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CHARCOAL PRODUCTION PLATFORMS IN
GLENDALOUGH

The existence of a large number of small–medium-
sized earthen platforms on the slopes surrounding the
Upper Lake at Glendalough (Fig. 1) has been
recognised since at least 1938, when a note describes
them as ‘huts’ (Hemp and Gresham 1938) with
dimensions ranging from ‘15 to 21 feet depth and from
21 to 30 feet width, though a few larger ones near the
lake are as much as 30 x 36 feet’ (ibid., 281). Stone rings
are noted in two examples, and ‘wing banks’ or
‘revetments’ in others. Hemp and Gresham also
comment that ‘smaller platforms are associated with a

few of the sites, and placed a few feet away from them’.
Healy’s surveys of the area (1972) identified 86 sites,
providing a numbering system for them, with some
variation in size. He disagreed with Hemp and
Gresham about some aspects of the sites, only citing
one location—Kevin’s Cell—that had traces of any
structures. Charcoal was frequently observed when the
sites were disturbed, and Healy proposed that they were
charcoal production sites. Long (1996) offers a detailed
review of previous work on these sites and adds
fourteen new platforms to the corpus. He stresses the
considerable variation in the form of the monuments
and that many of the smaller sites are also badly defined,
with no walls or other structures visible. He argues that
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Recent excavations of charcoal production platforms in
the Glendalough valley, Co. Wicklow

Graeme Warren, Conor McDermott, Lorna O’Donnell and Rob Sands 

This paper presents the results of recent archaeological excavations in Lugduff townland, Co. Wicklow—a location
better known as the Upper Lake, Glendalough. Excavations in 2009 targeted charcoal production sites on the south-
ern valley slopes overlooking the lake. These have provided important data about the nature and timing of charcoal
production and the associated woodland resource in the valley. We begin by presenting a background to charcoal pro-
duction in Glendalough, before summarising the results of the excavations, presenting details of the charcoal analysis
and closing with a discussion of the landscape implications of our work, especially in terms of the recent woodland his-
tory of Glendalough. 
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these smaller sites may, in some instances, be associated
with early monastic activity. A total of 84 of these sites
are now formally designated in Lugduff and Seven
Churches or Camaderry townlands to the north and
south of the lake on the SMR, with a single further
example in Trooperstown townland to the east of
Laragh (Fig. 2). McCracken (1957, 135) records that in
County Wicklow ‘in 1821 the circular remains of many
of the charcoal hearths could be distinguished in the
glens by the different shades of grass when viewed from
above’. The presence of extensive charcoal deposits was
also noted during excavations in the 1950s at the
medieval church site at Temple-na-Skellig on the
Upper Lake (F. Henry excavation archive, UCD School
of Archaeology), suggesting that the site was reused for
charcoal production.

Healy (1972) carried out a test excavation of one
platform (his ‘Platform 78’) (see below), which
confirmed his observations about the extensive
presence of charcoal and demonstrated the presence of
flat mica schist paving and post-holes associated with
evidence of burning, all sealed underneath a charcoal-
rich soil (Fig. 3). Healy did not obtain a direct date for
the platforms; he used historical evidence to suggest
that they dated from c. AD 1680–1740 and were
associated with the smelting of iron ore before the
collapse of this industry in 1740. Whilst this proposal
was very plausible, without direct dates it was not

possible to be certain. Arguments could be made that
the charcoal-burning sites are earlier, associated with
iron-working sites at Brockagh dating from the
thirteenth/fourteenth century (Manning 1983–4, 344;
Grogan and Kilfeather 1997), or even potentially later,
associated with the extensive mining complex of the
area. As will be seen below, excavations have confirmed
and refined Healy’s chronology.

Charcoal production sites have received renewed
attention in recent years in Ireland. The processes
involved in charcoal production have been reviewed by
Kenny (2010) and by Downey and O’Sullivan (2009),
and a brief outline is presented here. Two primary
forms of charcoal production site are recognised: pit
kilns and mound kilns. In a pit kiln, wood is stacked in
a cut pit, sealed and fired, whereas in a mound kiln the
wood is stacked on the surface and sealed (Fig. 4).
Mound kilns are more efficient than pit kilns and
produce higher-quality charcoal (Kenny 2010). They
are argued to have become increasingly common from
the seventeenth century in association with iron-
working (Downey and O’Sullivan 2009; Kenny 2010).
Owing to the shrinkage of the wood within the
mound during the firing, it is important that a mound
kiln is placed on a flat surface and in many instances
this is created by forming a platform, excavated into the
slopes with the spoil thrown out in front—sometimes
termed a ‘platform hearth’. Rackham (2006, 204)
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Fig. 2—Distribution of charcoal production sites at the Upper Lake, Glendalough. Charcoal production data from archaeology.ie. Platforms
shown with triangles are those excavated in 2009. From left: platforms 76, 77 and 78.



discusses some of the problems of terminology, noting
that ‘A charcoal-stack requires a circle of level ground
20–40 feet (6–12 metres) across, often misleadingly
called a “pit” or “pitstead”. On flat ground . . . there is
little hope of finding the site, but on a slope it appears
as a circular platform scooped into the hillside.
Charcoal-hearths were used time and again as the
woods were felled and grew up. They are often in
groups, served by one track, as men watching a stack
burn could use their time building another stack and
dismantling a third.’

Investigation of charcoal assumes that wood fuel for
the charcoal pits was cut close to the site (Nelle 2003,
667). Historical and ethnographic sources indicate that a
charcoal production site was chosen carefully, normally
within oak woodland, as this cut down on travel costs
(Kelly 2002, 5). Charcoal-burners worked within the
coppices and camped on site alongside their clamps

(Armstrong 1978; Edlin 1973; Gale 2003, 34). Wood was
ideally stacked to dry beforehand for up to six months,
as green wood would not burn as effectively. Oak was
frequently selected for charcoal production, as it
produces excellent charcoal. This was a specialised
industry that consumed large quantities of wood, and the
process took several days to complete. Wood begins to
char at about 350°C and temperatures of over 1,000°C
could be reached easily with good-quality fuel. The
production of one ton of charcoal requires about six tons
of wood, depending on the methods used (Percy 1864;
Armstrong 1978; Gale 2003, 34), and an account of 1607
suggests that it required one ton of charcoal to smelt two
tons of ore, and one ton of charcoal to make a tonne of
wrought iron from cast iron (McCracken 1957, 125). It
is clear that charcoal production can have a very
significant impact on local woodlands (see below for
detailed discussion).
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Fig. 3—Healy’s 1972 plan
and section of platform
78.



EXCAVATIONS IN 2009

In order to gather further data on these platforms, the
aims of our fieldwork programme in 2009 were to: 

locate the edges of Healy’s trenches and obtain•
samples for dating from platform 78 to assess the
hypothesised seventeenth/eighteenth-century use
of the charcoal platforms;  
sample two other platforms with small trial•
trenches in order to assess the function and date of
platforms of varied morphology (does surface
morphology imply different functions?);
obtain samples to assess woodland composition•
and evidence for woodland management.

Excavations took place on 24–28 August 2009 as part
of the UCD School of Archaeology undergraduate
training programme under excavation licence
09E0380.

Trench 1
Trench 1 was located on Healy’s platform 78 (SMR:
WI023–029004; NGR: 310778 196086, Irish Grid),
excavated in two L-shaped trenches in 1972. The
platform was subrectangular in shape and measured 8m
east–west by 5m north–south, with a drystone wall
(C107) of up to four courses revetting the base of the
slope. Trench 1 measured 4.6m north–south by 2m
east–west and was positioned to incorporate one of the
earlier excavation trenches (Fig. 5). 

A thin layer of topsoil (C100) was removed to

expose a layer (C101) up to 0.12m deep composed of
loose black silt, rich in charcoal and fragments of heat-
shattered schist. It contained a brick and a Guinness
bottle, suggesting disturbance relating to Healy’s trench
(C105), which was identified cutting through C101. At
the southern end C101 overlay a compact grey-brown
silty clay (C102) with very few inclusions, which in
turn sealed heat-affected subsoils (C108 and C103). A
black-brown silt with charcoal and heat-shattered schist
stone fragments (C104) underlay C101 at the northern
end, and this was sampled for dating and environmental
analysis. The maximum depth of excavation was 0.3m
at the southern end of the trench.

The drystone wall (C107) (Fig. 6) sat directly on
top of the subsoil (C108), which at the southern,
upslope, end was a surface created by cutting into the
hillside to create the platform. At the northern end it is
likely that the material was redeposited to extend the
platform downslope but this was not exposed as part of
the excavation (see Fig. 3). 

The excavation showed that the deposits are
slightly more complex than those revealed in the 1972
excavation, with at least three separate layers of
material. C101 probably represents the main charcoal
production episode, and debris from this production
process may have been cleaned off the platform down
the slope, resulting in the deposition of the thin layer
C104. C102 is a clean layer and may reflect a period of
abandonment. No artefacts related to the use of the site
were recovered, nor any further post-holes. This appears
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Fig. 4—A seventeenth-century depiction of some of the stages in charcoal-making in woodlands: preparation of the ground and erection
of a central post (centre); cut lengths of wood stacked around the central post, which is removed prior to firing to create a flue (left); and
the completed clamp during firing, covered in earth to limit air flow (from John Evelyn’s Sylva (1670)). The clamp would be constantly
attended for a number of days to control the firing. Note that this illustration is contemporary with the date of the Glendalough charcoal
production sites.



to have been a charcoal production site characterised
by an artificial platform (a ‘platform hearth’, see above)
and the use of a mound rather than a pit kiln. The size
of the platform is in keeping with Rackham’s
description (above). 

Trench 2
Trench 2 was laid out on platform 77, as identified by
Healy’s survey (SMR: WI023–029003; NGR: 310762
196104, Irish Grid) (Figs 7 and 8). This site was
previously unexcavated. A slot-trench, 6m by 1.5m, ran

north–south down the slope and incorporated several
large rocks visible on the surface through the grass. The
top layer (C200) consisted of a grassy sod on a loose
brown-black humic, silty soil containing modern finds,
suggesting recent disturbance. Beneath this was a rocky
layer (C201) containing small and large schist slabs,
representing significant slippage from the slope above.
This was excavated in a sondage measuring 2m by
1.5m and was 0.51–0.68m in depth. It directly overlay
a layer, 0.04–0.32m deep, composed almost entirely of
charcoal (C202). Beneath the charcoal was a basal layer
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Fig. 5—Charcoal platform
78, originally excavated by
Healy, re-excavated in 2009
(trench 1 marked).

Fig. 6—LUG09, trench 1
(platform 78). Elevation of
revetment wall (C107),
looking south.



(C203) of fire-reddened gravel representing the
prepared surface of the site (Figs 9 and 10). No
stratified finds were recovered and it appeared that the
episode of slumping sealed the charcoal layer, leaving it
undisturbed. Redeposited gravels extending the
platform further down the slope were exposed as part
of the excavation. Again, we interpret this as a platform
associated with a mound kiln.

Trench 3
Trench 3 was a test pit, 0.5m by 0.5m, excavated to a
depth of 0.5m through a third, smaller platform
measuring 3.5m by 5m (Healy 1972, no. 76; SMR:
WI023–029004; NGR: 310778 196086, Irish Grid)
(Fig. 11). It produced fragmentary traces of charcoal.
The function of this platform is not clear. 
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Fig. 7 (above)—LUG09, trench 2 (platform 77) before excava-
tion, from south-east.

Fig. 8 (right)—Charcoal platform 77, excavated in 2009 (trench
2 marked).



Finds
The only finds recovered were modern and relate
either to leisure activities in the woodlands around the
Upper Lake or to previous archaeological activity. 

Function and morphology
One of the aims was to assess whether surface
morphology related in any way to function. Of the
small sample excavated in 2009, all are associated with
charcoal. The quantities and distribution of charcoal
varied between platforms, although this may in part
reflect longer histories of use and reuse in trench 1. It
is important to note that in trench 2 the episode of
slumping has significantly changed the surface
morphology of this platform—and any attempts to
classify platforms must pay due consideration to such
processes. The smallest of the platforms only returned
traces of charcoal, and analysis of this (below) shows
that it is very different in kind to the other platforms.
This may well have served a different function: possibly
associated with the charcoal production industry,
possibly of different age. It is, for example, important to
note that in order to maintain the clamp it has to be
constantly watched, so some shelter may have been
required in the vicinity. Smaller platforms may have
been used in this context. It is also interesting to note
Rackham’s comment (see above) that charcoal
production sites were often in small groups, where one
clamp could be taken apart whilst others are set. Figure
2 shows that the charcoal production sites at
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Fig. 10—LUG09, trench 2 during excavation, looking south. C202
is clearly visible, sealed by C201.



Glendalough often do appear in groups of two or
three. Further work examining this possible patterning
would be of great interest. 

It was noted above that wood was ideally dried for
six months to increase the efficiency of the burn. It is
interesting to consider the practicalities of this process
on steep mountain slopes: it is possible that the wood
was stacked to dry on the platforms themselves, or at
the point of felling; alternatively, it may be that limits
on space meant that timber was not dried so
thoroughly. Further research is required to examine this
question.

Although additional work is required on a broader
range of platforms, we believe that the evidence
currently available to us suggests that most of the larger
platforms are likely to be charcoal production sites. 

Dating evidence
Two radiocarbon determinations were obtained on
short-life material from contexts C104 and C202
(platforms 78 and 77 respectively), and both indicate
recent dates (Table 1; Fig. 12). As noted above, based
primarily on historical sources, Healy suggested that
the charcoal-burning platforms dated from c. AD
1680–1740 and were associated with the smelting of
iron ore before the collapse of this industry in 1740.
This interpretation is compatible with the calibrated

date ranges of the radiocarbon determinations, which
may suggest that the platforms were in use at the earlier
end of Healy’s range. C104 is dated to AD 1650–1690
at 24.1% probability, to AD 1730–1810 at 51.5%
probability and to AD 1930–1960 at 19.8% probability.
C202 is dated to AD 1690–1730 at 24.2% probability
and to AD 1810–1920 at 71.2% probability.

A range of evidence implies that Glendalough was
unwooded in the late eighteenth and early nineteenth
centuries (see below for discussion).This is hard to
reconcile with the later calibrated date ranges and
provides strong evidence that the earlier parts of the
ranges are more likely. We therefore believe that the
radiocarbon evidence indicates that Healy’s suggestion
for dating is broadly correct and that the platforms date
from somewhere around AD 1650–1730. This in turn
raises questions about the nature of the woodland in
the Glendalough Valley at this time, and especially
about possible evidence for management of that
woodland.

CHARCOAL ANALYSIS

In order to examine the nature of the forest near the
site and evidence for woodland management in
Glendalough during the time the charcoal production
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Fig. 11—Platform 76, looking east. Trench 3 located on this platform.



platforms were in use, bulk soil samples were taken
from all the pits. Charcoal from these samples was then
microscopically analysed. 

Results
Charcoal was identified from three charcoal platform
contexts (S101 and S103 from C104, platform 78; S201
from C202, platform 77; and S300 from C302,
platform 76). Overall, 249 charcoal fragments were

identified, including seven native Irish wood taxa. The
dominant trees are oak (Quercus sp.), birch (Betula sp.)
and holly (Ilex sp.). Other woody plants identified in
lesser amounts are hazel (Corylus avellana), pomaceous
fruitwood (Maloideae), willow (Salix sp.) and yew
(Taxus baccata) (Fig. 13). When charcoal results from
different contexts are compared, oak, holly and birch
are dominant within S101/C104, S103/C104 and
S201/C202 (Fig. 14). S300/C302 is dominated by
hazel. This contrast must be treated with caution, as
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Table 1—Radiocarbon dates.

Sample ID Material dated Lab code Date Error Calibrated date

LUG09_C104_S103 Betula UBA-16453 199 21 AD 1650–1960
LUG09_C202_S201 Corylus UBA-16454 75 18 AD 1690–1920



only nine charcoal fragments were identified from
S300. 

A methodology developed for European charcoal
production pits to produce a mean diameter (mD) per
taxon was applied to 150 fragments from Lugduff
(Appendix 1). The mD is an arbitrary value, in that it
does not tell us about the actual size of the wood used
but gives a relative value when comparing different
samples and sites (Nelle 2003, 672). This is achieved by
placing every fragment in a diameter class template (see
Ludemann 2006, 65) (Appendix 1, Fig. 18). A variety of
diameter classes are evident within the Lugduff
charcoal, indicating that both small-calibre brushwood
and larger trunks were burnt (Fig. 15). The majority of
birch fragments have diameter classes of IV and V
(widely curved annual rings), indicating the burning of
larger wood pieces. Distribution of diameter classes in
holly is quite uniform, suggesting relatively even

gathering of smaller branches and larger trunks. In
contrast, the oak fragments are quite heavily biased
towards class V. This, along with tyloses in many of the
oak fragments, suggests that trunks or large branches of
oak were being burnt (Fig. 15).  

The mean diameter for each taxon per sample was
calculated (Appendix 1, Table 7) and subsequently
averaged (Appendix 1, Table 8). The largest wood taxa
utilised are yew, birch and oak, with average mD of
15cm, 9.54cm and 9.5cm respectively. The smallest
wood taxa are hazel and willow, at mD of 4cm and
1.75cm. The overall mean diameter of all trees is
7.45cm, which is considered to be medium-sized
(Nelle 2002, 202). 

Ring-count analysis is presented in Fig. 16. These
represent annual rings counted on the fragments, but as
bark or pith was generally not present they do not
represent the full age of the material. The majority of
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Fig. 14—Charcoal from different contexts. 



ring counts range from one to fifteen, indicating the
use of younger wood. This can also be explained by the
fragmentary nature of the charcoal. Ring counts within
the holly are higher than in oak or birch. When the
ring counts are averaged, the longer-lived nature of the
holly fragments is demonstrated, as it has an average
ring count of 12.05.  The average ring counts of birch
and oak is 8.22 and 7.15 respectively (Appendix 1,
Table 8). 

Woodland composition
Seven native Irish wood taxa were identified from
Lugduff, the most common being oak, birch and holly.
The lack of non-native wood taxa suggests that this was
not a planted forest that frequently included non-native
species (McCracken 1971, 135). The high species
diversity from a relatively low number of identified
fragments suggests that varied woodlands existed in

Glendalough when the charcoal was being produced. 
Today, the dominant tree in the Glendalough

woodlands is the sessile oak (Quercus petraea) (Wicklow
Mountains National Park 2011). It is not possible to
separate sessile oak from pedunculate oak (Quercus
robur) through wood anatomy. Both are native Irish
species. Sessile oak will grow on less fertile or acidic
soils than the pedunculate oak, which prefers heavy,
lowland soils, tolerating flooding (Beckett 1979, 40–1). 

Silver birch (Betula pendula) is a fast-growing and
prolific seeding tree; it can establish itself very quickly
but is also short-lived (Linford 2009, 185). It prefers dry
conditions and will grow well on light, dry soils. In
contrast, however, the downy birch (Betula pubescens)
prefers wetter conditions and will grow on poorly
drained soils (Lipscombe and Stokes 2008, 140, 178).
Birch is often seen as a pioneer species and its presence
in high quantities in the Lugduff charcoal indicates that

Recent excavations of charcoal production platforms in the Glendalough valley, Co. Wicklow 95

Fig. 15—Charcoal diameter classes. 

Fig. 16—Charcoal ring counts. 
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the woods used for the charcoal production were
characterised by some open areas. 

Holly is a shade-tolerant tree, able to survive as an
understorey species in woodlands, particularly oak
woodlands. It will grow prolifically as an understorey
in sessile oak forests. It can also grow in open situations
(ibid., 110). In Glendalough it is likely that holly grew
as an understorey to the oak trees in the woodland.

The presence of pomaceous fruitwood indicates
that these woodlands were not dense or closed-canopy
in nature, as trees in this family, such as apple or
hawthorn, are normally considered to denote cleared
areas. Annual ring counts do not indicate that mature
trees were utilised. This must be treated with caution,
as in most cases it was not possible to obtain full ring
counts owing to the lack of bark and pith.
Furthermore, while the ring counts are low, curvature
of the annual rings in most taxa indicates that a mixture
of twigs, branches and larger-calibre branch wood
and/or trunk wood was burnt. This could point to a
mixture of immature and mature woodlands in the
area.   

The pomaceous fruitwood (Maloideae) type can
suggest secondary woodland regeneration in the area.
This compares well to the high levels of birch. The
variety of trees that make up the Maloideae cannot be
differentiated through wood anatomy and in an Irish
context these include crab-apple (Malus sylvestris),
rowan/whitebeam (Sorbus aucuparia/Sorbus aria),
hawthorn (Crataegus monogyna) and wild pear (Pyrus
pyraster). Crab-apple grows in hedgerows and
woodlands, thriving on fertile and heavy soils
(Lipscombe and Stokes 2008, 78). Rowan is a tough
coloniser which can tolerate peaty soils and exposed
conditions. It needs plenty of light to thrive (Hickie
2002, 65). Whitebeam prefers to grow on limestone
soils but will thrive in any light open or scrub
woodland conditions (ibid., 190). Hawthorn, with its
thorny branches, was grown as hedges during the
medieval and post-medieval period in Ireland, to divide
land and keep animals in. It will grow well in all but
the most acid of soils (Gale and Cutler 2000).  Wild
pear can grow on woodland edges (Lipscombe and
Stokes 2008, 114). 

The level of hazel overall is low within the samples
from Lugduff. Hazel is normally identified in high
quantities from Irish archaeological sites, so its low
values within this site are noteworthy (O’Donnell
2007a). Its ability to produce multiple stems gives hazel
its characteristic dense appearance. It can grow on a
wide range of soils, including limestone, mildly acid
soils and clays (Lipscombe and Stokes 2008, 102). 

There are some indications of wet willow
woodlands within the samples, which is not surprising
given the presence of the upper and lower lakes in

Glendalough. Willow grows best in damp soil and is
frequently found growing on riverbanks or on land
next to ponds (Linford 2009,127). 

One conifer was identified from the site: yew. It
prefers to grow in well-drained and sheltered sites
(Hickie 2002, 78). 

Some native trees frequently found in Irish
charcoal assemblages that were not identified from
Lugduff include ash (Fraxinus sp.), alder (Alnus sp.),
wild/bird cherry (Prunus avium/padus), blackthorn
(Prunus spinosa) and elm (Ulmus sp.). 

Woodland management
Ideally the best charcoal for iron-smelting comes from
25-year-old coppice oak. In England coppicing was
practised by iron-workers to ensure a continuous
supply (McCracken 1971, 92), and similar patterns have
been identified in County Wicklow (Carey 2009, 204).
Overall, coppicing results in fast-grown wood. In
contrast, pollarding will result in consistent, narrow
growth rings (Wheeler 2011, 30). Similar diameters and
annual ring counts in archaeological wood can also
denote woodland management. Within archaeological
charcoal, it is extremely difficult to demonstrate
management practices. Owing to the carbonisation and
fragmentation process, frequently neither the pith nor
the bark remain on charcoal fragments, the
combination of the two being the only definitive way
to determine the actual ring counts of wood. This is the
case with most of the material from Lugduff.
Furthermore, the description of slow, medium and fast
annual growth is in itself subjective without
clarification of actual measurements for these terms. 

Growth rates evident within the charcoal data are
discussed in some detail, to ascertain whether
management techniques were used to provide a
renewable source of wood for the charcoal platforms.
It must be clearly noted that these ring widths are
averages only. Each ring present is counted as ‘one
annual ring’ even though it may only represent a
fraction of a year’s growth. 

Pith is available in only one instance in the oak
fragments, where fast growth in years 2 and 3 was not
noted, which can be indicative of coppicing
(O’Sullivan 1998). A mixture of growth patterns is
evident within the oak fragments, ranging from slow at
0.53mm per annum (S103 from C104) to very fast at
10mm per annum (S101, also from C104) (Appendix
1, Tables 3–5). Average growth is 2.12mm per annum.
The slowest growth within the birch pieces is 0.25mm
per annum in S103 from C104, while the fastest is
4.33mm per annum in S201 from C202. Pith was not
noted within the birch fragments. Average growth is
1.42mm per annum. The fastest growth within the
holly fragments is 6mm per annum, in S101 from
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C104, while the slowest growth is 0.29mm per annum,
in S201 from C202. Average growth is 1.54mm per
annum. Pith is evident in the holly fragments from
C104, although fast growth in rings 2–3 is not noted.
While the average growth rates of holly and birch are
similar, overall observation of the fragments indicates
that growth is slower within the holly pieces than in
either of the other main taxa, oak and birch. 

Given the problems involved in definitively
determining any form of woodland management
within charcoal fragments, it is not possible to ascertain
whether the charcoal from Lugduff represents any form
of managed woodland, i.e. either through coppicing or
pollarding. 

The mean diameters of the oak fragments from
Lugduff, however, are comparable with those derived
from 30-year-old coppiced trees (Nelle 2002, 201).
Studies of known charcoal sites from woodlands in
Germany (where the dimensions of charcoal were
known before burning) demonstrate variation in mean
diameters of charcoal, depending on what types of
context they are derived from. For example, charcoal
from a campfire site has an mD of 4.3cm. Charcoal
from coppiced woods has an mD of 8.3cm, which is
the most comparable to the material from Lugduff.
Charcoal from a contemporary kiln site has an mD of
10.6cm, while charcoal from a historic kiln site has an
mD of 13cm (ibid., 202). 

Selection of timber
The high species diversity of wood taxa identified from
Lugduff indicates strongly that no particular wood
species was being selected for charcoal production. This
also argues against managed woodland, as if one species
was being managed for charcoal production it would
most likely have been burnt, as opposed to a mixture
of wood taxa. 

While other wood taxa are known from medieval
Irish charcoal production pits (willow, alder, ash, elm
and hazel), in the majority of cases they contain
exclusively or are heavily dominated by oak, with a low
species diversity (Kenny 2010, 108). Examples of these
include Ballynalacken (09E059), Leitrim (09E196) and
Tincurry (E2293), Co. Tipperary (O’Donnell 2010a;
2010b; O’Donnell et al. 2009). Bowl furnaces from
medieval sites excavated at Kiltenan South, Co.
Limerick (02E0574 3/63/3), and at Aghamore, Co.
Meath (02E0869 1A/50/1), were both probably used
for smelting iron slag and were dominated by oak. A
possible furnace of similar date at Dollas Lower, Co.
Limerick (02E0631 3/67/5), also contained mainly oak
(O’Donnell 2007). Various medieval charcoal
production pits in Mayo are also dominated by or
contained exclusively oak, including Cloonaghboy II
(E3333), Ballyglass West III (04E1507), Ballyglass East

(E3335), Gortanure I (E3354) and Currinah III
(E3356) (OCarroll, forthcoming). 

Oak also prevailed in England, where the use of
oak heartwood for iron-working was common from
the early Iron Age up to the middle of the medieval
period (Gale 2003, 37). It is an excellent native fuel and
therefore would have been well suited to charcoal
production. Burning of one species also has the
advantage of making the fire easier to control.

Charcoal summary
Seven wood taxa were identified, the most common of
which are oak, birch and holly. This suggests that
oak/birch/holly woodland grew in the area at the time.
The high levels of birch indicate that these woodlands
were kept relatively open. Trees like birch and the
pomaceous fruitwood type could have grown well in
these cleared areas. Ring counts suggest that the wood
was gathered from relatively young trees; this must be
carefully interpreted, however, as full ring counts are
unavailable owing to charcoal fragmentation. It was not
possible to ascertain evidence of woodland
management from the charcoal fragments. 

High species diversity, along with the mixture of
low-calibre brushwood and higher-calibre trunk
wood, suggests that iron-workers were not selecting
wood based on tree species or wood size. This contrasts
with other sites in Ireland of similar date, where oak
was specifically selected for charcoal production. That
this is not the case at this site in Glendalough may
indicate that there was not enough local oak woodland
to facilitate single-species charcoal platforms. This may
be a reflection of the high numbers of charcoal
production platforms in use in the Glendalough valley
at the time.  

WOODLANDS IN THE HISTORICAL PERIOD
AT GLENDALOUGH

The character of the woodlands surrounding
Glendalough in the historical period is difficult to
reconstruct. Historical records for the area are patchy,
and comparatively limited palaeoecological work has
been undertaken (Haslett et al. 2006). 

Nicholls’s (2001) review of the woodlands of pre-
modern Ireland highlights the variable extent of
woodland cover before c. 1700 but stresses the
economic value of woodland in some locations. Most
importantly, he describes much Irish woodland of this
period as ‘degraded’, comprising understorey and
young growth and being often restricted to broken and
rocky ground and steep slopes. Much of this woodland
was exploited heavily—partly for export, especially of
barrel staves, but also, from the period following c. 1600,
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for charcoal production associated with the iron-
smelting industry. Nicholls argues for two primary
phases of the iron/charcoal industry: from 1603 to
1641 and c. 1670, when it ‘continued in various areas
until the available woodland supplies were exhausted’,
with this second phase being much more destructive of
woodland. There are different opinions on the impact
of charcoal production on woodland, with Irish
observers in the seventeenth century recording
significant damage to woodlands, whereas others have
argued that the iron industry would preserve the woods
in its own interest (Carey 2009, 206–7). It is interesting
to note that the descriptions of managed systems come
from England, while the picture in Ireland seems to
have been quite different: the exploitation of
woodlands appears to have been part of a colonial,
extractive economy, with little attempt to sustain the
woodland resource. Indeed, ‘The fact that Irish woods
were being destructively rather than sustainably worked
made Irish charcoal very cheap, its cheapness offsetting
the cost of importing ore’ (Nicholls 2001, 201). 

The destruction of woodlands through the
seventeenth century led to the introduction of various
schemes to encourage plantation and management of
woodland. Some of these were enacted during the
seventeenth century, but McCracken (1957, 126) notes
that these ‘. . . orders do not seem to have been
enforced’. Between 1698 and 1791 the government
made planting compulsory for ironmasters (ibid., 137),
with grants available for plantations in a variety of
contexts. More sustainable management practices
developed, and the ‘coppice with standards’ system was
widely used in Wicklow (Carey 2009, 57–60). Carey
(2009, 35) cites Arthur Young’s account, A tour in Ireland
1776–1779, which records that in Wicklow there were
‘many copses on the sides of mountains of birch, oak,
ash and holly, which are generally cut at 25 years for
poles for building cabins; the bark for tan, and the
smaller branches for charcoal’.

The radiocarbon dates suggest that the charcoal
production sites could form part of either the
unstructured use of woodlands or the eighteenth-
century management of these resources. The range of
species utilised for charcoal production and the
evidence of disturbed woodlands may indicate the first
of these models. The charcoal evidence indicates the
use of smaller trunks and branches as well as larger
trunkwood. This is comparable to Rackham’s (2006,
204) comment that ‘underwood of no more than 12
years’ growth or branchwood was normally preferred’
for charcoal production. 

Carey (2009, 43) has suggested that there is
‘uncertainty’ as to whether woodland was present at
Glendalough at the time of the Down Survey
(1654–6), with only 1.9% of the total Glendalough

holdings being wooded; these were located in
Derrylossary, Clonbroon, Clonbrane and Clarah
[Clara]. Iron workings were certainly common in
Glendalough. McCracken (1971, 92) argued that
Wicklow was the only county in Ireland where
management of oak coppice was known to have
existed in order to supply iron-workers with a
continuous supply of oak, while other areas in the
country were limited to the supply of readily available
wood. Ten ironworks are listed in Wicklow, one of
which is in Glendalough (McCracken 1957, 135). In
the 1640s, woodlands in the Wicklow valleys were
exploited for fuel; some of the ironworks using this
supply were in production for over a century. Before
1640 charcoal had been exported from Wicklow to
south Wales, despite the difficulties in transporting
charcoal, which Rackham (2006, 204) notes is
generally fragile and not transported over long
distances without the use of barges. In the 1640s a Mr
Bacon came from England to Wicklow and founded a
dynasty of iron-workers. He imported ore from south
Wales and used local charcoal to smelt it (McCracken
1971, 95). Given the discussion above, it may have been
the availability of cheap charcoal without the associated
costs of management that facilitated this. Certainly, the
charcoal evidence for a diversity of species and the
existence of a disturbed woodland is broadly in keeping
with Nicholl’s discussion of degraded woodlands. 

The Bacon family carried on iron-making in
Wicklow until after 1760, reportedly controlling over
50 ironworks (McCracken 1971, 95). The iron-
working industry in the county was abandoned after
that, as the local woods were exhausted of fuel (ibid.).
It is not clear when the Glendalough works were
abandoned, although our preferred interpretation of
the site chronology suggests that the platforms were in
use substantially earlier than 1760. It is not clear
whether the more sustainable eighteenth-century
practices of woodland management were applied in
Glendalough. Carey (2009, 65–8) reviews Jacob Nevil’s
1760 map of Wicklow, which indicates woodland ‘near
or adjacent to’ Glendalough valley, but the 1798 update
of this does not show ‘any tree symbols in the
Glendalough area, apart from the eastern slopes of
Derrybawn mountain’. This is in keeping with the
evidence from drawings and paintings of the late
eighteenth and early nineteenth centuries, which
consistently show the area as denuded of trees and
strongly indicate that by the end of the eighteenth
century the area was deforested (e.g. The Festival of St
Kevin at the Seven Churches, Glendalough by Joseph
Peacock, 1817 (Ulster Museum), and Sandy’s view of
the Seven Churches in Glendalough, engraved in 1778
(Harbison 1992)). 

The image of a deforested Glendalough by at least
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the end of the eighteenth century suggests that the
impact of charcoal production on the landscape was
profound; indeed, the variable character of the wood
species utilised in the mound kilns and the proliferation
of platforms may indicate the final ‘sweeping up’ of
woodlands in the area. Deforestation on this scale in the
uplands is likely to have had a significant impact on the
hydrology of the lake basin and river system through
significantly changing sediment supplies. In this regard
it is interesting to note that preliminary coring of the
boggy area in between the two lakes demonstrates
significant sediment deposition in the recent past, and
that our ongoing excavations adjacent to the Upper
Lake have demonstrated a buried land surface sealed by
a possible colluvial deposit. The removal of woodland is
also likely to have had a significant effect on slope
stability and may have contributed to the slope slippage
identified in the excavation as covering platform 77, as
well as the inundation of archaeological sites such as the
churches at Reefert and Temple-na-Skellig, where large
amounts of overlying material were removed in the
nineteenth century (Wilde 1873; Cochrane 1925). The
demise of the woodland may have played an important
role in forming the physical landscape that we see today.

This account is broadly in keeping with the
available palynological evidence from the western end
of the Lower Lake (Haslett et al. 2006). This shows a
general decline in most trees after c. AD 1000, with rises
in Ericales (heathers) and Cyperaceae and a sharp rise
in grasses after c. AD 1500, seemingly associated with a
sharp decline in Salix (willow). The pollen record offers
little evidence for a seventeenth–eighteenth-century
deforestation event distinct from a longer, ongoing
process of tree loss, although oscillations within a
continuing downward trend for all major tree species
may be masking such events. There is a notable rise in
pine in the nineteenth century.

The valley today has woodland on both sides: a
semi-natural oak woodland on the southern side and
coniferous plantations on the north. The former
woodland is described by Carey as ‘regeneration’,
although the Wicklow Mountains National Park
website discusses plantations of oak from 1800 to 1880.
The Glendalough Mining Company were heavily
involved in planting trees on the northern side of the
valley (Carey 2009, 154–5), including 620 acres planted
in 1870–3 alone. The aim of these plantations was to
provide pit props for the expanding lead mines. As a
result of this planting, photographic evidence from
1880 to 1900 shows a substantial area of woodland on
the hills above the Glendalough lakes (ibid., 86). The
plantations suffered badly from fire damage and over
6,000 trees were blown down in a 1903 storm. These
plantations are described by Carey as pine, and, indeed,
it is mature pine trees that stand in this area today.

SUMMARY

Small-scale excavations and associated charcoal analysis
have succeeded in clarifying important issues regarding
the numerous platforms that surround the Upper Lake
at Glendalough. Further work is still required, but at
this stage we feel confident that many of the larger
platforms are likely to be the level surfaces for the
production of charcoal in mound kilns. It is possible
that smaller platforms might have served a different
function. Radiocarbon dates and historical evidence
suggest that, at least in the area of our excavations, these
platforms date from the late seventeenth or very early
eighteenth century. Charcoal evidence suggests that a
mixture of species—mainly oak, birch and holly—were
burned to produce charcoal, with smaller branches and
trunks being used. There is no evidence of
management in the charcoal data, although difficulties
in identifying management from these data should be
noted. The diversity of size and species, however,
strongly suggests a more unstructured approach to
resource-gathering. 

Mound kilns were associated with the production
of charcoal for iron-smelting in the late seventeenth
and early eighteenth centuries, and a range of historical
evidence suggests that at times in the seventeenth
century this was connected to destructive,
unsustainable use of woodlands in what has been
described as a colonial, extractive economic policy (see
Nicholls 2001). The chronological and charcoal data
best suit this model, rather than the more managed use
of woodlands encouraged in the 1700s. This extensive
and damaging use of the woodlands in the charcoal
industry may have played a very significant role in the
removal of woodland from the hillsides of
Glendalough, where a range of evidence suggests
significant deforestation by the end of the eighteenth
century, if not before. The nature and scale of this
activity offers a new perspective on the industrial
history of the Glendalough landscape.

This in turn has some implications for the wider
landscape, with the likelihood of deforestation being
associated with changes in run-off and river regimes.
Our preliminary coring of the marshy ground between
the Upper and Lower Lakes provides some evidence to
suggest that sediment was deposited into the area of the
Upper Lake, and in places seals earlier land forms.
Further understanding of these potential
geoarchaeological and geomorphological impacts
should be a key aim for future research.

Finally, and as discussed above, the woodlands that
currently line the Upper Valley have arisen from two
processes: regeneration and deliberate plantation.
Plantations of trees continue in the Glendalough valley
as part of an attempt to create ‘natural’ woodland. A
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longer historical perspective raises interesting questions
about what kind of landscape should be recreated in
Glendalough.
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APPENDIX 1: CHARCOAL ANALYSIS 
LORNA O’DONNELL

This appendix outlines the methodology used and
presents the detailed results of charcoal analysis from
Lugduff. Samples were originally assessed in phase 1
from C104, C202 and C302 (Table 2). Based on these
recommendations and further discussion, charcoal was
fully analysed from C104 and C202 (Tables 3–5) (phase
2). The total charcoal weight per taxon from phase 2 is
presented in Table 6. 

Methodology 
Processing 
Soil samples were processed by means of flotation,
being agitated in a mechanical water-filled tank lined
with a 1mm nylon mesh. This releases the lighter
environmental material (flot), such as seeds and
charcoal, from the soil matrix. This lighter fraction is
collected in a sieve of 300μm mesh size. Once dry, the
retent was sorted using a stack of sieves with mesh sizes
of 4mm, 2mm and 1mm. Charcoal larger than 2mm in
size was sorted out of the retent and the flot; all seeds
were extracted, as well as any finds (bone, pottery, flint

and other such archaeological material). All material
retrieved from residue-sorting was recorded. 

Charcoal identification details 
Each piece of charcoal was examined and orientated
first under low magnification (10x–40x) before being
broken to reveal its transverse, tangential and
longitudinal surfaces. Pieces were mounted in plasticine
and examined under a binocular microscope with dark
ground light and magnifications generally of 200x and
400x. Each taxon or species has particular anatomical
characteristics and identification is carried out by
comparing these to keys (Schweingruber 1978; Hather
2000; Wheeler et al. 1989) and a reference collection
supplied by the National Botanical Gardens of Ireland,
Glasnevin. It was aimed to identify 80 fragments per
sample (O’Donnell 2011). High species diversity is
defined by five or more species (Pielou 1969).

The general age group of each taxon per sample
was recorded in phase 1, while the ring count of each
individual fragment was recorded in phase 2 of the
analysis. Growth rates were classified as slow, medium,
fast or mixed. Ring curvature of the pieces was also
noted—for example, weakly curved annual rings
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Fig. 17 (above)—Ring curvature. Weakly curved
rings indicate the use of trunks or large branches
(Marguerie and Hunot 2007, 1421).

Fig. 18 (left)—Diameter template, diameter size
classes (I–V) and examples of charcoal fragments
to be sized (1–4). Result of sizing: fragment 1,
class II; fragment 2, class III; fragment 3, class IV;
fragment 4, class V (Ludemann 2006, 65). 



suggest the use of trunks or larger branches, while
strongly curved annual rings indicate the burning of
smaller branches or trees (Fig. 17). Tyloses in vessels in
species such as oak can denote the presence of
heartwood. These occur when adjacent parenchyma
cells penetrate the vessel walls (via the pitting),
effectively blocking the vessels (Gale 2003, 37). Insect
infestation is usually denoted by round holes,
considered to be caused by burrowing insects. Their
presence normally suggests the use of decayed
degraded wood, which may have been gathered from
the woodland floor or may have been stockpiled. 

Charcoal fragments analysed in phase 2 were the
subject of detailed measurements. A mean diameter
(mD) was calculated for each taxon within each
sample, by placing each charcoal fragment on a stencil
(Fig. 18) and using the following formula: 

mD = (nI+nII*2.5+nIII*4+nIV*7.5+nV*15)/N

(Ludemann 2006, 65). The individual mD per sample
can be seen in Table 7, while the average ring count
and mD per taxon is presented in Table 8. 
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Table 2—Charcoal assessment details from Lugduff (09E0380).

Trench Sample Context Feature type Fraction Wood taxon Fragment         
no. no. no. n

1 101 104 Charcoal production pit Flot Betula sp. Roth/Ehrh (birch) 3  
1 101 104 Charcoal production pit Flot Ilex aquifolium L. (holly) 1  
1 101 104 Charcoal production pit Flot Maloideae sp. (pomaceous 1  

fruitwood)
1 101 104 Charcoal production pit Flot Quercus sp. L./Liebl (oak) 9  
1 101 104 Charcoal production pit Flot Salix sp. L. (willow) 1  
1 101 104 Charcoal production pit Retent Betula sp. Roth/Ehrh (birch) 4  
1 101 104 Charcoal production pit Retent Ilex aquifolium L. (holly) 4  
1 101 104 Charcoal production pit Retent Maloideae sp. (pomaceous 1  

fruitwood)
1 101 104 Charcoal production pit Retent Quercus sp. L./Liebl (oak) 6  
1 103 104 Charcoal production pit Flot Betula sp. Roth/Ehrh (birch) 12  
1 103 104 Charcoal production pit Flot Ilex aquifolium L. (holly) 2  
1 103 104 Charcoal production pit Flot Quercus sp. L./Liebl (oak) 1   
1 103 104 Charcoal production pit Retent Betula sp. Roth/Ehrh (birch) 1  
1 103 104 Charcoal production pit Retent Ilex aquifolium L. (holly) 2  
1 103 104 Charcoal production pit Retent Quercus sp. L./Liebl (oak) 12   

 
2 201 202 Charcoal production pit Flot Betula sp. Roth/Ehrh (birch) 8  
2 201 202 Charcoal production pit Flot Corylus avellana L. (hazel) 1  
2 201 202 Charcoal production pit Flot Quercus sp. L./Liebl (oak) 6  
2 201 202 Charcoal production pit Retent Ilex aquifolium L. (holly) 5  
2 201 202 Charcoal production pit Retent Quercus sp. L./Liebl (oak) 10  
3 300 302 Charcoal production pit Flot Corylus avellana L. (hazel) 7  
3 300 302 Charcoal production pit Flot Quercus sp. L./Liebl (oak) 1  
3 300 302 Charcoal production pit Retent Corylus avellana L. (hazel) 1   
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        Weight Size Ring Growth Curvature Insect Tyloses Abundance 14C  
(g) (mm) count holes dating

     0.33 5 3 Medium Strongly curved None None *** Yes
      0.05 3 2 Medium Strongly curved None None ***
     0.08 4 2 Medium Strongly curved None None ***

     0.45 4–8 4–8 Medium Weakly curved None None ***
      0.15 4 2 Medium Strongly curved None None ***
     5.29 5–32 5–15 Medium Strongly curved None None ***
      1.68 10–14 20–25 Medium Strongly curved None None ***
      0.15 5 5 Medium Strongly curved None None ***

     2.25 5–15 5–25 Slow Weakly curved None 100% ***
     1.3 5–10 5–10 Medium Strongly curved None None *** Yes
     0.04 5 4 Medium Strongly curved None None ***
     0.09 5 4 Medium Strongly curved None None ***
     0.15 4 4 Medium Strongly curved None None ***
     0.18 5 3 Medium Strongly curved None None ***
     0.67 4–5 5–10 Medium Strongly and None None ***

weakly curved
     0.28 4–6 2–8 Medium Strongly curved None None ***
     0.03 1 4 Medium Strongly curved None None *** Yes
     0.19 5–10 2–5 Slow Weakly curved None 100% ***
     7.63 12–25 15–30 Medium Strongly curved None None ***
     1.56 5–10 4–7 Medium Weakly curved None 100% ***
      0.29 4–5 4–6 Medium Strongly curved None None *
      0.03 10 4 Medium Strongly curved None None *
      1.32 20 10 Medium Strongly curved None None * Yes
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Table 3—Charcoal details, S101 C104 (09E0380).

Identification Ring count Curvature Size (mm) Curvature description    
class 

Betula sp. Roth/Ehrh (birch) 15 1 13 Strongly curved   
Betula sp. Roth/Ehrh (birch) 6 4 10 Moderately curved
Betula sp. Roth/Ehrh (birch) 7 5 6 Weakly curved
Betula sp. Roth/Ehrh (birch) 3 4 4 Moderately curved
Betula sp. Roth/Ehrh (birch) 2 5 4 Weakly curved
Betula sp. Roth/Ehrh (birch) 3 5 5 Weakly curved
Betula sp. Roth/Ehrh (birch) 10 5 7 Weakly curved 
Betula sp. Roth/Ehrh (birch) 4 4 6 Weakly curved
Betula sp. Roth/Ehrh (birch) 3 4 3 Weakly curved 
Betula sp. Roth/Ehrh (birch) 11 5 10 Weakly curved
Betula sp. Roth/Ehrh (birch) 8 3 15 Strongly curved 
Betula sp. Roth/Ehrh (birch) 4 4 10 Weakly curved 
Betula sp. Roth/Ehrh (birch) 25 5 7 Weakly curved 
Betula sp. Roth/Ehrh (birch) 10 3 10 Moderately curved 
Betula sp. Roth/Ehrh (birch) 4 5 6 Weakly curved 
Betula sp. Roth/Ehrh (birch) 5 4 4 Weakly curved
Betula sp. Roth/Ehrh (birch) 10 3 5 Weakly curved
Betula sp. Roth/Ehrh (birch) 4 4 5 Weakly curved
Betula sp. Roth/Ehrh (birch) 10 5 7 Weakly curved 
Betula sp. Roth/Ehrh (birch) 7 5 7 Weakly curved
Ilex aquifolium L. (holly) 2 4 12 Weakly curved  
Ilex aquifolium L. (holly) 4 3 5 Moderately curved 
Ilex aquifolium L. (holly) 5 1 5 Strongly curved  
Ilex aquifolium L. (holly) 3 1 5 Strongly curved 
Ilex aquifolium L. (holly) 55 5 18 Weakly curved   
Ilex aquifolium L. (holly) 12 4 12 Weakly curved 
Ilex aquifolium L. (holly) 50 5 25 Weakly curved 
Ilex aquifolium L. (holly) 6 1 7 Strongly curved 
Ilex aquifolium L. (holly) 2 4 7 Weakly curved  
Ilex aquifolium L. (holly) 25 4 20 Weakly curved 
Ilex aquifolium L. (holly) 25 4 12 Weakly curved 
Ilex aquifolium L. (holly) 15 5 5 Weakly curved 
Ilex aquifolium L. (holly) 3 1 4 Strongly curved 
Ilex aquifolium L. (holly) 8 5 4 Strongly curved 
Ilex aquifolium L. (holly) 4 3 6 Strongly curved 
Ilex aquifolium L. (holly) 5 3 5 Weakly curved 
Maloideae sp. (pomaceous fruitwood) 5 3 6 Strongly curved 
Maloideae sp. (pomaceous fruitwood) 4 3 6 Strongly curved 
Maloideae sp. (pomaceous fruitwood) 30 5 7 Weakly curved  
Maloideae sp. (pomaceous fruitwood) 4 3 6 Strongly curved
Quercus sp. L./Liebl (oak) 7 5 15 Weakly curved  
Quercus sp. L./Liebl (oak) 3 4 6 Weakly curved 
Quercus sp. L./Liebl (oak) 10 4 8 Weakly curved 
Quercus sp. L./Liebl (oak) 10 3 10 Moderately curved
Quercus sp. L./Liebl (oak) 12 5 15 Weakly curved 
Quercus sp. L./Liebl (oak) 4 4 6 Weakly curved 
Quercus sp. L./Liebl (oak) 4 4 4 Weakly curved
Quercus sp. L./Liebl (oak) 2 5 20 Weakly curved
Quercus sp. L./Liebl (oak) 20 1 12 Strongly curved 
Quercus sp. L./Liebl (oak) 3 4 3 Weakly curved 
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       Comment Avg. ring growth
 (mm)

   Roundwood, bark present 0.87
   1.67
   0.86
   1.33
   2.00
   1.67
    0.70
   1.50
    1.00
   0.91
    1.88
    2.50
    0.28
    1.00
    1.50
   0.80
   0.50
   1.25
    0.70
   1.00

    Very fast 6.00
     1.25
     Tyloses 1.00
     1.67
     Very slow 0.33
     1.00
     0.50
     1.17
     Pith 3.50
     0.80
     0.48
     0.33
     1.33
     0.50
     1.50
     1.00

     1.20
     1.50
      0.23
    1.50
   Tyloses 2.14
    2.00
    0.80
   1.00
    1.25
    1.50
   1.00
   10.00
    0.60
    1.00
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Table 4—Charcoal details, S103 C104 (09E0380).

Identification Ring count Curvature Size (mm) Curvature description    
class 

Betula sp. Roth/Ehrh (birch) 3 3 5 Moderately curved
Betula sp. Roth/Ehrh (birch) 12 1 8 Strongly curved 
Betula sp. Roth/Ehrh (birch) 16 5 4 Weakly curved
Betula sp. Roth/Ehrh (birch) 2 5 2 Weakly curved
Betula sp. Roth/Ehrh (birch) 2 5 4 Weakly curved
Betula sp. Roth/Ehrh (birch) 3 4 6 Moderately curved
Betula sp. Roth/Ehrh (birch) 35 4 12 Moderately curved
Betula sp. Roth/Ehrh (birch) 5 5 6 Weakly curved
Betula sp. Roth/Ehrh (birch) 3 5 8 Weakly curved   
Betula sp. Roth/Ehrh (birch) 4 5 6 Weakly curved
Betula sp. Roth/Ehrh (birch) 13 4 5 Moderately curved
Betula sp. Roth/Ehrh (birch) 5 2 7 Strongly curved 
Betula sp. Roth/Ehrh (birch) 8 2 12 Moderately curved
Betula sp. Roth/Ehrh (birch) 3 4 6 Moderately curved
Betula sp. Roth/Ehrh (birch) 10 4 12 Moderately curved
Betula sp. Roth/Ehrh (birch) 2 5 3 Weakly curved
Corylus avellana L. (hazel) 7 3 4 Moderately curved
Corylus avellana L. (hazel) 5 3 8 Moderately curved
Ilex aquifolium L. (holly) 2 2 2 Strongly curved 
Ilex aquifolium L. (holly) 5 4 5 Weakly curved
Ilex aquifolium L. (holly) 2 3 4 Moderately curved
Ilex aquifolium L. (holly) 6 2 5 Strongly curved 
Ilex aquifolium L. (holly) 2 5 5 Weakly curved
Ilex aquifolium L. (holly) 3 4 4 Moderately curved
Ilex aquifolium L. (holly) 5 3 13 Weakly curved  
Ilex aquifolium L. (holly) 3 3 10 Moderately curved   
Ilex aquifolium L. (holly) 40 1 12 Strongly curved    
Ilex aquifolium L. (holly) 13 1 13 Strongly curved  
Ilex aquifolium L. (holly) 4 1 7 Strongly curved 
Ilex aquifolium L. (holly) 3 5 3 Weakly curved
Ilex aquifolium L. (holly) 7 5 7 Weakly curved
Ilex aquifolium L. (holly) 5 3 10 Weakly curved
Maloideae sp. (pomaceous fruitwood) 4 3 7 Moderately curved
Maloideae sp. (pomaceous fruitwood) 20 3 10 Moderately curved        
Quercus sp. L./Liebl (oak) 10 5 6 Weakly curved   
Quercus sp. L./Liebl (oak) 4 5 7 Weakly curved
Quercus sp. L./Liebl (oak) 3 5 7 Weakly curved
Quercus sp. L./Liebl (oak) 15 4 8 Moderately curved
Quercus sp. L./Liebl (oak) 12 5 7 Weakly curved
Quercus sp. L./Liebl (oak) 3 5 4 Weakly curved
Quercus sp. L./Liebl (oak) 4 5 5 Weakly curved
Quercus sp. L./Liebl (oak) 17 5 17 Weakly curved    
Quercus sp. L./Liebl (oak) 5 2 8 Strongly curved 
Quercus sp. L./Liebl (oak) 3 2 5 Strongly curved 
Quercus sp. L./Liebl (oak) 2 5 9 Weakly curved
Quercus sp. L./Liebl (oak) 15 4 8 Moderately curved
Quercus sp. L./Liebl (oak) 10 5 7 Weakly curved
Quercus sp. L./Liebl (oak) 3 5 4 Weakly curved
Salix sp. L. (willow) 10 2 5 Strongly curved 
Salix sp. L. (willow) 27 1 6 Strongly curved  
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       Comment Avg. ring growth
 (mm)

   1.67
    0.67
   0.25
   1.00
   2.00
   2.00
   0.34
   1.20
   Fast growth 2.67
   1.50
   0.38
    1.40
   1.50
   2.00
   1.20
   1.50

    0.57
    1.60

     1.00
    1.00
    2.00
     0.83
    2.50
    1.33
    Indistinct rings 2.60
    Fast growth 3.33
     Slow growth, pith 0.30
     Pith 1.00
     1.75
    1.00
    1.00
    2.00

    1.75
    Years 8, 9, 10, 18, 19, 20 slow 0.50
   Slow growth, tyloses 0.60
   Tyloses 1.75
   2.33
   0.53
   Tyloses 0.58
   Tyloses 1.33
   1.25
   Tyloses, medium growth 1.00
    1.60
    1.67
   4.50
   0.53
   0.70
   1.33

    0.50
    Slow growth 0.22
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Table 5—Charcoal details, S201 C202 (09E0380).

Identification Ring count Curvature Size (mm) Curvature description    
class 

Betula sp. Roth/Ehrh (birch) 3 5 13 Weakly curved   
Betula sp. Roth/Ehrh (birch) 2 4 3 Moderately curved 
Betula sp. Roth/Ehrh (birch) 10 2 10 Strongly curved 
Betula sp. Roth/Ehrh (birch) 1 4 3 Moderately curved 
Betula sp. Roth/Ehrh (birch) 7 5 14 Weakly curved 
Betula sp. Roth/Ehrh (birch) 2 5 6 Weakly curved 
Betula sp. Roth/Ehrh (birch) 5 3 10 Moderately curved 
Betula sp. Roth/Ehrh (birch) 27 4 17 Moderately curved 
Betula sp. Roth/Ehrh (birch) 25 4 20 Moderately curved 
Betula sp. Roth/Ehrh (birch) 5 5 10 Weakly curved 
Betula sp. Roth/Ehrh (birch) 10 3 13 Strongly curved 
Betula sp. Roth/Ehrh (birch) 7 5 14 Weakly curved 
Betula sp. Roth/Ehrh (birch) 5 3 10 Moderately curved 
Betula sp. Roth/Ehrh (birch) 25 4 12 Moderately curved 
Ilex aquifolium L. (holly) 4 5 13 Weakly curved   
Ilex aquifolium L. (holly) 4 4 10 Moderately curved 
Ilex aquifolium L. (holly) 4 4 10 Moderately curved 
Ilex aquifolium L. (holly) 25 4 15 Moderately curved 
Ilex aquifolium L. (holly) 35 3 20 Moderately curved 
Ilex aquifolium L. (holly) 45 3 15 Moderately curved 
Ilex aquifolium L. (holly) 7 4 15 Moderately curved 
Ilex aquifolium L. (holly) 6 2 8 Strongly curved 
Ilex aquifolium L. (holly) 4 4 10 Moderately curved 
Ilex aquifolium L. (holly) 1 4 3 Moderately curved 
Ilex aquifolium L. (holly) 35 5 10 Weakly curved 
Quercus sp. L./Liebl (oak) 4 3 10 Moderately curved 
Quercus sp. L./Liebl (oak) 20 5 15 Weakly curved, tyloses 
Quercus sp. L./Liebl (oak) 2 2 13 Strongly curved   
Quercus sp. L./Liebl (oak) 4 4 8 Moderately curved 
Quercus sp. L./Liebl (oak) 15 5 10 Weakly curved   
Quercus sp. L./Liebl (oak) 4 4 6 Moderately curved  
Quercus sp. L./Liebl (oak) 2 2 6 Strongly curved 
Quercus sp. L./Liebl (oak) 5 5 15 Weakly curved   
Quercus sp. L./Liebl (oak) 7 5 12 Weakly curved  
Quercus sp. L./Liebl (oak) 7 5 13 Weakly curved  
Quercus sp. L./Liebl (oak) 3 4 14 Moderately curved 
Quercus sp. L./Liebl (oak) 4 2 10 Strongly curved 
Quercus sp. L./Liebl (oak) 6 2 11 Strongly curved 
Quercus sp. L./Liebl (oak) 2 1 6 Strongly curved  
Quercus sp. L./Liebl (oak) 2 4 11 Moderately curved 
Quercus sp. L./Liebl (oak) 2 2 10 Strongly curved 
Quercus sp. L./Liebl (oak) 20 4 25 Moderately curved 
Quercus sp. L./Liebl (oak) 20 2 13 Strongly curved 
Quercus sp. L./Liebl (oak) 2 2 7 Strongly curved 
Quercus sp. L./Liebl (oak) 4 4 8 Moderately curved 
Quercus sp. L./Liebl (oak) 15 5 10 Weakly curved 
Quercus sp. L./Liebl (oak) 4 4 6 Moderately curved 
Quercus sp. L./Liebl (oak) 3 2 6 Strongly curved 
Quercus sp. L./Liebl (oak) 5 5 15 Weakly curved 
Taxus baccata L. (yew) 40 5 7 Weakly curved  
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       Comment Avg. ring growth
 (mm)

   Fast growth 4.33
    1.50
    1.00
    3.00
    2.00
    3.00
    2.00
    0.63
    0.80
    2.00
    1.30
    2.00
    2.00
    0.48

    Fast growth 3.25
     2.50
     2.50
     0.60
     0.57
     0.33
     2.14
     1.33
     2.50
     3.00
     0.29

    2.50
     0.75
    Fast growth 6.50
    Tyloses 2.00
    Tyloses, shiny 0.67
    Tyloses 1.50
    3.00
    Fast growth 3.00
    Tyloses 1.71
    Tyloses 1.86
    4.67
    2.50
    1.83
    Pith 3.00
    5.50
    5.00
    1.25
    0.65
    3.50
    2.00
    0.67
    1.50
    2.00
    3.00

    Slow 0.18
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Table 6—Charcoal weights (in grams), phase 2 analysis. 

S101 C104 S201 C202 S103 C104

Betula 3.7 3.17 2.92
Corylus 0.14
Ilex 4.92 5.21 1.71
Maloideae 0.42 0.35
Quercus 4.34 12.05 1.08
Salix 0.15
Taxus 0.51

Table 7—Individual mD per taxon per sample.

S101 C104
N I II III IV V mD (cm)

Betula 20 1 0 3 7 9 10.03
Ilex 16 4 0 3 5 4 7.09
Maloideae 4 0 0 3 0 1 6.75
Quercus 10 1 0 1 5 3 8.75
Total 50 6 0 10 17 17 32.82

S103 C104
N I II III IV V mD (cm)

Betula 16 1 2 1 5 7 9.53
Corylus 2 0 0 2 0 0 4
Ilex 14 3 2 4 2 3 6
Maloideae 2 0 0 2 0 0 4
Quercus 14 0 2 0 2 10 12.14
Salix 2 1 1 0 0 0 1.75
Total 50 5 7 9 9 20 37.42

S201 C202
N I II III IV V mD (cm)

Betula 14 0 1 3 5 5 9.07
Ilex 11 0 1 2 6 2 7.77
Quercus 24 1 8 1 7 7 7.6
Taxus 1 0 0 0 0 1 15

50 1 10 6 17 15 39.45

Table 8—Average mD and ring count per taxon.

No. of fragments Average ring count Average mD 

Betula 50 8.22 9.54
Corylus 2 6 4
Ilex 41 12.05 6.95
Maloideae 6 11.17 5.38
Quercus 48 7.15 9.5
Salix 2 18.5 1.75
Taxus 1 40 15
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