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INTRODUCTION

In the immediate post-Roman period there is a dearth 
of evidence for non-ferrous mining or smelting through-
out Britain, and it is not really until the 11th or 12th century 
AD that we begin to see mention of metal mining within 
early written documents, and as a result of this we can pick 
up the on-going story of early mining within these islands, 
the fi rst chapters of which have been provided by the solid 
foundations of archaeology. These investigations into the 
origins of mining suggest a strong tradition of metal extrac-
tion from Bronze Age times, if not earlier. 

Currently we have twelve dated Early Bronze Age cop-
per mines within West Wales, North Wales and Central-NW 
England (Timberlake 2009), a Middle Bronze Age mine on 
the Great Orme in N.Wales (Timberlake et Marshall 2013), 
and some evidence for Late Bronze Age – Early Iron Age 
copper mining at Llanymynech Ogof on the Welsh-English 
border (Musson et Northover 1989). During the Later Iron 
Age we have a similar but not proven indication that mi-
ning was being undertaken for lead and perhaps silver in 
mid-Wales (Timberlake et Driver 2005) and the Mendips 
(Todd 1996), and for gold at Dolaucothi in South Wales 
(Burnham 1997). The latter continued into the Roman peri-
od, when lead production also peaked within the Mendips, 
Derbyshire- Northern Pennine, Shropshire and Flintshire 
orefi elds. We know this from contemporary inscriptions 
and from fi nds of lead pigs (Timberlake 1994), although the 
archaeological evidence from the mines themselves, whilst 
present in some places, is thin on the ground.

The current paper will concentrate on just some of the 
recently uncovered archaeological evidence for medieval 

mining which took place on the periphery of the main his-
torical mining areas of Britain. Most of the work I am de-
scribing has been carried out over the last 10–15 years, and 
is the result of many small-scale archaeological excavations, 
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Fig. 1. Map of Wales showing Medieval mines and religious houses 
(Cistercian Abbeys).
Obr. 1. Mapa Walesu ukazující středověké doly a náboženské domy 
(cisterciácká opatství).
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alongside fi eld survey and palaeoenvironmental investiga-
tions carried out by the Early Mines Research Group, prin-
cipally in Central Wales, but also over the last few years at 
Ecton in north-west Staffordshire, England. However, this 
story, as all good archaeological narratives, begins with 
a search into the historical records, a brief background to 
which is supplied here.

HISTORICAL BACKGROUND

Central and Southern Wales

The only defi nite post-Roman and pre-11th century arte-
fact known to have been found within an early minework-
ing in Wales is the Merovingian bone comb found within 
‘Comb Rift’ in the Draethen Roman Mine at Cefn Pwll 
Du near Machen, Glamorgan in South Wales (Tuck J. P. et 
Tuck N. W. 1971). The style of this comb suggests a date 
between the 9th–11th centuries AD, yet its presence here has 
little to do with contemporary mining, and much more like-
ly this object was washed into an already abandoned and 
partly infi lled ancient mine (Timberlake 1994, 139).

The earliest contemporary accounts for mining interests 
are vague and brief, but most of those that survive relate 
to the early infl uence and economic expansion of the reli-
gious houses, particularly those of the Cistercians, many of 
which founded at the end of the 12th century (Fig. 1). One 
of the earliest requirements of lead would have been for 
roofi ng and water pipes, and apart from the ore mined by 
the monks for their own use, there are brief records of lead 
sales which relate to the construction and repair of the very 
fi rst Edwardian (English) castles (Lewis W. J. 1967).

In South Wales the monks of Margam Abbey in Glamor-
gan were given permission to open a lead mine close to the 
abbey in 1227 (Lewis E. A. 1903,142), and not long after 
this Cistercian monks at Llantrisant Abbey were granted the 
same. By the middle of the 13th century the monks at Cym-
mer Abbey in north-west Wales were working the lead mines 
of Penrhyn-du on the Lleyn Peninsula (Lewis W. J. ibid. 36), 
and by the end of the century in 1285 the Cistercian Ab-
bot of Vale Royal was already granting leases to the miners 
of Englefi eld to extract lead at Minera in north-east Wales. 
The latter forms part of the well-documented history of early 
medieval mining in Flintshire; Minera (Eclusham Mountain) 
was an important medieval mining centre which in less than 
50 years of its starting had its own mining laws and charter 
of miner’s rights (Lewis W. J. ibid. 32, Nef 1932).

There is an interesting and reasonably well documented 
account of lead-silver mining at Carreghwfa Mine on the 
south side of Llanymynech Hill in Montgomeryshire which 
dates from 1194, and which was granted by Walter, Bish-
op of Shrewsbury (Wells 1964). This venture was appa-
rently short-lived, ceasing before 1196. Unlike most early 
medieval mines in Wales this site can be approximately 
identifi ed, though limestone quarrying has subsequently 

removed most of the early workings, such that now there is 
only a later level which appears to intersect what could be 
some of the earliest shafts (Adams 1992).

In mid-Wales there is an account of mining within the 
commote of Genau’r-glyn in the parish of Llanbadarn Fawr 
near Aberystwyth which dates from 1282 (Rhys 1936, 
391), the exact site is not specifi ed, but it seems at least pos-
sible that this might have been the old Darren Mine. All we 
know of this venture is that it failed for the lack of available 
skilled workmen. This situation wouldn’t have been helped 
by the arrival of the Black Death a few years later. How-
ever, around the same time we hear that there were mines 
at Llandewibrefi  on the lands of the Bishop of St. Davids 
(Willis-Bund 1902, 52). Mining at the latter site or others in 
mid-Wales may well have been linked to the appointment 
of two inspectors of silver at Cardigan in 1340.

The founding in 1164 of the Cistercian Strata Florida Ab-
bey only 5 miles distant from the earlier-worked mine of 
Cwmystwyth in North Cardiganshire may well have acted as 
a stimulus to start or else revive local mining (Hughes 1981, 
5). It is known that the monks here did have mining interests; 
for instance, they may well have mined at the old Strata Flori-
da (Bronberllan Mine) which lies within the grange and close 
to the abbey precinct (Fig. 2). The recent work of Lampeter 
University’s Strata Florida Project has revealed evidence for 
an important lead and iron metalworking area inside of the 
abbey precinct identifi ed through geophysical and geochemi-
cal survey, as well as fi resetting evidence found within the 
old spoil tips of the Bronberllan Mine (information: David 
Sables, University of Lampeter). Similarly excavations car-
ried out at the Abbey in 1887 by Stephen Williams identi-
fi ed what were thought to be furnaces where local lead ore 
was smelted and silver was refi ned by cupellation (Williams 
1889, 47). In 1451 we hear that lead ore from the ‘Strata Flo-
rida Mines’ was being used to repair Cardigan Castle.

We have no documentary reference to pre-1400s mining 
at Cwmystwyth, yet we know that it was already an ‘old 
mine’ by the time John Leland (King Henry VIII’s ecclesi-
astical recorder and antiquary) visited it sometime between 
1536 and 1539. In 1505 there was a reference to a lease 
granted by Abbot to mine lead here, at Briwnant (Bond 
2004, 348), yet when Leland passed through this valley 30 
years later on his way from Strata Florida to Llanbadarn 
he refers to mining in the past tense, mentioning the site 
of Clodd Moyne (probably the old opencast workings on 
the Graig Fawr) where there “…hath been a greate digging 
for leade, the melting whereof hath destroid the Woddes 
[woods] that sometime grew plentifull thereabout..” (Le-
land in Toulmin Smith 1906). He also recited the tale of 
a miner who had his purse (food bag?) stolen by a bird 
(a raven) and who then gave chase to it, and whilst absent 
from the mine, all of his fellow miners perished in a mining 
accident. Apart from these brief stories there is little in the 
way of any documented early history of this mine.

Some 30 km to the south of Cwmystwyth lies the old 
lead mine of Nantymwyn near Llandovery. This mine lay 
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within the extended range of Strata Florida abbey, and it is 
said that the monks also had lead mining interests here. Not 
surprisingly therefore this also has a documented history 
dating back to around 1530 when ‘Peter the German’ on 
behalf of Henry VIII’s Mining Commissioners referred to 
this as an old, but still working mine (Hughes 1992).

During the revival of mining in this region which took 
place during the 17th–18th century we encounter the fi rst 
antiquarian accounts concerning discoveries of ‘ancient 
mining’ and contemporary descriptions which suggest that 
these may have been of medieval date. One such example 
is Lewis Morris’ description of the opening of the old Es-
gairmwyn mine, which lies only 5 kilometres distant from 
Strata Florida. Within the bottom of this ancient opencast 
(Fig. 3) Morris refers to fi nding steps cut with iron gads or 
chisels, as well as axe-cut timbers, solid wooden ladders, 
and much smaller items such as wooden balers, shovels and 
baskets (Lewis Morris 1756). The woven baskets look a lit-
tle similar to medieval examples found within the Forest 
of Dean (Nicholls 1866, 67). Oak shovels were also found 
within the old Darren Mine nr Aberystwyth between 1855 
and 1865 (Hughes 1990, 12).

The identifi cation of lead bole (wind-blown) smelting 
heaths in North Cardiganshire most probably indicates the 
presence of mining, which if not Roman, is most likely to 
be Medieval. This map shows the mines thought to be of 
this date together with the sites of lead smelting, the lat-
ter including Cwm Bwa near Darren, Pontrhdygroes (Maen 

Arthur), Bow Street, Ysbytty Ystwyth, Hafod and Cwmyst-
wyth (Davies O. 1930, W. J. Lewis ibid. 22–23). A ‘smelt 
mill’ at Felin Hen, Capel Madoc was considered by Simon 
Hughes (1990) to have been operational between 1300–
1600 AD. As regards the actual mines, over 12 possible 
lead workings are suggested (see Fig. 2).

ARCHAEOLOGICAL FIELDWORK INVESTIGATIONS 
BY THE EARLY MINES RESEARCH GROUP (1992–2005)

Medieval mining leats, hushing remains and shallow sur-
face workings

The attention of mining historians has on a number of 
occasions been alerted to the potential antiquity of leat and 
hushing remains at upland metal mine sites in Wales. How-
ever, there has been little serious attempt to carry out any 
archaeology at these sites, either to date or else to charac-
terise these types of earthwork remains. The sole exception 
until now has been the small-scale investigations under-
taken at the Dolaucothi Roman gold mines by Lewis et 
Jones (1969) and more recently by Burnham (Burnham B. 
et H. 1993, Burnham 1997). Some 13 hushing sites wor-
thy of investigation were listed by Bick (1994), of which 
at least fi ve have now been examined by the EMRG, some 
of these in conjunction with a longstanding programme of 
palaeo-environmental investigation. Such palaeoenviron-
mental work has been used to confi rm the existing archaeo-
logical evidence for ancient mining through examining its 
impact upon local vegetational history, and also by detect-
ing the traces of heavy metal contamination surviving as 
a record preserved in peat bogs (Mighall et al. 2002).

This recently conducted work has revealed new evi-
dence for hushing used both as a prospection tool as well as 
a method of extracting lead ore and gold from weathered or 
surface-mined veins (Fig. 4). In Wales this activity begins 
in the Roman period (where its use in the mining of lead is 
probably unique), yet it now seems that this technique then 
continued, only slightly changed, into the Middle Ages.

Fig. 2. Map showing suggested Medieval lead mines and lead smelting 
sites in Central (West) Wales.
Obr. 2. Mapa zobrazující navržené středověké olověné doly a místa tavby 
olova ve Středním (Západním) Walesu.

Fig. 3. Lewis Morris’ ‘Ancient Opencast’ (possibly a Medieval lead mine) 
at Esgairmwyn near Pontrydyfendigaid, Ceredigion. Photo ST.
Obr. 3. „Starodávný povrchový důl“ Lewise Morrise (možná středověký 
olověný důl) v Esgairmwyn blízko Pontrydyfendigaid, Ceredigion. Foto 
ST.
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What is hushing?

 Hushing is also referred to as ‘hydraulic mining’ or some-
times within historic texts as ‘scouring’. This is an old met-
hod of prospecting for, or sometimes extracting ores or coal 
lying near to the surface, using the power and fl ow of water. 

Hushing was practised in hilly districts where mineral out-
crops lay on slopes, and where it was possible to make an 
earth or turf dam above the area to be worked. Water was 
allowed to collect behind the dam, often aided by long drain-
age channels (leats). When suffi cient water had accumulated, 

Fig. 4. A hushing tank, dam and sluice, and an excavated hushing channel on Copa Hill, Cwmystwyth (together with sketch diagrams to illustrate the 
process).
Obr. 4. Vyplavovací nádrž, hráz a jez a vykopaný vyplavovací kanál na kopci Copa, Cwmystwyth (spolu s náčrty schémat pro ilustraci procesu).

Fig. 5a+b. Pen Cerrig y mwyn, Nantymwyn Mine, South Wales.
(5a) An Early Medieval fi reset working on the side of an outcropping quartz vein, Pen Cerrig y mwyn ridge.
(5b) Drawn section of the excavation trench on the above outcrop working.

Obr. 5a+b. Pen Cerrig y mwyn, důl Nantymwyn, Jižní Wales.
(5a) Rané středověké vypalovací dílo na boku vycházející křemenné žíly, hřeben Pen Cerrig y mwyn.
(5b) Nakreslený řez výkopového příkopu na výše uvedeném vycházejícím díle.
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the dam was broken open, and the rush of water escaping 
down the hillside washed away the earth covering the depo-
sits. The material sought was then dug out, saving the labour 
of removing the overburden. A fresh hush would be made 
alongside this for extracting more material. Hushing scarred 
the hillside, causing the land below to become marshy, or 
the rivers to become silted up (Osborne 1976). Hushing was 
practised by the Romans in NW Spain, France and England, 
and later during the Medieval period within Wales, the North-
ern Pennines, Scotand and South-West England. In Scotland 
(Leadhills) it was used to locate and extract gold, whilst on 
Dartmoor and Bodmin Moor (South-West England) it was 
used for ‘tinning’. ‘Tinning’ involved the extraction of the 
denser tinstone (cassiterite) from the hillslope colluvium or 
else alluvium of the river valleys using directed channels of 
water and sluices. Hushing was last used in the Northern Pen-
nines for lead extraction during the 19th century. 

Pen Cerrig y Mwyn (Nantymwyn Mine), 
Carmarthenshire

The workings of Nantymwyn, the largest metal mine in 
Southern Wales, are to be found just east of the village of 
Rhandirmwyn some 10 km north of Llandovery. The earliest 
workings here appear to have been located either side of the 
prominent quartz ridge of Pen Cerrig y Mwyn, perhaps one of 
the fi nest exposures of its kind in Wales. John Rolley’s plan of 
the late 1770’s refers to the ‘Old Vein’ as ‘having been disco-
vered by the Romans’ (Hall 1971, 55). In fact it was a claim 
that stone tools had been found here which fi rst brought the 
site to our attention. Instead of prehistoric workings, however, 
we found evidence of early medieval (perhaps 10th–-11th cen-
tury) prospecting. This took the form of a number of small 
(< 5 m wide) fi reset concavities cut into the base of the quartz-
veined cliff (Fig. 5a). A trench through the base of one of these 
undercuts revealed a small scatter of quartz debris, crushed 
galena and charcoal (Timberlake 1996, 105) (Fig. 5b). From 
the latter a radiocarbon date of 1080 +/- 60 (cal AD 865-1035) 
[Beta-120591] was obtained (Timberlake1998, 81).

Of equal interest to us was the survey work carried out here 
by Peter Lewis in the early 1970’s. Lewis had identifi ed what 
he thought was a hydraulic system in which could be recog-
nized distinct phases of hushing for prospection, exploration 
and development of the ore body (Tyler 1982). He consi-
dered that at least part of this system was Roman, comparing 
its form with the extant leats, tanks and channels at nearby 
Dolaucothi. He depicted a channel along the top of the Pen 
Cerrig y Mwyn ridge which he referred to as Leat 1, presuma-
bly being fed by from one of the tributary streams of the Nant 
Bai, which supplied a ‘Tank A’, from which the main release 
channel begins. In order to examine this we cut a trench above 
this point (Figure 8a). This revealed a metre-wide rock-cut 
channel with a sealed peat layer in its base resting upon a thin 
layer of weathered shale. This peat provided the following 
radiocarbon date [Beta-167742] 1450 +/- 60 yrs BP (cal AD 
460-680 or cal AD 520-680) (Timberlake 2004), suggesting 

either abandonment and infi ll or else the fi nal use of this du-
ring the immediate post-Roman/ Dark Age period.

Copa Hill, Cwmystwyth, Ceredigion – a Medieval prospec-
tion shaft, ‘ancient leat’ and hushing dam 

During the excavation of the Comet Lode Bronze Age 
opencast in 1990 the remains of two backfi lled prospec-
tion shafts were found cutting through the ancient infi ll of 
this working close to the western edge of the north side of 
the opencast (Timberlake 1990). The larger one of these 
may have been 18th century in date, but at the base of 
the other 4m-deep irregular shaft, wood which could have 
been part of a lining was recovered which returned a radio-
carbon date [BM-2760 830+/-140] of between 950-1400 
cal AD (Timberlake 2003). No other fi nds were found as-
sociated with this feature, yet its presence here suggests 
that this prehistoric working had attracted the interest of 
Medieval lead miners. 

During survey work carried out upon this hillside be-
tween 1986 and 1990 an ‘early’ leat dug to carry water from 
the headwaters of the Nant yr onnen stream was traced for 
a distance of over 500 m to a discharge point some 50 m 
above the Comet Lode Opencast (Fig. 6a). More than one 
third of the length of this leat had subsequently been ob-
literated by the extensive lead workings carried out at the 
eastern end of the bifurcated Kingside Lode. Three small 
sections were cut along its length, from one of which a basal 
peat infi ll sample provided the following C14 date; [OxA-
10041] 789+/-33 (or cal AD 1190-1290 at 95 % probabi-
lity) (Figure 6b). The other end of this channel appears to 
have been used to fi ll a small reservoir (hushing tank) lo-
cated within the infi lled opencast, at the front of which was 
a shallow turf stack dam with a stone blocked sluice (Fig-
ure 6c). From the underlying ground surface beneath this 
however came a later medieval date ([Wk-9543] 387+/-39 
years BP; cal AD 1430-1640 at 95 % prob.); one which 
was interpreted as representing the last phase of a long se-
quence of hushing carried out on the outcrop of the vein, 
work which may have had Roman, but most certainly early 
Medieval origins. These dates all suggest mining on Copa 
Hill, perhaps during the period of lease of the mine by the 
monks of Strata Florida (Timberlake 2003).

Darren Lead Mine, Banc y Darren near Aberystwyth, Ce-
redigion – Medieval? mining on the site of earlier opencut 
trench workings

In 2005 these ancient opencut workings which glance 
the top of the Darren hillfort were examined by us ar-
chaeologically to look for evidence of possible Iron Age 
exploitation. An archaeological section cut through the 
hillfort ditch and vein outcrop provided a strong sug-
gestion of prehistoric mining, and as a consequence we 
examined the ancient mining spoil to one side of this, 
cutting a section down to the pre-mining (Late Bronze 
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Age) buried soil. This revealed more than 1m of early 
mining spoil sealed by a second buried soil, and above 
this a later phase of what still seemed ‘early’ mining evi-
dence. The buried soil horizon included datable material 
such as an in situ developed peaty turf from which con-
temporaneous short woody roots of Calluna sp. (heather) 
were extracted for the purposes of dating. A sample from 
this produced a radiocarbon date of 410 +/-40 BP (Cal 
AD 1440 to 1640 [Beta-22362]), providing a terminus 
ante quem date for the second phase of mining which 
must either be Late Medieval or Early Post-medieval in 
date. This discovery is interesting in that these particular 
mine workings were already considered to be of ‘Ancient 
British’ origin in the 1660s. The suggested Late Medie-
val date was supported by a further C14 determination on 
a piece of oak wood (Timberlake et Driver 2005, 102).

Pen Dylife Mine, Dylife-Dyfngwm, Montgomeryshire 
A series of shallow surface workings and associated 

traces of hushing (including a stepped sequence of faint 
earthwork-bound square tanks) are to be found along the 
south side of the east-west Pen Dylife ridge south of the 
19th century workings at Dylife Mine close to the Roman 
fortlet of Penycrocben. The overfl ow outlet to one of these 
hushing tanks was archaeologically examined in May 
2002 by means of a small trench (Timberlake 2004, 70). 
This revealed a clay-lined reservoir which may once have 
held up to 140 cubic metres of water, whilst the channel 
itself possessed an organic basal fi ll which would seem 
to date the abandonment of its use around AD 980-1170 
([Beta-167743] 990+/-50 years BP). The most likely ex-
planation for this is that, once again, we are looking at 
Early Medieval mining or prospection carried out on a site 
of still earlier mining.

Craig y Mwyn Mine, Llanrhaeadr-ym-Mochnant, 
Montgomeryshire 

Located in the mining district of Llangynog, within 
the Berwyns, the history of this mine before 1749 is little 
known. At that time the mine was referred to as being an-
cient, and a formerly rich mine, and the account specifi cally 
mentions traces of former hushing (Williams 1985). Even 
today this remains one of the fi nest examples of a mine 
worked by fi resetting and hushing in Britain, and it could 
be argued that the site with its opencast and massive scree 
scar appears much the same as it did in the middle years of 
the eighteenth century (Fig. 7).

The method of hushing used shows some striking simila-
rity with the techniques of working opencasts developed by 
the Romans, and described to us by Pliny (See Pliny AD 79: 
Natural History). We see this in the construction of small 
square earthwork tanks which lie close to the upper rim of 
the working faces, with each new phase of tank construc-
tion progressing upslope, bringing in its water supply from 
a higher level each time - this as the opencast is enlarged 

and quarried back into the hill. This same phenomenon can 
be seen at the Roman gold mines in NW Spain (Lewis et 
Jones 1970). The difference here is that Craig y mwyn was 
worked for lead. In this case the feeder leats for the tanks 
and hushes can be seen leading into the opencast on at four 
distinct levels (i.e. at 480 m, 500 m, 520 m, 525 m, 530 m 
OD), with some of the lower (therefore probably earlier) 
examples of tanks being typologically different from those 
around the top, but all of them ultimately fed by the run-off 
emanating from the blanket peat on the moorland above. 

In 2002 a small-scale archaeological investigation was 
carried out of one of the leats supplying water to what was 
probably the very last phase of hushing practised on-site 
(Timberlake ibid., 71). This tributary (feeder) leat was sec-
tioned by means of a 2 m × 0.5 m wide trench (Trench A) at 
around 540 m AOD. The channel here was approximately 
35 cm deep and had been substantially down-cut through the 
sub-soil to above the level of rock outcrop. Almost wholly 
peat-fi lled, this now demonstrated a clear, if not complex 
stratigraphy. As at Pen Dylife the peat infi ll represented 
the fi nal abandonment of the leat, and the cessation of hus-
hing, the latest date for this being around cal AD 1300–1460 
([Beta-167741] 520 +/-60 years BP). However, at Craig y 
mwyn we are probably looking at Roman mining and hus-
hing followed by a very similar Medieval operation, this 
copying the traces of the former mining technique.

The above dates suggest that this mine could have been 
worked by or for the Cistercian monks of the nearby Strata 
Marcella Abbey.

THE PALAEOENVIRONMENTAL AND GEOCHEMI-
CAL RECORD OF MEDIEVAL MINING

My work with Dr Tim Mighall (University of Aberdeen) 
and his colleagues studying the record of mining preserved 
within peat bogs close to some of the above mining sites has 
provided us with an important confi rmation of mining du-
ring the Medieval period in addition to evidence for earlier 
Roman working (Mighall et al. 2002, 2007, 2009). In fact 
we now have clear indications of this at Nantymwyn (Pen 
Cerrig y mwyn), Cwmystwth, Craig y mwyn, and probably 
at another site on the eastern edge of the Cambrian Moun-
tains at Nantyreira.

Although evidence for local declines in tree pollen rela-
ting to early mining or smelting appears to be slight, or even 
non-existent, what we do see evidence for are the small to 
medium-sized lead pollution peaks that are preserved within 
the peat of blanket bogs, in particular where the sampling 
sites are located within a radius of 200–500m of the early 
mines. This can be deemed to be reliable evidence wherever 
the peat can be shown to be ombrotrophic (i.e a raised bog 
fed by rain with only atmospheric contamination present), 
and where these peat records can be accurately dated by 
means of radiocarbon determination. By this means a record 
of local mining or smelting (either for copper or for lead) 
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Fig. 6 a-c. Copa Hill, Cwmystwyth Mine, Ceredigion.
(6a)  Vertical air photograph showing the early mining landscape on 

Copa Hill, Cwmystwyth. The outline of the Medieval(?) leat can 
be seen following the contour round to the Bronze Age Opencast, 
from which hushing channels descend along the outcrop of 
the Comet Vein (photo by permission of RCAHM (Wales) 
no.D12006_0722)).

 Note scale: width of fi eld in photo is 0.6 km.
(6b)  Section through the ancient leat channel.
(6c)  Medieval (?) hushing dam located within the top of the infi lled 

opencast. Note the dark line of the turf stack dam and the stone 
sluice gate of the release channel. Photo ST.

Obr. 6 a-c: Kopec Copa, důl Cwmystwyth, Ceredigion.
(6a) Svislá letecká fotografi e ukazující ranou těžební krajinu na 

kopci Copa, Cwmystwyth. Lze vidět obrys středověkého(?) 
mlýnského náhonu sledujícího konturu k povrchovému dolu 
z doby bronzové, ze kterého klesají vyplavovací kanály podél 
vycházející kometové žíly (foto s povolením RCAHM (Wales) č. 
D12006_0722)).

 Všimněte si měřítka: šířka pole na fotografi i je 0,6 km. 
(6b)  Řez skrz starodávný kanál mlýnského náhonu.
(6c)  Středověká (?) vyplavovací hráz umístěná na vrchu vyplněného 

povrchového dolů. Všimněte tmavé linie hráze nahromaděných 
trsů a kamenné propusti vypouštěcího kanálu. Foto ST. Fig. 7. The Great Opencast at Craig y mwyn Mine, NE Wales. Small 

square hushing tanks and leat feeder channels can be seen close to the 
cliff edge of this working. (Photo courtesy of RCAHM (Wales) Crown 
copyright 935097-53).
Obr. 7. Velký povrchový důl v Craig y mwyn, SV Wales. Lze vidět malé 
čtvercové vyplavovací nádrže a napájecí kanály mlýnského náhonu blízko 
hrany útesu tohoto díla (Foto se svolením RCAHM (Wales) Korunní 
autorské právo 935097-53).
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can be constructed to help support the archaeological evi-
dence and historical documentary record.

One good supporting piece of evidence for medieval min-
ing activity at Cwmystwth comes from sampling the blanket 
peat on Copa Hill (Mighall et al. 2002). As shown here in 
the record for peat monoliths CH1, CH2 and CH4 we can 
see a distinctive lead peak occurring between 100–60 cms 
depth which corresponds to Roman period exploitation fol-
lowed by another moderately steep rise in lead at 40 cms 
depth of around 50 ppm which is most probably early me-
dieval, which then continues without a break into the post-
medieval mining period, the latter corresponding to a rising 
level of production which is in broad general agreement with 
the documentary record. However, this rise in Medieval lead 
could relate to local smelting as much as it does to mining.

Monolith sampling of the raised peat hags at Carn Wen 
above the mine of Pen Cerrig y mwyn, and the coring of the 
peat bogs at the head of the adjacent lead valley of Nant y 
bai (Fig. 8b) have uncovered evidence for atmospheric lead 
pollution which begins during the Medieval period or ear-
lier (Fig. 8c), and which probably has as its source a variety 
of mining or smelting activities within this valley. Some of 
the hushing operations as well as the outcrop mining above 
the modern mine may have contributed to this, and it is 
suspected that many of the old opencut trenches now lying 
buried or concealed beneath the forested slopes could have 
Medieval origins.

In terms of the synthesis between archaeological fi eldwork 
and palaeoenvironmental investigation, the evidence for Ro-
man and Early Medieval atmospheric lead pollution record-
ed within the blanket peat above the Craig y mwyn Mine is 
amongst the best in Wales (Mighall et al. 2007). As has also 
been suggested for the small pollution peaks on Copa Hill, 
the vector for lead pollution at Craig y mwyn may well have 
been the fi ne wind-borne dust blown off the tops of the once 

exposed mine tips and carried uphill by the predominantly 
westerly winds, subsequently washed down into the peat by 
the rain. There may also have been an important contribu-
tion from lead smelting through the deposition of dust and 
smoke, likewise blown uphill from the hearths.

A recent examination of the mountain blanket bog on 
Plynlimon, which lies close to the site of the dated Ear-
ly Bronze Age copper mine of Nantyreira (Fig. 9) has 
somewhat unexpectedly hinted at the possibility of a later 
phase of Medieval lead exploitation. We can see this in 

Fig. 8a-c. Pen Cerrig y mwyn, Nantymwyn, South Wales: palaeoenvironmental study.
(8a)  Plan of prospection hushes and medieval working.
(8b)  Location of mine and peat coring sites (map drawn by T. Mighall). Note scale: horizontal width is 2 km.
(8c)  Geochemistry of the Carn Wen peat monolith (core), showing Medieval lead peak (cal 400 +/-60 yrs BP) (T. Mighall).

Obr. 8a-c. Pen Cerrig y mwyn, Nantymwyn, Jižní Wales: paleoenvironmentální studie.
(8a) Plán vyhledávacích výplavů a středověkých prací (jádro), zobrazující středověký olověný vrchol (kal 400 +/-60 let BP) (T. Mighall).
(8b) Umístění dolů a míst odběru rašelinových jader (mapu nakreslil T. Mighall). Všimněte si měřítka: horizontální šířka je 2 km.
(8c) Geochemie rašelinového monolitu Carn Wen (jádro), zobrazující středověký olověný vrchol (kal 400 +/-60 let BP) (T. Mighall).
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the elevated lead levels recorded within an XRF log of the 
whole peat core which was taken from the bog close to the 
source of the River Severn (Mighall et al. 2012). As well as 
Bronze Age mining tools, some potentially Medieval arte-
facts were found at Nantyreira during the nineteenth cen-
tury re-opening of this old opencast work (Davies 1938).

We can see in these examples the value of this tech-
nique in helping to confi rm the picture of what we know, 
or strongly suspect, concerning small-scale Medieval lead 
mining within the uplands of Wales.

MEDIEVAL LEAD SMELTING AT BANC TYNDDOL, 
CWMYSTWYTH, CEREDIGION

In 1921 Professor OT Jones marked on a geological map of 
the Cwmystwyth Mine a site which he referred to as the ‘Re-
mains of Ancient Lead Smelting Works’, although at the time 
he made no further reference to this (Jones 1922). Neverthe-
less, our attention was fi rst drawn to this during the course of 
a detailed landscape survey of Copa Hill carried out in 1989–
1990 (Mighall et Timberlake 1992). An area of pronounced 
infertility exemplifi ed by the dry summer conditions could 
clearly be seen within a patch of rough pastureland some 
30–40 m above the valley bottom. Subsequently during fi eld-
walking small fragments of burnt rock and fused galena were 

picked up from the shallow sheep-disturbed soils, indicating 
the presence of one or more destroyed lead hearths.

A soils geochemical survey was then undertaken of a 25 m2 

area containing the potential smelting activity using a port-
able XRF fi eld analyser. This revealed a generally high level 
of contamination of around 5000 ppm lead, but with hot-spot 
anomalies of up to 25000 ppm (2.5 % Pb). Elevated levels of 
potassium here may also be linked to the presence of char-
coal and ash in the soil. Subsequently a larger area (625 m2) 
which included both western and eastern ridges of the pla-
teau was surveyed geophysically using volumetric magnetic 
susceptibility and electrical conductivity contour survey, 
This revealed rather similar positive anomaly patterns which 
suggested the presence of several areas of strong burning, 
perhaps equating to between fi ve and seven hearths. The east-
west orientation of these anomalies, located along the crests 
of the two ridges, suggested to us that these might well have 
been wind-blown furnaces (Jenkins et Timberlake 1997).

In 1999 three sample trenches were opened up within the 
above area to investigate some of the anomalies. The west-
ernmost trench revealed a thick layer of charcoal and ash 
associated with localised burning of the underlying ground 
surface. The absence of any fused lead or slag suggested 
this was the remains of a possible charcoal clamp or oven, 
but equally this could have been the raked out embers of 
a large hearth. A radiocarbon date of 820 +/-60 yrs BP (1030 
to 1300 Cal AD [Beta-140992] was obtained, providing us 
with the fi rst indication of a smelting site which would seem 
to be contemporary with the building and early occupation 
of Strata Florida Abbey The other trenches revealed traces 
of lead metal and slag (Timberlake 2003, 16). 

In October 2002 several larger excavation trench were 
opened up within the area identifi ed. These revealed evi-
dence for the presence of at least two sub-circular dry-stone 
wall surrounded hearths built above ground level, on top of 
the turf, and also above a natural spread of boulders. No-
thing seems to have survived of the destroyed walls of these 
hearths, though the ground here was scorched, and lead me-
tal could be seen to have dropped out from the base of these 
structures, and to have become lodged in the gaps between 
the earth-fast boulders (Fig. 10). Most of the shale walling of 
these hearths seems to have completely disintegrated. Mean-
while the highly variable redox and temperature conditions 
present within these simple wind-blown hearths seems evi-
dent from the amount of unfused galena present, alongside 
lead matte and the lead-rich glassy slag (Timberlake 2002).

Further important information about these hearths has 
been forthcoming from the dating of charcoal linked to their 
use. These samples returned radiocarbon dates of 1060+/-
40 years BP (Cal AD 880 to AD102 [Beta-181060]) and 
1264+/-27 BP (Cal AD 670- 840 [Oxa-12956]). The results 
lend weight to the suggestion that we might be looking at 
here is the repeated use of the same bole location for very 
small-scale lead smelting over a 300–400 year period.

The geophysical evidence also suggests the presence of an-
other 4–8 furnace sites over the whole site, which altogether 

Fig. 9. Nantyreira Mine opencast lead + copper working, E. of Plynlimon, 
Central Wales, February 2012. Photo ST.
Obr. 9. Povrchový důl Nantyreira olověné + měděné dílo, východně od 
Plynlimonu, Střední Wales, únor 2012. Foto ST.
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probably only ever produced 10–20 tons of slag. This scale 
of activity would probably not account for the level of envi-
ronmental destruction witnessed, or else claimed by Leland 
as being visible here in 1539. Rather it has been suggested 
that these lead boles in effect represent little more than oc-
casional bouts of mining, some of which could even have 
been experimental, and built to test (assay) the produce of 
various different veins for silver (Anguilano et al. 2010).

An experimental bole smelt

In May 2003, we attempted to reconstruct a reduced-
scale version of this hearth (see Fig. 11) in which we carried 
out an experimental lead smelt on a piece of high ground 
located on the fl attened mine tips some 25 m north of the 
excavated Medieval hearth (Anguilano et al. ibid.).

The smelt was carried out over a 3 hour period on the 
evening of May 15th, the signifi cant limiting factors to this 
being the small amount (8 kg) of hand-picked galena avail-
able to us, and also the total amount of dry, chopped fi re-
wood (74 kg of Ash and Douglas Fir cut into 25–30cm × 
6–8cm pieces of split cordwood) which could be stacked 
horizontally in criss-cross layers within this sub-circular 
and open-structured walled hearth (internal dimensions 
0.65m × 0.45m × 0.35m high) (see Fig. 11a). All of this ore 
was collected within a 500 m radius of the site (this provi-
ding us with a ratio of 1:10 ore: fuel).

The design of this experimental bole was loosely based 
upon the evidence uncovered during the excavation here 
at Cwmystwyth, as well as from historical record, and al-
so the archaeological excavation account provided of the 
more complete Medieval lead smelting bole dug up at Bee-
ley in Derbyshire in 1967 (Radley 1970, Kiernan et Van de 
Noort 1992). Built into the base of the latter structure were 
found what were interpreted as being ‘wind arches’; small 
openings facing the prevailing winds which were connect-
ed with a pair of converging low stone walls thought to 
be the remains of funnels designed to help concentrate the 
action of the prevailing winds and thus raise the smelting 
temperature within the hearth (at Cwmystwyth these winds 
would mostly have been south-westerlies channelled up the 
Ystwyth Valley from the coast some 20 km away). Whilst 
nothing of these walls seems to have survived in the de-
stroyed structures at Banc Tynddol, their possible positions 
open to the west and south were based upon the excava-
tor’s judgement of the topography and also wind dynamics 
of the site. The process of the ensuing smelt was fully docu-
mented, a brief resume of which is provided here.

Quickly ignited, the fl ames were fanned by a variable but 
strong breeze. At the end of the fi rst 20–25 minutes yellow 
sulphurous fumes (sulphur dioxide) within the smoke plume 
indicated an effective roasting of the ore (Fig. 11b). After 30 
minutes the breeze increased to small gusts, predominantly 
from the west, but thereafter this changed to intermittently 
west and east squalls, resulting in some swirling effect of 
the fi re around the base of the bole site, but not diminishing 

the rate of combustion (Fig. 11c). By 6.55 pm the wind had 
dropped, but by this time much of the wood had already burnt 
down. On approaching the bole, a white-blue sublimate de-
posit (zinc oxide) was noticed on the side of some of the boul-
ders in the walling surround, whilst a yellowish deposit (lead 
oxide) could be seen upon some of the burnt wood around 
the edges of the fi re (Fig. 11d). Although no accurate record 
of the temperatures reached inside of the hearth were taken, 
at this point it was estimated to be around 700–800° C based 
on visual colorimetry of the still burning embers and mass of 
fused/molten ore lying within the base of the bole. One and 
half hours later these embers were still burning (Fig. 11e), but 
by 9 pm this had died down and almost ceased; the smelting 
process was probably now at a halt, frozen as the light rain 
increased, and as the wind died.

The results of the smelting were examined the following 
morning; the formerly soot-blackened sides of the walled 
hearth were now fi re-reddened, whilst a deposit of galena 
dust had formed on the north-east wall with other amounts 
‘blown out’ by the force of the combustion and wind and 
scattered outside. Flakes of rock ‘spalled-off’ by the heat 
of the fi re covered much of the interior, matching the type 
of burnt rock fragments found within the centre of hearth 
PSS6 during excavation. Many of these rock fragments 
also showed some evidence of surface vitrifi cation (lead 
silicate), with some of these fused together in the fi re. Im-
mediately beneath the centre of the hearth a patch of burnt 
earth indicated the area of greatest heat, above which was 
found a large mass of part fused and smelted lead ore. How-
ever, the largest single concentration of lead metal droplets, 
some joined with pieces of incompletely smelted galena in 
a reticulate network of lead metal, was to be found outside 
of this zone, closer to the hearth wall, in particular to the 
easternmost ‘wind arch’ of the furnace. 

Effectively the smelting process witnessed here was incom-
plete. The smelt seems to have been frozen in mid-fl ight, per-
haps due to the exhaustion of the fuel, a cessation of the breeze 
and consequent plummeting in the furnace temperature. How-
ever, what we can see on close study of those part-smelted 
galena lumps examined demonstrates evidence for localised 
oxidation and reduction, followed by melting and coalescence 
of the formed metal; some visible as droplets upon the exter-
nal surfaces of the ore pieces, as shown here photographed 
from the furnace top, and within recovered samples. 

All of these fragments of lead metal and part smelted and 
un-smelted ore were collected, examined and weighed. In to-
tal some 150 gms of the total mass appeared to be discreet 
identifi able droplets, runnels and amorphous lumps of pure 
lead metal, the remaining 8 kilos being incompletely smelted 
ore with minor amounts of lead metal attached alongside 
adhering lead ‘slag’ and charcoal. No eutectoid (lead-rich) 
glassy slags similar to those recovered from the excavated 
medieval hearths appeared to be present; an unsurprising re-
sult in view of the lower temperatures and only poorly redu-
cing conditions achieved. However, some interesting insights 
into the process had been achieved, and some useful parallels 
drawn with respect to this now rarely witnessed process.
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Fig. 11a-e. Photographic sequence showing the experimental fi ring of a reduced scale lead bole smelting hearth at Banc Tynddol, Cwmystwyth, May 
2003. Photos ST.
Obr.11a-e. Posloupnost fotografi í zobrazující pokusné zažehnutí kmenové tavební výhně olova ve zmenšeném měřítku v Banc Tynddol, Cwmystwyth, 
květen 2003. Foto ST.

Fig. 10. Banc Tynddol, Cwmystwyth: archaeologically excavated Early 
Medieval lead smelting hearth in 2002 with lead in base. Photo ST.
Obr. 10. Banc Tynddol, Cwmystwyth: archeologicky vykopaná raná středo-
věká tavební výheň olova v roce 2002 s olovem v základně. Foto ST.
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CENTRAL ENGLAND

The use of coal for fi resetting in medieval lead mining at 
Ecton, Staffordshire

One of the most the most surprising fi nds of archaeologi-
cal fi eldwork undertaken at this mine in 2008 and 2009 was 
the discovery of a lead vein worked by fi resetting during 
the Early Medieval (12th–13th century) and Late Medieval 
– Early Postmedieval (15th–17th century) periods, this work 
apparently having been undertaken using a mixture of both 
coal and locally available brushwood (mostly hazel but also 
ash and fi eld maple). All of this activity took place on vein 
outcrops near to The Lumb, a site only 20m to the west 
of the excavated Early Bronze Age copper mine (Barnatt 
2013, Timberlake 2013, 17, Fig. 10) (see Fig. 12a). Tim-
berlake S 2013, ‘Prehistoric copper extraction in Britain: 
Ecton Hill, Staffordshire’, Proceedings of the Prehistoric 
Society 00 [on-line doi: 10.1017/ ppr.2013.17] (Cam-
bridge), 1–48. Radiocarbon dates of the analysed brush-
wood 803+/-25 BP (Cal AD 1180-1280 [OxA-23515]) and 
417+/-23 BP (Cal AD 1435-1490 [OxA-23514]) indicate 
two phases of mining within the section (Trench C1) cut 
through the mine tips shown in Fig. 12b; these tips being 
associated with both shallow shaft and level outcrop-type 
workings. The evidence for the use of coal in fi resetting 
here is currently the earliest known example of this prac-
tice in Britain, and also the fi rst record for the use of coal 
at a lead mining site within the western Peak.

Elsewhere within the Peak District John Barnatt and 
Terry Worthington have recorded the practice of using lo-
cally mined coal for fi resetting at more than 30 different 
sites. Examples are to be found at the Lords & Ladies and 
Old Ash Mines in Derbyshire where fi resetting has been 
dated to the same 15th–17th century phase as witnessed on 
The Lumb (Barnatt et Worthington 2006). At Ecton this 
much earlier phase of mining using coal to fi reset with ap-
pears to be identical in terms of actual technique used, yet 

happens to be about 200 years older. Quite why coal was 
being used at such an early date for fi resetting remains 
something of a mystery. The thinly bedded fractured lime-
stones here would have been easy to mine, and wood fuel 
would probably also have been easier to procure than coal, 
given the problems of carriage, and also distance from the 
nearest coal source. In fact, the closest Medieval coal mine 
was probably at Goldsitch Moss, where we know it was 
being mined in 1401. Just as interesting a question is why 
we fi nd Medieval mining here at all (i.e. on The Lumb), 
when deposits much richer in lead are to be found close 
by, such as at Clayton Pipe, Dale, and Bowler Mines? 
The answer to this may well lie with the (then) vi-sible 
evidence of former mining. With a clear view across the 
hill and from the valley fl oor The Lumb would have been 
amongst the very fi rst sites to have been investigated by 
Medieval miners looking for new veins. 

Evidence for this early prospection may also be seen 
within Bronze Age Mine No.1. Here the prehistoric open-
cut was partly emptied, then backfi lled, and at a later date 
dug into again; this being backfi lled from diggings taking 
place within the adjacent working. As both these phases of 
work seem to be associated with the debris deposited from 
fi resetting (i.e. fi rst using brushwood, then later brushwood 
and coal), it is tempting to equate this clearance with the 
same groups of Medieval lead miners. 
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Fig. 12a-b. The Lumb, Ecton Hill, Staffordshire.
(12a)  On the site of the Medieval lead working.
(12b) Drawn section through the early tips with radiocarbon dates 

indicated.
Obr. 12a-b. The Lumb, Ecton Hill, Staffordshire.

(12a)  Na místě středověkého olověného díla.
(12b) Řez stratigrafi í s vyznačeným odběrem vzorku uhlíku na 

radiometrické datování.
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SUMMARY

What this paper has presented is a palimpsest of differ-
ent archaeological investigations of lesser known Medieval 
mining sites in England and Wales. All of these sites have 
uncovered new pieces of evidence for what are often poorly 
understood mining processes (such as prospection hushing, 
hydraulicing, medieval prospection, fi resetting and bole 
smelting), whilst some of the more recent investigations 
have employed a combination of techniques (such as palaeo-
environmental investigation, soil geochemistry and experi-
mental archaeology). These examples may be of general 
relevance and interest to the study of mining archaeology as 
well as to historical metallurgy, but even more so to our un-
derstanding of how Medieval mining may have been prac-
tised, and prospection undertaken, beyond the fringes of the 
main lead and silver mining areas of Central Europe.

SOUHRN

Tento článek je jakýmsi shrnutím poznatků z různých 
archeologických výzkumů méně známých středověkých 
lokalit s doklady hornictví v Anglii a Walesu. Nedávné 
výzkumy nejstarších hornických lokalit ve Spojeném 
království poskytly doklady středověké (cca 9./10. – 15. sto-
letí) těžby olova v hornatých částech středojižního, západ-
ního a severovýchodního Walesu (Cwmystwyth, Darren, 
Pen Cerrig y mwyn a Craig y mwyn) a v Ectonu na území 
Peak District ve střední Anglii. Archeologická zjištění na 
uvedených lokalitách přispívají k poznání některých starých 
hornických metod a postupů (např. středověká prospekce, 
sázení ohněm, pilířování aj.).

Kromě archeologických terénních výzkumů byly 
provedeny také paleoenvironmentální analýzy profi lů 
z blízkých rašelinišť. Získaný geochemický záznam potvr-
zuje v těchto oblastech malou mírou dopadu hornictví 
a metalurgie na životní prostředí. Naše vědomosti o hutnění 
olova v otevřených pecích se mezičasem rozšířily díky ar-
cheologickému terénnímu výzkumu a experimentální re-
konstrukci jedné z lokalit.

Uvedené příklady mají obecně význam z hlediska 
montánní archeologie a historické metalurgie, ale jejich 
největším přínosem je, že nám pomáhají pochopit tech-
nologie středověkého hornictví a hornické prospekce 
používané mimo hlavní oblasti těžby olova a stříbra ve 
střední Evropě.
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