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The magnetic analysis of material from the Ness of Brodgar has formed part of the research programme at 
the site, with annual collection of samples, since 2012.1 Primarily concerned with dating and with the refine-
ment of site chronologies, magnetic analysis is also being used to address questions regarding the nature of 
resource exploitation and the use of space within buildings. This chapter presents the results of the research 
undertaken so far and highlights the areas that are likely to prove informative in future.
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Questions and potentials

Key to the success of magnetic analysis has been the 
nature of the archaeology and the scope of excavations 
at the Ness of Brodgar. A multitude of hearths has been 
revealed and the residues within have proved excellent 
candidates for archaeomagnetic directional studies and 
for the investigation of fuel use. The extensive pottery 
record also provides a wide range of sherds for archae-
omagnetic intensity studies. As excavations have pro-
gressed, earlier layers within hearths have been revealed 
with clear stratigraphic relationships, allowing investi-
gation of the longevity of structures and changes in fuel 
use over time. 

Also critical to our research has been the ongoing nature 
of excavations, allowing time to develop ideas, plan 
research, obtain funding and process data between field 
seasons. The meticulous nature of the excavations has 
made it possible to build on results in successive years 

and the commitment to scientific analysis has maxim-
ised both the sampling opportunities and the syner-
gies offered by collaboration across a range of different 
methods. 

Our main concern thus far has been to develop the 
contribution of archaeomagnetic dating to the chro-
nology of the site and to Neolithic studies more gen-
erally. Archaeomagnetic analysis of hearths has been 
used alongside radiocarbon dating and the strati-
graphic record to produce a Bayesian model for the 
site chronology.2 Far from being a routine application 
of archaeomagnetic dating, the studies at the Ness of 
Brodgar have been ground-breaking; developing a 
record of the direction of the past magnetic field which 
can be used for dating other Neolithic sites in the UK 
and producing the first measurements of the inten-
sity of the past magnetic field using British Neolithic 
pottery.3 
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The study of resource exploitation has focussed on 
identifying fuels and heating temperatures based on 
magnetic analyses.4 Promising results so far will reach 
their full potential in the post-excavation phase, when 
they can be integrated with chemical, environmental 
and micromorphological analysis to provide an inte-
grated interpretation of resource use and how people 
interacted with their wider environment. 

So far, there has been less emphasis on using magnetic 
methods to understand the use of space within build-
ings. Although such investigations have proved pro-
ductive elsewhere,5 the complexity of the deposits at 
Ness of Brodgar has made the identification of large 
areas of undisturbed floor surfaces difficult. The use of 
magnetic properties to identify activities within struc-
tures remains a fruitful area for future study, in combi-
nation with chemical and micromorphological analysis.

Archaeomagnetic dating

Archaeomagnetic dating uses known variations of the 
past magnetic field of the earth to provide a date for the 
last time archaeological material such as hearths, burnt 
soils and ceramics were heated. The geomagnetic field 
at a given location has a directional component (dec-
lination and inclination) and a strength, known as its 
intensity. The method relies on two principles: the first 
is that the geomagnetic field has varied in the past, a 
phenomenon known as palaeosecular variation. The 
second is that this past behaviour can be recorded and 
preserved through a variety of mechanisms. 

Archaeomagnetic dating usually takes advantage of the 
thermoremanent magnetisation mechanism, in which 
iron bearing minerals in an archaeological material 
become magnetised to reflect the ambient geomagnetic 

15.1 Dr Zoe Outram taking samples by the tube method from hearth deposits in Structure 14
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field when heated to above c.400 °C. The fundamental 
advantage that archaeomagnetic dating has over other 
absolute dating methods is that the event dated is the 
last time the archaeological material was heated, which 
is usually directly related to human activity. This allows 
the dates to be used to inform discussion about phases 
of use and abandonment of archaeological sites.

The success of archaeomagnetic dating relies on accu-
rately defining the past geomagnetic field beyond direct 
observations.6 Key papers detail how research has 
increased the quantity and the quality of the UK geomag-
netic dataset over the past 60 years.7 One fundamental 

aim of archaeomagnetic research is to obtain measure-
ments of the past geomagnetic field which are inde-
pendently dated by another method, thus improving 
our knowledge of field behaviour and allowing future 
archaeological sites to be dated. This is particularly 
important in time periods where the geomagnetic field 
is poorly understood, for example in extending the 
capabilities of archaeomagnetic dating further back 
into prehistory. The British Neolithic is a period which 
would benefit from further study8 and, elsewhere in 
Europe, archaeomagnetic studies on fired archaeologi-
cal features from the period have been very successful at 
improving the technique.9 Studies of the direction of the 

15.2 Example of a formal hearth setting from Hearth Group 6309 in Structure 8 with archaeomagnetic samples © Sam Harris
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geomagnetic field require 
material to have remained 
in situ since heating, for 
example hearths, whereas 
studies of intensity can 
also use material that 
is no longer in situ, for 
example pottery.

The Ness of Brodgar has 
been, and will continue to 
be, a key archaeological 
site for unlocking impor-
tant information about 
palaeosecular variation 
during the Neolithic. 
The large quantity of 
well-preserved hearths 
are ideal candidates for 
studies of magnetic direc-
tion, with most samples 
originating from formal 
hearth settings with 
varying depths of depos-
its (Figs 15.1 & 15.2). The 
range of pottery recov-
ered also gives us a wide 
choice of material for 
studies of archaeoin-
tensity. In addition, the 
excavations offer large 
quantities of chronologi-
cally diagnostic artefacts 
and a comprehensive 
radiocarbon dating pro-
gramme which are vital 
for providing independ-
ent dating evidence. 

The following sections 
discuss the scope and 
scale of the archaeomag-
netic studies carried out 
at the Ness of Brodgar. 
The first presents a 
summary of the largest 
collection of archaeo-
magnetic samples from 
a single site in Neolithic 
Europe; the second dis-
cusses the first archae-
ointensity study on UK 
Neolithic material. 

Table 15.1 Summary of sampled features (as of August 2019) from the Ness of Brodgar

Sample 
Code

No. of 
Samples

AM 
No.

Context 
No. 

Structure 
No.

Year 
Sampled Reported in

NOB 1 20 AM 206 3802 8 2012 Harris (2015)
NOB 2 25 AM 207 2659 7 2012 Harris (2015)
NOB 3 25 AM 208 3648 1 2012 Batt and Outram (2013)
NOB 4 20 AM 209 3805 8 2012 Harris (2015)
NOB 5 25 AM 210 2679 7 2012 Unmeasured
NOB 6 20 AM 211 3604 1 2012 Batt and Outram (2013)
NOB 7 21 AM 212 4264 8 2012 Harris (2015)
NOB 8 21 AM 213 3152 8 2013 Batt and Outram (2013)
NOB 9 24 AM 214 4656 14 2013 Batt and Outram (2013)
NOB 10 30 AM 215 3814 8 2013 Batt and Outram (2013)
NOB 11 15 AM 216 4612 14 2013 Unmeasured
NOB 12 31 AM 217 4660 14 2013 Batt and Outram (2013)
NOB 13 25 AM 218 4630 14 2013 Unmeasured
NOB 14 25 AM 219 4511 12 2013 Batt and Outram (2013)
NOB 15 23 AM 220 4667 14 2013 Batt and Outram (2013)
NOB 16 16 AM 221 4659 16 2013 Unmeasured
NOB 17 17 AM 222 4674 14 2013 Batt and Outram (2013)
NOB 18 26 AM 223 5013 14 2013 Batt and Outram (2013)
NOB 19 20 AM 224 5014 16 2013 Batt and Outram (2013)
NOB 20 20 AM 225 5019 14 2013 Batt and Outram (2013)
NOB 21 25 AM 245 5332 12 2015 Harris (2020)
NOB 22 20 AM 246 4264 8 2015 Harris (2020)
NOB 23 25 AM 247 5051 14 2015 Harris (2020)
NOB 24 25 AM 248 3851 8 2015 Harris (2020)
NOB 25 25 AM 249 3857 8 2015 Harris (2020)
NOB 26 30 AM 257 3851 8 2016 Harris (2020)
NOB 27 30 AM 258 6339 8 2016 Harris (2020)
NOB 28 30 AM 259 6348 8 2016 Harris (2020)
NOB 29 30 AM 260 6351 8 2016 Harris (2020)
NOB 30 25 AM 261 6354 8 2016 Harris (2020)
NOB 31 20 AM 262 6356 8 2016 Harris (2020)
NOB 32 25 AM 263 6311 8 2016 Harris (2020)
NOB 33 25 AM 264 5669 12 2016 Harris (2020)
NOB 34 20 AM 287 3851 8 2017 Harris (2020)
NOB 35 20 AM 288 6396 8 2017 Harris (2020)
NOB 36 20 AM 289 8213 8 2017 Harris (2020)
NOB 37 25 AM 290 7046 14 2017 Harris (2020)
NOB 38 26 AM 291 8216 8 2017 Harris (2020)
NOB 39 15 AM 292 7392 12 2017 Harris (2020)
NOB 40 20 AM 293 8136 5 2017 Harris (2020)
NOB 41 16 AM 294 8137 5 2017 Harris (2020)
NOB 42 25 AM 295 8138 5 2017 Harris (2020)
NOB 43 21 AM 283 8429 Trench Y 2018 In prep
NOB 44 25 AM 284 8851 Outside 32 2018 In prep
NOB 45 32 AM 285 8429 Trench Y 2018 In prep
NOB 46 25 AM 286 8611 26 2018 In prep
NOB 47 20 AM TBC 8216 8 2019 Unmeasured
NOB 48 20 AM TBC 9017 17 2019 Unmeasured
NOB 49 20 AM TBC 9021 8 2019 Unmeasured
NOB 50 20 AM TBC 9271 32 2019 Unmeasured
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Archaeomagnetic dating by direction		
The primary aim of this research was to use archaeo-
magnetic studies of in situ fired material of known 
date to define and better understand variations in the 
direction of the past geomagnetic field throughout the 
British Neolithic. The most common calibration curve 
in the UK until recently10 only allowed calibration of 
archaeomagnetic directions as far back as 2000 BC. The 
current calibration curve11 extended this period back to 
5000 BC and represented a crucial step for archaeomag-
netic dating in the UK. However, archaeomagnetic data 
for the Neolithic period represents <1% of the entire 
dataset, with only five points independently dated 
to between 4000 BC and 2000 BC, which creates large 
uncertainties when calibrating archaeomagnetic direc-
tions in this period. 

The Ness of Brodgar has supplemented the dataset 
with 50 new archaeomagnetic sample sets (Table 15.1) 
which represent 1154 samples, currently believed to 
be the largest collection of samples from a single site 
in Neolithic Europe. Dating evidence from the site sug-
gests that the piered architecture at the Ness of Brodgar 
started around 3065-2950 cal BC and that activity ended 
on the site around 2285-2100 cal BC.12 That said, the pres-
ence of several sherds of Carinated Bowl pottery sug-
gests even earlier Neolithic occupation (Towers, pers. 
comm.). The longevity of activity at the Ness of Brodgar 
and the quantity of fired material available present ideal 
criteria for investigating the past geomagnetic field. 

Samples were taken from features across the site. 
Initial investigations, between 2012 and 2016, focussed 
on hearths and fired contexts in Trench P with mate-
rial from Structures 1, 7, 8, 12, 14, 16, 17, and 26. Later 
studies were extended to also include Trench J, which 
was sampled during 2017, 2018 and 2019, with mate-
rial connected to Structures 5 and 32. Trench Y was also 
sampled in 2018. 

Sampling of the features was carried out by the inser-
tion of plastic tubes, as the material was uniformly soft; 
orientation was with magnetic compass.13 The samples 
were measured on a Molspin spinner magnetome-
ter and the stability of the magnetisation was assessed 
using alternating field demagnetisation followed by 
principal component analysis.14 All sample sets fol-
lowed established quality control procedures,15 before 
calculation of the overall mean utilising Fisher’s statis-
tics for points distributed on a sphere in the Palaeomag-
Tools v5 program.16 The α95 value was used to give the 
error associated with the measurements, equivalent to a 
2-sigma or 95% confidence interval.17

The formal hearth settings were all excellent record-
ers of the geomagnetic field with approximately 85% 
of the sample sets showing an α95 error of 4° or less. 
Less than 5° is generally considered to be suitable for 
dating. The low scatter reflects the homogeneity of 
burning across each sampled horizon and the success 
of sampling and measurement methods. Figure 15.3 
shows the significantly increased quantity of data for 
the Neolithic in Britain. Prior to our work at the Ness 
of Brodgar only five data points existed for the period 
4000-2000 BC. Following this study, there is an almost 
tenfold increase in dated measurements of the past 
geomagnetic field. 

Whilst the new data are all within the ranges expected 
for the past geomagnetic field, it is clear that there are 
significant differences between them and the current 
calibration curve.18 This is not due to imperfections in 
the new data but arises from the fact that the existing 

15.3 Comparison of current UK calibration curve ARCH-UK.1 with previous 
data (red) and new data produced from the Ness of Brodgar (blue). All 
archaeomagnetic data has been re-located to Meriden (52.43° N, -1.62° E) 
following Noel and Batt.19 Errors for declination and inclination are at 
95% confidence and errors in time are derived from the independent 
dating evidence 
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calibration curve is based on so few points. Calibration 
curves are always limited by the quantity and quality 
of the data used to create them, underlining why this 
study is critical in the development of archaeomag-
netic studies in the UK. The next step in this research 
is to integrate the new data into a revised calibration 
curve to produce an updated version for use in dating 
other Neolithic sites.

The multi-layered hearths are particularly important; 
they show that the geomagnetic field changed consider-
ably over the time that they were used. This is invaluable 
for developing our understanding of past secular vari-
ation. By bringing the archaeomagnetic study together 
with the radiocarbon dating of associated material, it is 
possible to look at detailed changes in the geomagnetic 
field. 

One of the multi-layered hearths from site shows how 
archaeomagnetic study will aid future dating by direc-
tion. Hearth Group 6309 in Structure 8 contains five 
distinct layers of fired material (NOB 27, 28, 29, 30, 
and 31). By bringing together the stratigraphy for the 
hearth and three radiocarbon dates acquired as part of 

the targeted radiocarbon dating programme, within a 
Bayesian framework, date ranges can be assigned to 
each fired horizon, assuming an even distribution over 
time (Fig. 15.4a). This provides the independent dating 
evidence necessary for incorporating the archaeomag-
netic directions into future archaeomagnetic calibra-
tion curves and shows the longevity of some of these 
multi-layered hearths. Hearth Group 6309 could poten-
tially have been in use for as long as 200-300 years. Each 
fired layer was found to reliably record the geomag-
netic field from when it was last heated and in com-
bination, they show how the geomagnetic field varied 
over the lifespan of the hearth (Fig. 15.4b). Crucially, 
the secular variation through the lifetime of the hearth 
is larger than the errors associated with the individual 
archaeomagnetic directions and the independent dates 
show a reasonable match with current knowledge of 
secular variation.

Our archaeodirectional studies have had a major 
impact on archaeomagnetic dating in the British Isles, 
significantly increasing the number of data points for 
the Neolithic. The development of the next calibration 
curve will reflect the variations observed at the Ness 

15.4 a. Model for the radiocarbon dates for Hearth Group 6309, Structure 8; b. The Lambert projection shows secular variation through the five fired layers 
from Hearth Group 6309, Structure 8 (in blue). The magnetic directions are linked in stratigraphic order NOB27-NOB31, with associated α95 error. Dates 
are given as mid-point of radiocarbon ranges from 15.4a. Also shown (in red) is the UK secular variation curve with date midpoints at 500-year intervals
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of Brodgar and allow archaeomagnetic dating to be 
applied on other Neolithic sites in the UK. The analy-
sis of multi-layered hearths has brought new insights 
on their ability to reflect short term variations in the 
geomagnetic field. The excavation of earlier struc-
tures, beneath those currently exposed, will allow us to 
expand our dataset in future seasons. 

Archaeomagnetic dating by intensity		
In the UK, the focus of archaeomagnetic dating has been 
on direction (i.e. utilising measurements of inclination 
and declination, as described above). However, a major 
disadvantage to this technique is that the material must 
be in situ when sampled, which limits investigation to 
features such as hearths and kilns. Investigating the 
past intensity of the field (archaeointensity) becomes 
an important method, as it is based on the magnitude 
(strength) of the past geomagnetic field, rather than the 
direction, and can be applied to archaeological mate-
rials that are no longer in situ. A site such as the Ness 
of Brodgar, with a plethora of pottery finds and inde-
pendent dating evidence, offers considerable potential 
to incorporate this material into the archaeomagnetic 
history of the site. Archaeointensity can also be a useful 
method for other sites that do not have burnt in situ fea-
tures preserved.

At present, archaeointensity work at the Ness of 
Brodgar, and indeed across the rest of the UK, is limited 
to pilot studies. An overview of the Ness of Brodgar 
pilot study is covered here.20 The aim of the project was 
to see if the Neolithic pottery from the Ness was suitable 
for archaeointensity experiments (which is more rigor-
ous and time consuming than archaeodirectional work), 
and if they provided acceptable results, to improve the 
approach in the UK. 

Twenty-five pottery sherds of known date were taken 
from a selection of contexts and structures. All samples 
were excavated between 2010 and 2015 and five of them 
have directly associated radiocarbon dates, produced 
from organic residues on the pottery as part of the Times 
of Their Lives project.21

Archaeointensity experiments aim to produce an esti-
mate of the strength of the geomagnetic field when an 
archaeological material acquired its thermoremanent 
magnetisation (TRM).22 The ancient TRM is removed in 
steps and a new TRM is applied simultaneously in the 
laboratory. The laboratory temperature steps and the 
field strength are both selected prior to the start of the 
experiment. The ratios of the two TRMs are indicative 
of the ancient field.23 To remove the ancient TRM, the 

sample must be demagnetised; this process requires 
an input of energy into the sample. Thermal energy 
is generally used, as was the case in this pilot study. 
The experiment was undertaken with a Magnetic 
Moments Thermal Demagnetiser (an oven where the 
temperature can be precisely set, and a magnetic field 
applied inside) as the demagnetiser/remagnetiser. An 
AGICO JR6 spinner magnetometer was used as the 
magnetometer.

Alongside the archaeointensity experiments, an inves-
tigation into magnetic mineralogy composition was 
also undertaken. Understanding magnetic mineralogy 
is important for archaeointensity experiments, as it 
can help indicate how the magnetisation of a sample is 
carried, the magnetic grain size and type (e.g. magnet-
ite and haematite) and whether the sample has under-
gone significant alteration since its original heating. If 
there has been alteration, the magnetic intensity recov-
ered from the sample may not be representative of the 
magnetisation obtained during the pottery’s original 
firing. 

Similar magnetic mineralogy results were obtained for 
all sherds analysed, which suggest that the magnetic 
mineralogy is predominantly titanomagnetite. At lower 
temperatures (under 300 °C), there is a transformation 
to a higher magnetisation mineral. There is also evi-
dence for alteration at high temperature (above 600 °C) 
to a less magnetic phase such as oxidation of magnet-
ite to haematite. These results suggest that alteration is 
widespread, which can affect the success of archaeoin-
tensity experiments. This is reflected in the 18% success 
rate (three samples) of the experiments in obtaining an 
archaeointensity estimate. 

The successful archaeointensity results have an average 
of 38.4 μT ± 1.6 μT, which is consistent with the limited 
European archaeointensity data and geomagnetic field 
model predictions from the same time period. There is 
one archaeointensity dating curve constructed for the 
UK, ARCH-UK.1.24 This is an archaeomagnetic field 
model created specifically for UK magnetic studies, in 
which more weight is placed on UK data (from lati-
tudes 49° N to 61° N and longitudes of 11° W and 2° E) 
during the modelling process. These new results fall just 
outside the range of this model, but this just highlights 
the sparsity of data upon which the model is based. For 
instance, there are fewer than 20 archaeointensity esti-
mates for the Neolithic (4000-2000 BC) within a 1666 km 
radius from the Ness of Brodgar (Fig. 15.5). This high-
lights the need for more European countries to begin 
archaeointensity investigations.
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These three archaeointensity estimates are important as 
they are the first measured in the UK for the Neolithic 
period and provide a solid basis for the further devel-
opment of archaeointensity dating in Britain. This pilot 
study also shows how to improve success rates of exper-
iments from Ness of Brodgar pottery in the future, by 
initial screening of samples and selecting those showing 
minimal alteration for archaeointensity experiments. 

Resource exploitation

Fire is used to provide heat and light, to prepare food, 
and to produce items. Every society has utilized fire, 
and by default fuels. According to Picornell-Gelabert 
and Servera-Vives,26 fuel is fundamental to subsist-
ence activities among human societies; the gathering of 
fuel in the landscape and consumption within domes-
tic spaces being core components of social practice. As 
population and fuel needs increase, so does the indus-
try of fuel collection.27 

Fuel collection can range from gathering dead branches 
and forest litter, to felling trees in large quantity or large-
scale peat cutting operations that can significantly alter 
the landscape.28 Fuel is needed year-round regardless 

of climate, yet harsher and more extreme climates, like 
Orkney, create higher demands for fuel, as more fire is 
needed to counteract colder, damper, or darker con-
ditions.29 Different fuels are suitable for different pur-
poses: for example, peat can reach higher temperatures 
than wood or dung fuels, while wood fuel produces 
more light.30 According to Rotherham,31 the expendi-
ture of fuel for pottery production, tool manufactur-
ing, and food preparation increases with the status and 
size of a site; however, the fuel needs of a given pop-
ulation can outgrow what the local environment can 
sustain, forcing people to travel further to find fuel. The 
over-exploitation of fuel resources can ultimately lead 
to the failure of an occupation site.32 

The manipulation of fire allowed humans to implement 
land management practices such as slash and burn agri-
culture, to modify materials including hardening wood 
for spears by removing moisture or annealing stone to 
aid in knapping, and to produce iron, pottery, glass, and 
ceramics.33 Based on the assemblage of artefacts from 
the Ness of Brodgar it is known that pottery was being 
produced (typical temperatures required would be 400 
°C or over), food was being prepared (approx. 200 °C), 
and stone was being fashioned into tools and weapons 
(400 °C for annealing) during the Neolithic.34 

Analysis at Ness of Brodgar		
The use of modern analogue ash material as a compara-
tive dataset to aid in the identification of archaeological 
fuels can offer insight into what heating temperatures 
were obtained and which type of fuel was being used 
to sustain fires. Griffin developed a method to identify 
fuels and provide an insight into connections between 
activities on a site and the wider environment.35 Modern 
analogue ash was produced from several cuts of peat, 
driftwood, seaweed, grasses, heather, willow, hazel, 
cattle dung, sheep dung, and animal bone, which were 
heated to 200 °C, 400 °C, and 900 °C. The modern ana-
logue ash and the archaeological samples were ana-
lysed using magnetic susceptibility, scanning electron 
microscopy with energy dispersive X-ray spectroscopy, 
pH, and Munsell colour assignment.

The Ness of Brodgar fuel analysis was a small part of 
wider research. In this study, 24 samples were taken from 
hearths and ash dumps in Structures 7, 8, 12, 14, and 19 
and middens in Trench T. These were compared with 
modern analogues using principal components analy-
sis of the parameters measured. The most common fuel 
match is peat heated to higher temperatures, with only 
two samples matching to wood heated to 200 °C and no 
other fuels identified. The higher heating temperatures 

15.5 The location of archaeointensity and sedimentary samples from 
Geomagia50.v3.3 during the Neolithic period 4000-2000 BC 25
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(>400 °C) could indicate production using heat, possi-
bly linked to the multiple pottery finds from the site.36 
The hearth material matching wood (willow) heated to 
200 °C could indicate a fire used solely for cooking rep-
resented by one burnt horizon within the hearth. 

In addition to the hearth sample, there is one ash dump 
sample that also matches the low temperature ash from 
modern analogue willow heated to 200 °C. The Ness of 
Brodgar samples suggest that wood was in limited use 
in the later deposits within Structure 19 and a later layer 
in Hearth 6039 from Structure 8, but peat is the only fuel 
identified in the earlier deposits (Fig. 15.6). This spo-
radic use of wood fuel could show the decline in wood-
land vegetation causing the transition to primarily peat 
fuels as woodlands became depleted. 

Among the Ness of Brodgar material, there are 9 
samples from the same western hearth in Structure 
8 (Fig. 15.6). Within the stratigraphic sequence of this 
hearth, the upper horizon is unidentifiable, one horizon 
in the sequence matches to willow heated to 200 °C, but 
all other samples match peat fuels heated to higher tem-
peratures. As 78% of the samples match peat, the change 
in fuel use for two horizons might indicate a change 
in fuel use specifically for a heating activity requiring 
different fuels and heating temperatures, or the use of 
alternative fuels in times of scarcity. 

The absence of evidence for other fuels may reflect their 
less frequent use and/or the limited number of contexts 
sampled. Throughout the Neolithic, when community 

identities were increasingly being given material expres-
sion, it is interesting to note that a fuel like peat appears 
to be predominant.37 Peat requires a community effort 
to accumulate sufficient amounts and prepare it for 
burning, as woodland resources grow scarcer through-
out the Neolithic.38

Future potential

Magnetic studies at the Ness of Brodgar have been 
very fruitful to date, yielding the largest collection of 
archaeomagnetic directions from any Neolithic site 
in Europe, the first archaeointensity measurement on 
British Neolithic pottery, and insights into use of fuels 
over time. As excavations continue, more information 
will be added to these already extensive datasets. These 
results have implications beyond the site; suggesting 
methodological developments, offering the potential to 
improve archaeomagnetic dating throughout the British 
Neolithic, and contributing the data needed to under-
stand the origin and behaviour of the earth’s magnetic 
field. 

Future studies may be expanded to include the use of 
methods such as analysis of magnetic mineralogy, to 
identify activities within structures or to source mag-
netic materials such as pumice. However, the most excit-
ing phase of the research lies ahead; the integration of 
the data from the magnetic studies with other investiga-
tions on the site, including radiocarbon, soil micromor-
phology, chemical analysis and the artefactual evidence. 

15.6 Harris matrix showing 
modern fuel matches and 
indicating sample type. 
Red for hearth, dark grey for 
ash dump/hearth rake out, 
and brown for midden 39
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In combination, these will provide even greater insight 
into the chronology, resource exploitation and use of 
space in this remarkable site.

Acknowledgements
We are grateful to acknowledge support from several 
sources. The British Academy/Leverhulme Small 
Research Grants funded the initial work by Outram 
and Batt, Historic Environment Scotland Archaeology 
Programme funded research by Harris and NERC 
Radiocarbon Facility provided radiocarbon dates. The 
Ness of Brodgar Project supported travel for Batt and 
Harris and the University of Liverpool provided lab-
oratory facilities for Allington. Laboratory work in 
Bradford was supported by Gemma Simpson. In par-
ticular, throughout the research we have been delighted 
by the enthusiasm and cooperation of the excavation 
team at the Ness of Brodgar.

Acknowledgements
We are grateful to acknowledge support from several 
sources. The British Academy/Leverhulme Small 
Research Grants funded the initial work by Outram 
and Batt, Historic Environment Scotland Archaeology 
Programme funded research by Harris and NERC 
Radiocarbon Facility provided radiocarbon dates. The 
Ness of Brodgar Project supported travel for Batt and 
Harris and the University of Liverpool provided lab-
oratory facilities for Allington. Laboratory work in 
Bradford was supported by Gemma Simpson. In par-
ticular, throughout the research we have been delighted 
by the enthusiasm and cooperation of the excavation 
team at the Ness of Brodgar.



358

NESS OF BRODGAR

from https://doi.org/10.9750/issn.2056-7421.2018.77, accessed 
27 July 2020.

41.	Ascough et al. 2007, 438–47.
42.	Ashmore, P. (2005) Dating Barnhouse. In Richards (ed.) 2005, 

385–89.
43.	Griffiths 2016, 254–302.
44.	Guttmann-Bond, E.B., Dungait, J.A., Brown, A., Bull, I.D. & 

Evershed, R.P. (2016) Early Neolithic agriculture in county 
Mayo, Republic of Ireland: geoarchaeology of the Céide fields, 
Belderrig, and Rathlackan. Journal of the North Atlantic 30, 
1–32.

45.	Lee & Thomas 2012, 12–19.
46.	Hinton 2005, 339–65.
47.	Timpany 2017.
48.	Bunting 1994, 771–92; Bunting 1996, 193–212; Farrell 2015, 

467–86; and Keatinge & Dickson 1979, 585–612.
49.	Moore, P.D., Webb, J.A. & Collinson, M.E. (1991) Pollen analysis. 

Oxford, Blackwell Scientific Publications.
50.	Dickson 1983, 114–15.
51.	Dickson & Dickson 2000, 57. 
52.	Dickson 1994, 121–39.
53.	Bunting, M.J., Farrell, M., Bayliss, A., Marshall, P. & Whittle, A. 

(2018) Maps from mud—using the multiple scenario approach 
to reconstruct land cover dynamics from pollen records: a case 
study of two Neolithic landscapes. Frontiers in Ecology and 
Evolution 6. Available from https://www.frontiersin.org/arti-
cles/10.3389/fevo.2018.00036/full, accessed 17 August 2020.

54.	Dickson 1994, 121–39.
55.	Timpany 2017. 
56.	Bunting et al. 2018.
57.	Church, M.J., Peters, C. & Batt, C.M. (2007) Sourcing fire ash 

on archaeological sites in the Western and Northern Isles 
of Scotland, using mineral magnetism. Geoarchaeology: An 
International Journal 22, 747–74.

58.	Dickson 1983, 114–15; and Dickson 1994.
59.	Anderson-Whymark & Reay 2020; and Card et al. 2017, 217–63.
60.	Richards, C., Downes, J., Gee, C. & Carter, S. (2016) Materializing 

Neolithic House Societies in Orkney, introducing Varme Dale 
and Muckquoy. In Richards & Jones (eds) 2016, 224–53.

61.	Bates et al. 2016, 394–407.

Chapter 15 Magnetic moments
1.	 Allington, M.L. (2016) Developing Archaeomagnetic dating by inten-

sity in the UK: a case study from Neolithic Orkney. Unpublished 
MSc thesis, University of Bradford; Batt, M., C. & Outram, 
Z. (2013) Telling the time in Neolithic Orkney: Archaeomagnetic 
studies of features from the Ness of Brodgar, Orkney 2012-2013. 
Unpublished report, University of Bradford. Bradford; 
Griffin, G. (2018) Ashes to ashes: identifying archaeological fuels. 
Unpublished PhD thesis, University of Bradford. Available from 
https://bradscholars.brad.ac.uk/browse?type=author&val-
ue=Griffin%2C+Greggory+A, accessed 17 August 2020; Harris, 
S. (2015) Archaeomagnetic studies in the Scottish Neolithic: evaluat-
ing the potential of the Ness of Brodgar, Mainland Orkney, Scotland. 
Unpublished MSc thesis, University of Bradford; and Harris, S. 
(2020) Developing Archaeomagnetic Dating in the Scottish Neolithic. 
Unpublished PhD thesis, University of Bradford.

2.	 Card, N., Mainland, I., Timpany, S., Towers, R., Batt, C., Bronk 
Ramsey, C., Dunbar, E., Reimer, P., Marshall, P. & Whittle, A. 
(2017) To cut a long story short: formal chronological modelling 
for the Late Neolithic site of Ness of Brodgar, Orkney. European 
Journal of Archaeology 20, 217–63.

3.	 Allington 2016.
4.	 Griffin 2018.
5.	 Jones, R., Challands, A., French, C., Card, N., Downes, J. & 

Richards, C. (2010) Exploring the location and function of a Late 
Neolithic house at Crossiecrown, Orkney by geophysical, geo-
chemical and soil micromorphological methods. Archaeological 
Prospection 17, 29–47.

19.	Bates, C.R., Bates, M.R., Dawson, S., Huws, D., Whittaker, J. 
& Wickham-Jones, C.R. (2016) The environmental context of 
the Neolithic monuments on the Brodgar Isthmus, Mainland, 
Orkney. Journal of Archaeological Science Reports 7, 394–407.

20.	Anderson-Whymark & Reay 2020.
21.	Kenward, H.K., Hall, A.R. & Jones, A.K.G. (1980) A tested set 

of techniques for the extraction of plant and animal macro-
fossils from waterlogged archaeological deposits. Science and 
Archaeology 22, 3–15.

22.	E.g. Berggren, G. (1969a) Atlas of seeds and small fruits of 
Northwest-European plant species with morphological descriptions. 
Part 2. Cyperaceae. Stockholm, Swedish Natural Science Research 
Council; Berggren, G. (1969b) Atlas of seeds and small fruits of 
Northwest-European plant species: (Sweden, Norway, Denmark, East 
Fennoscandia and Iceland). Part 3, Salicaceae-Cruciferae. Stockholm. 
Swedish Natural Science Research Council; and Cappers, 
R.T.J., Bekker, R.M. & Jans, J.E.A. (2006) Digital seed atlas of the 
Netherlands. Groningen, Barkhuis Publishing and Groningen 
University Library.

23.	E.g. Jacomet, S. (2006) Identification of Cereal Remains from 
Archaeological Sites (2nd Ed.). Basel, Institute for Prehistory and 
Archaeological Science.

24.	Schweingruber, F.H. (1978) Microscopic Wood Anatomy: Structural 
Variability of Stems and Twigs in Recent and Subfossil Woods from 
Central Europe. Zug, Kommissionsverlag Zücher AG; and 
Schweingruber, F.H. (1990) Microscopic wood anatomy (3rd edition). 
Birmensdorf.

25.	Marguerie, D. & Hunot, J.Y. (2007) Charcoal analysis and den-
drochronology: data from archaeological sites in north-western 
France. Journal of Archaeological Science 34, 1417–33.

26.	Hinton 2005, 339–65.
27.	Anderson-Whymark & Reay 2020.
28.	Anderson-Whymark & Reay 2020.
29.	Griffiths, S. (2016) Beside the ocean of time: a chronology of 

Neolithic burial monuments and houses in Orkney. In Richards 
& Jones (eds) 2016, 254–302; and Timpany, S. (2017) Charred plant 
remains assessment for Smerquoy, Mainland, Orkney. Unpublished 
Report. Kirkwall.

30.	Hastie 2011, 53–71.
31.	Schweingruber 1978; and Schweingruber 1990.
32.	Ascough, P.L., Cook, G.T., Dugmore, A.J. & Scott, E.M. (2007) 

The North Atlantic marine reservoir effect in the Early Holocene: 
implications for defining and understanding MRE values. 
Nuclear Instruments and Methods in Physics Research Section B: 
Beam Interactions with Materials and Atoms 259, 438–47; and 
Dickson & Dickson 2000.

33.	Timpany 2017. 
34.	Miller et al. 2016, 495–519.
35.	Hinton 2005, 339–65.
36.	Bishop, R., Church, M. & Rowley-Conwy, P. (2009) Cereals, fruits 

and nuts in the Scottish Neolithic. Proceedings of the Society of 
Antiquaries of Scotland 139, 47–103.

37.	Dickson & Dickson 2000, 50. 
38.	Van der Veen, M. & Jones, G. (2006) A re-analysis of agricultural 

production and consumption: implications for understanding 
the British Iron Age. Vegetation History and Archaeobotany 15, 
222. 

39.	Timpany 2017.
40.	Barclay, G., Brophy, K., MacGregor, G., Foster, S.M., Hogg, 

D.J., Miller, J., Ramsay, S., Saville, A., Sheridan, J.A., Smith, 
C. & Stevenson, J.B. (2002) Claish, Stirling: an Early Neolithic 
structure in its context. Proceedings of the Society of Antiquaries of 
Scotland 132, 65–137; Fairweather, A.D. & Ralston, I.B. (1993) The 
Neolithic timber hall at Balbridie, Grampian Region, Scotland: 
the building, the date, the plant macrofossils. Antiquity 67, 
313–23; and Timpany, S., Haston, S-J. & Bailey, L. (2018) Charred 
Plant Remains from the Middle Neolithic features. In Jones, E., 
Sheridan A. & Franklin J. Neolithic and Bronze Age occupation 
at Meadowend Farm, Clackmannanshire: Pots, pits and round-
houses. Scottish Archaeological Internet Reports 77, 42–4. Available 



359

Endnotes

O. (1959) Sur l’intensité du champ magnétique terrestre dans le 
passé historique et géologique. Annales de eophysique 15, 285.

23.	Biggin, A.J., Suttie, N. & Shaw, J. (2011) Palaeomagnetic Field 
Intensity. In Gupta, K.H. (ed.) Encyclopedia of Solid Earth 
Geophysics, 919–24. London, Springer-Verlag. 

24.	Batt et al. 2017, 66–82.
25.	Figure 15.5 shows the location of archaeointensity (squares) and 

sedimentary (circles) samples from Geomagia50.v3.3 (Brown, 
M.C., Donadini, F., Korte, M., Nilsson, A., Korhonen, K., Lodge, 
A., Lengyel, S.N. & Constable, C.G. (2015) GEOMAGIA50.v3: 
1. general structure and modifications to the archeological and 
volcanic database. Earth, Planets and Space 67, 83) during the 
Neolithic period 4000–2000 BC. The dotted line shows a 15° 
(1666 km) radius around the Ness of Brodgar site. Red stars: 
archaeointensity data generated from this study. Purple squares: 
archaeomagnetic data from Finland (Pesonen, L.J., Leino, 
M.A.H. & Nevanlinna, H. (1995) Archaeomagnetic Intensity in 
Finland during the Last 6400 Years: Evidence for a Latitude-
Dependent Nondipole Field at AD 500. Journal of Geomagnetism 
and Geoelectricity 47, 19–40). Yellow squares: archaeomagnetic 
data from Iceland (Stanton, T., Riisager, P., Knudsen, M.F. & 
Thordarson, T. (2011) New palaeointensity data from Holocene 
Icelandic lavas. Physics of the Earth and Planetary Interiors 186, 
1–10; and Schweitzer, C. & Soffel, C.H. (1980) Palaeointensity 
measurements on postglacial lavas from Iceland. Journal of 
Geophysics 47, 57–60). Green squares: archaeomagnetic data 
from Czech Republic (Bucha, V. (1967) Intensity of the Earth’s 
magnetic field during archaeological times in Czechoslovakia. 
Archaeometry 10, 12–22). Blue squares: archaeomagnetic data 
from Switzerland (Kapper, K.L., Donadini, F. & Hirt, A.M. (2015) 
Holocene archeointensities from mid European ceramics, slags, 
burned sediments and cherts. Physics of the Earth and Planetary 
Interiors 241, 21–36). Grey circles: sedimentary data from Sweden 
(Snowball, I. (2002) Geomagnetic field variations in northern 
Sweden during the Holocene quantified from varved lake sedi-
ments and their implications for cosmogenic nuclide production 
rates. Holocene 12, 517–30; Zillén, L. (2003) Setting the Holocene clock 
using varved lake sediments in Sweden. Unpublished PhD thesis. 
Lund University. Available from https://portal.research.lu.se/
portal/files/4598425/3159876.PDF, accessed 17 August 2020; 
and Snowball, I., Zillén, L., Ojala, A., Saarinen, T. & Sandgren, P. 
(2007) FENNOSTACK and FENNORPIS: Varve dated Holocene 
alaeomagnetic secular variation and relative palaeointensity 
stacks for Fennoscandia. Earth and Planetary Science Letters 255, 
106–16), from Finland (Ojala, A.E.K. (2002) Palaeosecular var-
iation of the Earth’s magnetic field during the last 10000 years 
based on the annually laminated sediment of Lake Nautäjarvi, 
central Finland. Holocene 12, 391–400; and Snowball et al. 2007, 
106–16) and from the North Atlantic (Channell, J.E.T., Hodell, 
D.A. & Lehman, B. (1997) Relative geomagnetic paleointensity 
and δ18O at ODP Site 983 (Gardar Drift, North Atlantic) since 
350 ka. Earth and Planetary Science Letters 153, 103–18) with inten-
sity scaling and timescale adjustments according to Nilsson, A., 
Holme, R., Korte, M., Suttie, N. & Hill, M. (2014) Reconstructing 
Holocene geomagnetic field variation: new methods, models 
and implications. Geophysical Journal International 198, 229–48. 
Black hollow shapes: archaeomagnetic data and sedimentary 
data from elsewhere in Europe between 4000–2000 BC.

26.	Picornell-Gelabert, L. & Servera-Vives, G. (2017) Landscape 
practices and everyday life in domestic spaces in Bronze Age 
Mallorca (Balearic Islands): Perspectives for and archaeology 
of fuel and firewood. Quaternary International 431, 73–89.

27.	Cloud, P. (1969) Resources and Man. A Study and Recommendations. 
San Francisco, National Academy of Sciences; and Griffin 2018.

28.	Heizer, R. (1963) Domestic fuel in primitive society. The Journal 
of the Royal Anthropological Institute of Great Britain and Ireland 93, 
186–94.

29.	Morris, I. (2015) Foragers, Farmers, and Fossil Fuels. How 
Humans Evolved, 29. Princetown: Princeton University Press; 
and Rotherham, I. (2005) Fuel and landscape – exploitation, 

6.	 Jackson, A., Jonkers, A.R.T. & Walker, M.R. (2000) Four centu-
ries of geomagnetic secular variation from historical records. 
Philosophical Transactions of the Royal Society of London. Series A: 
Mathematical, Physical and Engineering Sciences 358, 957.

7.	 Aitken, M.J. (1958) Magnetic dating - 1. Archaeometry 1, 16–20; 
Batt, C.M. (1997) The British Archaeomagnetic Calibration 
Curve: An Objective Treatment. Archaeometry 39, 153–68; Clark, 
A.J., Tarling, D.H. & Noël, M. (1988) Developments in archae-
omagnetic dating in Britain. Journal of Archaeological Science 15, 
645–67; and Zananiri, I., Batt, C.M., Lanos, P., Tarling, D.H. & 
Linford, P. (2007) Archaeomagnetic secular variation in the 
UK during the past 4000 years and its application to archaeo-
magnetic dating. Physics of the Earth and Planetary Interiors 160, 
97–107.

8.	 Batt, C.M., Brown, M.C., Clelland, S.J., Korte, M., Linford, P. 
& Outram, Z. (2017) Advances in archaeomagnetic dating in 
Britain: New data, new approaches and a new calibration curve. 
Journal of Archaeological Science 85, 66–82.

9.	 Carrancho, Á., Villalaín, J.J., Pavón-Carrasco, F.J., Osete, M.L., 
Straus, L.G., Vergès, J.M., Carretero, J.M., Angelucci, D.E., 
González Morales, M.R., Arsuaga, J.L., Bermúdez de Castro, 
J.M. & Carbonell, E. (2013) First directional European palaeose-
cular variation curve for the Neolithic based on archaeomagnetic 
data. Earth and Planetary Science Letters 380, 124–37; Kovacheva, 
M., Kostadinova-Avramova, M., Jordanova, N., Lanos, P. & 
Boyadzhiev, Y. (2014) Extended and revised archaeomagnetic 
database and secular variation curves from Bulgaria for the last 
eight millennia. Physics of the Earth and Planetary Interiors 236, 
79–94; and Tema, E., Ferrara, E., Camps, P., Conati Barbaro, C., 
Spatafora, S., Carvallo, C. & Poidras, T. (2016) The Earth’s mag-
netic field in Italy during the Neolithic period: New data from 
the Early Neolithic site of Portonovo (Marche, Italy) Earth and 
Planetary Science Letters 448, 49–61.

10.	Zananiri et al. 2007, 97–107.
11.	Batt et al. 2017, 66–82.
12.	Card et al. 2017, 217–63.
13.	Linford, P. (2006) Archaeomagnetic Dating: Guidelines on produc-

ing and interpreting archaeomagnetic dates. Swindon, Historic 
England; and Trapanese, A., Batt, C.M. & Schnepp, E. (2008) 
Sampling methods in archaeomagnetic dating: A comparison 
using case studies from Wörterberg, Eisenerz and Gams Valley 
(Austria). Physics and Chemistry of the Earth 33, 414–26.

14.	Kirschvink, J.L. (1980) The least-squares line and plane and the 
analysis of palaeomagnetic data. Geophysical Journal International 
62, 699–718.

15.	Hervé, G., Chauvin, A. & Lanos, P. (2013) Geomagnetic field 
variations in Western Europe from 1500 BC to 200 AD. Part 
I: Directional secular variation curve. Physics of the Earth and 
Planetary Interiors 218, 1–13; and McFadden, P.L. & McElhinny, 
M.W. (1990) Classification of the reversal test in palaeomagne-
tism. Geophysical Journal International 103, 725–29.

16.	Fisher, R. (1953) Dispersion on a Sphere. Proceedings of the Royal 
Society of London. Series A, Mathematical and Physical Sciences 217, 
295–305; and Hounslow, M.W. (2005) Palaeomag-Tools v. 5.0 a tool 
for analysis of 2-D and 3-D directional data. Lancaster University.

17.	For detailed discussion on the method of analysis, refer-
ence should be made to Linford 2006 and McIntosh, G. & 
Catanzariti, G. (2006) An Introduction to Archaeomagnetic 
Dating. Geochronometria 25, 11–8.

18.	Batt et al. 2017, 66–82.
19.	Noel, M. & Batt, C.M. (1990) A method for correcting geograph-

ically separated remanence directions for the purpose of archae-
omagnetic dating. Geophysical Journal International 102, 753–56.

20.	Allington 2016; Allington, M.L., Batt, C.M., Hill, M.J., Nilsson, A., 
Biggin, A.J. & Card, N. (forthcoming) Archaeomagnetic investi-
gations of Neolithic pottery from the Ness of Brodgar, Scotland. 
Journal of Archaeological Science: Reports.

21.	Card et al. 2017, 217–63; and Whittle 2017.
22.	The principle of determining an archaeointensity estimate was 

devised by Thellier and Thellier in 1959: Thellier, E. & Thellier, 



360

NESS OF BRODGAR

14.	Krumbein, W.C. & Sloss, L.L. (1963) Stratigraphy and Sedimentation, 
second edition. San Francisco, W.H. Freeman and Co., 135–36, 185.

15.	ORCA map with data by M. Johnson & C. Webster after BGS 
1999 and 1932 maps.

16.	Boulton, G.S., Peacock, J.D., Sutherland, D.G. (2008) Quaternary. 
In Trewin (ed.) 2003, 411.

17.	Wickham-Jones, C. (1986) The Procurement and Use of Stone for 
Flaked Tools in Prehistoric Scotland. Proceedings of the Society of 
Antiquaries of Scotland 116, 1. 

18.	Wilson et al. 1935, 66.
19.	ORCA map with data by M. Johnson & C. Webster after BGS 

1999 and 1932 maps.
20.	In petrology, felsite is not the name of a rock, but is used adjec-

tively – ‘felsic’ – to describe the general silica composition of an 
igneous rock (Philpotts & Ague 2009, 650). The high silica, extru-
sive igneous rock outcropping at Quoyelsh Point on Navershaw 
Bay is petrologically a rhyolite. Though I have used the local 
nomenclature of Quoyelsh felsite to refer to this specific outcrop 
throughout this research, the name rhyolite is used for this rock 
in databases and tabular presentations and is abbreviated as RH. 
The BGS maps use the name felsite and the abbreviation F for 
this rock. Map 16.2 in this chapter uses all BGS rock notations. 

21.	Edmonds, M., Anderson-Whymark, H., Clarke, A. & Thomas, 
A. (2017) Working Stone. Web resource available from https://
www.orkneystonetools.org.uk, accessed 17 June 2020. 

22.	Edmonds, M. (2019) Orcadia: Land, sea and stone in Neolithic 
Orkney. London, Head of Zeus.

Chapter 17 The Ness of Brodgar flaked stone 
assemblage: 2004-2018
1.	 Edmonds, M. (2019) Orcadia: Land, sea and stone in Neolithic 

Orkney. London, Head of Zeus.
2.	 Saville, A. (1980) On the measurement of struck flakes and flake 

tools. Lithics 1, 16–20.
3.	 Anderson-Whymark, H., Chatterton, R., Edmonds, M. & 

Wickham-Jones, C. (2016) Flaked Lithic Artefacts from Neolithic 
Sites around the Bay of Firth: Wideford Hill, Knowes of Trotty, 
Brae of Smerquoy, Stonehall, Crossiecrown and Ramberry. In 
Richards, C. & Jones, R. (eds) The Development of Neolithic House 
Societies in Orkney. Investigations in the Bay of Firth, Mainland, 
Orkney (1994–2014), 413–44. Oxford, Windgather Press (Oxbow); 
and Edmonds, M., Anderson-Whymark, H., Clarke, A. & 
Thomas, A. (2017) Working Stone. Web resource available from 
https://www.orkneystonetools.org.uk, accessed 17 June 2020. 

4.	 Anderson-Whymark, H. & Edmonds, M. (in prep) Lithic raw 
materials in Orkney: Survey and beach collection.

5.	 Ballin, T.B. (2013) ARO4: The Late Neolithic pitchstone artefacts 
from Barnhouse, Orkney – an unusual assemblage from an unusual 
site, 14. Archaeology Reports Online. Guard Archaeology Ltd. 
Available from http://www.archaeologyreportsonline.com/
reports/2013/ARO4.html, accessed 17 August 2020.

6.	 Middleton, R. (2005) The struck lithics. In Richards, C. (ed.) 
Dwelling among the monuments: the Neolithic village of Barnhouse, 
Maeshowe passage grave and surrounding monuments at Stenness, 
Orkney, 397. Cambridge, McDonald Institute for Archaeological 
Research; and Saville, A. (2005) Prehistoric quarrying of a sec-
ondary flint source: evidence from North-East Scotland, in 
Topping, P. & Lynott, M. (eds) The cultural landscape of prehis-
toric mines, 1–13. Oxford, Oxbow Books.

7.	 Anderson-Whymark et al. 2016, 413–44. 
8.	 Anderson-Whymark et al. 2016, 413–44. 
9.	 Durden, T. (1995) The production of specialised flintwork in 

the later Neolithic: a case study from the Yorkshire Wolds. 
Proceedings of the Prehistoric Society 61, 409–32. 

10.	Green, H.S. (1980) The flint arrowheads of the British Isles: a 
detailed study of material from England and Wales with comparanda 
from Scotland and Ireland. BAR British Series 75. Oxford, BAR 
Publishing; and Green, S. (1984) Flint arrowheads: typology and 
interpretation. Lithics 5, 19–39.

environment, crisis and continuum. Landscape Archaeology and 
Ecology 5, 65–81.

30.	Simpson, I.A., Vésteinsson, O., Adderley, W.P. & McGovern, 
T.H. (2003) Fuel resource utilisation in landscapes of settlement. 
Journal of Archaeological Science 30, 1401–20.

31.	Rotherham 2005, 65–81.
32.	Heizer 1963, 186–94; MacLeod, W.C. (1925) Fuel and Early 

Civilization. American Anthropologist 27, 344–6; and Simpson et 
al. 2003, 1401–20.

33.	Clark, N. & Yusoff, K. (2014) Combustion and Society: A Fire-
Centred History of Energy Use. Theory, Culture & Society 31, 
203–26; Pyne, S. (2001) Fire. A Brief History. London: The British 
Museum Press; and Rehder, J. (2000) The Mastery and Uses of Fire 
in Antiquity. London, McGill-Queens University Press.

34.	Heizer 1963, 186–94; MacLeod 1925, 344–6; Pausas, J.G. & Keeley, 
J.E. (2009) A Burning Story: The Role of Fire in the History of Life. 
BioScience 59, 593–601; Pyne 2001, 129–33; and Thér, R. (2004) 
Experimental pottery firing in closed firing devices from the 
Neolithic-Hallstatt period in Central Europe. EuroREA 1, 35–82.

35.	Griffin 2018.
36.	Card, N., Cluett, J., Downes, J., Gater, J. & Ovenden, S. (2007) 

Heart of Neolithic Orkney World Heritage Site: Building a 
landscape. In Larsson, M. & Parker Pearson, M. (eds) From 
Stonehenge to the Baltic: Living with Cultural Diversity in the Third 
Millennium BC, 221–31. BAR International Series 1692. Oxford, 
BAR Publishing; and Towers, R., Card, N. & Edmonds, M. (2015) 
The Ness of Brodgar. Kirkwall: The Ness of Brodgar Trust.

37.	Griffin 2018, 328.
38.	Bond, J.M. (1994) Changes and continuity in an island system: 

the paleoeconomy of Sanday, Orkney. Unpublished PhD thesis, 
University of Bradford; and Bunting, M.J. (2017) Holocene veg-
etation. Available from http://www.landforms.eu/orkney/
holocene%20vegetation.htm Accessed 17 August 2020. 

39.	Griffin 2018, 328.

Chapter 16 The rocks that don’t belong
1.	 Childe, V.G. (1931) Skara Brae: A pictish village in Orkney. London, 

Kegan Paul, Trench, Trubner & Co. Ltd.
2.	 Johnson, M. (2018) Rock Matters: A Geological Basis for Understanding 

the rock at the Ness of Brodgar, Orkney. Unpublished PhD thesis, 
University of Aberdeen. Available from https://digitool.
abdn.ac.uk/view/action/nmets.do?DOCCHOICE=240715.
xml&dvs=1594069509715~636&locale=en_US&search_
terms=&adjacency=&VIEWER_URL=/view/action/nmets.
do?&DELIVERY_RULE_ID=4&divType=&COPYRIGHTS_
DISPLAY_FILE=copyrightstheses, accessed 06 July 2020.

3.	 Trewin, N.H. & Thirlwall, M.F. (2003) Old Red Sandstone. In 
Trewin, N.H. (ed.) The Geology of Scotland, fourth edition, 216. 
London, The Geological Society of London. 

4.	 Mykura, W. (1976) British Regional Geology Orkney and Shetland, 74–76, 
80. Edinburgh, HMSO; and Wilson, G.V. (1935) The Geology of the 
Islands as a Group. In Wilson, G.V., Edwards, W., Knox, J., Jones, R. 
& Stephens, J. (eds) The Geology of the Orkneys, 15–7, London, HMSO.

5.	 Wilson, G.V., Stephens, J.V. & Knox, J. (1935) The West Mainland 
and Graemsay. In Wilson et al. (eds) 1935, 52.

6.	 ORCA map with data by M. Johnson & C. Webster after British 
Geological Survey (BGS) 1999 and 1932 maps, and Wilson et al. 
(eds) 1935, 44–6.

7.	 BGS 1999; and Wilson et al. 1935, 49.
8.	 Knox, J. (1935) The East Mainland. In Wilson et al. (eds) 1935, 

77-78; and Stephens, J.V. & Edwards, W. (1935) North-west Hoy. 
In Wilson et al. (eds) 1935,138–40.

9.	 Wilson 1935, 24.
10.	Wilson et al. 1935, 63–65.
11.	Philpotts, A.R. & Ague, J.J. (2009) Principles of Igneous and 

Metamorphic Petrology, second edition, 394. Cambridge, Cambridge 
University Press.

12.	Flett, J.S. (1935) Petrography. In Wilson et al. (eds) 1935, 174–47. 
13.	BGS 1999.




