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Abstract

Understanding the chronology of Norse settlement is cruciald&iphering the archaeology of
many sites across the North Atlantic region and developing aliti@ of human-environment
interactions. There is ambiguity in the chronology of settletaén areas such as the Northern Isles
of Scotland, arising from the lack of published sites that Haaen scientifically dated, the presence
of plateaus in the radiocarbon calibration curve, and the useagfpropriate samples for dating.
This novel study uses four absolute dating techniques (AMSocadbon, tephrochronology,
spheroidal carbonaceous particles and archaeomagnetism)tdoaddorse house (the “Upper
House”), Underhoull, Unst, Shetland Isles and to interpret tivermlogy of settlement and peat
which envelops the site. Dates were produced from hearthsjtadiufaces within the structure,
and peat accumulations adjacent to and above the structuegig@&tphic evidence was used to
assess sequences of dates within a Bayesian framework, éoingtriie chronology for the site as
well as providing modelled estimates for key events in its, liiamely the use, modification and
abandonment of the settlement. The majority of the absolat@&g methods produced consistent
and coherent datasets. The overall results show that occotihe site was not a short, single
phase, as suggested initially from the excavated remainsinbigiad a settlement that continued
throughout the Norse period. The occupants of the site buillotnghouse in a location adjacent to
an active peatland, and continued to live there despite theachment of peat onto its margins.
We estimate that the Underhoull longhouse was construntéioki periodcal. AD 805-105095%
probability), and probably igal. AD 880—100@68% probability). Activity within the house ceased
in the periodcal. AD 1230-149%95% probability), and most probably @al. AD 1260-138@68%
probability). The Upper House at Underhoull provides importamtext to the expansion and

abandonment of Norse settlement across the wider North Atleggion.
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1. Introduction

The overall aim of this paper is to establish a multi-methodooblogy of settlement and
environment changes at the site of Underhoull in Unst, Shettlsles. This is important for both
Quaternary science and global environmental change researahdeeit typifies the challenges of
dating the Viking Age-Medieval Scandinavian colonisatidritee North Atlantic islands. The term
‘Viking’ usually refers to raiding activity and the initial teratial expansion of Scandinavian
peoples from the last decades df &ntury to the 1% century, whereas ‘Norse’ covers the whole
cultural period from first settlement to the mid-15th century ia Northern Isles when the islands
were ceded to the Scottish crown (Batey and Sheehan, 2000). Divisnnent of people involved
the migration into, and enduring occupation of, both londlegtlands in Atlantic Scotland and
mid-oceanic islands that were some of the last places on Eaitle iwolonised by people. The
former provide instructive cases of culture contact, the fgttevide recent case studies of the
impact of people on pristine environments with clear pre-humarirenmental baselines. Both
provide ‘completed experiments’ of human interactions withehgironment during the Medieval
Climate Anomaly (a time of warm climate lasting from ~AD 950 to AR5D) in NW Europe
(Goosse et al., 2012) that are relevant to contemporary debates global change that include
societal resilience, the basis of sustainability over mugtitury time scales, causes of human

insecurity, climate change adaptation and the limits to tdam (e.g. Nelson et al., 2016).

Increasing attention has been paid to the study of Norse sitessathe North Atlantic and the
Distributed Long-Term Observing Network of the Past (DONOP) thay provide (Hambrecht et
al., 2018). The investigation of DONOP has involved archagiold excavation and related multi-
proxy environmental studies which can be used to address Graatefies in archaeology,
including questions of 1) societal resilience, persistemuk @llapse; 2) the movement, mobility
and migration of people, and 3) human environment interaciidimgigh et al., 2014). The drivers

of the Scandinavian migrations and the expansion of the Jikige settlements across this region
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have been attributed to a variety of factors, such as stressespafgtion change (Fossier, 1999),
climate (Dugmore et al., 2007), economic factors and politieakion (Frei et al., 2015; Palsson
and Edwards 1981; Sawyer, 2003), while similar theories have pestulated for the abandonment
of Norse settlements in Greenland (Dugmore et al., 2012). Anratzand precise chronology is
essential for the assessment of specific Norse sites andutilisation as DONOP to allow the

archaeological evidence to be directly compared and undersitrods this vast geographical area,

and be mobilised to address Grand Challenges (Kintigh et al4,20dlson et al., 2016).

Over the last 30 years, the chronological assessment of Ndeseasiross the North Atlantic realm
have made widespread use of radiocarbon or in the case of Icakfidcarbon and the use of
visible tephra layers (e.g. Barrett et,@000; Dugmore et al2005; Arge et al 2005; Lawson et a|
2005; Church et al., 2005; 2007; Schmid et al., 2017). Howevemymexisting chronological
frameworks have significant limitations due to a primary rei@ron artefact and structural
typologies (e.g. Hamilton, 1956; Small, 1966; Stummann ldan2000) or on scientific dating
approaches that utilise inappropriate materials, includingmative species such as Sprubéced

or mixtures of materials. In Iceland, classic tephrochronoldzgsed on the identification and
correlation of layers of volcanic ash (tephra), is a very powerftihdaool for establishing a robust
chronology for the Viking Age settlement. The utility and aracy of classic tephrochronology
stems from the very widespread distribution of the Landnamrtepls a visible layer, and the
extensive occurrence of a series of other visible tephra layatsnathe 10" century, such as the
Katla c. AD 920 tephra and the Eldgja tephra from AD 939 (Schmidlet2817). The great
precision of classic tephrochronology in Viking Age Icelandécause two of these crucial layers-
the Landnam tephra and the Eldgja tephra- have been traced tol@rdeand dated in ice core
records (Gronvold et al., 1995; Zielinski et al., 1995, 19971 8ial., 2015; Schmid et al., 2017).
While the use of visible tephra layers is routine in Icelandic aecthogy, the use of cryptotephras in

archaeological sites elsewhere in the North Atlantic is nospide their discovery in terrestrial
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Scottish peat deposits 30 years ago (Dugmore 1989, Dugmore #8@ba; 1995b). This represents
significant opportunity for archaeology, because of thetioemtal scale dispersal of the tephras as
crypto deposits, and their very precise dating- either thihazannections with ice cores, or through

contemporary written sources, such as the dating of Hekla engtioAD 1104 and AD 1158.

Cryptotephrochronology is making vital contributions to thregise correlation of long-term proxy
records of Quaternary environments (e.g. Davies, 2015; Lane, &04dl2). The great potential for
the use of cryptotephras in archaeology and correlating arabgieal DONOP (e.g. Lane et al.,
2014) is largely untapped. As its potential is realised, anecdffe integration of
cryptotephrochronology with other Quaternary dating teghes presents particularly interesting
opportunities. Thus, we present an integrated chronology for gbiblishment, use and
abandonment of a peat-covered Norse longhouse at the site oérfumdl, Shetland, UK
(60.71888°N, 0.94735°W) using the novel combination of reatioon, cryptotephra, spheroidal
carbonaceous particles and archaeomagnetic dating. We ltyitessess and compare these
techniques within a Bayesian framework in order to produce a taffusnology for the site. We
address the following research questions: 1. When was the citgpied and then subsequently
abandoned? 2. What is the chronostratigraphic relationshipeleet the longhouse and peat
accumulation? The answers to these questions contribgtefisantly to evaluation of Norse
settlement in Shetland and demonstrate methodologiescapf#i across Northwest Europe and

North America.

2. Study site selection and context

Archaeological sites in Shetland, such as Old Scatness (Dloekral., 2010), Norwick (Ballin
Smith, 2007), Hamar and Underhoull (Bond et al., 2013) form a DON{Dd provide a window
into the culturally turbulent Viking Age, set within the eqlelzonditions of the Medieval Climate

Anomaly.



132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

The site of Underhoull is located on Unst, the most northerlyhef Shetland Isles, and of Britain
(Figure 1). Unst is particularly significant because it may halaygd an important role in the
westwards expansion of the Viking/Norse populations, actia@ staging post between Norway,
Britain and the islands further west (Ritchie, 1996; Graham-Caihpbd Batey, 1998). Recent
discoveries have produced early dates for Scandinavianmetitein the Northern Isles (Orkney
and Shetland), which have important implications for undediteg the timing, pace and nature of
the westward migrations of the Viking Age. The site of Norwifd:, example, now has evidence
for an early phase of Scandinavian settlement in thed¥ centuries AD (Ballin Smith, 2007). If
the pattern from Norwick is replicated elsewhere, it would strateh chronology of westward

Norse expansion earlier, and modify ideas of its developmentansequences.

A large number of Norse longhouses have been recorded on Unst, Dyer et al. (2013)
identifying some 30 individual sites, together with anet@8 possible longhouses. This implies
that the island played a very significant role in the westwanxjsansion of the Norse. Despite this
significance, only a small number of Norse sites have beesstiated to date, including Sandwick
(Bigelow, 1985), Underhoull (Small, 1966), Norwick (Ballin SmithQ®), Hamar (Bond et al.,
2013) and Belmont (Larsen et al., 2013). At Underhoull, Small §)96&corded a Norse structure
that sealed an Iron Age roundhouse and souterrain, demonstragmgf cnany Shetlandic examples
of site continuity linked to transformative cultural chang&sgure 2). A 1" century date was
assigned to the Norse site following Small's work based on thefeant evidence, although a later
date has been suggested by a reassessment of the structuraitefadt dypologies (Graham-
Campbell and Batey, 1998). Radiometric dating evidence has pemsuced for the sites of
Sandwick, Norwick, Hamar and Belmont (Figure 1), although ondydiles of Hamar and Belmont
have been fully published to date. The remaining publisheddironologies in Shetland, such as
the iconic site of Jarlshof (Hamilton, 1956), are largely baseamefact typologies. While these

traditional approaches provide a general framework, they havited precision. More rigorous
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chronologies based on a wider range of approaches and scengthodologies will provide an
enhanced understanding of the pattern and timing of Norse ationpof Shetland, the longevity of

settlement and its wider significance within the Norse disap

3. Establishing chronology: The sampled contexts

The site discussed within this paper is located upslope flmreikcavations carried out by Small
(1966), and so to avoid confusion with this earlier work it will tederred to as the “Upper House”,
Underhoull. The Upper House site (Figure 2) consists of a longhavith two associated annexes.
The addition of annexes to longhouses has been considerearactdristic feature of Late Norse
longhouses, recorded on sites such as Underhoull, Hamar andbBe(@raham-Campbell and
Batey, 1998; Bond et al., 2013; Larsen et al., 2013), which stggbat the surviving structure at
Underhoull dates to the late #@entury at the earliest. Several features were recorded within the
structure including a paved area in the western end of the maictisteuand three hearths, one in
each of the annexes and a third in the eastern part of the maituserudn area of paving (context
[029]) was also identified to the south of the main structurerlgireg the peat, and has been
interpreted as an attempt by the occupants to maintain a dryasoead the longhouse despite the

close proximity to the peat accumulations.

Understanding the formation processes is crucial in the sefeofiappropriate samples, as well as
the interpretation of the results, so the formation processethefanthropogenic deposits are
summarised under the heading ‘depositional context’. A diaasion of deposits in terms of
chronological significance is derived from the work of Schiffe®8¥) and Dockrill et al. (2006),
and is summarised in Table 1. The peat dates were not categassegthis approach due to the
potential mobility of the different fractions. The materialsdlly selected for dating formed two

groups: the deposits associated with the occupation of thietste, and the peat located in the



183 south-west area of the site. The dates have been summarisedlm X4radiocarbon), Table 3
184 (archaeomagnetic) and Table 4 (tephra).

185

186 The deposits located within the structure were dated by AMS cadimn and archaeomagnetic
187 dating techniques, including occupation surfaces (con{@&8] & [185]), hearths (contexts [166],
188 [214] and [201]), a surface interpreted as a yard to the north of the stiaucture (context [170]),
189 and a possible industrial deposit (context [093]). The peatraatations adjacent to the longhouse
190 were sampled for cryptotephra and for AMS radiocarbon datimgflagged surface (context [029])
191 associated with the structural remains effectively acted as adrodividing the peat layers into
192 those that pre- and post-dated the construction of the lorsgh¢kigure 3). The dating evidence
193 produced from these deposits therefore brackets this evenidprgwan opportunity to investigate
194 when the occupation of the Upper House commenced relativeetpéat and the impact that the
195 peat development had on the occupation of Underhoull. The afahe paved surface [029] is also
196 important as it provides the upper limit for the constructiorttaf longhouse, as well as dating an
197 attempt by the occupants to maintain the site.

198

199 4. Materials and methods

200 Three dating methods (AMS radiocarbon, archaeomagnetic datidgceyptotephrochronology)
201 were employed in addition to the conventional archaeoldgimathods of stratigraphy and
202 typology. In addition to these approaches, spheroidal carlemuacarticles (SCPs) within the peat
203 were used to infer a post 19th-century date for the top of thepkairsequences (e.g. Swindles,
204 $00 RI WKH GDWHV SUHVHQMBBEBDKHUH DUHAHRDXIRAMHHEFH OHYHOV ZLW
205 exception of the SCPs (post-AD1850 markers) and the tephrarimoes dated to the ¥2century
206 AD based on historical observation and documentary evidehee. Hekla-Selsund tephra (also
207 referred to as the Kebister tephra by Dugmore et al., 1995b) haspeeiously wiggle-match*C

208 dated (Wastegard et al., 2008).
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4.1  AMS Radiocarbon dating

AMS radiocarbon determinations (Table 2) were produced by the tiSitotniversities

Environmental Research Centre (SUERC), and the Natural EnvironmeaaiRbsCouncil (NERC)
Radiocarbon Facility, East Kilbride, and calibrated using Ox@aB (Bronk Ramsey, 2012), with

IntCal13 (Reimer et al., 2013).

The materials selected for dating included charred grains oéyp#&tordeumsp.) andSphagnum
remains extracted from the peat (althougbhagnunwas only found in a 5-cm horizon in one of
the peat monoliths), as these represent chronologically caherdities that did not require a
marine correction (Harris, 1987). Barley grains represent a singley gmtitduced in a single
season’s growth, removing some of the problems of ‘old’ carbongo@inorporated (Ashmore,
1999), and were selected from discrete contexts such as heltirsurfaces and a yard area. Both
the barley grains an8phagnumeaves and stems were hand-picked from samples using tweezers
under a low-power binocular microscope. Above-ground macrid$ogs.g. Sphagnunremains)
were mostly not present or in low abundance in the peats, firer¢he humin and humic acid

fractions of humified peats were extracted from discrete sanfptetating.

The composition of peat varies depending on the plant contiesnithe accumulation rate, the
water-table level, bioturbation, root penetration, and therparation of residual material, as well
as any anthropogenic activity in the area (Rydin and Jeglum,)20@0&n therefore be argued that
no two accumulations of peat are the same, making it difficuitite with confidence which of the
fractions would represent the ‘true’ age of peat accumulatiocallasf these factors are site specific
(Tonneijck et al., 2006; Wist et.aR008; Brock et al 2011). A number of radiocarbon dates were
produced for this study using both the humic and humin frastiopom the same sample, allowing

these processes to be evaluated.
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The charred barley grains agphagnumemains were pre-treated using the standard acid-base-acid
procedure for removal of carbonates and organic acids (Ascough, &087). The peat humin
fraction was extracted through the digestion of the peat in 2M (8C1C, 8 hours) followed by 1M
KOH (80°C, 2 hours) until no further humic material was extractelge Tesidue was then rinsed
free of alkali, before being immersed in 1M HCI (80°C, 2 hours), rihee of acid, dried and then
homogenised. The peat humic acid fraction was extracted assignilar approach, but the filtrate
was retained and the humic fraction precipitated following #ddition of 2M HSQ.. The
precipitate was recovered, rinsed free of acid, dried and homeegriGulliver, 2011). The pre-
treated remains were then converted to graphite for subsequel®@ ahalysis using standard
PHWKRGV GHILQHG E\ 60 Rawaudofimhd®sample CQvastktermined on a VG
SIRA 10 stable isotope mass spectrometer using NBS standardsilpar(d 19 (marble) to
GHWHUPLQH WKH DQG F R DD/ W DIFOS/MILR dbuld beRcRlcddted
$VFRXJIK HW DO 3C ratios Wékdd uded to correct the sampf€ activities for

IUDFWLRQDWLRQ E\ QRUPDOLVDWLRQ WR i A

The potential problem of post-depositional movement of thdely grains or the mobility of the
different fractions of peat was investigated through the pradmadf multiple dates analysed in
stratigraphic order, a comparison of paired dates produced onrefiffdractions and by a

comparison between different methods.

4.2  Archaeomagnetic dating

Archaeomagnetic dating can yield significant chronologictdrmation as the dated event relates to
the last use of the features which usually corresponds to atbemic activity (Clark et al., 1988;
Batt et al., 2017). Three features were sampled for archaeonmagiaing from Underhoull:
hearths located in each of the two annexes (contexts [166] 2h4])[ and a possible industrial

feature (context [093]) located to the North of the site (Table 3¥oéth hearth was identified

10
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within the main structure (context [201]), but it did not containffisient material for

archaeomagnetic dating. Plastic tubes were inserted intartitb rhaterial using the methodology
defined by Clark et al. (1988). A magnetic compass was used tadebe orientation of the

samples; this method can be problematic as the feature iitgsifdeflect the compass, introducing
errors into the sampling procedure. A sun compass can be ugatdito the variable nature of the
sun in Shetland, a magnetic compass was deemed more relidbtd.the features sampled were
assessed in the field prior to the use of the magnetic compaisis was concluded that no distortion

was present (Meng and Noel, 1989; Lange and Murphy, 1990).

The direction of remanent magnetisation of the samples wasuneg using a Molspin spinner
magnetometer. The stability of this magnetisation was theterchined by step-wise alternating
field demagnetisation of pilot samples to allow removal of &ss stable magnetisations acquired
after the firing event, leaving the magnetisation of archagiohl interest, known as the

characteristic remanent magnetisation (ChRM).

Pilot samples were selected as they represented the range ottehatis displayed by the
assemblage. The demagnetisation data were assessed utiiogsrdefined by Tarling and Symons
(1967), Kirschvink (1980) and Sagnotti (2013) and principal congnt analysis (PCA) was used
to investigate the linearity of the magnetic vector throughtbe demagnetisation process and to
select the field used to remove the unstable component of thgnetisation, leaving the
magnetisation of archaeological interest. Values of less #iavere taken as evidence that the plots
were acceptably linear between the selected vector, andhbainagnetisation was likely to be
stable (Linford, 2006). It was noted that a field of 5mT was suétab remove the less stable

component for all of the samples investigated.

11
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The magnetic directions of the samples collected from a featwre combined to give a mean
direction, the precision of which is defined using Fisheriatistics (Fisher, 1953). The alpha-95
(Bs) value represents a 95% probability that the true directionJi#l that cone of confidence

around the observed mean direction, and should be less thor Bating purposes (Tarling and
Dobson, 1995). A value larger than this indicates that thermmagig directions of the samples are
scattered and therefore do not all record the same magnetic rirelking the material undatable.
Outlier samples were statistically defined using the apgrea defined by Beck (1983) and
McElhinny and McFadden (2000); if the values failed thesestésty were statistically classified as

lying significantly from the mean and therefore removed from thalysis.

Context [166] was sampled twice as a portion of the sampledre&y underneath an unexcavated
area of the site. When the area of excavation was extended tteéniempart of the feature was
exposed and sampled (AM150). The mean directions were shown tosthgstically
indistinguishable (McFadden and Lowes, 1981) and so they wembined to give a single

magnetic direction.

4.3  Cryptotephrochronology

Tephrochronology is based on the identification and corralatibtephra layers (Thérarinsson,
1944). The recognition and correlation of cryptotephra depd#itsse hidden from view) has

extended the precision of tephrochronological correlationsottgigental scales (Dugmore, 1989;
Dugmore et al., 1995a; Swindles et al., 2010; Watson et al.7R@Calendar dates for the various
tephra layers have been obtained through the use of written ®¢erd. Thorarinsson, 1967),
correlation to precise timescales such as those provided bgoies (e.g. Zielinski et al., 1995;
1997; Sigl et al., 2015), or complementary dating technicauesh as radiocarbon (Dugmore et al.,
1995a; 1995b; Wastegard et al., 2008; Swindles et al., 2011¢. precision of the associated
radiocarbon dates have been greatly improved in recent yearsgthitbie application of both

12
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radiocarbon wiggle-matching and sophisticated age-depttelmoihcluding Bayesian approaches,
and for some tephra layers this exceeds the available precssntiated with a single radiocarbon

determination for the same period of time (Hall and Pilcher, 200&stegéard et al., 2003).

Despite the potential of tephrochronology for both chronimalgand palaeoenvironmental studies,
only limited work has been carried out in Shetland (Dugmore 199hnBg et al., 1992; Swindles
et al., 2013). A number of cryptotephra layers may have beeoditepl on Shetland during the
periods that pre- and post-date the settlements at Underhoutinbre et al., 1995b; Hall and
Pilcher, 2002; Swindles et al., 2011). These aid the chrofdbgonstraint of the sites, as well as
allowing the evidence recorded at Underhoull to be unambidydnged to sites across the North

Atlantic and major paleoclimate archives.

Monolith samples were extracted from peat faces at the site b&irguttering (de Vleeschouwer

et al., 2010). A series of three cores were collected from the aglations of peat under- and over-
lying the archaeology in the south-west area of the site (Figurasd34): ‘SF238/239’, ‘'SCHO’,

and ‘UHM’. The peat cores were stored at 4°C prior to sub-samplirep@tiguous 1-cm intervals.
Tephra layers in each profile were determined using the coromadtiashing and extraction
technique (following Swindles et al., 2010). As the samplegt@ioed some minerogenic material,
LST Fastfloat (2.3-2.5 g cf) was used to concentrate the shards. The total number of tephra
shards within a 1 cfhsample was counted under light microscopy at 100x magriificatNo

basaltic shards were encountered in the samples.

Peat samples from depths of peak shard concentration wereesefectsubsequent geochemical
analysis. Approximately 5cfnof peat was acid digested $§68Qu and HNQ) following standard
procedures (Dugmore et al., 1992, Pilcher and Hall, 1992) ansityeseparation was undertaken as

before. The samples were sieved through @iGnesh and washed with deionised water, before

13
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being centrifuged to concentrate the tephra shards. The tepheahen mounted onto glass slides,
which were polished using 0.28n diamond paste, before being carbon coated (Swindles et al.,

2010).

Geochemical analysis was carried out at the NERC Tephra Anallytloit at the University of
Edinburgh. A CAMECA SX100 electron microprobe with a beam currentrdf and diameter of
5 n was used. The microprobe was calibrated using Lipari obsididnsgnthetic oxides with X-
PHI correction, undertaken on PeakSight version 4.0 softwarerdgyrdispersive spectroscopy
(EDS) using the Princeton Gamma Tech Spirit EDS system was wsadtltin the detection of
tephra shards. Once a shard was located, the beam was moved ab sedlion of the shard
(avoiding vesicles) for wavelength-dispersive spectroscomy al analyses with a value of >95

wt% were logged.

It has been suggested that acid digestion can alter the gaatheof tephra shards (Blockley et al.,
2005). However, the use of this method allows ‘like-with-lik&neparisons with type data which
have been prepared in this way (e.g. Dugmore et al., 1992). Thdaras®emical alteration by acid
digestion has also been refuted in subsequent studies (Rdlald 2015; Watson et al., 2016).
Biplots were used to compare our data to those on Tephrabase (iNetvia., 2007), with the

identified tephra layers summarised in Table 4.

4.4  Spheroidal carbonaceous particles

Spheroidal carbonaceous particles (SCPs) are formed folloWwagigh-temperature combustion of
fossil fuels and are predominately composed of elementalocarBCPs are associated with
industrial activities that occurred from the midf18entury onwards, and so the presence of SCPs

within a deposit can therefore be used to indicate a post-AD1&6 for the layer (Rose, 1994;
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Swindles, 2010; Swindles et al., 2015). The SCPs were exttdoben the peat cores using the

methodology defined by Swindles (2010).

4.5. Data analysis

The chronological information from the Upper House, Underhaudis investigated within a
Bayesian framework, which utilises prior information to intemitegand refine the scientific dates
(Buck et al., 1991; 1994). All the chronological modelling wasdartaken using OxCal v4.3
(Bronk Ramsey, 2012). The samples selected have been discussed ahd were recovered from
a number of discrete and secure contexts. Primary contexts wergiged, such as hearth deposits,
with short-lived species of charred and waterlogged plant renma@ferred so as to avoid the ‘old-
wood-effect’. Radiocarbon ages were all calibrated using the iatiemal agreed northern
hemisphere calibration curve (IntCall3) of Reimer et al. (2013). Archwmgnetic dates were
incorporated into the model as prior probabilities, which weerived from their individual
calibrations using the Rendate software and the UK seculaati@ricalibration dataset (Batt et al.,
2017). The dates of tephra layers were incorporated as normal piigbalstributions using a

mean and standard deviation with the C_Date parameter in OxCal.

Inclusion of stratigraphic information can refine the resultigg aanges through the production of
posterior density estimates but it is important to note thatrésulting age ranges are the result of a
statistical model imposed on the data and the interpretafitimecstratigraphy within the field. Any
new information, such as additional dating evidence or @&difit model being imposed on the data,
will produce different posterior density estimates. Thedelled estimatesre given initalics when

discussed within the text to differentiate them from the ralibcated age ranges.
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5. Results
The dates produced for the Upper House site have been sumdhariables 2-4. A summary of
each of the results of the dating programme are provided in thtosebefore the chronology of the

site is discussed.

5.1 “C dating

A total of 22 AMS radiocarbon dates were produced for the UppersdpWnderhoull, with the
majority sampling either the humin or humic acid fractiong&eted from the peat (owing to lack
of suitable macrofossils). An assessment of the dates oltdinen the peat demonstrated that
several of the radiocarbon dates (humin fractions) were nolionological order and appeared to

be too old for their stratigraphic position when compared ta¢ipdira dates (Table 2; Figure 4).

Two radiocarbon dates were produced on the same sample of peaRGB3130 and SUERC-
34106 sampled the humic acid fraction and humin fractionse@sgely, which allowed the dates
produced on different fractions of the same sample to be dyrectinpared. It was clear that
SUERC-34106 (humin fraction) gave an older age estimate than SUBR833(humic acid
fraction; see Table 2), which may be due to the peat formatioogsses (Brock et al., 2011). The
discrepancy noted between the fractions radiocarbon dated Hadg te the microscopic charcoal
present throughout the peat profiles of the ‘SCHO’ core (Edwards$.,e2@l13, Fig 4.6b) and the
‘UHM’ core (Figure 5). The small size of the fragments of charcoal ens&dmpossible to identify
the species, which may have provided information about thémoafthe material and whether the
charcoal related to local species, bog- or drift wood. In situegtiwvhere wood is scarce, such as the
Northern Isles, the use of recycled wood, bog- or drift wood canltré@s ‘old’ material becoming
incorporated into the archaeological record (Schiffer, 1986). It Wwarefore also possible that the

discrepancy noted in the dates may have resulted from the peesénesidual charcoal within the
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humin fraction. The resulting radiocarbon age would thereforbdisveen the age of the charcoal

present and the peat, rather than giving a date for the acctiotutf the peat.

The presence of the peat accumulations so close to a doméstituse would have provided
regular opportunities for burnt material to have become incotpdranto the peat, for example,
from the burning of bog- or drift wood or ‘old’ peat as a fuel sauwithin the structure itself or in
the industrial feature to the north of the site. In addition, bumnaterial may have been carried to

site as hill-wash, or from the land clearance activities to ergezing land for sheep and cattle.

5.2  Archaeomagnetic dating

A total of three features were sampled for archaeomagneticgidtio of which related to hearths

located in the S and SW annexes (contexts [166] and [214 regplgdteind one to a possible

industrial feature (context [093]) to the north of the longhouSentext [093] butted against the

outer wall of the longhouse and was therefore created at adttge. All of the sampled features
recorded remanent magnetisation that was considered stalttethei directions being generally

well grouped, as demonstrated by small alpha-95 values (Tabkn3jssessment of the samples
demonstrated that the magnetisation was stable, but therearareall number of outliers. These

samples may have been disturbed in antiquity: all of the atmmeaamples were on the edge of the
features, the area that is vulnerable to slumping or being fedmpn by activity within the

structure.

The calibrated archaeomagnetic dates (Batt et al., 2017) dutygeslifferent phases of activity.
The feature sampled in the SW Annexe represented the earliestofirburning sampled at
Underhoull, with a date of AD 800-1080 (AM151). The calibrateztedis broad due to slow
changes in the geomagnetic field between AD 900-1100,ifipthe precision available within this

period. A radiocarbon date on material interpreted as the ocoupdtposits associated with the
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hearth (SUERC-34111), produced a calibrated dateabfAD 1045-1265, which suggests that the
latter part of the archaeomagnetic range may better represertrube age of the feature, and

placing the last use to the ®tentury AD at the earliest.

The feature sampled by AM149/AM150 gave a later date than AMAD 1240-1310, suggesting
that the activity in the S Annexe continued after the SW Amnasent out of use. This date is
supported by a radiocarbon date (SUERC-34108kalf AD 1045-1260 produced on charred
grains recovered from the hearth. A comparison of these two daggests that the later part of the
radiocarbon range may represent the ‘true’ age of the featuresaitinly that the hearth in the S
Annexe was in use in the Tentury, but potentially earlier if the full range of the radiduan date

is considered.

The archaeomagnetic date for the industrial feature (AM148), 1480-1430, indicates that it
could have been in use at the same time as the hearth in the S&\huktit is likely to represent the
last area of burning on the site. This is supported by the ardbgieal evidence which suggests
that activity at the Upper House may have continued as latieeasarly 16 century, to the very end

of the Late Norse period and in to the Medieval period.

5.3 Tephraand SCPs

Several cryptotephra layers were identified in the peat @®fFigure 6, Supplementary file 1). The
identification of tephra layers, through analysis of majormedat oxides, is illustrated through
biplots shown in Figure 7. The tephras discovered include thda-gelsund (Kebister) tephra in

the SCHO profile that has been dated to 1800-1780BC by Wastegérd et al. (2008). In addition,
the historically dated Hekla-1104 and Hekla-1158 tephras (Thn&son, 1967) were identified in

UHM and Hekla 1158 was identified in SF238-239. A mixed teghyar was found between 32-42

cm in the SCHO profile that could not be assigned to a specifiptanm (see Swindles et al., 2013).
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The Hekla-1158 tephra provides a precise way of correlating thé/Uthd SF238-239 peat
sections, with the Hekla-Selsund tephra dating the start of foeaation at the site. SCPs were

found in the uppermost 3 cm of the UHM and SCHO profiles indigatippost 19th-century date.

5.4 Underhoull longhouse chronological model

A Bayesian approach was taken to the development of a chranaldgamework for the peat

accumulations and longhouse settlement at Underhoull (Eopgmtary file 2). In addition to the

stratigraphic relationships of the accumulations and the enthgical features, additional

information, such as the pollen recorded with the peat depasits used to ‘tie’ the three peat
sequences together. Edwards et al. (2013) have noted thadiment accumulation rate may have
varied over time. It could have been slower following the acalation of context [055], and a

change in land use (or putative phase of abandonment) betivedron Age and Norse period, as
indicated by the reduction in the grassland and the increasedthetween contexts [041] and

[026] (Edwards et al., 2013).

A single chronological model was constructed that allowedHerevaluation and interpretation of
both the longhouse settlement and its temporal relationsiitip thve surrounding peatland. The
broad chronological narrative sees a period of peat formatioreatitd (contexts [055] and [041]),
with longhouse walls constructed overtop of [041]. Peat coetihto accumulate (context [026]),
eventually sealing the walls of the longhouse structure. é&he point during the use of the
longhouse, a paved surface was laid over context [026], witéelf formed over a cleared area of
bedrock. The chronological model is given in the form of a sifrgadi Harris matrix (Figure 8),

which can be related directly to the OxCal model and the desoniptiat follows.

The chronological model is separated into two main sequerthks. first includes the peat

formation prior to the longhouse construction (peat seque8&#40 and SF238/239), as well the
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archaeological activity associated with the longhouse. Fheond sequence focuses on the
beginning of the formation of the upper layers of peat (conte26[Pthat eventually cover the
longhouse and the construction of the paved surface. Tephmsitefrom the Hekla eruptions of

AD 1104 and AD 1158 occur within context [026].

The first sequence begins with a date (SUERC-24946) on the hwiddraction of a sample of
peat from the base of context [055]. Within [055] and overlythgs peat sample was a layer of
tephra from the Hekla-Selsund eruption. The previous wigglesimdate of 1800-1750 cal. BC
(Wastegard et al., 2008) is included in this model as a C_Dat&r @6 +25 years BC. Above the
tephra, and still within [055], a second radiocarbon result islabvie (SUERC-33130) on the humic
acid fraction of a sample of peat. The two peat samples are se@gdrg only approximately 2 cm
within the SCHO sequence. [055] transitions into context [C&id the humic acid fraction was
dated (SUERC-33129) on a sample of peat from near the base of #rifagequence SCHO. A
second sample of peat, from sequence SF238/239, had its ragwicfraction dated (SUERC-
33131). Although the relative depths would suggest SUERC-334 2@uiier than SUERC-33131,
because the two results are from different peat sequences theybkan placed in an unordered
group. The longhouse was constructed on top of [041], and sirisémpossible to know what, if
any, peat was removed during the construction, the model gepathe pre-longhouse peat
sequence from the dating associated with the longhouseatgctitile respecting the relative order
of the two groups of dates. None of the scientific dates fromgtnecture are stratigraphically
related to one another and are modelled as part of a single plasgiity that post-dates the
underlying peat. There are five radiocarbon dates (SUERC-249430834and -34111-3) on
individual charred barley grains recovered in various contexts fiteenmain structure, the two
annexes, and the yard. Furthermore, there are three archaeoimadptes from two hearths

(AM149/150 and AM151) associated with the longhouse and am @rburning north of the house
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(AM148). This portion of the model also includes a cross-referea@edate estimate for the laying

of the paved surface derived from the dating in the second segquen

The second sequence is derived primarily from peat sequence Wiith comprises dating
evidence from throughout context [026]. Although the humintfcats from the peat in [026] were
deemed unreliable due to the potential inclusion of alloghttus carbon, a sample of identifiable
Sphagnunteaves and stems (Figure 5) was collected and dated (SUERC-2#68A63 cm above a
paving stone. Two tephra dates are available from levels abugeradiocarbon sample, from
Hekla-1104 and Hekla-1158. It is important to note that the jgttapal precision recorded for two
of the tephra layers (Hekla-1104 and Hekla-1158) is due to thetlfiattboth of these eruptions
occurred within historical time periods and so the specifiedsdtthe eruption is known. At some
point after [026] began forming, but before the Hekla-1104 eamptstone paving [029] was laid,
which butted against the outer wall face of the longhousestaged above, this sequence is linked

to the primary longhouse sequence through the dating estforatee laying of the stone paving.

The chronological model has good agreement between the diffdisting techniques and the
observed stratigraphic relationships (Amodel=82). Althoughatiretly imprecise, the dating
evidence estimates that peat formation begar2 1951770 cal. BG95% probability; Figure 9;
start: peat formatiol, and probably by 135-1795 cal. BG68% probability). The transition in the
peat sequence from [055] to [041], which the pollen indicatkdws a sharp change from heath to
grazing land, occurred ir675 cal. BC—cal. AD 23595% probability; Figure 9;transition
[055]/[041]), and probably iM95 cal. BC—cal. AD 13068% probability). A considerable amount
of time passed between the start of agricultural improvemertdratea and the construction of the
longhouse, with the model estimating the span cove@in@-1625 year$95% probability; Figure
10; span: start [041] and longhouse constructjpand probabl\825-1425 year§68% probability).

The Underhoull longhouse was constructed¢ah AD 805-105F95% probability Figure 9;start:
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Underhoull longhousg and probably ircal. AD 880-100q68% probability). The longhouse was
in use for225-630 year$95% probability; Figure 10span: Underhoull longhouggand probably
295-485 yearg68% probability). Activity within the house ended oal. AD 1230-149595%
probability; Figure 10;end: Underhoull longhouse and probably incal. AD 1260-1380(68%

probability).

The modelling estimates the stone paving was laidah AD 1035-110%95% probability; Figure
9; Paved surface laid and probably ircal. AD 1070-110%68% probability). This would indicate
that25—-280 year$95% probability; Figure 10span: longhouse construction and paving laidnd

probably80—-205 yearg68% probability), passed between the initial constructiotheflonghouse

and the laying of the paved surface.

6. Discussion

6.1 Before the Norse occupation of the site

The dates show that peat began to accumulate in the earlydseaitiennium BC, or during the
beginning of the Early-Middle Bronze Age. This peat initiatimay have been triggered by climate
change (e.g. Morris et al., 2018), but recent studies have waagaihst this interpretation. For
example, Lawson et al. (2007) assessed the timing of peatation in the Faroe Islands, which
occurred before any known human settlement of the archipelagb,cancluded that no strong
evidence could be found to suggest that climate changeeinded the timing of peat initiation. Peat
formation in the Shetland Isles may be driven by similar proeess those in the Faroe Islands, but
despite some similarities in terms of climate and biota, oneial factor is the very different

history of human settlement.
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The dating evidence reported here for a discontinuity in the¢ petween contexts [055] and [041]
is consistent with sharp changes in the pollen stratigraphyriegpdoy Edwards et al. (2013)
indicative of a change in the landscape from heath to pastthis.€lent probably occurred between
495 cal. BC—cal. AD 13@68% probability; Figure 9)placing it firmly within the Iron Age. It is

possible that the identified landscape changes identdietdind Underhoull may be relate to the

construction and use of the nearby broch tower.

6.2  The construction of the longhouse

We estimate that the longhouse was constructethInAD 880-1000(68% probability; Figure 9).
This compares to the laté"7to late 9" century dates for the establishment of the early Viking
occupation of Norwick (Ballin Smith, 2007) and the probabfet® 10" century earliest phase of
the longhouse at Belmont (Larsen et al., 2013). THecBntury dates for these longhouses are
contemporaneous with the settlement of Iceland (Schmid e2@L7) and while this is consistent
with the possibility that Shetland could have played an irtgott part in the westward expansion of
the Norse, it also highlights the rapid extension of Norsdesatint westwards from Norway in the

9 -10" centuries.

6.3 The occupation of the structure

The end of the longhouse occupation at Underhoull occurreddesteal. AD 1260-1380(68%
probability; Figure 9). These dates also compare well withéhmeduced for other longhouse sites
in Unst, where the primary occupations of the longhouses atdamd Belmont were placed to the
11t-13" centuries AD (Larsen et al., 2013; Bond et al., 2013). However jiihfrtant to note that
the chronological evidence from Hamar and Belmont has not yen lbelly investigated and so

greater resolution may be available in the future.
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The dating evidence and modelled estimates produced frompperitHouse structure appear to fit
within a developing pattern in Shetland and the wider regioittdntic Scotland, for extensive
settlement late in @ and through the centuries AD. Conventionally, sites such as the Upper
House, Underhoull and Hamar have been interpreted as reprepesitont-lived, single-phase
settlements based on a survey of the visible structural rerasidsurface features. However, now
that a number of these structures been excavated, there isiesittee structures underwent several
phases of use and modification over a prolonged time periot iflcluded the division of the
structures into separate rooms, the addition of annexes, artirosgh to the end of the Late Norse
period (Bond et al., 2013; Larsen et al., 2013). Collectivelydente produced from the Upper
House, Underhoull combined with data from recently excavaiteb ©f Hamar and Belmont
indicates that established ideas about the nature and uselofsges needs reassessment, in the

light of longer, more complex and nuanced stories of settlement

6.4. The abandonment of the structure and peat development

Following the production of posterior density estimatestesaassociated with the use of the
structure, place occupation within tieal. 10M-13" centuries AD. The youngest features recorded
on the site relate to a possible industrial area associatedawija quantities of fuel-ash slag and an
area of burning (context [093]). An archaeomagnetic date of ADOiR&0 (AM148) was
produced on the area of burning. This suggests that activitidgeasite continued through the":3
15" centuries, placing them between the very end of the Late Nagecband into the Medieval
period. This correlates well with other examples of other walied Norse settlements in the
Northern and Western Isles of Scotland, such as Bornais (Sharp@s), Zille Pheadair (Sharples
et al, 2004), and Pool (Hunter, 2007). Unfortunately, no material blétéor dating was recovered
from the final phase of occupation at Hamar (Phase 5), althongiréhaeomagnetic date of AD
1100-1330 (AM154) produced for a hearth assigned to the Phaseipation can be used to

provide aterminus post querfor the final phase of activity (Bond et al., 2013). The datinglence
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from these sites may place their abandonment into a periodimatg change, increased winter
storminess (Dugmore et al., 2009), and “famine, war, and plagus’ affected Atlantic Europe
from the 14" century (McGovern, 2000; Dugmore et al., 2007). It is unclearrasgnt why the

Upper House site was abandoned and whether this related tommental or economic factors that

resulted in a change in the activities carried out in the area eckne in the status of the site.

The excavation of the Upper House, Underhoull shows thabtieepants built the longhouse in an
area where peat was already accumulating, which raises théjtipsshat continued peat growth
contributed to the abandonment of the site. The dates oldtdarethe construction of the paved
surface over the peat (context [029]), could be interpreted agt@mat by the occupants to manage
the site and maintain a dry and stable area around the longhespéealithe close proximity to the
peat. A modelled estimate o&l. AD 1070-110%68% probability; Figure 9) obtained for the paved
surface, places its construction in thé'ientury AD at the earliest, but possibly as late as the early
12 century. When this is compared to the estimates obtainediéocanstruction of the longhouse,

it is possible to argue that the features were contemporaryeasitidlelled estimates overlap, but it
is also possible that the paving related to a later phasetifitgc This uncertainty illustrates the

challenges of site interpretation, even in the context of hégolution, multi-method chronology.

When the occupation of the structure is compared to the datesaifgrcumulation two of the
deposits sampled from within the structure (SUERC-24945 and SUERC334thd the possible
industrial feature (AM148) are found to be younger than the H&kB3 tephra recorded in the peat
located 7 cm above the paved surface to the south of the steudtwo of these dates (SUERC-
24945 and AM148) sampled primarin situ contexts and indicate that the occupation of the
longhouse and the activity on the site continued even whepdat had encroached on the structure
and paved surface. This was unexpected and suggests thdiatheéoament of the site cannot be

attributed solely to the growth of peat on the site. This iliatgs how well-constrained chronologies
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demand more nuanced explanations for settlement changeDegmore et al., 2012) than the

mono-causal drivers that are often invoked.

7. Conclusions

The development of the chronology for the Upper House site radetthoull demonstrates the
strength of using a multi-method approach including cryptioteghronology; the different dating
techniques sampled different materials and targeted differaetdevents, which provided a more
complete assessment of the chronology. It was noted that ties geoduced on the peat humin
fraction appeared to sample residual material. It can be cortiinde the anthropogenic activity in
the area adjacent to the peat has encouraged the incorporatiesiddial material, such as ‘old’
wood or peat into the peat following their use as a fuel sourcthe site. This has complicated the
determination of the chronology and acts as a warning to otheiest that aim to produce dates on
the humin fraction of peat sampled so close to settlemenityctsites. Hand-picked plant
macrofossils (e.gSphagnunremains), when present, are best for reliable dates from peats from
archaeological contexts. We found th4€ dates on charred barley grains correlate well with

archaeomagnetic dates on hearths as both reflect the latesitthedfeature.

The accurate and precise dating of the Upper House site, Undentemuired the detailed
consideration of the contexts, the stratigraphy, and the tficethates. The integration of specialists
(dating and environmental) both in the planning stages of thgegt, and in the field, aided the
development of the chronology. In addition, the assessmedatas in sequence further enhanced
the development of a robust chronology, combining the strangfteach method, compensating for
their weaknesses and identifying any anomalous dates. ®tleeogreatest advantages of this
approach was the ability to produce modelled estimates forekeyts in the life of the site that
could not be directly dated, such as the construction of thgHouse and the truncation events

recorded within the peat that were indicative of the rearrangeonfahe landscape. The best results
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were achieved when several dates from a sequence could besexksefiowing the internal
consistency of the dates from each context to be determinedelisass using the stratigraphic

relationships of the samples to refine the age ranges further.

The construction of the longhouse @al. AD 880-1000ies between the very first phases of the
settlement of Iceland and the settlement of Greenland, itidg¢hat the Norse were consolidating
settlement in the eastern North Atlantic region while simdtarsly extending westward. The
abandonment of the site echoes the demise of Norse settlémé&neenland (e.g. Dugmore et al.,
2012). This reinforces the idea that settlement contractionn@abappening simply at the margins
of European settlement, but instead was more widespread, donpg in Atlantic Scotland and the

more-marginal areas of Iceland (Vésteinsson et al., 2014).i#hathod chronologies combined in

Bayesian analysis offer exciting opportunities to realise thtemqtial of archaeology as Distributed
Long-term Observing Networks of the Past (DONOP - Hambrecht ¢2@l8), to tackle Grand

Challenge agendas in archaeology (Kintigh et al., 2014), arad@tsvide detailed and extensive

data on the changing lived environment of wide relevance in€uoary science.
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Figure captions:

Figure 1: Location map of Shetland and the island of Unst,ligbting the Norse sites excavated to

date. The Upper House site, Underhoull is located at 60.7Q96°W.

Figure 2: (a) The key archaeological sites located in the Wesdiea of Unst; (b) the Norse

longhouse excavated at Underhoull as part of the Viking UnsjeBtoreferred to as the ‘Upper

House'.

Figure 3: Extent of peat accumulations recorded adjacentett/iper House site, Underhoull.

Figure 4: The relative positions of the three cores used to sathpl@eat. The position of the

material sampled for dating has been highlighted.

Figure 5: Summary of the concentration of charcoal present nithé ‘UHM’ core following

H[WUDFWLRQ XVLQJ D P Sphagh¥ritemainsth tBeJHHM daPeris-alsd lshown.

Figure 6: Tephrostratigraphy of the three peat profiles (numbeejifira shards per é&n The

horizon representing the first appearance of SCPs (datedMd 1850 or later) are also shown

Figure 7: Tephra geochemistry biplots. Type analyses fromrédyaise (Newton et al., 2007) are

shown for comparison.

Figure 8: Simplified Harris matrix for the Upper House at Undethou

Figure 9. The chronological model for the Upper House at Uraldth
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Figure 10. Timing of key events associated with the Upper da@aidJnderhoull.

Table captions:
Table 1: The definition of the types of deposits recorded atithper House, Underhoull using the

methodology defined by Schiffer (1987) and Dockrill et al. (2006

Table 2: Summary of the AMS radiocarbon dates, calibrated usi@al13 (Reimer et al., 2013).

Table 3: Summary of the archaeomagnetic dates produced fretdgper House, Underhoull. All
of the sampled deposits represented primary deposits. The dieartions are the characteristic
remanent magnetisation directions at the site and have bdibrated using ARCH-UK.1 (Batt et

al., 2017).

Table 4: Summary of the tephra horizons recovered from the peat.

Supplementary files:

Supplementary file 1: Tephra geochemical data.

Supplementary file 2: Bayesian model code and prior filesHerarchaeomagnetic dates.
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OxCal v4.3.2 Bronk Ramsey (2017); r:1 IntCall3 atmoseheric curve (Reimer et al 2013)
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OxCal v4.3.2 Bronk Ramsey (2017); r:1 IntCall3 atmoseheric curve (Reimer et al 2013)

span: start [041] and longhouse construction
span: longhouse construction and paving laid

span: Underhoull longhouse
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Deposit Min. number of Descriptionand key Example Referenci
type times the material features for identification
has been moved
Primary None Anin situdeposi Hearth deposits, Schiffer, 1987
dedicatory p.58
deposits,
Microrefuse
trodden into a floor
Secondar Once The boundaries separatir A midder, the Schiffer, 1987
deposits would be clear and material raked out p.58;
distinct from a hearth Dockrill et al.,
2006
Tertiary Twice The deposits would k The use oa Dockrill et al.,
homogenised. The midden deposits to 2006
boundaries separating level an area

deposits may be merging
and diffuse




Contex Descriptior Lab.Fef. Material | Monolith | Depth Depositional Uncalibratec Calibratec V3C
SUERC- from context Years BP | 95% confidencg %o
surface
(cm)
201 Dark red ashy material running dow 2494t Charrec Secondar 765+3( AD122(-128C | -26.E
2 the edge of the interior, interpreted as| barley
= a possible hearth
§ 16€ Orange/red hard baked ash hear 3410¢ Charrec Primary 866+3! AD104-126C | -24.¢
g o within S annexe barley
'§ g 18¢ Occupation deposit in the SW anne 34111 Charrec Secondar 856+3° AD104-1265 | -23.C
22 barley
z “1 18 Occupation deposit in the centre ¢ 3411 Charrec Secondar 849+3° AD104-1265 | -23.7
g the structure barley
a 17¢ Steatite and charcoal rich deposit 3411: Charrec SecondaryTertiary 792+3! AD117+-128C | -24.C
the yard area to the N of the structure barley
02€ Purple/black peat overlying th 3519: Humin UHNV 32.t Primary 17637 AD13:-38C -28.€
bedrock fraction
3515¢ Humin UHNM 34.5 Priman 1434+3¢ AD56:-66( -28.€
fraction
3519¢ Humin UHNM 36.5 Priman 157€&+3¢ AD41(-56C -29.C
- fraction
i
o 3519¢ Humin UHNM 38.t Priman 2314+37 51C-2108B¢( -29.2
fraction
3519¢ Humin UHNM 40.5 Priman 2156+37 36C-60B( -30.1
fraction
3520( Humin UHNM 42.5 Priman 1556+37 AD42(-58C -29.5

fraction




35201 Humin UHNM 44 .5 Priman 1622+3¢ AD34!-54C -29.C
fraction
2107z Sphagnun| UHN 56.5 Primary 97C+3C AD101+-115t8 | -27.4
leaves &
stems
041 Brown peat sealed by flagstones [02 33131 Humic SF23 45-4€ Priman-Tertiany 135&+37 ADB61(-77C -29.C
and peat [026] acid
02€ Purple/black peat overlying th 3312¢ Humic SC( 31-32 Primary-Tertiary 168&+37 AD25:-42¢E -28.¢
bedrock acid
3410t Humin SC( 44-45 Priman 190537 AD2(-22C -29.¢
fraction
3312 Humic SC( 44-45 Primary-Tertiary 170&+37 AD25(-41C -29.4
acid
3312¢ Humic SC( 47-48 Primary-Tertiary 1604+37 AD38!-55C -29.%
acid
041 Brown peat sealed by flagstones [02 3312¢ Humic SC( 71-72 Priman-Tertiany 179¢+3¢ AD13(-33¢ -29.4
and peat [026] acid
05¢& Dark peaty material sealed by [04 3313( Humic SC( 73-74 Primary-Tertiary 2504+37 79C-425B( -29.2
acid
3410¢ Humin SC( 73-74 Priman 277431 101(-830B¢( -30.1
fraction
2494¢ Humic SC( 76 Priman-Tertiany 3515+3( 192(-1750B( -29.C

acid




Contex Descriptior Lab. Re. Number of Mean Mean Alpha-95  Precision Stability inde> Calibrated

(Bradford) samples Declination Inclination parameter age range
Degree Degree Degree 95%
confidence
214 Orange/red hard baked as AM151 14 28.1 70.4 4.1 115.F Stable AD00-108(
hearth material within SW
annexe
16€ Orange/red hard bakedas ~ AM14¢ & 51 10.2 58.1 1.¢ 122.7 Stable-Very stable  AC124(-131(
hearth within S annexe AM150 (26 + 25)
093 Large area of burnin AM14¢ 20 -8.E 59.t 4.8 63.5 Stable ALC128(-143(

associated with a possible
industrial activity




Contex Descriptior Core Depth from Volcanc Date
surface
cm
02€ Purple/black pea UHNV 29.t Hekle January 1%
overlying the bedrock AD1158
23¢ 28.5 Hekle January 1%
AD1158
UHV 42 Hekle October AD110
05¢& Dark peaty materia SC( 74.5 Hekla Selsun) 160(-165C cal.
sealed by [041] BC







1. We investigate the chronology of a Norse house in the Shetland Isles, UK.

2. A multi-method approach including 4C, tephra and archaeomagnetic dating is
used.

3. The results have implications for Norse expansion across the North Atlantic.
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