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Executive Summary
The Importance of Science in Scottish Archaeology

Scotland has the potential to be a world leader in the development and application of
archaeological science and builds on a long and distinctive tradition of both scientific a
archaeological innovatiomA variety of peopls have met, interacted and lived in Scotland
over manythousand ofyears and archaeological science is fundamental to understanding
their life stories: from establishing when and where they lived, to thgcts they produced,

and the material remains of the individuals themselv@he Scottish environment itself
offers a unique blend of characteristics within a relatively small geographical area that
preserve a range of information on past peoples and laagss.The body of evidence is
large enough to be encompassing though small enough to becomprehensible
Understanding the past is alsgholly relevant to the present day, contributing to current
understandings of how peopteand individualgteract with one another andwith the world
around them, as well as enrichirgirrent life through understanding and presenting this
rich heritage in contemporaryetms to modern people

In Science, Scotland excels in a number of fields and can draw upon a raegeurtes and

skills distributed across the country. Archaeologically, Scotland offers a diverse set of
contexts in which to apply and improve techniques of analysis in order to understand past
lives. Partnerships between these diverse (and often oventappiommunities provides the
opportunity to combine both, exploring the past through landscapes, site, artefacts and
people, both in the field and in the laboratory.

Panel Task and Remit

The task that faced the SCARF Science in Scottish Archaeol@&yvarno provide a critical
review of the application of scientific techniques within archaeological research and to
identify improvements for future research. To this end, the panel undertook to summarise
the current state of knowledge, divided into fistudy themes: Chronology Human and
animal sciencedJnderstanding materiaJPeople and the environmenand Detecting and
imaging heritage assetsThe panel report is aimed at both archaeologists and natural
scientists, hopefully making both communitibetter aware of the data, techniques and
resources that the other can provide, and promoting the benefits of collaboration.

Future Research

The main recommendations of the panel report can be summarised under four key
headings:

1 High quality, high impat research the importance of archaeological science is reflected
in work that explores issues connected to important contemporary tojmcsiding:the
demography of, the nature of movement of, and contact between peqptesietal
resilience; living orthe Atlantic edge of Europe; and coping with environmental and
climatic changeA series of largscale and integrated archaeological science projects
are required to stimulate research into these important topid® engage fully with
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these questions dat of sufficient richness is required that is accessible, both within
{O2Gf YR YR AYGSNylFridAz2ytrtted ¢KS w/!la{Q R
digital dissemination thashould be built on.

Integration: Archaeological science should be involved lyean the process of
archaeological investigation and as a matter of routine. Resultant data needs to be
securely stored, made accessible and the research results widely disseminated. Sources
of adviceand its communicatiomust be developed and promotea tsupport work in

the commercial, academic, research, governmental dhdetors.

Knowledge exchange and transfeknowledge, data and skills need to be routinely
transferred and embedded across the archaeological sector. This will enlabdle
archaeologcal science community to better work together, establishing routes of
communication and improving infrastructure. Improvements should be made to
communication between different groups including peers, press and the wider public.
Mechanisms exist to enabtbe wider community to engage with, and to feed into, the
development of the archaeological and scientific database and to engage with current
debates. Projects involving the wider community in data generation should be
encouraged and gportunities for pwlic engagement should be pursued through, for
example, National Science Week and Scottish Archaeology Month.

Networks and forumsA network of specialists should be promoted to aid collaboration,
provide access to the best advice, and raise awarenessiroént work. This would be
complemented by creating a serigster-disciplinary working groups, to discuss and
articulate archaeological science issus.online service to match people (i.e. specialist
or student) to material (whether e.g. environmensdmple, artefactual assemblage, or
skeletal assemblage) is also recommendédh annual meeting should also be held at
which researchers would be able to promote current and future work, and draw
attention to materials available for analysis, and to sphsis/students looking to work

on paticular assemblages or projects. Such meetings could be rolled into a suitable
public outreach event.



Introduction

Scotland has a rich history of archaeological sciebc#ding on astrong tradition of
research in both archaeology and the natural sciences. A range of scientific techniques are
routinely employed withinarchaeological work, from radiocarbon dating to palynology.
Scotland also has a long history of reconnaissance for sites through survey on the ground, in
the air, and increasingly, underwater. Artefacts analysigtlger traditional strength in
Scotland,is now being supplemented by new ndestructive technologiesResearch
conducted in fields such as genetiwss the potential toprovide a new window into the past
through the remains of people and animalechnologies are increasingly mobédéipwing

the laboratory to be brought to the field, while new techniques can profitably be applied to
the archaeological archive, whethtdrrough physical investigatioor through the statistical
analysis of existing data.

The Scottish environmeritself offers a unique blend of characteristics within a relatively
small geographical area, including peat formation, wetlands, indented coastlines and a range
of low to high energy environments that preserve a variety of information on past peoples
and landscapesThe ewdence is big enough to be substantial, though small enough to be
achievable, with theetreat of the ice sheets providing a weléfined starting point for the
presence of human societieShe diverse and distinctive set of environmental archives
providesa wealth of dataon how people lived in the Atlantic zone.

Techniques and approaches are continually developing, and it is essential that capacity and
expertise are built up in tandentngaging scientists with archaeological questions, while
highlighting the potential of archaeological data to drive research is an important
consideration. This can bdeveloped through research projects tackling fundamental
guestions regarding human society in the past, as well as by making collaboration an integral
and rodine part of archaeological practice, involving archaeological scientists early in
project planning.

Archaeological science research in Scotland has broader implications relevant to
contemporary issues anaif science in archaeology all periods are intd¢ieg and of value

from deep time until the recent pastAnalysis of the remains of humans and animals, for
example, provides data of relevance to the history of disease and other demographic
guestions.Research into past human responses to environmentange isalso of great
relevance to understanding processes in the present, as studies of past societies provide
WwO2YLX SGSR SELISNAYSyiliaoQ | 1S OKIFftftSy3asS ara :+
change in past society, some driven by climate and &nvironment, others driven by
cultural choices and historical events. How societies igesl and why some appear more
durable than others are questions that a combination of archaeological and scientific
techniques can begin to answer.

These issues arall explored through a number of different themes, and following an
introduction to each, there is a survey of Scottish applications, a statement on current
scientificfacilities available in Scotland and reflection on emerging opportunitigsilding

on sound archaeological and scientific principles in these areas albwgreater
understanding, and therefore appreciation, of the past, helping to unleash its knowledge
and heritage value through research, preservation, promotion and engagement.
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1. Chronology

1.1 Introduction

Chronology is a fundamental part of
archaeology. All of the questions we have
about the past require an accurate
knowledge of chronology in order to
answer them satisfactorily. Establishing
the timing and sequence of events is
central to integrating the rich and diverse
strands of material evidence available to
archaeology. Scientific techniques have
revolutionised chronoloigal estimations
for archaeologsts, and are increasingly
able to provide chronological resolution
on the scale ofsinglehuman generations,
allowing the understandng of change on
the level of a human lifespan.

In addition to refinements of established
techniques (including greater precision,
smaller sample sizes, less destructive
techniques, and faster a@h more
economia@l processing), new approaches
are continually being developed. The
range of different dating techniques
available represents considerable
research potential for archaeology in
Scotland. In order to harness this
potential, however, and to decide the
best application of each techniquéhere

is a need to understand thaaformation
that it can (and cannot) providas well as
the approach (or combination of
approaches)that should be utilised. The
infrastructure and knowledge base for
different dating techniques differs across
Scotland with different expert
practitioners, centres of excellence and
facilities relevant to different aspects of
chronology.

Relatively established techniques are
briefly listed below.The most extensively
utiised techrique  within  Scottish
archaeology radiocarbon datingcan be
used to date organic remainsand
inorganic  carboftontaining materials
such as shellLuminescence dating can be

used to date minerals such as quartz or
feldspar within ceramics, lithics and
sedmentary materials according to their
last exposure to light or heat.
Dendrochronology uses tregngs to date
wooden material according to when it
lived or was felled, and loAgrm
dendrochronological sequences are now
being constructed for Scottish matal.
Tephrochronology is based on the
identification and correlation of volcanic
deposits. Cosmogenic nuclide dating has
been widely utilised within earth and
environmental sciences to date exposure
of surfaces through analysis of
radionuclides formed isurface rocks and
soils (including 10B&%Al and**Cl)and has
now been developed to explore
timescales relevant to archaeological
analysis cosmogenic nuclide analysis can
also be used to determine ancient rates of
erosion, an issue that is potentiallyseful

in understanding human impact in the
archaeological record. Amino acid
racemisation dates marine molluscs and
archaeomagnetic dating is used to date
fired structures, such as hearths or kilns.

The selection of a particular technique will
depend uponthe circumstances ofny

given archaeological research. This
requires consideration of the likely age
and type of material available and the
levels of precision and accuracy required,
and should be reflected in suitable dating
strategies. The limitations & each

technique should be considered (bearing
in mind that these may change depending
on context), as well as the need for
relating scientificalhderived information

from specific samples to contextual

information from the site, building,
artefact or lamscape.
Dating strategies should be fully

considered at the start of a project and
consistently reevaluated as new evidence
comes to light. This not only helps to
ensure that a dating opportunity is not
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missed in the field, as optically stimulated
luminescence and  archaeomagnetic
sampling must occur witn situdeposits,
but it also encourages an ajoing
dialogue between the archaeologist and
dating specialist that will only serve to
increase the reliability of any dating
undertaken. This is especiallpnportant
since thestatistical modelling and analysis
of data, where applicable, should also
form a component of further analysi¢f
the dating programme is developed and
undertaken using a Bayesian framework,
the results will be robust and a greater
precision will almost certainly be
achieved.

Building on established techniquesas
well as developing both new approaches
and novel applications of existing
techniques - offers to archaeology an
increasingly powerful set of tools.
Archaeology in turn canrpvide a driver
for developing and improving techniques.
The relationship between the sciences
and archaeology in terms of chronology is
therefore  mutually beneficial, and
absolutely essential for answering
guestions about people in the past.

1.2 Radiocabon dating

C is a cosmogenic radionuclide that is
formed continuously but not quite at a
constant rate by the reaction of thermal
neutrons with atmospheric nitrogen:

14 14
N+n- C+p

It was the work of Willard Libby and his
coworkers at the Institute for Nuclear
Studies and Department of Chemistry at
the University of Chicago that led to the
development of the radiocarbon dating
technique €.g. Libby 1946; Andersoet
al. 1947; Libbyet al. 1949; Anderson and
Libby, 1951).

The *C that is produced in the upper
atmosphere by the**N(n, p}“C reaction is
rapidly oxidised to"'CQ and mixes with
the stable isotope forms {CQ and
“CQ), giving a final atom ratio of
approximately 167 : 10°: 1 of*C :*°C :
C. The CQs taken up by green plants in
the terrestrialbiosphere and converted to
carbohydrates by the process of
photosynthesis. Subsequent consumption
of plants by animals (and animals by other
animals) transfers thé'C throughout the
entire terrestrial food chain and it is now
well established that thereis global
uniformity in natural **C/°C enrichment
between the well mixed atmosphere and
the terrestrial flora and fauna that
atmospheric carbon supports, provided
that due corrections are made for the
degree of isotopic fractionation that takes
place dumg the initial uptake and
subsequent  metabolic fixation  of
atmospheric carbon by the primary
producers (plant life) and thereafter, any
isotopic fractionation that occurs during
subsequenttransport through the food
chain. In contrast, however, the oceans
and the life that they support represent a
rather heterogeneous reservoir that is not
in equilibrium with the atmosphere.

The four fundamental assumptions in the
conventional radiocarbon dating method
are that:

1. The rate of formation of‘C in the
upper amosphere has been
constant over the entire applietfC
dating timescale (approximately
the last 50,000 years).

2. The activity of the atmosphere and
the biosphere with which it is in
equilibrium has been constant over
the applied timescale.

3. The rate of trasfer of *“C between
different reservoirs of the carbon
cycle is rapid with respect to the
average lifetime of C
(approximately 8300 years).
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4. The halflife is accurately known

On the basis of the above assumptions, all
living organisms, throughout the eni
applied*“C dating timescale, would have
been labelled to the same extent witfiC
during life, however, on deatH’C uptake
ceases and only radioactive decay (which
follows first order kinetics) then occurs.

The current internationalhaccepted
value for living, terrestrial carbonaceous
matter was determined from tree rings
formed in the year 1890 and is quoted as
0.226 Bq g of carbon. The year 1890 was
chosen as the last time that tHé&C record
was undisturbed. After this time, a
significant diluion of the atmospheric
“cQ was observed due to the burning of
fossil fuels (Suess, 1953; 1955), often
termed the Suess effect. Then, during the
1950s and early 1960s, the atmospheric
testing of nuclear weapons increased the
atmospheric*'C activity. In tie northern
hemisphere, the atmospheric activity
almost doubled by the early 1960s,
however, following the partial test ban
treaty in 1963, the activity has declined
exponentially as the exces3’C has
entered the oceans and the terrestrial
biosphere.

Age Ranges and Calculations

The entire applied radiocarbon dating
time-scale extends from about 300 years
BP to about 50,000 years BP. Samples
more recent than 300 BP are
indistinguishable from latd 9" and early
20" samples because of the Suess effect
while at 50,000BP; measurements are
approaching the limit of detection.

A radiocarbon age is calculated from a re
arranged form of the first order decay
equation as follows:

where t = the time that hs elapsed since
removal of the carbonaceous material
from the carbon cyclei€. death of the
organism),l = decay constant (In2§ =
1.2449 x 10 where t, = Libby halfife =
5568 years, A= the activity of the
carbonaceous materidlyears after death
as measured in the radiocarbon
laboratory and A = equilibrium living
activity of 1890 wood (0.226 Bq'@),
again as measured in the radiocarbon
laboratory. Because 1890 wood, which
can be considered to be the primary
standard, is limited in supply, acEndary
standard whose activity can be linked to
that of the primary standard is typically
measured. The current internationally
accepted standard is SRM90C, which is
oxalic acid manufactured from the 1977
harvests of French sugar beet molasses. It
is @mmonly known as Oxalic acid Il and is
distributed by the National Institute of
Standards and Technology, Maryland,
USA. SRM990, often termed Oxalic acid
I, was the original standard but supplies of
this material were largely exhausted some
time ago.

Because samples have to be corrected for
fractionation, the equation is more
correctly written as:

t:i néAONz
/  BAsnH

where Ay is the activity of the Oxalic acid
Il standard normalised for fractionation
and Ayis thenormalised sample activity.

It is now well established that none of the
four assumptions quoted above are
strictly correct. For example:

1. It is now well known that there
are both long term and short
term variations in the 'C
production rate (Elsasseet al.
1956; Stuiver 1961; Damcet al.
1989; Sternberg 1992).
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It follows that if the ™C
production rate has not been
constant, it is unlikely that the
activity in the atmosphere and
biosphere could have remained
constant, in particular as reservoir
sizes hge also changed through
time in response to climatic
change.

It is now well established that
contemporaneous terrestrial and
marine organisms will give
different radiocarbon ages due to
the long residence times of
carbon in the deep oceans
(approximately 2000-3000 years)

and the fact that the surface
20Slya FNB | YA
TNRBY GKS RSSLI 2
carbon from the atmosphere,
resulting in organisms that are
supported by surface ocean
carbon having an age offset of
about 400 yeargmarine regrvoir

effect). This is further complicated
by the fact that thermohaline

circulation and upwelling patterns
mean that the oceanic
environment and the plant and
animal life that it supports

represents a rather

heterogeneous environment with
respect to 'C activities,

irrespective of corrections for
fractionation. Therefore, a
standard correction cannot be
applied to ages derived from the
marine environment to bring

them into line with terrestrial*‘C

ages. However, calibration curves
that are models based ro the

atmospheric *C record are

available for marine samples
(Stuiver et al. 1998). The

modelled marine calibration curve
(Marine09) accounts for the
global average surface water
offset R(t); however, temporal
and spatial deviations from this
offset, known as DR, are evident.

In the absence of suitable
terrestrial material, accurate and
precise quantification ofDR is
imperative for accurate
calculation of calendar age ranges
based on samples containing
marine-derived carbon. This is a
critical factor in  Scottish
archaeology where, owing to our
island location, prehistoric
communities typically exploited a
large coastal resource base.
Consequently, marinderived
material makes a considerable
contribution to the national
archaeological assemblages.
Therefae, if *C dating has to rely
on maripederived material from

am Bf? fleseC Elt@sb %tYis of
patadint ¥ ¥npofiddce  that

variations in DR are well
documented in order to ensure
good  chronological  control.
Previous SUERC studies within the
British Isles to detenine DR have
been carried out by Ascougt al.
(2004, 2005a, 2005b. 2006, 2007,
2009) and Russekt al. (2010,
2011a, 2011b), and further
research is ogoing

The Libby halfife, which is
significantly different from the
true physical haffife, is stll used
in “C age calculations.

In the case of samples derived from the
terrestrial environment, assumption 3
does not really apply and the other three
have been overcome bgorrelating the
radiocarbon dating technique with
dendrochronology. The latter has
provided a continuous sequence of tree
ring material of absolute known age,
which covers the entire Holocene.
Radiocarbon dating of decadal sequences
of this material has provided a plot of true
calendar age versus radiocarbon age,a
calibration a@rve. This calibration curve
has now been extended back to the upper
limit of detection using paired 14C and U
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series age measurements on coral
sequences, 14C dated higlsolution
marine varves, etc.

Available Radiocarbon Technology in
Scotland

In terms of radiocarbon dating, Scotland is
extremely fortunate to have 2 AMS
instruments atthe Scottish Universities
Environmental Research CenteéBUERC
and the combined AMS‘/C expertise that
exists within SUERC puts Scotland at the
forefront of C reseafs. The 5 MV
tandem AMS (National Electrostatics
Corporation) is a  muHpurpose
instrument used for°Be, °Al and**Cl as
well as 'C analysis. The second
instrument is a 250 kV single stage AMS
(SSAMS) (again National Electrostatics
Corporation) which isdedicated to *‘C
analysis. The former satisfies the
requirements of the Glasgow University,
Edinburgh University  and NERC
cosmogenic isotope preparation facilities
as well as the SUERC Radiocarbon Dating
Laboratory and theNatural Environment
Research Coawil (NERE Radiocarbon
Facility (Environment). The SSAMS is
dedicated to making measurements for
the two radiocarbon laboratories. For
clarity, both radiocarbon laboratories are
managed by SUERC. The NERC
Radiocarbon Facility (Environment) was
establishedto meet the need within the
UK for radiocarbon analyses in NERC
supported areas of environmental and
Earth sciences. The SUERC laboratory
undertakes collaborative research within
the university sector as well as its own in
house research and has receivexsearch
funding from a variety of bodies including
the UK Research Counctlse Leverhulme
Trust, the UK Nuclear Industry,the
Commission of European Communities,
International Atomic Energy Agency
Historic Scotland and English Heritage.
The commercialwing of the laboratory
undertakes radiocarbon analyses in a
number of fields but the main focus is
archaeology. The laboratory currently has
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the capacity to produce around 5000 AMS
targets per annum, of  which
approxmately 3500 would be unknown
age samples and 1500 would be
standards. Currently a total of around
3500 targetsare measured The standard
target size is 1.5 mg carbon for routine
analyses but for research purposes
samples of a few tens of micrograrnhave
been measured For standaresized
targets routine precision for samples of
Holocene age is + 38b years at 1 sigma.

Emerging Opportunities

There are a number of opportunities
arising from the orgoing research at
SUERC. These include the following:

1 High precision AMS analysisthe
capability b measure unknown''C
samples to a precision of between 1
YR g 816 years) has been
demonstrated (Cooket al. 2010).
These results were backed up by
quality  assesment data that
confirmed both the accuracy and
precision of the measurements on the
unknowns. This capability will be used
in an application currently being
prepared that will include the dating
of Early Iron Age crannogs whose
construction phase falls on theo
called Wallstat Platea@ There are
many other potential applications
that would benefit from high
precision data, particularly if used in
combination with Bayesian statistics
(see section 6)

1 Maximisation of Impact of dating
information: There is a need for
people in Scotland with a good
background in Bayesian statistics (and
archaeology) who can help
archaeologists to design their'C
dating programs to achieve the
maximum amount of information. In
particular, someone with a good grasp
of calibration programs such as OxCal
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that use Bayesian techniques.Dr
Derek Hamilton is a reoe
appointment to SUERC staff and has
that expertise (Hamilton and
Haselgrove 2009Hallet al.2010).

T /2YLRdzy R {LISOADAO
Gillian MacKinnon is a SAGES
appointment whose remit is partly to
develop compound specifféC dating.
This presents an opportunity for
research grant applications on such
topics as food residues in pottery, etc.

1 Enhance understanding of marine
and freshwater reservoir effects:
There is a definite requirement for
archaeologists to understand the
effects of non terrestrial food
resources in the human diet on
calibration of *C agesof human
remains There are potential
opportunities for research in this
area. The SUERC Ilab. has been
researching both marine and
freshwater reservoir effects for
around a decade (Cooét al. 2001,
2002; Ascoughet al. 2004, 2005,
2006; Russedt al.2010).

More generally, there is an oppanity
for archaeologists in Scotland (in
professional, academic and private
sectors) to formulate and submit research
grant applications with SUERC staff and to
achieve meaningful collaborations on a

range of archaeological problems
requiring '“C andbr siable isotope
measurements.

Historic Scotland(HS) has funded the
development of an o#line system to
KFyRES |
funded radiocarbon dating. The system is
based on a database, linked tioe Online
AccesS to the Index of archaegical
investigatioh$ GASIE @hich will provide

the applicant with an ofscreen
application form and will permit the
submission of the formelectronically to

the HS programme supervisor for
consideration The programme
adzLISNIDA a2 NDa R&aed A 2y
directly back to the applicant and
forwarded to the'C laboratory. If
approved, the applicant will then be
instructed to dispatch the samples and

the lab will be forewarned of their
imminent arrival. The system will allow
applicant and supervisdo communicate

to resolve problems. Once the analysis is
complete, the system will then transmit

the radiocarbon result certificate to both

the supervisor and applicant. At the time

of writing (April 2011), the system is
undergoing further benclesting. ®me

minor faultsremains to be ironed out but
HShope to see the system running by late
summer 202.

HS also hope that once the system is up
and running well they will be able to
upload all the existing’C results funded
through HS or its predecessor besdl
These data will be available through the
same online database system and will be
supplemented as each new batch of result
certificates is issued. The system has the
facility of not moving results into the
public domain if some compelling reason
exists for confidentiality.

NOKF S2t23Aad0aQ
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Figurel: Graphical representation of the calibration of radiocarbon results for carbonised residues
from Perth, ScotlandThe chronological model for Shelly Ware in Perth is as previously described in
Hall et al. (2007). It is composed of thé’C measurements on 15 carbonized residues from 11
different archaeological contextsThe measurements are in agreement with the model assumption
that they belong to a single phase of activityThis activity dates tle introduction of Shelly Ware in
Perth to cal AD 9361020(95% probability start Shellyware: Perth, Scotlandcal AD 9601000(68%
probability)]. Shelly Ware fell out of use in Perth ical AD 10201120 (95% probability end
Shellyware: Perth, Scotlandcal AD 10301070 (68% probability]. (N.B. These results vary very
slightly from those analysed using OxCal 3.10 and reported in étadl. (2007)).

1.3 Cosmogenic nuclide and Ar/Ar
dating techniques and facilities in
Scotland

Introduction and explaation of the
technique

The terrestrial cosmogenic nuclide (TCN)
and “°Ar/*Ar chronometric techniques

! Ar =Argon, K= Potassium, Be = Beryllium, Al =
Aluminium, Cl = Chlorine, Ca = Calcium, He
Helium, N = Neon, Sr = Strontium

are widely wused in Earth and
environmental sciences. TCN techniques
rely on the ingrowth of nuclides within
the mineral lattice (hencen situ TCNSs) as
a result of the interactions between
secondary cosmic radiation and minerals
in that lattice, and the AAr technique is a
development of the technique that relies
on the decay of K to Ar to date volcanic
rocks and weathering products. Recent
technical adances in both fields now
allow the techniques to be used on
timescales that are relevant to
archaeology, and although technically
challenging, both techniques are now
capable of measuring sth000 year

ages. TCNsl OOdzYydz 4SS G GKS
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surface and so rpvide a chronology of
exposure (Siamet al. 206; Dunai 2010).

Recent archaeological applications include
the dating of flint arefacts and building
structures (Akcar et al. 2008) TCNs can
also be used to determine rates of
erosion, and multiple nucles with
different halflives can be used to date the
deep burial of materials (e.g., in caves
where the materials are cut off from
cosmic radiation). Such burial dating
isbest suited to older settings, however,
such as Palaeolithic stone artefacts that
hawe been buried for hundreds of
thousands of years, and so is not likely to
be useful in thecurrently understood
Scottish context.

A blog of Dr Greg Balco of the Berkeley
Geochronology Center in California has a
very useful and upo-date discussion of
the issues associated with burial dating
and its applicatioh Novel applications of
multiple nuclides with different halives
are also being developed for determining
ages of timing and amounts of soil erosion
in the past, with potential applications to
archaeological settings (see below).

Ar/Ar dating is limited to ¥ich minerals,
such as sanidine, from volcanic ashes and
is primarily used to bracket the timing of
site occupation. The SUERC Ar/Ar
laboratory has three magnetic sector
mass spectrometers kich it operates for
the NER@unded national facility.

A survey of the Scottish application
and a brief literature review

As far as is currently knowl,CNs have
not yet been exploited directly in Scottish
archaeological contexts, but there is great

2

(http://cosmognosis.wordpress.com/2010/11/
03/exoticburialdatingmethods/,  accessed
15 July 2011)

potential for their application, given the
research capacity and analytical capability
that are available in Scotland (see below).
In Israel, for example, Veret al. (2005)
interpreted the differing'°Be contents of
independently dated chert tools in a cave.
They argued that the chert for artefacts
with very low ®Be concentrations must
have been obtained from mines or pits
deeper than a few metres (i.e., below the
depth of production of'°Be), whereas
others artefacts had measurable but
variable®Be contens, indicating that the
chert for these artefacts had been
obtained from either deposits of varying
depths (i.e., varying degrees of exposure
to cosmic radiation) or from surface
materials that had had varying durations
of exposure at the ground surface.n |
other words, TCN analysis in this context
is a valuable tool for provenance studies
and other specific applications may yet be
developed.

Research capacity within Scotland

There are two types of TCNs, radioactive
OWNY &BDBARSAQU | YR-
nuclides, primarily®Be,?°Al and®*ClI, with
“C  currently in development, are
extracted from exposed rocks and
minerals, at several dedicated
laboratories in Scotland.

Note that consideration here is af situ
C that is formed in the crystal lattiasf
quartz by spallation of oxygen by
secondary cosmic radiation, and not the
“C that is formed in the upper
atmosphere by spallation of nitrogen. The
C formed by spallation of N is oxidised to
CQthat is taken up in photosynthesis and
forms the basis 2 T
radiocarbon dating. That'’C can be
0K2dZAaAKG 27
the atmosphere) and there is likewise
meteoric °Be that was used in the 1980s
and 1990s but fell into disuse once the
theory and practice ofin situ *°Be had
been formulated by Lal (1988). The use of
meteoric *°Be is currently being revived
for landscape evolution studies (Gralety

adrofSo
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al. 2010; Willenbring
Blanckenburg, 20100

and von

SUERC hosts the joint GlasgBWERC
laboratory and, on behalf of NERC, the
Cosmogaic Isotope Analysis Facility
(CIAF) dedicated to UK scientists. The
University of Edinburgh laboratory is in
the School ofGeoSciences®Be, 2°Al and
“C are extracted from quartz, involving
two processes: (i) the preparation of ultra
pure quartz from tle sample rock, and (ii)
the extraction of the relevant nuclide
from that quartz, by chemical means in
the case of%Be and°Al, and by heating in
the case ofin situ *“C. %Be and®Al is
extracted and prepared for measurement
at all three Scottish fadies, whereas
Edinburgh is the only facility in Scotland
that has historically had capability for
extracting cosmogeni®Cl (generally from
CaC@bearing rocks, in which th&Cl is
formed from Ca). SUERC hosts a
developmental line for the extraction and
graphitization ofin situ **C from quartz,
being currently one of probably only three
laboratories worldwide that is producing
repeatable measurements i situ*‘C in
WYdzy | ysampleQFulop et al. 2010a).
All radionuclides are measured using the
5 MV tandem accelerator mass
spectrometer (AMS) at SUERC, the only
AMS for cosmogenic nuclide
measurements in the UK and the only
AMS worldwide dedicated solely to
geosciences applications.

The stable TCN7He and ?!Ne, are
measured at the SUERC noble gasope
laboratory. It is equipped with a new
HELISFT multiplecollector mass
spectrometer capable of highly precise

cosmogenic He and Ne isotope
determinations.
Emerging opportunities, future

research areas, and future needs

The foregoing highlights & fact that
{020t YR K2aida
expertise and preparation facilities for
TCN analysis, and certainly all of

{O2Gt I yRQ&a FylFfedaAaolft
an unparalleled opportunity for Scottish
archaeology.

It has been noted above thahere are
two principal routine uses of TCN analysis,
namely, surface exposure dating and the
determination of catchmentveraged
rates of erosion. Surface exposure dating
is widely used to provide ages of
deglaciation for Scotland (e.§troevenet

al. 2010) and for the ages of particular
landforms (e.g., Fabeit al. (2010) for the
famous Parallel Roads of Glen Roy; Stone
et al. (1996) for the raised rock platforms
of Lismore). There is obvious potential
here for dating the emergence of Scottish
coastal landscapes from below sdavel
for subsequent occupation. Unpublished
TCN surface exposure dating of raised
beaches on Jura, for example, confirms
their Late Pleistocene emergence and the
extreme rates of glacigsostatic surface
uplift immediately after deglaciation
(Fabel et alin prep), and many glacial
landforms are amenable to the same type
of analysis in an archaeological context.

TCNs can also be used to determine

catchmentaveraged rates of erosion,
provided certain conditions can be met
(Dunai 200, 122). Thus,

geoarchaeological investigations could in
principle include determination of
catchmentaveraged erosion rates, but it
must be remembered that the rates so
determined integrate the erosion rate for
the time period it takes the material to
get from 2m depth in the regolith/soil to
the ground surface, where it is detached.
New work using nuclide pairs, one of
which isin situ *"C, has the potential to
quantify the timing and amount of &-
point Holocene soil erosion (as opposed
to the catchmenmaveraged rates provided
by TCNs or, indeed, by sediment
flux/mass balance studies). This new work

utilises depth profiles ofn situ "Be and
14

@A NI dzl G 1 gedimentsfsoils,ofknoyn age andy ¢ 5

exploits the different production rates
and halflives of the two nuclids to the
timing and amount of Holocene soil
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erosion (e.g., Fulopt al. 2209, 2010b). At
this stage, the work is laborious,
expensive and developmental, but
virtually all analytical geochronological
techniques are thus as they are developed
but ultimatelybecome more affordable as
they become more routine.

It is worth recalling here that the
application of all geochronological
techniques is never fully routine, though
some are more widely understood than
others and their assumptions (and the
associated pantial pitfalls) are part of
0dKS Wg2N] Ay 3
archaeologists. TCN analysis is still overall
in a developmental phase, although it is
reasonable to state that its application is
becoming more routine. The assumptions
YR
technique are probably less likely to be
routinely well understood by
archaeologists. For that reason, it is
essential that anyone seeking to employ
TCN analysis link up with a practising TCN
analyst (or, at least, an experienced user).
The walth of capability and experience in
Scotland where by far and away the bulk
of UK expertise in TCN analysis resides
should make that relatively easy for
anyone interested in TCN analysis.

1.4 Luminescence
archaeology

dating in

Luminescence dating utilise energy

deposited in mineral lattices by naturally
occurring ionising radiation to record
information encoding chronology,
depositional process information, and
thermal history records in ceramics,
lithics, and sedimentary materials. The
information is sbred through charge

trapping processes in populations of point
defects in common minerals, and can be
reset by heating (for ceramics and heated
lithic materials) and/or exposure to light
(for sediments and exposed rock
surfaces). Luminescence dating qufias

the radiation exposure experienced by
target minerals (usually quartzes or
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feldspars) from the sample as an
aGSljdzA @1t Sy R24S¢ >z
(Gy), and representing the mean radiation
dose which would reproduce the
observed natural signal levels ahe
sample as prepared in the laboratory. The
GR2aS NI GSé¢xz
determined by combining field and
laboratory analyses of the levels of
naturally occurring radionuclides and
cosmic radiation with an appropriate
microdosimetric model for e mineral
phase in question. The luminescence age
Ad SadtAYFriSR FNRY

The age range of luminescence dating
extends from modern samples (<10 years)
to 10°-10° years, thus covering all periods
ofikka®n human ocupation of Scotland,

and much of the Palaeolithic elsewhere.
Precision of dating varies from sample to
sample, and from context to context,

depending on individual sample
characteristics (mineralogy, luminescence
sensitivity, stability and homogeneity of
the radiation environment, and the

quality of initial zeroing). Typically
precisions of +2-10% of age can be

achieved with 5% dating precision
representing a reasonable target for
general purposes. A well calibrated
laboratory can produce accuracy at the
lower end of the precision scale. For high
quality work it is important that the

environmental gamma dose rates are
recorded insitu at time of excavation,

which is most readily facilitated by
involving the dating laboratory in

fieldwork.

The key importane of luminescence
dating within Scottish Archaeology lies in
the nature of the events represented by
the various dating materials. In this
respect, and in extending the range of
dating materials and questions available,
there have significant development®
recent years, and more can be
anticipated.
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For heated materials both
thermoluminescence (TL) and Optically
Stimulated Luminescence (OSL) can be
applied. TL analysis has the advantage
that it can also reveal thermal history
information ¢ enabling the hermal
exposures of early ceramics, and heated
stones to be estimated as a by product of
dating. This has provided evidence for fuel
poverty in prehistoric island communities
in Scotland, and also in a contemporary
setting has been used to assist civil
engneers with assessing fire damage of
modern concrete structures (notably the
Storebaelt and Channel Tunnel fires). In
addition to ceramics the application of
TL/OSL dating to hearthstones provides a
direct indication of abandonment, since
the last heating of a hearth relates
directly to the end of an occupation phase
in a domestic structure. This has been
applied to prehistoric settlements in
Orkney, where there is evidence of
abandonment of marginal settlements at
times d environmental stress, and to Ino
Age hut circles in the Scottish Borders,
where abandonment coincides with the
Roman occupation of the region. Other
fire damaged structures, including
spectacularly vitrified forts, can be dated
by TL, as can burnt stone mounds which
remain an abundant rd enigmatic
resource within thdandscape

In the sedimentary field there have also
been important developments. The
NEO23ayAlGAZ2Y AY iKS
luminescence signals could be zeroed by
light exposure has led to the development
of photostimulatedluminescence (PSL) or
Optically Stimulated Luminescence (OSL)
methods and associated instrumentation
which have dramatically enhanced the
potential chronometers for studying
archaeological sites and landscapes. A
wide range of aeolian, fluvial, alluvialén
colluvial materials have been studied
worldwide for mainly quaternary research
purposes. Archaeological applications are
also increasingly prominent in the
literature. The ability to date clean wind
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blown sand layers in archaeological
landscapes and seguces provide
important opportunities to examine
humanenvironment interactions, and in
particular the impact of past storminess
on early communities. This has external
links to the North Atlantic climate system,
and also to the development of greater
understanding of the environmental
factors which accompany changes in
settlement pattern, and population
movements. Within sites the recognition
that some constructional activities can
also reset the luminescence age system
for underlying sedimentary substragenas
profound implications for dating incised
features and certain built structures.
Within Scotland this has been used to
date, for example the rsetting of the
Hilton of Cadboll stone, and other
monuments in Orkney including the ditch
fills of the Ringof Brodgar within the
World Heritage Site in OrkneyOn the
international scene, researcherdased in
Scotland have used these methods to
provide the first dates for ancient canals
in the early rice cultivating empires of SE
Asia, and to understand theydamics of
incised features within Neolithic sites in
the Mediterranean and Southern ltaly.
Importance aspects of OSL dating of
sediments within complex sites relate to
establishing whether individual samples
have been effectively zeroed at time of
final enclosure within the site formation
processes, and whether they have been
satjebtdtoCpostdé BB riaIadistubbdnkel
resulting in mixeeage materials. Two
significant developments have greatly
assisted the task of resolving such
complexity. One is the dewgdment of
rapid OSL profiling methods, originally
using series of small samples analysed in
the laboratory to map sedimentary
stratigraphy, and more recently with the
development, at SUERC, of field portable
instrumentation which can be used to
detect invesions, agaiscontinuities, and
redepositional sequences during
excavation and sampling. The other is the
development of smalaliqguot and single
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grain OSL methods which can generate
dosedistributional information  using
automated equipment in the laboraty,
and thus providea means of monitoring
and accounting for mixedge and
partially zeroed materials within sediment
samples.

Finally there has been recent recognition
of the potential for surface bleaching of
luminescence signals in rock surfaces and
worked stone objects to generate dating
opportunities for these classes of
materials. Further methodological
research is required to refine physical
models for these processes and to
develop robust means of extracting dating
information from them. But these
approaches may hold new opportunities
for dating lithic monuments such as
standing stones, chambered tombs or
other built monuments which can
currently only be placed into their cultural
and chronological contexts using indirect
means. They may also prdei a means of
enhancing understanding of the duration
of use of portable stone objects (including
handaxes) prior to deposition within
archaeological sites and landscapes.

Scotland is well placed to contribute to
high quality research, development and
appication of Iuminescence dating,
having the combination of a good science
base with well established and developed
expertise in this area, and a wide range of
monuments, landscapes and materials
covering the last 8000 years to which
these methods could bepplied. Critical
to such work is developing and sustaining
effective collaborative working
arrangements between archaeological
units and the research laboratories, since
provision for luminescence dating and its
associated sampling needs to be
embedded imo excavation planning and
operation from the outset to achieve
effective results.

1.5 Dendrochronology in Scotland
Dendrochronology is the technique of
dating wooden structures and objects
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through the measurement and analysis of
the growth-patterns of theparent tree. It

is the most precise dating technique
available to building historians and
archaeologists because, given a complete
sample with bark edge, the calendar year
in which the tree was felled can be
identified. The statistical correlations on
which the dating method is based also
enables the source of the wood to be
provenanced. Other  growthing
parameters (Blue Intensity see Wilsoret

al 2011) are being developed but all the
dating work reported below is based on
ring-width measurement.

In Sotland there is a commercial
dendrochronological laboratory at AOC
Archaeology Group where Anne Crone
specialises in the analysis of standing
buildings and archaeological materials. In
the School of Geography and Geosciences
at the University of St Andrew®Rob
Wilson and a team of postgraduates is
working on the development of a native
pine network based on living trees and
subfossil data. Coralie Mills is a research
fellow at St Andrews and provides
freelance dendrochronological services
for both the culural and natural heritage
sectors.

As in the rest of the UK
dendrochronological studies in Scotland
have focused primarily on oalQ(ercus
sp.), because this is the species most
commonly used in construction from the
Neolithic until the posimedieval perial.
Chronological and geographical coverage
in Scotland is patchy and the existence of
robust local chronologies influences the
likelihood of successful dating. The bulk of
the oak data for Scotland has come from
the sampling of standing buildings, with
only small amounts coming from
archaeological and other sources.
Consequently, there is more data for the
medieval and posinedieval periods than
for earlier periods. From the medieval
period one issue dominates cultural
dendrochronology in Scotland and thist
the distinction between nativgrown and



Science in Scottish Archaeology

imported timber, and the implications this
has for woodland history and the timber
trade. Until the late 18 century long
lived native oak was widely available and
has been found on many urban medieval
sites (Cone 2000a) and in buildings such

as Glasgow Cathedral, Caerlaverock Castle
(Baillie 1977) and Darnaway Castle (Stell &

Baillie 1993). Many of the native oak
chronologies begin growth as early as the
mid-9" century AD (Crone 2006). Native
oak has been iddiiied in only a few later
buildings, all late 1% early 17" century

in date, and this timber tended to be
young, poorlygrown oak; consequently
the dating of native oak in these later
periods remains problematic.

From the late 18 century imported oak
was used almost exclusively in building,
presumably because natisgrown oak
was in short supply. There is now an
extensive network of oak chronologies
throughout Europe and this has facilitated
the identification and dating of imported
oak in Scotland. & boards from the
eastern Baltic and beams from
Scandinavia have been identified by
dendrochronology in many buildings
dating from the late 1% century to the
late 17" century (ie Crone 2008; Crone &

Gallagher 2008). Consequently, a sizeable
WA Y L2 NJofcultirdl inaterialy(@isoret al 2011).
SELX 2AGFGAZY

corpus of ®2 G (A aK

exists which makes it relatively

straightforward to date and provenance
imported oak.

Figure 2: Sampling underway in the roof of
the Mansion House, Drum Castle,
Aberdeenshire. Native oak timber, felled
over a period of years from AD 1603 to at
least AD 1612 was used in the construction of
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this roof. This is one of a very few buildings
of this date which was built with native oak,
which probably came from the nearby Forest
of Drum. The timber was small ircross
section and knotty, with wavy, irregular grain
and compressed growth, probably signalling
poor management of the Forest in the
previous century, © AOC Archaeology Group.

Considerable progress has been made in
the analysis of Scots pinBifius sylvdss)

in recent years. As with oak it is necessary
to be able to distinguish between native
grown and imported pine. By the 17
century European sources of oak were
also dwindling and pine imported from
Scandinavia and the eastern Baltic
replaced oak ashe main building timber

in Scotland. Although there are still only a
relatively small number of dated pine
assemblages from Scotland the growing
network of master pine chronologies
throughout Europe means that dating
imported pine in posimedieval and edy
modern buildings is becoming more
routine (Crone & Sproat 2011).

This is not the case with natiagrown

pine. A programme is underway to
develop a continuous reference
chronology for the last millennium,
primarily for climatic reconstruction, but it
may also have applications for the dating

I 2YYSNDA I €
pinewoods began in the 7century the
timber was intended for both shipbuilding
and construction. However, at present the
tree-ring daa comes mainly from the
isolated remnant pine woodlands in the
Highlands and may not be representative
of the timber used in construction.
Nonetheless, two vernacular buildings in
Upper Deeside have now been
successfully dated against local reference
chrorologies (Mills & Crone 2012).

There is very little chronological coverage
earlier than the mied™ century AD, when
many of the medieval chronologies begin.
Attempts have been made to date
numerous prehistoric and early historic
sites which have producedak timbers
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but these have been unsuccessful (ie
Crone 1998a; 1998b; 2002), largely
because the sites are geographically
remote from all the reference
chronologies available for the these
periods but also because they have not
produced timbers in sufficigmumbers to
construct robust site chronologies with
strong climatic signalsAll the sites that
have been successfully dated lie in scuth
west Scotlandand their dating has relied
on their proximity to northern Ireland or
northern England, where there ar
regional reference chronologies
constructed from trees which probably
grew in similar environmental conditions
to those in SW Scotland.

Currently, only two prehistoric sites have
been dendredated; oak timbers from two
ON} yy23asz
Whitefield Loch, both in Wigtonshire,
have been successfully dated indicating
building activity in the 8 centuries and
2" centuries BC (Caverst al 2011).
Buiston crannog, Ayrshire produced one
of the largest assemblages of oak timbers
retrieved from an archaeological site in
Scotland and consequently, a robust site
chronology was constructed, covering the
years AD 250¢ 615, and indicating
building activity on the crannog in the late
6™ century and into the ¥ century AD
(Crone 2000b). Strugtal timbers from
the Northumbrian monastic settlement at
Whithorn have also been successfully
dated, producing a site chronology
covering the years AD 278752 (Crone
1997).

The only other species which has been
used in dendrochronological studies in
Sotland is alder Alnus glutinosg mainly

because it has been used extensively in
the construction of crannogs. There are
no master reference chronologies for
alder so it cannot be used directly to
obtain calendrical dates, its greatest value
lying in its potential to provide site

specific  chronological  relationships.
However, it was used successfully at
Buiston crannog where the alder
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chronology could be indirectly linked to
the dated oak chronology through
stratigraphic connection, thus providing
calendrcal dates for some of the
structures. Work on alder from other
crannogs has highlighted problems
relating to sequence length, tree structure
and growing conditions.

Future directions

Much of the dendredating of medieval
and early modern Scottish materiglnow
relatively routine and improvements in
provenancing is dependent to a large
extent on the continuing work of
European colleagues. Work is still needed
on strengthening the later sections of the
native oak chronologies, particularly the
16" and 17" centuries, while the
develgpmentaof the. natiges pine network
is critical if we are to date much of the
vernacular building stock. Efforts should
focus on the development of a continuous
tree-ring chronology for the 1
millennium BC, based on crannog tiemb,
which would help to resolve many
chronological issues for this period.

1.6 Amino acid racemization dating
Demarchiet al. (2010) has reported the
application of Intra-crystalline protein
degradation (IcPD}Yo analyse Scottish
shell midden sequencesnd the results
suggest it is a plausible (albeit relatively
imprecise) dating methodFgure6). See
also section 2.5.

1.7 Tephrochronology

Tephrochronology is a dating technique
based on the identification and
correlation of deposits of volcanic ejecta,
(volcanic ash or pumice, all known as
tephra) (Thorarinsson,1944, 1981). In
practice in Scotland this means either
atmospheric fallout of particles <200
microns in size, or cobbigrade piece of
pumice disperseaver the ocean by wind
and waves; virtually all Scottish tephra
deposits originate in Iceland (Dugmore,
1991; Dugmorest al. 199%). Dating does
not take place on the tephra itself, but on
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the eruption that produced it. As a result
it is the correlation & a tephra to its
source eruption enables the dating of that
event to be applied to tephra wherever it
is found (Dugmore and Newton, 2009).
Dating may be derived from a number of
sources such as written records, ice core
dates, sediment accumulation rateend
radiocarbon. Correlation of tephra
deposits generally relies on accurate grain
specific chemical analysis of major and
minor elements.

Firmly identified tephra deposits have the
potential to define andochron or horizon

of equal age. This may be yeprecisely
defined even if the absolute age of the
tephra is unknown. The best isochrons in
Scotland are formed byn situ deposits
from atmospheric fallout that were
originally deposited within a matter of
few hours or days (Dugmoet al. 19953).
Pumie@ in Scotland is rarely found situ

in natural contexts partly due to sea level
changes, but it does occur in a range of
archaeological contexts that are not
contemporaneous with the original,
pumiceforming eruptions. Since the first
discovery and ideification of Icelandic
volcanic ash in microscopic amounts
(cryptotephras) in Scotland (Dugmore,
1989), tephrochronology (Lowe, 2010) has
become a standard palaeoenvironmental
tool in Scotland. Tephra layers have been
ARSYUGAFASR AY
lake sediments dating from the late glacial
until the eruption of Hekla in 1947
(Dugmoreet al. 199%; Turneyet al. 1997;
Lowe et al. 08; Houselyet al. 2010).
Recent events, such as the 2010 eruption
of Eyjafjallajokull, have highlighted the
importance  of understanding the
distribution of volcanic ash deposits, but
0§KS 0SLIKNY
and lake deposits contributes directly to
sciencebased archaeology. The presence
of unambiguously identified and dated
tephra layers can prode a crucial test of
other chronological methods (e.qg.
Dugmoreet al. 1995a and b, as well as
providing otherwise unobtainable precise
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dating of palaeoenvironmental and proxy
climate records (e.g. Langdon and Barker,
2004). This allows precise corretats to

be made between high resolution
palaeoenvironmental records  within
Scotland, across Greenland, the North
Atlantic and northwest Europe.

Scotland also has excellent facilities to
geochemically analyse volcanic ash. The
Natural Environmental Resedr Council

Tephra Analytical Urit(electron and ion

microprobes) is based in the School of
GeoSciences at the University of
Edinburgh (School of GeoSciences, 2010).

It is through the definition of isochrons
and the precise correlation of
environmental reords and chronology
that tephra allows, that the greatest
potential  contribution to  Scottish
archaeology by this means can be
expected While the presence of more
than a dozen tephras can add spot dates
of great utility to longterm records (such
as 1510AD), it is the use of precisely
defined isochrons that lie across most of
Scotland that holds the greatest future
potential. Spatial patterns and their
changes through time are crucially
important to our understanding of the
past, particular during period®f rapid
cultural or environmental change and
tephrochronology can enable correlations

{ Oerdi t | yOFP®RAdq iBWitljin agyepr. jphis gan add

a spatial dimension of great utility to
other very precise records such as
dendrochronology.

Ay {O02GfFyRQa  LISH

3 http://www.geos.ed.ac.uk/facilities/tephra/



http://www.geos.ed.ac.uk/facilities/tephra/

Science in Scottish Archaeology

1.8 Archaeomagnetism

Introducion

Archaeomagnetism is a method for dating
fired materials and sediments from
archaeological sites, based on changes of
0KS 9 NIKQa
principles of the method are well
established; see Linford (2006) and
Zananiriet al. (2007). It has been used in
Scotlandfrom 1967 (Aitken and Hawley
1967) and is increasingly part of mullti
method site chronologies. The strengths
of archaeomagnetic dating are that it
dates fired clay and stone, for example
hearths, kilns, ovens and furnaceshiah
occur frequently on archaeological sites; it
dates the last use of features, providing a
clear link to human activity; it is cost
effective and is potentially most precise in
periods where other dating methods, e.g.
radiocarbon dating, are problematic

Principles and practicalities of the method

Archaeomagnetic dating is based on a
comparison of the ancient geomagnetic
field, as recorded by archaeological
materials, with a dated record of changes
Ay (GKS 9F NIl KQa
particular geograplaial area, referred to
as a secular variation curve. The
geomagnetic field changes both in
direction (declination and inclination) and
in strength (intensity) and
archaeomagnetic dating can be based on
either changes in direction or intensity or
a combinatbn of the two. Dating by
direction requires the exact position of
the archaeological material in relation to
the present geomagnetic field to be
recorded, and so the material must be
undisturbed and sampledh situ Dating
by intensity does not requirein situ
samples but is less precise and
experimentally more difficult. The vast
majority of UK studies are dating by
direction, as intensity dating is not
commercially viable at present
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For archaeological material to be suitable
for dating using magnetic diction it must
contain sufficient magnetised particles,
and an event must have caused these
LI NI AOE Sa G2 NBO2NR
field. Many geologically derived materials
eg.x 8oflsg sediments glaygr AR ¢ K §
sufficient magnefic minerals. There are

primarily two types of archaeological
SoSyia oKAOK YlI& NBad# i
magnetic at a particular moment being
recorded by archaeological material:
heating and deposition in air or water. If
materials have been heated to a
sufficiently high temperature >400C)
they may retain a thermoremament
YIdySaraliArzys oKAOK
magnetic field at the time of last cooling.
Suitable archaeological features would
include hearths, kilns and other fired
structures. Sediments may acquire a
datable detritd remanent magnetisation
from the alignment of their magnetic
grains by the ambient field during
deposition. Such an effect allows deposits
in wells, ditches and streams to be dated.
However, factors such as bioturbation and
diagenesis of sediments can saupost
depositiona]  disturbance of the
UAYS thel Y UK
archaeomagnetic dating can be applied to
features expected to date from 1000BC to
the present day, as this is the period
covered by the secular variation curve.
However, as discussed below eth
precision of the date obtained will vary
according to the period.

0KS

Samples of robust fired materials are
usually taken by attaching a 25mm
flanged plastic reference button to a
cleaned stable area of the feature using a
fast setting epoxy resin or encagi part

of the feature in plaster of Parilarket

al. 1988) Sediments and friable fired
materials are sampled by insertion of
25mm  diameter plastic cylinders.
Magnetometers used are sufficiently
sensitive for aly small samples (c. 1¢n

to be required; approximately 15 samples
are needed from each feature and it may

NE T €
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be possible to select sampling location to
minimise the visual impact if the feature is
to be preserved. In the laboratory the

remanent magnetisatin of each sample is

measured in a magnetometer and the
stability of this magnetisation evaluated
by alternating magnetic fields or thermal
demagnetisatior(Linford2006).

Once a stable magnetic direction has been
obtained, this is dated by comparing it
with the secular variation curve showing
OKlIy3asSa Ay (KS
(Clarket al. 1988; Zananiret al. 2007).
The secular variation curve is compiled
from direct measurements of the field
which extend back to AD1576 in Britain,
and, prior to tha, from archaeomagnetic
measurements from features dated by
other methods. There are a number of
factors that will influence the precision of
the dates obtained:

1. Differential recording of the field
by different parts of the feature

2. Disturbance of the matéal after
firing/deposition

3. Uncertainties in sampling and
laboratory measurements

4. Precision of the secular variation
curve itself

5. Uncertainties in the comparison
of the magnetic direction with the
secular variation curve

6. Spatial variation of
geomagnet field

the

The precision of the secular variation
curve varies with time and so the
precision of the date obtained will depend
on the archaeological period. As the
geomagnetic field has occasionally had
the same direction at two different times,
it is also pssible to obtain two or more
alternative  dates for a  single
archaeological event. In most case the
archaeological evidence can be used to
select the most likely of these. Given the
number of contributing factors it is not
possible to define the general geision of
archaeomagnetic dates but there will be
an error margin of at least50 years. It is
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important to note that, since the methods
relies on the reliability of previously dated
sites, the secular variation curve improves
as more measurements beconagailable.
Features that cannot be dated or give
broad age ranges now, may be datable in
the future.

Applications of archaeomagnetic dating in
Scotland

There have been a significant number of

9 | NI rghaeomagnstic pstudiegs Sngrotiandy §

(Figure 3), with 27 sites producing 103
dates. There are concentrated in the Iron
Age, mainly reflecting the useof
archaeomagnetic dating in the
investigation of vitrified hillfors (Gentles
1989) and within longunning research
projects. Such investigatis have the
advantage of being able to integrate
archaeomagnetic studies with other
methods to produce significant advances
in archaeological understanding (e.g.
Outram and BatR010). However, there is
a dearth of archaeomagnetic dates from
commercial arbaeological investigations
when compared with England. This may
partly be due to lack of awareness of the
method, but the main issue is the
distribution of archaeomagnetic
laboratories. There are no laboratories in
Scotland; the English Ilaboratories are
currently based in Bradford, Liverpool,
Lancaster, Isle of Man, Plymouth and
Portsmouth. Because archaeomagnetic
dating usually requires laboratory
personnel to collect samples on site, the
lack of Scottish laboratories makes the
method both expensive and able to

respond rapidly, except within the
framework  of  planned research
excavations.

Emerging opportunities

It is clearly advantageous to raise the
profile of archaeomagnetic dating in
Scotland. The method has been shown to
provide valuable archaeological
information and supplement the suite of
chronological tools available. In addition,
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the development of archaeomagnetic
dating as a method, and the wider
doy RSNEGFYyRAY3 2F G(KS
field, is hindered by the lack of data from
Scotland. The main pportunities for
progress are:

1. Increasing the level of awareness
of the potential of
archaeomagnetic dating within
Scottish excavations.

2. The consideration of
archaeomagnetic dating at the
planning stages of major
archaeological projects.

3. Targeting key pesds and

suitable material, most notably
the Bronze Age, Medieval and
9 I PudiMedaval pafibdd.y S G A O
4. Training of personnel within
Scotland to undertake sampling,
increasing the availability of the
method and decreasing costs.

5. Esablishment of an
archaeomagnetic dating facility
within  Scotland, ideally in
association with other dating

methods or within geophysics
research laboratories with
appropriate equipment.

locations for intensive sampling of
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Figure 3: The distribution of the archaemagnetic dates produced on Scottish material. Key to
placemark colours: OrangBronze Age; Greeiron Age; WhiteEarly Medieval; YellowMedieval,

Pink-multiperiod sites. ©Cathy Batt
http://www.brad.ac.uk/archaeomagnetism/
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1.9 Chronology recommendations

Most of the seven sections above on dating techniques include specific
recommendations for future work. More general recommendations are:

1 Notwithstanding the primacyf radiocarbon dating in Scottish archaeology,
create more dialogue between specialistsother dating techniques and the
archaeological community

1 Encourage the deployment ebmbinationsof dating techniques

1 Establish databases that incorporatdates obtained from different
techniques, and ensure those databases are freely available.
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2. Human and animal sciences

2.1

The human and animal sciences play a
pivotal role in archaeological science and
are at the forefrom of exciting new
directions in modern archaeological
research. The study of human and animal
remains ¢ from the microanalysis of
individual proteins to the investigation of
large burial assemblagesprovides direct
evidence for ancient human life ways,
including diet and subsistence, health,
living conditions, mobility, demography
and even modes of occupation and inter
personal violence.

Introduction

Y. A2 NOKIF S2ft23@Q
science methods in order to elucidate
aspects of the lives of past individuals and
populations, from the microscopic to
macroscopic  level.  The  discipline
incorporates a large number of different
technical approaches and analytical tools,
including field archaeology  and
anthropology, osteoarchaeology and
palaeopathology,  biomolecular  and
geochemical techniques for dietary
reconstruction and mobility studies,
palaeodemographic studies,
palaeoepidemiology, biological distance
studies and biomechanical approaches for
understanding patterns of activity. As well
as drawing on bioscience methad
bioarchaeological data in turn has
potential implications for the modern
biological sciences, including studies of
health, nutrition, demographics and
epidemiology. Archaeological case studies
have the potential to deliver diachronic
data on the scalefamillennia, rather than
decades, and study across archaeological
time-scales provides models of human
subsistence choices, health, gefiew
and adaptability in the face of broastale
climatic, ecological or demographic shifts
¢ adding vital time depth Wwich modern
studies can rarely provide.
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The study of animal and human remains is
a rapidly progressing field, as new
technologies and new  analytical
techniques emerge. These methods offer
new opportunities, not only in the study
of new materials and newuwgstions, but
also in the reevaluation of previously
studied materials and longtanding
archaeological problems. Along with this
emerging expertise, a new awareness of
the field is surfacing, with issues such as
ethics in the study of human remains
beconming ever more pertinent. With
reburial of human remains becoming an
increasing public expectation, and
retention for restudy being an academic

R NJ péeéogati“ze?étead%"?*%""fyz 30 othege

changing states is key to the future of
bioarchaeology as a discipline. Asethts

of climate change, resource depletion and
global pandemics shape policy making,
the need tomake provision for the study
of the human past becomes ever clearer.
In addition to providing the infratructure
and crosdisciplinary access to stats-
the-art technologies, there is also a
responsibility to ensure the development
and retention of a skill base and range of
expertise withinScotland. As with many
fields, national and international
collaborations will also be pivotal to
ensuring that there ishe expertise, infra
structure and oversight to approach
future challenges and opportunities

2.2

The scientific analysis of human skeletal
remains from the archaeological contexts
in which they were found is termed
human osteoarchaeology, ro
WoA2lF NOKIF S2f238Qa
WoA2lF NOKIF S2ft238Q3
the archaeological community in the UK
to refer to both animal and human
remains, is used by human osteologists
within and outside the UK (primarily the
US) to refer exclusively ttuman remains

Human Remains

gKAES O:
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(see for example, Buikstra & Beck 2006; palaeoepidemiology (Waldron 2007) in

Larsen 1997; Roberts & Cox 2003).] ancient communities. Human bone
_ _ analysis can also provide additional
Skeletal remains constitute the most  jnformation to the archaeologist on burial
direct ~evidence to enable the practices, cremation technofly and
reconstruction of biology, health, diet, taphonomic processes. For example,
social structure andiiolence and trauma missing skeletal elements may indicate
within - past popuations. Integratedwith secondary burial (Mays 2010), the colour
historical and archaeological information, of cremated bone can indicate the

osteological analysis can provide a more temperature and efficiency of burning
thorough  understanding of ~ancient  (walker et al 2008) and the condition of
populations.  Traditional methods of  the remains can indate the taphonomic
studying human remains include visual pistory of a skeletal assemblage (Buikstra

inspection and metrical analysis, altigh & Ubelaker 1994).
more modern applications, such as

medical imaging techniques are gradually  Previous studies of human remains in
supplementing these traditional methods, Scotland
giving additional tools for the study of

archaeological and fossil specimens. In the past, with some few exceptions,

studies in archaeological human remains
Basic analyses, including assessments of in Scotland have largely been carried out
age at death, sein adults, stature (Bass on a case by case basis, driven mainly, as
2005; Schaefer et al 2009; White &  Wwith archaeology in general, by
Folkens 2005) and palaeopathology  developerfunded excavation (for
(Ortner 2003; Robest & Manchester SEFYLX S hQ{dz t AGlYy wmddbnT
2005; Waldron 2009), can be used to Many of these were cremation burials

reconstruct the lifestyle of the individual. (e.g. Mercer et al 1997; Neighbour et al
Collated information can  provide 2005). Some larger studies have also been
evidence of population biodistance carried out. Table 2 gives examples of
(Larsen 1997), palaecodemography  published previous research (only sites
(Chamberlain 2006) and with several individuals are mentioned).

Tablel: Previous studies of human remains in Scotland

PERIOD SITE NO. OF REFERENCE
INDIV.
Neolithic Quantemness, Orkney 157 Chesterman 1979
Neolithic Isbister, Orkney 341 Chesterman 1983
Neolithic Quoyness, Sanday, 14 Wells 19512
Orkney
Bronze Age Barns Farm, Dalgety 24 Lunt and Barnetson 1982
Bay, Fife
Bronze Age Various, N.E. Scotlanc 60 Shepherd & Bruc&982
Bronze Age Sketewan, Balnaguarc 21 McSweeney 1997
Perth & Kinross
Iron Age Dunbar East Lothian 21 Brothwell & Powers
19646
Early Medieval Kneep, Uig, Isle of 7 Harman 1967
Lewis
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Early Medieval Four Winds,
Longniddry East
Lothian

Early Medieval Hallow Hill, St

Andrews Fife

Late Medieval Isle of EnsayOuter
Hebrides

Late Medieval Whithorn,
Wigtonshire

Late Medieval St Marys Kirk Hill, St
Andrews Fife
Holy Trinity, St

Andrews Fife

Late Medieval

Late Medieval Linlithgow, Perth,

Aberdeen
Neolithic to Scotland
Medieval

Lorimer 192
93 Lunt 1996; Young 1996
316 Miles, 1989
1092 Cardy, 1997
330 Bruce et all997
27 McSweeney 2008
c. 343 Cross & Bruce 1989
322 Lunt 1974

Standardised traditional methodology

The traditional methods for exaining
human skeletal remains have been largely
based on macroscopic, i.e., visual, and
metrical analyses. Methodologies have
developed rather idiosyncratically and
piecemeal, and some recent publications
have sought to address the previous lack
of standadised methodology (e.g.,
Buikstra & Ubelaker, 1994, Brickley &
McKinley, 2004) and professional
organisations now strive to promote
professional and ethical standafds

Sexing and Age at Death

Accurate assessments of sex and
estimations of age at death arcrucial for
an understanding of both past societies
and for identification in forensic cases.

4 e.g. The British Association of Biological

Anthropology and Osteoarchaeology [BABAO]
http://www.babao.org.uk/  Pdeopathology
Associatiorhttp://www.paleopathology.org/
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However, it is not always possible to
accurately assess sex in some individuals,
or to assign a true age to skeletal remains.
In the absence of aDNA, or histgloal
analyses, the best that can be done is to
try to link biological age (based on skeletal
development and degeneration) with
chronological ag€dCox 2000;Schaeferet

al. 2009. This is done largely by
comparing standards generated from
modern materialsof known sexand age.
Both skeletal development  and
degeneration varies between populations
and individuals; the degree of accuracy
can therefore vary and standards used
may not be relevant to the individual or
population being examined. Multivariate
sysems are recommended for the
greatest accuracyBrickley and McKinley
2004) However, research into new
methods of population specific sexing and
ageing techniques continue to be
developed, especially in the field of
forensic anthropologyCharisiet al. 2011,
Matt et al.2006)
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Figure4: (left) Body of thoracic vertebra with depression in the bone surface, indicating that a bone
projectile had penetrated the intervertebral disc space. (Late Mesolithic, Schela Cladovei, Romania)
© K McSweeney

(right) Evidence of a projectile injury in the upper thoracic vertebra with a tiny fragment of flint
embedded in the bone(Late Mesolithic, Schela Cladovei, Romania). Experiments with fresh animal
bone have shown that flint projectiles ofterdo not fully embed in bone, but leave only minute
traces that are often only visible microscopically (Smihal. 2007), © K McSweeney

The importance of understanding
taphonomic processes and burial
practices in the interpretation of
human osteologicanalysis

For the proper interpretation of human

skeletal remains, it is of primary
importance to understand the
taphonomic  processes and burial

practices that can occur both before and
after burial. For example, a current
research project on infant jar lials is
providing new information on burial
practices in Early Bronze Age Bulgaria
(Bacarov et al. 2011, Bacarov and
McSweeney 2011 Previous osteological
analyses of some of the infant remains
provided only demographic data. A recent
opportunity to mico-excavate an intact
jar burial has revealed evidence of
excarnation, partial decomposition at the

time of deposition in the jar, and
dismemberment (McSweeney,
forthcoming). This demonstrates the

importance of taking into account the
archaeological contexin which human
remains are found.
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Biocultural approach

In the past skeletal analysis tended to
concentrate on the individual; today the
thrust of osteological analysis is largely on
populations as seen within their cultural
environment. While there maybe
variations in approach according to
geographical location, the general
emphasis today in osteology is to consider
0KS WoA20dzf GdzNF £ |
first used in 1977 by Blakely:

Gl dzyl ya adzNBAgGS
cultural adaptation nor
through biolajical adaptation
but through biocultural
FRFELIGF GAZ2YE

Because culture is such an important
component of human society, population
groups must be understood within the
context of their associated culture, which
brings a far richer understanding of
biologicd data.

The holistic biocultural
specific goals:

approach has

y 2 i
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1. To document specific ways in
which biological anthropologists
can contribute to studies of
cultural processes.

2. To illustrate the interrelationship
between the biological, cultural
and environmatal variables that

affect the adaptedness, or
maladaptedess of prehistoric
populations.

3. To demonstrate the need for €o
operation among  biological
anthropologists, archaeologists,
ethnologists and other expert
investigators toward problem
sohing in behaioural
anthropology(Blakely, 1977)

The biocultural approach has led to a

number d interdisciplinary studies,
including

i Bone chemistry for dietary

reconstruction

1 Palaeodemographic studies

1 Palaeoepidemiology

9 Field anthropology

1 Biological distance studse

1 Biomechanical approaches for

understanding patterns of activity

9 Stable isotope ratios (strontium)
for establishing mobility.

Palaeopathology

The identification and recording of
pathological lesions are an important part
of human bone analysis and can pige
much information of the lifestyle of an
individual, or the health of a population
group. It should be appreciated, however,
that there are numerous limitations to
assessments of health and disease and
the analysis of pathological lesions will
only provide a partial representation.
Firstly, not all diseases will affect the
skeleton. Only those diseases and
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conditions that are chronic tend to affect
the skeleton; acute infectious diseases, or
those confined to soft tissue, will leave no
trace. Thus, inlte majority of cases, the
cause of death cannot be established.

Even when pathological lesions are
present on the bone, it may not be
possible to diagnose the disease process
that caused the lesions. Bone responds to
disease processes in a limited numbédr o
ways and many diseases will have similar
effects on the skeleton. Thus, it is more
important to describe the nature, location
and distribution of bony change, rather
than to feel obliged to attempt a diagnosis
(Ortner 2003) One can suggest
differential diagnoses, however.

The difficulties in diagnosing diseases
from human skeletal remains have been
recognised. Waldron (2009) has suggested
WhLISNI GA2Y I €
most common diseases affecting bone, for
example osteoarthritis and tubertasis.

As the distribution of lesions throughout
the skeleton is important to the accuracy
of diagnosis, good preservation and
completeness of skeletal remains can be
crucial. For example, the numerous types
of joint disease can have different
distributions of joints affected (Rogers

and Waldron 1995) In the case of

incomplete remains the diagnosis of a
specific joint disease may not be possible.

The future of the accurate diagnosis and
the history of disease may lie in
biomolecular analyses, such as aDNg:

example a current project, headed by
Prof. Charlotte Roberts of the University
of Durham, is researching the aetiology

5STAYAUGUAZ2YAQ
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and development of tuberculosis in

Britain and Europe

New imaging techniques

Traditional metrical analysis is being
replaced by newimaging techniques.
Geometric morphometrics uses
anatomical landmarks and imaging
software to explore size and shape
variation in individuals (see, for example,
Wilsonet al. 2008, 201Db; Franklinet al.

2008). Much of the work on this new tool
is being progressed by the European
Virtual Anthropology Network (EVAN), a
multidisciplinary project, which combines
Wnatomical imaging, 3D digitisation,
display, modelling, programming, and
leading edge expertise in the quantitative

analysis of anatomical variaft A 1 & Q (2
@leloAf?
*OKSANI

WEylFGd2YAOL f
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Geomorphic  morphometrics has a
number of applications that can be
utilised in the study of archaeological
skeletal populations, from comparing
variability wihin and between groups,

assessing sex in saldults (previously

problematic) and for assessing sex in
sexually indeterminate or incomplete
skeletal remains. Such computer
generated analyses eliminate the user
error that can occur in normal metrical
analyss. It can also be used to create a
digital archive of skeletal populations,
trauma or disease. The University of
Edinburgh Archaeology department has
purchased the necessary software and
hardware to conduct such analyses and is
creating a digital library hat contains

several digital archives of trauma and

5
http://www.dur.ac.uk/archaeology/research/
projects/?mode=project&id=353

® Seehttp://www.evan.at/

25

morphological variation, which is being
extensively used for teaching purposes.

Virtual Anthropology allows the study of
specimens in three dimensions through
the use of medical imaging techniques,
such & CT (Computed Tomography)

scans. This approach is ideal for
application to the study of fragile and

precious archaeological skeletal material,
and enables the study of internal features
without damaging the specimens.

Because of these properties, virtual
anthropology methods have become the
standard in the reconstruction and study
of highly valuable and fragile fossil
skeletal material, and, increasingly, also in
more recent skeletal remains. Both
cootdlnac}e -[) data, such as those used in

eomgtnc orp Cet\r}ﬁ
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additional useful measurements such as
volumes and surfaces, can be obtained
non-invasively from CT scan data.
Moreover, special chacteristics of the
skeleton such as hard tissue thicknesses,
trabecular patterns, or particular
traumatic patterns, only visible in the
endocranial surface are now available for
observation via a 3D virtual
reconstruction from the CT scan data.

Researchapacity

Until fairly recently the analysis of human
skeletal remains was conducted rather
piecemeal in the UK by amateur
osteologists, many of whom had medical
and not archaeological backgrounds (for
example, Chesterman 1979, 1983; Young
1996). The last f# decades has seen a
mushrooming of the field of
osteoarchaeology; the important
difference being that osteological remains
are viewed within their archaeological
context. Seven universities in the UK now
offer taught postgraduate degrees in this
disciplire and the number of universities
with staff and students conducting
relevant research is in double figures. The

a?“‘aESANJ
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University of Edinburgh has been offering
taught postgraduate programmes in
osteoarchaeology since 2005 and each
year since their inception haseen an
increase in student intake, both at taught
MSc and PhD levels. In 2010/11, this total
had reached 45. The level of research
currently conducted in the UK has
therefore proliferated and the resulting
research potential is massive.

Several researclstudents are currently
undertaking research in  Scotland,
including the treatment and use of human
remains in the Atlantic Scottish Iron Age
(University of Bradford), and at the
University of Edinburgh, cremation
technology and ritual in Bronze Age
Scotland the osteological examination of
the human skeletal remains from Berst
Ness, Westray, and healtistatus in
Medieval Scotland.

There are numerous collections of
archaeological  skeletal assemblages
within Scotland that could potentially be
utilised for esearch. The University of
Edinburgh holds three Scottish skeletal
populations, all of medieval or post
medieval date. Other large collections are
held at the University of Aberdeen,
Marischal Museum, thé&lational Museum
of Scotland and at various other seums

in Scotland. There is no existing record of
exactly what is held and a clear need for a
national skeletal database to establish
exactly what is available for study.

The Department of Archaeology at the
University of Edinburgh has established
collabaations with medical centres such
as the Medical Imaging Centre at the
Royal Infirmary of Edinburgh and the
Heraklion Medical Centre, Greece, in
order to acquire GBcan data for several
different studies. One of the studies
involves the creation of an eranation

protocol for evaluating trauma through-3

D reconstructions from CT scans in
archaeological and modern skeletal
remains. The goal of this project is to
establish objective criteria for the
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assessment  of  perimortem  and
postmortem trauma, including>¢ent and
severity. This project seeks to build on the
success of recent studies usingD3CT
imaging in the evaluation of trauma
patterning and the development of a
gualitative method of assigning trauma.
The protocol could be extended and could
have apflications in forensic cases, as well
as fragile archaeological specimens and to
the valuable fossil record.

Collaboration on trauma simulation is also
currently being progressed between the
Archaeology department at the University
of Edinburgh and the Rola/eterinary
College of London.

Opportunities for Further Research

Notwithstanding the above examples,
there have been few thematic, temporal
or geographic studies carried out and
there are huge opportunities for research
frameworks with such foci.

Modern medical image technology and
the use of CT scans offers the possibility
of creating virtual models (e.g. Finite
Element Analysis models) in order to
simulate impacts that created a fracture
or activities such as mastication or
locomotion that would add esential
information on the habits and welfare of
past populations.

Current research collaborations with the
Royal Infirmary of Edinburgh and the
Royal Veterinary College of London
indicate the potential for joint research
projects with medical researchersA
recent study by a University of Edinburgh
PhD student has revealed a very early
case of prostate cancer, a child with
advanced tuberculosis and a potential
case of preColumbian syphilis. These
examples have sparked the interest of
epidemiologists, hisrians and medical
specialists and indicate the possibility on
future collaboration with such
professionals.

Forensic Anthropology
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Figure5: The chapel in Ensay associated with the excavated human remains that was the subjject o
osteological analysis by Miles (1989, 1994, 1995). The remains have now been reburied. While
Miles report was extremely comprehensive and provides an important published resource, had the
remains been retained for future research, more modern osteoloditechniques, such as imaging,
bone chemistry and histological analysis, could have been applied, making the resource even more

valuable© Wikimedia commons

Together with osteoarchaeology, the field
of forensic anthropology has also
developed considerdp in the last two
decades. This discipline, which focuses on
human skeletal remains recovered from
crime  scenes, war graves and
humanitarian crises, has a great overlap
with osteoarchaology. Similar
methodologicaltechniques are applied to
osteological aalysis and archaeological
excavation methods are often applied to
the recovery of forensic human remains
(see, for example, Huntdr996).

Much recent osteological research has
been conducted by forensic specialists
working on archaeological skeletal
populations. The two disciplines therefore
havemuch to learn from each other.

Ethics

By virtue of their status as the remains of
once living people, the analysis and
treatment of human remains requires
ethical considerations over and above
those that pertainto other classes of
archaeological materials. Human remains
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should always be treated with dignity and
respect regardless of age or provenance.

The Vermillion Accord on Human Remains
in 1989 at World Archaeological Congress
Inter-Congress, Vermillion, SibuDakota,
USA adopted the following principfes

1. Respect for the mortal remains of
the dead shall be accorded to all,
irrespective  of origin, race,
religion, nationality, custom and
tradition.

Respect for the wishes of the
dead concerning dispositiorhall

be accorded whenever possible,
reasonable and lawful, when they

Vermillion Acced on Human Remains, 1990:
http://www.worldarchaeologicalcongress.org/
site/about_ethi.php
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are known or can be reasonably
inferred.

2. Respect for the wishes of the local
community and of relatives or
guardians of the dead shall be
accorded whenever possible,
reasonable and lawfu
Respect for the scientific research
value of skeletal, mummified and
other human remains (including
fossil hominids) shall be accorded
when such value is demonstrated
to exist.

3. Agreement on the disposition of
fossil, skeletal, mummified and
other remdns shall be reached by
negotiation on the basis of mutual
respect for the legitimate
concerns of communities for the
proper disposition of their
ancestors, as well as the
legitimate concerns of science
and education.
The express recognition that the
concerns of various ethnic groups,

as well as those of science are

legitimate and to be respected,
will permit acceptable
agreements to be reached and
honouredUnder Scots law all
KdzYly NBYFAya
aSLlzZ OKNBQ YR
deliberatdy is a criminal act.
While it is not an offence in every
case to disturb or disinter human
remains, the right of sepulchre is
strongly defended under the law
and an offence is considered to
have been committed if the
treatment of human remains is
deemed b have offended public
decency’.

® Historic Scotland, 1997he treatment of
human remains in archaeologyHistoric
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Further information on the treatment of
human remains can be found Marquez
Grant & Fibiger 2011) and Brickley &
McKinley(2004).

NAIKG 2F
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Scotlard Operational Policy Paper
5.Edinburgh: Historic Scotland.
http://www.historic-scotland.gov.uk/human
remains.pdf

° Also see:British Association for Biological
Anthropology and Osteoarckalogy.
http://www.babao.org.uk/index/ethicsand-
standards
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2.3 DNA

There is much potential in the use of DNA
analytical techniques in archaeology.
These methods include the analysis of
both modern and ancient nuclear and
mitochondrial DNA, chromosomal studies
and new genomics approaches. New
applications outside of Scotland have
included modern and ancient humans;
extinct and extant animals; the dettion

of DNA on asfacts to establish use, and
Ay &az2ifta IyR
ISySiadaQuT GKS
genetic material (e.g. Mycobacterium
tuberculosiy in archaeological samples;
and even the analysis of plant DNA in
order to studydomestication.

To date, very little human DNA work has
been wundertaken on either Scottish
archaeological materials, or on modern
materials to address archaeological
guestions. There are some notable
exceptions, such as the ancestry work
undertaken by Dr. ich Wilson and
colleagues at Edinburgh
University/Western General Hospital in
Edinburgh. Dr Wilson is involved in media
output and commercial enterprise (with
the founding of his own company
EthnoAncestry, offering genetic ancestry
profiling), and has receed substantial
press coverage for his work using Y
chromosome genetic markers to establish
the ancestry of modern populations in the
Western Isles, and the north of Scotland,
and the contribution of Gael, Pict and
Norse DNA to modern populations.

The andysis of animal DNA has been
incorporation into a limited number of
archaeological investigations in Scotland
to date. Notably, this includes a recent
AHRdunded project investigating the
phylogeography of the Orkney vole.g.
Cucchigt al.2009). Scottish material has
also been incorporated into other
phylogeographical studies, includirbat
of the house mousge.g. Jonesgt al.
2010) and the wild boar(Larson,et al.
2005)
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Areas for development:

Movements and diasporas
(population origins)
1 Population history (including

demography, bottlenecks, et)

1 Phylogeography of consumal
species

1 Donestication of plants and
APgals 51t f SR w3S?

Stable isotope techniques are based on
the principle that human and animal body
tissues will reflect the isotopic
composition of food and water ingested
during their lifetimes¢ Wou are what you
eatQ @ Laz2dGd2L3Sa I+ NB
the same elements, and characteristic
patterns or isotope signatures can be
useful in determining dietary habits, and
the location or environment in which a
human or animal inhakgd during life. In
archaeological case studies, analysis most
commonly involves the samples of
preserved hard tissues including bone,
tooth enamel and dentine, but can also
include soft tissues such as hair or
fingernails in certain instances of good
preservation. Analysis involves both the
inorganic components of hard tissues
(also known as bioapatite) but also
preserved proteins such as collagen which
may be preserved in bone or tooth
dentine and can be extracted through the
removal of the mineral compant
(demineralisation) and gelatinisation.

RAFTFSN

Carbon and nitrogen analysiof
collagen (bone and dentine)

The most frequently used technique in
archaeology involves the analysis of ratios
of carbon and nitrogen isotopes in bone
collagen @*C and d"N). Data from
controlled feeding studies and field
experiments have confirmed that bone
collagen and other body tissues, such as
hair (keratin), reflect dietary inputs and
that these techniques can provide a direct
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measurement of diet(Ambrose 1993)
Bone remodels during life and therefore
bone collagen can be used to determine
longterm dietary trends prior to death
(~510years) (Hedgest al. 2007). Tooth
dentinal collagen can be used to assess
shortterm changes that occurred during
childhood as these tissues form in early
life and undergo little remodelling (Gage
et al. 1989). The relative abundance of
the stable isotopes of carbo®C and**C
(d**C), vary between different habitats,
for example, between plants of different
photosynthetic pathway such as C4 plants
(tropical grasses including maize and
sorghum) and C3 plants (including all
trees, bushes and temperate grasses)
(Smith & Epstein 1971DeNiro & Epstein
1978) Carbon isotope ratios also vary
between terrestrial and marine
ecosystemgSchoeningeet al. 1983)

The stable isotope ratio of®N and *N
(d™N) increases by-8% with each step
up the foodchain, and is therefore most
commonly used to indicate the trophic
level of protein consumedBocherens &
Drucker 2003) Given that aquatic food
chains are often far longer than terrestrial
ones, nitrogen isotope data can also be
used to distinguish between
marine/freshwater and terrestrial dis
(Richardset al. 2001) Nitrogen isotope
values of animals at the same trophic
level are also influenced by a range of
other variables, and are often related to
local environmental conditions (e.g. water
availability, temperature, use of fertilisers,
stocking rate, salinity, coastal proximity,
biome) as well as physiology (see reviews
in Hedges and Reynard 2007, Britteiral.
2008).

The analysis of the carbon and nitrogen
isotope ratios in bone collagen involves
the sampling of a small amount of bone o
tooth dentine (<1g), sample cleaning and
demineralisation to remove the mineral
matrix. The sample is then gelatinised and
purified through filtration. The gelatinised
protein is dried, weighed into tin capsules
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(0.51mg in weight), and are analysed
using mass spectrometry.

Strontium and oxygen analysis of
bioapatite

Although less common than the analysis
of bone collagen, the other most
frequently used type of stable isotope
analysis in bioarchaeology is the
strontium and oxygen isotope analysis of
dentd enamel. Enamel, like bone, is
formed of a material known as bioapatite,
however, unlike bone, the densely packed
crystalline structure of enamel makes it
preferential for this type of isotope
analysis as it less resistant to undergoing
chemical changes ni the burial
environment (known as diagenesis)
(Hoppe et al. 2003) Unlike bone, tooth
enamel is not remodeled during life, and
therefore the isotopic composition of
tooth enamel is directly related to
environment and diet during dental
formation (i.e. duing childhood).
Therefore, isotope data determined from
dental enamel can be compared to the

local environmental and geological
parameters, identifying indigenes and
potential immigrants. The strontium

(®'srf°sr) isotope ratio of enamel is
directly relatel to the ®’Srf°Sr ratio of
ingested plants and, ultimately, that of
the soils and water available to the plants.
This has been demonstrated to correlate
with underlying geology and been used to
explore human and animal mobility in the
past(see review irBentley 2006)%'Sr/f°Sr
analysis involves the sampling and
dissolving of small section of tooth
enamel (<20mg) in a strong nitric acid in a
high-grade clean laboratory. A series of
steps are then undertaken in order to
isolate and extract dissolved stronin
from the sample solutions. Samples are
analysed using mass spectrometry.
Another method, utilising laser ablation
techniques, can be used on intact samples
without the need to dissolve samples
prior to analysis. This is virtually non
destructive, altbugh measurements may
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solution methods.

Oxygen (**0 and *®0, or d"°0) isotope
ratios of tooth enamel can also be used to
help identify the place of origin of
individuals, as He oxygen isotopic
composition @'®0) of body water is
directly related to meteoric water
O2yadzySR RdzNRy 3
Longinelli 1990), wibh is in itself closely
related to local temperature (Dansgaard
1964). Therefore, when used in tandem,
these methods can help to pinpoint likely
areas of geographical (geological) and
climatic origin of individuals. Given that
teeth form incrementally, aalysis of sub
samples of enamel for either oxygen or
strontium isotopes can be used to gain
time-series information (e.g. Balasseal.
2005, Brittonet al. 2009) Oxygen isotope
ratios are commonly determined through
the analysis of dental enamel, incind
the powdering of a susample of enamel
(<20mg) and subsequent reaction with
ortho-phosphoric acid. This GProduced

is then analysed for carbon and oxygen
isotope ratios using mass spectrometry,
measuring the bulk oxygen in a sample.
However, anothemethod, in which the
phosphateonly component of the
bioapatite crystal is first isolated (through
the formation of silver phosphate) and
then analysed, may also be used. This
method is sometimes favoured on the
reasoning that the phosphate component
of the bioapatite crystal is better
protected against diagenetic alteration.

Archaeological applications

Isotope analysis is now playing a routine
role in many archaeological projects and
is a key method utilized for investigating
human diets and subsistencstrategies,
animal husbandry practices, movements
and migrations, and individual life
histories (through the analysis of
incrementally developed tissues). By far
the most common application of isotope
analysis to archaeological case studies is
the analysisof the ratios of the stable
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(d™N) to archaeological bone collagen to
reconstruct longterm dietary history of
individuals. In other areas of the United
Kingdom, this has been applied to human
remains from the Paladithic (e.g.
Richardset al. 200, Schultinget al. 2005,
Stevens et al. 210), through to the
Mesolithic (e.g. Schulting and Richards

t A F 800220 SERUIMG &bl Richdrdé F0Q2Db)

Neolithic (e.g. Richards and Hedges 1999,
Richards 2000, Richards al. 2003) and
later Prehistoric periods through to the
Roman(e.g. Chenergt al. 210, Fulleret

al. 2005, Jayet al. 208, Redfernet al.
2010, Richardet al. 1998) and Medieval
periods (e.g. Fulleret al. 203, Muldner
and Richards 2005, Muldner and Richards
2007b, Richardst al. 202, Robertst al.
2010) There have also been a small
number of published diachronic studies,
assessing dietary change at the same
location through time(e.g. The City of
York, Muldner and Richards 2007a&)
smdl number of studies have also utilized
these techniques to investigate other
aspects of human life histories and
population demography, such as the age
of weaning in the late Medieval period
(Fulleret al.2003, Rehardset al.2002)

Although applications are growing, a far
smaller number of studies have
incorporated strontium isotope analysis
(®’SrP®Sr) of bioapatite (normally tooth
enamel) ¢ a method utilized to explore
geographical origins of individuals and
movements they may have undertaken
during their lifetimes(e.g. Chenenget al.
2010, Eckardtet al. 209, Evanset al.
2006a, Evan®t al. 206b, Montgomery
2002) The reasons for the smaller
number of such studiecompared to
other isotope approaches) largely relates
to analytical costs. Strontium isotope
studies are often conducted alongside
stable oxygen isotope analyses'¥@), in
order to provide complimentary climatic
or palaeotemperature proxies t&/Sr/°Sr
data to better establish geographical
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origins of individualge.g. Eckardet al.
2009)

In addition to applicationsof isotope
analyses to human remains, these
techniques have also been applied to
zooarchaeological materials in order
investigate the palaeoecology and
biogeography of archaeologieahportant
prey speciegBritton et al. 209), as well
as foddering and other husbandry
practices employed by human populations
while raising domesticates. This has
included the successful identification of
animal husbandry practices rarely found
in modern contexts such as satarsh
grazing (Britton et al. 2008) and the
seasonal movements of animals between
different types of pasture(Evanset al.
2007). Animal isotope data¢ whether
wild or domesticate¢ is also a vital
component of any human isotope study in
ordeNJ (i 2

Previous Isotope Archaeology Studies
in Scotland

In comparison to other areas of the UK,
there are have been relatively few
published stable isotope  studies
conducted on Scottish archaeological
material, and even fewer that have been
led by archaeological research groups
within Scotland. Although there are some
obvious issues with the availability of
material from certain timeperiods (e.g.
the scarcity of skeletal material from the
Palaeolithic and Mesolithic), and issues of
preservation (due to often acidic soils),
the amount of work conducted in
Scotland is certainly not representative of
the quantity of archaeological material
excavated or adequately addressing the
key issues of modern Scottish
archaeological investigation. Much work
to date has focused on the Islands,
including Orkney and the Hebrides.

e.g.

1 MesolithicNeolithic dietary
transitionsin Orkney(Mieklejohn
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et al. 205, Richards 2004,
Schulting and Richards 262

1 Seaweed foddering in Neolithic
(and modern) sheep the Orkney
Isles(Balasseet al. 205, Balase
et al. 206, Balasset al. 2209)

1 A single diachronic dietary study
(Iron Age, Viking and Late
Medieval) in Newark Bay, Orkney
(Richardset al. 206)

1 Hebridean migrations including
origins of Norse communities
(Montgomery et al. 203,
Montgomery and Evans 2006)

1 Strontium isotope mapping of the
Isle of Sky¢Evanset al. 2209)

91 Isotope analysis of archaeological
faunal material on South Uist

Satl ot AAKSDR®AdA G I @Wibidleetd. bndo t

There has been a limited amount of
published isotope work conductedn
archaeological material from the Scottish
mainland, including a study of the diets
and origins of the Bishops at Medieval
Whithorn (Muldneret al. 2009).

A recent project funded by the US
National Science Foundation, headed by
T. Douglas Rre, involving Janet
Montgomery (Bradford) amongst others,
is utilizing Scottish material in a larger
project looking at Viking migration in the
North Atlantic. Some of this material (e.qg.
that from the Hebrides) has already been
published, along with thatfrom other
areas of the North Atlanti¢e.g. Iceland,
Price and Gestsdottir, 2006)

Another recent largescale AHR@inded
project, The Beaker Isotope Project
assessing mobility, migration and diet in
the early Bronze Age, also incorporated a
limited amount of Scottish matel. To
date, much of this material is being
prepared for publication.
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Future Areas of Focus

More studies

Given the potential of isotope methods to
explore ancient lifavays, there is a clear
need formoreisotope studies on Scottish
material. General aereness of the
potential of isotope analysis of animal or
human remains should be promoted, and
there inclusion in bioarchaeological
studies should be endorsed. Although it
should be noted that such studies be
conducted by specialists (i.e. isotope
archaedogists), or in collaboration with
those specialistsit is essential not only
that scientific analytical techniques are
robust, but also that data are interpreted
within in a robust archaeological
framework by those who thoroughly
understand the limitations of isotope
archaeology, understand the processes of
archaeological investigation and
appreciate the archaeological
relevance/setting of the material under
investigation

Growth of isotope archaeology research
groups, laboratories and collaborations
within Scotland

England now hosts several isotope
archaeology research groups with
dedicatedin-house analytical facilities at a
number of universities (e.g. Oxford,
Cambridge, Reading, Bradford). These,
along with other global research centers
such as those taHarvard University,
University of British Columbia and the
Max Planck Institute for Evolutionary
Anthropology, Leipzig, are also testament
to how successfully dedicated isotope
archaeology facilities can produce
research of international significance. No
such research groups currently exist in
Scotland. This is highlighted as an area of
potential development, alongside further
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effective integration with isotope work at
environmental science (SUEKC)and
agronomic  research  centers (e.g.
University of Dunde), and the forging of
international collaborations.

To date, of the published isotopic
archaeology studies conducted on
Scottish material, it is notable that few of
these studies were undertaken by Scottish
research teams or in Scottish laboratories.

Identification of key issues and research
frameworks

In additional to the above, it is also clear
that there are numerous aspects of
Scottish archaeology that would be
particularly  benefit from  isotopic
investigations and areas for future focus,
including:

Movements The fundamental research

carried out by Jane EvansERC Isotope
Geoscience LaboratatyKeyworth) and

others, has produced a general map of
WoA2l OFAfofSQ adNRyOAdzy
and more detailed maps of certain regions

of ScotlandEvanst al. 209, Evanet al.

2010) These studies go beyond
traditional geological mapping, and
provide the framework in which

archaeological investigations can take
place. There is much potential in Scotland
to utilize geographically/geologically
varying isotope systems'grf°sr, d®0,
d**S) to explore human and animal
mobility. Given that bulk and incremental
tooth samples can be taken, there is the
potential for research to take place at a
variety of scales, fromwithin lifetime

04
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8srPosr. 2P/ O'PbF*%b isotopes for topics

such as climate, diet, populatiomovement,

and source provenance is available. Analysis of

13's for dietary work is currently being
developed and should be available by autumn

2012.
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movements, landscape use (exploring
aspects of animal husbandry and
transhumance) and general population
mobility to larger issues such as
colonisation, and modern and ancient
diasporas.

Diachronic changes in diet and health
addition to site-specific dietary studies,
there is a need for mulperiod dietary
studies in Scotland. Diachronic stable
isotope studies (carbon and nitrogen) are
very effective ways of assessing changes
in diets and subsistence strategies
through time, especiallywvhen combined
with osteological and zooarchaeological
approaches. Unlike other approaches,
longterm (e.g. bone collagen) and short
term (e.g. dentine collagen) bulk dietary
trends can be established using isotopic

archaeology is a focus on ancient
production systems, and the identification
of animal husbandry and management
practies. Analyis of zooarchaeological
materials is not just essential for
interpreting human dietary isotope data,
but has become an established sub
discipline. Aside from a small number of
notable examples(Balasseet al. 2005,
Balasseet al. 206, Balasset al. 2009),
there is a clear need for site/period
specific projects, diachronic studies and
broadscale investigations in Scottish
archaeology. Given the northern
latitudinal extreme of the country, and
the unigueand contrasting nature of the
landscape and ecosystems (e.g. islands,
saltmarsh, mountains, coasts, heathland),
Scotland represents a unique opportunity
to investigate human adaptation and

methods ¢ in both individuals and on
population levels. These methods lead to
directly comparable geographically and
temporally comparable data sets, and are
an effective way of looking at population
level changes through timechanges that
can be correlated with larger scale social
and politicd changes (e.g. mass
population movements, land clearance,
etc)

flexibility.

Animal husbandry and subsistence
strategies One growing area of isotope

Themedieval Bishops of Whithorn

When appliel to human remains, stable isotope analysis can offer both population levé
individual data, revealing details of the lives of individual people, and also informi
broader societal trends. To date, very few studies have focused on material frararfsic
although the handful of research projects undertaken to date reveal the true potent
these methods to the key themes of Scottish Archaeology, from Prehistory to the
medieval period.

A recent study, published iAntiquity (Muldner et al. 2009) demonstrates the power

stable isotopes to inform on individual life histories, and through this, reveal impg
information about past societies. In combination with traditional archaeological appro
used to assess the burials, this study eridok isotope analysis on human remains
Whithorn Cathedral Priory (Dumfries and Galloway), in order to assess diet, st&sl

*N), and mobility { O, #’Srf°Sr) between different individuals and groups. The st
revealed differences between the kpmmunity, highranking clergy and the Bisho
buried in themedieval cemetery, concluding that the Bishops consumedfiigntly more
fish than the meatating populus and were alspfor the most partg likely to have move
to the area from further east in Scotland. The consumption of dishspirituallysignificant
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fasting foodq provides direct evidence for this relayis practice in the lives ahedieval
clergy men. In contrast to the Bishops, the-taymmunity were largely identified as having
local upbringingsjmplying that ¢ within Medieval societyq mobility itself was statug
dependant. Whilst revealing the IHaistories of individuals, the isotope data attest to the
expression of contemporary social, religious and status differences withdieval society
(Mdldneret al.2009: 1131).

25  Microarchaeological sampling WLYaNEadlr tftAyS LINR G SAY

for proteins I LILINRE I OKQ o0LOt50®

_ As a consequece of these method#t is
Recovery of proteins known that proteins will display
Almostcertainly moreis knownabout the measurable levels of deterioration in

persistence of proteins than any other ~ PostRoman samples even if protected
biomolecule in the archaeological record,  from microbial decay. Howeveéris also
as a result of both the recovery of  known that proteins in protected
collagen for¥ RIGAy™ s PNy R environments such as bone collagen,
analysis and by virtue of the measures of  have the potential to persist in all
decay for dating (recently rejuvenated in ~ archaeological samples recovered from
the UK by North East Amino Acid Scotland.

RacemizationNEaa)), using the saalled

1.0 7 x 2001 AD

© 1410 - 1445 cal AD
@ 880 - 1210 cal AD
0.8 { 4 2550 - 1880 cal BC

© 7050 - 6450 cal BC o,
O 7050 - 6450 cal BC suspected heated

0.6 4

04 -

THAA Asx D/L
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0.2 - -

0.0 v v :
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Figure 6. Free amino acids (FAA) vs Total hydrolysable amino acids (THAA) plot for Asx D/L
measured in Scottish archaeological Patella; error baepresent one standard deviation around

the mean for each site. Modern (collected in 2001 ABatella D/L values are also plotted for
comparison (from Demarchet al. 2010)
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New directions

Stable isotope analysis

Improvements in amino acid analysis,
specifcally single compound amino acids
1%} y°R hold promise of a more
subtle interrogation of bone proteins. As
an example it would be possible to obtain
greater understanding of the reliance of
humans on coastal resources and of the
key dietary transibns in Scottish preand
proto-history.

Proteins in ceramics

Interface samples (such as pottery crusts)
represent an intermediate type of

survival, and we do not know what

information will be preserved in them.

However there is encouraging research
from Solazzoet al(2008) and Stevenst

al. (2010) suggest that it may be possible
to identify proteins in some ceramics.

This would be potentially useful in order
to investigate dietary change, because
specific animal and plant proteins (e.qg.
gadoid myoglolm, albumin, sheep casein)

may be identifiable from sherds.

ZooMS  (Zooarchaeology
Spectrometry)

by Mass

Protein is present as collagen in almost all
Scottish archaeological bone (as well as

36

dentine, ivory and antler). The
development of a new higthroughput
screening technique using seénisation
mass spectrometry to fingerprint collagen
peptides has potential for protecting
morphologically valuable remains from
destructive  analysis. ZooMS  can
discriminate small particles of bone to
genus level, offerig a new approach to
rapidly characterise unidentifiable bone
fragments (such as cetaceans) routinely
and at low cost. One potential application
would be to identify additional human
material in Mesolithic shell middens,
which have been the focus of intsa
interest in order to understand the dating
of the arrival of Neolithic populations, the
use of middens as burial sites, and the
different  approaches to marine
exploitation.

ZooMS also appears to be able to recover
sufficient collagen from some cremated
remains for identification. A new
direction is the detection of proteins in
eggshells. The recent colonisation of
fulmar in the 20' century has been
attributed to the increased access to-by
catch. However claims for the detection
of fulmar in Vikingdvels atFreswick.inks,
suggest a more complex pattern of
dispersal.
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Figure 7: ZooMS discrimination of animals from bone collagen peptides. Data replotted from
Buckleyet al. 2009.

2.6

Human and animal sciences recommenaats

Establishment of a national online database of human skeletal material from
Scottish archaeological sites, which would enable researchers to easily locate
specimens appropriate for specific research projects and facilitate new thematic,
temporal and geographical studies of the DNA, diet, health, mobility and
demography of past populations in Scotland.

Active promotion of new collaborative research between the existing DNA, isotope,
biomolecule, epidemiology and medical imaging facilities and exgeenti Scotland

and archaeologists and bioarchaeologists working on Scottish remains through a
series of symposia and workshops aimed at the development of new project
proposals.
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