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CHAPTER 6: CHARCOAL PRODUCTION 

 

6.1  Introduction 

The previous chapters investigated the magnetic properties and characteristics of iron 

and lead smelting, and glass working sites (Chapters 3, 4 and 5 respectively). This 

chapter examines similar properties of an industry which is closely linked with iron 

smelting, namely charcoal production. The charcoal industry was very important not 

just for iron smelting, but for smithing, carburation of steel, gunpowder manufacture, 

lead smelting, as well as domestic fuel. 

 

The decision to extend the original aims of studying the three chosen industries to 

include charcoal was made as a result of excavations carried out at the Myers Wood 

iron smelting site near Huddersfield, West Yorkshire (see Chapter 3). Here, one 

particular excavation, Trench A, investigated a relatively high-valued anomaly 

identified by a magnetometer survey (Figure 6.1). The area, approximately 11m in 

diameter, was strewn with charcoal fragments, which led to the assumption that this was 

a charcoal production platform, i.e. a flattened area upon which a kiln or a series of 

kilns had been built for the purpose of making the charcoal needed in the smelting of 

iron in the nearby furnaces. The excavation revealed a 15cm depth of charcoal-laden top 

soil covering a pink to dark red heat affected clay surface (Figures 6.2 and 6.3). Samples 

were taken from this surface for the purposes of establishing an archaeomagnetic date, 

as part of the overall programme of dating the Myers Wood site. Subsequent analysis of 

these samples showed that the surface had been heated sufficiently for a 

thermoremanent magnetism (TRM) to be acquired; the excavated area was dated at a 

95% confidence level to AD 1260 – 1330 (α95 = 3.33°). 
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Canti and Linford (2000) describe research carried out to investigate the temperatures 

above and below experimental fires built on a range of soil types. In researching the 

effects of fire caused by human activity, Bellomo (1990) showed that mean soil 

temperatures at 1cm depth were between 175°C and 475°C whilst those at 5cm depth 

were 100 to 230°C. On burning a pile of logs 6m wide by 2m tall for 24 hours, Cromer 

and Vines (1966) reported maximum temperatures at depths of 2.5cm and 5cm of 

330°C and 140°C, respectively. The mean of the highest sub-surface temperatures that 

Canti and Linford (2000) recorded in their own experiments were 468°C at 1cm depth 

and 263°C at 4cm depth. These temperatures are sufficient to cause enhancement to the 

magnetic properties of soil but not to the extent that would result in TRM. A discernable 

post-burn magnetic anomaly was recorded by a magnetometer survey over each of the 

Canti and Linford experimental fires, with a peak positive magnitude range of 50 to 

100nT (Linford and Canti 2001). An increase in natural remanent magnetism (NRM) of 

the gravel and clay substrates under each fire was also noted (Linford and Canti 2001). 

The magnetic properties of different soil types start to change around 150°C and alter 

substantially above 250°C (Morinaga et al. 1999; Linford and Canti 2001), but the 

temperatures reported in Canti and Linford (2000) may not necessarily be sufficient to 

cause changes in soil coloration since many factors could be involved, for example 

temperature and duration of the fire, soil mineralogy, and soil water and organic 

material content. 

 

6.1.1  Temperatures achieved in charcoal production 

Literature sources suggest that the charcoaling process does not produce high enough 

temperatures to enhance the magnetic properties of the ground beneath a production 

platform sufficiently to the point where TRM is created. Armstrong (1978: 62) 

maintains that the temperature within a charcoal kiln is variable, somewhere between 
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500°C and 600°C, although these figures are based on highly controlled techniques. The 

temperatures quoted by Muspratt (c. 1865) in making charcoal vary between 302°F 

(150°C) and 809°F (432°C): “the charcoal prepared at 809°F does not burn so well as 

any of the samples obtained at a lower heat ……”.  Pleiner (2000: 115) states that when 

burnt slowly with a very limited access of air, wood releases water (at 150 to 200°C) 

and by-products such as gases, acetic acids, terpenes and tars (up to 270°C). “Above 

this temperature and up to about 480°C, the reactions are exothermic and further volatile 

substances are lost, the residue being charcoal and some tar.” 

 

The charcoaling process can be divided into three phases (Hollingdale et al. 1999: 3): 

drying phase (removal of moisture from the timber charge), pyrolysis phase (thermal 

decomposition of the wood to form charcoal and various waste products) and cooling 

phase. All three phases can occur at the same time throughout the charcoaling process, 

although the first phase happens primarily during the early stages of the process whilst 

the other two phases occur during the later stages. 

 

During the drying phase, the average temperature of the wood is 110°C and is governed 

by the latent heat of evaporation driving off the free moisture within the wood; the 

wetter the wood, the greater the amount of latent heat required and the longer the period 

of drying. The inherent water found in the cellular structure of the wood is released 

above 150°C (Hollingdale et al. 1999: 3). As the wood dries out, the drying phase 

merges into the pyrolysis phase. Temperatures rise and around 300°C the chemical 

structure of the wood breaks down. Volatile products are rapidly released, particularly 

between 260°C and 380°C (Hollingdale et al. 1999: 3), and by about 400°C all that 

remains is 30 to 40% of the original timber charge in the form of charcoal. Higher 

temperatures (up to 600°C) result in virtual elimination of volatiles and a further but 
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slight reduction in the volume of charcoal. Whereas the drying phase is a combustion 

(oxidation) process, the pyrolysis phase is in essence a reduction process; the air supply 

to the timber/charcoal stack is closely controlled and restricted, thereby reducing the 

amount of wood burnt to ash. As the pyrolysis phase merges into the cooling phase, the 

charcoal stack has to be tightly sealed to prevent combustion taking place as a result of 

air in-leakage and is allowed to cool naturally. The cooling period may take up to two 

days, to the point where the stack can be opened; at this time the temperature of the 

stack could still be over 100°C (Hollingdale et al. 1999: 4). 

 

The charcoal production process is fundamentally a slow burning, controlled bonfire 

technology, operating for the most part at temperatures around 400°C. These are much 

lower than the 700°C or more usually associated with free-burning bonfires and which 

are required for sufficient magnetic enhancement of the ground surface to have occurred 

for the acquisition of TRM. Myers Wood Trench A, therefore, presented an incongruity: 

an assumed charcoal production platform which had a heat affected TRM-bearing 

surface beneath. There was no doubt that the area had been associated with charcoal, 

either as a production site or as a fuel store for the nearby iron smelting furnaces, but the 

heat affected surfaces suggested another, higher temperature process had taken place 

earlier, e.g. ore roasting. 

 

6.1.2  An experiment to investigate temperatures and magnetic properties of a 

charcoal kiln 

In order to investigate this apparent contradiction in functions of Myers Wood Trench 

A, an experimental charcoal kiln was built and the temperatures within it monitored as 

the charcoaling process proceeded. Magnetometer and magnetic susceptibility 

geophysical surveys were carried out over, and soil samples taken from, the kiln 
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platform before and after the burn to ascertain the degree to which the magnetic 

properties of the platform’s ground surface had been enhanced. Comparisons were then 

made with similar surveys and other investigations undertaken at known medieval/post-

medieval charcoal production sites. The experimental charcoal kiln was constructed in 

Dalby Forest near Pickering, North Yorkshire, and the details are described in section 

6.3. Several medieval/post-medieval charcoal platforms had been discovered previously 

in Greencliffe Hag Wood to the north of Rievaulx Abbey, North Yorkshire, and the 

comparisons noted above are made with two of these platforms (section 6.4). 

 

6.1.3  Previous charcoal production investigations 

There have been many instances of experimental charcoal production kilns being built 

to investigate the process and wherever possible to reproduce traditional methods. One 

example of these experiments took place at Brantwood, Coniston, Cumbria (Clare 

1988), whilst two others were at the Museum of Welsh Life, St. Fagans, near Cardiff 

(Linnard and Nicholas 1986; Young 1999a). 

 

At Brantwood, a beehive-shaped structure was built on an existing charcoal platform 

using c. 9 tonnes of coppice wood cut to lengths of approximately 0.6m and 1m. The 

kiln was completed with a layer of bracken covered with soil. The charcoaling process 

lasted for about four days at the end of which it was deliberately extinguished with 

water. The charcoal produced was later used in an attempt to smelt iron (Clare 1988). 

 

Linnard and Nicholas (1986) undertook several week-long demonstrations of charcoal 

production at St. Fagans. Here, a kiln was constructed of 2ft 3in (0.7m) long 6in 

(150mm) thick cordwood stacked around a cribwork chimney to form a domed heap, 

containing around 2.5 tons (2.45 tonnes) of wood set on a 12ft (3.6m) diameter 
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platform. The kiln was finally covered over with a layer of turf and earth. After two 

days when the charcoaling process was finished, the kiln was quenched and opened up. 

 

An experimental charcoal burning project was also carried out at St. Fagans during 1999 

(Young 1999a). The 2.5m diameter by 1.5m tall kiln was built of logs 0.6m to 0.8m in 

length and about 200mm thick stacked around a central stake and covered with layers of 

straw and bracken mould, and finally sealed with turf and soil. During the first 15 hours 

the kiln temperatures just below the covering layers were c. 110 to 120°C. After 20 

hours, the highest recorded temperature was 480°C and by 40 hours the hottest part of 

the kiln was at 630°C. The charcoaling process was stopped after 10 days and charcoal 

was retrieved after 27 days, due to the very slow cooling down; even after 19 days the 

kiln was “still extremely hot to touch” (Young 1999a). 

 

The above experimental charcoal burns did not require prior geophysical survey, nor 

were surveys undertaken afterwards, since their purpose was to demonstrate the process. 

Examples of geophysical surveys associated with charcoal production sites are on the 

Gower, South Wales, and in Eskdale, Cumbria. At Llanelen (Gower), Kissock and 

Wright (2001) give details of the investigations which were carried out following a 

magnetometer (fluxgate gradiometer) survey; some relatively high-valued anomalies 

were observed and the subsequent excavations revealed the remains of a charcoal 

burning platform, approximately 5m in diameter and dated to the 13th and 14th 

Centuries. Leigh (1999) describes the investigations undertaken on a charcoal pitstead 

(platform) located at the Low Birker iron working site in Eskdale, Cumbria. 

Excavations of the c. 10m diameter pitstead revealed a central depression approximately 

30cm deep dug into rocky sub-soil and at its centre a large flat-surfaced stone. The fill 

around and under the stone was burnt “bright red” to a depth of over 20cm, suggesting 
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long term heating at high temperatures. Geophysical surveys of the pitstead were carried 

out using magnetometry (fluxgate gradiometer), magnetic susceptibility and earth 

resistance, over 10m x 10m grids at a 0.5m resolution. The magnetic susceptibility 

survey identified the outline of the pitstead (the associated survey plot had an 

interpolated data range of 0 to 180 x 10
-5

 [SI]). The magnetometer survey gave better 

detail (at an interpolated data range of -3nT to 4nT), showing that the pitstead appeared 

to have a positive outer ring-shaped anomaly, coinciding with stones used in the 

construction of the pitstead, and a positive central anomaly, coinciding with a centrally-

placed stone. 

 

6.2  Description of a traditional charcoal kiln and the charcoaling process 

The most common, traditional method of charcoal production is by constructing an 

earth-mound kiln, where the timber (the wood charge) is stacked either vertically 

or horizontally on the ground and covered with soil. During the 1800s the 

vertically stacked forest kiln was extensively used in England (Hollingdale et al. 

1999: 20). Earth-mound kilns (also known as earth-clamp or forest kilns) vary in 

size from 2 or 3m
3
 to kilns of 150m

3
 holding around 80 tonnes of wood. Smaller 

kilns are common throughout the developing countries and are built and operated 

by one person; the larger kilns are normally constructed and operated by a team of 

charcoal makers (Hollingdale et al. 1999: 15). Biringuccio (1540: 3.10) describes 

the construction of the kiln method of producing charcoal, traditionally used all 

over Europe. No dimensions are given by Biringuccio “since each charcoal burner 

decided these according to his individual requirements”. The bases of many 

medieval and post-medieval charcoal kilns are seen in many forested areas. These 

structures, described by authors such as Percy (1864: 111), were between 1.5m and 

7m in diameter. The medieval charcoal burning platform at Llanelen on the Gower 
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Peninsular, South Wales, was approximately 5m in diameter (Kissock and Wright 

2001) and the post-medieval sites at Canwell and Drayton Bassett in Staffordshire 

were found to be around 18 feet (5.5m) in diameter (Gould 1974). 

 

The charcoal production site is carefully selected; the ground must be level and 

protected from prevailing winds. Clay soil should be avoided, since a light soil 

absorbs the tars and moisture given off during the carbonization process more 

readily (Hollingdale et al. 1999: 20). 

 

The building of the wood stack starts with the marking out of a circle at the kiln 

site. A chimney is erected in the centre of the circle by using straight poles of 

about 1.5m in length, or longer depending on the required height of the completed 

structure, fixed into the ground and surrounding, but not attached to, a thicker and 

longer piece of timber known as the motty peg, which is later removed when the 

stack is completed. The stack is then built vertically around the motty peg with 

timber, which has been prepared in 1m lengths and up to 150mm thick and left to 

season for about six months, keeping the construction as round as possible and 

inclining the wood towards the chimney with the largest pieces in the middle. The 

narrowest end of the timber length is placed in contact with the ground, allowing 

hot gases to circulate more freely. When the first layer is completed a second 

layer is built around it with a greater inclination, then a final layer is added to 

round off the top. The stack is then covered with a dense layer of branch 

wood/foliage or fine earth, dried grass and residues from previous burns and, on 

top of this, a layer of earth is spread evenly over the kiln. The layer of branch 

wood or other material prevents the soil from coming into contact with the timber, 

which would otherwise inhibit its carbonization and contaminate the charcoal. The 

soil covering provides a barrier excluding air from entering the kiln except where 
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required (Hollingdale et al. 1999: 15 & 20). Figures 6.4 to 6.6 illustrate the some of 

the stages in building a charcoal kiln. 

 

The above is a general description of a traditional charcoal kiln build. However, 

there are records of regional variations and charcoal makers’ personal preferences, 

particularly with the construction of the chimney or flue. Hollingdale et al. (1999) 

describes the central (motty) peg chimney favoured in Cumbria and both 

Armstrong (1978: 51-54) and Kelly (2002: 6, 7) give examples of kilns being built 

around long stakes driven into the platform and arranged in a tripod (as done for an 

experimental burn in the Wyre Forest near Bewdley, Worcestershire) or around a 

triangular stacked flue, “which seems to be known only in the south of England” 

(Armstrong 1978: 54), where short pieces of wood were laid horizontally in the 

form of a triangle, one triangle on top of another to a height of about 1.5m. There 

were also some variations with the covering material: Armstrong (1978: 58), Kelly 

(2002: 6) and Rollinson (1998: 5) note that straw, bracken and turf were used in 

addition to the materials already mentioned by Hollingdale et al. (1999: 15 & 20). 

 

The carbonization process is started by pouring glowing embers into the chimney 

hole, after first removing the motty peg where one was used in the construction of 

the kiln. The chimney hole is then left open for three to four hours to establish a 

good fire before being sealed with turf. The process relies on burning a small 

amount of the timber charge to provide the hot gases to char the rest of the timber. 

The fire, started in the chimney, is gradually drawn outwards as the burn 

proceeds. To supply the combustion zone with air, vents - in the form of holes in 

the soil and branch wood covering - are made around the circumference of the kiln; 

the vents often act as smoke outlets. As the carbonization progresses, the vapour 
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given off is white. This turns darker and finally ends up a hazy blue as the wood 

completes carbonization. The fire is drawn downwards by opening new holes 

lower down in the stack and sealing up higher ones. The kiln gradually subsides 

with any cracks or holes that appear being repaired (Hollingdale et al. 1999: 15 & 

20). 

 

The carbonization process varies with size of kiln, density and moisture content of 

timber and other factors and can be between one and 15 days. On completion of 

carbonization the kiln is completely sealed so that no air enters and the kiln is 

allowed to cool. To assist cooling, a number of small holes may be made in the 

soil covering the kiln and about 20 litres of water are poured in each; more soil is 

added to re-seal the kiln. With the larger kilns the cooling period will take ten days 

or more. Once cooled the stack is dismantled and the charcoal raked out 

(Hollingdale et al. 1999: 21). 

 

6.3  Dalby Forest experimental charcoal kiln 

The experiment to build and operate a charcoal kiln using traditional methods was 

undertaken during 2004 at Low Staindale in Dalby Forest, North Yorkshire, within the 

North York Moors National Park. The site, at NGR SE876906 (Figure 6.7), was on land 

owned by the National Trust (NT) but which was also part of the DEFRA Countryside 

Stewardship Scheme. Stringent arrangements for the conduct of the experiment were 

required by the NT and DEFRA, an example of which is the risk assessment (attached 

as Appendix 42). The initial geophysical survey over the proposed site was carried out 

on 20th March 2004, and the charcoal kiln was built and operated during the period 

23rd May to 2nd June 2004, under the supervision of a professional charcoal maker, Mr. 

David Hutchinson. The size of the kiln structure was limited, in part by the NT 
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requirements, to c. 4m diameter by c. 1.5m high; the amount of wood used in the stack 

was around 4 tonnes, using equal quantities of c. 100mm diameter timber cut to c. 1.2m 

lengths from alder, ash, birch, hazel, oak and willow trees felled within Dalby Forest. 

 

6.3.1  Aims and objectives of the experiment 

The aim of the experiment was to examine the effect of the charcoal production process 

on the magnetic characteristics of the soil on which the kiln was built, specifically to 

obtain sufficient data to determine whether enhancement of the magnetic characteristics 

of the soil structure below the kiln had occurred and if so, to what extent. If this 

magnetic enhancement was measurable, primarily through geophysical survey, could 

the resulting data be treated as characteristic or typical and consequently be applied to 

other known charcoal production sites and even allow detection of new sites? 

(Simultaneously, the experiment was undertaken as part of the doctoral research 

programme being carried out by Jane Wheeler to provide anthracological samples of 

modern wood types that had been carbonised in the traditional way; the modern 

charcoal would then be compared with archaeological fragments to establish the extent 

of the destruction and distortion caused by the charcoaling process and/or the 

taphonomic environment (J. Wheeler pers. comm.).) 

 

The aim was supported by a plan of objectives for geophysical survey, temperature and 

magnetic susceptibility measurements. The plan consisted of 9 chronological phases: 

 

(a) Pre-burn general geophysical survey within the area predetermined by the 

NT; 

(b) Pre-burn specific geophysical surveys, before and after deturfing and 

construction of a levelled platform on which the kiln was to be built; 
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(c) Pre-kiln build activities: installation of a linear array of thermocouples 

buried in the platform and collection of platform soil samples for magnetic 

susceptibility analysis; 

(d) During kiln build: installation of a linear array of thermocouples within the 

kiln; 

(e) During kiln firing: measurement of the kiln and ground temperatures, at 

intervals of 15 minutes for the first 8 hours of the burn and of 1 hour 

thereafter; 

(f) Post-kiln firing: removal of the above-ground thermocouple array as the kiln 

is dismantled; 

(g) Post-kiln dismantling activities: removal of the buried thermocouples, 

collection of platform soil samples as above but offset from the original 

collection points and collection of additional samples from any ash layer that 

may develop from the burn; 

(h) Post-burn geophysical surveys over the platform; 

(i) Laboratory analysis: pre- and post-burn geophysical survey comparisons to 

ascertain the amount, if any, of magnetic enhancement of the soil structure 

below the kiln, and magnetic susceptibility measurements of all the soil/ash 

samples using an A.C. Susceptibility Bridge and a Pulse Induction Meter 

(PIM) (see Chapter 2, section 2.5 for methodology). 

 

6.3.2  Instrumentation used during the experiment 

All the geophysical surveys and the laboratory measurements of magnetic susceptibility 

were undertaken using the standard instrumentation described in Chapter 2, sections 2.2 

and 2.5 (respectively). 
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A total of 24 thermocouples were deployed in the measurement of kiln and platform 

temperatures. The specification for each thermocouple was the same: Type K 

chrome/alumel, 3mm diameter 310 stainless steel sheathing, 2.5m long with a pot seal 

and 30cm lead fitted with a mini thermocouple plug. The temperature readings were 

made with a 9V battery-powered Kane May KM330 hand-held digital temperature 

indicator fitted with a mini thermocouple socket. 

 

6.3.3  Thermocouple locations and magnetic susceptibility sampling points 

The positioning of the thermocouples both buried and within the kiln was influenced by 

Canti and Linford (2000), but modified by the structure and size of the experimental 

kiln. The sub-surface array of thermocouples were buried at depths of 1cm and 4cm in a 

narrow (c. 2cm) trench at 0.5m intervals, aligned along the north-south diameter of the 

kiln platform; a total of 12 thermocouples were installed and the locations are shown in 

Figure 6.8. Because of the “open” or free-burning nature of the Canti and Linford 

(2000) experimental fires, i.e. they were short-term domestic or camp fire types, the 

measurement of temperatures within each fire was relatively straightforward: long 

moveable thermocouple probes were supported on fixed guide stilts that enabled 

different positions to be maintained for long enough to stabilise the readings; overall 

these positions formed a grid of measuring points (Canti and Linford 2000). However, 

as the charcoal kiln was a “closed” or sealed structure, measurements of the kiln 

temperatures required fixed thermocouple positions. In the original arrangement, a 

metal framework was constructed from 32mm x 32mm x 1.6mm shelving uprights on 

which the fixed thermocouples were supported horizontally along their lengths: Figure 

6.9(a) shows the original thermocouple locations. This framework was to have been 

incorporated into the kiln as the build progressed along the same transect as the buried 

thermocouples. Unfortunately, this framework proved totally unsuitable as the kiln was 
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not able to be built around it without the logs of wood leaning on the frame rather than 

each other; the kiln would not have been able to settle properly as the charring process 

progressed. Instead, seven 1.2m long shelving uprights reclaimed from the original 

framework were hammered into the platform to a depth of 30cm, along the same 

transect as and avoiding the buried thermocouples. The kiln thermocouples were then 

strung between the uprights; the locations of the measuring points are shown in Figure 

6.9(b), whilst Figure 6.10 shows the relative positions of all the thermocouples. 

 

Soil samples for magnetic susceptibility analysis were obtained from the locations 

shown in Figure 6.11. The 12 pre-burn samples were taken from positions offset by 

12.5cm from the line of the buried thermocouples and from positions at the corners of a 

2m square in the centre of the platform. The 12 post-burn samples were obtained from 

similar positions but offset by 25cm to the opposite side of the line of buried 

thermocouples and by 25cm at the corners of the 2m square. In addition to the post-burn 

soil samples, samples of ash/charcoal were obtained from near to the centre of the kiln 

as the raking out progressed, at different heights above the platform surface: four 

samples from the ash/charcoal layer at c. 150-200mm height, three samples from the 

same layer at c. 100-150mm height and three samples from a burnt soil/ash layer at c. 

50-100mm height. The amount taken at each point and depth varied from c. 50g to c. 

110g depending on soil composition and compaction. For the samples at 1cm depth a 

soil “plug” was taken in the depth range of 0 to 2cm, and for the 4cm depth a “plug” 

taken in the depth range of 3 to 5cm. 

 

6.3.4  Summary of key events 

A summary is attached (Figure 6.12) outlining the key events which occurred during the 

experiment. The following sections describe in greater detail those events which are 
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relevant to this research; firstly, the geophysical surveys and secondly, the other key 

events in the experiment. 

 

6.3.5  Geophysical surveys 

The following is a summary of the geophysical surveys, carried out as a joint exercise 

under the direction of the author, with the assistance of Dr. Rob Vernon, Jane Wheeler 

and Joe Baumann, an MSc student who was carrying out similar research on aspects of 

the magnetic signature of charcoal kilns (Baumann 2004); as a consequence all the 

survey data was shared. 

 

6.3.5.1  Surveys of 20th March 2004 (Figure 6.14) 

General surveys were carried out at 0.5m resolution over the four 10m x 10m grids in 

Figure 6.13. All three survey methods were used: earth resistance, magnetometry 

(fluxgate gradiometer) and magnetic susceptibility. The objectives were to demonstrate 

that there was no evidence of existing archaeology and to establish the optimum site for 

the kiln on magnetically “quiet” ground. A report was subsequently issued (Vernon et 

al. 2004), which gave a summary of the survey findings: as anticipated, no 

archaeological features were identified within the designated area which meant that the 

experiment could proceed as planned. The survey plots, reproduced from the above 

report, are shown in Figure 6.14. 

 

The magnetometer and magnetic susceptibility survey plots highlighted the generally 

low values of the data; only a small number of single high-value magnetic anomalies 

were recorded which were assumed to be isolated pieces of ferrous material. The mean 

value of the magnetometer raw data was -0.4nT, the standard deviation 2.4nT and the 

data range -18nT to 28nT; the majority of the magnetometer readings over the four grids 
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fell within the range ± 2nT, but over the 4m diameter central area where the kiln was 

eventually constructed readings were in the range ± 1nT. The magnetic susceptibility 

raw data gave a mean of 5 x 10
-5

 [SI], a standard deviation of 26 x 10
-5

 [SI] and a range 

of 0 to 1021 x 10
-5

 [SI]. However, this wide range was caused by an isolated reading 

and the majority of the data values were less than 10 x 10
-5

 [SI] (when the high reading 

was excluded from the statistical calculations the mean dropped to 4 x 10
-5

 [SI]). 

Difficulties were experienced with poor field coil/ground contact over part of the survey 

area, particularly in the north-east grid and as a result several dummy values had to be 

inserted into the data. Overall, the magnetometer and magnetic susceptibility surveys 

demonstrated in combination that the survey area was magnetically “quiet”.  

 

The mean value of the earth resistance raw data was 71 ohms, the standard deviation 12 

ohms and the data range 20 ohms to 109 ohms. Most of the high readings occurred to 

the north and west sides (the topographical high point) of the survey area and were 

interpreted as being indicative of the underlying geology; lower valued readings were 

recorded towards the southern side of the survey where ground conditions were wetter. 

 

6.3.5.2  Surveys of 23rd May 2004 (Figure 6.15) 

Before deturfing and construction of the kiln took place, more detailed surveys were 

undertaken over the four 5m x 5m grids centred on the intersection point of the 10m 

grids in Figure 6.13. These surveys, at the higher resolution of 0.25m, again employed 

all three survey methods. 

 

The magnetometer and magnetic susceptibility surveys produced results which, as 

expected, were very similar to those of the previous surveys. The magnetometer raw 

data mean was 0.5nT, the standard deviation 1.7nT and the data range -8nT to 40nT; the 
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majority of the data lay in the range ± 2nT. Some single high-value magnetic anomalies 

were recorded and assumed to be isolated pieces of ferrous material. The mean value of 

the magnetic susceptibility raw data was 4 x 10
-5

 [SI], the standard deviation 18 x 10
-5

 

[SI] and the data range 0 to 710 x 10
-5

 [SI]. Although the majority of the readings were 

less than 6 x 10
-5

 [SI], there were a similar number of high value singularities caused by 

the same ferrous material identified by the magnetometer survey. When these were 

excluded the mean remained at 4 x 10
-5

 [SI] but the standard deviation dropped to 1.4 x 

10
-5

 [SI] and the range maximum reduced to 17 x 10
-5

 [SI]. There were similar 

difficulties experienced with variable field coil/ground contact, especially in the north-

west of the surveyed area. These magnetic surveys confirmed the outcome of the 

previous surveys, i.e. the survey area was magnetically “quiet”, and as a consequence 

afforded a low background level against which any enhancement to the magnetic 

properties of the soil beneath the kiln caused by the charcoaling process could be 

observed. 

 

The earth resistance raw data were higher than the previous survey: mean 135 ohms, 

standard deviation 8 ohms and range 111 ohms to 162 ohms. Although the weather 

conditions during this survey were drier compared to the previous one, leading to higher 

recorded data values, a similar interpretation was arrived at, i.e. it was an indication of 

the underlying geology. 

 

6.3.5.3  Surveys of 24th May 2004 (Figure 6.16) 

A second set of pre-burn surveys were carried out, at 0.25m resolution, over a 6m x 6m 

area at the centre of the four 5m x 5m grids (the shaded square in Figure 6.13); the 

surveys followed the deturfing of this square and the construction within it of a levelled 

platform approximately 4.2m in diameter upon which the charcoal kiln would 
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eventually be built. The methods used were magnetometry (fluxgate gradiometer) and 

magnetic susceptibility, since these surveys were to provide the pre-burn magnetic 

characteristics of the soil beneath the kiln. 

 

The surveys again produced results which were similar to the previous two surveys, in 

spite of the considerable changes to the topography within the 6m square. The raw data 

from the magnetometer survey (which was undertaken first) had a mean value of 0.9nT, 

a standard deviation of 1.5nT and a range of -4.5nT to 8nT. The majority of the data fell 

into the range ± 2nT and there were no magnetic singularities. The mean value of the 

magnetic susceptibility raw data was 9 x 10
-5

 [SI], the standard deviation 7 x 10
-5

 [SI] 

and the range 1 to 175 x 10
-5

 [SI]; most of the data values were below 10 x 10
-5

 [SI]. 

There was, however, one high value anomaly shown in the bottom left-hand corner of 

the survey plot (Figure 6.16), which was assumed to be ferrous material dropped 

between the two surveys. Excluding this anomaly gave the same mean value but the 

standard deviation reduced to 2 x 10
-5

 [SI] and the range to a new maximum of 17 x 10
-5

 

[SI]. 

 

From Figure 6.16, the outline of the disturbance to the soil caused by the construction of 

the kiln platform can be discerned, although less clearly in the magnetometer survey 

plots. The top half of the circular feature in the magnetic susceptibility plots (the 

platform) has marginally lower data values than the bottom half, which suggests that the 

sub-soil exposed as the platform was being built has a slightly lower magnetic 

susceptibility than the top soil; there would be little difference between the recorded 

data values in the bottom half of the feature and its immediate surroundings since the 

measurements were over the same top soil material. (See section 6.3.6 for further details 

of the platform construction.) 
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6.3.5.4  Surveys of 1st and 2nd June 2004 (Figure 6.17) 

The final set of surveys, also at 0.25m resolution, were undertaken in two parts 

following completion of the charcoal burn: firstly, magnetometer (fluxgate gradiometer) 

and magnetic susceptibility surveys carried out on 1st June after the charcoal and 

process debris (ash, burnt soil and clay) were removed from the platform but before the 

platform was destroyed and the turf replaced on the 6m square area; and secondly, an 

earth resistance survey on 2nd June over the four 5m x 5m grids (Figure 6.13) after the 

turf had been replaced. 

 

The magnetometer raw data mean was 0.7nT, the standard deviation 4.3nT and the 

range -8nT to 94nT. Whilst the majority of the data lay in the range ± 2nT, there were 

several relatively high value anomalies identified across the survey which were 

probably caused by the charcoaling process. There was also one very high value 

anomaly at the south-eastern edge of the platform (Figure 6.17) caused by a metal spike 

which had been used to support the platform at that point but accidentally left in the 

ground when the other similar supports were removed. Excluding this particular 

anomaly reduced the mean to 0.5nT, the standard deviation to 0.8nT and the range from 

-2nT to 4nT. The magnetic susceptibility raw data mean was 51 x 10
-5

 [SI], standard 

deviation 43 x 10
-5

 [SI] and the range 6 to 534 x 10
-5

 [SI]. Several high value anomalies 

were identified corresponding to those from the magnetometer survey noted above. 

Excluding the data greater than 200 x 10
-5

 [SI] reduced the mean to 48 x 10
-5

 [SI], the 

standard deviation to 34 x 10
-5

 [SI] and the range maximum to 192 x 10
-5

 [SI]. In both 

surveys, but to a greater extent in the magnetic susceptibility survey, the outline of the 

platform can be picked out as a ring of magnetic anomalies (Figure 6.17). 
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The mean value of the earth resistance data was 106 ohms, standard deviation 11 ohms 

and the range 80 ohms to 159 ohms. Referring to Figure 6.17, the central area of lower 

value data corresponds to where the platform had been situated prior to the turf being 

replaced. The survey area surrounding the centre of the plot have resistance values 

similar to the pre-burn earth resistance survey of 23rd May (Figure 6.15). 

 

6.3.5.5  Magnetometer and magnetic susceptibility survey summary 

The sections above detail the changes in magnetometer and magnetic susceptibility 

survey data recorded over the charcoal kiln platform and its immediate surroundings. In 

order to quantify the changes, the raw data from each of the surveys was analysed and 

the mean, standard deviation, minimum and maximum values calculated and tabulated 

(Figure 6.18(a)). Although there is little difference between the pre- and post-burn mean 

values of magnetometer raw data, there is a significant increase in the magnetic 

susceptibility equivalents, from 9 x 10
-5

 [SI] to 48 x 10
-5

 [SI] (excluding high value 

anomalies); these differences will be discussed later. The variation in mean values for 

both magnetic survey methods are plotted in Figure 6.18(b). 

 

6.3.6  Other key events in the experiment 

The kiln platform was, by necessity, required to be level. This meant that the site which 

was on a moderate slope had to be dug out to create the platform (Figure 6.19). 

Removal of the top soil from the northern section to the south partially exposed a 

compacted sandy/stony subsoil. To the south where the top soil had been transferred, 

the platform was consolidated as far as practical by vigorous treading and tamping 

down; it was recognised that this was the best that could be achieved under the time-

limited experimental conditions and that long-established charcoal platforms or 

pitsteads would be considerably more compacted with use. 
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Figure 6.20 shows the initial stages of the kiln construction. The chimney consisted of 

eight 1.5m straight wooden stakes driven into the platform and surrounding the motty 

peg. The positioning and arrangement of the kiln thermocouples and their supports can 

also be seen. The completed kiln prior to covering with sealing material (Figure 6.21) 

was very similar to one photographed in 1903 (Figure 6.5). Leaf mould, burnt soil and 

ash were used to seal the structure initially and for maintaining the seal as the burn 

progressed; these materials were brought onto site from other charcoal burning locations 

in the vicinity of Dalby Forest. 

 

At the same time as the kiln was lit, the initial kiln and ground temperature 

measurements were made, followed by readings every 15 minutes for the first eight 

hours and every hour thereafter. The higher frequency readings were to monitor the 

burn in its early stages, i.e. during the initial period when the wood stack was burning 

followed by its transition to charring after the kiln chimney was sealed (Figure 6.22). 

 

A considerable amount of burnt soil and ash was used in maintaining the kiln structure 

seal particularly during the first 36 hours; local clay sources from Staindale Beck had to 

be used when the burnt soil/ash ran out. 

 

After 24 hours and as the burn proceeded, the temperatures in the kiln levelled out into 

the approximate range of 300 to 400°C, depending on thermocouple position. Kiln 

temperatures rose to around 1000°C (the maximum temperature recorded 1138°C) for a 

period of 5 hours due to unnoticed breaches in the structure. It was also possible that air 

was being drawn into the kiln through gaps around the base of the structure. 
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After an elapsed burn time of 72 hours, kiln dowsing commenced; several holes were 

made in the structure down to platform level and around 20 litres of water poured in 

each to stop the charring process and to reduce the temperature of the charcoal below its 

ignition temperature of 271°C prior to raking out the kiln. Further dowsing with similar 

amounts of water was carried out at 73½ hours and 75½ hours. Thermocouple 

temperature readings were increased to 15 minute intervals during the whole of the 

dowsing period. After 77 hours, temperature readings were returned to one hourly 

intervals as kiln temperatures were not reducing as quickly as expected after dowsing, 

and only a gradual reduction in temperatures was noted over the next 12 hours. Figure 

6.23 shows the kiln in the final stages of the burn; the changes to the structure as a result 

of the charcoaling process, the slumping, may be observed through comparison with 

Figures 6.21 and 6.22. 

 

Raking out the kiln commenced after 89 hours (Figure 6.24). At this time, temperatures 

at the centre of the kiln were still around 220 to 240°C, and care had to be taken when 

raking out to ensure that the charcoal did not re-ignite; where this did occur water or a 

covering of ash and soil were used to cool down the charcoal and prevent re-ignition. 

The kiln thermocouples were removed once they were exposed as the raking out 

progressed. 

 

As raking out continued, it became clear that there was a c. 20cm deep layer of ash, 

burnt soil, dust and small charcoal particles which appeared to form an insulating layer 

across the bulk of the platform, keeping the temperatures within the kiln elevated. 

Samples were obtained at different levels from within the ash/charcoal layer for 

magnetic susceptibility analysis. On clearing out the ash layer from the centre of the 
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platform, the unburnt ends of the stakes used in building the chimney were discovered, 

indicating how low temperatures were in this particular location (Figure 6.25). 

 

Once the raking out had been completed, the buried thermocouples were removed and 

the post-burn soil samples obtained in the manner described in section 6.3.3 above. 

 

6.3.7  Analysis of temperatures measured during the experimental burn 

The kiln and platform temperatures were measured using the instrumentation described 

in section 6.3.2 and the locations of all the thermocouples noted in section 6.3.3 are 

shown in Figure 6.10. All the temperature data were entered onto a Microsoft Excel 

spreadsheet (DalbyTimeTemperatures) specifically designed by the author to analyse 

and display the changes in kiln and platform temperatures during the charcoal burn. The 

spreadsheet is attached as Appendix 43; Table 6.1 is an example of the temperature data 

recorded in the spreadsheet for the first 12 hours of the burn. The temperatures over an 

elapsed time period of 101 hours are shown in Figure 6.26 for the kiln and in Figure 

6.27 for the platform, whilst Figure 6.28 displays the temperatures associated with the 

lower group of kiln thermocouples (A to E) only and the platform thermocouples, and 

gives a better indication of the temperature conditions at the base of the kiln. 

 

All the thermocouples gave appropriate readings throughout each phase of the burn, i.e. 

there were no false readings. Location 4 thermocouple produced consistently higher 

readings than the other platform thermocouples, probably due to disturbance during the 

kiln build resulting in the thermocouple being at or very close to the platform surface. 

 

All the kiln thermocouples indicated the temperatures during the charring process as the 

“fire” progressed through the wood stack. As expected, the initial temperatures at 
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locations C, G and K rose rapidly when the kiln was lit: maximum temperatures reached 

c. 750°C after 3 hours. After about 8 hours, temperatures in the upper central part of the 

kiln settled down to c. 550°C (locations G, J, and K), whilst locations F, H and L lagged 

behind at 170°C, 260°C and 240°C respectively. At the same time, the temperatures in 

locations C and D were c. 540°C, and in location B 300°C, reflecting the initial central 

position of the fire in the chimney. Temperatures at the edges of the kiln (locations A 

and E) were much lower at c. 90°C. 

 

After 24 hours, G and K had dropped slightly to c. 530°C, J significantly to 340°C and 

all the other locations in the middle and upper groups increased to temperatures in the 

range 300 to 430°C. Elsewhere, C and D had reduced to c. 380°C and B to 250°C, but E 

had increased to 190°C; A remained around 100°C. These temperature changes were 

indicative of the progress of the charring process through the wood stack, suggesting an 

outward and downward movement. From an elapsed time of 25 hours thermocouple L 

was exposed as the kiln structure slumped naturally due to the charring process, giving 

readings close to ambient but affected by the heat given off by the kiln. During the 

period of 31 to 36 elapsed hours, the kiln temperatures rose rapidly due to the missed 

maintenance of the kiln sealing (see section 6.3.6): H peaked at 1138°C, G and J were 

around 1050°C, and the remainder (excluding L) ranged from 240 to 920°C. After 36 

hours and following repairs to the kiln seal, temperatures returned close to pre-breach 

levels. 

 

During the next 36 hours, A gradually increased to a peak of c. 370°C before dropping 

away to 300°C, whilst E reduced from 460 to 250°C over the same period. B rose from 

275°C to 430°C before reducing to 320°C, and C declined to 320°C from a peak of 

375°C. D gradually dropped from 420 to 320°C. All the other non-exposed 
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thermocouples gave temperature readings which ranged from 540 to 570°C, falling to 

240 to 380°C by 72 elapsed hours. Thermocouple K was exposed after an elapsed time 

of 50 hours, and A, E and F from 75 hours. As a consequence of dowsing the kiln (see 

section 6.3.6), there was an overall drop in kiln temperature but not as great as 

anticipated; some of the thermocouples still recorded temperatures around 300°C. 

 

From around 80 elapsed hours and for the last 16 hours of the kiln burn, thermocouple 

temperatures at B,C, D and G remained in the range 210 to 270°C. This gave the 

impression of a heat reservoir in the middle of the kiln structure, which was confirmed 

during the rake-out period (see section 6.3.6). Thermocouples G, H and J were exposed 

from 92 hours onwards. 

 

Throughout the whole burn, all the platform thermocouples did not give temperature 

readings above 100°C, except location 4 for the reason noted above and excluding the 

period of missed structure maintenance. Temperatures in this period ran between about 

100 and 180°C depending on location and depth: 4, 5 and 7 peaked at 182°C, 180°C and 

179°C respectively; 1, 2 and 3 peaked in the range 155 to 159°C; 9 and 10 peaked 

around 150°C, whilst 8 and 12 did not go above 112°C. During the kiln dowsing period, 

the platform thermocouples indicated very little change in temperatures, remaining 

around 60 to 90°C. 

 

6.3.8  Laboratory analysis of soil and ash samples 

The analysis was carried out in three parts: magnetic susceptibility measurements, to 

determine the amount of enhancement to the soil underneath the kiln as a consequence 

of the charcoaling process; fractional conversion, to determine the maximum potential 

enhancement of the site’s natural clay material; and heating a sample of the same clay 
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material under oxidising conditions, to determine its susceptibility/temperature 

characteristic. 

 

6.3.8.1  Magnetic susceptibility measurements 

The measurement process followed that described in Chapter 2, section 2.5. A total of 

66 samples in eight groups of material were prepared for analysis: 

 

(a) soil samples at an approximate depth of 30cm from areas adjacent to where 

the different wood species were felled for the kiln stack (6 samples); 

(b) natural clay from Staindale Beck (used for kiln structure maintenance during 

the kiln burn) (1 sample); 

(c) baked clay recovered during the kiln rake-out period and presumed to be the 

natural clay for maintenance which had been fired (1 sample); 

(d) kiln ash/charcoal layer: one sample each from c. 1m north, east, south and 

west of the kiln centre in the range 15 to 20cm above the platform (4 

samples); 

(e) kiln ash/charcoal layer: 3 samples from the kiln centre 10 to 15cm above the 

platform; 

(f) kiln burnt soil/ash layer: 3 samples from the kiln centre 5 to 10cm above the 

platform; 

(g) pre-burn kiln platform soil samples at 1cm and 4cm depths (24 samples); 

(h) post-burn kiln platform soil samples at 1cm and 4cm depths (24 samples). 

 

The results of the measurements are shown in Table 6.2 (derived from the calculations 

in the attached Appendix 44). Excluding the “ASH” soil sample, which was regarded as 

a rogue sample, all the soil, natural clay and pre-burn kiln platform samples had mass 
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specific susceptibilities lying in the range 5 to 16 x 10
-8

 m
3
 kg

-1
, with a mean value 

around 9 x 10
-8

 m
3
 kg

-1
. The magnetic viscosity for all the same samples ranged from 

1.4 to 5.0%, with an overall mean of 2.7%. However, these viscosity figures should be 

regarded as unreliable as all the samples had mass quadrature susceptibilities less than 1 

x 10
-8

 m
3
 kg

-1
. The mass specific susceptibility of the single sample of baked clay, 

recovered during the kiln rake-out period and presumed to be natural clay used for 

maintenance, was 233 x 10
-8

 m
3
 kg

-1
. The kiln ash/charcoal layer samples, which 

included the burnt soil for kiln maintenance, had a mean mass specific susceptibility of 

410 x 10
-8

 m
3
 kg

-1
, in a range of 331 to 607 x 10

-8
 m

3
 kg

-1
, a mean mass quadrature 

specific susceptibility of 19 x 10
-8

 m
3
 kg

-1
 and a mean magnetic viscosity of 4.8%. The 

mean mass specific susceptibility of all the post-burn kiln platform samples was 28 x 

10
-8

 m
3
 kg

-1
; the mean values of the 1cm and 4cm depth samples were 36 x 10

-8
 m

3
 kg

-1
 

and 19 x 10
-8

 m
3
 kg

-1
 (respectively). The mass quadrature mean had increased to 2 x 10

-

8
 m

3
 kg

-1
, compared to the pre-burn value. 

 

6.3.8.2  Fractional conversion measurements 

Following the method described in Chapter 2, section 2.10.1, the fractional conversion 

of a sample of natural clay from Staindale Beck was determined to be 0.6% (this figure 

is consistent with the values given by Scollar et al. (1990: 399)). Although the sample 

had been heated to 650°C, its coloration had not significantly changed: from pale yellow 

(Munsell notation 2.5YR 7/4) to very pale brown (10YR 7/4). 

 

6.3.8.3  Sample heating under oxidising conditions 

Another sample of natural clay from Staindale Beck was subjected to the heating under 

oxidising conditions procedure described in Chapter 2, section 2.10.2. The mass specific 

susceptibility of this sample remained at 5 x 10
-8

 m
3
 kg

-1
 over the temperature range of 
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50 to 250°C, reaching a maximum value of 20 x 10
-8

 m
3
 kg

-1
 at 450°C and tailing off to 

9 x 10
-8

 m
3
 kg

-1
 at 750°C. 

 

6.3.9  Discussion 

The kiln temperatures recorded during the experiment were, as anticipated, up to 750°C 

depending on the phase of the burn (Figure 6.26) and similar to the literature sources 

(section 6.1.1). However, what was not expected was the rapid rise in temperatures to 

over 1000°C for the short period when the kiln sealing was breached. This demonstrated 

how important it was to restrict the flow of air into the kiln by maintaining the seal, 

thereby allowing the pyrolysis phase of the charcoaling process to continue without 

interruption. By contrast the platform temperatures were lower than expected and 

considerably lower than Canti and Linford (2000) had recorded in their experimental 

fires, being consistently below 100°C with the two exceptions noted in section 6.3.7. 

 

The probable reasons for the relatively low platform temperatures are: (a) water 

expelled from the wood stack but not evaporated during the charring process soaked 

into the platform surface and effectively formed a damp insulating layer between the 

heat of the kiln and the platform (latent heat would be required to evaporate this liquid, 

which would have kept the platform temperatures depressed while evaporation took 

place); and (b) the extensive and deep layer of burnt soil, ash and charcoal covering the 

platform, that built up as the burn progressed. As a consequence of these low platform 

temperatures it is doubtful that any magnetic enhancement of the soil would have 

occurred from the heating effect of the charcoal burn itself, but more likely from the 

deposition of the burnt soil and ash used in kiln sealing maintenance. 
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Some ash make during the burn was inevitable; the charcoaling process starts with 

burning a small amount of the wood stack at the base of the chimney. The chimney hole 

is left open for a few hours to establish a good fire before being sealed (section 6.2). 

The ash so produced would be expected to be near the centre of the platform. As the 

charring process continues, holes are made in structure to allow a controllable quantity 

of air into the kiln (section 6.2). Where the air enters the kiln, the wood close to the 

holes burns rather than chars, so more ash is made. This relatively small amount of ash 

will gradually drop down and be distributed across the platform. During the kiln breach 

when an uncontrollable quantity of air was admitted to the kiln, an extra, unquantified 

amount of ash would have resulted from the burning of the wood stack, spread perhaps 

unevenly across the platform not just near the centre. It has to be presumed, therefore, 

that the majority of the ash found during the kiln rake-out had accumulated with the 

burnt soil from the material used for kiln maintenance. 

 

Although the soil, natural clay and pre-burn kiln platform samples had been obtained 

from different places on or adjacent to the site and in spite of the disruption to the top 

soil during the platform’s construction, the results suggest a magnetic consistency in the 

top layers of site geology. Whilst there are differences in the mean values of 

susceptibility they are not significant. The fractional conversion measurements (section 

6.3.8.2) indicate that there had been no previous burning activities over the site, and do 

show a potential for magnetic enhancement to occur. The low level of pre-burn 

magnetic susceptibility has allowed any magnetic enhancement caused by the charcoal 

burn to be easily observed. 

 

The measured increase in magnetic susceptibility of the one sample of the natural clay 

when baked (8 to 233 x 10
-8

 m
3
 kg

-1
) could be regarded as typical in the context of this 
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experimental charcoal burn. Temperatures in the kiln around the time when the natural 

clay from Staindale Beck was used for maintenance purposes, i.e. during the period of 

60 to 72 elapsed hours, were measured at 350 to 400°C, which would have been 

sufficient to bake the clay (local un-measured temperatures could have been higher). 

However, the sample of natural clay from Staindale Beck when heated under oxidising 

conditions through this temperature range (section 6.3.8.3) attained mass specific 

susceptibilities of 10 x 10
-8

 m
3
 kg

-1
 at 350°C and 17 x 10

-8
 m

3
 kg

-1
 at 400°C. Even if the 

clay had been baked at a higher (unmeasured) temperature, its susceptibility would not 

have exceeded 20 x 10
-8

 m
3
 kg

-1
. This discrepancy may be explained either if there were 

substantial differences in the iron oxide content of the natural clay source, i.e. it was not 

a homogeneous material, or if the baked clay sample came from another source 

altogether. 

 

The magnetic susceptibility of all the kiln platform samples has increased from 9 to 28 x 

10
-8

 m
3
 kg

-1
. Specifically, the magnetic susceptibility of the 1cm depth samples has 

increased from 9 to 36 x 10
-8

 m
3
 kg

-1
 whilst the corresponding change for the 4cm depth 

samples is 9 to 19 x 10
-8

 m
3
 kg

-1
. Comparison between the results of the pre- and post-

burn kiln platform sample measurements suggests that magnetic enhancement has taken 

place but not to any great extent or depth, and is predominantly a surface effect. The 

mass specific susceptibility of the post-burn kiln platform samples is low in comparison 

with that of iron smelting slags (see Chapter 3), but is similar to the lead smelting slags 

(see Chapter 4). 

 

Considerable effort was expended in raking out the burnt soil and ash/charcoal layer (in 

addition to the charcoal) but there was no guarantee that all this material was removed 

from the platform. A small amount would have remained, working its way into the 
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platform to an estimated depth of no more than 3cm and being unintentionally sampled 

along with the platform soil. This would explain why the 1cm depth samples had a 

higher susceptibility than the 4cm depth samples (refer to section 6.3.3 for sampling 

method). The conclusion is, again, that the magnetic enhancement of the platform has 

been derived primarily from the kiln maintenance material rather than as a consequence 

of the effect of the kiln temperatures during the charcoal burn. 

 

The burnt soil and ash/charcoal layer was found to cover most of the platform. 

However, at the edges of the kiln where there was little burnt soil or ash cover, evidence 

of some magnetic enhancement was observed, from both the magnetometer and the 

magnetic susceptibility post-burn surveys (section 6.3.5.4). Referring to Figure 6.17, a 

series of curved anomalies can be seen in the fluxgate gradiometer survey plots, having 

a range of 1.6 to 3.7nT and a mean of 2.5nT, compared to the overall survey mean of 

0.7nT. The corresponding anomalies in the magnetic susceptibility survey plots have a 

range of 109 to 240 x 10
-5

 [SI] and a mean of 150 x 10
-5

 [SI] (cf. overall mean of 51 x 

10
-5

 [SI]). Both sets of anomalies coincide with the edge of the kiln and the outer layer 

of the wood stack, and it is feasible that they have been caused by burning, rather than 

charring, of the outer layer as a consequence of excess air being admitted into the kiln 

through an inadequate kiln/platform seal. There is always the possibility that if the 

sealing at the base of the kiln had been better or different, then these anomalies may not 

have occurred. There were no distinctive magnetic anomalies recorded anywhere on the 

platform which could be solely attributable to thermoremanence; if the heating effect of 

the charcoal burn had been sufficient for the acquisition of TRM, then magnetometer 

readings of at least 200nT and possibly up to 900nT would have been recorded, and this 

was not the case. 
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The magnetic enhancement identified by the magnetometer survey is much less than 

that of the magnetic susceptibility survey, complementing the findings of the laboratory 

analysis (section 6.3.8.1), i.e. that the enhancement is predominantly a surface effect. 

However, at the edges of the kiln, both surveys suggest evidence of magnetic 

enhancement through heating rather than deposition. 

 

By indicating the shape of the Dalby charcoal platform, the post-burn earth resistance 

survey (section 6.3.5.4 and Figure 6.17) illustrated how this survey method could be 

used to define the extent of other charcoal platforms, subject to how such features 

survive in the archaeological record. In contrast, however, Leigh (1999) concluded that 

although the magnetometer and magnetic susceptibility surveys at Low Birker both 

proved effective in revealing the shape and extent of the pitstead, it was hardly detected 

by the earth resistance survey. 

 

The Dalby experimental charcoal burn has identified some issues which should be 

addressed if another burn of this type was to be undertaken. Many of these issues are as 

a result of the location and the conditions imposed by the NT and other agencies which 

affected the way in which the burn was conducted. For example, the kiln site was in a 

field on a slope. The slope meant that a considerable quantity of top soil had to be 

moved to construct the level platform, but the soil which had been moved was not 

consolidated sufficiently to be air and water tight. The expectation was that the platform 

should be solid enough to prevent air getting into the kiln from underneath, thereby 

bypassing the control of air ingress through the deliberately-made holes in the kiln 

sides, and to allow all the water and other liquid effluent to drain out and away from the 

kiln. In practice this did not take place; some air ingress via the platform is almost 

certain to have occurred, although this is difficult to assess, and no liquid was seen to 
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drain from the kiln. All the liquid produced during the charring process and the water 

poured into the kiln during dowsing “disappeared”: either into the burnt soil/ash layer 

and the platform (as observed during the kiln raking out and post-burn soil sampling) or 

as superheated steam. Note that some of the water expelled from the wood as it charred 

would have evaporated. 

 

The personal preferences of the professional charcoal maker were a particular issue. 

During the final stages of the kiln construction turf was used by Mr. Hutchinson but 

only to seal the bottom of the kiln where the wood stack met the platform (to a height of 

about 25cm) and the chimney when the fire had been established. The remainder of the 

structure was sealed, initially, with a layer of dampened leaf mould covered with 

copious quantities of burnt soil/ash and other debris from his previous charcoal burns. 

This sealing mixture did not seem flexible enough to contain leakages and gaps as the 

structure moved and slumped throughout the burn. More sealing mixture had to be used 

than was originally anticipated and at one point natural clay from the nearby Staindale 

Beck had to be drawn on as a temporary substitute; on reflection turf might have been a 

more appropriate material. The difficulty in maintaining the kiln seal was highlighted 

dramatically for a period of 5 hours when very high temperatures were recorded. The 

ease at which the kiln temperatures reached over 1000°C and the rapid reduction to 

normal when the breaches were plugged, illustrate how important it was to maintain kiln 

structure integrity and how easy it was to achieve unwanted high temperatures without 

much effort. 

 

As noted in section 6.3.3, the thermocouple support arrangements (Figure 6.9) caused 

some problems. The original framework was clearly unsuitable, but although the 
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modified framework worked it still caused the kiln structure to slump awkwardly and 

some of the upper thermocouple sheathings had sagged under the weight of wood. 

 

The Dalby experimental charcoal kiln was an exercise in determining the effect of 

temperatures produced in the charcoaling process on the ground beneath the kiln. The 

next stage in this research was to compare these results with the investigations 

undertaken at known medieval/post-medieval charcoal production sites. 

 

6.4  Greencliffe Hag Wood charcoal production sites 

There are several charcoal production sites in the vicinity of Rievaulx Abbey which are 

known to be medieval/post-medieval in date; these had been discovered and identified 

as part of Wheeler’s research (see section 6.3.1). From four sites found in Greencliffe 

Hag Wood, north of the Abbey at NGR SE569858 (Figure 6.29), two were chosen for 

further investigation and potential comparison with the Dalby experimental charcoal 

kiln site. 

 

6.4.1  Charcoal production site locations and descriptions 

Three of the four sites, platforms A to C, were located between 80 and 100m apart on 

the 120m contour; all were sub-oval shaped features cut and levelled out of the hillside. 

Platform B (Figure 6.30), considered on the topographic evidence to be the best of the 

three for further investigation, was approximately 8½m x 7m in size and consisted of a 

very dark brown soil mixed with a large amount of charcoal flecks. Following the 

geophysical surveys (see section 6.4.2.1 below), two small trial trenches, sized 0.5m x 

0.3m and 0.7m x 0.5m, were dug near the centre of the platform. The soil depth was 

shown to be between 20 and 25cm over an uneven sandstone surface, but no charcoal 

fragments, heat affected material or surfaces nor other datable material were found. The 
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second site chosen was Platform D, a 4½ to 5m diameter sub-circular feature lying on 

almost-level ground situated on the 100m contour 80m below and to the south of 

Platform B (Figure 6.31). A 0.5m x 0.5m trial trench was dug through a c. 40cm depth 

of very dark soil, similar to that of Platform B, to a natural clay surface. Some small 

pieces of charcoal, around 2cm
3
 in size, were found on the platform surface but none 

within the soil layer. The clay surface had the yellow/brown coloration of the local 

sandstone, and contained flecks of charcoal. 

 

6.4.2  Geophysical surveys 

Magnetometer (fluxgate gradiometer) and earth resistance surveys were carried out at a 

0.25m resolution over the two charcoal platforms to determine whether they could be 

identified by geophysical survey and to establish how much magnetic enhancement 

there was. Magnetic susceptibility surveys were not undertaken as the depth of soil, 

over 20cm on both platforms, was much greater than the effective measurement depth 

of the field coil and would, therefore, not record any magnetic enhancement of the 

natural or working surface beneath any kiln structure which may have been constructed 

on the platforms (see Chapter 2, section 2.2.2). 

 

6.4.2.1  Surveys of charcoal platform B on 22nd April 2005 

Six 5m x 5m grids were laid out over the platform (Figure 6.32). The magnetometer 

survey (Figure 6.33) did not indicate any major enhancement of the soil across the 

whole survey area. Low data values were recorded: the mean of the raw data was 1.8nT, 

the standard deviation 2.3nT and the data range -24nT to 13nT. The earth resistance 

survey (Figure 6.34) highlighted a curving feature of relatively low valued data, which 

coincided with the edges of the platform where it was cut into the hillside, and an 

approximate 1½m diameter high valued anomaly at its centre. The overall raw data 
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mean value was 166 ohms, the standard deviation 15 ohms and the data range 137 to 

205 ohms. 

 

6.4.2.2  Surveys of charcoal platform D on 3rd and 30th May 2005 

Four 5m x 5m grids were laid out over the platform (Figure 6.35). The magnetometer 

survey was undertaken on 3rd May, but the data recorded in top right grid was 

considered suspect due to instrument operation error and a further survey was carried 

out (30th May) on the upper two grids only. The survey plot resulting from the 

combination of the two sets of data is shown in Figure 6.36. The raw data mean value 

was 0nT, the standard deviation 3.3nT and the data range -17 to 21nT. The data 

indicated that there was some enhancement to the platform soil compared to the 

surrounding area: data ranged from -14 to 11nT compared to -8 to 8nT. The survey plot 

shows where three trees were growing on or adjacent to the platform and two relatively 

high positive anomalies: the first in the top right grid (21nT) is due to a small ferrous 

object (such as a nail) associated with a birdbox fixed to the tree, and the second is at 

the centre of the plot along the north-west/south-east diagonal. The earth resistance 

survey (Figure 6.37), carried out on 30th May, showed anomalies which did not have 

any specific shape as seen on Platform B. The raw data mean value was 120 ohms, the 

standard deviation 24 ohms and the data range 71 to 216 ohms. 

 

6.4.3  Magnetic susceptibility sampling points 

At Platform D, an L-shaped trench was dug out down to the natural clay surface from 

the centre of the platform ½m wide by 1m long eastwards on the east-west grid 

alignment and ½m wide by 1½m southwards on the north-south grid alignment (Figure 

6.38). A total of 26 samples were obtained at 10cm intervals from the locations 

indicated, 11 eastwards and 15 southwards. In addition, four natural soil samples were 
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collected off-platform but within the survey grid area, approximately 1m from the 

corner grid pegs, and four samples obtained from the platform surface approximately 

1m from the centre grid peg, both sets from along the grid diagonals (Figure 6.39). At 

Platform B, six samples were randomly obtained from the dark platform soil, for 

comparison with the four samples from the similar soil on Platform D. Six samples of 

yellow/brown weathered sandstone were collected from sources in the banking below 

the wood towards the R. Rye (Figure 6.29), as examples of the underlying geology and 

for comparison with the natural soil samples from Platform D. 

 

6.4.4  Magnetic susceptibility measurements 

The measurement process followed that described in Chapter 2, section 2.5. A total of 

46 samples in five groups were prepared for analysis: 

 

(a) Platform B – platform soil (6 samples); 

(b) Platform D – platform soil (4 samples); 

(c) Platform D – natural (off-platform) soil (4 samples); 

(d) Platform D – linear natural clay (26 samples); 

(e) natural soil/weathered sandstone (6 samples). 

 

The results of the measurements are shown in Table 6.3 (derived from the calculations 

in the attached Appendix 45). The natural soil/weathered sandstone samples had very 

low mass specific susceptibilities (mean value of 4 x 10
-8

 m
3
 kg

-1
), whereas the natural 

off-platform soil samples collected from Platform D had susceptibility values lying in 

the range 18 to 75 x 10
-8

 m
3
 kg

-1
, with a mean of 37 x 10

-8
 m

3
 kg

-1
. The mean mass 

specific susceptibility of all the Platform D linear natural clay samples was 49 x 10
-8

 m
3
 

kg
-1

, in a range of 20 to 115 x 10
-8

 m
3
 kg

-1
, and a mean magnetic viscosity of 6.8%. The 
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soil samples from both platforms had substantially higher susceptibility than the natural, 

off-platform and linear samples: the mean mass specific susceptibility for the Platform 

B samples was 114 x 10
-8

 m
3
 kg

-1
 and for the Platform D samples 194 x 10

-8
 m

3
 kg

-1
. 

The mean magnetic viscosity for both sets of samples was similar: 6.5% and 6.2% 

(respectively). The Platform D linear East samples had a slightly lower mass specific 

susceptibility than the linear South samples, 42 x 10
-8

 m
3
 kg

-1
 compared to 54 x 10

-8
 m

3
 

kg
-1

, but this is not considered a significant difference. 

 

6.4.5  Discussion 

The natural soil and clay samples all have relatively low mass specific susceptibility, 

although the off-platform and linear sample susceptibilities are higher by a factor of 10 

than the natural soil/weathered sandstone values. When compared to the soil/weathered 

sandstone mean susceptibility of 4 x 10
-8

 m
3
 kg

-1
, Platform D’s natural soil mean 

susceptibility of 37 x 10
-8

 m
3
 kg

-1
 suggests that the off-platform area may have been 

“contaminated” either by natural processes or by the charcoal production which appears 

to have occurred there. The susceptibility of the linear samples is marginally higher than 

that of the off-platform samples, which indicates that there may have been some minor 

enhancement from the charcoaling process. Although there are differences in 

susceptibilities, the mean magnetic viscosity for both the natural soil/weathered 

sandstone and the off-platform samples was 5.8%, whereas the mean magnetic viscosity 

for the remainder of the samples was c. 6.5%, suggesting that there may have been a 

change in mineralogy caused by the application of heat, even when taking errors into 

account (see Chapter 2, section 2.5). 

 

The Platform D linear sampling measurements, illustrated in Figure 6.40, suggest 

slightly higher susceptibility values near the middle of the platform, which would be 
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consistent with the magnetic enhancement caused by the higher temperatures within the 

charcoal kiln at the start-up of the burn (see Figure 6.26 for the kiln temperatures in the 

Dalby experiment). 

 

The magnetometer survey plots of Platform B (Figure 6.33) indicate scattered positive 

anomalies across the feature and the vague outline of where the platform had been cut 

out of the hillside. The 3½m long anomaly at the southern edge of Platform B running 

south-west to north-east may possibly be the result of enhancement caused by poor 

kiln/platform sealing during the charcoaling process, similar to that observed at Dalby. 

The 1½m diameter anomaly recorded by the earth resistance survey (Figure 6.34) could 

not be identified as a specific feature; the trial trenches dug in this area (see section 

6.4.1) found only an uneven, non-heat affected sandstone surface. However, it is 

feasible that this anomaly could be the remains of an area of hard standing for the motty 

peg as the charcoal kiln was being constructed and may have a parallel with the 

centrally-placed stone surface found at the Low Birker charcoal pitstead (see section 

6.3.9 and Leigh (1999)). 

 

The magnetometer data shows no features on Platform D which could be definitively 

associated with charcoal production. The range of recorded data is low (-17 to 21nT) 

and as such makes identification of any feature difficult. However, as the presumed 

centre of the platform is at the centre point of the four survey grids and using the known 

positions of the three trees (marked in Figure 6.35) growing on or adjacent to the 

platform, it is just possible to identify an approximate 4m diameter feature which may 

have some minor enhancement due to the charcoaling process (Figure 6.36). No distinct 

circular or sub-circular shape is discernable from Platform D’s earth resistance survey 

plot (Figure 6.37). What is indicated is perhaps the effects of the underlying site 
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geology and the slightly wetter conditions which were encountered at this particular 

location in Greencliffe Hag Wood; the high resistance readings in the top left grid may 

also be due to the localised effect of tree roots. 

 

As with Dalby, there was no evidence of distinctive magnetic anomalies on either 

Platform B or D which could be interpreted as evidence of thermoremanence (see 

section 6.3.9); no magnetometer readings over 200nT were recorded. 

 

The depth of dark, charcoal-flecked soil over both platforms implies a build-up of a 

soil/ash/charcoal layer over time. It may be speculative to suggest that the kilns 

constructed on the platforms may not have been raked out thoroughly after each 

charcoal burn. However, the manner in which the soil layer was derived is to some 

extent immaterial; what is important is the recognition that, over the presumed long time 

period that these and the other platforms in Greencliffe Hag Wood were used for 

charcoal production, the soil/ash layer between the kiln and the platform surface created 

during each burn (and similar to the one seen at Dalby) was sufficient to insulate the 

ground from the kiln temperatures, thereby minimising any magnetic enhancement of 

the platform soil material. 

 

6.5  General discussion 

The Dalby experiment showed that it was possible to conduct a charcoal burn and 

simultaneously monitor the kiln and ground temperatures during the charcoaling 

process. Literature sources suggest that the temperatures within a charcoal kiln are up to 

600°C depending on the phase of process (section 6.1.1). The Dalby experiment has 

demonstrated that, apart from the initial stages, temperatures around 400°C are achieved 

for much of the burn, which, although potentially high enough to enhance the soil 
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beneath the kiln, are insufficient for the acquisition of thermoremanence. The combined 

insulating effect of water and the soil, ash and charcoal layer, in addition to the 

relatively low temperatures recorded within the kiln, meant that the amount of heat 

transferred into the ground beneath the Dalby kiln was much lower than anticipated. It 

is reasonable to assume that similar operating temperatures occurred within the charcoal 

kilns in Greencliffe Hag Wood (GHW). These relatively low temperatures will probably 

have occurred at GHW each time the platforms were used for charcoal production; 

unless there were marked differences between one charcoal burn and the next, such as 

higher operating temperatures, then the magnetic characteristics of the platforms are 

unlikely to be enhanced significantly by subsequent charcoal burns. 

 

There was some magnetic enhancement to the platform soils at Dalby and GHW, as 

identified by both geophysical surveys and magnetic susceptibility measurements. 

Differences in mass specific susceptibility between Dalby pre-burn and GHW Platforms 

B and D natural samples are almost certainly due to variations in the underlying site 

geology and the total iron oxide content at both locations. Dalby post-burn and GHW 

Platform D linear samples susceptibility differences are small; the similar values 

suggest a comparable amount of magnetic enhancement has occurred. However, kiln 

temperatures, either actual (Dalby) or presumed (GHW), were insufficient for the 

acquisition of thermoremanence; there was no evidence at either location of the 

typically very high magnetometer data associated with thermoremanence. 

 

The magnetometer surveys at Dalby and GHW produced similar results, which compare 

favourably with the magnetometer data from a survey carried out over the Low Birker 

charcoal pitstead (Leigh 1999) (Figure 6.41). In addition, the post-burn magnetic 

susceptibility survey results from Dalby (section 6.3.5.4) are comparable with the Low 
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Birker magnetic susceptibility survey data (Figure 6.42). Table 6.4 shows the 

comparative data for Dalby, GHW and Low Birker. The magnetometer surveys 

recorded combined mean values of raw data below 2nT and data ranges between -24nT 

and 29nT, in all cases after the exclusion of several single high value positive and 

negative anomalies. The table indicates the similarities in the magnetic susceptibility 

data from the Dalby and Low Birker charcoal platforms: ranges of 6 to 192 x 10
-5

 [SI] 

and 8 to 210 x 10
-5

 [SI], respectively, again after the exclusion of several single high 

value anomalies. Magnetic susceptibility surveys were not undertaken over the GHW 

charcoal platforms for the reasons given in section 6.4.2. It was not unexpected that the 

range of magnetometer data from the GHW and Low Birker sites was greater than that 

at Dalby, since the latter was operated only the once whilst the other sites are assumed 

to have been producing charcoal over a much longer time scale and, therefore, had a 

greater chance of magnetic enhancement being achieved. This assumption is supported 

by the slightly higher mean value of magnetic susceptibility from Low Birker (Table 

6.4). The similar magnetometer and magnetic susceptibility results from Low Birker 

also strongly suggest that the operating temperatures at this site were comparable with 

those recorded during the Dalby experiment. 

 

Major iron smelting industries existed throughout the medieval and post-medieval 

periods in several parts of Britain, such as Rockingham Forest, the Weald, Forest of 

Dean and Cumbria; production ranged from small-scale sites to large-scale operations 

and resulted in large quantities of slag. As Foard (2001) states, such a volume of iron 

production would have required a highly organised supportive charcoal industry in its 

own right. In comparison with the iron smelting and smithing locations, charcoal 

production was a mobile industry (Foard 2001), covering large areas of the landscape, 

within a coppiced woodland area in any one year and following a pattern of moving 
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from one wooded area to another over a coppicing cycle of 15 years or more (Foard 

2001). Such evidence as there is from Rockingham Forest suggests that the charcoal 

production sites were within the woodland, situated less than 4km from the medieval 

settlements and even closer to the iron smelting sites. However, due to changes of land 

use from woodland to agriculture, and in some places quarrying, the recorded 

distribution of charcoal sites in the Rockingham Forest area is probably not complete 

and what sites are left may be difficult to identify (Foard 2001). This may be true of 

others areas where charcoal production is supporting major iron working industries and 

is indicative of the ephemeral nature of charcoal sites. 

 

6.6  Conclusions 

As a consequence of the findings from the Dalby experiment and the comparison with 

the Greencliffe Hag Wood sites, the conclusion is reached that the Myers Wood Trench 

A was unlikely to have been solely a charcoal production platform and that there has 

been more than one industrial process associated with the site, one of which involved 

high temperatures. 

 

There was no evidence of thermoremanence having been acquired at either the Dalby or 

Greencliffe Hag Wood sites as a result of the charcoaling process. It is, therefore, 

impossible to date charcoal production sites per se using archaeomagnetic dating 

techniques. 

 

This research has demonstrated that the use of geophysical survey methods is 

complementary to field walking in identifying charcoal platforms, since topographic 

observations coupled with searches for charcoal deposits are quicker, more accurate and 

more appropriate methods; geophysical surveys alone may not detect these sites and 
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distinguish them from their surroundings. Magnetometry has proved itself to be a good 

discriminator of the extent of a charcoal platform within its surroundings, even though 

the raw data are generally of low value. It has been shown to identify enhancement of 

the platform soil where this has taken place in areas where the soil, ash and charcoal 

insulating layer was thin or non-existent. Earth resistance survey has not been as useful 

a method as expected, at best highlighting the outline of a platform, but in general only 

indicating the underlying geology. The use of magnetic susceptibility survey is limited, 

particularly if the ground conditions are such that field coil/ground surface contact is 

poor. 

 

The Dalby experiment gave an excellent insight into what occurs during a charcoal 

burn, not just in respect of the kiln temperatures but also with regard to the by-products 

of the charcoaling process. The low temperature regime of charcoal production has been 

identified through this research and any further experimental charcoal burns specifically 

to investigate process temperatures are not required. However, as the Dalby experiment 

was a unique event, it would be prudent to test the results by undertaking another 

experimental charcoal burn, to eliminate or reduce the effect of personal preferences 

and to confirm the amount of magnetic enhancement produced by the charcoaling 

process where different kiln sealing arrangements are used. Additional considerations 

are suggested in Chapter 12, section 12.2.4. 

 

 


