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William Champion’s Warmley Brass and Zinc works: Archaeological
Investigations and Recording 1994-2011

William Champion’s Warmley brassworks, founded c. 1746, was the first integrated brass
manufacturing site, where all parts of the operation, from raw material processing to the
finished product, were undertaken at one location. A review of archaeological interventions
and recording undertaken between 1986 and 2011, together with a new scientific analysis of
the technological residues, shows that despite development of the site over the last 160
years, substantial structural remains and industrial waste deposits related to the 18th century
works are preserved below ground. In particular, the remains of Britain’s oldest surviving
industrial zinc smelter have now been identified.

I
INTRODUCTION
The civil parish of Warmley is located towards the western edge of the Bristol conurbation,
some 8km from the city centre, within the unitary authority of South Gloucestershire, formerly
within the non-metropolitan district of Kingswood in the County of Avon. The parish, formerly
rural, is largely suburban, with some light industry and retail. The site (Fig. 1), centred on
NGR ST 66950 72870, lies at the junction of Tower Lane with Tower Road North, on a
westerly projecting spur of land between 35 and 50m aOD. The southerly flowing Siston
Brook forms the northern, western and southern boundaries of the site, which is bounded to
the east by Tower Road North (Fig. 2). The underlying geology is predominantly sandstones
(including Pennant) of the South Wales Middle Coal Measures formation.1

Between 1994 and 2011 Avon Archaeological Unit Limited were commissioned by
South Gloucestershire Council and/or various private contractors to undertake a number of
archaeological recording projects either within or in close proximity to the Scheduled Ancient
Monument of William Champion’s Brassworks, Warmley (Scheduled Monument No. 28518).
While the majority of these works were relatively limited in scale, three archaeological
projects, one undertaken in 1994, the remainder in 2007, have produced significant new
evidence for the site. Following these important discoveries and inline with the conditions of
English Heritage and South Gloucestershire Council, the results of these projects are set out
and discussed below.
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HISTORIC AND ARCHAEOLOGICAL BACKGROUND
William Champion (1709-1789) was the youngest son of Nehemiah Champion (1678-1747),
shareholder and leading manager in the Bristol Brass Company based at Baptist Mills (now
J3 of the M32), described by Swedenborg in 1734 as ‘the principal place where English
brass is made’.2 By 1723, when William would have been about 14, Nehemiah had patented
a method of granulating copper using cold running water; the granules allowing a better
absorption of zinc from calamine in the cementation process (see Dungworth below for a
description of the latter).3 Thus William grew up ‘in an atmosphere of experiment and
technical innovation’, encouraged by the presence of a dedicated laboratory at the Baptist
Mills site.4

In his late teens William explored the manufactories of Europe, where he appears to
have realised that calamine is an ore of zinc.5 He began experimenting in Bristol in 1730 and
issued his first patent in 1738.6 The wording of the patent was deliberately vague and
Champion endeavoured to keep his process a secret throughout his working life.7 By 1742
he had established Britain’s first industrial zinc smelter at Baber’s Tower, Old Market,
Bristol.8 Financial pressure from the falling price of imported zinc (from India and China),
together with complaints from the City Council, forced him to close and demolish the works
by 1743, after it had produced some 200 tons of zinc.9

By 1747 Nehemiah, having sold shares in the Bristol Brass Company, had
established a brass and spelter works on land he owned at Warmley, Siston Parish,
Gloucestershire.10 In practice Nehemiah was probably too infirm so William appears to have
been the driving force. On Nehemiah’s death the works were to be divided equally between
his three sons and his son-in-law.11 By 1748 the works were producing copper, brass and
brass wire, under William’s supervision, as William Champion & CO.12 In 1750, with his
patent due to expire, he petitioned the House of Commons for an extension or some other
form of recompense for his losses incurred in the Old Market venture; although favourably
received at first, the petition was ultimately rejected.13

William continued his work at Warmley, where his aim to create an integrated
manufacturing site was successful, with all parts of the brass making process, from raw
materials in, to finished goods out, located together; the first integrated brassworks in
Britain.14 In addition, William created a home and pleasure gardens for himself and his
family, immediately adjacent to the works, reusing both formed and unformed copper slag in
some of his constructions (see below). As there appears to have been no settlement of note
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at Warmley before the construction of the works, William built houses for his workers, one of
the earliest examples of philanthropic industrial housing, none of which now survive above
ground (see below).

Desiring further expansion that required additional capital, in 1761 William
approached the three main coal lords of Kingswood and Bristol, Charles Whittuck, Charles
Bragge (later Lord Bathurst) and Norborne Berkeley (later Lord Botetourt, the second last
governor of Virginia before the American Revolution).15 The Warmley Company was formed,
in which the four were principal shareholders. Copper furnaces were built at a new site in
Kingswood, while coal was reserved for the Warmley Company at an agreed fixed price, paid
for in advance, in the hopes this would starve the Bristol Brass Company of supplies.16 The
plan backfired as the colliers invested in their works and consequently overproduced, forcing
them to sell off the surplus cheaply to the Warmley Company’s main competitor.17 In order to
raise further capital for the advances, the company needed to borrow heavily from the banks,
at high interest.18 To extricate themselves from this predicament, from 1765 they sought a
Royal charter from Parliament that would allow them to offer transferable shares. Although
this was favourably received at first, once news got out the opposition from various quarters
was vociferous and by March 1768 the scheme was dead in the water. With no further capital
available and the company’s borrowing already at the value of its assets, collapse was
inevitable. The Warmley and Kingswood sites were offered for sale by auction and
purchased by their competitors, the Bristol Brass Company, on 22 May 1769.19

THE PRINCIPAL MONUMENTS

WARMLEY HOUSE (Fig. 2)
A mid 18th century Grade II* house in the Palladian style, believed to have been built by
William Champion, although the current listing gives John Champion, apparently in error.20 A
plaque on the front of the house commemorates Minnie Haskins, daughter of Louisa and
Joseph Haskins and member of the local Congregational church, who in 1908 composed the
poem God Knows, quoted by King George VI during his Christmas Day broadcast, 1939.21

THE GROTTO (Fig. 2)
This semi-subterranean garden feature is located to the west and south of Warmley House,
down slope towards the eastern bank of the lake. The grotto is Grade II listed, lies within the
area of scheduling and is on the English Heritage Register of Parks and Gardens.22 The
construction of the grotto is unique in the use of unformed lumps and fragments of black
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industrial residue to line the walls and ceilings of the five chambers and connecting
passageways. Clearance and excavation in 1986-87 revealed a cascade that fell into a pool
located in the central southern chamber (Area 3), from which a culvert led northwards to a
larger and deeper rectangular pool in a large central chamber (Area 1) now open to the
sky.23 A further culvert, leading north, appears to have acted as a drain, or overflow. Area 1
was drawn by Samuel Loxton in the early 20th century.24

THE CLOCK TOWER (Fig. 2)
One of the few standing industrial buildings known to have originated during William
Champion’s time at Warmley. This three-storey Grade II rectangular structure with projecting
clock tower, all of sandstone with slag block quoins for the tower, was probably constructed
as a pin factory, during the later years of Champion’s involvement. It was still in use as a pin
factory in 1841.25 By 1918 it had been converted into offices and stores for Haskins Pottery,
having previously been Denham Brothers boot factory.26 After the closure of the pottery it
was converted to community use.

THE LAKE (Figs 1-4)
Now mostly occupied by a static caravan park since at least 1970, the lake was in fact a
large reservoir, with a footprint of some 5.2ha, which was constructed by damming the
southward flowing Siston Brook for the supply of water powered battery mills, a series of
wheel driven hammers for beating brass sheet into kettles and other hollow wares, which
could beat up to 400 times a minute.27 Water was also required for quenching and for zinc
smelting. In particular flowing water was an essential part of the copper granulation
process.28 The Haskins family used the lake for boating and skating parties in the early 20th
century.29 Subsequently the lake silted up and was partially filled in, before the course of the
brook was diverted.30

The following structures and monuments were associated with the lake:
a) A Grade II listed Summerhouse, built of sandstone with quoins of moulded slag
blocks, over the leet feeding the northern end.31
b) A Grade II listed statue of Neptune, over 6m high, built of cement and fragments of
unformed slag over an iron frame. The statue was still complete when Ellacombe
described it in 1883, it has since lost both arms and the trident.32
c) Echo Pond, which takes its name from the echo it creates, supplied by a separate
leet from the Summerhouse and believed to have been built as a fishpond.33
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d) The Elm Walk between the leet and the lake. Ellacombe described the elms as
enormous in 1883.34
e) The boathouse.35
f) The battery mills, later converted into cottages, these were demolished c. 1969.36

THE DALTON YOUNG COMPLEX (Fig. 2)
This Grade II listed building and adjoining windmill tower, formed of sandstone with slag
blocks, is shown on the Tithe Map of 1841 (Fig. 3). The building may have originally included
a horse mill. At least one windmill is known from the company accounts. In the 19th century it
was a ‘flock and shoddy’ works, turning rags into mattress stuffing. Dalton Young made
products for the Body Shop in the later 20th century. Now the premises of the Kingswood
Heritage Museum.37

THE ICE-HOUSE (Fig. 2)
A Grade II listed 18th century subterranean ice-house, one of the largest in the country, with
an estimated capacity of 250 tons. Samuel Loxton, a notable illustrator of Bristol, drew it in
the early 20th century, showing a mechanical hoist to raise ice from the lake.38

THE RANK (Fig. 2)
A row of 13 purpose-built three storey artisan cottages of sandstone with slag block quoins,
extant on the Tithe Map of 1841 (no. 468; Fig. 3) and believed to have been constructed by
William Champion in the mid 18th century.39 They were recorded before demolition in 1966;
the site is now occupied by a car park.

HASKINS POTTERY
A pottery, later Haskins works, was established by Alfred Davidson on the southern part of
the former brassworks, sometime between 1851 and 1862, and closed in 1967.40 Few
records of the works are known to survive. Principal among these are the 1918 sale
particulars.41 Other information, particularly matters relating to the Haskins family, together
with oral history notes and copies of private photographs, are held at the Kingswood Heritage
Museum. The works are known to have consisted of nine or more kilns.42 The principal
output consisted of glazed drainage pipes, and brick. 43 The clay pits were located east of
Tower Road North, connected to the works by a narrow gauge railway passing under the
road, operated initially by mules, then later by diesel engines, with a cable winch to haul
trucks under the road.44 The pottery appears to have incorporated part of the brassworks
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buildings, but almost all above ground structures were demolished c. 1969, with the site
cleared by 1970 and the present light industrial premises (now known as the former Lindman
Works) constructed by 1971.45

ARCHAEOLOGICAL INTERVENTIONS 1966-88
The closure of the Haskins pottery works in 1967 presented a substantial threat to the
standing remains of William Champion’s Warmley brassworks, in an era when interest and
understanding of the industrial archaeological assets of this country were at a very early
stage and no structure or framework existed to facilitate their preservation or recording
outside the voluntary sector. Thus the majority of the surviving industrial buildings, most
notably the battery works and those parts of the works incorporated into the pottery, were
demolished c. 1969, with little or no record. Joan Day published her historical account of the
Bristol brass industry in 1973, the main work of reference to this day. The earliest detailed
recording of the site was undertaken in 1966, before demolition, of the Rank, the last
standing example of Champion’s industrial housing.46

In 1986 the Avon Industrial Buildings Trust appointed Lesley Howes, garden
archaeologist, to undertake recording and excavation work at Warmley, using labour
provided through the ACCESS scheme. The grottoes were cleared of collapsed and dumped
material, a plan of them was drawn (Fig. 5, no. 1 and Fig. 6), while exploratory excavations
were conducted within the grotto and to the rear of the Clocktower. Recording of the gardens
was undertaken, together with a successful public awareness and engagement campaign.
The scheme ceased in 1988, and with no funds for publication the archive was stored in the
Clocktower, later transferred to the Kingswood Heritage Museum. By the time publication
funds had become available in 2004, part of the archive, in particular most of the plans, and
the entire record for the Clocktower excavation, were missing.47

Also by 1986, the House was converted to a nursing home and new wings were
added. Casual observations during foundation works for the new wings led to an emergency
voluntary recording exercise over the Easter weekend, 1986. These located (Fig. 5, no. 2)
and recorded substantial archaeological remains of William Champion’s brass cementation
furnaces, published briefly by Day in 1988.48 A single granite slab, used for casting brass
sheets, was retrieved. The archive for this site is now housed at the Kingswood Heritage
Museum.
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Although no archaeological work is known to have been undertaken between 1988
and 1994, there has, and continues to be, substantial voluntary work in maintaining,
recording and researching the Warmley site.

II
ARCHAEOLOGICAL RECORDING, 1994-2011
The archaeological interventions (Fig. 5) are described below in date order.

WARMLEY HOUSE NURSING HOME - JANUARY 1994
Avon Archaeological Unit was commissioned by Westcare Nursing Homes Limited to
undertake an archaeological evaluation in advance of a proposed extension to the nursing
home.49 A single north-south aligned hand-dug trench (1.5m by 500mm) was excavated,
located to the southwest of the south wing of the house, abutting the south face of a standing
garden wall (Fig. 5, no. 3).

The trench was dug to a maximum depth of 1m, revealing three main phases: the
latest consisted of 620mm of materials redeposited to form the present surface; this was
preceded by a layer of brick demolition rubble up to 240 mm thick, overlying a largely brick
floor surface together with some structural remains. The well-worn floor surface was
constructed of lime-mortared hand cut bricks, mostly stretchers, laid in regular courses.
Towards the southern end the floor had been patched, or possibly completely re-laid,
associated with the insertion of a cross-shaped drainage system. The disturbed southern end
of the floor butted an east-west aligned brick and sandstone wall that had been cut by the
construction of the drainage system and then rebuilt. A floor layer in larger bricks continued
on the south side of the wall and drainage system. This part of the floor was overlain by a
dark humic deposit mixed with straw, tending to confirm local information that the latest use
of this area had been for animal pens.

In the north-west corner of the trench a rectangular structure built of brick and
concrete was located, forming a pedestal base, possibly for a cylindrical tank or heater of
some kind. This butted a heavily truncated north-south aligned brick wall that had been built
against the garden wall. The latter was also respected by the brick floor. The lime-mortared
standing garden wall, constructed of roughly coursed sandstone rubble with slag blocks, was
therefore the earliest structure revealed. In the south face of this wall was revealed a low
(1.04m) segmental brick arch blocked with brick and sandstone. As the wall had been heavily
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rendered with lime-based whitewash it was not possible to make out many details. Small
cavities in the wall, spaced at regular intervals, were interpreted as slots for roof beams,
possibly indicating a lean-to structure associated with the animal pens. The archway was
interpreted as the entrance to a tunnel or culvert, similar to one extant at Warmley House.
This implies the wall may originally have been structural and possibly part of the original
house buildings. Despite heavy rendering and the partial abuttal of a later brick wall, hints of
an earlier arch to the west were observed.

TOWER ROAD NORTH - APRIL 1994
Significant structural remains of William Champions works were located, together with
features related to the later use of the site as a pottery, during an archaeological watching
brief and evaluation undertaken along the north side of Tower Road North (Fig. 5, no. 4).50
The remains were located along a strip of land (c. 600m2) between the junction with
Tower Lane and the present entrance to the forecourt of the Clocktower, during works to
relocate a stretch of walling in advance of a proposed road-widening scheme. The Highways,
Transport and Engineering Department of Avon County Council (now defunct) commissioned
the project.

Two trenches were opened, Trench 1 (56.7m by 1.5m) on the line of the proposed
new wall, and Trench 2 (8m by 1m) adjacent, towards the southern end of the strip. Also
excavated were Test Pits 1 and 2, within the northern half of the strip (Fig. 5 no. 4 and Fig.
7). The ground level of the strip (a gravel surface at the time of recording) slopes gently from
north to south, falling from c. 41.4m to c. 39.8m above OD.

Five principal phases of activity were identified (Fig. 8), of which the latest consisted
of turf and topsoil with gravel, representing modern consolidation of the surface, probably
post-dating the demolition of the Haskin’s Pottery c. 1969. Preceding this there had been
extensive dumping of soil deposits, identified in both the northern half and southern end of
Trench 1, up to 1m in depth. These deposits sealed several dumps of demolition rubble,
probably relating to former structures of the Haskins Pottery, as they sealed extensive
deposits of broken ceramic waste (mostly drain pipes), probably deposited during the lifetime
of the pottery.

The earliest identified phase of activity was represented by at least 15 walls and other
masonry features exposed in the Trenches. The vast majority of these walls were on an
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approximate north-south alignment or perpendicular to it. Almost all were constructed of
sandstone blocks and slabs, incorporating the occasional slag block or hand-cut brick, and
mortared with an ash grey lime. It seemed likely these walls were broadly contemporary and
all relate to one or more former structures at this location.

The thickness of east to west aligned walls [162] with [163], and north to south
aligned walls [407] with [408], suggest these walls together formed the external structural
walls of a substantial building (Fig. 7). An east to west aligned flight of sandstone steps [416],
leading down to west, which passed through a brick lined doorway in walls [407] and [408],
confirms this interpretation and indicates the building was at least in part subterranean.

Following recording the trenches were backfilled, with the remains preserved in situ.

SITE OFF TOWER LANE - APRIL 1995
Archaeological evaluation was undertaken on the site of a proposed new bridge abutment
adjacent to the north bank of the Siston Brook, located towards the southern limit of William
Champion’s brassworks (Fig. 5, no. 5).51 Along this section of the brook there is a revetment
wall of sandstone and slag block. It was the excavators view the wall was a modern rebuild,
but the South Gloucestershire HER officer notes the presence of a bridge here in the 19th
century, or the possibility the wall may have been part of a building.52

A single trench aligned east-northeast to west-southwest, measuring 8.2m long by
1.1m wide, was opened to a maximum depth of 2m, revealing the top of the natural alluvial
clay. This was sealed by two consecutive layers of dark ashy soil separated from each other
by a thin layer of brown sand, in total up to 1m thick. Based on one sherd of Art-Deco style
painted earthenware and a fragment of glazed drainpipe retrieved from the upper layer it
would appear these layers were deposited no earlier than c. 1920 and probably originated
from the former Haskins pottery.

The remainder of the stratigraphy consisted of make-up layers for an overgrown
gravel hard standing.

SCHEDULED ANCIENT MONUMENT STATUS
Following an investigation through the Monuments Protection Programme, English Heritage
proposed the core site at Warmley (Fig. 1) for scheduling and this was duly granted on 31
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July 1995. Subsequently the scheduled area, and the remainder of the site, has been added
to the English Heritage Register of Parks and Gardens.

WARMLEY HOUSE NURSING HOME - FEBRUARY 2002
An Archaeological Watching Brief was undertaken on the site of Warmley House Nursing
Home, on 22 February 2002, for Four Seasons Healthcare Limited.53 The project was
undertaken to monitor the excavation of geotechnical test pits.

Seven rectangular pits were opened by hand (Fig. 5, no. 6). All the excavations were
small scale, mostly less than 2m by 2m, and afforded little opportunity to locate substantial
archaeological deposits. Only two test pits revealed anything of archaeological significance.
Test Pit 4, opened against the east face of the south wing of Warmley House, revealed a
layer of brown sandy clay with sandstone chippings that were probably deposited at a time of
construction or modification of the house. Test Pit 7, located against the south face of the
same wing, exposed for a length of 600mm an east to west aligned lime-mortared sandstone
wall footing.

Artefactual remains, including residual industrial debris that probably originated from
the brassworks, were found in four 20th century contexts. Brick and ceramic drainpipe,
indicating a late 19th to mid 20th century date, were found within a sealed deposit in Test Pit
2, located against the southern boundary of the nursing home, closest to the site of the
former Haskins pottery.

LAKE RETAINING WALL - JULY 2004
A stretch of boundary wall along the east side of the caravan park, spanning nos. 11 to 13
Kingsway Park (Fig. 5 no. 17), and identified as part of the lakeside retaining wall, was
repaired.54 A full written and visual record of this stretch was made before it was rebuilt. No
further archaeological structures were revealed during this work.

CLOCKTOWER ELECTRICITY SUBSTATION - SEPTEMBER 2004
Archaeological monitoring was undertaken during the demolition of a redundant 20th-century
brick and concrete electricity substation, located on the north side of the Clocktower forecourt
(Fig. 5, no. 7).55 The substation stood adjacent too, but not in direct contact with, a sandstone
and brass block retaining wall over 2m high, forming the property boundary between the
Clocktower and No. 150 Tower Road North. No damage was done to the adjacent wall and
no excavation was undertaken below the level of the building foundation ash layer.
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WARMLEY HOUSE, GARDEN RETAINING WALL - JUNE 2005
Archaeological recording was undertaken of a c. 55m long stretch of curved retaining wall
between Warmley Garden and No. 134 Tower Road North (Fig. 5, no. 8; NGR ST 6700
7290), within the Brassworks Scheduled Ancient Monument (28518).56

The project was generated in response to a Brief for Archaeological Recording issued
by the South Gloucestershire Archaeology and Conservation Officer as a preliminary to
urgent repairs to the wall under Section V of the 1994 Class Consents Order.
Vegetation obscuring both faces of the wall was cleared and removed by contractors,
both as part of the repair and re-pointing works, and in order to facilitate the better recording
of the wall.

The wall, which is up to 3.05m high and curves from north to west along its length,
was recorded by rectified photography; a detailed CAD survey of the ground plan having
already been undertaken by South Gloucestershire Council. Selected oblique views of the
wall were also recorded where these characterized the faces or where rectified photography
was not possible. A written record accompanying the images was also made.

Subsequently the digital photographs were rectified and scaled using an appropriate
software package. The rectified photographs were then compiled into a scale montage of
each wall face.

The wall had been constructed of sandstone blocks and slabs, with the occasional
use of brick or slag block, capped with triangular shaped slag blocks and bonded with lime
mortar. Half-rounded slag blocks had been used to cap a rounded step in the wall. Localised
repairs and re-pointing were evident. Analysis of this survey indicated there were two phases
of construction, an upper and a lower. As the construction techniques employed in both
phases did not differ, it seemed reasonable to suppose the phasing represented a seasonal
break in the work. It is surmised the top course of the lower phase may represent the original
level of the ground surface at what is now No. 134 Tower Road North.57

The course of this wall is indicated on the 1841 Tithe Map and all subsequent largescale historic maps of the site (Figs 3 and 4). No. 134 Tower Road North stands on the site
of a short rank of six cottages indicated on the Tithe Map (plot no. 466) and listed in the
Apportionment as ‘Six Tenements and Gardens’. Along part of the south and east face of the
wall ran a right of way to these cottages. By the 1881 OS map both the cottages and the right
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of way had been removed and replaced by the present house and garden of No. 134 (Fig. 4).
In the 1918 sale particulars No. 134 is listed as Lot 7, a detached villa residence known as
‘Sunnyside’.58 John Van Laun suggested that Nos. 150 to 134 were built ‘for the key staff of
the Haskins pottery’.59

As no below ground works were undertaken, no artefacts were recovered from this
exercise. Consequently the supposed 18th century date of the wall remains provisional.

WARMLEY CLOCKTOWER – ARCHAEOLOGICAL MONITORING FEBRUARY 2006
Archaeological monitoring of a service trench excavation was undertaken in the car park of
the Clocktower (NGR ST 6701 7285).60 A single trench, 45.2m long and 1.5m wide and
aligned roughly east to west was excavated to a depth of 700mm (Fig 5, no 9 and Fig. 18).

Three metres east of the Clocktower a surface constructed of a single layer of
sandstone setts [122] was exposed and excavated. The surface extended eastward for five
metres and was sealed by a thin deposit [121] of coal, ash and mortar. A similar layer [123],
up to 50mm thick, formed the bedding deposit for the setts. The eastern end of surface [122]
sealed a northeast by southwest aligned culvert [125] built of sandstone slabs and bonded
with lime mortar.

At about 16.5m east of the Clocktower the remains of a structure were located. This
consisted of one roughly northwest to southeast aligned brick and sandstone wall [126],
which returned to the southwest along the western side. This enclosed the truncated remains
of a brick and sandstone floor sealed by the remains of a lime or whitewash coating. Layer
[103] above contained only finds of 19th century date.

Approximately 1.5m to the east of the brick floor the remains were exposed of a brick
and sandstone wall measuring 8.3m northwest to southeast by 620mm high, surviving to a
height of 200mm. Butting the southern face of the wall were the remains of a lime-mortared
brick and sandstone plinth [104] measuring 3m northwest to southeast by 600mm wide. This
feature had been constructed with a kerb of brick along the western and southern faces
enclosing a surface of randomly placed sandstone slabs. The eastern portion had been
truncated by a later cable trench.
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Approximately 27.5m east of the Clocktower, a wall [112], aligned north to south, was
exposed for a length of 1.3m. Wall [112] was up to 800mm wide and was constructed of
rough-hewn sandstone and lime mortar in a 50/50 mix.

WARMLEY GROTTO – EMERGENCY RECORDING AUGUST 2006
In August 2006 the volunteers of the Kingswood Heritage Museum reported a case of
vandalism at Warmley Grotto (Fig. 5, no. 1) to South Gloucestershire Council. This was
inspected by David Haigh, South Gloucestershire Archaeological Officer. Subsequently Avon
Archaeological Unit was commissioned by South Gloucestershire Council to carry out
immediate emergency recording and reinstatement to the grotto.

The vandals appeared to have gained entrance through an opening in the roof, as all
ground entrances were securely locked. A modern metal guard around the central
rectangular pool had been thrown into the water (Fig. 6, Area 1). Subsequently a hole was
dug against the south side of the pool, following the line of two culverts, presumably in a
quest for ‘buried treasure’. The pool, as recorded in the 1986-88 excavations, measured
2.35m north to south by 2m east-west and was 1.3m deep, with mortared walls of roughly
coursed sandstone and a flagstone floor.61

Volunteers from the museum retrieved the fence, while the writer removed the
overburden of spoil from the hole. Two parallel culverts aligned north to south had been
exposed for a length of 1.65m from the southern edge of the pool (Figs 6 and 9). The
culverts were well made, with squared blocks of sandstone for the sides, bonded with an ash
grey lime mortar. The floor of the culverts was paved with close fitting sandstone slabs. From
the exposed section it appeared that similar slabs had capped each of the culverts, but none
of these had been found in the spoil, suggesting the stones had either been removed from
site or thrown into the pool. Probing indicated a quantity of rubble overlay the floor of the
pool.

Both culverts were at the same level and both appeared to have been constructed on
the same basal paving slabs (Fig. 9). The western culvert measured 230mm wide internally,
while the eastern was slightly broader at 300mm; both were approximately 160mm high
internally. The masonry between the culverts was 360mm wide and appeared to be of one
build, indicating the culverts were of contemporary construction. The northern 560mm of this
masonry had been removed, but could still be traced in the mortar adhering to the basal
slabs.
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The culverts were sealed by a grey deposit of ash mixed with sandstone rubble,
overlain by a distinctive layer of orange-red sand that was in turn sealed by a layer of brown
soil. The same soil sequence was observed during clearance of Area 1 in 1986-87.62 The
north-facing elevation of the pool had been drawn at that time, but without any indication of
the culverts.63 By 2006 most of the central capstones, recorded in 1986-87, had been
removed. These stones presumably suffered the same fate as those from the culverts.

Following completion of the recording the disturbed area was covered with a
geotextile membrane and backfilled.

BANK SECTION RECORDING – 2007
In 2006 English Heritage were informed of damage to the scheduled ancient monument and
despatched a team to assess and record this damage on the 13th October of that year64. A
large section, located to the north of the former Lindman Works had been cut back
northwards by machine for a distance of between 10 and 22m (Fig. 5, no. 11 and Plates 16).65 The section measured c. 90m long from east to west and was up to 3.3m high. It is
calculated that approximately 4,000 cubic metres of soil and bedrock had been removed.
The team from English Heritage photographed the entire section from end to end, while
selected features were drawn in section. The truncated remains of a stone built culvert and
two masonry structures were revealed in the section face, the latter interpreted as buildings.
The structures were associated with a range of industrial residue deposits. These were
sampled and found to contain evidence for zinc and copper working, together with the
extensive burning of coal. In particular an unstratified fragment of refractory material was
retrieved. This was analysed by David Dungworth and found to be the remains of a retort for
the smelting of zinc.66

Following the report on these initial findings South Gloucestershire Council required a
further phase of detailed archaeological recording and analysis of the exposed section,
particularly as parts of the section had been obscured by spoil during the original exercise.
Avon Archaeological Unit Limited was contracted by CgMs Consulting to undertake this work
in May 2007, on behalf of Cumberland Developments Ltd.

A 75.3m length of the section, where archaeological deposits had been identified,
was cleaned by hand, photographed from end to end and drawn at a scale of 1:20 (Figs 10
and 11). Significant archaeological deposits were also drawn at a scale of 1:10, where
appropriate. In plan the section was not straight, with a southward turn at the eastern end,
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while the western end was rounded and irregular (Fig. 5, no. 11). No attempt was made to
straighten the section, which in places had been significantly battered back during the
machining; rather the battering was compensated for by the use of a stepped datum where
necessary.

During this exercise a feature only previously noted by English Heritage was found to
be a second culvert in the base of a deep cut. The remains of a third structure were identified
in the west facing section at the eastern end of the cutting.

The sequence revealed in the section was interpreted as follows.

NATURAL AND PRE-INDUSTRIAL DEPOSITS
The underlying bedrock was identified as sandstone of the South Wales Middle Coal
Measures Formation, either in solid [130] or weathered [169] form.67 Towards the eastern
end of the section this was overlain by a natural deposit of blue-grey clay [115] up to 1.07m
thick, sealed in places by a mixed natural deposit [108] of dark grey clay, reddish-yellow clay
and weathered bedrock.

Two substantial superimposed layers, [112] and [113], of redeposited natural clay
were revealed in the section (Figs 10 and 11). This redeposited material appeared to be
filling either a natural hollow or a large cut feature, possibly a quarry. Layer [112] was sealed
by a brown soil layer [143] interpreted as a buried soil horizon.

EARLY INDUSTRIAL FEATURES (18th CENTURY)
Culvert 1 (Fig. 10, Plate 5)
The truncated remains of an otherwise intact culvert aligned roughly north to south, were
identified towards the western end of the section, located no more than 200mm below the
present topsoil [109]. The culvert was set in a rectangular cut 960mm deep and 110mm
wide, constructed of lime-mortared masonry of sandstone rubble, with basal sandstone slabs
and a capping block of copper slag. The internal face of the culvert walls, but not the floor or
capstone, was rendered with a hard grey mortar. The channel measured 300mm wide and
500mm high. Probing to a maximum length of 2.7m found no trace of any obstruction.
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Culvert 2 (Fig. 10, Plate 5)
A second truncated culvert aligned approximately north to south was located 800mm to the
east of Culvert 1. It was set in a flat-bottomed V-shaped cut [178] up to 3.2m deep into the
bedrock [130]. The top of the cut was 2.4m wide while the base narrowed to 1.1m. The
culvert structure was set at the base of the cut. It measured 640mm wide and 730mm high
and was formed of a sandstone slab base and internal masonry that consisted of three
courses of copper slag blocks measuring up to 400mm long by 220mm tall by 200mm deep.
The internal channel measured 600mm deep by 300mm wide. Internally the masonry faces
were coated with a grey ‘tanking’ render, while the remainder of the structure was bonded
with a hard light grey lime mortar. Sandstone rubble bonded in a similar mortar [185] was
packed between the walls of the culvert and the sides of the cut. The fragmentary remains of
a capstone lay tumbled into the fill [180] of the channel, sealed by a 2.4m deep deposit of
loose sandstone rubble backfill [181] that undoubtedly represented the spoil from the initial
excavation of the cut.

Unlike Culvert 1 the internal channel of Culvert 2 appeared to be completely blocked.
A thin layer of sand above the basal slabs was sealed by a 420mm thick deposit of gritty
black soil [180] containing small fragments of brick, sandstone, copper slag and white lime
mortar with the occasional fragments of animal bone, fragments of marine molluscs, and six
sherds of pottery. It is surmised that after an initial period of use during which relatively clean
water was drained from or to the direction of the house or grotto, a significant quantity of soil,
building material and domestic waste was flushed down the culvert until it became choked.
Subsequently the thin capstone slab broke under the weight of redeposited rubble above it,
some of which then tumbled into the remaining void.

Structure 1 (Fig. 11, Plate 2)
The structure was located some 22m west from the eastern end of the section. At its greatest
and final extent it measured 7.3m from east to west externally. From the form and alignment
of the surviving walls the structure therefore represented a rectangular building aligned northsouth but of unknown length, for which the cutting provided a reasonably perpendicular
cross-section. The surviving elements indicated the building was constructed in three
principal phases, described below. A final phase of activity represented total or partial
demolition.
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Structure 1 Phase a
The initial phase of the building was represented by the construction of the westernmost wall
[162] inside and against the western face of a construction cut [192]. Wall [162] was aligned
north-south, up to 770mm wide and was constructed of sandstone rubble bonded with limemortar. It survived to a height of 970mm. The eastern (internal) face was butted by three
successive layers [159-161], of which the earlier two, [161] and [160], consisted of
redeposited sandstone rubble and clay that formed the base for the third, a remnant mortar
floor layer [159] that was up to 1.25m wide and 100mm thick. Layer [159] was sealed by a
1.18m wide deposit up to 60mm thick of black ash [158], which may have formed part of the
floor, or alternatively may have represented residue from the last use of the building before it
was altered.

There was no indication of the original eastern end of Structure 1a, although it must
have been no less than 2.15m wide internally and no more than 7.3m externally.

Structure 1 Phase b
This phase was represented by masonry feature [174], a truncated wall aligned north to
south, formed of roughly coursed sandstone blocks bonded with a white lime-based mortar.
As recorded the wall was 1.1m wide and survived to a height of 600mm. It had been built
against the surviving east face of a construction cut [171], which had truncated layer [158]
associated with the final use of Structure 1a. White lime mortar flecked with charcoal [176]
had been deposited against the western face of wall [174], either as in-filling or as a floor
layer, but had been truncated by cut [191].

Later truncation to the west makes it unclear whether [174] was ever an external wall.
More likely it represented an internal load bearing partition or pier, the latter suggestion reenforced as the excavator considered the surviving lowest eastern sandstone block might
have been a quoin. In either case Phase b probably represents a significant enhancement to
Structure 1, possibly involving the construction of an additional storey.

Phase c
This latest construction phase encompassed several individual construction events that were
all contained within cut [191], a 6.1m wide feature that had been excavated from east to
west, in the process removing any trace of the western wall(s) of Structures 1a and 1b. The
base of the cut had been deliberately squared to accept masonry features [146] and [147].
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Feature [146] represented the earliest masonry constructed within cut [191]. It
appeared to represent the southern end of a north to south aligned wall had had received no
significant damage from the machining. It had been constructed of irregular courses of
sandstone blocks and slabs, bonded with white lime mortar, to a width of 700mm and a
height of 650mm. Masonry feature [147] was bonded to the western face of wall [146] with
white lime mortar. It was constructed of sandstone blocks laid in uneven courses, bonded
with white lime mortar, to a maximum width of 930mm and a surviving height of 700mm. The
upper five courses of masonry showed signs of damage, and all courses showed signs of
being heat affected, though this was most pronounced on the upper five. In general feature
[147] presented a clean southern face, like feature [146], although it was unclear whether this
represented a short east-west aligned return or a substantial footing for a north to south
aligned wall.

Wall [193] was built on and appeared to follow the same north-south alignment of wall
[146]. It was constructed of coursed sandstone blocks bonded with a yellowish white lime
mortar,. Unlike wall [146] it had suffered some machine damage, although the lowest course
survived to indicate it probably projected no further southwards than wall [146]. As recorded,
wall [193] had a maximum thickness of 560mm and survived to a height of 540mm. Together
walls [146] and [193] exhibited a distinct taper from bottom to top.

An east to west aligned wall or wall footing [148] was built over masonry [147] and
butted the west face of wall [193]. It was 1.73m long and 730mm high, constructed of handcut bricks and sandstone fragments laid in regular courses, heavily pointed and bonded with
white lime mortar. The exposed face showed machine damage. There was some evidence of
weathering, suggesting this was the external face of the wall. Traces of heat damage were
consistent with the heat-affected area observed on underlying masonry [147].

The remaining void between the western edge of cut [191] and masonry [148] was
initially filled with a distinctive deposit of crushed bricks [175] up to 100mm thick, which was
subsequently overlain by a deposit [172] of brownish white lime-based mortar up to 310mm
thick. A short (1.17m) length of masonry [173] aligned east to west, was built over deposit
[172]. It had been formed of fragmented hand-cut bricks with occasional fragments of
sandstone, heavily bonded and rendered with a white lime mortar. This survived to a height
of three uneven courses up to 290mm high.

Three layers butting the eastern face of wall [146] and filling the eastern side of cut
[191] appeared to have been contemporary with the initial use of Structure 1c. The lowest,
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layer [141] up to 230mm thick, consisted of a laminated deposit of fine black ash, containing
a single lens of clinker. Layer [141] was sealed by a thin (60mm) deposit [140] of compacted
light brown sandy mortar mixed with sandy clay nodules that may have represented either an
external surface or a trampled construction deposit, possibly associated with the construction
of wall [193]. Surface [140] was then sealed by a layer [139] up to 420mm thick of ash,
clinker and coal laid down in fine laminated deposits, suggesting a period of continuous
activity punctuated by regular events in which a relatively small amount of this material was
deposited on each occasion.

Layers [139] and [141] could therefore have represented the residues from an
industrial process undertaken either within or in close proximity to Structure 1c. As layers
[140] and [141] only butted wall [146] they possibly represented activity prior to or
contemporary with the construction of wall [193]. Layer [139] butted wall [193] and must
therefore date from the completion or near completion of this phase of the building.

Structure 1 Phase d
This phase was indicated by deposits [138], [142] and [145] that butted the east face of wall
[193]. All three deposits comprised a mixture of brick, sandstone and mortar that appeared to
represent demolition material. None of this material physically overlay Structure 1, so it could
not be shown conclusively that any of it derived from this structure. Layer [142] thinned out
towards the east before it was truncated, suggesting Structure 1 was the most likely source.
These layers probably represented the total or partial demolition of Structure 1. They were
sealed by a layer [117] of ceramic debris that did not extend further westward than Structure
1 and shows that wall [193] still formed a practical upstanding barrier at the time of
deposition.

Structure 2 (Fig. 10, Plates 3 and 4)
This structure was located some 2.2m east of Culvert 2. Only one phase of construction was
evident in section. Externally the structure measured 10.8m from east to west and 9.2m
internally. As exposed, the whole structure lay on a rock-cut terrace [194] up to 1.2m below
the present surface of the bedrock. On either side of the platform trenches had been dug
slightly lower to accommodate the footings for two north to south aligned lime-mortared
sandstone rubble built walls [186] and [188]. Both walls are no more than 800mm wide and
neither survived to a height above 1.7m.
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Between the two walls had been laid a bed of brown sandy lime-mortar, 140mm thick,
on which a few thin sandstone flags were left in situ. There was no evidence to indicate the
building was used for any industrial process. After the building had been demolished and the
floor robbed, the entire structure appeared to have been backfilled with a mixed deposit [150]
of clinker and slag.

Other deposits
Two deep cut features were located between Structures 1 and 3 (Fig. 11). The westernmost,
cut [128], was partially exposed in the south facing section and partially in a west-facing
indent. As exposed cut [128] measured 1.58m from east to west and 620mm from north to
south at the widest point, narrowing to a rounded base 1.6m deep. The shape of the cut in
plan could not be determined with certainty, but appeared to be broadly rounded. The
primary fill [144], 1.3m deep, consisted of redeposited sandstone and clay sealed by a
secondary fill [125] of redeposited sandy clay with patches of ash.

Cut [123] was located approximately 500mm to the east of cut [128] (Fig. 11). As
exposed it is 4.28m wide at the top, narrowing to 2.14m at the base of the section, where it
was 1.64m deep. The early date of the feature was confirmed as it stratigraphically cut
nothing later than buried soil [143]. The latest fill of cut [123] was sealed by demolition
deposit [120], possibly contemporary with deposit [138]. Both [120] and [138] could therefore
relate to the demolition of Structure 1.

Features [128] and [123] probably represented pits of indeterminate purpose related
to the construction and operation of the brassworks. An ash rich layer [118] sealing layer
[120], could represent the latest deposit related to the brassworks operations, but could have
been related to later industrial activity.

The construction trench [192] for Structure 1a was cut through three successive
deposits, layer [143] described above, layer [164] and layer [163]. Sealed between layers
[143] and [164] was a deposit [170], 4.47m long by 200 mm wide, formed of small vesicular
slag fragments that possibly represented one of the earliest industrial deposits exposed in
the section. Deposit [164] above, consisted of small, redeposited sandstone fragments in a
clay matrix. The deposit was extensive; up to 27.1m long by up to 290mm thick, and
continued across much of the western half of the section. The layer appeared to represent a
spread of redeposited and reworked bedrock, possibly derived from the construction of
Structure 2 or Culvert 2. If the former it would suggest the construction of Structure 2
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predated the earliest phase of Structure 1, but this could not be confirmed from the recorded
stratigraphy. Deposit [163] above, up to 1.46m long and 190mm thick, contained sandstone
rubble and lime-mortar lumps. The deposit appeared to represent a demolition layer, again
pre-dating Structure 1. No immediate source for this material was apparent. Layer [166]
sealed deposit [163]. Layer [166] was formed of clinker and slag, was up to 350mm thick and
extended westward for 21.3m. It was contemporary with the construction of Structure 1a.
Layer [177], 3.24m to the west of [166], was up to 160mm thick and extended westward for
4.9m. It was similar to and possibly contemporary with layer [166]. Both were sealed by an
extensive deposit [165], which consisted of fine laminations of black ash with occasional
small fragment of sandstone or clinker. Layer [165] was sealed by deposit [168], a layer up to
180mm thick of sandstone fragments with rubble in clay, mixed with crushed lime mortar,
small nodules of lime, and crushed brick. Layer [168] extended eastward from Structure 2 for
16.7m and represented a rubble spread resulting from the demolition of Structure 2.

LATER INDUSTRIAL FEATURES
Structure 3 (Fig. 11, Plate 6)
The remains of this structure were located at the extreme eastern end of the bank, in the
west facing section. It consisted of a single north to northeast by south to southwest aligned
wall [103], constructed from up to five faced courses of sandstone rubble and hand-cut brick
around a rubble core, bonded with a greyish white lime mortar. This masonry was up to
660mm wide, 2.36m long and survived to a maximum height of 460mm.

From the surviving remains revealed in section it was not possible to establish with
certainty whether wall [103] represented a boundary wall, or the remains of a standing
structure. However, the width of the masonry and the construction technique employed both
support the argument it formed part of a load bearing wall, and therefore the western wall of
a hitherto unknown structure. Masonry [103] overlay a deposit [107] of ash, clinker and slag
and therefore post-dated the earliest industrial activity recorded on this part of the bank. The
location of Structure 3 corresponds exactly with the position of a rectilinear boundary wall
first shown on the OS Map of 1903. The wall could nonetheless represent the remains of a
demolished structure, although if so it had been constructed and demolished between 1881
and 190368.
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FORMER LINDMAN WORKS – SERVICE TRENCH EXCAVATION 2007
In November 2007 Avon Archaeological Unit excavated five connected service trenches, for
the combined supply of buried services and utilities, from Tower Road North to the former
Lindman Works building69 (Fig 5, no. 12). These trenches revealed parts of three structures
related to the Champion brassworks as well as structures related to the later 19th century
Haskins pottery, and the substantial remains of an early 20th century rectangular continuous
kiln.

NATURAL DEPOSITS
Yellow clay deposits exposed in the base of Trench 1 and Trench 5 at about 39.5m aOD
were interpreted as the underlying natural geology.

EARLY INDUSTRIAL FEATURES
Structure 4 (Fig. 12, Plate 7)
Trenches 1, 2 and 3 revealed the remnants of six or more lime-mortared sandstone walls,
standing up to 2m in height, representing the remains of a subterranean chamber with an
internal space of 3.7m north-south and at least 4.2m east-west. The remains of a brick
vaulted arch spanned a 1.2m wide doorway on the western side of the structure. Evidence
for a brick vaulted roof was also observed on both the north and south walls of the chamber;
no evidence for the eastern wall was found during this excavation. The southern wall of the
chamber contained a 1.35m wide passageway, whilst the northern and western walls were
separated by an opening 2.1m wide that appeared to lead into another buried chamber.

Adjoining the north side of the western opening was a southward curving passage wall [328],
a later addition to the structure. The floor of the chamber was composed of compacted ash
overlying the natural yellow clay. The chamber was entirely filled with ceramic debris with the
exception of one large worked block of sandstone (see below) found overlying the debris
against the northern part of the eastern wall [102]. No industrial residue from the brassworks
was observed within or around this structure.
Structure 5 (Figs 12 and 15, Plate 9)
Structure 5 was recorded both in plan and in the north facing section of Trench 5.
Wall [526] was the principal element of Structure 5. This wall, aligned northeast to southwest,
was constructed of lime-mortared pennant sandstone blocks and slabs. Where exposed the
wall was 1.5m long, 500mm wide, and survived to a height of 610mm. Both the top and
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northern end of the wall had been truncated, whilst the base of the wall was not exposed. No
construction cut was visible in plan or section, all adjoining deposits being later. A heavily
truncated lime-mortar surface [525] butted the east face of the wall [526].

Associated with wall [526], was a three-sided sub-rectangular feature [518],
measuring in plan 1.19m by 1.1m. The feature was aligned roughly northeast to southwest,
open to the southeast and constructed of a single wall of lime-mortared sandstone blocks, to
a maximum thickness of 340mm. The masonry was exposed to a maximum height of just two
courses, without revealing a construction cut. The well-faced interior measured 850mm by
650mm, although the exterior was not faced. The base of the structure was not exposed, but
in plan it appeared to have functioned as a hearth. Contained within it was a mixed deposit
[621] of slag and brick fragments in ash and lime-mortar.

Feature [518] butted the northern end of wall [623], aligned northeast to southwest,
constructed of sandstone rubble and bricks bonded with a lime-based mortar. The masonry
[623] survived to a maximum of six courses (720mm), was exposed for a length of 200mm
and was up to 460mm wide. It was interpreted as an internal partition wall for Structure 5.
There was no evidence for a continuation of this wall northward, although this could have
been removed during the construction of the kiln (see below).

Features [518] and [526] were considered contemporary, based on the large number
of later deposits filling the space between them.

Structure 6 (Figs 12 and 16, Plates 10 and 11)
The remains of an unusual sub-rectangular masonry feature [581] were exposed in the
northernmost part of Trench 5. A regular surface of three parallel slag blocks, aligned westnorthwest to east-southeast, each measuring in plan c. 420mm by 220mm (approximately 16
½in by 8 2/3in), with the remains of a fourth slag block adjoined to the south, formed the
central feature. The slag blocks were set in, or surrounded by, a surface of sandstone rubble
and white lime-mortar that filled a sub-circular cut into the underlying natural yellow clay.

The truncated remains of a double-skinned wall [579 and 580], aligned westnorthwest to east-southeast, adjoined the south side of surface [581]. Wall [579] was
preserved to a height of eight courses (810mm), exposed for a length of 1.17m and was up
to 580mm wide. The masonry was formed of lime-mortared rough sandstone rubble. The
south face was butted by wall [580], which was 510mm wide, and survived to a maximum of

Avon Archaeological Unit Limited - 2012

23

William Champion’s Warmley Brass and Zinc works, Warmley, South Gloucestershire.
Archaeological Investigations and Recording 1994-2011

six courses, up to 790mm. It was formed of lime-mortared sandstone rubble with the
occasional fragment of moulded slag block. The western ends of both walls and surface
[581] had been truncated by the construction of a late 20th century inspection chamber.
Eastward the walls extended beyond the edge of Trench 5. A cut [583] for the construction of
wall [580] was exposed, where it cut through a gritty black deposit [586] of small slag
fragments, interleaved with laminations of sand and soot.

The western tip of wall [579] coincided with the eastern edge of the slag blocks of
[581], suggesting the two were related and there had been a break in the wall for a
passageway or opening onto [581]. The surface of slag blocks [581] was cracked and
appeared to have been heat affected in situ, though there was no evidence for heat affecting
the surrounding mortar, clay, or adjoining wall [579]. The surviving evidence indicated that
surface [581] may have been a hearth, but with heat output no more than might be expected
from a domestic feature.

Structure 7 (Figs 12 and 15, Plate 12)
Structure 7 was represented by a wall [605] aligned northeast to southwest, which was
900mm wide, heavily truncated, and formed of sandstone blocks bonded with grey limemortar. No more than two courses were exposed to a maximum height of 170mm, the
masonry projecting out from the east facing section of Trench 5 for 1.4m. A continuation of
the wall was recorded on the western side of the trench, together with an associated
construction cut [562] that was over 400mm deep, and cut into the natural clay.

Overlying the southern section of wall [605] was wall [606], constructed along the line
of wall [605] after the latter had been demolished to its present level. Both features were
truncated by a later pipe trench. Wall [606] was exposed for a length of just 700mm, where it
had a width of 600mm, and survived to a height of 360mm up to three courses. As the wall
[606] did not continue into the west facing section a return to either the east or west seemed
likely.

Both walls were constructed of the same materials and on the same alignment,
suggesting a deliberate phase of rebuilding or re-use of Structure 7 not long after the original
construction. There was no direct evidence to suggest that Structures 6 and 7 were
physically linked and the walls of each were not perpendicular to the other, indicating they
represented two separate structures.
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LATER INDUSTRIAL FEATURES
Most of the later industrial deposits recorded across Trenches 1 to 5 consisted of
ceramic wasters and broken ceramic material, mostly glazed sewage pipes and gullies. The
remains of a vaulted brick chamber [551], possibly from a kiln, were partially exposed in the
northern arm of Trench 5. However, the later features were dominated by a rectangular kiln
built entirely of brick and surviving largely intact. The entire south face of the kiln was
exposed in Trench 5, together with a small portion of the east and west faces; part of the
upper face of the kiln was exposed in Trench 3. The kiln, on a west-northwest to eastsoutheast alignment, measured 24.37m long, was over 8.86m wide, and was preserved to a
height of at least 1.3m. Although the base of the kiln was not exposed it seems unlikely to
have been much deeper, or there would have been more truncation of the earlier features.
Two bricked-up arched chambers were exposed in the south face of the kiln, with a further
four chambers exposed in Trench 3. The largest chamber [343] inspected measured 2.12m
by 1.23m and was c. 1.13m high. A complex arrangement of feeding holes and crosscutting
flues, recorded in plan in Trench 3, suggested the upper portion of the kiln had been
redesigned on at least one occasion.

No structure of this size and alignment is indicated on the historic map evidence
before the OS 1:2,500 map of 1915, which clearly shows a rectangular structure at exactly
this location. Historic vertical aerial photography held at the NMR, Swindon, and a c. 1920s
oblique aerial photograph of the pottery works, suggest the kiln was housed beneath a
roofed superstructure that was open to the east.70 A rectangular chimneystack was shown at
the western end of the structure on the same photographs. As far as can be ascertained,
given the only partial exposure of the kiln, it was a continuous kiln similar in plan to one
patented by Hoffmann in 1865, though the two exposed corners are sharp, not rounded.71

FORMER LINDMAN WORKS, WATCHING BRIEF - SEPTEMBER 2008
During works to erect a new perimeter fence the excavation of 39 postholes were monitored
for archaeological finds and features (see Fig. 5, no. 14).72 Postholes in the northeast corner
of the compound revealed a surface or surfaces of brick, including firebrick, which would
probably have been contemporary with the Haskins pottery. One piece of residual refractory
material was retrieved from a post-hole adjacent to the boundary wall with Tower Road
North.
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PIN SCULPTURE EVALUATION - NOVEMBER 2009
A single archaeological evaluation trench, 5m long by 1m wide, and aligned north to south,
was excavated by hand to a maximum depth of 1.5m, at the site of a proposed sculpture to
be located on the grass verge of Tower Road North, outside the car park of the Clocktower.73
(Fig. 5, no. 15). Stratified archaeological deposits and two cut features were encountered at
a depth of 1.4m below ground level. Finds from the surface of the fills suggested a late 19th
century date of deposition. No structural remains or in situ deposits associated with William
Champion’s works were revealed at this location and depth.

BANK WATCHING BRIEF - FEBRUARY 2011
Archaeological monitoring and recording was undertaken during shrub planting on a 12m
wide strip of land above the bank recorded in 2006-7.74 (Fig 5, no. 16). Deposits of
unstratified metallurgical waste were observed across the western half of the strip. In the
eastern half of the strip a previously unrecorded section of upstanding double skinned
walling, on an approximate north to south alignment, was noted. Comparison with the results
of the 2007 recording indicate this is probably a continuation of the east wall of Structure 1c.
Beyond the strip, located midway in an area of adjoining woodland, metallurgical waste was
observed from the upcast of a badger sett.

ARTEFACTS
With the exception of the retort fragments discussed below, datable artefacts from stratified
contexts pre-dating the advent of the Haskins pottery are absent. Even residual finds can
best be described as extremely sparse. From this it may be concluded that Champion’s site
was deliberately kept free of domestic refuse.

A massive shaped block of pennant sandstone was retrieved from the upper fill of
Structure 4 (see Fig. 13, below and Plate 8). The block measured 4m long, 1.01m wide, and
450mm deep, with one end rectangular and one rounded. The upper edge had been
chamfered and the upper surface had been finely carved to create two parallel linear
rusticated recesses, up to 3.24m long, c. 200mm wide and less than 5mm deep, joined by
two perpendicular linear recesses 370mm by 130mm, spaced c. 800mm apart. A series of
seven holes had been bored through the depth of the block, each c. 70mm diameter. Six are
arranged in opposing pairs spaced c. 1.2m by 520mm apart, with the seventh, located on the
centreline at the rounded end, 1.07m from the next pair. The block showed signs of reuse
and damage. An off centre rectangular hollow with partly rounded base, 1.12m by 280mm by
c. 200mm deep had been carved into the upper surface. One side had been damaged and
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the interior bore the marks of a jackhammer, suggesting a piece of attached machinery had
been forcibly removed. Chip marks on one upper edge towards the rectangular end
coincided with a row of 10 drill holes across the upper face, marking an aborted attempt to
split the stone in two. There were further drill holes on the upper surface and extensive
damage to the sides of the rectangular end.

The machine base
In secondary use there seems little doubt the block was used as the base to hold a
small flywheel or more likely the lower wheel of a belt drive, for which a use in the Haskins
pottery works seems likely. Thus the later drill holes and jackhammer marks are
commensurate with demolition of the pottery c. 1969. The primary use of the block is more
problematic, for which a satisfactory interpretation has yet to be found. The recessed upper
surface was clearly intended to take a frame, probably of wood, as there is no iron staining,
pinned through the entire length of the block through the seven holes. A question arises as to
the date of the block because many of the dimensions are on or close to rounded metric
units. However, it seems unlikely that a stone of this size and workmanship is modern in
origin. A reuse in the Haskins works, as argued above, would suggest this block was shaped
prior to the general introduction of metric units.

The stone was probably designed to act as the base for a heavy piece of machinery,
possibly from the brassworks, of which the most likely candidate would appear to be the
water powered battery mill. The block is now preserved in the grounds of the Kingswood
Heritage Museum.
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TECHNOLOGICAL RESIDUES
by Dr David Dungworth

Introduction
This report provides a detailed analysis of archaeological soil samples collected from
the site of William Champion’s brassworks at Warmley near Bristol. The samples provide
evidence for the manufacture of zinc by distillation; no evidence for copper smelting or brass
cementation was identified.

Technological Background
Copper Smelting
According to Angerstein (Berg and Berg 2001), copper smelting was carried out at
Warmley in rectangular reverberatory furnaces, approximately 2.6m by 1.2m (external
dimensions), that had two chambers separated by a low wall. The fuel (coal) was burnt in the
smaller chamber while the ore was placed in the second chamber. The hot gases from the
burning coal reduced the copper ore and allowed the extraction of the metal it contained in a
multistage process. The smelting process was helped by a chimney situated at the far end of
the chamber and by the low ceiling of the ore chamber which reflected heat down onto the
ore. Most of the ores used were copper-sulphides or copper-iron-sulphides and so were
smelted together with silica (e.g. sand). The silica would react with the iron to form a slag
which would be tapped from the furnace (cf. Dungworth and White 2007a; Dungworth et al.
2010). Since the fuel and ore were kept separate, the vitrified ash of the coal would not be
absorbed by the smelting slag and would form a separate residue: clinker. The initial product
of smelting was copper-iron-sulphide (matte), which would be further roasted to remove the
sulphur and other impurities (such as arsenic and antimony). Copper smelting technology of
this period has received limited investigation through the scientific examination of waste
materials from production sites (Kearns 2010). Copper smelting in the Bristol area went into
decline in the 1780s, and probably ceased by the end of the 18th century (Day 1991, 154).

Zinc distillation
Producing metallic zinc from its ore is more problematic than copper smelting as zinc
is a gas at the temperatures required to reduce the oxide to the metal (zinc boils at 907ºC). It
was for this reason that brass (the alloy of copper and zinc) had been manufactured in
Europe for the previous two millennia by the cementation process (see below). By the
beginning of the 16th century small quantities of metallic zinc (usually known as spelter) were
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being imported into England from the India (Craddock et al. 1998). The metal was prized as it
allowed the manufacture of brasses with a higher zinc content (and so a more golden colour)
than brasses manufactured using the cementation process (see below). These high-zinc
brasses were extensively used in imitation of gold in the expanding toy trades of
Birmingham. In 1738 William Champion obtained a patent for a process which allowed him to
produce metallic zinc from its ores. After an initial period of manufacture in the City of Bristol,
Champion established a new works at Warmley where he produced copper, zinc and brass.

An understanding of the process of zinc manufacture patented by William Champion
and carried out at Warmley is hampered by the limited documentary evidence that is
available. This lack of detailed written accounts appears in large part to be due to industrial
espionage, or at least the fear of it. Perhaps the most striking illustration of this fear is William
Champion’s patent. The patent (Champion 1738) is entitled A Method of Invention for the
Reducing of Sulphureous British Minerals into a Body of Metallik Sulphur, but there are no
grounds for believing that Champion was actually engaged in the manufacture of sulphur.
The patent refers to the use of ‘calamy or other sulphureous British mineral or minerals’ but
calamy (calamine) was used to refer to non-sulphide zinc ores. It is possible that William
Champion deliberately used the term ‘sulphureous’ to obscure the nature of his process and
mislead possible competitors. Patents of the 17th and 18th centuries frequently omitted key
technical details, partly due to the limitations of contemporary scientific knowledge
(especially chemistry) but more often in order to avoid revealing the crucial details (MacLeod
1989; Dungworth and Brain 2010). Patents were still used to effectively establish monopolies
in the production of particular materials.

The earliest published account of a visit to Warmley is by Collinson (1748) in which
he describes both copper smelting (see above) and brass cementation (see below) but
makes no mention of zinc distillation (Day 1973, 79). Angerstein visited the site in 1754 but
was only able to report that there were four zinc smelting furnaces. He was however, able to
report on, and illustrate, a zinc smelting furnace at Crew’s Hole.
Here there is also a spelter furnace made to the design invented by Mr Champion and put into
operation at the Warmley works as long as 15 to 18 years ago. The furnace, shown by
drawing no. 149, is built like a glass furnace and is fired in the same way with pit coal, as is
commonly done in this locality. The zinc ore is first calcined or roasted slightly, then as much
of it as possible is picked out by hand and the rest sieved to remove the galena. The ore is
finally dried and placed in crucibles together with coal. The crucibles are made of Stourbridge
clay, with holes in the bottom. The crucibles are sealed at the top so that the metal must go
down through the holes at the bottom, to which 6-foot-log pipes are attached leading down to
another room below the furnace. The spelter metal drips down through the pipes into the
buckets of water placed under them.
(Berg and Berg 2001, 143–144)
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The most famous account of Champion’s zinc-smelting process is provided by Bishop
Watson (1786) which conveys a good deal of detail of the process as well as sense of
industrial secrecy,
Near twenty years ago I saw the operation of procuring zinc from calamine performed at Mr.
Champion’s copper works near Bristol; it was then a great secret, and though it be now better
known, yet I am not certain whether there are any works of the kind yet established in any
other part of either England or Europe, except that before mentioned at Henham. In a circular
kind of oven, like a glass-house furnace, there were placed six pots of about four feet each in
height, much resembling large oil jars in shape; into the bottom of each pot was inserted an
iron tube which passed through the floor of the furnace into a vessel of water. The pots were
filled with a mixture of calamine and charcoal, and the mouth of each was then close stopped
with clay. The fire being properly applied, the metallic vapour of the calamine issued through
the iron tube, there being no other place through which it could escape, and the air being
excluded, it did not take fire, but was condensed in small particles in the water, and being
remelted was formed into ingots, and sent to Birmingham under the name of zinc or spelter.
(Watson 1786, 38–39)

Supplementary detail is provided in Mosselmann’s 1825 account, which describes the
manufacture of zinc in England but does not specifically mention Champion or Warmley.
Mosselmann reports that a zinc distillation furnace would contain six or eight retorts, that five
smelts would be carried out each fortnight and that each retort would last for four months
(Mosselmann 1825).

Figure 1. Cross-section through a zinc distillation furnace (after Ure 1844, Fig 1231)
a = roof of the furnace or cupola, b = conical chimney or cone, c = doors in the cone,
d = vents in the cupola, e = fire grate, f = door for fuel, g = ash-pit,
h = pots or retorts, i = floor of furnace, k = sheet iron pipe, l = bucket of water
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The technique patented by Champion would therefore appear to have relied on the
use of a closed system from which the zinc would not be lost but air could be excluded. The
zinc vapour formed in one (hot) crucible and then condensed in a second (cold) vessel
(Figure 1). Zinc ore and charcoal (and possibly coal) were sealed into large crucibles (more
correctly retorts) 1.2m high and arranged around coal fuel in the combustion chamber of the
furnace (Day 1991, 180). Percy (1861, 551–553) describes zinc retorts as 1.0m high with a
diameter of 0.9m and wall thickness from 40 to 65mm. An iron pipe was inserted into a hole
in the base of each retort, the other end of which would protrude through the furnace base
into a vessel of water in the condensation chamber below (cf. Mosselmann 1825). During
firing, the zinc vapour condensed in the iron pipes and collected in the water-filled vessels
below (Day 1991; 1998).

A fragment of a possible zinc distillation retort recovered from earlier excavations has
been examined (Dungworth and White 2007a; 2007b). The ceramic core of the vessel had a
distinctive pale blue-grey colour (due to the formation of zinc-aluminium spinels) while the
outer surface had the dark maroon vitrified surface characteristic of vessels used in coal-fired
furnaces.

Percy (1861, 557) records that 20cwt of calcined zinc ore would give 6 to 8cwt of
zinc, suggesting that approximately half the charge would remain in the retort as ‘residuum’
which would be scraped out at the end of the firing. Mosselmann (1825) suggests a similar
but slightly lower yield and refers to the removal of the residue from the pots after use. A
partially fused material recovered during earlier excavations at Warmley (Dungworth and
White 2007a; 2007b) has been identified as probable ‘residuum’. This was a very pale greyblue colour. Scientific examination showed this to be a heterogeneous material consistent
with the ‘residuum’ identification.

In literature describing the zinc production process at Warmley, calamine is
traditionally named as the ore utilized (for example Day 1973, 75; 1998, 147). The use of this
term derives from a description of the process by Watson (1786, 38). It is now appreciated
that the term calamine covers a number of oxidised zinc minerals, especially the zinc
carbonate for which the name smithsonite is now used. Other oxidised minerals which would
have previously been covered by the term calamine would include the zinc silicate willemite
and the hydrated zinc silicate hemimorphite.

Watson claims that 200 tons of zinc were produced each year at Warmley (Watson
1786, 38). While zinc distillation allowed the manufacture of brasses with more than 33wt%
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zinc the cost of production was high enough for cementation brass production to remain
viable. The proportion of brass and zinc furnaces given by Angerstein and the 1767 survey
(3:1) shows that cementation brass production continued long after zinc distillation was
invented. Large quantities of coal were required for the production of zinc, making the
resultant metal extremely expensive, thus it was used only for the manufacture of specialist
high-zinc brasses.

Cementation brass
Although Champion produced metallic zinc which allowed the manufacture of a brass
with almost any zinc content, the works continued to produce brass using the traditional
cementation process. This process had been developed in the later first millennium BC and
had continued to supply almost all European brass until the 19th century (Bayley 1998).
Layers of calcined zinc ore, copper and charcoal (Angerstein notes the use of small amounts
of coal in the bottom of the crucibles (Berg and Berg 2001, 38)) were sealed in crucibles and
heated in a circular furnace. At temperatures above 907˚C the zinc ore was reduced to
metallic zinc in the form of vapour, which diffused into the copper to form the brass
(cementation). The practical upper limit to the amount of zinc which could be absorbed by the
copper in the cementation process is widely reported at 28–32% (for example Day 1991 and
Bayley 1998). This figure represents the final equilibrium state between the zinc vapour and
the zinc dissolved in the copper (Newbury et al. 2005).

The early 17th-century brass cementation crucibles from Taynton (Dungworth and
Wilkes 2010) showed many similarities with the probable zinc distillation retort recovered
from Warmley (Dungworth and White 2007a; 2007b). In particular, both have a pale bluegrey fabric resulting from the formation of zinc-aluminium spinels. The form of the vessels,
however, should be different. The Taynton crucibles were not complete but were flatbottomed with slightly tapering walls. The crucibles are likely to have been at least 0.2m high
and 0.2m in diameter with wall thicknesses of 40–60mm (Dungworth and Wilkes 2010).
Angerstein reports brass cementation crucibles from Birmingham in the middle of the 18th
century as being 0.4m high with a diameter of 0.2m at the mouth (Berg and Berg 2001, 38).
Percy records similar dimensions for brass cementation crucibles from the same town a
century later, with their height given as 0.3m, diameter as 0.2m at the mouth, and walls
25mm thick at the rim and 50mm thick at the base (Percy 1861, 614). There appears,
therefore, to be a size distinction between vessels used for zinc distillation and those used
for brass cementation in the 18th and 19th centuries.
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Methods and Samples
Seventeen soil samples were selected for detailed examination. These were wet
sieved using a 2mm mesh to recover industrial debris. This was catalogued and described.

Table 1. Summary description of samples selected for scientific analysis
#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
23
24
25
26
27
28

[]
530
530
530
530
530
530
544
544
544
544
544
520
544
608
608
522
150
410
520
530
530
530
530
530
530

<>
1006
1006
1006
1006
1006
1006
1017
1017
1017
1017
1017
1015
1017
1023
1023
1011
200
1001
1015
1006
1006
1006
1006
1006
1006

weight (g)
219.2
170.3
28.2
50.7
50.3
49.4
9.9
19.1
13.4
6.1
6.3
29.5
53.4
56.2
41.4
65.1
38.5
13.2
10.6
1407
3841
1180
84.7
91.3
154.2

Description
Retort with one vitrified surface
Retort with beige and black zones
Retort with very vitrified surface
Slag?
Retort with one uneven surface
Retort with one bloated surface
Retort with yellow surface
Retort with thicker yellow surface
Retort with thin black surface
Retort with thin, rough vitrified surface
Retort
Clinker
Retort
Slaggy clinker with white residue
Failed retort?
Retort residue ('residuum')
Retort residue ('residuum')
Clinker (spheroids and tendrils)
Zinc ore
Retort with one vitrified surface
Slag?
Retort with one vitrified surface
Brick with vitrified surface
Slag?
Retort with one vitrified surface

Twenty-eight fragments of industrial debris were selected for detailed analyses (Table
1). Each fragment was sub-sampled to allow chemical analysis, an examination of
microstructure and mineralogical analysis. One sample was cut using a water-cooled rock
saw and where appropriate this was cut to reveal a cross-section. These samples were
embedded in epoxy resin and then ground and polished using standard techniques (Vander
Voort 1999). The samples were examined using a scanning electron microscope (SEM).
Areas of each sample were then analysed using an energy dispersive x-ray spectrometer
(EDS) attached to the scanning electron microscope. Each sample was also sub-sampled for
mineralogical analysis. These samples were powdered and analysed using an X-ray
diffractometer (XRD) and the resulting spectra compared against the ICCD powder diffraction
file database

Avon Archaeological Unit Limited - 2012

33

William Champion’s Warmley Brass and Zinc works, Warmley, South Gloucestershire.
Archaeological Investigations and Recording 1994-2011

Results

Categories of material

The visual examination of the sieved and dried residues from the soil samples
identified a limited range of materials. Some of these (in particular the fragments of brick and
mortar) are of no significance for an understanding of the manufacture of zinc and no
additional comment is made on these. Other categories of material are discussed below.

Coke or partially burnt coal
Many of the samples contained fragments of a black, vesicular light-weight material.
This material is clearly derived from the partial combustion of coal, however, it is not obvious
whether the partial combustion was deliberate, in order to produce coke, or simply
represents the incomplete combustion of coal. The latter interpretation is perhaps the more
likely as neither the zinc/brass works nor the later ceramic works would have required the
use of coke.

Clinker
The combustion of coal leaves an ash or (if the combustion achieves very high
temperatures) a vitrified residue which is generally known as clinker. Clinker takes a variety
of different forms depending on the nature of the coal burnt, the temperatures achieved and
the size and shape of the fire. Most clinker is composed of fairly small (50–500g) irregular
lumps which are markedly vesicular. This type of clinker has a morphology which suggests
that it was never fully molten. The surfaces display a wide variety of colours, especially beige
and maroon. Fresh fracture surfaces are usually grey-green, grey or black in colour. A small
proportion of the clinker comprises small fragments of dark grey material with a lustrous
surface. This type of clinker includes small spheroids (up to 20mm in diameter) and tendrils.
It is likely that this type of clinker formed in the very hottest part of the fire; some of this
material may have been fully molten and dripped from a grate. Both the zinc/brass works and
the later ceramic works will have used coal fires to achieve high temperatures and so will
have produced large volumes of clinker as a waste material and there is no reason to
suppose that the clinker from either process could be distinguished.

Slag
Metallurgical slags differ from the clinker described above in many ways but the fact
that slags were usually deliberately formed to enable a separation of some desired metal
from various impurities means that such slags usually display clear signs of having been fully
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molten. The materials recovered from the excavations include some which is much denser
than clinker and which has a morphology which indicates that it has been fully molten (cf. tap
slag).

Zinc distillation retort
Several samples contain fragments of a highly fired purple ceramic which is likely to
have been used in the production of zinc or brass (Figure 2). Visually similar materials from
Warmley have been examined previously (Dungworth and White 2007a; 2007b) and
identified as fragments of the retorts used in zinc distillation. Very similar ceramic materials
have been identified from other sites where they have been identified as cementation brass
crucibles (Dungworth and Wilkes 2010). Both technologies use refractory ceramic containers
which will inevitably be heavily contaminated with zinc; the zinc forms a zinc-aluminium
mineral which gives these materials their distinctive colour. Distinguishing between zinc
retorts and brass cementation crucibles is not straight forward. Small fragments of both
vessels will be visually similar, however, larger fragments may (through their wall thickness
and possibly through the overall form) indicate whether they are retorts or crucibles. The
chemical analysis of such vessels should be able to distinguish between crucibles and
retorts: the former should contain at least some copper while the latter should be virtually
copper free.

Figure 2. Typical fragment of probable zinc retort
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Summary description of soil samples
The results of the visual examination of the sixteen soil samples selected for detailed
post-excavation study are provided below for each context. The most significant materials
identified in the soil samples were the ‘residuum’ and retort fragments. The ‘residuum’ was
recovered from context 150 (west of Champion Q, uncertain date) and 522 (east/within
Champion J, 18th-century date). The retort fragments were mostly recovered from contexts
530 and 544 which are both described as west of Champion J and as of 19th- and 18thcentury date respectively. Champion J is one of the buildings shown on the 1841 Tithe Map
and is identified as a warehouse. This building is 30m North-West of Champion L which is
identified as a ‘Zinc Shelting Area’ (sic). Thus, the excavated material most closely
associated with zinc production was concentrated in areas with 40m of the zinc smelting
structures identified on contemporary plans of the site. Some of this material is in contexts
which appear to be contemporary with the manufacture of zinc at Warmley, however, some
is likely to be residual in later contexts.
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Mineralogical analysis

The XRD analysis of the sampled materials showed the presence of a variety of
minerals. In some cases these minerals reflect the nature of the raw materials employed, for
example many of the samples are ceramics and these contain some quartz. In most cases,
however, the mineral phases that have formed reflect the high-temperature processes that
the material have been exposed to. The mineral phases identified for each samples are listed
in Table 3 and further described below.

Ore
Rtrt
Rtrt
Rtrt
Rtrt
Rtrt
Rtrt
Rtrt
Rtrt
Rtrt
Rtrt
Rtrt
Rtrt
Rtrt
Rtrt
Rtrt?
Slag?
Rsdm
Rsdm
Clnk
Clnk
Clnk
Slag?
Slag?
Brick

Corundum

Hematite

Anorthite

Hercynite

Spinel

Mullite

Cristobalite

Tridymite

Quartz

Hemimorphite

Willemite

Zinc-Iron-aluminium spinel

Iron-Gahnite

Gahnite

#
19
01
02
03
05
06
07
08
09
10
11
13
23
25
28
15
04
16
17
12
14
18
27
24
26

Class

Table 3. Mineral phases identified with XRD analysis (Rtrt = retort; Rsdm = ‘residuum’; Clnk = clinker)

X
X

X
X
X
X

X
X
X
X
X
X
X

X
X

X
X

X
X
X

X
X
X
X
X

X
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X
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X
X
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X
X
X
X
X

X

X
X

X

X
X
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X
X

X

X

X
X
X
X
X

X
X
X
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Hemimorphite: Zn4Si2O7(OH)2.H2O
Hemimorphite is a hydrated zinc silicate which has been employed as a raw material
in zinc manufacture. Traditionally the zinc ore used to manufacture zinc was known as
calamine, however, it is now understood that at least two different minerals were usually
present in most calamine ores. The first was the zinc carbonate (ZnCO3) calamine and the
second was the hydrated zinc silicate (Zn4Si2O7(OH)2.H2O) hemimorphite. The Mendips zinc
ores formed as hydrothermal deposits and were usually found as veins which were mined
near Shipham and Rowberrow. The primary ore was the zinc sulphide (ZnS) sphalerite,
however, this appears to have been rarely exploited. Instead the secondary deposits of
smithsonite, hemimorphite and (to a lesser extent) willemite produced by the weathering of
the sphalerite were preferred. The zinc ores were commonly associated with calcite (CaCO3),
barytes (BaSO4) gypsum (CaSO4.2H2O) and hematite (Fe2O3).
Quartz, tridymite and cristobalite: SiO2
Quartz is the normal crystalline form of silica at room temperature and it was detected
in a few samples. It was, however, the high-temperature forms of silica tridymite and
cristobalite which were more commonly detected in the ceramics and other materials which
had been exposed to high temperatures.

Mullite: Al6Si2O13
Mullite is an aluminium silicate which is rarely encountered in nature but which is
commonly found in refractory ceramics (Martinón-Torres et al. 2006). In most cases, the
suitable low-iron clays for the manufacture of refractory vessels would be rich in kaolinite
(Al2Si2O5(OH)4). During initial firing (500–600°C) the kaolinite dehydrates to form metakaolin
plus water,

Al2Si2O5(OH)4 = Al2Si2O7 + 2H2O
At temperatures above 1000°C metakaolin can transfo rm into mullite and cristobalite
(Chen et al. 2004; Lee et al. 1999),

3Al2Si2O7 = Al6Si2O13 + 4SiO2
Mullite has a melting temperature of 1840°C which m akes it an extremely effective
component of refractory ceramics (Martinón-Torres et al. 2006).
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Hercynite: FeAl2O4
The Warmley materials contain a wide range of spinels. Spinels are oxide minerals
which contain three cations, one divalent (A2+) and two trivalent (B3+), giving a general
formula of AB2O4. The classic spinel is a magnesium-aluminium oxide (MgAl2O4) which is
found in nature and in archaeological materials exposed to high-temperatures. Hercynite is
an iron-aluminium spinel which is well known in early iron-working slags (Dungworth 2010).
Hercynite was found in only a few of the Warmley samples, probably because most samples
contained low concentrations of iron.

Gahnite: ZnAl2O4
Gahnite is a zinc-aluminium spinel which is almost unknown in nature but which is
well known in aluminium silicate refractories used in the manufacture of zinc (Dungworth and
White 2007a; 2007b; Dungworth and Wilkes 2010; Vorob’eva et al. 1971). Vorob’eva et al.
(1971) propose that the gahnite forms when zinc oxide vapour diffuses into the ceramic
fabric of a retort where it reacts with mullite,

3ZnO + Al6Si2O13 = 3ZnAl2O4 + 2SiO2
Vorob’eva et al. (1971) demonstrate that this reaction may occur at temperatures as
low as 900°C and that silica which is produced duri ng this reaction would be present as
cristobalite. Pure gahnite is green but small concentrations of iron within gahnite will yield a
blue or purple colour (see below). None of the spinels had a chemical composition matching
pure gahnite; in all cases the alumina and zinc oxide contents fell well short of the theoretical
composition. All of the zinc-rich spinels contained iron (2.2–5.5wt% FeO) as well as lesser
amounts of silica, titanium oxide, magnesium oxide, vanadium oxide and chromium oxide.

Iron-containing gahnite: ZnFe0.1Al1.9O4
Gahnite was less common in the Warmley samples than an iron-containing gahnite
(with the iron replacing a small proportion of the aluminium rather than the zinc). Ironcontaining gahnite is likely to have formed in much the same way as described above for
gahnite, except that the small proportion of iron minerals in the original clay have contributed
to the reaction. While pure gahnite is green in colour, the presence of small quantities of
other elements (especially transition metals) can produce a wide range of other colours. Ironcontaining gahnites are commonly blue (Batchelor and Kinnaird 1984).
Zinc-iron-aluminium spinel: ZnFeAlO4
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A single sample (#15) was found to contain a zinc-iron-aluminium spinel. This is likely
to have formed in much the same way as described above for gahnite, except that the
proportion of iron was greater.

Zinc-iron spinel: ZnFe2O4
A single sample (#04) was found to contain a zinc-iron spinel (a zinc magnetite). Zinc
magnetites are very rare in nature but have been synthesised for modern industrial
applications. The presence of this mineral in sample #04 is probably due to its relatively high
iron content.

Magnesium-iron-aluminium spinel: (Mg,Fe,Al)3O4
Magnesium-iron-aluminium spinel was detected in one sample of clinker (#18). The
formation of this spinel reflects the chemical composition of the parent material (coal ash)
and the high temperatures involved.

Willemite: Zn2SiO4
Willemite is a zinc silicate of the olivine group. The iron olivine fayalite is very well
known from the study of bloomery iron slags (Morton and Wingrove 1969). Willemite was
found in eleven samples; most of these were fragments of retorts, however, it was detected
in the sample of possible ore and in both of the possible residuum deposits. In the ceramic
fabric of the retorts willemite is likely to have formed as the result of reactions between zinc
oxide vapour and silica polymorphs (Vorob’eva et al. 1971). It is clear that the presence of
willemite is most marked in those retorts with the highest zinc contents. It is proposed that as
zinc diffuses into the ceramic fabric of a retort it would initially react with mullite to form
gahnite and tridymite. Eventually this reaction would consume all of the mullite and the zinc
would begin to react with the cristobalite.

In the ore sample and the two possible residuum samples the presence of willemite
appears to indicate that the zinc ore used was willemite. Nevertheless, all of these samples
may have been exposed to temperatures and the mineral species present now may not
reflect the nature of the zinc ores exploited. In particular, the mineral hemimorphite may
undergo dehydration to form willemite,

Zn4Si2O7(OH)2.H2O = 2Zn2SiO4 + 2H2O
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Anorthite: CaAl2Si2O8
Anorthite is a calcium-aluminium silicate of the feldspar group. Anorthite was detected
in the three samples of clinker. The formation of anorthite reflects the chemical composition
of the parent material (coal ash) and the high temperatures involved.

Corundum: Al2O3
Corundum (aluminium oxide) was detected in two samples of clinker. The formation
of corundum reflects the chemical composition of the parent material (coal ash) and the high
temperatures involved.

Hematite: Fe2O3
Hematite is an oxide of iron which is widely encountered in nature but which is not
commonly seen in high-temperature industrial materials. Hematite was detected in two of the
clinker samples and one of the residuum samples. It is possible that the hematite formed as
a secondary corrosion product on the surface of the materials after they were buried.

Augite: (Ca,Na)(Mg,Fe,Al)(Si,Al)2O6
Augite is a complex pyroxene mineral with a varied chemical composition. It was
detected in a single sample of clinker and its formation reflects the chemical composition of
the parent material (coal ash) and the high temperatures involved.

Chemical analysis
The chemical analysis of the selected samples was undertaken with the SEM and
(where appropriate) the results related to the microstructure (see below). The average
compositions of the various parts of the different samples are presented in Table 4. Most of
the samples are fragments of purple ceramic which are believed to be the remains of zinc
distillation retorts. Other samples include possible ore, possible material left in a retort
(‘residuum’), clinker and several miscellaneous samples.
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area
core
surface
surface
beige
blue
bulk
surface
core
surface
pale blue
grey-blue
surf
bulk
bulk
bulk
bulk
core
surface
bulk
bulk
bulk
bulk
core
white
surface
bulk
bulk
bulk
bulk
bulk
bulk
bulk

Na2O
<0.3
<0.4
0.5
<0.3
<0.3
<0.3
1.6
0.9
<0.3
<0.3
<0.4
<0.4
<0.3
<0.8
<1.0
<0.4
0.3
0.9
<0.5
0.6
<0.4
0.4
<0.2
1.0
<0.5
<0.2
<0.9
0.6
<1.0
<0.1
<0.1
0.9

MgO
0.2
0.1
0.4
0.1
0.2
0.2
0.5
0.8
0.4
0.2
0.2
0.8
0.2
0.2
0.1
0.2
0.6
1.2
0.1
2.2
0.1
1.7
0.3
0.3
0.3
1.1
0.6
2.7
0.0
0.3
0.4
0.6
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#
1
1
1
2
2
3
3
4
4
5
5
5
6
7
8
9
10
10
11
12
13
14
15
15
15
16
17
18
19
20
21
22

Al2O3
12.3
9.9
12.8
13.3
12.2
14.3
19.5
14.4
12.7
16.0
13.2
13.0
10.4
11.3
15.1
12.2
18.5
14.0
14.2
29.9
12.8
29.1
19.2
21.9
17.5
14.3
12.6
31.2
0.1
8.4
5.8
2.6

SiO2
72.5
72.6
62.3
71.9
72.2
71.8
62.0
57.6
64.6
67.7
65.0
52.8
71.2
50.4
38.3
64.6
67.8
65.0
63.0
41.5
66.6
48.1
68.4
25.4
44.4
49.1
38.2
43.8
37.4
87.2
31.7
21.7
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P2O5
<0.1
0.1
0.9
<0.1
<0.1
<0.1
0.6
1.6
0.4
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.5
1.4
<0.1
0.2
<0.1
0.3
<0.1
0.3
<0.1
0.4
0.2
0.5
0.1
<0.1
<0.1
<0.1

SO3
<0.1
<0.1
<0.1
<0.1
0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.4
0.8
0.2
0.2
<0.1
0.2
<0.1
<0.1
0.1
0.3
<0.1
<0.1
<0.1
0.1
<0.1
5.1
2.1
0.2
0.7
<0.1
0.1
0.9

Table 4. Chemical composition of the analysed samples
K2O
0.4
0.5
4.2
0.5
0.5
0.5
5.5
4.0
2.3
0.5
0.5
2.2
0.5
0.5
0.5
0.8
1.8
4.3
0.6
2.6
0.6
1.9
0.9
2.1
3.1
1.1
0.6
3.3
<0.1
1.3
0.5
0.6

CaO
0.2
0.2
0.9
0.2
0.2
0.2
1.4
2.4
1.1
0.2
0.5
3.8
0.4
0.4
0.3
0.4
2.1
4.8
0.2
9.8
0.3
6.9
0.2
1.1
0.8
8.0
2.7
7.8
<0.1
0.4
0.4
0.6

TiO2
0.9
0.6
0.9
1.0
1.0
1.0
0.9
0.6
0.7
1.0
0.8
0.7
0.8
0.6
0.6
1.1
1.0
0.6
0.9
1.0
0.9
0.9
1.0
0.2
0.7
0.5
0.4
1.0
<0.1
0.3
0.2
0.1

MnO
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

FeO
1.3
1.5
4.7
1.2
1.1
1.1
3.6
9.7
3.9
1.2
4.1
8.9
4.2
2.7
1.2
1.9
3.5
5.3
1.3
11.3
1.2
9.7
1.3
1.1
1.3
7.3
4.6
8.6
1.5
2.0
3.0
4.4

NiO
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
1.1
0.3

CuO
<0.1
<0.1
0.2
<0.1
<0.1
<0.1
<0.1
0.2
0.1
<0.1
<0.1
<0.1
0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.6
<0.1
<0.1
<0.1
<0.1
51.4
52.0

ZnO
12.2
14.5
11.5
11.8
12.5
10.9
4.1
7.1
13.5
13.1
14.5
14.9
12.0
33.2
43.6
17.8
3.8
2.5
19.6
0.0
17.1
0.4
8.2
24.4
20.5
8.3
35.2
<0.1
58.0
<0.1
1.7
1.3

CdO
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
0.4
<0.2
<0.2
<0.2
<0.2
<0.2

SnO2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
2.5
9.7

BaO
<0.2
<0.2
0.5
<0.2
<0.2
<0.2
<0.2
0.2
<0.2
<0.2
0.5
1.6
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
0.4
<0.2
0.6
<0.2
0.3
<0.2
0.4
0.3
0.3
1.0
<0.2
<0.2
<0.2

PbO
<0.2
<0.2
0.2
<0.2
<0.2
<0.2
<0.2
0.4
0.4
<0.2
<0.2
<0.2
<0.2
0.4
0.3
0.8
<0.2
<0.2
<0.2
<0.2
0.4
<0.2
0.4
21.9
10.9
3.3
1.9
<0.2
1.2
<0.2
1.2
4.0
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area
bulk
surface
ceramic
slag
bulk
surface
surface
core
bulk
beige
purple

Na2O
<0.3
1.1
0.5
0.4
<0.6
0.4
<0.2
0.7
1.1
<0.3
<0.8

MgO
0.2
0.6
1.1
1.6
0.2
0.8
0.5
0.3
0.8
0.2
0.2
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#
23
23
24
24
25
25
26
26
27
28
28

Al2O3
11.7
17.4
35.6
14.0
9.1
13.8
11.6
23.3
19.6
12.3
12.1

SiO2
73.2
60.2
52.3
61.2
60.5
52.6
65.3
67.6
57.0
68.2
52.3
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P2O5
<0.1
1.1
0.1
<0.1
0.1
0.9
1.1
<0.1
1.1
<0.1
<0.1

SO3
<0.1
<0.1
0.4
0.3
<0.1
<0.1
<0.1
<0.1
<0.1
0.1
<0.1

K2O
0.4
5.5
2.6
2.4
0.6
2.9
1.6
3.7
5.9
0.6
0.4

CaO
0.2
1.9
1.2
5.4
0.5
2.4
0.4
0.1
2.4
0.4
0.2

TiO2
0.9
0.9
1.1
0.6
0.7
0.6
0.7
1.1
0.9
1.0
0.7

MnO
<0.1
<0.1
<0.1
0.2
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

FeO
1.1
5.4
3.5
0.7
2.5
9.3
9.1
2.8
4.5
3.7
1.0

NiO
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

CuO
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
0.1
<0.1
<0.1

ZnO
12.3
6.1
0.3
0.3
25.5
15.7
9.6
<0.1
5.8
13.2
32.8

CdO
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

SnO2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2
<0.2

BaO
<0.2
<0.2
1.2
13.1
<0.2
0.2
<0.2
<0.2
0.4
<0.2
<0.2

PbO
<0.2
<0.2
<0.2
<0.2
0.3
0.4
<0.2
<0.2
<0.2
0.3
<0.2
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The possible retort samples all contain high concentrations of zinc and negligible
concentrations of copper: this confirms that these vessels were retorts rather than brass
cementation crucibles. If it is assumed that the remaining elements present in the ceramic
fabrics of the retorts derive solely from the original clay used to manufacture the retorts then
it can be seen that these are all highly refractory materials. The aluminium silicate clays
contain low concentrations of elements which would tend to lower the melting temperature of
the clays (such as alkalis and iron). Most of the retorts have an alumina:silica ratio of 0.15–
0.25 but one (#08) has a significantly higher ratio. The chemical composition of these retorts
is identical to the Warmley retort analysed by Dungworth and White (2007a; 2007b). The
retorts have compositions which also resemble the 17th-century brass cementation crucibles
from Taynton (Dungworth and Wilkes 2010) and the 18th-century glass-melting crucibles
from Cheese Lane, Bristol (Dungworth and Mortimer 2005). Nevertheless, the Warmley zinc
distillation retorts appear to contain less potassium than these other refractory vessels; the
lower potassium content would make them slightly more refractory. The composition of the
clay is consistent with Angerstein’s suggestion that the retorts were made using Stourbridge
clay (Berg and Berg 2001, 143). The highly refractory nature of the clay used for the
Warmley retorts is perhaps surprising given that zinc smelting required temperatures slightly
lower than those used in glass manufacture.

A series of SEM-EDS analyses were carried out through the vitrified surfaces of the
retorts (where these survived) into the ceramic core. This showed that zinc was present at
relatively high concentrations throughout the vitrified surfaces and the ceramic core of the
retorts (Figure ?). The presence of zinc throughout the thickness of the retort is presumably
the result of the volatility of zinc and its prolonged use. Although the zinc would tend to
diffuse from one surface into the ceramic core, the highest zinc concentrations were
consistently found within the ceramic cores. The reasons for this are not immediately
apparent.

The elements most closely associated with the ceramic fabric of the retort (aluminium
and silicon) show little variation through the thickness of the ceramic core and vitrified
surface. The remaining elements (sodium, magnesium, phosphorus, potassium and calcium)
either show significant enrichment within the vitrified surfaces (#03, #23 and #25), or no
enrichment (#28, Figure 2). It is likely that these elements derive from several different
sources. The exterior surfaces of a retort would be exposed to high temperatures and ash
and volatile elements from the burning coal fuel. The inorganic component of coal is
composed mainly of silicon, aluminium and potassium. The interior surfaces of a retort would
also be exposed to high temperatures as well as the material charged into the retort. This
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could include zinc minerals, gangue minerals (i.e. mineral associated with the zinc minerals),
coal and charcoal. The presence of elevated levels of barium on some of the vitrified
surfaces suggests that these are interior surfaces. Barium is not usually a significant
component of coal but it is a frequent gangue mineral associated with zinc ores.

The possible residuum samples had very variable compositions; although the
average results tended to resemble the vitrified surfaces of some of the retorts. Nevertheless
the possible residuum samples tended to contain less silicon and more calcium than the
vitrified surfaces of the retorts.

The clinker samples all shared similar chemical compositions: rich in silicon,
aluminium, calcium, potassium and magnesium with little or no zinc. The chemical
composition of the Warmley clinker is broadly similar to the 17th-century clinker from the
glasshouse at Silkstone (Dungworth 2003). Some of the clinker may have been produced by
burning coal for processes other than zinc or copper smelting. In other cases the clinker
might still be related to the non-ferrous industries at Warmley but still contain negligible
proportions of zinc due to the way in which the coal was burnt. The use of retorts and
reverberatory furnaces ensured that coal and coal ash were usually kept separate from the
zinc and copper ores.

Samples #04, #24 and #27 were sufficiently vitrified for them to be identified as
possible metalworking slags. Sample #24 has a chemical composition which leaves little
doubt that it is indeed a metallurgical slag of some kind. It contains relatively high levels of
barium which suggests a link with zinc ores, however, the known zinc smelting processes do
not require the production of slag. The slag contains no detectable amounts of copper or lead
and so is most unlikely to have been produced during the manufacture of either of those
metals. Samples #04 and #27 are similar to each other and share the same composition as
many of the retorts or their vitrified surfaces. Despite the highly vitrified nature of these
samples it is likely that they are actually the remains of zinc retorts. An explanation of their
highly vitrified nature is perhaps best sought in the nature of industrial accidents. Retorts,
crucibles and other refractory containers would occasionally fail during use; the contents of
the vessels and fragments of the vessels themselves could then fall into the combustion
zone of the furnace where extremely high temperatures would completely vitrify them. Such
waste is not uncommon on sites of historic high-temperature industries but is by its very
nature extremely difficult to identify properly.
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Sample #15 comprised a small lump of yellow-beige material with a rather porous
almost honeycomb texture. This type of material was rare and was only found in one context.
Chemical analysis showed that this material had a composition which had many similarities
with the zinc retorts (high silicon, aluminium and zinc) but it had a lead-rich vitrified surface.
The mechanism(s) which might be responsible for the production of this material are
unfortunately unclear at the moment.

Samples #20–22 were selected due to green staining and was assumed to be linked
to copper alloys in some way. Chemical analysis demonstrated that sample #20 was actually
a small fragment of sandstone with only superficial copper-rich green staining. Samples #21
and #22 were rich in copper and also contained tin, lead and zinc. The composition does not
suggest a direct link with the smelting of copper or the production of brass with the
cementation process.
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Microstructure

Figure 5. SEM image of sample #02 (zinc
distillation retort) showing porosity (black) and
sparse relict silica polymorphs (dark grey) in a
multiphase matrix

Figure 6. SEM image of sample #02 (zinc
distillation retort) showing the multiphase matrix
which comprises zinc-rich spinels (pale grey) and
silica polymorphs (dark grey) in a glassy matrix

Figure 7. SEM image of sample #02 (zinc
distillation retort) showing spinels (light grey) and
silica polymorphs (dark grey) with the glassy
matrix. Note the glassy matrix contains small
droplets characteristic of microphase separation

Figure 8. SEM image of sample #17 (possible
residuum) showing occasional metallic zinc (white
droplets bottom left corner) in a highly variable and
rather friable matrix

The samples of ceramic zinc distillation retorts all shared essentially similar
microstructures (Figures 5–7). At low magnification the retorts can be seen to have open
textures with the porosity typical of handmade but highly fired ceramic materials (Figure 5).
Most retorts can be seen to have some relict silica polymorphs, although in some samples
the combined effects of high temperatures and reactions with zinc vapour have transformed
all of the original silica (Figure 6). At even higher magnifications the glassy matrix of these
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retorts can be seen to contain nano-sized droplets (Figure 7). This microstructure is typical of
some silica-rich glasses which have undergone prolonged heating (Dungworth and Paynter
2010). The zinc-rich spinels are found throughout all samples of zinc distillation retorts but
the individual grains or crystals tend to be larger within the vitrified surfaces (10–20 microns)
compared to the ceramic fabric (typically 5 microns). The vitrified surfaces contain no other
mineral phases and very little porosity and so the growth of zinc-rich spinels would only be
inhibited by the diffusion of zinc in this zone. Several samples were visually identified as slag
but have microstructures which suggest that they are simply heavily vitrified fragments of
(presumably failed) zinc retorts. These samples usually contained abundant zinc spinels in a
glassy matrix. The two samples of possible residuum both shared similar microstructures
(Figure 8). Both samples were highly heterogeneous but included quartz, slag, a variety of
zinc compounds, coal, charcoal and ceramic.

Discussion
The archaeological investigation of parts of the industrial complex at Warmley have
provided an excellent opportunity to investigate the nature of the 18th- and 19th-century nonferrous industries that were carried out there. The documentary evidence provides an outline
of the history of the industrial processes which indicates that both copper and zinc were
smelted from their ores. In addition, brass is known to have been produced using two very
different processes. Most brass appears to have been made using the traditional
cementation process. This process had its origins almost two thousand years earlier but it
was not capable of producing a brass containing much more than 30wt% zinc. One of the
most important reasons for the establishment of the non-ferrous industrial complex at
Warmley was to enable Champion to exploit his newly patented zinc smelting process. The
relative seclusion of the site from other Bristol brass manufacturers no doubt allowed
Champion to keep elements of his process secret from his competitors. It is interesting to
note that William Champion’s own patent titled ‘A method of Invention for the Reducing of
Sulphureous British Minerals into a Body of Metallik Sulphur’ refers to the use of ‘calamy or
other sulphureous British mineral or minerals’ (Champion 1738, 2). Calamy (calamine) was
used to describe non-sulphide zinc ores and so perhaps the term ‘sulphureous’ was
employed deliberately to obscure the nature of his process (Dungworth and White 2007b).

The earliest account of zinc smelting at Warmley was only published in 1786; 48
years after the original patent was awarded and 19 years after Champion’s Warmley
business had failed. This describes how zinc ore and charcoal were placed in sealed ceramic
vessels (retorts) which had iron tubes which connected to buckets of water in a lower (cooler)
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chamber below. As the retorts were heated, the zinc ore would be reduced to metallic (but
gaseous) zinc. As the vessels were sealed, the zinc vapour would not be re-oxidised but
would descend the iron pipe and condense in the bucket of water.

The zinc smelting process patented by William Champion and carried out for at least
half a century at Warmley was of national and even international importance. Before
Champion almost all brass was manufactured using the cementation process. The
cementation process had been developed in the late first millennium BC and continued in
use until the 19th century AD (Craddock 1998a). The cementation process, however, was
not able to produce a brass with more than about 30% zinc (Newbury et al. 2005). By the
beginning of the 16th century metallic zinc began to arrive in Europe from India (Craddock et
al. 1998, 48–49). This metallic zinc could be alloyed directly with copper to produce brasses
with zinc contents in excess of 30%. These zinc-rich brasses were valued for their golden
colour, although the cost of imported metallic zinc made their use uneconomic in most cases.
William Champion’s patented process provided a cheaper source of metallic zinc which was
in demand in the Birmingham toy trades (Day 1973, 79).

The residues recovered from Warmley provide evidence for the manufacture of zinc
by distillation. The residues include a single fragment of ore, small fragments of a ceramic
refractory with a distinctive pale purple colour and a powdery black or grey material. The pale
purple refractory ceramics are interpreted as fragments of retorts while the black/grey
material is interpreted as retort residue (a material described in the 19th century as
‘residuum’). A range of other materials were also investigated but these provided relatively
little evidence for the manufacture of non-ferrous metals.

The XRD analysis of a single fragment of ore (and one of the two samples of
‘residuum’) indicated that the ores used were the zinc silicate willemite and the hydrated zinc
silicate hemimorphite. These types of zinc ore are known from the Mendips. None of the
Warmley samples provided any evidence for the use of either zinc sulphide or zinc carbonate
ores.

The scientific examination of the retorts shows that these were manufactured from a
highly refractory clay. The composition of the clay is entirely consistent with Angerstein’s
suggestion that the retorts were made using highly refractory Stourbridge clay (Berg and
Berg 2001, 143). The recovered fragments of retort are all rather small and have clearly been
exposed to high temperatures; the overall impression is of containers which were used
repeatedly until they failed. The fragments were usually so small that it was not possible to
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identify which were internal surfaces and which were external. The picture of heavy use is
reinforced by the high concentrations of zinc throughout the retorts and the microstructure,
which is dominated by zinc-containing spinels and silica polymorphs. The chemical
composition and microstructure of the retort fragments shows that these were not used just
once but were used repeatedly.

Mosselmann (1825) reports that five smelts were carried out in a zinc distillation
furnace each fortnight and that a retort would last for four months. From this it can be seen
that retorts would on average be used 40 times (each time for between 24 and 36 hours).
The chemical composition (in particular the high zinc content) and the microstructure of the
retorts (zinc-rich spinels) are both in perfect agreement a prolonged exposure to high
temperatures. The scientific examination of the crucibles allows the reconstruction of the full
thermal history of a typical zinc retort. Initially the retort would be formed using a kaolinitic,
refractory Stourbridge clay (possibly with the addition of sand temper) and then fired. The
firing would probably have been to a sufficiently high temperature to transform kaolin into
mullite. Mullite is an extremely refractory compound (Martinón-Torres et al. 2006) well-suited
to chemically aggressive, high-temperature environments. During use the retort would be
exposed to relatively high partial pressures of gaseous zinc and zinc oxide which would react
with the crucible. Initially, the mullite would react with zinc oxide (at temperatures as low as
900°C) but this would result in the formation of zi nc-rich spinels (especially gahnite) which
are extremely refractory — they have melting temperatures in the region of 1950°C
(Vorob’eva et al. 1971). Initially, exposure to zinc would actually improve the refractory
quality of the retort but once all of the mullite was transformed into gahnite, any further attack
by zinc would consume silica polymorphs leading to the formation of zinc silicates (willemite)
which have lower melting temperatures (1513°C). Wil lemite was most prominent in those
retort fragments with the highest zinc content and which displayed some of the most marked
signs of vitrification. It is likely that the extensive formation of willemite marked the failure of a
retort.

The excavations also recovered a small quantity of friable earthy material which has
been interpreted as the residue (‘residuum’ according to Percy) left in retorts after distillation.
The ‘residuum’ was mostly rather friable and varied in colour but most was black or grey. The
‘residuum’ has a very varied microstructure which includes fragments of ore, fuel, slag and
fuel. It also contains some zinc suggesting that the distillation process may not have been
capable of extracting all zinc from the ore. The chemical composition of the ‘residuum’ does
not correspond closely to the composition of the ore. In particular, the ‘residuum’ contains
much higher concentrations of aluminium, sulphur, calcium and iron than would be expected
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to be provided by the ore alone. Contemporary accounts all indicate that the retorts were
charged with just zinc ore and a reducing agent. In some cases the reducing agent was
charcoal while in others it was coal; it is also possible that both were used together (Berg and
Berg 2001, 143; Mosselmann 1825; Percy 1861, 551–3; Watson 1786, 38). The composition
of the ‘residuum’ is most easily explained as the result of significant contributions from both
the ore and coal ash.

The contemporary descriptions of zinc smelting (especially Mosselmann 1825)
suggest that each retort would typically be charged with 200kg of zinc ore and 200kg of coal.
Each retort would yield 20–50kg of metallic zinc and leave 100–200kg of ‘residuum’.
Therefore, the zinc smelters would have been faced with the problem of disposing of perhaps
100 tons of ‘residuum’ every year. The excavations have demonstrated that only small
quantities of this material were dumped in the immediate vicinity of the zinc smelting works.
The majority of the retort residue would have had to have been disposed of elsewhere or the
works would have been swamped by its own waste. To a less extent the same is true for the
retorts themselves. Mosselmann (1825) reports that a zinc distillation furnace would contain
six or eight retorts and that a retort would last for four months. From this it can be seen that
18–24 retorts would discarded each year. Percy’s description of zinc distillation retorts (their
height, diameter and wall thickness) suggests that when made each would weigh about 25kg
(Percy 1861, 551–553). Therefore, failed retorts would have been discarded at the rate of
about 0.5 tons per year.

William Champion’s patent for zinc smelting using a distillation technique has
traditionally been accepted as evidence that he invented the process (Day 1973, 73). The
process is sufficiently different to most other metal production technologies that the origins of
zinc smelting have been uncertain for some time. William Champion did not provide any
significant information about the origins of the technology. It was known that he had visited
continental Europe in his twenties and it seemed plausible that he had observed a variety of
metal smelting works (Day 1973, 73). Slightly earlier technical sources (e.g. Agricola’s 16thcentury De Re Metallica) contain references to the recovery of a variety of substances from
the flues of non-ferrous smelting works. It is clear that the use of flues when smelting
complex ores would allow a range of volatile metals and compounds to be condensed. A
variety of terms are used by Agricola to describe such materials and not all can be certainly
identified as zinc (Hoover and Hoover 1950, 408). Importantly, it is likely that the flues of
such smelters would have contained sufficient oxygen for most zinc to condense as the oxide
rather than the metal. Champion’s own account (in 1750 while he was applying for an
extension of the duration of his patent) refers to his ‘great expense, study and application’
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(Day 1973, 75). Champion’s testimony should not be accepted uncritically, however, as
patent applications regularly included such phrases, even in cases where there is
considerable doubt about the source of the invention (MacLeod 1989).

Recent fieldwork in India has identified a zinc smelting process using distillation that
is remarkably similar to Champion’s (Craddock et al. 1983; 1998; Freestone et al. 1985;
1991). Field survey and excavation at Zawar in north-western India has identified numerous
furnaces and extensive spoil heaps. The furnaces are typically square, 0.6m across with a
perforated raised floor. Each perforation would have held a ceramic retort (typically 0.3m tall
and 0.13m in diameter) and the surrounding spoil heaps contained many thousands of
discarded retorts. The perforated floor allowed the main body of the retort to be heated so
that the zinc ore was reduced to metallic zinc which then passed through the ceramic tube to
the cooler chamber underneath where it would condense. A detailed examination of samples
of Zawar retort showed that these were not highly refractory and that most had probably
been heated to a maximum temperature of 1200°C for two to five hours (Freestone et al.
1991). The production of zinc at Zawar appears to have begun in the medieval period,
expanded considerably in the 16th and 17th centuries but ceased in the 19th century.

The Zawar and the Champion processes have some differences of detail but they are
essentially the same process. In both cases the crucial technological solution was the use of
a vertical retort which held the zinc ore allowing the reduction to metallic zinc and preventing
the re-oxidation of the zinc vapour. The similarities are strong enough to suggest that the
inspiration for Champion’s Contemporary accounts provide no indication as to how
Champion learned about the Zawar process; there is no evidence that Champion ever
travelled to India (Day 1991). It seems unlikely that the details of the Zawar process had
been acquired by any of the continental smelters that Champion visited in the 1720s.
Subsequent zinc smelting in Europe seems to have used Champion’s process as a starting
point but made a variety of developments which have no apparent links with the Zawar
process (Almond 1998). The fact that William Champion returned from continental Europe in
1730 but did not take out a patent until eight years later in 1738 also suggests that he did not
bring back a working zinc distillation process.

While there is no evidence that William Champion learnt of the Zawar process as a
result of travel to India, it is plausible that the rapidly developing colonial links between Britain
and the Indian sub-continent provided the opportunity for technological transfer. While
Bristol’s role in colonial trade has often highlighted the Atlantic trade (Morgan 1993) there
were links with India, in particular trade for Indian textiles. The main trading activity was for
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Indian textiles which were exported from the trading station at Surat, and Surat is less than
500km from the zinc smelting site at Zawar. It is worth considering the possible contributions
that may have been played by Dr John Lane and Robert Morris (Day 1973, 74; Emery 1961;
Roberts 1951; 1972). Lane trained as a doctor and lived and practiced in Bristol (Roberts
1972), however, he also had a variety of industrial and mercantile interests. He was a partner
in a copperworks at Neath Abbey (Day 1991, 150) and established a non-ferrous smelting
works near Swansea in 1717 (Roberts 1951). He was also involved in privateering ventures
and a plan to improve the navigation of the Avon (Roberts 1972). He was declared bankrupt
in 1726 in the aftermath of the South Sea Bubble (Emery 1969; Roberts 1972), but continued
to live and practice medicine in Bristol for many years after. Lane’s non-ferrous metal
smelting works near Swansea were acquired by Morris (a former employer) in 1727 and he
claimed that Lane had been involved in making spelter or zinc. While there are no indications
that Lane or Morris developed a commercially viable zinc manufacturing technology, Lane’s
colonial trade links, his interests in non-ferrous metal production and his base in Bristol
provide the most plausible route for the transfer of zinc distillation from Zawar to Champion.
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DISCUSSION OF THE 1994 TO 2011 RESULTS
THE GROTTO
A northward flowing inbound culvert was noted in Area 1 on a plan of the grotto made by the
Avon Industrial Buildings Trust in 1986-87.75 The westernmost culvert revealed in 2006
appears to have been the one recorded on that plan. The eastern culvert, newly revealed in
2006, was found to be on the centreline of the pool. As these culverts are believed to have
been for the ingress of water it seems likely they represent two different sources and
therefore diverge at some point. Without the surviving structure for the point of egress it is
suggested they came together at a point set back from the edge of the pool, to allow the
waters to flow through a gap in the capstones.

Caves were mentioned in the company inventory of 1761, so some or all of the grotto
must have been extant by that date.76 It has previously been suggested the pool in Area 1
was intended as an impluvium that would give the visual effect of a Roman atrium77. A depth
of 1.3m seems excessive for a pool of purely visual function. By this date private bathing
facilities for gentlemen were not unknown in Bristol. There was a bathhouse built by William
Reeve between the ‘Black Castle’ and Arno’s Court that William Champion would have been
aware of, as they were contemporary copper smelters.78 Norborne Berkeley, Champion’s
business associate and a major financial backer, had a cold bath at Stoke Park, though this
may have been for horses.79 At a slightly later date John Pinney had a plunge bath built as
part of his residence at no. 7 Great George Street, Bristol; it had been his habit to take a
daily cold bath since at least 1760.80 There was also an 18th century cold bath at Gorse Lane,
Bristol.81 It is therefore suggested the pool in Area 1 was probably intended as a private bath
for William Champion. The two culverts could thus represent two separate water sources.
The culvert found in 1986-87 brought water (probably cold) from the cascade pool in Area 3
to the pool in Area 1. It is therefore possible that the newly discovered culvert brought hot
water in from a nearby source such as a Newcomen engine.82

CULVERTS 1 AND 2 (Plate 5)
The location and approximate north-south alignment of these culverts (Figs. 5, 10 and 17,
Plate 5) strongly suggest they are related to the grotto. It was not possible to establish
direction of flow for either culvert, but it seems unlikely they would be draining from the
grotto, as what we know of the grotto drains suggest they ran north and east, into the lake or
Echo Pond.83 It follows that Culverts 1 and 2 did in fact run northwards, probably from the
direction of the pond (B) or the adjacent Newcomen engine (A) that may have been used to
feed water to the grotto. Why Culvert 2 should be laid so deep in the bedrock is not clear at
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all. Possibly this was the hot water feed for the pool in Area 1, requiring extra insulation, but
not required to be raised as high as the cold water feed for the cascade in Area 3, possibly
represented by Culvert 1.

STRUCTURE 1 (Plate 2)
At least three phases of construction are represented by Structure 1 and related deposits
recorded in the 2006-7 bank section. The location of these can be related to the north wing of
Building Q, of unknown purpose, first shown on the Tithe Map of 1841 (see Figs. 3 and 17).
Parts of this wing were still extant on the OS map of 1963; they were presumably demolished
with the rest of the pottery works in c. 1969. Building remains found in 1994, 2002 and 2011
probably also represent parts of this structure, which adjoined Warmley House.84 Both the
archaeology, and the form of the building as shown on the Tithe map, indicate it went
through several structural changes. The appearance of heat-affected areas of masonry from
Phase c suggests proximity to a semi subterranean furnace. Unfortunately, during the 2007
recording exercise it was not possible to take samples from Structure 1 that might have
helped elucidate its purpose, although the modifications and location close to the house
imply it was of some importance. Layers [139] and [141] were recorded and sampled by
English Heritage in 2006 as deposit [004]; a flame test confirmed these were deposits of fine
black coal.85 Coal may therefore have been heaped against the eastern wall of Structure 1.
The presence of copper slag and clinker comprising layer [166], contemporary with Phase a,
argues for the presence of a nearby reverberatory furnace for the smelting of copper.86
Taking into account the heat affected structures of Phase c, it is possible that parts of
Structure 1 represents parts of one or more reverberatory furnaces for the smelting of
copper.87 If so this would be the first recorded example of such from Warmley.

STRUCTURE 2 (Plates 3 and 4)
From the archaeological evidence alone it can be deduced that Structure 2 (Figs 10 and 17)
had been deliberately abandoned and demolished during the lifetime of the spelter works, as
demonstrated by the deliberate backfilling with possible residuum from the zinc smelting
process.88 Furthermore, although a reasonably substantial building, there is no map evidence
for a structure at this location. The nearest structure, the former glasshouse, first shown on
the OS map of 1881, can still be traced on the ground. The earliest map evidence, from
1841, suggests this area was already part of the garden at that date.89 It follows that
Structure 2 must represent either a pre or early brassworks building, hitherto unknown,
demolished to make way for the laying out or expansion of the garden, possibly during the
occupation of William Champion, and certainly before 1841.
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STRUCTURE 4 (Plate 7)
As excavated in 2007, Structure 4 appears to be no more than a cellar, typical of those found
throughout the Bristol area from the early to mid 18th century through to the 19th century,
where the walls are constructed of pennant sandstone and the barrel-vaulted roofs are
constructed of brick. It is only when the results of this excavation are married to the (very
similar) subterranean structures found nearby in 1994, that the full significance of this
structure is revealed.90 Careful plotting, using modern GIS and CAD packages, show the two
structures are indeed one and the same building, at the same location and on the same
alignment as a structure shown on the 1841 Tithe Map (see Fig. 3, plot 465 and and 17,
Structure L) and still extant on the OS Map of 1881.

A Spilter house i.e. zinc smelter, is listed in the Tithe Apportionment, although it is not
clear which structure within the plot this applies to. In June 1754, Reinhold Angerstein noted
four spelter, or zinc furnaces, at Warmley, but did not describe them or record their exact
location.91 In January 1760 Bengt Ferrner observed that “the spelter works was built right in
front of Mr Champion’s windows”, suggesting a location very close to the house, though he
may have been misled as to its location, for he never saw inside.92 The company inventory of
1761 listed “One large Spelter work with 5 furnaces, arches warehouses”, while the auction
sale notice of 1769 also lists “five Spelter Furnaces”.93
Deposits of zinc silicate were observed in association with Structure 4 in 1994.94 Zinc
silicate occurs naturally as an ore of zinc associated with zinc carbonate (calamine). It also
occurs as a product of the smelting process using a ceramic refractory vessel.95 Fragments
of retort were also retrieved in 1994 from Trench 2.96 It follows that the presence of zinc
silicate in association with Structure 4 argues this building was used for either the storage of
zinc ore, the traditional cementation process using zinc ore, or Champion’s patent zinc
smelting process. The presence of retort fragments suggests the latter, but similar fragments
were also found elsewhere on site.97

The form of Structure 4 is thus the determining factor in establishing its original use.
Angerstein, Mosselman and Watson describe the zinc smelting process, which required a
two-storey structure; the upper storey at ground level housed the furnace (within which the
retorts were placed) inside a bottle kiln, the lower storey, below ground level, housed the
buckets of water for collecting the spelter (zinc), from iron pipes that led down from the
retorts.98 Only Watson claimed to have seen the actual process at Warmley, where the pipes
led directly into the buckets of water.99 Angerstein’s account of Crews Hole, where they did

Avon Archaeological Unit Limited - 2012

59

William Champion’s Warmley Brass and Zinc works, Warmley, South Gloucestershire.
Archaeological Investigations and Recording 1994-2011

not, shows an incomplete understanding of the process there. It is possible that ice from the
lake was used in the buckets at Warmley, explaining the need for an ice-house of industrial
scale.100

As excavated, Structure 4 was below ground level, the steps [416] leading down to it
from outside, found in 1994, suggest it was always so.101 The approximate width of Structure
4 measured 10m, the length of Structure 4, from wall [163] to wall [404], measured 19m,
consistent with the approximate length and width of Structure L shown on the Tithe map (see
Figs. 3 and 17). The internal width of the chamber excavated in 2007 was 2.4m (northeast to
southwest), which even allowing for the width of partition walls (giving c. 3.4m centreline to
centreline), seems sufficient for five chambers. It is therefore reasonable to conclude these
remains represent the substantial below ground survival of one or more spelter furnaces.

The remaining question therefore relates to date. Stratified datable artefacts from
contexts pre-dating the advent of Haskin’s pottery are a rare occurrence at Warmley.
Excepting the retort fragments found in 1994, there were no dateable artefacts from
Structure 4. The earliest reference to a spelter works at Warmley is contained in the will of
Nehemiah Champion, dated 21 May 1747.102 Structure L was extant in 1841, but the
possibility exists that this was not the spelter works seen by Bengt Ferrner in 1760. Zinc was
still being smelted on the site in 1832, the Tithe apportionment would suggest that smelting
was continued as late as 1841, which agrees with Ellacombe’s account that smelting ceased
in 1851.103 There is no evidence of new building at Warmley between 1769 and 1851; rather
the site appears to have been gradually run down.104 It is possible that further zinc smelters
were added after 1769, but there is no documentary evidence to support this. It therefore
follows that Structure 4 does indeed represent the remains of four spelter furnaces recorded
by Angerstein in 1754, together with a fifth, added by 1761.

The identification of Structure 4 as part of William Champion’s spelter furnaces is a
significant discovery. These remains represent the earliest known, and to date the only
surviving example, of an 18th century industrial zinc smelter in Britain. Future disturbance of
the area should be kept to an absolute minimum, in particular heavy loads, machinery and
plant should be excluded from the vicinity, not least for health and safety reasons due to the
potential presence of subterranean voids. Any future below ground works that become
necessary should be undertaken by experienced and fully briefed archaeologists working by
hand only. It is imperative that if any cellar roofs survive they are preserved, as these may
well retain the holes for the retort tubes or even traces of the above ground furnaces.
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STRUCTURE 5 (Plate 9)
The west wall of Structure 5, Wall [526], is on the approximate location and alignment of the
west wall of Building J shown on the 1841 Tithe Map (Figs 3 and 17), which has previously
been interpreted as a warehouse, although none were specifically mentioned in the
apportionment.105 This would place associated features, the lime mortar surface [525], the
potential hearth [518] and the associated wall [623], well within the interior of Building J (Fig.
17). A large number of the industrial deposits analysed by David Dungworth (below) came
from stratified layers within this area. Given these deposits all pointed towards the
manufacture of spelter, it is possible that Structure 5 also represents the remains of one or
more zinc furnaces. This is not generally borne out by the surviving remains, which included
the apparent presence of a domestic hearth, or the documentary evidence (see above). As
the spelter works was in operation for over 100 years, it would not be surprising to find
residue and retort fragments out of their initial context.106

STRUCTURE 6 (Plates 10 and 11)
This structure coincides with the approximate location of the southern face of Structure P
shown on the Tithe map (Figs 3 and 17). There is no known documentary evidence for the
use of this building, but the OS map of 1881 indicates it was incorporated into the later
pottery buildings, so it may not have been demolished until as late as 1969. On the basis of
the map evidence there is no reason to suppose that Structure 6 is not one of the original
buildings constructed during William Champion’s time, especially since the possible hearth
floor was constructed of slag blocks.

STRUCTURE 7 (Plate 12)
Wall [605] and Wall [606] are at the approximate location, and on similar alignment to, the
eastern side of Building A shown on the 1841 Tithe map (Figs 3 and 17). Based on the
location, adjacent to a triangular pond (B), together with Angerstein’s description and
illustration, Building A has previously been interpreted as the engine house for the one or
more Newcomen engines, which William Champion employed to pump spent water from the
mills back into the lake.107 Prior to the introduction of the crank, this was the only mechanism
to convert steam power into rotative power, and was first used at Coalbrookdale.108 Warmley
was possibly only the second location where this technique was employed, and was unusual
enough that visitors commented on it.109 As the engines required a large amount of coal and
maintenance, it was an expensive method for obtaining power, which added to the financial
drain on the company.110 OS maps and RAF aerial photographs suggest all or part of this
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building was still standing in the 20th century, possibly as late as 1969, although the engines
they contained were dismantled and offered for sale in 1784.111

No archaeological evidence was found for the use of Structure 7, which appears to
have been at least partially demolished and rebuilt. However, the replacement of the first
engine at Warmley with a larger one, and the addition of a second by June 1767, both
provide a context for this activity.112

STRUCTURE 8
Plotting the results of the February 2006 watching brief on the Clocktower service trench has
revealed the remains of a further structure. Structure 8 comprised walls [105], [112], [126]
and surface [104]. It lay in the approximate location of, and on a similar northeast to
southwest alignment to, the southern portion of Structure M, shown on the 1841 Tithe map
and OS 1881 map (Figs 3 and 17). This structure has previously been interpreted as a
warehouse.113 Nothing was found during the watching brief to suggest any other possible use
for the building, though the exact purpose of surface [104] was unclear. It may have been a
plinth.114

GENERAL CONCLUSIONS
The Warmley zinc and brass works was founded on a green field site by the Siston Brook c.
1746 by father and son Nehemiah and William Champion. The latter was a former
shareholder of the Bristol Brass Company, based at Baptist Mills, Bristol. Both were former
employees of the Bristol Brass Company, and technical innovators in their own right. In 1738
William had patented a method for the industrial extraction of metallic zinc from its ore,
calamine, a process unknown in Britain at that time. William’s first attempt to manufacture
zinc, in Old Market, Bristol, had proved the process, but had not been a commercial success.
This process required the heating of the ore in vertical airtight retorts that allowed the zinc
vapour to condense in buckets of water before it could oxidise. On Nehemiah’s death in 1747
William took over the works at Warmley. During his time at Warmley (1746-1769) William
Champion constructed Britain’s first integrated brass goods manufacturing site, where
copper ore and calamine went in and the finished brass and copper goods came out. He also
incorporated into the site his own house (Warmley House) and pleasure grounds, that
included a large and unusual grotto lined completely with rough fragments of industrial slag.
A windmill is believed to have powered an ore crusher (now part of the Dalton Young
complex), while a large reservoir (now a caravan park) was constructed by damming the
Siston Brook. This provided rotative power for the battery mills, where brass sheet was
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beaten into the finished product. Warmley was possibly only the second place in the country,
after Coalbrookdale, where Newcomen engines (the first steam driven pump) were employed
to pump water back into the reservoir. This also provided ice for one of Britain’s largest
surviving 18th century ice-houses. The reservoir was incorporated into the pleasure grounds,
overlooked by a large statue of Neptune located on a small island. Other garden features
included a summerhouse, a leat, a boathouse and a pond. As the settlement of Warmley was
virtually non-existent, it is believed William Champion constructed housing for his workforce
(including the Rank), again one of the earliest examples of industrial/social housing known in
Britain. William is known to have established a zinc smelter at Warmley by 1747 and by his
departure in 1768 there were five on the site.

Between the final closure of the zinc smelter in 1851 until the recording and
demolition of the Rank in 1966, there appears to have been little appreciation of William
Champion’s innovative and ultimately successful attempts to introduce industrial zinc
smelting to Britain, and even less understanding of the Warmley site. Consequently much
that was standing, which could have been saved or recorded, was demolished in the late
1960s, with little or no record. Attempts since to record and understand the site have been
piecemeal, subsequently little information regarding the site has filtered into the wider public
domain. This report has attempted to redress the balance by bringing together the results of
the various archaeological interventions between 1986 and 2011, highlighting in particular
the developer funded recording undertaken in 1994 and 2007 that has significantly increased
our knowledge of the site.

Before 1986 very little was known about the potential below ground survival of
archaeological remains. The discovery and recording by volunteers, during Easter 1986, of a
brass cementation furnace (where the copper and zinc ore were combined) exposed during
development, marked a watershed in the history of the site. This was the first discovery of
significant buried archaeological remains; their presence indicated the potential for further
survival elsewhere on the site. Although these results were published, and publicised locally,
they were not acted upon by the local planning authorities, and indeed the mechanisms were
not in place to insure the lesson was learned. It was not until the discovery in 1994, during a
road widening scheme (at the junction of Tower Lane and Tower Road North), of a large
rectangular buried structure, ostensibly a stone-built cellar or group of adjoining cellars, in
association with identifiable residue that could only have come from the manufacture of brass
or the smelting of zinc, that the local authority (then Avon County Council) realised the
archaeological potential of the site. These two discoveries undoubtedly played a significant
role in the scheduling of the site in 1995.
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Whilst various small developer funded monitoring, recording and evaluation exercises
have since been undertaken as part of the planning process, little of archaeological
significance was revealed until a large section was inadvertently exposed to the rear of the
former Lindman Works fronting the north side of Tower Lane. Emergency recording in 2006
identified at least two buildings and a culvert that had been exposed and partially destroyed.
Subsequent detailed section recording in 2007 identified a further culvert and the potential
remains of a third structure. Structure 1, towards the centre of the section, appeared to be
part of a larger north-south range of industrial buildings illustrated on the 1841 Tithe Map of
the site, exact purpose unknown, though heat affected stone and brickwork, associated with
copper slag, could indicate this was part of a reverberatory furnace. If so this is an important
discovery as it would be the first example of such from Warmley. Structure 2, to the west, is
not shown on any historic or modern map of the site. Structure 2 was a rectangular stone
built structure c. 10m wide, with a flagstone floor. It was demolished and backfilled with slag
and clinker during the lifetime of the brassworks, and no later than 1841, by which time the
area was part of the garden. No firm evidence for the original purpose of Structure 2 was
found, although it is a significant find, for it either pre-dates the construction of the
brassworks (unlikely) or relates to a very early phase. Structure 3, at the eastern end of the
section, probably represents a short-lived building of unknown purpose, reused as a late 19th
century boundary wall. Culverts 1 and 2, located 2m west of Structure 2, probably flowed
northwards towards the Grotto and suggest a supply of both hot and cold water. Culvert 1, at
just below ground level, probably supplied cold water to the Grotto cascade, while rock cut
Culvert 2 may have supplied hot water direct to the central pool of the Grotto via an internal
culvert discovered in 2006. This rectangular pool, which is up to 1.3m deep and is known to
have had a flagstone floor, is thought by the writer to have been a private plunge pool for
William Champion.

The series of trenches opened on the east side of the former Lindman Works in 2007,
to investigate the possibility of running combined services between the works and Tower
Road North, revealed further significant buried structures and deposits. The original route of
the service trench was blocked by a large east-west aligned brick built rectangular structure,
interpreted as a continuous kiln, probably of a developed Hoffman type, surviving largely
intact. This kiln relates to the re-use of the site as a ceramic drain and brick works, from the
late 19th century until 1969, and dates from 1903-1915. Excavations around the south side
of the kiln revealed a further four structures (nos. 4-7) of archaeological significance that
relate to the former brass and zinc works. Of these, Structure 4 is the most significant and
will be discussed last.
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Structure 5 represented the truncated remains of a stone built wall together with a
postulated hearth, located immediately south of the continuous kiln and clearly pre-dating it.
The use of the structure could not be ascertained but is on the approximate location and
alignment of an industrial building shown on the 1841 Tithe Map and previously interpreted
as a warehouse. The presence of a large amount of zinc smelting residue in adjoining
deposits also indicates this building is contemporary with the brass and zinc works. Structure
6, located at the north-western extent of the excavations consisted of two truncated
sandstone walls enclosing what appears to be a domestic hearth built of slag blocks. The
location of Structure 6 corresponds with an industrial building shown on the 1841 Tithe Map.
The purpose of that building is not known and could not be ascertained from this excavation.
Structure 7, located 2m to the south of Structure 6, is represented by the remains of a
sandstone wall aligned northeast to southwest, which was substantially demolished and
rebuilt during the lifetime of the building. This wall is on the approximate alignment and
location of an industrial building shown on the Tithe Map of 1841 and previously interpreted
as the Newcomen engine house. The evidence for rebuilding supports this interpretation, as
it is known that during Champion’s time the engine was replaced with one of larger capacity
and later supplemented by an additional engine.

Structure 8 is identified from the results of a 2006 watching brief in the car park of the
Clocktower building. Walls and a kerbed surface were found at the approximate location and
alignment of a building shown on the 1841 Tithe map. This building has previously been
interpreted as a warehouse.

Excavation against the eastern edge of the former Lindman Works car park exposed
parts of two brick vaulted stone built interconnecting cellars (Structure 4), which post
excavation analysis indicated were parts of the same rectangular subterranean structure
partially exposed in 1994. An above ground industrial building of the same size and
alignment is shown at that location on the Tithe Map of 1841. Measurements suggest there
was room in this building for up to five cellars of the same size as those already recorded.
Surviving illustrations from the mid 18th and early 19th centuries show the early industrial
smelting of zinc required a two-storey structure, with the furnace at ground level while the
zinc was collected in cellars beneath. Extensive deposits of industrial waste found adjoining
in 1994 indicate zinc smelting. We know that Champion had up to five zinc smelters on site.
It therefore follows that Structure 4 represents the remains of William Champion’s zinc
smelter. This is of national, and potentially international importance. Structure 4 not only
represents the remains of Britain’s oldest surviving zinc smelter, it is the only known example
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of its type to have survived from the 18th and 19th centuries. This discovery amply justifies
the scheduled status of the site.

One difficulty in the study, management and conservation of the Warmley brassworks
and gardens site is the present fragmented nature, where the land is partly in public
ownership, but mostly in various private hands, with differing levels of development. While it
might seem desirable to reunite the various elements under sympathetic ownership, in
practice this is unlikely to take place within the foreseeable future. Further fragmentation
should however be discouraged, and all future development should be carefully monitored
and controlled. It is highly desirable that the general public who use the site, and in particular
the landowners and tenants, are made fully aware of its nature and importance, and their
statutory duties towards it.

During this study it was noted there is no comprehensive survey of the site as a
whole as it presently exists. The various monuments, structures and features exist on their
own within the archaeological record, but lack the detailed landscape survey to place them in
their context. This lack has negative implications for the future management of the site, both
above and below ground. In particular there is no catalogue of the various garden, boundary
and retaining walls, many of which contain slag blocks or random fragments of slag, and
could therefore date to the time of Champion’s works or even represent the remains of
former works structures. For even some of the larger structures, in particular Warmley House
and the Clocktower, detailed external and internal plans and records do not appear to exist in
the public domain. Should these structures burn down tomorrow we would be none the wiser
as to their plan and layout. While a ground plan and some sections/elevations of the Grotto
exist, modern survey techniques could make a full three dimensional record. There are no
detailed surveys of the mound, leet, Echo pond, former lake, statue of Neptune, boathouse,
ice-house and other garden features. Past recording exercises have been largely reactive.
To allow better management of the site and avoid further loss of important heritage a
programme of proactive monitoring and recording is urgently required.

There is therefore scope for much future fieldwork at Warmley, with the potential for
further discoveries, even without intrusive archaeological excavation. Within the archives of
the Kingswood Heritage Museum there is much material that awaits cataloguing and
publication. The writer has observed excellent photographs from the Easter 1986 emergency
recording of a brass cementation furnace, while in a different location were found finished
profiles and elevations of the grotto, presumably from the c. 1988 recording. To date none of
this material has been published. A thorough and detailed search of the archives, for material
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from the excavation and recording of the 1980s, might retrieve material previously thought
lost and avoid unnecessary duplication of fieldwork, while enabling fuller publication of the
results than has hitherto been possible.

In conclusion, the various stages of archaeological excavation and recording,
undertaken between 1986 and 2011 have demonstrated the widespread and sometimes
exceptional below ground survival at Warmley of one of Britain’s early 18th century industrial
brass works, set in an industrial landscape and pleasure grounds the remains of which can
still be traced by the visitor today. Not only is Warmley significant as the first site where full
integration of the brass goods manufacturing process took place, more importantly it is the
only known site in Britain where the remains of an early industrial zinc smelter survive.

EPILOGUE
Warmley was not the only site in Bristol producing brass and brass goods during the 18th
century; the Warmley Company barely overtook the production of the Bristol Brass
Company, despite the seemingly obvious advantages in centralising production at one
site.115 The principal restriction on the growth and financial success of the company appears
to have been the lack of waterpower, requiring an expensive pumping operation.116 Why did
Nehemiah and William Champion establish their own brassworks at Warmley, in obvious
competition with their former company, when William’s principal interest lay in the smelting of
zinc? Both knew enough to establish their own brassworks, but William’s first attempt at the
industrial smelting of zinc (in Old Market, Bristol) had ended in the failure of the business,
due to the unpredictable price of imported zinc and the local objection to the fumes from his
works.117 The attempt to marry the production of zinc (at a green field site where no one
could complain) with the production of high zinc brass would seem the next logical step, but
in practice this never occurred. There is no physical or documentary evidence that high zinc
brasses were ever produced at Warmley, rather the opposite, as Watson and Zinzendorf
noted that all zinc was exported as ingots to Birmingham.118 Whatever the original intention,
the Champions’ diversification into brass may have become a financial crutch for William’s
smelter. Beyond sharing the same ores, the need for coal, and the same site, the two
industries at Warmley had nothing further to do with each other; Warmley zinc almost
certainly never went into Warmley brass. Thus the industrial production of zinc at Warmley
may rarely, if ever, have paid for itself during William Champion’s time, putting a financial
strain on the company that it could ill do with.119 But the price of this hobby was indeed high.
In order to compete in the market, the Warmley Company manufactured brass goods for the
slave trade (euphemistically known as the Guinea trade), not as a sideline, but if Ferrner and
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Angerstein are to be believed, as the sole sheet brass output of the works.120 In so doing,
William Champion was in direct contravention of his Quaker ideals and such rules as the
Society of Friends held, which forbade involvement in the slave trade on pain of
disownment.121 In 1768 he was caught “with his hand in the till” and dismissed, for trying to
withdraw part of his own capital in the company to pay off personal debts, before imminent
bankruptcy of himself and the company.122

Even within the lifetime of the Warmley Company the secret of zinc smelting had
escaped William’s ‘fiery’ vigilance, with the establishment, by 1754, of the (inferior) Crews
Hole smelter.123 By 1825 there were also spelter works in Birmingham and Sheffield,
indicating the manufacture of zinc was by that time profitable.124 The continued production of
zinc at Warmley up to 1851 confirms this.125 Ultimately William never held on to the profits of
his investment in zinc smelting, but with the secret out, came the establishment of a British
zinc industry using British ores.126
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Nuvolari et al 2003, 4; Day 1973, 80-81.
109

Day 1973, 81; Berg & Berg 2001, 138; Pegliasco-Fischer & Pegliasco-Fischer 2009, Translation

page 5; Woolrich n.d., 32.
110

Berg & Berg 2001, 138.

111

OS 1881; OS 1902; OS 1915; RAF 1955; Day 1973, 113.

112

Day 1973, 91.

113

Atkins 2007, fig.31.

114

Ducker 2006, 12.

115

Day 1973, 81 & 222-3; in terms of copper ore purchased the Warmley Company only overtook the

Bristol Brass Company twice, in 1765 and 1767, though the estimated yields for Warmley were lower,
suggesting the ore was of inferior quality and therefore required more smelting, placing a high demand
on coal.
116

Day 1973, 80.

117

Day 1973, 73 & 77.

118

Watson 1788, 39-40; Pegliasco-Fischer & Pegliasco-Fischer 2009, Translation page 2; the use of

spelter to make low zinc brasses would not have been cost effective, as it would require two separate
charges of coal, one for smelting zinc, the other for alloying, as opposed to a single charge for the
traditional cementation method.
119

The main cause of the collapse appears to have been the heavy borrowing required to pay for

advances of coal at a fixed rate, see Day 1973, 86, 89 & 91, and Champion n.d.

Avon Archaeological Unit Limited - 2012

72

William Champion’s Warmley Brass and Zinc works, Warmley, South Gloucestershire.
Archaeological Investigations and Recording 1994-2011

120

Angerstein indicates all sheet brass was for kettles, i.e. Guinea kettles; Berg & Berg 2001, 136, 139

& Fig. 144; Bengt Ferrner is unequivocal “all battery work, which is made at Warmly goes out to
Guinea in Africa…”, Woolrich n.d., 32-33; “Brass battery guinea rods et in our warehouse at
Liverpool… [£]7094. 1-8 & three-quarters” was listed in the accounts for March 1761, transcript of GA
D421/B1 held at the Kingswood Heritage Museum; Day 1973, 90; there is evidence that both William
and his father, Nehemiah, were involved in or supported the slave trade at an earlier date, a
Nehemiah and William Champion signed a petition of February 1738 against the levying of a
Jamaican importation tax on slaves, Davies 1738, 33-43.
121

Olsen 1984, 174.

122

Day 1973, 93; letter from George Green dated 26 June 1768 (Day gives April), from a transcript

held at the Kingswood Heritage Museum of GA D3421/B1; bankruptcy was another cause for
disownment from the Society of Friends, Olsen 1984, 174; Champion gives March 24th as the date for
his dismissal, Champion, n.d.
123

Woolrich n.d., 32; Berg & Berg 2001, 143; note Angerstein visited two years after Champion’s

patent had run out, he believed the spelter works at Warmley had been established c. 1736-39,
presumably confusing the works at Warmley with Old Market.
124

Mosselman 1825, 485-6.

125

Ellacombe 1883, 230.

126

Day 1973, 76-77.

ABBREVIATIONS
aOD

above Ordnance Datum.

BGS

British Geological Survey.

BHER

Bristol Historic Environment Record.

BRO

Bristol Record Office.

BRSMG

Bristol Museum and Art Gallery. Accession code.

CMAG

Bristol City Museum and Art Gallery. Earlier accession code replaced by BRSMG.

GA

Gloucestershire Archives.

MAL

Meridian Airmaps Limited.

NGR

National Grid Reference.

NMR

English Heritage National Monuments Record. Available online via Heritage Gateway
and PastScape.

NMRC

National Monuments Record Centre, Swindon.

OS

Ordnance Survey.

RAF

Royal Air Force.

SGHER

South Gloucestershire Historic Environment Record. Available online via Heritage
Gateway.

TNA

The National Archives.
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Plates
Bank Recording Project, SGSMR 18153

1)

East end of the bank section, detailing Cuts 123 and
128, scale 2 x 2m

2) East end of Structure 1, showing Walls 146, 147 and
148, scale 2 x 2m

3) West end of the bank section showing Structure 2,
scale 1 x 2m

4) Detail of Structure 2, with Wall 188, Floor
187 and Deposit 150, scale 2 x 2m

5) Culverts 1 and 2, scale 2 x 1m
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6) Structure 3 in west–facing section, scale 2 x 2m
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Plates (cont.)
Service Trench Excavation, SGSMR 18371

7) Recording of Structure 4, Trench 1 – Champion
Building J

10) Wall 605 (part of Structure 6, Champion Building A
or P), scale 2 x 1m

11) Walls 579 and 580 (part of Structure 6, Champion
Building A or P), scale 1 x 1m

8) Machine base recovered from Trench 1,
scale 1 x 1m

9) Wall 526, part of Structure 5 (Champion Building J),
th
Trench 5, truncated by 19 Hoffmann Kiln. Scale
2 x 1m
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12) Part of Hoffmann Kiln base exposed in
Trench 3 (Structure 7), scale 2 x 1m

