1.07 2.80 0.52 0.42 
     

JBP4.15.1 quartz? 66.84 
   

33.16 
              

JBP4.15.2 brecciated weathered marginal material 73.96 
 

0.00 4.15 10.46 
  

1.02 
 

2.95 1.07 
 

2.67 3.67 
     

JBP4.15.3 quartz? 76.85 
   

23.14 
              

JBP5.2.1 mineralised plant material 87.53 0.00 0.43 5.63 4.69 
 

0.00 0.18 
 

1.54 
         

JBP5.2.2 coal 95.65 1.10 
    

2.27 
  

0.98 
         

JBP5.2.3 mineralised plant material 89.12 0.51 
 

5.17 4.28 
 

0.43 
  

0.51 
         

JBP5.2.4 bright bleb in coal 82.37 
  

8.80 8.22 
 

0.18 
 

0.20 0.22 
         

JBP5.2.5 bright bleb in coal 89.74 
  

5.24 4.05 
 

0.62 
  

0.36 
         

JBP5.2.6 quartz grain 74.95 
   

25.06 
              

JBP5.3.1 bright bleb in coal 76.79 
  

12.33 10.89 
              

JBP5.3.2 coal 96.69 
     

3.24 
            

JBP5.4.1 iron sulphide bleb in coal 78.97 
 

0.00 1.09 1.20 0.00 6.77 0.00 
 

0.17 
  

11.22 0.57 
     

JBP5.4.2 mineralised plant material 76.39 
  

12.34 11.28 
              

JBP5.4.3 mineralised plant material 77.07 
  

11.97 10.96 
              

JBP5.4.4 coal 91.83 0.67 0.79 1.33 1.27 
 

1.81 
  

2.30 
         



 

 

Appendix C: 
Locations of microanalyses and other 
SEM images  



Plate A1: JBP1.1



Plate A2: JBP1.2



Plate A3: JBP1.3



Plate A4: JBP1.4



Plate A5: JBP1.5



Plate A6: JBP1.6



Plate A7: JBP1.7



Plate A8: JBP1.8



Plate A9: JBP1.9



Plate A10: JBP1.10



Plate A11: JBP1.11



Plate A12: JBP1.2



Plate A13: JBP1.13



Plate A14: JBP2.1



Plate A15: JBP2.2



Plate A16: JBP2.3



Plate A17: JBP2.4



Plate A18: JBP2.5



Plate A19: JBP2.6



Plate A20: JBP2.7



Plate A21: JBP3.1



Plate A22: JBP3.2



Plate A23: JBP3.3



Plate A24: JBP3.4



Plate A25: JBP3.5



Plate A26: JBP3.8



Plate A27: JBP4.1



Plate A28: JBP4.2



Plate A29: JBP4.3



Plate A30: JBP4.4



Plate A31: JBP4.5



Plate A32: JBP4.6



Plate A33: JBP4.7



Plate A34: JBP4.8



Plate A35: JBP4.9



Plate A36: JBP4.10



Plate A37: JBP4.11



Plate A38: JBP4.12



Plate A39: JBP4.13



Plate A40: JBP4.14



Plate A41: JBP4.15



Plate A42: JBP5.2



Plate A43: JBP5.3



Plate A44: JBP5.3
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